


lJ. Grand Prize 1997and 1998 SME National Student Robot Competitions

"We were up and running in m
time, giddy with ideas!... An

Erector Set for the Next
Gene ration!"

Wired Magazine ~

"I am so pleased with the
Robix" [RCS-6]I purchased

from you two months ago thai
have decided to purchase 8J

second as a gift. "
John Ruttenberg, Principal
Engineer, Silicon Graph ics

"We've had five sets for over <
yea r and our students are jus:
fascinated with these robots.'
Michael Janecek, Technoloqy
Teacher, Palmer High School,

Palmer, Alaska

"I teach Machine Design in UP(

Industrial Tech Department 81
Illinois State University and f

wanted you to know how muct
we have enjoyed your Robix"

RCS-6 kit... Your kits have
been getting quite a lot of pres
as Illinois State , Southern tuino
University and Illinois Wesley©]
~ are all using them. "

Harry McBurney, Illinois Stat®

"We purchased two RCS- 6
systems last month and want t

order another. My class of 12
Industrial Electronics students a

so enthusiastic about it thai
they are working overtime and
don 't want to slow them down.

Jim Richerson, Ass ociate
Professor of Electronics, BILD@

Ridge Community College,
Weyers Cave, Virginia

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

"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 robo t
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

"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 yea r." H
Popular Electronics Magazine, Cover Story ~

'T he most user-friendly
equipment and learning info for
students that I have ever used."

Dennis Skurulsky, President,
Wisconsin Technology Education

~Associ at ion

"I'm delighted with the product!
Masterfu/!"

Scott Robbins, Techn ology
Teacher, Winship Junior High

"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
perspe ctive ." ~

Larry White, Technology
CoordinatorlTeacher, Sterling City
High School, Sterling City, Texas

"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. I don 't think we 'd have 1...._ . ...

been able to do it without
first seeing how easy it was to

do. We really appreciate it. "
James O'Halioran, Chairman,

Radius Toothbrush,
Kutztown, Pennsylvania

"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
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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 AID ; 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 gripperlwrist
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.

Advanced Design, Inc.
6052 N. Oracle Road , Tucson, AZ.85704, USA

tel: 520 5442390 fax 520 575 0703

I e~ail : desk~robix.c~m I
L www.rOb.x.com--.J

The RCS-6 Software is layered , starting with
a " no typing" teach mode ; adding macros for loop
and nesting; and finally adding C-Language calls fOI

logic and use of sensors . Software layers offers utili'l;
at Grade School through Uni vers ity level, allowing
a single product to serve broad needs.

THE RCS-6 Video is Free to Educator~

(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/Il .
Surprised? Don 't be --

We design , manu facture , and se ll direct.
And we look forward to hearing from you soon.

YOUR RobOT is WAiriN(j...





Fluffy, The Convertible Robot
by Chris
Harriman

A coo l upgrade fc
your Hexapod
using the BasicX
Microprocessor.

Build Your Own Hexapod Walker
Robot - Part I
by George York and
Shelley Christopher

How to assemble the chassis
and legs to give the builder a
base for conceptualizing the
skins described in The
Hexapod Walker Comes
to LIFE.

The A* Algorithm - Part IV
by Tak Auyeung, PhD

A planning method for
finding the fastest path in
a mi cromouse maze.
Fourth in the series by our
friend at the Unive rsity of
Califo rn ia at Davi s.
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FIRST Robotics­
A Robot Is Born
by Floyd Painter

Hi gh schoo l students engineer and build their
competition robot - the story of C-Force.

The Hexapod Walker Comes to LIFE - Part I
by George York and
Shelley Christopher

Spice up your bot in
skins that make yours
CRAWL.

Intelligent Evolving
Soccer Robots - Part II
by Mohammed Jamshidi, PhD,
Denise Padilla, and M arco de Oliveira

Soft computi ng - enhancing robots'
ability to play soccer at NASA's ACE,
University of New Mexico.

Constructing a Combat
Robot - Part II
by Ronni Katz

Second Step: Cutting and fitt ing, plu s
L.........~_~~~~~_.....J wh ere to get help and parts.
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Cover Design: Julie A. Knudsen. FluffY is a convertible walking robot built on a Lynxm otion
H2-KT Hexapod /I Walker kit chassis. It can function autonomously without a joystick, or
be operated manuall y with it. Photo by Jack Schoof of NetMedia, Inc.



OUR MODULES••••YOUR ROBOTS
Th e R PC moduIe is an intelli gen t transce iver which enables a radio netw ork link to be simply impl em ent ed bet ween a number o f digital
devices. T he modul e co mbines an RF ci rcuit with processor-intensive low-level packet formatting and recovery functio nality, req uiring only a simple
antenna and 5V supp ly to ope rate with a microcontroll er or a Pc.

SAW controlled FM transmitter and superhet receiver
Reliable 30m in-building range, 120m open gronnd

Built -in self-test/diagnostics/sta tus LEDs
Complies with ETS 300-220 regulations

40kbitfs half 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

Th e BiM module integrates a low powe r UHF FM transmitt er and matching supe rhet receiver wi th data recovery and T X/RX change over
c ircui ts to prov ide a low cos t so lution to impl em entin g a bi-direct ion al short range radi o 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 40kbitfs
Direct interface to 5V CMOS logic

Fast Ims power up enable for duty cycle power saving
On-Board data slicer, supply switched and antenna change over

Available in 418 and 433 Mhz

NEW! The TX2 and RX2 radio tran smitter and receiver pair enable the simple impl em entation of a data link at up to 40bit/s at distanc es up to
75m in-bui lding and 300m open gro und . Both modul es co mbine full sc ree ning with extensive intern al filtering to e nsure EMC co mpliance by
minimiz ing sp urious radiat ions and susce ptibilities. Th e TX 2 and RX2 modules will suit one- to-o ne and multi -nod e wire less links in applica tions
includin g car and building sec urity, EPOS and inventory trackin g, rem ote industria l process monit orin g and co mputer network ing. Because of their
sma ll size and low power requireme nts, both modul es are ideal for port abl e battery-powered appl icat ions such as hand -held termi nals.

Transmitter • TX2
EMC conformant to ETS 300-683
Type Approved to ETX 300-220

Two-stage, SAW controlled, FM modulated at up to 40kbitfs
Operation from 2.2 to 6V

IOmW on 433.92MHz, ImW on 418MHz
Improved frequency and deviation accuracy

Available in 418 and 433 Mhz

Receiver - RX2
Double conversion FM super het

SAW front end tilter, image rejection 50dB
Supply 3.0 to 6.0V @ 13mA

40kbitfs, -F version , -100dBm sensitivity @ I ppm BER
14kbitfs, -A version , -107dBm sensitivity @ I ppm BER

LO leakage < -60d 11m
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======- - . '....

For North American sales, contact:
Lemos International Co. Inc.
tel: (508) 798-5004 fax: (508) 798-4782

lemosint@ma.ultranet.com. www.lemosint.com
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from the publisher

The Robotics Mini-FAQ is now on line to help beginners get imm ersed in robotics
without be ing swamped by a full-sized FAQ. Contributing ed ito r John Piccir illo con­
ceiv ed it, wrote it, and we're add ing th ose pages to our bigger, better, con ten t-filled
websit e. Bonus: We also put samples of our back issues on line . C heck it out at
www.RobotMag.com.

My personal thanks to Jenn ifer Duffek and Vince Wilczynski for all th e hard work
assist ing the judges at the FIRST Californ ia region al. That was the highli ght of
our year!

The World 's Best Organized Competition hosted th ousands of stude nts in seven
cit ies dur ing the last thirty days. If you haven't yet become involved with th e FIRST
Foundation, do it now! They are revitalizing whole co mmun it ies, re-en ergizing edu­
ca to rs, and putting exc ite ment back into learning. (See RS&T Jan, page 6 and this
issue, page 25.)

Most dramati c result: Some young folks are getting off the stree ts, burning off their
tatoos, and gett ing back into class. It's obvious why I'm so pleased to support thi s first­
rate program, For Inspirat ion and Rec ognition of Scien ce and Technology. See
www.usfirst. org, I and the RS&T staff will see you at FIRST's nat ional cha mpionsh ip
at EPCOT in O rlando, April 22-24.

Sony's H ome Entertainment Robot is on everyone 's mind. Tune in to robo tmag.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-mo nthly issues until our advert ising inc ome let s us print monthly. Expect
your next issues to arr ive in May, Ju ly, September, November and December. Re lated
issue: we're add ing a full-time advert ising rep to service advertisers' needs. It's a syner­
gist ic thing.

What's the Status of your Subsc ription? What's in th e next issue ?When will it be
sh ipped? C heck out our new Frequently Asked Questions at www.RobotMag.com.
No modem ? No problem! Call us at 888- 5 10-7728 (US/C an ada) or 916-632-1000.
O ur customer service has pleasantly surprised folks who need help with th eir sub­
script ions. So whenever a magazine doesn't show up, ca ll or writ e. (We aren' t a big
corporat ion with nameless subscribers, and we take great pride in making you happy,
one reader at a time .)

Robot Science & Technology (ISSN 1096-4754) is publi shed monthly at 3875 Taylor Road , Suite 200
Loomi s, CA 956 50; 9 16.660.0480; Fax: 9 16.660.0730; info@RobotM ag.com. Subscript ion inquiries
U .S. and Canada 888. 5 10.7728; all othe r co untries 9 16.660.0482. Issue price; $5 .95 (U .S.) $6,g,~

(Can ada) . Subscription rat es: 12 issues $39 U.S., $49 Ca nada (U.S. funds). O the r countr ies see page
49. Periodicals postage paid at Rocklin, C A and addi t iona l mail ing offices. POSTMASTER: Se nt',
cha nge of address to: Robot Science & Technology, 2351 Sunset Blvd # 170-253 , Rocklin , C A 95765.
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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-rest process you too can use to build a convertible.

Fluffy is a Lynxmotion H2-KT Hexapod II Walker configured witha Polaroid
sonar sensor system. The Polaroid scanner is shown in its left-look position.

R OBOT S CIENCE & T ECHNOLOGY

For years, a basic truth about walk­
in g robot kits s ta te d th at th e
programmable microp rocessors th at
were ava ilable co uld not handle th e
servo mo tors and have capac ity left
for a soph ist icated sensor suite. I had
built walking robot s, but had usu­
a lly been di sappointed in their
performan ce. The 'drea m walker ' I
always wanted to build would avo id
obstacles and not run into walls. It
was a project put off, because the
required processin g capability was
not available. That cha nged with
th e introduction of th e BasicX mi­
c ro processor sys te m, which h as
raised th e bar as far as speed, ran­
dom access memory and code space
are co nce rn ed. This new syste m's
capability rekindled my interest in
crea t ing a cool walking robo t, and I
soon found myself building an H2­
KT Hexa/Jod 11 Walker kit from



J a va!

800.422.4265

Shown here:

RB5X hase unit,
RFtransmitte r

hcat/light/solmd kit,
video, and 5-axis arm;

fullyR'«:mbled.

gotWe 've

www .edurobot .com
• 'Java' is a registered trademark of Sun Microsystems

RB5X' Mby the General Robotics Corporation'"

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

n
, base unit is

alsoavailableasan inner-component kit.

Two major cha nges to th e basic Hexa­
pod chassis kit were made th at were not
in th e instru ctions. First, to increase
battery life, a Guardian OG-63, 6-volt

The problem is manageabl e, and the
risk of poor alignme n t ca n be redu ced
during th e construc t ion process. This
is accomplishe d by insuring that th e
movement (range of moti on), and ser­
vo motor alignme n t of all six legs are
identical. Do this by building th e leg
uni ts for one side , and using one of
th em as an alignmen t and joint move­
ment guide to build the three leg units
for th e opposite side. Finally, once all
th e leg units are equal in terms of move­
ment a n d a l ign me n t, fini sh the
construc t ion by mounting th em to th e
chass is.

work is required
o n th e pr e -cut
plastic pieces, but
it ju st in volves
rem oval of flash .
Viewed as a co l­
lection of parts,
the Hexa/)()d kit
looks co mp le x ,
bu t th ank s to
good e ng inee r­
ing, th e assembly
pr oc ess is ve ry
st ra igh tforwa rd.
You will spend a The Guardian DG-63 battery is mounted between Fluffy's main
lot of tim e bolt- deck !>lates. This view shows the servomotors , controller board and
ing toge the r and the back of the Polaroid sonar sensor suite .

align ing assemblies because of th e sheer three ampere-ho ur gel-cell battery was
number of joints that require bolts, used . It is mounted over the robot's
washers, and nuts. The crucial ste p in cen ter of gravi ty between th e upper and
th e assembly process is th e alignme nt. lower chass is plat es. Second, a pan n ing
It is ve ry important to be sure th at all Polaroid sona r sensor from an old in-
th e joints move smooth ly and th e ser- sta n t ca mera was added. A n identical
vom otors are properly in stall ed and sensor, th e R14-Sonar 1 is ava ilable as
aligne d. Without proper joint move- a pack age (sensor, dri ver board , and
ment and alignme n t of the leg and int erface ca ble) from Acroname, Inc.
sho ulde r joints in relati on to th e ser- (see Resources) .
vomotors, th e Hexapod will not walk
stra igh t. It will stagge r or drift to one
side , whi ch is una cceptabl e if you plan
to use a dead reckoning navigati on sys­
tem .

Thanks to a well -written instru ction
manual, most robot icists will not have
any trouble with the build-up of th e
Hexapod chass is. Some light fin ishing

Under The Hood

Lynxmotion,Inc. Integrating th e BasicX
syste m with the kit eas ily met th e pro ­
cess ing requirements of th e walk er
servo mo tors, and provided th e add i­
t iona l capac ity needed to run obstacle
avoidance senso rs.

It too k about two weeks to build a walk­
ing robot th at didn't stagge r, whi ch in
itself was a real accomplish men t. The
fact th at I was able to control th e whole
thing with one BasicX processor on my
own custo m-built controller board was
icing on the cake . In fact, th e robot is
a convert ible because of th e approa ch
taken to perfect its walking ability. O n
the first custom contro ller board, a joy­
stick port was used to a id in the
progra mm ing of th e walk in g a lgo ­
r ithms. Usi ng t he joyst ic k to test
algor ithms and mak e required cha nges
was easy. O nce th e walking program
was pe rfec ted , the fin al con t ro lle r
board with addit iona l input/output ca­
pa bility fo r a se nso r su ite was
constructed. A t this point in its evolu­
tion, th e robot was manually controlled
and a ve ry co mpe te nt walk er, with
ex panda bility,

The H2-KT Hexapod II robot is a well ­
designed six-legged walking robot kit
th at has a lot to offer th e robot icist. For
locomotion, it uses two servo motors to
con tro l eac h of its legs, and walks with
a tripod gait. The cen te r leg from one
side , and th e front and back legs from
the op posite side move as a set , while
the othe r three legs remain on the
ground for balanc e. The Hexa/Jodis able
to walk forward or backward , and ca n
turn left or right within its own foot­
print. The robo t is abo ut 12 inches
long, 11 inches wide, almos t 6 inches
tall and h as abo ut 3 1/2 in ches of
ground clearance.
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Front piece

o ~

L
2. 15" --- ---'

1.20"

Bad piece

1.20"

2. 15" --J

co mpiling and downloading your pro­
g ra ms . The BasicX p rogrammi n g
language closely mirrors that of Visual
Basic. In fact , most program s that run
on the BasicX ch ip would run equally
well on your Basic for Windows.

