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L Grand Prize 1997 and 1998 SME National Student Robot Competitions
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“The most user-friendly
equipment and learning info for
students that | have ever used.”

Dennis Skurulsky, President,
Wisconsin Technology Education
1,_,.!Eks-a.-m:.latuon

“Our students have really
enjoyed working with your kit. It
has given our small-town, very
rural students a chance to see

technology from a new
perspective.” ) 38

Larry White, Technology
Coordinator/Teacher, Sterling City
High School, Sterling City, Texas

“Two weeks ago we ran the Commissioner of Education from
Japan (!) through our program... showed him the Meccano
curriculum we were developing, and our US First robot
competition entry, trophy, and videos -- ho hum, yawn. But
when he and his entourage saw our Robix™ RCS-6 demo,
they were riveted.”

Michael H. Bastoni, Technology Teacher
Plymouth North High School, Plymouth, Massachusetts

“We were up and running in i
time, giddy with ideas!... An
Erector Set for the Next
Generation!” >
Wired Magazine v

“No science class or technical college should be without one.
Students at all levels would probably find the RCS-6 to be the
best class activity of the year.” ™~
Popular Electronics Magazine, Cover Story —\/f

“We've had five sets for over ¢

year and our students are jus

fascinated with these robots.’

Michael Janecek, Technolog:

Teacher, Palmer High School,
Palmer, Alaska

“I'm delighted with the product!
Masterfull”

Scott Robbins, Technology
Teacher, Winship Junior High

“Faced with a tight deadline we
decided to try the Robix™ RCS-6
Controller to operate our
custom-built trade show
animatronic. We were running
almost as soon as we opened
the box. Great Product!”

Steve Hyman, Hyman Enterprises,
Las Vegas, Nevada

“You sent us one of those
educational robots and we've
had so much fun with it and
we've gotten so good that now
we've gone out and bought the
real thing. | don't think we'd have
been able to do it without
first seeing how easy it was to
do. We really appreciate it.”
James O'Halloran, Chairman,
Radius Toothbrush,
Kutztown, Pennsylvania

The RCS-6 Hardware includes everything needed to work with your
DOS PC - whether it's an old PC-XT or a Pentium or something in between.
The RCS-6 comes with 6 servomotors, controller including an 8 channel

8 bit A/D; power supply; 20 custom extruded, machined and anodized
aluminum “links” (~5' total); steel/nylon joints, clamps and guides;

‘arm” and "breadboard" construction bases; parallel-jaw gripper/wrist

The Robix™ RCS-6.
Don’t Dream It.
Build It.

Capable. Inexpensive. Easy.
Build and program all designs
shown, and many, many more.

assembly; all needed tools, safety goggles and safety marking tape; 40

minute video and 80+ page manual including 25+ pages of illustrated
projects; laminated reference card; parallel port cable; “props” for robots
to handle; and a rugged compartmented poly tool case that stores it all.

I

6052 N. Oracle Road, Tucson, AZ 85704, USA

“We purchased two RCS-6
systems last month and wan? ¢
order another. My class of 72
Industrial Electronics students &
so enthusiastic about it thei
they are working overtime ar.d
don't want to slow them dow:.
Jim Richerson, Associate
Professor of Electronics, Blu»
Ridge Community College,
Weyers Cave, Virginia

‘I am so pleased with the
Robix™ [RCS-6] | purchased
from you two months ago that
have decided to purchase =
second as a gift."
John Ruttenberg, Principal
Engineer, Silicon Graphics

“l teach Machine Design in t/
Industrial Tech Department !
inois State University and i

wanted you to know how muc

we have enjoyed your Rob;‘ (T

RCS-6 kit... Your kits have
been getting quite a lot of pres
as lllinois State, Southern Illir:

University and lllinois Wesle!

3= are all using them.”

\ Harry McBurney, lllinois Stat:

The RCS-6 Software is layered, starting with

a “no typing” teach mode; adding macros for loc:
and nesting; and finally adding C-Language calls fu!
logic and use of sensors. Software layers offers utiin
at Grade School through University level, allowir;
a single product to serve broad needs.

THE RCS-6 Video is Free to Educators
(others pay just $3 for priority postage), so you can
see the set in action and in detail before you buy.
Just call or fax on your letterhead to request a copy.

*
THE RCS-6 Price is $550 complete +$8 s/h.

Advanced Design, Inc.

tel: 520 544 2390 fax 520 575 0703
email: desk@robix.com
www robix.com

Surprised? Don't be --
We design, manufacture, and sell direct.
And we look forward to hearing from you soon.

Your Robor is Waiting...




BasicX is Powerful, packing an
Embedded Multitasking Operating System
closely coupled with a Basic language all
on a 40 pin chip (or 44 PLCC). BasicX has
system calls specifically designed for
control applications including, multitasking,
networking, direct communications with VO
ports and internal chip functions.

BasicX is Fast, executing up to
100,000+ Basic lines of code per second.

BasicX busts Numbers. How many
controller IC's have |EEE floating
point? BasicX does! We also support
boolean, bytes, integers and longs.

BasicX does Networking. An on-chip
peer-to-peer network specifically built
for control systems makes
communication a snap.

BasicX has major /0. Depending on

your application you can make full use
of the 32 I/O pins.

Basic

-544-0800

_ l_ibn',‘ Arizona 85737
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Complete development system
$99.95

Compiler and Environment

For Windows 95/98 on CD
BasicX Chip

32K Bytes of Code EEPROM
In-Circuit Emulator Cable
RS485 Network Interface

COM port interface
Parallel Port Download Port
Expansion Connector
On-Board Power Regulator

press, BasicX and NetMedia are trademarks

LCD-X: 4X20 LCD w/BasicX $9:

LCD-X is a fully integrated BasicX syste

and LCD display. Now display and contrg
what is happening at the same time
Download your programs into the displa
using the BasicX development syste

Communicate with other BasicX chips
modems, PC's or other serial devices using
the on-board RS232 or RS485 network.

On-board BasicX System
BasicX Network or RS232
I/O's for Switches, Keypads, Data
Software Backlight & Contrast
EEPROM Backup
Display Source Code Included
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Soccer Robots — Part Il

by Mohammed Jamshidi, PhD,
Denise Padilla, and Marco de Oliveira

Soft computing — enhancing robots’
ability to play soccer at NASA's ACE,
University of New Mexico.

FIRST Robotics-
A Robot Is Born

by Floyd Painter

High school students engineer and build their
competition robot - the story of G-Force.
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by George York and
Shelley Christopher

Spice up your bot in
skins that make yours
CRAWL.

| Constructing a Combat
Robot - Part 1l

Y| by Ronni Katz

Second Step: Cutting and fitting, plus
where to get help and parts.

Feasirr B st

Cover Design: Julie A. Knudsen. Fluffy is a convertible walking robot built on a Lynxmotion
H2-KT Hexapod Il Walker kit chassis. It can function autonomously without a joystick, or
be operated manually with it. Photo by Jack Schoof of NetMedia, Inc.



Our MobDULES....YOUR RoBoTS

The RPC moduleisan intelligent transceiver which enables a radio network link to be simply implemented between a number of digital
devices. The module combines an RF circuit with processor-intensive low-level packet formatting and recovery functionality, requiring only a simple
antenna and 5V supply to operate with a microcontroller or a PC.

SAW controlled FM transmitter and superhet receiver
Reliable 30m in-building range, 120m open ground
Built-in self-test/diagnostics/status LEDs
Complies with ETS 300-220 regulations
40kbit/s halfl duplex
Free format packets of 1-27 bytes
Packet framing and error checking are user transparent
Collision avoidance (listen before transmit)
Direct interface to 5V CMOS logic
Single 5V supply @ < 20mA
Power save mode
Available in 418 and 433 Mhz

The BiM module integrates a low power UHF FM transmitter and matching superhet receiver with data recovery and TX/RX change over
circuits to provide a low cost solution to implementing a bi-directional short range radio data link.

ETS 300-220 tested for European use
SAW-controlled FM transmission at -6dBm ERP
Double conversion superhet receiver
-107dBm receive sensitivity
Single 4.5 to 5.5V supply < 15mA (tx or rx)
Reliable 30m in-building range
Half duplex data at up to 40kbit/s
Direct interface to 5V CMOS logic
Fast lms power up enable for duty cycle power saving
On-Board data slicer, supply switched and antenna change over

Available in 418 and 433 Mhz

75m in-building and 300m open ground. Both modules combine full screening with extensive internal filtering to ensure EMC compliance by
minimizing spurious radiations and susceptibilities. The TX2 and RX2 modules will suit one-to-one and multi-node wireless links in applications
including car and building security, EPOS and inventory tracking. remote industrial process monitoring and computer networking. Because of their
small size and low power requirements, both modules are ideal for portable battery-powered applications such as hand-held terminals.

Transmitter - TX2
EMC conformant to ETS 300-683
Type Approved to ETX 300-220
Two-stage, SAW controlled, FM modulated at up to 40kbit/s
Operation from 2.2 to 6V
10mW on 433.92MHz, IlmW on 418MHz
Improved frequency and deviation accuracy
Available in 418 and 433 Mhz

Receiver - RX2
Double conversion FM superhet
SAW front end filter, image rejection S0dB

Supply 3.0 to 6.0V @ 13mA
40kbit/s, -F version, -100dBm sensitivity @ 1 ppm BER
14Kbit/s, -A version, -107dBm sensitivity @ 1 ppm BER

LO leakage < -60d Bm
Available in 418 and 433 Mhz

TYPICAL APPLICATIONS
robotics * environmental monitoring * remote process monitoring * wireless PC printer links * energy management
in-vehicle sensing high integrity security * EPOS & stock control » group response systems « data networks
data transfer through hazardous environments ¢ commercial & domestic security « fire alarms * medical alert * mobile panic attack

Radiometrix specializes in design and manufacture of low power radio products to help you to rapidly implement high reliability cable-free data links

For North American sales, contact:

Lemos International Co. Inc.
tel: (508) 798-500U fax: (508) 798-U782

lemosint@ma.ultranet.com ¢ www.lemosint.com



_ B
DBO B to immerse read-

5°ie"°e&t°‘f,.h'}°' gy~ ers in 21st century robotics technology
] with in-depth reports on real robots,

and through hands-on adventures with

home, classroom, and sport robotics.

from the publisher

The World’s Best Organized Competition hosted thousands of students in seven
cities during the last thirty days. If you haven't yet become involved with the FIRST
Foundarion, do it now! They are revitalizing whole communities, re-energizing edu-
cators, and putting excitement back into learning. (See RS&T Jan, page 6 and this
issue, page 25.)

Most dramatic result: Some young folks are getting off the streets, burning off their
tatoos, and getting back into class. It's obvious why ['m so pleased to support this first-
rate program, For Inspiration and Recognition of Science and Technology. See
www.usfirst.org. [ and the RS&T staff will see you at FIRST's national championship
at EPCOT in Orlando, April 22-24.

Sony’s Home Entertainment Robot is on everyone's mind. Tune in to robormag.com
for the latest breaking news.

It pains me greatly to say that RS&T is not yet a monthly magazine. So we are sched-
uling bi-monthly issues until our advertising income lets us print monthly. Expect
your next issues to arrive in May, July, September, November and December. Related
issue: we're adding a full-time advertising rep to service advertisers’ needs. It's a syner-
gistic thing.

What’s the Status of your Subscription? What's in the next issue? When will it be
shipped? Check out our new Frequently Asked Questions at www.RobotMag.com.
No modem? No problem! Call us at 888-510-7728 (US/Canada) or 916-632-1000.
Our customer service has pleasantly surprised folks who need help with their sub-
scriptions. So whenever a magazine doesn’t show up, call or write. (We aren’t a big
corporation with nameless subscribers, and we take great pride in making you happy,
one reader at a time.)

The Robotics Mini-FAQ is now online to help beginners get immersed in robotics
without being swamped by a full-sized FAQ. Contributing editor John Piccirillo con-
ceived it, wrote it, and we're adding those pages to our bigger, better, content-filled
website. Bonus: We also put samples of our back issues online. Check it out at
www.RobotMag.com.

My personal thanks to Jenniter Duffek and Vince Wilczynski for all the hard work
assisting the judges at the FIRST California regional. That was the highlight of

/%c/;z/ﬂ%/‘““(

Robot Science & Technology (ISSN 1096-4754) is published monthly at 3875 Taylor Road, Suite 207,
Loomis, CA 95650; 916.660.0480; Fax: 916.660.0730; info@RobotMag.com. Subscription inquiries:
U.S. and Canada 888.510.7728; all other countries 916.660.0482. Issue price; $5.95 (U.S.) $6.9¢
(Canada). Subscription rates: 12 issues $39 U.S., $49 Canada (U.S. funds). Other countries see pag=
49. Periodicals postage paid at Rocklin, CA and additional mailing offices. POSTMASTER: Ser~
change of address to: Robot Science & Technology, 2351 Sunset Blvd #170-253, Rocklin, CA 95767

our year!



\FLUFFY,

“Upgrade your Hexapod With
The BasicX Microprocessog

by Chris Harriman

Fluffy has a split personality. The six-legged walker is a popular walking robot
upgraded with an integrated microprocessor system and sonar. When a standard
computer joystick is attached, Fluffy is manually controlled. Without the 'stick
a panning Polaroid sonar gives it the capability to operate autonomously while
exploring its environment. This dual personality is the result of an evolutionary
build-and-test process you too can use to build a convertible.

For years, a basic truth about walk-
ing robot kits stated that the
programmable microprocessors that
were available could not handle the
servomotors and have capacity left
for a sophisticated sensor suite. [ had
built walking robots, but had usu-
ally been disappointed in their
performance. The 'dream walker' |
always wanted to build would avoid
obstacles and not run into walls. It
was a project put off, because the
required processing capability was
not available. That changed with
the introduction of the BasicX mi-
croprocessor system, which has
raised the bar as far as speed, ran-
dom access memory and code space
are concerned. This new system's
capability rekindled my interest in

creating a cool walking robot, and |
0k 3 I o . 2 O Vs Rl )
Fluffy is a Lynxmotion H2-KT Hexapod 11 Walker configured with a Polaroid soon found myself building an H2-
somar sensor system. The Polaroid scanner is shown in its left-look position. KT Hexapod I Walker kit from

ﬂ Rosot SciEnce & TECHNOLOGY



Lynxmotion, Inc. Integrating the BasicX
system with the kit easily met the pro-
cessing requirements of the walker
servomotors, and provided the addi-
tional capacity needed to run obstacle
avoidance sensors.

[t took about two weeks to build a walk-
ing robot that didn't stageer, which in
itself was a real accomplishment. The
fact that I was able to control the whole
thing with one BasicX processor on my
own custom-built controller board was
icing on the cake. In fact, the robot is
a convertible because of the approach
taken to perfect its walking ability. On
the first custom controller board, a joy-
stick port was used to aid in the
programming of the walking algo-
rithms. Using the joystick to rest
algorithms and make required changes
was easy. Once the walking program
was perfected, the final controller
board with additional input/output ca-
pability for a sensor suite was
constructed. At this point in its evolu-
tion, the robot was manually controlled
and a very competent walker, with
expandability.

Under The Hood
The H2-KT Hexapod 11 robot is a well-

designed six-legged walking robot kit
that has a lot to offer the roboticist. For
locomotion, it uses two servomaotors to
control each of its legs, and walks with
a tripod gait. The center leg from one
side, and the front and back legs from
the opposite side move as a set, while
[‘l‘lC l'l[hL'r Lh]‘L‘L‘ ]L‘}_{S ]'L'[H'din on Il‘l(f
ground for balance. The Hexapod is able
to walk forward or backward, and can
turn left or right within its own foot-
print. The robot is about 12 inches
long, 11 inches wide, almost 6 inches
tall and has about 3 1/2 inches of
ground clearance.

Thanks to a well-written instruction
manual, most roboticists will not have
any trouble with the build-up of the
Hexapod chassis. Some light finishing

work is required
on the pre-cut
plastic pieces, but
it just involves
removal of flash.
Viewed as a col-
lection of parts,
the Hexapod kit
looks complex,
but thanks to
good engineer-
ing, the assembly

process is very

straightforward.
You will spend a
lot of time bolt-
ing together and
aligning assemblies because of the sheer
number of joints that require bolts,
washers, and nuts. The crucial step in
the assembly process is the alignment.
It is very important to be sure that all
the joints move smoothly and the ser-
vomotors are properly installed and
aligned. Without proper joint move-
ment and alignment of the leg and
shoulder joints in relation to the ser-
vomotors, the Hexapod will not walk
straight. [t will stagger or drift to one
side, which is unacceptable if you plan
to use a dead reckoning navigation sys-
tem.

The problem is manageable, and the
risk of poor alignment can be reduced
during the construction process. This
is accomplished by insuring that the
movement (range of motion), and ser-
vomotor alignment of all six legs are
identical. Do this by building the leg
units for one side, and using one of
them as an alignhment and joint move-
ment guide to build the three leg units
for the opposite side. Finally, once all
the leg units are equal in terms of move-
ment and alignment, finish the
construction by mounting them to the
chassis.

Two major changes to the basic Hexa-
pod chassis kit were made that were not
in the instructions. First, to increase
battery life, a Guardian DG-63, 6-volt

The Guardian DG-63 battery is mounted between Fluffy's main
deck plates. This view shows the servomotors, controller board and
the back of the Polaroid sonar sensor suite.

three ampere-hour gel-cell battery was
used. It is mounted over the robot's
center of gravity between the upper and
lower chassis plates. Second, a panning
Polaroid sonar sensor from an old in-
stant camera was added. An identical
sensor, the RI14-Sonar | is available as
a package (sensor, driver board, and
interface cable) from Acroname, Inc.
(see Resources).

We’ve got Java!

Does your robot have sonar, infrared, 8
tactile sensors, and voice synthesis?
Perhaps, but can you program your
robot from your web browser? With
our new Java-based robot control
system, it’s as easy as point & click,
copy & paste. The RB5X™ hase unit is
also available as an inner-component kit.

800.422.4265

Shown here:
RB5X base unit,

RF transmitrer
heat/light/sound kit,
video, and 5-axis am;
fully assembled.

www.edurobot.com

*‘Java’ is a registered trademark of Sun Microsystems
RB5X™ by the General Robotics Corporation™

| Rosor Science & TECHNOLOGY
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Figure 1. Polaroid Sonar Mounting Assembly.

The panning sonar suite was added by
cutting a square hole in the upper plate
and adding a 13th servomotor to the
upper front of the Hexapod chassis. The
three pieces that make up the mount-
ing assembly for the sensor and its
driver board were crafted from some
of the leftover kit plastic. These were
super-glued rogether (see Figure 1) and
fastened to the top of the servomotor’s
control horn with two small screws.

The BasicX Chip

The BasicX is a single chip Basic pro-
grammable microconrtroller that
requires only an external crystal and a
3-6 volt power source to run. It was
used for this project because it has: (1)
tremendous speed, 65,000 lines of Ba-
sic code per second, (2) a large
electronically erasable programmable
read only memory (EEPROM) for user
code storage, (3) random access
memory (RAM), (4) multitasking ca-
pability, and (5) 32 input/output (1/O)
pins. This chip incorporates new and
upgraded technological features absent
from many of its predecessors.

B_HOBDT SciENCE & TECHNOLOGY |

To build Fluffy, you will need the BasicX
Development System. This is a kit with
all the materials required to program
the chip. It contains one BasicX chip
and development/downloader board, as
well as software for creating, editing,

compiling and downloading your pro-
grams. The BasicX programming
language closely mirrors that of Visua
Basic. In fact, most programs that run
on the BasicX chip would run equally
well on your Basic for Windows.

Using BasicX to
control a servomotor

A servomotor is comprised of a direct-
current (DC) motor, a position sensor
on the shaft, a gear-reduction set, and
an integrated circuit. To operate a ser-
VOmotor you need two [‘hin}_’.\;‘ powel
(between 4.5 and 6.5 volts) and a dats
signal. The important elements of the
servomotor's data signal are:
® The position signal - the high sig-
nal (+5v). The duration of this high
pulse can be anywhere from 1-2 ms
This is the command that tells the
servomotor what position to be in
or move to, it it's not already there
e The refresh rate - the total length
of time it takes the data signal o
pulse stream to go from start of high,
through to low, and back to start of
high again. It is typically between
10-20 ms in length.

Nitmad

..‘-------.

The controller board, showing the Polaroid sonar sensor connectors at the lower left and slightly lefi
of center at the top, the BasicX Chip mounted in the center of the board, the thirteen servomotor
connectors (six at the top and seven at the bottom), and the joystick connector at the right.

(continued on page 35)



uild our n exapod
Walker Robot! Part |

by George York and Shelley J. Christopher

Constructing a robot doesn’t have to be complicated.
Build-it-yourself robot kits are available for roboticists
at every level, from the novice to the expert. To prove
that just about anyone can build their own bot, this
series will provide thorough step-by-step instructions
on constructing an affordable, introductory system.

We will be building Lynxmotion, Inc.’'s HI-KT Hexapod
Walker I robot, providing detailed instructions and illustra-
tions that will guide you through every facer of the
fabrication process. How to modify the Hexapod Walker by
adding an Infrared Proximity Detector (IRPD) which allows
the robot to react to its environment, will also be covered.

