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Preface

Optical recording has become the sturdy workhorse of the digital infor-
mation revolution. The World Wide Web may be the standard bearer, sex-
ier and clearly more high profile, but when it comes to distributing
extremely large volumes of information, the information conduit of the
Web begins to look more like the trickle of a small creek after a Summer
drought. Streaming media makes it possible to deliver a small digital
video image with sound over the Web, but if you want to watch a full-
screen movie with CD-quality sound, you turn to DVD. Audio distribution
of music on the Web represents an interesting novelty, but if you want to
hear the latest work of James Taylor or Sheryl Crow in stunning clarity, an
audio CD or audio DVD becomes the medium of choice. Someday broad-
band content distribution will change this picture, but right now we’re
waiting for the tools and technology to come of age. We’ll probably still
be waiting several years from now. In the meantime, optical recording is
already here.

In a technology that has soared from complete obscurity to universal
mainstream acceptance in a little over two decades, the evolutionary line
has never been a clear, straightforward path from lizard to bird, but a daz-
zling array of subspecies have emerged, some flourishing, some falling
from the sky and sinking back down into the mud. The evolutionary line
still isn’t settled. While the CD-ROM world has finally achieved relatively
stability, some manufacturers are still pushing the edge of the envelope,
embracing higher recording speeds for CD-RW formats and CD-R alike.
The quest for the unified field theory of the optical world continues in
earnest, with many companies diligently working towards designing a sin-
gle piece of equipment that will both read and record the vast majority of
CD and DVD formats. Like small independent-minded evolutionary crea-
tures, these formats have arisen to meet the expanding needs of the digi-
tal storage community, moving beyond simple audio to include
synchronized multimedia content, digital video, photographic images,
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compressed audio, multilingual text, Web-enabled content, multiplat-
form file formats, locked software content, and other interesting and
sometimes short-lived variations. Much of the energy of the industry is
now being poured into making DVD the inheritor of the optical record-
ing mantle, the standard vehicle for distributing software applications,
databases, libraries of content, and other data currently being distributed
on CD-ROM. Within the next two years or so, most estimates see the
DVD-ROM as eclipsing the CD-ROM, but the incredibly large installed
base of CD-ROM players will ensure the life of this medium for some
years into the millennium.

This book isn’t intended to be a comprehensive reference of the techni-
cal aspects of optical recording, but a practical guide to the uses and pos-
sibilities of this new technology. While I use optical recording nearly
every day in my work as a writer and consultant, the scope of my uses
doesn’t begin to encompass the full range of possibilities in the industry.
For this reason, I’ve included interviews with many of today’s leading
developers, audio engineers, entrepreneurs, software programmers,
project leaders, and others to offer perspectives based on experience that
I could not hope to obtain in a lifetime. To those who freely offered their
time to patiently explain concepts or detail the technical aspects of
projects they have completed, I extend my grateful thanks. This book is
much richer for the insights and guidance that they have provided.

CD-ROM Contents

XX

The CD-ROM bundled with this book includes trial versions and demos
of many of the leading disc recording applications, multimedia develop-
ment tools, sound processing applications, and utilities designed to make
the work of a title producer easier.

As of press time, the contents of the CD-ROM were still being deter-
mined. For full details on the disc contents, refer to the README.HTM
file on the CD-ROM.
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A Concise History of Optical Recording

Audio Roots

The idea of recording information using the energy of concentrated
light isn’t a new one. A boy focusing the rays of the sun through a magni-
fying glass to burn a pattern in a block of wood has learned the basics.
Substitute a laser to precisely align the beams of light, point it at a layer of
dye coating a reflective disc, burn some microscopic marks in the sur-
face, and you have the essence of optical recording.

Around this fairly simple technique, an industry has grown—refining the
methods by which binary data can be stored and retrieved using various
forms of optical media. In the single flash of a red laser, earlier methods
of archiving information have been rendered largely obsolete. The
microfiche, magnetic tape, and other forms of magnetic storage, though
still in use, have been relegated to greatly reduced roles in the record-
keeping pursuits of the human species. Light moves in a swift, silent
stream to etch the binary language of the computer into a light-weight,
malleable medium. Optical recording takes center stage in the digital
media and electronic publishing extravaganza that is changing the way
we work with words, sounds, and images.

A technology born out of a desire to produce pristine audio material in
digital formats has expanded far beyond the expectations of its makers.
Over the last two decades, CD-ROMs and other means of optical record-
ing have grown to become the leading method of data distribution in the
computer world. The next-generation version of this medium, DVD,
promises to open up even more avenues of inexpensive communication
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as it becomes the primary vehicle for distributing motion pictures, audio
works, and interactive multimedia content to a whole new generation.

No one could have predicted the impact that the humble compact disc
would have on twentieth century communications back in the early
1980’s when engineers from Sony and Philips struggled with the prob-
lems of reducing music to a series of digital patterns and storing it com-
pactly for playback. The key to solving this equation was the laser—an
intensely focused stream of parallel light beams, energy that could be
used both to create a microscopic pattern in dye and to be read as reflec-
tions off a shiny surface imprinted with digitally coded content. The laser
has been another technology that has moved in directions that surpassed
the dreams and expectations of its inventors.

This chapter offers a concise perspective on the origins of the CD-ROM
and DVD, and a compact history of optical recording. Some thoughts on
the future of digital communication on disc are also included.

The First Compact Discs

We traditionally credit Alexander Graham Bell for inventing the tele-
phone and Thomas Edison for fashioning the first light bulb, but no sin-
gle inventor can step forward and take credit for the compact disc. The
collaborative efforts of many engineers and technicians—and hundreds
of thousands of hours of research and experimentation—resulted in the
first disc: a half-ounce piece of plastic and aluminum that could store 74
minutes of music. The engineering effort required the studied applica-
tion of principles that had evolved and been refined over many years. To
become useful and practical in the real world, the compact disc also
demanded the cooperation of numerous manufacturers (who produced
the playback equipment), the music industry (who had to be convinced
of the viability of this method of recording sound), and the music-listen-
ing public (who had to be persuaded to give up their turntables and vinyl
records).

The clear advantage that the compact disc offered music listeners was the
almost total absence of background noise. Proponents of this new music
distribution medium emphasized this advantage by demonstrating com-
pact disc playback using music pieces with quiet passages, where the
absence of the usual white noise intruding on the silence was startling to
listeners, most of whom had become used to it as an inescapable aspect
of recorded music. Although analog recording devices using noise-reduc-
tion circuitry had successfully reduced the amount of background hiss
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present in recordings, the compact disc improved the signal-to-noise
ratio substantially. Levels jumped from 50 or 60 dB to over a 100 dB. This
jump was significant enough to be immediately noticeable to anyone lis-
tening to a piece of music—not just audiophiles. Consumers flocked to
the medium in record numbers and the compact disc industry became
the most rapidly growing communication technology ever introduced.
This achievement has only recently been eclipsed by the meteoric rise of
DVD. By the end of 1999, DVD player manufacturers had sold about ten
times as many units (close to 5,000,000) as had CD player manufacturers
within the same introductory time frame.

The compact disc had another major advantage over vinyl records: a long
life-span. Vinyl record playback relies on a stylus that physically travels
over a series of bumps and indentations, converting this microscopic
topography into an electronic signal, which is then converted into sound
waves. In comparison, the laser read head of a CD player scans the disc
surface optically. Since the laser beam reflects off the surface, but never
touches it, no wear to the disc occurs. Audiophiles tired of listening to
their music collections gradually picking up snaps and pops and clicks
over the years could enjoy recordings that remained unchanged through
thousands of playings. Though some critics commented on the cold,
metallic quality of the sound in comparison to analog recordings, the
public found the advantages of the medium persuasive and began scrap-
ping their vinyl collections in favor of CDs. Arguments as to the relative
merits of analog versus digital sound continue to this day. There is clearly
a perceptual difference between the characteristics of these two forms of
audio recording and playback; whether this difference is significant
enough to seriously affect the enjoyment of recorded music is part of the
running debate.

The same engineers who wrestled with the issues surrounding the digital
storage of music began to adapt the storage techniques so that they could
be applied to data. One of the most significant problems was the
approach to error correction and data integrity. The correction codes
required on a music CD are minimal. If a disc gets scratched and several
hundred bits become unreadable, the playback units can extrapolate
from the surrounding data and basically fill in the missing information so
that there are no audible artifacts. Computer data is not so forgiving. A
single byte missing from an application program could make the pro-
gram unusable, so preventing any data loss becomes absolutely critical to
the usefulness of the medium. The solution would require a new format
with expanded codes that could protect data integrity more effectively.
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Early Research

In 1972, Philips Corporation of the Netherlands issued announcements
that foreshadowed the optical storage of audio content, but their initial
experiments involved the use of analog modulation techniques. This
poorly conceived approach was soon abandoned in favor of more promis-
ing digital signal encoding methods and Philips began work in earnest to
define a signal format to use for audio storage. During this same time
period, Sony Corporation of Japan was engaged in research to perfect
error-correction methods that could be applied to digitally encoded
audio. Collaboration between Sony and Philips resulted in the merging
of Philips’ signal format with Sony’s error-correction method and in June
of 1980 the two companies introduced their proposal for the Compact
Disc Digital Audio system. With support from 25 manufacturers, the Digi-
tal Audio Disc Committee adopted the proposed standard and the work
effort shifted towards retooling the industry to support the manufactur-
ing effort and designing the components that would make the standard
possible, including Digital-to-Analog circuitry for converting the digital
audio signals, laser read heads integrated into semiconductor designs,
and other kinds of circuit designs that could be implemented inexpen-
sively in a mass market product introduction.

During the three-year period leading to the launch of the first audio CD,
other companies—notably Hitachi and J[VC—made an effort to intro-
duce a competitive form of digital audio disc. Their approach used
capacitive storage techniques rather than optical storage. Capacitive stor-
age has the advantage that discs can be manufactured very inexpensively,
but the disadvantage is that the charged particles embedded on the disc
lose their charge gradually over time. The format was abandoned before
it ever became an actual product.

Towards the end of 1982 the first audio CDs began shipping in Japan
and Europe. The new music storage format caught hold quickly and in
March of 1983 the United States joined in the product introduction fer-
vor, snapping up hundreds of thousands of players in the first year (even
though the cost of the early players was around $1000 each). By the end
of 1984, more than a million players had been sold worldwide and CD
sales exceeded 20,000,000 units.

It didn’t take long before engineers at Sony, Philips, and other compa-
nies began to develop techniques for storing data on disc. One of the
most pressing needs was to devise a more robust error correction scheme
than the one that was used for digital audio. Lost bits during audio play-
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back might cause an indiscernible blip in the audio content, but lost bits
on a data disc could cause an application to fail or incorrect information
to be used in a key process.

The CD-ROM format, tagged Yellow Book, was introduced in 1985, but
initially the $1000 drive costs and dismal performance discouraged many
potential users. Nonetheless, developers and manufacturers persisted
and a variety of new formats appeared as drive costs came down, perfor-
mance steadily increased, and an interested variety of titles came onto
the market demonstrating the viability of interactive multimedia. This
period in the history of the medium is well documented in Chris
Andrews’ work, The Education of a CD-ROM Publisher, a book that charts
the erratic and often amusing course of the early participants in title
development process.

The term shovelware was born as many CD-ROM title companies dumped
any kind of content they could find onto disc, making consumers wary of
purchasing any titles, since it was so difficult to identify those that con-
tained anything of genuine value. The shakedown in the industry that
followed the gold rush mentality of the late 1980’s and early 1990’s made
it clear that successful title development and sales required a balanced
mix of realistic budgeting, innovative marketing and distribution, and
worthwhile content development.

Early in the life cycle of the CD-ROM industry, the emergence of a num-
ber of proprietary disc formats threatened to set back the progress that
had been made. In 1986 a number of industry representatives gathered
in the High Sierra Hotel and Casino close to Lake Tahoe, California, and
hammered out a common file system structure that became known as the
High Sierra format. Refined over a number of months, this format
became solidified by the International Standards Organization in the
form of ISO 9660, the file interchange standard still in common use
today. More information about the evolution of the various file systems
and standards appears in Chapter 3, CD Standards.
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Figure 1 -1 Optical recording timeline
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1994

1996

Philips announces optical storage
method for audio

Sony and Philips collaborate on
signal format and disc material

Compact Disc Digital Audio
system standard adopted

Compact disc introduced in
the United States

CD-ROM format introduced

CD-I standard released

CD-WO, the first
writable optical
format appears

Video-CD format introduced

Digital Versatile Disc format appears
on the scene

Other Devices, Other Formats

The remarkable success of the audio CD and eventual acceptance of the
CD-ROM spurred manufacturers to introduce and promote numerous
other types of digital storage products, some of which languished in the
market, others suffered almost immediate market deaths, and some oth-
ers that still exist in various forms.

Philips, for example, attempted to create a new market around a format
that it designed: CD-i. The “i” stood for interactive and Philips created
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setup players that could play MPEG-1 video content, as well as interactive
multimedia titles, such as games. Though the format still lingers in small
numbers, it has been eclipsed by other approaches to delivering this
same type of content that are much more effective.

Sony devised a recordable format and new media known as the Mini-Disc,
banking on the desire for home recordists to embrace a technology that
lets them create near-CD quality musical recordings. The original com-
pressed music format used with the MiniDisc, tagged ATRAC by Sony, was
distinguished by mediocre quality, but later versions were significantly
better and the MiniDisc maintains an ongoing market share as an audio
storage and distribution medium. Despite the lukewarm acceptance,
MiniDisc has found some haven with home recording applications for
semi-professional musicians and in the pre-recorded music market in

Japan.

Much of the early research devoted to refining the methods for convert-
ing and storing analog audio data in a digital framework resulted in the
development of the Digital Audio Tape (DAT), a cartridge-based record-
ing and playback system initially introduced by Sony and Philips. DAT
failed to make major inroads in the consumer audio marketplace, but
has become a very common audio standard in the professional music
industry. DAT cartridges are often used as masters when submitting
music to a replication service for compact disc manufacturing.

Recording Goes Mainstream

If you know anything about the history of recordable CD, you’ve heard
the stories on how expensive the early CD recorders were. Those in the
industry reflect on the early pricing of recorders with a mixture of nostal-
gia and a hint of bragging rights—like the story about the good old days
before the lake was overfished and you landed that 18-pound bass. Early
recorders were sized like IBM mainframes and priced in the hundreds of
thousands of dollar range. Premastering tools were largely non-existent.
With the span of a decade, the prices would drop a hundred-fold. Today,
you can get a CD-RW drive for under $100 and a DVD-RAM drive for
under $500.

In his book, The Education of a CD-ROM Publisher, author Chris Andrews
described his initial meeting with Allen Adkins, who designed the first
premastering software for a CD recorder. His work was incorporated into
the first complete systems produced by Optical Media International and
shipped to numerous companies eager to create their own CDs inhouse.
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I arrived at his office late in the morning, and was greeted by Allen
Adkins, an intense, distant man with large glasses. His office was located
in an elementary school that had been converted into offices. The desks,
tables, chairs, and general feel were still that of an elementary school.
There were even some children’s drawings still on the wall.

He sat me down next to a computer, which was on a table that looked like
it had been the teacher’s desk, and proceeded to type in several cryptic com-
mands.

“There’s more than a gigabyte right here,” he said, with all the pride of an
inventor showing off his creation for the first time. “The real problem is the
premastering process,” he continued. “There aren’t any good tools, and
that’s why I'm building some. Here, look at this. I can put it all on a 3/4-
inch Umatic tape and send it off to the factory to make a CD.”

He showed me a chart that looked like a flowchart, but it had words 1
didn’t understand—OCR, Premaster; Encode, Uninterrupted Pseudo-
audio, Replication. These were strange words coming from the world of
information where “update,” “numeric,” and “text” were common terms.

He then took the chart back as though he regretted ever showing it to me.

As I looked around his desk, I noticed not only the quantity of equipment,
but the diversity and size. He truly was part inventor, mixed with some of
the absent-minded professor; and a little high-tech entrepreneur.

Refinements made in the original CD recorder and the premastering
software resulted in the first shippable product, which was launched by
Optical Media International in 1989. Despite the high cost and the signif-
icant technical knowledge required to successfully burn a blank disc, the
early units were popular with companies that saw the advantage of being
able to generate their own CD-ROMs inhouse.

Related Recording Technologies

A variety of spin-off optical recording technologies have emerged and
become important, though more for archiving than for data distribution.
Magneto-optical drives use phase-change techniques to store data, allow-
ing the laser to both imprint data on the media surface and to erase it
with a different intensity beam.

Rewritable techniques have also been employed in CD-RW drives, which
rely on a crystalline alloy layer within the disc that can be returned to an
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The Laserdisc

unrecorded state by carefully controlling the power setting of the write
laser. CD-RW discs can be rewritten around 1000 times. CD-RW disc read-
ability has gotten a boost in popularity as the latest generation of
CD-ROM drives—dubbed MultiRead capable—can interpret the disc
contents, but earlier generation drives cannot handle the differences in
the reflectivity of the media surface.

The key factor for data distribution, of course, is having a piece of equip-
ment on the receiving end that can actually read the data. Nearly every-
one today has a CD-ROM drive in their system and many people have
DVD-ROM drives. But it’s a different story when you try to send a mag-
neto-optical cartridge or SyQuest cartridge or a floptical cartridge. The
widespread installed base of CD-ROM drives makes this data distribution
medium a near universal choice, whether you’re attempting to deliver
data domestically or internationally. DVD-ROM, by incorporating engi-
neering features that make it possible to read all of the CD formats, will
certainly inherit this mantle of acceptance and become a more compel-
ling choice for universal data distribution as the installed base of equip-
ment grows.

The Laserdisc is an odd mixture of analog recording and laser technol-
ogy. It has become the pre-eminent storage medium for high quality
motion picture storage, attracting a small, but consistent, audience of
videophiles who value the clear images and excellent sound quality
offered by the medium. The platter-sized discs, which require fairly
expensive playback equipment, never quite caught on with the general
public, but there are enough advantages to the medium that it has
endured, even though growth has been less than breathtaking. Thou-
sands of motion pictures have been transferred to this format and players
can still be purchased in most electronic outlets.

The interactive training community also recognized the advantages of
the Laserdisc for producing multimedia educational works, but the diffi-
culty of authoring to Laserdisc and the expense of the tools involved has
discouraged many potential trainers from using this medium. Nonethe-
less, for those who have invested in the technology, there is a small but
consistent group of advocates who continue to make use of the tools.
With the multiple advantages of DVD, however, it is unlikely that this for-
mat will persist very much longer.
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DVD Arises

When the first wave of personal computers were introduced in the early
1980’s, many users relied on floppy diskettes for launching applications
and storing data. Some of the first (highly expensive) hard drives for per-
sonal use offered storage capacities starting at around 5MB and some-
times reaching as high as 20MB, if you could afford the luxury. Given this
framework, it’s hard to believe that less than two decades later, the
650MB of data storage offered by the CD-ROM would be considered
inadequate. The quest for even higher levels of storage lead to the design
of the Digital Versatile Disc, or DVD in common parlance.

DVD formats range from 4.38GB to 15.90GB in the latest standards, but
future variations may reach even higher capacities as new technologies
are explored. Rather than expanding the disc surface by increasing the
diameter, DVD uses multiple internal layers to encode additional data on
two or more surfaces. The format has gone through considerable flux as
computer industry leaders and motion picture industry officials sparred
off over the nature of copy protection methods that would be incorpo-
rated into the discs and a multitude of other design issues.

In the early 1990’s, several manufacturers were working on ways to
increase the capacity of the standard CD-ROM. Nimbus Technology and
Engineering devised a technique for producing a double-density CD and
introduced it in 1993. This particular format was tailored to the delivery
of MPEG-1 video content, providing a storage capacity of up to 2 hours of
compressed video. It provided a valuable proof-of-concept that the com-
pact disc could be a useful delivery medium for video content, particu-
larly in the highly lucrative consumer marketplace where VHS reigned
supreme. Digital video promised significantly improved moving pictures
and sound, as well as potential cost savings in production and manufac-
turing of the discs on which content would be distributed. Hollywood
representatives entered into discussions with computer makers and con-
sumer electronics companies to forge a set of guidelines for this new
medium.

The advisory committee that was assembled to define the goals of this
project had a number of recommendations. First and foremost, the
capacity of this proposed high-density disc had to accommodate at least a
full 133-minute movie on a single side. The resolution of the video was
targeted to the CCIR-601 broadcast standard, a high-resolution form of
video in comparison with VHS. Copy protection had to be integrated into
the medium to alleviate fears of easy-to-copy digital content being pirated
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and illegally distributed. The medium should also support very high qual-
ity audio—including six-channel surround sound. Additional languages
were to be supported by providing three to five language streams and up
to 30 individual subtitle streams. Other issues, such as parental protec-
tion mechanisms and screen aspect ratios, were also discussed.

Two very different digital video disc formats emerged in January of 1995.
Led by Toshiba and several of its partners, one camp introduced the
Super Density (SD) format. Sony and Philips devised their own
approach—christened the Multi Media Compact Disc (MMCD) and
enlisted their own band of supporters. For a time, it appeared that the
battle lines that had been drawn would completely halt development
efforts for everyone, but the charter for the DVD Consortium was drawn
up and the dissension among the industry leaders diminished as the stan-
dard for the Digital Versatile Disc—DVD—was formalized in December
of 1995.

As early as 1996, several companies, including Philips and Thomson,
announced the release of DVD players for late in the year. It was at this
point that the Consumer Electronics Manufacturers Association (CEMA)
and the Motion Picture Association of America (MPAA) began pushing
in earnest for restrictions on the DVD hardware and software that would
discourage illegal duplication of copyrighted material. The industry fra-
cas that resulted from their actions fragmented the development efforts
of several companies and has required years of diplomacy and negotia-
tion to reach a point where viable DVD products could be introduced
into the marketplace.

The Optical Storage Technology Association (OSTA) played a key role in
furthering the DVD design process by devising the Universal Disk Format
(UDF) to serve as a fully cross-platform file system. By gaining the coop-
eration of the principal companies involved in the technology— includ-
ing Sony, Philips, Toshiba, Fujitsu, Sun, Pioneer, Thompson, Mitsubishi,
Hitachi, and Matsushita—a solid bridge was created to bring the com-
puter industry and the television/movie industry one step closer to set-
tling differences. While fractious differences continue even today, the
stakes in this potential multi-billion dollar industry have pulled the
opposing camps into some semblance of common purpose.

With the DVD-Video format now solidly entrenched, after years of stan-
dards battles, players and DVD titles have been selling strongly through-
out the world. The DVD-ROM format has also gained a fairly stable
footing and increasing percentages of new PCs are being sold with an
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installed DVD-ROM drive, which can, of course, also read the full range
of CD-ROM formats.

Ongoing struggles, however, continue in the arena of the rewritable for-
mats, with several competing formats vying for market share. As was the
case with early recordable CD technologies, incompatibilities with the
range of installed players—in this case, DVD players and DVD-ROM
drives—have caused disenchantment with users of many of the first- and
second-generation rewritable drives. Because of these incompatibilities,
use of the rewritable DVD technologies has been primarily limited to test-
ing during title development and large-scale archiving. More on this
topic appears in Chapter 4, DVD Standards.

Growth of Publishing and Title Development

No history of optical recording technology would be complete without
considering the impact of this medium on the publishing world and
game development universe. From the early days of CD-ROM, optical
discs have been used for a diverse and imaginative array of entertainment
and business uses. Many of the companies that forged bold paths in the
1980’s no longer exist, victims of the hyperbole that surrounded the
industry like a stagnant air mass. From the survivors, valuable lessons can
be learned.

Case Study: Surviving in the Electronic Publishing Industry

One survivor is Knowledge Access Publishing, originally founded as
Knowledge Access, with corporate roots that go back to the birth of the
industry. How did they survive when so many others failed? I talked to co-
founder, Matilda Butler, to get her insights into how to stay on track in
the CD-ROM publishing industry.

Could you offer a capsule history of Knowledge Access from it’s founding to where
you are now?

Matilda: Bill Paisley and I started Knowledge Access International in late
1984 (incorporating in 1985). In many ways, Knowledge Access was the
outgrowth of a previous company, Edupro, that developed software for
the education market. One of our contracts was to develop College
Explorer for the College Board. Using College Board’s database of infor-
mation of US colleges, we designed a product for high school students to
help them find schools that matched their interests in majors, sports, set-
ting, size, etc. This was in the days of the Apple II. However, even at that
point in history, we began to see the shape of technology. The IBM PC
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was released the second year of that contract. The cost of storage was
dropping. (Remember our frame of reference was the Corvus 10MB hard
disk that we bought for $4,500.) Floppies were storing more, hard drives
were storing more and there was this new storage technical being dis-
cussed that could store hundreds of megabytes.

We wanted to combine our passion for getting information to people at a
reasonable cost with the promising distribution technology CD-ROM. Bill
had been the director of the ERIC Clearinghouse at Stanford University
when Roger Summit said he wanted a Beta site for his idea of Dialog—an
online information service for librarians. That means Bill had been
involved with information delivery technology since the mid-1960s.

In the Spring of 1984, we went to Hawaii and left our programmers to
finish the next release of College Explorer. The staff always hated it when
we went on vacation because we came back with lots of new ideas. It was
the only time we could get away from the daily deadlines to think about
the future. This time, while sitting on the balcony of our room, we got
talking about the idea of putting all kinds of information initially on
floppy disks and eventually on CD-ROM. We talked about a search
engine that could accept lots of different types of information—fielded,
full-text, images—so that our cost to develop products could be kept rea-
sonably low. We talked about changing the algorithm of the online infor-
mation business that equated more use of information with more money.
We thought the offline information business should create an opportu-
nity that rewarded use of information—the fixed price CD-ROM meant
that the more information was used, the less it cost.

We returned to Palo Alto and told our staff we had decided to start a new
company: Knowledge Access. We would move away from custom education
products to business and professional information products that would
use a single search engine. In hindsight, we were blessed that we didn’t
have lot of venture capital although it made life much more difficult at
the time. We had to do projects where we could make money because
that was the only way we could meet the payroll and pay the rent. This
meant we sought customers who would pay us to create their electronic
information products. The well-financed competitors had fancy booths,
expensive promotion materials, delegations of salespeople, and the abil-
ity to do products “for free” in order to seed the marketplace. Many of
those companies folded or were taken over by others when the venture
capitalists grew weary of trying to get their investment back. In the mean-
while, we kept right on going. Our customers were government agencies,
commercial publishers, and corporations. Initially we created the titles

13
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for them. Eventually we were able to offer customers our OmniSearch
Disk Publisher if they wanted to create their own titles or our
OmniSearch Publishing Services if they wanted us to create their titles for
them. The business settled into about half of each.

We tried creating some titles of our own, but that less-than-successful
experience caused us to stay narrowly focused on our original idea of cre-
ating products for others who already had customers for their informa-
tion.

In 1994, one of our customers came to us and said they were interested in
purchasing our company. Believing Knowledge Access was a good match
with our customer and recognizing that we would need additional
resources to continue to stay up with the changing technologies, we sold
the company. Bill and I agreed to stay on for two years and continue to
manage Knowledge Access. Just about the time that our contracts were
up, our parent company decided they would take our technology for in-
house use and close the rest of Knowledge Access. Although Bill and I
had other professional plans in mind, we didn’t like the idea that our
loyal publishing services customers would suddenly be without a solution.
So, in agreement with our parent company, we formed a new company
that would continue to provide publishing services.

Thus, Knowledge Access Publishing was begun. We publish about a
dozen CD-ROMs per year. OmniSearch enhancements are now made on
the basis of specific customer needs rather than for the general market-
place. What will the future bring? That’s hard to say, but for now we find
ourselves in the happy position of working with customers we really enjoy
and creating products that their customers want and use.

Do you think that the DVD-ROM will have a significant impact on publishing to
optical media in the near term, or will it have a long, slow start-up period, much as
CD-ROM publishing did?

Matilda: We used to say never over-estimate the success of a technology in
its first five years and never under-estimate its success in the second five
years. That certainly was true of CD-ROM. However, there is an increas-
ing rate of change and acceptance of change. There are some differences
between CD-ROM and DVD-ROM. CD-ROM readers were expensive in
the early days. The first reader Knowledge Access bought cost $2400. It
operated at 1x. DVD readers, even in the early days, were not very expen-
sive. CD-ROM had a hard time with distribution channels. DVD has been
able to secure distribution much earlier—including drives built into PCs.
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However, DVD drives are not as fast as CD-ROM drives. That presents a
problem for the publisher who wants to put lots of information on DVD
media since the read will be slower. The only reason for publishers to
turn to DVD is if they need more than 670MB. The most likely candidates
are publishers who have both text and video. The catch is that media
products combining text and video are quite expensive to produce.
Therefore, there has to be a large market for the product or the pub-
lisher can’t get their money back. This seems a lot like the chicken-and-
egg problem we worried about in the early days of CD-ROM.

Do you have any guidelines or advice that you would offer to independent develop-
ers who are planning on releasing their own title?

Matilda: Know your market. Figure out your distribution channel early.
The best title in the world will languish without adequate marketing.
Marketing costs can dwarf production costs. It is easy to get caught up in
the product idea and figuring out the best way to create it. However, that
is actually the easiest part. Skillful product promotion usually needs sea-
soned talent. I'd look for a good strategist who could deliver distribution
contracts and I’d find that person early in the development cycle.

What do you see as the most interesting or useful trends in the industry?

Matilda: CD-ROM is still the preferred distribution technology for large
amounts of information as well as for expensive information. I don’tsee a
lot of examples of combining CD-ROM with Web updates, but I'm sure
there will be more of that in the future. The Web is so page-oriented—so
small information-nugget oriented—that it doesn’t seem to directly com-
pete with many CD-ROM titles. However, as Internet access becomes
faster and as within-site search engines become more powerful, the Web
may replace many CD-ROM titles. Why? Users are becoming so accus-
tomed to thinking up a research question and then expecting to find a
variety of answers immediately via the Internet that they may eventually
not want to purchase and load a CD-ROM just to get a single answer.
Over time, each of these technologies will be used for those publishing
products that have the best fit. The installed base of CD-ROM drives
means some titles will stay around for a long time.
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New Era, New Tools

Anyone with a good idea and some initiative can get involved in CD-ROM
and DVD-ROM publishing today—the tools have improved to the point
that a typical desktop computer can host an 8x CD recorder, 4x DVD-R
recorder, or a CD duplicator that can produce 8 or more discs at a time.
You don’t have to look back very far in the short history of this industry to

get

a sense of how different it was in the beginning. In another short

excerpt from The Education of a CD-ROM Publisher, Chris Andrews
describes one of the first serious CD publishing tools:

If you worked for Meridian Data in the late '80’s, you were cool. You were
hip. Meridian was a very tiny company with an extremely big presence in
the CD-ROM industry. It seemed as if every major announcement in
CD-ROM involved Meridian Data. Part rebel, part industry leader, part
corporate ass-kiss, everyone had an opinion of Meridian Data, whether
they worked for the company or not.

Meridian’s main product was CD Publisher. It had been introduced in
1986, and about three-quarters of the world’s CD-ROM producers used
CD Publisher to build their CD-ROMSs. As the salespeople at Meridian
used to say, “If you want to be a player; you need to step up to a CD Pub-
lisher.” Building on the fear that most people had about making their own
CD-ROM, that sales tactic worked superbly.

CD Publisher was deceptively simple: it was a large hard disk with some
software for formatting a CD-ROM before sending it to the factory for
pressing. It debuted in 1986, giving CD-ROM publishers the ability to
become “in-house publishers.” It included an assortment of utilities and
hardware that would be helpful to a CD-ROM publisher, like a nine-track
tape drive so that when your CD-ROM information was the way you
wanted it on a hard disk, you could copy it on tape to send to the factory.
It was big and bulky and looked more like a washing machine than any-
thing high-tech. It was sold as a “desktop” CD-ROM publishing product.
What was on your desk, though, was a computer. The computer was
hooked up to the 300-pound CD Publisher that sat next to your desk. One
of Meridian’s ad campaigns made fun of this, and showed a box of Tide
sitting on a CD Publisher. That campaign was symbolic of not only the
size of the product, but the attitude of the companyy.
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Ongoing Development

Each time someone makes a bold pronouncement that we’ve reached
the ultimate compression limits for a particular type of signal or that
we’ve exhausted our options for improving performance or data storage
capabilities of a format, some clever group of engineers finds a way to
sidestep the obstacles and produce another evolutionary improvement in
existing technologies. Such is bound to be the case with optical recording
techniques, as research continues into new types of encoding, alternative
varieties of lasers (such as the blue laser), advanced compression tech-
niques, new motors and servo techniques, and other ingenious adapta-
tions to existing methods.

Right now, the momentum is fully behind the passing of the baton from
CD-ROM to DVD, the data storage medium that will eclipse the CD some-
time early in the new millennium. This does not mean that the CD-ROM
will then disappear from the face of the planet. The millions of installed
CD-ROM drives and the extremely low cost of this data distribution
method will keep the technology vibrant for years to come. The latest
DVD equipment is designed to read all of the earlier CD formats and the
recordable equipment is increasingly being designed to be able to write
to earlier forms of media, such as CD-R and CD-RW, as well as the DVD
formats. The most compelling reason for moving to DVD is still the sig-
nificantly higher capacity, so many individuals and companies, whose
data distribution requirements are below 650MB, will continue to use
CDs. The two different media types are complementary and they should
happily co-exist for some years to come.
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Overview of CD-R and
Writable DVD Technology

With the current generation of hardware and software, using a laser
beam to imprint data on a compact disc can be as easy as copying to a dis-
kette or transferring a set of files from one hard disk to another. Many of
the performance-related issues of early generation CD-R drives have
diminished or disappeared in the era of PowerPC G4, and Pentium ll|
processors. Although some of the early DVD-RAM, DVD+RW, and DVD-R
drives suffer from the kinds of problems that troubled users of the early
CD-R equipment, you can still get a system set up for premastering or
archiving with far less difficulty than in the not-so-distant past.

The basic division that arises when examining the approaches to optical
recording techniques is whether or not the format is rewritable. Write-
once media (such as CD-R and DVD-R) allow only one set of patterns to
be burned to the disc surface. Rewritable forms of media (such as CD-RW
and DVD-RAM) make it possible to effectively erase data that has been
recorded, essentially returning the media to the equivalent of a blank
unrecorded state. Data can then be rewritten hundreds or thousands of
times.

To accommodate newer rewritable formats, some changes in the way that
data is structured and accessed from disc have been instituted. Wide-
spread acceptance of packet-writing as a means for performing incre-
mental write operations to disc has made optical recording practical as a
backup storage medium when a particular application requires that the
media be reusable. Overcoming the write-once limitations of CD-R has
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helped gain even more acceptance for optical recording technology
within organizations, and also helping lead to the demise of magnetic
tape as the predominant backup and archiving medium. Optical record-
ing continues to make inroads in the corporate environment, where net-
worked DVD-RAM units are providing a replacement for earlier
generations of CD-ROM and CD-R jukeboxes. The stability and flexibility
of this method of data storage offers a suitable alternative in many
instances for expensive RAID storage units and similar approaches to
organizational storage requirements.

Understanding the Technology

20

To take full advantage of recordable CD and DVD technology, it helps to
have some understanding of the foundations of optical recording. Many
different elements combine to make optical recording possible—success-
ful recording requires that each of the components in the process be
tuned and operational. This includes the recordable media, the optical
recorder, the I/O interface, the computer hosting the recorder, and the
computer operating system. A weakness or deficiency in any one of these
components can cause the process to fail.

The first choice you generally make when creating a disc is to choose the
best data format for the data with which you are working. Two or three
formats are commonly used, several others are used less frequently for
specialized applications. Most of the premastering applications on the
market require that you choose the appropriate disc format as step num-
ber 1, before the application will let you start selecting files and organiz-
ing directories to be written to the disc. Being able to intelligently select
among the various possible formats for a CD or DVD project is the best
way to get the recording process launched smoothly.

This chapter and the following two chapters provide a foundation for
understanding the hardware, software, and data formats associated with
recordable CD and DVD technology. Some of this material is fairly tech-
nical, so you may want to skip over it and return later if you need to sort
out the practical differences between Red Book audio or Blue Book, for
example, or to determine the best way to place photographic images on
disc, or to get a better feeling for why one CD-ROM format may provide
better performance for multimedia presentations than another. In any
case, the information will be here when you need it, and, as with most
works of this type, this book is designed so that you can skip around freely
between chapters to access information as necessary.
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Black Box Engineering

One of the techniques that has been used very effectively when engineer-
ing complex computer systems and internetworked applications is to
reduce elements in the system to black boxes. You don’t particularly care
what goes on inside the box. From an engineering standpoint, you know
that if you send a certain combination of signals into the box, you get a
certain combination of signals back out. If you had be fully aware of every
detail about what was happening inside the box, you’d never be able to
complete any kind of complex project. By partitioning intricate systems
into discrete functional elements, engineers and designers are able to
focus on specific areas of a design, while being confident about the
behavior of other parts of the system. This approach works very well and
has made it possible to engineer astoundingly complex interactions, even
when the working components are stretched across the breadth of the
globe (as is the case with the World Wide Web).

In some cases, however, it helps to know what’s going on inside the black
box, particularly with optical recording technologies where you may be
faced with making decisions as to what equipment to purchase, what
media to purchase, or how to set up a networked disc array within your
organization. For the benefit of those curious souls who would like to
examine the inner workings of this box, the next few sections explore the
inner workings of recorders and players, and also investigate the proper-
ties of the recording media.

Mastering the Levels of Complexity

Much of the design effort over the last few generations of optical record-
ing hardware and software has been focused on ease of use. First genera-
tion recordable CD equipment was usable by engineers only. With
recorder costs in the hundreds of thousands of dollar range and record-
able media selling at $100 a pop, most of those in the business commu-
nity and audio community did not have the stomach or cash resources to
attempt the error-prone process.

Gradually, improvements in the design of the recording software simpli-
fied the process of burning discs, making many operations as simple as
drag-and-drop file transfers. Performance improvements in the comput-
ers hosting the optical recording equipment eliminated the grueling pro-
cess of fine tuning the system operation so uninterrupted recording
could predictably take place. Intimate knowledge of the data formats
became less important as software wizards guided new users through the
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premastering process, and new hardware and software drivers became
capable of reading and writing all of the existing data formats.

The current generation of CD-R equipment fits this description in a
number of ways. Software applications designed for use with CD-R equip-
ment typically treat recorders as just one more drive in your system. You
can transfer files to a recorder in the same way as you would copy a set of
files to your hard disk drive. Multi-session write compatibility is necessary
to accomplish this feat, but the software removes most of the intricacies
of the transfer process and hides the differences inherent in the compact
disc medium from your attention.

In contrast, DVD equipment is still maturing. Authoring tools, hardware
interfaces, software drivers, and the standards themselves are being ham-
mered on by a diverse army of forces intent on shaping the technology to
suit their own individual ends. As with recordable CD, the recordable
forms of DVD will eventually emerge from this evolutionary storm in
more stable form. For the near term, the technology is primarily useful
when you have control over the playback equipment (eliminating com-
patibility concerns), such as inhouse archiving and testing of DVD-ROM
titles, DVD-Video projects, and DVD-Audio mastering.

Drag-and-drop file transfer may be suitable for storage and archiving, but
if your goal is to create high-performance CD-ROMs or DVD-ROMs that
integrate a variety of multimedia assets, or to ensure that users on differ-
ent computer platforms will be able to gain the maximum benefit from a
cross-platform presentation, the task becomes more demanding. Knowl-
edge of file formats, understanding how to squeeze every spark of perfor-
mance from the medium during playback, cross-platform challenges and
solutions, all become paramount to the task of completing a polished
and universally usable title on optical media. Business users of optical
recording technologies face many of the same issues with which commer-
cial developers must deal, although business users also encounter other
issues and difficulties as well, as covered in later chapters.

Someday the recording and development process may be so completely
seamless that anyone can create any kind of project, aided by software
that makes it virtually impossible to create bad discs, but—until that
day—those who understand the nuances of CD-R and DVD equipment
and formats will have a definite advantage in the field.
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Developer Considerations

While much of this book is targeted for business and corporate users,
whose primary goal may be using recordable discs to store and distribute
organizational data, many topics also address the unique challenges
encountered by the developer—whether one individual or a team of art-
ists, programmers, and technicians working to create the next best-selling
interactive adventure game or a database of automotive parts. For the
most demanding applications, knowing the underlying mechanics of
optical recording becomes the solid foundation on which you can confi-
dently construct a digital work, fully understanding the shifting and
unpredictable tides to which your completed disc will be subjected. The
variables encountered can be anything from irregular platform playback
on different equipment, including quirks caused by different operating
systems, to the emerging standards that offer developers exciting new
capabilities, but strain compatibility.

To be successful developing and producing a title on disc, you should
have a sense of the performance constraints of the medium, the tech-
niques used for data storage, the file structures commonly used, the phys-
ical mechanisms of data access and retrieval, and those bus transfer
limitations imposed by the host computer. Knowledge of the various stan-
dards (and the evolution of these standards), as described in Chapter 3
and Chapter 4, can also help eliminate many potential development
problems.

Can you successfully create CDs or DVDs without becoming an expert in
all these areas? Absolutely. In fact, Chapter 10, Simple Authoring Tech-
niques, provides a number of tips on how you can create CD-ROMs and
DVD-ROMs using simple tools and simple processes. These tips and
guidelines should be helpful to everyone from the businessperson who
needs to put a PowerPoint presentation on a CD for the next corporate
meeting to the experienced developer who needs to best way to encode
video to produce a training session on DVD-Video.

Dealing with Performance Issues

For all the promise of optical storage, and despite the fact that 20x, 24x,
and even 32x CD-ROM drives have appeared on the market, you are still
dealing with a storage device that must work vigorously to deliver data
fast enough so that your system can play it back smoothly. Playback issues
on DVD-ROM are comparable; similarities in the hardware of these
devices force developers to consider many of the same issues that affect
CD-ROM development.
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The performance issues escalate when you are intermingling video and
sound and data and then trying to play back the entire mix in fluid fash-
ion. The fundamental goal is to keep the laser read head from traversing
large areas while trying to access files and to funnel data through the
interface bus as soon as it is needed (or before it is needed, in the case of
some caching utilities).

One of the goals of this chapter is to illuminate those underlying details
that will affect your decisions as you are developing and mastering a CD-
ROM or DVD-ROM. In many cases the level of detail presented may
exceed your needs. If your goal is to create a CD-ROM that contains all of
the word-processing correspondence files you’ve generated over the past
12 years, you may have no interest in what goes on inside the hardware
and software, unless, perhaps, curiosity motivates you. For any uses other
than just pure archiving (and even for some instances where you want to
archive certain kinds of data), you will inevitably be faced with making
some decisions based on the nature of CD-R, DVD-R, and DVD-RAM
technology. Whether you're motivated by curiosity or by necessity, I hope
that this technical discussion helps answer your questions.

The next two chapters, which discuss the standards in some detail, may
also seem a trifle dry to those who are eager to start toasting blank discs.
The same admonition, however, holds true as for the hardware discus-
sion. Skip over this material if you must; you can always return to it when
you have a pressing need to address or a strategic issue to resolve.

With all this in mind, prepare to enter the aluminum and polycarbonate
recesses within the interior of an optical disc. The journey promises to be
an enlightening one.

By the Light of the Shimmering Laser

24

Without the invention of the laser, there would be no CDs, CD-ROMs, or
DVD-ROMs. Through its intense and narrowly focused beam, the laser
provides a means for precisely detecting and registering the passage of
millions of tiny impressions upon a rapidly spinning disc surface. The
process generates no friction, since the detection is based on the mea-
surement of phase shifts in reflected light. The technique allows consid-
erable data compaction, since the carefully focused laser beam is capable
of responding at the speed of light to extremely small variations in the
disc surface. The process works not only because the laser mechanism is
capable of reading back signals in this manner, but because a laser can be
used to accurately record the disc impressions in the first place as a part
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of the mastering procedure. If you own a desktop CD recorder or DVD
recorder, the equipment itself confirms the fact that these principles
work quite well.

Light derived from conventional natural or artificial sources consists of
photons that move in random wave patterns, even when they originate
from light beams of the same frequency. Light beams of this sort of are
considered incoherent—the uncoordinated waves travel freely in all
directions. In contrast, light that originates from a laser is coherent.
Coherent light moves in neat, orderly waves, which makes it useful for a
host of scientific applications. Coherent light is created through stimu-
lated emission, a fact which is noted in the acronym laser: light amplifica-
tion by stimulated emission of radiation.

Alaser beam is created when a source of energy is introduced into what is
called an active medium. A pair of mirrors positioned on each side of the
active medium is used to channel a portion of the radiation that strikes it.
The active medium can consist of a gaseous mix (such as helium and
neon) or ions within a crystalline matrix (such as is found in the gallium-
arsenide lasers typically used in CD-ROM drives and recorders). The
materials and the energy source used to stimulate the light determine the
strength and intensity of the resulting beam. The lasers used within CD-
ROM and DVD-ROM equipment are of extremely low power. If you boost
the power sufficiently, more energy-intensive forms of the laser can used
to burn holes in things like ‘569 Cadillacs and to melt roofing shingles.

The CD-ROM drive laser is directed at the spinning disc and the
reflected light passes through a lens and strikes a photodiode. Data on
the disc surface is encoded in the form of pits (indentations in the disc)
and lands (the level surface of the disc). Logic timing circuits coupled to
the photodiode can register the difference between the distance the light
has traveled when it strikes the disc surface and the distance it has trav-
eled when it strikes an indentation in the disc surface. This difference is
detected as a phase shift in the light beam. This basic technique and some
closely related variations make it possible to store and retrieve data from
the surface of an optical disc.

As with all things digital, the pattern composed of pits and lands—
relayed as a electronic string of 1’s and 0’s by the photodiode—can repre-
sent much more complex analog equivalents, such as the envelope of a
soundwave or the passage of shapes and colors in a video sequence. Fig-
ure 2 - 1 illustrates the fundamental components of a CD-ROM drive
(which are not drawn to scale).
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Figure 2- 1 Fundamental components of a CD-ROM drive
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A Closer Look at the Disc

So far we’ve observed the principles that let us bounce focused light off a
disc and detect any phase shift of the returning light waves. This simple
principle makes the whole optical recording process possible. The nature
of the recording medium, the optical disc itself, also bears further exami-
nation.

A compact disc measures 4.72 inches (120 millimeters) in diameter and
weighs approximately 0.6 ounces. The standard supports variations, such
as smaller format discs known as Card Discs that have a non-circular form
factor. On a Card Disc two of the disc edges are removed; the disc rides in
the central receptacle in a CD-ROM player. Smaller, 80-millimeter discs
are also used in some applications.

The reflective disc surface, visible on the side opposite the label, is very
striking (aesthetically speaking) for the prismatic effect demonstrated if
you shift it under a light. You can see rainbow patterns by shifting the disc
slightly under strong light.

One remarkable aspect of a compact disc is the density of the micro-

scopic array of data patterns embedded within the disc materials. The
ability to compress data to such a fine degree and read it back accurately
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gives the CD-ROM one of its defining characteristics: the capability to
store 650MB of data (or 680MB of digital audio data). Translate this stor-
age capacity to more commonly understood terms and the utility of this
storage medium becomes very clear. You can store 600,000 pages of text
or 74 minutes of music or the entire contents of a 20-volume multimedia
encyclopedia. DVD exceeds this storage ability with a variety of disc types
storing from 4.38 Gigabytes to 17.9 Gigabytes. The significantly greater
storage capacity for DVD make it possible to store digital video versions
of entire films or multimedia titles with contents designed for playback in
several different languages.

The extra capacity available on a DVD-ROM comes primarily from the
addition of extra layers within the disc subsurface. The number of layers
varies depending on the DVD variation being discussed. For more details,
refer to Chapter 4, DVD Standards.

Compact discs are primarily made of a form of plastic known as polycar-
bonate, a petrochemical marvel usually delivered to disc replication
houses in the form of small beads, which are melted down to the consis-
tency of honey and then injected into molds. The molds already contain
the surface irregularities—the pits and lands—representing the data that
was recorded by the laser on a circular glass master. When the fluid poly-
carbonate conforms to the mold, it acquires the same pattern of indenta-
tions. The resulting plastic disc, consisting of the bulk of the material
from which a CD-ROM is composed, is called the plastic substrate.

As previously mentioned, indentations in the plastic substrate are called
pits; they extend in a continuous spiral from the innermost area of the
disc to the outer boundaries of the recording area. The level areas
between the pits are called lands. A reflective coating of aluminum is
sputtered over this surface, capturing the surface geography of pits and
lands in precise fashion.

The reflective aluminum layer is extremely shallow, measured in units
called angstroms. A single angstrom is one ten-billionth of a meter; the
aluminum layer is a few hundred angstroms thick. To prevent this very
thin layer of aluminum from being scarred and scratched, which would
essentially obliterate the data patterns residing on it, a clear protective
layer of lacquer is laid down over its surface. The laser beam can read
through this layer without difficulty to detect the microscopic impres-
sions in the disc surface.
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The final step in the disc creation process is to apply artwork to the sur-
face, either through a silk-screen process or lithographic printing, as dis-
cussed in Chapter 16, Disc Replication, Printing, and Packaging. The disc
can then be packaged in any one of a number of different packaging
types, as discussed in same chapter.

Turning Pits into Data

To successfully communicate by means of nothing more than a series of
pits in a disc requires a good deal of computer processing and some high-
technology wizardry. At no point in the data exchange process does the
laser's read mechanism ever touch the disc surface—all information is
conveyed by reflections of the laser. The data detection process is based
on this principle: the light beamed from the laser takes a certain amount
of time to return when it is reflected off the lands, but it takes longer to
travel when it is swallowed up and reflected by the pits. The depth of the
pit is engineered to be one-quarter the wavelength of the laser light. If
the reflected beam from the pit cancels out the beam from the land, this
indicates a signal transition. Signal transitions (marked by either the
beginning or the end of a pit) represent binary 1’s. If there is no signal
transition, this indicates a binary 0. Figure 2 - 2 shows the relationship
between transitions and the resulting binary values.

Figure 2- 2
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This may lead you to wonder how the microcontroller embedded in the
CD-ROM drive can determine how many individual 0’s are strung out in
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along sequence with that has no transitions. Clearly, there must be some
type of clock signal to distinguish between 0’s.

To maintain synchronization while reading the data patterns, the
CD-ROM drive uses a self-clocking mechanism that is commonly found in
hard disk drives; it's called Run Length Limited. Because data exists within
finite divisions on the spiral track—each data division extends approxi-
mately 300 nanometers —the CD-ROM microcontroller can produce reg-
ular clock signals by synchronizing to the speed of the disc rotation and
the occurrences of transitions. Although many forms of data storage use
an 8-bit sequence for storing data bytes, the CD-ROM requires a 14-bit
pattern to avoid creating combinations of 1’s and 0’s that would prevent
decoding of the stored data. This modified form of storage is called EFM
(Eight-to-Fourteen Modulation). An additional 3 bits, called merging bits,
act as separators between the 14-bit patterns, resulting in a 17-bit pattern
to represent a single 8-bit byte of data.

Another significant division of data at the bit level is the frame, which con-
sists of 588 bits. The frame encompasses a collection of bits: some of
them signify data, others allow the laser to be synchronized with the spin-
ning of the disc, and still others contribute to the error-correcting capa-
bilities within the CD-ROM equipment. Of this collection of bits, only
twenty-four 17-bit units (408 bits altogether) can be translated into 8-bit
bytes. As you can see, many additional bits are needed to convey the
information contained in a mere two-dozen data bytes.

Physical Differences in Recordable CDs

Recordable CDs differ in some important ways from standard, mass-repli-
cated CDs. When a blank, recordable CD is positioned in a recorder for
the first time, a spiral groove is already embedded in the polycarbonate
substrate, indicating the path that the CD recorder laser head will track
while burning the data pattern. Instead of the aluminum layer used in
standard CDs, a recordable CD has a fine gold layer. Gold not only offers
a highly reflective surface, but it resists corrosion much more effectively
than aluminum.

Another layer, composed of an organic dye sandwiched between the poly-
carbonate substrate and the gold layer, serves as the recording medium.
As with standard CD-ROMs, a protective lacquer surface provides a
degree of scratch resistance and durability to the outer layers of the disc.
Figure 2 - 3 compare the materials used in the layers for CD-ROM discs
and CD-R discs.

29



Chapter 2

Figure 2 - 3
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Note: The CD-ROM drive and recordable CD drive share fundamental
principles of operation, but recordable CD equipment uses a more
highly focused, more intense laser beam capable of searing impressions
in the dye layer of a blank compact disc.

When recording begins, the CD recorder’s laser beam penetrates the
plastic substrate and heats the dye as it pulses a string of data patterns to
the disc. The dye rises where it is heated, forming mounds that protrude
into the gold layer. The resulting mounds correspond with the pits in a
conventionally recorded CD-ROM. The laser beam is deflected when it
strikes them and they are read by a CD-ROM drive in the same manner as
pits. Rather than confusing an entire industry, by calling them “mounds”
or “bumps,” the mounds are still typically referred to as “pits.” Figure 2 - 4
illustrates this concept.

Figure 2 - 4
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Optical Storage Advantages

Compact discs are exceptionally durable when compared to hard disk
drives or to diskettes, but there is a limit to their durability. Although they
are immune to magnetic fields (since the data is not stored in a magnetic
format), discs can be damaged by rough handling or extreme conditions.
Most data formats include coded information that can fill in data bytes
lost to scratches or debris, but discs can still be rendered unreadable by
abusive treatment. The long-term archival properties of the medium are
subject to the perils of oxidation, although this is more of a factor in com-
mercially produced discs with their aluminum data layer, rather than
CD-R one-offs with their gold reflective layer.

Optical storage also offers a significant environmental savings. Short-
term paper-based materials (telephone books, catalogs, corporate tele-
phone records, and so on) can be reduced to an extremely compact for-
mat. A single disc can contain the equivalent to a copy of all of the
residential and business phone directories for the entire country. Choos-
ing discs over paper for storage can clearly save a considerable number of
trees from destruction in the pulp mill. By any method of accounting, it
is easier to produce and dispose of a half-ounce piece of plastic and alu-
minum than the equivalent several hundred pounds of telephone direc-
tories.

Optical Storage Advantages

The CD-ROM (Compact Disc-Read Only Memory) belongs to a family of
optical data storage devices. Unlike electromagnetic methods of storage,
which depend on reading and writing polarized signals on a magnetic
surface, optical storage uses a laser beam to detect impressions in the sur-
face of a reflective disc. Another member of this family, the WORM drive
(Write Once, Read Many), initially made some inroads in the archiving
and mass storage game, but incompatibilities and dissimilar standards
handicapped its utility as a common medium for exchanging data; it
remains an active archival option, however, using 12-inch discs that can
hold up to 30MB. The magneto-optical (MO) drive also belongs to this
family; it offers the advantage of being able to re-record data on the same
media using optical techniques. Magneto-Optical drives still thrive in spe-
cialized environments—such as large art departments and photographic
agencies—where a reusable medium comes in handy for storing very
large quantities of data. Media costs, however, are significantly higher
than the recordable forms of CD and DVD.

The defining characteristics of the CD-ROM—its light weight, durability,
long media life, and considerable capacity—have led to its increasing

31



Chapter 2

32

popularity as an archiving medium for government and business data.
Tape backup has become a less popular choice for archival storage,
largely due to the inaccessibility of data in the linear storage format and
the lifespan issues presented by magnetic signals that diminish over time.
Looking at the full range of data-storage options, CD-ROMs consistently
rank among the best data-storage bargains.

Note: Another benefit of the CD-ROM as a storage medium is that it
shares its lineage with the audio CD. See The Audio Origins of CD-ROM on
page 62 for more background information. This means that CD-ROM
replication can take advantage of the cost reductions that have evolved
over more than 20 years of producing audio CDs. Often, the same equip-
ment used to master and replicate the hundreds of millions of audio CDs
being produced today can serve double duty as a production platform for
CD-ROMs. The evolution of the processes and technology for accom-
plishing high-volume replication has helped drive the costs of manufac-
turing CD-ROMs down to levels where they now represent one of the best
values for cost-per-megabyte of storage in the industry.

Beyond the twin advantages of durability and compactness, the CD-ROM
has another significant advantage over other forms of data storage: CD-
ROMs provide random access to any information stored on them. In com-
parison, linear methods of storage, such as streaming tape devices, can-
not easily access a block of data unless it is in close proximity to the
current position of the read-write head over the tape. If you're attempt-
ing to read a block a data near the end of the tape and the read-write
head is located at the start of tape, the drive motor is going to be spin-
ning for a few moments to get there. If the next piece of data is back at
the beginning of tape, even more time is consumed getting back.

To achieve random data access, CD-ROM drives use a servo mechanism
to position the laser's read head, which is sometimes mounted on an
apparatus that looks like a miniature sled riding on a pair of rails. This
assembly ranges over the surface of the disc, on command, to locate
blocks of data. By referring to a directory area that lists the file contents
of the CD-ROM and indexes the paths, any given piece of information
can be quickly accessed and retrieved. This form of random access has
certain similarities to the technique used to locate and retrieve data on a
hard disk drive, but also some notable differences. For more details, refer
to Data Storage on CD-ROMSs on page 35.
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Access-Time Considerations

The time required to pinpoint a required bit of information, prior to
retrieving it, is referred to as access time. Access time is such an important
part of the overall performance and responsiveness of a CD-ROM drive
that it is usually featured prominently in the drive specifications and
product advertising. Access times for CD-ROM drives are noticeably infe-
rior to hard disk drives; while it is not uncommon for a hard disk drive to
have an access time below 8 milliseconds, the fastest 32x CD-ROM drives
can typically do no better than 100 milliseconds.

If you're presenting material on CD-ROM, particularly material with
media-rich content, you’ll be working continually to overcome the inher-
ent sluggishness of the CD-ROM for delivering data to your system (and
your customers’ or clients’ systems). The problem is becoming less severe
with the universal proliferation of 24x and 32x CD-ROM drives, but since
the nature of multimedia content is also pushing the bandwidth enve-
lope, performance considerations continue to be an important issue for
CD-ROM developers. A number of tips to address this problem appear in
later chapters.

Data Transfer Rates

Another key consideration in the ability of the CD-ROM drive to deliver
information is the data transfer rate. In many ways, the data transfer rate is
more important than the access time in assessing performance, since it
measures the ability of the CD-ROM drive to move data from the disc sur-
face to the host computer. Mainstream 24x CD-ROM drives theoretically
deliver data at an impressive 3600K bytes per second. However, if you
develop a CD-ROM in anticipation of this kind of performance, you may
suffer seriously degraded performance on the multitude of low-speed
drives still installed in the marketplace. In many cases you will want to
deliver content to the largest installed base of equipment, a factor that
imposes rather stern limitations on the scope and execution of your
project. While the bulk of the installed base is rapidly shifting from 12x
and 16x drives to 24x and 32x drives (largely because of price reductions
in high-performance equipment), you can never reliably count on the
majority of your audience having high-performance CD-ROM drives.

At this point in time, your best bet is to optimize your CD-ROM produc-
tion to perform at its best on a 12x drive. This may handicap you in some
ways, but it will also challenge you to find the best techniques to keep
data barrelling through the pipe. For certain types of productions, per-
haps those where the mass market is less important and you have control
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over the presentation tools, you may want to optimize for 24x speed or
even 32x speed performance. If you do, make sure that your playback
equipment can match the anticipated performance level.

Permanence of Data

Optical storage offers a certain degree of precision and permanence that
is difficult to obtain in magnetic media. Because the optical data is repre-
sented by indentations in the surface of the recording medium, the only
dangers to its permanence are corrosion or physical distortion of the sur-
face (such as might be caused by scratching or exposure to intense heat).

Data stored on magnetic media, in comparison, undergoes a slow, inevi-
table diminishing of the signal from the first day it is recorded. Adjacent
polarized fields—such as the encoded signals on the surface of a hard
disk drive—tend to influence each other over time and are subject to
drastic change if passed through a strong magnetic field (like the one
generated by your handheld vacuum cleaner, if you get overzealous
about cleaning the interior of your computer cabinet). The lifespan of
data stored on magnetic tape (depending on who you talk to) ranges
from about 6 to 12 years.

Estimates for recordable compact disc lifespans generally suggest a cen-
tury of stable data storage. CD-ROM:s created through mass replication
techniques don’t fare quite as well for long-term archiving, primarily
because of differences in the substrate materials. Estimates range from
about 10 to around 25 years for mass-replicated CD-ROMs. Since many of
the discs being used for computer data have barely been around that
long, it may be some time before we start getting real-world reports on
CD-ROM longevity. The enemy, in this case, is aluminum corrosion.
When the microscopic pits in the disc surface start competing with the
microscopic pits of aluminum corrosion, your data may be in serious
jeopardy. The gold layer used in the blank discs manufactured for CD
recorders offers much more stability—this is the primary reason for the
improved lifespan of CD-R media.

While it may be reassuring to archivists that CD-ROMs can effectively
store data for more than 100 years, industry pundits have pointed out
that it is unlikely that the same data storage playback equipment will be
available that many years down the road, so the archival properties are
essentially moot. It’s more likely that valuable digital data—the cultural
records of our age—will be shuttled from format to format as new storage
methods evolve that can encompass greater and greater amounts of data.
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Data Storage on CD-ROMs

The data stored on CD-ROMs does not exist in the familiar concentric
circles (referred to as tracks) of the hard disk drive world, but instead in a
continuous spiral like the phonograph records of days past (as shown in
Figure 2 - 5). CD-ROM data is partitioned into tracks. This similarity with
hard disk drive formatting standards allows the CD-ROM to be easily inte-
grated into a framework containing other “track-based” devices. To
accomplish this kind of integration, some logical leaps are required to
overstep the boundaries of the physical reality of the data storage

method.
Figure 2 -5 Tracks and spirals
Tracks on a CD-ROM are Tracks on a hard disc
a continuous spiral. are concentric circles.

Before getting into the architecture, let’s compare the characteristics of
CD-ROM and hard disk data storage. The first major difference between
hard disk drives and CD-ROM drives involves the rotation of the media.
The magnetic disks that contain the data on a hard disk drive spin up to a
predetermined speed and they maintain that same speed through disk
operation. Tracks are circular and they extend from an area of densely
packed data, near the center of the disk, to less densely packed data, near
the outer edge of the disk. Each track contains an identical number of
sectors that act as addressable units for locating files and portions of files.
The regularity of the arrangement of tracks and sectors and the con-
stancy of the rotation speed allows the controller logic that positions the
hard disk read-write head to predict when and where data can be found
on a given track within a particular sector. Once it is given the track and
sector address of a particular piece of data, the head can be swung into
position and can begin reading that data very quickly. The term Constant
Angular Velocity is applied to this technique and you may encounter the
acronym CAV as the shorthand reference to it. CAV is largely responsible
for the superior data-access rates associated with hard disk drives, which
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have improved to the point that modern drives can locate and prepare to
read a specific piece of data anywhere on the disk within 2 to 10 millisec-
onds.

While this technique for storing data on hard disks allows fast access, it
sacrifices some storage capacity. On the other hand, the storage tech-
niques for CD-ROM sacrifice some access speed while delivering greater
storage capacity. Tracks are artificial constructs on the CD-ROM, since
you’re working with a continuous spiral of data. Nevertheless, that the
spiral is partitioned into sectors that are equally spaced and, like the hard
disk drive, contain address information to help locate data. Files are
never fragmented as they often are using hard disk storage techniques;
they are laid out in contiguous sectors at the time the compact disc is
recorded. Several of the innermost sectors contain detailed information
about the location of each CD-ROM file in a directory table and a path
table.

The drives varies the speed at which the compact disc is rotated to ensure
that data can be read from the disc at a constant rate. To capture data at
the outer edges of the disc requires a different rotational speed than to
capture it at the inner edges, so the disc is continuously being sped up
and slowed down to accommodate data retrieval at an unvarying rate.
This technique is called Constant Linear Velocity (CLV).

The tracks containing CD-ROM data are packed much more closely than
on a hard disk drive—there are 16,000 of them within the span of an inch
as compared to only a few hundred within an inch of hard disk surface.
The manner in which files are organized on the CD-ROM and the access
constraints imposed by the inherent sluggishness of the CD-ROM drive
form the basis of two of the cardinal rules for the CD-ROM developer:

¢ Always place the most frequently needed files near the center of
the disc. That is where the files can be most quickly accessed.

® Always place files in close proximity on the disc when an applica-
tion will need to access them consecutively. Keeping related files
in close proximity will greatly reduce the time required to retrieve
them while the application is running.

File placement becomes especially important for mixed-mode applica-
tions as well as applications where many resources are being pulled off
the disc in rapid sequence (such as full-screen video or complex interac-
tive multimedia). Many software applications for producing recordable
CDs provide some technique for performing optimization, organizing
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corresponding and related files for the best possible access and smooth-
est playback. Even though improvements in equipment performance
have made this consideration somewhat less important, most of the devel-
opers I talked with mentioned file placement as a useful technique for
CD-ROM development.

Some premastering software applications relegate the placement of files
to a less-important role or hide access to this feature from you. These
kinds of software applications may not have the flexibility necessary for
professional-level CD-ROM recording. In later chapters, techniques for
optimizing discs are presented and the premastering packages that best
deal with optimization issues are discussed.

Logical and Physical Components

The standards that specify the storage and organization of files on
CD-ROM have both logical and physical components:

* The logical formatting dictates two things: the measurement units
to be used and the system of organizing the data. Together, these
make the data accessible to the computer to which the CD
recorder is connected.

® The physical formatting determines how the data is structured on
the physical media—in other words, the mechanics of how data is
written and retrieved from the surface of the compact disc.

These components are at the heart of the various standards that have
arisen for controlling the production of CDs, from audio CDs to com-
puter CD-ROMs.

Audio Origins

The simplest of the compact disc formats (defined by the Red Book stan-
dard) is for audio CDs. Audio CD architecture, as opposed to CD-ROM
architecture intended for computer use, includes only two layers: 0 and
1. The lowest layer—Layer 0—is the logical layer; it defines the bit struc-
ture, specifying the manner in which bits are combined to form bytes.
Layer 1, the physical block structure, defines the basic addressable unit of
the CD—the block, which is also sometimes called a sector. A block is subdi-
vided into frames, and each frame consists of 24 bytes. With 98 frames to
the block, you can see that each block contains 2,352 bytes; this value
remains consistent from standard to standard, although the manner in
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which these 2,352 bytes are used differs in some important ways, as you’ll
see when we discuss the specifics of each standard in Chapter 3, .

Given that there are so many bytes of information in each block, how
does the drive determine how to find individual pieces of data within the
block? Here is where the audio roots of the compact disc become particu-
larly evident. Data on an audio disc is located by means of a block address
with a time offset. In other words, an address is specified by providing the
format minute:second:sector. This format is referred to as the absolute time
scheme.

The beginning of the very first block on the compact disc has the address
0:0:0. Ten seconds into that block, the address would be 0:10:0. Similarly,
the address for data that is ten seconds into the second block would be
0:10:1. At standard transfer rates for audio CD, 150 kilobytes per second,
75 blocks can be read in the span of a second. Using the absolute time
format of minute:second:sector; any block located on the compact disc can
be located and the musical data within the block pinpointed.

So far we’ve described an addressing scheme that lets us start playing
music located anywhere on the compact disc, but what happens when
computer data is involved?

Computer CD-ROM Standards
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Computer CD-ROM architecture consists of four layers: two layers that
specify the physical ordering of data on a disc and another two layers that
standardize the logical layout of files and other information required to
locate files. Layer 0 is left unchanged from the audio CD standard, but
the specs for Layer 1 have undergone a few improvements to make data
storage less error-prone (more details on this topic appear in Chapter 3,
CD Standards). The next two layers, Layer 2 and Layer 3, specify the orga-
nization of files on a CD-ROM: Layer 2 defines the logical organization of
sectors on the disc, and Layer 3 creates a logical file structure. Taken
together, Layers 0 through 3 form the basis for storing and accessing dig-
ital sound and computer data on compact disc.

These additional specifications were tacked on in the Yellow Book stan-
dard (but, fortunately, tacked on thoughtfully) to expand the capabilities
of the compact disc from merely a digital phonograph record to a serious
data-storage medium. The additions that the Yellow Book standard
added to the error detection and correction scheme place the CD-ROM
at the top of the list for data reliability in storage devices.
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Since the advent of the Yellow Book standard, the specifications have
needed to be expanded and redefined in order to support previously
unimagined applications for CD-ROM. This adaptation of the original
standard has resulted in some incompatibilities, but compared to other
standards battles in the computer industry, the evolution of CD-ROM
standards has progressed in reasonably polite and orderly fashion. Conse-
quently, you can pop most off-the-shelf CD-ROM:s into your drive with
confidence that they will perform as expected. However, as a developer,
you need to be aware of the changing standards in order to choose the
appropriate one for each project to ensure that you reach your intended
audience. You must also take into account both your own and your cus-
tomers’ playback devices and computer platforms. These considerations
and other related issues are discussed in the chapters that follow.

DVD Technology

More is better, at least when it comes to data storage, and the goal of
DVD from the beginning was to expand the storage capabilities of a disc
that remained the size of a standard compact disc. The two obvious ways
to do this were to compress more data within the span of an individual
track and to add additional layers within the disc itself, all without
expanding the actual size of the media. As a result, enterprising manufac-
turers have produced a wide array of DVD implementations, ranging
from single-sided, single-pressed discs to multiple layered DVD-18 discs
that store a remarkle 17.9 Gigabytes of data.

Commercial digital video discs, such as the kind you buy DVD movies
titles on, store as much as 17 billion bytes of data on the disc surface. This
equates to a storage capability sufficient to handle nine hours of audio
and video content, or 26 times more data than can be stored on an audio
CD. The quality of the content is significantly better than other forms of
video storage released to the consumer marketplace, surpassing the qual-
ity of the previous standard bearer—the Laserdisc. The ability to deliver
multichannel audio has led to the creation of theater entertainment sys-
tems that position speakers around the viewer and produce a sensation of
being in the midst of the onscreen action. Up to six channel digital
sound can be delivered, generally subdivided for the following uses:

¢ A center channel for dialog
e Left channel for music

¢ Right channel for music
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e Left rear channel for effects
¢ Rightrear channel for effects
e Bass channel

Most of the information stored on a DVD-Video disc is in compressed for-
mat, with MPEG-2 being used for the video content and Dolby Digital
(AC3) for the audio content. MPEG-2 digital audio is also sometimes
used for audio material stored on disc. These compression technologies
make it possible to provide the prodigious storage capabilities of the
media, while delivering superior audio and video, since the loss due to
the compression is minimal.

DVD technology was designed to be backwards compatible with CDs,
which presented an immediate technical challenge since the pits embed-
ded in a CD occur at a different level on the disc surface. There are also
four different possible surfaces within a DVD disc, requiring that the
read laser in a DVD player be able to adjust its focus to retrieve data from
the various layers.

This technological difficulty was solved through the use of different
lenses, including holographic lenses that can simultaneously focus on
more than one distance at a time. The built-in backwards compatibility
also embraces VideoCD 2.0, an earlier format for distributing video mate-
rial in compressed MPEG format. VideoCDs achieved some success in
Japan and Europe, but never made significant inroads in the United
States.

The first step in increasing capacity over what is available on the audio
CD is to tighten the spiral and reduce the size of the pits used to form the
data impressions. This is illustrated in Figure 2 - 6.
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Figure 2- 6 Comparison of pit spacing in CDs and DVDs
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The second technique for increasing the storage capacity is to add addi-
tional layers—up to 4 layers total, two on each side of the disc. The laser
beam focus is adjusted as necessary to access data on individual levels.
Improved optics are required to achieve accurate data reading, as well as
a reduction in the wavelength of the laser beam reflected off the disc sur-
face.