Using BasicX to
control a servomotor

Figure 1. Polaroid Sonar Mounting Assembly.

A servo motor is co mp rised of a direct­
current (DC) motor, a position sensor
on the sha ft, a gea r-reduc t ion set, and
an integrat ed circuit . To operate a ser­
vo mo tor you need two things, power

(between 4.5 and 6.5 vo lts ) and a data
signal. The imp or tant elements of the
servo motor's data signa l are:

• The position signal - the hi gh sig­
nal (+5v ). The durat ion of this high
pul se can be anywhere from 1-2 ms.
This is the co mma nd that te lls the
servo mo tor wha t pos it ion to be in ,
or move to, if it 's not alrea dy there.

• The refresh rate - the to ta l length
of time it tak es the da ta signal 01

pul se stream to go fro m sta rt of high ,
throu gh to low, and back to sta rt ol
high aga in. It is typicall y between
10- 20 ms in length.

~ Front piece

~ Bottom piece

Bad piece ------7

To build Fluffy, you will need th e BasicX
Development System. This is a kit with
all the mat er ials required to program
the ch ip. It co nta ins one BasicX ch ip
and devel opment/downloader board , as
well as software for creat ing, ed it ing ,

The controller board, showing the Polaroid sonar sensorconnectors at the lower left and slightly left
of center at the top, the BasicX Chip mounted in the center of the board , the thirteen servomotor

connectors (six at the top andseven at the bottom) , and the joystickconnectorat the right.

Side view of So nar bracket Mounted on a servo

--- ----r- - - - -,-------.J <::---- Hexapod upper

Bottom piece

2. 15" ------'

o 0 0 <C- .10"

L Jo"'---------} "

The BasicX Chip

The BasicX is a sing le ch ip Basic pro­
g ra m ma b le mi cro controller that
requires on ly an ex te rnal crysta l and a
3-6 vo lt power source to run. It was
used for this project because it has: (1)
tremendous spee d, 65,000 lin es of Ba­
s ic c od e pe r secon d, (2) a large
elec tron ica lly erasa ble pro grammabl e
read on ly mem ory (EEPROM) for user
code sto rage , (3) rand om access
mem ory (RAM) , (4) multitasking ca­
pability, and (5) 32 input/output (I/O)
pins. This ch ip incorporat es new and
upgraded technological features absent
from man y of its predecessors.

The panning sona r suite was add ed by
cutt ing a square hole in the upper plat e
and adding a 13th servo mo tor to the
upper front of the Hexapodchass is. The
th ree pieces that make up the mount­
in g asse mbly for the sensor and it s
dri ver board were crafted from some
of the lefto ver kit plastic . These were
super-glued toge ther (see Figure 1) and
fastened to the top of the servo moto r's
co n tro l horn with two sma ll screws.

M:I R OBOT S CIENCE & T ECHNOLOGY I (continued on page 35)



Build Your Own Hexapod
Walker Robot! Part I

by George York and Shelley J. Christopher

Constructing a robot doesn't have to be complicated.
Build-it-yourself robot kits are availab le for robot icists
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 instruct ions
on constructing an affordable, introductory system.

sho rt , with full step-by-step instru cti ons on skin fabricat ion .
You can build th e H l -KT here, and bring it to life there.

This art icle is Part 1 of th e basic H 1~KT const ruct ion pro­
cess . Part 2 of the series wil l focus on the elec tron ics ,
including th e Infrared Proximity Det ector (IRPD) , and will
explain programming and software.

Before beginning any co nstr uct ion pro jec t, inven to ry the
materials and verify that all of th e pieces are included in the
kit . The con stru cti on process will begin with th e mechani­
ca l sec t ion , which includes th e servos and hardw are pieces
(Part 1).

Sandpaper or emery board
Xacto knife

Double-s ided Foam Tape
(Scotch / 3M Heavy Duty
Mounting Tape found at
most office supplystores)

Straight-edge
Marking Pen

Phill ips screwd rive r
Cya noacrylate G lue

(super glue)
Support Structure

Materials Required
to Get Started

It is useful to categorize th ese sect ions as Part 1 and 2 so that
th e project can be coord ina ted. This will help the inexperi ­
ence d robo ticist to visua lize whe re th ey will start and how
th ey will fini sh . Be ca re-
ful NOT to rem ove the
co mponen ts that are on
th e an ti-sta t ic pad in th e
bag. Sta t ic sensit ive semi­
co n d uc to rs ca n be
damaged by improper han­
dling.

Since this project is run ­
ning concurrentl y with
th e skin fabricati on series,
some procedural modifica­
tions were required . For
simplifica t ion purposes,
the Hexapod fabrication

Since thi s Hexapod has th e pot ential to resemb le an alien
insectoid creature, this construct ion series will run concur­
ren tly with art icles on how to bring your bot to life by
crea t ing robot ic oute r coverings, or "skins." In th at series
(see The Hexapod Wa lker Comes To LIFE on page 58),
the H 1~KT will becom e a Mantid Hexaptera, or MH6 for

To get you th inking, th e H 1~KT kit provid es all of th e co m­
pon en ts necessary to assemble a fully functi on al robot. Al so
provi ded is an illustrat ed assembly manu al. However, any
robo tics enginee r will admit th at robo t construct ion is re­
plete with modificati on and experimen ta t ion. In this series,
we will deviate from the assembly manu al, but th e result
will sti ll be a fully func tio na l Hexa[Jod Walker.

Jim Frye of Lynxmotion , Inc. explains on their web site
(lynxmotion.com) tha t the ir kit s are designed for people with
some model or electron ic kit assembly experience , and th ey
kn ow of high school studen ts and parent/child teams who
have successfully assembled th eir kit s. Lynxmotion's goa l is
to manufacture and distribute affordab le, high quality kit s
to un ivers it ies, high schools, and othe r roboticists. Their
kit s are designed to fill a gap in th e educa t iona l, hobb y or
'person al' robo tics arena , and th ey caution th at th eir projects
have been kn own to spark imagin ati on s as well as to make
one th ink .

We will be build ing Lynxmotion, Inc.'s HI ~KT Hexapod
Walker I robot, pro viding det ailed instru cti ons and illustr a­
t io ns tha t will guide you throu gh eve ry facet of th e
fabrication process. How to modify th e Hexapod Walker by
adding an Infrared Proximit y Detector (IRPD) which allows
the robot to reac t to its env ironment , will also be covered.

R OBOT S CIENCE & T ECHNOLOGY



3. Identify one side of th e bod v structure as th e "top" side
and one side as th e "bo tt om."

4. O n th e bottom of th e bod y structure , measur e 3-3 /8s
inch es (85.7 mm) from th e nose of th e bod y (the nar row
end ) tow ard the ce nte r of the bod y. With a marking pen,
mark thi s point. Draw a line perp endicul ar to the longi­
tudinal ax is ac ross th e str ucture, at th e mark . This me a­
sure me nt will be th e refer ence for th e placem ent of the
ce n ter servo mo to r.

Photo I

begins here with th e co ns truct ion of th e HexajJOd Walker
bod y and legs, and th e attach me nt of th e servo mo tors. As
th e mechanical st ructure takes form, th e fabrica tor will see
whe re and how th e elect ronic c ircuits will fit for Part 2.
When th e st ructure is co mplete it will be ava ilable for mea­
surement and visualizat ion of what th e "creature" will look
like th at is being co n te mplated for th e co mpa n ion art icle .

5. A second refer en ce lin e is required on the bottom of the
bod y structure. This tim e, measure I inch (25.4 mrn ) from
th e tail of th e bod y (the wide end) toward the ce n te r of
th e bod y. With a marking pen , pla ce a mark at thi s point .
Now draw anothe r perpendicul ar lin e ac ross the struc­
tur e at the mark . This reference lin e will help with the
placement of th e right and left servomotors (see Photo 2).

Setting the Servomotors to
Mid Position (90 degrees)

Photo 3

A First Ste p guide is provided for set t ing the servo mo tors
to mid positi on by usin g the microcontroller (the servo mo ­
t ors m us t be in mid ,...----------------,

position before attaching
th em to th e robo t bod y
st ruc t ure ) . Th ese in­
st ruc t io ns co u ld be
followed, but that would
require beginning th e
co ns t ruc t io n proc ess
with th e e lec tron ics as­
se m b ly. Bel ow is a I_ IIIIIIJIII"

sh or tc u t that you can
use. Have ava ilable th e
servo moto rs, plastic co u-~••••••••• • • • I ~

piers, plastic horns, and
mounting screws. (This may look like man y ste ps, but the
pro cess is really quite easy. )

I . Take th e plast ic pan el th at has th e Hexapod's pieces ma­
ch ined into it and cut th e pieces from th e pan el usin g a
sharp Xacto blade . C utt ing out th e pieces is suggested he­
ca use snapping or twisting th em from th e pan el co uld dis­
tort or ruin th eir sh ape. O nce rem ov ed from the panel,
th ere should be e igh t pieces th at will form th e hinges, six
legs, and three pieces for th e hori zon tal leg assembly (see
Photo I ). (NOTE: Do not lose any of th ese pieces! Extra
pieces are not included in the kit and every piece h as a
spec ific purpose. )

2. O nce th e parts are rem oved, they will require some clean
up at th e points whe re th ey were co nnec ted to the pan el.
With a piece of sandpaper, or an eme ry hoard , sand th e
edges of th e pieces until smooth.

Getting Started

2. Selec t a coupler (the small, white plastic piece that is
square , but has a c ircular hole in the middle) and pre ss its
round back on to the servo co upling gea r. By hand, rotat e
the attached coupler on the servo co upling gear clock­
wise until the gear sto ps. When the gea r sto ps, remove
the coupler by gently pulling it from the servo coupling
gear. This process sets th e servo at adegrees.

I. Hold a servo so that th e co upling gear (the white round
piece protruding from the se rv o ) is at the top . The
manufacturer 's label is locat ed beneath th e servo coupling
gea r (see Ph oto 3 ).

Centering Two Servomotors

Photo 2
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3 . St ill holding the servo ,
place the co upler back
on the se rvo co upling
gea r, with th e coupler's
edge d sides as near to
para lle l as possib le , to
th e long sides o f th e
servo. The "open" sides
of th e coupler are nearly
parallel to th e top and
bottom of the servo (see
Photo 4) .

4. Repeat steps 1 th rough 3
above on one more ser­
vomotor. The third ser­
vomotor is reserv ed for later.

Photo4

be marked with "ce n te r servo" and "left servo" st ickers for
identification purp oses.

Aligning the Right Servomotor

1. T he third servo motor will fun ction as th e RIGHT servo .
Press th e round back of a coupler onto th e servo co upling
gea r. Rotate the attache d coup ler on th e servo co upling
gear counterclockwi se unti l th e gea r sto ps. Rem ove the
coupler by gen tly pulling it from th e servo co upling gear.
This process will set th e right servo motor at 0 degrees.

2. St ill holding the servo, place th e coupler back on th e servo
co upling gear, with the co upler's edged sides as near par­
alle l to the sides of th e servo as possible (the ope n sides of
th e coup ler will be nearly parallel to the to p and bottom
of the servo. )

Aligning the Center Servomotor

1. Se lect one of th e two servo moto rs set at 0 degrees to func­
tion as th e C ENT ER servo . By hand, rot at e the coupler
coun te rclockwise 90 degrees (until the edged sides of the
coupler are parallel to the top and bottom sho rt sides of
the servo ).

2. Select a plastic horn and place it on the coup ler so th at
the horn is po in t ing to the left. T he 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 th at th e horn is placed on th e coupler so
that th e flat end of th e horn is flush with the right edge of
th e co upler. This will give th e horn eno ugh clearanc e to
functi on once attache d to th e robot body. Fasten the horn
onto th e coupler with a screw using a Phillips screwdriver.
Tighten unti l snug, but not too tight (minor adjustmen ts
may lat er be requ ired) (see Phot o 5) .

Aligning the Left Servomotor

1. The seco nd of th e two servo motors that were set at 0 de­
grees will func t ion as the LEFT side servo. Rot ate the
coupler countercloc kwise 90 degrees (unti l th e edged side
is now parallel to the top and bottom of the servo ).

2. Place a plastic horn on th e co upler so that the horn is
po inting left (as in step 2 above ). HOW EVER, be sure
th at th e horn is placed on th e coupler so that the screw
attaches the horn at the center of th e adju stable open­
ing. Fasten th e horn onto the coupler wit h a mounting
screw and tighten until snug. Do not over-t igh ten.

Place th e center and left servomotors aside and be sure that
th ey can be identified later. It is suggested that the se servos

3. Rot at e the coupler clockwi se 90 degrees.

4. Place a plast ic horn on the coup ler so that the horn is
pointing to the right. Attach th e horn to the co up ler. Be
sure that th e screw is placed at the center of th e ope n
adjustmen t of the horn. Attach un til snug.

5. Mark the right servo for identificati on.

Attaching the Servos to the
Robot's Body Structure
T here are now three servos set at 90 degrees ready to be
attache d to the bottom of the bod y struc ture.

1. Place the cente r servo aft of th e lin e th at was drawn at 3­
3/8s inch es. The servo 's horn will be pointing upward.
Place th e side of th e servo th at is oppos ite th e attached
horn at the line. The side of th e servo th at has the horn
attached will be facing th e back -end of the robot body

Photo5
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(see Photo 6). The servo must be centered at thi s line.
Attach th e servo in place with the doubl e-stick tape .

2. Place th e left servo and right servo on th e body str ucture
for a tri al fit . Each servo 's horn coupler must point down­
ward (with th e robot resting on its back). Place th em for­
ward of th e line that was drawn 1 inch from the back of
the robot body structure. Lay them on th eir side, so th at
th e horns poin t down and appea r to "han g" over th e side
of the body structure.

3. O nce the servos have been positioned sat isfactor ily, mark
th eir placement with a marking pen. Attach the servos to
th e body structure with doubl e-stick tape.

4. When the servos have been taped in place as sho wn in
the photographs, plac e th e body with attached servos on
a support structure, such as a large roll of tape. The servo­
motors sho uld be to uch ing th e support structure so th at
th e adjustable horns are not support ing th e en tire assem­
bly. The servos sho uld now be "hanging" und erneath th e
upside down body str ucture.

Constructing the Vertical Leg Assembly
(For the Center Legs)
To construct th e vert ica l leg assembly, have available th e
two plastic brackets, the sma ll rectan gular spacer, and th e
two leg pieces that have th e protruding plastic tabs with three
holes, all prev iously cut from th e plastic panel. Also, have
ava ilable two plastic screws and nuts. The following process

Photo 6
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Photo 7

is perform ed while the robot is resting on the support struc­
ture, and the servos are "han ging" und ern eath the robot body.