Jim Frye of Lynxmotion, Inc. explains on their web site
(lynxmation.com) that their kits are designed for people with
some model or electronic kit assembly experience, and they
know of high school students and parent/child teams who
have successfully assembled their kits. Lynxmotion’s goal is
to manufacture and distribute affordable, high quality kits
to universities, high schools, and other roboticists. Their
kits are designed to fill a gap in the educational, hobby or
'personal' robotics arena, and they caution that their projects
have been known to spark imaginations as well as to make
one think.

To get you thinking, the HI-KT kit provides all of the com-
ponents necessary to assemble a fully functional robot. Also
provided is an illustrated assembly manual. However, any
robotics engineer will admit that robot construction is re-
plete with modification and experimentation. In this series,
we will deviate from the assembly manual, but the result
will still be a fully functional Hexapod Walker.

Since this Hexapod has the potential to resemble an alien
insectoid creature, this construction series will run concur-
rently with articles on how to bring your bot to life by
creating robortic outer coverings, or "skins." In that series
(see The Hexapod Walker Comes To LIFE on page 58),
the HI-KT will become a Mantid Hexaptera, or MH6 for

short, with full step-by-step instructions on skin fabrication.
You can build the H1-KT here, and bring it to life there.

This article is Part 1 of the basic HI-KT construction pro-
cess. Part 2 of the series will focus on the electronics,
including the Infrared Proximity Detector (IRPD), and will

explain programming and software.

Before beginning any construction project, inventory the
materials and verify that all of the pieces are included in the
kit. The construction process will begin with the mechani-
cal section, which includes the servos and hardware pieces

(Part 1).

[t is useful to categorize these sections as Part | and 2 so that
the project can be coordinated. This will help the inexperi-
enced roboticist to visualize where they will start and how
they will finish. Be care-
ful NOT to remove the
components that are on

Materials Required

to Get Started

the anti-static pad in the

bag. Static sensitive semi- Sandpaper or emery board

conductors can be Yacto knife

damaged by improper han- Double-sided Foam Tape

dling. (Scotch / 3M Heavy Duty
Mounting Tape found at

Since this project is run- most office supply stores)

ning concurrently with Straight-edge

the skin fabrication series, Marking Pen

some procedural modifica- Phillips screwdriver

tions were required. For Cyanoacrylate Glue

simplification purposes, (super glue)

the Hexapod fabrication Support Structure l

Raosor Science & TecHNOLOGY E



Photo 1

begins here with the construction of the Hexapod Walker
body and legs, and the attachment of the servomotors. As
[hL' lllL'Cl]ill1iCl|] structure l’ilkl_"i fll'll—ll], tl]l.' r‘&lhl'it'i][(\l— \\‘ill see
where and how the electronic circuits will fit for Part 2.
When the structure is complete it will be available for mea-
surement and visualization of what the "creature” will look
like that is being contemplated for the companion article.

Getting Started

I. Take the plastic panel that has the Hexapod's pieces ma-
chined into it and cut the pieces from the panel using a
sharp Xacto blade. Cutting out the pieces is suggested be-
cause snapping or twisting them from the panel could dis-
tort or ruin their shape. Once removed from the panel,
there should be eight pieces that will form the hinges, six
legs, and three pieces for the horizontal leg assembly (see
Photo 1). (NOTE: Do not lose any of these pieces! Extra
pieces are not included in the kit and every piece has a

specific purpose.)

2. Once the parts are removed, they will require some clean
up at the points where they were connected to the panel.
With a piece of sandpaper, or an emery board, sand the
edges of the pieces until smooth.

Phl o .2
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. Identify one side of the body structure as the “top” side
and one side as the “bottom.”

4. On the bottom of the body structure, measure 3-3/8s
inches (85.7 mm) from the nose of the body (the narrow
end) toward the center of the body. With a marking pen,
mark this point. Draw a line perpendicular to the longi-
tudinal axis across the structure, at the mark. This mea-
surement will be the reference for the placement of the
center servomortor.

5. A second reference line is required on the bottom of the
body structure. This time, measure 1 inch (25.4 mm) from
the rail of the body (the wide end) roward the center of
the body. With a marking pen, place a mark ar this point.
Now draw another perpendicular line across the struc-
ture at the mark. This reference line will help with the
placement of the right and left servomotors (see Photo 2).

Setting the Servomotors to
Mid Position (90 degrees)

A First Step guide is provided for setting the servomotors

to mid position by using the microcontroller (the servomo-

tors must be in mid 4
position before attaching r
them to the robot body
structure). These in-
structions could be
followed, but that would

require beginning the

construction process
with the electronics as-

sembly. Below is a

shortcur that you can

use. Have available the §
===~ __ |}

servomotors, plastic cou- Photo 3
1080 2

plers, plastic horns, and
mounting screws. (This may look like many steps, but the
process is really quite easy.)

Centering Two Servomotors

1. Hold a servo so that the coupling gear (the white round
piece protruding from the servo) is at the top. The
manufacturer’s label is located beneath the servo coupling
vear (see Photo 3).

2. Select a coupler (the small, white plastic piece that is
square, but has a circular hole in the middle) and press its
round back onto the servo coupling gear. By hand, rotate
the attached coupler on the servo coupling gear clock-
wise until the gear stops. When the gear stops, remove
the coupler by gently pulling it from the servo coupling
gear. This process sets the servo at 0 degrees.



3. Still holding the servo,
place the coupler back
on the servo coupling
gear, with the coupler’s
edged sides as near to
parallel as possible, to

the long sides of the

servo. The “open” sides
of the coupler are nearly
parallel to the top and
bottom of the servo (see

Photo 4).

4. Repeat steps | through 3
above on one more ser-
vomotor. The third ser-

Photo 4

vomotor is reserved for later.

Aligning the Center Servomotor

[. Select one of the two servomotors set at O degrees to func-
tion as the CENTER servo. By hand, rotate the coupler
counterclockwise 90 degrees (until the edged sides of the
coupler are parallel to the top and bottom short sides of
the servo).

[a=]

. Select a plastic horn and place it on the coupler so that
the horn is pointing to the left. The horn has a ridged or
“teethed” side, which will directly engage the coupler. This
allows for an adjustable fit that will seat properly and se-
curely. Be sure that the horn is placed on the coupler so
that the flat end of the horn is flush with the right edge of
the coupler. This will give the horn enough clearance to
function once attached to the robot body. Fasten the horn
onto the coupler with a screw using a Phillips screwdriver.
Tighten until snug, but not too tight (minor adjustments
may later be required) (see Photo 3).

Aligning the Left Servomotor

1. The second of the two servomotors that were set at O de-
grees will function as the LEFT side servo. Rotate the
coupler counterclockwise 90 degrees (until the edged side
is now parallel to the top and bottom of the servo).

2. Place a plastic horn on the coupler so that the homn is
pointing left (as in step 2 above). HOWEVER, be sure
that the horn is placed on the coupler so that the screw
attaches the horn at the center of the adjustable open-
ing. Fasten the horn onto the coupler with a mounting
screw and tighten until snug. Do not over-tighten.

Place the center and left servomotors aside and be sure that

they can be identified later. It is suggested that these servos

be marked with “center servo” and “left servo” stickers for

identification purposes.

Aligning the Right Servomotor

l. The third servomotor will function as the RIGHT servo.
Press the round back of a coupler onto the servo coupling
gear. Rotate the attached coupler on the servo coupling
gear counterclockwise until the gear stops. Remove the
coupler by gently pulling it from the servo coupling gear.
This process will set the right servo motor at 0 degrees.

2. Still holding the servo, place the coupler back on the servo
coupling gear, with the coupler’s edged sides as near par-
allel to the sides of the servo as possible (the open sides of
the coupler will be nearly parallel to the rop and bortom
of the servo.)

3. Rotate the coupler clockwise 90 degrees.

4. Place a plastic horn on the coupler so that the horn is
pointing to the right. Attach the horn to the coupler. Be
sure that the screw is placed at the center of the open

adjustment of the horn. Attach until snug.

. Mark the right servo for identification.

wn

Attaching the Servos to the
Robot’s Body Structure

There are now three servos set at 90 degrees ready to be
attached to the bottom of the body structure.

I. Place the center servo aft of the line that was drawn at 3-
3/8s inches. The servo’s horn will be pointing upward.
Place the side of the servo that is opposite the attached
horn at the line. The side of the servo that has the horn
attached will be facing the back-end of the robot body

Photo 5
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(see Photo 6). The servo must be centered at this line.
Attach the servo in place with the double-stick tape.

2. Place the left servo and right servo on the body structure
for a trial fit. Each servo’s horn coupler must point down-
ward (with the robot resting on its back). Place them for-
ward of the line that was drawn 1 inch from the back of
the robot body structure. Lay them on their side, so that
the horns point down and appear to “hang” over the side
of the body structure.

3. Once the servos have been positioned satisfactorily, mark
their placement with a marking pen. Attach the servos to
the body structure with double-stick tape.

4. When the servos have been taped in place as shown in
the photographs, place the body with attached servos on
a support structure, such as a large roll of tape. The servo-
motors should be touching the support structure so that
the adjustable horns are not supporting the entire assem-
bly. The servos should now be “hanging” underneath the
upside down body structure.

Constructing the Vertical Leg Assembly
(For the Center Legs)

To construct the vertical leg assembly, have available the
two plastic brackets, the small rectangular spacer, and the
two leg pieces that have the protruding plastic tabs with three
holes, all previously cut from the plastic panel. Also, have
available two plastic screws and nuts. The following process

Photo 6

mﬂi” ScEnCE & TECHNOLOGY

Photo ;

is performed while the robot is resting on the support struc-

ture, and the servos are “hanging” underneath the robot body.

1. Using the two plastic brackets and the small rectangular
spacer, sandwich the small rectangular spacer between the
two brackets (see Photo 7). The rectangular spacer should
be adjusted to fit at a center placement while between the
brackets.

2. While holding the sandwich in place, insert one of the
plastic legs, hole end first, into one end of the sandwich.
Be sure to align the holes on all three pieces (the two brack-
ets and the leg).

3. Insert a plastic screw through the aligned holes. Atrach
the nut on the opposite side and screw into place for a
snug fit. This process may cause the rectangular spacer to
move from its centered, in-between placement with the
two brackets. However, once the second leg is secured at
the opposite end, the rectangular piece will snugly fit be-
tween the two brackets. Take the second leg (with the
same protruding plastic tab with three holes) and com-

plete the process.

4. Once the center leg assembly is completely constructed,
it is super-glued onto the body structure. The leg assembly
will be placed in the pre-cut slot on the body. Note that
the brackets will fit snugly into the slots. First, confirm
proper placement. Then dab super glue on the middle of
the sandwich, along the brackets and the rectangular
spacer, where the leg assembly will directly conrtact the
body structure. Use the superglue conservatively, and do
not allow glue to touch the joints of the leg assembly, where
the plastic screws have been placed (see Photo 8).

5. Hold the leg assembly in place until secure.



Attaching the Horizontal Leg
Assemblies

Eight plastic pieces will form the four hinges to be used in
the fabrication of the horizontal leg assemblies (as well as
four screws and nuts). In this process, the four legs will be
added to the body structure. This is accomplished while the
robot body is resting on the support structure, with the servo
motors “underneath” the upside down body structure.

1. Take two of the plastic pieces which will form a hinge,
and hold them at a back corner of the robot (it does not

matter which side). The robot body will be sandwiched

between the two support hinges. NOTE: There are three Photo 9

holes in each hinge: two small holes and one larger hole

(the hinge point). Be sure that the hinges to be attached the leg all the way through the slits until it is “seated” and
to the back of the robot structure are placed with the small firmly in place. Complete this process for the remaining
holes facing forward toward the front of the body struc- legs (see Photo 9).

ture. Put a screw through the hinge point and plastic body

structure, and attach with a nut. What’s Next?

The Hexapod Walker has just begun to take shape. The six
legs are attached as well as the servomotors. However, this is
only the beginning of the exciting robotic construction pro-
cess! Part 2 of this construction series will feature working
with the electronics and programming of the assembly.

First, there was the HI-KT kit. Now there is a partially con-
structed ‘bot. We encourage you to follow along in this special
two-part series. Also, take a look at how you can bring this
‘bot to life with roboric skin fabrication on page 58.

Author’s biographies shown on page 62. RS&™
(5 N
AGrRoname
Photo 8 m :-(.Ie:s
INKs
2. Repeat this process for each corner. (NOTE: The small EaSIar nnhnﬁcs B(.)o'ks
holes of the two hinges attached to the back of the struc- Ex?a:::;l::

ture face forward, toward the front of the robot body.) The Part Sources

Robot Gallery
body structure will face backward, toward the aft end of Surplus Motors
the robot body. Check your work closely. It will be too H-Bridge Drivers
' ' Sharp IR Rangers

Polaroid Rangers
Eltec Pyroelectrics

small holes of the two hinges attached to the front of the

late to make corrections once the leg is glued in at the
next step.

3. There are four legs remaining to be attached. Apply super

glue to the top and bottom edge of the notched end of the Www.acironame.com
leg. Seat the tab into the slot of the horizontal hinge. Push phone: 303-258-3161 fax: 303-247-1892
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Introduction

This is the fourth in a series of articles about various algo-
rithms ("algorithm" is a fancy term for "method") used by
micromouse robots to solve the micromouse maze in competi-
tion. These competitions have been organized annually all
over the U.S. by various chapters of IEEE. They have proven
to be very popular. Depending on the intended contestants,
the exact rules may differ among the competitions. The main
objective, however, remains the same: use a robotic "mouse”
to solve the maze as quickly as possible. The basic premise of
the problem is that the micromouse robot does not know
the configuration of the maze before its first run. The coor-
dinarte of the destination, on the other hand, is known. The
robot is allowed to store information and repeat solving the
maze within a time limit.

Most micromouse robots can only sense whether there is a
wall directly ahead, to the left and to the right. Based on
such limited information, the robot must rely on proven al-
gorithms to systematically explore the maze to find a path
to the destination. A smart robot even tries to find the short-
est path to the destination to minimize the time it takes to
travel there. In previous issues, we discussed the Wall Hug-
ging, Depth-first Search, and Flood-fill algorithms. In the
July 1998 issue, we employed the Wall Hugging algorithm
and discovered its main fault. In essence, if the robot swims
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along the shoreline of a lake, it will never reach an island in
the middle. Therefore, if the island is its destination, it will
fail. The failure is, of course, attributable to the inadequate
algorithm. In the November issue, we discussed another
popular algorithm used to solve the micromouse maze, the
Depth-first Search (DFS). The main advantage of the DFS
is that it guarantees that the robot will explore all cells that
can be reached from its starting cell, and map them. Unfor-
tunately, DFS does not provide the shortest path to the
destination. A faster, less intuitive method is a little more
complicated than the wall hugging and DFS techniques, but
has the advantage of finding the destination without hav-
ing to explore the entire maze. That method was the subject
of the January issue's algorithm article — the Flood-fill algo-
rithm. This method may find a way to the destination
without exploring all of the cells, and therefore save search
time. However, it may not find the shortest path, a necessity
for accomplishing the objective of the competition — to solve
the maze as quickly as possible.

Finding the Shortest Path

Given two robots that can move at the same speed, the one
that takes a shorter path will yield a shorter run time. It is,
therefore, important to find the shortest path from the starting
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state (i.e., the starting cell and the initial divection) to the des-
tination cell.

Assuming the entire maze is known (such as from a DFS
exploration), the A* algorithm guarantees to find the short-
est path. Note that the A* algorithm is a planning method,
not an exploration method. During the execution of the wall
hugging, DFS or flood-fill methods, the robot actually moves
around. However, during the execution of the A* algorithm,
the robot does not move. Instead, the robot just plans the
shortest path based on the known configuration of the maze.
The A* algorithm deals with "states" instead of just "cells."
A state represents the robot being ar a cell and facing a certain
direction. In other words, the robot at cell X facing north is
in a different state from the robot at cell X facing south.

In addition to "states," the A* algorithm relies on a heuristic
function, or rule-of-thumb, to estimate the length from any
state to the destination. Furthermore, the A* algorithm re-
quires the heuristic process to provide an admissible estimate.
"Admissible" is merely a fancy term for "underestimating.”
In other words, the A* algorithm relies on a rule-of-thumb
that always underestimates the actual distance from a state
to the destination.

In order to express the A* algorithm, it is helpful to intro-
duce a sorted list. A sorted list, as the name implies, is a list of
items that is ordered by some criterion. As items are inserted
or deleted from the list, adjustments are made to ensure the
list remains sorted. In the following discussion, we can as-
sume the head of the list is the item with the least value. For
our discussion, each item in the list has an assigned value
derived from a group of data. This data group includes: a
state; the previous state; the "action” that gets from the pre-
vious state to this state; the known minimum cost to get
from the starting state to this state (computed and known);
and the value from the starting state to this state added to
the underestimated value to reach the destination from this
state.

The Method

In this algorithm, "cost(A)" is the cost of an arbitrary action
A, and h(X) is the estimated distance from an arbitrary state
X to the destination. It is important to realize that the ac-
tions being evaluated are not confined to moving forward
one cell and making 90-degree turns. Moving ahead two
cells is not the same as moving ahead one cell twice. Mov-
ing ahead two cells is a more efficient action with its own
lower total cost, because it takes time to accelerate and de-

celerate. If the robot is to move forward two cells, it can
accelerate to a higher speed, then decelerate to slow and
stop at the end of the second cell. These are not the only
considerations when a robot moves.

The acrual number of distinct actions, or moves, available
to the robot is limited only by its physical ability. Some ro-
bots must stop ro turn. That action has a greater cost value
than if it were able to turn on the go without stopping. Two
heuristic formulas will be discussed, the first assumes the robot
stops before turning and cannot move diagonally, and the
second assumes diagonal movement is possible. The heuris-
tic function applicable to the diagonal-capable case is
automatically an underestimate for the other one. There-
fore, the heuristic function that uses the length of the straight
line is applicable to both the diagonal capable and diagonal
incapable cases.

Also, note that in the algorithm, we ralk about "reachable
state N from state X via action A." There is no mentioning
of cells in the algorithm. This is because an action may leave
the robot in the same cell or a few cells away from the cur-
rent cell. A 90-degree turn leaves the robot in the same cell,
while a "move forward three cells" action leaves the robot
three cells from the current cell.

Notations and Variables

Let us first explain the notation and variables involved in
this algorithm. The algorithm keeps track of states and other
information about states via items with five components (for
the lack of a better term, call these items quint-tuples). In a
quint-tuple (X,Y,P,D,A), the components have the follow-
Ing meanings:
Component 1: the state X. This component indicates the
state to which the information in the quint-tuple belongs.
Component 2: the previous state Y. This component indi-
cates that state previous to this state when the other
components are computed.
Component 3: P. The exact known minimum cost from
the starting state to state X. Note that this is the exact
cost of one of possibly many paths from the starting state
to state X.
Component 4: D. The estimated cost of a path from the
starting state through state X to a destination. This is al-
ways an underestimate of the actual cost. In other words,
this component is always less than the shortest path from
the starting state through state X to a destination.
Component 5: A. The action taken at state Y to reach
state X.
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In the algorithm, “considered” is a set of quint-tuples that
represent states that have been considered. A “frontier” is a
sorted list of quint-tuples that represent states that are being
considered. The list is sorted in increasing value order, first
to last, by the fourth component of the quint-tuple. Effec-
tively, the first quint-tuple of “frontier” represents the most
probable state under consideration that should be on the
shortest path from the starting state to a destination.

In pseudocode the algorithm reads as follows:
update(X,P)
for all (Z,X,P1,D,A) in considered or frontier do
if (P+cost(A) < P1) then
remove (Z,X,P1,D,A)
insert (Z,X,P+cost(A),P+cost(A)+h(Z),A) to frontier
update(Z,P+cost(A))
end if
end for
end update

A*(S)

empty the considered set
create (S,null,0,h(S),null) in the sorted list frontier
while the destination is not considered do
remove the first item (X,Y,PD,A1) from frontier
put (X,Y,RD,Al) to considered

for each state N reachable from state X with an
action A do

if (N,X1,P1,D1,A2) does not exist in frontier
or considered

add (N,X,P+cost(A),P+cost(A)+h(N),A)

to frontier
else
if (P1 = P+cost(A)) then
delete (N,X1,P1,D1,A2)

add (N,X,P+cost(A),
P+cost(A)+h(N),A) to frontier

update(N,P+cost(A))
end if
end if
end for
end while

end A*

Regarding the A* algorithm, the most crucial statements to
understand are the bolded ones. These lines associate stare
N with two numbers. One of the possibly many exact costs
from the starting state S to state X is P. As a result, the exact
cost of one of the possibly many paths from the starting state
through state X to state N is P plus the cost of the action A
(P+cost(A)). Note that this exact cost may not be the cost of the
shortest path from the starting state to state N. This is why we
need to check if a path to N has already been found. If one
exists, the exact costs of the two paths are compared, and
only the shortest one is stored. Furthermore, if a path to
state N is already found, it implies that the paths of other
states from state N may have been computed (represented
by quint-tuples in the “considered” set or “frontier” sorted
list). The utility procedure update recomputes the quint-
tuples of all states whose exact cost depends on the path
from the starting state to N.

Heuristic Functions

First, we need to decide what actions can be taken and the
associated costs:

* Move forward one cell: 700 ms.

¢ Move forward two cells: 1200 ms.