The single-sided, single-layer DVD consists of two 0.6 millimeter polycar-
bonate substrates that are bonded together to form a disc that is 1.2 milli-
meters thick. The stamped surface of a single-layer disc is coated with a
layer of aluminum through a process called sputtering. This aluminum
forms the reflective surface upon which the laser beam is used to detect
the data pattern. This type of disc has a capacity of 4.7 Gigabytes and is
referred to as a DVD-5 disc (as shown in Figure 2 - 7).

Two methods are typical used to bond the two substrates together:

¢ Hot-melt method: A thin coat of melted adhesive is spread over
each substrate and then the two surfaces are bonded by means of
a hydraulic ram. This is the least expensive method of bonding.

¢ UV method: A thin layer of lacquer is distributed over the disc
surface to be bonded, either by rotating the disc or through silk-
screening. Ultraviolet light is then applied to harden the lacquer.
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While this method is more expensive, it forms a bond that is resis-
tant to temperature extremes.

The label surface of this disc can be printed using conventional printing
techniques or silk-screening. Impressions molded into the blank sub-
strate can also be used as a substitute for printing a label.

Figure 2-7
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Laser beam

A DVD-9 utilizes two separate layers of data. The data layer closest to the
laser is composed of a semi-reflective coating that enables the laser to
focus on it for data reading or to focus through it to the next higher layer
to read the data from the more reflective surface. The capacity of the
DVD-9 disc, shown in Figure 2 - 8, is 8.5 Gigabytes.

The two substrates of a dual-layer disc are bonded together using one of
two methods:

* By means of an optically transparent adhesive film that affixes the
layers to each other

¢ Through a photopolymer material that combines the second
layer on top of the first on a single substrate which is then bonded
to the blank substrate

Conventional methods of lithographic printing or screened printing can
be used to complete the label.
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Figure 2- 8 Layers within a DVD-9 disc
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A DVD-10 disc has data on both substrates, using reflective layers on each
so that the disc must be physically flipped over in the DVD player or
DVD-ROM drive in order to read the data on the second side. This for-
mat has a capacity of 9.4 Gigabytes. Since the laser must be directed
through both surfaces of the disc, no label is applied to either surface—

this is a quick way to recognize this particular format, shown in Figure 2 -
9.

Figure 2 - 9 Layers within a DVD-10 disc
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The most complex DVD format, and the most expensive to manufacture,
is the DVD-18 disc, which includes both dual sides and dual layers, as
shown in Figure 2 - 10. The two layers on each side must be manufac-
tured on a single substrate. One layer is created on a substrate using a
conventional stamper to produce the data pattern and then a second
stamper creates a data image on a photopolymer material, which is then
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affixed to the substrate. This same process is followed for the second sub-
strate, which also contains two layers of data, providing a total capacity of
17.9GB. As with a DVD-10 disc, this type of disc must be turned over in
the player or the DVD-ROM drive in order to access the data on the sec-
ond side. Similarly, neither surface can be printed with a label, since it
must offer clear access to the laser for data reading.

Figure 2- 10
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As you can see from the previous description, the addition of new layers
to a disc, each with its own microscopic spiral of data, adds to the com-
plexity of manufacturing. For this reason, and the additional costs associ-
ated with multilayer disc manufacturing, many commercially released
DVD titles utilize only a single layer. This is sufficient to store a typical
135-minute film. For longer works, or for including multiple movie titles
on a single disc, additional layers can be added to the disc to achieve the
desired capacity. Approximately 2 Gigabytes of storage is required for
each hour of video material compressed with MPEG-2. Title producers
can determine the amount of storage needed for a project and then mas-
ter the disc accordingly.

Unlike a compact disc, which employs a single substrate, a DVD is com-
posed of two 0.6 millimeter substrates that are combined to increase the
rigidity. The additional rigidity is also important for the overall disc bal-
ance and reducing the amount of wobble while the disc is spinning—
both critical characteristics for ensuring accurate reading of data from
the medium.
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Reading All Types of Discs

In many ways, the DVD is an extension of the data storage techniques
originally perfected for CD-ROMs and CDs, but with its own special char-
acteristics. Just as the vast majority of CD-ROM drives are capable of play-
ing audio CDs, DVD-ROM drives have been designed to be backward
compatible with CDs and CD-ROMs. The following table summarizes the
similarities and differences between the two types of discs.

Table 1: Comparison of CDs and DVDs

CD DVD
Diameter 120 millimeters 120 millimeters
Thickness [.2 millimeters [.2 millimeters
Data capac- | 680 Megabytes 4700 Megabytes
ity
Layers I l,2,4
Track pitch |.6 nanometers 0.74 nanometers
Minimum pit | 0.834 nanometers 0.40 nanometers
length
Laser wave- | 780 nanometers 640 nanometers
length

The optical pickup designed for use in a DVD unit is mounted on an arm
that positions the laser beneath the disc surface during playback. As you
can see from the previous table, the required laser wavelength is different
for CDs than it is for DVDs. One technique for handling this difference is
to use a twin-laser pickup that features completely separate laser and lens
fixtures. If the DVD player or DVD-ROM drive is attempting to read a CD
or CD-R, it uses the fixture optimized with a laser wavelength for these
media types. For DVDs, DVD-Rs, or DVD-ROMs, the unit employs the
laser and lens with the wavelength optimized for DVD media.

A focusing control adjusts the depth of focus to be able to read the indi-
vidual DVD layers. For a DVD, layer 0 is about 0.55 millimeters above the
bottom surface of the disc. The second layer, if present, is another 55
micrometers higher. In comparison, data that is embedded in a CD or
CD-ROM appears approximately 1.15 millimeters above the bottom sur-
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face of the disc. This difference, as well as the different laser wavelengths
required for reading the data, is the reason that separate lens and laser
fixtures must be used for DVD and CD media.

Writable Forms of DVD

Writable forms of DVD come in several varieties, a fact which has gener-
ated considerable confusion among those interested in obtaining a
equipment to record to DVD discs. The two main categories are:

* DVD-R—as defined in Book D of the DVD Forum’s specifications,
this is the write-once form of the media with a standard capacity
of 4.7 Gigabytes. The recording surface is a dye layer. Recorded
discs are playable in standard DVD-ROM drives.

¢  DVD-RW—similar to CD-RW, this approach relies on phase-
change technology to support the erasing and rewriting of data.
The standard capacity is 4.7 Gigabytes.

e  DVD-RAM—defined in Book E of the DVD Forum, this format
also uses a phase-change recording layer, which may be single-
sided or double-sided. Capacity is 2.6 Gigabytes per side. The
RAM stands for Random Access Memory.

e  DVD+RW—a latecomer to the rewritable market, this format
achieves 3.0 Gigabyte capacities using a phase-change approach
to storage. A 4.7 Gigabyte version of the media is also in the
works.

Early in the design process for the writable form of CD-ROM (CD-RW),
progress was hampered by the incompatibility of the rewritable discs with
the majority of CD-ROM drives. This problem was overcome by the intro-
duction of the Multiread specification for CD-ROM drives, an extension
which ensured that drives certified as MultiRead ready could retrieve
data from CD-RW discs.

A similar effort is underway to produce a MultiRead specification that
encompasses the range of writable forms of DVD, so that the various for-
mats will be readable in Super MultiRead-certified DVD-ROM drives. For
the near term, however, if you want to produce a disc that will be read-
able in the majority of DVD players and DVD-ROM drives, use the DVD-R
format for recording.
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DVD-R for Write-Once Applications

DVD-R media and recorders produce discs that are suitable for premas-
tering of DVD-ROMs or DVD-Videos, as well as discs intended for data
distribution and exchange, document imaging, and archiving. The speci-
fication crafted by Working Group 6 (WG-6) of the DVD Forum includes
provisions for single-layer, single-sided media or single-layer, dual-sided
media. As with CD-R media, both 12-centimeter and 8-centimeter disc
sizes are supported, although the large majority of applications will favor
the more common 12-centimeter disc size.

Two polycarbonate substrates—one containing a dye layer and reflective
coating and the other blank—are bonded together to produce a 1.2-mil-
limeter thick disc for single-sided DVD-R applications. The first forms of
DVD-R media used only cyanine dye, which appears violet on the record-
ing side of the recordable disc.

A spiral pregroove extends from the center of the disc to the outer diam-
eter to act as a guide for the laser during recording. A slight wobble in
the pregroove in a pre-established pattern generates a frequency used as
a carrier signal; the timing information helps regulate servo motors,
tracking of the laser assembly, and focus of the beam. Land pre-pits
molded into the substrate provide address information and pre-recorded
data, used to initiate write operations.

Pulsed laser beams directed at the dye in the pregroove form impressions
by searing variable length marks in the dye surface. These marks, consist-
ing of deformation of the substrate material and bleaching of the dye,
serve the same purpose as pits in a pressed DVD disc. Areas in the pre-
groove that are not exposed to the pulsed laser are interpreted as lands.

DVD-R recording requires a more complex write strategy to establish the
appropriate lengths for the pits, which are approximately half the size of
those on a CD-R disc. The spacing between the pits and lands within the
spiral data pattern is also significantly less than on a CD-R disc. To com-
pensate for the extra precision required during write operations, the
laser pulses are very carefully controlled, both in terms of intensity and
duration. During recording, the laser is rapidly modulated between the
power setting required for writing and the setting used for reading to
avoid overheating the media surface and to regulate the size of the mark
seared in the dye. A technique known as Optimum Power Calibration
(OPC) is used to perform test write operations to a specified calibration
area on the recordable media surface and then to read back the test pat-
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tern and adjust the laser power settings to match the recorder to the
media. Given the extra precision required for recordable operations
using DVD-R, this feature becomes a highly desirable addition to any
recorder and helps ensure the most consistent results when performing
disc recording.

First generation DVD-R media offered 3.95 Gigabyte capacities and
approximately 3.68 Gigabytes of usable space (considering the overhead
required for lead-in and lead-out areas and other file system data). The
recordable capacity of the second generation DVD-R discs is 4.7
Gigabytes, of which approximately 4.38 Gigabytes is available for data
storage.

Data transfer rates for recording DVD discs are based on a nominal 1.32
Megabytes per second rate, which is considered 1x speed. At this data
transfer rate, completing the recording of a 4.7GB DVD-R disc requires
slightly less than an hour.

DVD-R serves a critical role in project prototyping for developers and
title producers, since it is designed by definition to be playable in stan-
dard DVD players and DVD-ROM drives. Early recorder costs were in the
$17,000 range, but as was the case with CD-R equipment, costs have been
steadily declining. Second generation equipment, such as the Pioneer
DVD-S201, are close to the $5000 mark. Blank media costs are approxi-
mately $40 for 4.7GB discs and $35 for 3.95GB discs.

Those who followed the development of CD-R technology witnessed the
difficulty inherent in maintaining compatibility given the many variables
in recordable media, playback equipment, recorders, premastering soft-
ware, and so on. It took several years for all these varying characteristics
to be tamed and controlled in such a way that recorded discs could be
freely distributed among the vast majority of CD-ROM drives. A similar
evolution is taking place with DVD-R as manufacturers, engineers, and
developers refine the tools and techniques used to burn data in discs.
Early adopters of this technology should be prepared for a variety of trials
and tribulations as the compatibility problems are worked out and distri-
bution becomes more universal.
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The Zen of Data Flow

There is one aspect of CD and DVD recordable technology in its present
state that you should be thoroughly aware of before you begin—the need
for maintaining a consistent, unbroken flow of data from the time when
you first start recording to the finalization of the disc. Successful record-
ing demands delivering the data to the CD-R or DVD-R at a speed equiva-
lent to the recording speed without interruptions. You can’t go back and
correct data that has been erroneously recorded—once the laser strikes
the dye layer, the impression is formed and the result can’t be erased.
Rewritable forms of optical recording (CD-RW, DVD-RAM, and so on)
don’t suffer from this same limitation, but they also don’t produce discs
that are suitable for mastering or for widespread distribution to other
platforms or systems.

The traditional allies of computer data-transfer techniques—high-speed
bus interfaces, buffers, and caches—prove useful in this regard. Since in
most cases the data you'll be recording will be initially stored on hard
disk, your hard disk must be of reasonably modern vintage to support the
necessary transfer rates. Many CD recorder software packages recom-
mend data access rates of 16 milliseconds or better (in other words, less
than 16 milliseconds) to support an uninterrupted data flow once
recording starts. If you’re pulling files from different locations on your
hard disk, rather than sequentially from a dedicated partition serving as a
virtual image of the CD-ROM, be sure to defragment your disk drive
before recording. This helps ensure that the files will be transferred
smoothly.

Most CD recorders and DVD recorders have some type of built-in cache
buffer. This type of buffer can compensate for slight interruptions in the
data flow from the hard disk. Since we’re talking about half a Gigabyte or
more being transferred over ten minutes to an hour, there are obviously
a lot of data bits moving through the cable, resulting in a great potential
for many things to go wrong. As recording speeds have gradually risen
from 2x to 4x and now to 6x and 8x, many manufacturers have increased
the size of the recorder buffer, with many units including a 2MB built-in
buffer. Recorder software often sets aside an area on disc to use for buff-
ering the data flow during transfers from the system to the recorder. This
provides an additional level of insurance during the recording process to
keep the steady flow of data from being interrupted. As discussed in later
chapters, you have a number of options when you are recording to mini-
mize the chance of failures, including turning off all necessary processes
(screen savers, network monitors, and so on), disabling hardware on the
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same bus as the recorder (scanners, digital cameras), organizing your
disc data by defragmenting your drive, and performing test recordings
before actually burning a disc.

Some professionals recommend using two SCSI host adapters, one for
the hard disk drive and another for the CD-recordable unit, but I've also
seen contrary recommendations. Some premastering applications sug-
gest you should only use a single host adapter. No single set of guidelines
can cover every conceivable hardware configuration, and even the
experts sometimes disagree on the right approach. Try to take each dif-
ferent recommendation with a grain of salt (including those presented in
this book) and never discount your own experiences.

As a prerequisite to making interesting and useful CD-ROMs and
DVD-ROMEs, as opposed to merely copying data to disc, you need to know
how to choose a data format and manage the files being recorded to the
optical disc. The various formats evolved in response to requirements for
storing and retrieving different kinds of data from disc—knowing the
rationale behind the different modes of data storage can help you pro-
duce discs that are compatible with the widest range of equipment and
that deliver data in the fastest and most effective manner.
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CD Standards

The original compact disc standard—Red Book—has gradually evolved
to encompass more and more standards under one umbrella, enlarging
the range of compatible platforms and increasing the utility of data
stored on CD-ROM. These burgeoning standards have not evolved with-
out some species being killed off in the process, but the situation has sta-
bilized to the great relief of developers wanting the reach the widest
possible segment of the market.

The standards that apply to compact discs have been developed to
encompass more efficient storage of different types of data, file structures
that allow multi-platform access, directory indexing to allow recordings
to be made in more than one session, and other modifications intended
to keep CD-ROMs in the forefront of an increasingly multimedia-ori-
ented world. Turf wars are still taking place over proposed new standards,
such as double-sided video storage techniques (DVD), new data-compres-
sion schemes, and alternate disc sizes, but the existence of tens of mil-
lions of inexpensive CD-ROM drives does much to ensure that new
standards will pay homage to (and ensure compatibility with) the existing
standards.

If you plan to burn some compact discs, you’ll need to give some thought
to both the existing and proposed CD-ROM standards. You may have
already heard terms sounding suspiciously like coloring books being
tossed around in regard to CD-R use—Red Book, White Book, Blue
Book, and so on—but if you don’t know their significance to the type of
recording you’d like to accomplish, you’ll learn it in this chapter. This
chapter guides you through a comprehensive description of all the signif-
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icant formats associated with the CD-ROM standards and suggests the
most effective ways you can use these standards when recording.

Why More Than One Standard?

The various CD-ROM standards have been designed to support a number
of different data types on a storage medium that is formatted radically
differently from familiar diskettes and hard drives. To a large degree, the
standards have evolved to wring every ounce of performance out of a
technology that initially had very slow data transfer and access rates.

Each different type of data has required a different approach. Through
compression, careful data placement, interleaving of different data types,
and other techniques, developers have been able to store and retrieve
audio, video, high-resolution photographs, mixed media data, and all
combinations of these data forms.

Since the early 1990s, CD-ROM drives have reached much higher perfor-
mance levels, but the legacy of the earlier standards hangs on. One of the
first decisions you must make before mastering a disc with virtually all of
the CD recorder applications is which format you will use for the output.
Figure 3 - 1 shows each of the primary standards and its typical applica-
tions. Each of these standards is presented in detail later in the chapter.
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Figure 3 - 1 Primary standards
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The Course of Standards Development

The manner in which standards are proposed and ratified in the elec-
tronics industry has all the political intrique, power bartering, and decep-
tion of the fourteenth-century royal struggles over fiefdoms and land
holdings. Every company has its own agenda and every organization
would like to make lots of money from the acceptance of particular stan-
dards. Fortunes are won and lost on decisions made by standards com-
mittees, so it is not surprising that the process of reaching consensus can
be so grueling. Alliances among industry giants trying to overcome their
competitors often work at cross-purposes with the consumers, who just
want to be able to buy products and software that work together effec-
tively.

The standards affecting CD-ROMs have developed in more orderly fash-

ion than some other electronic technologies, but they have also under-
gone a number of revisions and extensions to accommodate rapid

53



Chapter 3

changes, both in the medium’s capabilities to accommodate rapid
changes and in our expectations for the medium. CD-ROMs have evolved
from simply being a storage medium for high-quality audio tracks to
being the proposed delivery medium for motion pictures, complex inter-
active multimedia, and just about anything else that can be digitized.
Consequently, the CD-ROM family tree looks like one of those biology
charts showing the genetic mutations of fruit flies. Current standards
committees are grappling with new ways to pack more data onto disc,
including new compression standards, double-sided CD-ROM standards,
and similar evolutionary trends. While these more or less polite debates
go on, the installed base of CD-ROM drives (the number of drives actu-
ally hooked up to playback machines) is currently slipping past the two
hundred million mark and still showing strong sales despite the
encroachment of DVD onto the market. Such an impressive installed
base of equipment provides assurance that standards committees will give
some thought to maintaining compatibility with existing standards.

Maintaining Compatibility

54

As mentioned previously, CD-ROM standards have developed to a large
degree through a series of enhancements and extensions, driven by mar-
ket demands and the conversion of more and more types of information
to digital form. As new needs arose, such as additional kinds of error cor-
rection or support for a new data type, the earlier standard was extended
or modified rather than being completely rewritten. The end result of
this foresight is that you can insert an audio CD into the CD-ROM drive
installed in your computer and (with the correct drivers) play back music
that was recorded using specificiations defined in the earliest Red Book
standard. Similarly, most modern CD-ROM drives, under most operating
systems and with the appropriate hardware drivers, can play back CD-
ROMs containing data in any of the currently active standards.

A modern CD-ROM drive with current software drivers can typically play
audio CDs, read ISO 9660 file structures (for cross-platform support),
read Kodak’s PhotoCD discs (for high-quality photographic display), and
support CD-ROM XA (for faster synchronized playback of audio inter-
leaved with computer data). While there are other capabilities that are
high on everyone’s wish list, this combination of features makes it possi-
ble to create and develop some exceptionally interesting material that
can be enjoyed on the vast majority of existing CD-ROM drives.

The proliferation of enhancements, however, has created some incom-
patibilities. As you might expect, some of these come about from trying
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to play newer CD-ROMs on older drives. For example, the CD-ROM XA
standard, which allows interleaving of of audio and data, is not univer-
sally supported by older equipment. The PhotoCD standard, institutued
by Kodak as a method for storing photographic data, must be supported
by drivers that read the PhotoCD format. More recently, the Blue Book
standard, which lets music producers create discs that play music tracks
in a standard CD player and multimedia tracks in a computer’s CD-ROM
drive, also relies on drivers installed on the user’s computer for multime-
dia playback. Though these drivers are commonly supplied with modern
operating systems, users on older systems may have a difficult time locat-
ing the appropriate driver.

You must also consider the suitability of standards on the equipment that
you plan to use for recording. For example, some of the software pack-
ages for recording CDs support the option for incremental write opera-
tions, allow you to divide a data track into smaller packets and write these
packets individually. Unless the CD recorder that you are using supports
incremental write operations, you cannot use this feature, despite the
fact that it may be available in the software.

Applying the Standards

As a developer, you have control over a number of factors that are
directly influenced by the standards. Your decisions on these issues will
not only affect the compatibility of your title with the installed base of
playback devices but also the overall performance of your work.

Much of the material in the following chapters deals with the decisions
you face when using recorder software to create a virtual "image" of the
disc, on your hard drive or some other fast medium, before writing it to
the recordable disc. The term image refers to an exact block-by-block
copy of the data, including correction codes and addressing information,
that precisely matches the form in which the data will appear on the CD-
ROM. (The size of the image file will be the same size as the data con-
tents of the disc—so if you have 600MB of data to be written to disc, the
image file will require 600MB of your hard drive space.) The CD
recorder application does the work of determining how to structure all
this data and then stores it in a single image file on your hard drive.
Recording the actual CD-ROM disc is then mainly a matter of copying
that file.
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Depending on the software application with which you are working, you
may have control over the following factors:

® Geographic placement of the files upon the disc.

¢ Choice of file and directory names, and organization of the direc-
tory hierarchy.

* Interleaving of compressed audio content with computer data.
(Depending on the degree of compression, interleaving of sec-
tors should occur at predetermined intervals.)

* Selection of search engines, indexing applications, multimedia
players, and similar applications that can link to multiplatform
files stored on the CD-ROM.

® Creation of a Red Book audio region on disc and the combina-
tion of this region with Yellow Book CD-ROM data (as in Mixed
Mode applications).

® Storage of MPEG-1 and MPEG-2 files on discs intended for cross-
platform playback.

¢ (Capacity and compatibility issues surrounding recording of Mode
1 and Mode 2 multi-session discs.

® Storage considerations for images in any one of the PhotoCD
compatible formats.

¢ Compression levels to use for ADPCM data.

® Choices when considering use of multi-session versus multi-vol-
ume recording techniques.

® Use of native file formats or hybrid file structures under certain
circumstances.

*  When to pay attention to these low-level format and file issues
and when to relinquish these kinds of decisions to an application
that ensures ISO 9660 compatibility.

Many of the latest generation of software applications remove most of the
burden from worrying about disc formats and file systems. Depending on
your application, these may work admirably for your particular applica-
tion project.

Programs such as Adaptec Easy CD Creator (for Windows users) and
Toast (for Mac users) provide a simplified view of the recording process,
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which can guide even first-time users through the creation of flawless
CDs. Other programs, such as Asimware HotBurn and GEAR Software
PRO DVD contain both features for novices as well as additional and con-
trol features that may appeal to more professional users. GEAR PRO
DVD software, in particular, adds an additional level of flexibility and
control; this control gives you a degree of precision over how a disc is
recorded, but less-experienced users can easily fall into a number of traps
that may result in unusable compact discs.

Using the Standards

Perhaps the best way to become familiar with the ancestral history of the
CD-ROM standards is to view the family tree. Each of the current off-
spring of the Sony and Philips union is shown in Figure 3 - 2 on page 58.

The physical sectors in each of the different formats contain a total of
2,352 bytes of information. Depending on the standard, these bytes are
distributed between the data carrying the audio or program information
and additonal bytes that handle error correction, synchronization, and
identification of the information contained in the sector. Figure 3 - 3 on
page 59 shows the layout that applies to the primary standards.

Note: The descriptions of the standards provided in this chapter are for
conceptual understanding only. If you need detailed information on the
standards for implementing a device driver or other low-level application
use, consult the individual organizations that maintain the standards. Be
forewarned, though: obtaining the full specifications for some of these
standards can be an expensive proposition—some of the manufacturers
holding copyrights on portions of this technology expect steep reim-
bursement. It can cost in the range of several hundred dollars to receive
the specifications containing the full details of their intellectual holdings.
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Figure 3 - 2
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Figure 3 - 3

Physical sector layout
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Red Book

Uses

Red Book, sometimes called CD-DA for Compact Disc Digital Audio, pre-
dates all of the other standards. The compact disc masterminds at Sony
and Philips drew up specifications for the way audio CDs would be
recorded, and subsequently the music industry was reborn in digital
form. Red Book support can be found universally on all recent CD-ROM
drives, although some of the extensions for adding graphics to a Red
Book disc (Compact Disc plus Graphics or CD+G) have not been readily
used or supported.

The one prevalent use for CD-DA is for recording music, sound effects,
and voice. This use has been extended from simply recording digital
audio for music albums to including music and voice in mixed-mode
applications for CD-ROM.

Data Types Supported

Red Book defines the recording of audio material that is digitized using
Pulse Code Modulation (PCM) format. This is a non-compressed format
produced by sampling sound waves at discrete intervals and producing a
16-bit value at each sample point.

Implementation Issues
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Generally, if you are recording Red Book audio tracks on a compact disc,
the entire disc must be recorded in a single session. Multiple sessions are
not available and incremental writes are not supported under the Red
Book standard. Because the data region is longer (2,352 bytes) than the
other standards, data throughput is a greater concern when recording a
compact disc under this standard.

In its extended form, Mixed Mode, Red Book offers an additional chal-
lenge to developers. Audio data formatted under Red Book guidelines
(in uncompressed, PCM form) exists on a separate area of the disc from
computer data, which consists of programs, databases, images, or other
binary information. The CD-ROM drive cannot read computer data
while it is accessing audio information, and vice versa. This results in a
synchronization problem: It is difficult to properly synchronize audio seg-
ments in the Red Book region with material being played back from the
computer data region. The laser read head must alternately jump back
and forth between the two areas to locate and read the necessary tracks.
This problem spurred the creation of an extension to the Mixed Mode
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standard, called CD-ROM XA. This extension, discussed later in this
chapter, interleaves data and audio for faster access.

Examining the Red Book Standard

At the time of its introduction, no one saw the compact disc as anything
more than a vehicle for delivering music in a digital format. While exper-
imenting with digital audio tape, Sony had come up with a system for
converting analog sound for digital storage; this new method had many
advantages over analog methods of storage. Research on optical laser
technology demonstrated the capability of being able to precisely record
signals at a density that easily supported the recording and playback
requirements of this new medium (44.1Kilobytes per second, abbreviated
as Kbps). Intent on avoiding the product introduction problems that had
plagued video laserdiscs, Sony and Philips mapped out a strategy for uni-
fying and standardizing the data requirements of compact discs so that
all players would consistently play back any compact disc. Their strategy
worked.

Audio data as specified by Red Book is partitioned into tracks, up to a
maximum of 99 tracks per disc. The contents of each track might repre-
sent a single song or ten minutes of a speech or a 30-second sound clip of
a dolphin’s chittering. These tracks originate from a continuous spiral on
the disc surface, starting from the innermost area of the disc where a
table of contents indicates the location of each item. Locations are
expressed using a time code that specifies minutes, seconds, and a sector
number to pinpoint the start of a track.

Sectors (sometimes called blocks) can be read at the rate of 75 sectors per
second. In other words, a block contains audio data that occupies 1/75th
of a second. Audio data is always played back by CD-ROM drives at single-
speed rates (150 Kilobytes per second), even on 12x or 24x drives.

Red Book further divides each sector into a group of frames. Each sector
contains 98 frames, and each frame contans 24 bytes. A technique known
as Light-to-Fourteen Modulation (EFM) is used to encode the digital samples
of audio waves into a series of transitions, hard-coded into the disc sur-
face as pits and lands. During playback, this data is decoded back into the
digital representation of the audio signal, which is then put through a
Digital-to-Analog (D/A) convertor to produce the sound waves that drive
audio speakers.
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Digital sampling forms the basis of any audio information stored on com-
pact disc. To accurately represent the characteristics of all sound waves
within the range of human hearing (about approximately 20Hz to
20,000Hz), the Nyquist theorem was applied to determine that the sam-
pling rate must be double the highest recorded signal frequency. By this
means, a sample rate of 44,100Hz was selected to capture the the intrica-
cies of the waveform. At each sample point, a 16-bit value records the
waveform at that instant in time, providing a maximum of 65,536 discrete
values. This level of resolution proves fully capable of smoothly and accu-
rately depicting sound waves. The combination of these two elements—a
44.1Kbps sample rate and 16-bit sample values—produces what is gener-
ally referred to as CD-quality sound.

When WAV files that have been sampled at rates less than 44.1Kbps are to
be transferred to a recordable compact disc, they must be first converted
to the 44.1Kbps format. Many of the recordable-CD software applications
include a conversion utility to do this.

Red Book Error-Correction Techniques

While not providing extremely sophisticated error correction (since it is
not really required for audio data), Red Book defines a correction
scheme using CIRC, Cross-Interleaved Reed-Solomon code, that can
detect and correct up to 220 bad frames in each sector. CIRC is consid-
ered a Level 1 error correction scheme, and it is sufficient to for compen-
sateing for minor scratches and imperfections in the disc surface.

Red Book also deals with more substantial errors, by specifying tech-
niques for approximating any erroneous data that cannot be fixed
through CIRC. In effect, data of this sort is restored by either replicating
the same value as the preceding data, filling in a value by averaging the
values on either side of the incorrect data, or silencing the data com-
pletely. In any of these cases, since we’re talking about time spans in the
milliseconds, you probably won’t hear the results of the correction.

The Audio Origins of CD-ROM
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Without the audio CD, there would be no CD-ROM. The technology has
grown directly from the R&D work of Sony and Philips and their industry
shaking product introduction of the 1980’s.

The pioneering work done by Sony and Philips was originally focused on
the benefits of the digital recording of music, which is an easier task than
the digital recording of computer data. Digital representations of the
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soundwaves composing an Eric Clapton guitar riff or a synthesizer mel-
ody played by Peter Gabriel don’t need to be completely error-free. If a
few bits get scrambled here and there, odds are that you won’t even hear
the difference during playback. Digital computer data, on the other
hand, demands absolute precision. Computer programs consist of
instructions that directly control the computer processor operation.
Dropping even a single bit from an instruction may change the nature of
that instruction to something totally different. Instead of performing a
logical-OR operation on the contents of two internal registers, for exam-
ple, the processor may suddenly perform a RESET and terminate all
activities. The result is that the program you’re running on your com-
puter may crash.

During the first wave of enthusiasm over the success of the digital record-
ing phenomenon on compact disc, researchers at Sony and Philips
noticed that the error rates of recorded digital data were extremely low.
Somewhere along the line, they realized that if these low error rates
could be maintained during manufacturing and replication, compact
discs could be easily adapted for data storage as well as digitized music.
Out of this simple discovery, the CD-ROM was born, and standards were
established for the Yellow Book enhancements to the Red Book audio
standard.

Yellow Book, also called the CD-ROM standard, opens up the compact
disc medium for computer data storage (as opposed to simply audio
information). The physical sector format was modified to included addi-
tional error-correction fields. Yellow Book also defines methods for stor-
ing and locating data. An offshoot of Red Book and Yellow Book, the
Mixed Mode standard, combines audio (in Red Book format) with com-
puter data. A further offshoot, CD-ROM XA, interleaves audio, video, and
computer data for quicker access.

The Yellow Book standard is used to specify storage of most types of com-
puter information on compact disc, including applications, database
information, indexed text, and so on. Mixed-mode applications can also
include a separate region on disc containing standard Red Book audio
data. Yellow Book was also extended through CD-ROM XA (the “XA”
stands for extended architecture) to improve multimedia interaction; the
extension improves synchronized playback of audio, video, and data. CD-
ROM XA is often used by game developers, educational developers pro-
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Data Types

ducing interactive works that involve multiple video or sound clips, and
anyone constructing a complex multimedia title. In the early days of
introduction, CD-ROM XA could not be played on some systems that
lacked the compatible hardware and software for playback, but on mod-
ern systems and current generation CD-ROM drives, support is universal.

In its pure form, Yellow Book supports binary text and computer data. In
mixed-mode form, it includes Red Book audio. A logical layer of the
architecture deals with the file structures and it is here that ISO 9660
(discussed later in this chapter) becomes important. Yellow Book
includes two fundamental modes, Mode 1 and Mode 2, that rely on dif-
ferent methods of data correction. Mode 1 specifies an Error Detection
Code (EDC) and an Error Correction Code (ECC); Mode 2 uses the pre-
viously discussed CIRC for less rigorous error correction.

Implementation Issues

When recording in the Yellow Book standard, you need to ensure that
your file organization permits cross-platform access to disc contents
under ISO 9660 (for more details, refer to ISO 9660 on page 79). When
recording Mixed Mode discs, you also need to consider the trade-offs in
storage space between Red Book audio and computer data (the use of
Red Book audio reduces the available data region at the rate of approxi-
mately 10 Megabytes of storage per 1 minute of recorded PCM audio).

Examining the Yellow Book Standard
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Sometime in 1983, Sony and Philips realized that their digital music
delivery creation, the compact disc, could do a reasonable job of storing
data as well. The discussion and committee meetings that took place led
directly to the birth of the CD-ROM in essentially the same form you now
use today. Error correction was made more robust, which was essential
for a medium where a bad bit could crash a program (as opposed to per-
haps causing a minor "pop" in an audio sound track). Data storage also
necessitates data retrieval, which dictated some system of indexing and
locating data rapidly. Yellow Book provides these as well.

Yellow Book specifies a four-layer architecture:

e Layer 0. Identical to the Red Book definition of bit structure

e Layer 1. Specifies the sector layout, including the error detection
and correction code use
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* Layer 2. Defines the logical sector organization. While fixed in
terms of the physical sector layout, the logical organization pro-
vides flexibility to adjust sector sizes to accommodate the require-
ments of certain types of software.

* Layer 3. Represents the logical file organization to standardize
access to files across various computer platforms. ISO 9660 offers
the method of organization, which is widely supported by
CD-ROM developers.

Examining the Yellow Book Extended Architecture

Large corporations and government agencies found CD-ROMs a conve-
nient repository for the tons of paper documents that they used to store
in file cabinets. Early uses of CD-ROM emphasized text storage and data-
base archiving. The original Yellow Book standard works just fine for
most of these types of applications.

Text storage and retrieval, however, doesn’t particularly drive the
medium in any kind of demanding way—the original Yellow Book stan-
dard works just fine for most of these types of applications. As with all
things computer-related, some developers started pushing the media in
some new ways that rubbed up against the its inherent performance limi-
tations and challenged the current methods of storing audio and video.
Developers who were moving information to CD-ROM became more
enamored of multimedia bells and whistles—such as video—but found it
was difficult to both play back a computer application and access audio
data from the Red Book region at the same time. The laser read head
had to cover too much territory to retrieve data. The sound track often
fell out of sync with a displayed animation or video clip, so that lips
moved but no words came out, or the narration lagged the on-screen
event by a few seconds. Multimedia presentations played like badly
dubbed foreign films. No one was very impressed with the potential of
the medium at this point.

At this time Microsoft joined into the discussions with Sony and Philips
and crafted the CD-ROM XA standard, introduced in 1989. The primary
enhancement of CD-ROM XA involves a redefinition of the physical sec-
tors to include a special form of compressed audio. Audio in this format
could be wedged between the computer data running the application—
residing on contiguous sectors—and the interleaved audio. Data could
be accessed much more quickly. Words flowed out of on-screen lips in
sync and the climactic crescendo of music at the end of the presentation
came right on cue, right down to the final cymbal crash.
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CD-ROMs produced using the extended standard, however, could not be
immediately played back by existing CD-ROM drives. Many manufactur-
ers saw no reason to produce XA-compatible drives because there was no
software developed for them. CD-ROM title developers didn’t want to
invest the time and effort in producing XA-compatible titles because
none of the drives could read them anyway.

This situation has been eliminated with the current generation of
CD-ROM drives and XA-compatibility is standard throughout the indus-
try. If you are developing an application that doesn’t require extensive
use of multimedia, you can create your CD-ROM master using standard
Yellow Book guidelines. Most CD-ROMs, in fact, are produced within the
constraints of standard Yellow Book. If you want to optimize performance
for multimedia playback, you are probably going to want to use the XA
conventions.

The compressed form of audio data storage (ADPCM) used under the
CD-ROM XA standard permits very lengthy monaural audio segments to
be recorded. While sacrificing some of the dynamics of full CD-quality
sound (but still getting better quality than your typical AM radio broad-
cast), you can create discs with up to 18 hours of sound. One excellent
application for this feature could be books on disc, a compact-disc
replacement for the popular audio books that are distributed on cassettes
by a number of companies. If you coupled this feature with good voice
navigation software, you could create interactive references or audio
books on disc for physically challenged individuals.

The extended version of Yellow Book recognizes two different modes of
data storage.

Mode 1, reserved for bit-sensitive computer data, relies on the error-cor-
rection schemes introduced in Red Book, EDC, and ECC, but increases
the ECC value at the end of the sector to 276 bytes for more exacting cor-
rection. At the beginning of the sector, a 12-byte synchronization field
and 4-byte header allow the CD-ROM drive to identify and get locked
into the information contained within the sector. Headers and error-cor-
rection fields reduce the available data-storage region within the sector to
2,048 bytes.

Mode 2, dedicated to less-critical forms of data (where a bit or two can be
misplaced without bringing down the program) uses the CIRC correc-
tion scheme.
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Yellow Book, ISO 9660, and the High Sierra File Format

Green Book

The Yellow Book standard unified CD-ROMs and drives to the degree
that most CD-ROMs produced could be successfully played back on most
drives, but the file systems used on early releases were individually
designed by developers and it was difficult to find two that were alike.
The situation was not unlike the time during the late 1970s and early
1980s with the first wave of personal computers, each with its own operat-
ing system or CP/M variation and each with its own way of formatting
floppy diskettes. A genuinely uniform development environment for per-
sonal computers was not achieved until the release of the IBM PC, and
after many small companies finally conceded that their individual direc-
tions were leading nowhere.

With this history in mind, an assembly of companies engaged in different
aspects of the CD-ROM industry gathered at Lake Tahoe, California in
November of 1985 to define the logical file structure for CD-ROMs.
Among the participants were DEC, Sony, TMS, VideoTools, Xebec,
Microsoft, 3M, Philips, Hitachi, LaserData, Apple, and Reference Tech-
nology. They succeeded at their task, despite the close proximity of the
gambling casinos and other temptations on the south shore of the lake.

Rather than following the practice that resulted in the first two CD-ROM
standards being named after the color of the binders that they were
stored in, the participants in the Lake Tahoe conference decided to call
the agreed-upon standard the High Sierra file format (HSF), perhaps
because Lake Tahoe is in the High Sierra range. We can be thankful that
this group wasn’t meeting in Mount Lassen National Park to the north or
the standard might have been named the Bumpass Hell file format after
an aptly named region of steaming, volcanic pools and craters in the
park. The High Sierra file format—with a few tweaks and modifications—
became the basis for ISO 9660, officially approved in September of 1987.
It has since been extended and expanded several times to adapt to new
twists and turns in the industry.

Green Book expands the realm of the CD-ROM into the interactive world
of set-top playback equipment, such as the Philips CD-Interactive (CD-I)
devices. CD-ROM drives that include CD-ROM XA compatibility can gen-
erally play back titles created under this standard. Green Book not only
describes the CD-ROM storage characteristics, but specifies the hardware
and the operating system to be used for playback.
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Green Book optimizes disc contents for real-time playback of complex
elements, including compressed graphics, video, and sound, such as the
loud shrieks of dying monsters struck by your photon torpedo when play-
ing games. CD-I also supports multi-lingual applications; as many as 16
separate audio language tracks can be stored side-by-side. Creative use of
this feature could allow a single CD-I title to be produced for a truly inter-
national audience and marketed in many different countries. This fea-
ture can also be handily applied to language-learning discs; for example,
a single disc could help you learn Swedish, Russian, French, or Zulu.

Green Book accommodates a mix of data types—in fact, the sector
header contains an identification string to indicate the type of data that is
stored within the sector. Different data types, primarily sound (four
types), video, and computer data can be interleaved upon the same track.

The sound types supported include Red Book digital audio and three lev-
els of sound compressed using ADPCM techniques. Speech-quality sound
has the greatest degree of compression (and the greatest loss of quality).
A middle level, usually called Mid-Fi, exhibits less compression and has
improved sonic characteristics. The best quality is called Hi-Fi, and this is
basically a compressed version of the PCM digitization used for Red
Book. Although there is a slight loss in quality because of the ADPCM
sampling technique (which records differences between successive digi-
tal samples), the difference in quality is slight, and it comes very close to
what we regard as true “CD-quality” sound.

The video data specification includes full 24-bit color (allowing 16-mil-
lion color variations) and the use of discrete “planes” or (layers) of video.
By subdividing the video data into layers in this manner, many of the
throughput problems and memory-use issues can be resolved (moving
24-bit color frames at 30 frames per second takes lots of memory and a
high transfer rate). Areas within a video frame that are relatively
unchanging, like the background, can reside on one plane, and this data
does not have to be updated as frequently as a moving foreground object,
such as a Formula 1 racer streaking towards the camera. Effective use of
planes helps compensate for the performance limitations of compact
discs.
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Implementation Issues

Green Book is a far-reaching standard that ventures beyond the compact
disc surface to include the hardware and the operating system. Use of
this standard provides advantages only if you are trying to reach an audi-
ence using set-top CD-I players or CD-I compatible CD-ROM drives (gen-
erally covered by CD-ROM XA compatibility)

Examining the Green Book Standard

Philips introduced the Green Book Standard in 1987 to accommodate an
expected flood of CD-I hardware and applications. The floodgates have
yet to open. Green Book shares some characteristics with CD-ROM XA,
and allows the interleaving of audio and video on data tracks. The operat-
ing system associated with CD-I disc playback is called CD-RTOS.

Because the table of contents does not include the CD-I track, audio play-
ers can handle these discs without outputting a shriek when they encoun-
ter computer data instead of audio material.

A properly equipped CD-I player can also play back PhotoCDs as well as
audio CDs (Red Book audio can be read within this format without prob-
lems). CD-I also supports VideoCD, providing full-screen, full-motion
video with the correct hardware adapter. MPEG-1 was originally adopted
as the compression standard; MPEG-2 is an extension of this standard
with improved transmission rates and higher resolution. A well-tuned sys-
tem with support for MPEG-2 can deliver audio and video frames at the
rate of 9.8 megabits per second. MPEG-1 is significantly slower, with max-
imum rates of about 1.8 megabits per second.

Storage of video data on a CD-I disc must use the Form 2 sectors. Within
these sectors you can store any of the three varieties of MPEG data:

MPEG video data
MPEG audio data

MPEG still-picture data (also called MPEG SP)

Another Offshoot: CD-I Ready

It should be obvious by now that manufacturers freely adapt each of
these standards whenever they see something that looks like an open
market. CD-I Ready is an example of this; it is an audio disc that includes
additional features that can be accessed when it is inserted in a CD-I
player. Basically, you can embed graphics and text into gaps in the audio
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data and index these in such a manner that they can appear on a display
while the associated audio segment is playing. This supplementary mate-
rial might consist of the lyrics of an individual song, the history of the
band or biographies of the individual artists, psychedelic backdrops for
quiet contemplation, or advertisements for additional albums or prod-
ucts. CD-I Ready has never really made much of an impact and has been
superseded by other standards that do the same kind of things more
effectively. Its description here is primarily to document the standards
evolution.

White Book, sometimes called CD-I Bridge, defines an environment in
which CD-ROM XA, CD-I, and PhotoCD discs can be freely exchanged.
The recordable nature of PhotoCD discs is considered an important part
of this standard, as is the VideoCD standard, which describes the use of
MPEG compression to compactly store feature films and video data.

Because MPEG compression only allows 74 minutes of video per disc,
and feature films generally last 90 minutes or more, the release of films
on CD-ROM discs never became successful in the United States, although
the market fared much better in Japan and in parts of Europe. The use of
DVD has now surpassed the utility of this feature for most uses, other
than training videos and video content that must be directed to a large
installed base of equipment.

White Book permits a number of different types of digitally stored data to
be conveniently exchanged between players. It also supports MPEG play-
back with the potential for distribution of short independent films, train-
ing materials, or corporate informational videos. Longer video releases
are more reasonably packaged on DVD.

White Book accepts most of the data types discussed previously—in fact,
its appeal is that it unifies many of the other standards. The one omission
is Yellow Book Mode 1, and this creates a problem when attempting to

record true multi-session-compatible discs (as described in Orange Book

on page 73). White Book handles Red Book audio, CD-ROM XA, or and
CD-I formats. It is commonly used for PhotoCD storage, since it includes
support for partially recorded discs. This allows photo processors to con-



White Book

tinue adding scanning photographs to a CD over two or three sessions,
until the capacity of the disc has been reached.

Examining the White Book Standard

PhotoCD

White Book originated from a collaboration involving Sony, Philips, JVC,
and Matsushita. The primary goal was to create an extension of the exist-
ing standards that would permit full screen (640x480) video playback of
compressed MPEG-1 video files. However, White Book has also had an
impact on the way that Kodak PhotoCDs are written and read.

PhotoCD techniques, which allow photographic images to be added and
appended to a recordable CD over several sessions, ranks among the
most important uses for this the medium. Digitized versions of photo-
graphs are sampled at several different resolutions and recorded to the
compact disc, where they can be retrieved for viewing or insertion into a
multimedia epic.

The PhotoCD specification (with some help from Philips and Kodak) has
evolved into its own standard, sometimes called the Hybrid Standard,
that combines elements of Green Book and Orange Book. This hybrid
provides support for a wide variety of players, including devices like
Panasonic’s 3DO unit and equipment that handles only PhotoCD. The
most important platform (from the standpoint of installed base) is
CD-ROM XA compatible drives.

Kodak dreamed up this technology back in 1990 and they’ve gradually
received more and more acceptance both from consumers, who can view
PhotoCD portraits of their dog Bingo on television, and from the graph-
ics arts wing of the computer industry, where professionals can easily
store and access high-quality photographic images.

Kodak has actively forging alliances with a number of companies to
increase acceptance of this storage format. They have worked with Adobe
to provide extensive support for PhotoCD formats within Photoshop and
PageMaker. They have worked with Hewlett-Packard to improve color
printing of photographs on inkjet printers. They are have offered solu-
tions to rapidly transporting images across networks. The new Picture CD
format brings compact disc storage of photographs to a wider base of
consumers. Kodak seems to be intent on simplifying the tools for working
with digital photographic images and returning to their roots. As Kodak
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founder George Eastman back in the late 1800s was fond of saying, “You
press the button, we do the rest.”

Compact discs recorded for PhotoCD applications use only the Mode 2
Form 1 sector layout of the CD-ROM XA standard. This creates a prob-
lem for multiple sessions that rely on Mode 1 as defined by the Orange
Book. Some drives and software certified for PhotoCD multi-session use
are not able to read multi-session recording created using Mode 1. Ide-
ally, CD-R equipment and mastering software should support both
modes.

PhotoCD specifications include 5 categories of images that can be stored
within this framework:

®  Medical images. This category includes things like X-rays, digital
CAT scan data, and data from magnetic resonance scanners. Stor-
age on compact disc permits easy distribution and convenient
archiving.

®  Pro. The Pro format provides a storage medium for professional
photographers. It includes most of the major film sizes: 4x5-inch,
8x10-inch, 35-millimeter, 120 film.

® Catalog. The Catalog storage format includes a framework that
can handle as many as 6,000 images within a linked environment,
so that you can jump from a menu to any of the images. As you
might guess by the name, it is useful for creating interactive cata-
logs that require high-quality images of products.

e Portfolio II. The replacement to the earlier Portfolio standard,
Portfolio II supports Kodak’s Image Pac files and digital sound
files. This newer format covers much of the ground initially intro-
duced dealt with by earlier formats, with tools for creating presen-
tations accompanied by sound and manipulating archived
images.

®  Master. The PhotoCD Master disc stores 100 images in several dif-
ferent resolutions. This is the format most commonly associated
with the introduction of PhotoCD processing of film. This is the
category that most people associate with PhotoCD when they
place an order for processing their film.

The most recent development in this area, Kodak’s Picture CD, is dis-
cussed in the section titled Picture CD on page 85.
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While White Book defines the use of VideoCD, a method for storing and
playing video files using the MPEG compression scheme, this the stan-
dard is already being superseded by new storage formats and possibly
new forms of compact disc media. The problem is that even with MPEG
you can only store 74 minutes of full-screen, full-motion video. This
might be fine for short documentaries or animated shorts, but most
mainstream motion pictures run over 100 minutes (thus requiring at
least two discs). MPEG also requires a particular type of controller for
playback to handle the rapid decompression necessary to keep thirty
640x480 frames of video accompanied by sound unfolding every second.
There are a few titles that have been released, showing the feasibility of
VideoCD, and this format has achieved a fair amount of success in Japan
and parts of Europe, but the extra capacity of DVD has made the format
largely obsolete for mainstream film releases.

Orange Book defines recordable media used in both CD-R units and
Magneto-Optical drives. The goal is to ensure compatibility of the record-
able optical media among different players. Essentially, Orange Book
specifies how each of the other standards (Red Book, Yellow Book, Green
Book, White Book) should be recorded onto CD-ROM.

Most of the specifications that appear within the Orange Book standard
are designed to keep hardware and software developers on track as they
produce equipment and applications that support recordable optical
media. By the time you have their products in your hands (or onto your
computer workstation), there is not too much more you can personally
do to ensure compatible playback. You can, however, be aware of the
manner in which multi-session recording is specified and the effects of
this specification on playback compatibility. The section Examining the
Orange Book Standard on page 74 discusses this issue.

Orange Book is not concerned with individual data types, but defining a
framework for recordable media that unifies each of the other standards
and ensures readability on multiple platforms, including the readability
of multi-session recordings.
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Implementation Issues

Although Orange Book specifies how information should be recorded
during multiple sessions (essentially appending data to a disc that con-
tains data from earlier sessions), playback issues on some equipment
remain unresolved. In other words, you may create a multi-session disc
following all the rules of Orange Book, but that disc may still be unread-
able by drives that are supposed to be “multi-session compatible” or “Pho-
toCD compatible” or “CD-ROM XA compatible.” This issue is discussed
in more detail later in this section.

Examining the Orange Book Standard

74

Once all the other standards were neatly encased in their binders and
lined up in a multi-colored array on the bookshelf, the technology sur-
rounding the use of optical techniques to record data on writable media
began to mature. Philips came out with the definitive standard, the
Orange Book, in 1990. which deals not only with recordable CD (called
Compact Disc Write-Once or CD-WO in the standard), but magneto-optical
recording techniques (CD-MO), as well.

In theory, Orange Book sets out to ensure that media recorded within
the specifications defined by this standard will be playable on the widest
range of equipment. In practice, some difficulties still remain, which will
be discussed in the following sections.

Part I of the Orange Book describes recording to CD-MO systems (Com-
pact Disc Magneto-Optical). While it may be fascinating reading, we
don’t discuss the details in this section.

Part IT applies to CD-WO (Compact Disc Write-Once), which is simply an
alias for recordable CD. This part of the standard addresses both single-
session and multi-session write operations.

The disc layout under Orange Book contains some additional regions to
handle the increased requirements of recording. As shown in Orange Book
disc layout on page 75, the writable data area of the disc includes a Pro-
gram Calibration Area. This area allows the laser write operation to be
calibrated before more extensive writing takes place. The next region is
the Program Memory Area containing a list of the tracks as referenced by
their starting points and end points.

Within the Program Memory Area, a Lead-In Area precedes the start of
the data region. The Program Area represents the portion of the disc
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reserved for the actual data being written. At the conclusion of the write
operation, a Lead-Out Area is created to indicate the end of the record-
ing session. The table of contents, located on the innermost track,
remains unrecorded until all required sessions have been written and the
disc can be “fixed,” which compiles the table of contents and provides
full access to all sessions.

Figure 3 - 4 Orange Book disc layout
Data Area
Writable Area
I —
PCA | PMA Program Area
/ (Recordable Area)
[
Lead Program Area Lead | Lead Program Area Lead
In (Recordable Area) Out | In | (Recordable Area) | Out
Area Area | Area Area
<«—  Session (Volume) Session (Volume) —>

During single-session recording, the table of contents is created immedi-
ately after the data is recorded. This essentially “closes” the disc to any
further write operations. Multiple-session recording leaves the table of
contents unwritten from session to session, until the final session, when
the disc is fixed.

For a CD-ROM drive to read a multi-session disc that hasn’t been fixed (a
disc that does not have a table of contents), the device driver for the drive
must identify and access the last session that was recorded and examine

the directory structure in that session. In other words, to access the infor-
mation recorded over multiple sessions, the device driver must be able to
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reconstruct the disc contents from the individual session information.
Many early CD-ROM drives (and their drivers) cannot do this, but most
current generation drives can.

Those that can accomplish this operation, however, assemble the links
and present the entire group of multiple sessions as if it was were a single
session. With the right playback equipment, the user of a CD-ROM
recorded in this fashion is never aware that the disc has been recorded
over multiple sessions. Figure 3 - 5 illustrates this concept.

Figure 3 -5

Multi-session recording technique
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Multi-Volume Discs
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Multi-volume recording is related to multi-session recording, but it has
one key difference. Although volumes are created during separate
recording sessions, they are not logically linked together—they are essen-
tially independent groups of files. Recording and playing back multi-vol-
ume discs requires hardware and software that specifically include this
built-in capability. This capability is largely universal at this time. The
principle of multi-volume recording is illustrated in Figure 3 - 6.
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Figure 3 - 6 Multi-volume recording technique
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Directory structure points back to data in Tracks 1,2,3 and 4
(accessed through a Load Contents command).

Modes and Multi-Session Problems

One of the sources of grief in ensuring multi-session compatibility among
recordable discs and disc players has its roots in a slight omission in the
Orange Book standard. From the earlier descriptions of Yellow Book
physical sector layouts, you may recall that the standard specified two
modes: Mode 1 and Mode 2, each handling the data within a track differ-
ently.

As Orange Book describes multi-session recording, it specifies that what-
ever track type—Mode 1 or Mode 2—is initially used for recording, that
same track type should be used consistently throughout. The question is,
how do you determine which one was used initially? Orange Book pro-
vides no clues to help resolve this question, which has led to varying inter-
pretations by drive and software manufacturers.

Kodak’s implementation of the PhotoCD standard, which uses an exten-
sion of the CD-ROM XA sector format (as described in the White Book
standard), originated because of the fact that photographs being digi-
tized and written to disc needed to be recorded over multiple sessions.
One roll of film didn’t produce enough images to fill a single CD-ROM.
Rather than waste the remaining space on the CD-ROM, Kodak helped
devise the method for performing more than one write operation to a
single disc. When a customer brought in a second roll of film, those
images could be appended to the same disc as contained the previous
images.
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Some drive manufacturers responded to the popularity of the PhotoCD
standard by providing support for Mode 2 (XA) multi-session data, but
failed to include a provision for responding to multiple sessions on a
Mode 1 disc. These drives (and drivers) can only detect the first session
of'a Mode 1 multi-session disc. In some cases, however, you can update
the device driver to make the drive recognize additional sessions.

The Lead In and Lead Out regions required for recording multiple ses-
sions introduce a substantial amount of overhead to your disc. The initial
session recorded requires nearly 24 Megabytes for the Lead In and Lead
Out areas. Subsequent sessions add approximately 15 Megabytes of data
overhead to your disc. If you plan to record numerous multiple sessions,
this data overhead can clearly reduce the data capacity of the disc. The
finite limitation, considering this overhead, is about 40 sessions; the Lead
In and Lead Out regions in this case will consume more than half the
available space on a 650MB CD in this case. If your data requirements are
considerable, you will probably want to limit the maximum number of
sessions to under 10.

The Frankfurt Group

78

Nine companies concerned with the future of recordable CD met in
Frankfurt, Germany in 1991. Those companies were: Sun Microsystems,
the Jet Propulsion Laboratory, DEC, Sony, Philips, Meridian Data,
Hewlett-Packard, Ricoh, and Kodak. Their goal was to resolve some defi-
ciencies in the original Orange Book specification to provide more
details about the recording process and to extend some of the file system
aspects of ISO 9660. This meeting resulted in The Frankfurt Group pro-
posal.

The solution to the problem of performing multiple recordings on a disc
that normally has a fixed file structure was handled as follows:

* Instead of having a single fixed set of disc contents on sector 16
of the first track, the Frankfurt Group solution allows sector 16 of
any track to be used for writing a volume descriptor.

e Track 1 remains blank until the disc contents have all been
recorded, after which it can be filled in with a master volume
descriptor.

Under this proposal, a CD recorder must have the capability of reading
existing data as well as writing, so that it can detect the contents of
already recorded sessions. Earlier CD recorders and drives often do not
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have the ability to read anything but the first session and cannot be used
with the modified approach to recording.

The Frankfurt Group also came up with a scheme for supporting UNIX
files. This portion of the proposal specified the use of the extended
attribute definition that is required for UNIX to handle directories and
files. Another extension to ISO 9660, the Rock Ridge Extensions, further
refines ISO 9660 for use with UNIX by employing a technique known as
the System Use Sharing Protocol. This structure enables a variety of file-sys-
tem extensions to all be resident on a single compact disc, thus permit-
ting more flexible and more robust file structures.

ISO 9660 provides the logical structure for cross-platform use of
CD-ROMs. This standard has helped fuel the rapid growth of the
CD-ROM industry by letting developers reach CD-ROM players on DOS,
Windows, Macintosh, OS/2, UNIX, and VAX platforms. Most CD-R soft-
ware mastering tools fully support ISO 9660, and often provide test utili-
ties to ensure the that a disc image does not violate any of the constraints
of this standard. A large proportion of the commercial CD-ROM titles are
produced using ISO 9660 as their file structure. ISO 9660 covers the two
logical layers of four-layer CD-ROM architecture, converting the data
contained in individual sectors into a hierarchical arrangement of files,
directories, and volumes.

ISO 9660 is used almost universally as the dominant file system for stor-
ing CD-ROM data in a platform-independent way. Unless you have a
strong reason for adopting the file structure of a particular operating sys-
tem, or you need to develop your own file system for a special-purpose
application, we recommend that you master all CD-ROMs using ISO
9660. The newer UDF standard, in comparison, applies to DVD-ROM
and DVD-Video releases. An interim standard, UDF Bridge, provides
backwards compatibility to ISO 9660.

Implementation Issues

ISO 9660 puts a number of restrictions on file naming (with rules con-
cerning allowable characters and filename lengths) and other file system
conventions to ensure platform independence. Many of the software
mastering applications provide screening of the CD-ROM image or vir-
tual image to make sure that data being recorded to CD under ISO 9660
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does not violate any of these conventions. Check your software package
to see if screening is performed before a recording session; if not, check
the restrictions that are described later in this section.

Examining the ISO 9660 Standard

ISO 9660 is a single file system that is designed for use under many differ-
ent operating systems. Unlike a typical file system, which has to be
updated and changed dynamically as the operating system adds and
deletes files, ISO 9660 describes a read-only medium: the CD-ROM.

The original description of ISO 9660 had to be extended in Orange
Book to account for additional recordable compact disc implementa-
tions. The extension allows magneto-optical media to accept changes to
the file structure, and permits multi-session recording on compact disc
(where the file structure is modified incrementally as each write opera-
tion takes place during a session).

The original specifications for ISO 9660 have gone through a series of
permutations, primarily to improve the degree of native file support for
UNIX and Macintosh systems and to make access of CD-ROMs under
these systems more transparent.

As with most of the CD-ROM standards, ISO 9660 was born out of neces-
sity. The Yellow Book standard unified CD-ROMs and drives to the
degree that most CD-ROMs produced could be successfully played back
on most drives, but the file systems used on early releases were individu-
ally designed by developers and it was difficult to find two that were alike.
The situation was not unlike the time (during the late 1970’s and early
1980’s) when the first wave of personal computers were produced, each
with its own unique operating system or CP/M variation and each with its
own way of formatteding floppy diskettes. a little differently. A genuinely
uniform development environment was not achieved until the release of
the IBM PC (after many small companies finally conceded that their indi-
vidual directions were leading nowhere).

One File System/Many Platforms
The problems faced by the originators of ISO 9660 were twofold:

e CD-ROM drives cannot access data very fast, and retrieving files
takes longer than from a hard disk drive.
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* Fach of the target platforms to be supported uses its own conven-
tions for files, directories, and volumes.

As you might remember from the earlier discussions in Chapter 2, data
stored on a compact disc is located using A-time—a combination of time
(minutes and seconds) and sector numbers (ranging from 0 to 98). This
system of pinpointing data has to be reconciled with a file system that can
support the requirements of the major computer operating systems.

The Primary Volume Descriptor, located at Logical Sector 16 (in absolute
time that is 00:02:16), contains the fundamental characteristics of the
ISO-9660 disc, and it provides pointers to the start of the Root directory
(where the hierarchical file system is anchored) and to the Path Table,
(an indexed list of the directory contents on disc). The Path Table serves
as an accelerated way to locate directory items. Figure 3 - 7 shows a simpli-
fied view of this file system organization.

Figure 3 -7 Simplified ISO-9660 file system

Primary Volume Descriptor
(Located at Logical Sector 16 — 00:02:16)
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Dir_A
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Size of the Path Table Root File_1 1 File X [~
Location of the Path Table Dir_A File y |- File
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Root Directory Record File_Z |-

Other Identifiers 4 1

Time Stamps

Within this structure, some basic rules and conventions apply.

¢ Files and directory names in ISO 9660 are limited to 8 characters
for Level 1, and 30 characters for Levels 2 and 3.

8l



Chapter 3

¢ Files can have a 3-character extension, but extensions cannot be
used in directory names (unlike DOS, which does allow this).

¢ Allowable characters are as follows: A through Z, 0 through 9, and
the underline character (_). Alphabetic characters must be
uppercase.

® The directory structure can include a maximum of 8 levels.

® Version numbers following a filename are optional. Version num-
bers can range from 1 to 32,767. (Version numbers that appear
after filenames are separated by a semicolon. Since UNIX does
not permit semicolons to be used as part of a filename, develop-
ers typically use some form of conversion to mask these characters
from the UNIX operating system.)

® The total number of characters specifying the path to a file within
a series of subdirectories is 256.

* Directories are sorted alphanumerically. Numerical entries (0
through 9) are sorted first. Underlines (_) are sorted last.

There are a couple of different ways that a file can be located within this
structure. The CD-ROM drive controller can either trace a path through
the directory hierarchy until it reaches the requested file. Or, a file can
be located by referring or it can refer to an independently compiled path
listing that serves as an index for all files on disc.

File Organization on Cross-Platform Discs
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When creating a cross-platform disc under ISO 9660, you generally need
to create a group of subdirectories to contain the executable files for
each operating system that is supported. The type of applications stored
in the OS-specific subdirectories will be search-and-retrieval engines,
players for multimedia programs, and any files that are specific to a par-
ticular platform and processor.

The data files that can be accessed by each of the operating systems can
be stored in a common subdirectory or a nested series of subdirectories.
Using this system, a Macintosh user will be able to double-click and open
a folder containing the access tools to view the data area of the disc. A
UNIX user will access another subdirectory. A DOS user will find the nec-
essary access tools in still another directory. In other words, the first level
of subdirectories off of the root can partition the second level of the file
system to provide entry points for users of each operating system. This
form of organization is shown in Figure 3 - 8.
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Figure 3 - 8
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Operating System Extensions

To complete the logical framework allowing CD-ROMs to be read regard-
less of the platform, one more element is needed: an extension to each
operating system that can mesh the requirements of the system software
with the low-level hardware operation of the CD-ROM drive and its
unique storage environment. Within the DOS environment (which, sur-
prisingly, is still alive in some businesses that shun change), the software
component is a device driver known as MSCDEX (Microsoft CD Exten-
sions). MSCDEX serves as a bridge between the two environments, allows
DOS to see the CD-ROM contents as a DOS volume, and relieves develop-
ers of the need to understand the individual device operations for each
supported CD-ROM drive. A similar function is performed on the Macin-
tosh platform by an extension called Foreign File Access. With the For-
eign File Access extension installed in the Extensions folder of the Mac
System folder, interaction with the CD-ROM drive becomes seamless.
Similar software components exist for each of the operating systems that

can access ISO 9660 discs.

With the advent of Microsoft Windows 95/98/NT, the integration of
CD-ROM components within a system was made even more integral to
the functioning of the system.

Resolutions of Earlier Problems

ISO 9660 solved the problems mentioned in the beginning of this section
by standardizing the means by which sectors and their absolute time
markers could be logically associated with the volume, directory, and file
structure that applies to most operating systems. This system worked so
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well that it has been almost universally adopted by everyone producing
CD-ROMs, and in those areas where it hasn’t totally solved existing prob-
lems, committees are busy working on extensions to make it more useful.
Recent developments, such as the CD-PROM, have proven that you can
indeed teach an old dog new tricks. Although much of the momentum in
the industry has shifted towards DVD-related issues, the huge installed
base of CD-ROM drives still encourages new and innovative data storage
uses that build on old formats without threatening universal compatibil-
ity. For more information on this topic, refer to New and Fvolving Stan-
dards on page 84.

The slow CD-ROM drive performance and file-access issues were origi-
nally resolved by creating a structure where file and data links are all
stored near the center of the disc in contiguous sectors. By not having to
retrieve these details from all over the disc, the file-access time can be
reduced considerably.

The adoption of the Universal Disc Format (UDF) for packet-written CDs
and DVD discs has improved the situation further by removing the many
confusing data structures and organizational issues that hindered multi-
platform compatibility during the growth of the CD-ROM industry. UDF,
a standard developed by the Optical Storage Technology Association,
defines both the file system and the volume structure for a disc. To deal
with the multitudes of existing ISO 9660 readers, a modified version of
this format known as UDF Bridge offers backwards compatibility to ISO
9660 while including some of the features of UDF.

New and Evolving Standards

CD-PROM

84

Lest you feel that the CD-ROM industry is standing still while the
DVD-ROM industry steals most of the trade publication attention, some
innovative new standards have grown new branches on the CD-ROM fam-
ily tree, leading to bright new opportunities for developers and users.

The CD-PROM is a recordable disc that includes a pre-recorded first ses-
sion on it. Taking advantage of the flexibility of the Orange Book stan-
dard, CD-PROM provides a way to include programs along with blank
media. Chapter 11 of Orange Book makes provisions for a recordable
multisession disc, which they call a hybrid disc, that includes a first ses-
sion that has already been mastered. The acronym stands for Compact
Disc Programmable Read-Only Memory.
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New and Evolving Standards

Taking advantage of this capability, some manufacturers, such as Mitsui,

are embedding software applications in the mastered session. The Mitsui
AutoProtect Demo Disc contains a flexible backup application that allows
you to perform full and custom backups to blank media. Kodak was also
one of the first to exploit this capability with their Picture CD, discussed

in the next section.

The recordable media shares elements of CD-ROM technology (storing
data on modulated grooves that resemble the pits in a conventional
pressed disc) and CD-R technology (with grooves to allow laser tracking
during write operations). The amount of mastered data that can be
stored in the first session varies, depending on the application, according
to Kodak. A stabilized cyanine dye provides the recording surface with
the usual gold reflective layer that is typical of most CD-R media. The
media when recorded will be readable in a standard CD-ROM drive.

Licensees of the technology, such as Rimage Corporation, are integrating
CD-PROM into their publishing and duplication products, and Kodak
states that the companies are working towards a system where customers
will be able to create customized CD-PROMs that can perform a wide
variety of applications. The goal is to enhance the system in such a way
that end users will be able to write to the CD-PROM disc from the desk-
top.

The CD-PROM opens up a number of extremely interesting potential
applications to enterprising developers. For example, specialized data-
base applications with the database engine embedded in the first session
could be useful to end users. Additional data could be appended to the
recordable area of the disc over time. Multimedia tools, such as image
cataloging products, could be provided in the premastered region to
allow users to provide indexed access to the disc contents easily. Kodak’s
Picture CD also offers a fairly good proof-of-concept example.

Kodak’s approach to storing and distributing digital images, the Pho-
toCD, has gained a loyal following with many professionals in the photog-
raphy industry, but it never quite caught hold with the mainstream
public. The newest wrinkle in image storage, the Picture CD, offers con-
siderably more promise of widespread acceptance, including the benefits
of bundled applications on the CD-PROM discs and inexpensive process-
ing costs. The software tools included on the disc include file conversion
utilities, viewing software, and image enhancement tools. Service time for
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processing is slated as 2 days (compared to up 2 weeks for PhotoCD turn-
arounds) and the image resolution (1024x1536) rivals the professional-
caliber alternatives.

Kodak’s approach to digital imaging employs Intel Imaging Technology,
running on the Pentium-based servers that are used in Kodak’s Qualex
processing labs. Intel’s contribution to the Picture CD also includes an
Email Postcard utility and the 3D Photo Cube, two more ways that pho-
tographers enamored of digital processing techniques can distribute and
display their work. Bundled software from American Greetings/The
Learning Company lets computer users convert their work into greeting
cards, making it that much easier to make that Christmas card of the kids
and your faithful dog Sparky gathered in front of the fireplace.

From the Kodak site (www.kodak.com) you can identify a local processor
who provides Picture CD service and even arrange for online delivery of
images. A number of major chain retail stores will be participating in pro-
viding this service, including Walgreens, Fred Meyer, Albertson’s, CVS,
and target.

Unlike PhotoCDs, which store images at a variety of resolutions and can
handle two or three rolls of film on a single disc, the Picture CD limits
disc storage to one roll of 35mm or APS film per CD-PROM. The image
resolution is also standardized at a single high-resolution maximum of
1024x1536, though this will need to be varied to accommodate the differ-
ent aspect ratios available with APS images.

All'in all, it looks like Kodak may have found the right mix of media and
partners to bring photographs on disc to both the casual weekend pho-
tographer as well as the more serious semi-professional photographer.

Theory can be fascinating, but what you probably care most about is
using the standards effectively prior to premastering a disc. Refer back to
this chapter whenever you have questions about the underlying details of
the different formats. The next chapter offers some insights into the stan-
dards that apply to DVD-ROMs and DVD-Videos. By the time you reach
the practical applications discussed later in this book, you should be well
equipped to adapt the standards to your various types of projects and
choose the standard that best suits your delivery method for each project.
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DVD Standards

The Digital Versatile Disc—DVD—fits its name very well. A veritable gar-
den of variations have emerged from the inception of this format. By the
time this book reaches bookstores, the situation may be more stable, but
there is still a great deal of industry flux over the standards related to
DVD. In fact, the acronym itself—DVD—is sometimes expanded as Digi-
tal Video Disc, so agreement at even the most fundamental level is still
hard to find.

The good news is that there is also much stability in place, even at the
moment. The discussion in this chapter will cover the variety of stan-
dards, working from the more stable to the less stable. The path roughly
follows the sequence of the Books, A through E, that have been devel-
oped as the specifications for each of the formats (as discussed in the sec-
tion titled DVD-ROM on page 88).

An Evolving Set of Standards

If the DVD standards had been developed logically and rationally by an
august body of men and women, seated at a round table with all the skills
of their intellect and insight coming to play, we’d probably have a more
consistent framework for the growth of DVD. Instead, the standards evo-
lution has been more like a room full of scrappy terriers trying to get the
best of a fabric sock monkey and ripping it to pieces in the process. DVD
has been pulled and tugged in every conceivable direction by forces rep-
resenting sometimes diametrically opposed viewpoints. Some of the
infighting has been over copy protection additions to discs, a vantage
point made fairly ludicrous by the very quick cracking of the protection
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mechanism by a group of hackers interested in making DVDs operate
under Linux. Some of the battles have been based on competing technol-
ogies, particularly for the rewritable forms of DVD, of which there are
several variations at this moment with no sign that any one manufacturer
is going to yield to the will of the others.