1. Using th e two plastic brackets and th e sma ll rectan gular
spacer, sandwich the small rect an gular spacer bet ween the
two brackets (see Photo 7) . The rectan gular space r sho uld
be adjusted to fit at a center placem en t whil e betw een the
bracket s.

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

3 . Insert a plastic screw through the aligned holes. A ttach
the nut on the opposite side and screw in to place for a
snug fit. This process may cause th e rectangular spacer to
move from its centered , in-between placem ent with the
two brackets. However, once the seco nd leg is secured at
the opposite end, th e rect an gular piece will sn ugly fit be­
tween th e two bracket s. Take, th e seco nd leg (with the
same protruding plastic tab with three holes) and com­
plet e th e process.

4. Once th e center leg assemb ly is complete ly constructed,
it is super-glued onto th e body struc ture. The leg assembly
will be placed in the pre-cut slot on th e body. Not e th at
the brackets will fit snugly into the slots. First , confirm
proper placement. Then dab super glue on th e middle of
the sandwich , along the brackets and the rectangular
space r, where th e leg assembly will directl y contact the
body structure. Use th e superglue conserva t ively, and do
not allow glue to touch the joints of th e leg assembly,where
the plastic screws have been placed (see Ph oto 8 ).

5. Hold th e leg assembl y in place until secure.
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What's Next?

th e leg all the way through the slits until it is "sea ted" and
firmly in place. Complete thi s process for the remaining
legs (see Ph oto 9) .

Photo 9

Author's biographies sho wn on page 62 .

First, th ere was th e H l-KT kit . N ow th ere is a parti ally co n­
structed 'bot. We encourage you to follow along in thi s spec ial
two-part series. Al so, tak e a look at how you can bring this
'bot to life with roboti c skin fabricati on on page 58.

The Hexapod Walker has just begun to take sha pe. The six
legs are attached as well as the servomotors . However, thi s is
on ly the beginning of th e excit ing robotic construct ion pro ­
cess! Part 2 of this con struction series will feature working
with the electron ics and programming of the assembly.

2. Repeat thi s process for each co rne r. (NOTE: The small
holes of th e two hinges attached to the back of th e struc­
ture face forward , toward th e front of th e robot body.) The
small holes of th e two hinges attached to th e front of the
body structure will face backward, toward th e aft end of
th e robot body. C heck your work closely. It will be too
late to make correc tions once th e leg is glued in at the
next step.

Photo8

Attaching the Horizontal Leg
Assemblies

1. Take two of th e plastic pieces which will form a hinge,
and hold th em at a back corne r of th e robot (it does not
matter which side ). The robot body will be sandwiched
between th e two support hinges. NOTE: There are three
holes in eac h hinge: two small holes and one larger hole
(the hinge point) . Be sure th at th e hinges to be attached
to th e backof th e robot structure are placed with th e small
holes facing forward toward th e front of th e body struc­
ture. Put a screw through th e hinge point and plastic bod y
structu re, and attach with a nut.

Eight plastic pieces will form th e four hinges to be used in
th e fabricati on of th e horizont al leg assemblies (as well as
four screws and nuts). In thi s process, the four legs will be
added to th e body structure. This is acco mplished while the
robot body is resting on the support structure, with th e servo
motors "undernea th" th e upside down body structure.
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3. There are four legs remaining to be attached. Apply super
glue to the to p and bottom edge of th e notched end of the
leg. Seat the tab into th e slot of th e horizontal hinge. Push

www.acroname.com
phone: 303·258·3181 fax: 303-247-1892

I

L- ._--- .--- ---- - - -----_.

IR OBOT S CIENCE & T ECHNOLOGY IlCli
-- - ..'- -- -- -- - - - - - - - - - - - - - - - - - -



Popular Micromouse
Algorithms, Part IV

Introduction

This is th e fourth in a ser ies of art icles abo ut various algo­
rithms ("a lgorithm" is a fan cy term for "method") used by
micromouse robots to solve the micromouse maze in cotnpeti­
tion. These competit ions have been orga n ized an n ually all
over the U.S. by various cha pte rs of IEEE. They have proven
to be very popular. Depend ing on th e intended contestants,
th e exac t rules may differ among th e compet it ions. The main
object ive, however, rem ains the same: use a robotic "mo use"
to solve the maze as quickly as /)ossible. The basic premise of
th e problem is that the micromou se robot does not kn ow
th e configuration of the maze before its first run . The coor­
dinate of the destination, on th e ot he r hand, is known. The
robot is allowed to sto re informati on and repeat solving th e
maze with in a t ime limi t.

Most micromouse robots can on ly sense whether th ere is a
wall di rec tly ahead, to th e left and to th e right. Based on
such limi ted information, th e robot must rely on proven al­
gorithms to systematica lly ex plore th e maze to find a path
to the destinati on. A smart robot eve n tries to find the short­
est path to the dest inat ion to minimize th e tim e it tak es to
trave l there. In previous issues, we discussed the Wall Hu g­
ging, Depth-first Search , and Flood-fill algorithms. In th e
July 1998 issue, we emp loyed th e Wall Hu ggin g algor ith m
and discovered its main fault. In essence, if th e rob ot swims

along th e shore line of a lake, it will never reach an island in
the middle . Therefore , if the island is its destinati on, it will
fail. The failure is, of course, attributable to the inadequ ate
algor ith m. In th e N ovember issue , we discussed ano the r
popular algor ithm used to solve th e micromouse maze, the
Depth-first Sea rch (DFS ). The main advantage of the DFS
is that it guara n tees th at the robot will ex plore all ce lls th at
ca n be reached from its start ing ce ll, and map the m. Unfor­
tunat ely, DFS does not provide th e shortest path to the
destinati on. A faste r, less intuitive method is a little more
complica ted th an th e wall hu ggin g and DFS techniques, but
has th e adva ntage of finding the destination without hav­
ing to explore th e entire maze. That method was th e subject
of th e January issue's algor ithm art icle - the Flood -fill algo­
rithm . This method may find a way to the des t ina t ion
without ex plor ing all of th e ce lls, and the refore save search
tim e. However, it may not find the sho rtest pa th, a necessity
for accomplish ing the objective of th e competit ion - to solve
the maze as quickly as possible.

Finding the Shortest Path

G iven two robo ts th at can move at the same spee d, the one
th at takes a shorter path will yield a sho rter run tim e. It is,
therefore, important to find th e shortest path from th e start ing

III R OBOT S CIENCE & T ECHNOLOGY I



The ac tua l number of distinct ac t ions , or moves, ava ilable
to the rob ot is lim ited on ly by its ph ysical ability. Some ro­
bots must sto p to turn. That ac t ion has a grea te r cost va lue
than if it were able to turn on th e go without stopping. Two
heuri stic formul as will be discussed, th e first assumes th e robot
sto ps before turning and ca nnot move di agonall y, and the
second assumes diagonal movement is possible. The heuris­
ti c function app lica ble to the di agonal-capable case is
automatically an underestimat e for the other one. There­
fore, the heuristic function that uses the len gth of the stra igh t
line is applicable to both the diagonal capable and di agonal
incapable cases.

I ROBOT S CIENCE & T ECHNOLOGY 'lEI

Notations and Variables

Al so, not e that in th e algor ith m, we talk abo ut "reacha ble
sta te N from state X via ac t ion A ." There is no mentioning
of cells in the algorith m. This is because an ac t ion may leave
the rob ot in the same ce ll or a few ce lls away from th e cur­
rent cel t. A 90 -deg ree turn leaves th e robo t in the same ce ll,
while a "mo ve forward three ce lls" ac t ion leaves the rob ot
three ce lls from the current cel t.

cdcrate . If the rob ot is to mov e forward two ce lls, it ca n
accelera te to a high er speed, the n deceler at e to slow and
stop at th e end of th e second cel t. These are not th e on ly
co ns ide ra t ions when a rob ot moves.

Let us first explain the notation and variables involved in
this algor ithm. The algor ith m keeps track of sta tes and other
information about stat es via item s with five co mpo ne nts (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:

C omponen t I : the stat e X. This compo nen t indicates th e
stat e to which the information in the quint-tuple belongs.
C omponen t 2: th e previous sta te Y. This componen t indi­
ca tes that sta te previou s to this sta te wh en the o ther
co mponen ts arc co mputed.
C ompo ne n t 3: P. The exact kn own minimum cos t from
th e sta rt ing sta te to sta te X. Note that this is th e exact
cos t of one of possibl y man y paths from the sta rt ing sta te
to sta te X.
C ompo nent 4: D. The esti ma ted cos t of a path from the
sta rt ing sta te through sta te X to a destinati on. This is a l­
ways an underestimat e of the ac tua l cos t. In othe r word s,
this co mpo ne n t is always less than the shortes t path from
the sta rt ing sta te through sta te X to a destination .
C omponent 5: A. The action taken at state Y to reach
sta te X.

state (i.c., the scarring celland the initial direction) to the des­
tination cel t.

A ssuming the entire maze is known (such as from a DFS
exploration) , the A * algor ith m guarantees to find the shor t­
est path. o re that the A * algor ith m is a planning method ,
not an eX!lloration method. During the execution of the wall
hu ggin g, DFS or flood-fill methods, the robot actually mov es
around . However, during the exe cution of the A * algorithm ,
the rubor does nor mov e. Instead, the robot just plan s the
shor test path based on the known configura t ion of the ma ze.
The A * algorithm deals with "states" instead of just "cel ls."
A state represents the robot being at a ce ll and facing a certain
direction. In other word s, the ruhot at cell X facing north is
in a different state from the robot at cell X facing south.

In ord er to express the A * algor ithm, it is helpful to intro­
duce a sorred lise. A sorte d list, as the name implies, is a list of
items that is ordered by some criterion. A s items are inserted
or deleted from the list , adjustments are made to ensure the
list rem ains so rte d. In the following discussion, we can as­
sume the headof 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 . Th is 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 start ing state to this stare (computed and known);
and the value from the sta rt ing sta te to this state added to
the underestimated valu e to reach the destination from this
state.

In this algorithm, "cos t lA)" is the cost of an arbitra ry act ion
A, and h(X) is the est ima ted distance from an arbitrary sta te
X to th e destinati on. It is important to reali ze that the ac ­
tions being ev alu ated 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 -

In addition to "sta tes," the A * algorithm relics on a beuristic
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.
"A dmissible" is merely a fancy term for "underest imat ing ."
In other word s, the A * algor ith m relie s on a rule-of-thumb
that always underestimates th e ac tua l distance from a sta te
to th e destination.

The Method
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In the algorithm, "cons idered" is a set of quint-tuples th at
represen t states that have bee n conside red. A "frontier" is a
sorted list of qu int-tuples th at represent sta tes that are being
considered. The list is sorted in increasing va lue orde r, first
to last , by the fourth compone n t of th e quint-tuple. Effec­
tively, the first quin t- tuple of "frontier" represents the most
probable state und er cons iderat ion th at sho uld be on the
sho rtest path from the sta rt ing sta te to a destinati on.

In pseudocode the algorith m reads as follows:

update(X,P)

for all (Z,X,P I ,O,A) in conside red or fron t ier do

if (P s-costf A) < P I) then

rem ove (Z,X ,P I,O,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 co ns idered set

create (S,null,O,h(S), null) in the sorte d list front ier

wh ile the dest ina tion is not co nside red do

remove the first ite m (X,Y,P,O,AI) from frontier

put (X, Y,P,O,A I) to co ns idered

for eac h state N reachable from sta te X with an
action A do

if (N,X I,P I, Dl,A2) does not ex ist in front ier
or co ns idered

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

else

if (P I> P+ cost( A) ) the n

de lete (N,X I, P I,O I,A2 )

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

updat e(N ,P+cost (A ))

end if

end if

end for

en d wh ile

end A *

Regarding th e A* algorithm, th e most crucial sta te men ts to
und erstand are th e bolded ones. These lines assoc iate sta te
N with two numbers. O ne of the possibly man y exact costs
from the sta rt ing sta te S to sta te X is P. As a result , the exact
cost of one of th e possibly man y paths from th e sta rti ng sta te
through sta te X to sta te N is P plus the cost of th e ac t ion A
(Ps-costf.Aj ). N ote 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 bee n found. If one
ex ists, the exact costs of the two paths are co mpa red, and
only th e sho rtes t one is sto red. Furthermore, if a path to
sta te N is already found, it impli es that the pa ths of othe r
sta tes from sta te N may have bee n co mputed (represented
by quint-tuples in th e "considered" set or "frontier" sor ted
list) . The utility procedure update recomputes th e quint­
tuples of all sta tes whose exact cost depends on the path
from th e sta rt ing sta te to N .

Heuristic Functions

First , we need to decide wha t act ions can be taken and the
assoc iated costs:

• Move forward one ce ll: 700 ms.
• Move forward two ce lls: 1200 ms.
• 90-degree turn: 500 ms.

It is the programmer 's responsibili ty to de te rmine the heu­
ristic function (h) .

Two Heuristic Examples

This first heuri stic functi on is applicable (admissible) if the
robot stops before turning and canno t move d iagona lly.
h = 600 ms * (abs(xl -x2) +abs(yl -y2))

WHERE
h- th e heu ristic.
(x1,y1) - coo rdinate of the ce ll represented by

th e current state
(x2,y2) - coo rdina te of the destinati on

600 ms - any tim e est ima te that is LESS th an or equ al to

the tim e required for a move of a single ce ll, in this case
600 ms. Although it takes 700 ms to execute the "move
forward one ce ll" co mmand, it takes only 600 ms to move
one cell when th e robot executes the "move
forward two ce ll" command.

abs - the absolute value.
abs(x l-x2)+abs(y l -y2) - This is the minimum number of

ce lls to travel even if there were no walls. The horizontal
offset of the curren t ce ll from th e dest inat ion is abs(x 1­
x2 ), th e robot must move absfx l -xZ) ce lls horizontally
eve n if there are no walls. Similarly, abs(yl -y2) indicat es
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Let us aga in co nsider moving from C (0 ,1) to ce ll D (2,2).
The straigh t lin e leading from cell C to ce ll D is sqrt l l +2)
or about 1.732 ce ll lengths. Since the robot can not move
faster th an 600 ms per ce ll, 1.732 tim es 600 ms (1039 ms) is

the minimum number of ce lls to travel vertically even if
there are no walls. The sum of horizontal offset and vert i­
ca l offset is th e minimum number of ce lls to travel in
order to reach ce ll (x2,y2) from cell (x l ,y1).
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TERMINOLOGY
Maze board - a square board with regularly spaced pegs. In the
Micromouse competitions , the pegs are 18 em 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 em 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

(Le., build a map).

Keep track of the current coordinate .

Knows if the robot is at the destination.

21o
Let us consider th e following maze.

Figure 1. Maze Setup.