® 90-degree turn: 500 ms.
It is the programmer's responsibility to determine the heu-
ristic function (h).

Two Heuristic Examples

This first heuristic function is applicable (admissible) if the
robot stops before turning and cannot move diagonally.
h = 600 ms * (abs(x1-x2)+abs(yl-y2))
WHERE
h— the heuristic.
(x1,y1) — coordinate of the cell represented by
the current state
(x2,y2) — coordinate of the destination
600 ms — any time estimate that is LESS than or equal to
the time required for a move of a single cell, in this case
600 ms. Although it takes 700 ms to execute the "move
forward one cell" command, it takes only 600 ms to move
one cell when the robot executes the "move
forward two cell” command.
abs — the absolute value.
abs(x1-x2)+abs(yl-y2) — This is the minimum number of
cells to travel even if there were no walls. The horizonta!
offset of the current cell from the destination is abs(x1-
x2), the robot must move abs(x1-x2) cells horizontally
even if there are no walls. Similarly, abs(y1-y2) indicates
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the minimum number of cells to travel vertically even if
there are no walls. The sum of horizontal offset and verti-
cal offset is the minimum number of cells to travel in
order to reach cell (x2,y2) from cell (x1,y1).

Let us consider the following maze.
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Figure 1. Maze Setup.

At this point you may want to review some basic informa-
tion provided in previous articles in this series. This
information is provided in the sidebar on this page.

Let us consider getting from cell C (0,1) to cell D (2,2).
Even is there were no walls, the robot still needs to travel
two cells horizontally and one cell vertically. This adds up
to three cells to travel, at the minimum. Traveling each cell
costs at least 600 ms, therefore three times 600 ms (1800
ms) is an underestimate of time to travel from cell C to cell D.

This second heuristic function is applicable if the robot could
move diagonally.
h = 600 ms * (sqre((x1-x2)A2+(y1-y2)A2))
WHERE
h — the heuristic
600 ms — same as above
sqrt — square root of
sqri((x1-x2)A2+(y1-y2)A2) — is the shortest
distance from cell (x1,y1) to cell (x2,y2).
Note that this distance cannot be longer than
the sum of horizontal and vertical offset.

Let us again consider moving from C (0,1) to cell D (2,2).
The straight line leading from cell C to cell D is sqre(1+2)
or about 1.732 cell lengths. Since the robot cannot move
faster than 600 ms per cell, 1.732 times 600 ms (1039 ms) is
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Maze board - a square board with regularly spaced pegs. In the
Micromouse competitions, the pegs are 18 cm apart vertically
and horizontally on the maze board, center-to-center.

Partition - a piece of “wall’ that fits between two pegs. In the
Micromouse competitions, the partitions are 5 cm high.

Cell - a square formed by pegs at the corners. We will use the
convention that the cell at the upper left corner is cell [0,0]. See
Figure 1.

Start location - cell [0,0].

Destination - Some location with known coordinates that the
mouse needs to go to.

Reachable - If cell B is reachable from cell A, there is a path
from cell A to cell B (and vice versa).

Basic Robot Abilities

The physical design of a robot can affect what the robot can do.
Regardless of design of the robot, let us assume the robot has
the following basic abilities:

Turn 90 degrees clockwise and counter-clockwise.

Go forward one cell and stop.

Sense a wall in front of the robot.

Sense walls to the right and to the left of the mouse.

Once a wall is sensed, remember the wall in internal memory
(i.e., build a map).

Keep track of the current coordinate.

Knows if the robot is at the destination.
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an underestimate of the time to move from cell C to cell D,
even if there are no walls.
Both of these heuristics

h = 600 ms * (abs(x1-x2)+abs(y1-y2)), and

h = 600 ms * (sqre((x1-x2)A2+(yl-y2)A2))
are valid because they underestimate the actual time needed.
For that matter, if you chose h = 0 it would also be a valid
heuristic, although it's fairly useless.

Remember, the A* algorithm does not need to evaluate all
the possible paths to the destination to find the shortest.
Instead, the A* algorithm maintains a list of candidate path
"frontiers," sorted by the estimated length of the path from
the starting state to a certain state through to the destination.

Let us "eyeball" the maze and intuitively try to find the short-
est path. At the first glance, path SCEHD is about the same
length as SABFD. However, as soon as we factor in the cost
for turning, path SCEHD is clearly more costly. We will use
this maze to illustrate the A* algorithm. For illustration, we
need to keep track of the sorted list “Frontier” (bold face
represent newly inserted quint-tuples) and the considered
set. We also use the convention Cell |, to represent the lo-
cation (Cell) and direction (DIR, as in North, East, South
and West). The starting configuration is S, i.e. Cell (S)
DI sy FOT OUr trace table example, we assume the ro-
bot stops before turning and cannot move diagonally. Refer
to Notations and Variables while calculating the value of com-
ponents in the 'Frontier' with particular attention to the

and

actual values back to the starting state of S

TRACE TABLE |

Frontier Considered

Comments

(S,null,0,2400,null)

This is the start up configuration. We need to move the
distance of at least four cells, and we can only go as fast
as 600 ms per cell. Therefore, the actual time to get to
the destination cannot be shorter than 2400 ms.

(C,8,700,2500,Move South 1)

& (S,,null,0,2400,null)
(8,8,,500,2900, Turn East)

We can turn 90 degree at cell S, each costing 500 ms or,
we can go south, costing 700 ms. However, note that

(8,»8,500,2900, Turn West) the 90-degree turns add the full 500 ms to the estimated
cost ro goal, whereas the move south operation only adds
100 ms to the estimated cost to goal.

(S,.8,,500,2900, Turn East) (Senull,0,2400,null) From cell C facing south, the only options are to turn

(S S ,500,2900, Turn West) (C.,5.,700,2500,Move South) 90-degree (to the east and west). Each turn adds 500 ms

(C C 1200,3000,Turn East)
(C wCe1200,3000,Turn West)

to the cost to this state as well as the estimared cost.

(S ‘;“k,500,2900,Tum West)
(B,S,,1700,2900,Move East 2)

(S.,null,0,2400,null)

(Cf ,S.,700,2500,Move South)

From cell S facing east, we can turn 90 degree and face
south. But this state is already considered, and the new

(C L ,1200,3000, Turn East) (bPSH.SOO 2900, Turn East) method is more costly. We can also turn 90 degree and
(C Cn 1200,3000, Turn West) face north. This state has not been considered yer. Fur-
{A §,,1200,3000,Move East 1) thermore, we can move to cell A or cell B facing east.
(S, ,.S 1000,3400, Turn North)

(B,S;,1700,2900,Move East) (Sy;null,0,2400,null) From cell S facing west, turning 90 degree to face north
(A,S,,1200,3000,Move East 1) (C.,S,,700,2500,Move South) and south are the only options. Both states are consid-
(C C 1200,3000, Turn East) (S,,5,500,2900, Turn East) ered, and the old methods, costing 0 and 1000
(C C 1200,3000, Turn West) Sy S ,500,2900, Turn West) respectively, are less costly than the new methods. No
(S ,bE‘] 000,3400,Turn North) new items are added to the “frontier” sorted list.

N

(AS;,1200,3000,Move East 1)
(C C 1200,3000,Turn East)
(L ) C_\. 1200,3000, Turn West)
(SN.SE.IOOOJ"-}OO,TMH North)
(B,;B,2200,3400, Turn North)
(B,B,,2200,3400,Turn South)
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(S.,null,0,2400,null)
(C..S,,700,2500,Move South)
(SP_ ,500,2900, Turn East)
(S S ,500,2900, Turn West
(B 1700,2900,Move East 2)

pOp

From cell B facing east, turning 90 degrees to face north
and south are the only options. Both new states have
not been considered yet, therefore they are both added
to the sorted list.




I a1

We stop the trace here. The determined may work out the
entire trace (i.e., until a quint-tuple in the considered set
represents one of the destination states, D,,, D, D, or D).
The minimum cost path from S_ to D, should be {95 S B
B, D).

Topics for Further Research

Besides the methods described in these articles, there are
many other methods to solve the Micromouse maze. Fur-
thermore, the methods described assume the robot can only
implement simple actions. In reality, the robot can be de-
signed to perform in a more complex manner. For instance,
the Micromouse rules do not rule out a robot that can sense
walls that are out of the current cell. Such information can
be used to construct the maze map without exhaustively ex-
ecuting the depth-first search exploration. Similarly, the
flood-fill exploration method may use such extra informa-
tion to shorten the exploration
phase. One interesting modifi-
cation to the flood-fill
exploration is to refine the
most optimistic distance from
destination.

Although possessing the entire
maze map is sufficient to let the A* 1lgonthm compute the
shortest path, it is not necessary. If the A* algorithm has a
heuristic function that closely estimates the actual cost, it is
possible that only a small number of states (and therefore
cells) need to be considered. This means that an explora-
tion method that only explores necessary cells needed for
the A* algorithm may be worth looking into.

While the Micromouse scenario may seem toy-like and lim-
ited in scope, it is an excellent introduction to navigational
issues of larger robots. Algorithms such as Depth-first Search,
Flood-fill and A* are only the beginning of algorithms
needed by autonomous robots in the real world.

RS&w

We met Tak Auyeung at the
IEEE Region 6 micromouse
competition at UCD, where Tak
teaches the UCD Micromouse
Lab. In his other life, he'’s the
software development group
leader for embedded controllers
at Zworld.
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This feature concludes our two-part series on intelligent evolving soccerbots. Part

explored fuzzy logic and fuz

control, and was included in the November 1998 iss

of RS&T. In Part 11, fuzzy control, fuzzy behavior, and a generic algorithm for

evolving an intelligent robot soccer team are discussed.

One of the current research topics at NASA's Center for
Autonomous Control Engineering (ACE) in robotics is the
use of multiple autonomous robots for the cooperative ex-
ecution of tasks. Today soft computing - fuzzy logic, neural
networks, genetic algorithms, genetic programming, and
probabilistic reasoning - has resulted in more user-friendly
products that learn to adopt their user's operational charac-
teristics. These robots offer several advantages over
monolithic robots, such as robustness through redundancy
in numbers, reduced size and weight, and lower production

COSLS.

Fuzzy logic and fuzzy control, a sensory-fusion, and the rule
hierarchy approach, allow these complex systems to func-
tion. Finally, a hierarchical fuzzy
system optimized through evolution-
ary methods acts as a controller. In
conjunction with an algorithm, these
systems are employed by a team of ro-
bots that play soccer.

As described by Tunstel [1] and imple-
mented by our group at ACE, each
robot's overall behavior emerges from the interaction among
multiple fuzzy logic controllers, each of which is responsible
for a distinct behavior. In the case of the robot soccer test
bed, a robot's behavior is governed by these fuzzy modules:
attack, defend, pass, intercept, block, shoot, avoid, and supported
by the non-fuzzy modules, sense, talk, move, kick, and turn.

Fuzzy logic controllers implement control algorithms con-
sisting of linguistic rules. These rules are usually in the form

=lsl RosoT Science & TECHNOLOGY

of IF xis A and y is B then zisC (X‘ Y, 2 }WUing the '||‘|IW||[9-; ;1]1"1
output variables), and an inference engine, which executes
and aggregates the rules’ output. The rules represent map-
pings between input and output variables. Zadeh [2], in his
seminal paper, chose the word "fuzzy" for the continuum of
logical values between 0 (completely false) and 1 (completely
true). The theory of fuzzy logic deals with two problems: (1)
fuzzy set theory, which deals with the ambiguity found in
semantics, and (2) fuzzy measurement theory, which deals
with the ambiguous nature of judgments and evaluations.
The primary motivation of fuzzy logic is to exploit tolerance
for some inexactness and imprecision. Fuzzy logic and clas-
sical logic differ in the sense that the former can handle
both symbolic and numerical manipulation, while the latter
can handle symbolic manipulation
only. In fuzzy logic, one can see that
everything is a matter of degree.

Fuzzy control systems are rule-based sys-
tems in which a set of so-called fuzzy
rules represents a control decision
mechanism that substitutes for or emu-
lates a skilled human operator. A fuzzy
controller typically takes the form of a set of if-then rules
whose antecedents (if part) and consequents (then part) are
themselves membership functions. Consequents from dif-
ferent rules are numerically combined and are then collapsed
(typically taking the centroid of the combined distribution)
to yield a real-number (binary) output. Thus, a fuzzy con-
troller works in a way similar to a conventional system: it
accepts an input value, performs some calculations, and gen-
erates an l'llll'[‘U[ \'Hllll_'.



Fuzzy Control for Robot Soccer

If robots are to collectively exhibit real time reasoning and
collaboration, as soccer teammates must, they should be able
to autonomously identify situations, evaluate them, and re-
act accordingly. A fuzzy logic controller that mimics human
reasoning by using rules, and incorporating concepts of im-
precision in knowledge representations, is therefore ideal for
this purpose (see Ross [3]).

The robot agents employ a fuzzy system (see Figure 1 below).

An initial population is formed by randomly altering a com-
mon-sense set of fuzzy rule bases created by the researchers
(see Jeong and Lee [5], and Tunstel and Jamshidi [6]). Each
search point or individual of the population, in our case ¢
fuzzy rule, represents a candidate solution and is evaluatec
according to a fitness function. The fitness function assigns
higher values to desired characteristics.

In the robot soccer application, data concerning the ball
and players’ positions, as well as strategic-play information

is relayed to the robots via a radio link.
Strategic'play information, generated

Figure 1. Process of a Fuzzy System.

The fuzzy system consists of several layers of hierarchical,
interconnected fuzzy logic controllers (see Figure 2 below).

RULE BASES by a laptop coach, consists of directives

CRISP " that affect the robot's higher-level be-
INPUT et AQ T i o =
> FuzziFiER 5 | DEFUZZIFIER . havior modules. The f1naly.b|:_~ of the

¥ CRISP game play and the emission of directives

INTERFACE OuTPUT are realized by a different hierarchical

fuzzy system running on the laptop. A

second genetic algorithm will be em-
ployed to optimize the components of
this ractical fuzzy system.

Fuzzy Behavior

Autonomous navigation behavior can

BALL
PASSING

KICKING
BALL

Figure 2. Soccer Robot Hievarchical Fuzzy Behavior Controller.

Each controller represents a behavior, and from its interac-
tion with other controllers emerges the overall robot
behavior. The lowermost modules correspond to the primi-
tive behaviors displayed by the agents, such as obstacle
avoidance and ball handling. As one advances up the hier-
archical network, the fuzzy controllers encode more complex
behaviors, affecting the response of the modules localized
below them (feeding outputs directly to the inputs of lower
levels or modulating their outputs). The more advanced func-
tions are responsible for behaviors such as ball passing,
attacking runs and defensive actions (see Mirabal, et al. [4]).

A genetic algorithm (discussed below) is used to evolve a
fuzzy linguistic rule base starting from a fuzzy controller pro-
duced by the authors using a trial-and-error design approach.

be decomposed into several intercon-
nected special purpose behaviors. The
interconnection of the behaviors is a
hierarchical network. It is hierarchical
in the sense that the overall system be-
havior is decomposed into a bottom-up
hierarchy of increasing behavioral com-
plexity. The behavioral activity at a
given level is a function of the behav-
ioral activities at the level(s) below. The
lowermost modules, referred to as the
primitive behaviors, are responsible for
the simple self-contained behaviors
such as detect, move and kick. The intermediate behaviors,
located in the mid-section of the hierarchical structure, in-
teract with the primitive behaviors to perform specific tasks,
such as score, block, and intercept. The primitive behaviors
map inputs to control outputs (typically common actuators),
while higher-level behaviors act as fuzzy decision systems
which map goal and strategy information to dynamically
adaptive weights associated with each primitive behavior
(see Tunstel and Jamshidi [6]).

Evolving Intelligent Robots Through
Genetic Algorithms

Genetic algorithms (GAs) use the concepts of Darwin’s
theory of natural selection and evolution. The theory is based
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on the assumption that the existence of all living things is
based on the rule of “survival of the fittest” (see Ross [3]).
New classes of living things come into existence through
reproduction, crossover, and mutation among existing or-
ganisms. First, an initial population of different possible
solutions is created by randomly altering a common-sense
set of fuzzy rule bases created by the researchers. Each search
point, an individual of the population (in our case a fuzzy
rule), is tested for its performance according to a fitness func-
tion. Among the possible solutions, a fraction of the solutions
is chosen, according to a cutoff value, to succeed into the
next generation while the others are eliminated. This is the
concept of survival of the fittest. The selected solutions un-
dergo the processes of reproduction, crossover, and mutation
to create a new generation of solutions that are expected to
perform better than the previous generation by combining
their traits (parameters). New generations are produced and
evaluated repeatedly until there is convergence within a

generation. First, in our application, the parameter set of

the problem that characterizes the solution is coded in the
form of a finite string of bits. For example, we create inde-
pendent bit strings for the antecedent and the consequent
of the fuzzy if-then rules, and then the strings of each pa-
rameter are concatenated to make one string that represents
the whole parameter set. The length of the bit strings is based
on the handling capacity of the computer being used. The
strings are created randomly and then decoded, or mapped,
into a set of parameters they represent. This set of param-

Soccerbot with cover and controller board off.

qualities. These new strings comprise the new generation
and the process of decoding and evaluarting is repeated.

Although most of the searching power is involved with re-

production and crossover, mutation is important when an

optimum solution cannot be found. Mutation changes the

value at a certain string location and is rare. It occurs per-

haps once in a thousand bit string locations. In any problem

space there are an infinite number of solutions, and genetic

algorithms, augmented by mutation, search for a solution

from a broad spectrum of possibilities.

Soccer Robot Sensor Interface

1000101 001|({1000101 1

0101010 110{ 0101010 O

Figure 3. Crossover in strings.

eters is then passed through a numerical model of the prob-

lem that yields a solution based on the input set. The quality

of the solution is evaluated according to a fitness function

whose value is assigned to the string. The fitness values of

each string in the population are determined and an aver-

age is computed. The relative fitness of each string is
determined by dividing the fitness value of each string by
the average fitness value. Reproduction is the process by
which strings with higher fitness values are duplicated in

the next generation. The total number of strings must re-

main constant for computational efficiency, therefore strings
with fitness values below the cutoff are eliminated. After
reproduction, crossover occurs between two new randomly
selected strings at a random location (see Figure 3). The bits
to the right of the location are interchanged as a way of
information exchange and the combination of desirable
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The robots are provided with information from a
global sensor. It is provided by a remorte, stand-alone,
video-processing composed of a
Cognachrome (see Reference [7]) video processing
board, an NTSC CCD camera, and a laptop com-
puter. This global sensor extracts the positions of

system

distinct objects contained in the camera’s field of
vision. These objects are associated with areas of
different color (see Cognachrome [7]). Then the in-

formation extracted from the video frames is transmitted to
the robots in the form of approximate locations of the ob-

jects. This configuration is adequate for our test-bed

application since the teams, the field and its boundaries, and
the ball have different colors.

The sensor processing routines extract higher level infor-

mation (such as distance-to-ball, possession-ball,

distance-to-opponent, direction-nearest-obstacle, distance-

nearest-obstacle, distance-ball-to-nearest-agent, speed-
agent) from the position information provided by the global
sensor. This data is then stored in a buffer area that is acces-

sible to all fuzzy behavior modules. Between globa!

information broadcasts, the current positions contained in
the local buffer may be approximately updated by dead-reck-
oning methods.



Although the global update cycle is short, the game play
speed is high, so dead reckoning may lead to appreciable
positioning errors.

The mechanics of the environment perception and com-
munication is illustrated in Figure 4.

Simulation

Simulation was used for creating and validating efficient rules
for the robots. We used the Soccer Server Simulator for our
simulation (see Noda [8,9]). The Soccer Server consists of
two programs, “soccerserver” and “soccermonitor.”
“Soccerserver” is a server program that simulates movements
of the hall and players. “Soccermonitor” is a program that
displays a virtual field on the computer running the system.
Client programs control our virtual player's actions and con-
nect to the Soccer Server Simulator by a User Data Protocol
(UDP) socket. The client sends commands to control an
assigned virtual player and receives information from the
player's virtual sensors.

The communications between the server and its clients are
composed of control commands and sensor information.
There are six control commands: move (x, y), turn moment,
dash power, kick (power, divection), say message, and change-

NASA's Center for Autonomous Control Engineering
(ACE) soccer-playing robot.

view (angle-width, quality). There are two sensor informa-
tion commands: see and hear. Other parameters used are
coach commands (a privileged client takes the place of the
referee module in the server), object names, and play modes.

CCD

U NTSC VIDEO
SIGNAL

Used all over the World!

‘Mobile Roboticsx‘[
i
|

Many options!
Sonar
Optics
Motor Drivers
Artificial Intelligence

Many Uses! |
Industrial
Universities
High Schools ||
Hobbyists |

Figure 4. lllustration of Envivonment Perception and Communication.

PO Box 460342
St. Louis, MO 63146-7342
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Qttp:// www.zagrosrobotics.com |
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All communication between the server

and each client is done by using ASCII
strings, permitting clients to be writ-
ten in any programming language (C,
C++... etc.). More detailed informa-
tion about the Soccer Server is

available at its web-site (see Noda [8]).

The Future of
Intelligent Robots

Soccer-playing robots are the tip of the
iceberg in the rapidly developing field
of soft computing. Robot builders who
accept the challenge will find many ex-
citing and worthwhile applications for

this technology. As more builders and
reams enter rc sl‘nt soccer compet II'iUI‘l.\.
the enthusiasm and experience gener-
ated will open opportunities for finding
team robotic solutions applicable to

current and future problems.