Nonetheless, the situation is improving. Most new DVD-ROM drives will
currently read commercially pressed CD-ROMs, as well as CD-R, and
some will handle CD-RW also. DVD players have reached a production
volume where the prices have dropped below the $250 mark for entry
level units and many of the incompatibilities exhibited by early releases
of Digital Video titles have been eliminated. Consumers, initially wary of
the medium from the constant flow of negative information from the
press, have begun picking up players and DVD-ROM drives in record
numbers and the once sluggish growth curve is now beginning to swing
sharply higher. By the end of 1999, more than 5,000,000 DVD players had
been sold and the unit sales continue to escalate.

The DVD-ROM is the computer data version of the digital versatile disc.
As with the transition of the audio CD to CD-ROM, the DVD-ROM
includes extended support for error detection and correction to allow it
to be successfully applied to computer applications where a missing bit
can bring down a system. Unlike the audio CD, however, DVD-ROM is
considered the starting point of a succession of standards that includes:

e Book A: DVD-ROM

* Book B: DVD-Video

¢ Book C: DVD-Audio

¢  Book D: DVD-R (write-once)

¢ Book E: DVD-RAM (rewritable)

The DVD-Audio specification is also still in the works, with additional
changes possible before it is finalized. This specification, as are all the
others, will be an offshoot of DVD-ROM.
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Data Storage Techniques

DVD-ROM stores data in user sectors, each consisting of 2064 bytes that
are organized to support an error correction scheme. Of this total, 16
bytes are reserved for address information, error correction, and copy
protection, leaving 2048 bytes for data. Data sectors are structured as 12
individual rows each consisting of 172 bytes. The beginning of each data
sector contains 16 bytes of data, subdivided as follows:

* 4 bytes of identification data representing the sector ID

* 2 bytes of ID error detection data

® 6 bytes of copy protection data

The data sector is concluded with an additional code:

® 4 bytes consisting of an error detection code

The organization of the bytes within a DVD-ROM data sector is shown in
Figure 4 - 1.

Figure 4 - 1

Organization of a DVD-ROM data sector
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12 rows
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Rows of 16 data sectors are interleaved together and structured as blocks
for applying error correction codes. A 16-byte Reed-Solomon code is gen-
erated for each of the 172 columns within the block. A 10-byte inner-par-
ity Reed-Solomon code is generated for each of the 208 rows of the block.
These codes are appended to the data, where they provide a flexible and
robust means for detecting read errors within the data.

Through processing using 8/16 modulation, each data bytes is doubled
to 16 bits, which produces a physical sector size of 4836 bytes. These bytes
are generated on the disc surface, row-by-row, as channel data. As with
data embedded on a CD-ROM, the Non-Return to Zero Inverted (NRZI)
encoded method is used: transitions detected by the laser from a pit to a
land are interpreted as binary ones; the absences of transitions are inter-
preted as binary zeros.

Channel data from the DVD media is transferred at the rate of 26.16M
bps, which is then reduced by half by the application of the 16/8 demod-
ulation process, resulting in a rate of 13.08M bps. After the adjusted over-
head of error correction, the data transfer rate is a steady 11.08M bps.
From the perspective of a DVD-ROM drive, data is transferred in logical
units, each unit consisting of 2048 bytes.

One of the significant additions to the DVD standard is the widespread
adoption of the Universal Data Format (UDF) as the means for dealing
with files and volumes stored on disc. Although, theoretically, the data
regions of a DVD-ROM can contain any type of data, most companies and
organizations have followed the lead championed by OSTA, the Optical
Disc Storage Association, and adhered with near-religious zeal to UDF for
mapping file and volume structures.

Essentially, UDF refines a more broad framework constructed by the
International Standards Organization in ISO 13346. UDF places limita-
tions on ISO 13346, defining a structure that supports optional multivol-
ume and multipartition divisions on a disc. This allows DVD-ROMs that
include filename translations between platforms and support for
extended attributes, such as the resource forks, icons, and file/creator
types that are familiar to Macintosh users.
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Within the UDF standard, the following platforms are supported:

e DOS
e (OS/2
e MacOS

e  Windows 95/98
e  Windows NT
e TUNIX

The ability to partition discs for different playback equipment makes it
possible for manufacturers and title producers to provide content that is
specific to a playback platform. In the same manner that Enhanced CDs
include both audio content for a standard CD player and computer data
for playback in a CD-ROM drive, a DVD disc can have player and com-
puter partitions. The digital video content and a wide range of interactive
content can be included in the partition designed for the DVD player;
this can include a director’s commentary on a film’s production issues,
alternative language editions, and so on. The DVD-ROM partition can
include full interactive multimedia content, include games, screen savers,
links to Web sites where additional information is available, background
information on the cast and crew and design team, and similar kinds of
content.

Most computer platforms also include some form of video player soft-
ware for DVD, allowing films to be played on the desktop with the same
crisp resolution and fluid playback that you will find on a dedicated
player. The key element to making this happen is an MPEG decoder in
the playback system, either implemented in hardware or as a standalone
software component. Many DVD-ROM Kkits include MPEG decoding
hardware as part of the package. However, if your DVD-ROM drive lacks
this hardware, you must obtain a software decoder or you will be unable
to playback DVD-Video titles. Obviously, decoders embedded in hard-
ware relieve the playback system processor of the burden of carrying out
the intensive conversion process on the fly, thereby improving playback
performance, so whenever possible hardware decoding is the preferable
approach. The other element to the DVD-Video playback scenario is that
a hardware or software decoder must be able to handle the encryption
scheme that is built into DVD-Video discs for copy protection. Xing Tech-
nologies recently had their software decoder removed from circulation
because it permitted decoded video content to be captured and saved on
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a computer’s hard disk drive. As of the end of 1999, I was unable to find
any commercially available software-only decoders on the Internet, so
this option may no longer be available to computer users.

DVD-Video is a specialized form of DVD-ROM that is tailored to the pre-
sentation of very high quality audio and video content optimized for set-
top players. This is the format that the film studios, video publishers, and
consumer electronics manufacturers have been backing as the predomi-
nant delivery medium for motion pictures in the new millennium. From
a hesitant beginning, the format appears to have finally caught hold sol-
idly and, given the backing of so many of the major corporations involved
in entertainment and consumer electronics, continuing success is very
nearly a sure thing.

DVD-Video relies the compression capabilities of MPEG-2 to provide,
minimally, 94 minutes of video playback, but up to several hours of play-
back using the higher capacity formats.

A key aspect of the DVD-Video format is playback on the full range of
standard NTSC and PAL television displays using analog data connec-
tions, ensuring broad compatibility with the installed television sets
around the world. Most current generation DVD players also include
additional digital data connections, including S-Video and optical con-
nections for those televisions that support this form of input. High-defini-
tion televisions that are beginning to appear in the market are also
supported by this digital interface.

Multichannel digital audio support is also an inherent feature of this
medium, allowing audio content to be played on standard stereo audio
systems as well as more elaborate home theater systems. Up to eight chan-
nels of Dolby Digital audio provide the potential for excellent spatial ori-
entation and rich, full sound to accompany videos. To achieve the best
results for audio works, specialized mastering tools must be used to sepa-
rate the audio tracks into individual components. If this is not done effec-
tively, the resulting audio performance can exhibit annoying
characteristics, such as drifting orientation of the dialog track or poor sig-
nal clarity.
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File Formats under DVD-Video

A DVD-Video disc can contain data for both playback on a DVD player
and additional data content designed for computer playback. Based on
the UDF specification, a specific directory is designated to store the files,
VIDEO_TS, and an informational file titled VIDEO_TS.IFO must also be
present. VIDEO_TS.IFO is used to store the video manager title set,
which provides the basis for the Main Menu that appears when the DVD
is mounted in the player. Other title set information is contained in addi-
tional .IFO files and backup copies containing this same information are
also maintained. Up to 10 video object block (.VOB) files can be created
for each title that appears on the disc; these become the logical divisions
by which the disc content can be navigated. Directories and files not
intended for use by the DVD player must be stored after the DVD-V data;
these files are typically ignored by the player.

The original UDF standard was modified with an appendix, the
MicroUDF, to simplify the recommended requirements that must be met
by a DVD player, in the interests of encouraging widespread manufactur-
ing of consumer-level playback equipment. Appendix 6.9 of the UDF
standard includes the following provisions:

¢ No multisession formats or boot descriptors are permitted on a
DVD disc.

¢ Individual files must be contiguous and smaller than 1 Gigabyte.

* No more than one logical volume, one partition, and one file set
can be included on a single-side of a disc.

e DVD players should support UDF in anticipation of the phasing
out of ISO 9660.

* No more than 8 bits per character should be allocated for file and
directory names.

¢ Aliases are not allowed for linking.

The basic file structure used on a DVD-V disc is shown in the following
figure.
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Figure 4 - 2

File Structure for DVD-V
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Navigating DVD-V Content

Unlike linear systems for video playback, such as film or videotape, DVD
offers random access to the content on disc. Once is a disc is inserted in a
player, a main menu can be accessed, which guides the user through the
various types of content available on the disc. This may include a chapter
view of a movie (allowing the viewer to jump to a particular point in a

film), production information in video form, still images, audio content,
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interviews with directors and cast, and so on.

94



DVD-Video

This type of content is handled by a presentation engine and a navigation
engine contained in the player. This provides the equivalent to a com-
puter user interface to the viewer, allowing someone to control the selec-
tion of the different elements for playback or to activate certain features
available on the DVD, such as enabling an audio commentary by the
director to be played at the same time the video is being presented.

Figure 4 - 3 Navigation and presentation engines

Audio content

DVD disc

DVD Player
Presentation

data PresentationO
Engine
Navigation
Navigation[ Manager

data

Video content

RemotelO
control

The actual content on the discs, from the perspective of the user inter-
face, consists of:

e Titles, which may be films, videos, or album material
e  Parts of titles, which may be chapters or individual songs

Each DVD can contain up to 99 discrete titles. Each title can be further
subdivided into 10 chapters. For example, a disc containing the three-
part television miniseries Stephen King’s Storm of the Century might con-
tain an individual title for each part and then 8 chapters within each title,
allowing selection of any part of the series within 12 to 15 minute incre-
ments.
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Optionally, a DVD can contain only a single title. For more complex
projects, titles can also be nested within other titles and each title can
have its own title menu. Viewers navigate between the various options
using a remote control that features directional arrow keys and a select
button, as well as the usual assortment of controls that one might find on
a VCR remote, such as pause, scan, forward, back, and so on.

A presentation can include many different optional features that are han-
dled by the navigation manager. For example, a project might incorpo-
rate a second camera angle that could be enabled through the menu to
allow viewing of the content from a different perspective. Subtitles might
be available for display when viewing foreign films. If any of these kinds
of features are not present, the disc developer simply disables them while
the disc is being produced.

Authoring for DVD-V

DVD-Audio

96

As might be expected, the kinds of authoring tools that are available for
creating DVD-V content are very specialized and the professional-caliber
tools on the market remain very expensive in comparison to multimedia
authoring tools for producing CD-ROM content.

Encoders for producing MPEG-2 video range in price from software-only
solutions suitable for home and consumer applications to elaborate stan-
dalone systems with high-speed processor tailored to providing the high-
est quality video at accelerated rates. Professional-caliber systems
generally cost tens of thousands of dollars, although there has been a
progressive reduction in cost as the industry has expanded and matured.

More information on authoring tools and techniques is provided in
Chapter 17, DVD Creation.

DVD-Audio is being positioned as a replacement for CD-DA (Compact
Disc - Digital Audio), though the launch of players and titles has been
slowed by ongoing copy protection issues. A planned launch for early in
the year 2000 was delayed when the DVD industry was rocked by news of
a European hacker who broke the protection scheme. The spectre of
widespread piracy of DVD content has been one of the ongoing stum-
bling blocks to the release of both DVD players and DVD-ROM drives, so
it is not particularly surprising to observe the reaction of the hardware
producers and industry players to this perceived threat to their copy-
righted material. Anticipated release dates for new equipment have been
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delayed to midyear of the year 2000 by some manufacturers; others have
delayed their announcements pending deeper examination of the pro-
tection issues and possible solutions.

As it stands, the DVD-Audio standard provides several significant
enhancements over audio delivered via CD:

® Multichannel audio: the availability of 5.1 channels supports sur-
round sound, encoded as Dolby Digital or MPEG-2 data

¢ Higher sampling rates: digital audio content can be sampled at
rates up to 96K bps, producing greater frequency response

¢ Larger sample sizes: dedicating more bits to the sample sizes pro-
vides extended dynamic range and increased depth-of-field

¢ Display of album titles, lyrics, artist’s names, and song titles dur-
ing playback

The proposed format for DVD-Audio includes the capability of including
a DVD-Video sector. This approach makes it possible to create a high-
capacity DVD equivalent to an Enhanced CD, with the audio material
supplemented by video material and URLs that could be linked during
playback in a DVD-ROM player. Another way of looking at it is that DVD-
Audio combines the features of three separate DVD formats: combining
audio, video, and computer data within a single framework.

The Working Group 4 (WG-4) of the DVD Forum continues to refine the
DVD-Audio standard, but the fundamental elements of this standard
have at least reached the point where player manufacturers have felt con-
fident enough to design and engineer the playback equipment, awaiting
product rollout dates based on the resolution of the remaining outstand-
ing issues (including copy protection).

Authoring of DVD-Audio content requires both a different set of tools
and a different mindset for the development community. The abundant
storage capabilities encourage titles that include not only audio, but
video clips and computer data as well. However, as has been the case with
Enhanced CDs, the extra costs associated with this type of development
may limit the number of titles that include bonus content and extras. Dif-
ferent hardware and software tools are required to be able to record and
mix the audio for 5.1 channel playback, and some competing standards,
such as DTS, will vie for attention and market share with Dolby Digital.
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The potential, however, for this DVD-Audio is enormous. Audiophiles
and music lovers looking for a way to experience more rich and vibrant
sound, with the added benefit of audio and video content should pro-
gressively be won over by the advantages as playback equipment and discs
reach the marketplace.

If you want to burn a DVD disc designed for the widest possible playback,
including current DVD players and DVD-ROM drives, DVD-R is the way
to go. DVD-R is the write-once member of the writable family tree. The
other rewritable formats currently have compatibility issues with much of
the present generation playback equipment, limiting their usefulness to
general purpose storage and archiving where there is control over the
choice of readers.

The DVD Forum has defined two individual categories in the DVD-R
Book version 1.9 to accommodate different uses of DVD-R:

¢ DVD-R for Authoring: utilizes a laser wavelength for writing of
635 nanometers. This variation is designed for authoring only.

* DVD-R for General: utilizes a laser wavelength for writing of 650
nanometers, suitable for write operations intended for general
uses.

Depending on the selection of recordable media, a DVD-R can handle
up to 3.95GB or 4.7GB of data per side. Double-sided media boost the
ultimate recording capacity to 9.4GB per disc.

Write speeds for recordable DVD are significantly higher than most CD-R
units. A 1x DVD-R unit records data at 11.08 Megabits per second com-
pared to a 1x CD-R drive recording at 1.23 Megabits per second. Playback
of recorded DVD-R discs can take place up to the maximum speed avail-
able on the DVD-ROM drive being used for playback.

The extra capacity of a DVD-R disc derives from the use of a red laser
with a 635 or 6560nm wavelength and an objective lens with a numerical
aperture of 0.6. The smallest recorded mark possible on a CD-R disc is
0.834 micrometers, while DVD-R pits can be as small as 0.4 micrometers.
This results in an increase of almost seven times the data density of the
DVD-R disc over what can be stored on CD-R media.



DVD-R

The track pitch—the distance between two adjacent tracks on the spiral
of data—is also much tighter for DVD-R than CD-R: 0.74 microns for the
4.7GB media and 0.8 microns for the 3.95GB media. All of these fac-
tors—the laser wavelength, pit size, track pitch—make it possible to
achieve the high storage capacities available on DVD-R.

Playback Compatibility
DVD-R drives offer the advantage of broad playback compatibility, which

includes most of the playback equipment available for DVD format discs.
Discs can be recorded in either DVD-V or DVD-ROM format.

A properly recorded DVD-Video disc produced on a DVD-R machine can
be played on:

® Most standalone DVD-Video players

e DVD-ROM drives installed in a host computer as long as they are
equipped with either a hardware-based MPEG decoder or a soft-
ware decoder that performs the same function

DVD-ROM discs that are recorded on a DVD-R drive can generally be
played back on:

¢ A DVD-ROM drive installed in a host computer, without built-in
MPEG decoding

¢ A DVD-ROM drive installed in a host computer with either hard-
ware or software MPEG decoding (if access to DVD Video mate-
rial is required)

Both MPEG-1 and MPEG-2 decoders are available in both hardware and
software implementations. The earlier MPEG-1 encoding method was
first introduced for storing video content on CD-ROM. Commercial
Video CDs, including movie titles, were introduced in the market shortly
after multimedia CD-ROMs became popular. The Video CD format fared
more successfully in Europe and Japan than in the U.S. Many DVD play-
ers can also play back Video CDs, if you happen to have any of the
released titles in your collection. Most MPEG-2 decoders can handle both
the MPEG-2 and MPEG-1 data formats.

File System for DVD-ROM

As described earlier in the chapter, the file system for DVD discs is much
different than the fragmented system that was designed for CD-ROMs as
they evolved and grew to encompass many different types of data formats.
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Instead, the more unified UDF structure was applied to all types of DVD
discs and this file system is suitable for all forms of content and any type
of file format designed for storage on optical disc. It is also designed to
be adaptable to all the major computer operating systems.

To maintain backwards compatibility with earlier computers and operat-
ing systems that are not designed to read UDF, the UDF Bridge file sys-
tem was designed. UDF Bridge is a hybrid system that includes support
for discs recorded using the original ISO-9660 file system that originated
with CD-ROMs. UDF Bridge also provides full support for discs contain-
ing files structured under UDF, as well.

UDF Bridge maintains an important optical disc convention that has
been followed ever since the Yellow Book CD-ROM format was intro-
duced as a means of extending the compact disc to include computer
data, as well as audio data. Computer-based playback devices and decod-
ers, as much as possible, have been designed to read all earlier formats.
CD-ROM drives were designed to read audio CDs. DVD-ROM drives,
from the beginning, were equipped to be able to manage CD-ROM play-
back. The UDF Bridge format makes it possible to produce DVDs for
older PCs running operating systems that do not yet have UDF support.

In comparison, playback devices targeted for the entertainment industry
and consumer use, such as audio CD players and DVD playback equip-
ment, usually only accommodate a single format. The Enhanced CD for-
mat was designed as a hybrid format—containing both audio and
computer data. This allows CD players to play the audio present on the
compact disc, while the computer data files could only be read if the disc
were inserted in a PC CD-ROM drive. Similarly, DVD-Video discs often
contain content designed for the PC, which is essentially ignored by the
DVD playback equipment. The additional data only becomes available if
you insert the disc in a DVD-ROM drive.

Writing to DVD-R Media

100

Anyone familiar with CD recording applications and equipment will rec-
ognize the very close parallels to DVD-R write operations. The recording
process is handled by an application running on the host computer con-
nected to the DVD-R unit. For example, GEAR Pro DVD or Sonic Solu-
tions DVD-It are two such applications. They allow the person doing the
recording to select the files and organize them for the write operation.
The application then manages the actual recording process, controlling
the DVD recorder until the write operation is complete.
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DVD-R

Like CD-R discs, DVD-R discs can be fully written in one complete opera-
tion—known as Disc-at-Once—or written incrementally over several indi-
vidual sessions. Unlike CD-R discs, however, data written to DVD-R discs
occurs in a slightly different sequence. The recording application first
produces a lead-in area, followed by user data area, followed by a lead-out
area. The lead-in and lead-out areas contain information that allows the
DVD player or DVD-ROM drive to properly access the full range of data.
These same two areas also appear on commercially pressed DVD discs;
they are essential to playback. The user data, sandwiched in between
these two regions, can vary from a 32Kb block—the minimum amount of
data that can be recorded—up to the maximum capacity of the record-
able media: 4.7GB.

In comparison, CD-R discs are written in a different sequence. The user
data regions are recorded first. Next comes the lead-in area and the table
of contents. The write operation is concluded typically by writing the
lead-out area.

During write operations, the host computer must be able to deliver the
data at 11.08 Megabits per second to prevent any interruptions in the
data pattern being recorded to disc. Buffering is used in the DVD-R drive
to compensate for any interruptions in the flow of data.

When incremental write operations are being performed, the complete
file system data is not available until all of the individual writes have been
finished, so the disc must be finalized before it can be read in any device
other than another DVD-R drive. Finalization calculates and records the
data contained in the lead-in and lead-out areas and then records this
information to disc. Once a disc has been finalized, it can be read by
other DVD playback devices. No further data can be recorded after a disc
has been finalized.

At the recording speeds of the current generation of equipment, a
3.95GB DVD-R disc can be fully recorded in about 50 minutes. The addi-
tional recording capacity available on a 4.7GB disc requires an additional
10 minutes or so to completely finish a write operation.

The high cost of DVD-R recorders may dissuade many corporate and
individual users who are simply looking for archival storage or backup
applications. Those categories of users may find a better solution in the
rewritable formats discussed in the next section.
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Instead, the broad compatibility of DVD-R makes it a medium better
suited for high-volume data distribution, particularly in situations where
there little control over the playback devices that will be used to read the
discs. DVD-Video discs made using DVD-R media will be readable in the
vast majority of DVD players, as well as those DVD-ROM drives equipped
with the required decoding hardware. DVD-ROM discs produced using
DVD-R equipment should be readable in all DVD-ROM drives.

DVD-R is also the medium of choice for testing and development applica-
tions, where it is essential to emulate the target playback equipment in
preparation for releasing a title on DVD. To avoid costly errors when a
DVD title is being authored, DVD-R lets developers and testing firms pro-
duce discs that can than be run in standard playback equipment—either
a DVD player or DVD-ROM drive. Any inaccuracies or problems with the
playback can be detected and corrected before a disc goes out for mass
replication.

Producing DVD discs for presentations, particularly presentations des-
tined for portable DVD player playback, represents another ideal use for
this medium. The interactive capabilities of the DVD-Video format make
it possible to author presentations that are similar to full interactive mul-
timedia applications.

Certain archival applications, such as storing image data, audio material,
motion pictures, and so on, actually favors the write-once characteristics
of DVD-R. Archivists who want to record data and then ensure that it is
not altered can rely on the properties of DVD-R media to protect their
stored file contents. The estimated 100-year plus lifespan of the DVD-R
discs also provides assurance that long-term archiving can be accom-
plished safely using this form of optical recording. For archival opera-
tions where data must be available for near-line access, DVD-ROM
jukeboxes provide a means of storing extremely large quantities of data
for convenient access. For example, a 100-disc DVD-ROM jukebox can
handle close to a half-terabyte (470GB) of information.

For shorter term archiving and storage, the rewritable storage options
provided by DVD-RAM, discussed in the next section, may provide a bet-
ter alternative.
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DVD-RAM

The DVD-RAM format was the first of the rewritable DVD formats to
reach the market. DVD-RAM drives are much less expensive than DVD-R
equipment, primarily because they use phase-change technology for stor-
ing data rather than the method used by DVD-R—using an organic dye
to record laser impressions on disc.

The phase-change technology—which is an amalgam of the technologies
used in magneto-optical cartridges, CD-RW, and Pensioned’s PD
devices—is also the reason that discs created on a DVD-RAM drive can-
not be read in the typical DVD-ROM drive or DVD player. This significant
drawback limits the utility of this particular storage method, but advances
in player technology may overcome the limitation, much in the same way
that early CD-RW discs could only be read in CD-RW players. Now, Multi-
Read-compatible players can handle CD-RW discs and CD-R discs with
equal aplomb. Similar advances may make DVD-RAM discs more widely
compatible.

Data patterns written to a DVD-RAM disc are recorded to a thin film that
is sensitive to laser light. The DVD-RAM write laser strikes the film sur-
face and converts the material from a crystalline state to an amorphous
state. The reflectivity of these two different states is different enough that
it serves to identify bit patterns. The disc surface can be “erased” by
applying a different intensity laser burst. The energy from this burst con-
verts the film from the amorphous state back to the original crystalline
state.

DVD-RAM discs employ the same kind of modulation and error-correc-
tion codes that are used for DVD-Video and DVD-ROM. This characteris-
tic should help ensure broadened future compatibility for this media
type. Both single-sided and dual-sided media are available. Each side of
the DVD-RAM disc has a capacity of 2.6GB. In most regards, the physical
discs have the same dimensions as DVD-R discs, but both single-sided and
double-sided discs are housed in cartridges for use.

Clock data is embedded in a wobble pattern integrated into the tracks,

also offering a means by which address signals can be identified by the
drive.
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Uses for DVD-RAM

Summary
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The primary appeal of DVD-RAM is inexpensive, flexible, abundant stor-
age—this benefit comes at the loss of compatibility with the majority of
players and drives in the market.

DVD-RAM is well suited to these kinds of uses:

® Short or long-term storage of press-quality images, digital audio
files, digital video files, or other similar kinds of content requiring
large amounts of storage space

® Local periodic backup and temporary archiving of network files,
personal hard disks, organizational files, and so on

* Exchange of large-volume files between parties with similar
equipment (compatible DVD-RAM drives)

* Nearline storage of mission-critical data that is important to an
organization’s operation, but cannot be concisely stored on the
network.

® Network-resident storage for periodic system backup or personal
workstation archiving, through thin server technologies

As the DVD-RAM technologies matures and the adoption of the Super
MultiRead standard makes it possible to exchange disc cartridges freely,
this format will become increasingly important for both large-scale stor-
age and data exchange.

In many ways, the evolution of the DVD standards mirrors the flux and
chaos that marked the course of recordable CD development, but there
are also some clear advantages to the way data storage has been handled
on DVD. The format is far more flexible when it comes to embedded dif-
ferent data types onto disc, without the necessity for creating individual
formats for each of the individual data types (as can be seen on CD-ROM
with Video CDs, Photo CDs, CD-PROM, CD-ROM XA, and so on). The
UDF standard also intelligently handles most of the key cross-platform
issues, making DVDs less prone to the kind of file translation issues and
file system concerns that have complicated CD-ROM delivery. The back-
wards compatibility with CD-ROMs and audio CDs, which is a requisite
feature of most drives and players, also makes DVD the logical successor
to the CDs data storage throne.



Optical Recording Equipment

Selecting the right piece of optical recording gear depends very strongly
on the intended use. Products in this category range from simple CD
recorders that can be installed internally in the most modest PC to
expensive DVD-R units designed for testing and producing discs for repli-
cation. While cost is certainly a factor when considering the best type of
recorder for your applications, you should also take into account play-
back compatibility, media costs, the available computer hardware inter-
face, recording performance, platform support, bundled software, and
similar factors. This chapter surveys the different types of optical record-
ing equipment and provides examples of some of the available gear.

Most recordable CD and DVD drives require a host computer. While
there are a number of stand-alone recordable CD units available, prima-
rily for use in compiling custom audio discs and producing disc masters
for musicians, these units tend to be more limited in their uses than
recorders that connect to a host computer. While specialized standalone
recorders can be convenient and easy to operate, there are a number of
advantages to being able to process and prepare files in a staging area on
your host computer prior to recording. For example, if you have an inter-
est in converting your collection of vinyl record albums to compact disc
format, there are a number of excellent computer-based applications for
handling noise reduction, click removal, and overall vinyl restoration.
The options when capturing sound from vinyl records and rerecording
to CD on a standalone recorder are much more limited; while you may
be offered some rudimentary noise reduction tools, the range and flexi-
bility of PC-based sound editing software is far superior.
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Beyond standalone equipment used for audio applications, a host com-
puter is essential for most data applications. The one exception is simple
stand-alone disc copiers, which are discussed in Chapter 8, Disc Copiers
on page 222. These are designed to simply produce a replica of a pre-
existing compact disc, so they don’t require any premastering or data
selection before recording.

Whether you own a Macintosh, a Wintel machine, or a Linux computer,
you have many different choices available when selecting a CD recorder.
The primary decisions that you need to make include:

¢ Choosing an internal or external unit

¢ Selecting an appropriate computer interface

® Deciding on the required maximum recording speed
* Deciding if you need rewritable capabilities (CD-RW)

* Determining if the CD-R capacity is sufficient (650MB) or if you
need to consider DVD-RAM or DVD-R

® Deciding if you need high-speed disc duplication capabilities

The options aren’t quite as numerous when choosing one of the forms of
recordable DVD. The different forms of recordable DVD have only been
on the market a short time in comparison to CD-R and CD-RW. Prices are
higher and options are fewer. You also need to make some serious deci-
sions as to which form of recordable DVD makes the most sense for you.
Serious professionals producing discs for replication require the more
expensive DVD-R devices; those with a primary interest in storing or
exchanging data can choose either DVD-RAM and or one of the other
emerging formats (DVD+RW is being re-engineered for a possible release
in 2001).

If your needs are more specialized and they favor uses such as short-term
or long-term archiving, you may want to consider those forms of optical
recording such as magneto-optical drives or PD units that appeal to niche
markets. A few examples of these kinds of devices are included, but this
chapter focuses more heavily on CD and DVD equipment.
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Selecting a Computer Interface

Like other kinds of removable storage devices, CD and DVD recorders
can be installed internally within the host computer or connected exter-
nally to one of several different I/O interfaces. First-generation CD
recorder products were almost invariably SCSI-based, but enterprising
manufacturers have adapted the technology to almost all of the popular
computer interfaces, including EIDE, parallel port, and Universal Serial
Bus (USB). Some companies that once declared they would never release
anything other than SCSI versions of their products have followed the
trend towards inexpensive ATAPI IDE bus interfaces. This has opened up
the market for wider acceptance of disc recorders, but it has also made it
mandatory to carefully evaluate system performance issues and limit
other operations when recording.

Before choosing an interface, you might be wondering how much of a
computer is needed to effectively handle the recording process. The fol-
lowing section deals with the performance issues related to CD and DVD
recording.

Performance Issues

Performance issues related to CD recorder operation can be deceptive.
In the overall scheme of computer data transfer rates, the rates at which
data gets transferred to a recordable compact disc are relatively slow.
Double-speed recorders clock data at the rate of 300KB per second. More
capable quad-speed recorders can double this transfer rate. As of press
time, we’re seeing a fair number of 8x recorders, which—if you see the
pattern emerging—reach 1200KB per second. If you were to base your
decisions on these numbers, you wouldn’t think that you would need the
latest, super-tuned Pentium-lll-based machine to serve as the host com-
puter for CD recording—if a SCSI bus can transfer data at 10MB per sec-
ond, it would seem as though this level of data transfer would be
adequate to keep everything flowing at the necessary rate, even if the
host computer is an ancient 25MHz 486SX machine.

While a number of CD recorder applications list the minimum hardware
requirement as being a Pentium processor machine or better, you need
to pay careful attention to your overall system configuration to ensure
that you’ll be able to successfully write to disc. Even if you have more
modern equipment—for example, a 500MHz Pentium-Ill system—you
still need to be aware of a number of performance issues to maximize the
success of your recording efforts. In most cases that means you will need
to limit the number of processes taking place at the same time. If you try
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to record a disc while you’re running network software, a virus protection
program, and then the 3D screen saver kicks in, there is a pretty good
chance your disc recording will fail. The message here is that even with
the highest performance systems available, you need to carefully monitor
and limit the operations that are being performed simultaneously while
disc recording is taking place. In some cases, this means shutting down
all other unnecessary processes.

Macintosh users have another concern. CD recording on the Macintosh
used to be a nearly trouble-free enterprise, since every Macintosh on the
market had a SCSI port and almost all the CD recorders were set up for
SCSI. In this era of inexpensive iMac computers, you can’t depend on
having an available SCSI interface, so you’re faced with the option of
either adding SCSI capabilities (through a PC card in a laptop or a PCI
circuit board in a desktop machine) or investigating one of the other CD
recorder interfaces, such as USB.

The first order of business for Macintosh users is examining their system
to see what interface options are available and then deciding what kind
of CD recorder interface to choose. While the FireWire (IEEE-1394)
standard is gaining in popularity for high-speed serial data exchange, its
use so far has been more common for hard disk drives, digital video cam-
eras, and similar equipment. Mac users should appreciate that fact that
FireWire-compatible CD-R or CD-RW recorders are beginning to reach
the market and these kinds of devices should become increasingly com-
mon because of the speed and reliability of this data transfer method.

As you have probably heard many times, successful CD and DVD record-
ing depends on an uninterrupted flow of data from the host computer to
the recorder. The greater the excess processing power and internal data
transfer rates, the less the likelihood you will ever reach those marginal
areas where your computer can’t keep the data moving from disk to disc
at sufficient speeds. Whenever you have a situation where a number of
devices are simultaneously vying for computer resources and seeking pro-
cessor attention, you have the potential for data slowdowns. There are a
number of factors that can subvert the continuous flow of data, and any
of these factors under certain circumstances can cause problems during
disc recording. These factors are discussed in later subsections.
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Interface Options

The primary interface options available for CD and DVD recorders
include:

® SCSI: the original, predominant choice for connecting a disc
recorder to a computer, SCSI is still a very popular option, partic-
ularly for professional applications. Several variations of SCSI
have evolved in recent years, offering higher performance and
improved behavior when servicing multiple devices. Adaptec and
other companies continue to extend SCSI capabilities and intro-
duce new host adapters into the market.

¢ Universal Serial Bus (USB): designed as a low-cost, trouble-free
means of interconnecting devices—such as digital cameras and
storage devices—to computers, many new computers include one
or two USB ports as standard equipment. USB uses serial data
transfer techniques, but achieves transfer rates close to 100 times
faster than a standard computer serial port. USB-compatible
devices can be hot-swapped, which means they can be attached or
removed without shutting down the computer.

e Parallel Port: the chief advantage of the parallel port interface is
that almost every computer has one (with the exception of Macin-
tosh computers). Performance for the modern bi-directional par-
allel port (compliant with the IE-1284 standard) is adequate for
operations such as CD recording, as long as other system opera-
tions are kept in balance. Enhancements to the parallel port stan-
dard, such as EPP or ECP, raise performance capabilities and may
be required for some recorder connections. While not the most
robust transfer method available, the parallel port is still conve-
nient, particularly when connecting recorders to laptop comput-
ers that may not have other available interfaces.

e ATAPI IDE: for internal disc recorder installations, ATAPI IDE
requires very little circuitry to implement and, because of this, it
represents a very inexpensive interface method. Most modern
computer systems can support flawless communication with
recorders using this interface and setup is generally very easy.
This interface option, however, is not as robust as SCSI for
demanding applications in the industrial or professional sector.
You are also limited to internal installations when you rely on this
interface; there are no external ATAPI IDE units on the market
because of the physical requirements of this I/O interface.
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IEE-1394 /FireWire: A newcomer to the interface options, the
FireWire serial interface originated on Apple computers and orig-
inally was targeted at quickly handling large volumes of data, such
as encountered with hard disc arrays and digital video cameras.
Like USB, FireWire is a hot swappable interface, allowing devices
to be added or removed without shutting equipment down. While
there are just a few disc recorders available at the moment that
are designed for this interface, the benefits of FireWire may
encourage more manufacturers to produce units compatible with
this standard.

PC Card (PCMCIA): A few portable CD-R units, notably Hewlett-
Packard’s CD-Writer Plus M820e, utilize the PC Card interface
(formerly called PCMCIA), which is commonly available on lap-
top computers and as an add-on peripheral for desktop equip-
ment. This interface provides reasonably fast, reliable data
transfer and is a good option when interfacing with portable
equipment.

The available interface options are discussed in more detail in the follow-
ing sections.

SCSI Considerations
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The Small Computer System Interface, SCSI (pronounced “scuzzy”), is a
bus standard that allows a number of different devices to communicate
data over a parallel bus. Depending on the SCSI variation, the parallel
bus can be 8 bits, 16 bits, or 32 bits wide. SCSI first became widely estab-
lished in the Apple and UNIX marketplace, where an assortment of
devices were developed to take advantage of SCSI's ability to daisy-chain
multiple devices under a single interconnect scheme, controlled by a sin-
gle host adapter. The kinds of devices that can be interconnected
include:

Hard disk drives and disk arrays
Tape backup devices

Scanners

Printers

External storage devices, such magneto-optical cartridge drives
and removable cartridge drives
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SCSI also supports the use of additional host adapters installed in a single
system to provide multiple daisy chains of devices. This capability can
prove useful in a production environment or in situations where many
different types of peripherals are required. Graphics arts studios, with
their needs for scanning equipment, near-line storage, and high-resolu-
tion printers, are one possible

While SCSI has made inroads in the PC marketplace, its use is more prev-
alent in higher end machines, including business and professional com-
puters. The higher cost of SCSI components has led many manufacturers
to use less expensive interface methods, such as USB and ATAPI IDE, to
reach larger markets. Even stalwart SCSI advocates such as Plextor have
expanded their drive options to include IDE equipment. The less robust
device handling facilities of IDE have been to some degree offset by
recent advances in microprocessor speeds. The extra processing power
helps to make up for some of the bus-handling issues, minimizing con-
flicts when servicing multiple IDE devices.

Sometimes you can find a PC-based system that includes built-in SCSI
support, but generally you have to add a circuit board to serve as the SCSI
host adapter. Once you have a SCSI-capable system, however, SCSI makes
it easy to add equipment—especially external equipment. Owing to the
prevalence of SCSI on each of the major computer platforms, its multi-
tasking capabilities, and its ability to maintain high data-transfer rates,
many of the current CD recorders on the market use SCSI interfaces.

SCSI Connectors SCSI connectors, unfortunately, come in many different sizes and
shapes. External connectors of SCSI-1 vintage usually have 50 pins and
resemble Centronics printer connectors of years past. Macintosh SCSI-1
connectors, however, have 25 pins and use a D-shell type connector, simi-
lar to the connector type used for RS-232 serial connections. SCSI-2 con-
nectors, the kind found most frequently on CD recorders, often use a 50-
pin, half-pitch connector, much smaller than most connectors, with a
unique clamp-in fastener to lock it to the drive or adapter. There are also
a variety of proprietary connectors that inevitably require special cabling
to attach to anything. Avoid these, if possible, to simplify your intercon-
nection tasks.

The original SCSI-1 standard can support data transfers up to 5MB per
second. Since recording to a quad-speed CD-R drive only requires data
transfer rates of 600KB per second, SCSI-1 is sufficient for most CD-R
applications. However, if a system configuration includes many different
types of devices on the SCSI bus, bus traffic may create slowdowns and
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prevent the data flow to the CD-R from being maintained at the appro-
priate rate.

Most current CD recorders use the more modern variation of the SCSI
standard: SCSI-2. Advances in the SCSI standard have led to the introduc-
tion of a whole series of successors, including: FastSCSI, Ultra SCSI,
UltraWide SCSI, and the current speed champion, Ultra2 SCSI.

A faster version of SCSI can help reduce bus traffic concerns. The Fast
SCSI version of SCSI-2 supports transfer rates up to 10MB per second
over an 8-bit or 16-bit bus. Most mainstream SCSI host adapters now use
16-bit or 32-bit buses, and 64-bit buses have become available with the
introduction of the PCI-X bus. Ultra SCSI and UltraWide SCSI accelerate
transfers to 20MB and 40MB per second, respectively. These standards
use 16- or 32-bit buses for transfers, which are becoming more common
in CD-recordable equipment designs. For the ultimate in SCSI perfor-
mance, the Ultra2 SCSI implementation offers data transfer rates of
80MB per second. Increasing the clock rate on the bus to 40MHz made it
possible to achieve this level of sustained data transfer. This newest
release is designed to be backwards compatible with all earlier SCSI
devices.

Another advantage of Ultra2 SCSI is the adoption of a Low Voltage Dif-
ferential (LVD) I/0O interface that supports longer cable lengths by
improving signal transmissions. With a simple point-to-point connection
between one SCSI host adapter and a CD-R drive (or other device) the
maximum cable length can be extended to 82 feet. On a fully loaded
cable with multiple SCSI devices, the maximum length is 39 feet. Up to
15 devices can be interconnected on an Ultra2 SCSI daisy chain.

Adaptec is working on new versions of the SCSI standard, such
Ultral60/m SCSI with a sustained transfer rate of 160MB per second.
Looking ahead into the forseeable future, SCSI appears to have a ongo-
ing role in handling high-performance I/O applications.

Rules of Thumb for SCSI Daisy Chains

112

A daisy chain of SCSI devices can contain up to seven units, one of which
must be the host adapter. Some configuration specialists recommend
connecting your CD recorder to its own independent host adapter with
nothing else attached to it. In other words, keep all your other hard disk
drives, printers, scanners, and backup devices on a second, separate host
adapter. Other specialists and engineers suggest that there is no particu-
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lar advantage to using two adapters, and in many cases it just adds config-
urations problems to your system.

However you choose to implement your devices, you should ensure that
you don’t string two many devices off a single adapter—two, possibly
three, is the limit to the number of hard disk drives that should share the
daisy chain with your CD recorder. Furthermore, keep noisy devices, such
as scanners, off the chain when doing recording; these devices can gener-
ate spurious signals even when they are not actively being accessed. Keep
your cables lengths short, and use double-shielded cables in environ-
ments where stray signals may be a problem.

SCSI is a fairly simple standard for equipment use, with a few simple
implementation rules that nonetheless seem to cause recurring problems
for people interconnecting equipment. The first rule involves termination:
The first and last devices in a SCSI chain must be terminated. Termina-
tors, or termination resistors, are designed to damp signals traveling
through the cables so that the signal does not reflect or “ring.” Ringing
results when the signal reaches one end of the chain and a portion of the
signal is reflected back in such a way that the original signal is distorted.
Lack of termination can interfere with the communication of devices on
the bus and make the entire SCSI chain unusable.

Termination resistors come in a number of different forms. Your CD
recorder may have a switch on the back panel that enables or disables ter-
mination, or you may have to add a terminator plug (which looks like a
connector without a cable extending from it) to the unused connector
on the back panel. Host adapters need to be terminated if the system has
only an internal driver, or if the system has one or more external drives
and there is no internal drive. In both these cases, the host adapter repre-
sents the end point in the chain. The termination is usually in the form
of a jumper somewhere on the host adapter, or a series of resistor packs
that plug into sockets on the adapter circuit board. Check your host
adapter documentation for positive identification of the termination
technique in use.

If the host adapter is in the middle of the chain—in situations where you
have both internal and external devices in the system—you should remove
the termination (by changing the appropriate jumper or removing the
resistor packs from the circuit board).

Sometimes the lack of termination resistors on a SCSI chain won’t stop
the devices on the chain from working completely, but will cause spo-
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SCSI IDs

Short Cables
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radic data errors and mysterious system failures. If you experience these
kinds of problems on a system with SCSI devices, always check to see first
that the terminators are installed properly. Newer SCSI devices are
equipped with active termination, consisting of electronics that automati-
cally detect when a device is at the end of the chain and, if so, enable the
necessary resistors. With active termination of this type, you can avoid the
perils of SCSI bus disorders; this feature is a very desirable addition to a
SCSI configuration.

The other common SCSI pitfall involves IDs. Each of the devices on a
SCSI daisy chain must maintain its own unique identification number,
from 0 through 7. If two or more devices share the same number, they
will attempt to respond to SCSI commands issued to them. The result will
be complete failure of communication on the SCSI bus. ID numbers are
assigned to CD-ROM drives and recorders through jumpers, rotating
switches, or other mechanical switching techniques. As you add any new
SCSI device to a chain, check to see what numbers are assigned to the
other existing devices, and then assign a unique number to the device
you are adding. The SCSI host adapter itself has its own ID, which may
vary from manufacturer to manufacturer, so check your computer specifi-
cations or SCSI host adapter data to determine what ID has already been
assigned to the host adapter. Avoid using this ID number for any con-
nected devices.

One final bit of advice for avoiding SCSI hassles: Keep the lengths of
SCSI cables short. The total length of the SCSI bus, including all of the
internal and external cabling in the chain, should not exceed 10 feet. If it
does, you begin to see occasional failures, more data errors, and perhaps
a collection of ambiguous and confusing system problems. Use the short-
est cables you can find that still allow you to set up equipment around
your computer conveniently, and—if you do run into problems—recheck
the cable lengths to make sure that you haven’t exceeded the 10-foot
limit.

You can mix SCSI and non-SCSI devices in your recording configura-
tions. For example, you can use an IDE hard disk drive to communicate
data to your SCSI recorder, and in most configurations this won’t result
in any problems. In the interests of configuration simplicity, however,
some engineers suggest that using SCSI versions of hard disks helps to
ensure the consistent system interactions that are needed to keep a bal-
anced flow of data from drive to recorder.
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Portability of SCSI Drives

Because many CD recorders rely on a SCSI interface, and SCSI is well-
supported on DOS, Macintosh, and UNIX platforms, the recorder
itself—if an external unit—can usually be freely transported from com-
puter to computer. In situations where you would like to get maximum
utility from a disc recorder, this easy portability can be a major factor. You
do need the necessary driver software and a premastering application res-
ident on the host computer to record, but many manufacturers routinely
include both Mac and Windows applications with their SCSI disc record-
ers.

SCSI Connectors

If you are considering sharing a disc recorder between different com-
puter platforms, pay careful attention to the type of SCSI connector
included on the recorder. The four most common types include:

¢ HD50 (50-pin SCSI-2 or MicroSCSI)
* 68-pin Fast/Wide SCSI

¢ Centronics 50-pin

e DB-25 (25-pin D-shell)

* 30-pin PowerBook connectors

There are many different types of cables available to bridge the variations
between the connector available at the SCSI host adapter and the con-
nector type installed in the disc recorder. High-quality SCSI cables tend
to be expensive, ranging from $20 to $75, so consider this factor in the
cost as you are investigating equipment for purchase.

Platform-Specific Issues

There is no particular advantage to choosing one platform over another
unless you are a developer planning to create applications for a single-
platform audience (such as owners of Sun SPARCstations). In such a
case, you may want to maintain the file system in the native structure and
use the same file system on your mastered CD-ROM. To take an example,
for a SPARGstation-only audience you could use Young Minds’ CD Studio
(described later in this chapter) to create a disc using the UNIX file sys-
tem (UFS); the resulting disc could not be played back on most Macin-
tosh or DOS computers unless the UNIX operating system was installed
on each machine.
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Similarly, if your audience is limited to the spectrum of worldwide Macin-
tosh users, you may want to master discs using the native Macintosh file
system, in which case you would want a Mac as a host. However, some of
the mastering applications let you produce CD-ROMs with Macintosh file
systems (or with hybrid systems that are half-Mac, half-ISO 9660) from a
DOS or UNIX platform. The tendency for the newer applications is to
provide maximum flexibility in terms of your output format. In actual
practice, however, in most cases if you are mastering file systems for a par-
ticular platform, it will be easier to do it from a host computer that runs
the native environment that you are targeting. You will also want to test
your completed CD-ROM under the native environment, which suggests
using the same computer your audience will be using.

One of the chief advantages of CD-ROMs, however, is their ability to
break down barriers between different computer platforms. If you main-
tain ISO 9660 file conventions, your resulting work will be available to
anyone with access to a CD-ROM drive. You lose some flexibility in file
naming and file organization, but you gain a much wider audience. You
can create ISO 9660-compatible discs from DOS, UNIX, or Macintosh
platforms. You may want to choose a more powerful computer if your
mastering plans involve use of a 8x or 12x recorder, but for 4x applica-
tions you can often rely on a typical workhorse business machine.

ATAPI IDE Considerations

16

Expense has always been a consideration when designing I/O interfaces
for personal computers and the IDE bus was devised with ease of use and
simplicity at the forefront. The first variation of this standard, Extended
IDE (EIDE) added features that improved the behavior of the bus when
multiple devices were attached. The ATAPI standard (AT Attachment
Packet Interface) extends the capabilities of IDE to encompass certain
kinds of peripheral devices, including CD-R and CD-RW drives. Under
the right conditions, ATAPI drives perform quite successfully, even on
older systems. However, this interface method is not nearly as robust as
SCSI for more demanding applications. Bus performance can be seri-
ously degraded if two active devices are sharing the data lines for opera-
tions.

On a positive note, ATAPI IDE drives have brought CD recording within
reach of almost anyone with a PC. CD-RW drives now sell for approxi-
mately what a state-of-the-art CD-ROM drive sold for two years ago. Many
new systems now come with built-in CD-RW drives, offering convenient
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storage and data distribution for both general purpose and specialized
uses.

The successor to EIDE, Ultra DMA (UDMA), is sometimes referred to as
generic disk I/O. Itis a new extension of EIDE that includes a maximum
throughput of 66MB per second, although this throughput can’t be
achieved if two devices are using the bus at the same time. Bus support
under UDMA is designed to be backward compatible with earlier EIDE
devices.

As with standard EIDE, UDMA is designed for internal devices only.
Unlike SCSI, UDMA does not allow overlapping operations to be per-
formed by two devices sharing the same channel. A maximum of two
devices per channel are allowed. Typically, a PC will have two UDMA
channels internally. The maximum cable length is 11.8 inches.

For simple applications, the ATAPI IDE interface offers an inexpensive
means of connecting internal CD-R and CD-RW drives. For more profes-
sional applications and high-volume production use, you would be better
served by equipment designed for SCSI or FireWire interconnection.

Optical Disc Recording Issues

If there is a single rule for success when you are recording compact discs
or DVDs on a desktop system, it is “Keep the data streaming.” Once a
CD-R or DVD-R recorder starts firing laser pulses, creating impressions
on the recordable medium, it can’t go back and erase the data. The term
write-once media tells the story. Data flows from the host computer through
the SCSI bus or EIDE bus or FireWire interface to an internal buffer
inside the CD recorder. If the data flow is interrupted, the recorder starts
using the data stored in the buffer. If the buffer runs out of data and the
laser beam stops recording transitions in the middle of a sector, in most
cases you cannot go back and correct the mistake. In the colorful par-
lance of the industry, the disc becomes a coaster—useless for reading or
writing data but very handy if you don’t want your cup of hot cider to
make a ring on the end table.

The specifications of Orange Book bring us back to a few simple inescap-
able facts when working with recordable compact discs, as discussed in
the following subsections. As you work on CD-R or DVD-R projects, these
fundamental points will affect many of your decisions and strategies
when you are determining the best ways to transfer data to disc.
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Non-Erasable Media

The medium originally known as Compact Disc - Write Once (CD-WO), is not
erasable; you can write once and only once. If you interrupt the record-
ing flow in the middle of a sector, the current state of the technology
does not let you go back and start recording transitions from the point
where you stopped. Some of the newer recordable CD archiving applica-
tions create the illusion of being able to erase files, but what you are actu-
ally doing is changing the contents of the disc’s directory structure. The
file is still on the disc—you just eliminate the pointer to it. Similarly,
DVD-R is designed for recording the data only once.

The non-erasable nature of recordable compact discs makes it important
that the information written to the disc be exactly right. Since a typical
recording session can last anywhere from 8 minutes to half an hour or
more and involve hundreds of Megabytes of data, all the system compo-
nents must work together flawlessly. The computer system, hard disk
drive, SCSI host adapter or other 1/0 interface, software driver, and disc
recorder must all perform their role in the data transfer process without
error for the duration of the operation.

This characteristic is both a strength and a weakness. If your goal is to
maintain an unchangeable copy of a set of data files or a graphics library
or a technical document, the optical disc will store your files for up to 100
years without the risk of overwriting the data or accidentally erasing the
files. If, however, you are looking for a temporary place to keep large
quantities of data, the rewritable optical disc formats are more appropri-
ate, as described in the following section.

Rewritable CDs and DVDs
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Recording to rewritable discs does not require the same attention to
uninterrupted data flow as does writing to write-once media. Data written
to CD-RW and DVD-RAM media can be corrected by rewriting. Perfor-
mance issues become less important since mistakes can be remedied.
The benefits of packet writing also increase the utility of rewritable
media, since the overhead associated with storing data that has been writ-
ten incrementally is large eliminated.

The widespread acceptance of CD-RW (Compact Disc - Read/Write) pro-
vides an alternative to the write-once approach of conventional CD-R sys-
tems. CD-RW media uses a six-layer system that includes two dielectric
layers and a recording layer that captures phase changes between a crys-
talline state and an amorphous state (of reduced reflectivity). The laser
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used in this technology pulses between two different power levels—one
to record data and the other to return the media to an unrecorded state.
MultiRead-capable CD-ROM players can read the CD-RW discs, making
the technology useful for both in-house backup and archiving of files, as
well as distribution of data. Similarly, the Super MultiRead specification is
under design for DVD media, which would allow rewritable DVD+RW
discs to be read in specially equipped mainstream players and DVD-ROM
drives. As of press time, this specification is still being finalized.

The rewritable formats open up optical recording to more conventional
storage uses, making discs a practical alternative to storing large amounts
of data on hard disk drives or magnetic tape. The primary limitation to
this form of storage is that playback is restricted to a smaller range of
devices than the full universe of CD-ROM drives or DVD player/
DVD-ROM drives. You also cannot use rewritable media as a method of
producing one-off discs for replication purposes. Replication facilities
receiving data on CD-RW or DVD-RAM have to pull individual files from
the disc and premaster to tape, CD-R, or DVD-R before a glass master for
replication can be produced. The extra step can add a great deal of
unnecessary expense to a replication project and adds the potential for
possible file errors during data transfers and restructuring of disc con-
tents.

Disc Formatting Considerations

Formatting of a compact disc is irregular in comparison with a formatted
hard disk drive. The physical contents of a hard disk drive are laid out in
concentric tracks, each utilizing an identical sector format. The hard
disk's logical file system contents are periodically updated and main-
tained in a file allocation table of some sort. Bad blocks on the hard disk
surface—due to surface irregularities—can be marked as non-writable
areas and excluded from the data map.

In comparison, a single-session compact disc has one table of contents,
written once. Also, unlike the regular, preformatted sectors on a hard
disk, each compact disc sector can contain a different number of data
bytes depending on its contents. Error-correction techniques and embed-
ded codes vary by type of sector. Mixed-mode discs can contain purely
audio information following a track of computer data. Multi-session
recording builds an ongoing structure that references the contents of
earlier recorded files. As recording is taking place on a compact disc, the
system is building a series of roadmaps and pointers to encompass the
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data. If a roadmap points in the wrong direction when a disc is being
read, the data that it was supposed to identify becomes inaccessible.

Multi-Session Recording and Packet Writing
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Multi-session reading and writing is covered in Orange Book, but the
means of execution is not specified in detail. Because of this, the original
implementations varied depending on each manufacturer’s interpreta-
tion. Incremental write operations are subject to control by the CD
recorder's feature set, by driver software, and by the premastering appli-
cation. Some applications are more lenient than others in regard to
interruptions of a write operation. Most current implementations have
turned to packet writing as a technique for recording smaller quantities of
data at a time and for being able to bridge interruptions in the data flow
without ruining the media. There are still variations from manufacturer
to manufacturer as to how this process is carried out, and most compa-
nies include a software driver that is used as a bridge between the com-
puter operating system and the packet-written data on disc. For example,
Adaptec’s DirectCD program is an example of a tool that supports seam-
less reading and writing of data on rewritable and recordable discs.

For packet writing to be supported, the CD recorder must be equipped
with hardware that is compatible with this process. A firmware upgrade
cannot be accomplished for a CD recorder that lacks the appropriate
hardware components to make it capable of packet writing. When using
packet writing, data is written to disc in small increments—predictably
called “packets”—that can be as small as a single file. Unless using con-
ventional multisession write operations that require as much as 23MB of
overhead for creating a single session, packet writing makes more effi-
cient use of the disc storage space, adding minimal information to the
disc to support file storage and retrieval.

Packet writing opens up recordable-CD applications to many mainstream
uses, such as simple file storage and distribution within organizations, or
network backups that are performed by administrators. Depending on
the package and the implementation, packet writing can be applied to
both CD-R and CD-RW applications. Those applications that are
designed for CD-RW typically use the UDF standard for the file system.
CD-R implementations often employ ISO 9660, for more universal play-
back.

All of the packet writing solutions require that a disc be formatted before
use—whether you are writing to CD-R or CD-RW media. The formatting
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prepares the disc for identification and recording. Most applications of
this sort automatically bring up the formatting utility when they detect
that blank media has been inserted in the drive.

PacketCD is a method for incremental disc writing designed by CeQuad-
rat. PacketCD installs under Windows 95/98/NT and equips the system
to provide drive-letter access to the disc recorder. Drag and drop file
operations from the desktop are supported, or the standard “Save” com-
mands from within an application can be used to write files to the record-
able media.

PacketCD utilizes the Universal Disc Format (UDF) for its active file sys-
tem, which requires that a UDF reader be available to the operating sys-
tem for accessing the files. Both CD-R and CD-RW media can be used for
packet writing. When write-once CD-R media is used, deleted files are not
actually removed from the disc—instead, they are logically erased. With
CD-RW media, files can be physically erased and the space reclaimed and
reused.

PacketCD includes a defect management utility that can track and report
the condition of CD-RW media. Since CD-RW discs can only support a
finite number of erasures, defect management provides assurance that
deterioration of media surfaces will be detected before problems develop
that could result in data loss.

A number of drive manufacturers bundle PacketCD with their CD-RW
units, including Verbatim, COMPRO, and Ricoh. CeQuadrat also offers
software solutions for disc recording.

Adaptec’s DirectCD software supports incremental write operations to
CD-R or CD-RW media. When performing write operations to a disc,
DirectCD normally stores the files using the UDF format. You have the
option of closing the disc to ISO 9660 format so that it can be read back
under the majority of CD-ROM drives (except for those running under
DOS or Windows 3.1).

As with other software in the packet-writing realm, DirectCD lets you
treat your CD-R or CD-RW drive as if it was a hard disk drive, accessible by
a drive letter, on your system. You can drag and drop files from Windows
Explorer, save files from within an application, or delete files from the
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desktop. DirectCD performs the necessary operations transparently,
whether you’re working with write-once media (CD-R) or rewritable
(CD-RW).

DirectCD has versions for both Windows and Macintosh, and discs cre-
ated on one platform can be readily exchanged with the other, even if the
disc has not been closed. The formatting of a disc to support packet writ-
ing requires some overhead. For example, a 74-minute CD-R disc format-
ted under DirectCD, offers 621MB of data storage. A CD-RW disc
formatted under DirectCD provides a total storage capacity of 531 MB.

Two forms of packet writing exist: fixed and variable. Under fixed packet
writing, the packet size written to disc is always the same. Using the Mac-
intosh version of DirectCD, only fixed packet writing is available. Variable
packet writing allows the packet size to be adjusted as required to suit the
nature of the data being written. The Windows version of DirectCD han-
dles both fixed and variable packet writing. Since this approach provides
more efficient use of the disc storage space, it can be a useful means of
archiving or backing files in small batches, unlike standard CD-R multi-
session write operations, which are not practical for small file backups.

DirectCD is bundled with many different CD-R/CD-RW recorder pack-
ages, including products from Pinnacle Micro, Ricoh, and Hewlett-Pack-
ard Company. Direct purchases and upgrades are available from the
Adaptec Web site (www.adaptec.com).

CD-R FS Packet Writing
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Sony introduced their variation of CD-R packet-writing software as a
package that runs as part of the operating system on Windows 95/98/NT,
Macintosh, and UNIX systems. The software extends the operating sys-
tem capabilities by allowing the Save As command, provided by most
applications for saving files, to direct the file output to a specially format-
ted recordable disc. Recorder support includes Sony’s Spressa drives, as
well as drives from other manufacturers.

As interim recordings are made, the only machine that can read the files
on the compact disc is the CD recorder itself, until the point at which the
final disc contents are recorded, after which the data can be read by any
CD-ROM drive. This approach is typical for multi-session CD-R writing:
the disc must be finalized with an overall table of contents to provide uni-
versal playback.
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Standard multi-session recording uses a link block to unite the individual
sessions. This link block is created each time the recorder is stopped and
then restarted. In Sony’s packet-writing implementation, the overhead
requirement is greatly reduced (compared to the approaches taken by
other methods), which relieves the need for reserving large areas of the
disc to coordinate the packet-writing operations.

By integrating CD-R write operations into individual operating systems,
recording to disc becomes a seamless, transparent operation that can be
performed from applications ranging from graphics programs to data-
base applications. To the user, the operating system behaves as if it is per-
forming a simple file-write operation to a hard disk drive (although the
operation may take a bit longer to complete).

Selecting a Host Computer

Unless you are a professional musician or a studio engineer, you will
probably want to configure your recordable CD environment in the con-
ventional manner: with the CD recorder connected to a host computer
through a SCSI interface.

For musical applications there are some interesting stand-alone CD
recording devices. The Marantz CD-R610mKkII lets you record 74 minutes
of Red Book audio from a variety of digital sources and does not require
a host—it is a fully self-contained CD recording system. However, such a
system limits you to recording only Red Book audio and is proportionally
expensive in relation to computer-based configurations. Even for musi-
cians and musical applications, connecting a CD recorder to a suitable
host computer provides the most flexibility and the most value for your
money.

Minimum System Requirements for CD Recording

When CD recorders were first introduced, a high-performance system
was essential to successful recording. A 486 machine on the PC side
might do the job if configured carefully, but a Pentium-class machine was
preferred. A Macintosh 68040 could generally be coaxed to record reli-
ably under the right circumstances, and the introduction of the PowerPC
guaranteed seamless recording operations.

Modern personal computers with processing power rivaling early genera-

tion supercomputers can typically handle disc recording tasks with grace
and ease. If you have a relatively modern computer purchased since
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1998, odds are you will not encounter any performance difficulties when
recording as long as you don’t attempt to operate multiple devices or run
multiple processes during a long recording operation. Anyone in a pro-
duction environment running CD duplicator equipment should proba-
bly invest in a dedicated system to handle write operations. Anyone else
should do fine for occasional recording as long as they follow the guide-
lines presented in this chapter.

As a yardstick for comparison, many manufacturers list hardware require-
ments in terms of the operating system running on the computer (per-
haps assuming that if the computer can run the designated operating
system, it is fast enough to handle CD recording). For example, Yamaha
lists the requirements for their CRW6416sxz drive (6x CD-R write speed,
4x CD-RW write speed, 16x read speed) as follows:

PC Computers Require IBM-PC compatible computer running Windows 95/98 or Win-

dows NT 4.x to run supplied software; SCSI adapter card required. Com-
puter with fast hard disk: <19-millisecond access time with a 700KB per
second or better transfer rate.

Macintosh Computers Require Macintosh running System 7 or System 8; available

SCSI-2 controller port; SCSI cable. Computer with fast hard disk: <19-mil-
liseconds access time with a 700KB per second or better transfer rate.

Other manufacturers frequently use similar requirements, since the com-
puter processing power is less commonly a critical factor in ensuring the
appropriate performance requirements for recording.

Distributing Files to Replicators
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If you plan to distribute files to a CD or DVD replicator on media other
than a one-off CD-ROM or DVD-ROM, you will need some form of high-
capacity data storage device connected to your system with removable
media. Tape is popular for this purpose. Digital Linear Tape (DLT) is still
the submission medium favored by replicators for DVD data. DLT car-
tridges have a 40GB native capacity and can handle data transfer rates of
360MB per minute. This is enough to get you through any conceivable
DVD replication project.

Some CD/DVD recorder applications, such as GEAR Pro DVD, directly
support data output to a number of different tape drives. Earlier nine-
track tapes can be used at some replicators, though these are gradually
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being phased out throughout the industry. More recent 8mm EXAbyte
or 4mm Digital Audio Tapes are supported at many locations.

Earlier forms of storage can sometimes be used by consolidating the data
on several cartridges. For example, magneto-optical cartridges or
SyQuest cartridges in various sizes can sometimes be used for distributing
data to a replicator. Since these media usually cannot store the complete
contents of a CD-ROM and certainly not a DVD-ROM, you need to care-
fully document the file contents for the replication service. Prepare a
comprehensive list of source files to help the replicator assemble a
CD-ROM image, DVD-ROM image, or DVD-Video image during premas-
tering.

Other Hardware Considerations

In setting up a workstation to perform CD-R or DVD-R recordings, you
may want to consider the hardware-related information in the following
subsections.

Uninterruptible Power Supply

To ensure constant operation for maintaining data flow during disc
recording, there is one more item you should add to your developer’s
workstation. An Uninterruptible Power Supply (UPS) large enough to
handle both your host computer and the disc recorder can provide the
extra insurance that short power interruptions or glitches in the line volt-
age will not disturb the integrity of the recording. Power interruptions
that might otherwise go unnoticed, because they might not be long
enough to cause your system to shut down, or to cause unrecoverable
data loss to occur in normal transfer operations, could conceivably ruin a
CD or DVD recording.

A UPS ensures a steady flow of power to your computer and recorder for
the 15 minutes to an hour that it takes to complete a recording. If you
notice during the course of a day how many times the lights flicker off
and on or dim, you are witnessing the potential for ruined media at any
time recording is taking place. A capable UPS large enough for a com-
puter and recorder may cost from $250 to $600. For any kind of profes-
sional application or in a production environment where lost time is
critical to your business, we recommend that you buy one and use it.
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Hard Disk Considerations

The combination of increased processor performance and advanced
hard disk drive designs has reduced the concern that used to exist over
data transfers from hard disk to recorder. Drives that are capable of aver-
age seek times from 15 milliseconds down can typically retrieve data fast
enough to keep most disc recorders operating smoothly.

If you are using an older drive for disc recording applications, seek out
an A/V model. A/V (audio/video) drives became a popular add-on
peripheral for use with CD recorders in the late 1990’s. This drive type
originated to solve a common problem with audio and video capture,
such as when performing digital recording to disk or when using a video
capture board. As with CD recording, the string of data being sent to the
hard disk needs to be continuous. Any interruptions will result in an
audio track that misses a beat or a video sequence that drops several
frames.

A/V drives typically solve this problem in two ways. One involves thermal
calibration. The other involves the manner in which data caching is han-
dled. Although these two features were designed in response to the needs
of audio and video capture, they suit the requirements of CD recording
perfectly.

Thermal Calibration Thermal calibration is a dynamic, periodic fine-tuning operation

Data Caching
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that high-capacity non-A/V drives perform in response to changing inter-
nal drive conditions. The gradual rise in temperature inside the drive
requires adjustments to compensate for the relative locations of the drive
read/write heads and the platters. This adjustment occurs during a ther-
mal calibration cycle, sometimes called a T-cal, which occurs on a peri-
odic basis without regard for the current computer or disk operation
being performed. A/V drives circumvent this problem by rescheduling
the thermal calibration for less critical times, periods when no significant
data transfers are taking place. While a T-cal cycle on a non-A/V might
interrupt data flow just long enough to disrupt a write operation to a
compact disc (ruining the disc), an A/V drive does not enter a T-cal cycle
during a write operation, and thus ensures disc data integrity.

Caching of data is another area where A/V drives differ. The most com-
mon types of computer hard disk activities involve frequent small trans-
fers of data, and the disk cache is tailored to these kinds of operations. In
comparison, disk caches on A/V drives are optimized for large, continu-
ous transfers of data, such as take place when a video stream is being dig-
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itized or 600 Megabytes of data is being output to a CD recorder. With an
A/V drive, the transfer of data occurs at a predictable, steady level, and
data transfer rates do not suffer under different access conditions.

Virtual versus Physical Images

Earlier recording technology often required that the files to be recorded
to disc first be copied to an ISO 9660 image on a dedicated hard disk.
Without this image, adequate performance could not be maintained
throughout the recording process.

More-modern hard disks with faster performance and improved premas-
tering software have generally eliminated the requirement for creating
an ISO image before recording. Instead, a virtual image can be con-
structed during premastering, an image composed of pointers to the files
required for mastering and a sequence to follow for transfer. The success
of this approach depends on files being accessed quickly enough to keep
the cache buffer loaded with data as the recording is taking place. Even
for recording at 8x speeds or above, however, most systems can support
use of a virtual image. The system configuration must be able to access
files quickly, on the fly, from different parts of the disk and transfer them
to the structure required for the CD recording. This feature reduces your
system configuration needs; in most cases, you don’t need an additional,
dedicated hard disk drive to contain the large image file, since files can
be accessed dynamically from your primary drive. Defragmenting the
hard disk drive before recording is a common technique to make sure
that performance is not hindered by trying to re-assemble files that have
been stored in several different non-contiguous locations on disk.

In some situations where you are preparing a set of files for transfer to a
replication facility, and your transfer medium will be tape or data car-
tridge, you may want to create an ISO 9660 or UDF image to simplify the
interaction with the replicators. This requirement will vary from replica-
tion facility to replication facility, so check before submitting material to
see if there is an advantage to creating an ISO image of your files.

Selecting a CD Recorder

Recordable CD technology is still specialized enough that only a handful
of hardware manufacturers compete for market share. A number of
other companies are repackaging drives from these primary vendors of
CD-R equipment and bundling additional software—such as MPEG com-
pression tools or software for cataloging media assets—and sometimes
additional hardware to offer all-in-one premastering workstations. This
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section discusses the features available on the current crop of CD record-
ers and suggests some of the considerations that should guide your pur-
chase decision.

Pricing of CD Recorders

The entry level for obtaining new recordable CD equipment is—at press
time—around $149. Factory refurbished CD-R and CD-RW drives can
sometimes be obtained for under $100. The least expensive drives gener-
ally use the ATAPI IDE interface and are limited to internal installations.
External drives primarily employ SCSI interfaces—the addition of a cabi-
net and SCSI interface hardware can add an additional $50 to $150 to the
price of a drive. You can also obtain external drives using the USB port as
an interface; these are sometimes slightly less than comparable SCSI-
based external drives. Special-purpose CD-R and CD-RW units exist that
can switch among several I/O interfaces, such as SCSI, USB, and parallel
port. These tend to be more expensive than single-interface drives.

On the high end, if you want a recorder that can produce several discs at
once, perhaps over a network connection, the price of entry quickly rises
to $5000 and above. Drives in this category, commonly called CD Dupli-
cators, are discussed in Chapter 8.

Because this market is still growing and competitive pressures continue,
prices may continue to decline for the near future. Larger manufacturers
may attempt to boost their market share by aggressively pricing recorders
at the lowest possible costs.

Recording Speed

Single-speed recorders have not been available for several years. You may
still see older 2x recorders at discount outlets and liquidation stores. The
older CD-R gear typically weighs more, takes up more desk space, pro-
vides less universal support for the various CD-ROM standards, and gen-
erally suffers from a small buffer capacity. Older units often have
problematic operation quirks that will plague you during recording.
Unless you find a genuine bargain on one of the more reliable units with
some assurance of future support, we suggest you steer away from the ear-
lier recorders and look instead to more recent equipment.

Most baseline units on the market today are 4x recorders, capable of mas-

tering a 650MB disc in about 16 minutes. The data transfer rate for these
units during recording equates with typical 4x players, 600KB per second.
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You’ll pay a bit of a premium for the faster recorders—those capable of
6x and 8x recording speeds. Because of improvements in manufacturing
design and hardware circuitry, the disparity between the base level 4x
recorders and faster 6x and 8x recorders is much less than in the past.
For an additional $75 to $175 over the cost of a 4x CD-R unit, you can
generally gain the extra speed offered by 6x and 8x rates.

The fastest CD recorders currently available can write at 12x rates
(1800KB per second); these units require careful system tuning to ensure
that data can be transferred fast enough during the recording process.

Onboard Buffers

Buffer sizes for CD recorders, like minimal memory configurations for
PCs, have risen steadily over the last few years. All CD recorders have
some amount of built-in onboard buffer space, generally located on the
circuit board that houses the drive electronics. The buffer serves as a stor-
age repository for data being transferred to the laser write head for
recording. The buffer compensates for small interruptions in the data
flow from computer to CD recorder. As long as data in the buffer does
not get drained during the recording process, the recorder can burn a
continuous stream of pits into the disc and maintain the absolute integ-
rity of the recording. Clearly, all other factors being equal, a larger buffer
provides better insurance against the data being totally emptied from this
temporary storage area and the recording being interrupted.

Buffer sizes on modern CD-R and CD-RW equipment typically range
from 1MB to 4MB. Buffer upgrades can increase the size to as much as
32MB. Manufacturers, attentive to the feedback from those early adopt-
ers of recordable CD technology, have moved towards 2MB as the prevail-
ing standard for most equipment. Other factors can influence the success
of the recording process and buffer size alone does not guarantee that
data flow can be successfully maintained.