At this point you may want to review some basic informa­
ti on prov ide d in prev io us art icles in this series. This
inform ation is provided in th e side bar on this page.

o [§J ~ [ill
1 [gOO[£]
2 [Q] [B] mJ

Let us consider gett ing from cell C (0,1) to ce ll D (2 ,2) .
Even is there were no walls, the robot st ill needs to travel
two ce lls horizont ally and on e ce ll vertically. This adds up
to three ce lls to travel , at th e minimum. Traveling each cell
costs at least 600 ms, th erefore three times 600 ms ( 1800
rns) is an underestimate of time to travel from cell C to cell D.

This second heuristic function is applicable if th e robot could
move diagon ally.
h = 600 ms * (sqrt(( x1-x2)A2+( y1-y2)!\ 2))

WHERE
h - th e heur istic
600 ms - same as above
sqrt - square roo t of
sqrt ((x 1-x2)!\2+ (y1-y2)!\2 ) - is the sho rtes t

distan ce from ce ll (x Lyl ) to ce ll (x2,y2).
Note th at this distan ce canno t be longer th an
th e sum of horizont al and vertical offset .

j

I
I

I
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an underestimat e of the time to move from cell C to ce ll 0,
eve n if there are no wall s.
Both of these h euristi cs

h = 600 ms * (abs(xl -x2)+abs(yl -y2)) , and
h = 600 ms * (sqrt((xl-x2)A2+(yl-y2)A2))

are va lid because they underestimat e the ac tua l time needed .
For that matter, if you chose h = 0 it would also be a va lid
heuristi c , a ltho ugh it 's fairl y useless.

Remember, the A * algorithm does not need to ev aluate all
the possible paths to the destinati on to find the short est.
In stead , the A * algorith m maintains a list of cand ida te path
"fron t iers," sor ted by the est ima ted length of the path from
th e sta rt ing state to a certa in sta te through to the destination.

Let us "eyeball" th e maze and intuitively try to find the short­
est path. At the first glance, pa th SCEHO is abo ut the same
length as SA BFO. However, as soo n as we fac tor in the cost
for turning, path SCEHD is clearly mor e cos tly. W e will use
this maze to illu strat e the A * algor ith m. For illu str ation, we
need to keep tr ack of the sorted list "Frontier" (bold face
represent newl y inserted quint-tuples) and the co ns ide red
set. W e also use the co nven t ion Cell

D1R
to represent the lo­

ca t ion (C ell) and direc tion (O IR, as in North, East, South
and W est) . The sta rt ing co nfigurat ion is Ss' i.e . Cell (S)

and DIR (South) " For our trace table examp le , we assume the ro­
bot sto ps before turning and ca n not move diagonall y. Refer
to NotationsandVariables while ca lcula t ing the va lue of com­
ponents in the 'Fron t ier' with part icular attention to the

actual va lues back to the sta rt ing sta te of Ss'

JTRACE TABLE

Frontier Cons idered Comme n ts

(Ss,nuIl,O,2400,nuIl ) This is the start up configuration. We need to move th e
distance of at least four cells, and we can only go as fast
as 600 rns per cell. Therefore, the actual time to get to

the destination cannot be shorter th an 2400 ms.

(Cs,Ss,700,2S00,Move South 1) (Ss,null ,0,2400,null) We can turn 90 degree at cell S, each cost ing 500 ms or,
(SE,Ss,SOO,2900,Turn East) we can go south , costing 700 ms. However, no te that
(Sw,Ss,SOO,2900,Turn West) the 90-degree turns add th e full 500 ms to the estimated

cost to goal, whereas the move south operat ion onlyadds
100 ms to the estimated cost to goal.

(SE,Ss,500,2900,Turn East ) (Ss,null,0 ,2400,null) From cell C facing south, the on ly opt ions are to turn
(Sw,Ss,s00,2900, Turn West) (Cs,Ss,700,2500,Move South ) 90-degree (to the east and west). Each turn adds 500 ms
(CE,Cs,1200,3000,Turn East) to the cost to thi s state as well as the est imated cost.
(Cw,Cs,1200,3000,Turn West)

(Sw,Ss,500,2900,Turn West) (Ss,null ,0,2400,nuli ) From cell S facing east, we can turn 90 degree and face
(BE,SE,1700,2900,Move East 2) (Cs,Ss,700,2500,Move South) south. But this state is already cons idered, and the new
(CE,Cs' 1200,3000,Turn East) (SE,Ss,500,2900,Turn East) meth od is more costly. We can also turn 90 degree and
(Cw,Cs,1200,3000,Turn West) face north. This state has not been considered yet. Fur-
(AE,SE,1200,3000,Move East 1) thermore, we can move to cell A or cell B facing east.
(SN,SE,lOOO,3400,Turn North)

(BE,SE' 1700,2900,Move East) (Ss,null ,0,2400,null) From cell S facing west, turnin g 90 degree to face north
(A E,SE' 1200,3000,Move East 1) (Cs,Ss,700,2500,Move South) and south are th e on ly opt ions. Both states are consid-
(CE,CS' 1200,3000,Turn East) (SE'SS,500,2900,Turn East) ered, and th e o ld me thods, cost ing °and 1000
(Cw,Cs'1200,3000,Turn West) (Sw,Ss,500,2900,Turn West) respectively, are less costly th an the new methods. No
(SN,SE,1000,3400,Turn North) new items are added to the "front ier" sorted list.

(AE'SE' 1200,3000,Move East 1) (Ss,null,0 ,2400,null) From cell B facing east, turn ing 90 degrees to face north
(CE,CS'1200,3000,Turn East) (Cs,Ss,700,2500,Move South) and south are the only options. Both new states have
(Cw,Cs' 1200,3000,Turn West) (SE,Ss,500,2900,Turn East ) not been considered yet, therefore they are both added
(SN,SE,1000,3400,Turn North) (Sw,Ss,500,2900,Turn West to the sorted list.
(BN,BE,2200,3400,Turn North) (BE,SE,1700,2900,Move East 2)
(Bs,BE,2200,3400,Turn South)

I.:, R OBOT S CIENCE & T ECHNOLOGY I



Solar-Powered Robots!
Why? Because Batteries SUCK*.

BEAM robotics is about bu ilding your own au­
tonomous solar-powered dev ices that don't
require batteries - like th ese !

We stop the trace here. The det ermined may work out the
en t ire trace (i .e., until a quint-tuple in the co ns ide red set

represents one of th e destinati on sta tes, ON' DE' D, or Ow),
The minimum cos t path fro m Ss to D?should be (Ss' SE' BE'

Bs' Os),

Topics for Further Research

The SolarSpeeder
1.1 is a very quick
rac er, capable of
zooming 10 feet in
under 60 seconds
of d irect sun light!
K SS · $25

*N" ,,{feme inteTuled to pink , dntm.beating bunnies

The Photopopper
4.2 is a palm-sized,
solar-powered, light­
seeking, obstacle­
avoiding robot. No
microprocessor, no
batteries!
K PP42· $60

Solarcells
SC 3733 5.5V Solarcell (1.45" x 1.3") -$12.50 / pair
SC 2433 2.7V Solarcell (0.94" x 1.3") - $11.00 / pair
SC 2422 3.5V Solarcell (0.94" x 0.87") - $8.00 / pair

Prices in US Dollars I Add $6 sh ipping
Visit our website for more information!

179_Gmw..yN.E., C<l!/iry,Ab!rtI, erma):J(3J4
Ph:(403) 818·3374 Fax: (403)226·3741

HTTP://WWW.SOLARBOTlCS.COM

Check out the
Robot Science &Technology

web site at
www.robotmag.com
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Besides the methods described in these art icles, there are
many other methods to solve the Micromouse maze . Fur­
thermore, the methods described assume the rob ot ca n on ly
impl em ent simp le ac t ions. In realit y, the robo t ca n be de­
signe d to perform in a more co mplex manner. For insta nce,
the Microm ouse rules do not rule out a robot that ca n sense
wall s that are out of the curren t ce ll. Such informati on can
be used to co nstruc t the maze map without ex ha ust ively ex ­
ec ut ing the dep th-first sea rch ex ploration. S imilarly, the
flood-fill explorat ion method may use such extra informa­
t ion to shorten the explora t ion
phase. O ne interesting modifi ­
ca t io n to th e fl o od -fill
exp lo ra t io n is to refine the
most op t imist ic distance from
destinati on.

Al though possessing th e entire
maze map is sufficient to let the A * algorith m compute the
shortes t pa th, it is not necessary. If the A * algorith m h as a
heuristi c fun ction th at closely est ima tes the ac tua l cost , it is
poss ible that on ly a sma ll number of sta tes (and therefore
cell s) need to be cons ide red. This means that an explora ­
tion method that on ly ex plores necessary ce lls needed for
the A * algori th m may be worth looking into.

While the Mi crom ouse scenario may see m toy- like and lim ­
ited in scope, it is an excellent introduction to navigati onal
issues of larger robo ts. Al gorithms such as Depth-first Search,
Flood-fill and A * are on ly the beginning of algo rith ms
needed by autonomo us robots in the real world.

We met Tak Auyeung at the
IEEE Region 6 micromouse
competit ion at ueo, where Tak
teaches the ueo Micromouse
Lab. In his other life, he's the
software development group
leader for embedded controllers
atZworld.

Photo court esy of So ny Co rpora tion

for h igh ligh ts of past issues,
150+ photos, design tips and
the latest on Sony's Home

Entertainment Robot.
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O ne of th e curren t research topi cs at N ASA 's Center for
Autonom ous Control Engineering (ACE) in robo t ics is the
use of multiple autono mo us robots for th e cooperat ive ex­
ec ut ion of tasks. Tod ay soft computing - fuzzy logic , neural
network s, gene t ic algorith ms, gene t ic programming, and
probabilistic reasoning - has resulted in more user-friendly
product s th at learn to ado pt th eir user 's operat iona l charac­
teri sti cs. These ro bo ts offe r se ve ra l ad va n tages ove r
monolithic robots , such as robu stness th rough redundan cy
in numbers, redu ced size and weight, and lower production
costs.

Fuzzy logic and fuzzy control, a senso ry-fusion, and th e rule
hi erarch y approach, allow th ese co mplex systems to fun c­
ti on . Finall y, a hi er archical fuzzy
syste m opt imized through evolution­
ary method s ac ts as a controller. In
conjunc t ion with an algorith m, th ese
syste ms are employed by a team of ro­
bots th at play socce r.

As described by Tunstel [1] and imple­
men ted by our group at A CE, each
robo t's ove rall beh avior emerges from th e interacti on among
multiple fuzzy logic con trollers, eac h of whi ch is responsible
for a distinct behavior. In the case of th e robot soccer test
bed , a robo t's behavi or is govern ed by th ese fuzzy modules:
atwek, defend, /Jass, intercept, block, shoot, avoid, and supported
by th e non-fuzzy modules, sense, talk, move, kick, and turn.

Fuzzy logic contro llers impl ement co ntrol algorith ms con­
sist ing of linguistic rules. These rules are usuall y in th e form

• R OBOT S CIENCE & T ECHNOLOGY

of IF x is A and y is B then z is C (x , y, z be ing th e inputs and
output variables) , and an inferen ce eng ine, whi ch executes
and aggrega tes th e rules' output . The rules represent map­
pings between input and output va riab les. Zadeh [2], in hi s
semina l paper, chose the word "fuzzy" for th e cont in uum of
logical values betw een 0 (complet ely false) and 1 (complet ely
tru e) . The th eory of fuzzy logic deals with two probl em s: (1 )
fuzzy set th eory, whi ch deals with th e ambiguity found in
sema n t ics, and (2) fuzzy measurem ent th eory, whi ch deals
with th e ambiguous nature of judgments and evalua t ions.
The primary moti vati on of fuzzy logic is to exploit to leranc e
for some inexactness and imprecision. Fuzzy logic and clas­
sica l logic differ in th e sense that the former ca n handle
both symbo lic and numerical man ipul ation, while the latter

ca n h andl e symbo lic manipulati on
on ly. In fuzzy logic, one ca n see that
eve ryth ing is a matter of degree.

Fuzzy con tro l syste ms are rule-based sys­
tems in whi ch a set of so-called fuzzy
rul es repr esents a co ntro l deci sion
mechani sm th at subst itu tes for or emu­
lat es a skilled human operator. A fuzzy

co ntro ller typica lly tak es th e form of a set of if-the n rules
whose antecedents (if part) and consequents (then part) are
themselves membership fun ctions. Conseq uents from dif­
ferent rules are numeric ally combined and are th en collapsed
(t ypicall y taking th e centroid of th e co mbine d distribution )
to yield a real-number (binary) outp ut. Thus, a fuzzy co n ­
troller works in a way similar to a co nventional syste m: it
acce pts an input value, performs some ca lculat ions, and gen­
erates an output valu e.



Figure 2. Soccer Robot Hierarchical Fuzzy BehaviorController.
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Fuzzy Control for Robot Soccer

If robots are to co llec t ive ly ex hi bit real t ime reasoning and
co llaboration, as soccer teamma tes must, they sho uld be able
to autono mo usly identify situat ions, eva luate them, and re­
act according ly. A fuzzy logic controller that mimics human
reasoni ng by using rules, and incor porating co ncepts of im­
prec ision in knowledge representations, is the refore ideal for
this purpose (see Ross [3]).
The robot agents employ a fuzzy system (see Figure I below).

Figure 1. Process of a Fuzzy System.

The fuzzy syste m co ns ists of seve ral layers of hi erarchical ,
interco nnected fuzzy logic co ntro llers (see Figure 2 below) .

Each controller rep resents a behavior, and from its interac­
t io n wi th othe r co nt ro lle rs eme rges the ove ra ll ro bo t
behavior. The lowermost modules correspo nd to th e primi­
t ive behaviors disp layed by the age n ts, such as obsta cle
avo idance and ba ll handling. A s one adva nces up th e hi er­
arc h ical network, the fuzzyco ntro llers encode more co mplex
behaviors, affect ing th e response of the modules locali zed
be low them (feed ing outputs dir ectl y to th e inputs of lower
levels or modulating th eir outputs). The more adva nced func­
t ions are respo ns ible for behavior s such as ball passin g,
at tacking run s and defensive ac t ions (see Mirabal , e t al. [4]) .

A gene tic algor ith m (discussed below) is used to evolve a
fuzzy linguistic rule base sta rt ing from a fuzzy co ntroller pro­
duced by the authors using a tri al-and-error design approach.

An initial population is formed by randoml y alte ring a com·
men-sense set of fuzzy rule bases created by the researchers
(see Jeong and Lee [5], and Tunstel and Jam shidi [6]). Each
sea rch point or individual of the populati on, in our case c
fuzzy rule, represents a ca nd ida te solut ion and is evalua teo
acc ording to a fitness fun ction. The fitness funct ion ass igns
hi gher valu es to desired cha rac te rist ics.

In th e robo t soccer applicat ion , data co ncerni ng th e bail
and players' positi ons, as well as stra teg ic-play information

is relayed to the robo ts via a radio link.
S tra teg ic-play information, gene rated
by a laptop coach, co ns ists of directi ves
that affec t th e robo t's high er-level be­
havior modules. The analysis of the
game play and the emission of directi ves
are reali zed by a different hi erarchical
fuzzy syste m running on the laptop . A
second genet ic algorith m will be em-
ployed to opt imize the co mponen ts of
th is tact ica l fuzzy syste m.