Robots employing basic teamwork to
complete complex tasks are, no doubt,
in our future. Some interesting appli-
cations for cooperative robots include
unknown terrain exploration, hazardous
facilities maintenance and human sup-
port roles. Fuzzy logic and fuzzy control,
with an application to fuzzy-genetic al-
gorithm behavior control, could well

(1]

(6]

(7]

[8]

191

[10]
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lead the way in these endeavors. The
technology introduced here places an
emphasis on the most popular of all its
applications - control. Fuzzy control-
lers are simple to implement in a
laboratory environment, either on a
personal computer or on a chip-level
board. Today, fuzzy system technology
is widely used in control, pattern rec-
ognition, medicine, finance, and
marketing applications. It can be used
as a tool for the solution to problems
where a mathematical model is neither
available nor feasible. Finally, new av-
enues should be opened for new
software design and analysis of control
systems using the power and efficiency
of fuzzy logic, neural networks, and ge-
netic algorithms. One such effort is
NASA ACE's SoftLab© software en-
vironment, in which all soft-computing
paradigms are being utilized for identi-
fication, control, simulation, and
real-time implementation (see

Akbarzadeh, et al. [10]).
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1999

- Competition Structure

The FIRST (For Inspiration and Recognition of Science and Technology) Foun-
dation is a non-profit organization founded in 1989 by entrepreneur Dean Kamen.
Headquartered in Manchester, New Hampshire, its purpose is to teach young
people to appreciate technology. The FIRST Robotics Tournament was created
to provide high school students with the opportunity to experience, hands-on,
the possibilities of the world of engineering and science. It is a tournament in
which teams of students, mentored by professionals, design and build specialized
robots that compete against each other. Participation in the tournament has
grown significantly since its inception in 1992, when 28 teams competed. This
year, the number of teams approaches 300. The rules of the competition change
each year, challenging the ingenuity of teams to the maximum. In the January
issue of RS&T, we reported on the 1998 tournament, and in the May/June 1999
issue, we will present an article on the 1999 National Championship series. This
article explains the fundamentals of the 1999 games.

Competition Structure

The 1999 competition is comprised of two phases,
qualification and elimination. Ample opportunity is provided
for a team to advance. The opportunity is enhanced and made
more interesting by virtue of the teaming, or alliance concept.
Four teams, paired to create alliances of two teams apiece,
participate in each match. Each alliance works together to
win a match, and alliances win or loose as a unit, but
accumulate points individually. Thus, although it is always

nice to win, the key element for getting through the
qualifications and advancing to the elimination rounds is the
individual team point toral.

® Each alliance competes using two team-built robots, fou:
robot operators, two human players, and four coaches, anc
the teams are arrayed against each other on opposite side:
of the rectangular playing field.

[ Rosot Scence & Tecrnowoey ]|



® In the qualification phase, alli-
ances are formed just prior to the

Robot s!arling|localion

Human Player Station

start of each martch, and last for
the duration of that match.
Teams change allies after each
contest, and all teams play an
equal number of qualifying
matches. At the conclusion of
this phase, the cumulative point
result of each team is used to
rank the teams. The eight high-
est-ranked teams qualify to pro-
ceed to the elimination
matches.

¢ In the elimination phase, each
of the eight qualified teams se-
lects an ally from the remaining
teams, and the eight alliances
stay together throughout the
phase. The winning alliance is
determined in this best 2-of-3 se-

ries of elimination matches.

The Playing Field ——

= Robot Operator Station

\

The field is a carpeted rectangle
about 24 by 28 feet. Around the

Field barrier Puck starting location Interaction Zone
- Blue Alliance Red Alliance
(Teams A,B) (Teams C,D)

perimeter of the field are four sta-
tions for human players and four

stations for robot operators and
coaches. Each alliance occupies a
side opposite its opponents.

The Tools

Tools of the game, in addition to the two robots per alliance,

are Floppies and a Puck.

¢ Floppies are pillow-like donut-shaped disks almost 26 inches
across. Ten Floppies are assigned to each alliance, and they
are color-coded.

® The Puck isalow octagonal platform 5 feet 6 inches across,
that rolls on caster wheels.

The Setup

Prior to the start of each match, the robots, Puck and Floppies
are placed on the field and at the player stations as shown in

Figure 1.

I Rosor Scence & TecHvowosy |

Figure 1. The 1999 FIRST Playing Field is a rectangle about 24 feet wide by 28 feet long

Gameplay

Matches are two minutes long in all phases of gameplay, up
to and including the National Championships. Speed is al-
ways of the essence, and teams must be able to adjust to rean.
pairings, station position, and color assignments on very shor:
notice. A team’s ability to adapt quickly and remain poisec
is essential.

Points are scored by picking up Floppies with the robots, anc
placing them on the Puck, or elevating them over the playing
field. One point is awarded for each Floppy placed on the
Puck, and for those elevated over the playing surface, but at =
height of eight feet or less. For each Floppy elevated over
eight feet, three points are awarded.

Any robot actually on the Puck at the end of play multiplies
its team score by a factor of three, and a score multiplier of
two is awarded if the Puck is positioned wholly within the
opposing alliance’s side of the field at the end of play.
Provisions are made for tie-breakers. RS&T




 Gunn High School
- FIRST Team

Students Take Charge of Engineerin¢
As a Team Designs and Builds Its Robo
by Floyd Painter

The 1999 FIRST (For Inspiration and Recognition of Science and Technology) National Cham-
pionship tournament will be held at Disney World’s EPCOT Center, Orlando, FL during Apri!
22-24. Tournament activity commenced January 9th with the kickoff, and provision of the game
description and rules to participating teams, who then had six weeks to design and build their
robots. All seven regionals have been held, and teams are planning their trips to EPCOT. Robor
Science & Technology decided soon after kickoff to observe and write about the developmental
phase of a team effort. The
editor visited Harry M. Gunr
High School in Palo Alto, CA.
a little over two weeks into
the design and build phase.
and writes about the team anc
its faculty sponsor, their robor
G-Force, and a mentor whe
helped them through the pro-
cess. This article continues
RS&T’s coverage of FIRST
activities. For information or
last year’s tournament, see
FIRST Robotics, Partnering

Industry and Youth, on page

Gabe Rotberg, Haru Yamamoto, Kia Seng Tang, Alvin Cheng and Zac Fisher are members 6. of th . £
of the robotics team at Harry M. Gunn High School, Palo Alto, CA. Here, they ponder the or the JclI'ILI ary 1ssuc o
intricacies of chain drive over a breadboard model of the base of their robot, G-Force. RS&T.
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FIRST

At about three hundred high schools (and at least one
elementary school) across the United States, robotics team
members, along with their faculty sponsors and mentors, are
savoring the experiences gained during the regionals. Teams
are by now very familiar with their mechanical charges, and
have assessed their chances for success in the national
championship series. Two-hundred-twenty teams, their
driving skills and reamwork polished and strengthened in
the intense competition of the regionals, will take their
robots to EPCOT. Not all teams that entered the tournament
compete at EPCOT, and there are many reasons for that. If
a ream is not going this year, you can bet they will try to
make it next year.

But the majority do take on the big one because it extends
the thrill of competition for another whole cycle, and after
all, a national championship is at stake. Maybe things weren't
just right in the regional, but the robot performed well
enough, and you learned a great deal. One thing you learned
is that on a given day, you can win even under the most
adverse conditions, so persistence is important. Victory can
come via a superior driving effort, a more efficient robot or
the unexpected breakdown of an opposing robot (aren't
breakdowns always unexpected?). These things and many
more can affect the outcome of a match, but basically it is
the spirit of FIRST that inspires most teams to press on, no
matter what happens.

The founders of FIRST have done a great job of making it
clear to all participants that competing, in the best way that
you can, is the most important thing about the tournament.
Winning is the goal, and teamwork enables success. This is
true in all phases of the competition, from the time of
interpretation of the game rules, through design and
fabrication of the robot, to actual game play. But if the
ultimate goal is not achieved, the pleasure of competing well,
and displaying true sportsmanship is reward enough. It
becomes the force that will bring you back next year, resolved
to do better.

Your Source For Robot
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Gunn High School and G-Force

The robotics team at the Harry M. Gunn High School in
Palo Alto, CA probably typifies the organizations
participating in the 1999 rournament. Robor Science &
Technology visited the school when the team was in its third
week of robot construction, and found an eager group of
students hard at work designing and building their machine.

The faculty sponsor at Gunn is physics teach Bill Dunbar,
who obviously enjoys guiding his 60 students in meeting the
challenges of FIRST competition. As he pointed out, his is
“pretty much a student-run, student-oriented team. They
take charge of the whole operation. One of my roles is to
make sure they don't have a lot of obstacles.” He went on to
say, “Robotics in general is a really good way for team
members to tie together a lot of the technologies they've
learned about; electronics, mechanics and structures, for
instance.” Team members that RS&T talked to felt that
Dunbar was a great faculty sponsor because he let them work
out their problems by themselves. He only weighed in when
he saw that they were on the verge of taking an inefficient
path to problem solution. He is “Cool.”

A Quarterback, Not A Wallflower

Dunbar pointed out that the students made all the crirical
decisions right from the start, including the basic one about
the role for which the robot should be designed. With the
alliance concept, teams work with an unknown quantity,
another robot about which they know nothing. “In our two
previous FIRST competitions, we noticed that whether it’s
our robot or someone else’s, they are not always reliable.
We'll probably have at least one match where our partner
does nothing but sit and make grinding noises. The students
had a choice early on, about either making a robot that was
a good partner, or one that could do everything. They
recognized that making a good partner robot, say a linebacker,
would be easier, but they wanted to make a guarterback
instead, one that does everything and takes charge,” he said.
Warming to the subject, Dunbar
continued, “With this year's rules, you can
have a robot that does one thing well, like
taking other robots out of the competition
and pushing them around, filling a kind
of spoiler role. The partner robot then has
to score most of the points. If somebody
in the top eight teams recognizes that as
the strong suit of your robot, you can get
into the finals by being a kind of
wallflower, and be picked for the



elimination ;'1|1'.lsu for being a good complement for the other
robot. The students didn't want to do that; it wasn't what
they wanted to get out of this tournament.”

Concurrency in Design and Construction

The Gunn High School robotics team operates out of the
school’s old woodworking and metal shops, adjacent to each
other in the industrial arts building. Sadly, the well-equipped
facilities are not used for their intended purposes due to
curriculum cutbacks. In the center of the old woodshop sits
a full-size breadboard model of a part of G-Force, the 1999
robot. It is mostly made of wood, and surrounded by young
people. Not far away is the stripped-down robot from the
1998 competition, a silent sentinel undoubtedly watching
closely, but unable to give advice as the work on its successor
proceeds at a deliberate pace. Bill Dunbar addressed this
work-in-progress: “It’s a mechanical breadboard, and they
are trying various concepts to see if they can get something
to work. We are designing, building and testing in parallel.
We know the kind of basic functionality of the robot and
we're designing around that. Since we only have six weeks
to finish the whole project, we don’t have time to do research
and design later. We've got to do everything at once.”

Encouragement Helps

Dunbar spotted something he liked at the breadboard: “Hey
that's not bad! Wow, good job you guys! That's the best ['ve
seen yet!” The team members beamed at the encouragement
as a Floppy was maneuvered into position just as they had
planned.

[ asked if Gunn team members from previous years had gone
on to college to study things like artificial intelligence, com-
puter science and engineering. “Yes,” he said, “and it has
prompted students to go in directions we had not antici-
pated. One student in particular liked to videotape team
activity, a requirement for the FIRST Chairman's Award,
and she decided to go into video production. We've had a
couple of students who have decided that they want to go
into manufacturing, specifically to become machinists. It’s
really refreshing to hear a youngster say, ‘1 just like to build
stuff. I want to make stuff.”

Bill Dunbar is a veteran of three FIRST competitions, and
the initial exposure was in 1997: “We were so proud of
ourselves just to have a robot that worked. That first year
will always be kind of special to me because everything was
so unknown. We had just a handful of kids and didn't know
what the heck we were doing. It taught me something. |
learned that high school students can accomplish tasks far

FIRST

more difficult than what we normally give them credit for
Given the resources and something they are enthusiastic
about, it’s difficult to see any way to stop them. A couple o
lessons learned from our experiences are that appearance
doesn’t matter much, and if you build somerhing right the
first time, it won't come back to haunt you.”

The Base and Arms Take Shape

In the old metal shop, we approached a group of five young
men working on the robot's full-scale base breadboard. Zac
Fisher told us they were “working on a solution for mounting
the robot motor, and fitting a sprocket and chain to a drive
wheel.” The other team members, Gabe Rotberg, Haru
Yamamoto, Kia Seng Tang, and Alvin Cheng were all
involved hands-on, confirming that the chosen path was
the best way to solve the problem.

We then approached two other team members working in
the metal shop, Katrina Leni and Brad Phlum (Brad is a co-
captain of the team). They were fabricating an aluminum
lifting arm for the robot, taking their time and doing it right.
The arm looked as if it had been professionally fabricated.
As we watched, Katrina fashioned a wooden insert for the
hollow, tapered piece of aluminum, pointing out that “it
would add significant strength to the arm.” The insert fit

Explore Electronics, Robotics,
and Life Science with the
CYBUG Robotic Lifeform!

This new kind of educational
robortic kit hardwires Survival 'r
Instincts into its circuitry rather
than conventional |
programming. Each CYBUG
is a small robotic creature
which has nocturnal
behavior, touch sensors,
obstacle avoidance,
photo-tropism, insect-
like behavior, and
adjustable energy levels.

Experiment with building
Feeding Stations and
Robot Colonies!

With add-on Higher Brain Function circuits, create Predator |
and Herbivore CYBUGs with Hunger Instincts and an entire
robotic ecosystem. Many parallels to real-world ecology! |

Available from:

* Mondo-tronics 800.374.5764 www.robotstore.com

®JCM Electronic Services 403.284.2876 members.home.net/cybug
s HVW Technologies 403.730.8603 www.HVWtech.com

* Acrive Components 800.655.0006

eCantronics http://cantronics.rzsoft.com/
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nicely into the arm. | asked Brad how
the team was progressing. He said, “We're
doing pretty well. We had an ambitious
production schedule, and we were off
schedule for awhile, but now we've
caught up. We were even able to do some

mock-ups on schedule last week.”

Back in the wood shop, [ talked to the
other co-captain, Daniel Lehrbaum,
who was working with a team gathered
around the main body breadboard
model. Daniel is a senior at Gunn, and
he hopes to be admitted to Carnegie
Mellon University next fall. I pointed
out that CMU had a very active
robotics program, and he gave us a
knowing smile. Bill Dunbar
commented that two students from last
year’s team were now at CMU.

Jenny Li, Osbert Feng and Alvin
Cheng were hard at work on the pickup
and lifting apparatus. Satisfied, they
turned their attention to a subassembly

that seemed to be a source of concern.
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Katrina Leni helps fashion an arm for G-Force.

Ken Phlum, Brad’s twin brother, awaited
his turn to get near the machine, into

the hands-on action.

One thing you could not help noticing
was that every move was discussed by
{}]L’ ream i‘L‘jl‘TL' '\ll_'[i”l'l was '[Lil\’l.'”.
Something else was easy to notice;

everyone was having fun.

A Programmer’s Work
Is Never Done

Benjamin Hebert, a sophomore, was
testing the controller box supplied by
FIRST to each competing team as a
part of the robot kit. Basically, it is a
microprocessor with a Parallax stamp,
and Ben is responsible for programming
it. It stores the code that determines
movement of the robor parts when the
two FIRST-supplied joysticks are
actuated. The ~1_gn-.|l- L:L’I'It"!"r!'['t.'kl are
sent to the robot via radio controllers.
He pointed out, “It has a fair amount
of capability, but they don’t provide a
lot of insight into how to program it,
so for me it is a major project. [t seems
like every other day we have to

reprogram because it's not right.” Of

course, Ben is caught in a continual
learning loop, because his programming

must change as the robot design changes,
and at this point the design is in a state
of constant flux. Ben has two more years
of FIRST activity ahead of him, and

seemed pleased at the prospect.

Engineering Support

The Ames Research Center of the
National Aeronautics and Space
Administration (NASA), is a sponsor
of the Gunn High School team. It is
located on the former Naval Air
Station at Moftett Field nearby. NASA
Ames also sponsors several other teams
in the area by lending engineering
expertise to their projects. Ames also
hosted the FIRST California Regional
in February. Another major Gunn
supporter is the Xerox Palo Alto
Research Center (PARC). Some of the
support was informal, and engineers
from NASA, PARC and other support/
mentoring organizations dropped in on
the activity from time to time and
offered advice. As Bill Dunbar pointed
out, there was also a more formal
arrangement: “Every Saturday night we
had a design review, where we stepped
back and calculated how things were
going, and our supporting engineers
showed up for that. The students



(continued from page 8)

Fluffy Controller Board Schematic

10 to 25 ms

For cx:tlll]‘-|c: 2 ms high I\lllhc = servomotor's +90°,

Center 0 Degrees

[—i i

L 100 25 ms

1.5 ms high pulse = servomotor's 0° center position,

]L]_—] I ms

and 1 ms high pulse = servomotor’s <90° position.

10 to 25 ms

During the refresh period, the servomotor compares its ac-
tual position, as fed back by the potentiometer in the
servomotor, to the position command signal in the pulse
stream. If the two do not match, the servomoror will then
move to the position commanded. Without the presence of
a refresh signal the servomotor would move to a position
and stay there until some outside force, such as using your
fingers to turn its output horn, caused it to move. With the
refresh process, if you tried to move the servomotor manu-
ally it would fight to stay right where it is. Then the only
way to move it is to send it a new position command.

Code Example

In the following code example, the BasicX chip will send
out two separate pulse signals. The servomotor wired to pin
21 will move to its 1.5 ms or center position and the servo-

motor wired to pin 22 will move to its 2 ms or +90° position
(see Figure 2):

'Make Servomotorl a
Floating-Point Variable

Dim Servomotorl As Single

'Make Servomotor2 a
Floating-Point Variable

"The Main Subroutine

'Store 0.0015 in the
Servomotorl variable

'Store 0.0020 in the

Servomotor2 variable

Dim Servomotor2 As Single

Sub Main()
Servomotorl = 0.0015

Servomotor2 = 0.0020

Do "Top of our Do Loop

Call PulseOut(21,servomotorl,1) 'Send a.0015 second (1.5 ms;
high pulse out pin 21

Call PulseOut(22,servomotor2,1) 'Send a.0020 second (2.0 ms]
high pulse out pin 22

Call Sleep(0.015) 'Do nothing for 15 ms this

will make the low pulse
Loop Bottom of our Do Loop
End Sub Marks the end of this

subroutine

Once running, this code will instruct the BasicX chip to send
a 1.5 ms high pulse out pin 21 (see Figure 3) and a 2 ms
pulse out pin 22 . A 1 ms high pulse would move the servo-
motor to the -90° position (see Figure 4). The Sleep(0.015)
command is used to set the duration between the high pulses
thus giving us our low duration. Now servomotor] has a re-
fresh rate of about 17 ms (2 ms high + 15 ms low). By lowering
the value of the Sleep command to 0.010 you would increase
the incidence of the refresh cycle by changing the total value
from 17 ms to 12 ms. At 17 ms the servomotor would refresh
its position at a rate of 58.8 times a second (1/.017). At 12
ms, the refresh cycle occurs 83.3 times per second (1/.012).
(Note: a refresh rate of 10 ms (2 ms high + 8 ms low]
would refresh the

‘I’-_-._._,_,

servomotor 100 times
per second (1/0.01),
and this may cause
the servomotor

to heat up

and damage

itself.)
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In the following code example, the multitasking ability of

the BasicX to control servomotors, stepping them through
their I ms to 2 ms position range, is demonstrated:

Dim Stack1(1 to 40) as Integer
Dim Servomotorpos As Integer

Dim Neg as Integer
Sub Main( )
Servomotorpos = 1000

CallTask "Servomotor,"Stackl

Do
Servomotorpos = Servomotorpos + |

If Servomotorpos = 2000 then
For Neg = 1 to 1000

Servomotorpos = 2000 - Neg

Call Sleep(2)
Next

End If
Call Sleep(2)

Loop
End sub

Sub Servomotor()
Do
Call PulseOut(21,Servomotorpos, 1)

Call PulseOut(22,Servomotorpos,1)
Call Sleep(8)

Loop
End Sub

E: Rosat Scence & TecHNOLOGY |

'Make a block of memory for
our Task to run with

'Make Servomotorpos an
Integer Variable

'Make Neg an Integer Variable
'Start of the Main Subroutine

'Make the Variable
Servomotorpos = 1000

'Start our Task Servomotor
up with its memory block

"Top of the Do Loop

'Add one to Servomotorpos
current value

'If Servomotorpos = 1000

'Give Variable Neg a count
range of | to 1000

'Take the current Value of
Neg away from
Servomotorpos

'Do nothing for 2/512
of a second

'Add 1 to Neg Count and go
to for till Neg = 1000

'End If statement usage

'Do nothing for 2/512 of

a second

'Go to Do on top and
start over

'Marks the End of this

subroutine
'Start of the Servomotor Task
"Top of the Do Loop

'Send a high pulse out pin 21
Servomotorpos is the length

'Send a high pulse out pin 22
Servomotorpos is the length

'Do nothing for 8/512

of a second
'Bottom of our Do Loop
'Marks the end of this Task

Since the subroutine “Servomotor” is a Task, once it is started
it will continue to put the ever-changing value of
Servomotorpos out pin 21 and 22 as a high-going pulse re-
gardless of what the Main subroutine is doing. As you can
see by this example, 'tasking' is a very valuable feature of
the BasicX microprocessor. Tasking allows you to have mul-
tiple program loops running at the same time and exchanging
information, this greatly improves the speed and performance
of your program.