For most purposes, look at the buffer size as just one important factor in
the suitability of a recorder. Larger is better, but a large buffer alone
should not be your sole consideration.

Software Support

With only a few hardware manufacturers, producers of mastering applica-
tions can adequately ensure support for most of the CD recorders
present on the market. Indeed, this is clearly the case for many of the cur-
rent applications, such as Adaptec’s Easy CD Creator Deluxe or GEAR’s
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Read Speed

Pro DVD. As new recorders are introduced by additional manufacturers,
however, the waters may become muddied and the one-to-one correspon-
dence between mastering application and drive may become less assured.
If you have a favorite mastering application, do make it a point to check
the compatibility with that application in the CD recorder’s specifica-
tions.

A disc recorder can easily serve double duty, reading CD-ROMs as well as
writing CD-R blanks. If you intend to frequently use a disc recorder to
read commercial discs (as well as recorded discs), the maximum read
speed may be a factor in your purchase decision.

Many disc recorders offer 20x read speeds, which is comparable to per-
formance levels of low-end CD-ROM drives at this time. A few units
achieve read speeds as high as 32x. A few only manage to reach 16x
speeds. If this is a critical factor in your purchase decision, check the
specifications before buying to determine the maximum read speed of a
disc recorder.

Easily Upgradable Firmware
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Computers and many peripheral devices conventionally contain some
form of Read-Only Memory (ROM), which generally contains low-level,
machine-specific instructions that allow the computer or device to inter-
act with an operating system, host adapter, or bus controller. ROM chips
containing this type of firmware on a computer motherboard or on a cir-
cuit board internal to a peripheral can be updated only by physically
swapping the outdated ROM with a newer version containing more
recent firmware. The recordable CD industry in particular had numer-
ous problems with the firmware included in early units, many of which
contained ROMs with built-in bugs and defects.

A recent trend in current-generation recorders is the incorporation of
Flash ROMs in place of ROMs for firmware storage. This features pro-
vides chips that can be rewritten by software, making the upgrading of
firmware a far simpler task. With an upgrade diskette from the manufac-
turer or a downloaded upgrade file, you can reprogram the device from
your computer without ever removing the CD recorder cover. Several
manufacturers have signed on to this method of upgradability, including
Plasmon, Pinnacle, and JVC. Check the specifications for any recorder
that you are interested in to see if it supports firmware upgrades through
software. This capability is a definite plus. With the changing nature of
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optical recording standards, upgrade capabilities also provide an avenue
for you to add new features to your disc recorder, as well, as the industry
adopts new standards and protocols.

Direct Overwrite Feature

In the case of CD-RW, the write operations are also affected by another
factor. The capability of performing a direct overwrite allows a CD-RW
drive to erase previous data and record new data in a single pass. If a
drive cannot perform direct overwrite operations, a separate pass must
be performed to erase the earlier data on the disc before the new data
can be written. This, of course, becomes a performance issue, increasing
the amount of time that it takes to perform write operations to the
media. Many specifications for CD-RW equipment detail whether direct
overwrite is supported. Look for this feature if you want to gain the bene-
fit of the performance improvements that it offers.

SCSI Version Supported

Many mainstream CD recorders are SCSI devices, but these are still
divided evenly between SCSI-1 and SCSI-2 implementations. Besides the
faster data rate offered by SCSI-2 (which becomes more important if your
CD recorder is sharing a daisy chain with other SCSI devices), one of the
main differences in these two forms of SCSI is the connector type. SCSI-2
connectors utilize a unique half-pitch 50-pin connector with a thumb-
operated snap-on latch. You may have to scramble to find SCSI cables for
chaining the newer SCSI-2 connectors with earlier SCSI-1 that may be
present on your old SyQuest drive or tape backup device, but fortunately
SCSI-2 connectors that adapt to varying configurations are becoming
more common.

Mixing and matching certain kinds of SCSI devices in this manner may
present problems in some configurations. Scanners on the same daisy
chain as CD recorders often cause problems. Be equally cautious of any
SCSI devices that are likely to generate sporadic noise on the SCSI bus;
physically disconnect or power down any unnecessary equipment from
the chain before beginning a recording.

Laser Power Calibration

To generate pits on recordable media in a precise enough manner that
the recorded disc can be read back easily by conventional CD-ROM
drives requires accurate calibration of the laser power used by the
recorder. Orange Book specifies a region on a blank disc that must be
used for laser power calibration. Unfortunately, as critical as this feature
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Running OPC

is, not all recorders support power calibration, particularly earlier units.
An excess of power during recording, or a lack of sufficient power to the
laser, results in pits that are either too long or too short. Discs produced
by non-calibrated recorders can present problems when being read; if
the disc is to serve as the master for large-scale replication, this problem
can be perpetuated through thousands of manufactured discs. Perform-
ing a thorough disc analysis before committing to replication can avoid
this potential problem.

To ensure the highest accuracy of disc recording, make sure the recorder
that you purchase is designed to perform a power calibration cycle as
part of its normal operation. There are many other features that contrib-
ute to overall data integrity and broad media compatibility, but you
should actively seek power calibration in any drive that you purchase.

Another power calibration feature is called Running Optical Power Cali-
bration (OPC). Recorders equipped with Running OPC continuously
adjust the power of the laser beam during writing to adjust for variations
in the surface of the disc (including fingerprints or other irregularities).
The laser power is increased slightly to compensate for anything that
obstructs the write operation. Reflected light is used as the basis for this
surface check. Drastic changes in the level of the reflected light can also
trigger a read verification cycle to ensure that the data has been written
correctly to disc.

Running OPC is included as a feature on a number of CD recorders from
Philips, Sony, Hewlett-Packard, Ricoh, and others. Having this feature
available adds an extra level of data integrity to your recording efforts,
which should definitely be considered a bonus.

Track-at-Once or Disc-at-Once
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The majority of CD recorders and supporting software applications use a
technique known as Track-at-Once when writing to disc. During Track-at-
Once write operations, each time a track completes, the laser is paused
and two run-out blocks are added to the disc. When recording restarts,
an additional link block and another four run-in blocks are recorded to
provide continuity between the tracks.

The problem with these added blocks between tracks is that they cause
clicks and pops when encountered by a typical CD players, so if you are
recording audio for Red Book playback, you create a very unprofessional
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sounding glitch between the tracks of your CD. (These additional blocks
don’t cause any problems for conventional CD-ROM uses involving data;
they are only a noise problem when recording audio CDs.) Most replica-
tion facilities will not accept as masters discs that have been recorded
using the Track-at-Once technique.

Disc-at-Once recording provides start-to-finish recording in one pass
without halting the laser. No additional run-in or run-out blocks are
required. The disc is closed (fixated) at the end of the recording.

If you plan to use your CD recorder to produce master audio discs for
replication, make sure that the CD recorder and associated software sup-
port Disc-at-Once recording operations. Most current generation record-
ers support both Disc-at-Once and Track-at-Once, but it doesn’t hurt to
check the specifications if you think you might be creating one-offs for
replication at some point.

Additional High-End Features

Once you get away from the economy recorders, there are a number of
features that can add some very interesting capabilities to your compact
disc recording ambitions. Drive units designed to be installed on the net-
work can bring the benefits of disc recording to everyone in a work-
group. These types of drives often require specialized software for
operation and are often sold in a hardware/software bundle. CD Dupli-
cators, discussed in Chapter 8, support the creation of multiple discs.
Combined with robotic arms and automated printers, these devices
become compact CD production facilities, capable of churning out hun-
dreds of discs at a time and running unattended for hours. If your
requirements include occasional needs for more than a dozen or so discs,
you might find the features offered by the CD duplicators as extremely
appealing.

At the high end of the disc recorder family are the DVD-R units. Engi-
neered to produce discs that are readable in DVD-ROM drives, DVD-
Video players, as well as CD-ROM drives, these devices, available only
from a few manufacturers, have undergone significant price reductions
over the last 18 months. One of the primary problems at the moment for
these units is the short lifespan of the recording heads, which require
replacement after burning only a few hundred discs. After purchasing a
$5000 DVD-R device, you probably don’t want to be changing the record-
ing heads after few months, so this area of the design still requires some
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improvement before the equipment takes hold for mainstream business
and corporate uses.

Current Examples of CD Recorders

The following subsections provide some examples of equipment that is
available in the disc recorder market. This is by no means an attempt to
provide a comprehensive list, but it should offer you good representative
examples of the kinds of products that are currently available. Most of
the units are manufactured in Europe or Japan and, as such, are subject
to changes in international currency rates. You can expect that the list
and street prices described will have changed by the time you read this.
We hope, however, that providing typical prices will give you a relative
basis for comparing the various units.

Sony Spressa Professional (SCSI) CRX140S/C

As one of the originators of the compact disc format, Sony has also been
an active player in the market and their recording gear is consistently
well conceived and executed. The CRZ140S/C is an internal CD-RW
drive upgrade kit that uses a SCSI interface and offers 8x recording
speeds for CD-R media. As a reader, this unit can handle 32x rates and it
can also record to CD-RW at 4x speeds. It requires an open 5.25-inch
drive bay, a SCSI host adapter, and, at a minimum, a Pentium 233MHz PC
with 32MB RAM.

Quick Specs
Table 2: Sony Spressa Professional specifications
Parameter Value
Interface SCSI-2 (single-ended)
Buffer size 2 Megabytes

mats

Applicable for- CD-ROM, CD-R, CD-RVy, CD Video, CD-DA,VideoCD,

CD-ROM XA (Mode 2, Form | & 2), PhotoCD, CD-
Bridge

mats

Recording for- CD-R, CD-RW
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Table 2: Sony Spressa Professional specifications

Parameter Value
Recording Disc-at-Once, Track-at-Once, Multisession, Fixed and
method variable packet writing

Average seek
time

|50 milliseconds

Burst transfer
rate

Synchronous: |OMB per second; Asynchronous: 5SMB per
second

Sustained data
transfer rate

4,800KB per second 32X reading CAV; |,200 KB per sec-
ond, 8x CD-R write/read; 600KB per second, 4x CD-RW
write/read.

Capacity

650 Megabytes

Loading mecha-

Motorized tray

nism

HP SureStore CD-Writer Plus M820e

Hewlett Packard’s entry into the recordable CD marketplace was a cause
for celebration by many of those involved in this industry. HP’s reputa-
tion for quality, reliability, and design excellence has helped gain broad
acceptance for CD-R technology in the marketplace. HP has also entered
into partnering agreements with a number of other companies to pro-
vide unique combinations of matched hardware and software for special-
ized uses.

The HP CD-Writer Plus M820e is a very small, highly portable CD-RW
drive designed to connect to the PC Card slot of a laptop computer.
Weighing less than a pound, the M820e is actually less than an inch thick
and could make an ideal companion to your traveling PC for creating
presentations on the road or generating custom CD one-offs containing
marketing literature, databases, large PowerPoint files, or similar kinds of
material suited for the capacities of CD-ROM.

The M820e diminutive dimensions don’t restrict its performance. It can
perform write operations at 4x speed and read discs at 20x, extremely
respectable performance for such a small package. As a backup device
for your laptop or a nifty data distribution tool, the M820e combines the
best features of CD-RW in a package that tucks neatly into a briefcase.
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With the solid support of HP and a respectable feature set, the SureStore
CD-Writer M820e should satisty the requirements of CD-ROM develop-
ers, audio recordists, and corporate users.

Quick Specs
Table 3: HP CD-Writer M820e specifications
Parameter Value
Interface PC Card Type-Il (PCMCIA) or, optionally, SCSI-2
Buffer size 2 Megabytes
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Applicable for-
mats

CD-ROM, CD-R, CD-RW, CD Video, CD-DA,VideoCD,
CD-ROM XA (Mode 2, Form | & 2), PhotoCD, CD-
Bridge

Recording media

CD-R, CD-RW

Recording Disc-at-Once, Track-at-Once, Multisession, Incremental
method packet writing

Logical record- UDF and ISO-9660

ing format

Encoding EFM

method

Average seek
time

150 milliseconds (one-third stroke)

Burst transfer
rate (min.)

Synchronous: |OMB per second; Asynchronous: 5MB per
second

Sustained data
transfer rate

3,000 - 1,500KB per second, 20x CD-ROM read; 600 KB
per second, 4x CD-R write/read; 300KB per second, 2x
CD-RW write/read.

Capacity

650 Megabytes

Loading mecha-
nism

Motorized tray
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APS DVD-RAM External SCSI Drive

Specializing in storage equipment of all types, APS Tech offers an

extremely wide selection of CD recorders, tape drive units, high-capacity

hard disk drives, and similar kinds of equipment. Quick to introduce

equipment whenever new storage devices begin to appear in the market,

their DVD-RAM drive offers good value in an emerging market niche.

As with other drives of this type, the DVD-RAM can store up to 5.2GB on

double-sided media, using cartridge-based discs. When reading CD-
ROMs, the drive is equivalent to a 20x CD-ROM drive. When writing

recordable media, the recording speed is 2x.

Quick Specs
Table 4: APS DVD-RAM specifications
Parameter Value
Interface SCSI-2, Fast SCSI
Buffer size | Megabyte

Applicable for-
mats

CD-ROM, CD-R, CD-RVY, CD Video, CD-DA,VideoCD,
DVD ROM, DVD-Video, PD Cartridge, DVD-RAM

Recording for-
mats

DVD-RAM, PD cartridge

Average seek
time

95 milliseconds

Burst transfer
rate

Synchronous: |OMB per second; Asynchronous: 5SMB per
second

Sustained data
transfer rate

DVD-RAM: .385MBps; DVD-ROM: 2.770MBps; CD-
ROM: up to 3.0MBps; PD cartridge: |.141MBps

Capacity

5.2 Gigabytes

Speeds

2x20

APS CD-RW 8x4x32 FireWire

This APS unit is one of the first to adopt the IEEE-1394 FireWire inter-
face in a disc recorder. FireWire supports speedy data transfers as well as
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providing hot swapping of units. FireWire interfaces and I/O boards are
now appearing on PC computers, as well as Macintosh equipment, so
users on both platforms can take advantage of this flexible interface
option.

Quick Specs
Table 5: APS CD-RW 8x4x32 FireWire specifications
Parameter Value
Interface |EEE-1394 FireWire
Buffer size | Megabyte

Applicable for-
mats

CD-ROM, CD-R, CD-RVY, CD Video, CD-DA,VideoCD,

Recording for-
mats

CD-R, CD-RW

Recording
modes

Disc-at-Once, Session-at-Once, Track-at-Once, Fixed and
variable packet writing, Multisession

Average seek
time

95 milliseconds

Capacity

680 Megabytes

Speeds

8x CD-R; 4x CD-RW; 32x read speed

Yamaha CRW6416sxz External CD-RW Drive
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First on the block many years ago with a quad-speed recorder (with the
venerable Yamaha CDE100 II), Yamaha consistently rates near the top of
the pack with reliable, high-performance CD-R and CD-RW recording
equipment. The CRW6416sxz uses the SCSI-2 interface and includes soft-
ware for both Windows and Macintosh applications. With the 6x record-
ing speed for CD-Rs, this tray-loading Yamaha drive can burn a CD in
approximately 12 minutes. CD-RW write operations can be carried out at
a healthy 4x speed. The 2MB onboard data buffer ensures uninterrupted
recording under a wide variety of conditions.

The bundled recording software includes Easy CD Creator for Windows
users and Adaptec Toast for Macintosh folks. A version of Adaptec
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DirectCD for packet writing operations is also included for both Windows
and Mac users. Additional software includes Adobe PhotoDeluxe, Adobe
PageMill, a clip art library, Graphic View 32, a poster and sign making
program, and software for generating jewel case inserts.

Quick Specs
Table 6:Yamaha CRW6416sxz CD-RW Drive specifications
Parameter Value
Interface SCSI-2
Buffer size 2 Megabyte
Applicable for- CD-DA, CD-ROM, CD-R, CD-RVy, CD Video, CD-
mats ROM-XA,VideoCD, PhotoCD, CD-|, CD-Extra
Recording 6x, 4%, Ix
speeds
Access speed | 60 milliseconds
Capacity 680 Megabytes
Read speeds 1 6x, 10x, 6%, 4%, 2%, IX

ReWrite speeds | 4x (requires 4x capable media), 2x

Disc loading Tray

Media CD-R Orange Book Part Il; CD-RW: Orange Book Part
Il

Max. data trans- | 2400KB per second

fer rate
Recording Disc-at-Once, Session-at-Once, Track-at-Once, Fixed and
modes variable packet writing, Multisession

139



Chapter 5

Young Minds, Inc. CD Studio and DVD Studio

CD Studio
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Young Minds, Inc. provides turnkey solutions to CD-R and DVD-R record-
ing, specializing in UNIX applications and network capable recording
systems. Their founder, Andrew Young, earned his stripes as the author
of the Rock Ridge Interchange protocol, which extended the capabilities
of ISO 9660 to include discs designed to run under UNIX.

Young Minds uses existing hardware as a springboard to systems develop-
ment, adding additional value in the form of software innovations and
integration of components into smoothly operating systems. Their CD
Studio is a full desktop CD-ROM production system that runs under a
variety of operating systems, including Windows NT and UNIX. You can
select a recorder that fits your budget and your requirements.

Young Minds’ approach to CD recording also includes network capabili-
ties. Their premastering software, MakeDisc, operates as a background
process, letting you launch a recording from anywhere on the network
without consideration for where the actual files reside. The application
locates and assembles the files and then performs the recording of the
compact disc without any need for devoting a dedicated workstation to
the task.

Since they started in 1989, Young Minds has focused on UNIX as their
operating system of choice, and, in some specialized environments, their
solutions are the most flexible and practical for the UNIX platform.

Young Minds also offers a unique approach to the data security issue by
incorporating an NSA-approved SCSI media encryptor into their
enhanced product, Secure CD Studio. You have the option of creating
fully encrypted, partially encrypted, or unencrypted discs. Classified
material encrypted on a CD-ROM is considered unclassified for shipment
and distribution, allowing top secret material to be distributed with the
convenience and advantages of the CD-ROM media.

The UNIX development expertise of Young Minds proved useful in their
recording support for UNIX/POSIX file systems. ISO 9660 places serious
restrictions on file naming and directory organization, restrictions that
are particular impediments to UNIX systems which traditionally present
robust and complex organizational frameworks. The Rock Ridge exten-
sions encompass ISO 9660 standards while still providing access to
UNIX/POSIX information, but Young Minds implementation offers sev-
eral different choices to UNIX developers. CD Studio produces discs
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Guidelines for Hardware Installation

using the native UNIX file system (UFS), ISO 9660 for full cross-platform
compatibility, ISO 9660 with translation tables (giving UNIX functional-
ity without requiring Rock Ridge drivers), and ISO 9660/Rock Ridge
(which does require UNIX drivers). With this range of choices, the UNIX
CD-ROM developer can choose between maximum cross-platform com-
patibility or native UNIX support (or several positions in between). If
your CD-ROM development plans are strongly positioned towards UNIX
delivery, CD Studio may be your mastering package of choice.

DVD Studio extends Young Minds’ turnkey approach to systems design
into the realm of DVD-R. DVD Studio provides the hardware and soft-
ware for creating DVD-ROMs, including a DVD-R drive that can be
installed as a network accessible device.

The MakeDisc for DVD premastering software relies on a Java interface
to set up the disc file structure in preparation for recording, or you can
use a command-line interface to direct operations in batch mode. DVD
images are tested and verified by an intelligent controller without imped-
ing the very high throughput rate realized by this system. The system can
be extended to include a CD-R recorder to complement the DVD-R
recorder, providing the capability to take advantage of CD-R’s low media
costs whenever appropriate.

DVD Studio can create fully cross-platform compatible DVD discs from
your choice of platforms: UNIX as implemented by Sun, Linux, IBM, HP,
and Digital, or Windows NT 4.x. The system is designed to be completely
scalable and easily upgradable as production needs or network require-
ments increase.

Guidelines for Hardware Installation

While installation procedures will differ to some degree for each of the
disc recorders, the following general guidelines may help you avoid prob-
lems during the installation of your disc recording equipment.

* Many disc recorders include an external chassis grounding screw.
You should run a wire from this screw to the chassis of your com-
puter (you can often connect it to one of the screws that secures
the computer case to the frame). Secure grounding can prevent a
number of signal level problems that may affect your recording.

e If using a SCSI recorder, keep the total SCSI bus length less than
10 feet, if the chain contains all external drives (including both

141



Chapter 5

142

hard disk drives and CD recorders). Some SCSI experts recom-
mend that you don’t mix internal and external drives on the same
host adapter. Others recommend that if you do mix external and
internal drives that you keep the total SCSI bus length less than 7
feet. This is more conservative than the actual specification, but it
may reduce the chances of running into perplexing SCSI prob-
lems.

Use active termination on both ends of your SCSI chain. Active
termination ensures that the signals along the SCSI bus will be
balanced and stay within acceptable amplitude levels (ensuring
data integrity throughout the bus). Active terminators are built
into many newer drives or can be added as a terminator plug
(available from companies such as APS Technologies at
www.apstech.com).

Avoid having extraneous devices on the SCSI bus, such as scan-
ners or printers. These devices can often introduce signals onto
the bus any time they are powered on even if inactive. Any errone-
ous data that appears on the SCSI bus can potentially disrupt the
recording process, which, of course, can ruin the media being
recorded.

Disconnect network interface cards in the CD recorder host com-
puter prior to recording and disable their network drivers. Net-
work activity in the midst of a recording can cause problems
(unless you’re running applications that are designed specifically
to perform recording operations in the network environment.

Disable or disconnect fax/modem boards installed in your com-
puter that may be set up to respond to incoming faxes or commu-
nications from other computers. If the host computer tries to
respond to modem communications while recording a CD, it will
probably ruin the recording.

Disable any TSR applications running on your host computer
before starting to record a CD. Screen savers, timers, alarms from
personal manager programs, and similar memory-resident appli-
cations can disrupt a recording operation if they are active.

Once your hardware is installed, you can generally test its proper
operation by inserting blank media and performing a “test” write
operation (which moves the laser record head and simulates the
data transfer to see if the equipment and host computer can suc-
cessfully write to disc). If the test operation doesn’t work at all or
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the CD recorder application cannot identify the attached
recorder, you need to recheck each aspect of the hardware instal-
lation (power, cabling, driver installation). If the test write opera-
tion can be performed at 2x speed but not at 4x speed, you may
need to consider performance improvements to your host com-
puter (simplifying the system configuration or adding a faster
hard disk drive).

¢ Keep in mind that if you plan to perform audio recording using
the Red Book standard, data transfer rates must be slightly higher
than when performing data recording. This is because Red Book
audio adds fewer correction codes to the data stream (something
normally done by the recorder firmware just prior to writing) and
therefore must keep more data moving along through the inter-
face. For example, at 1x recording rates, the required data trans-
fer rate for computer data is 150KB per second; audio data
transfer rates must be 172KB per second. At 2x recording rates,
the audio data transfer rates must be 344KB per second, as com-
pared to 300KB per second for computer data. If you’re doing
audio recording, your system performance must be more finely
tuned.

From Hardware to Software

Once your hardware is successfully installed, you can turn your attention
to selecting a premastering application to use with your disc recorder.
You may have already received some type of application with the
recorder; the question is: does it have the features necessary to accom-
plish the kinds of disc recording in which you are interested? Low-end
products can serve for file archiving and distribution, but usually deliber-
ately hide disc formatting and file system controls from the user. Higher
end applications require a greater degree of knowledge about the place-
ment of files, the implementation of each of the different CD-ROM for-
mats, and other standards considerations. The next chapter discusses the
major software applications available for recording CDs and the benefits
and tradeoffs associated with different approaches.
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Premastering is the act of selecting and structuring files in preparation for
creating an optical disc. A premastering software application supports
this creation process and typically produces a physical image or virtual
image of the file structure and associated formatting, which can be saved
to hard disk, tape, or a recordable optical disc. The term premastering,
however, suggests that a disc or other media is being prepared for mass
replication (as a preliminary step to creating a glass master). In reality,
many discs are produced in small quantities on CD-R or DVD-R equip-
ment for independent distribution, without any consideration of volume
replication. This chapter uses the term disc recording software, referring
broadly to those software applications that control current generation
CD and DVD recorders. You will sometimes see these programs referred
to as premastering applications in other references. The terms are used
interchangeably in this chapter.

Unless you own one of the standalone disc recorders, with its simple con-
trols and small LCD interface, the disc recorder application will typically
be running on a host computer to which the disc recorder is connected.
Some network applications also allow individual workstations to select
files and initiate disc recording operations. This chapter examines the
different kinds of software applications that let you create optical discs,
provides some examples of these programs, and offers some guidelines
for evaluating and selecting an appropriate application for your uses.
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Evolution of Recorder Software

Early Travails
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Recordable-CD software applications had a rocky start—plagued by unre-
liability, confusing interfaces, limited hardware support, and other prob-
lems—but most of the software producers have learned from the
experience. Recorder software shipped with current generation CD-R or
recordable DVD equipment (or purchased separately) shows significantly
improved design. The more technical aspects of the disc recording pro-
cess are concealed beneath a drag-and-drop veneer. Often, even profes-
sional-caliber applications submerge the more involved control settings
and format options at deeper levels of the application, where they are
accessible if needed, but out of the way if they are not.

These days, premastering applications rarely cause major system conflicts
and crashes. CDs or DVDs can usually be burned successfully on the first
attempt. Most programs also include wizards to guide you through the
file selection and formatting process. As a part of this process, the wizard
will often run a complete performance test on both your system and your
disc recorder to ensure that uninterrupted recording can take place with-
out data throughput problems. If problems are encountered during the
test recording, the wizard often prompts you with a recommendation to
resolve the difficulty. For example, if the wizard detects that a screen
saver is active on the host computer, it may prompt you to disable the
screen saver before proceeding with the operation. This kind of practical
feedback eliminates many of the difficulties often associated with disc
recording, particularly with novices who are burning their first discs.

Today’s situation is very different from the trials faced by early adopters
of CD recording technology. Typically, after you added a CD recorder to
your system and installed the recorder software, you could expect to
spend days reconfiguring the system to optimize performance, trouble-
shooting to eliminate recording glitches, or debugging endless driver
problems. Macintosh users generally fared better in terms of consistency
and reliability when recording CDs than did Windows 3.X users. Fortu-
nately, Windows 95 helped resolve many problems, primarily by provid-
ing more stable memory management and better integration and
handling of system components. The operating system architecture
established under Windows 95 was better suited to maintain the data
transfer rates necessary to keep a CD recorder buffer from emptying.
One feature in particular, preemptive multitasking, ensures that unless
you’re concurrently running two or three demanding applications, there
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is little likelihood of normal system operations stealing vital processor
cycles and interrupting the data stream en route to the CD recorder.

With support for multithreaded 1/0, data transfers flow uninterrupted
while CD recording is taking place. Windows 98 refined these techniques
further, and Windows 2000 promises to offer the most stable CD record-
ing environment yet. The larger percentage of the software for CD pre-
mastering continues to be produced for the Windows platform, but
Macintosh, UNIX, and Linux users also have a reasonable number of
applications from which to select.

Development Platforms

Also noteworthy is the fact that the Macintosh continues to be well repre-
sented in the DVD marketplace with many tools for both producing
DVD-Video and DVD-ROM content. The stability and high performance
of the Mac architecture based on the G4 microprocessor, the first micro-
processor with a performance level worthy of the label supercomputer, has
furthered the Macintosh presence in the important developer market-
place. While the creative community still bears a strong allegiance to the
Macintosh, a number of high-end DVD authoring packages have been
optimized for Intel architecture and operation under Windows NT.

The clearcut selection of one of these platforms over the other for con-
tent creation and premastering is not so easy. Game development, broad-
cast quality 3D animation, digital video production, and similar tasks
have fostered the design of many fine production tools, some of which
are more clearly associated with the Mac, others which have been specifi-
cally designed for the Windows platform. In the end, most developers will
choose and work with the tools that run on the platform with which they
are most comfortable (or that offers them a profit advantage). With the
speed at which advances and changes take place in the computer indus-
try, it generally doesn’t pay to predict what tools and technologies will
prevail in the marketplace. By the time this book reaches bookstores,
BeOS may be the dominant platform.

For many different types of specialized applications, recordable CD mod-
ules are being embedded into other types of applications. Particularly in
vertical applications such as medical imaging and database storage, the
perplexities of CD formats are made transparent to the end user. As the
last step in using the application, you can often burn a set of files to disc.
Typically, the software producers who adopt this approach license the
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CD-recordable module from one of the major CD software developers, so
these add-on modules are usually very reliable and bug-free.

DVD premastering applications have built on the successes of CD record-
ing development, but the range of programs and the complexity of the
recording process have made this technology less accessible than CD
recording. Steep entry prices for professional-caliber applications have
also created a barrier for those interested in becoming involved in title
development. Some of the commonly used programs are discussed at the
end of this chapter.

All'in all, this chapter surveys the different types of recorder applications
and itemizes the important features to look for when purchasing this type
of software. I've also tried to provide an arm-chair view of common activi-
ties that are encountered when you are running these programs. This
will, hopefully, provide a sense of how the typical interface is designed
and the types of decisions that you need to make when preparing to cre-
ate a disc.

While the ever-changing nature of this marketplace makes it impossible
to provide exhaustive coverage of the software packages available, you
should get some valuable insights as to the types of programs that are
available and what you need to know to use these programs. The
CD-ROM included with the book features trial versions of a number of
disc recorder applications; you can explore the interfaces of these pro-
grams and try burning some discs from your own computer. If you don’t
yet have a CD or DVD recorder, many of these applications let you create
an image file on disk for later transfer to a replication facility. You can
also simply save a file to later burn a disc when you do have the necessary
equipment.

Terminology of Recording Software

148

Some of the terms associated with CD and DVD recording tend to create
doubt in the end user’s mind about what process is actually taking place.
What is the difference between premastering and authoring? Is burning
a disc different than pressing a disc?

Essentially, a premastering application is a piece of software designed to
produce a set of files formatted to create a CD-ROM or DVD-ROM. The
files themselves may be outputted to DLT tape, a CD one-off, or a DVD-
ROM, but the key characteristic is that these files are structured in a for-
mat appropriate for producing an industrial master in preparation for
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replication. Despite the fact that many CD-ROMs and DVD-ROMs will be
produced for distribution with no intention of replicating hundreds or
thousands of discs, the nature of the premastering or disc recorder soft-
ware ensures that the formatted disc meets the requirements to be played
back on whatever platforms have been selected.

Authoring is the act of preparing files and designing content in one of
many digital formats for playback on one or more computer platforms.
For example, you might use Macromedia Director to author QuickTime
content for playback under the MacOS or Windows 2000. The sum total
of the files containing this authored content can then be transferred to
optical disc using a premastering or disc recorder application.

The term burning a disc is generally applied to the physical process of
writing to a recordable disc using a disc recorder. The laser essentially
burns a pattern into the dye layer of the recordable media. The discs
used are recordable media, such as CD-R or DVD-R discs.

Pressing a disc, on the other hand, typically refers the replication process
where manufacturers uses stampers to impress a data image into molten
plastic. Although a laser is used to create a glass master from which the
stampers are produced, the actual manufacturing process does not
employ lasers.

Types of Disc Recorder Applications

The currently available disc recorder software products fall into four
basic categories, generally sorted as to their intended use. As you might
expect, some of the categories overlap in different products.

¢ Backup and archiving utilities: provide a means to store large vol-
umes of data for short-term or long-term archiving where random
access is an advantage. This includes many typical business
archiving operations, as well as individual backup requirements.

* Basic disc recording tools: support the creation of basic optical
disc formats, such as audio CDs, Yellow Book CD-ROMs, or DVD-
Video discs. Generally designed for less experienced users, these
tools often simplify the file selection and formatting process and
include wizards to guide novices through fundamental tasks.

* Professional premastering applications: support the full range of
disc formats for all applications, including specialized formats for
limited or vertical markets. Professional-caliber applications pro-
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vide access to the lower level details of each format, allowing
developers to control and define each individual element, if nec-
essary.

¢ Disc recording components: provide a disc-recording add-on to a
specific kind of application, such as an MP3 music player that sup-
ports the creation of recordable discs if a CD-R unit is available.
Specialized components, such as medical imaging software with
disc recording capabilities, are also included in this category.

Backup and Archiving

Disc recorder applications designed for ease of use generally hide under-
lying formatting details from the user. The goal is typically to make the
disc recorder just another device identified by drive letter or name to
which files can be transparently copied. Network variations on this theme
include products such as SmartCD from Smart Storage, Inc. that extend
the file drag-and-drop approach to CD-R jukeboxes installed on the net-
work. Some products, such as Adaptec’s DirectCD, offer CD-R access
from any application, so that the user can write files to disc through the
Save command in the application being run. Often, both CD-R and
CD-RW media are supported. Other applications in this category are sim-
ple backup tools that copy files to a recordable disc and maintain a his-
tory of file operations.

Using non-erasable CD-R discs for backup and archiving provides a guar-
anteed file history or audit trail, an especially important characteristic for
many types of organizations that could be put at risk losing data from
erasable media. Although the applications often provide the illusion that
a file is being deleted (removing it from view in a displayed directory),
the earlier version of the file will still be on the CD, but its pointer will be
removed.

Examples of programs in this category include Backup NOW! by New-
Tech Infosystems, Inc. and Adaptec DirectCD.

Basic Disc Recording Tools

150

Applications in this category provide simple premastering capabilities,
including the necessary tools to create CD or DVD one-offs, which are
single discs that can serve to create masters for replication. For example,
a typical program such as Adaptec’s Easy CD Creator 4 supports a range
of the CD-ROM formats, including creation of Audio CDs, Mixed Mode
discs, CD-ROM XA, and hybrid discs for individual platforms.
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Some control of disc geography (physical placement of files on the CD)
is sometimes included as a part of this type of product, although this fea-
ture is becoming less common— higher performance playback on 8x to
12x CD-ROM drives makes precise file placement less of a concern.
Examples of products in this category are: HotBurn by Asimware Innova-
tions, Inc., DVDit! by Sonic Solutions, Toast DVD by Adaptec, and
WinOnCD by Adaptec, Inc.

These mid-range applications are suitable for inhouse preparation of
multimedia training materials, all forms of corporate electronic publish-
ing (portable document format files, infobases, technical support librar-
ies, and so on), as well as personal applications (creating PhotoCD family
histories, recording original music for demo or promotional purposes,
archiving research material from the Internet). Many of them do have
the necessary features to produce master CDs or DVDs to submit for
large-scale replication, although if this is an important consideration for
you, read the fine print in the features list carefully, particularly the disc
formats supported.

Professional-Caliber Applications

Applications designed for professional use provide the most control over
disc formatting, with full control of disc geography and support for all of
the standard and many of the less common CD-ROM or DVD formats.
The most versatile products in this category can produce disc images for
any type of disc, regardless of platform, including some of the lesser-used
game formats, Enhanced CDs, and other less commonly used formats.
Professional-caliber applications should be able to handle any format or
specialized use that you require. Two examples of programs in this cate-
gory are: GEAR PRO DVD from Command.com Software and Buzzsaw
4.0 by ISOMEDIA, Inc.

Obviously, the primary uses in this category will be producing master
discs for replication or high-volume distribution. Some applications are
not sufficiently precise when handling the low-level details of CD-ROM or
DVD formats. Non-standard disc one-offs, not suitable for replication
masters, can be produced by low-level deviations in link block handling,
certain obscure multisession constructions, and the inability to manage
Disc-at-Once recording to those disc recorders that support it. If an appli-
cation cannot produce discs to be used at a replicator to cut a glass mas-
ter, it does not fit into the category of professional applications.
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At a minimum, a professional-caliber application should be able to pro-
duce a disc usable as a master, but, ideally, it should be able to handle all
of the industry recognized CD-ROM or DVD formats.

Disc Recording Components

This is a fairly recent category borne out of a wave of applications
designed to produce electronic publications, infobases, or data collec-
tions accessible through search engines. Often the final step in the publi-
cation process is to output the data files to CD-R, so these applications
include the required software module to seamlessly handle the process.
The electronic publications also may be designed for World Wide Web or
intranet distribution; some of these applications have facilities to simplify
the creation and maintenance of links with Web sites directly from the
CD-ROM.

The primary application in this instance is generally the creation of cor-
poration information databases, infobases, or portable document format
libraries. An example of a product that uses this approach is Sonic
Foundry’s Siren, which allows CDs to be burned from downloaded audio
content.

Bundled CD Recorder Applications

Disc recorder applications are commonly bundled with CD and DVD
recorders, particularly by value-added resellers who are integrating com-
ponents from other manufacturers. Smart and Friendly, Inc. is one com-
pany that integrates high quality hardware and software—such as
recorders from Sony and software from Adaptec and Macromedia—and
offers it to consumers at value prices.

This approach is almost universal throughout the industry. It is unusual
to find disc recorders that are sold without any kind of supporting soft-
ware application. Another benefit of having the software applications
included as part of a product bundle is that you have some assurance that
the hardware and software will work well together. This is not always the
case if you purchase the hardware and software separately, although soft-
ware compatibility with a wide range of recorders is more common than
in the past. As a general rule, the larger software producers, such as
Adaptec, will have more complete support for the full range of recorders
simply before they have more resources for development and testing. If
purchasing a disc recording application from one of the smaller software
producers, check first to be sure that it supports your disc recording
equipment.
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If your intended applications are not too rigorous, bundled applications
may comfortably satisfy your requirements, but rarely are the high-end
professional-caliber applications included in bundles. If you have a clear
sense of your objectives in recording and know which of the CD-ROM or
DVD formats you want to be able to create, these factors will help guide
your selection of an appropriate disc recording application.

Disc Recording Software Features

How much control do you need over the creation of disc formats? If you
know what you’re doing, you can create discs that full advantage of the
most advantageous characteristics of the media. For example, you can
create hybrid discs that allow Macintosh or UNIX users to use the full
capabilities of their native file systems, without the confining restrictions
of ISO 9660, but also allow full file access to Windows 2000 users, as well.
You can fine tune the performance of a multimedia CD-ROM title by
tweaking the positions of the files on disc in relation to their importance
in running the application, placing the critical files near the center of the
disc. You can create specialized discs in some of the lesser used formats,
such as Video CD, Enhanced CD, or CD-I. Newer packages, such as Com-
mand.com’s developer-oriented Gear DVD Pro, also include support for
emerging formats, such as DVD.

To get the widest possible range of support for CD and DVD formats, you
generally need to invest in one of the high-end, professional-caliber
applications. These packages usually range in price from around $250 to
upwards of $1000. You can often achieve similar results while sacrificing
some features and flexibility with a mid-range applications, which start at
about $50 and range up to $250.

On the other hand, if optimizing playback performance of the CD-ROMs
you burn is not important, and the only file system you care about is ISO
9660 (the universal system that offers platform independence), many
inexpensive applications will let you freely copy files to recordable CD or
DVD media for archiving, storage, or distribution. Some of these applica-
tions have overcome the costly overhead usually associated with multises-
sion recording (which can be as much as 9MB of overhead per recorded
session). Such approaches, including the several different techniques
clustered under the title “packet writing,” permit files to be copied to CD
in smaller batches, either fixed or variable sizes.

For business uses where the emphasis is on simplified, high-volume data
distribution, applications that focus on backup and storage are often
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ideal for workgroup use. Possible applications include the archival stor-
age of high-resolution graphics files or digital audio files, periodic
backup of workgroup member data on networks, and near-line storage of
research material collected from the Web or other digital sources. Since
CD-ROMs and DVD-ROMs offer random access to stored data, unlike lin-
ear tape backup systems, this method of storage and archiving can be
much more convenient than any tape-based system. Optical discs also
have about 20 times the lifespan of the typical magnetic tape cartridge, so
if long-term storage of data is required, CD-ROMs and DVD-ROMs win
hands down over any form of magnetic media.

If your requirements involve support for disc-recording towers or auto-
loaders, the supporting applications tend to be more expensive and
more complex. At the highest level of complexity are applications that
both support network access to recording equipment and offer compati-
bility with Towers and Autoloaders. Packages such as ISOMEDIA’s
Buzzsaw and some of the software packages from SmartStorage fit into
this category.

Getting the Most Benefit from Recorder Software

154

Rarely are recorder applications married to a particular piece of hard-
ware. More commonly, each application is capable of supporting a range
of equipment, sometimes extending beyond simple recorder support to
include DLT drives, DAT, and other forms of media. For applications
where you are creating masters for replication, access to some of these
popular tape formats can be useful in certain situations. Because new
recorders are frequently being introduced, most software manufacturers
provide a means of updating the drivers that operate with their product
to allow customers to gain the benefits of the newest equipment on the
market, without having to release a new version of the software.

Hardware capabilities also vary and it makes sense to ensure that the soft-
ware you purchase supports most of the features offered by your hard-
ware. Professional-caliber software generally supports the widest range of
hardware features, allowing developers to control every aspect of the for-
matting and exercise every disc option available.

For example, you may have a software application that can perform
packet writing, but unless the connected CD recorder includes support
for incremental packet writing, the feature is useless. Similarly, to consis-
tently produce audio CDs that are probably formatted for submission to a
replication service, both the CD recorder and the CD-R software must be
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capable of performing Disc-at-Once recording. While almost all CD-R
applications support Disc-at-Once recording, the feature cannot be used
unless the hardware also can handle this method of recording. You can
sometimes circumvent the limitations of earlier hardware by performing
a firmware upgrade of the equipment (either by inserting an upgraded
ROM chip into the recorder or transferring the firmware upgrade
directly into recorder’s Flash ROM—which is supported on some recent
recorders). Many of the CD recorder manufacturers include extensive
information about available upgrade paths on their Web sites.

When evaluating the purchase of a disc recording application, keep this
factor in mind: Any high-end features that are beyond the capabilities of
your disc recording equipment won’t do you any good, and you’ll most
likely pay more for the kinds of applications that offer these extra fea-
tures.

This section discusses and describes the features common to different
disc recording applications.

Interface Considerations

A well-designed interface can contribute greatly to productivity when
working with a disc recording application. Learning the program initially
is much easier if the interface makes sense and the program makes the
most commonly needed features easily accessible. Less-needed features
should be placed where they can be quickly found, but they intrude on
the interface.

Since a large part of the disc-recording process consists of selecting and
organizing files, many applications rely on interfaces modeled after the
Windows 98 Explorer. File selections are typically made from a collaps-
ible directory tree. This approach usually uses a pair of windows—one
representing the disc image and the other showing the system resources
through a directory tree view, often actually using File Manager or
Explorer as the vehicle for locating and selecting files and directories.
Using drag-and-drop techniques, files are selected and copied to the CD
image window. This technique best fits a model where the primary goal is
data distribution and placement of files geographically on the disc is less
critical.

Other disc recording programs support file selection through a browse-

and-click techniques, where you navigate through your system resources
and select items to add to a list composing the CD image. Some software
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builds the disc image geography based on the order that you select indi-
vidual files and directories (usually placing the files selected first closest
to the center of the disc where they can be most rapidly accessed during
playback). In some cases, you can drop down to the sector level and spec-
ify precisely the physical arrangement of the files on the recordable disc.
Other interface approaches exist as well. The simplest is based on setting
up the disc recorder as a drive letter (or by name in Macintosh environ-
ments). You transfer files to disc by copying them as you would to a hard
disk drive. The best interfaces combine simple access to the disc recorder
on one level, but also offer the capability of dropping to a lower level and
performing placement of data very precisely.

Progress gauges and visual displays of disc organization are included in
many applications. For example, Adaptec’s Easy-CD Creator includes a
capacity bar graph at the bottom of the display that shows the percentage
of CD-ROM space consumed by files you have selected during premaster-
ing. When the bar graph reaches the top, you’ve reached the capacity of
the CD-ROM (so it’s time to stop adding files to the image).

Demos of CD recorder applications can help you decide if the look-and-
feel of a program suits your tastes and requirements. Since everyone’s
tastes are different, an interface that pleases one user might be totally
inappropriate for another user. Professionals may be annoyed by novice-
level features that can’t be hidden or wizards that can’t be easily turned
off.

To help you evaluate the differences in look-and-feel between applica-
tions, we have included trial versions of several different disc recorder
applications with this book. If you haven’t yet purchased a disc recording
program, or you’re looking for a replacement for your bundled disc
recording software, we strongly encourage you to sample these applica-
tions.

File Format Support
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CD-ROMs have their own file system, ISO 9660, designed to facilitate
exchange of data in a platform-independent way. You would have to do
some heavy duty searching to find a CD recorder application lacking sup-
port for ISO 9660. Only applications created prior to the adoption of ISO
9660 in 1987 are likely to be deficient in this area. The predecessor to
ISO 9660, the High Sierra file structure, is often included as an option in
CD recorders applications, even though the use of this file system is
essentially obsolete. We’re not exactly sure why manufacturer’s think it is
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important to give you the option of recording in an obsolete format, but
almost all of them do.

Beyond ISO 9660, many CD recorder applications include support for
native file systems, particularly those available in the Macintosh and
UNIX environments. Macintosh and UNIX users lose much of the flexi-
bility and power of their native file system when restricted to ISO 9660
conventions. For this reason, many of the CD recorder applications sup-
port different forms of hybrid discs that combine characteristics of two
different file systems while still permitting ISO 9660 data interchange.

In comparison, the various forms of DVD all use the UDF file system.
This simplifies the creation of DVD images, since the developer can con-
sistently rely on one file system to bridge all platforms and formats. The
UDF¥ file system is also used to support the incremental forms of record-
ing that are part of CD-RW. This provides a consistent and reliable means
of distributing files among all readers that support the MultiRead format;
CD-RW discs, however, cannot be used as masters when submitting files
for replication.

ISO 9660 includes three interchange levels. Level 1 is commonly used for
CD-ROMs that are targeted towards playback on all platforms because it
supports the lowest common denominator: playback on MS-DOS com-
puters. Software packages have various ways of ensuring that the files that
you move to an ISO 9660 fit into the strict naming conventions, limiting
the characters to A through Z (all uppercase) and the numerals 0
through 9. For variety, you can use the underscore character (_), but any
other characters (such as # or $ or &) are forbidden under ISO 9660.

The most common approach to this in software applications is to let you
choose to enforce or override the ISO 9660 restrictions. If you enforce
them, the program generally will display any files you have selected that
violate the convention and allow you to rename the file before you create
the disc image. Of course, some programs or routines on the CD-ROM
may be looking for a particular file and changing a single character may
cause that program to malfunction. Use care whenever renaming files to
meet ISO 9660 requirements. It’s generally better to modify your source
files (whether a database, multimedia application, HTML document, or
portable document format file) to comply with ISO 9660 than to try to
change names on the fly when preparing files for CD mastering. Over-
riding the file naming conventions is also an option if your intended
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audience does not include DOS computers (for example, Window95/
98/NT, UNIX, and Macintosh).

Ideally, a good software application should have an intelligent method
for screening filenames during mastering, offering you a reasonable solu-
tion to convert filenames, if necessary, and provide support for ISO 9660
Level 2 and Level 3, as well.

There are tradeoffs to creating hybrid discs and this approach is usually
taken only when the benefits for users to work with files in an accustomed
manner are compelling. For example, some approaches to creating
hybrid discs that include the Macintosh HFS file system divide the data
regions into two separate areas on a disc, one for the Macintosh and the
other for all other platforms. This approach effectively cuts the data stor-
age capacity of the disc in half, since many of the data files are dupli-
cated. However, certain software applications let you use longer
Macintosh filenames and create icons for files and still share the single
ISO 9660 data storage region. If maintaining a comfortable working envi-
ronment for Macintosh users is among your CD-ROM title development
goals, make sure you select a disc recording application that supports a
workable solution to multiple file systems.

Flexibility for implementing UNIX file structures in native and hybrid
forms is less widespread, although many CD recorder applications can
handle the Rock Ridge extensions, a set of rules governing creation of
ISO 9660 discs with more UNIX capabilities. Only applications designed
for use in the native UNIX environment, such as Young Minds CD Stu-
dio, seem to provide complete flexibility in this area. CD Studio supports
the creation of a variety of different hybrid discs with varying approaches
to the UNIX file structure, including full native support.

Because the CD-ROM serves as a great leveling medium and it effectively
breaks down barriers between different platforms so effectively, most
CD-ROMs are created in ISO 9660 format, allowing the widest possible
distribution. Many of the applications that also support DVD-ROM
recording let you create CD-ROMs on a CD-R drive so you can reach the
widest possible audience.

Recorder and Tape Support

The greatest disc recording application in the world is useless to you if it
doesn’t support the disc recorder that you plan to use. While there are
less than twenty disc recorder manufacturers competing in the market,
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some disc recording applications do not support the full range of record-
ers. As a general rule, those companies that have been actively develop-
ing software during the full period of recordable CD evolution have the
broadest support for hardware. Command.com with their GEAR software
includes support for almost every available disc recorder. Adaptec’s Easy-
CD Creator also includes a long list of supported hardware devices. More
recent software products may only offer support for the most common
recorders or most recently released recorders. Some specialized applica-
tions may be designed to only work with a few recorders.

Because there may be situations where you want to copy a premastered
disc image to tape, direct support for tape drives from within the disc
recording application can be very useful. Most replication facilities
accept incoming data on 8mm Exabyte tape or 4mm Digital Audio Tape.
Those replication facilities designed for DVD replication generally accept
Digital Linear Tape (DLT) for submissions.

Support for some of the earlier tape formats, such as 9-track and Quarter-
Inch Cartridge (QIC), also exists at some replication houses, but these
tape formats are rapidly being superseded by more modern Exabyte,
DLT, and DAT formats.

Support for interconnected tape drives varies from program to program.
If this feature is important to you, check carefully to ensure that your first
choice for a disc recording application offers this support.

Simulation features come in a couple of different varieties:
¢ Simulation of the disc recording process prior to actually burning
a disc

¢ Simulation of the performance of a CD-ROM or DVD-ROM title
from a stored physical image

Each of these processes is important in its own way, as explained in the
following two sections.

Recording Simulations

Almost all of the disc recording applications—with the exception of the

simplest backup programs—Iet you “test” the recording process prior to
burning a disc. The essential feature was born out of the ease with which
early CD-R systems destroyed media during the recording process. When
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the media costs were in the $12 to $20 range, you could easily burn up a
$100 in discs during a morning of failed recording. Simulation before
recording is also important in DVD-R recording, where media costs are
much higher than for CD-R.

To be effective, the simulation needs to actually access data from the
source storage media and transfer it across the SCSI bus (or other I/O
bus) to the disc recorder. The testing should also exercise the laser write
assembly as it would if recording was taking place. The realism of the test
stops at actually energizing the laser, so the process remains a simula-
tion—although you may see the red recording light illuminate on the
front of your disc recorder (if it has one), no bits are burned and no
media is altered.

The better disc recording applications can detect possible performance
problems that may interrupt your data recording and ruin the media.
These kinds of warnings can alert you to the fact you may need to further
optimize your system by setting up additional caching, connecting a
faster hard disk drive, or installing a dedicated SCSI host adapter for the
recorder.

Sometimes you can sidestep performance difficulties that are identified
during a simulation by recording from a physical CD image rather than
performing on-the-fly recording from a virtual image. In fact, if a record-
ing simulation fails on the first attempt, you should reduce the recording
speed from 8x to 4x or from 4x to 2x. If that attempt fails, try recording
from a disc image (a file recorded to your hard disk drive that contains
the exact contents of the disc ready for transfer). If neither of these tech-
niques improves matters, you probably have some fundamental problems
with your system setup that need to be corrected before you will be able
to record. Simulation is an excellent way for detecting these kinds of
problems without burning up a lot of recordable discs.

Performance Simulations
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To help you predict how your completed disc presentations and pro-
grams will perform when released, some disc recording applications also
let you run simulations from a hard disk drive directly from the physical
image in which the files are stored.

For this approach, the application generally lets you set up a virtual disc
driver that introduces the equivalent access delays that you would
encounter if you were transferring data from a pressed disc. Performance
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problems can be identified and perhaps corrected by repositioning files
in the disc recording application so they will appear closer to or further
from the center of the disc.

While simulation of this sort can only approximate real-world perfor-
mance, it can be a useful aid in refining the performance of a CD-ROM
or DVD-ROM title. Modern disc drives have reduced the need to go to
extreme measures to achieve satisfactory playback, so this type of simula-
tion becomes important primarily in cases where you’re trying to reach
the highest level of performance for a game or for database access or for
training simulations, including videos or similar materials. For routine
CD-R or DVD-R applications, the performance simulation is probably
overkill.

Simulation can also be an important tool for detecting logical errors that
exist within a CD-ROM image. One recurrent problem is caused by the
renaming of files during premastering to fit ISO 9660 conventions. If an
application or search engine used in a CD-ROM title requires a file of a
certain name for operation and that file has been renamed during con-
version to ISO 9660, the application may not run. It’s best to identify and
correct these kinds of errors before burning a disc. To avoid this kind of
error, when you’re creating an application, use ISO 9660 names during
development so that no conversions are necessary.

The task of running through the full contents of a CD-ROM image and
testing all the various permutations of hyper-link paths or file accesses
can be extremely time consuming and it can require a very methodical
approach to avoid missing potentially serious, disruptive errors. This fea-
ture can be a valuable testing and debugging aid for any CD-R or DVD-R
user; those software packages that support performance simulation will
reward you with smoother running, trouble-free discs if you take advan-
tage of this option.

Multisession Support

One of the handicaps of early CD recorders and applications was the
inability to record in any mode other than Disc-at-Once. A single-session
recording, even if it only transferred files that occupied a small percent-
age of the total storage capacity of the disc, closed the disc to any further
write operations. Users either had to save up files for storage and
archiving until they had enough to justify copying them to CD, or they
had to be content with storing lesser quantities of data.
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Ironically, as many manufacturers adopted support for multisession
recording, a contradictory problem arose. Hardware and software that
didn’t support Disc-at-Once recording could not produce CD-ROM mas-
ters that could be taken to a replication service and reliably deliver prop-
erly structured discs. Track-at-Once recording caused low-level link
information to be embedded in the data, ruining the one-off disc for rep-
lication purposes.

The trend now is for software and hardware packages to provide full mul-
tisession writing capabilities, including incremental write sessions using
packet writing, but also to be able to switch to Disc-at-Once recording
mode in order to support production of audio CD masters or other CD-
ROM formats intended for mass replication.

Multisession writing provides the ability to create a number of individual
sessions, recording each at separate periods of time, with the option of
fixating the disc when full. Fixating completes the recording process by
creating a single table of contents to access the files in individual sessions.
Fixating also makes the disc accessible to a standard CD-ROM drive,
allowing anyone to read it. Prior to fixating, only the CD recorder or
CD-ROM drives operating under specialized drivers can read the file
data.

Multisession support carries an overhead consisting of up to 20MB of
data to support the initial session and 9MB for each individual session.
Manufacturers have taken different approaches to handling session cre-
ation and linking, so the exact overhead varies from one implementation
to another.

Among the different approaches to multisession recording, you will find
each of the following.

Kodak Multisession
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Kodak’s approach to multisession recording, particularly as implemented
for the PhotoCD standard, has been adopted by other manufacturers as
well. One of the ideas behind this approach was to allow consumers to
bring in their photographic film for processing and to have the images
recorded to CD-R. While getting film processed onto CD-ROM has not
caught on quite as vigorously as Kodak had probably hoped, the tech-
nique is extremely valuable to graphic arts professionals and organiza-
tions that deal with massive numbers of images (such as NASA’s libraries
of photos from space explorations).
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Sometimes termed “last-session-first” recording, the PhotoCD recording
technique allowed Kodak to add images to a recordable CD in several dif-
ferent sessions. This allows the full capacity of the CD to be used instead
of closing it out after the first writing. As each new session is recorded,
the directory information from previous sessions is merged with the new
directory, making the CD appear as a single, cohesive unit. This approach
easily adapts to data as well as images. Kodak Multisession refers to direc-
tories constructed using ISO 9660 conventions and also implies CD-ROM
XA disc formatting. Hardware and software designed only to meet
Kodak’s definition of multisession often can not read CD-ROM Mode 1
multisession discs, as defined by Orange Book.

Hardware Multisession

From the perspective of many hardware manufacturers, recording a ses-
sion consists of writing one track or a group of tracks to disc at a time,
regardless of whether the data is presented in the ISO 9660 standard.
Each session consists of a Lead-In and Lead-Out area with the Open New
Program (ONP) bit set to indicate fixation. This definition is much
broader than the Kodak Multisession approach, but it still assumes that
new sessions have an awareness of earlier sessions.

ECMA 168

Members of the European Computer Manufacturers Association have
agreed on a set of guidelines defining a session as an integral file system
incorporating ISO 9660 and Orange Book conventions. Within these
guidelines, new sessions can be appended to a recordable CD in a stan-
dardized manner. This approach is fundamentally the same as the con-
ventions expressed by the Frankfurt Group. Both CD-ROM XA Mode 2
and CD-ROM Mode 1 disc formats are included.

Autonomous Multisession

Based on Orange Book standards, autonomous multisession recording
assumes that each session on a disc is isolated and independent from
every other session. There is no attempt to extend the directories in
more recent sessions to include the information in earlier sessions. This
approach has particular value in storage or archiving situations, where
the software accessing the CD-ROM recording over several sessions has
the necessary driver to jump from session to session to retrieve the data.
In most instances, discs recorded using this approach can’t be played
back in a standard CD-ROM drive without a separate specialized driver.
Typically, the first recorded session will be available, but none of the oth-
ers will be visible.
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Online Assistance

Using Wizards

To lessen the learning curve for disc recording applications, many of the
software companies have incorporated an abundance of online informa-
tion in the form of wizards, guides, and extensive online help. The better
implementations of this approach can have you recording discs within a
few minutes of firing up the application program, even if you don’t have
any previous experience with this type of media.

For example, Adaptec’s Easy CD Creator employs a Disc Wizard that is
automatically activated when the program starts. You progress through
the process by filling in the edit boxes in a succession of dialog boxes and
then selecting audio or data files to add to the CD. By the time you've
advanced through the steps presented by the Wizard, you're one button
press away from burning your first compact disc. Experienced users can
bypass the wizard and make their selections through the options in the
main program window.

CeQuadrat’s WinOnCD ToGo! (now owned and distributed through
Adaptec) follows a similar strategy in the form of a Guide. Selecting the
Guide from the program’s main application window takes you through
all of the necessary dialog boxes, from hardware setup to file selection,
for initiating the recording process. The guide can be enabled or dis-
abled as needed at any time you are running the program.

A program’s ease of use can be greatly enhanced by online procedures
and guided sequences. If you are new to disc recording, you might want
to select a recording application that provides a generous amount of
online assistance.

The use of wizards has lowered the barrier to mastering disc recording.
Wizards are similar to online tutorials, guiding new users through the
process of setting up files, selecting formats, and recording discs. Unlike
most tutorials, however, wizards accomplish useful work and if you follow
the process through to the end, the result is a completed disc recording.

Hewlett-Packard CD-Writer Plus Wizard
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Hewlett-Packard did much to legitimize CD recording when they entered
the market with their SureStore recorders several years ago. Besides sig-

nificantly lowering the entry price for disc recording, with the first signif-
icant unit that sold for under $1000, the abundance of support from HP
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and the features designed for ease-of-use helped CD recording achieve
broader acceptance in the mainstream computer market. Typical com-
puter users—not just professionals, developers, and musicians, began to
adopt the technology—and CD recording became much more common-
place.

Hewlett-Packard continues this tradition with their well-designed CD-
Writer Plus series, which includes numerous features to guide the setup

and recording process. The following material shows how the wizard han-
dles the task.

The wizard is activated when you select Create a CD from the HP
CD-Writer Plus Start Menu option. As you can see from Figure 6 - 1, the
first question, What do you want to do?, prompts the user through the
full range of possibilities for disc recording. Each prompt provides details
as to the nature of the operation. In this case, you can choose to:

e Make a music CD (Red Book audio)

¢ Copy an existing CD

® Make a data CD through drag-and-drop selection
* Make a data CD for wider distribution

® Create CDs and a diskette for disaster recovery

® Define a backup schedule using HP Simple Trax
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Figure 6 - 1 Wizard lets you select the task to perform

What do you want to do?

Ctrl+D

. g;*
Corleh

Create disaster recovery floppies and to use in the event of a
Cirl+O

aschedule to automatically back up your files
ith HP Simple Trax.

Your selection at this point launches the appropriate application or a
brief recommendation message. For example, if you choose the option

for creating a data CD by drag-and-drop, the wizard displays the message
shown in Figure 6 - 2.

Figure 6 - 2 Recommendation for disc type

Create a CD Recommendation E

There are two types of blank CDs: CO-R and CD-Ry.
The recommended type of CD for this application is CO-Ry.

oK |

As you can see, the wizard recommends the use of CD-RW as the media
for the selected operation. If you click OK to proceed, the wizard

launches the appropriate application, in this case, the Adaptec DirectCD
Wizard, to continue the process.
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Figure 6 - 3 Welcome to the Adaptec DirectCD Wizard

Adaptec DirectCD Wizard 2.5¢ (236) HE
Welcome

YWelcome to the Adaptec DirectCD Wizard! DirectCD allows wou to read and
wite directly to your CD-Recordable/CO-ReWWritahle disc.

This wizard will configure your disc by:

- Checking the status of & CD in your drive.
- Preparing the CO-R/CD-F\W disc so you can read and write it.
- Managing the final data when ejecting a DirectCD disc.

Once the CO-R/CO-RW disc is configured for DirectCD, you will be akble to
read fram and write to the discin much the same way you would a floppy
diskette. This includes access from Windows Explorer, or any ather
Windows application such as Microsoft\Word.

Help | Cancel | < Eack I ext > I Sz |

The DirectCD Wizard explains how it will configure the disc recording
by:

® Checking the status of the blank disc media

¢ Formatting the media for the write operation

e Structuring the data to fit the selected format

Clicking Next continues the operation. The wizard identifies the con-
nected CD-RW drive, the HP CD-Writer+ 8200. The type of media
installed in this case is a blank CD-R disc.
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Figure 6 - 4

168

Identifying the Drive Information

Adaptec DirectCD Wizard 2.5¢ (236) HE

Drive Information

Flease select a CD-R/CD-FW drive to continue

— Device: Unlocked

HF  CD-Writer+ 8200 Properties |

— Media Type:

Blank CO-R disc. This disc can be formatted to DirectCD for read and
wiite aCCess.

Help | Cancel | < Back I ext > I Sz |

DirectCD can format both CD-R and CD-RW discs for simple drive-letter
access. Of course, only the CD-RW discs can be erased and overwritten.
Formatting of CD-R discs takes only a few seconds of preparation. For-
matting of CD-RW discs, since they require more elaborate addressing
information, can take a few minutes.

Once a disc has been prepared for use through DirectCD, it is in an
interim state where it can only be read through the DirectCD driver. If
you attempt to eject it while it is in this state, it displays a screen prompt-
ing you as to whether you want to make the disc accessible for use in
other CD-ROM drives or keep it in its current state for future use
through DirectCD. This is illustrated in Figure 6 - 7.

When the initial formatting operation is complete and the CD is ready
for drag-and-drop file operations, the wizard displays the completion
screen, as shown in Figure 6 - 5.
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Figure 6 - 5 CD ready for read and write operations

Adaptec DirectCD Wizard (Drive F:) 2.5c {236)

&9  DirectCD Disc Ready

[The discis ready for readfwrite access directly through drive (F). You may
start reading and writing the disc using Windows Explorer, or any other
indows application such as Microsoft\Word.

v Display this notification again when a DirectCD disc is ready for read and
write.

When the disc is prepared in this manner, you can open up the window
for the disc recorder and simply drag files and folders to it. Windows will
treat the operation as it would any file copy operation to a hard disk
drive, Zip cartridge, or diskette. For example, Figure 6 - 6 shows the
appearance of the disc contents window at the completion of the write

operation.
Figure 6 - 6 Files and folders copied through DirectCD
File Edit Wiew Go Favorites Help ‘ﬁ
I % o) X ?
EACE Fonvard Up cut Copy Paste Undo Delete
#gdress [ Funtel H
m 3D_StudioMax  GDC papers Store Valve Software
Intel
Select an item to view G @
its description VTune GDC Homedoe GDC listing xls
imwacro.pdt Jordanh2.doc  Macrg_dream, Mike Stockman
12-28-1889.D.

NI S .5

permisszip  Projects listdoe Pulse_18jan0... pulse_sideba

42208 |2 my Computer “
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If you attempt to eject the disc in its current state, the DirectCD wizard
prompts to see if you want to close it, so that others CD-ROM drives will
be able to access it, or to leave it so that it can be reused through drive-let-
ter access for future DirectCD operations. If you don’t close the disc, it
can only be read in CD-R/CD-RW drives that are operating under
DirectCD.

Figure 6 - 7
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Ejecting a disc through DirectCD

Adaptec DirectCD Wizard (Drive F:) 2.5c {236)

Eject Disc

Before ejecting the DirectCD disc. please decide if you want to continue
using DirectCD to access it or if you want to read this disc from a standard
CO-ROM drive.

o éLeave the disc as itis so that it can be read and written through drive |
letter access in the future.

¢ Organize the disc so that it can be read in most standard CO-ROM
drives under Windows 95 orWindows NT 4.0 Service Pack 3. Note:
You will hawve to make this discwritable to add more files to it.

= Bretectdise sait cannat e wiitte e a g i

IV Display this wizard nexttime | eject a DirectCD disc.

Help | Cancel | < Eack | [slEnd | Finish I

If you write to a CD-R disc in this manner and you continue adding files,
you will eventually run out of space, since CD-R discs can only be written
once. Although DirectCD lets you delete files (by removing the pointers
to them), it cannot reclaim the space that has been used for storage.

In comparison, CD-RW media can be rewritten many times. For this rea-
son, CD-RW media makes more sense for temporary storage and short-
term archiving.

As you can see from this short example, this wizard made the process of
recording to a CD very simple and not much different than formatting
and writing to a diskette. The wizards for other operations, such as creat-
ing audio CDs and performing periodic system backups, are not much
more difficult. Wizards exist for nearly every type of disc recording opera-
tion and they can definitely shorten the learning curve for this technol-
ogy and help novices achieve successful results.
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Examples of Disc Recording Applications

The following subsections highlight some of the more capable disc
recording applications from those currently available in the market.

HP Disaster Recovery Wizard

CD-R and DVD-R applications designed primarily for backup and archi-
val data storage generally lag behind their tape-based counterparts. The
clear advantages of recordable discs as a backup medium include longev-
ity, stability, reliability, accessibility, and platform independence. Anyone
who is ever sorted through the file directory catalogs for three months
worth of backup tape cartridges knows how much easier it is to slip a
recordable disc into a drive and locate any required files from a directory
tree.

This situation is changing, however, and many software producers are
designing specialized utilities to handle archiving and backup operations
in a simple and straightforward manner. These applications are designed
to take full advantage of the capabilities of disc recorders and media, sup-
porting such operations as the chaining of multiple sequential discs to
enable several Gigabytes of data to be backed up as part of a recovery set.

The worst case scenario that a backup operation prepares you for is a cat-
astrophic hard disk failure. The HP Disaster Recovery application, bun-
dled with many of the recorders in the CD-Writer Plus series, creates a
disaster recovery set consisting of diskettes to reboot your computer and
CD-RW discs to restore your data and applications. By running the recov-
ery command after a hard disk failure, you can restore your system to its
prior state.

A wizard guides the setup process. When you select CD-Writer Plus from
the Start Menu, the initial wizard screen appears, as shown in Figure 6 - 8.
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Figure 6 - 8 Disaster Recovery wizard

Welcome to HP Disaster Recovery

Welcome to the HF Disaster Recoveny Wizard!

This wizard will guide you through the creation of & Disaster
Recovery Set. This will protectyour data in the unfortunate event
thatwour hard disk should fail and not be able to recover an its own

“'ou will be able to restore your information quickly and easiky with
wour Disaster Recovery Set.

ltis strongly recommended that you exit all Windows programs
before proceeding

To begin, click Next.

< EEEl | Mext > I Cancel |

The application calculates the quantity of files that need to be backed up
in preparation for disaster recovery and indicates the system status. In
this example, two diskettes are needed to create a Windows 98 startup
disk used by the recovery application followed by five CD-RW discs for
the actual data backup.

Figure 6 - 9 Storage requirements for backup

HP Disaster Recovery Preparation

HF Disaster Recovery has analyzed your computer and
determined that you will need the following items to complete the
crestion of your Disaster Recovery Set

Windows 98 Installation CD

and

|i Up ta [2] blank, formatted
1]

1.44 MB diskettes

ancd

Up to [5] blank
HF CO-R f CO-Ri

Click Nextwhen you are ready.

< Back : MNext > Cancel
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When you click Next, the program prompts you to insert a diskette for
the startup disk creation, as well as the Windows 98 CD-ROM. Typically,
one or two diskettes are created, depending on the current configuration
of your system. The disaster recovery utility then customizes this startup
disk to work in combination with the CD-RW discs that will contain the
backup data.

Figure 6 - 10 Copying data to recordable discs

HP Disaster Recovery Preparation

HP Disaster Recovery will now make a complete copy of all files an
all hard drives in your computer,

Flease insert a hlank HP CD into your HF CO-Writer Flus.

Click Nextwhen you are ready.

<Back | Nex‘t) p— |

If you haven’t formatted the CD-RW discs for disaster recovery, the pro-
gram formats them at this time. This can be a fairly tedious operation
requiring up to 40 minutes to complete. The disaster recovery program
proceeds to format each disc, as required, and then copy all of the data
from your hard disk volumes to CD in a sequential set.

The program prompts you to insert new blank media as it fills up each
disc in the set. An overall progress bar indicates the progression of the
backup operation. You can stop the process if necessary by clicking Can-
cel; otherwise, the program continues until it has stored each of the files
on your system onto CD-RW discs.
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Figure 6 - 11

Formatting a disc for recovery

HP Disaster Recovery Preparation

HF Disaster Recovery is making a complete copy of all files on all
hard drives in your computer.

Farmatting:
"Disaster Recovery CO #1 (2/13/00)"

|

Total Progress

< Hachk | [t | Eancel I

Once done storing your files on disc, the program gives you the opportu-
nity to test the recovery process. You can proceed as if you’re performing
a complete recovery, but stop short of actually overwriting any files.

This type of backup offers an ideal use for CD-RW. You're safely pro-
tected from any crashes that damage your hard drive and you can reuse
the media as necessary to create new recovery discs whenever your system
changes significantly. This type of backup is comparable to the Complete
option that is offered by many tape backup systems; it can be supple-
mented with an incremental backup of files that change periodically. The
HP Simple Trax program, described in the next section, offers an auto-
mated way to maintain historical copies of files, a feature that can be
extremely useful if you are working on a project involving many different
files and you need to archive and track the progression of the project
changes.

Automated Backup with HP Simple Trax
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The HP Simple Trax program provides a means of tracking the contents
of CDs, even if they are not inserted in your system. It also lets you copy
specified files to recordable media on a regular schedule. In other words,
the program provides both indexing and automated copy operations.
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Simple Trax can be configured either through a wizard or by means of a
control panel that lets you specify schedules and select files for auto-
mated copying to disc. Since we’ve already provided a couple of exam-
ples of wizards in action, let’s look at the control panel features. As shown
in , the control panel includes tabs for Selection, Schedule, and Event
Log.

Figure 6 - 12 Simple Trax control panel

B&HP Simple Trax: Control Panel ==

Infarmation | Selection | Schedule | Event Log |

YWelcome to HP Simple Trax Control Panel

From this control panel you can schedule sessions to automatically copy your important
files ta removable disc and index them.

B Selection —\Whatto protect
Click the Selection tab to choose the types offiles and directaries you would like
to copy to removable disc and index on a regular basis

B Schedule —When to protect

Click the Schedule tab to choose the deys and times you want your files
protected. Only files that hawve changed since they were last protected will be
copied to removahle disc and indexed.