Fuzzy Behavior

A utono mo us navigati on behavior can
be decomposed into seve ra l intercon ­
nected spec ial purpose behavi ors. T he
interconnection of the behaviors is a
hi erarchical network. It is hi er archical
in th e sense that the overa ll syste m be­
havi or is decomposed into a bottom-up
hierarchy of increasing behavioral com­
plexi ty. The behavior al ac t iv ity at a
given level is a function of the behav­
ioral act ivit ies at th e level( s) below.T he
lowermost modules, referred to as the
primit ive behaviors, are responsible for
the simple se lf-co n ta ined behavi ors

such as det ect , move and kick. The in termedi at e behaviors,
located in th e mid-section of the hi erarchical structure , in­
teract with th e prim itive beh aviors to perform specific tasks,
such as score , block , and intercept. The primit ive beh aviors
map inputs to co n tro l outputs (t ypicall y co mmo n ac tuators ),
while higher-l evel behaviors ac t as fuzzy deci sion systems
whi ch map goa l and strategy informati on to dynami cally
ada pti ve weights assoc iated with each primitive behavior
(see Tunstel and Jam shidi [6]) .

Evolving Intelligent Robots Through
Genetic Algorithms
Gene t ic algor ith ms (GAs) use th e co ncepts of Da rwin 's
th eory of natural select ion and evo lut ion. The theory is based

R OBOT S CIENCE & T ECHNOLOGY
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on the assumption th at th e ex istence of all living things is
based on th e rule of "survival of the fitt est" (see Ross [3]) .
New classes of living things com e into existe nce through
rep rodu cti on, crossover, and mutati on amo ng exist ing or­
gan isms. First, an initial population of different possib le
solut ions is crea ted by randoml y alte ring a common-sense
set of fuzzy rule bases crea ted by the researchers. Each search
point , an indi vidu al of the popul ati on (in our case a fuzzy
rule) , is tested for its perform ance according to a fitness fun c­
tion. Among th e possible solut ions, a fracti on of th e solut ions
is chosen, according to a cuto ff va lue, to succeed into th e
next gene rat ion whil e th e others are elimina ted. This is th e
concept of surviva l of th e fitt est. The selected solut ions un­
dergo the processes of rep rodu cti on, crossover, and mutati on
to crea te a new gene rat ion of solut ions th at are expected to
perform better than th e previous gene rat ion by combin ing
th ei r tra its (param et ers). N ew gene rat ions are produced and
evalua ted repeatedl y until th ere is convergence within a
gene rat ion. First , in our applica t ion, th e parameter set of
th e problem th at cha racte rizes th e solut ion is coded in the
form of a finite string of bit s. For example, we create ind e­
pendent bit strings for th e an teceden t and th e consequ ent
of the fuzzy if-then rules, and then th e strings of each pa­
rameter are concate na ted to make one string th at represents
th e whole parameter set. The len gth of th e bit strings is based
on the handling capac ity of the compute r being used . The
strings are crea ted randoml y and then decoded, or mapped ,
into a set of param eters th ey represent. This set of pararn-

Soccerbot with cover and controller board off.

qu alities. These new strings comprise th e new gene rat ion
and th e process of dec oding and evaluat ing is repeat ed .

Although most of the search ing power is involved with re­
production and crossover, mutati on is imp ortant when an
opt imum solut ion can no t be found. Mutati on cha nges the
valu e at a ce rta in string locati on and is rare. It occurs per­
haps once in a th ousand bit string locati ons. In any probl em
space there are an infinite number of solut ions , and gene tic
algorithms, augmented by mutati on, sea rch for a solut ion
from a broad spec trum of possibilities.

Soccer Robot Sensor Interface

The robots are provided with informati on from a
global sensor. It is provided by a rem ote, sta nd-alone ,
vid eo-processing sys te m com posed o f a
Cogna ch rorn e (see Reference [7]) video processing
board, an NTSC CCO ca me ra, and a lap top co m­
puter. This globa l senso r ex tracts the positi ons of
distinct objects conta ined in the ca mera's field of
vision . These objec ts are assoc iated with areas of
different co lor (see Cognachrome [7]) . Then the in­

form ati on ex trac ted from the video fram es is transmitted to
the robots in th e form of approx ima te locations of th e ob­
jects. This co n fig ura t ion is ade q ua te for o ur test-bed
applicat ion since th e teams, th e field and its boundaries, and
the ball have different co lors.

The sensor processing rout ines ex trac t hi gh er level infor­
mation ( su ch as di stan ce-to-ball, posse ssi on-ball ,
distance- to -opp onent, direction-nearest-ob stacle, distan ce­
near est -ob st acle, d ist ance-ball- ro-nearest -agent , speed­
agen t ) from th e position informati on provid ed by the globa l
senso r. This data is th en sto red in a buffer area th at is acces ­
sib le to a ll fuzzy behavi or modules. Between glo bal
informati on broadc asts, the current positi ons containe d in
the local buffer may be appro xima tely upd ated by dead-reck­
on ing method s.

_____0 _0_111100010111

_____1 _1_01101010100010 1 0 1 0 1 0

11 0 0 0 1 0 1

Figure 3 . Crossover in strings.

ete rs is th en passed th rough a numerical model of th e prob ­
lem tha t yields a solut ion based on th e input set. The qu ality
of the solution is eva luated acc ording to a fitness function
whose value is assigne d to th e string. The fitness values of
eac h string in the populati on are det ermined and an aver­
age is co mp ute d. The relative fitn ess of each str ing is
determined by dividing th e fitness va lue of each string by
th e ave rage fitness va lue. Reproducti on is th e proc ess by
wh ich strings with higher fitness va lues are duplicat ed in
the next gene rat ion. The tot al number of strings must re­
main constant for computa tiona l efficien cy, th erefore strings
with fitness va lues below the cutoff are elimina ted. After
reproduct ion , crossover occurs between two new randoml y
selected strings at a random locati on (see Figure 3). The bits
to the right of the locati on are interchanged as a way of
information exc ha nge and the co mbinat ion of desirabl e
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Although th e global updat e cycle is sho rt, th e game play
spee d is high , so dea d reckoning may lead to apprec iable
positi oning errors.

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

view (angle-width, quality). There are two sensor informa­
tion co mma nds: see and hear. O ther param et ers used are
coach co mma nds (a privileged client takes th e place of th e
referee modul e in th e serve r), objec t names, and play modes.

Simulation

The co mmun icat ions between the serve r and its clients are
co mposed of co n tro l co mma nds and sensor information.
There are six co ntrol co mmands: move ix, y), turn moment,
dash /Jower, kick (/JOwer, direction) , say message, and change-

The mech ani cs of th e env iron men t perception and co m-
municati on is illustr at ed in Figure 4.

S imulat ion was used for crea ting and valida t ing efficient rules
for th e robots . We used th e Soccer Se rve r S imulator for our
simulat ion (see Noda [8,9]). The Soccer Se rver co ns ists of
two p rog ra ms, "socce rse rve r" a n d "socce rmo n ito r."
"Soccerserve r" is a server program th at simulates movements
of th e ball and players. "Soccennon ito r" is a program th at
displays a virt ua l field on th e co mpute r run n ing th e syste m.
C lient programs con tro l our virtua l player 's ac t ions and co n­
nect to the Soccer Se rve r Simulator by a Use r Data Pro tocol
(UDP) socket. The cl ien t sends co mma nds to co n trol an
assigne d virtua l player and receiv es informati on from th e
player's virt ua l sensors.

I
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Figure 4. Illustration of Environment Perception and Communication.
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[2] Zadeh , L.A. (1965), "Fuzzy Sets," Informat ion and Co ntrol, Vol. 8, pp. 335-353.

[1] Tunsrel, E. "Mobile Robot Autono my via Hierarchi cal Fuzzy Beha vior Co ntrol,"
Proc. of 6th Intl. Symp. on Roboti cs & Manuf.(ISR AM'96) , 2nd World
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A ll com m un ica t ion between the serve r

and each client is done by using ASC II

st r ings , permitting clients to be writ­

te n in any programming langu age (C,

C++ ... etc. ). M ore deta iled in forma­

ti on a bo u t th e Socce r Se r v e r is

ava ila b le a t its web-site (see N oda [8]) .

The Future of
Intelligent Robots
Soccer-p lay ing ro bo ts are the tip of the

iceberg in the rapidly deve loping field

of so ft com put ing. Robot bui lders wh o

acce p t the challenge will find many ex ­

cit in g and worthwh ile applica t ions fo r
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FIRST
Robotics

1999
Competition Structure

The FIRST (For Inspiration and Recognition of Science and Technology) Foun­
dation isa 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 ofRS&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.

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

• Each alliance competes using two team-built robots, four
robot operators, two human players, and four coaches, an d]
the teams are arrayed against each other on opposite sides
of the rectangular playing field.

Competition Structure - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I

The 1999 competition is comprised of two phases,
qualification and elimination. Ample opportunity isprovided
for a team to advance. The opportunity isenhanced 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
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Interaction Zone

Red Alliance
(Teams C,D)

Puck starting location
t

Field barr ier

Blue Alliance
(Teams A,B)II

Robot starting location

Robot Operator Station

Figure 1. The 1999 FIRST Playing Field isa rectangle about 24 fee t wide by 28 fee t long

• In the qua lification phase , alli­
ances are formed just prior to the
start of each match, and last for
th e duration of that mat ch.
Teams cha nge allies after each
contest , and all teams play an
eq ua l number of qua lify ing
match es. At th e conclusion of
thi s ph ase, th e cumul ative point
result of eac h team is used to
rank th e teams. The eight high­
est- ranked teams qualify to pro­
ce ed to the e lim ina t io n
match es.

• In th e el imina tion ph ase, each
of th e eight qualified teams se­
lects an ally from th e remaining
teams, and th e eigh t alliances
stay together throu gh out the
phase. The winning alliance is
determined in thi s best 2-of-3 se­
ries of elimina tion matches.

The Playing Field --

The field is a carpeted rect an gle
about 24 by 28 feet. Around the
perim eter of the field are four sta ­
t ions for human players and four
sta t ions ~r ro bo t operato~ and ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

coac hes. Each alliance occupies a
side opposite its oppone nts.

The Tools Gameplay-----------

Tools of the game, in addition to th e two robots per alliance ,
are Floppies and a Puck.

• Floppiesare pillow-like donut-shaped disks almost 26 inches
across. Ten Floppi es are assigned to each alliance , and th ey
are color-coded.

Matches are two minutes long in all phases of gameplay, up
to and including th e Nation al C ha mpionsh ips. Speed is al­
ways of the essence, and teams must be able to adjust to team
pairings, station position, and color assign ments on veryshort
notice. A team's ability to adapt quickly and remain poised]
is essen tial.

• The Puck is a low octagona l platform 5 feet 6 inches across,
th at rolls on caster wheels.

The Setup -----------

Prior to th e start of each match, th e robots, Puck and FloJ)pies
are placed on th e field and at th e player sta tions as sho wn in
Figure 1.

Points are scored by picking up Floppies with th e robot s, and]
placing them on th e Puck, or elevating th em over th e playing
field. One point is awarded for each FloJ)py placed on th e
Puck,and for th ose elevated ove r the playing surface, but at a
height of eight feet or less. For each FlopJ)y ele vated ove r
eigh t feet, three points are awarded.
Any robot actually on th e Puck at the end of play multiplies
its team score by a factor of three, and a score multiplier of
two is awarded if th e Puck is positioned wholly within th e
oppos ing all iance 's side of the field at the end of play.
Provisions are made for tie -breakers. i=\.S&""i'"
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Gabe Rotberg, Haru Yamamoto, Kia SengTang, Alvin Chengand Zac Fisherare members
of the robotics team at Harry M . Gunn High School, Palo Alto, CA. Here, they ponder the

intricacies of chain drive over a breadboard model of the base of theirrobot, G-Force.
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FIRST
Robotics

Gunn High School
FIRSTTeam

Students Take Charge of Engineerin!]
As a Team Designs and Builds Its Robol(

by Floyd Painter

The 1999 FIRST (For Inspiration and Recognition of Science and Technology) N atio na l C ha m­
pionship tournamen t will be held at Disney World's EPCOT Center, O rlando, FL during April
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
robo ts. A ll seven regionals have been held, and teams are planning their trips to EPCOT. Robot
Sc ience & Technology decid ed soon after kickoff to observe and write about the developmental

phase of a team effort . The
editor visited Harry M. Gunn
High School in Palo Alto, CA
a little over two weeks in to
the design and build phase!
and writes about the team and
its faculty sponsor, their robot
G,Force, and a mentor who
helped them through th e pro­
cess. This art icle continues
RS&T 's coverage of FIRST
activities. For information on
last year's tournament, see
FIRST Roboti cs, Partnering
Industry and Youth, on page
6 of the Janu ary issu e of
RS&T.
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FIRST

At abo ut three hundred hi gh schools (and at least one
elementary school) across the U nited Sta tes , roboti cs team
members, along with th eir faculty sponso rs and men tors, are
savor ing the exp eri en ces gained during th e regionals. Teams
are by now very familiar with th eir mechanical cha rges, and
have assessed the ir cha nces for success in th e nati onal
cha mpions h ip ser ies. Two-hundred-twenty team s, th eir
driving skills and teamwork poli shed and strengthe ne d in
th e intense competit ion of the regionals, will take their
robots to EPCOT. Not all teams th at entered th e tourna ment
co mpe te at EPCOT, and there are man y reasons for th at. If
a team is not going this year, you ca n bet th ey will try to
make it next year.

But th e majority do take on the big one because it ex te nds
th e thrill of competit ion for an other whole cycle, and afte r
all, a national ch ampi onship is at stake. Maybe things weren't
just right in the regional , but th e robot performed well
eno ugh , and you learned a great deal. O ne thing you learned
is th at on a given day, you can win eve n und er th e most
adverse condit ions, so persistence is importan t. Victory ca n
co me via a superior dri vin g effort, a more efficient robot or
th e un expected breakd own of an op pos ing robo t (aren't
breakd owns always unexpect ed ?). These things and many
more can affect th e outcome of a match , but basically it is
th e spirit of FIRST th at inspires most teams to press on , no
matter what happens.

The founders of FIRST have done a grea t job of making it
clear to all particip ants th at competing , in th e best way that
you ca n, is the most important thing about th e to urna ment.
Winning is the goa l, and teamwork ena bles success . This is
tru e in all phases of th e co mpe t it ion, from th e time of
interpretation of the ga me rul es, th rough design and
fabricati on of the robot , to ac tua l game play. But if the
ultimate goa l is not ach ieved, th e pleasure of competing well,
and displayin g tru e spo rts ma nsh ip is reward enough . It
becomes th e force th at will bring you back next year, resolved
to do better.

Gunn High School and G-Force

The robot ics team at th e Harry M. G unn High Sc hool in
Pal o Alto, C A pr obabl y t ypifi es the o rga n iza t io ns
participating in the 1999 to urna me nt. Robot Science &

Technology visited th e school when the tea m was in its third
week of robo t construction, and found an eage r gro up of
students hard at work designing and build ing their machine.