The Controller Board

Fluffy's controller board (see Figure 5) uses one chip to run
all of its servomotor outputs as well as the joystick port and
four multipurpose 1/O lines. With the exception of the
eround connection, which is common throughout the con-
troller board, the board's power system is divided at the
voltage-input connector into two sections. Section one takes
the +5.2 to +7.2 volt input and runs it through an LM2931
(a +5-volt low dropout regulator). The regulated +5 volt
output is then smoothed out by a 16v 330uF capacitor be-
fore being routed to the Vce pins of both the BasicX and
32K serial peripheral interface (SPI) EEPROM. The regu-
lated +5 volt supply is also used by pin 1 of the joystick
interface connector. Section two of the power system di-
rectly routes the +5.2 to + 7.2 volt input to the center pin of
each servomotor connector.

Pinls from each of the 13 servomotor connectors are routed
though a 470 Ohm resistor to their own [/O pin of the chip.
Pin 2s of all the servomotor connectors tie to the + battery
supply-in-connector on the controller board. Pin 3s of the
servomotor connectors all tie to the common ground of the
controller board.

The 1/O lines that run the Polaroid sonar unit come from
pins 32 and 28 of the BasicX chip; both pins are routed
through their own 470 Ohm resistor. I/O pin 28 drives the
initiate (INIT) input of the sonar board, whereas pin 32 is
used to receive the ECHO output signal from the sonar unit.
1/O pins 1 through 4 are used to read the position informa-
tion from a computer joystick plugged into the joystick port
of the controller board. 1/O pins 3 and 4 are each wired
though a 470 Ohm resistor and used in conjunction with
the Retime command to read the X and Y position value of
the joystick handle controller. I/O pins | and 2 are both tied
high (connected to the +5 volt output) through a 100K Ohm
resistor and used to read the two button outputs of the joy-
stick. One side of the reset button (not shown on the
schematic) is tied to ground and the other is connected
through a 100K Ohm resistor to pin 9 of the BasicX chip.




Ik

Basicx
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Figure 5. Schematic for Fluffy's Controller Board.
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This view of the back of the Polaroid somar sensor clearly shows the suite's driver board.

How the Polaroid sensor
system works

The Polaroid sonar unit consists of two parts, the sensor
module and the driver board. Here's how the sensor works.
Once initiated (INIT), the driver board sends a series of
high voltage pulses to the sensor unit. The sensor unit then
sends these pulses out as sound waves. If any of these sound
waves strike an object they are reflected back and received
by the sensor, which sends a return pulse (ECHO) back to
the driver board. The difference in time between when the
pulse was sent and received tells you two things. First, there
is something there because the pulse had to reflect off an
object to come back. Second, if you measured the time in-
terval that elapsed for the pulse to return after it was sent,
you can use this value to determine how far away the object
is. To take advantage of this, set the driver board's INIT
high (which sends out one pulse set), and wait for the ECHO
to go high (ECHO goes high when the sensor receives a
valid return pulse). The toral time from setting INIT high
and ECHO line going high is your distance value. Once
ECHO goes high and the distance value is obtained, INIT
must be set to low before the sensor can be used again.

Wiring up the Polaroid sonar unit.

Since there are about four versions of the Polaroid sonar board
with three totally different pin-out configurations, | elected
not to include any specific pin-out diagrams in this article.
Ft)l.lr connections must I"L‘ |1]ilt1l..' o |'|'|':1E\'(_‘ use Uf maost sonar
boards. Power (+5 volts), and ground are two of these con-
nections. Since the sonar driver board can pull up to 2 Amps
during the brief period of time that it is sending out pulses,
it is recommended the board be powered with its own 1-
Amp 5-volt regulator (these regulators can supply a 2 Amp
burst as needed). The other two connections are INIT and
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ECHO. INIT is wired to pin 28 of the BasicX
chip through a 470 Ohm resistor. ECHO is tied
to the sonar driver board's +5 volts viaa 5K Ohm
resistor and to pin 32 through a 470 Ohm resistor.

The Code

To help you gain a better understanding of the
inner workings of Fluffy's code, it will be broken
down into manageable pieces. The line “Sub
Main()"” marks the beginning of our first piece
(the main subroutine). In the Main the first thing
to do is call subroutine - center. This is where
the center positions are assigned for all of the
Hexapod's servomotors (you might need to play
with these values as center positions vary slightly
among servomotors). Afrer assigning a center
value to the servomortors, start the tripod tasks
using the “CallTask” command. The two tasks just started
operate all of Fluffy's servomotors:

e Tripodl deals with three legs of the “tripod gait."

e Tripod2 deals with the remaining three legs, and feeds

the position servomotor for the sonar unit.

Fluffy, with its Polaroid sonar sensor in right-look position, is

shown with a compact disk for size comparison. The disk contains
the BasicX compiler and environment for Windows 95/98.

The first thing each of these two tasks do is read the initial
position variables for each of the leg segments (set by the
center subroutine), and send those values out their assigned
pins via the pulseout command. The usage for pulseout is

"
'

“call pulseout (pin, variable, state),” so “call pulseout
(21,L1,1) would tell the BasicX to send a pulse out pin 21.
The length of the pulse would be determined by the value of
L1, and 1 would tell it to send a high going pulse (+5 volts).
Since both of these tasks will continue to run in the back-
ground until power is removed, you do not have to use the
pulseout command again. All you have to do is change the

value of the variable that is assigned to the servomotor you



wish to move. Thanks to these two tasks, if you want to
move the servomotor on pin 26 state in the code “L1 = 2000.”
Since Tripod| task is always running in the background, the
next time it comes around its loop it will detect and send
the new value of L1 out as a pulseout command. The servo-
motor that is connected to 1/O pin 26 will move to the
position that the value of 2000 represents.

Joystick Operation

The next thing to do is determine if a joystick is plugged in.
If a joystick is present, its pot2 is connected to pin 4 of the
BasicX. If, when reading pin 4 of the BasicX a reading of 0 is
obtained at the microprocessor, the program determines that
there is no joystick present and “Task3” is executed. The
robot begins running in autonomous mode (we will come
back to this later). This is accomplished with the Rctime
command. If any value other than 0 is returned, the micro-
processor activates the joystick control mode.

This control mode reads the joystick's two pots, then
branches to a subroutine that plays a “script” of servomotor
positions that match the joystick position, i.e., if you move
the joystick forward Fluffy will walk forward, and so on. The
two joystick buttons also act as a means of control. If pushed,
button one (1/O pin 1) will call the center subroutine and
cause all the servomotors to move to their home positions.
This is very helpful for initial servomotor hookup and align-
ment. If you press button two (pin 2), the BasicX program
will call the low subroutine and cause the Hexapod to crouch.
This has no real use, but it's really cool to watch! As men-
tioned earlier, if a joystick is not detected when the robot
first boots up, the program calls Task3 and starts its autono-
mous mode. Once started, Task3 will make sure that the
sonar servomotor initial position is straight-ahead. It then
gets distance data from the sonar unit (1/O pin 28 and 32)
to determine if there is any object in front of it closer than
23 inches. If no objects are detected closer than 23 inches,
it calls the forward subroutine and starts the detection loop
over again. If the sonar unit detects any object closer than
23 inches it will call the SonLook subroutine. The Sonlook
subroutine will then take control of the variable 'Son' and
direct the sonar servomotor to turn the sonar unit to the left
and then to the right if there is still an object in its path. If
after three attempts the Sonlook subroutine cannot find a
clear path for the robot to travel, it will call the backward
subroutine. After backing up, the robot will start looking
for a clear path again.

Source Code

Fluffy's source code is extensive. It has been included in this
feature as an addendum. Other useful information, includ-
ing schematic drawings, are available at BasicX.com.

Conclusion

Fluffy evolved from a manually controlled walker, to an au-
tonomous robot with sonar capability. As we have seen, it
can be operated in either mode. The microprocessor is state-
of-the art, but key components like the joystick and sonar
suite were items found around the workshop. The stick s
standard, available at any computer store, and the sonar suite
was salvaged from an old camera. This demonstrates that
elements of your construction do not have to be cutting edge
or expensive to produce an interesting robot. The new mi-
croprocessor encourages experimentation, and there is plenty
of real estate on the bot to accommodate other types of sen-
sors. [ hope Fluffy's story will inspire you to take on custom
projects, and that you enjoy them as much as [ have. If you
have any questions or comments, | can be contacted at
chrish@netmedia.com.

RSsT

Chris Harriman is an Applications Engi-
neer at NetMedia, Inc. in Tucson, AZ. He
has been a roboticist for over 14 years,
and is also an amateur radio operator and
private pilot.

Resource List

The Complete BasicX Development System comes with
one BasicX chip. A pre-built, tested and programmed
Fluffy controller board, or a bare Fluffy controller board
with schematic and parts source list are available. For
additional information, contact:

NetMedia, Inc.

10940 N. Stallard Place
Tucson, AZ 85737
Phone: 520.544.4567
BasicX.com

The Hexapod 2 Kit Is available from:
Lynxmotion, Inc.
104 Partridge Road
Pekin, IL 61554
Phone: 309.382.1816
Iynxmotion.com

The Polaroid Sensor and Driver Board are available from:
Acroname Inc.
Phone: 303.258.3161
Their Web-site contains very useful wiring and operation
information on Polaroid sensors.
acroname.com
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"BasicX controller board

'Fluffy code v1 with sonar

'Compiled Size 1364 Bytes
"By Chris Harriman, 1998

Dim Stackl1(1 to 40) as Byte
Dim Stack3(1 to 40) as Byte

‘Stack2(1 to 40) as Byte
Dim L1 As Integer
Dim L2 As Integer
Dim L1i As Integer
Dim L2i As Integer

" Dim S1 As Integer
Dim S2 As Integer
Dim Sli As Integer
Dim S2i As Integer
Dim Potl As Integer
‘Dim Pot2 As Integer
Dim Son As Integer
Dim Dis As Integer

Sub Main()

Call Center position
Call Sleep(64)
Calltask "Tripod1",Stack1
Calltask "Tripod2",Stack2
Call Putpin(4,0)
Call Sleep(4)
Pot2 = Retime(4,0)
If Pot2 = 0 Then
Callrask "task3",Srack3
Do
Loop
Else
End if
Do
Call Putpin(3,0)
Call Putpin(4,0)

Call Sleep(4)
Potl = Rctime(4,0)

Por2 = Rerime(3,0)

If Getpin(2) = 0 Then
Call low

Elseif Getpin(1) = 0 Then
Call Center
Elseif potl = | Then
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'Set 40 bytes to run task 1'
'Set 40 bytes to run task 3'
'Ser 40 byres to run task 2!
'Set variable L1 as integer
'and so-on'

'and so-on'

'and so-on'

'Joystick variable X Axis'
'Joystick variable Y Axis'
'Sonar servo position variable
'Sonar dist. measure variable

'Set all servos to home position'
"Wait for 64/512 seconds'

'Start tripod side one task up'
'Start tripod side two task up"

'If joystick is not present

start autonomous mt)tlﬂ‘

'Otherwise read joystick

inputs'

'Discharge cap on pin3 to get

ready to read potl'

'Discharge cap on pin4 to

get ready to read pot2'

"Wait for caps to discharge'
'Read value of joystick pot2

on pin4’

'Read value of joystick potl

on pin3'

'Read Joystick button 1!
'If joystick button 2 pressed

go to sub low'

'If joystick button 1 pressed

go to - Center'

'If joystick pushed forward

Call Forward

Elseif potl > 400 Then
Call Backward

Elseif pot2 = 1 Then
Call Left

Elseif pot2 > 400 Then
Call Right

End if
Loop
End Sub
Sub Tripod1()

Do
Call Pulseout(26,1.1,1)

Call Pulseout(22,1.1,1)
Call Pulseout(36,L1i,1)
Call Pulseout(35,51i,1)
Call Pulseout(25,51,1)
Call Pulseout(21,S1,1)

Loop

End Sub

Sub Tripod2()

Do
Call Pulseout(38,L.2i,1)

Call Pulseout(34,1.2i,1)

Call Pulseour(24,1.2,1)

Call Pulseour(23,52,1)
Call Pulseout(37,52i,1)
Call Pulseout(33,S2i,1)
Call Pulseout(27,Son,1)

Loop
End Sub

go to - forward'

'If joysrick is not forward
but it is backward goto
backward'

'If the joystick left go to -

left’ ‘—

'If the joystick is not left bur
it is right go to right'
'End all if statements'
'Go to do at the top'

'"Marks the end of this sub'

'Send value of L1 as a pulse
out pin 26'
'Send value of L1 as a pulse:
out pin 22!
'Send value of L1 as a pulse
out pin 36"

'Send value of L1 as a pulse _.

out pin 35'

'Send value of L1 as a pulse

out pin 25'

'Send value of L1 as a pulse l

out pin 21"

'Send value of L1 as a pulse

out pin 38'

'Send value of L1 as a pulsa ’

out pin 34

'Send value of L1 as a pulse

out pin 24'

'Send value of L1 as a pulse

out pin 23'

'Send value of L1 as a pulse

out pin 37'

'Send value of S2 asa pulsq

out pin 33’

'Send value of Son as a pulsé

out pin 27"

‘




'Autonomous

'"End ifsrat 1)

'Go to the tof

'Left turn script’

'Legs] up'

‘Shoulderl
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'Legsl dawn' A

!Legsz IIPI

'Shoulderl

'Shoulder2

'Legs2 down' ‘ ]

'Legsl up'

'Shoulder2 b:

"Move all s

'Squat all leg se

“HOW
MUCH
IS THAT
DOGGY
IN THE
WINDOW?”

"Top of the D

'Disable Sohar" 3
"Turn Dis value
'If Dis more than .

'After turning lef
'If Dis less than
'End if statement
'Move sonar ser

'Set INT on sonar
"Wait for ECHO
store in DIS'
'Disable Sonar'
Turn Dis value i
'If Dis more than 23
'Call tumn right 2 t




a Rob

by Ronni Katz

After covering the basic steps im prépating to build your robot in Part I, this
article will describe-how mynéntry, Chew Toywas construgted. The robot is not

finished, but what needs to-be'do

r Y

Building 'Bot! .

The metal ammo box originally purchased beCags
considered to be an inexpensive, yeteffective, way ¢
the electronics, wound up becoming the structural backbone
of the robot. All the weapons systems and other features on
Chew Toy are attached to the ammo box. The metal of the
ammo box is not as tough as desired but it should provide
adequate protection from impacts. All the electronics of the
robot will go inside as well as the stationary-axle that is a
part of the robot's drive train. The axle - a long steel rod
that goes lengthwise through the center of the ammo box -
will be doing double duty as part of the drive mechanism
and as a means of holding the batteries securely in place
(wt' |1|‘|n{n E )i [11 Th\' Phn'm. you \\.'I“ see l'|1:1r rlu- }W:I{It‘l'iu.\
have additional padding to cushion them from impact

shocks.

»to complete him will be discussed.

ey

.
Thexoebot's motive power is supplied by a pair of kiddy car
motors (power wheel motors) that were inexpensive and
found in the same surplus catalog as the ammo box. Because
of the low price, extra motors were purchased and used for
experiments. Testing of these motors was conducted to
achieve maximum performance. It was found that when these
| 2-volt units are run at 24 volts, a good amount of power
was produced. Subjecting motors to higher than rated volt-
age occurs frequently at robotic competitions. It's risky and
requires a lot of trial and error testing to determine how
much extra voltage the motors can handle. Chew Toy's mo-
tors were broken in before being tested ro their volrage limits.
It is also important to cool the motors properly. Breaking in
the motors and cooling them well will prevent their melt-
ing. This was learned the hard way during the test phase!
Knowing a few motors would fail during testing,

extras were purchased to insure an adequate supply.

We chose motors that were easy to modify and
that were designed to use a stationary axle. Work-
ing from the outside in, the motor casing is solidly
attached to the chassis. The armature of the mo-
tor is mounted on a hollow shaft, or torque tube,
that turns on the motor stationary axle. Attached
to this torque tube is a plate that transmits the
motor's power to the gearbox input. The motors
use a three gear reduction system which gives a
motor-to-wheel ratio of 110 to 1, greatly increas-
ing the torque delivered to the drive wheels — no
Ch;linﬁ or belts i'IL'I‘L'! Thc \\'|‘|Ct'|.~; dare illht ) JL‘*i__&JIu\l
to fit on a stationary axle and have bearings so all
that was needed was to drill holes through the




Photo 2. Wheel shoun bolted to drive plate.

wheels and the drive plate of the gear box and bolt them
together. If you look at how a wheel is arranged on the axle
(see Photo 2) you can see there is a washer over the axle
with a cotter pin securing the wheel in place. Where the
wheel is bolted to the drive plate of the gearbox is also vis-
ible. The wheels are decent sized with deep treads for added
traction.

The ammo box was destined to receive all the elecrronics. It
took time to determine the arrangement of all the items in-
side the limited space. Inside the ammo case would be the
Vantec speed controller, the radio and its battery pack, two
Futaba servos driving standard micro switches to switch the
weapons systems, and three relays for the weapons systems -
two for the arm mechanism and one for the saw motors. An
evening of careful planning and trial and error assembly
found the configuration that worked best. They all fit, al-
beit in a densely packed configuration. Berween the axle
and the rear of the box are the batteries - two high rate dis-
charge Yuasa MPH I-12 batteries. These batteries can supply
100 Amps or more. They were chosen for their high dis-
charge rate, something most gel cell batteries are incapable
of, as it was needed to run the saw motors. Quality varies
widely among gel cell manufacturers. The Yuasas ran $26
each, not inexpensive, but battery quality is an area where
you can't afford to skimp. Everything was fit in and tested -
the robot was driven around as a mechanical ammo box to
be certain the design worked. The axle through the center
of the robe ot, the ;:U;ll'hﬂ,\'. and the wheels hclpﬁ to brace the
batteries in place. The motors are held in place by hose
clamps over PVC pipe. It may not look very pretty but the
parts are inexpensive, effective and easily obtainable — more
parts that came from your local hardware store! Yes, most of
this robot's parts were obtained from scrap yards, hardware

stores, scavenged materials and a surplus catalogue (or two).
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Although work on the basic
drive box was completed anc
initial testing showed the de-
sign to be a solid one, there
was still much more work t

be done.

Armor & Weapons

Chew Toy's armor and weap-
ONs system were CONstructec
from a combination of surplus
catalogue goodies and scav-
enged parts. The prow of the
robot was fabricated of steel
obtained from a rack mountec
computer system. A 1/4-inch aluminum plate, part of the
support structure for the weapons system, came out of :
dumpster. Cut into the desired shape with a jig saw, it was
honed with a Dremel tool, and welded to the main support
structure (the ammo box). The weapon support structure
fits neatly between the two fan outlets. Attached to the front
part of its underside is an inexpensive small furniture castor,
When the prow (the arm) is down, that foremost wheel i
not visible but in Photo 3 it can be clearly seen. It's bolred
to the front of the machine and supports the two pillow boxe:
that hold the saw bearings. The bearings used for the weap-
ons system were designed for misalignment — the bearing:
are sitting in a rubber gasket, which can move around slightly.
Therefore, the builder doesn't have to be precise on align-
ment. Just stick the bearings in there, slide the axle through
them and clamp it down to get a system that is reasonably
strong and spins. The central theme of Chew Toy was build-
ing a robot cheaply and easily and the KISS (Keep it Simple
Simon) weapons array helps to do just that!

Photo 3. Front view with arm up. Note: motor and cham

drive for saws, and caster under pillow boxes.



Photo 4. Front view with am down showing 2 x 4 and nails.

The large rod you see mounted to the front of the robot in
Photo 3 is the saw axle. The saws are milling tools that were
picked up at Fazio's, a metal scrap yard. Berg sprockets and
chains were used to construct the saw’s drive. The shoulder
on the sprocket will be cut down with a lathe and the sprocket
bolted to the saw, making one unit. Although combining
the saw mechanism in this way makes the unit heavier, it is
desirable in this case because of the increased spinning mo-
mentum. The design will allow Chew Toy's saws to strike an
opponent and keep on spinning and doing damage instead
of stopping abruptly.

Chew Toy's weapon is a rotary spinning mass. The design is
very simple: two milling saws on each side of the prow that

plus supply catalog. Although I had no specs on
their design, or knew anything abour who made
them, they were inexpensive and testing proved
they had the necessary torque and would work
well for the intended purpose.