B EventLog—‘hat happened

Click the Event Log tab to view the automatically generated ewventlogs for
scheduled and manusl operations

RFun Wizard Instead... Ahout HP Simple Trax.

? Help @ Cancel | @ aK |

The Selection tab lets you check the types of files that you want to copy
automatically and also check the directories that you want to include in
the operation. You can limit the operation to simply data files, such as
Microsoft Word or Adobe Illustrator files, or you can select any conceiv-
able file on your system. Once you have determined the range of files to
include, you can proceed to the next tab and schedule the copy opera-
tions.
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Figure 6 - 13 Simple Trax Selection tab

W% HP Simple Trax: Control Panel [_[5[x]
Information Selection | Schedule | EventLog]|
Allfiles of the selected file types and allfiles in the selected directaries will be protected atthe times specified in the
Schedule Tab
By File Type, By Direclary:

o 5 ‘ @ O 5] 3 Image Club =
152 Intel
m=hen

Fractal Design Expression Document (xpr) =1 [ Lightspeed

[ Fractal Design Expressionstroke definition (ske -[JE3 Livingstan

] Fractal Frame File (frm) [JE2 Mail archive

1 Fractal Riff File (if = WIED McGrawHill book

GIF Image (gi) LI Music
[1E3 Musicinfa

7 Group Meil Document (g .
13 music_matchd

[ Gzip File gz, 2) B3 musicmaich

[ H.323 Internet Tslephony (323) I My Docs I

] Headline Studia File (har) I My Music

7 Help Cortents File (.cn) “CIE3 Olympus pics

Help File (hip) L [ Palm

. _,r' 23 Program Files I

?  Hep @  concel | & o |

The Schedule tab offers considerable flexibility for automating copy
operations. You can set up multiple days and multiple times for copy
operations by checking the appropriate boxes. Simple Trax will then
carry out the automated tasks according to the schedule indicated.

Figure 6 - 14 Simple Trax Schedule tab

B&HP Simple Trax: Control Panel [_[=0x]
Infurmatwuml Selection Scheduls |Eveﬂ| Lugl
Choose when to protect the data specified in the Selection Tab. Only files that hawve changed since they were |ast
protected will be copied to remowvable disc and indexed.
[ Selectdays and time. then Add to Schedule. ————————————————— — Current Schedule
Dy Tirne
[ Sunday Sinder G0 P
] Monday Monday 12:00 P
] Tuesday Tuesday 5:00 P4
1 Wednesday Wednesday 12:00 PM
N N Thursday 5:00 Phd
0 Thursday 9 EI 00 EI Friclay 12:00 PM
] Friday Saturday 5:00 P
[ Saturday © AM &P
At e B
EEemmvaticm Seheduls
? Help ,® Cancel | @ Ok |
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The operations that have been performed are visible as events that
appear on the Event Log tab. Once files have been copied, you can view
them through Windows Explorer. If the disc containing a file is not in the
drive when you select it, Simple Trax prompts you to insert the CD con-
taining the file. All the files that have been copied appear in the index
and Simple Trax records and maintains a list of the file changes over

time.
Figure 6 - 15 Simple Trax Event Log tab
B%HP Simple Trax: Control Panel o]

Imnrmahnnl Se\ed\nnl Schedule Eventlog |

Toview an ewentlog entry. select an item from the list below and press the View button

€ There are no eventlogs 1o display.
Az

[Ie(Ete

& Keeplast 73: eventlog entries

 Keep all event log entries

? Help @ Cancel | @ oK |

Simple Trax is not sophisticated enough to serve as a network backup
utility or serious archiving tool, but it is capable and flexible enough to
handle the requirements of individuals who want a failsafe way to main-
tain backup copies of important files necessary for their work.

Adaptec Easy CD Creator

Easily the most ubiquitous disc recording program in the industry,
Adaptec Easy CD Creator has evolved through four versions over the last
decade. With each iteration, it has been trimmed and streamlined for
easier operation and wider acceptance in the mainstream market.
Adaptec has forged bundling arrangements with many of the disc
recorder manufacturers; Easy CD Creator is included with recorders
from LaCie Ltd., Pinnacle Micro, Hewlett-Packard, Smart and Friendly,
Ricoh Corporation, as well as others. At one point in the history of CD
recording, Corel was winning accolades for the ease-of-use designed into
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their CD Creator product. With its test routines, guided configuration
process, wizards, and well-designed interface, CD Creator took much of
the difficulty out of disc recording. Adaptec purchased the product from
Corel and integrated the best features into Easy CD software (which they
had acquired from Incat Systems). The merged result, Easy CD Creator,
combines a fair amount of control over the low-level aspects of recording
with one of the more refined user interfaces in the CD recording world.
The program handles audio discs and most formats of data discs with
drag-and-drop simplicity. It also lets you layout jewel case inserts and
design the actual disc layout to be printed via an inkjet printer or any
other printer capable of printing to recordable media.

For the uninitiated, the program opens the Easy CD Creator Wizard at
startup (shown in Figure 6 - 16) by default. This well-organized sequence
leads novices through the process of recording their first disc and
removes much of the confusion from the decisions that must be made
along the way. Once you’re more comfortable with disc recording, you
can deselect an option in the program and open immediately to the main
application window of Easy CD Creator.

Figure 6 - 16
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Easy CD Creator Wizard

Adaptec Easy CD Creator Wizard [ ]

Welcome

Easy CD CreatorWizard guides you step-hy-step to make an audio or
data CD

Select Data CD if you want to make a CD containing data files fram your
computer. This type of CD can be read back on any computer's
CD-ROM drive.

Select Audio CD if you wantto make a CO containing music. This type of
CD can be played back on a home or car CO player.

Click Cancel if you wish to create COs without using the Easy CD Creator

‘izard
%] « D @ " Audio CO

< Harck I Mext » I Cancel | Help |

From the main application window, shown in Figure 6 - 17, Easy CD Cre-
ator present four panes—two that let you navigate through your hard
disk contents and two that show the current structure of the disc content
you are organizing.
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Figure 6 - 17 Main application window with its four panes

ntitied - Easy CD Creator

|Ie Edit View Disc Tools Help
DB & e & S

| Data CD Layout I Audio CD Layout I Jewel Case Layout |

)

@ Desktop Nams | size [ Type Modified Attributes |ﬂ
EIB Smarky 2 smarky Systern Folder
&5 3% Floppy (%) <y Documents System Folder
= Windows95 (C) & Internet Explorer System Folder
=3 Leapingtoad (D7) Netwurk Meighbarh. Systemn Folder
=3 Remaovable Disk (E2) @Inhnx Systern Folder
=5 (F @Recycle Bin System Folder
% Metwork Meighborhood %CD Architect 4.0 1KB  Sharteut 8rema 7.17 PM A il

[ vo0213_1656

[The Data CD Layout tab allows you to view Explorer (top window) and
the contents of the Data CD Layout (bottom window). To add files,
ifolders or the entire drive to the Data CD Layout, drag the selected
iterns fram Explorer down to the Data CD Layout window.

|0 abjects |0 bytes (Estimatad Disc Free Space 650 4 MB) |[Empty CDJJOLIET |HP CD-Writer+ 8200 4

As you navigate through the disk volumes that appear in the upper left
pane, you make selections by dragging files and folders to the lower right
pane. As you do, the program fills out the hierarchical structure and dis-
plays it in the lower left pane. If you happen to select one or more files
that does not meet the criteria for the selected disc format, the program
displays a warning message and lets you rename the specified files. In the
example shown in Figure 6 - 18, the filename exceeded the 64-character
limit of Joliet.
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Figure 6 - 18

Filename changing on the fly

Adaptec Easy CD Creator

& The following file must be renamed to be compatilile with the naming conventions of your CD
file systern.

File Location: Dihy Docs hindex jhtml:$sessionid$FE3Y JHOAAADDYOFIEEMOXOGC. htm

File Marme: index jhiml $sessionid$F53YJHOAAADIYOFIEEMGXOC. htm

Change Name To

Valid Names

File names must be at most 64 characters long. The file name can use any characters valid in a
‘Windows long file name, and can include multiple periods

Change I Change All | Cancel | Cancel All | Help |

As the available space is filled on the blank media, a progress bar, shown
along the lower edge of the window, indicates how much recording space
remains, as shown in Figure 6 - 19. You can rearrange the content until
you have it to your liking and then simply click the Record button to ini-
tiate the disc write operation.

Figure 6 - 19
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Capacity bar indicates how much potential space remains

£ Untitled - Easy CD Creator M=

Eile Edit View Disc Tools Help
IR 2x2]

‘ Diats CO Layout I Audio CO Layout I Jewel Case Layout |

ST =l [Hame [ size[ Twpe Modified Altribut...
© - My Musie (1 grackle_pages File Folder B/23/98 12:24 PM
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Easy CD Creator employs a very simple approach to handling the Disc
Layout and various format options. You can make some simple selections
that control items such as the file format (switching between Joliet and
ISO 9660). You can maintain a modest degree of control over the file
ordering and positioning using the options for reordering files for disc
speed or for disc space, or you can preserve the ordering originally speci-
fied. These options are illustrated in Figure 6 - 20. If you select the ISO
9660 file system, you can choose to make the disc bootable or create a CD
Extra disc.

Other settings on the neighboring tabs control the inclusion or exclusion
of particular file types, assign your own volume label, and identify an
audio disc title and artist for players that can read this information. All in
all, the low-level controls are not as extensive as other disc recording
packages, but, of course, this typically works in the program’s favor for
less experienced users—there are less ways to make a mistake when pre-
paring files for recording.

Figure 6 - 20 CD Layout Properties

CD Layout Properties
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OK I Cancel | Help |

Another nice feature of this program, a carry-over from CD Creator days
is a design tool for laying out the jewel case insert and the CD design.
Text and graphics can be added to each of these templates and then
printed out to an appropriate inkjet printer or other media printer.
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While the artistic options are somewhat limited, this feature is easy to use
and a good means of adding some polish and professionalism to a com-
pleted disc being distributed to a customer or colleague.

Figure 6 - 21

Test Utilities
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A suite of system test utilities is available from the Tools menu. These tests
let you evaluate the performance and operation of your system compo-
nents to ensure that successful recording can be accomplished. The over-
all transfer rate of the system can be tested and you can also test the
connected CD recorder, through simulated write operations using a
blank disc, to ensure that performance is adequate at the highest avail-
able speed of the recorder.

Testing provides reasonable assurance that your system can handle the
demands of the recording process before you launch a project and start
burning discs. Any problems encountered during testing can be cor-
rected prior to attempting to write data to disc. Keep in mind that not all
applications work with all hardware. Test failures reported by Easy CD
Creator may not be recreated under different applications.

When you have creating a CD layout in the program, and you are prepar-
ing to burn a disc, the program also offers you the option to simulate the
recording process first. You can access this function by checking the Test
only option. You can also choose Test and create CD, which proceeds with
the recording if the test is successful. If you know your system and you’re
confident enough to just start recording, you can choose the Create CD
option.



HyCD Publisher
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Easy CD Creator offers a reasonably complete collection of CD recording
tools, smoothly handling the creation of data discs (including mixed
mode), audio discs, and some of the special-format discs, such as CD
Extra. The program handles both CD-R and CD-RW media without diffi-
culty.

Utilities such as the jewel case layout editor and a simple printing utility
for disc designs complement the overall program functions. Easy CD Cre-
ator has just enough complexity that business people, students, and other
who have just begun using disc recording should find enough depth to
meet their needs for some time. Features such as the Easy CD Creator
Wizard make the program highly accessible for novices and business
users, and accelerate the learning curve for more experienced users.

Adaptec, Inc.

801 South Milpitas Blvd.
Milpitas, CA 95035

Tel: (408) 957-2044
Fax: (408) 957-6666
URL: www.adaptec.com

ISO 9660 succeeds very nicely in bridging various platforms and creating
media that can be distributed without concern for the playback equip-
ment. The limitations, of course, are that the file naming restrictions and
other conventions are quite restrictive. Macintosh users don’t like losing
their icon-based work environment. UNIX users resent losing long filena-
mes, deep directory depths, and permissions.

HyCD, Inc. (formerly Creative Digital Research) addressed this problem
with their product HyCD Publisher, a CD-R premastering application
that produces multi-platform hybrid discs. Discs burned in the hybrid for-
mat supported by this program can be read by machines under Windows
95/98/NT, DOS, the latest versions of UNIX (including SGI IRIX 6.5
and Sun Solaris 2.6), and the MacOS, while still retaining the familiar
operating environment of each platform. In other words, the disc format
allows the simultaneous use of Joliet for Windows 95, plain vanilla ISO
9660 for Windows 3.11 and DOS users, ISO 9660 with the RockRidge
extensions for UNIX, and HFS Macintosh complete with desktop icons.

HyCD, Inc. has focused their attention on developing a product that
spans platforms, so it’s a natural conclusion that the premastering appli-
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cation, HyCD, would have versions that support major platforms (includ-
ing Silicon Graphics workstations, Sun Microsystems machines, Windows
95/98/NT. Macintosh support is suspiciously absent, but this omission is
probably forgivable since the Mac native format is supported in the
hybrid approach. HyCD, Inc. has designed their software to include most
of the multimedia formats, including CD Plus (Enhanced CD), Mixed
Mode, CD-ROM XA, Video CD, and Red Book audio.

The program also includes a number of features that are sometimes only
seen in high-end professional caliber applications. The ability to control
individual file placement on disc is a welcome feature for developers who
are constantly tweaking disc geography to gain playback advantages. Sup-
port for autoloaders and robotics lets the HyCD Publisher be integrated
into production environments. The support for CD-RW drives extends
the usefulness of the product to backup and archiving, as well as premas-
tering applications.

HyCD, Inc. also claims full support for the most recent disc recorders on
the market. HyCD publisher is also bundled with disc recorders from
some manufacturers, including JVC and Ricoh. Software upgrades are
available through their Web site (www.HyCD.com), as well as their new
products, such as HyCD Play&Record v3.0, an audio tool that can burn
MP3 files directly to disc (among many other audio features). Integration
of the Fraunhofer MP3 audio compression software into the upgraded
version of this product provides powerful encoding capabilities beyond
the more pedestrian MP3 encoders.

Different manufacturers have different solutions to hybrid disc creation.
If this aspect of CD recording is important to your end application, you
will probably want to thoroughly investigate the approach taken by each
software producer. HyCD provides a practical solution to developers who
want to release titles that encompass the full range of platforms. Among a
number of competitors, HyCD excels at hybrid creation.

HyCD, Inc.

5300 Stevens Creek Blvd., 4th Floor
San Jose, CA 95129

Tel: (408) 244-7007

Fax: (408) 244-7077

URL: http:/lwww.HyCD.com
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GEAR PRO DVD

Ideally, professional-caliber applications should let you do anything that
you could conceivably need to do when it comes to disc recording. As
might be expected, these are the most expensive applications, but many
of the ease-of-use features common to more basic applications also
appear in these high-end counterparts. No longer is it necessary to strug-
gle with command-line syntax or difficult format issues to premaster a
CD-ROM or DVD-Video disc. GEAR PRO DVD evolved from the GEAR
product line introduced by Elektroson, a Netherlands-based CD-R pio-

neer.

Elektroson originated many of the processes that have become common
in the recordable CD field, such as mastering from virtual images and
simulation of CD performance. They also produced some of the earliest
versions of premastering tools, and the product line of succession led
directly to GEAR. Early versions of GEAR could handle premastering on
a wide variety of computer platforms, including Windows, Macintosh,
and UNIX. GEAR is noteworthy for the level of precision and control it
permits over the recording process, with functions that manage interleav-
ing of different data types, sector-level layout, individual sizing of sectors,
and other low-level controls.

Now distributed by Command.com, a software firm based in Jupiter, Flor-
ida, GEAR PRO DVD includes the capability of premastering to CD-R,
CD-RW, or DVD-R media. File system support runs the gamut from ISO
9660 and Joliet to UNIX with the Rock Ridge extensions and version 2.0
of UDF.

Upon launching the program, GEAR opens to a conventional application
window, shown in Figure 6 - 22, that displays the drive volumes in two
upper panes and the selections for disc recording on two bottom panes.
Files and folders are dragged from directory tree above to the lower right
pane. The resulting file structure is displayed in the two lower panes. File
information, including the starting sector number where the file will be
written to disc, appears to the right of each filename.
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Figure 6 - 22
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You start by defining a GEAR Project, which can consist of any of the fol-
lowing:

DVD-ROM (ISO/UDF)

DVD-ROM (ISO)

DVD-Video (ISO/UDF)

CD-ROM (ISO/UDF hybrid)

CD-ROM (ISO)

CD-ROM XA

CD-Audio

CD-ROM mixed mode (Mode 1 or Mode 2)

For CD-ROM projects, the volume can be based on any of the existing
blank media sizes: 18 minutes (158MB), 63 minutes (553MB), 74 min-
utes (650MB), or 80 minutes (703MB). For DVD-ROM and DVD-Video
projects, the images sizes supported for one-off creation range from 428
minutes (3.95GB) to 509 minutes (4.7GB). DVD projects aimed at utiliz-
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ing the larger capacities of double-layered media can be outputted to
DVD premaster tapes, allowing you to create 8.5GB up to 17GB projects.

Support for tape output in GEAR is quite flexible. For CD mastering, the
developer has control of many aspects of the tape file strategy, as shown
in Figure 6 - 23. Tapes can be created that place tracks in separate files, all
of the same type tracks in a single file, or that consist of one contiguous
image file. Tape blocking factors can be adjusted and options for specify-
ing the sector size and pregap index are included in the settings options.

For DVD mastering, the DDP format can be used when outputting to
tape or an individual tape file strategy can be selected. For DVD-ROM
Mode 1 applications, the sector size and tape blocking factor can be spec-
ified.

Figure 6 - 23
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GEAR offers a variety of options when it come to translating filenames to
meet ISO 9660 requirements. You can choose your level of translation
and the program can either prompt you before changes or automatically
make any necessary character substitutions. The following options are
available:

¢ Do not translate names, length up to 64

¢ Translate to uppercase, length up to 64
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Test Runs

¢ Translate to ISO names, length up to 64
e Translate to ISO names, truncate to 8+3

Selection of the appropriate UDF version to apply is also a useful addi-
tion to the Preferences options. Individual settings are available for the
UDF version for CD-ROM and DVD-ROM, as well as the UDF version for
DVD-Video. Support for ISO/UDF hybrid discs also makes it easier to
handle file system issues as UDF support continues to become more prev-
alent.

Once you’ve set up the ISO/UDF track contents to your liking, the Test
Run icon lets you perform a simulated recording operation, as shown in
Figure 6 - 24. You can choose whether to continue with an actual record-
ing or stop once the test run has completed. Once you’re assured of your
systems ability to output successfully to disc, you can initiate a recording
to the selected output device. Data verification can take place after the
recording has completed.

Figure 6 - 24
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Performing a test run
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One particularly nice feature of GEAR is a log window that is displayed
on the lower portion of the main application window. The log window
provides the current status during any operations. It gives a running com-
mentary on each action performed and these step-by-step details can be
extremely helpful if you need to troubleshoot a malfunctioning record-
ing system or if you just want to monitor the flow of events while record-
ing or testing is taking place.
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If you've selected the XA format for a track, GEAR provides two options
for controlling the interleaving of data, including the capability of speci-
fying the interleaving through manual means through the COPMMF
command. This isn’t a task that will normally be performed by anyone
other than a developer trying to optimize the performance of a multime-
dia CD-ROM XA title, but it’s nice to know the feature is there if you
need it. GEAR consistently has all of the features and options you need
tucked away in different parts of the program, like tools on a Swiss army
knife, ready to click into place and perform some useful task.

Premastering to Tape GEAR'’s built-in support for tape systems is more extensive than

APl Toolkits

most other products in this class. Some replication services still prefer
tape to other media for creating glass masters for large-volume replica-
tion (although most services now accept CD-R and DVD-R one-offs). The
program supports many common SCSI-based tape systems, including
8mm Exabyte, 4mm DAT, and Digital Linear Tape (DLT). A previous sta-
ple in the industry, M4 9-track, is rarely encountered these days. Two
common output devices supported by the software that are generally
accepted by replication facilities are the Exabyte tape subsystem and the
Hewlett Packard HP35470A DAT drive.

As with premastering to CD-R, premastering to tape can proceed from a
virtual image of the files. GEAR checks the details in the volume during
downloading to tape to ensure that the actual file sizes and time stamps
match the values recorded in the volume data. To ensure data integrity,
GEAR can also check the validity of the files recorded to tape against the
original volume data.

GEAR Software is firmly committed to extending CD-R and DVD-R tech-
nology to third-party application developers. Increased focus on optical
disc recording applications in digital imaging, COLD applications, multi-
media tools, MP3 audio utilities, and high-capacity storage devices has
led GEAR Software to make their APIs for disc recording available for
developers. The API tools make it possible to integrate the core technolo-
gies provided by the GEAR software into a variety of applications.
Already, a number of products are appearing on the market that incorpo-
rate burning a recordable disc as the last stage in data collection and
organization. These types of products will continue to proliferate as disc
recording devices fall in price and the technology becomes more wide-
spread in businesses and organizations
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GEAR Summary Opver the years, GEAR has consistently rated very high in third-party
reviews and evaluations. The range of UNIX platform support is excep-
tional, providing extensive coverage of various UNIX machines. GEAR
provides genuine professional-level control over the disc recording pro-
cess. Much flexibility is also available for file naming, including ISO Level
3 support (allowing you to use full Windows 95/98/NT directory filena-
mes, up to 37 characters).

Handy features such as the real-time log window give you a handy visual
display of events during recording and simulations and also offer valu-
able insights if the need to troubleshoot a recording system should arise.

All'in all, GEAR PRO DVD offers a nearly perfect balance between low-
level control over disc recording processes and the ease of use that comes
from a carefully designed user interface.

GEAR Software USA

061 East Indiantown Road, Suite 500
Jupiter, FL 33477

Tel: (561) 575-3200

Fax: (561) 575-3026

URL: http://www.gearcdr.com

Email: sales.us@gearcdrcom

ISOMEDIA Buzzsaw CD-R Recording Software

If your disc recording requirements include multiple recorders embed-
ded in Tower units and shared through a network, Buzzsaw v4.0 provides
a number of professional-caliber features that can simplify your work-
load. Available in both a Standard and a Pro version, Buzzsaw works
under Window 95/98/NT. A flexible upgrade system allows you to start
with the most basic version and then perform upgrades to gain access to
more recorders to add the professional features.

The professional version of this software lets you record multiple unique
images to as many recorders as you have connected to your system (up to
a maximum of 32). Some applications designed for tower systems only
support sending a single image to all of the recorders, much as a copy
machine operates. This is the approach used by the Standard version of
Buzzsaw.

Because of the flexibility of its Professional version, Buzzsaw easily sup-
ports interdepartmental disc recording requirements, where individual
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departments may be collaborating on the components for a project and
need frequent access to a number of different recorders as workgroup
members produce and modify content.

The network capabilities of Buzzsaw make it especially appealing for
workgroup applications. Disc recording can be initiated from images
stored on network directories or from pre-existing discs. An elaborate
queuing system handles up to 500 jobs at a time forwarded from individ-
ual workstations on the network. The administrator of the queue can
adjust priorities, set up batch operations, and manipulate duplication
tasks in a number of ways. Images premastered by other applications,
such as Adaptec Toast or Easy CD Creator Pro, can be recorded to disc
through Buzzsaw, either as single images directed to multiple recorders
or as multiple images directed to multiple recorders. This multitasking
feature allows up to 8 unique 650MB images to be recorded simulta-
neously under Windows NT when retrieved from a single SCSI hard disk
drive (rated for A/V operations; see Hard Disk Considerations on page
126 for more details). RAID drive systems can make even higher levels of
multitasking possible.

Hardware support under Buzzsaw includes a number of 4x, 6x, and 8x
CD-R recorders. Among the drives supported are:

e  Yamaha 400, 4260, 4416
e Panasonic 7502-B

* Plextor PXR 820

e Teac b6S

A Bitfor-Bit Verification feature ensures the data integrity of each disc
recorded by Buzzsaw. A flexible and configurable caching system allows
the administrator to set the cache to an appropriate depth to prevent
interruptions to the recording. Premastering to industry conventions
includes Disc-at-Once closed sessions with the following formats sup-
ported:

e ISO 9660 Level 1
e ISO 9660 DOS-compliant Level 2

e ISO 9660 with full ASCII CD-ROM discs and UDF (including
Rock Ridge encoding)
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Audio CDs can be produced from existing .WAV files and also by extract-
ing the necessary files from an existing audio CD.

Buzzsaw also has support for a number of autoloaders, making it possible
to set up network-resident disc production systems. Current autoloader
support includes:

* MediaTechnics

e (CD-Robotics

* TS Solutions

¢ Cedar

e CopyPro

¢ Champion

¢ Rimage

Refer to Chapter 8, CD Duplicators, for more information about the oper-

ation of autoloaders.

ISOMEDIA, Inc.

2457 152nd Avenue NE,

Redmond, WA 98052

Phone: 800 468 3939

Fax: 425 869 9437

URL: www.isomedia.com/ps/cdr-buzzsaw.htm
Email: forder@isomedia.com
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Deciding on an Application

Choosing the best disc recording application for your purposes from a
group of descriptions is not easy, especially when the competitive features
and pricing of these applications is so closely aligned. We hope that this
chapter has at least given you a solid basis for comparing feature sets and
learning a bit more about what is involved in the disc recording process.

We’ve bundled demonstration versions of several CD recorder applica-
tions on the CD-ROM included with this book. We invite you to sample
these programs in the hopes you’ll gain additional insights about the
look and feel of programs in this category. Most of the demonstration
programs allow you to create CD images—sometimes putting a limit on
the size of the image—and perform actual recordings if you have a CD
recorder available.

The best CD-recorder applications tend to be expensive, so it is generally
wise to spend some time investigating the various features, the hardware
support provided, the methods for creating images, the overall interface
design, and other related features. You may find that the best solution is
to select one package tailored to backup and archiving to CD-R for every-
day file storage and a more professional application for your multimedia
development or electronic publishing requirements. As next-generation
CD software based on full drive-letter accessibility becomes widely avail-
able, programs that permit rapid file transfers and storage will also
become useful additions to the toolkits of CD-ROM developers.
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Recordable Media

While recordable discs bear a superficial resemblance to manufactured
discs, under the surface the differences are considerable. Most forms of
recordable disc rely on the light sensitivity of a dye layer to capture the
patterns made by a tightly focused laser beam. Many different dye formu-
lations have been developed to respond the varying conditions encoun-
tered during disc recording, such as the varying disc rotation speeds, the
variety of disc recorders—each with its own laser write assembly and
power calibration method, the temperature and humidity at the record-
ing site, and many other factors.

Early problems with inconsistent dye formulations, media that would
work on one brand of recorder and not another, and similar problems
have been largely eliminated. While media quality and integrity are not
an inconsequential consideration, the selection and use of recordable
media is not as critical a concern as it was in the early days of disc record-
ing. There are still frequent debates over the projected lifespans of
recorded discs and indications that media test results may be available at
some point, but, by and large, if you purchase a branded disc from one of
the large media manufacturers that has been recommended for use at
the maximum speed of your disc recorder, your chances of encountering
media problems are quite minimal.

This chapter examines the different types of media available and investi-
gates their individual properties and characteristics.
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CD-R Media

Recordable compact discs have gained widespread acceptance through-
out the computer industry—hundreds of millions of units of blank media
are sold each year. This large-scale acceptance has led to significant
reductions in prices, making it possible for small production units utiliz-
ing CD duplicators to be competitive with replication services when
quantities are in the hundreds. With the current CD-R disc costs at $1 to
$3 per blank, this media is significantly less expensive than other form of
random access data storage—with the least expensive discs, the calcu-
lated costs are less than $.0015 per MB.

Dye-Polymer Variations
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The most noticeable visible difference among the various recordable-CD
brands is the color of the dye that is used in the sub-layer—the material
that reacts to the laser beam. Several different formulations have been
developed and introduced into the market over the last few years. While
their characteristics vary somewhat, each type functions reliably in the
majority of recording applications. Higher speed recording, however,
tends to favor the more recent dye formulations, including phthalocya-
nine and metal azo. Cyanine-based media, the first dye formulation that
was used for CD recording, appears to have greater sensitivity to UV light
exposure (suggesting shorter lifespans) and less responsiveness when
used for high-speed recording. Even within the cyanine family, however,
metallic materials added to the dye greatly improve the resistance to
casual UV exposure, so as new formulations continue to be developed, it
is difficult to make any generalizations on this subject.

Independent media tests have never been performed on a widespread
basis, and testing by the individual manufacturers lacks the objectivity
necessary for non-partial evaluation. Proponents and detractors of the
various dye types can be readily found throughout the industry, but,
unfortunately, most of their judgements are based on anecdotal evidence
and individual experiences.

In the early days of recording, certain brands of recordable media consis-
tently worked more reliably with certain recorders, due to a number of
factors in recorder characteristics, laser assemblies, calibration proce-
dures, and so on. Modern recorders and most media are more consistent
and recorder features, such as Running Optical Power Calibration, over-
come many of the small variations from one media type to another.
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As a general rule of thumb, seek out a media brand that works reliably
with your recorder and stick with it. This is not an absolute guarantee for
recording perfection, since dye formulations can vary from batch to
batch and sometimes branded media comes from more than one manu-
facturing source. However, until independent media testing is performed
on a large-scale basis, it’s the only recommendation that can be reason-
ably made.

The most common dyes types are:

¢ (Cyanine: the original organic dye used for CD recording; cyanine
media can be identified by its greenish hue. Among the manufac-
turers of this type media are Ricoh, TDK, and 3M.

¢ Phthalocyanine: identified by a yellow-gold or greenish-gold
reflective surface, phthalocyanine was introduced after cyanine.
Primary manufacturers of this media type are Kodak and Mitsui
Toastsu.

® Metal Azo: with their silver reflective layer and metal azo dye,
recordable discs of this type exhibit a bright blue recording sur-
face. The primary manufacturer is Mitsubishi Chemical Company
and the media is marketed through Verbatim.

Licensed Dye Formulas

Because the dye formulations used in CD media are patented, they have
remained under the control of the six original Japanese companies who
have been the primary media producers for over 10 years. This list
includes:

e Pioneer

e TDK

¢ Taiyo Yuden

e Ricoh

e  Verbatim/Mitsubishi

e  Mitsui Toatsu

As the growth of CD recordable technology increased sharply in the late
1990’s, a number of other companies tried to jump into the media pro-
duction game, some of them playing fast and loose with the patent laws as
they formulated dyes that replicated or closely matched the patented for-
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mulas on the market. Generally, the six original companies have not
been overly anxious to license their formulas to other media producers.
Because of the dynamic flux in this industry, and the fact that relabeling
and branding media from the six main manufacturers occurs regularly,
tracing the origins of some of the media that appears on the market can
be difficult.

Recording Process

The heat energy generated by the laser beam striking the recording sur-
face of a blank disc is the mechanism that writes the data patterns. The
dye coating the sublayer of the recordable disc is a photo-absorption sur-
face. The microscopic beam of the laser, producing 4 to 8 milliWatts of
power, generates a pulse that heats the dye to about 250° Centigrade. In
response to this energy pulse, the substrate layer expands into the
absorption layer, the polymer combines with the decomposed dye, and
an area of reduced reflectivity is formed on the surface—a pit. On any
write-once media, such as CD-R, this mark is permanent—it is essentially
burned into the substrate and cannot be erased. The mechanism is quite
different for rewritable media, as explained in CD-RWon page 199.

The pit formed by the melding of polymer and dye produces substantial
changes in the reflectivity of this area. For an 11T pit, this can be as much
as a reduction from 75% to 25%. This represents enough of a change
that the laser read assembly of a conventional CD-ROM drive or CD
player can detect the difference.

Media that is designed for high-speed recording applications much main-
tain a tenuous balance between a dye formulation that can respond
quickly to laser pulses during more rapid disc rotation speeds (up to 12x
speeds) as well as create appropriate pit sizes at much slower rotations
speeds when performing low-speed recording (at 1x or 2x speeds). For
more details on this topic, refer to High-Speed Recording on Low Quality
Discs on page 204.

Extended Capacity Discs
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Some manufacturers, including Verbatim and Kodak, have released
recordable CDs that offer additional minutes of recording space. Verba-
tim’s Extended-Capacity CD-R80 Discs provide an extra 6 minutes
(approximately 50MB) over the normal 74-minute storage capacity of a
CD. This technique is achieved by adjusting the wobble frequency that is
built into the pregroove running through the disc’s spiral data track. The
disc, while being recorded, is rotated more slowly, which allows more
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laser bursts to be packed into a tighter area. This increases the data
capacity.

Kodak distributes a high-capacity disc called Ultima 80 Media that also
provides 80 minutes of recording space (700MB). The Kodak disc uses a
reflective layer composed of a combination of silver alloy and gold.

Extended storage media of this type may not work with all CD recorders.
Manufacturers typically publish a compatibility list on their Web site or
through another source to indicate those recorders that can access the
extra recording area. For example, Kodak lists qualified recorders at:
www.kodak.com/global/en/service/tib/tib4187.shtml

If your goal is to achieve maximum compatibility for a recorded disc you
are distributing, you should avoid extended capacity media. They are
handy, however, for gaining extra storage space if you own a compatible
drive and you’re not worried about distributing the discs you burn else-
where.

The rewritable version of the CD-ROM format, CD-RW makes it possible
to expand the format into applications such as short-term archiving and
data exchange.

Orange Book Part III, authored by Sony and Philips, outlines the stan-
dard that elevates the compact disc from a write-once medium to a rewrit-
able form of storage. CD-ReWritable (RW) has already had a big impact
on the industry, despite the fact that the initial versions of this product
did not enjoy universal playback on all CD-ROM system. The reflectivity
of discs recorded in CD-RW drives can be up to 25 percent lower than
commercial CDs or CD-R discs. This difference in reflectivity unfortu-
nately makes the CD-RW unusable in the original 100-million CD-ROM
drives that flooded the market; newer drivers, however, incorporate addi-
tional laser circuitry and electronics to bridge this difference. A CD-RW
disc resembles a conventional CD-ROM in size and weight, but the layers
contained beneath the disc surface are significantly different than
recordable CD discs, as shown in Figure 7 - 1.
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Figure 7- 1 Layers in a CD-RW disc

N-RW disc

Reflective layer ———— —
Upper layer ——— | SR
Recording layer-Metal PC film ——— -~ 7~ - Y
Dielectric film —— "\

Polycarbonate substrate ——

In a conventional recordable disc, the recording layer is an organic dye;
once the dye is altered by a laser beam, it can't be restored to an unre-
corded state. The recording layer of a CD-RW disc, however, consists of a
crystalline layer composed of an alloy consisting of silver, indium, anti-
mony, and tellurium (shown as the Metal PC film in Figure 7-1). In its
unrecorded state, as a blank disc received from the factory, the crystalline
layer presents a highly reflective surface. The laser beam, at a specific
power setting, creates pulses the convert the crystalline layer to an amor-
phous state characterized by low reflectivity. This combination of low
reflectivity and high reflectivity regions on the disc surface become the
equivalent to the pits and lands on a CD-R. The laser beam effectively
causes the recording surface to undergo a phase change. The recording
surface can be changed back to the equivalent of an unrecorded state by
firing another laser pulse at a lower power setting. When the recording
layer cools, it returns to its original crystalline structure.

As the laser beam traverses the CD-RW disc, it alternately changes power
settings to erase data or write new data. In other words, to write new
material to the disc, the laser must first overwrite earlier data and return
the recording surface to its crystalline state. Like a CD-R disc, the polycar-
bonate substrate of a CD-RW disc includes a pre-groove to guide the laser.
Additional recording information is embedded in the disc in a specific
data region, including recommended erase and write power settings,
recording speed calibration, and individual formatting details.
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To read discs created in a CD-RW drive, CD-ROM drives must contain
additional circuitry allowing Automatic Gain Control functions to be
used with the laser read head. While not an expensive modification to
CD-ROM drive hardware, it is unlikely that earlier drives can be inexpen-
sively retrofitted for this feature. Many of the CD-ROM drives currently
on the market are equipped with MultiRead capabilities, allowing them
to effectively read the contents of CD-RW discs.

CD-RW was initially more important from a data archiving and storage
point of view, but the more universal compatibility of these discs makes it
possible to use them for every type of application for which CD-R is used.
There is, however, one noteworthy exception. CD-RW media cannot be
used to produce CD one-offs that are to be the basis of preparing a mas-
ter for mass replication. The method of formatting and data storage is
significantly different than the method used for a CD-R disc written using
Disc-at-Once recording (which is the appropriate method to use when
creating discs for replication masters).

Media costs for CD-RW discs were initially about five times as expensive as
standard CD-R discs, but volume manufacturing and consumer demand
have successfully brought prices down. Current prices for CD-RW discs
are approximately $5 each. Bargain brands purchased in quantities of 50
or more can sometimes be found for about $2.50.

Formatting CD-RW

One of the disadvantages of using CD-RW media is that the discs must be
formatted for use in packet-writing applications—the incremental write
operations normally used to store data in UDF on CD-RW. Depending on
the speed of the host computer to which the CD-RW drive is connected,
as well as the speed of the CD recorder, the formatting operation can
take anywhere from ten minutes up to an hour.

The fixed-length formatting method that is used in this approach divides
the storage space on the CD-RW disc into logical sectors of an identical
size (unlike the variable-length packet writing used for CD-R). The CD
recorder is then able to perform write operations to individual sectors
and to erase data, similar to the approach that is used for a hard disk
drive or a diskette. Without the capability to perform a random erase of
data stored in individual sectors on the disc, the storage space will be
eventually consumed. Early approaches to CD-RW let you delete a file, so
that it would no longer appear in the disc directory, but the actual file
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remained resident on the disc. There was no way to reclaim the storage
space without actually reformatting the CD-RW disc.

If you don’t have the patience to wait for this lengthy formatting to take
place, you have three options:

¢ Use an application that performs the formatting as a background
operation, such as Adaptec’s DirectCD. Discs can be formatted
while you’re working on a Word file or crunching numbers in a
Quattro Pro spreadsheet.

® Purchase pre-formatted CD-RW discs, which are just becoming
available. The first product release of this type was from Verbatim,
who introduced pre-formatted 4x CD-RW media in November of
1999 as part of their DataLifePlus Media product line. Other
manufacturers are following suit.

® Verbatim offers a Sequential CD-RW formatting option that they
refer to as quick formatting. This method prepares the disc for ran-
dom CD-RW packet writing and consumes less space for the for-
matting overhead (approximately 120MB less). Instead of taking
20 minutes or more, quick formatting takes 30 seconds. This
approach maintains 100 percent compatibility with the UDF stan-
dard. By using this approach, however, the random erase capabili-
ties of CD-RW are eliminated. Files are deleted by removing
references to them. The actual files are only removed when the
disc is fully erased.

As you can see, you have different formatting options available when
using CD-RW. To achieve the random erase capability, you sacrifice stor-
age space, allowing only 535MB of data on the disc. To gain up to 649MB
of storage, you can use Verbatim’s quick formatting approach, but you
lose the capability of physically deleting individual files (although they
can still be logically deleted). Verbatim’s quick formatting is one of the
features available through CeQuadrat’s just/burn software, which also
includes PacketCD (their implementation of packet writing).

Limited Rewriting
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Unlike hard disk drives or other forms of magnetic rewritable media,
CD-RW media can only be rewritten a certain number of times. Depend-
ing on the quality of the media being used, a typical disc can be rewritten
anywhere from over a thousand times (the minimum required to meet
the CD-RW standard) to over ten thousand times. For most practical
applications, this should be sufficient to enable a disc to best used for sev-
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eral years without difficulty, or much longer if the media is only used for
periodic archiving or backup.

The material used for the recording surface can only be converted from
a crystalline to an amorphous state a certain number of times before it
begins to lose the capacity for undergoing this transition. Data errors will
begin to appear as the reflectivity changes in the material no longer
achieve the levels that allow a CD-ROM laser read assembly to detect the
data. If you are using CD-RW for mission-critical applications, you might
want to mark the disc with the date that it was first put into service and
then retire it at some predetermined point—maybe 24 or 36 months in
the future. Performing a reformatting operation of the disc can also pro-
vide indications of possible media surface problems if errors are gener-
ated by the formatting application.

MultiRead Compatibility

Hybrid CD-R

The MultiRead standard makes it possible for CD-RW discs to be read
effectively in compatible CD-ROM and DVD-ROM drives. This standard
is necessary because CD-RW media reflects less light than other forms of
pressed or recorded compact discs. MultiRead-compatible drives can
adapt to the variations in recorded data from one type of media to
another, primarily by adjusting the intensity and focus of the laser read
assembly when CD-RW media is detected. The MultiRead standard also
specifies the interface requirements to the host computer and ensures
compatibility in this area.

An extension of this approach called the Super MultiRead standard is
being developed for rewritable DVD media (including DVD-RAM and
DVD+RW) to provide similar compatibility for data recorded on rewrit-
able DVD discs and played back in Super MultiRead compatible DVD-
ROM drives and DVD-Video players.

A new and interesting innovation fostered by Mitsui adds a mastered ses-
sion to a blank CD-R, providing a means of combining content distribu-
tion with the recordable capabilities of the media. Sporting the label,
Mitsui AutoProtect Demo Disc, these discs feature a backup application
known as AutoProtect, which was produced by Veritas. This backup appli-
cation can guide you through the backup of selective files or a full
backup of your system—multiple discs can be used if you overflow the
capacity of a single CD-R. File compression is used to gain maximum use
of the available disc storage space.
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Chapter 11 of Orange Book, which describes the recordable forms of
disc, defines a hybrid disc variation that consists of a mastered first ses-
sion and a second recordable session. In Mitsui’s approach, the first ses-
sion contains an AUTORUN.INF file that will launch the installer to put
the backup program driver on your system (if the auto-insert notification
feature is turned on in the Windows operating system). Once the driver is
installed, inserting a disc automatically brings up the backup program,
allowing you to access all of the backup and restore features of the pro-
gram. The producer of the backup application, Veritas (www.veritas.com),
also offers other backup applications, some of which are easily adaptable
to optical disc recording.

Kodak has taken this same principle—the ability to generate a multi-ses-
sion recordable disc—and created a product called CD-PROM. The orig-
inal discs employ a recorded first session, in addition to the recordable
areas of the disc, but Kodak’s plans are to incorporate mastered first ses-
sions. The first session of this type of hybrid disc could contain many dif-
ferent sorts of applications. Cataloging and indexing programs would be
especially useful to anyone archiving different types of data to recordable
disc. Encoders for MP3 music or compression utilities for video or graph-
ics could be handy. The hybrid CD may become an important vehicle for
adding extra value to recordable media—one more means for a manu-
facturer to separate themselves from the competition.

High-Speed Recording on Low Quality Discs
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As CD recorder speeds continue to ramp up, the issue of media respon-
siveness to high-speed recording becomes more critical. Many of the
specifications in the Orange Book were designed in the days of low-speed
recording and the issues become somewhat different when 8x and 10x
recorders come into play. The introduction of 12x recorders makes the
issue even more important.

Media that have been tested for high-speed recording speeds are crucial
to recording integrity. In particular, a dye formulation that can meet the
demands of the higher recording speeds is key to the process. Thinner
dye layers that have been optimized for high speeds must also be able to
operate effectively when recording speeds drop down to 1x levels. Check
the recommendations included in your CD-R or DVD-R operator’s man-
ual for guidelines as to what will work and what won’t. Many of the
recorder manufacturers will list one or two recommended media types,
giving you some assurance that they have actually tested the media and
found it compatible with their equipment.
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DVD-R Media

Some manufacturers have deliberately engineered their media to work
with the most recent and fastest disc recorders. For example, Verbatim
introduced the first 12x-compatible CD-R media as part of their DataLife-
Plus media family. These discs use a metal azo dye formulation as the
recording surface. Kodak offers a high-speed recording line called Kodak
CD-R Gold Ultima Recordable. This particular media incorporates a dye
that has been formulated for improved interchangeability among the full
range of readers and recorders. The supported recording speed range is
1x to 8x.

If you attempt to use inexpensive discs for high-speed recording you may
be disappointed in the results. Odds are that unless the media has been
deemed compatible with the higher recording speeds by the manufac-
turer, you will generate multiple write errors when attempting to write to
it using an 8x, 10x, or 12x recorder. Most media will clearly state on the
package whether it is been designed to work with various speed record-
ers. Without this assurance, your recording efforts become a very large
gamble.

Recordable DVD media uses principles similar to recordable CD media
for storing data. The technique relies on a dye layer which is affected by
laser light. The dye has been spin-coated onto one side of a clear polycar-
bonate substrate; on the other side, a thin layer of reflective metal is laid
down. As with CD-R media, the spiral (which will serve as the continuous
data track) consists of a groove that helps position the laser beam as write
operations are taking place. The groove—which is referred to as a pre-
groove—contains an undulating surface molded into it that is used to
generate a signal. This signal synchronizes the speed of the spindle
motor in the DVD-R drive as recording occurs. Additional information is
added to the area between the grooves to provide addressing data; these
Land Pre-Pits (LPP) are unique to DVD-R media.

For dual-sided recordable media, this same combination of materials is
used on the opposite side of the disc so that two full recording surfaces
will be available for use. Single-sided media often employ the non-record-
able side of the disc for a silk-screened image or printed label, but dual-
sided media must be kept free of labels or markings so that when flipped
in the playback device, both sides can be read by the laser beam.

Data is recorded by focusing short bursts from a red laser onto the dye
layer. The write laser generally has an intensity of 8 to 10 milliwatts and
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the duration of the on-and-off periods, known as the write strategy, is var-
ied according to the speed of the disc rotational speed and other factors
to produce marks of an appropriate length. The intensely focused laser
beam causes a permanent alteration of the dye layer, creating micro-
scopic impressions—tiny marks that serve as the equivalent to the pits
that are embedded in a commercially pressed disc.

When playback takes place, the read laser focuses on the disc surface and
detects the pits, which do not reflect light back to the optical head, as
opposed to the lands—the unmarked portions of the surface, which
reflect most of the light directed at them. This information is then
decoded and transferred to the host computer, where it becomes avail-
able as the familiar bytes, words, and double-words of computer data.

How Long Do DVD-R Discs Last?
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Clearly, one of the primary prospective uses for DVD-R media is archiving
and storing of large amounts of data. Many manufacturers have per-
formed their own testing and produced estimates of the lifespans of the
media by subjecting discs to a variety of conditions—including intense
light, heat, humidity, and shock. As is the case with recordable CD media
as well, little independent testing has been performed, so interpreting
manufacturer’s test results requires a slightly jaundiced approach and
some healthy skepticism.

Some manufacturers of DVD-R equipment, such as Pioneer, who may
brand recordable discs from other OEMs, rate media lifespans as better
than 100 years. Others project lifespans as being in the range of 80 to 100
years. Either way, the media itself will probably outlive the practical
lifespan of the playback equipment, which may be obsolete and impossi-
ble to find in as little as 20 years. Archiving programs that involve digital
media should include a system for updating the stored contents to more
recent media types on a periodic basis. Fortunately, since there is no loss
of data integrity involved when transferring volumes of digital informa-
tion, data can be easily re-archived on new media and re-stored an infi-
nite number of times. As long as there applications available that can
read the original file formats, and equipment to accept the media, the
preserved data can be read.
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DVD-RAM Media

DVD-RAM media—Tlike magneto-optical discs—comes in a cartridge,
sealed against the possible data corrupting influences of dust and finger-
prints until it is inserted in the DVD-RAM drive. The principles used for
storing and retrieving data from DVD-RAM are similar to those adopted
for CD-RW. Like CD-RW, DVD-RAM discs must be formatted prior to use.
Some formatted DVD-RAM disc options exist. Plasmon IDE has intro-
duce pre-formatted DVD-RAM media to the market, citing a higher
degree of reliability to offset the somewhat higher price. Since the pre-
formatting process helps weed out media that is defective in some way or
that does not meet close specifications, this claim is very likely true.

With a number of manufacturers producing DVD-RAM products for dif-
ferent equipment in different capacities, the media availability situation
is not exactly crystal clear. Kodak has released a 5.2GB DVD-RAM disc
cartridge, as has TDK and Maxell. Maxell also offers a 2.6GB DVD-RAM
disc that can be purchased in individual jewel cases, in bulk on a spindle,
or in a removable cartridge. As new DVD-RAM equipment is introduced,
the requirement for keeping the disc within a cartridge may become less
important and more media options may become available.

Magneto-Optical Media

In many ways, magneto-optical recording equipment helped establish the
market for CD-R and DVD-R applications. Early 128MB and 230MB
3.5-inch magneto-optical cartridges became one of the first high-capacity
storage devices that became widely accepted throughout the industry for
exchanging graphics files, program source files, digital audio material,
and even files for preparing a CD image for replication. This format
never achieved the same level of universal data exchange as did the com-
pact disc, particularly because of the reliance of playback devices specific
to one platform or another.

While magneto-optical (MO) recording does employ laser optics in the
recording process, it also relies on magnetic materials for actually storing
the data. For this reason, the process is sometimes referred to as optically
assisted magnetic recording.

On the media surface of a MO disc, the magnetic particles are aligned
perpendicularly to the surface plane of the disc, following a pre-grooved
recording pattern. Focused through an objective lens, the laser beam
strikes the surface of the media and heats it to a temperature known as
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the Curie temperature—a temperature at which the magnetic character-
istics of the medium can be readily affected. The oxide particles at that
spot on the disc are altered magnetically by a recording coil. The preci-
sion of the laser beam in heating a precise point on the disc allows much
more data to be compressed into the recording area than could be
accomplished by magnetic means alone, such as a conventional magnetic
recording head.

Data is read optically taking advantage of the Kerr effect—a phenomena
that causes a small divergence of the reflection of polarized light from
magnetized materials. This slight difference between the light reflected
from the reverse-polarized regions compared to the non-polarized
regions is read optically and converted to data. The media can be erased
and rewritten simply by reapplying the laser beam and the magnetic field
through the recording coil to any region on the disc.

MO drives and data cartridges come in a number of different sizes and
data capacities, from higher capacity 5.25-inch discs to the 3.5-inch discs
that became popular storage devices for personal computers. Capacities
range from 128 Megabytes up to several Gigabytes. One recent version of
the MO media, referred to as Optical Super Density (OSD) media, has a
storage capacity in excess of 40GB.

Another form of the media exists for archival storage applications where
it is important to avoid any tampering with the originally recorded data.
Financial, government, legal, and medical applications often require that
data security and integrity are better protected than in the rewritable
forms of MO storage. Companies such as Verbatim offer Continuous
Composite Write-Once Read-Many (CCW) media; these discs detect and
record any attempts to alter data that has been written.

MO Media Lifespans
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MO media, because it is based on a composite magnetic-optical record-
ing method, lasts much longer under frequent use than rewritable media
such as CD-RW. A typical MO disc can be rewritten millions of times. Esti-
mated lifespans for the an MO cartridge are in the range of 30 to 40
years, if stored in an environmentally benign location.
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Printable Media Surfaces

With the increasing popularity of disc printers, most media manufactur-
ers have introduced blank media with coated surfaces for thermal or ink-
jet printing, as well as other forms of disc printing. Coated media of this
sort is generally more expensive than blank discs without a prepared sur-
face or discs with an area surfaced for labeling with a permanent marker.
Don’t spend the extra dollars on a printable surface unless you really
need it for disc printing.

As an example of the range of surfaces available, Kodak offers these
blank disc variations:

¢ Inkjet Printable White: for the purest color renditions and most
saturated hues, white surfaces work best for disc printing. Kodak
offers this bright-white coated media that is optimized for inkjet
printing.

¢ Inkjet Printable Gold: gold surfaces will somewhat affect the col-
ors overprinted on them, but the gold can be effectively inte-
grated into the printed design for striking effects.

¢ Thermal Printable White: the overcoat on this disc surface is
designed for CD thermal transfer printing. The bright white sur-
face provides sharp image quality and vivid colors.

Other variations are available from other manufacturers, including print-
able silver. You can also purchase silk-screened media for recording,
based on a custom design or commercial design. Some of these are
designed so that they leave an area free for overprinting so that a title or
additional information can be added after the disc has been recorded.

Poor Man’s Labeling

If you’re not ready to invest in a $1200 disc printer, you may want to label
your recorded discs manually using a permanent marker. Avoid the temp-
tation to use a ball-point pen—even with a light touch you run the risk of
deforming the reflective surface in the substrate and making portions of
the disc unreadable.

Some sources advise against using any kind of a marker containing sol-
vents. I've found that quick-drying ultra fine tip markers work fine and
I’'ve seen no evidence that any damage to the surfaces underlying the
writable disc surface occurs.
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Two possible solutions for markers are:

¢ Dixon-Ticonderoga Redi Sharp Plus: offers sharp, permanent
labeling with a choice of seven colors and three different tip sizes,
including fine, extra fine, and ultra fine. The ink is water-based
and should not affect the disc coating or leach through the lac-
quer.

e Sanford Sharpie Permanent Marker: this does contain solvents,
but the ink dries very quickly and, in my experience, doesn’t
cause any disc damage when you limit your writing to the areas
designed for labeling on the disc surface. The ultra fine point
works best for titling.
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CD-Recordable technology introduced the idea of desktop disc master-
ing, but it wasn’t until CD duplicators were introduced that efficient pro-
duction-level desktop electronic publishing on CD could be realized.

Disc copiers were the first machines to be introduced in this class, but
these are only capable of low-volume production since they usually
include only a few recorders, from one to three or four, and they are
hand-loaded.

Towers came next, with a larger number of recorders, but they were orig-
inally handicapped in the maximum number of recorders that could be
fit into a computer case, and the limitations on the number of bus slots
on a motherboard. Today’s tower enclosures can hold up to thirty record-
ers, but, because their recorders are hand-loaded, when you are record-
ing discs with small data sets, setting up the operation could take longer
than the actual recording.

The next advance came when robotics were added to disc recording on
multiple recorders. With this strategy, manufacturers made it possible to
finally perform true production-level disc publishing with recordable
discs. There are, however, other applications of robot handling—when
combined with disc recorders—besides simply churning out multiple
copies of a title.

An auto-loading duplicator in an enterprise environment can provide
productivity and product quality enhancements that far outweigh the ini-
tial investment cost. Even a small capacity single-drive device with a slow
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robotic disc mover can eliminate the need for an operator to hover off a
recorder to change discs every fifteen or twenty minutes. A top-of-the-line
multi-drive system with integrated disc printer and sophisticated software
can provide high-speed, flexible disc publishing capabilities to an entire
staff. Linking staff members to this publishing option through the Inter-
net or an intranet is now well within reach.

This chapter describes each of these three classes of optical disc duplica-
tors, along with some examples of applications and related technologies.
We discuss some of the business issues raised by the capabilities they
afford. Finally, we look beyond CD-R to DVD duplication, and examine
the possibilities for this new high-density disc format from the perspec-
tive of duplication technologies.

Duplication Terminology
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In most technical fields, specialized vocabularies or jargons develop that
use unfamiliar terms or use common words in uncommon ways. Compact
Disc duplication is no exception.

Replication is the term used in the CD industry to describe the process of
manufacturing discs from raw materials and pre-encoded data.

Duplication, in this context, describes the process of publishing a num-
ber of identical discs by recording on pre-manufactured blank media.

Disc autoloaders are systems that combine robotic disc handling with
recorders and sometimes disc printers (and sometimes just printers) for
unattended disc publishing.

Disc printers are devices that use one of a variety of methods for printing
a design on a disc’s label surface. These printers are frequently found
integrated into disc autoloader systems, especially at the higher end of
the market.

Disc analyzers are CD-ROM readers with special circuitry and data collec-
tion capabilities, designed for testing CD or CD-R media in a variety of
ways.

Throughput is a term used in production planning that means “widgets
per hour” produced in a manufacturing process.
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Cycle time refers to the time required from start to finish for one produc-
tion unit.

Blank media and printable media are not always the same thing. Some
recordable (blank) CD-R discs are not printable by some disc labeling
devices, particularly those that use inkjet print engines, which require a
special surface. The best starting point when choosing media on the basis
of appearance is to follow the printer manufacturer’s suggestions. Most
disc label printer makers test a variety of media to see how well it works
with their printers, and are happy to share their findings with customers.
Recorder manufacturers also usually have certain brands of media they
recommend for optimal compatibility on their machines. Finding media
that works well on both sides (printing and recording) can be a real chal-
lenge at times.

Some Basic Concepts

Before looking at some of the actual equipment and processes involved
in CD duplication, the next sections examine some of the basic concepts
underlying the technology.

Recordable Media

Recordable media is available in many formats and physical types. Not all
are suitable for use in disc duplication.

CD duplicators are designed to use CD-R media rather than CD-ReWrit-
able (CD-RW). CD-RW discs have the following handicaps:

* CD-RW discs are generally considered too expensive for publish-
ing

* Recording to CD-RW media is slow (currently, 4x is the maximum
recording speed for this type of media)

* (CD-RW discs are not suitable for distribution since many older
CD players or CD-ROM readers cannot read them

Production Efficiency

A duplicator’s effective production speed is a combination of several fac-
tors: the number of recorders used, their recording speed, the efficiency
of the robotics in autoloaders or the operator’s hand-loading the record-
ers, and the time required to set up the system for a production run.
Another factor that might be encountered is the speed of a disc printer,
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particularly if it is integrated into an autoloader system. At the time of
this writing, most duplicators are available with 8x recorders, which can
record a full 650MB (74 minutes) in about 11 or 12 minutes. Yet another
aspect is whether the systems can work in asynchronous mode, or if they
require all the drives to be loaded before starting to record. An asynchro-
nous system with fewer drives can sometimes have higher throughput
than a synchronous system with two or three times as many recorders.

System Configurations

Many duplicator systems can be reconfigured with faster recorders as
they become available or affordable. However, since most duplicators use
special software drivers to control their systems, the consumer is depen-
dent on the manufacturer to perform the integration. It is not advisable
to simply pull out a slower recorder and replace it without first consulting
the manufacturer to be certain the new model drive will work in their sys-
tem.

Additionally, some duplicator autoloaders are designed to be custom-
configured or expandable to match consumer requirements. For exam-
ple, more recorders, faster recorders, disc printers and other devices,
such as disc analyzers, can be included out of the box. These kinds of
items are sometimes available as after-market add-ons.

Uses for Disc Duplication

The range of possible uses for disc duplication has steadily expanded as
enterprising individuals and organizations continue to find innovative
ways to exploit the technology.

Short-Run Disc Production

This is the application for which CD-R duplication was originally
designed. Sometimes a requirement exists to produce a significant num-
ber of discs in a short time, but less than the 1000 or more copies many
replicators require as a minimum order for mass production. A “short
run” suitable for duplication may be as few as one or as many as 1000
discs or more.

On-Demand Disc Publishing
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For a new start-up disc publisher, or a frugal established one, disc dupli-
cation is a welcome alternative to replicating and warehousing thousands
of discs. Disc duplication can also be a viable approach for disc titles that
have small—but perhaps long-term—markets. A master CD can be kept
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on hand for each title, and duplicated as the need arises. In my publish-
ing shop, we archive the disc image file and artwork for labels and pack-
aging on a single disc when the data space permits, for storage efficiency
and version control. That way, all the necessary files are certain to be
together whenever a new run is required. When stocks run low, we pull
out the archive disc, copy the production disc image to a new duplicating
master (or hard disk) and make as many new discs as we need for imme-
diate use, without sinking resources in to copies that would require ware-
housing and could even be wasted if any changes might be made to the
contents before they are shipped.

Workgroup Disc Recording Applications

Some companies have discovered that certain duplicators make excellent
workgroup publishing devices, as well as (or even instead of) being an
effective means of producing relatively large numbers of discs. Generally,
autoloader systems that have networking capabilities work best in this
role.

High Security Publishing
One of the disadvantages of CD publishing for many years was that con-
tent material, which might contain highly sensitive information, had to
be turned over to another company for production. Sometimes this is
simply not acceptable, regardless of how trustworthy a replication com-
pany might be.

In one incident (which has been verified by a trusted source) an entire
replication facility was taken over by an unnamed US government agency
for a week, after agents were trained by the replicator’s staff to use the
equipment. Not everyone with sensitive material can afford the millions
of dollars that exercise must have cost, but with CD duplicators, this kind
of heavy-handed and expensive approach is no longer necessary. Disc
duplicators make it possible to control the entire production process in-
house for a much smaller cost, and with far less trouble and risk.

Time-sensitive Disc Production

Using mass replication for discs that must be produced with a very short
turnaround time can be extremely expensive, assuming a replicator can
be found who is able and willing to fit a fast-turn, low-volume job into
their schedule. Having a production run done in a week or less can dou-
ble or even triple its costs when compared to a more leisurely two- or
three-week job. A large-capacity CD-R duplicator with autoloader can
produce up to 1000 discs faster and probably cheaper than a replicator,
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even though each disc requires more time to encode with duplication
than replication. Replicators’ schedules, the necessity of delivering
source material and finished products, and time required to create a
glass master, mold stamper, and screens for label printing all might make
out-sourced replication a more time-consuming process than in-house
duplication.

Workflow Issues to Consider

When making a decision about whether to use duplication or replication,
or an autoloader rather than a disc copier or tower, one of the primary
items to consider is how many discs can be produced in a specific time.
This includes more than just recording time; one must also take into
account the time required to load the discs into the recorders, and how
long it takes to label and package them. But first you must figure on the
time required to produce the initial master, whether thatis recorded on a
CD to be copied, or mastered to an image file on a hard disc.

Data Image Mastering Time
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Even after the disc contents have been created, they have to be mastered to
put them in the right format for encoding on a disc. CD files, no matter
what data format, must be assembled into a single file, since the data on a
disc is laid down in one long, continuous spiral. When the planned disc
content consists of many small files in several layers of subdirectories,
mastering can take quite a long time, depending on the clock speed of
the computer and the efficiency of the mastering software and computer
operating system. This is because each file and directory must be opened
and its size calculated for indexing and copying. Many small files require
more processing time than a few large ones, and directory structure also
affects the speed with which this operation can proceed. Naturally, if a
mastered disc is already available for copying, this part of the time esti-
mate equation can be disregarded, but if mastering is required, be sure
to include that in your time requirement estimates.

Also, if working in a network environment, it is important to have the
image master created on a file system local to the recorder, to prevent
buffer underruns that could result if network slowdowns or interruptions
occur. CD recording requires a constant stream of data to the recorder,
and if that is not available, the recording stops with an error and the disc
is ruined.
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Recording Throughput Time Requirements

How long it takes to record a set of discs depends on how much data is to
be recorded, the speed of the recorders, plus handling—moving the
blank media into the recorder and removing the completed disc. If disc
transfer is done by hand rather than with an autoloader, it can add sev-
eral minutes to each batch. Even with an autoloader, the efficiency varies
among systems. The best way to ascertain the time required is to keep
track of the time over several sessions, and take an average, not forgetting
the time needed to unpack and stack blank media on input spindles if

using an autoloader, and the time required to unload and package the
finished discs.

Autoloaders have vastly different efficiencies, depending on whether they
use a synchronous or an asynchronous recording strategy. Some high-
end auto-loaders are available which allow asynchronous recording and
disc handling. You can either record several different titles at the same
time, or you can have a single title proceeding through several different
stages of production in a highly efficient manner. A potential complica-
tion in asynchronous duplication is that an open printer or recorder
drawer might interfere with disc handling. The robotics control software
must be designed to accommodate all the operations that are occurring
at any given time.

The asynchronous strategy can also support the loading of drives and ini-
tiation of recording while additional drives are being loaded, or other
operations—such as discs being moved to a printer—are being per-
formed. With many type of duplicators, when you start a batch of discs, it
loads all of the drives and then starts the recording operation. When it is
finished recording the current batch, the equipment will unload the
discs, load a fresh batch of media, and then resume recording. Typically,
a delay of two or three minutes between batches may occur. With a large
number of batches and a large number of discs, this can introduce signif-
icant delay in the duplication process.

The formula for calculating the delay is:
delay=(print + handling time) * (number of drives)

This delay could be as much as 8 to 12 minutes, or even 24 minutes on an
8- or 12-drive system with a slow printer.
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Asynchronous duplication strategies, by their nature, require high-end
SCSI host adapters and high-speed processors to support the operations.
These features translate into more expensive equipment than similarly
equipped synchronous devices. But, if time is more important to your
application than the additional cost involved, you should consider select-
ing a duplicator that supports the asynchronous approach.

Disc Labeling Time

Packaging

The time required for disc labeling is naturally dependent on the
method of labeling used. A disc printer used with an autoloader duplica-
tor may be employed in-line or offline, for instance, or paper labels may
be applied to completed discs all at once in a batch, or as each disc comes
out of the recorder.

Equipment for automatically packaging CDs does exist, but it is generally
too expensive to be considered for the small volumes to be handled in a
duplication operation. Time must be allowed for this final step in the
production process, but luckily it usually doesn’t take long, and some of it
can be completed on the first discs duplicated while others are still being
recorded and labeled.

Choosing Recordable Media for Duplication

Some key factors affect the suitability of media for use with duplicators, as
explained in the following sections.

Labeling Issues: To Print or Not to Print
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Printing directly on a disc results in an attractive label that can be cus-
tomized for each disc if desired. Issues that should be considered include
cost of printing equipment; cost of printable media versus prelabeled or
paper-labeled media; availability of software and trained operators to
generate label artwork; and questions of how the printing process might
affect disc data life expectancy.

Note: For discs that are being prepared for archival storage, ISO 18925-
1999, the international standard for Disc Storage, recommends that no
label at all be printed or affixed to the disc surface. This ensures that
adhesives or solvents in the ink will not negatively affect the data during
long periods of storage. Of course, this standard is written primarily for
archivists, so if your discs are intended for more temporary purposes (up
to 5 or 10 years usefulness), it is not necessary to follow it strictly. Also,
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some paper labels and adhesives are acid-free, so they may not have a
negative impact on disc life expectancy.

Pre-screened Labels

Some duplication users choose to have blank media silk-screened with
their artwork before recording. Screened labels have the highest-resolu-
tion images, but this practice does mean that many discs will have the
same design, unless an area is left in the artwork for overprinting with a
disc printer. Some shops have experimented with including a field of
printable ink in a pre-screened design for this purpose, but experimenta-
tion with different ink formulas is necessary to find one that works with
the disc printer you use, and there is the matter of lining up the existing
artwork with overprinted text or graphics as well. It is not impossible, but
does require specialized equipment or a great deal of manual manipula-
tion to achieve acceptable results.

Disc Printer Options

Wax Transfer

Inkjet

Several types of devices are available now for printing directly on the sur-
face of CDs. All of them can be used as computer peripherals, and several
can also be integrated into an autoloader system with or without disc
recorders, for automated production. Desktop disc printers fall into two
general categories, depending on the kind of printer technology they
use: wax transfer and inkjet.

Until recently, wax transfer disc printing was only available from Rimage,
and only in monochrome, but now at least one other company has intro-
duced a similar printer, and both they and Rimage have printers capable
of multi-color printing. Advantages of this method of printing are that
the resulting image is smear-proof, and they can look as sharp as
screened images for the monochrome variety. The polychrome printing
is generally not as high-resolution as inkjet printers are capable of, but
the manufacturers are working to improve that. Physical limitations of
the wax transfer process prevent much higher resolution for this type of
printer, though. Also, the polychrome printers currently have a com-
bined resolution of only 300 dpi, or 100 dpi per RGB color.

Inkjet disc printers are less expensive and provide more colorful output
than wax transfer printers, but they require media with a special print-
able surface, and the resulting label can smear if rubbed with a wet fin-
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Paper Labels

ger, some worse than others. Also, some media and ink combinations
don’t work well together, so experimentation with different brands may
be necessary to obtain desired results.

Some printer manufacturers, such as Trace Digital, recommend using
recordable media that has a blank paper label already affixed for disc
printing. One reason for this is the inconsistencies encountered in media
surfaces, which can vary significantly from disc manufacturer to manufac-
turer, resulting in difficulties when attempting to print high-quality
images to a disc. By using a uniform paper surface when printing, the
results can be controlled much more consistently. A paper surface, since
itis more absorbent and less resistant to the applied ink, tends to provide
superior image quality when used with inkjet printers.

Media Packaging

Jewel Boxes

Spindles

Bee-hives
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Blank media is delivered from the manufacturer in several different
kinds of packaging. Some of these methods of packaging are more suit-
able for mass duplication tasks than others.

The most expensive way to receive blank media is in plastic boxes like
those used for commercially packaged CDs from a retailer. Not only are
the boxes more expensive, but before the discs can be recorded, they
must be unwrapped and removed from the boxes, which is a time-con-
suming manual chore. However, these packages can be reused for deliv-
ering or storing recorded discs, so it is not all waste.

Some media manufacturers sell blank recordable media “bare on a spin-
dle.” These spindles are made of metal or plastic, and hold anywhere
from 50 to 250 discs. Purchasing media in bulk on a spindle is usually
economical. Spindles are also convenient for loading discs on an auto-
loader in preparation for duplication.

A “bee-hive” is a small spindle package with a rigid plastic cover that is
held on with a screw-on nut. These packages got their name because they
look a little bit like the flattened cones used to cultivate honey bees. Bee-
hives usually hold 50 or 100 blank discs, and are a moderately inexpen-
sive way to buy and store bulk media.
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Duplicator Classifications

Sometimes blank media is simply wrapped in heavy plastic and shipped
with no other packaging. While this is an inexpensive way to receive
media, it does present some hazards since it is possible for the discs to
shift and scratch one another during shipment and handling. Spindles or
bee-hives provide more protection from such hazards, and are easier to
store.

Duplicator Classifications

CD duplicators can be classified into the following groups:

®  Disc copiers are the most basic units; they are generally standalone
devices designed to simply make multiple copies from a single
prerecorded disc.

o Tower duplicators combine several manually loaded recorders in a
single cabinet, allowing multiple copies to be produced very
quickly.

*  Automated duplicators employ robotics to move media from spin-
dles to recorders and, sometimes, to printers. These units provide
the most publishing versatility, but they are also the most expen-
sive devices.

Duplicators could be categorized as either using embedded controllers
or open systems. In general, embedded controls allow great simplicity of
use, but using open systems gives manufacturers the chance to include
many extensions to a system’s capabilities, such as the ability to record to
different formats or to add printers or disc analyzers. This is the usual
trade-off between ease of use or powerful features.

Any of the classifications we use in this chapter could be subdivided into
embedded controls or open systems. If open systems are chosen, stan-
dard printing, premastering, and so on, can be added, but the operator
then must be a more sophisticated (and higher paid) computer user, not
simply a copy machine attendant.

Examples of our three original classifications of duplicators appear in the
following sections.
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Disc Copiers

The copier class of duplicator is usually found in standalone configura-
tions. No external computer is required for standalone copiers, and
operation is usually very simple, sometimes with only a “start” button.
Anyone in an organization can be quickly trained to operate this type of
equipment, which makes it very practical for casual, on-demand duplica-
tion.

Most disc copiers, like other classes of disc duplicators, are advertised as
being able to successfully copy almost any compact disc format. Fre-
quently, disc copiers do not have mastering capabilities. This means that
a separate recorder must be available to create original content discs,
since only pre-encoded discs can be duplicated.

Since they usually do not offer many sophisticated features, can copy only
a few discs at a time, and require hand-loading, disc copiers are usually at
the low end of the duplicator price scale.

Used to duplicate relatively small numbers of discs at a time, these
devices are sometimes described as being an “appliance” since one simply
pops in blank media and a disc to be copied, pushes a button, and when
the process is finished, out comes the completed product. It’s just like
using a breakfast toaster, except that there are no crumbs.