The faculty sponsor at G unn is ph ysics teach Bill Dunbar,
who obv iously enjoys guiding his 60 studen ts in meeting the
cha llenges of FIRST competit ion . As he poi nted out, hi s is
"pretty much a stude n t-run, stude nt-orien ted team . They
take charge of th e whole operat ion. O ne of my ro les is to
make sure th ey don't have a lot of obsta cles." He went on to
say, "Ro bo t ics in ge ne ra l is a rea lly good way for team
members to tie together a lot of the tec hno logies th ey've
learned about; e lec tro n ics, mech ani cs and st ruc tures , for
instance." Team members th at RS&T talked to felt that
Dun bar was a great faculty sponso r because he let th em work
out th eir probl ems by the mselves. He on ly weighe d in when
he saw th at th ey were on th e verge of tak ing an inefficient
path to problem solut ion. He is "Cool."

A Quarterback, Not A Wallflower

Dunbar po inted out th at the stude nts made all the cr it ica l
decisions right from th e sta rt, includ ing the basic one abo ut
th e role for whi ch th e robo t should be design ed . With th e
alliance concept, tea ms work with an unknown quantity,
ano the r robo t abo ut wh ich they kn ow nothing. "In our two
previous FIRST compe t it ions , we noticed th at whe the r it 's
our robot or someo ne else's, th ey are not always reli abl e .
We'll probabl y have at least one mat ch where our partner
does nothing but sit and make grinding noises. The stude nts
had a cho ice ea rly on, about eithe r making a robot that was
a goo d partner, or one th at co uld do everyt h ing. They
recognized th at making a good partner robot, say a linebacker,
would be easier, but they wanted to make a quarte rback
instead , one that does everyth ing and takes cha rge," he said.

W arming to t he sub ject, D un ba r
cont inued, "W ith this year's rules, you ca n
have a robot that does one thing well , like
taking othe r robots out of th e co mpetit ion
and pushing th em around, filling a kind
of spo iler role. The partner robo t th en has
to sco re most of the points. If somebody
in th e top eigh t teams recogni zes th at as
th e st rong suit of your robot, you ca n get
into th e fin al s by being a kind of
wallfl ow er, a n d be p ic ke d for the



eliminati on ph ase for being a good co mplement for th e othe r
robot. The stude nts d idn 't want to do th at ; it wasn 't wh at
th ey wanted to get out of this tournamen t."

Concurrency in Design and Construction

The G unn High Sc hool robotics team operates out of th e
school's o ld woodworking and metal sho ps, adjacen t to eac h
othe r in the industri al arts building. Sadly, th e well -equipped
facilit ies are not used for th eir intended pur poses du e to
curr iculum cutbac ks. In th e ce n te r of th e old woodshop sits
a full-size breadb oard model of a part of G-Force , th e 1999
robot. It is mostl y made of wood, and surro unded by young
peopl e. Not far away is th e stripped-down robot from th e
1998 co mpetit ion, a silent sent inel und oubtedl y watching
closely, but un abl e to give advice as th e work on its successor
proceeds at a deliberat e pace. Bill Dunbar addressed this
work-in-progress: "It's a mechani cal breadb oard, and th ey
are trying various co ncepts to see if th ey ca n get some th ing
to work . We are designing, building and testing in parallel .
We kn ow th e kind of basic fun cti onality of th e robot and
we're designing aro und th at . S ince we on ly have six weeks
to fin ish the who le project , we don't have tim e to do research
and design lat er. We've got to do everyth ing at once. "

Encouragement Helps

Dunbar spotted some th ing he liked at th e breadb oard : "H ey
th at's not bad! Wow, goo d job you guys! That's th e best I've
seen yet!" The tea m members beam ed at th e encourage men t
as a FloWY was man euvered into positi on just as th ey had
planned.

I asked if G un n tea m members from previ ous years had gone
on to college to study things like art ific ial intelli gen ce, com­
puter science and eng ineering. "Yes," he said, "and it has
prompted stude n ts to go in dir ecti ons we had not antic i­
pat ed . O ne stude n t in particul ar liked to video tape team
act ivity, a requirement for th e FIRST C ha irma n 's Award ,
and she decid ed to go into vid eo production. We've had a
co uple of stude nts who have decid ed th at th ey want to go
in to manufacturing, specifically to becom e machinists. It's
reall y refreshing to hear a youngste r say, II just like to build
stuff. I want to make stuff.'"

Bill Dunbar is a ve te ran of three FIRST co mpe t it ions, and
th e initial ex pos ure was in 1997 : "We were so proud of
ourselves just to have a robot that work ed . That first year
will always be kind of special to me because everyth ing was
so unknown. We had just a handful of kids and didn 't kn ow
wh at th e heck we were doing. It taught me some th ing. I
learned th at high school stude nts ca n accomplish tasks far

more difficult th an wh at we normally give th em cred it for
G iven th e resources and some th ing th ey are enth usiastic
about , it 's difficult to see any way to sto p them. A couple 0:

lessons learned from our expe riences are th at appea rance
doesn 't matter much, and if you build some th ing right the
first time, it won't co me back to haunt you."

The Base and Arms Take Shape

In th e old met al sho p, we approac he d a group of five you ng
men working on th e robot 's full- scale base breadboard. Zac
Fisher to ld us they were "working on a solut ion for mounting
th e robot motor, and fitt ing a sprocke t and cha in to a dri ve
wh eel ." The other team members, Gabe Rotberg, Haru
Yam am oto , Kia Seng Tang, and Alvin C heng wer e all
inv olv ed hands-on, confirming that th e chos en path was
the best way to solve th e probl em.

We th en approache d two othe r team members working in
the met al shop, Katrina Leni and Brad Phlum (Brad is a co­
capta in of the team) . They were fabricat ing an alumin um
lifting arm for th e robot , taking th eir time and doing it righ t.
The arm looked as if it had been professionally fabricated.
As we watched, Katrina fashi oned a wooden insert for the
holl ow, tapered piece of alumin um, pointing out that "it
would add sign ifican t streng th to the arm." The insert fit

Explore Electronics, Robotics,
and Life Science wit h the

CYBUG Robotic Lifeform!

This new kind of educat iona l
robot ic kit hardwires Survival
Instincts int o its circuitry rather
th an conven tiona l

programming. Each C YBUG '
is a small roboti c creature

which has nocturnal
behavior, touch senso rs,
obstacle avoidance,
photo-tropism, insect -
like beh avior, and
adjustable ene rgy levels.

Experiment with building .J

Feeding Stations and
Robot Colonies!

With add-on Higher Brain Functi on circuits, create Predator
and Herbivore C YBUGs with Hunger Instincts and an ent ire
robotic ecosystem. Man y parallels to real-world ecology!

Available from:

• Mond o-tronics 800.374.5764 www.robotstore.com
• JCM Electronic Services 403 .284 .2876 members.home.n et /cybug
• HVW Technologies 403.730 .8603 www.HVWtech.com
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Katrina Leni helps fashion an ann for G- Force .
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FIRST

nicely into the arm. I asked Brad how
the team was progressing. He said,"We're
doing pretty well. We had an ambitious
production sched ule, and we were off
sche dule for awh ile, but now we' ve
caught up. We were even able to do some
mock-ups on schedule last week."

Back in the wood sho p, I ta lked to th e
othe r co-capta in , Dani el Lehrbaum,
who was working with a team gathe red
around the main bo dy br eadboard
model. Dani el is a sen ior at G unn, and
he hopes to be admitted to Carneg ie
Mellon University ne xt fall. I pointed
o ut that C M U h ad a very ac t ive
rob otics program, and h e gave us a
knowing sm ile. Bill Dunbar
comm ented th at two studen ts from last
year's tea m were now at C MU.

Jenny Li, Osbe rt Feng and A lv in
C heng were hard at work on the pickup
and lifting apparatus. Sa t isfied , they
turned th eir attention to a subassembly
that seemed to be a source of concern.

Call 916.632.1000
for your media kit.

www.robotmag.com
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Ken Phlum, Brad's twin broth er, awaited
his turn to get near th e machine, into
th e hands-on ac tion .

O ne thing you could not help noti cing
was that eve ry move was discussed by
the team be fo re ac t io n was tak en.
So me th ing else was easy to notice;
eve ryone was havin g fun.

A Programmer's Work
Is Never Done
Benjamin Hebert , a sopho more, was
testing the controller box supplied by
FIRST to each compe ting team as a
part of the robot kit. Basically, it is a
microprocessor with a Parallax sta mp,
and Ben is responsible for programming
it. It sto res th e code th at det ermines
movement of the robo t parts when the
tw o FIRST-suppli ed jo ysti ck s a re
ac tua ted. The signa ls genera ted are
sen t to th e robot via radio con tro llers.
He pointed out, "It has a fair amount
of capability, but th ey don 't provide a
lot of insight in to how to program it ,
so for me it is a major project. It seems
lik e eve ry o the r d ay we h a ve to
reprogram because it 's not right." Of
course, Ben is caugh t in a con tinual
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 A mes Research Cente r of the
N ati on al Aerona ut ics a n d Space
Administrati on (N ASA), is a sponso r
of the G unn H igh School team . It is
loc at ed o n the fo rme r N av al Air
Sta tion at Moffett Field nearby. NASA
Am es also sponsors several other teams
in th e area by lending eng ineering
expert ise to the ir proj ects. A mes also
hosted the FIRST Californ ia Regional
in Februar y. A no t he r major G un n
suppo rte r is the Xerox Pal o A lto
Research Center (PARC). Some of th e
suppo rt was informal , and eng ineers
from NASA, PARC and othe r support/
men toring organ izations dropped in on
the activity fro m time to t ime and
offered advice. As Bill Dunbar pointed
o ut, the re was a lso a mor e fo rma l
arrangement: "Every Saturday night we
had a design review, where we stepped
back and ca lculated how things were
go ing, and our support ing eng ineers
sho wed up for that. The st ude n ts



motor wired to pin 22 will move to its 2 ms or +90° positi on
(see Figure 2):
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(continued from page 8)
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Dim Servomotor1 As Single

Dim Servomotor2 As Single

Sub Main()

'Make Servomotor1 a
Floating-Point Variable

'Make Servomotor2 a
Floating-Point Variable

'Th e Main Subroutine

For exa mple: 2 ms high pulse = servomo tor's +90°, Servomotorl = 0.0015 'Store 0.0015 in the
Servomotor1 variable

Servomotor2 = 0.0020 'Store 0.0020 in the
Servomotor2 variable

and 1 ms h igh pulse = servomo tor 's -90° position.

'Top of our Do Loop

'Do nothing for 15 ms this
will make the low pulse

Bottom of our Do Loop

Marks the end of this
subroutine

Do

Loop

End Sub

Call Sleep(0.015)

Call PulseOut(21,servomotorl,l) 'Send a.0015second (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

O nce running, this code will instru ct th e BasicXch ip to send
a 1.5 ms h igh pulse out pin 21 (see Figure 3 ) and a 2 ms
pulse out pin 22 . A lms high pulse would move the servo­
motor to the -90° posit ion (see Figure 4) . T he Sleep(0.015 )
command is used to set th e dur ation between th e high pulses
thus giving us our low durati on. Now servomo to r1 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 wou ld increase
th e incidence of the refresh cycle by cha nging the to ta l value
from 17 ms to 12 ms. At 17 ms the servo mo tor wou ld refresh
its position at a rate of 58 .8 tim es a seco nd (1/.0 17) . At 12
ms, the refresh cycle occurs 83.3 times per seco nd (1j.012).
(Note: a refresh rate of 10 ms (2 ms high + 8 ms low )
would refresh the
servomotor 100 times
per second (I/0.01),
and this may cause
the servomo tor
to heat up
and damage
itself .)

Ce nte r 0 Degree s

~
--

~ 1.5111s I

[ 10 to 25 I11S

5v

Ov

"Jl n -90 Degrees

- t1Ov

~
-

I rns

I
[ 10 to 25 rns

Code Example

1.5 ms high pulse = servomoto r's 0° cen ter position,

In the following code example, the BasicX ch ip will send
out two separate pulse signa ls. T he servomoto r wired to pin
21 will move to its 1.5 ms or center position and the servo-

Duri ng th e refresh period, th e servomo tor compares its ac­
tua l position , as fed back by th e potent iom eter in the
servomotor, to the position command signal in the pulse
stream. If the two do not match, the servomotor will the n
move to th e posit ion command ed . W ithout the presence of
a refresh signa l the servomotor wou ld move to a posit ion
and stay th ere until some outside force, such as using your
fingers to turn its output horn , caused it to move. W ith 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.



In th e following co de example, th e mu ltitasking ability of
th e BasicX to co ntro l servo motors, ste pping them through
th eir I ms to 2 ms positi on ran ge, is dem onstr at ed :

Dim Stack 1(1 to 40) as Integer 'Make a block of memory for
our Task to run with

Dim Servomotorpos As Integer 'Make Servomotorpos an
Integer Variable

Dim Neg as Integer 'Make Negan Integer Variable

Sub Main( ) 'Start of the Main Subroutine

Servomotorpos = 1000 'Make the Variable
Servomotorpos = 1000

CallTask "Servomotor,"Stack i 'Start our Task Servomotor
up with its memory block

Do 'Top of the Do Loop

Servomororpos = Servomotorpos + 1 'Add one to Servomotorpos
current value

If Servomotorpos = 2000 then 'If Servomotorpos = 1000

For Neg = 1 to 1000 'Give Variable Neg a count
range of 1 to 1000

Servomotorpos = 2000 - Neg 'Take the current Value of
Neg away from
Servomotorpos

Call Sleep(2) 'Do nothing for 2/512
of a second

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

End If 'End If statement usage

Call Sleep(2) 'Do nothing for 2/512 of
a second

Loop 'Go to Do on top and
start over

End sub 'Marks the End of this
subroutine

Sub Servomotor() 'Start of the Servomotor Task

Do 'Top of the Do Loop

C'1ll PulseOut(21,Servomotorpos,1) 'Send a high pulse out pin 21
Servomotorpos is the length

Call PulseOut(22,Servomotorpos,1) 'Send a high pulse out pin 22
Servomotorpos is the length

Call Sleep(8) 'Do nothing for 8/512
of a second

I
Loop 'Bottom of our Do Loop

End Sub 'Marks the end of this Task
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Since th e subrout ine "Se rvo motor" is a Task, once it is sta rted
it wi ll co n t in ue t o p ut t he eve r-c ha ng ing va lue of
Se rvo motorpos out pin 2 1 and 22 as a high -going pulse re­
gard less of what the Main subrout ine is do ing. As you can
see by this example, 'tasking ' is a very va luab le feat ure of
th e BasicX microp rocessor. Tasking allows you to have mu l­
tiple program loops running at the same time and exc ha ng ing
information, this grea tly improves the speed and perfor ma nc e
of your program .