The arm was originally intended to right the
robot if it were turned on its back, but then be-
came a weapon in its own right. The arm is made
out of angle iron from the local hardware store.
Welded on to the ammo box and attached to
the front is a little bent piece of steel with a
hook. The initial welding on Chew Toy was
farmed out. Drew Lindsey (Team SPIKE), who
now has both welding equipment and skill at
using it, did later welds! The original arm con-
ception has evolved considerably, and the
appearance has changed as we continued our
improvisation. Things were added as the inspi-
ration hit. The old motherboard and perforated
metal screening were attached as armor. The 2
x 4 with nails was incorporated to make sure
the robot could right itself should it be flipped. The nails,
and the reach they added, were necessary to accomplish the
flipping. When the arm is lowered (see Photo 4) the nailed 2
x 4 gives the robot additional protection. More armor in the
form of circuit boards, perforated metal and another 2 x 4 to
protect the robot's rear will be added when construction is

nearing completion.

The arm actuators seen in Photo 5 were donated by Motion
Systems. These actuators have three inches of throw, which
gives us about 70 degrees of travel, enough to flip the robot
upright. If the robot is flipped, it will be resting on the nails
and the process of raising the arm rolls the robot back onto
its wheels.

are driven by a chain sprocket mechanism. As
you can see in the photo, a large chain sprocket
was used — it takes chain reduction out of the
system and in doing so, transmits the maximum
amount of torque. These saws were designed
for low speed and high torque. The idea is to
pull an opponent into the "mouth" area of the
robot to "chew" on it and send many parts fly-
ing. The motors that power the saws will be
mounted on a support structure welded to the
front of the robot (this is not built yet). The
saw motors will also be running on 24 volts in-
stead of the recommended 12. These motors
will only get intermittent use; thus, the reduc-
tion in life span from this hard usage should
not pose a problem. If one motor should blow
out, the second one will be able to power the
saws. These motors were found through a sur-

Photo 5. Top view showing actuation arms.
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When the arm is lowered, the hook part fits neatly between
the saw blades, allowing the saws to do their work. Raising
the arm provides 70 pounds of lifting force, which should be
enough to pick up an opponent and allow the saws to cut
away at its underside. The lifting arm can also be used as an
'upper jaw." The pressing force of the motors of this 'upper
jaw' can trap an opponent between it and the 'lower jaw'
prow. Saw-like teeth welded to the underside of the arm and
the top of the prow will make a "mouth." Chew Toy will be
able to live up to his name! He will look like a big nasty
shark with a mouth full of razor sharp rusting teeth. Oppo-
nents will need tetanus shots if he bites them!

We were influenced by other robot designs we saw online
when we designed our armor. The focus was on our weight
class, our potential opponents. One robot, The Missing Link,
had a huge nasty circular cutoff wheel on its front. These
wheels are designed to cut though steel and it could cut

through Chew Toy's frame without slowing. However, cutoff

wheels bog down and get jammed when cutting through
wood. Thick pine 2 x 4s became a part of Chew Toy's armor.
This would slow The Missing Link and any other robot using
weapons designed to cut steel. Many builders don't perceive
wood to be good armor. Actually, a thick piece of pine is
hard to cut through, especially if it is attached to a robot that
is fighting back. Robots mounting large toothed wood gl

axle being an internal support for the batteries and the mo
tors adding additional support to the robot's overall structure
This result came from playing around with all the parts, try
ing different configurations, and finding the best way to fit i
all together.

Conceptually, we focused on three things: good overall

sign for maximum offensive and defensive capabilities, east
of driving for effective movement in the arena, and the crowc
pleasing effect of Chew Toy. The overall design is solid. !
overcomes the majority of ways robots lose in combat. Mos
robots don't lose because their armor is bad. Rather, it is be.
cause they are flipped over, something internal or externa
breaks on impact, or it is hung up on something due to insuf
ficient ground clearance. Chew Toy's electronics are wel
cushioned against impact damage within the ammo box that
has additional welded steel. Chew Toy's arm can be used
right it should it be flipped and its weapons should prove
effective in combat. Although an opponent could strike the
exposed wheels, they are large and provide in excess of ar
inch of ground clearance, which is enough to drive over gras:
with no difficulty. Chew Toy will be hard to stop - it will still
be fully mobile with a chance to break free even if it run:
over a wedge or a lifter gets underneath. Its weapons are de-
signed to rip chunks off other robots and drive over the debris
without slowing. In the initial drive tests, grass and lawn

ting blades have a good chance

against Chew Toy's pine armor. Hope- Eng[neeﬁm Mﬂtertalnment

fully, he won't be standing still long
enough to give them the chance! The
nails attached to the pine 2 x 4 give
additional protection. Saws trying to
cut through the wood may hit the

hazards posed no problems.

Two items are very important in ro-
botic combat, driving ability and
pleasing the crowd. Battles have
been lost due to poor control of a
robot's movement in the arena.

nails causing them to jam, break or
lose teeth. The combination of nails in wood should make
cheap yet effective armor - even if it looks ugly!

Final Words

Despite its appearance, Chew Toy does have good engineer-
ing. Making a robot from available, inexpensive parts does
not mean the design is poor. In designing Chew Toy, atten-

tion was paid to the overall layout, to where the center of

gravity would be, and to giving the robot the ability to right
itself from any orientation. The latter feature was a major
design challenge. Paying heed to how the parts fit together,
the location of the center of gravity, and the envelope of the
robot in order for it to roll properly and right itself was an
intricate problem. We took care not to repeat the mistakes
of others. No blob with wheels that had everything encased
in a box for us! We wanted the components to fit together
intelligently for maximum utilization. The design allows its
separate parts to perform a secondary function, such as the

m Rosot Sc_ngrqcz ‘& TeCcHNOLOGY |

Test-drive the robot as much as pos-
sible before competing! Discover early how to compensate
for odd quirks. Pleasing the crowd is also important; if the
robots are tied, the vote of the crowd decides who wins. A
robot with a good design, cool weapons that are entertaining
to see in action, and able to show its capabilities best, is the
ultimate objective. Saws are a favorite weapon - people like to
see bits and pieces flying. Nothing gets more cheers than the
flash of sparks that fly when one robot saws into the hide of
another! People enjoy robotic mayhem and destruction and,
although some of the weapons that get the most cheers don't
really do much real damage, they impress the crowd which is
part of what robotic combat is all about! Chew Toy's one spe-
cial crowd pleaser is that it can do wheelies when put in reverse
and then forward really fast!

Keeping in mind the importance of good overall design, ease
of driving and pleasing the public (yourself included!) is the
best thing you can do as you construct a combat robot war-
rior and enter it into competition!



Parts Suppliers—Part Il

Among the most difficult things for the
builder of a combat robor is locating
sources of components. | hope this list
of vendors will help. Some | have used
and others have been used by fellow en-
thusiasts with good results. Contact them
and ask for a caralog (have your business

address handy in case they need it).

GENERAL EQUIPMENT/

SUPPLIES

McMASTER-CARR

mcmaster.com

(five locations — those listed plus Atlanta
and Cleveland)
P O Box 54960
Los Angeles, CA 90054-0960
562.692.5911

la.sales@mcemaster.com

P O Box 440
New Brunswick, NJ 08903-0440
732.329.3200

nj.sales@mcmaster.com

P O Box 4355
Chicago, IL 60680-4355
630.833.0300
chi.sales@memaster.com
The first thing you should do is obtain a
catalog from McMASTER-CARR. They
have everything. You can build excellent
robots using just parts from this catalog.
Ninery-nine percent of their products are
in stock, and if you order today, you can
expect the part at your doorstep tomorrow.
MSC Industrial Supply Company
75 Maxess Road
Melville, NY 11747

800.645.7270

mscdirect.com
They carry many of the usual items plus a
large selection of cutting tools (potential
weapons), and machine shop equipment.
They have their "big book" and they are
not kidding! At 4075 pages, it is thicker
than The Bible and PACKED with more
parts than you can imagine. A great sup-
plier, they are HIGHLY recommended by
fellow robotic combatants. Team Delta
used them to obtain steel and other parts
for their excellent robots.

W.W. Grainger, Inc.

455 Knightsbridge Parkway
Lincolnshire, IL 60069-3639
800.877.0150
grainger.com
The Grainger catalog has 4106 pages but
is in a smaller format than MSC. They have
many of the same items as McMASTER-
CARR and MSC, but they also carry many

items not found in the other catalogs.

Small Parts, Inc.
P O Box 4650
Miami Lakes, FL 33014-0650
800.220.4242
smallparts.com
Small Parts, Inc. has a wide range of hard
to find parts. Ask for catalog =1 7. It has a
photo of our Stealth robot, which won the
1995 "FIRST" competition at Disney
World in Florida.

Industrial Metal Supply Company
3303 N. Fernando Blvd
Burbank, CA 91504
818.848.4439
imsmetals.com
If you live in southern California these folks
have three excellent shops you can visit.
They also take phone orders and do busi-

ness over the Internet. Very reliable
'.I'['I\”l'!l.'r L"’“'IIL'”]Y \\'hl!\l' 1‘1’m|ll|..'l.~i ]1;1\'\-'

seen action at robotic combat events.
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Robin Materials
1951-T Colony St.
Mountain View, CA 94043
650.966.1533
rmat.com
Robin Materials has specialty metals —such
as titanium, tungsten, etc. Thcy do custom

work and their designs have seen "bartle.

POWER TRANSMISSION

Stock Drive Products
2101 Jericho TPKE
P O Box 5416
New Hyde Park, NY 11040-5416
516.328.3300
sdp-si.com

Stock Drive probably has the largest selec-
tion of power transmission equipment
including belts, chains, sprockets, pulleys,
bearings, and gears of all the \lII‘]‘HL’I‘h, Ask

for their L‘nmplclc set of catalogs.

% %k & &k

METALS

W. M. Berg, Inc.
499 Ocean Avenue
East Rockaway, NY 11518
800.232.2374
wmberg.com
Berg is an excellent source.
Boston Gear
14 Hayward Street
Quincy, MA 02171
888.999.9860
]‘- wtgear.com
Boston Gear carries some parts capable of
heavier-duty than Stock Drive and Berg.
PIC Design
86 Benson Road
P O Box 1004
Middlebury, CT 06762
800.243.6125
pic-design.com

4 3

NORDEX, Inc.

50 Newtown Road
Danbury, CT 06810-6216
800.243.0986
nordex-inc.com

Metalmart, Inc.
12225 Coast Drive
Whittier, CA 90601
800.888.7766
metal-mart.com
Carpenter/Dynamet, Inc.
195 Museum Road
Washington, PA 15301
724.228.1000

cartech.com

PLASTICS

Cadillac Plastic
2855 Coolidge Highway Suite 300
Troy, M1 48084
800.274.1000

cadillacplastic.com

Commercial Plastics
commercialplastics.com
(two locations)
98-31 Jamaica Avenue
Richmond Hill, NY 11418
718.441.1500

!-h_lil!iel SCENCE & TECHNOLOGY



Parts Suppliers—Part Il

)’E-H Keller Street
Santa Clara, CA 95054
\O 325. I’(w

Consolidated Plastic Co., Inc.
8181 Darrow Road
Twinshure, OH 44087
800.362.1000

no \\'L'k‘ site

Ryerson Plastics
2558 West 16th Srreet
Chicago, 1L 60608
\O Y747 3 I"i

no web site

RADIO CONTROL

EQUIPMENT

This is where you will find items like radio
transmitters, small motors, electronic speed
u\mr::l\. '.ln'J tons nf parts rh;n E.'“ll]k] l\\‘
used in feather or lightweight robots.
Tower Hobbies
PP O Box 9078
Champaign, IL 61826-9078
S00.637.6050

towerhobbies.com

Hobby Lobby
5614 Franklin Park Circle
Brentwood, TN 37027
615.373.1444

hob l\\ Iu! 1 wW.com

Ace Hulwhy Distributors, Inc.
16 W. 19th Street
I3 |1‘ ginsville, MO 64037
\\\ L\n 77 f ] -.f]
acehobby.com
Aveox, Inc.

31324 Via Colinas Suite 103
Westlake Village, CA 91362
818.597.8915
AVCOX.COm

SIG Manufacturing Co., Inc.
P O Box 520
Montezuma, 1A 50171-0520
800.247.5008

sigmtg.com

MISCELLANEOUS

MECHANICALS

Cutter's Choice, Inc.
cutterschoice.com
(two locations)
1637 S. Main Street
PO Box 939
Willits, CA 95490
707.459.3509
2008 East 33rd Street
P O Box 10308
Erie, PA 16514
\]4 898. ln’\)

DU-BRO Products, Inc.
480 Bonner Road
Wauconda, 1L 60084
500.848.9411
\]nlm 1.COM

Kart World
1488 Mentor Avenue
Painesville, OH 44077
440.357.5569
L irt unri E com

Northern
2800 Southcross Drive West
Burnsville, MN 55337
800.533.5545

nort ht T]l’(‘]l]]{ll_‘.\.\\lll

SURPLUS

C and H Sales Co.
2176 E. Colorado Blvd
Pasadena, CA 91107
800.325.9465
candhsales.com

ON-LINE DIRECTORIES

OF SUPPLIERS

Arrick Robotics
robortics uwm’muhp irt.heml

Team Delta
[e: |[|1LJLIT ltl1[|]"[L!|‘llP][|’ E]]]]]I

Thomas Register
hllp’,f’lh.am ISregister.co nne’m\h x.hrml

Yuasa-Exide, Inc.
yuasa-exide.com/index.hrml
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Author Ronni Katz built ChewToy &f-
ter 3 years of Robo
Wars™ experience wiit
Spike, and two years o
interviewing fellow robo
warriors. Her day job
programming, and hei

' . past life was landing or
a:rcrafr carriers. Her action-packeo
novel, Wing Commander, is availablz
at major bookstores (ISBN 0-9662083-
0-7) under the pen name Ron Karen.
We at RS&T are proud to have her on
our pedagogical team.

Place your

advertisement
S

When you advertise with
RS&T, you get noticed,
because our readers love
all things robotic.

When you display

your robotics
merchandise in RS&T,
you are reaching those
who are most interested
in your products.

il

FOR DETAILS SEE PAGE 51.
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* Converting from 6 to 12 issues by sending a check for $19. This
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* Renewing for a special charter renewal rate of $34. This op-
tion will add 12 issues to your current 6-issue plan for a total
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your bookshelves. Act now to make this practical magazine avail-
able to your students, researchers, engineers and educators. They
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issues of the magazine. Prorate for 36, 10 or 9 month periods.
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SuBSCRIPTIONS & RENEwALS

(BASIC Build your own Robot
Controllable We Make it Easy! |
Robots

http:/www.lynxmotion.com
—mr-® > MRA-KT Mobile Arm Kit $250.00

® Pre-Assembled Electronics.

e BASIC Controllable.

® Easy RS-232 Control from PC or Micro.
e Excellent Advanced Platform.

e Complete Kit, Works with Tracker / IRPD.

S5AA-KT 5 Axis Arm Kit $195.00
® Pre-Assembled Electronics.
@ BASIC Controllable.
e Easy RS-232 Control from PC or Micro.
e Excellent Intermediate Project.
® Complete Kit.

3AA-KT 3 Axis Arm Kit $155.00
® Pre-Assembled Servo Controller. [
e BASIC Controllable.
® AS-232 from PC or Microcontroller
e Great Kit for the Beginner.
e Complete Kit.

H2-KT Hexapod Il Kit $375.00
® Full Size Hexapod Robot.
°2 De%rees of Freedom per Leg.
e Low Current Draw Leg Design.
® Excellent Advanced Project.
® Mechanics / Servos only, Add 2 SSC-01.

H1-KT Hexapod Kit $150.00
e Walks Forward, Reverse, Left, Right.
® BASIC Programmable.
@ Requires Soldering.
o Great Intermediate Project.
e Complete Kit, Works well with IRPD.

CR-KT Carpet Rover Kit $115.00
® Designed for Carpet or Rough Terrain.
® BASIC Programmable.
® Requires Soldering.
e Great Intermediate Project.
o Complete Kit, Works with Tracker / IRPD.

MM-KT Micromouse Kit $95.00
@ Designed for Table or Smooth Surfaces,
® BASIC Programmable.
® Requires Soldering.
e Great Intermediate Project.
e Complete Kit, Works with Tracker / IRPD

BG-KT Big Grip Kit $75.00
e Designed to be added to a Mobile Base.
e Gripper Opens to 3 inches.
e Lifts up to 1 pound!
e Great Intermediate Project.
® Mechanics / Servos only, Add a FS-01.

Accessories
FS-01  First Step (Stamp 1) Microcontroller Kit ........ $40.00
$SC-01 SSC Serial Servo Controller Board . ........... $44.00
IRPD-01 Infrared Proximity Detector Kit .............. $30.00
TRA-01 Tracker Line Following Sensor Kit ............ $20.00
DHB-01 Dual H-Bridge DC Motor DriverKit . . .. ........ $30.00
SM-01  ServoMotion for Windows (General Purpose). . . . . $30.00
RM-01  RoboMotion for Windows (For SAA-KT). . .. ..... $30.00
S6P-01 Hitec 420z/in Servo 6 Pack - « .« v v v v v v, $80.00
SLS-01 Hitec 1330z/in Large Scale Servo . .. .......... $40.00
BMR-01 Mobile RobotsS BOOK « « v v v vovevinennnnnnn $48.00
TRP-01 The Robotic Practitioner Back Issue Set (6) - - . . . . $40.00

Ask for our free catalog!

Lynxmotion, Inc. Tel: 309-382-1816
104 Partridge Road Fax: 309-382-1254
Pekin, IL 61554-1403 USA Sales @lynxmotion.com

| http://www.lynxmotion.com Tech@Ilynxmotion.com
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this low cost motion control system. A small
CD player or tape deck is used to play back
synchronized sound and motion. Requires
hobby style R/C transmitter for programming.
Unit can drive hobby servos, solenoids, air
valves, motors, lights, etc. Changing the
program is as easy as changing the disk!

ENGINEE

EFFECTive ENGINEERING
6727 Flanders Dr
San Diego, CA 92121
TEL (619) 450-1024
FAX (619) 452-3241
www.trix.com/effective/

800.342.3610  fax 610.647.6289
thriftydist@worldnet.att.net

Ste. 106

Zagros Robotics .....ueeevreesssensanas page 23
314.768.1328
www.zagrosrobotics.com

Call or write for a catalog describing our complete line of motion control products.




DO YOU HAVE AN IDEA OR PRODUCT
FOR THE NEWLY EXPLODING

MARKET OF ROBOTICS?

We can help you sell your products to a specific market
and make your advertising dollars work more effectively.

Are you diluting your marketing resources in electronics hobby, or ham radio magazines?
Or is your message getting lost in the classified section of big-money magazines?

RS&T takes your message directly to those who need and want your products.

Cost Effective

We are not like niche magazines; your ad in RS&T is placed to gain maximum exposure.
We're small enough to give personalized service to every advertiser.
We offer a significantly better cost per thousand readers (CPM) than any other quality tech magazine.
So advertising in RS&T is easy and economical for both small and large companies.

Design Flexibility

Robot Science & Technology offers your team the flexibility to present your products
to our rapidly expanding market in a number of ways. Use multiple inserts for maximum effect.
Use a second color for maximum impact that’s economical. Use a Reader Reply Card for
immediate response. For companies that want more presence, we design premium pages
within the magazine at no extra charge. Website space is also free to paid advertisers.

Expanded Distribution

You get global reach because our distribution is international, through
carefully selected major bookstores, and our personal presence at major robot events.
So your message reaches both the existing robotics community and the
swiftly developing market in home, sport and classroom robotics.

Quality, Reliability, Professionalism

Highly experienced professionals have recently joined our team, with proven track
records at high-quality international technical publications. This will allow us to
eventually become a monthly magazine. RS&T has shorter lead-times than
tradition-bound magazines, speeding your timely ad to qualified buyers.

Robot Science & Technology will work for you today!
So call 916.632.1000, get to know us, and ask for a media kit.




Feedback

Loop

More Hands-On Content, Please

First of all, I'd like to say I'm very excited about the
subject matter of your magazine. However, | wish some
of the articles were targeting beginning robot enthusi-
asts without degrees from MIT. If | already knew
everything required to understand most of your articles,
[ wouldn't need to subscribe to Robot Science & Tech-
nology. I've had college courses in basic electronics and
robotics fundamentals and still have no idea how to
start building my first hobby robot. I subscribed to your
magazine in hopes that I might find some useful infor-
mation, but instead I'm getting discouraged. 1 think
step-by-step projects with explanations of what each
component actually does, and why, would make robot-
ics less intimidating and increase your magazine's
circulation.

= ]{ll.‘\.\L'” !I'I_L'L'I'm !“
Dear Russell,

We hear you, understand your concern, and hope this issue
has more of the type of content you are looking for. Just by
way of background, our editorial philosophy calls for a bal-
ance, with technical features at one end of the spectrum
and hands-on how-to articles at the other. This seems to
satisfy most of our readership, and this issue of the maga-
zine reflects that philosophy. Herein we cover the robotics
gamut with articles on soft computing, algorithms, robot
warriors, and how-to features. Two features fall into the
latter category, wherein we provide step-by-step informa-
tion on building, programming and customizing robots. Also,
in a series commencing with this issue, we address the fab-
rication of skins to protect and enhance the performance
and appearance of robots. We thank you for your input,
and ask that more readers let us know what they like to see

m the magazine.
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Success is Just Another Phone Call Awa

[ recently subscribed to your magazine and have been fol-

lowing the “Basics of a Digital Brain” series. [ called Motorol:

and tried to order the manual that is listed in the article, but
they told me that the number I have does not correspond
any Motorola manual. Any help would be appreciated.
Thanks.