For small businesses and workgroups who occasionally run multiple cop-
ies of a CD-ROM, musicians who want to produce audio CD demo discs
for distribution, or even hobbyists who need inexpensive, easy-to-use disc
copying capabilities, these machines can be exactly right.

Examples of the Disc Copier Class

Alea Systems

Model 121

222

There are a large number of manufacturers and integrators who offer
devices in this class.

One of the first companies to see the potential for desktop disc copying
was Alea Systems of Italy. Now based in California as well as in Milan, Alea
was showing a version of their single disc copiers as early as 1993.

A very simple but effective design from Alea Systems is called the Model

121. This external standalone copier is nothing more than a box with two
drives—a CD-ROM reader, and a CD-Recorder—with a “start” button and
an activity indicator. Put a disc to be copied in the reader and a blank disc
in the recorder, push “Start” and a few moments later your disc is copied.
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Interactive Media Corp. KanguruCD Duplicator This unit provides both standalone opera-

tion and PC-connected CD recording with models ranging from a 4x par-
allel-port interface design to a 6x SCSl-interface design that copies 1 to 3.
Automatic format detection allows you to simply drop a disc into one
tray, push the start button, and remove your copy in 10 to 20 minutes.
With the high-end model, up to 12 discs per hour can be duplicated. For

more details, visit the site: www.kanguru.com/cddup.html

Tower Duplicators

Fitting in between copiers that can record only one or two discs at a time
and autoloaders that handle hundreds or thousands in a day are the
devices we call tower duplicators. A tower is essentially a case or rack that
holds several recorders, and is usually driven by a microcomputer.

Depending on the configuration and associated software, towers might
work more like copiers, and only blindly copy pre-recorded discs, or they
might offer mastering capabilities as well.

Tower duplicators are well-suited for companies or individuals who have
aneed to periodically produce a number of discs in a short time, but not
on a constant basis. This class of duplicators is less expensive than auto-
mated systems, since no robotics are involved in recording or printing
discs. These functions must be handled by manual loading, which makes
the tower duplicator less than ideal for serious production environments.
However, because some tower cabinets contain up to 30 recorders, the
duplication throughput can be significantly greater than low-end disc
copiers.

Most of the tower configurations do not include sophisticated software
that would allow control over individual CD recorders; instead, the soft-
ware is generally tailored for simply generating multiple copies from a
disc image that may be stored on a host computer and then recorded to
disc during the duplication process, using an embedded controller.

Examples of Tower Duplicators

CDCyclone

Tower duplicators are available from several manufacturers. A few exam-
ples of units follow.

The CDCyclone mounts up to 30 drives in a single cabinet, providing the

highest volume recording capacity available in this class at the time of
this writing. The unit consists of a standalone enclosure that contains the
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selected number of CD recorders and a dedicated host computer that
drives the duplication process.

Figure 8- 1 CDCyclone T-30

NSM NSM produces towers in several sizes, from the small peripheral unit
shown in Figure 8 - 2 to larger standalone units featuring their own built-
in host computer and up to five CD recorders.

Figure 8- 2 NSM Towers
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Automated Duplicators

Automated duplicators extend the capabilities of the optical recording
medium significantly, offering the equivalent of a printing press designed
for compact discs. These units are optimized for unattended production
and workgroup applications and sometimes include networking inter-
faces so they can be accessed in the same manner as a network printer
(including the ability to queue jobs, as necessary).

Although some tower duplicators also include network access, they still
must be attended—someone must load and remove media as the record-
ing process takes place. In comparison, automated duplicators include
robotics to cycle the blank media to the recorders, as needed, and then
to unload media to an output spindle. Some units also automate the pro-
cess of printing the media, either through an integrated inkjet printer or
a printer using a wax-transfer process.

Another characteristic of this type of duplicator is the relatively sophisti-
cated software that is used to control the mechanisms involved in the
robotics and to synchronize the recording process. The proprietary soft-
ware controlling these operations may or may not have premastering
capabilities. If premastering is not included in the process, a disc image
must be first created using a suitable premastering program. The sim-
plest units in this class may consist of nothing more than a disc copier
with an autoloader connected to it. Some of the high-end systems pro-
vide full premastering in combination with autoloaders that can handle
up to 400 discs at a time.

Many different unique devices exist in this class, each of which serves a
different segment of the market, with multiple configurations available
and widely varying capabilities. Since these kinds of units can be fairly
expensive, one of the most common applications is sharing a single auto-
mated duplicator shared across a network with many individual users.
Queuing software is used to mediate in cases where there are multiple
requests for a recorder; jobs can be prioritized and serviced in the same
manner as network print queuing is performed.

Not all automated duplicators offer full networking capabilities. Micro-
tech and Rimage are examples of manufacturers who have carefully inte-
grated network access into their equipment. Microtech units contain
their own controlling computer. Both companies software operates
under Windows NT. However, while using similar concepts, the systems
from these two firms are quite different from each other. In fact, one of
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the most striking facts about the autoloader class in general is the diver-
sity of approaches used by the various manufacturers to provide solutions
for similar requirements.

Examples of the Autoloader Class

MediaFORM
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Each of the following units employs a single robotic arm that can handle
one disc at a time. The emphasis is on the simplicity of the robotic mech-
anism; by avoiding complexity, the reliability of the units is improved and
the costs can be constrained to a reasonable level.

The diskette drive in the MediaFORM 3706 lets the operator insert a dis-
kette with label information for the integrated disc printer. An LCD
panel on the lower right side of the cabinet provides status indications
while operations are being performed. The stack of drives contained in
the cabinet are aligned so that the drawers extend within the reach of the
central robotic arm. From the input stack on the left, discs are loaded
into individual drives and then when the recording has been completed,
the discs can be fed one at a time to the printer unit (shown as the cabi-
net on the far left side of the unit). When printing is complete, each disc
is retrieved by the arm, which rotates and drops it on the output spindle
shown on the right.

The robot involved in this process has two degrees of freedom: it rotates
and it goes up and down. No lateral or angular movements are used to
transport the discs. Once again, simplicity is engineered into these units
to keep costs down and to eliminate potential problems that could arise
from overly complex systems.
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Figure 8 - 3 MediaFORM 3706

Microtech ImageAutomator

The robotic arm on the Microtech unit has one degrees of freedom: rota-
tion. Picking up and dropping discs is accomplished by a second robot
housed within the rotating arm. Discs on the input spindle are lifted
within the range of the rotating arm by an elevator. As you can see in Fig-
ure 8 - 4, discs are picked up from the input spindle and then rotated
into position to one of the drawers in the CD recorder stations. Recorded
discs are extracted from the drawers and deposited in the printer, shown
to the rear of the unit. When printing is done, the completed discs are
extracted, rotated into position, and dropped on the output spindle.

The ImageAutomator is designed to be adaptable to different levels of
activity and different operations through its configurable structure. The
central platform with the robotic arm rotates through up to six stations
that can be configured with different devices, as required. An organiza-
tion can purchase and configure an appropriate number of up to 12
recorders, 2 Primera inkjet printers, or 2 1/0O stations for its operations.
Through software settings, the robotics can be programmed to service
each of the individual stations during duplication operations. Thus, the
Microtech system is the most configurable platform of its kind for disc
duplication.

The ImageAutomator includes an image aligner device (shown in more

detail in Figure 8 - 6) that can be configured to adjust the image printing
to conform to pre-screened discs that have a blank area for overprinting.
The optional image aligner utilizes a digital camera that adapts the image
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to be printed to the orientation of the disc that is deposited into the
printer tray. This particular approach works very well with paper labels
that have been pre-printed with an image, as well as previously silk-
screened media. The degree of precision for this technique is also some-
what better than units that require that the media to be rotated into a
particular position before printing can begin.

Figure 8 - 4

Cedar
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Microtech ImageAutomator
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The Cedar autoloading duplicator, distributed in the United States by
MicroBoards, Inc., employs an integrated printer, the Primera Signature
III, into the compact cabinet. A soft brush attached to the robotic arm is
used to clean the media’s recording surface before depositing it in the
recorder. Dust-laden media can cause significant problems during
recording, so, if the brush itself is kept clean, this feature is a welcome
addition to the duplicating process.

The robotic mechanism on this unit is exceptionally simple with one

degree of freedom. The arm moves up and down to deposit or extract
discs from the trays that extend from the recorders or the printer. The
stacks of input and output discs also rests in an extendable tray, which
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slides to one position when blank media is being selected and then moves
to another position to accept recorded, printed discs.

Figure 8- 5

Rimage Protogé

Cedar CD-R Desktop Publisher

The Rimage Protogé is very popular for workgroup applications, since it
can be controlled over a Novell NetWare network. It also has a smaller
footprint than many other autoloaders, allowing it to be deployed in situ-
ations where the physical space available is a limitation. This Rimage unit
has an attractive design with smoked Plexiglas doors and it is sometimes
found in a prominent position in the reception area of a corporation,
where custom discs containing product information or presentations can
be generated on demand for visitors and then handed out by the recep-
tionist. While not really designed for heavy-duty production, this unit
provides reliable, mid-level capacity duplication operations with the
added benefit of networking.
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The printer used with this duplicator aligns print operations according to
an alignment mark that must be present on the blank media. The disc is
physically rotated in the printer tray until it is properly aligned for the
image to be printed.

Trace Digital

Trace Digital has optimized their units for in-line printing capabilities (or
off-line capabilities—they offer some autoloader units that don’t even
have installed recorders).

Printing discs presents a number of different challenges, which have
been addressed by Trace Digital. Several different printers from OEM
Epson are used in Trace Digital models. This autoloader disc printer
incorporates a staging area. After a disc is printed, it is moved to a hold-
ing area to allow the ink to thoroughly dry. After the next disc is printed,
the disc in the holding area is deposited on the output stack. This
reduces the chance of wet ink contaminating the media surface of the
adjacent disc when stacked.

Trace Digital also recommends the use of pre-labeled media—media that
includes a glossy, inkjet paper label that accepts a high-resolution image
more effectively than coated disc surfaces.

Disc Printers

The devices mentioned here are by no means all the products available
in this class, but they are representative of those currently available in the
marketplace.

Inkjet Disc Printers

Craig Associates International (CAI) ColorScribe This company pioneered the concept of
desktop disc labeling in 1993, not long after the first desktop CD-Record-
ers were introduced in the US. CAI currently offers two models, the Col-
orScribe 6000, a manual-feed device, and the ColorScribe 9000, which is
a printer integrated with an automated disc handler with 100-disc capac-

ity.

Primera Signature lll The latest model from Primera, the Signature III, offers 1200 dpi res-
olution (in both directions), advertised as the highest available in this
market. This drawer-loaded printer is integrated into several duplicator
autoloaders, including those from Cedar and Microtech Systems. It uses a

230



Disc Printers

proprietary printer engine and ships with software for both Windows and
Macintosh operating systems.

Trace Digital Trace Digital sells several autoloading disc printers, both integrated with
recording autoloaders, and a standalone autoloading printer, the Power-
Printer II. This company is also the parent of Affex, who make manually
loaded disc printers. All Trace printers, including the Affex models, are
of the inkjet type, based on the high-resolution four-color (CYMK) Epson
printer engines.

Affex HardCopy and CDArtist-Plus These manually loaded inkjet printers (based on high-
resolution Epson print engines) use a plaque with indentations to hold
discs as they pass through the printer. A unique feature of this line is that
they are able to accommodate the popular “Business Card” shaped CDs
by using special plaques designed for these 18 to 50MB recordable
media. Affex and its parent company, Trace Digital, offer media prela-
beled with glossy, inkjet-friendly (and acid-free) paper labels that are par-
ticularly well-suited for these printers.

Wax Transfer (Ribbon-Based) Printers

Rimage PerfectWriter & Prism The first wax-transfer disc printers were introduced by Rim-
age early in the life of the CD-R industry. This technology offers mono-
chrome or color printing that has several advantages and some
disadvantages. The advantages include the fact that monochrome images
when properly designed can almost rival silk-screening for density and
sharpness. The wax is also smudge-proof—a distinct advantage over most
inkjet disc printers.

Disadvantages include the higher cost of these printers and their rela-
tively low resolution, since they have a physical limitation of 300 dpi, even
for the three-pass color version (the Prism) which has a combined dpi of
300 over all three bands of color.

Nonetheless, the monochrome PerfectWriter has long been considered
the high-end disc printer against which others are measured. Several
duplicator manufacturers integrate this printer with their autoloaders,
and Rimage itself is among those who do this.
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Guidelines for Media Handling with Duplicators

Even though many CD duplicators are designed to be as simple as a copy-
ing machine, they are still precision instruments and the media integrity
can be compromised if subjected to mishandling or abuse. The following
guidelines should be considered whenever performing disc duplication
to ensure the best results.

® Good quality bulk media is essential to successful recording oper-
ations. If you are producing large volumes of recorded discs, you
don’t want to produce a lot of faulty discs. Make sure that you
choose high-quality media that is designed to accommodate the
speed of your recorders. Media designed to work successfully in a
4x recorder may not work at all in an 8x or 12x recorder. Disc
manufacturers formulate the dye and engineer the media to criti-
cal tolerances to ensure successful recording at higher speeds.
Ensure that your media is up to the task.

¢ High humidity environments can cause discs to stick together on
the spindle. If the duplication operation is to run unattended, the
operator loading the spindles should ensure that the discs sepa-
rate freely (fluttering the discs slightly while dropping them onto
the spindle can help ensure that they are not sticking together).
A relative humidity of approximately 45% is ideal for duplicator
operation.

e Very dry environments can also cause problems—static electrical
charges can prevent discs from separating freely as they are
uploaded from spindles. If the humidity level is significantly
below 45%, a humidifier placed in the room where the duplicator
is being used can help avoid this problem.

* A clean environment favors duplication operations, since dust or
dirt can foul the recording activities. While not requiring clean-
room conditions, CD duplication will be the most successful if the
air in the room is free from smoke or dust and the duplicator
mechanisms—including recorder trays, printer bins, and robotic
assemblies—are kept as clean as possible. If using compressed air
to clean out any of the cavities in a drive or printer, make sure
that the product does not contain propellants or other chemicals
that might leave a residue on discs or drive mechanisms. Pure
compressed air is best for this application.

* Since simpler CD duplicators might be operated by personnel
who are not skilled in computer operation, make sure that ade-
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quate training is provided before turning someone loose to dupli-
cate discs. Media handling techniques should be taught along
with other fundamentals that apply to CD duplication.

¢ Handle media only by the edges and always use a delicate touch.
Rough handling can result in data integrity problems. Finger-
prints or debris on the media’s recording surface can impede
data recording.

¢ Ifyou are printing on the media, make sure that the print surface
provided is compatible with your printer.

* Recordable media is sensitive to heat, humidity, and light expo-
sure. Avoid extremes in each of these areas to ensure the best
results. Treat your blank media as if it is in an archival environ-
ment (cool, dry, and dark) and you’ll eliminate many potential
problems.

* Provide plenty of table space and spare empty spindles for materi-
als staging.

e Use a cart to move media between work areas.

* Don’t carry a stack of media without a spindle or something to
prevent the discs from shifting and possibly scratching each
other.

* Be sure to remove the protective blanks from the top and bottom
of new spindles of media.

Issues Involved in Printing on CDs

Most desktop printers were originally designed to print on paper, which
is thin, flexible and absorbent. CDs are relatively thick (compared to
paper), rigid and have a non-absorbent surface.

To modify an existing printer so it can print on CDs requires manufactur-
ers to design special carriages, and sometimes to alter the cases of print-
ers made by other companies. (Several disc printers are based on models
from Canon and Epson.)

Printers that use water-based ink (inkjet type printers) require media
with a special surface. These surfaces have been developed by many
media manufacturers, using a variety of base colors and different absor-
bency and appearance characteristics.
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Wax-transfer printers can be used successfully with most “printable” or
plain-lacquer coated “shiny surface” media, or media with a scratch-resis-
tant surface.

Finding exactly the right media for your particular label design and a
type that works well with your printer can be a challenge, and is largely a
matter of trial and error. Until media manufacturers and distributors can
be convinced to package their media products with more informative
labeling, even finding the same product more than once may be difficult.
Experiment and shop around are the best suggestions I have for users of
these products, and let the makers know we want media to be informa-
tively and intelligently (and consistently) labeled, so we know what we are
buying.

Pre-screened CD-Rs

One method for applying a label to a disc is to pre-screen the blank
recordable media with an image and then use an alignment mechanism
to overprint additional title information on the surface. Some manufac-
turers, including Microtech and Rimage, offer this approach for produc-
ing a look which is very close to a commercially replicated and
silkscreened CD.

Different alignment techniques are used to marry the overprinted image
with the pre-screened image. The Rimage unit uses a mark on the media
that is used to control the alignment. The Microtech unit uses a digital
camera to capture the image, which can then be manually aligned using
the software provided with the equipment. Once trained in this manner,
the overprinting is handled automatically as a normal part of the printing
process.

Using Pre-labeled Media
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Sometimes it makes sense to record on media that already has a design
on it, adding only identifying information to a high quality silk-screened
label. This is possible with a system that “sees” the label orientation and
lines up overprintable text or graphics to be added at recording time. At
the time of this writing, two such systems were available, one from Micro-
tech Systems, and the other from Rimage. Both use the Rimage wax-
transfer printers, because it is not practical to overprint on UV-cured silk-
screened labels with inkjet printers since the ink cannot be absorbed by
such a surface.
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Print-alignment Devices

Microtech Systems ImageAligner Used in combination with either a Rimage printer (Prism
or PerfectWriter), this device can be added as a station on several of
Microtech’s modular duplicators. It consists of a digital camera, which
“sees” the existing label on a disc in the printer’s tray, and software that
overlays this image with the graphic or text to be overprinted, then lines
them up according to the way it was trained to do during the setup for
that production run. The image training can be stored for reuse later,
saving the time required for training if production is done in several

batches.
Figure 8- 6 Microtech ImageAligner
Rimage AutoPrinter

The Rimage AutoPrinter uses a sensor that detects a mark that must be
previously inscribed in the inner hub of preprinted discs. This allows the
software to instruct the positioning mechanism to rotate the disc into the
correct orientation for the image to be overprinted. The AutoPrinter’s
disc handler is based on the same robotics and rotating disc bin configu-
ration as their popular Protegé disc duplicator, but without the record-
ers. Using a standalone disc printer autoloader in conjunction with an
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autoloading disc recorder eliminates the bottleneck frequently encoun-
tered when the printer’s cycle time for the number of discs to be handled
is slower than the recording autoloader.

Figure 8- 7

Paper Labels

Rimage AutoPrinter

While the use of paper labels has been deprecated by archivists and
media testing & data storage standards groups, for discs that are not nec-
essarily intended to be used for long-term data storage paper labels may
provide a reasonable alternative to printing directly on a disc’s surface.
Care should be taken to ensure a label is perfectly centered on the disc,
since labels that are even a tiny bit off-center may cause playback prob-
lems in high-speed drives. Several label applicators are available to make
placement easier than lining them up manually. Some disc printer manu-
facturers even recommend using media with pre-applied paper labels to
avoid problems sometimes encountered when using printable media.
Paper labels have the added advantage of providing a slightly absorbent
printing surface, which may display a printed image sharper and more
vividly-colored than possible on printable CDs.

Packaging Duplicated Discs
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Some consideration should be given to the method of packaging com-
pleted discs once they have been recorded on a duplicator. Depending
on the method selected, a certain amount of time must be allocated to



Jewel Boxes

DVD-R or DVD-RAM for Duplication?

meet the packaging requirements, which can add significant time to the
complete duplication process.

Jewel boxes are a manually intensive means of handling the packaging of
discs, but they have the advantage of adding a degree of polish to the pre-
sentation of a completed disc, particularly if a jewel box insert is pro-
duced to go along with the disc. If you choose the jewel box as the
preferred method of packaging, be sure to allow sufficient time for
assembling the inserts and packing the boxes at the end of the duplica-
tion process. This method also requires additional handling of the discs,
which can generate scratches or other damage if not performed care-
fully.

Disc Sleeves and Envelopes

Disc sleeves and envelopes can be more easily integrated into a high-
speed production process. A variety of materials are available, many of
which can be printed using a screened or four-color printing process.
The inexpensive approach, of course, is to simply use a plain sleeve
insert, which should be a soft enough material so as not to abrade the
disc surface when inserted or removed.

One innovative approach which has recently been introduced is a Web-
based design tools that allows templates to be applied for quickly prepar-
ing a camera-ready design with just a Web browser. The design can then
be printed on discs or custom sleeves, by the service provider or the cus-
tomer. For more information about this technique, refer to:
wwuw.eprint-network.com

DVD-R or DVD-RAM for Duplication?

In the DVD world, rewritable media preceded write-once discs in the
open market, just the opposite of the history of CD-R and CD-RW. How-
ever, the rationale for using write-once discs instead of rewritable discs is
the same for both varieties of Compact Disc, the original CDs and DVDs.
Rewritable DVD and CD media is more expensive than write-once blanks,
and is not readable on all drives. If discs are being duplicated for general
distribution, when the characteristics of target readers are not predict-
able, using write-once blanks is a safer choice than more limited-use
rewritable media.
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When Will It Happen?

Summary
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DVD-Recordable media and recorders are available, and can theoreti-
cally be integrated into duplicators, but at the time of this writing there
have been no DVD-R duplication systems announced. They will become
available soon, but at the moment that format is too new and not yet pop-
ular enough to be practical for duplicator manufacturers to invest in it
when the CD-R duplicator market is much larger, and still growing. How-
ever, several manufacturers have told me their systems are “DVD-ready”
for the time when the demand exists.

The techniques and equipment involved in CD duplication and auto-
mated disc publishing cover an enormous amount of territory. Business
and corporate users, as well as independent publishers, have a broad
range of choices when deciding how to best duplicate discs.

The possibilities are so wide ranging that many potential uses have yet to
be discovered. Through the entire history of optical recording, the users
have always come up with new potential applications that the manufac-
turers had never even anticipated, and each new generation of equip-
ment and software builds on this progressive experience.

For example, initially manufacturers believed that CD duplication equip-
ment would be primarily used for simply generating multiple copies of a
pre-existing disc. New classes of equipment were designed and software
was re-engineered when it was discovered that many users wanted a
mechanism for producing one-offs in small quantities for distribution
(for example, software companies producing multiple beta releases of a
software title for testing). Inhouse training, corporate database distribu-
tion, multimedia presentations for salespersons or seminar instructors,
business-to-business parts catalogs, office enterprise applications, and
similar kinds of applications each present differing requirements, each
generally better suited to one kind of duplicating approach rather than
the alternative approaches. Prior to purchasing equipment, evaluate your
requirements carefully and make sure your requirements match the
capabilities of the system the you acquire. With the right combination of
equipment and software, you’ll have a streamlined way of creating and
distributing digital content with the remarkable efficiency and econom-
ics of the compact disc, multiplied a hundredfold or more.

This chapter was written by Katherine Cochrane of The CD-Info Company.
Katherine can be reached at katherine@cd-info.com.



Practical Applications

In this brave new digital world, virtually anything that can be converted to
a binary format can be put onto a disc and distributed to computer users
worldwide. For organizations and corporations that routinely distribute
information to support their operations, the practical applications of
optical recording offer ways to reduce costs, increase efficiency, and com-
municate with staff members and customers in new and creative ways.

In the early enthusiastic days following the widespread acceptance of the
CD-ROM, many development companies jumped onto the multimedia
bandwagon and invested hundreds of thousands of dollars, and some-
times millions, into productions ranging from interactive games with dig-
ital video clips featuring actors and expensively commissioned musical
scores to multimedia tours of the great museums of the world. Tradi-
tional book publishers flirted with the medium, online database services
experimented with releasing content on CD-ROM, and libraries of fonts,
graphic images, music clips, and other rich media assets found their way
to CD-ROM. A few companies flourished and titles such MYST and From
Alice to Ocean demonstrated that multimedia CD-ROM titles could sell in
the millions of copies. During this period, many companies also overin-
vested in title production, experienced poor sales, and disappeared from
view in a year or two.

Some areas of CD-ROM title development are still very healthy and more
adventurous companies are beginning to experiment with the additional
storage capabilities of DVD-ROM and DVD-Video. But, in some ways, the
era of the blockbuster multimedia title seems to have been replaced with
a more finely focused, more practical approach to the medium. There
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will still be bestselling CD-ROM games that reach hundreds of thousands
of customers, and CD-ROMs will remain the distribution medium of
choice for the vast majority of software applications for some years to
come. But, to a large degree, most companies releasing titles on
CD-ROM with multimedia components are making their content as
dynamic as possible using Web-enabled links. This combines the best of
both worlds: the inexpensive, universally available distribution medium
of the optical disc with the dynamic, readily accessible, rapidly changing
face of the World Wide Web. Both have their own unique advantages and
each complements the other in a number of ways.

While the era of the blockbuster titles may be over, individuals and corpo-
rations worldwide are enjoying the benefits of inexpensive optical record-
ing for a multitude of communication tasks. Networked CD-ROM and
DVD-ROM towers provide terabytes of data to intranet and Internet
users. Training videos on DVD, certification programs on CD-ROM, and
corporate databases on disc provide a ready method to produce and dis-
tribute key information about company processes or products in a much
more dynamic and cost-effective way than can be achieved by means of
printed books, manuals, or reports. The skyrocketing sales of optical
media and recording equipment of all formats demonstrates the strong
interest in optical recording as a vitally important organization communi-
cation tool. As DVD-ROM expands on the capabilities of the CD-ROM,
new areas of enterprise and communication will certainly develop as a
consequence of the rising interest in this format.

This chapter explores some of the practical methods by which recordable
CDs and DVDs can solve the problems of businesses and organizations
and make them more effective at their daily tasks.

Email Archiving
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With the increased dependency on handling basic communication tasks
with email, many email users begin receiving dozens and sometimes
upwards of a hundred messages a day. If you’ve given out your email
address in response to product registrations, special online offers, Inter-
net purchases, or similar activities, the volume will continue to escalate as
you begin receiving the electronic equivalent to junk mail.

Many email applications now include filtering options, to allow you to

consolidate incoming mail into appropriate storage areas. The question
is: How long do you really want to keep email on your system? If allowed
to reside on the system indefinitely, you’ll begin seeing a fairly substantial
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reduction in your available storage space, particularly if you get messages
that include attachments frequently.

Optical recording offers an effective solution to this problem. You can
archive email to CD-R or CD-RW discs on a periodic basis—perhaps once
a year. To be able to retain and access the specific details you need to
later refer to your email messages, you can first convert each message to
Acrobat format and then use Adobe Acrobat’s Catalog utility. Catalog lets
you create a full-text index of your message contents simply by selecting a
range of folders to index and then starting the catalog function, as shown
in Figure 9 - 1.

Figure 9 - 1 Acrobat Catalog options
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DAVCESOFT~3

Remove |

For this application, use CD-R if you plan on archiving messages for long-
term storage. The write-once characteristic of the medium will prevent
you from erasing and overwriting any of the data at a later time.
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If your storage needs are more temporary, CD-RW lets you store almost
the same amount of information, but also lets you reuse the disc if you
decide that you can purge the messages at some point in the future. This
extra flexibility can be valuable in production environments where the
requirements and storage needs change very frequently.

The basic process could work something like this:

e Using the printer selection options for your system, select the
Adobe Acrobat PDF Writer as the selected printer. PDF Writer is
adequate for basic printing needs and can be treated as simply
another printer on the system.

¢ From your email application, choose the range of messages that
you want to archive.

e Start the printing process by choosing the print command.

* Some email applications will automatically assign numerical
names to each printed email message sent to the PDF Writer; oth-
ers may initially require your input unless you can configure them
to print automatically. Obviously, it’s much more convenient to
let the names be assigned automatically.

* Run Acrobat Catalog on the files and folders that you want to
index, making sure that the created index file is stored in a loca-

tion where you can easily find it and include it when you burn a
CD.

¢ Using your favorite recording application, copy the PDF files con-
taining your mail messages and the index that you created to disc.
You can then perform text searches throughout the entire range
of indexed PDF files, locating even obscure references from past
communications. For example, if you had an email conversation
with a colleague about the Coen brothers’ movies, you could per-
form a search using the terms “Coen” and “movie” and quickly
locate the message among hundreds or even thousands of email
files.



Exchanging Musical Project Data

Exchanging Musical Project Data

The Internet has encouraged the growth of collaborative projects where
programmers, developers, or musicians can contribute to the creative
effort from around the world. While the Internet works well for small
scale data exchange, it still falls short in bandwidth for distributing
uncompressed raw audio files, which can occupy 10MB per minute of
sound. For complex multitrack projects, which might easily have source
files exceeding 300MB for a single three-minute song, the Web is not
practical for exchanging the necessary volume of data.

For the cost of a first class stamp (or a bit more for international mail-
ings), musicians can take advantage of the portability of optical record-
ing to exchange both the source audio files and mix information. Vegas
Pro, a remarkably capable multitrack editor from Sonic Foundry, uses a
process known as non-destructive editing, which allows source files to be
processed and mixed without altering the original file content.

This feature opens up a number of creative possibilities. Musicians can
progressively build a project file that includes all of the multitrack ele-
ments to be included in the final song. Once all of the members of the
project are working from the same set of source files, project files can be
exchanged to illustrate the effects of different mixes and combinations of
tracks on the overall sound.

Vegas Pro projects can be saved in two different formats:

® Vegas Pro Project: Contains the data that defines a single project,
but does not contain the actual media files that are used within
the project. This is the most portable way to distribute project
information, assuming that all project members have access to
the original media files. This project file includes the track
effects, envelope information, bus assignments, output proper-
ties, and all of the key data associated with a particular project.

® Vegas Pro Project with external media: Includes both the project
definitions, as described in the previous paragraph, as well as the
actual media files associated with the project. All of the elements
of the project are copied into the same folder. The folder can eas-
ily be burned to CD for distribution to everyone who will be col-
laborating on the content.
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Once all of the collaborators have the necessary media files stored locally
(in equivalent volumes and folders), ongoing mixes and edits can be
exchanged be sending the Vegas Pro Project file (without the external
media). This feature allows rapid exchange of the sound processing
effects, track edits, and so on that will shape the sound of the project.

Figure 9 - 2 Vegas Pro editing window
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When Vegas Pro projects have been finalized, the program renders the
audio information into any of several different formats:

® Advanced Streaming Format: Microsoft’s standard format for
Web streaming

e  Wave: the most common audio file format used under Windows
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¢ Audio Interchange File Format: the most common audio file for-
mat used under the MacOS

* RealSystem G2: the streaming audio format designed and sup-
ported by RealNetworks

* Windows Media Audio: an audio-only format that delivers content
in streaming and downloadable versions

® Vegas Pro Project: the master file that contains the definitions of
the audio handling for each individual track within a multitrack
project, as well as the overall project data

This flexible rendering system makes it easy for musicians to produce a
final CD-quality version of a mix and then use the same project file to
generate streaming audio content for posting on their Web site or the
Web site of their record label or distributor.

Distributing Cost-Effective Digital Press Kits

The conventional press kit from a high-tech company or most main-
stream businesses consists of a glossy, four-color folder packed with more
glossy 8.5x11-inch data sheets, white papers, and any other marketing lit-
erature that will fit in the package. While impressive in a shiny, showboat
sort of a way, this kind of press kit is definitely expensive—both in terms
of the four-color printing, fancy stocks, and mailing costs, as well as in
terms of the environmental impacts of distributing short lifespan materi-
als using difficult to recycle, tree-based paper stock (the glossy coating
complicates the recycling process).

A more benign way to deal with rapid distribution of full color marketing
materials is via the CD-ROM or DVD-ROM. The natural luminosity of a
computer’s monitor gives color presentations the vibrant, saturated
effects we enjoy in projected or back-lighted color slides. With a bit of
imagination, static images can be recast as dynamic animations or even
digital video. Sound—including voice-overs and background music—can
be included to add more texture and emotion to an informational piece.
The full range of interactive effects can be pulled into play to deliver
product information or corporate background data more compactly and
in more compelling terms than simply dumping a pile of data sheets onto
a journalist’s desk.

Of course, by making a CD-ROM or DVD-ROM Web-enabled, the audi-
ence can immediately respond to the material by following the provided
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links, collecting additional information or more current details about a
product or services.

Recycling techniques are being developed for optical discs and several
facilities already exist that accept optical discs. Discs can be stripped of
their aluminum or gold layer, melted down to the raw polycarbonate, and
turned into automobile dashboard components, football helmets, or
office storage containers. If the discs are shipped in a recyclable fiber
sleeve instead of a plastic jewel case, these sleeves can easily be reused or
recycled along with other paper waste. New sources for the fiber for
sleeves, such as industrial hemp and kenaf fibers, offer an environmen-
tally sound alternative to paper-based disc storage systems. For businesses
that are actively reshaping their processes to better support sustainability
over the long term, the optical disc makes a tiny footprint in comparison
to the enormous waste generated by a conventional press Kit.

Lightweight Digital Video Exchange
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Digital video tools have come of age and they are revolutionizing the way
that visual information is communicated. While the VideoCD format
originated several years ago, and achieved some success, primarily in
Europe and Japan, as a medium for provided video content to consum-
ers, the capacity was limited to shorter films and video projects. The qual-
ity of the MPEG-1 video content was roughly equivalent to VHS. The
DVD-Video format, on the other hand, provides higher quality video out-
put (using MPEG-2 file formats) and longer playback times, making it
ideal not only for consumer applications, but for business training and
corporate presentations, as well.

For producing presentations for playback on DVD players, a DVD-R unit
is desirable, but some products also support creation of DVD content on
recordable-CD players. For example, DVDit! from Sonic Solutions
(www.dvdit.com) offers an option to output the MPEG-2 files to CD-R. You
can also output to DVD-R, if you have access to the equipment, or to hard
disk drives or removable media. For maximum compatibility, a DVD-R
unit is the most direct choice, but also the most expensive option.

For easy exchange of digital video, you can also use the rewritable form
of DVD: DVD-RAM. With a DVD-RAM and some rewritable discs, large
volumes of digital video can be conveniently exchanged. While it is
always possible to exchange digital video data on the actual video car-
tridges, the receiver then has to import that content into the computer,
using a compatible DV camera and a high-speed port, such as a Fire-Wire
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port. An optical disc is a much more direct way to both exchange digital
video information and conveniently access it from the computer.

While the DVD-RAM approach does require compatible equipment on
both ends of the communication path, it removes the tedious importa-
tion process otherwise required to bring the data into the computer for
editing or further work. Simply by inserting the DVD-RAM disc into a
drive, the receiver has random access to the full range of content stored
on the disc.

Optical discs, of course, are lightweight and easy to ship, so for anyone
working with digital video content, this media has much in its favor for
exchanging the extremely large files generated by digital video camcord-
ers.

Case Study: Optical Storage for Digital Video Applications

Genesis (www.gnsis.com), a video production company based in Walnut
Creek, California, finds recordable CDs a useful medium for archiving
their completed productions. With corporate clients ranging from
Adaptec to Sun, Genesis produces a variety of corporate video material,
including presentations, marketing and advertising demonstrations,
training materials, and so on. I talked with co-founder, Kevin Deane,
about the role of optical storage in their workflow and the direction of
their business.

Can you give me a capsule history of Genesis and how you got started?

My partner and I started off doing things in Los Angeles. We had some
film work optioned—working on a screenplay—and soon after that we
had a television show optioned. We were working with a producer and he
hired us to work on this file, but, ultimately, it didn’t go anywhere. It was
becoming too difficult to work with the gentleman who the story was
about. Finally, after beating our heads against the Hollywood wall for
such a long time, we came back to the Walnut Creek area and decided to
get a real business going. We learned so much about how Hollywood
works that we feel we can go back there better armed next time.

Do you work in both film and video?
We don’t get to work in film very much anymore. Most of our clients

aren’t spending that kind of money for the work that we are doing. I
would love to do a lot more film work. We do everything in BetaCam,
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which is pretty much the broadcast standard, and everybody seems very
happy with that for almost everything. There are some film projects that
come along now and then; somehow those seem to end up going to ad
agencies and not to the people that we typically deal with on the corpo-
rate level. We certainly have the capabilities to work in film.

How do you use recordable-CD in your work?

Primarily for distribution and for archiving. We commonly use discs for
storage, since each CD-ROM is able to hold 650MB. We archive a tremen-
dous amount of material that we create here for our clients. There is not
reason for us to archive a video clip on CD, because we can just go back
and pull it off of tape. On things we have created, where we have done
compositing or special graphics treatments or an animation, we don’t
want to have to rebuild the content if the client asks us to revisit their
project. So, we store it on recordable discs. It works out very handily.

How long are most of your corporate presentations?

Somewhere around 20 or 30 minutes. We often shoot someone within a
corporation who is doing a presentation. Most of that kind of work gets
immediately transferred to VHS right off the bat. For that kind of work,
you make a BetaCam master and then a dozen VHS copies and you never
hear from it again. We also do a fair amount of trade show work and mar-
keting work.

Are you looking at all to DVD-RAM for gaining a little extra storage capacity for
archiving?

We tend to avoid jumping on the bandwagon right away. I think there are
still too many format issues in the DVD world. We’re a relatively small
company. There is my partner and I and our office manager. Also, a part-
time editor, and the rest of the people we hire as freelancers. For us to go
out and dump the money into something that next year turns out not to
be the format of choice is a pretty scary thought. I'm a lot more inter-
ested in the DVD-ROM side of things. If we could give a client their high-
end video—and all the other things that we could do with some appropri-
ate authoring—take the whole interactive CD-ROM idea and do it DVD,
where you have so much more space. You could do some pretty interest-
ing things. Whether or not the clients would still be willing to pay for it—
I'still think you end up having competition from the Web.
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When you give clients previews of videos that you have done for them, what format
do you use?

We use MPEG-1 video in VideoCD format. It’s designed so they just have
to pop itinto a CD-ROM drive, click on a button, and play it back. Then
they can give us a call and let us know if they like it. We’re doing the same
thing—depending on the length of the clip—via the Web. We upload it
to our site and I just send a hyperlink to the client. They can download it
and view it at any time. The reason we use both VideoCD and the Web, to
give you a good example, a 26.5-minute presentation came up in MPEG
at 272MB. Far too much to send over the Internet. In comparison, we can
send a 30MB clip, about 3 minutes of video, to a client who has a T-1
Internet connection in just a few minutes. Because we can put the video
in their hands, clients don’t have to come here and edit with us, necessar-
ily, until we get right down to the end and sometimes not at all. Depend-
ing on the complexity of the project, with some clients that we have
already worked with, we have an understanding of what they are looking
for and we have done maybe our fifth or sixth video project with them.
You don’t have to actually have them come up and edit unless they feel
like they want to get out of the office. Walnut Creek, being the place it s,
people do come here and say, “Great—I’'m going to go shopping. I'll see
you guys in about an hour.”

Amny other practical daily uses that you have for recordable CD?

We will occasionally burn our music cuts onto CD. My partner sometimes
does original music for our clients, if they don’t want to get something
out of the library. We always prefer that they do original music. We burn
the songs to CD when we are done.

What tools do you use for music production?

We use Sonic Foundry ACID. Vegas Pro. We also use Sound Forge. Acous-
tic Mirror. I think we have almost all the ACID loops.

For more information about Genesis, contact:

Kevin Deane
Genesis

2223 North Main Street
Walnut Creek, CA 94596
925-926-1344
WWw.gnsis.com
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Other Uses
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The applications described in this chapter aren’t intended to be a com-
prehensive listing of the ways that optical discs can be used in business,
but merely to suggest some ideas that might help trigger thoughts on
other ways you can take advantage of the large storage capacity and uni-
versal playback of CD-ROMs and DVD-ROMs. Other possible uses
include:

¢ Business-to-Business product or service catalogs: companies and
organizations that engage in business-to-business sales of prod-
ucts and services of sometimes measure their transactions in hun-
dreds, rather than the hundreds of thousands that are more
common in the retail trades. Printing four-color catalogs in low
volumes to support this kind of business is sometimes not cost
effective. In comparison, an online catalog describing products
or services can easily be constructed in electronic format—such
as Adobe Acrobat or HTML—and delivered on CD-ROM or
DVD-ROM to potential customers. Optical discs can be run off as
needed in small batches using CD duplication equipment. Add a
disc printer to add some final polish to the CD appearance and
you have a convenient delivery mechanism for communicating
product information with customers. A Web-enabled order form
can also easily be incorporated into this approach.

* Software Beta Testing: Software development groups frequently
go through several beta test cycles while producing a final pol-
ished version of a software product. For those doing the beta test-
ing, the most convenient way to receive the beta software is on
CD-ROM. An installer utility can be used to make the software
installation process similar to the final product, allowing each
beta release to identify the full range of problems that might be
encountered by the end user.

* Storage of digital images: Digital cameras abound in the business
world, capturing every type of image from standard product shots
to more fanciful advertising and marketing imagery. CD-R and
CD-RW offer the perfect storage medium for high-resolution dig-
ital images. Brgderbund’s PrintShop Multimedia Organizer can
be used to quickly identify stored photographs on disc, as well as
other rich media assets. Since many photo processors are also
using recordable CDs to scan and return images from processed
film to consumers, you can also maintain a library of images cap-
tured with film-based cameras.



Summary

Summary

* Backup of departmental or organizational files: Improved backup
applications that compress files on the file and can store backup
data on sequential optical discs make it possible to use CD-R for
many routine backup operations. Corporations and organizations
that want random access to files that have been backed up in a
format that is more convenient than tape can rely on CD-R for
many different types of applications. Backup utilities that work
with tower recorders are obviously more convenient, since no one
needs to be present to load blank discs.

Optical disc recording applications fit into an extremely wide range of
daily operations involving large volumes of data. The different uses sug-
gested in this chapter may inspire you to devise other applications for the
versatile optical disc.
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Simple Authoring Techniques

Creating a title to publish on optical disc doesn’t have to involve thou-
sands of dollars of development tools and a building full of staff members
to carry out. Excellent, useful CD-ROMs and DVD-ROMs can be pro-
duced on the desktop using commonly available tools, such as HTML
editors, Adobe Acrobat, your favorite word processor, and similar inex-
pensive applications. This chapter examines some of the techniques
available to those individuals and companies that want to get started pub-
lishing to optical media in the simplest manner possible.

Publishing to Disc with Adobe Acrobat

Adobe Acrobat files have the extension .PDF—which stands for Portable
Document Format. This suffix says it all. The portability of Acrobat files
comes from a single common format for documents with readers that
can be installed on all the major platforms: Windows 95/98/NT; MacOS,
and UNIX/LINUX. Acrobat files have become a common means for dis-
tributing any kind of formatted document, from the hundreds of tax
forms issued by the Internal Revenue Service to a current prospectus for
a stock offering on E*trade.

Part of the appeal of Acrobat is the ease with which documents designed
for electronic publishing can be created. The technique relies on printer
drivers that convert the output from your application of choice—whether
Microsoft Word, Adobe Framemaker, or Corel Draw—and change it into
a PDF file. The resulting PDF file contains all of the elements that were
present in the original source file, include fonts, page layout, embedded
graphic images, line art, and, in some applications, HTML links.
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Acrobat files can be structured for very high-resolution output, suitable
for submission to print houses as document masters. They can also be
compressed using several different utilities that trim the graphics and
reduce the overall file size for more suitable distribution across the Inter-
net. When Acrobat files are distributed on CD-ROM, Adobe permits the
distribution of the Acrobat Reader installer for each appropriate plat-
form, making it simple to construct cross-platform CD-ROMs or
DVD-ROMs. If someone doesn’t have the current version of the Acrobat
Reader installed, the installation process takes only a few minutes.

Adobe Acrobat includes some fundamental multimedia capabilities, as
well. Straight text documents can be enhanced with animations, sound,
and video elements. Embedded URLs can point readers to additional
information on the Web. The form processing capabilities of Acrobat are
also a very interesting feature. Using forms laid out on a page graphically
and using JavaScript, many different types of user data can be collected
and processed. The processing can include submitting actual product
orders to a secure site on the World Wide Web. A downloadable catalog
can be enabled as a purchasing tool with the addition of an embedded
interactive order form that connects to a properly configured Web site.
Potential customers who might be reluctant to make a purchase on the
Internet because they feel pressured while actively online can browse an
Acrobat catalog offline and complete a purchase at their convenience.

PDF Writer or Distiller
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Most versions of Acrobat include two forms of the print driver that cre-
ates the PDF file. A basic driver known as the PDF Writer performs quick
and effective conversions of documents to PDF format from any active
application. PDF Writer does the best job on documents that are prima-
rily text and do not contain numerous high-resolution graphics.

The next step up in overall PDF quality involves two separate processes,
first converting a document to a PostScript file and then distilling the
PostScript file to PDF format using Acrobat Distiller. These two steps are
integrated into a single operation in some Adobe applications that are
closely coupled with Acrobat—such as Adobe Framemaker and Page-
maker. The quality of the resulting output file when using Distiller is sub-
stantially higher than when using the simpler PDF Writer, and this is the
recommended technique to use when producing most PDF documents
for use on CD-ROM or DVD-ROM. Unless you need to produce a single
compact PDF file for both Web and disc distribution, Distiller will pro-
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vide more finely rendered output and superior graphics. The trade-off is
that you will generate larger PDF files.

If you are not working from an Adobe page layout program (such as
FrameMaker or PageMaker) when generating a PostScript file for distill-
ing, first select a PostScript printer from the list of printers available for
your computer. It doesn’t matter if the printer is one that you actually
have connected to your computer. Choose the option to print to a file
and select a destination for your print file. Ideally, the name that you
select for the print file should include a .PS extension so that it will be
easy to identify for distilling. Once the print file has been created, start
Acrobat Distiller and make any appropriate settings for the file output.
Acrobat 4 provides a simple selection process that can tailor the distilling
operation for screen viewing, print applications, or press. Each has a dif-
ferent level of compression, ranging from screen viewing (producing the
most compact files) to the press option (generating the very large files
necessary for commercial printing). Select the file from its storage loca-
tion and start the distiller.

Indexing a Document Set

If you have a word processor, Adobe Acrobat, and a CD-R burner, you can
produce handsome documents in electronically published form that can
easily be distributed on CD-ROM. If you produce large collections of doc-
uments about one topic or a number of related topics, you can make it
easier for your audience to navigate the information by using Acrobat
Catalog to create a full text index for your document set. With a properly
created index, boolean search strings can be used to quickly search the
full range of contents for your document set, even if it consists of thou-
sands of pages of information. Using Catalog for this purpose is a simple
matter of defining the files and folders to include in the indexing process
and starting the operation from within the program. The index file
should be included on disc along with the PDF files that are included in
the search.

As shown in Figure 10 - 1, Acrobat Catalog offers numerous options for

controlling the indexing process, including the ability to determine the
group size that applies to CD-ROM-based indexes.
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Figure 10 - 1 Acrobat Catalog preferences
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Post-Production Processing in Acrobat

Once you have created a PDF document or a document set, Acrobat
includes a number of features that allow you to enhance the documents
for electronic publishing. Some of the tools you have available include:

¢ Forms creation: you can create elaborate, interactive forms within
Adobe Acrobat and overlay them on existing pages of a PDF doc-
ument. These forms can include drop-down menu selections, val-
idation of form entries through JavaScript, option button choices,
calculation of shipping amounts and product costs, and similar
features. Many of the options can be created through a menu-
driven process, but if you want to get into some more custom
areas, such as advanced forms validation techniques, you may
need to know some JavaScript to accomplish the necessary tasks.

* Audio or video elements: following the creation of a text docu-
ment in PDF form, you can embed buttons or other selection
options that trigger the playback of audio files or video images
within the Acrobat document. If you leave areas within your page
layout for these items to be inserted, the final page will look more
polished and professional.

¢ Hyperlinks: PDF documents that include URLs referencing Web
pages can extend the effectiveness of your communication. The
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Acrobat document can serve as a core reference that also
includes external resources that add to the overall value of the
content. Including pointers to information that tends to be
dynamic, such as product price lists or dates for company trade-
shows, can make your Acrobat document much more timely as
well. An Acrobat document intended for installation on a
CD-ROM can even link to other Acrobat documents that are
posted on the Web. Links are easy to create from within the pro-
gram. You can also create hyperlinks between topics on locally
available Acrobat documents, which is a nice way to supplement
the search abilities of Acrobat Catalog.

¢ Custom document creation: Acrobat also has the ability to splice
pages together and extract sections from other Acrobat docu-
ments. You can easily construct a custom document from several
different Acrobat documents using this feature. For example, if
you had a number of different electronic brochures, each high-
lighting a specialized service or product, you could create a single
Acrobat document custom-tailored to a customer’s needs or
requirements using the extraction and insertion commands. Ide-
ally, all these Acrobat pages should be based on the same form
factor—you don’t want to try combining 5 x 7-inch pages with
8.5 x 11-inch pages.

Automated Acrobat Production

If you work from an Adobe page-layout program, such as FrameMaker,
you gain several benefits during the creation of Acrobat documents.
FrameMaker features are carefully integrated with the capabilities of
Acrobat so you can generate a number of important links automatically
simply by choosing to save the FrameMaker document as a PDF file.
Instead of having to tediously add the table of contents links and the
index links, FrameMaker produces these during the PDF creation. Some-
one browsing through the index of your electronic document can click
on any of the index entries and jump immediately to the corresponding
Acrobat page. You also gain the benefit of a nested set of bookmarks,
built out of the table of contents in your FrameMaker document, that can
be displayed in the bookmarks pane in the Acrobat Reader window. A
hierarchical set of bookmarks is a very easy way to navigate through a
complex Acrobat document and this can be very time-consuming to cre-
ate manually. Having FrameMaker automatically generate the table of
contents data and index links can save many hours of production time.
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Figure 10 - 2
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The trend in document production programs is toward single-source
applications. By adopting single-source principles, you can create one set
of document files and then convert them to other formats, as required.
For example, a single FrameMaker document can be quickly converted
to an Acrobat document, an HTML document, or a file designed for por-
table viewing with FrameMaker’s own reader application.

Acrobat offers the enterprising electronic publisher many effective solu-
tions to inexpensive, high-speed document production. The cost-of-entry
is low and the results look very professional. Since the Acrobat Reader is
free and easily available, either through direct download from Adobe’s

site (www.adobe.com) or via an installer that can be bundled with the rest

of the files on your CD-ROM, your audience can access your content with
minimal fuss.
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Inmedia Slides and Sound

One of the most accessible forms of multimedia is the slide show. Even
someone without a great deal of computer training can quickly master
the basics of this form of presentation. The typical steps include:

® Collecting a number of images for use in the presentation,
including photographic slides, illustrations and artwork, scanna-
ble images or objects, or computer-generated images or visual
aids

¢ Obtaining any other needed assets, such as royalty free music
clips or pre-built animations

¢ Putting the images to be used in sequence and choosing the tran-
sitions from image to image

* Adding a music bed, placing background music wherever appro-
priate in the show

* Adding any additional voiceover narration to complete the pre-
sentation

* Fine tuning the whole work for overall tempo and effectiveness

Once the files have been prepared in this manner, they can be trans-
ferred to CD-ROM, along with the playback engine that will present the
material. This kind of presentation can be prepared in a high-end pack-
age, such as Macromedia Director, but you may not be willing to invest
several hundred dollars if your requirements for this type of tool are only
occasional.

One tool that makes this process very simple is Inmedia’s Slides and
Soundj, available for approximately $50, Slides and Sound has a very well
organized user interface and allows even novices to become quickly pro-
ductive. The program generates an executable file (for use on Windows-
based systems) that can access the full range of media assets included in a
presentation. Presentations are made more interesting by a very wide
selection of transitions from slide-to-slide, and support for a variety of
audio formats, allowing voiceover commentary and background music to
be easily added to a project.

For a project of this sort, content can include both originally produced
digital assets, such as images captured through a digital camera or art-
work imported from a scanner, as well as images or sounds from clip
libraries. If you selectively choose your content from some of the higher

259



Chapter 10

quality stock image libraries, you can come up with some extremely strik-
ing visual effects and top-notch presentations. For screen-ready viewing
(as opposed to printready applications), many stock image houses offer
downloadable JPEG files that can inexpensively be incorporated into a
project. For example, The Stock Market (www.stockmarketphoto.com) offers
both downloadable images as well as extremely high resolution visuals,
available on CD-ROM, for print or broadcast projects. Choosing judi-
ciously from among professional-level content of this sort, you can
quickly assemble a powerful collection of assets that will enhance your
communication efforts considerably.

A running slide show, as opposed to a typical interactive multimedia
project, often takes a linear path through the content from beginning to
end. This, of course, can be an advantage if you have a particular message
to convey to your audience. The communication flow and playback is
determined while you author the project and the viewer can’t deviate
from the path.

The disadvantage, of course, is that the playback for a tool of this sort is
limited to the Windows platform. If your goal is to reach a wider audi-
ence, including MacOS and UNIX users, try one of the other tools dis-
cussed in this chapter, such as Adobe Acrobat or Blue Sky Software
RoboHelp HTML 2000.

Blue Sky Software RoboHelp HTML 2000
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Single-source documentation was discussed earlier in the section about
Adobe Acrobat publishing. RoboHelp HTML 2000 is another product
designed to allow you to create one set of source files that can then be
outputted to other formats. For example, RoboHelp HTML 2000 lets you
create:

*  WebHelp: a cross-platform three-pane help environment that can
be used on the Web or on removable media, such as CD-ROM or
DVD-ROM. WebHelp is based on Java and is a good choice for
playback from optical media.

e HTML Help: the form of help incorporated in Windows 2000.
Designed for playback on Windows 95/98/NT /2000 systems,
HTML Help can encompass both application help, as well as stan-
dalone systems designed to explain a concept or teach someone
about a product.
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¢ Printed documentation: source files created in RoboHelp can be
quickly turned into Microsoft Word documents with full indexes
and automatically generated tables of contents.

RoboHelp has the advantage of being a very robust production environ-
ment. Having been through several releases, the program has been pol-
ished and improved over the years and it offers many features for
complex document production. It also includes a number of tools for
debugging very complex hyperlinked projects, including utilities for
identifying faulty links and outdated topics.

Tapping into the Java Virtual Machine

The Java-based version of RoboHelp’s output, termed WebHelp by Blue
Sky, provides the greatest cross-platform compatibility for projects distrib-
uted on CD-ROM. WebHelp projects transmit equally well across the
Internet as they do on optical media; several accessory files must be
included along with the project file to ensure Java playback on the appro-
priate virtual machine. These files are generated automatically by Robo-
Help during the compiling process and can be uploaded to the Web or
stored in a directory on a CD-ROM, depending on your chosen method
of delivery.

RoboHelp Development Environment

The development environment, shown in Figure 10 - 3, mirrors the
appearance of the final output, whether you are porting content to Web-
Help or HTML help. The pane of the left side of the application window
represents a collapsible tree of the topics included in the project. Con-
tent can be restructured and reorganized on this tree as required. The
project author can also navigate through individual topics through selec-
tions made in this pane.

The pane at the bottom of the application window serves different func-
tions at different times. It can display the status of the compiling process
when you are preparing a help file for release.

The high-end version of the RoboHelp package, RoboHelp Office 2000,
includes an additional output format: JavaHelp. JavaHelp, developed by
Sun Microsystems, is a delivery system that works under the Java virtual
machine. As such, it can be used and viewed anywhere there is a compat-
ible playback environment, either through the Java capabilities of a
browser or the built-in Java virtual machine capabilities within an operat-
ing system (whether Windows, UNIX, or MacOS). This output format,
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because of its cross-platform nature, can be adapted to CD-ROM delivery
modes very easily.

Figure 10 - 3 Main application window in RoboHelp HTML
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To simplify content creation for novice authors, RoboHelp includes an
abundance of wizards to direct someone through the proper steps to
carry out a task. For example, the indexing wizard, shown in Figure 10 -4,
guides someone through an automated process of generating a full index
for a project based on keywords, selected terms, or other factors.

RoboHelp also includes tools for image manipulation, such as image
resizing and bit-depth redefinition. Hotspot creation tools let an image
be modified to include regions that can be hyperlinked to specific topics
or to pages on the Web. RoboHelp also features a graphics locator utility
that can search your local and network drives and display previews of any
available graphic images.
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Figure 10 - 4 RoboHelp Index Wizard
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RoboHelp is not the most inexpensive package for authoring in the mar-
ket. Just the standalone RoboHelp HTML package can cost in the range
of $250 - $300. The full RoboHelp Office 2000 typically retails in the $600
- $700 range for new purchasers (those who are not upgrading from a
previous edition). The advantage of this package, however, is that it is a
full-featured and extremely versatile communication tool, equally capa-
ble of producing comprehensive help systems for the Web as for either
CD-ROM or DVD-ROM. As an investment for the serious developer, it
offers some compelling benefits.

Developing Content with an HTML Editor

One of the easiest ways to create interactive multimedia for a CD-ROM or
DVD-ROM project is by simply using your favorite HMTL editor.
Whether you enjoy working in Microsoft Front Page, Macromedia
Dreamweaver, or a simple text editor, HTML offers some very clear
advantages as an authoring medium.
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¢ Tools for creating and debugging HTML code are highly refined
and very easy to work with, including visual editing tools (such as
Dreamweaver) that let you preview the HTML formatting as you
develop it. These tools are also typically very inexpensive.

* Properly designed HTML projects can be viewed on any platform
as long as a Web browser is available to the audience.

* Multimedia elements, such as sound and animation, can be easily
integrated into a project using either plug-ins or the native capa-
bilities of the latest browsers. Dynamic HTML also offers some
interesting functionality that can make an HTML project exhibit
characteristics that are usually associated with standard software
applications.

® The learning curve for authoring content in this format is cer-
tainly less for anyone who has some rudimentary experience in
putting up Web pages, which, of course, most developers do.

e HTML content can quickly be repurposed for posting on the
Web.

The biggest consideration when developing content in HTML involves
naming conventions and differences between absolute and relative links
that occur within the HTML pages. Tools such as Dreamweaver offer con-
trol over the naming of the links, allowing you to test link continuity
locally, and then restructure the links and names as necessary for porting
to the target destination. This valuable feature can help avoid many last-
minute headaches testing a CD-ROM one-off that contains HTML con-
tent.

HTML on CD-ROM has become a popular vehicle for many companies
to take advantage of the best features of inexpensive optical media, while
still working in a familiar development environment. The following
example, Case Study: Blackhawk Down, relates the experiences of a
major metropolitan newspaper when converting a successful series to
HTML format for release on CD-ROM.
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Case Study: Blackhawk Down

The Philadelphia Inquirer gave weight to the term in-depth journalism
when they produced a multi-part series on their Web site and then ported
the content to CD-ROM to reach an even greater audience. The widely
heralded project, Blackhawk Down, documents the United States ill-fated
involvement in Somalia and chronicles the misadventures of the troops
and individuals caught up in a military operation gone bad.

I talked with John McQuiggan at the Philadelphia Inquirer, who offered
his perspective on the creation of the CD-ROM and the associated pro-
duction issues.

Was there much work involved going from the Web site to CD-ROM?

We had to make a lot of conversions from ASP pages over to HTML. It
took a lot of experimentation with the images to get them right for the
CD-ROM. The video also had to be converted to a different format,
which the folks at KR Video did. So, there was more experimentation
going on there. Part of the reason that it was difficult to do all this: the
decision to put the project onto CD-ROM came up out of the blue after
the Web site was already up. Somebody said, “Hey, wouldn't it be great to
put this on CD-ROM and offer it with the reprint?” I said, “No, no, no. It
wouldn't.” [Laughs] There is a helluva lotta work that would be involved
in doing this. We decided to do it anyway. U.S. Interactive was the group
the really pulled it off. They basically just told us what had to be changed.

So, some work was done inhouse and some was done at U.S. Interactive?

Yes, U.S. Interactive was the company that did the development of the
CD-ROM for us. Inhouse, we needed to convert the formats of a lot of the
text files, the video, and the images, so they would be in the proper form
for the CD-ROM.

1t looks like the CD-ROM design is very close to your Web site appearance. Is that
deliberate?

We considered making it a CD-ROM presentation, entirely reformatting
it, and presenting it the way we would have if we initially built it as a CD.
The cost and the time involved were prohibitive. The newspaper was
especially keen to jump on it very quickly because of popularity of the
series in the newspaper. We just didn't have a whole lot of time to turn it
around. Consequently, we decided to put it on the CD-ROM as a Web
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site. There was a fair amount of discussion as to whether that was a wise
thing to do and if people had Internet access, why would we need to put
it on a CD-ROM for them. They could just click on a site on the Web.
Ultimately that is the direction that we went in.

In retrospect, do you feel it was a wise decision? With CD-ROM, you have the
advantage of instantaneous access.

It was a selling point for what we called the Collector's Edition, that was
offered for sale after the series ran. Some people ordered it just because
it was available on CD-ROM and they didn't have to fool around with the
Web to read the site. So, it was nice. Word of it has spread far and wide,
we've heard from some military colleges that have included the CD-ROM
as part of their course offerings. (I don't know the names of them off-
hand, but professors from various military schools have called up and
purchased multiple copies so that they could show them to their classes.)

We ran out recently and we had to reorder more CD-ROMs. We now have
versions of Blackhawk Down as a video product, a book, an audio book,
and the CD-ROM version.

When the book came out, all of a sudden there was another surge of
orders and many inquiries about the CD-ROM, so we decided to have
more made.

Was the PBS documentary release a one-hour special?

Yes, it was a one-hour documentary. There are pieces of that on the
CD-ROM. I believe that we put them together using QuickTime.

That was another issue that we ran into when producing the CD-ROM.
We had to get various licensing and permissions. I kind of got a crash
course in getting a license for QuickTime and we put a browser on the
CD-ROM, too, just in case people were expecting it to open up as a CD-
ROM production.

For the QuickTime licensing, what was your experience with Apple?

It wasn't difficult. It was a matter of tracking down the information on
their site and then walking through the process and filling out some
forms. And then submitting the forms to them. Apple then mailed some-
thing back to us to sign. I signed and returned it. It wasn't that difficult.
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1t was royalty free?
Right. There were no royalties involved.
How would you describe your role in this process, John?

I was the coordinator between our staff here and the U.S. Interactive peo-
ple and KR Video and the Inquirer newsroom. The focal point where all
the people intersected.

From your perspective, do you have advice for developers who are working on
projects like this, where many things have to be coordinated in a fairly short period
of time?

In retrospect, I wish we had anticipated the need for the CD-ROM before
we put the Web site up. We could have saved ourselves a whole bunch of
work.

What would you have done differently?

The formatting of the HTML pages—we would have done it in a way that
we wouldn't have to do a conversion. There were some pieces of the site
that required rechecking of links, because file extensions were changing
and formats of audio and video were changing. So, it was a big project—
almost 30 installments. And, it became a little bit of a nightmare to go
back through it and check all the links and make sure that everything was
still working. We have pretty good software for link checking, but we kept
stumbling over some things that we had missed. It made it quite an
adventure.

Amny idea how many individual elements are on that CD-ROM?

It’s hard to say. I would say it's in the hundreds. I'm not sure it would
reach the thousands. Hundreds of HTML pages, and audio clips, and
QuickTime.

Do you have a sense whether people are still visiting the core Web site?

As of about two weeks ago, we ran a report against our log files. It is still

getting about 3000 page views per day. That does as well as some sites that
we update every day. It's amazing, the staying power of this thing.
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Has the CD-ROM distribution met expectations?

Frankly, we haven't found a way to extrapolate and come up with a new
way to market what we do through CDs. In this case, I think, it was the
content rather than the format that sold it. There was just so much inter-
est in this topic.

So, word of mouth has been a pretty powerful promotional tool?

Yeah. Plus the fact that the series was syndicated after we ran it. We could
see new surges on the site as it hit each new city. It would run in Seattle
and we would get a surge of hits. And it would run in another paper in
Georgia and we would get a surge of hits. It worked its way across the
country.

For more information on Blackhawk Down, refer to the site:
home.phillynews.com/packages/Somalia

The price of admission to the world of CD-ROM authoring is relatively
low, as can be seen by the various approaches outlined in this chapter.
You can get started and actually create quite sophisticated projects with
tools as simple as a plain vanilla word processor or HTML editor. The
quality of the content and your imaginative approach to presenting it can
go a long way towards distinguishing your work from your business com-
petitors or other developers.
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Audio Recording for Music Enthusiasts

We’ve moved past the point where any computer user can produce their
own custom audio CDs on the desktop for under a dollar a disc. Optical
recording offers even more opportunities to produce, store, and record
music in digital formats. For example, new tools and techniques now
make it possible to store several hours of MP3 music on a disc and play it
back through a componentstyle audio unit. Digital sound processing
tools coupled with optical recording equipment make it possible to go
beyond the restrictions of stereo and create six-channel audio using sur-
round sound technologies, including Dolby Digital. As processor speed
increases bring computers to performance levels equivalent to the super-
computers of a few years back, equipping a home studio with incredibly
powerful hardware is within the reach of almost anyone.

You can create your own custom music discs, restore your favorite albums
from the 40’s, 50’s, or 60’s using digital sound processing, create your
own music using a variety of powerful and far-reaching compositional
tools, or master an original audio CD of your own music for replication
and independent marketing.

Just the few topics mentioned easily represent another book’s worth of
material, so this chapter will provide some examples of the capabilities of
optical recording tools in this area and preview a number of options that
are available to you. Two case studies and an expert’s view section present
topics of interest to many sound engineers and musicians: how to create
an Enhanced CD, how to create a Web-enabled CD, and how to process
sound for DVD applications.
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Goal: To transfer the audio tracks from an old jazz recording to audio CD

Tools: Sonic Foundry Sound Forge 4.5; Sonic Foundry Vinyl Restoration plug-in,
Asimware HotBurn

A'lot of the good music recorded onto vinyl records has never been
remastered and released on audio CD. Many excellent works from the
swing era, or early blues masterpieces, or even little-known folk records
from the 60’s can be found inexpensively in used record stores, tossed
out unceremoniously by their owners when audio CDs took over the
world in the 80’s. If you have a collection of vinyl records and would like
to convert some of your favorites to CD format before the clicks and
scratches get totally out of control, the following procedure will guide
you through the process. This technique may also prove useful if you're
working professionally in the audio industry and need a streamlined
method for retrieving music from vinyl for a historical project, play, film
adaptation, or multimedia project.

For a test case, I chose an old copy of a record by The Dave Brubeck
Quartet originally released in the early 1960’s, Jazz Impressions of Japan, for
which I’'ve been unable to find in an equivalent updated CD version. This
well-played album is littered with clicks, scratches, and that familiar back-
ground crackle that characterizes most phonograph records of early vin-
tage. The goal will be to eliminate as much of the intruding noise as
possible using plug-ins to Sound Forge 4.5 and then to burn an audio CD
from the cleaned up tracks using HotBurn.

To bring the audio into your computer so that you can work with it in dig-
ital format, you need the highest quality Analog-to-Digital conversion
that you can manage. This might be any of the following options:

* An internal sound board with RCA connectors for connecting
your component sound system to your computer, or built-in cir-
cuitry in your computer that accomplishes the same task. Many
low-end sound cards aren’t up to the task of high quality A-to-D
conversions, so if you’re sound board isn’t high caliber, you might
want to consider upgrading.

* An external device, such as a DAT recorder, that includes digital
outputs. The recorder can perform the A-to-D conversion and
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you can then port the signal in digital format into your computer
using a sound board that supports direct digital transfer

For this example, I chose the second approach, connecting the output
lines from my stereo component system to a Mackie 1202 mixer to a
Panasonic SV3700 Digital Audio Tape deck. The SV3700 has much better
A-to-D conversion than my native computer sound board, so it’s a better
component to use in the chain.

Figure 11 - 1 Components for Recording
Mackie 1202 Panasonic SV3700 DAT
Mixer Recorder
Stereo
Component
System
Compaq
Deskpro
- Computer
Zefiro -
Acoustics
ZA2  °
Sound Board

Tinker with the signal levels, the output on your stereo amplifier and the
input of your recording device, until you get consistent levels, as close as
you can get to 0 dB without clipping. Keep in mind that unlike analog
clipping, clipping in the digital realm produces distinctly obnoxious arti-
facts that are difficult to remove. If necessary, set a lower input level; you
can always cleanly boost the digital signal later if you need to obtain a
higher signal for creating your audio CD.

Recording to DAT also gives you an good medium to work with as you
bring the digital audio into Sound Forge. Ideally, once you have the
sound recorded in digital format (PCM), you want to keep it in the digi-
tal realm. Additional D-to-A and A-to-D conversions will lower your over-
all sound quality.

In my case, I used a Zefiro Acoustics ZA-2 sound board to input the

recording from the DAT and bring the content into Sound Forge, moni-
toring the levels, as shown in Figure 11 - 2. To perform the vinyl restora-
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tion, it’s easiest if you bring in the audio one song at a time, even if you've
recording an entire side of the album uninterrupted. Sound editing gen-
erally is easier to perform if you're working with audio files that are
between 2 and 6 minutes. You'll also want the songs in individual files in
preparation for burning the audio CD.

Figure 11 - 2

Recording to Sound Forge
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Time recorded: 00:06:09.317  Time left on drive:  00:58:25.257 Calibrate |

= =3 Left: a
™ Review pre/post-roll (0 to 30 seconds): ID.DDD ID.DDD Fi?ght' i

Performing the Restoration
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Once you have brought the first song into Sound Forge, take a first look
at the graphic signal representation, as shown in Figure 11 - 3. Ideally,
you want a good strong signal to work with—if the levels are a bit too low
initially, use the Normalization option in Sound Forge (or other sound
processing program) to bring the level up to a consistent setting, making
sure that you avoid clipping. Use the same level (you can save your nor-
malization settings) for each of the audio files that you import for pro-
cessing.

The Vinyl Restoration tool is a separate package available from Sonic
Foundry. If you don’t already have it, you need to purchase and install it
to perform the next step in the process.
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Figure 11 - 3

Audio Signal in Sound Forge
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The Vinyl Restoration option, once the plug-in has been installed, is
accessed through the DirectX menu. As you can see from the screen in
Figure 11 - 4, you can use the slide bars to very precisely control the resto-
ration settings, from the click removal amount to the frequencies
affected to the noise floor. Under the Name drop down list, you can also
select General Restoration. Sonic Foundry’s presets do a respectable job
for many different types of recordings and you may want to start with this
selection and test the results.

To get a sense of the sound processing at work, you can highlight a sec-
tion of your audio file and then use the Preview button to listen to the
restoration as performed on the selected portion of the file. Once you've
tinkered with the sliders and chosen the best settings, use the Selection
button to choose All Sample Data and then click OK on the Vinyl Resto-
ration dialog to start the process. By default, Sound Forge initially creates
an Undo file, so that if you're not happy with the results, you can select
Undo from the Edit menu and return to the previous file.

Once you’ve performed the Vinyl Restoration, you can use other Sound
Forge options to further refine and enhance the sound quality. The
Noise Reduction plug-in helps remove any other stray disturbances in the
audio file. You can also use equalization, normalization, or other process-
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ing effects to improve the overall sound. Use effects judiciously, as you
can seriously alter the character of the original sound file by going over-
board on the effects processing.

Figure 11 - 4

Vinyl Restoration Options
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Once you have the file in good shape, trim any extra blanks areas from
the beginning and end of the file and save it as a standard. WAV file in
PCM format. Audio files for CD use should always be prepared as 16-bit
stereo files sampled at 44.1K bps. Don’t be tempted to try to change the
sample rate to get more songs on a disc—it won’t work.

Repeat this process for each of the songs on your album. You’ll find it’s
fairly time-consuming and laborious—probably a task best suited for your
favorite albums and custom collections, rather than something to do for
every record in your collection. Save all of the restored audio files in a
single folder. The next step is to produce an audio CD from them.

Producing an Audio CD
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Almost every CD recorder package includes a program for producing
audio CDs. Some are of the drag-and-drop variety, where you simply drag
files into a creation window until you’ve filled the capacity of the disc to
be burned and then click the record button. Other professional-caliber
applications, such as Sonic Foundry CD Architect, give you more precise
control over low-level aspects of the recording process, such as the gaps
between tracks and the contents of the P and Q subcodes. For this exam-
ple, we’re not planning on producing a master for replication purposes,
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so a simple audio CD application will suffice. Sony’s HotBurn provides an
easy, failsafe path to audio CD creation.