The Controller Board

Fluffy's co n tro ller board (see Figure 5) uses one ch ip to run
all of its servo mo tor outputs as well as the joyst ick port and
four mul tipurpose 1/0 lines. W ith the except ion of the
gro und co nnect ion , whi ch is co mmo n through out th e co n­
trolle r board, th e board 's power syste m is d iv ided at the
voltage- input co nnector into two sect ions. Section one ta kes
the +5.2 to +7.2 vo lt input and run s it through an LM 2931
(a +5-volt low dropout regulat or ). The regulat ed +5 vo lt
output is the n smoothed out by a 16v 330W capac itor be­
fore be ing routed to the Vcc pins of both the BasicX and
32 K serial peripheral interface (SPI) EEPROM. The regu­
lated +5 vo lt supply is also used by pin I of th e joystick
in te rface co n nector. Section two of the power syste m di­
rectly routes the +5.2 to + 7.2 vo lt input to the center pin of
each servomo to r co n nector.

Pin Is from each of th e 13 servomoto r co nnectors are routed
tho ugh a 4 70 O h m resistor to their own I/O pin of the ch ip.
Pin 2s of all th e servo motor co n nectors tie to the + battery
supply-in-connec tor on the co ntro ller boa rd. Pin 3s of the
servo motor co n nectors all tie to the co mmo n gro und of the
co ntrolle r boa rd.

The I/O lines tha t run the Polaroid sonar uni t co me from
pins 32 and 28 of the BasicX ch ip; both pins are routed
th rough th eir own 470 O h m resistor. I/O pin 28 drives the
in it iate (INIT) input of the sona r board, whereas pin 32 is
used to rece ive th e EC HO output signal fro m the sona r uni t .
I/O pins I through 4 are used to read the pos it ion infor ma­
tion from a co mpute r joystick plugged into th e joyst ick port
of th e co ntrolle r boa rd. I/O pins 3 and 4 are each wired
tho ugh a 470 O h m resistor and used in co njunct ion with
th e Rct ime co mma nd to read the X and Y pos it ion va lue of
th e joystick handle co ntro ller. I/O pins I and 2 are both tied
high (connected to the +5 volt output) through a l OOK O hm
resistor and used to read the two button outputs of th e joy­
st ick. O ne side of the reset button (not shown on the
sche ma t ic) is tied to gro und and the othe r is co n nected
th rough a l OOK O h m resistor to pin 9 of the BasicX chip.
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Figure 5. Schematic for Fluffy's Controller Board.
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This view of the back of the Polaroid sonar sensor clearly shows the suite's driverboard .

How the Polaroid sensor
system works
The Polaroid sona r unit consists of two parts, th e sensor
module and th e driv er board. Here's how th e sensor works.
Once initiated (INIT), the driver board sends a series of
high voltage pulses to th e sensor unit . The senso r unit then
sends these pulses out as sound waves. If any of th ese sound
waves strike an object they are reflected back and received
by the sensor, which sends a return pulse (ECHO) back to
th e driver board . The difference in time between when the
pulse was sent and recei ved tells you two things. First , there
is someth ing there because th e pulse had to reflect off an
objec t to co me back. Second, if you measured th e time in­
terval th at elapsed for the pulse to return after it was sen t,
you can use thi s value to determine how far away th e object
is. To take adva ntage of thi s, set th e driver board 's INIT
high (whi ch sends out one pulse set ), and wait for the ECHO
to go high (ECHO goes high when the sensor receive s a
valid return pulse). The tot al tim e from sett ing INIT high
and ECHO line going high is your distance value. Once
ECHO goes high and the distan ce value is obtained, INIT
must be set to low before th e senso r can be used aga in .

Wiring up the Polaroid sonar unit.

Since th ere are about four version s of the Polaroid sona r board
with three to ta lly different pin-out configurat ions, I elected
not to include any spec ific pin- out diagrams in thi s article.
Four connecti ons must be made to make use of most sona r
boards. Power (+ 5 volt s), and ground are two of th ese con­
nections. Since th e sona r driver board can pull up to 2 Amps
during th e brief period of time th at it is sending out pulses,
it is recomm ended th e board be powered with its own I­
Amp 5-volt regulator (these regulators can supply a 2 Amp
burst as needed) . The othe r two connect ions are INIT and
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ECHO . INIT is wired to pin 28 of the BasicX
chip through a 470 O hm resistor. ECHO is tied
to th e sona r driver board 's +5 volts via a 5K O h m
resistor and to pin 32 through a 470 Ohm resistor.

The Code

To help you gain a better und erstanding of the
inner workings of Fluffy 's code , it will be broken
down into manageabl e pieces. The lin e "Su b
MainO" marks the beginning of our first piece
(the main subroutine ). In the Main the first thing
to do is ca ll subrout ine - cente r. This is where
the center positions are assigned for all of th e
Hexapod's servomoto rs (you might need to play
with the se values as cen ter positions vary sligh tly
among servo moto rs). After assign ing a center
value to th e servomotors, sta rt the tripod tasks

using th e "CallTask" command. The two tasks just sta rted
operate all of Fluffy's servomotors:
• Tripod I deal s with three legs of th e "tripod gait."
• Tripod2 deals with the remaining three legs, and feeds

th e position servomotor for th e sona r unit .

Fluffy , with its Polaroid sonar sensor in right-look position, is
shown with a compact disk for sizecomparison . The disk contains

the BasicX com!Jiler and environment for Windows 95/98.

The first thing each of th ese two tasks do is read th e initial
position vari ables for eac h of the leg segments (set by th e
center subrout ine ), and send those va lues out their assigned
pin s via the pulseout command. The usage for pulseout is
"c all pul seout (pin, vari abl e, sta te )," so "call pul seou t
(21 .Ll ,1) would tell th e BasicX to send a pulse out pin 21.
The len gth of th e pulse would be det ermined by th e value of
Ll, and 1 would tell it to send a high going pulse (+5 volts) .
Since both of these tasks will con tinue to run in th e back ­
ground until power is removed, you do not have to use th e
pulseout command again. All you have to do is ch an ge th e
va lue of th e variable th at is assigned to th e servomoto r you

L----,-_--: --:_~- _



Conclusion

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

T he Complete BasicX Development System comes with
one BasicX ch ip. A pre-built, tested and programmed
Huffy controller board , or a bare H uffy contro ller board
with sche matic and part s source list are ava ilable. For
addit iona l inform ati on, contact:

Resource List

Chris Harriman is an App lications 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 pilo t.

The Hexapod 2 Kit Is ava ilable from:
Lynxmotion , Inc.
104 Partridge Road
Pekin, Il 61554
Ph one: 309.382. 1816
lynxmotion.com

The Polaroid Sensor and Driver Board are available from:
Acroname In c.
Phone: 303.258.3161

Their Web-site contains very useful wiring and operation
inform ati on on Polaroid senso rs.

acroname.com

Fluffy evo lved from a manually co n tro lled walker, to an au­
to no mo us robot with sona r capab ility. As we have seen , it
can be operated in eithe r mode. The microprocessor is sta te­
of-the art, but key compo nents like the joystick and sonar
suite were items found aro und th e workshop. The st ick is
sta ndard, ava ilable at any computer store , and th e sona r suite
was salvaged from an old camera. This dem onstr ates that
elements of your construct ion do not have to be cutt ing edge
or expensive to produ ce an interesting robot. The new mi­
crop rocessor encourages expe rimentat ion, and there is plen ty
of real esta te on th e bot to acco mmoda te othe r types of sen­
sors. I hope Fluffy's sto ry will inspire you to take on custo m
project s, and th at you enjoy th em as much as I have. If you
have any que stions or co mme nts , I ca n be co n tac ted at
chrish@netmedia.com.

• .~.~

I
~

: .... .•..l
A "-
L _~····..__J

Joystick Operation

Source Code

wish to move. Thanks to th ese two tasks, if you want to
move the servomotor on pin 26 state in the code "L I = 2000 ."
Since Tripod 1 task is always running in th e background, th e
next time it comes around its loop it will dete ct and send
th e new va lue of II out as a pulseou t co mmand. The servo­
motor th at is connec ted to I/O pin 26 will move to th e
posit ion th at th e value of 2000 represen ts.

Fluffy's source code is extensive. It has been included in this
feature as an addendum. O the r useful inform ati on, includ­
ing sche matic drawings, are ava ilable at BasicX.com.

The next thing to do is det ermine if a joystick is plugged in .
If a joystick is present, its pot 2 is connec ted to pin 4 of th e
BasicX. If, when reading pin 4 of th e BasicX a reading of 0 is
obta ined at th e microprocessor, th e program determines th at
th ere is no joystick present and "Task3" is executed. The
robo t begins running in auto no mo us mode (we will come
back to thi s later) . This is accomplished with th e Rctime
comm and . If any value othe r th an 0 is returned, the micro­
processor activates th e joystick contro l mode.

This co ntro l mod e reads the joysti ck 's two pots, then
branch es to a subro utine th at plays a "script" of servomotor
positions th at match th e joystick position, i.e., if you move
th e joystick forward Fluffy will walk forward , and so on. The
two joystick buttons also act as a mean s of control. If pushed ,
button one (I/O pin 1) will ca ll th e center subroutine and
cause all th e servo motors to move to th eir home posit ions.
This is very helpful for initial servo motor hookup and align­
men t. If you press button two (pin 2), th e BasicX program
will ca ll th e low subroutine and cause th e Hexapod to crouch.
This has no real use, but it' s really coo l to watch! As men­
tion ed earl ier, if a joyst ick is not det ect ed when th e robot
first boot s up, th e program ca lls Task3 and starts its autono ­
mous mode. O nce sta rted, Task3 will make sure th at th e
sona r servomotor in itial position is st raigh t-a hea d. It th en
gets distan ce data from th e sona r unit (If0 pin 28 and 32 )
to det ermine if there is any objec t in front of it closer th an
23 inch es. If no objec ts are det ect ed closer th an 23 inch es,
it ca lls the forward subroutine and sta rts the det ection loop
ove r aga in. If th e sona r unit detects any objec t closer th an
23 inch es it will ca ll the Sonlook subroutine . The Sonlook
subroutine will th en take con trol of th e variable 'Son' and
direct the sona r servo motor to turn the sona r unit to the left
and th en to th e right if th ere is st ill an object in its path. If
afte r three atte mpts th e So n look subroutine cannot find a
clear path for th e robot to travel, it will ca ll th e backward
subroutine. Afte r backing up, th e robot will start looking
for a clear path again.
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'BasicX controller board Call Forward go to - forward'
'Fluffy code v l with sonar Elseif pot 1 > 400 Then 'If joystick is not forward
'Compiled Size 1364 Bytes Call Backward but it is backward gore
'By Chris Harriman, 1998 backward'

Elseif pot2 = 1 Then 'If the joystick left go to -
Dim Stack1(l to 40) as Byte 'Set 40 bytes to run task I' Call Left left'
Dim Stack3(l to 40) as Byte 'Set 40 bytes to run task 3' Elseif pot2 > 400 Then 'If the joystick is not left but
Stack2( 1 to 40) as Byte 'Set 40 bytes to run task 2' Call Right it is right go to right'
Dim Ll As Integer 'Set variable Ll as integer End if 'End all if statements'
Dim L2 As Integer 'and so-on' Loop 'Go to do at the top '
Dim Ll i As Integer 'and so-on' End Sub 'Marks the end of this sub'
Dim L2i As Integer 'and so-on'
Dim S 1 As Int eger Sub Tripod I ()
Dim S2 As Integer
Dim S Ii As Integer Do
Dim S2i As Integer Call Pulseout(26,Ll ,l) 'Send value of Ll as a pulse
Dim Potl As Integer 'joystick variable X Axis' out pin 26'
Dim Pot2 As Integer 'joystick variable Y Axis' Call Pulseout( 22,Ll ,I) 'Send value of Ll as a pulse
Dim Son As Int eger 'Sonar servo position variable out pin 22'
Dim Dis As Integer 'Sonar dist. measure variable' Call Pulseout(36,Ll i,I) 'Sen d value of Ll as a pulse

out pin 36'
Sub Main() Call Pulseout(35 ,Sn,I ) 'Send value of Ll as a pulse

out pin 35'
Call Center position 'Set allservosto home position' Call Pulseout(25,Sl ,1) 'Send value of Ll as a pulse
Call Sleep(64) 'Wait for 64/512 seconds' out pin 25'
Calltask "Tripod I",Stackl 'Start tripod side one task up' Call Pulseout(21,SI ,I ) 'Send value of Ll as a pulse
Calltask "Tripod2",Stack2 'Start tr ipod side two task up' out pin 21'
Call Putpin(4,0) Loop
Call Sleep(4) End Sub
Pot2 = Rctimet-l.O)
If Pot2 = 0 Then 'If joystick is not present
Calltask "task3",Stack3 start autonomous mode' Sub Tripod2()
Do
Loop Do
Else 'O therwise read joystick Call Pulseout(38,L2i,l ) 'Send value of Ll as a pulse

~)lIt pin 38'
End if inputs' Call Pulseout(34,L2i,l ) 'Send value of Ll as a pulse

Do out pin 34'
Call Putpin(3,O) 'Discharge cap on pin3 to get Call Pulseout( 24,L2,1) 'Send value of Ll as a pulse

ready to read pot 1' out pin 24'
Call Putpin (4,0) 'Discharge cap on pin4 to Call Pulseout(23,S2,1) 'Send value of Ll as a pulse

get ready to read pot2 ' out pin 23'
Call Sleep(4 ) 'Wait for caps to discharge' Call Pulseouti.I7,S2i,1) 'Send value of Ll as a pulse
Pot! = Rctimel-l.O) 'Read value of joystick pod out pin 37'

on pin4' Call Pulseout(33,S2i,1) 'Send value of S2 as a pulse
Pot 2 = Rct ime(3,O) 'Read value of joystick pot! out pin 33'

on pin3' Call Pulseoutt 27.Son, I) 'Send value of Son as a pulse

IfGetpin(2) = °Then 'Read joystick button I' out pin 27'
Ca ll low 'If joystick but ton 2 pressed Loop

go to sub low' End Sub
Elseif Getpin (1) = °Then 'If joystick butto n 1 pressed

Call Cente r go to - Cente r'
Elseif pot 1 = 1 Then 'If joystick pushed forward

II.' R OBOT S CIENCE & T ECHNOLOGY I
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Sub Task30

Call Sleep( 256)
Do
Son = 1340
Call Sleep( 128)
Call Putpin( 28,1 )
Dis = Rctime(3 2,0

Call Putpin( 28,0 )
Dis = Dis * 2 \ 300 + 6
If Dis < 23 Then

Ca ll Sonlook
Else

Ca ll Forward
End if
Loop
End Sub

Sub Lefrt)

Call Sleep] 64)
LZ = 800
LZ i = 1700

Ca ll Sleep( 64)
52 = 1100
S2i = 1100

Ca ll Sleep(64)
LZ = 500
LZi = 2000

Ca ll Sleep( 64)
Ll = 800
Ll i = 1700

Ca ll Sleep] 64)
52 = 1500
52 i = 1500

Ca ll Sleep( 64)
S I = 1100
S li = 1050

Ca ll Sleep(64)
Ll = 500
Lli = 2000

Call Sleep(64)
LZ = 800
LZi = 1700

Ca ll Sleep(64)
S I = 1500
5 1i = 1450
End Sub

Sub Righrt)