R.E.
Dear R.E.,

You must be talking about the M68HC 1 1RM/AD manual re-
ferred to on page 44 of the July 1998 issue. We did a little checking
around, and found that version 3.0 of the manual is available ai
the telephome number provided on the same page of the maga-
zine: 1-800-441-2447.

We called the number to check on your problem, and the agent
we spoke to at the Motorola Literature Distribution Center was
very courteous and accommodating.

By the way, if you order less than five of these manuals, they are

free. We suggest you try again.

A Delayed Action Cover Story

[ am a dedicated reader and robot hobbyist. In issue four,
something looked a little strange. | expected an in-depth
article about the GrowBot since it was featured on the cover.
I was a little disappointed that there wasn't one. Just some-

thing to consider for future articles.
- Michael Bloom
Dear Michael,

We intend to write about GrowBot soon. The compact, reliable
robot is popular and offers considerable potential for expansion



(hence its name), so it is a great candidate for an article. The
feature will conform to our format for the construction series,
that is, step-by-step instructions accompanied by photographs and
tips. The thing about GrowBot is that construction is simple, and
it can be programmed to do lots of things. We will therefore high-
light the versatility aspect of the robot and its modularity. The
Growbot kit includes the BASIC Stamp Windows editor, and
documentation includes source code ideas and tips. The project is
rich with possibilities, so we are looking forward to it as much as
you are. Don't touch that dial, Michael, and thanks for your
comments.

Everything You Ever Wanted to Know
About The Splits, and Juggling Acts

Just a quick note to say how much | enjoyed reading the
latest issue. Your content is markedly improving issue-to-
issue. | especially enjoyed the FIRST article, which was well
written, and had just the right balance of background and
detail, although I am curious why you cannot print the com-
plete article in one part of the magazine. | also enjoyed the
latest Micromouse algorithms, and am sure that it will

be even more appreciated by anyone not previously fa-
miliar with such schemes.

- lan Cull
Dear lan,

Thank you for your comments. We are expending a great
deal of effort to make the magazine just as good as it can be,
and it is nice to be appreciated.

As you have noticed, the integration of editorial umrmt
into the physical layout of the magazine usually calls for
compromise. The FIRST article was cILtIm”_\ .\ub}L’LILd o
two such compromises: (1) Most of the graphic images in
the article were originally in color, but we printed some of
the pages in a black and white section and (2), we split the
story.

By way of background, over half of the magazine (36 of 68
pages) is printed in color: The first and last eight pages, and
the middle sixteen, plus the covers and their flip sides. Natu-
rally, there is competition for this scarce real estate provided
by other articles with color graphics, and by advertisers with
color ads.

In an ideal world, the FIRST article would flow from page
to page without a split, and we would have printed all
eleven pages together in a color section. But there was
competition for the treasured color space, and the lead story,
kicked off the editorial section and spilled over into black
and white, but we recovered some color by splitting it into
the back section. We hope the inconvenience of flipping
around didn't spoil the story for you.

We are also gratified that you are enjoying the Micromouse
Algorithm series. The A* Algorithm article in this issue
should prove of interest to you. Dr. Tak Auyeung has pro-
vided a truly readable and understandable explanation of
this intriguing algorithm. It essentially assimilates previ-
ously gained knowledge to maneuver an autonomous robot
through the maze on the shortest possible path. Wouldn't
it be nice to apply this algorithm in our world when called
upon to ‘run errands?’ Then again, we probably already
do and just don’t realize it! We will be hearing more from
Dr. Auyeung in the future.

THRIFTY Y 800-342-3610

DISTRIBUTORS, Inc.  MMMMSHP  FAX 610-647-6269

9 AM to 4:30 PM Eastern Time Monday -Fridoy  email: THRIFTYDIST@worldnet.al.net
MOTORIZED PAN

Fastens between any tipod head and video camera. Two motors allow
Independent smocth remote adjustment of vertical and horizontal

panning motion Auto Pan Mode - allows continuous horizontal panning
motion. Switch selector for either a 30, 60 or 90 degree movement

* Maximum horizontal angle +90

+« Maximum vertical angle +15

« Power Source 4 AA batteries hR-101
» Panning Speed adjustable 99
Weight 27 oz. - Size 5.75' x 4.5 x 4'

900MHz WIRELESS TRANSMITTER 12V Auto Battery

& RECEIVING,SYSTEM Charger 840
12 VOLT DC COMPLETE
POWER SUPPLIE . SYSTEM (I:zh\é:*g:l:ﬂp Quick
1475 ICI?'ISJs l w
» Camcorder Batteries
oo 5239 » Blank Video Tape

ALLOWS A VIDEO CAMERA WITH A COMPOSITE VIDEO » Lighting Equipment
SIGNAL AND/OR AN AUDIO SIGNAL TO BE CONNECTED TO THE « Wireless Mics
WIRELESS TRANSMITTER » RANGE 150 FEET « Battery Belts
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AA 15V 2450mAh MNI1500B2 27x $1.89
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Submission Guide

You Can Write For Robot
Science & Technology

Rs BT« cepts quality feature articles from individuals,

and our rules which govern acceptance of
manuscripts are tight but fair. If you would like to write for
us, just follow the guidelines Prl)\-'itlL'L] here, and submit the
manuscript to us. If your article meets our requirements, we
will work with you, and the result could be an article in our
magazine. You should:

Tailor your presentation. About half our subscribers are en-
gineers and academicians, and most of the rest are students,
so the presentation can range from intellectually stimulat-
ing for the most technically adept, to understandable for those
who are not vet at the highest level. All who read our maga-
zine are curious about all aspects of technology within the
exciting science of robotics. They are interested in how things
work, and ultimately might like to get involved at a hands-
on level. Our desire is to provide something interesting and
challenging for everyone.

Educate and inform. We want cutting-edge articles. We
welcome articles on hardware or software, and those that
concern microprocessors and programming robots with
readily available computers, programs and materials. If your
article is theoretical, you should lead every major idea in an
intellectual way, but spend some time to explain what that
idea means in an instructional manner, like a tutorial.

Be Original. It is important that you be the author of your
article and the purveyor of your ideas. We will evaluate pre-
viously published material on disciplines related to robotics,
like artificial intelligence, if the material has been exten-
sively revised and made applicable to robotics through an
original thought process. Our subscribers want to read about
new technology, fresh ideas and new approaches to prob-

lem-solving.

Rear RopOTS

Content

Short articles may contain 800
to about 3000 words, with the
typical feature manuscript for
RS&T containing 3000-3500
words, and several photo-
graphs, figures, graphs or
tables. Be clear, concise, and
accurate.

m Rosor Soience & TeCHNOLOGY

A general outline:

Introduction. This is your opportunity to acquaint the reade)
with your subject matter with general information. It is the
roadmap for the discussion that follows.

Discussion. This is a detailed discussion of your subject mat.
ter, and it should unfold in a logical, ordered manner. Checl
all material presented as facts.

Conclusion. This does not necessarily have to be a review o
the article, but it does need to summarize it in general terms
It can also be used as a springboard to the next segment if the
article is one of a series.

Details for text

The first page should include your name, address, telephone
number(s), e-mail address, website URL and date.

We prefer that submissions be attached to e-mail as MS Worc
(PC or Mac) or WordPerfect files. If you do not have those
programs, submit the article in ASCII, MS-DOS text, or ref
Do not embed graphics, but send them in separate e-mails
to keep file size small.

If text is submitted in hardcopy, it should be on white, 8.5 »
I 1-inch paper, one side only, double-spaced in minimum 11-
point type, and you should also provide it on a 3.5-inch floppy
disk in the programs listed above.

Use short, crisp sentences and keep paragraphs to about three
or four sentences. Use subheadings to break the text intc
easily readable and identifiable sections.

Verify the spelling of names, titles, and company names anc
that dates, phone numbers, and references are correct.

If you use acronyms, the first reference should be fully de-
scribed, followed by the acronym.

Be sure to refer to all photographs, figures, tables and lists.

If you are writing a construction article, you should provide

the reader with the following information:

e Parts list.

* Known sources for obtaining parts. Include the complete
address, phone number, website URL and e-mail address.

* Any special equipment needed for construction or testing.



Photographs

Four to six photos are desired for each article submitted. Do

not send negatives.

We prefer to scan photographs ourselves, and 4 x 6 or larger
glossy color prints give us the most latitude. Electronic sub-
mission of photographs is not acceptable.

Keep the background neutral.

Focus, depth of field and detail are vital. Do not send photo-
graphs that are out of focus. Automatic focus cameras often
pre duce fuzzy images.

Include the whole subject in the photograph.

If you are photographing a robot, we must see the whole fig-
ure, but we also want close-ups of the drive train, power plant,
sensor array, or anything else that is captivating about your
robot. If your article is a how-to piece, ensure that pictures
of each phase of your project fit with the text.

Caption each photograph. Nobody knows better than you
what you have photographed, so number each one on the
back with a sticker to preclude scoring the photo. Reference
them on a caption page enclosed with your story.

Other Graphics

All graphics must be 300 dpi, and a minimum of 2-inches
square. We may redraw figures to maintain consistency among
Aart iL'IL"\, 1‘1: ot PI'.]L'L‘ _z_'t".lphlcrx Into a \\'ul'\] ]‘rrlll.'l.'Hﬁi!‘i_L: \{nt_'u'
ment. Save them as separate files in the following formats

(Mac or PC):
e Schematics—TIFF, EPS or BMP files.

¢ Line art—Adobe lustrator, EPS, TIFE, or BMP.

Editorial Process

All material accepred for publication will be subject to edit-
ing by our staff. If your manuscript contains a large amount
of misspellings, grammatical errors, or requires extensive ed-
iting for any other reason, it may be rejected. Do not rely
solely on a spell-checker.

During the editing process, we may request clarification or
additional material. Your responses should be as prompt as
possible, and we would appreciate a twenty-four hour turn-
around. Often, telephonic communication elicits additional

information, so please be accessible.

The initial layout is proofread during staff review and by you.
Again, a quick turnaround will be requested. Basically, you
check for content, and we design the arricle.

Miscellaneous

Provide a brief background sketch, including (but not lim-
ited to) where you work, your education and e-mail address
if you wish to be accessible to our readers. We encourage
reader comments and responses to all articles.

Figures, listings, tables, and

captions should be provided at

the end of the article, or in

separate files.

We will accept manuscripts
for review, but they will not
be returned unless a SASE is
provided. Article ideas may
be approved in advance, but
no guarantee of acceptance

is given until the final copy

15 I‘L‘\'iL‘\\'L'LI,

All artwork must be submit-
ted with the feature article.
Send submissions to:

Mail hard copy and graphics to:

Editor

Robot Science & Technology

editor@robotmag.com

Attordable
Robots

2351 Sunset Boulevard, #170-253

Rocklin, CA 95765

USA

Imagination (‘i) Not included
ANIMATRONICS

KI

Control and record movements for up to
64 hobby servos.

Kit Includes:
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Controller
Windows
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Make your creation come to life with an easy-to-use
Windows interface. No programming required !
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Everything you need

ANIMATION
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EXPERIMENTATION
PROTOTYPING
EDUCATION
AUTOMATION

$ 179.00

Visa | MC Accepted

USA

(619)464-2412

wWww.mister-computer.com

to get started today

mister computer
4730 Palm Avenue, Suite 202
La Mesa, CA 2194|
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The Board of Education -
What’s a Microcontroller?

A Tutorial Handbook of Microcontroller Basic Knowledge and \
Experiments, plus a Companion Breadboard, Make for a \
Fun and Exciting Learning Experience. '

This product is an example of creative thought soundly ap-
plied. We here at RS&T are regularly bombarded with
inquiries concerning how to get started in robotics. This is
the answer! The Board of Education, a prototyping bread-
board, introduces the student to electronic fundamentals without
the pain normally associated with things electronic. Schemat-
ics, the bane of beginning students, suddenly become
understandable as the experiments unfold. It pays to keep a copy
of Radio Shack’s Getting Started in Electronics, by Forrest M. Mims,

111 nearby while you progress through the lessons, but it is not abso-
lutely necessary — more of a supplemental text, it is a handy reference
and primer on the subject. So why is the Board of Education such a
cool addition to electronic education! How about:

e Letting you build circuits without soldering.
® Trace lines that visually show the connections you are making.
* Explanations at each step that are clear and easily understood.

e Plug-in connections that can be undone immediately to correct a mistake.

All these features are present and more. Having made all
the connections required for a given experiment, the fun
begins. Loading the BASIC Stamp Editor onto your desk-
top in Windows and selecting the StampZ2 icon brings up
the Stampw.exe icon. Just click on this icon, the funny green
diagonal one, and the BASIC Stamp program is ready to
roll though the supplied Programming Cable to your wired
Board of Education! Type in the program, click on Run,
and you are on your way. But, not so fast. That program was
written for you, now you have to modify it to do something
different. After sufficient cogitation, you modify the pro-
gram successfully. What a feeling of accomplishment if you
have never written or modified a program before! That is

m Rosot Science & TECHNOLOGY

just the beginning of an intellectual journey that you car
pursue through five more experiments. Each experiment get:
pre seressively more challenging and rewarding. Learning may
never be this much fun again. And believe us at RS&T, you
will not only be enthralled, you will be delighted and or
your way in the fascinating field of Robotics!
Available from... Parallax, Inc.
3805 Atherton Road, Suite 102
Rocklin, CA 95765.
Phone: 916.624.8333  888.512.1024
Fax: 916.624.8003

parallaxinc.com



Artificial Intelligence:
A New Synthesis

by Nils J. Nilsson

This textbook is designed for use in an educational setting. Entering Artifi-
cial Intelligence students, directed and assisted by their professors, will find
a wealth of information and ideas coherently arranged and concisely pre-
sented. There are five major sections to the book, exclusive of the
Introduction. Each chapter in each section is followed by a listing of addi-
tional readings and discussion exercises. The work is very well indexed and
referenced throughout. There is an extensive Bibliography containing the
citations (some forty pages and approximately six hundred entries). After a
brief introduction to Al, including an author’s definition which is admit-
tedly somewhat broad and circular (as is the nature of the beast), a history,
and various approaches to the subject are discussed. The topic of Reactive
Machines (Stimulus-Response, Neural Networks, etc.) leads off the meat of
the text, which progresses through Searches in State Space, Knowledge and
Reasoning, Planning Methods

Available from...

San Francisco, CA.

Order by mail...

of the
New
with the
Tried
&
True!

www.activmedia.com/robot:
800-639-948"
robots@activmedia.cor

E-mail: orders@mbkp.com.

Based on Logic, and concludes with Communication and Integration. A
working knowledge of algebra, trigonometry, and calculus is sometimes
necessary to follow the logic. However, here is where an astute professor

will be able to lead the novice through to solutions. Casual readers
(those not familiar with Al and not immersed in an academic Al set-
ting and receiving a daily dose of the subject matter), may find it

necessary to refer frequently to the excellent index. Acronyms, once
defined in the text, are not usually explained again. The compre-
hensive index solves this problem handily.

Morgan Kaufmann Publishers, Inc.

Harcourt Brace & Co.

Order Fulfillment Department
6277 Sea Harbor Drive
Orlando, FLL 32887

ISBN 1-55860-467-7, 536pp,
hardcover, $59.95

S/H included for individual buyer if
prepaid, call 800.845.7323 for details.
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In the January issue we espoused the i

an outer covering to enhancggts appearance

ro e eléments and

your robot proteetec

time! Hergr1s a way to

Al WOW your frie

an

ything but a bot.

Can your robot use a face-lift? In this
series of articles we'll show you how to
create 'outer coverings' or rubber 'skins'
for a robot — from A to Z. Putting skins
on your bot might sound like a daunt-
ing prospect. However, when you finish
this series you will realize that it isn't
as tough as you thought. The process
of rubber skin fabrication will be ex-
plained in full derail. The articles are
designed for beginners who want to
give it a try, and others who are expe-
rienced and would like to learn a few
more tricks of the trade. In a compan-
ion series (See Building Your Own
HEXAPOD Walker Robot on page 9),
detailed instructions are provided on
how to partially assemble Lynxmotion,
Inc.’s HI-KT Hexapod Walker robot. In
that series, we will also explain how to
modify the robot by adding an Infra-
red Proximity Detector (IRPD). This
article will use a fully assembled Hexa-
pod Walker and illustrate how to bring
it to life with full step-by-step instruc-
tions on skin fabrication.

IEEN Rosor Soence & Tecrnawoey
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by George York and Shelley J. Christopher
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Why Skins?

Robots perform certain tasks, but they
generally look like ... well, ... robots.
Why not create an outer covering for
your bot that makes it look alive? A
robot that is properly configured can
be modified to look like an ant, a fly-
ing insect, or a Tyrannosaurus Rex.
With some time and imagination, al-
most anyone can transform a robot into
a wild animal or prehistoric dinosaur.
The possibilities are endless, the advan-
tages many, and the expense often
minimal.

One advantage is that skin coverings
can create or enhance a robot’s person-
ality. A robot with an IRPD can appear
to have certain behaviors or manner-
isms characteristic of living insects,
|11El]11[11}115, or ]'(_‘ptil(_‘.‘i... you name lT Al’l
IRPD-equipped robot can avoid smash-
ing into walls, furniture, and other
obstacles. Marrying this reactionary be-
havior with a spider-like exterior can

LIFE!

ake

Ao ination loose

11
\

\
\

yégrrobot

look real! [+

transform a robot into a creature tha
looks real, and acts incredibly alive
Such a robot can appear to detect ar
overhead predator by suddenly with
drawing or scurrying away. The effec
is a robot that ourwardly looks as if i
has a multi-faceted personality capabl:
of exhibiting fear, anger, excitement o
bravery. A skinned robot suddenly be
comes even more interesting and car
attract a fascinated audience.

However, outer coverings not only ea-
hance “personalities” — they can cal
attention to specific robotic behaviors
The Hexapod can walk forward anc
backward, and turn left and right. Ro-
botic rubber skins enhance this forwarc
and backward motion by calling atten-
tion to the extension of the robot’s leg:
and their range of motion. Addition-
ally, skin coverings can be more than
just visually pleasing since their ben-
efits extend beyond the purely aesthetic
to the extremely practical. When used
to cover a robotic prosthetic arm, skins



can make the arm appear life-like, add-
ing perceptive value to people’s lives.

Whether outer coverings serve to at-
tract or deflect attention, skin
fabrication opens the door to a world
of experimentation and creativity. The
skinning process can expand an inven-
tive mind and often produces

rewarding results. [t can be thought of

as an extension of robot fabrication
since it too requires vision, experimen-
tation, testing, and modification.

[t is the willingness to experiment that
propels the science of roborics to higher
levels of ingenuity. Still, some may fear
that a skin will encumber a robot’s
functions, but skinning a robot can
maintain and even enhance its capa-
bilities since an outer covering can
serve as a protective barrier. By acting
as a shield, an outer covering can pro-
tect your bot’s brains from accidental
damage. Even robots with an [RPD can
run into objects, tip-over, or crash
down stairs, and a protective outer cov-
ering can save a lot of frustration, time
and money. Why not create a cool
looking robot that has built-in protec-
tion? All of this contributes to the

botrom line, getring the most our of

your robot — aesthetically and opera-
tionally.

How big is your ‘Bot?

Creating rubber skins for a robot will
involve sculpting, molding, casting,
painting and final skin attachment. Be-
fore diving into these projects, the
robot’s size, weight and range of motion
must be fully assessed. These three fac-
tors are significant because they
determine the design and materials best
suited for your robot’s outer covering.
The Hexapod Walker is our subject for

this series, so let’s get started.

Size Considerations

The walker is relatively small, stand-
ing three inches off the ground. As
shown, it has six plastic four-inch-long

legs, a width of approximately eight
inches, and a length from tip ro tail of
approximately eight inches (plus or
minus an inch to accommodate leg
movement). The Hexapod's plastic
chassis also supports four AA barter-
ies, a 9-volt battery, nylon nuts and
screws, control rod wires, and a
microcontroller circuit board. At-
tached to the underside of the body's
C}‘lilﬁ\‘ii\‘; dre fl‘l]'CL' SErvomotors.

Weight Bearing
Considerations

With the robot’s size analyzed with
some attention to movement, the next
consideration is how much weight in
rubber skins the robot will be able to
support. The Hexapod Walker's weight-
bearing capability, as suggested by
Lynxmotion, Inc., is approximately 12
ounces. This does not include the ad-
dition of the IRPD. With the IRPD in
the design, it should handle an outer
covering weighing 10 ounces.

[t is important that the rubber skins
stay within this 10-ounce envelope. If
the skins weigh much more than 10
ounces, the power source (batteries)
may drain too quickly, or the servomo-
tors may be incapable of moving the
weight of the structure. Maintaining
the integrity of the robot’s mobility (its
primary function) is the third major fac-
tor in this assessment process before skin
fabrication begins.

Range of Motion
Considerations

A robot's method of movement and its
range of motion, are major consider-
ations before designing an outer
covering. Whether a robot walks,
crawls, or rolls, the mode and range of
motion information will determine
which materials are best suited for cre-
ating the robot’s skin.