The first screen in HotBurn offers a selection of Wizards, Layout Manag-
ers, and some Other Options, as shown in Figure 11 - 5. HotBurn was
developed by Asimware Innovations, Inc. and is distributed under license
by Sony Electronics, Inc.

Figure 11 -5 Sony HotBurn Introductory Screen

Sony HotBurn v1.2.1

Create a Data CD
Create an Audio CD
Copya CD

Erase a CD-RW Disc
Perform a System Test

™™

Create a Data CD
Create an Audio CD
Create an Advanced CD

Utilities

Open a Saved Project
About HotBurn

Exit HotBum

For this example, we’ll choose the option from the Layout Manager, Cre-
ate an Audio CD. The window that appears represents the track listing,
which, of course, is initially empty, that will be used to design the con-
tents of the audio CD. You can either use drag-and-drop techniques to
pull WAYV files into the listing window or use the Add Audio Files com-
mand from the Track menu to build the disc contents listing.

HotBurn deliberately keeps the options simple when you are creating an
audio CD. In the simplest situation, you can order the files, add blank
space between individual tracks, and choose Track-at-Once or Disc-at-
Once for the recording operation. If you select the Disc-at-Once option,
HotBurn gives you more precise control over the track positioning and
index marks. This features allows you do a reasonably good job of prepar-
ing an audio CD for replication, if necessary. For many home users, how-
ever, the Track-at-Once mode gives you more flexibility in building the
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CDs and also allows you to take advantage of CD-RW discs for storing
music.

Figure 11 - 6 Track Listing

.':‘ Sony HotBurn - Audio CD Layout !E[ E
File Edit “iew Layout Tools Help

D[R] =2 alalals] g @ = lem] @l@l_l\

Source | Track (start Lenath) [ inctex (start Lengthy
(EJ H:\wWazz_Impressicity_is_crying way L!_! A1 000000 DE0S:20 ( 1000200 0E03:20

(EJ H:\Wazz_Impressifujivams way

(EJ H:\wWazz_Impressikoto_song way ( A 000000 03:04:26

(EJ H:\Wazz_Impressiosaka_blues wav L!'E

Ready Sony CO-R CDU9265 19:33:40 used, 55:11:35 free %
2

HotBurn is fairly flexible when it comes to the source files containing the
audio content. It converts the audio files on-the-fly to the standard
CD-DA format (otherwise known as PCM format) required for creating
the audio CD. Files can be resampled, if required, and byte reordering is
performed for those file formats that vary from the CD-DA norm. The
options are shown in Figure 11 - 7.

For the best results, however, you should perform conversions and any
digital sound processing on the audio files before you reach this step,
using any standard sound processing application. Sound Forge XP 4.5 is
an inexpensive yet versatile application for this purpose.
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Figure 11 -7

Specify Audio Features E

H zen_iz_when.mp3

Specify the features for the raw audio file:

Byte order:

I Least Significant Byte j

Bitz per sample:

Channels:

IStereo j
|441 oo vl Hz

Cancel |

Sample rate:

Specifying the Audio Features for Conversion

If you use Track-at-Once recording, HotBurn presents a simpler set of
choices, as shown in Figure 11 - 8. You still have the option to insert blank
spaces between individual tracks, but you can no longer control the pre-
cise index mark locations, as with Disc-at-Once recording.

Figure 11 -8 Audio Layout for Track-at-Once
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When you have organized the audio layout to your preferences, click the
Write this CD button. HotBurn displays a tabbed panel that lets you set
any final options, such as setting a slower recording speed (if your system
does not do well at higher speeds) or deciding whether to close the ses-
sion when done, to let the disc be readable in CD players. As the record-
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ing operation takes place, HotBurn indicates the progress in a dialog
box, shown in Figure 11 - 9.

Figure 11 -9
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Progress of the Write Operation

Writing Audio CD... M= B3
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Information

When the write operation is complete, you have a bona fide audio CD
ready for playback in a computer system CD-ROM drive or in a conven-
tional CD player. You can skip between tracks, just as with a commercial
CD, and playback times for the individual tracks will be indicated.

[ElGse

HotBurn offers a wizard for creating an audio CD, shown in Figure 11 -
10 if you feel you need a bit of extra help with the process, but most peo-
ple should find the audio layout approach very easy to handle—even if
they don’t have prior experience making CDs.
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Figure 11 - 10 Create an Audio CD Wizard
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Case Study: Creating an Enhanced CD

The process of creating an enhanced CD takes imagination, fortitude,
and a seriously warped sense of humor, as is evident in this interview with
the co-founder of Right Angle, Inc. (www.rightangleinc.com), Kelly Meeks.
When the content is on the outer edges of contemporary humor, some-
times you have to pull out all the stops to keep in step.

What can you tell me about the Jerky Boys comic that appears on this CD?
Johnny Brennan, the guy who does most of the voices, is just insane. I
don’t know how else to describe it. I've never seen anyone as fast on their
feet as he is doing this stuff. It’s amazing.

So these are real characters from the audio portion?

Oh yeah, everyone that you see there. You’ve got Kissel, Pico, Jack Tors,
Frank Rizzo who is the tough guy, and poor Sol Rosenberg, who is the
neurotic guy who everything bad happens to. And Tarbash. These are the
personas that these guys take on when they get on the phone and start
crank calling.

1 guess it’s not necessarily the type of program I'd like to send to my mother.

It could ensure my place in eternity, I'm afraid.
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We were big fans of the Jerky Boys, in general, and when we were given
an opportunity to be paid to work with them, we said, “Hey, we’ve got to
do this.”

It looks like you've done an enormous amount of work in Director to put this all
together.

Yeah, in about four weeks, by the way.

In four weeks? I'm astounded.

That’s with a crew of three people.

You did most of the programming in Director?

Any code that was written for that was done by me.

It looks like you've been pushing the capabilities of Director a fair amount with
some of this stuff.

People think of Director as, at best, a non-linear presentation tool. I
think it is infinitely more powerful than that. I just finished a clip-art pro-
gram that Director uses to manage a couple thousand pieces of clip-art,
cross-platform. It’s a very powerful development system. It certainly has
some limitations—it’s no C++ or anything along those lines. But, if you’re
talking about creating a real multimedia experience, there isn’t a heck of
a lot you can’t do with Director.

While writing an earlier book on CD-ROM technology, I interviewed a lot of game
producers. Many of them would use Director for prototyping the game and doing
some of the early renditions and then would jump off and either develop their own
game engine or find some other tool to support the high-speed things they wanted to
do.

We usually try first to do things in Director. In the event that we can’t,
we’re certainly capable of using other development systems.

Were you working sixty and seventy hour weeks to build this thing in four weeks?

Yeah, it was crazy. First of all, what I say in the event that this actually gets
ink, we normally don’t make our living by taking on insane deadlines.
But this was an opportunity for us to work with the Jerky Boys. Again, like
I said, we’re big fans. It was something we really wanted to do. I don’t
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believe that Mercury had previously done an Enhanced CD. There was a
learning curve on their end. When all of that was said and done, we spent
a lot of time with Johnny in our studios in front of a microphone doing
the sound work for us. Once we got the art approved, it was up to me to
crank out the program.

Ave the other components, such as the music and sound effects, from libraries of roy-
alty-free material?

Yeah. Johnny is pretty good at doing his own sound effects. We didn’t
have to draw too heavily on third-party libraries, but we do have access to
several inhouse royalty-free generic sound-bed type libraries of sound
effects. Those get used pretty heavily.

I found the whole production very professional throughout. The sound
adds a lot to the overall effect—people sometimes overlook the audio
parts of a production.

To me, multimedia means sound. In some respects, I think sound is one
of the easier things to do right. I mean, it is a lot more cut and dried.
We’ve got art people in house; actually, our art director Eric Talbot did
the vast majority of the art for the project. For the sound stuff, though,
having Johnny to do the voiceovers was great. It demonstrates that the
project really came from him, which is what we were trying to get
through.

How much space did you have on the CD-ROM for the interactive portion?

We were told from the onset that the budget for the audio portion in the
first session was about 55 minutes, which meant that we had about
150MB to work with.

That’s not a huge amount for a project of this scale. From the beginning,
you were really having to budget every Megabyte of space on the disc.

You better believe it. I think per partition, the Mac and PC sides are
about 43 to 45 Megabytes, respectively. We did have some additional
room to play with, but, quite frankly, I think we were fighting the clock as
much as anything. Heaven forbid if we had six months to work on some-
thing—I think we’d really go to hell at that point.

You'd be totally insane by the end of the project.
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Yeah, we’d be doing the Thorazine shuffle or something. That’s some-
thing that we’re actually very interested in doing with them—to get a
crack at a real time frame and to do something that is totally off the wall.

There still doesn’t seem to be mass market acceptance of the whole Enhanced CD
Jormat. Do you think you'’re up against a giant obstacle getting people to buy into
this notion of merging audio and multimedia on a CD?

Initially, yes. I think there is a barrier at a number of different levels, one
of which is the technology. I think there are a fair number of people out
there who don’t have multisession-capable drives. Between firmware
updates and software driver updates, there is a lot you can do to fix that.
Most companies do have some upgrade path to deal with that sort of
thing.

The other thing is the issue of retailing. The music industry in general is
still cutting it’s teeth on what they can or cannot do with Enhanced CD.
When we were first talking to the Jerky Boys about doing this, I went out
and bought about every Enhanced CD I could get my hands on. Without
getting specific, quite frankly I thought that most of them were pretty
lame. Invariably, what you got was digital video of the act or something.

What we wanted to do was something totally different—as opposed to a
lot of QuickTime video and lyrics (which really didn’t apply to the Jerky
Boys anyhow), we said, “Hey, let’s do some character development here.”
They’re interested in taking the Jerky Boys into animation and doing all
these other things, which I think would be great, but we thought this
would be good interim step to give people a chance to experience the
Jerky Boys. We didn’t think the digital video or the traditional ways of
doing Enhanced CDs was the way to go. We took a totally different
approach and said, “Hey, let’s create an environment. Let’s create a Jerky
World here and let people cruise around in it.”

Any research on what the platform barriers are to playing Enhanced CD?

Multisession capability is really the only barrier. I don’t know if you're
familiar with all the different modes of hybrid-based CDs there are.
You’ve got Mixed Mode, which has the Track 1 problem. You can write
the audio portion after the interactive portion, but that literally gets writ-
ten as Track 1 on the audio side. So, you go to play that on your stereo
and you get all sorts of porpoise sounds and damage your speakers. That
to me is a non-solution. At some point, even I would forget and play
Track 1 and who needs that?
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We really felt that the Enhanced CD is the most viable mechanism for
doing it, even though there might be a goodly number of people out
there that don’t have multisession drives. Because, it works totally in the
audio portion of it. It works totally in the interactive portion of it as long
as you’ve met that one hardware requirement. It just seemed like the way
to go.

Did you do your own inhouse prototyping using a CD recorder?

We did. Then we let Disc Makers do the final mastering. I had never mas-
tered a commercially released Enhanced CD before and I figured at this
point, what a great way to get Disc Makers involved. At this point, I can’t
see any reason to master an Enhanced CD myself when I can have some-
one more experienced do it.

How did you supply the material to Disc Makers?

We gave them a CD-R master of the audio and a CD-R master of the inter-
active portion.

So one was formatted to Red Book standards and the other was a basic Yellow Book
CD-ROM?

Exactly. And the two together were a Blue Book Enhanced CD.
Tell me more about your company.

Right Angle as a core company exists as three people. Myself, I kind of
head up the technical division, if you will. Kevin Russell, who is my part-
ner. He and I own Right Angle. Kevin handles most of the graphic
design, layout, 3D work, sound editing. He does a tremendous amount of
work. Eric Talbot is our art director and our Photoshop guy. He does all
the pure, physical artwork.

Do you want to give the 30-second capsule description of how the company got
started?

Kevin and I were working for the individual who started the Teenage
Mutant Ninja Turtles. A guy by the name of Kevin Eastman. We were run-
ning a publishing company for him. We pretty much thought that we had
done everything there that we could at that point. We were dealing with
comic-based properties at that point. We had just finished up the Crow
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movie deal with Brandon Lee—some of those types of things and we
decided to capitalize on that success and go off on our own.

I had worked with and for Apple for about 8 years and had a strong tech-
nical background and Kevin has always been the marketing and creative

brain of this company. We decided to strike off on our own and see what
type of trouble we could get ourselves into. And it didn’t take long...

Were you working out of the Cupertino office of Apple?

No, at the time I was doing it, they actually had offices in Marlboro, MA.
When I moved to Massachusetts to work for Kevin Eastman in the pub-
lishing company, that’s how I hooked up with Kevin Russell and one
thing led to another, and now I guess we’re both going to hell... with this
Jerky Boys thing.

Avre you worried about your reputation suffering with people out there saying,
“these guys are totally over the edge...”

I’'m sure there is plenty of that, but personally I am proud of the associa-
tion. I mean that. They’re not out there hurting anyone. There are hav-
ing good, clean fun, for the most part. I think you don’t have to look
around much to find a whole lot of worse things out there. Plus, I just
think they are hysterical. I think Johnny and Kamal are both literally
comedic geniuses. We are proud of the association.

Have you done other Enhanced CDs?

We recently finished the Enhanced CD for the Conan O’Brien show, as
well, which is also going to released through Mercury. It is pre-domi-
nately a digital video based thing—some of the funnier video clips off of
Conan’s show. The audio portion of the CD is going to be musical acts
that have been on the show. We’ve got some pretty outrageous stuff on
that, as well.

Sounds like youre seriously committed to working in the Enhanced CD format.
I'll tell you why. To me it is really intriguing. It is a great way to get into
different markets, I think. If it is done properly, it can be more than the

sum of its parts.

Many of the companies I talked to when I wrote my first book on CD-ROM technol-
0gy have vanished.



Case Study: Creating an Enhanced CD

We see Enhanced CDs as a way to bring new life to the medium. The
Jerky Boys conceivably will sell a million copies. It is pretty rare for a mul-
timedia to sell like that, unless you’re MYST. Those are numbers that you
don’t get in the software industry. We’re committed to further exploring
those areas and seeing what we can do to get more and more into that
market.

1t’s true. You get 50,000 sales in the CD-ROM industry and you re looking pretty
good.

You’re popping the champagne corks.

Is it fair to say that you're going to try to balance your work between Web presenta-
tions and optical disc media.

Yeah, we’re hoping that it will be a 50-50 type relationship.
And you see the two technologies as being complementary?

I do. Again, this is where Director is at its strength, I think. With the abil-
ity to take something you’ve done and without complete pain and suffer-
ing, get that thing live on the Web. It’s pretty cool. Your ability to do that
as an Internet-aware CD is even more powerful. We’re definitely working
to develop those types of situations more and more.

The Web in many respects still doesn’t deliver on the true multimedia
promise that everyone thinks it should. But, if you've got a CD that you
can put the media-intensive assets on (the digital video and things of that
nature) and use the Web to update it in a fashion that makes sense to
do—like text and simple things—it is a pretty powerful combination.

Not too many people seem to be talking advantage of linking from disc to the Web.

It scares a lot of people from a development standpoint. There are a fair
amount of things you can’t control. You load this thing up and you dou-
ble-click on something, if their TCP-IP connection is screwy or something
like that, then you are presumably not getting assets that you need and
then what do you do? If you use the ones that are stored locally, it gets
pretty fat pretty fast.

That’s true. There are a lot of variables thrown into the mix.
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In custom situations, where you’re doing specific work for a specific cli-
ent, you can tailor that interaction a bit more finely, but for the gross con-
suming public, it’s still a tough nut to crack, I think.

Amny words of advice for developers who may be considering getting involved in
Enhanced CD?

Yeah. To me, the best way to do it is with your Director-type presentation.
If you’re using Director in the development end I think it is a pretty
straight-forward process. The key is to make sure that you’re managing
assets very closely, depending on the audio portion of things, you might
be asked to cram an awful lot into a small data area. You just have to
really have a good handle on the techniques involved in doing that. It’s
not rocket science. It really isn’t. It’s quite doable. The tough part is just
making things fit. It’s probably smaller than what you’re used to working
with.

Most music albums run about 35 or 40 minultes?

No, you’re probably talking on average 40 to 45, I would think. Which
gives you quite a bit of room to work with, but again where so many peo-
ple use digital video in an Enhanced CD environment, digital video is
big. You take a few minutes of video and Cinepack that stuff down and
you’re talking about multiple Megabytes of size. It’s real easy if you want
to work with digital video in an Enhanced CD environment to chew that
space up quickly.

The key is knowing your audio budget going into it and planning to use
less than what you think.

Avre you involved in any digital video projects?

Well, we did the Conan O’Brien. That, to us, was kind of fun because the
video clips themselves were pretty hysterical. You've got Don Ho singing
Beastie Boys songs. You’ve got the Zappa Brothers jamming with John
Tesh. The kind of stuff that you belly laugh over. We did all the work on
that and it came off pretty well.

We like to work on fun projects. We come from an environment that’s
been tied in with a lot of entertainment activity—the Teenage Mutant
Ninja Turtles, comic books. We committed ourselves to doing this multi-
media stuff, but really working on having a lot of fun in the process.
We’ve been very fortunate in that the majority of the stuff that we’ve
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done has not been boring. We’ve done some kid’s projects. We’ve done a
Tattoo clip-art CD. That’s fun stuff. And certainly the Jerky Boys would
qualify at the top of that list.

Was the animation done using onion-skinning in Director?

Yeah, a lot of was done in a pure, cel-based fashion. Literally doing over-
lays from a paper sampling. Scanning that stuff in, computer-coloring
them, and then using Director to onion-skin the things out.

Are there any tools out there that do decent cel-based animation without having to
resort to paper?

I think if you get at the really high end that there are. And, certainly,
you’ve got you're traditional 3D packages out there which can be used
for doing stuff pretty effectively. I guess, for us, we’ve found that the best
way to get the best end result is to start things off by hand, get it into the
system and then really use the computer for what it is really good at. And
that’s manipulating things after the fact.

Case Study: Making a Web-Enabled CD

This case study continues where the last one left off. Right Angle Inc.
took advantage of the scheduled re-release of the Jerky Boys CD to
update the content and add Web-enabled components. This case study
describes how they did it and also offers some perspective on the market
trends for multimedia on optical disc versus the Web.

Maybe we can talk about what you have done to the earlier CD to make it Web
enabled.

One of the things we did to make it Web enabled: We made the Web por-
tion of it dynamic. We used a Cold Fusion driven back end that then
feeds into the Enhanced CD, if the person viewing the content has online
capabilities.

Was this project completed fairly recently?

This was done last year [1999]. Basically, what happened is this. The
label, which is Mercury records, felt compelled to charge more for the
enhanced version of the CD. The industry standard is to say: “we’re
including this additional CD content for free.” We released a limited edi-
tion in limited quantities—a situation that appeared to present barriers
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to proper distribution. I know that the Jerky Boys, as an act, were
unhappy about it, so they decided to re-release it. I was insistent about
having an opportunity to freshen the project. Some time had expired
and the bar had been raised as to what is cool and what is not cool on the
Web. By adding the whole Web-aware component, we felt we had a way to
make the project more evergreen.

Does the extra content look seamless while you are online playing the CD? Will it
actually pull in new content automatically from the Web?

It will pull in new content and the primary attraction to the online com-
ponent was contest driven. When you get to the main screen you have the
opportunity to play what in essence is a needle-drop type of contest.
You're delivered a sound clip via the Internet and you try to guess what
track and what album it is from. The results are entered into a database-
driven Web page on the Jerky Boys site. They were pulling winners out of
it weekly or monthly. We wanted to have some incentive built into it, in
addition to the ability to deliver changing assets without having to reburn
a disc.

Is the new Enhanced CD on the market now?

Itis out there. Sales are about a year old at this point, so it is certainly not
setting any sales records at the moment. I believe it went gold—which is
half-a-million copies.

The Jerky Boy themselves are a real interesting machine. From their dis-
cography, they sell somewhere in the vicinity of 5,000 to 10,000 units a
week. It really is quite phenomenal how well prank phone calls can pay.
We’d like to think that we had a little to do with the sales of the most
recent effort.

Can you get into the mechanics of how you pulled all these components together
and did the Web-enabled part?

Sure. As always, whenever you are talking Enhanced CDs, the primary
consideration from the start of the project is real estate. By that I mean
how much room you are going to have to work with on the CD-ROM
after the audio portion is complete. The difficulty there is that you and
the artist have some latitude in determining how many tracks are going
to be included. We usually have to set a limit that might even be a false
limit on the high side of the audio, just to ensure that we are not going to
run out of room if they add a bonus track.
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On the plus side, with the Web enabling, you gain another whole extension to the
content.

Sure—if you want to shuffle things in and out via the Web, you can do
that. The real trick from a programming standpoint is ensuring that if
they do not have Web access, you are still able to apply a consistent look
and feel to the project. If they have no component to get to those assets,
you have to make sure that they have other assets that will work. Try to
design as much flexibility into those hard-coded assets on the CD as you
can to make sure that it still works for the long-term. Mechanically, this
approach added two or three additional layers of consideration—you
have to deal with the ramifications of someone not having Web access.

Did you Director again for the design tool?

We’re still using Director. At the time of this last project, Director 7 was
relatively new. I think that we stuck with Director 6.5 to ensure that every-
thing would work. Director 7 introduced some fairly radical changes.
Everything tested fine, butit added considerable size to the Projector file.
Since I wasn’t using any features in Director that required version 7, I
went with the smaller footprint.

Did you use that Apple Media Tool for doing the Enhanced CD part of it?

Yes, we used AMT for mastering the enhanced portion.

From what I can see, there aren’t a lot of tools out there for doing low-level work on
Enhanced CDs.

Exactly. I would have to say, unfortunately, that is true. There really isn’t
anything else.

1t’s not even supported by Apple any more, is it?
One of the key people involved in developing it for Apple is still trying to
support it as a tool for generating the QuAC files. It is still a little bit of

voodoo to make these things work correctly.

Is it safe to say that most of the people making Enhanced CDs now are relying on
this early tool?
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Yup. To the best of my knowledge, I haven’t seen anything else that will
do it. Pretty much, everyone I know who is doing that sort of stuff is dust-
ing off the AMT 2.0.

That is kind of incredible. Aven’t theve still a fair number of Enhanced CDs being
released?

Sure. There certainly are.

At the same time, it seems as though there a lot of new companies getting into CD
and DVD premastering.

Indeed. So, there is definitely money to be made there. There is a certain
Hollywood appeal to it—it’s a high-profile kind of project. We do not
aggressively pursue those kinds of opportunities. We have found that the
ones that come to us are the best ones. In the meantime, we pay the bills
by doing a lot of Web-site and straight multimedia work.

Where did ColdFusion come into play? Are you using it to deliver the dynamic
data?

Exactly. What we wanted to do is to make sure that the content portion of
the Web-enhanced CD was random, but random in a way that would
allow the Jerky Boy management to log onto their site and via a username
and password, handle the contest-related information without having to
know HTML. By using ColdFusion, which is from Allaire Corporation in
Cambridge, we were able to set this up. ColdFusion supplies an ODBC-
compliant level interface from the Web to the database technology. You
can create a database of information that is then used to dynamically gen-
erate the Web content.

ColdFusion will meld the graphics and text and tags together to build the Web
pages?

You got it. ColdFusion is an interesting animal in and of itself.

It really is. We have developed around a proprietary shopping cart system
using it. We have entire Web sites for clients now that are entirely, utterly
database driven. So, they can log onto their site and change the entire
contents of their Website without having to know a lick of HTML. This is
done by using browser-based forms to get data in and out of the database,
which in turn drives their Web site.
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Doesn’t it create an enormous amount of maintenance for whoever has to load the
content on a regular basis?

Itis a challenge. The customer has to understand that in taking this
approach, there is a certain commitment they are making. We’ve had cus-
tomers pay us a relatively substantial amount of money to develop a com-
pletely database-driven Web site for them and then they realize the full
scope of the work that has been placed back on them.

Invariably, once they get in and find they’re not completely overwhelmed
by the process, they realize they have a tremendous tool at their disposal.
By using ColdFusion to drive the contest portion of the site, it was very
very simple for the Jerky Boys to get in there and upload an Shockwave
audio file, a short clip from one of the takes, and indicate what CD and
what track it is from. Also, we were able to capture the incoming informa-
tion from the site visitors and to write that to a database. Contest winners
could then be selected from those who made the correct choices.

Ave there other parts of the CD that are Web enabled?

Yes, There are some game components to the CD—the audio for which
varies if you have Web access. One of the games on the CD is: Shoot Jack
Tors in the ass with a potato gun.

1 remember that classic game.

A classic, classic game. If you had Web access, you would get a whole sym-
phony of different reactions that would vary, based on streaming audio,
when you shoot Jack. Little things like that that the Jerky Boys felt fine-
tuned it.

The difficult part in dealing with people who are as creative as they are,
they don’t ever want to stop. With a CD—Dboth in an audio format and in
an interactive format—you’ve got to stop at some point. By using the Web
to provide new access to those types of things, it let them feel as though
they were more in control and helped them feel more creative.

Do you have tips and guidelines for other developers using similar kinds of compo-
nents?

We had to think long and hard with the crushing deadlines that were pre-

sented to us. The key is to think about what you need to do a year after
this project is done if you want to shut it off. How do you deal with a bad

291



Chapter ||

292

connection, for instance? And how is that going to impact the content
that should be streaming and isn’t. We got to the point where we were try-
ing to evaluate the user experience by unplugging their Internet connec-
tion halfway through it. Those are the types of tests that absolutely have
to be considered when doing this type of Web-enabled project. You have
to find a way to control the quality of the experience when that does hap-
pen—because, believe us, it is going to...

Given the timeframe we had available, we did a whole lot of testing. For
example, here is a system with no Internet connection at all. How is that
going to work? How is going to work with an AOL-based connection? At
the time, this certainly changed every rule. If you were dialed up through
AOL, that added a whole other heap of application-related issues. We
had to do a lot of testing on AOL-based systems to ensure that we were
judiciously using memory in a way that wouldn’t cause too much over-
head.

Do you normally use outside test services?

We use a couple of quality checking test services. Not from a focus group

standpoint. But just from a virus checking standpoint, and ensuring that

directory content is complete and clean. We require that the record com-
pany pay for that. Although, this issue is something that we pretty consis-

tently have to argue.

Really?

At some point they become accountants. You can finally get them to
understand that we are doing this testing to protect them. It is usually not
that expensive, either. Based on the kind of detail that you want and what
kind of reporting, it might cost $1000 to have them really hammer the
system. They will also test the installation routine on a number of differ-
ent platforms, which can be difficult to do inhouse.

By the time all the audio tracks were filled up, what did you have left on this one
Jfor the multimedia?

We had the entire presentation in cross-platform form within about
30MB. I believe there were 48 minutes of audio on there. There were a
couple of additions at the very last minute. It was good that we budgeted
the space in the fashion that we did. We definitely would have had more
room to work with, but we felt comfortable with that limit. Considering
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the premastering and indexing and everything else required in the inter-
active portion, we made sure that there would be no space conflicts at all.

Do you get much feedback about the interactive material?

Tons of fan mail—bearing in mind that we also do the Jerky Boys Web
site, as well. People love it. They love the Jerky Boys, anyhow. We were for-
tunate to have a good act that let us do that kind of outrageous material.

Do you find that your clients are always requesting a Web-enabled component when
they have you do a CD-ROM for them?

We are finding that people are shying away from doing a lot of CD-ROM-
based work at this point. As the bandwidth starts to increase, the propen-
sity of DSL and cable modems, you have the opportunity to deliver pretty
cool Shockwave content more quickly through the Web.

We do a fair amount of sales corporation presentation CD-ROMs that we
like to make Web-aware, because it gives them the opportunity to create
the project once and then bring in that fresh content when they need it.
It becoming more difficult to find a compelling reason to do just the CD-
ROM portion of it.

Do you think that situation changes with DVD-ROM becoming more popular?

I think it definitely changes things. Certainly, the opportunities of what
you can do on DVD are almost staggering—the amount of data you can
cram onto one of these things and the video quality!

Do you have people asking you to do DVD work yet?

Yes and no. They seem to be interested in it and they want to know if it is
something that they need to do. More often than not, it doesn’t take too
much of a question and answer to discover that they can probably do
90% of what they want to do on the Web, period.

A lot of the game developers seem to be flirting with DVD, but there have only been
a handful of high-profile releases, so far.

You have something of a standards issue from the onset—not a huge one,
but from a developer’s standpoint, it is a tremendous risk if you put a lot
of effort into a format that could be obviated. The mastering equipment
is more expensive. It is a whole new level of investment to get into that
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end of it. I think there are an awful lot of people who want to test the
waters with a big toe, but that is about it.

We have done well as a development media house dealing with CD-R
based mastering issues. Even though there are many inexpensive CD
burners and software, it is still hard to avoid making a lot of coasters if
you don’t have some kind of understanding about how these things really
work. But, it is getting increasingly more difficult to get people to bite on
the CD portion of things.

1t seems like the games market is still pretty healthy.

The game thing to me is always real interesting. It is arguably one of the
most delivery intensive things that you can do. It is just going to be an
awfully long time before there is enough bandwidth out there to deliver
that kind of action via the Web. I think CD-ROMs and DVD-ROMs will be
kind of immune from that kind of debate. With some of the compression
improvements for video, it is an intriguing time to do video designed for
the Web. Cable modems are starting to come of age, even out in the
boondocks (where I live). I still can’t get that kind of service, but my busi-
ness partner who lives four miles down the road has it. The speed at
which he can surf the Web with that kind of setup is ridiculous—he is
pulling in 300K a second on his cable modem.

Any new markets springing up for multimedia?

We have found more Web-based opportunities, but we’re also doing a lot
of interactive, online content that is also database-driven. Interactive
components get fed information that is being generated dynamically
from the Web site. It is gratifying, because it gives you a level of control
that you always want to have when doing this type of work. You can really
make it work down to the smallest detail. That kind of content is becom-
ing more and more popular.

Mechanics of Building an Enhanced CD

Although many premastering applications provide a means for burning
an Enhanced CD, most of them provide a minimal approach to the pro-
cess. Many developers are still relying on a copy of a tool originally made
by Apple and then discontinued, the Apple Interactive Media Toolkit
(AIMT). This stalwart product enjoys continued life through support
from one of the original developers.
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Disc Makers, who frequently prepare Enhanced CDs for clients, list the
following steps as fundamental to the creation process.

Note: If the audio material is supplied on a DAT, the first step is create an
audio CD that includes an index and ISRC codes. Any additional post-
production work, such as equalization and normalization, should be
applied prior to burning the audio CD.

Using the CD-Copy program from Astarte, extract the tracks from the
audio CD as a single image file (rather than individual tracks).
Ensure that the audio settings for CD-Copy are set for capturing ISRC
codes, writing a CD-DA file, and reading index values.

Using Adaptec’s JAM program, select the CD-DA image file created in
the first step. Check to ensure that there are no missing ISRC codes.
Also check the index values and the size of the spaces between indi-
vidual songs. Using the multi-session record option, record the ses-
sion to a blank CD-R, but do not close the disc.

Place the CD-R on which you have created the session into the sys-
tem’s CD-ROM drive. Open the Apple Interactive Media Toolkit pro-
gram and choose the New File command from the menu. AIMT
identifies the track data on the disc. Check to ensure that all the
fields that appear in red contain data and select Make QuAC File
from the menu. A .CDQ file is then created.

Remove the CD from the CD-ROM drive. Using Adaptec’s Toast,
select Enhanced CD from the format menu. From the utilities menu,
select Create Temporary Partition. Based on the storage space
required for the data portion of the CD, size and create the partition.

Drag the .CDQ file created in Step 3 to the temporary partition.
Select the Data option from the Toast window and select the tempo-
rary partition from the volumes available. When prompted “Use
QuAC file?”, answer “Yes.”

Open the temporary partition and identify the folder called “CDEX-
TRA” and the QuAC file. Copy files that are intended for shared use
and all Macintosh-only files into the temporary partition.

Open the CDEXTRA folder and copy all files intended for Windows-
only use into the folder. If you have created an AUTORUN.INF file
for autostarting the CD under Windows, overwrite the file that
appears in this folder.

295



Chapter ||

8. Cireate an alias of the shared files residing in the temporary partition.
Drag the alias files or the equivalent folder representing all the aliases
into the CDEXTRA folder. Rename each of the files or folders that
were copied to remove the alias suffix.

9. Organize the contents of the temporary partition for viewing by the
Macintosh user. The structure you create will be maintained when
the CD-ROM is viewed.

Close the windows and click Data in the Toast window. Select the tempo-
rary partition and ensure that the Optimize for Speed option is active.
Choose the Write to Disc option to start recording.

With this organization, the files contained in the temporary partition will
be accessible to the Macintosh users. Windows users will see the CDEX-
TRA folder at the top level and additional files and folders contained in
the CDEXTRA folder.

Expert’s View: Working with Surround Sound Audio

One of the characteristics of DVD-Video and the DVD-Audio format is
the use of multichannel sound, characterized by the mysterious sounding
5.1 descriptor. To clear up some of the confusion over surround-sound
and audio processing for DVD, I talked with author and sound engineer
Rudy Trubitt (www.trubitt.com).

What'’s the difference in delivery systems between film and TV sound versus music-
only playback systems?

One big difference between sound for pictures and for Hi-Fi has been
the number of speaker channels. Since its introduction stereo has
become the music delivery method of choice—although we did flirt with
Quadraphonic sound back in the 70’s. On the other hand, Film has
flirted with more than two-speaker sound for a long time. The original
Fantasia was designed to be played back in a theater set up with nearly 30
different speakers and channels. But, there were only a handful of the-
aters that could play the thing the way Disney intended. More recently,
around the time of the first Star Wars film, it became common to release
films in multi-channel sound. One reason for the additional speakers is
that if someone is sitting off to one side of the theater or another, it’s
important that the apparent source of the dialog is anchored to the loca-
tion of the actor, as seen from the listener’s perspective. If you're sitting
off to the right, the actor is somewhere off to your left, yet if you were just
listening to regular stereo, you would hear the sound coming from
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directly in front of you. This can cause a feeling of disconnect, as the
visual location of the actor doesn’t match the audible source of their dia-
log. So, a center channel speaker, in addition to the left and right, means
you can hear the actor’s voice coming from a point matching their on-
screen location, more or less.

Then, to get effects that envelope the audience, they started adding loud-
speakers along the sides and the rear of the theater. That gives you the
sense of environmental sounds outside the picture, bringing you in more
to the environment of the film. There are several different ways to deliver
this multi-channel sound. The current scheme for this is discrete multi-
channel sound, such as Dolby Digital, but let’s not get into that just yet.
Until recently, here’s how surround sound usually worked in cinemas and
home theater systems: Our audio program would be carried as a plain-
old stereo signal and that was processed to get four semi-independent
channels. This is the way that most earlier cinema systems worked, and
this is also true for the bulk of home theater systems out there.

You take a regular stereo signal and by processing it in the analog
domain (or digital domain), you can extract information that is common
to both left and right and turn that into the signal that will be fed to the
center channel speaker. Then, you can look at information that is differ-
ent between the left and right, and throw that into the surrounds. Now
what we have done is take a two-channel audio signal, with left and right,
and because some of that information was correlated, essentially panned
to the center, and some was decorrelated, which is often the case with
ambient reverberant sounds, we’ve turned it into four actual separate sig-
nals. You’ve got left, center, right, and a single signal that goes to the sur-
rounds, even though that might be going to more than one actual
loudspeaker.

The term “matrixing” is used to describe this process—looking for the
things that are common and looking for the things that are different and
then extracting those elements and making them the center and the sur-
round signals. In the home today you can find that scheme implemented
on equipment that is labeled with the Dolby Pro Logic logo.

Is that intended only for systems that have four speakers?
Tapes or broadcasts encoded with Dolby Surround are compatible with
two, four or five-speaker systems. If the viewer has a plain old mono or

stereo television, they don’t have to do anything, just sit back and listen.
If there’s a home theater receiver involved, a few options come up. If you
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have only two speakers, turn the Pro Logic circuitry on your receiver
“off,” and you’ll hear a regular stereo signal through your better-sound-
ing left and right Hi-fi speakers. If you have four speakers, (left, right and
two rear surrounds), turn Dolby Pro Logic “on,” and select the “Phan-
tom” center channel mode. Finally, if you have five speakers (adding a
center) turn off the “phantom” channel and you’ll get separate left-cen-
ter-right-surround.

This is totally different from Surround Sound?

No, in fact it is, indeed, Surround Sound. You’ve got something coming
out into the rear surround speakers to create an enveloping sense of
space, and a center channel to help focus the viewer’s attention on the
on-screen dialog. Generally, dialog in film and TV mixes are panned to
the center. As a result, when you play back through Dolby Pro Logic, the
voices will end up coming out of the center-channel speaker. And, if
music has been panned with a lot of elements to the left or the right,
then you will hear those coming out of the other two speakers. It really
helps you stay centered on the dialog, which is often the most important
thing to keep the story moving along.

Again, an important benefit of Dolby Surround/Pro Logic is that it is a
regular stereo signal, so that it can be carried by VHS movie rentals, and
it can be broadcast. What you will often see on the media will be a little
logo that says, Dolby Surround. Sometimes on network television shows
you will see that little Dolby Surround “where available” logo. That is tell-
ing you is that this stereo signal has been mixed to provide surround
sound if listened to over a system that is capable of decoding that infor-
mation. It’s a little confusing, but “Dolby Pro Logic” and “Dolby Sur-
round” are two halves of the same process: Dolby Pro Logic identifies
equipment capable of decoding media (VHS tapes) or broadcast or cable
signals encoded with “Dolby Surround.”

Are there other techniques that can replicate a multiple-loudspeaker experience from
Just two speakers?

There are systems that attempt to do that. For many years, there has been
a term (that I consider an unfortunate one) called 3D sound. The theory
is that you can take a pair of loudspeakers and by processing the sound a
certain way, create the illusion of a completely enveloping three-dimen-
sional sound field like you would hear out in the world, as opposed to lis-
tening to point-source loudspeakers in your living room.
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Is there any easy way to explain how that works?

There is an easy way to explain how it works—it doesn’t. I'm being a little
harsh, but I've never heard sounds coming from behind me while listen-
ing to a pair of speakers that were physically in front of me. Now, there is
a simple and highly effective technique called binaural audio. That is
where you take a mannequin head—an anatomically correct dummy
head—and stick microphones in its ear canals. Then, one listens to the
resulting recordings over headphones. That works. You get extremely
natural, lifelike-sounding audio.

Binaural sound is simple and cheap and it has been used for years. The
only problem is that a lot of people don’t listen over headphones. You
want something that maintains some of that image over loudspeakers.
There are schemes that attempt to recreate that multi-speaker experi-
ence, but from just two speakers. The main problem is that they are com-
ing out of two loudspeakers and those sounds are bouncing around the
room in the same way sounds bounce around the room when they come
from loudspeakers (as opposed to actually emanating from the positions
that you are trying to pretend that they are coming from). Those systems
tend to work best only when you are sitting exactly in the “sweet spot,”
directly centered between the two loudspeakers. As soon as you begin
moving off to one side or another, the illusion begins to collapse.

Now, I don’t mean to imply that these “3D” audio systems do nothing.
What I can hear quite readily from the better examples of this technology
is that particular sounds emanate from a point that is beyond the arc that
is extending from your left speaker to your right speaker. So, you are
hearing something, for example, that sounds to be further “left” than the
physical position of the left loudspeaker. Digital signal processing is get-
ting better and faster and cheaper; I haven’t heard the most recent incar-
nations of these techniques, but I have yet to hear anything that was as
convincing to me as actually having a loudspeaker off to the side or
behind me. I have never heard something like it was behind me from a
pair of speakers in front of me.

How s a sense of space and position created in game audio?

Many modern games create quite believable spatial orientation. For
example, if you’re running down a road and you hear crickets chirping
off to your right and you turn your character around 180 degrees, the
crickets will be chirping on the left. A lot of that is done just by means of
clever panning. With a lot of these games, we will use a lot of these 3D
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algorithms to try to push sound out beyond the range of the loudspeak-
ers. And, you’ve got the visual cue of the game and your mental idea of
where you are and what you are looking at—how you are oriented—to
help reinforce the cues that they are providing soundwise.

What is cool (and difficult) about the game environment is that they are
computing this processing in real time based on user input, as opposed
to working with a film soundtrack where you always know that when the
tornado hits the grain silo, the roof of the grain silo is going to come
bouncing across the road behind our heroes truck and fly off the screen
to the left (we just saw Twister again last night). I have a Playstation in the
living room and I enjoy games that use the same kinds of effects.

How does surround sound technology fit into the DVD realm?

Unlike “matrixed” surround sound, the DVD scheme actually stores the
sound channels as discrete entities—instead of trying to mush everything
into stereo and then extract it later. When we talk about 5.1 sound, we
are talking about an independent left, center, right, rear-left, rear-right
(there’s your 5) and the point-1 is the subwoofer, also called low-fre-
quency effects or LFE channel. With it, we can just divert the low-end
rumble of Godzilla’s stomping feet into the subwoofer while the other
speakers are playing the sounds of the whizzing jets and people scream-
ing and running.

The advantage of 5.1 sound over the stereo matrixed surround is several
fold. The first is that the rear channels on a Pro Logic system are of lim-
ited bandwidth. They are not getting a full-range signal. They are only
good from 100Hz to 6 or 8KHz, comparable to AM radio. It turns out
that they work surprisingly well even though they are not full-on Hifi. It
really not optimal for things like the sound of wind, grass, and crickets-
you’'re really not going to get the bright, airy, realistic rustling leaves
sound out of something that is only good up to 8 or 10KHz.

The other problem is that because you are matrixing, the image tends to
jump around a little bit. When someone starts talking the center channel,
information that is playing out of the surrounds might get ducked—the
level basically drops down when a person starts talking and when they
stop talking, it pops back up again. This is especially obvious on broad-
cast television, where lots of dynamic range compression is applied to the
audio, but you can hear it on VHS movies, too. Also, you can’t have sepa-
rate sounds in the rear left versus the rear right, because the same signal
is going to both of those speakers. With a discrete 5.1 soundtrack, all
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channels have the same frequency response and the image stability is
vastly improved, because you are not matrixing. Now you’re not worrying
about a loud sound in the center channel pulling in everything else
inward, spatially speaking. So, it is a much more stable multi-channel
sound image that is created.

If you are watching a DVD movie of Bridges of Madison County and you’ve
got Clint Eastwood and Meryl Streep out sitting in some field somewhere
talking, if you are watching it on a TV broadcast, when they speak, subtly
but perceptively you will notice that the chirping crickets in the back-
ground tend to get quieter during the instance while they are actually
speaking-the cricket level is riding up and down. With a DVD version of
the same film, the spatial position of the crickets is going to be rock solid.
They aren’t going to be affected by what is happening in the center chan-
nel.

Sounds like to accomplish this, you need a whole new set of audio tools.

That is basically true. You would have to follow the multi-channel film
sound model, rather than the stereo, or two-channel music production
model. Yes, you do need some different tools and different aesthetic
judgements to make. We’ll talk a little bit about that but before we do, let
me finish the thought on Dolby Digital.

We’ve mixed our program to five discrete channels plus we’ve got this
low-frequency effects channel. We store them on some medium and now
we want to stick them on the DVD. While, the DVD doesn’t have enough
bandwidth to carry if we use the compact disc data rate, 16-bit, 44.1KHz,
that requires 10MB per minute for stereo. Now, let’s make life easy and
say we are talking about 6 channels, even though that is not quite true,
that would mean three times that, now we have gone to 30MB per
minute—you just can’t get the data off fast enough to do video and all
that sound. So, you need a way to compress the data (we’re talking about
digital data compression as opposed to audio signal processing compres-
sion) to reduce the data rate of all this audio. That is what Dolby Digital
does. It is a data compression codec in the same way that RealAudio is a
codec for compressing mono or stereo sound, so that you can download
it over a modem. Dolby Digital makes it possible to get all of those chan-
nels of discrete sound onto a DVD and then off again within the con-
straints of how much bandwidth the DVD player has—how much data
can you get off a disc at one time.
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Actually, Dolby Digital was originally designed to get digital audio onto a
piece of movie film for cinema distribution, but the same resource-limita-
tion issues apply to DVD as well. Note that there are other competing
codecs, for example DTS-Digital Theater Sound and a Sony system called
SDDS (Dynamic Digital Sound). When you go to movie theaters you may
see a Dolby Digital trailer at the beginning or maybe it will say DTS,
maybe it will say SDDS. But in the home theater world, it is pretty much
Dolby Digital.

Is Dolby Digital the successor to Dolby AC3?

They are one and the same. Originally, Dolby began calling this process
by their internal code name—ACS3, short for “audio codec number 3.”
Later they changed their mind and said, “Wait a minute. We don’t want
you to use AC3 as a term to reference this process. Now we’re calling it
Dolby Digital.” But by then the cat was out of the bag—you will see equip-
ment that has a connector on the back that will say AC3 and you will hear
people talk about AC3. I avoid saying “AC3” out of deference to Dolby’s
marketing department, but AC3 and Dolby Digital are one and the same.

Are there differences between the approach you are describing for DVD-Video and
the still evolving DVD-Audio format?

The production process, up to the encoding will be the same. But there
will be different audio codecs that offer higher sound quality than Dolby
Digital for audio-only DVDs. Unfortunately, DVD-Audio is still on hold
awaiting the release of players. A well-publicized hack of the DVD encryp-
tion scheme has introduced a delay in the introduction of the players.
Maybe they want to revisit the encryption spec before they start shipping
products. It’s very unfortunate, because so many DVD players have been
sold, that a lot of people will be confused or annoyed when new audio-
only DVDs come out that won’t play on the DVD players they already
own.

Does any of this relate to game development?

There are systems that are using Dolby Digital for sound playback. The
problem is that it is very computationally intensive to be converting those
discrete channels of audio to the Dolby Digital signal. There aren’t any
games that I am aware of that in real time, as you turn your head in the
game, pan the sound around in a Dolby Digital signal. They are using it
more for pre-rendered ambiences (that doesn’t change based on the per-
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spective of the player in the game). But then those “pre-rendered”
sounds have to be mixed with the real-time game audio.

It’s very messy right now, but there is talk about soon being able to create
the Dolby Digital data stream “on-the-fly,” which is really, really what we
need to have happen in order for games and DVD-video to share the
same playback system in the living room. Microsoft is talking about on-
the-fly Dolby Digital for their forthcoming X-Box game console, but
that’s not due until fall 2001. Maybe someone else will come up with an
implementation before that. In the mean time, there are other specifica-
tions, like Creative Labs Environmental Audio, which are better posi-
tioned for real-time 3D positioning of an object that is interactively
moving around. But this requires its own set of four speakers, it won’t be
able to use the 5.1 speaker system you’re using for DVD-Video, unless
you’re prepared to re-wire the living room back and forth.

Is it extremely expensive or difficult to set up a home studio to be able to produce
multichannel sound?

It is definitely doable. I'm working on a short film project now where I
will be implementing at least the Pro Logic level of surround. What you
need in your monitoring environment for starters: you need a 5.1 loud-
speaker set up where you are mixing. Instead of mixing to stereo, you are
mixing to five or six channels. Let’s say that you have an 8-track multi-
track tape recorder—like an Alesis ADAT or a Tascam DA-88. Your mix-
ing console would have to be set up to mix to multiple outputs instead of
just two.

You could do this with any 8-bus mixing console. It creates a lot of prob-
lems in figuring out how to pan across bus pair. If you are looking for a
product that simplifies this, there is a tool called MTrax made by Mini-
Tonka software. They have a system that is very nicely set up for doing
multi-channel panning. Steinberg’s Nuendo audio editing program
offers similar features, and there are others coming on-line every month.

What is the next step in the process?

Then you need to actually encode the audio to do the data-compression
step we talked about earlier. You have your multiple channel audio stored
either to a multitrack tape recorder or you have mixed to a bunch of disc
files. So, you have six files on your hard drive that represent the left, the
center, the right, the rear-left, the rear-right, and the subwoofer channel.
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You need to encode that as if you were going to take a track from a CD
and turn it into an MP3 file.

You need to perform this data compression operation-that is something
that comes from Dolby and is licensed by Dolby. You can either buyitasa
hardware box or a software version. For Windows, the Sonic Foundry
folks are licensees of Dolby. You can get a Dolby Digital encoder software
package from them for somewhere around $1000. You give it your six
sound files and it creates a Dolby Digital file that you can then use as part
of your DVD production process. Astarte has a version of the Dolby Digi-
tal encoder that runs on the Mac.

The single Dolby Digital file contains all six tracks?

Correct.

It’s hard to do justice to the importance of digital audio recording to
optical discs in the span of one chapter. This whole area has been one of
the reasons that CD-R technology took hold in the imaginations of music
lovers around the world. Inexpensive CD burners turn a desktop com-
puter into a recording machine capable of delivering audio discs with the
pristine finish of any commercially pressed disc.

The advent of 5.1 audio delivery, with its close correlation to DVD-Video
and the emerging DVD-Audio format, will catapult digital audio sound
quality into new levels of richness and purity. The best part of all of this is
that you can work with the processes involved on your desktop computer
and copy finished projects to optical disc.
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Interactive Music Design

One of the most effective ways to enhance the contents of a CD-ROM or
DVD-ROM title is through music. With a variety of music presentation
formats, ranging from the compact shorthand of MIDI to Dolby 5.1 Sur-
round Sound, developers must make critical choices when budgeting
space for music, as well as finding the best means to integrate the music
within a given title.

This entire chapter is devoted to a single Expert’s View. George Sanger,
aka The Fat Man, has made a career out of the skillful application of
music to CD-ROM games and other interactive media titles. From his
base of operations in Austin, Texas, George brings together other tal-
ented musicians and composers—the heart and soul of Team Fat—and
crafts memorable musical themes that frequently accompany the best-
selling CD-ROMs in the gaming market. His yearly Project BBQ) attracts
the key figures in interactive music—both from the technology side of
the industry and the musician’s side. If you're contemplating adding
music to a project that you’re developing, the following interview should
give you the appropriate perspective to proceed in the right direction.

Expert’s View: George Sanger Talks about Interactive Music
Do you work exclusively in MIDI or do you also do full audio tracks?
Absolutely—full audio. My lips hurt—I was playing trumpet and french

horn all last night. It's killing me. Yeah, any blessed thing that will make
noise and will sound a little less like a piece of plastic and a little bit more
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like a heart beating is a good thing. We at Team Fat will leap all over that
like boots on a rattlesnake.

But you also do strictly MIDI soundtracks as well, don't you?
Oh, sure. I did the first General MIDI sound track to a game ever.
How do you feel about some of the expanded formats, such as MIDI-XG?

General MIDI got off to a pretty shaky start. I started doing General MIDI
when there was only one device that supported it—the Roland Sound
Canvas. I made a big deal about it in the manual for The Seventh Guest. The
Seventh Guest went out and sold a million and a half copies when the pre-
vious top-selling multimedia product had only sold 20,000 copies. So, all
of a sudden in swell foop [chuckles theatrically] —God, I love that—mul-
timedia stopped being the “0-billion dollar industry”; it started being an
actual viable business. And, General MIDI became The Thing. So, these
General MIDI instruments started coming out. Basically, they did not play
back the music as predicted. There was no spec—there was nothing in
the General MIDI spec to say how loud one instrument sound should be
compared to another. So, instrument sounds would just get lost or would
come blaring out suddenly. It was a real mess.

So, I started a campaign and a service to fix that. I never really made any
money on it, but I think that between us (FAT Labs) and the eventual
acceptance of what we were doing by the MIDI Manufacturers Associa-
tion, we got it where General MIDI now is pretty much a workable stan-

dard.

That required a lot of effort. And, it paid back well in terms of saving peo-
ple from having to listen to terribly distorted music.

1 thought I saw your name attached to approval of a sound board that had XG
capabilities.

If there was a quote from me—I love those Yamaha guys and I love those
Yamaha instruments—it was probably something like this: The product
was balanced very well for General MIDI and that when you play back
General MIDI on that instrument or you write it on that instrument,
you're working within a very compatible system.

I won't associate my approval with MIDI-XG, although I am really enjoy-
ing my XG stuff, but I don't believe that we've got a set of standards now
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that really works. By expanding that out, you're only cluttering the hori-
zon.

1 think I've also seen quotes from you on finding ways to increase the expressiveness
of MIDI music, which of course is one thing that XG does, but it doesn't help if no
one out there can hear the extra nuances that you put into the music.

Absolutely. The battle for computer game music over the last ten years
has been all because of a misunderstanding—that people believe that fea-
tures have a place in music for computers, rather than compatibility.

I'will no longer consider endorsing anything that puts features over com-
patibility. It's all about standards and sticking to them. And, that is one
thing that Red Book audio has going for it. With CD-ROMs as opposed to
MIDI over the Internet have the advantage that they're more than likely
to play. More likely to work. All of our MIDI stuff, I always felt like, “Well,
how would the Beatles feel if there was a sticker on their albums that said
CAUTION: MAY NOT PLAY BACK CORRECTLY?

You mentioned that you are doing pure audio for the CyberStrike title, is that right?
CyberStrike 2. That's right.

Do you worry about integrating the audio with the game when you 're doing the
music?

Currently, the biggest consideration in doing the music for CyberStrike is
disc space. I believe that we've got the integration and the flow and the
mechanics of it all worked out, or certainly we haven't seen anything that
was going to stop us from doing it well. Really, the biggest issue right now
is that there is only room for about 15 minutes music on each of the two
discs. That's got to be distributed in a way that alleviates boredom rather
than accentuates it. That's the challenge in that case.

We are opting to stick with 15 minutes of Red Book rather than 30 min-
utes of 22Kbps music. That's the way that this project is going. There is
always that option of reading a WAV file in—streaming a WAV file. That's
always a possibility if the programmers are feeling up to it.

A'lot times I have to sound out the mood of the programmers and see if
they're in the mood to be harassed by some musician. What they feel like
they want to go out and kick ass on and what they don't. A producer like
Ron Gilbert—and there aren't many producers like Ron Gilbert who run
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Humongous and Cave Dog (they did all the Putt Putt games and they did
Total Annihilation)—will go out and program stuff from the ground up
just to make something that plays well. He'll program a sound system
regardless of inconvenience. He'll make a real commitment to an audio
system. They'll do that at Origin Systems, too, and they'll do that at EA
from time to time. And at LucasArts. But they're aren't that many other
companies you will take a programmer and say, “OK, dude, do it. Make us
something that will get the best possible audio out of this.”

A'lot of people will ask about the capabilities of John Miles's system,
which is called (I think) the Miles Sound System or AIL, audio integrative
library, but that is a standard system that most game developers use. Or,
they'll ask about the capabilities of Direct Music, which is a Microsoft
development. They're kind of curious and they may investigate what they
can do easily. But, that is the kind of thing I deal with. I look at how into
that people want to get. I have to be a little bit flexible about that.

So, you've got to adapt your approach to the music to how the programmers are
going to treat the audio?

Yeah, I have to adapt how much music goes in to the level of importance
or resource allocation that the programmers and developers want to put
into it.

Frankly, as much respect as music gets, it still is not on most people's
radar. A person who shoots a movie says, “Well, it's going to be 30% of the
movie experience. I'll give it (I don't know what their formula is) 4% of
the budget. 0.5% of the budget (or whatever it is).

And then they take that formula—it's been done a million times—and
they go to the union guys who know how to do it right and they make
their movie.

Someone who is making an interactive product has to do everything that
the movie guy has to do. Picture a pie chart of this. You take the whole
pie chart of making a movie, with it's little wedge which is music, and
squash that into a wedge—it's maybe a quarter of the pie chart of the
game developer. Think of how many cutting edges a game developer has
to be at. I mean, even if you've ever been at any cutting edge—which you
have—you know that it's exhausting to be even at just one.

They have to be at 4 or 5 before they even get to the music cutting edge.
They have to take care of programmers. They have to market innova-
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tively. They have to come up with a whole way of telling a story interac-
tively that usually has to be innovative. It's like they have to create a whole
new genre every game. Because a game has pressure on it to be a differ-
ent work of art from the last game. So, music will get squished off of their
resource allocation radar. However, their vision of the game usually
entails some expectation that the music should feel as high quality as
movie music for 40 hours of game play.

There is this sense you have to have a “just do the damn music” budget
stretching out over 40 hours of movie quality experience. Which is really
the challenge of our business. We're trying to make that impossible thing
happen. Some people have done it, I think. It's an amazing thing to think
about.

Is there anyone else out there similar to you specializing in interactive music?

Yeah. There is Tommy Tallerico, to whom I refer to as my “rich brother.”

He is quite the showman. He is a fun fellow and seems to be doing pretty

well with the business. He's got a show and what not. Drives himself a Fer-
rari.

Tommy Tallerico—he's a character and he's a good man. He's been
doing this for a long time. There are a lot of other people who have dab-
bled in this who carry themselves as if they're waiting for another film or
TV gig to come along.

There are folks who have been in this part of this business and have
aligned themselves more with one company. So there are some cats that I
really respect. The team at LucasArts. The team at Brgderbund. The
team at WestWood. Kessmai. There are some real cats out there. And, I
know I'm missing a lot of them.

Team Fat is the original out-of-house source for music for games.

Are you at the point now that game companies will regularly seeks you out and you
don't have to scramble for jobs?

It is absolutely a struggle. And that's without batting an eye, still saying,
“I'm the biggest name in music for this.” And that's without batting an

eye saying that my prices are reasonable.

I"ve known a lot of exceptional musicians with plenty of talent who are doing
things other than music to get by.
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With reputations, too. It's a juicy irony that I can be the top person in my
career and be struggling that way. I believe it is rooted to the nature of
the business and I am far from complaining. In fact, I'm going to take a
trip in three days to Seattle and Portland to see about buying a Rolls. So,
I can't complain. It's a used Rolls. It's a cheap Rolls, but in so doing I am
forfeiting the right to bitch at all about my beautiful, adventurous life.

Merely being the top guy at your gig, or even having a reputation, I
mean—what if there are 8000 guys who are actually better than me. You
can't judge music that way. It's like judging talking.

It's a gift from God. It allows us to express something that is in us. That is
in everybody. We can express it to each other in our own individual way,
and people recognize what the other person is saying. That's like this lit-
tle miracle. But, to expect to make money off of that is just a wild expecta-
tion. For some reason, I have managed to do it. And not only that, I've
managed to succeed for many years and I've also managed to completely
love my life and my business all that time.

The fact you can make a living playing music and you don't have to go to an office
or a factory is something.

Yeah, I'm sort of in an office, but I can burn incense if I want to and 1
don't have to wear shoes. I can even hang bullhorns off my equipment
rack.

You know what I like these days. We've done what I call “music-only CDs.”
We laughingly refer to it as our innovation in interactive. The music-only
CD is 100% compatible with all the equipment out there. When you press
Play, it always plays.

So, you have three audio CDs now that are available through your Web site?

That's right. They were all done at Disc Makers. According to my record
company (as in “I had a meeting with my record company today, but he
got a flat tire”), it was a very positive experience. There was like one little
flaw in each—just in there to let the evil spirits out—but, on the whole, it
was extremely smooth. We were really pleased.

Can you tell me about the CDs? Ave there excerpts from your game veleases, or are
those tied up in copyrights?
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A'lot of them are. It required too many phone calls to get permission to
use the titles of games on some of these. The first album—SURE COM—is
actually the sound track from a game that stiffed pretty badly. It is a 3DO
game, the follow-up to the game Twisted. It's a TV game show that takes
over a communist country called Bezernia. Team Fat is the American
cowboy surf group that plays as the pit band for this game show. In which,
you can win valuable cash and prizes and the winner gets the trip of his
dreams to America. The sticker on the SURFE.COM box is: “Texas surf
music for a communist game show.” And, that's exactly what it is.

But there's no real reference to the game. The game is called Zhadnost,
the People's Party and I understand that it is quite a wonderful game. Both
people who bought it really enjoyed it.

I'll hawe to look for that.

You can dig it up. You can rent it. You can probably buy it for about two
bucks. You'll need to buy a 3DO player.

The album plays like a great surf party blast. It's very surrealistic. The
games producer gave us a license to be surreal. And we made a lot of
awful vacuum-tube like noises. It's very enjoyable. One of our goals in
that was to completely mar the glossy finish of computer products. As
John Perry Barlow says, the thing that is missing from a computer experi-
ence is the smell of cow shit. And, we put the smell of cow shit back in
there, by god.

That's the first album. The second album is called Seven Eleven and it is
the compiled sound tracks from The Seventh Guest and The Eleventh Hour.

So you did get releases for those?

Yup, everything is on the up and up. It was just so much hassle to try to
even... this was the same thing with Zhadnost, the People's Party. We got a
better more artistic product this way, but it just required 20 phone calls to
get anybody to call back. Because they're really not thinking about music.
So, we got all the permission to use the music. The one thing that was left
to negotiate was to allow us to use the name of the game and they just
couldn't get it together. We worked on it for three years. People were too
busy getting hired and fired and wandering around through the build-

ng.
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And it just really wasn't a priority. They love me, they respect me. But,
they're just not thinking in those terms. And the same thing with 7The Sev-
enth Guest and The Eleventh Hour. We got all that negotiated and I just
couldn't get clear with the legal department to use the names of the
games.

Butitis the sound track and it's a beautiful piece, too. It is all the best out
of it. It flows real nicely. The first half is all the tunes with lyrics. There are
a couple of funny tunes in the beginning, including, Mr. Death. And then
it kind of winds down through a couple of the go-behind cut scenes and
then it rambles on at this slow pace and plays all the important game play
songs—really nice recordings of them. It hits pretty hard with a bunch of
attention-getting stuff and then allows itself to drop back to the back-
ground. It's real good.

The third one is all of our funny music. It's called Flabby Rode. That's got
all the music where we would finish writing all the stuff that people would
ask us to do for a game and then we'd say, “OK, we fulfilled the contract,
right?” And they would say, “Right.” And we'd say, “OK, now we're going
to get started. Just let us do something that you're not expecting.”

Cause you know, they're saying, “Well, it's a war game so we want a lot of
military drums and French horns and horn calls.” We kind of established
that as the right genre when we did the Wing Commander music. Wing
Commander 1 and 2 kind of laid down the standard for that. And that's, of
course, just us aping John Williams, but it got people aping us aping John
Williams. And I don't know who John Williams is aping. It's somebody.

It's just a daisy chain of apes. There's your pull quote.

We got a chance to agent a theme song for King of the Hill. Before that TV
show came out. My called me up and said, “Hey, you've got a week. Can
you come up with a song?” I said, “A week! I'll have it for you by Monday!”
We did five songs in about three days. And those all made it onto Flabby
Rode. We made the short list for King of the Hill. But, at the last minute
something else came up and you know how it is in show biz. But, those all
made it on to the album.

There is one instrumental that I wrote for a game called Savage Empire,
which is an Origin game, an Ultima game. And it is the love song that I
had done in MIDI for the woman Aiella, the cave girl. But, when I wrote
it, I wrote lyrics to it to help me write the melody.
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So, on Flabby Rodeyou'll hear the lyrics for the first time ever. And it goes
like this [sings]:

Aiella, soft as a flower's underwear.

Loud as a clap of thunderware.

The eagle's dare and grizzly bear. I hear you calling,
Toumbia...

There it is.

Is it the Aiella from Clan of the Cave Bear?

Oh, did someone steal the Aiella from Clan of the Cave Bear? So typical.
Let's say yes... or no... It's one of those.

Do you sing on the album?
Oh, yes.
Do other band members do vocals as well?

Oh, yes. Yes. I would play it for you over the phone if it would do your
interview any good.

Are you hoping the audio CD stuff becomes self-sustaining? How are you market-
ing it?

Music and Computers was handling all three albums with full page ads.
They just went out of business, didn't they?

Yeah. It only hurts when it hurts. Kind of like a vasectomy. I'm hoping to
set up at some point a similar situation with a PC magazine or a game fan
magazine. I have not been pursuing that very actively because I'm busy
[laughs]. I've got shit to do, man. Like, I've got a daily game of Star Craft
with Kevin down the hall.

Is it true that you get bored with the games pretty quickly?

Oh, you must have read that thing in Wired? That was quite off track.

So the article was off the mark?
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I think the best way to put it. is: Thomas Dolby came by and visited for a
couple of days (boy, was he great company!) and he looked at me and
said, “You know, I read that article in Wired. They weren't very kind, were
they?” And that's all you can really say.

I just feel sorry for that guy (the writer). He lived with us for three days,
and he just did not see the love. There was love all around him He did
not see the love. So, he was thinking that people were glaring at him.

Can you imagine being in one of the most wonderful.... I mean, these
guys were friends. We opened up to him. It was all there. He just didn't
get it. Which means, boy, what must his life be like? His whole thing was
about me eating these greasy hamburgers and stuff, which is cool, but
when he first walked in, the very first thing that happened was: my daugh-
ter, who was about three at the time, started doing yoga poses. “Iree pose.
Daddy, this is tree pose.” It was the first time she had done that. He just
stood there watching her do that. It just kind of went in one ear and out
the other.

That really hurt to see a misconception like that. We love playing games.
We love playing games. What he picked up on and took as truth: The Fat
Man knows the games are stupid. He just picked up on that same, slightly
cynical attitude that you have been exposed to: that basically people just
don't get it or this is just another clone game. People aren't using their
imagination. But we love games. And I've gotten into this because I love
playing games. I'd rather do that than push apples any day. It's games! It's

playing!

Other things that I've heard that I'm wondering about now if they're true is that
you don't have any desire to do sound tracks or background music for TV shows or
mouies.

I'd love to do that. And we'd do a hell of a job. However, I'm 100% focus-
ing my marketing on games for the simple reason that it's what we do. As
healthy as this business is, we'll be that healthy. We're the Kleenex of
music for games. We own music for games in people's minds. I can never
be the biggest name in movies, because that's already gotten.

So, marketing wise, this gives us a focus and an emphasis and I'm very
comfortable with it. We're squeaking by, sometimes better than others,

but it's what we do. It's a firm decision on my part to emphasize that.

I'll tell you what. A movie gig would hit the spot every now and then.
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Sounds like it would be an interesting change of pace and a chance to stretch your
musical muscles.

We won't get any more new directions than we've found. The business
that we've been in, our musical emphasis has been stretched so far in so
many different directions on such small budgets for so many hours. And
still maintaining this excellent high number of audience—you know,
people hearing us. Maintaining a high level of quality throughout each
project. Fast deadlines. Low budget. We're lean and mean and bad to the
bone.

If you put us on a film project, you're gonna get... I mean, every game
that we've done we've tried to come at...like, OK, let's make this feel so
weird that it's like a Kubrick thing. We're going to stick our Blue Danube
over the spaceship.

And for the last ten years, we've gotten, “Huh. Huh, what do you mean,
just do the music?” And we've said, “No, no, no. This will be cool. This
will be cool. Please let us do it. We'll do it. It will be great.” And everytime
we've been allowed to do that, we've completely kicked ass. Because of
that kind of thing, we've been held responsible for [laughs] five or six
revolutions in our business.

You've obviously made an impact on the MIDI situation and changing the percep-
tion of music in relation to games.

If you were making a movie and you wanted to get someone in there who
had a different attitude, which seems to be the thing in making movies, it
seems that every once in a while Hollywood kind of purges. “We want
something different and wild.” Basically, we've been over here in training,
while doing our business. It's like we're lumberjacks and someone else is
out there looking for a baseball team. We'd be hilarious baseball players
for a couple of seasons. We've been swinging that ax, baby. And, I bet
we'd hit a home run or two.

Music for games. That's what we do. That's what we love. That's what it
will say on my tombstone.

Just for fun, let's say you're addressing a roomful of game developers at a seminar
in Monterey, California. What advice would you give them?

Basically, the thing to keep in mind, whoever you're using to do music for
a game, is that the more that you can allow the artist to do art, the more
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you can structure the relationship so that the artist is doing art and the
scientists are doing science, and there is very little overlap between the
two.... That will maximize your results. The biggest drawbacks in the busi-
ness have been when tools were employed that made the artists jump
through a lot of hoops to get the integration of the music into the game.
Or, when the programmers were asked to evaluate music that they didn't
know about. Or, to determine where music was to go in the game when
they didn't feel capable of doing that.

A sensitivity to what is appropriate helps. I would also say, you can't do
this with everybody, but if you're working with someone who has a rep,
you can do very well. One of the best ways to really kick ass, is to let that
person do their thing. Give them some small amount of guidance and
don't worry too hard if you're not working yourself to the bone coming
up with a perfect exact spec for them. It's different with engineering. It's
different with programming and game design. You need a hard spec for
that. But a certain amount of looseness and floppiness given to the musi-
cians might give you a remarkable payoff. Take a risk. It might not be per-
fect, but you don't want to be the same as everybody else. Is that good
advice?

Not bad. I'm curious about the use of tools. In the video and film business there are
lots of tools to sync and play back music along with the onscreen action. Is there
anything similar for integrating music with game sequences?

Itis a missing art. The tool is missing. There are two or three of them that
aren't accessible to anybody for one reason or another. I hope to have a
meeting in about three days when I'm in Portland (picking up the Rolls),
I'm going to skip over to Seattle to talk to some folks about building such
a tool. I call the art music integration. I'd like to get a team together and
create an integrator. LucasArts has a really good one called IMuse. But it
is a proprietary system and they only use it inhouse.

There is a system that kind of does it in Direct Music. I've only met a cou-
ple of people who have managed to conquer it. For a musician to use
something like that, it has to be “click and drag.” You have to be able to
do it when you're drunk [laughs]...

I think you've hit on one of the other problems, so many of these companies—TUike
LucasArts—are using proprietary game engines they "ve developed. For this
approach to work, it seems you'd need a tool to tie in to a mainstream game engine.
Other than Macromedia Directoy; is there anything like that in the development
world?
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I'm no expert, but I do play one on TV. I do have a conference every year
with all the experts and turn them loose on the issues. It's called Project
BBQ. We have got 380 acres of God's country, an open bar the whole
time, jam sessions all night long, and we work our asses off for three days
brainstorming. And amazing stuff comes out of this.

At the first one, there was a meeting around the jacuzzi with the top guys
in interactive music who came up with a spec list of what a standard inter-
active music language would have to have. They reported it to the BBQ
group. They spun off what we call a rogue group—that's part the beauty
of the BBQ), if the muse comes and sits on your shoulder and says, “You
don't need to be prioritizing this stuff with these guys—go form a rogue
group.” then you're supposed to. They had a rogue group on that and
came back and reported to the BBQ group. And someone from Apple
stood up and said, “Excuse me, but didn't you just describe the function-
ality of QuickTime.” And for the last two years, people have been sitting
around with that realization and not acting. I personally believe that this
thing could be built on top of QuickTime.

1t's interesting what Thomas Dolby is doing with the Beatnik engine. It's pretty
much controllable through JavaScript, which is pretty universal—at least on the
Web—-but in terms of adaptability for CD-ROM, it may not be perfect.

On one hand, if you look at the art of interactive music, you might be
tempted to believe something... I have observed a tendency that every
piece of interactive differs fundamentally from every other piece of inter-
active music, in such a way that building the tool defines the art. How-
ever, on the other hand, there are certain basic things that everybody
does and that are not being done easily. So, if you just draw the line and
say, “This functionality will be included in version 1. It will be based on
top of QuickTime, so that other functionality is available later. I want to
be able to drag and drop things into a pool from which you will choose
tunes randomly, either cutting between them on a bar line or cross fad-
ing them until the game conditions change, at which time you'll draw
from a another pool.