The Hexapod Walker actually walks
while using the IRPD to track its sur-

Announcing...
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roundings. The robot achieves mobil-
ity by using six legs, which are
controlled by three servomotors. These
legs have over two inches of vertical
leg lift, allowing the robot to walk in
an alternating tripod gait. The outer
covering must not prevent or hinder
this ambulatory movement, so choos-
ing materials that work with the
walking function and accentuate the
visual effect is crucial to the overall suc-

cess of the design.

Choosing the Right
Material for the Intended
Purpose

Keep in mind that an outer covering
may consist of several different parts,
or pieces (an insectoid creature would
have a head, wings, and shell). Each
piece could even be made from a dif-
ferent material. For this project,
however, rubber materials are best
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suited to moving with and
enhancing the Hexapod's
leg movements. Many
rubber materials are easy
to work with and can be
found at art supply stores
(see Resources on page 62).

With rubber, skins can be
produced that are thick or
thin, stiff or flexible de-
pending on your choice of
material. With the Hexa-
pod Walker in mind, skins
that are too heavy, cum-
bersome, or binding can obstruct the
servomotors’ ability to move the legs,
and a drained power source could result.

The strength of the servomotors is an-
other factor. A certain amount of force
is necessary to move both the legs and
the outer covering while propelling the
mass of the robot. Always consider how
much skin flexibility is required so that
movement will not be impeded.

The Hexapod would benefit most from
an outer covering made of rubber that
is thin and flexible, such as thin cast
latex rubber. Cast latex is similar to the
rubber used to make Halloween masks.
It has good flexible elasticity, is light-
weight, and would be less likely to
obstruct the robot’s leg movements than
other, stiffer, materials. Portions of the
Hexapod's outer covering could be cast
with urethane resin. This resin is also
lightweight, easily painted (the final
step in making skins look real) and quite
durable. However, unlike cast latex rub-
ber, urethane resin has little or no
flexibility. These skinning alternatives
offer distinct advantages and disadvan-
tages. They should be studied closely in
order to maximize their benefits.

Other portions of the outer covering
could be vacuformed (see the article
Vacuforming on a Shoestring in the Janu-
ary 1999 issue). Vacuforming portions
of the outer covering with a plastic ma-
terial is another great way to keep
weight to a minimum since vacuformed

m Rosot Scence & TECHNOLOGY |

Side view of Mantid Hexaptera (MH6).

structures are thin and relatively light-
weight. However, they are not very
flexible, in fact, they are fairly rigid and
self-supporting. Since they do not re-
quire support to hold their form, no
weight is added to the overall structure
beyond that of the skin itself.

The Hexapod can support 10 ounces
with the IRPD mounted, therefore, any
or all of these skinning mechanisms
could be employed. It is important at
this “planning stage” to consider mate-
rials that offer flexibility, durability, and
longevity, while enhancing the function
and purpose of the robot.

Creature Creating —
Get Inspired!

Once the robot has been analyzed, and
the materials selected that are best
suited for enhancing the robot’s func-
tion, the fun of “creature creating”
begins.

Inspirational resources are virtually lim-
itless. A good place to get started is at a
public or university library. Most librar-
ies have collections of reference books
on dinosaurs, fossils, insects and reptiles.
Read scientific magazines specializing in
insects and mammals. Magazines, such
as National Geographic, are also a good
way to study animals from various re-
gions of the world, especially for
examples of unique eyes, coloring, size
and shape.

Movies are anothe
great source of inspi
ration. Watch Jurassi
Park and pay atten
tion to the dinosaur
movement. Watc
the Discovery Chan=u
and assess the move
ment of birds, giraffe;
or deer. Pay particul:
attention to the wa
spiders crawl, mic
scurry and birds 1
Computers can als
be employed in thi
creative process. Scan pictures into

computer if software such as Adob
Photoshop is available. A photograph ¢
a person can be scanned and modifie
into an alien creature. Interesting feature
from several different photos can be ex
trapolated (or 'morphed') to create

unique creature.

Search the Internet for “insects” and se
what comes up. Colorado Stat
University’s Entomology Departmen
has a great web-site (www.colostate.ect
Depts/Entomology/ent.html) featurin
numerous close-up, full color photos ¢
various insects.

The best source, however, is always you
oun imagination. Get a piece of pape
and a pencil, and start sketching!

Give Your ‘Bot a Boost!

We designed a unique outer covering fo
the Hexapod Walker: an alien insectoid
Several sketches were drawn before de
ciding on the design pictured. Th
sketches illustrate a view of the creatur
from the top, front, and side perspec
tives. These sketches will be useful as :
constant reference tool once the skiz
fabrication process begins.

They are useful 'blueprints' for the fab
ricator to follow, allowing room for the
robot’s various components. Note in the
sketches that the head is small, but the
brain is quite large. The large brain-like



structure provides space for future modi-
fications. It has enough room to hold
the IRPD, as well as additional circuits
or controls that may later be added to
enhance the robotic creature. This
brain-like shape was also selected be-
cause it infers a level of intelligence that
the insectoid creature will exhibit when
using its [RPD to react to its environment.

There will also be an understructure, or
'underbelly." This will protect the ser-
vos and give an overall balanced
appearance to the creature. The struc-
ture will also provide artachment points
for the leg skins and afford some pro-
tection for the linkages that move the
legs. There will be a 'top shell' which
will function as a protective covering
(real insects have a similar covering
known in the scientific world as

“chitin”). This top shell will protect
the batteries and circuit board, giv-

Announcing...

ing the design symmetry and a
realistic appearance overall. Not only
will the “protective plate” provide
additional protection for the robot’s
controls, it will also permirt access to
the batteries and circuit boards.

Always Plan for Access

Ready access to the robot’s controls
is necessary because the Hexapod
Walker, like any robot, could mal-

function after the skins have been

attached. Batteries will need to be
replaced occasionally and the servos
may require some adjustment/modi-
fication. All these activities demand
easy access to the internal mecha-
nisms of the robot. Since the

Three views of Mantid Hexaptera.

Hexapod’s microcontroller or
'brain’ is attached to the top of
the structure, a hard protective
plate is the most logical choice.
This plate may be completely
removable, or it may attach to
the robotic structure with a
hinge or Velcro™.

During the sketching process,
not only is the creature’s design
conceptualized with these me-
chanical factors in mind, but such
artistic details as eyes and skin col-
oring are also considered. Still to
be decided is whether to modify
the IRPD by placing its transmit-
ting portions and detection
devices in the creature’s eyes. This
would add to the aesthetics of the
design, as well as the 'realistic'
function that is intended.

When the creature's design was fi-
nalized it was decided to name the
alien insectoid a “Mantid
Hexaptera,” “MH6" for short,
which refers to the robot’s name
and six-legged structure. The
name was given to create a person-
ality, and a scientific- sounding
name referring to its physical char-
acteristics adds to the credibility

Pioneer 2!

On-
board
pC104+
option
Ether

net
modems

Laser

&
More!

www.activmedia.com/robots
800-639-9481
robots@activmedia.com

of the overall design. It incorporates
characteristics of a Praying Mantis as
well as other wingless insects such as
“shield bugs,” larvae, and nymphs.

Remember that these artistic sketches
provide an example of what could be cre-
ated when outer coverings are designed.
The designs are intended to give the
beginner an idea of what can be
achieved. A novice skin fabricator may
want to follow the skin-making process
by constructing a replica of this design.
Alternatively, to increase the challenge,
you can create a design of your own. The
sketches shown may be modified to
one's own interests and creative ability.
Whatever the case, skin fabricators
should always follow their own inclina-
tions, and allow their creativity and
imagination to materialize in a creature
that is truly unique.
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Some Final Considerations...

Creating skins for a robot may seem like a never-ending
process of important factors and considerations, but skin
fabrication can be relatively easy and extremely exciting as
you bring your design to life! The thrill of accomplishment
derived from robot fabrication can be further enhanced by

LTL‘LIE'i]"Ij_{ dan outer covering L‘Il- your own.

This series of articles will bring to your attention just about
every facet of the skin-making process. Other subjects to be
discussed will include the incorporation of a “cooling sys-
tem” in the skin design. The robotic skin shell may need a
small gap to allow heat to escape, and/or holes drilled in the
bottom of the structure for air cooling circulation purposes.
Orther modification issues to be discussed include adding
antennae to detect movements and adding arms that move

around and pick up objects.

Skin fabricators can be inventive by adding servos, detec-
tion schemes, or even an onboard camera. It may be possible
to modify the robot to add visual recognition capability. A
MICTOProcessor that uses algorithms could be added to al-
low the robot to recognize what it’s observing. A radio
control receiver on the bor to facilitate communication

could also be incorporated. Since the process of creating

skins is often experimental, the modification possibilities

Speech Recognition Kit

Add speech recognition capabilities 1o projects, ap-
pliances, and robotics. Circuit can recognize 40 user
programmable one second words. User programs
the 40 word vocabulary. Circuit may be interfaced to
other stand alone circuits or appliances or to a host
computer system. HM2007 IC uses latest LS| tech-
nology Speech Recognition Kit

unassembled....$100%

Solar Engine Kit

Complete Solar
Energy Power Plant $2255

- AN —

OO e | [

Camera CCD

with audio —
Black and White ™~
Sensitivity; .3 LUX = Resolution: 430 TV lines b
Voltage: 9-12 VDC = Output NTSC (1 Vpp)
Options:
CAM-04 3.6 lens ....
CAM-05 pinhole .
Color Version ...

Images Company
(718) 698-8305

Bend Sensors
May be used to create a VR glove or as sensor

FLO1 $10™

for robotics

39 Sencca Loop * Staten Island, NY 10314 » www.imagesco.com
' PPH = NYS residents add sales tax

All orders add !
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are limited only by your own imagination and your bot

L".lp;ilfll iries.

Check out what's coming next...

The next article will give full details and instructions on th
sculpting and molding processes. This is when the hands-o
fun begins!

RS&T

Resources

Douglas and Sturgess, Inc.
730 Bryant Street

San Francisco, CA 94107
Phone: 415.896.6283

Tap Plastics, Inc.
6475 Sierra Lane
Dublin, CA 94568
Phone: 800.246.5055

Lynxmotion, Inc.

104 Partridge Road

Pekin, Illinois 61554-1403

Phone: 309.382.1816

Fax: 309.382.1254

lynxmotion.com
A Reference:
Alien Empire, An Exploration of the Lives of Insects
by Christopher O'Toole, Harper Collins Publishers

Shelley J. Christopher is a freelance writer who holds

B.A. and an M.A. in English, from Califo.
nia State University, Sacramento. She is
writer who has focused much of her tim
in the literary world. She is currently worl
ing with professionals on writing projeci
such as this robotic construction and ski
fabrication series. She can be reachec ¢
xchrisr@aol.com.

George York is an electronics engineer and mechanic:
designer from Sacramento, California. /:
owner of YFX Studio, he has over 20 year
of experience with robots, animatronic
and special effects. His many works ir
clude a life-like bust of Julius Caesar ic
Caesars Las Vegas, and a mermaid iz
for the Foote, Cone & Belding advertisir
firm. York's expertise in robot fabricaticr,
and his artistic ability, culminate in this pz:
allel series on robot construction and skin fabrication. -/
can be reached at yfxstudio.com




WHAT’S A
ROBOT
TO DO?

Why are we still trapped in
conventional thinking?

Say you're taking a quiet walk one fine evening when all of

a sudden an alien spacecraft lands in front of you and a dap-
per looking creature emerges speaking your language. lt
explains that, for a short time only, customized mobile ro-
bots will be given to selected individuals as part of a
galaxy-wide marketing survey. You have been chosen to re-
ceive one, and the question posed to you is: "What would
you like your robot to do?" There’s some fine print to the
offer so forget the obvious illegal, unethical, and cosmically
immoral applications. What application do you choose
(specificity counts)?

The robot community seems to have exercised very little
imagination, not to be confused with fantasy, when it comes
to choosing robotic applications to pursue. A practical and
specific choice of what's a robot to do seems to be a real
conceptual problem. When talking to fellow gearheads, cruis-
ing robot web sites, or reading publications, one is introduced
to a lot of different kinds of mobile robotic applications.
There are the useful but mundane, such
as grass cutting, carpet vacuuming, or
personal service, like ‘go get me a beer
robot!” There is the hazardous task robot
for cleaning up toxic spills, exploring vol-
canoes, cleaning up land mines, etc.
There's the tireless observer robot for sen-
try, sampling, or messenger tasks, and
there are the entertainment robots.

There are other categories as well but my t h e box -

point is that most suggestions for mobile

robot applications don’t extend our capabilities or break new
ground. Rather the applications tend to be something that
is either currently being done or something that has a cost
trade-off advantage. Home vacuuming, for instance, is some-
thing over which an individual has control: One can either
do or hire it done. The difference between somebody or some-
thing doing it is one of cost and novelty, with reliability and
effectiveness being a toss-up.

A shortcoming of many of these robot applications is that

they tend to have the robot perform the task the way that
humans do. Airplanes don’t fly the way birds fly, personal
conveyance vehicles don't walk, ships don't swim. So why
do robots have to mimic the approach people take to per-
form a rask! Is the best way for a robot to ‘go get a beer’ to
recognize the verbal command, navigate to the fridge, open
it, find, select and grasp a beer, close the fridge, navigate
back to the origin of the command, or the new position of
the speaker, and then present the beer container? Gotta be
a better way.

A related point that seems to have been overlooked is that
the robot’s operating environment may have to be adapted
to work with the robot. For instance, cars need roads and a
vast infrastructure of combustible products, a service indus-
try, associated products, etc. Perhaps the work environment
suitable for a robot will have to go halfway to meet the task.
[n the above example, if the fridge were modified, perhaps

like a vending machine, then the robot could select and

Outside

convey the beverage of choice without
costly and troublesome vision and ma-
nipulator systems. The robot could
navigate throughout the house on tracks
by using the only consistently uncluttered
part of the home landscape, the ceiling. |
only suggest these specific environmen-
tal modifications to argue that we need
to break out of modeling robots on hu-
man behavior.

[ admit to being somewhat disappointed
with the amateur community as well. Not the beginners and
tinkerers, but with the more serious amateurs who write the
columns in various magazines. We look to these guys to show
us what can be done, to challenge and motivate us. Instead we
keep seeing the same line-following robots, light-seeking ro-
bots, or go-"round-in-circles robots. I'm not expecting R2D2,
but surely robotics has more to offer than automated toys.

[Imagination. We need more imaginative thinking. | guess
we're just going to have to show the professionals the way.

Rosor Science & TEE,HN!JLF_IG\"_



April 18, 1999
Trinity College , Fire-Fighting Home
Robot Contest

Hartford, Connecticut — www.trincoll.edu/robot

The challenge for entrants is to produce a robot that can
move through a model of a single floor house, detect fire
and put it out. There is a junior division for high school
students and younger, and a senior division. Other events
include seminars and a robotics exhibition. For information,
contact jmendel141@aol.com. See RS&T’s Premier Collector’s
Edition for robot construction ideas. Also see wwaw. RobotMag.com.

April 22-24, 1999

FIRST National Championship

Orlando, Florida (EPCOT Center,

Walt Disney World) — www.usfirst.org

The annual FIRST (For Inspiration and Recognition of Sci-
ence and Technology) Foundation National Championship
robotics tournament will be held at EPCOT, and 220 teams
are scheduled to compete. Those teams have already com-
peted in seven regional tournaments where they honed their
control and teamwork skills, and pushed their robots to the
limits. They are now ready for the big test. As during re-
gional contests, qualification matches at the national
championship will determine which teams qualify for the
finals.

Canadian Distributors of:

Parallax
Matrix Orbital
microEngineering Labs
Ditanca wgerne¢8 ~ Square 1 Electronics
Lakeview Research
CCS Inc.
CYBUGs e

'RObs:ac

oo™

Tiny Serial LCDs

No Minimums
VISA / MC Accepted
We Ship Worldwide

HVW Technologies
Suite 473, 300-8120 Beddington Bivd. N.W.

Calgary, Alberta T3K 2A8 CANADA
Tel: +403-730-8603 www.hvwtech.com
Fax: +403-730-8903 info@hvwtech.com
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April 30-May 1, 1999
Student Robotic Challenge

Saginaw Valley State University, Michigan
— WWW.Ssme.org

The 13" annual Student Robotic Challenge,
formerly the Student Robotics Automation
Contest, is sponsored by Robotics Interna-
tional of the Society of Manufacturing
Engineers (RI/SME). The organization has
historically identified robotic technological
trends and highlighted them at this annual
event. This year’s SRC provides students with
the opportunity to demonstrate knowledge
and understanding of manufacturing processes
and controls through robotics and automation
competitions. Two new contests will require
on-the-spot performance: Flexible Manufac-
turing participants will be given a change
order for a product, and must reprogram a
manufacturing production line to affect the
change. The Robot Simulation contest re-
quires students to program a robot in a virtual
reality environment.

visvraibes

May 8, 1999

Western Canadian Robot Game
Calgary, Alberta, Canada — www.robotgames.com
The WCRGs are to be held at the Southern Alberta Inst
tute of Technology, and are dedicated to the advancemer
of interest in robotics. This year’s events will include rc
botic sumo wrestling, atomic hockey, Fire-Extinguishir
Autonomous Robot (FEAR) contests, biological, electroni
aesthetic and mechanical (BEAM) SolarRoller racing an

photovore contests, workshops and lectures.

Val

May 24-27, 1999
Eastec 99 Exposition and

Conference

West Springfield, Massachusetts — www.sme.org

This metalworking and manufacturing exposition is to t
held in West Springfield, MA. The conference takes plac
during May 24-27 at the Springfield Marriott Hotel in dowr
town Springfield, and the exposition during May 25-27 :
the Eastern States Exposition Grounds. The exposition wi
feature the latest technology in machine tools, metalwort
ing and manufacturing processes. Over 30 workshops wi
be conducted during Eastec '99, as well as advanced course
and clinics on various aspects of manufacturing and produz«
tion technologies. Sponsored by the Society «
Manufacturing Engineers (SME), American Machine To«
Distributors’ Association (AMTDA) and the Associatio
for Manufacturing Technology (AMT).



START BUILDING YOUR ROBOT NOW!

S V 2()3 Servo Motor Controller $59

* Drives up to 8 R/C type servos via RS232

* 5 Ch. 8-bit A/D port for potentiometer/joystick control

= Servo ports can be reconfigured for digital output

= User definable board ID and baud rate

» Simple ASCII string commands

* Windows 95 interface software and sample code included

S V 203 B Servo Controller $75

Pontech $V203 M=E
Eils  Sstip L i :
S o P e L | « All features of SV203 plus...
e e e * 8K EEPROM for running standalone routines
szl 531 54| 55 s S7j ss

* Includes Basic compiler/downloader

S V 203 C Servo Controller $85

= All features of SV203B plus...
« [R feature. control via IR-remote controller
« Tx & Rx IR commands

j f
il

STP I 00 Stepper Motor Controller $159
* RS232/RS485 interface, addressable up to 255 boards

» 2 Amps per phase, 5-46 VDC bipolar drive

* Chopping current limiting

= Over temperature protection

* Acceleration/deceleration ramping

» Speed, direction. position change on-the-fly

* 32bit absolute position, 4bit digital input for home limits

» Full, half or wave step modes

*Size (4.3x 24 x 1.1 in.)

* Simple ASCII string commands /w sample interface software

SWM-1 RFModem $295 (pain)

CS600

Jumbo Servo
330 Oz In.

$44.95
FS148
Standard Servo

42 Oz In.
$16.95

* Perfect for wireless SV203 and STP100 operation
* Manufactured by SIMA using Digital Spread-Spectrum
technology with frequency hopping
* 300 foot range - through walls, floors

* Up to 85 kbps transmission rates

I) N_ :(:I.I (714) 985-9286 http://www.pontech.com

Fax: (714) 985-9288 2700 E. Imperial Hwy., Suite N - Brea, CA 92821

VISA/MC Accepted. Shipping & Handling + $5 (US)




ASIC Tool 863?

$180 value for

ONLY $149 -

+Shipping k
Offer extended through May 31, 1999

|

| Minimal Hardware Required!
s : Ve
It really doesn't take many tools to get started with BASIC Stamps - just an
ordinary PC running DOS or Windows 95/98/NT. Loading your first program
into a BASIC Stamp is a matter of connecting the Board of Education to your
PC and running our software. We're even providing a couple of LEDs and
resistors for your first project!

Learn BASIC Stamps using the Board of Education

During the month of February and March we're offering the BASIC
ToolBox --which is similar to the BASIC Stamp Il Starter Kit
except we've replaced the carrier board with the new Board of
Education. BASIC Stamp 1/0 pins, power and ground connections
are accessible adjacent to the breadboard.

For beginners the Board of Education temporarily eliminates the
need for soldering iron, and for advanced engineers it's a quick
BASIC Stamp project area.

The BASIC ToolBox #28190 ($149 + shipping) includes: BASIC Stamp Il module, Board of
Education, ten (10) jumper wires, BASIC Stamp Manual Version 1.9, (2) each LEDs and resistors,
DOS & Win95/98/NT software, power supply and serial cable.

What's a Microcontroller?

For the real beginner take a look at our educational
web site http://www.stampsinclass.com and down-
load the "What's a Microcontroller?” Experiment Set,
or purchase a copy for yourself (#28123 - $19)!

o S S\ What's 4’ =

= © . MICROCONTROLLER
NS ' & @ - ?
=N T E @ ®

'I'o order: 916.624.8333 More info: http://www.parallaxinc.com
N
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