Simple stuff. Do I go from this song to this song as a cross fade or a
straight cut? That easy. Build a little menu that you can control the inter-
activity from. You can eventually replace that menu with a game. So, itis a
missing element in our field. I'm going to have some meetings. I hope
someone builds it. It might turn out to be me.

I know there are a couple people who seem to be working on it.
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Any parting words to the game developer community?

I'd say that if there is a spirit or a muse that is attempting to help you
make your game, it will not be able to help you make that game unless
you get out of the way. Another way to put that is: Sometimes it is not so
important who you are as who you aren't.

That sounds very Zen like.
Zen is very practical shit.
Two more quick questions. Did you listen to the Ventures growing up in San Diego?

Yeah, I grew up in San Diego. Boy, you are the homework guy. Have we
ever hung out together?

1 just read a couple articles from the Net where it sounded like you were interested in
surf music back then. The Ventures got me interested in electric guitar, because they
were the first group that really seemed to take advantage of the instrument.

Cool. Do you remember the Astronauts?
No. Were they a West coast band?

No. They were a Colorado surf band. They had a hit called Baja that sold
7-million copies. The leader of that band was my band director in high
school. Starting in junior high, because I was drafted out of the junior
high band to be in the high school band because we didn't have enough
marchers.

So, I was six years under the tutelage of Robert G. Demmon, who is this
charismatic, cowboy meets the music man. He taught me everything a
person needs to know about showmanship and cowboy outfits [laughs].

So that is where the cowboy origins come from?

Well, I don't know. It certainly resonated with me when I moved to Texas.
I'had to have my hat. Bob never wore hats. The spirit of being a surf band
from Texas sure felt like returning to my roots. The first guitar picking I
ever did was on Bob's Jazzmaster and this big old Fender Jazz bass. They
had four big blond guitars right in front of the drummer. Four guitars
and the drummer. It was like a guitar army—all these matched blonde
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Fenders with the matching tuxedoes. They had that great surf guitar
look...And a big sound.

That's all stuff that Bob taught me. When I learned to play guitar, that's
what I learned. So, that surf music turned into my roots, oddly enough.

So, you've gone on to other instruments. You mentioned playing French horn.

Yeah, playing French horn and trumpet lately. That all felt like going
back to Bob Demmon and the roots, because he taught me trumpet and
French horn. They had a couple of surf tunes that Bob played trumpet
and French horn on. And it's that kind of spirit—a little bad French horn
is a helluva lot better than no French horn. If you're going to make a mis-
take, make a big one. All of these little sayings, rules of thumb about
music—I've two hundred of those on file in mind from Bob Demmon. It's
kind of got this strange, Colorado surf music roots. Yeah, I'm into surf
music.

Parting question. Who has better Mexican food: California or Texas?

State law requires that I answer Texas. I'd get shot for anything else.
Thank god it's the truth!

Note: Portions of this interview originally appeared in CD-ROM Access,
the quarterly publication of Disc Makers and are reprinted here by per-
mission. A free subscription can be obtained by visiting:
www.discmakers.com/cdrom/
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Business Uses for Optical Recording

Businesses and organizations are adopting and deploying optical disc
equipment and software to solve a variety of data distribution problems.
Sales patterns for networked recorders, as well as software designed to
provide access to optical discs over the network, have been strong in
recent months. Optical discs make sense for businesses for many of the
same reasons that they have proven so successful in other areas: the low
cost of storage, the portability of the medium, and the simplicity with
which hardware and software can be configured, deployed, and main-
tained.

Many of the applications discussed earlier in this book, of course, also
apply to businesses. Data backup and archiving always have high visibility
within businesses. Distributing databases, video, audio, and other high
volume content also work very well on optical disc. The difference
addressed in this chapter, however, is more the matter of scale. Businesses
and large organizations typically have a much more urgent need to share
data, sometimes with geographically disparate staff members, and to col-
laborate on projects over very great distances. To defray the cost of
important business equipment, such as CD recorders, devices are often
placed on the network for group access, presenting another level of com-
plexity for ensuring error-free recording and effective utilization of the
hardware.

This chapter addresses those unique needs faced by businesses when
integrating optical disc storage components into their daily work pro-
cesses.
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The networking of CD drives dates back almost to the beginning of CD-
ROM technology. Early networking approaches dealt with CD-ROM
drives in much the same manner as hard disk drives, linking them
through SCSI interfaces and daisy chaining. Tower units soon appeared,
accessible to network users through management software, but the early
versions had very little built-in intelligence and access was notoriously
slow, particularly if multiple users tried to access the same discs.

Jukeboxes capable of managing 20 to 40 discs became a popular network
add-on—these units became a practical means of making libraries of con-
tent available to workgroup members. The first generation of jukeboxes
were primarily server connected units.

The trend in recent months has been towards optical disc towers that are
network attached, rather than dependent on a file server. Slow disc access
times have been overcome through intelligent use of disc caching. Some
systems allow entire disc libraries to be cached, the discs removed from
the drives, and the data delivered at hard disk access rates. This type of
system can take advantage of the current low cost and high performance
of hard disk drives, while benefitting from the data permanence of opti-
cal discs and their capability of consolidating important information and
helping organize data into accessible collections.

Network-attached optical disc storage also has greatly reduced setup
requirements, relieving administrators of the burden of lengthy configu-
ration processes and difficult network maintenance chores. Some exam-
ples of network-attached products are provided at the end of this chapter.

The utility of optical disc storage on networks has been demonstrated as
a practical and cost-effective means of supplying data to workgroup mem-
bers for several years. New developments that have arisen in the last few
months involve a technology referred to as ThinServers, using network
attached storage (NAS) principles. Under this approach, CDs and DVDs
become similar to appliances accessed across the network, serviced by
hardware and software that minimize access and performance issues.

Thin servers typically provide the ability to cache optical disc content to
hard disk, where it can be more quickly delivered to network users. This
approach achieves significant performance improvements over the
straight CD jukebox or non-intelligent optical disc tower approach. Cur-
rent generation thin servers emphasize the ISO 9600 file system over the
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more recent UDF system, which generally rules out the use of CD-RW
discs on the network. DVD support also generally relies on the UDF
Bridge format, the hybrid file system that provides backwards compatibil-
ity to ISO 9660, so while most DVD-ROM and DVD-Video discs should be
accessible, those that eschew the UDF Bridge approach will not be acces-
sible.

Some thin servers, such as the Microtech DiscZerver and the TenXpert
system, can also write to recordable CDs residing on the network. Sup-
port for a wide range of CD recorders tends to be limited, with only the
most popular models supported. Only one of the current vendors, TenX-
pert, provides support for jukeboxes through their thin server. TenXpert
also provides support for DVD-RAM recording across the network,
although their approach has some limitations.

Advantages of Networking CDs and DVDs

At first glance, it might seem that there is no compelling reason for net-
working CDs and DVDs, given the inexpensive nature of hard disk stor-
age. On closer examination, though, some important advantages become
clear:

* Data from optical discs that is distributed over the network is
much more cost effective than purchasing individual disc titles
and distributing them among every workgroup member.

* Networked users can access CD and DVD collections and
extended data sets that might span several discs without having to
swap discs in and out of a local disc drive.

* Optical discs provide a level of version control for critical corpo-
rate information, such as policy manuals, product price lists, engi-
neering software releases, catalogs, and so on. Releasing this kind
of information through shared discs on the network overcomes
the difficulty of performing company-wide updates of the same
hard disk resident data.

¢ Information that is obtained through subscription services on
disc can be inexpensively shared (if licenses permit this kind of
use) among network members. For example, law databases—such
as Westlaw—can cost in the range of $30,000 for a single copy.
Sharing this data through networked optical discs is far less
expensive than purchasing multiple copies of the database.
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¢ Data that is frequently consolidated on optical disc, such as cor-
porate style guides with associated fonts and logotypes, can be
posted on a networked CD and made available to network users.

Networking optical discs doesn’t provide the ultimate solution in every
data distribution scenario, but, as you can see, it offers some key advan-
tages in many important areas.

Cost reductions in hard disk drives have made RAID technology a very
inexpensive proposition for organizations that need truly large-scale stor-
age capabilities. Current costs are around $18 per Gigabyte. In compari-
son, optical disc systems designed for the network require additional
costs—including management software, with per-user license fees, and
the additional hardware expenses (whether tower or jukebox). Equiva-
lent costs for optical storage systems with network capabilities can be as

high as $48 per Gigabyte.

Optical storage systems, however, support the concept of library access;
constant, unchanging data can be attached to the network without fear of
hard disk drive failures or overwriting of critical data. Organizations that
rely on huge repositories of physical data, such as the United States Geo-
logical Survey and NASA, can assemble sets of compiled data surveys
stored on DVD-ROM or CD-ROM, make them accessible through the
network, and easily extend the contents with new data when available.
The permanent nature of optical discs makes this type of application
more practical than the other long-term data storage options, such as
magnetic tape, which has to be transferred to new media every few years.
For removable storage and data interchange, optical discs offer the abil-
ity to consolidate meaningful data into readily accessible areas on the
network.

Computer Output to Laser Disc
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Certain kinds of business applications by their nature require enormous
amounts of physical data storage, including:

® Medical imaging technologies

* Document scanning and retrieval

¢ Insurance and financial record storage and access

¢ Digital pre-press file storage and handling
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* Legal data repositories
* Engineering and design applications

Computer Output to Laser Disc (COLD) is an approach that has been
designed to directly process the output of applications, writing data to
optical recorders. In this specialized application area, hybrid software
and hardware tools have been developed to deal with these enormous
quantities of data. For a certain segment of these applications where the
data integrity and archival properties of the media are paramount, Write-
Once Read-Many (WORM) drives are used to store the content.

For example, Plasmon offers a line of products, including the 8000
Series, that utilize 12-inch optical media for storing 30GB of data. Other
systems integrate CD or DVD recorders into the process, depending on
the required storage capacity. Some systems combine several recorders in
a tower configuration that allows the software to write sequentially to a
disc at a time until the total capacity has been consumed. Very high-end
systems employ robotic arms to continue supplying blank media to the
unit after the currently loaded media capacity has been consumed.

One key characteristic of this type of application is that the disc recorder
is treated as an output device, similar to a printer. Images, records,
scanned documents, and so on, can be directed to the output device—a
CD or DVD recorder—and the information is permanently written. This
manner of workflow eliminates the premastering step that is normally a
part of creating a CD or DVD, saving time for those business operations
that require a steady output of data to disc.

Appendix A includes a number of pointers to companies that produce
products for COLD applications.

Network Storage Solutions

Read-only optical disc systems for network use are the least expensive
approach for making both CD-ROMs and DVDs available for network
users. Some solutions rely on software to make optical discs systems avail-
able to workgroup members. Other products bundle CD towers and
management software together and create a unit that can be attached to
the network as simply as an appliance.

The following examples describe typical systems currently on the market.
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SciNet CD-Manager 5

SciNet, Inc. of Sunnyvale, California introduced the concept of Network-
Attached Storage solutions for CD and DVD. They offer software only
networking packages and complete systems designed for quick installa-
tion and ease of use.

The CD-Manager 5 package is a server-resident application that provides
simultaneous support for Novell NCP and Microsoft/IBM SMB clients.
One unique feature of the product is the ability to partition the server
hard disk drive into a series of segments, each the size of a single CD. CD-
ROM data is then cached into these segments, where it becomes available
at higher hard disk access speeds. SciNet calls this approach TurboDrive
technology. Unlike similar systems, the CDs do not have to remain resi-
dent in the system—the access to the TurboDrive equivalents can take
place even after the CDs have been removed. The characteristics of the
cached CD data remains inviolate—the read-only restriction is retained
and the ISO 9660 file system is still employed.

SciNet’s other claim to fame is the development of their extremely
streamlined, plug-and-play approach to connecting CD/DVD storage sys-
tems to the network—a process that can be completed in just one or two
minutes. Termed Network-Attached Storage (NAS), this approach has low-
ered both the costs and the setup difficulty for networking optical storage
equipment.

The SciNet CD-Manager 5 is available as a standalone product, with a cost
corresponding to the number of supported discs on the network, or bun-
dled with any of the turnkey CD/DVD server units produced by SciNet.
SciNet has prepared the equipment with the appliance model in mind—
just plug it in and turn it on and the equipment becomes immediately
available.

SciNet, Inc.

268 Santa Ana Court
Sunnyvale, CA 94086
Phone: 408 328 0160
Web: www.scinetcorp.com

MediaPath MA32+
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Designed to bypass the jukebox and tower approach to CD sharing,
MA32+ offers a software-only solution to networking CD-ROMs. The
product retrieves the contents of several CD-ROMs, stores them in a spe-
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cial compressed format on a server hard disk drive, and makes them
accessible to network users at hard disk drive connection speeds. Multi-
user and multi-CD access is fully supported by this approach, an inexpen-
sive alternative to the hardware-dependent solutions requiring jukeboxes
and towers.

A management utility included with the software provides control over
the CD titles made available on the network. The product is designed for
Windows networking implementations.

MediaPath Technologies, Inc.

125 F. Gaither Street
Mount Laurel, NJ

08054

Phone: 800 357 0697
Fax: 609 222 0552

Web: www.mediapath.com

Examples of Network Ready Optical Disc Units

Products in this category are changing extremely rapidly as the technol-
ogy matures, but the following examples should give you some idea of
the capabilities of current equipment at press time.

Plasmon AutoTower

Part of the obstacle to deploying a CD recorder or DVD recorder on the
network can be the network configuration issues. Host-based installations
can be grueling and time-consuming, plus considerable expertise is typi-
cally required to complete the process. Debugging and troubleshooting

after installation can also be very time consuming.

In comparison, a class of products has appeared in the business market
based on NAS principles, essentially designed to be network ready. Instal-
lation of these kinds of units typically requires only a couple of minutes
or so. Plasmon’s AutoTower is an example of this approach, bundling 2,
4, or 6 DVD-RAM drives into a tower configuration that is coupled with
their own NetReady server. A selection of jukebox units, ranging from
120 to 480 disc capacity completes the package. The unit contains an
internal 9GB hard disk caching system.

Configuration of the Plasmon AutoTower is accomplished through a

browser-based interface. File system security is enforced through settings
applied in this manner. The unit has a simple control panel for basic
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operations and for entering the IP address during initial configuration.
Status and error messages are also delivered through this panel.

The system design supports multiple write operations to any of the two to
six DVD-RAM unit is installed. Not all units of this sort can handle
recording operations initiated from different users without suffering sig-
nificant slowdowns in recording speeds.

Given the options available for the jukebox portion this product, the
maximum available capacity would be 1.2 Terabytes (with a 480-disc
capacity jukebox). The DVD-RAM drives support the full range of optical
formats, including CD-ROM, CD-R, CD-RW, DVD-ROM, DVD-R, and
DVD-RAM. Plasmon offers their own certified media to use with this
product, but independent testing has demonstrated compatibility with all
commercial DVD-RAM media.

Plasmon IDE

8625 West 76th Street
Eden Prairie, MN 55344
Phone: 612 946 4100
Web: www.plasmon.com

Axis StorPoint CD E100
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Axis Communication designed the ThinServer technology used in a vari-
ety of networking products, particularly those tailored for CD/DVD stor-
age. This approach has been widely embraced throughout the storage
industry, offering a number of advantages over host-based connections.

The StorPoint server technology created by Axis, included in the CD
E100 server, has also been licensed by many tower vendors and included
in their products. The thin server model provides an efficient way to
attach peripherals to a network without the overhead or burden of typical
network operating system constraints. Thin server products are special-
ized implementations, operating independently from proprietary proto-
cols, tailored for easy installation and remote configuration through a
Web browser. Since the approach is independent of the network file
server, I/O requests do not require additional processing time through
the file server and overall network throughput is not negatively affected.

The CD E100 is designed to give up to 1000 users access to the contents
of 127 CD-ROMs or DVD-ROMs. Caching to a hard disk improves the
level of performance, reducing access times to approximately 10 millisec-
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onds compared to the 100 milliseconds or more required for a optical
disc drive. Internal server operations are managed by a 100MHz RISC
processor. The CD E100 server is designed to work with most of the opti-
cal disc storage devices on the market, including jukeboxes, individual
drives, and disc tower units. These can be integrated into networks based
on Ethernet, Fast Ethernet, or Token Ring architectures. Macintosh cli-
ents can also take advantage of the disc sharing over the network.

As with most thin server technologies, management of the CD E100 is
handled through a Web-browser based interface, so that an administrator
anywhere on the network can oversee and control the operation. A useful
utility that AXIS includes with the server, StorPoint DISCO, retrieves
details about all of the networked optical discs that are accessible and
consolidates thisinformation within asingle folder for convenientaccess.

The Axis CD E100 is a read-only storage solution—it does not support
CD-R or DVD-RAM drives. Nonetheless, the flexibility and reliability of
this product make it a strong candidate for optical disc sharing in many
different networked environments.

Axis Communications

100 Apollo Drive
Chelmsford, MA 01824
Phone: 800 444 2947
Fax: 978 614 2100
Web: www.axis.com

Quantum CD Net Universal XP Cache Server

The venerable Meridian Data Systems, one of the pioneers of CD record-
ing, was recently acquired by Quantum. One of their strongest products,
CD Net, has re-emerged as a network-ready implementation that sup-
ports CD-ROM sharing across NetWare, Windows NT, OS/2 and UNIX
networks. Server units can be obtained with several different drive capac-
ities, ranging from 3-drive mini towers to 7-drive towers with locking
access doors. Rack mount units are also available, supporting up to 7
CD-ROM drives.

Employing the popular hard disk caching approach, CD Net servers
deliver CD-ROM content at standard hard disk access speeds by storing
the relevant files in cached regions. Optical disc contents can be cached
and then removed from their CD-ROM drives, freeing space for other
optical discs to be accessed.
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The standard network interface for the Net CD server is Ethernet—sup-
port for both 100-BASE-TX and 10-BASE-T are automatic through an
internal sensing mechanism. A 4MB Flash RAM in the server can receive
software updates through FTP connections whenever new manufacturer
upgrades are available.

As with other network-ready units, these servers are designed to operate
right out of the box. The network file servers do not need to be config-
ured, nor do the workstation clients that will be accessing the CD-ROM
drives. CD Net servers can support multiple protocols, including simulta-
neous operations from different protocols, in their basic configuration.
Supported protocols include TCP/IP, DHCP, NetWare IPX, NetBEUI,
UDP/IP, and HTTP. Management tasks are aided by support for SNMP
MIB-II status reporting, allowing seamless integration with a wide range
of standard network management utilities.

Quantum

500 McCarthy Bivd.
Milpitas, CA 95035
Phone: 800 767 2537
Web: www.quantum.com

Increasing Storage Requirements
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For large enterprise networks, the demands for increasing storage capac-
ity rise annually and tax the available capabilities of many forms of remov-
able storage. The 650MB of storage available on a single CD-ROM disc
doesn’t keep pace with growing storage requirements of network users,
particularly when individual systems often have 12GB of hard disk stor-
age or more. DVD-RAM, with 5.2GB disc cartridges now available, can
typically only work for full system archiving if several drives are embed-
ded in a tower. Increased storage capacities may be achieved with some
innovative new technologies currently in the works.

The 120-millimeter optical disc format that works so successfully for CD
and DVD can only be increased in storage capacity by packing the data at
higher densities on the disc. One technique for accomplishing this is
through the use of the violet laser, which offers a 405-nanometer wave-
length, compared to the 635-650 nanometers of the red laser, allowing
much tighter data patterns to be detected and read. A commercial
release of the violet laser by Nichia Chemical Industries of Japan will sup-
port data densities of 27.8GB on a 120-millimeter optical disc. This capac-
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ity could be increased through the use of multiple layers. Future DVDs
may incorporate this technology.

Particle Beams for Data Reading

Some manufacturers are looking beyond the laser beam to other record-
ing methods, such as the use of the electronic particle beams. One com-
pany, Norsam, has been experimenting with the use of particle beams to
write to a metallic media, achieving capacities of up to 200GB for a single
120-millimeter optical disc. This write-once technology, slated for arrival
in the year 2003, is currently being envisioned as being incorporated in a
tower system containing ten or more HD-ROM drives, offering a capacity
of somewhere around 60 Terabytes.

Fluorescent Multi-layer Discs

Another promising approach to data storage comes from Israel, where a
company called C-3D has devised a recording technique they call Fluores-
cent Multi-layer (FM). Instead of relying on a reflective surface for data
detection, as do CD and DVD, an FM disc emits light. The fluorescent
media can be stacked in layers, each layer capable of handling 14GB. The
initial goal is to produce discs with a minimum of 10 layers, representing
the equivalent to 1.4 Terabytes of storage on a 120-millimeter optical
disc. The first planned products include an FM-ROM drive, an FM-
WORM drive, and FM PC-card drives, scheduled for introduction in early
2001.

Optical Super Density Format

Even tried and true technologies, such as magneto-optical are being
given new life through advanced techniques. The Optical Super Density
format (OSD), devised by Maxoptix, aims to deliver 40GB capacity on
disk cartridges that can be read and recorded on both sides. Data transfer
rates for this format are in the 30MB per second range, clearly a promis-
ing level of performance for many different kinds of business applica-
tions where hard disks can be replaced or supplemented by removable
magneto-optical media.

Between now and the time you read this book, several other promising
technologies will, no doubt, have entered the consciousness of the opti-
cal recording world. Networks will continue to grow in size and scope,
and optical recording technologies will continue to increase in capacity
to support them.
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Using DVD with Video in a
Corporate Environment

This chapter addresses the question “what do you actually do with DVD
in the real world?” and focuses on video applications in the corporate
environment. The chapter is not intended to be a complete manual for
production and use of video (that would take an entire book in itself),
but instead we present an overview of the topics you must consider if you
want to use video and DVD in the corporate environment. These topics
are the pieces of the front-end processes that support the use of corpo-
rate DVD.

Applications for Corporate Video

Why would a corporation want to use DVD? There are two primary uses
for DVD in the corporate environment:

* Asastorage medium
* Asavehicle for using video

As a storage medium, DVD-ROM or DVD-RAM is just like CD-ROM or
Zip disks. It stores files, without regard to what those files contain. Some
of these files may be video clips, displayed using a player like Quick-
Time's MoviePlayer; some of the files may be Macromedia Director inter-
active modules which play video clips. This functionality is identical to
that of CD-ROM, but CD-ROM technology is limited for video use by the
maximum storage size of 650MB per disc. The first-generation DVDs
have a minimum storage capability of 2.7GB, more than 4 times that of a
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CD-ROM. Second-generation DVD disks have 4.7GB per disc, and labs
have already demonstrated prototypes with capacities of 17GB per disc.

As a vehicle for using video, DVD-Video is a proprietary disc structure
which can play back video stored in this format. The disc structure con-
tains what is essentially its own navigational system of menus and chapters.
We'll look at this structure in more detail later.

Video is effective for communicating, but expensive. Bringing the capa-
bility to create and maintain video applications in-house makes sense, as
desktop video production can easily produce broadcast quality results
with today's hardware and software. Of course, each company's situation
is different, and video production will range from total production done
under contract through a mix of in-house and contract production to
complete in-house production. You choose which approach is the best
combination for your milieu.

What can you do with video in relation to DVD? Nothing new. It's just the
next-generation mode of distribution and use. The specific advantages
gained will be pointed out as we discuss the various aspects.

The previous uses of video in corporations include:

¢ In support of speaker presentations
¢ In multimedia training or communications modules

* On intranet or Internet, as part of communication and informa-
tion systems

* Invideo brochures to distribute company or product information
® As broadcast-quality clips for use in television and news programs
¢ In trade show kiosks and point-of-sale displays

¢ Invideo libraries for all the uses above

These uses are still applicable, so let's see how you can migrate to the use
of new DVD hardware. To do so, we'll begin at the end.
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Delivery Options for Corporate Video

The choices of hardware and software for production and delivery of
DVD-based video depend on how you actually plan to deliver the video.
Therefore, we begin at the end: the delivery mode.

There are three modes for delivery of video:

¢ Playback from a VCR standard VHS analog video

* Playback from a set-top box (DVD player) and a television: DVD-
Video

* Playback from a computer: DVD-ROM or DVD-RAM

Figure 14 - 1 shows the configurations of hardware needed for these
modes. Let's look at each in turn.

Figure 14 - 1 Delivery modes for video
Analo DVD-ROM
videog DVD video or
DVD-RAM
Storage on: VCR DVD player Peripheral
Display on: TV set TV set Computer|
Delivery via Analog Video

This delivery mode is included because everyone is familiar with it, so it
provides a baseline from which to compare the other modes.

To deliver analog video, all you need is a videocassette recorder (VCR)
connected to a television set. The good news is that almost everyone uses
the VHS format. The bad news is that different countries use differing,
and incompatible, television standards. The main broadcast television
standards are NTSC (used in North America), PAL (used in Europe) and
SECAM (used in scattered places like France and Korea). This means
that you can take a videocassette anywhere in the world that shares the
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same television standard, and be certain of being able to play it back. On
a domestic level, you can take a promo of your company or products and
present it anywhere in the same country. Or you can “transcode” (i.e.
translate) your videocassette content into another format and play it back
in a country which uses a different standard.

The production process for analog video To produce the videotape in the first place

requires the traditional analog production process. This is illustrated in
Figure 14 - 2.

Figure 14 - 2
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Process for producing analog video

Original Stored Stock Graphics,
footage footage footage titles

\ /

y

( Final edited video )

( Transfer to master tape )

Video is produced by editing together various sources of images and
sound. Since this chapter is principally about DVD and video images, we
only consider explicitly the image part of video. The “sound” box in Fig-
ure 14 - 2 is actually composed of sub-components such as field-recorded
sound, studio narration, music and sound effects.

The various sources of images are shown in the figure. Original footage
is, of course footage shot for the current project. Stored footage is previ-
ously-filmed material, and retrieved from source or back-up tapes. Stock
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footage refers to clips that are purchased from video supply houses when,
for example, you need a shot of downtown Bangkok and you can't afford
to send someone to get the shot. Graphics and titles for traditional ana-
log sources are usually produced by dedicated character or graphics gen-
erators.

The final edited video is transferred to the storage and playback medium,
a videocassette.

A Phased Approach Traditional analog video is well known and widespread. Most corporate

Digital Video

Why Digital?

boardrooms and conference rooms have a VCR and television available,
and therefore you can show off your production with well-understood
equipment. It's also easy to show the video at trade shows and kiosks.

As a transition to the DVD milieu, you can still use analog video (i.e.
VCRs and televisions) as a delivery medium, but produce the video using
digital techniques. The advantages of producing video using digital tech-
niques are indicated below. Using this phased approach allows you and
your company to move to all-digital production and delivery in a step-by-
step fashion: first you go all-digital for production of the video material,
and, once you are comfortable and set up producing video in that way,
you can add the DVD delivery described below. Finally, you can add the
in-house capability to produce DVD discs.

Before getting into a detailed discussion of DVD and video, we need to
make a short digression into digital video itself, and its various aspects
and considerations. This will prepare you for the choices you need to
make for DVD hardware and software.

Traditional video systems are built on a video signal which is analog (a
varying voltage level). The lingua franca of computers is composed of
digits: 1’s and 0’s. Video that is converted (encoded) in the form of a
computer digital file allows much more power and flexibility in its use.
For example, a video clip can be sent over a phone line as a stream of 1’s
and 0’s. This means that, say, a consultant who is producing a video for a
company in another city can create a preview and squirt it over the
phone lines, without bothering with couriers or snail mail. Or, video clips
can appear on the World Wide Web.
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In addition, video in digital form can appear in interactive computer pre-
sentations, enhancing the presentation. The digital video can be stored
on computer media such as Zips, CD-ROMs or DVD-ROM/RAMs, which
are significantly more robust than videocassette tape.

Making video digital, therefore, allows more extended, more flexible use
of the medium.

How Digital Video Works

To turn analog video into a digital file, you need a digitizing board in
your computer. The board takes the input analog signal and turns it into
a stream of 1’s and 0’s.

Figure 14 - 3
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Digitizing Video Signals
Input Digitizing board Output
analog in computer digitized
signal signal

The main consideration here is to have a system which is fast enough to
capture video without missing frames. This means a capture card and an
AV hard drive, the combination being able to handle 30MB per second
and process it.

The stream of digits contains all the necessary information about frame
rate, color, motion, and so on to capture the analog signal. Now comes
the techie part: To store and use the file, you need a specific file format
and you need a specific compression algorithm. Understanding these two
technical terms is essential for understanding digital video.

A file format is the way of storing digital information of the digitized
video on a computer storage medium. As far as we are concerned in this
book, there are only three formats of significance: DV, MPEG-2 and
QuickTime. (We don't consider AVI, as it is no longer supported, and it
was not as powerful as QuickTime.)
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DV is a high-quality, digital format that integrates well with desktop sys-
tems. There are currently three DV formats: miniDV, DVCPro, and
DVCam. MiniDV is the most common, and generally is the format used
by consumer cameras. DVCPro and DVCam are professional formats
which are not as widely available as miniDV. The DV format is far supe-
rior to Hi8, S-VHS, and other consumer formats. DV is digital, so it does
not suffer from generation loss: a copy of a DV tape is identical to the
original.

MPEG-2 stands for Motion Picture Experts Group, level2. This file format
has been defined by a consortium of companies, with a view to introduc-
ing a proper standard for video compression.

QuickTime is a file format created by Apple Computer. It has been a
howling success, as evidenced by the facts that it is the format most used
on the web, and it will be the core technology of MPEG-4. (There will be
no MPEG-3. Go figure.) We'll look at an overview of the benefits and fea-
tures of QuickTime after reviewing at the core item of digital video: com-
pression.

Digital video needs huge amounts storage space. One computer screen
of data is approximately 1MB in size. Since video in North America dis-
plays at 30 frames (screens) per second, that's 30MB per second of raw
information. Apart from the consequent enormous storage space for raw
video, computers cannot handle processing and displaying that amount
of data per second. Therefore, we need a way of reducing the 30MB/sec-
ond demands on our systems. The way this is done is to analyze the video
frames, and look for ways of throwing away data, without apparent degra-
dation of the image. This process is called compression. There are two
ways to compress digital video:

* By throwing away data in a single frame (intra-frame compres-
sion)

* By throwing away data which differ from frame to frame (inter-
frame compression

There are many ways of analyzing the video stream and throwing away
data in a systematic fashion and still maintaining an acceptable image
quality. Each different way uses a different algorithm (method of compu-
tation). Each way is called a codec, short for compression/decompres-
sion. Since throwing away data calls for choices and compromises in
deciding what can be thrown away and what can not, different codecs are
better for some types of video images than others. Some codecs require
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extensive calculation to compress the video, while requiring much less
computation to decompress (play back) the video. This type of algorithm
is called asymmetric in its compression. For example, one popular codec
is Cinepak. It takes much longer to compress than real time, but plays
back well in real time. Obviously, the fundamental criterion for an effec-
tive codec is to play back in real time, with no visual stuttering or drop-
ping of frames.

The process of throwing away data in a video image introduces so-called
artifacts in the image, which look like blockiness or pixilation of the
image. The more video is compressed (i.e. the more data are thrown
away), the more artifacts appear. Compression of a video, therefore, is a
compromise of throwing away as many bits as possible, while maintaining
an acceptable image quality. As of this writing, the best codec is Sorensen.
We'll look at aspects of this codec in more detail later.

There isn't the space in this book to delve into all the technical details,
but there is one item to watch out for: DV has non-square pixels, while
computers have square pixels. This means that a video clip in DV format
will look distorted if shown on a computer screen. Fortunately, some soft-
ware packages (such as After Effects and HEURIS MPEG Professional)
can automatically do the required adjustments to pixel aspect ratios.

Production Process for Digital Video
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The production process for digital video is shown in Figure 14 - 4. The
digitization and compression steps have no equivalents in analog produc-
tion.
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Figure 14 - 4 Producing digital videos
OriginalO StoredO StockO Graphics,O0
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Capturing and Assembling Digital Footage

Previously, we discussed how to digitize video from an analog source. The
other way to obtain digital video is to use a camera, which stores the
sound and images in digital form while recording. There is an increasing
number of affordable video cameras use digital video. The main formats
of these cameras are miniDV, DVCPro, DVCam. Figure 14 - 5 shows one
camera made by Canon: the Optura. This camera uses a miniDV minicas-
sette. Most DV cameras can be connected to your computer via a stan-
dard protocol connection, IEEE 1394, called FireWire by Apple and
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i.Link by Sony. Note that the DV format is only for recording; it is not
intended for playback at the user stage.

Many professional digital cameras use the miniDV cassette. One such
camera is the Canon XL1 (Figure 14 - 5, courtesy of Canon U.S.A.). The
advantage of the miniDV format is that cheaper “prosumer” cameras,
such as the Canon Optura shown in Figure 14 - 5 (courtesy of Canon
U.S.A.) also use this cassette. This means that you can get a professional
team to shoot the footage on the more expensive XL1, and transfer for
editing using a much cheaper camera.

Transfer of the digital video to a computer storage device is done either
by taking an analog signal out from the camera and digitizing it (not the
best way), or using the IEEE 1394 connection that all of these cameras
have. The cable takes the video file directly to hard disk without the need
to convert from analog to digital. When choosing a camera for your com-
pany, make sure it comes equipped with an IEEE 1394 cable to connect
to your computer (which, obviously, must be chosen to have an IEEE
1394 input port), and that it can be computer-controlled by brand-name
software. Premiere and Final Cut Pro, the most advanced digital editing
software packages, both support control of cameras by IEEE 1394 cables.

Figure 14 - 5 Professional XL-1 (left) and the “prosumer” Canon Optura camera

Another way to get video into a project is to retrieve it from a stored
library of digital clips. There exist software packages which store still
images, video and audio files. Users can search for previously-stored clips
by name or by keyword. These packages are generally called multimedia
or asset managers. Two such products of note are Extensis Portfolio and
Canto Cumulus. The source digital files can be stored on CD-ROMs or
DVD-ROM/RAMs. You can set up a network-based system which makes
these files available over a corporate Intranet. Figure 14 - 6 shows a typi-
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cal interface for such a class of product. The figure shows the interface
for Extensis Portfolio. Figure 14 - 7 shows the arrangement which allows
digital files to be retrieved over a corporate intranet.

Figure 14 - 6

Asset manager interface (Extensis Portfolio)
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Figure 14 - 7

Retrieval of digital files over an intranet

pvDO
Netbox

DvDO
jukebox

Intranet

Computer

The device which holds many discs, each of which can be selected and
files retrieved over a network is called a jukebox. There are currently
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many jukeboxes installed which use CD-ROM discs as the storage
medium. Jukeboxes for DVD discs are just becoming available. ASACA
offers a device called a TeraCart. Configurations of this device can hold
up to 60TB of data stored on DVD-RAM discs. (That's Terabytes, ten to
the power 12!) This system can hold 18 days worth of continuous video
playback. Now that's storage capacity! The TeraCart uses multiple Pana-
sonic LF-D101 DVD-RAM (rewritable) drives. You can get more informa-
tion on this system at www.asaka.com.

A cheaper, more limited-space solution is available from LaCie
(www.lacie.com) which makes a network device they call a Netbox that has
a DVD/CD reader connected to a 36GB hard drive. DVD and CD data
can be read and copied to the hard disk, and so the information is made
available over the network. This is a fast and easy solution. The way this
can be used is to archive video and audio files on CD or DVD, and copy
them to the Netbox hard disk for access over the network. Thirty-six
Gigabytes is not a lot of space for video files, but the ease and conve-
nience of the device makes it worth consideration if your capacity needs
are modest.

Cygnet Storage Solutions (www.elms.com) produce a bundle for address-
ing the network access issue. They sell a DVD jukebox, coupled with a
special version of Canto's Cumulus. Their system holds 100 single-sided
2.6GB DVD discs. This system is called the “Digital Librarian”.

Other vendors such as Pioneer (wwuw.pioneerusa.com) and NSM
(www.nsmjukebox.de) are also offering jukeboxes worthy of checking out.
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Figure 14 - 8 LaCie Netbox
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The Editing stage To do the actual editing of video files, you need a software package such
as Adobe Premiere, Medial00 or Final Cut Pro. The input video clips to
be edited must be readable by the software package. You also need a
package for producing special effects, such as the industrial-strength
Adobe After Effects. Other software packages needed for prepping the
files include Adobe Photoshop and a sound editor such as Sound Forge,
SoundEdit or Bias' Peak.

The Compression Stage In advance of outputting the files to the final storage medium, you
need to compress them and you need to make a significant choice: play
back on DVD video or DVD-ROM/DVD-RAM. (This illustrates what we
said earlier: The end mechanism drives the choices you need to make).

To play back from DVD video, the files must be stored in MPEG-2 com-
pressed format only.

To pay back from DVD-ROM/RAM the video files can be stored in any
format you desire, with any codec you desire (provided, of course your
users can play back the format!). This flexibility, coupled with flexibility
of size, makes this option very attractive for corporate use.

An excellent source of information about codecs and compression can

be found at www.terran.com. Terran makes Media Cleaner Pro, an indis-
pensable software package which is discussed later in this chapter.
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Getting the Best Compression

The story so far
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There are several things you can do at the filming stage to make the file
easier to compress. Here is a checklist of things to do:

Use a tripod. Any camera movement or shaking leads to frames
which are different from each other, which means that the inter-
frame differences are large, and the file becomes difficult to com-
press well.

Keep the background simple. Any fussy wallpaper or lots of back-
ground detail causes problems with compression. If you cannot
avoid detail in the background, set up so that the background is
out of focus.

Make sure people don't wear loud checks or stripes. These look to
video as excessive detail in the frame and are difficult to com-
press.

Use lots of light, either daylight or artificial lights. Video does not
like low light. It leads to excessive noise in the video image. Noise
is the most difficult thing to compress. Increasing the light level
reduces the video noise, and makes the file easier to compress.

Another aspect of the previous item is to avoid large shadowy
areas. You do this by using diffuse lighting. Any film or video sup-
ply house can show you how to get diffusion lighting.

Use video transition effects between scenes with restraint. A tran-
sition effect like a page turn looks to video like a lot of data pass-
ing in a short time (a data spike), and can cause stuttering or
dropped frames.

Sound quality also affects how much a clip can be compressed.
Broad-spectrum noise (from computer fans, air conditioners, and
so on) is difficult to compress. When shooting video, reduce the
amplitude of such sources as much as possible. For example, turn
off computers and air conditioners when shooting in an office
location; stay away from exterior locations with lots of traffic
noise. Reduce broadband wind noise by using windscreens on
microphones when shooting location sound.

Armed with the technical background, we can now see how to choose
options for use of video and DVD.
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Delivery via DVD video

The second delivery option of Figure 14 - 1 is playback of a DVD video
disc video using a DVD player (also called a “Set-top box”) and a televi-
sion set. (You can actually use a computer monitor to play back this
option, but there is no good reason to do so: if you plan to use a com-
puter in the delivery mode, you are far better to use DVD-RAM or
DVD-ROM, as discussed later in this section.)

DVD functionality Why choose DVD video? There are several pieces of functionality which
make it very attractive for use by a corporation.

¢ Improved quality: While DVD video offers excellent video and
audio quality, the current television standard in North America,
NTSC, only produces an image resolution of 300 lines. This
makes it appear as though you're watching images projected onto
a Venetian blind. Current cameras and monitors can actually dis-
play more than double this resolution, making the picture quality
very much better. This is achieved by keeping the brightness
information of the video signal (“luma”) separate from the color
information (“chroma”). Separating these signals reduces their
interference with each other, a major source of problems with
current television standards.

DVD video also eliminates the severe bandwidth limits of NTSC,
allowing viewers to receive the full resolution that cameras can
capture, with colors that have the same dynamic range as the
brightness information, and are therefore more vibrant.

DVD video also has superb audio specs. Home systems have used
Dolby ProLogic Surround Sound, an audio scheme that allows
four channels of sound to be encoded on a normal stereo pair.
The four channels are center, front left, front right, and rear
(although the rear channel is typically divided between two speak-
ers). While Dolby ProLogic provides a much better sound than
stereo alone, DVD can do better. DVD video can play either
Dolby's AC3 Surround Sound or MPEG-2 audio, with 5.1 chan-
nels (left, right, center, rear left, rear right, and the “.1” is a sub-
woofer).

The combined improvement in quality of video and audio is sig-
nificant. Presentations to corporate clients or potential customers

347



Chapter 14

using DVD are cutting-edge, and should create a favorable
impression of your company.

Multiple camera angles: DVD video provides the capability for
creators of discs to use multiple camera angles for the same
scene. The viewer can then select a particular camera angle. This
opens up a whole new arena of creativity for the film-makers. For
example, a DVD video compilation of, say, SuperBowls, might
make available multiple camera angles, just like the broadcast
show, but with the added advantage that you can choose which
camera you want to use at any one time in the game.

Multiple screen shapes: DVD video has the ability to play back
video in different screen shapes. Current television screens are 4
units wide by 3 tall (a 4:3 aspect ratio). Theatre movies have
aspect rations of 16:9. DVD video can play either, and, more
importantly, a DVD disc can contain a movie in both aspect ratios,
so you can choose which to view.

Security: the DVD standard has built-in security capabilities. Orig-
inally conceived as a means of parental control over rented mov-
ies, this capability can be used as password protection for
proprietary information in the corporate environment.

Navigation: A DVD video disc has its own navigational system of
menus and chapters. These chapters are just indexed places on the
disc you can jump to directly. For a Hollywood movie, the chap-
ters you can jump to are just pre-selected scenes or special trailers
or added documentaries. Let's look at samples of navigation, and
then see how the functionality can be used in the corporate envi-
ronment.

A DVD video player behaves like a VCR on steroids. Navigating a DVD
video disc is simple: you use a remote control (shown in Figure 14-9), to
display and select choices on-screen. You can control playback via a
remote control, just like a VCR. You can just hit the “play” button to start
playback, or you can display a menu screen, which lists a series of places
you can jump to or options for language, camera angle, parental control,
and so on.

348



Digital Video

Figure 14 - 9 DVD-Video remote control

MENU button toO
display mainO
menu screen

4 Arrow buttons to O
choose options

SELECT button to

set your choice SETUP buttonO

to select choicesl
O

Figure 14 - 10 shows a typical screen displayed after you press the SETUP
button on the remote.

Figure 14 - 10 SETUP screen

SETUP

|(DRATING | LEVEL 3d
@ AUDIO ENGLISH
© SUBTITLE ENGLISH

®TY SCREEN 4:3
@ 0SD DISPLAY OFF
G MENU LANGUAGE

+

PRESS RETURN TO EXIT ¥

349



Chapter 14

Navigating this screen is easy: you just use the arrow buttons on the

remote to highlight choice 1 to 6, and then press the SELECT button to
select it.

The RATING choice in this screen refers to the level of parental control
(for movies). In the corporate environment, this functionality would
refer to a level of security: for example, level 1 could refer to movies only
viewable by Research and Development teams, level 2 by sales staff, and
level 3 to movies viewable by anyone. The security levels are password-
protected, as shown in Figure 14 - 11.

Figure 14 - 11
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Password security in DVD-Video SETUP screen

RATING

EEVEISETS S SEMEATTS!:
TO LOCK THE LEVEL,
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PRESS RETURN TO EXIT

The AUDIO choice screen of Figure 14 - 12 allows you to choose the lan-
guage of the soundtrack. This is independent of the language of subti-
tles. (You've never lived until you've watched Das Boot, a German movie,
in Spanish with French subtitles. A bizarre experience.)
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Figure 14 - 12 Screen for choosing the language of the audio track

AUDIO LANGUAGE
PREFERENCE

ORIGINAL
OTHER

+
PRESS RETURN TO EXIT ¥

The SUBTITLE choice screen of Figure 14 - 13 allows you to display or
hide subtitles. For movies, this is simply the direct translation of the dia-
log. For DVD video use in corporations, this facility could be used for
other-language prompts to support the main presentation movie. Or, it
could be summary points displayed for a trade show kiosk, where there is
lots of distracting noise.

Figure 14 - 13 SUBTITLE option

SUBTITLE LANGUAGE
PREFERENCE

AUTOMATIC
ENGLISH

BERENCHE
SPANISH
OTHER

A
.E..
PRESS RETURN TO EXIT ¥

The TV SCREEN choice of shown in Figure 14 - 14 allows you to select
the aspect ratio and method of display of the video image. The options
are:

® 4:3. This is just the usual aspect ratio of televisions
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* 4:3 pan and scan. One way to display theatrical movies which use
a 16:9 aspect ratio on a 4:3 screen is to display a 4:3 chunk and
move the chunk around to accommodate which part of the 16:9
screen to show. This is called pan and scan, and is the reason for
the message “This film has been modified to fit this screen” which
occurs on many rental movies.

® 16:9. This displays the full width of the movie, but leads to black
bars above and below the image (the “letterbox” format).

Figure 14 - 14 TV SCREEN selection

TV SCREEN
SELECT TV TYPE AND
PICTURE TYPE

4:3 [

PRESS RETURN TO EXIT

While quite common in Europe, widescreen televisions are only just
beginning to appear in North America. The image quality is far superior
to existing television sets, especially combined with the more-impressive
16:9 aspect ratio of the screen. If you want to impress clients, get a wide-
screen television.

The OSD choice means on-screen display. This is similar to regular VCRs
which display “REW” when rewinding: the command selected is displayed

on-screen.

MENU LANGUAGE means.... Well, let us leave that as an exercise for the
student.

The menu screens shown above for SET-UP of most DVD video discs are
depressingly like MS-DOS, and these form the bulk of early DVD movie
discs. However, the technology allows much more creative uses of the
remote control and on-screen graphics. For example, Figure 14 - 15
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shows a mock-up of a main menu screen for Chariots on Fire, a non-exis-
tent movie that never saw the light of a projector bulb. For a real-world
example of a good use of menu screens, view a copy of The Matrix, a title
released by Warner Brothers. In the introductory menu screens for The
Matrix, the movie scenes are actually playing behind the menu choices.
This disc is a very impressive use of the DVD video format, and we recom-
mend that anyone reviewing the format for use in a corporate environ-
ment examine this disc, and how the technology is used to best effect.

Figure 14 - 15

Mock-up of a DVD Main menu

—!—g—

%cene sele\:fs

Special feattresi.
Languages

Selecting SPECIAL FEATURES for most titles takes you to a screen with
additional selections. An example of a Special Features screen appears in
Figure 14 - 16. (By the way, that's my wife, dressed as a nun in high heels
with a pogostick, leaving the grounds of the residence of the Governor-

General of Canada. Don't ask.)
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Figure 14 - 16
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Example of a Special Features screen

....
VA LY
\\\\\\

Locations
\ Main menu

The SPECIAL FEATURES screen itself has more than one choice of
added content: behind-the-scenes documentaries of the cast and of how
the movie was made.

The DVD video disc for Das Sub (a mocked-up movie about a German U-
boat in the Second World War—don’t try to find this in your local video
rental outlet), adds a nice touch: the cursor to indicate choices on screen
is not a flashing square, but a reticule of a submarine periscope (Figure
14 -17). This kind of approach shows that the creative freedom offered
by the DVD video disc is large.
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Figure 14 - 17 Das Sub main menu, showing creative use of cursor graphic

Das
S u b Languages/set-up

Main menu

Subtitles

Scene selections

Extra features

Playback Set-up for Corporate DVD Video

Playback of corporate DVD video discs could be in a boardroom or in a
trade show or a point-of-sale display. The ambient lighting of each of
these situations is very different. Choose a player that allows you to select
the type of display device connected to it. The ideal set-up is to project
the video onto a high-quality screen or large-format LCD. To do this
requires a CRT or LCD projector. These devices have different display
characteristics from a television, or monitor, and so the image must be
adjusted for these display characteristics. One example of such a player is
the Panasonic DVD-A320 which allows you to select from 4 different
monitor types (Standard, CRT Projector, LCD Projector, and Projection
TV) so that your DVD player can adjust its picture for optimum video
performance when the correct monitor is selected.

Digital Picture Mode allows you to choose among 4 preset viewing modes
(Normal, Fine, Soft, and Cinema) to best suit the varying image quality

offered by differently formatted DVD discs.

The DVD-A320 also benefits from the inclusion of Digital Cinema Mode.
This setting is ideal for movie watching in boardrooms where lights can
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be dimmed. It reduces glare and picture noise to give you a more realistic
picture. Light and darkness are more accurately presented, while colors
appear more natural; for example, flesh tones look like real flesh tones,
instead of being overly saturated with color. A better picture, of course,
presents your company in a better light (pun intended...) to customers
and visitors.

Figure 14 - 18 Panasonic DVD-A320 player and remote control

There are also players appearing on the scene which can hold 5 discs ata
time. SONY has gone the whole hog and announced plans for a 200-disc
system, essentially a personal jukebox.

Advantages of Using the DVD Video Delivery Format As with all choices, there are advan-
tages and disadvantages of choosing to deliver video on DVD video discs.

* Easy to use, like a VCR

* Familiar use of a remote control

¢ High quality video and audio, with widescreen option
¢ Simple, built-in navigation system

® Multi-language capability (via multiple audio tracks and sub-title
tracks)

¢ Don't need to worry about computer horsepower or bugs and
incompatibilities or upgrades or the latest version.

* Easier and more reliable than a computer to set up (an advantage
at trade shows, for example)

Disadvantages of using this delivery format As you might expect, there are also some disad-
vantages to using DVD-Video for presentations.
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¢ Complex, expensive process to produce a DVD video disc
® Video must be stored as MPEG-2 only
¢ High computing requirements to compress as MPEG-2

Should you produce DVD videos? As a corporate user, you need to decide whether to set up
in-house capability to produce DVD videos (or DVD-ROMs and DVD-
RAMs) or have the work done externally under contract. The fastest way
to get into using DVD is to have it done externally under contract. This is
currently expensive, because production houses are just buying new
equipment and setting up shop to offer DVD services, and costs of such
set-up are being passed on to you. For insights into the creative process of
producing DVD titles, for both commercial distribution and corporate
use, refer to Chapter 17, DVD Creation, which highlights some of the expe-
riences of Zuma Digital, one of the pioneer title producers in the field.

Over the long term, costs of DVD production will come down (just as
they did for CD-ROM). At some point within the next two or three years,
DVD will probably surpass CD-ROM as the primary distribution medium
for digital content.

You can actually do everything except duplication of DVD discs today, by
choosing the right combination of hardware and software. The discus-
sion below indicates the classes of hardware and software you need to
produce DVD discs in-house, and mentions some specific examples.
When researching to set up DVD capability in your company, you should
be aware that new solutions are becoming available every month.

Producing a DVD video

Producing a DVD video disc consists of the steps shown in Figure 14 - 19.

357



Chapter 14

Figure 14 - 19 The DVD-Video authoring process

~
[ Prepare video and audio
J
Y
~
[ Prepare subtitles
Y

Y

~
[ Prepare graphics for navigation
J

\

N

[ Create DVD video file structure
Y

\

[ Create DVD video master ‘HSK ]

Preparing the Video and Audio Tracks

We've already discussed the step to get video and audio in digital form
and to edit them.

To produce video files for inclusion into a DVD video disc, you need to
compress (“encode”) them in MPEG-2 format. Currently, the best solu-
tion is to buy Terran Interactive's Media Cleaner Pro, with HEURIS
Power Professional MPEG export engine. Media Cleaner Pro is an indis-
pensable tool for anyone using digital video and audio. It can batch pro-
cess a group of files, which means that you can set up the compression of
many files, and let it process away all night. Since compression of video
files into MPEG-2 format takes a long time (up to 40 times the original
length of the video clip!), you really need a hardware computer board
which accelerates the MPEG encoding process. There is a special version
of Media Cleaner Pro which comes with a hardware accelerator board.
The HEURIS Power Professional export engine also works with non-lin-
ear editing systems such as Medial00 or Avid.
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To produce audio files for inclusion into a DVD video disc, you need to
encode them into Dolby AC3 Surround Sound format, or MPEG-2 audio
format.

Prepare Subtitles

Most corporate applications will probably not use this DVD video capabil-
ity, but the process is easy: just create text-only files which will be used by
the authoring program described below.

Prepare Graphics

The next step is to prepare the graphics used for menus and on-screen
buttons. Some authoring programs can import Photoshop layers directly.
This is a great time-saver, as all relevant buttons and their backgrounds
for one menu can be produced together in one file.

Create the DVD Video File Structure

To produce an integrated file which will be burned onto a DVD video
disc, you need to use an authoring program. Authoring simply means set-
ting up the navigational links, subtitles, language selections, etc., and
then creating an integrated file for writing to disc. There are many details
involved in authoring. For example, the compressed video and audio
must be combined into a single data stream, called multiplexing.

There are several authoring programs available, at varying levels of
sophistication. The following list is a sampling which should allow you to
get a feel for the types of solutions already existing.

Astarte (wwuw.astarte.de) offers a series of authoring software packages.
The simplest is DVDelight. This program, used in combination with a
DVD-RAM burner, produces linear DVD videos almost as easily as prepar-
ing a slide presentation. Using a simple drag-and-drop interface, a DVD
video project incorporating up to 99 video and audio tracks can be cre-
ated. The tracks can be set up to play automatically whenever the DVD-
RAM media is inserted. Videos can be set up to loop indefinitely, for use
in trade shows, kiosks, and point-of-sale displays. You can create single-
sided 2.6GB or double-sided 5.2GB DVD-RAM discs. This solution cannot
produce menus or interactivity. For that functionality you need one of
the other Astarte solutions, such as DVDirector.

DVDirector is a high-end authoring solution. Besides creating normal lin-

ear presentations, elaborate interactive projects with complex menus and
navigational structures are possible. Using the integrated player, the
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project can be previewed at any time, without the need to “build” the
whole project. Figure 14 - 20 and Figure 14 - 21 show the interface for
DVDirector. As you can see, DVDirector presents a highly graphical user
interface.

Once the project has been completed, DVDirector multiplexes the entire
project and formats it so that it can be played from the hard disk, with a
standard DVD player application. This file is then transferred to a DVD-
RAM disc, using a burner application like Adaptec Toast DVD.

Figure 14 - 20

360

Interface for DVDirector project
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Figure 14 - 21

Interface for jump matrix for DVDirector project
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DVDirector Pro adds a hardware MPEG-2 encoding system, a Subtitle

Editor, and Astarte's A.Pack Dolby AC-3 encoder.

One interesting and unique tool in the DVD arsenal from Astarte is
DVDExport. This product is a Macromedia director Xtra which is used
on conjunction with Director create simple menu-driven DVD-Video
discs. Since director is used extensively in the corporate CD-ROM world,
this product allows staff to migrate to DVD using a familiar tool. The Xtra
writes a DVD video disc file structure to a hard disk, ready for burning to
a DVD-R. This file can be transferred to a DVD-R, or can be passed to the
high-end product DVDirector for further refinement or addition of func-
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tionality. (DVDExport cannot create adding advanced DVD features like
region coding, subtitles and DVD scripting).

Astarte also offers utilities for encoding of original video and audio files.
Astarte M. Pack is an easy-to-use application for encoding QuickTime
movies into MPEG-1 or MPEG-2 formats. It produces very high quality
MPEG streams, comparable to hardware systems costing thousands of
dollars, albeit much more slowly, as it's a software-only solution.

Astarte A. Pack is a Dolby-licensed AC-3 audio encoder. It also has a pre-
encoding process capability, allowing band pass filtering and de-emphasis
filtering.

INTEC's (www.inteca.com) DVDAuthorQUICK software supports Pana-
sonic's LF-D101 ReWritable DVD-RAM drive. Designed for Windows NT
environments, DVDAuthorQUICK is a DVD-Video authoring toolkit that
produces simple DVD video discs with menu and chapter selections.

Sonic Solutions (www.sonicsolutions.com) DVDit! is another basic easy-to-
use solution. which supports Panasonic's LF-D101 DVD-RAM drive. With
DVDit! and the Panasonic rewritable drive, Windows NT and 98 users can
produce simple, linear DVD video discs. Navigational structure can be
created with drag and drop simplicity. It has an integrated subtitle gener-
ator, removing the need for an external text editor.

One step up in power, Sonic DVD Fusion gives video producers and edi-
tors a comprehensive set of tools for encoding, authoring and proofing
DVD-Video titles from projects created on Avid, Media 100 and Quick-
Time-based video editing systems. Up to eight audio streams and 32 subti-
tle streams can be assigned to each video clip.

Minerva Impression for Windows NT (www.proh.com) is a complete soft-
ware-only DVD video authoring solution. The Smart PhotoShop support
feature enables a user to import entire multi-layer image files with a sin-
gle mouse click, which are then parsed and captured as backgrounds,
buttons and button rollovers (highlights).

The step after producing a DVD video disc file structure is to verify the
file and to test its operation before burning a DVD-RAM disc. This pro-
cess is called emulation, and allows you to test the interactivity and how
your disc will perform. When purchasing a DVD video authoring solu-
tion, make sure it has an emulation or premastering capability.
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Create a Master DVD-Video Disc

Once the file structure has been verified and tested, the last step is to cre-
ate (“burn”) a DVD-RAM disc. This disc can be a one-off, or can be passed
to a replication plant for making multiple copies. Figure 14 - 22 shows the
LaCie DVD-RAM burner.

Figure 14 - 22

LaCie DVD-RAM burner

Delivery via DVD-ROM and DVD-RAM

The third delivery option, as it appears in Figure 14 - 1, for playback of
corporate video is playback of video using a computer and its monitor. As
mentioned earlier, for this option, DVD-ROM is just like CD-ROM and
DVD-RAM is just like CD-RW. The discs simply store files, which the com-
puter reads and uses.

There are two flavors of this delivery mode for video:

¢ Having the DVD player connected to the local computer
¢ Having the DVD device connected to a corporate server

The delivery set-up can be such that the user views the video on the mon-
itor screen, or (for large audiences) on a projection screen, using an
extra device which projects the monitor image. This device is usually
called a data projector.

Advantages/disadvantages of using this delivery format. The advantages of DVD-ROM and

DVD-RAM in relation to using video are in essence the advantages of
QuickTime itself. In principle, you could use MPEG-2 for playing back
video from DVD ROM/RAM, but choosing QuickTime as your video for-
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mat opens many more doors for practical use in a corporate environ-
ment: QuickTime is a much more versatile tool.

To see why QuickTime is so effective, let's look at specific applications:

¢ Lecturer-support presentation modules. For presentations before
a live audience, fullscreen display is not always necessary for video
clips. For example, using 90% of full screen allows you to have a
graphic border around the video being played back. This is a pro-
fessional aesthetic touch which ties the video clip to adjacent all-
graphic slides. The MPEG-2 codec does not allow you to choose
such a size for your video, while QuickTime does. Figure 14 - 23
shows the use of a smaller size for video clips in a presentation on
how to communicate with the news media. The “Channel 10”
logo is followed by a compilation of news clips. (Thanks to
McLoughlin Multimedia Publishing for permission to use this
screenshot.) Notice the drop shadow of the graphic wooden
motif on the video clip. QuickTime has the capability to use alpha
channels (masking channels) for compositing on-the-fly in such
programs as Macromedia's Director. This opens the door for such
creative techniques as non-rectangular video clips. MPEG-2 has
no such capability.

Figure 14 - 23 Screenshot of a presentation module showing creative use of a video clip

Encounterng the Media
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Self-paced training or corporate communication applications.
The ability to use video clips at less than full-screen size is also
required for self-paced applications like training. Figure 14 - 23
could also be a screen for such a self-paced application.

Delivery over the Web. Because the Web is so abysmally slow,
video file sizes must be as small as possible. However, some users
have fast cable modems and T-1 lines, while others still have 28K
bps modems. One size of a video clip may be too much for one
user's system to display properly, while the file may be too small
(difficult to see) or too compressed (reduced quality) for
another. To optimize the playback of video for all users, Quick-
Time has the built-in capability of using “alternate” video clips.
This means storing on your DVD ROM or DVD-RAM server sev-
eral versions of the same video clip. Which one plays depends on
the speed of the network connection.

More programming control. There are more tools that allow pro-
gram control of videos stored in QuickTime format. For example,
a software package like LiveStage can make a QuickTime movie
with embedded control buttons, just like a CD-ROM project.
Another, more subtle use of this programming control is to com-
pensate for the fact that Mac monitors have a different gamma
(brightness curve) than Windows monitors. The programming
detects which platform a user has, and displays a video clip opti-
mized for the gamma of the appropriate monitor. In addition, it
is much easier and faster to make, say, a navigational change to a
Director interactive module stored on DVD-RAM than it is to
make a navigational change to a DVD video title, and re-burn the
DVD video disc.

More choices for a codec. QuickTime is a file format, and it can
read and write many different codecs. As of this writing, the best
codec to choose is Sorensen. This codec comes in a Professional
version, which is used to encode (compress) video clips, while a
user just needs the standard installed version of QuickTime to
have the playback Sorensen codec available. The key aspect of
Sorensen which makes it very good is that you can encode a video
clip using Variable Bit Rate encoding. This means that the encod-
ing algorithm adjusts the data rate to allow for varying difficulties
of compressing different part of the video clip. (Actually, MPEG-2
has this capability also.)
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Summary

¢ Can do VR. QuickTime has built-in Virtual Reality capability.
MPEG-2 has no such capability.

Put succinctly: MPEG-2 is a one-trick pony, while QuickTime is a multi-
trick pony. Corporations need multi-trick ponies, and so if you choose to
deliver video using DVD-ROM or DVD-RAM, then choose QuickTime
over MPEG-2 as your corporate file standard.

Summary of Recommendations
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As you've no doubt deduced, there are many options available to bring
DVD into the corporate environment. To help you crystallize your deci-
sions, here is a short list of recommendations:

¢ If you can only choose one, choose DVD-ROM /RAM over DVD
video. This choice gives you the most flexibility in producing and
delivering your video material. (Computers are more flexible for
deployment and use than set-top boxes. For example, PowerPoint
presentations can be made using the same computer, whereas a
set-top box does not allow this.)

® For trade shows or point-of-sale kiosks, choose DVD video over
DVD-ROM or DVD-RAM. The DVD video player is much easier to
transport and set up in remote locations than a computer. It is
also more foolproof, something essential for a frenetic situation
like a trade show.

¢ For DVD-ROM or DVD-RAM delivery, choose QuickTime over
MPEG-2 as your file format standard. This choice also gives you
more flexibility: QuickTime offers Web streaming, alternate mov-
ies for differing speed of user machines, alternate movies (with
use of Director) to play gamma-corrected movies for specific plat-
forms, VR and ease of production (because QuickTime native
files are used by all the major editing and special effects software
packages).

¢ For DVD-ROM and DVD-RAM delivery, set up a presentation
computer in your board room or presentation room with a
DVD-ROM or DVD-RAM player attached.

* Designate one person to act as DVD guru and techie. This person
will be responsible for designing and implementing the specific
hardware and software configurations your company requires.



Summary of Recommendations

These recommendations are to be viewed as a guide on what decisions
you need to make and why one DVD format is better in one situation
over the other. Perhaps the best advice is to research thoroughly in
advance of any purchases or delivery mode decisions. With care and plan-
ning, you can make video delivery for your company impressive to cus-
tomers and clients by being on the cutting edge of DVD technology.

This chapter was written by David Martin, an independent multimedia developer
based in Ottawa, Canada. David can be contacted at: djfilms@home.com.
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Interactive Multimedia on Disc

One of the bedrock uses for the CD-ROM and DVD-ROM is the creation
of titles for the entertainment industry and for marketing groups in large
corporations. This chapter showcases two such cases. One, a promotional
CD-ROM title for Macromedia highlights, the techniques necessary to
produce a Web-enabled CD. The other, a spirited journey through the
birth, development, and release of a major game title for LucasArts, illus-
trates the process and issues involved in competitive niche market devel-
opment.

Case Study: Macromedia Add Life to the Web CD-ROM
Goal: To create a Web-enabled CD-ROM

Tools: Macromedia Director, Flash, Shockwave

The staff at 415 Productions in San Francisco has a long history in pro-
ducing CD-ROMs and an equally solid background in developing Web
sites for clients. More and more today, clients are insisting on CD-ROM
that provide direct links to their site. To accomplish this in as smooth and
seamless a way as possible is the goal of most developers. I talked with Jeff
Southard and Chris Xiques at 415 Productions about the techniques they
employed in a recent project for Macromedia. We started out talking
about the disc architecture that was used on their Add Life to the Web
CD-ROM, a project that was developed for Macromedia to showcase the
current crop of Web tools and technologies. The hybrid disc included an
autostart function for both Macintosh and Windows users.
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I know that on the Windows side to get the autostart it is a function of what you

put in the AUTORUN.INF file, but I'm curious on the Mac side what actually
kicks off the autostanrt.

Chris: It is a switch that you throw in the Adaptec Toast software for set-
ting up CD burns. When you are treating the Mac file, you can enter a file
that you want it to autostart.

In terms of the disc architecture, you do have a small Mac partition that is unique
that you can't even see on the Window side. Is that true?

Chris: It works like this: You make a temporary partition on a hard drive
in Toast. Then you copy all the files that you are going to use for both
platforms into that partition. Then you drag the whole partition into
Toast and that works for the Mac. You then have to go in separately and
drag files that are in that partition into Toast again for the PC version.
You get one CD where both partitions share the common files.

Jeft: Windows can read ISO 9660, and so can the Mac now. But, then
there is a special partition that is a Mac-only partition.

Chris: Mac can read ISO 9660, but you do have to count on the user hav-
ing certain extensions and managers enabled. It would be great to just be
able to make ISO discs, but some projects you really do have to make a
Mac partition. With every project, there are usually one or two files that
you only want one partition to see.

Looking at the file contents of the disc, it looks as though it might be Level 2 I1SO
9660. Some files appear to be longer than the 8.3 format.

Chris: This is done with another switch in Toast. You set the premastering
so Toast will only burn files that conform to 8.3, or you can make the
naming conventions looser. There is a Joliet standard that lets you do
DOS plus Windows 95, or you can just specify Macintosh naming conven-
tions. Toast will just burn everything according to your selections.

So, you used Joliet throughout this CD-ROM?
Chris: I think we did use Joliet on that CD.

It sounds like it is fairly safe at this stage of computer evolution to use those filena-
ming conventions for both Mac and PC users?
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Chris: Whenever you make a CD and you start talking about the specifica-
tions for the platform you are going to support, you're also immediately
identifying the computers you’re not going to support. These days we
really don't support Windows 3.1 very often on projects. We can have a
much looser naming convention.

You're probably safe on the Mac side with Joliet for everything that has been
released in the last couple of years, I would guess.

Chris: If you name files so that they work in Windows, they generally work
on the Mac, as well.

Do you want to talk a bit about the creative design decisions that were made when
you first picked up this project from Macromedia?

Jeft: In this situation, Macromedia had a pre-existing visual style and pre-
existing assets that we knew we could use. I'm speaking of their product
home pages, which were made in Flash (by product home, I mean Direc-
tor, Dreamweaver, and so on). Clearly, the two goals of this CD-ROM
were: get people to the Web site but also give them the large product
demo files. They call this approach “Try-and-Die” software.

It didn't seem smart to create some whole new aesthetic. We went with
their look, and then we were able to reuse their existing Flash movies that
appear on their main Web site. In some cases, we needed to tweak them a
little to make them higher-resolution bitmaps.

So it sounds like you had most of the existing assets, and most of the decisions
involved how you would present the material?

Jeft: Yeah, I'd say half of the assets were already designed. The other half
we created based on the look they had made. Of course, the home page,
the main menu, did not exist. We created that.

The circular selection menu was an interesting approach.

Jeft: We were pleased with it. The pages that appear after the products,

including the product information, all lead to the Net. Those were the
pages we made.
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Circular menu used in the project
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Jeft: Of course, on many other projects, we do much more design work.
But in this case, it didn't really make sense. It let us give them a lot of
bang for their buck.

Chris: For me, one of the cool things that came out of this project techni-
cally was the blending of the Web and the CD-ROM. When people are
running Internet Explorer on their machines, we have the ActiveX stuff
coming straight out of their machines—you could actually see their Web
content on the Director stage. Since it is nearly exactly the same as the
content we were showing locally on the CD-ROM, you have this really
nice transparent switchover to the Web content. I thought it looked really
nice.

How did you handle the ActiveX stuff that is linked into the content?

There are Director Xtras you can use. Basically, you have an ActiveX Xtra
that you invoke in Director; you just have to make sure that the Xtra is
included on the CD-ROM. You first find the path to their browser and
then check to make sure it is Internet Explorer. If that is true, then you
can invoke this ActiveX Xtra and all the content will appear on the stage.
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Was there a way to deal with the ActixeX components on the Mac side?

Jeft: There really was no option on the Mac side. The contents just
appear in a rectangle that is a Web browser. We worked around it. When-
ever you go to Web-based content, you can launch whatever browser
someone had installed. If someone didn't have a browser, we provided
browsers that could be installed. It was really kind of a bonus that the dis-
play was seamless under Windows if you had Internet Explorer installed.
At that time, the total numbers of IE installations were not as high as they
are now.

What do you think it is now: 60 % IE to 40 % Navigator?

Jeft: I don't know the exact numbers, but I know that if our office is any
indicator, Netscape's numbers have fallen a good bit.

Chris: 60% sounds right to me; I think that's the last thing I read a couple
of weeks ago.

Were there any serious problems during development where you had to change direc-
tion?

Jetft: Mostly little technical problems. Communication with the actual
Xtras offered some challenges. I think that maybe halfway through the
project, we switched the Xtras used for detecting browsers. So, that was a
glitch.

Chris: I don't think there was anything that was really a change of direc-
tion. It was more or less a normal development cycle. There is a lot of
interapplication communication on the CD-ROM, because you're run-
ning Flash inside Director, you're launching HTML content, there may
even be some Acrobat Reader files on that disc. Plus, you have all the
ambient sound that is separately stored—AIFF files that are being played
in sync with the Flash movie. The main thing was just getting all the com-
ponents to talk to each other.

Jett: Luckily, Director is quite good at it.
Chris: Yeah. And, of course, on this disc Macromedia had a lot of software
that you could actually install right off the disc. And invariably you would

go through some iterations with the installers, getting them just right.

Do you use external test facilities or do you do most of your lesting inhouse?
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Jeff: We used an external testing facility.

Chris: Macromedia was very concerned about this disc running on as
many platforms as it possibly could. They hired external testing to handle
the test process.

Did you run into anything during testing that required your attention ?

Chris: Yeah, we did. We initially developed for an 800x600 screen, the size
for the Director stage. Of course, when the testers came back, they said,
“Well, we're running on platforms where you can only do 640x480.” We
had to develop an approach where we would do a system call and check
to see what the resolution of the monitor was. Then we could launch the
appropriate size application.

Most of the stuff we were running is Flash content and it is completely
scalable. You set the size of the Flash movie that you want to play and it
just sizes all the content immediately. The screen sizing actually turned
out not to be that big a headache, once we figured out how to do it.

I guess it becomes move of a headache if you've got fixed bitmaps that you're dis-
playing?

Chris: Very definitely.

It literally changes the aspect ratio of the images, doesn't it, if you force it into a
new framework?

Chris: Yeah.

Jeff: You have to layout everything again. Or, you need to rethink every-
thing. Of course, with the Flash movies the rescaling of all the vector art
is handled automatically. Even with bitmaps being used within it, Flash
does a pretty good job of scaling up or down.

Chris: That’s one of the reasons that Flash is so popular with the develop-
ers.

That seems like a very big advantage...
Chris: Often, companies will have a logo that is fairly small in its original

form and they want it blown up. If you get those kind of assets into Flash,
you can make the logo any size you want at the touch of a button.
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Jeff: The better tools let you stay in the vector format as long as possible.
Primarily, I'm thinking of Flash, but Fireworks is also very good. At the
time, we weren't really using Fireworks yet for CD-ROM development,
but it is very good for creating everything from icons and interface graph-
ics with rollover states to content artwork.

Does Fireworks handle both bitmapped images and vector images?
Jeft: Yes.

And you can manipulate any type as needed?

Jetf: They are basically all just objects within layers.

Chris: I th