Ca ll Sleep( 64)
LZ = 800
LZi = 1700

'A utonomous mode TASK'

'Wai t for 256/512th seconds'
'Start of the Do loop'
'Move Sonar servo to cente r'

'Set INT on sonar board high'
'Wait for ECHO to go low &
sto re in Dis'
'D isable Sonar'
'Tum Dis value into inc hes'
'If Dis more than 23" th en '
'Go to sub Sonlook'
'Othe rwise'
'Call the Forward Sub'
'End if sta tement usage'
'Go to th e top '

'Left tum script'

'LegsI up'

'Shoulder! forward

'Legsl down '

'Legs2 up'

'Sho ulder1 back '

'ShoulderZforward'

'Legs2 down '

'Legsl up'

'Sho ulder2 back '

'Righ t tum script

'Legsl up'

Call Sleep(64 )
S2 = 1500
S2i = 1500

Ca ll Sleep( 64)
LZ = 500
LZi = 2000

Ca ll Sleep( 64)
L1 = 800
Ll i = 1700

Ca ll Sleep(o -l]
52 = 1100
S2i= 1100

Call Sleep(64)
S I = 1500
S l i = 1450

Ca ll Sleept64 )
Ll = 500
Ll i = 2000

Call Sleep(64)
LZ = 800
LZi = 1700

Ca ll Sleep( 64)
S I = 1000
S li = 950
End Sub

Sub Forwardf)

Ca ll Sleep( 64)
Ll = 800
Ll i = 1700

Ca ll Sleep(64)
S I = 1500
S l i = 950'-50

Call Sleep(64)
Ll = 500
Ll i = 2000

Ca ll Sleep(64)
LZ = 800
L2i = 1700

Ca ll Sleep( 64)
S I = 1000
S l i = 1450 '-50

Call Sleep(64)
2 = 1500

S2 i = 1000
Call Sleept64)
LZ = 500
L2i = 2000

Ca ll Sleep( 64)
Ll = 800
Lli = 1700

CaII Sleep( 64)
S2 = 1000
S2i = 1500
End Sub

'Sho ulder I forward'

'Legsl down '

'Legs2 up'

'Shoulder! back '

'Shoulder2 forward'

'LegsI down'

'Legs2 up'

'Sho ulder2 back'

'Walk forward script'

'Legsl Up '

'Sho ulderI Forward '

'Legsl Down'

'Legs2 Up'

'Sho ulder! Back'

'Shoulder2 Forward'

'Legs2 down '

'Legsl up'

'Sho ulder2 back'
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'After turning right exit sui '
'If Dis less th an 23" do this'
'End if statement usage'
'If timeout counte r X= 3 rh
'Call Backward 2 times'

'Set INT on sona r board hig
'Wa it for EC HO to go low
store in DIS'
'Disable Sonar'
'Turn Dis value int o inches
'If Dis more th an 23" then'
'Ca ll turn right 2 time s'

'After Backing up exit sub'
' If X = less than 3 the n'
'End if sta tement usage'
'Go to Do on top'

'After turning left exit sub'
'If Dis less th an 23" do thi s'
'End if statement usage'
'Move sonar servo to the rig

'Set INT on sonar board h i
'Wait for ECHO to go low
store in Dis'
'Disable Sonar'
'Tum Dis value into inches
'If Dis more th an 23" then'
'Ca ll turn left 2 time s'

'Top of the DO loop'
'Loop counter add 1 to valu
'Move sonar servo to the I

Ca ll Putpin (28,0)
Dis = Dis * 2 \ 300 + 6
If Dis > 23 Then
Ca ll Right
Ca ll Right
Exit Sub
Else
End If
If X = 3 then
Ca ll Backward
Ca ll Backward
Exit Sub
Else

End if
Loop

End Sub

Ca ll Putpin( 28,0)
Dis = Dis * 2 \ 300 + 6
If Dis > 23 Then
Ca ll Left
Ca ll Left
Exit Sub
Else

End if
Son = 880
Ca ll SIeep(256)
Ca ll Putpin(28, I)
Dis = Rctime(32,0)

Do
X= X+l
Son = 1880
Ca ll Sleep(256)
Ca ll put pin(28,1)
Dis = Rctime(32,0)

'Look around for new path
sub'
'Set X as a byte var iable'
'Make X = 0'

'Squat all leg servos go down'

'Move all servos to home pas'

'Shoulder2 back'

'Legs2 down'

'Legsl up'

'Sho ulder2 forward'

'Legs2 up'

'Shoulder1 back'

'Legs l down '

'Walk backward script'

'Legsl up'

'Sho ulder1 forward'

Sub Sonlook()

Sub Center()

Ca ll Sleep( 64)
Son = 1340
Ll = 500
Lli = 2000
L2 = 500
L2i = 2000
S I = 1250
Sli = 1200
S2 = 1250
S2i = 1250
End Sub

Dim X as byte
X =O

Sub Low()
Ll = 1250
Ll i = 1250
L2 = 1250
L2i = 1250
End Sub

Ca ll sleepl 64)
Ll = 900
Lli = 1600

Ca ll Sleep( 64)
S I = 1100
S li = 1350

Ca ll Sleep( 64)
Ll = 500
Lli = 2000

Ca ll S leep(64)
L2 = 900
L2i = 1600

Ca ll Sleep(64)
S I = 1400
S li = 1050
Ca ll Sleep( 64)
S2 = 1100
S2i = 1400

Ca ll Sleep(64)
L2 = 500
L2i = 2000

Ca ll Sleep( 64)
Ll = 900
Lli = 1600

Ca ll Sleep] 64)
S2 = 1400
S2i= 1100
End Sub

Sub Backward()

R OBOT S CIENCE & T ECHNOLOGY



Howto
a Hobo
by Ronni Katz

struct
•rlor Part II

After covering t e basic steps in preparing to build your robot in Part I, this
art icle will describe how my entry, Chew Toy was cons ructed. T he robot is not
fini shed , but what needs to be done to Cal lete him will be discussed.

Building 'Bot!

1
I

'I

The met al ammo box originally purchased be . use it WHS

co nside red to be an inexpensive, et effect ive, way t I I

the electro nics , wound up becoming th e tructural backbone
of th e robot . All th e weapons syste ms and other features on
C hew Toy are att ached to th e ammo box. The metal of the
ammo box is not as to ugh as desired but it should provide
adequate protecti on from impacts. A ll the electron ic of the
robot will go inside as well as th e sta t ionary axle that is a
part of th e robot's driv e train. The axle - a lon g steel rod
th at goes len gthwise through th e cente r of th e ammo box ­
will be doing double duty as part of the drive mechanism
and as a means of holding th e batteries securely in place
(see Photo 1). In th e photo, you will see that the batteries
have add it ional padd ing to cushion the m from impact
shocks.

The robot 's motive power is supplied by a pair of kidd y ca r
mo tor (powe r wheel motors) th at were inexpe nsive and
found in th e same surplus catalog as the ammo box. Because
of the low price, extra motors were purchased and used for
expe riments. Test ing of these motors was co nd uc te d to
ach ieve maximum perform ance. It was found that when th ese
I2-volt units are run at 24 volts, a good amo unt of power
was produced. Subjecting motors to higher than rated volt­
age occurs frequently at roboti c co mpetit ions . It 's risky and
requires a lot of tri al and error testing to det ermine how
muc h extra vo ltage the motors can handle. C hew Toy's mo­
tors were broken in before being tested to th eir vo ltage limits.
It is also important to cool the motors prop erly. Breaking in
the moto rs and cooling th em well will prevent th eir me lt­
ing. This was learned the hard way during th e 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 sta t iona ry ax le. Work­
ing from the outside in, th e motor cas ing is solidly
attached to the chassis. The armature of th e mo­
tor is mounted on a hollow sha ft , or to rque tube,
that turns on the motor sta t iona ry ax le. Attach ed
to this torque tube is a plat e that tran smit s th e
motor 's power to the gea rbox input. The motors
use a three gear reduction system which gives a
motor-to-wheel rati o of 110 to 1, greatly increas­
ing th e to rque de livered to th e drive wheels - no
cha ins or belts here! The whee ls are also designed
to fit on a stat ionary ax le and have bearings so all
that was needed was to dri ll ho les through the

I
,~

Photo 1. Ammo box with stationary axle and batteries with padJing.
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Armor & Weapons

Although work on the basic
dri ve box was completed anc
in it ial testing showed the de.
sign to be a solid one, then
was st ill much more work tc
be done.

Photo3. Front view with arm Ul ) . Note: mawr and chain
drive for saws, and caster under pillow boxes.

C hew Toy' s armor and weap­
ons system wer e co ns truc tec
from a combination of surplus
catal ogue good ies and sca v­
enged parts . The prow of the
robo t was fabricated of steel
obta ine d from a rack mountec

co mpute r syste m. A 1/4-inch alum in um plate, part of the
suppor t struc ture for the weapons syste m , ca me o ut of G

dumpster. C ut in to the desired shape with a jig saw, it was
honed with a Dremel tool, and weld ed to the main support
struc tu re (the ammo box). The weap on suppo rt st ructure
fits neatly between the two fan outle ts. Attached to the fron t
part of its undersid e is an inexpensive sma ll furniture castor.
When the prow (the arm) is down, that foremost wh eel is
not visible but in Ph oto 3 it ca n be clearl y see n. It 's bolted
to the front of th e machine and supports the two pillow boxes
that hold the saw bearings. The bearings used for the weap­
ons syste m were designed for misalignment - the bearings
are sitt ing in a rubber gaske t, which can mov e around slightly.
T herefore, the builder doesn 't h ave to be preci se on align ­
ment. Just st ick the bearings in there, slide the ax le through
th em and clamp it down to get a syste m that is reasonab ly
strong and spins . The cen tra l theme of C hew Toy was build­
ing a rob ot cheaply and eas ily and the KISS (Keep it S imple
S imo n ) weapons array helps to do just that !

Photo 2. \Vheel shown bolted todrive plate.

wh eels and th e dri ve plate of the gear box and bolt them
together. If you look at how a wh eel is arranged on the ax le
(see Ph oto 2) you ca n see there is a wash er ove r the ax le
with a co tter pin sec ur ing the wh eel in place. W here th e
wh eel is bo lted to the dr ive plate of th e gea rbox is a lso vis­
ible. The wh eels are decent sized with deep tr ead s for add ed
traction.

The ammo box was destined to recei ve all the electron ics. It
took time to determine the arrange me nt of all the item s in­
side the limited space. Inside the ammo case would be the
Vantee speed co ntro ller, the radi o and its battery pack, two
Futaba servos driving sta ndard micro switc hes to switc h the
weapons syste ms, and three relays for th e weapons syste ms ­
two for the arm mechanism and one for the saw motors. An
even ing of ca reful planning and tri al and erro r asse mbly
found the co nfigura t ion that work ed best . They all fit, a l­
beit in a densely packed co nfigura t ion. Between the axle
and the rear of the box are the batteri es - two h igh rate dis­
charge Yuasa MPH 1- I2 ba tteries. These batteries ca n supply
100 A mps or more. They were chosen for their hi gh d is­
charge rat e , someth ing most ge l ce ll batteri es are incapabl e
of, as it was need ed to run the saw motors. Quality vari es
widel y amo ng ge l ce ll manufacturers. The Yuasas ran $2 6
each , not inexpensive, but battery qu ality is an area wh ere
you ca n' t afford to sk imp. Everything was fit in and te sted ­
the ro bo t was dri ven around as a mechanical ammo box to
be ce rta in the design work ed. The ax le th ro ugh the ce nter
of th e ro bot, the gea rbox, and the whe els helps to bra ce the
batteri es in place. The motors are held in plac e by h ose
clam ps over PV C pipe. It may not look very pretty but the
parts are inexp ensive, effec t ive and eas ily obta inable - mo re
parts that ca me fro m your local h ardware store! Yes, most of
this robot's par ts were obtaine d from scrap yards, hardware
stores , scavenge d materi als and a surplus ca ta logue (or two).

R OBOT S CIENCE & T ECHNOLOGY I



Photo 4 . Front viewwith ann down showing 2 x 4 and nails.

Photo 5. Top viewshowingactuation arms .

IR OBOT S CIENCE & T ECHNOLOGY EEl

plus supp ly catalog. A ltho ugh I had no specs on
th eir design , or kne w anythi ng abo ut who made
th em , th ey were inexpensive and testing proved
th ey had the necessary tor que and would work
well for the intended purpose.
The arm was origina lly intended to righ t th e
robo t if it were turned on its back , but the n be­
came a weapon in its own right. The arm is made
out of ang le iron from the local hard ware store.
Welded on to th e ammo box and attac he d to
th e front is a little bent piece of steel with a
hook. The ini t ial weld ing on C hew Toy was
farmed out. Drew Lind sey (Team SPIKE ), who
now has both welding equipme n t and skill at
using it, did lat er welds! The or igina l arm con­
ce p t io n h as evo lved co ns ide ra b ly, and the
appearance has cha nged as we co nt inued our
improvisat ion. Things were added as the inspi­
rat ion hi t . The old motherboard and perfora ted
met al screen ing were attache d as armor. The 2
x 4 with nails was incorporated to make sure

the robot co uld righ t itself sho uld it be flipped . The nails,
and th e reach they added , were necessary to acco mplish th e
flipping. When th e arm is lowered (see Photo 4 ) the nailed 2
x 4 gives th e robot add itiona l pro tection. More armor in th e
form of c ircuit board s, perfora ted meta l and another 2 x 4 to
prot ect th e robot's rear will be added whe n cons truct ion is
ne aring complet ion.

The arm actuators see n in Photo 5 were donated by Motion
Systems. These act uators have th ree inches of th row, wh ich
gives us abo ut 70 degrees of trave l, eno ugh to flip the robot
upright. If th e robo t is flipped , it will be rest ing on th e nails
and th e process of raising the arm rolls th e robo t back onto
its wheels.

C hew Toy's weapon is a rota ry spinn ing mass. The design is
very simple: two milling saws on eac h side of th e prow th at
are driven by a cha in sprocke t mechanism. As
you ca n see in th e ph ot o, a large cha in sprocket
was used - it takes cha in redu ct ion out of th e
system and in doing so, tran smits th e maximum
amount of to rque. These saws were designed
for low speed and high torque. The idea is to
pull an oppone n t into the "mouth" area of the
robot to "che w" on it and send many parts fly­
ing. The motors th at power th e saws will be
mounted on a support structure welded to th e
front of the robot (this is not built yet ). The
saw motors will also be running on 24 volts in­
stead of th e recommended 12. These motor s
will on ly get intermittent use; thus, th e redu c­
tion in life span from this hard usage sho uld
not pose a prob lem . If one motor sho uld blow
out, th e second one will be able to power th e
saws. These mot ors were found through a sur-

The large rod you see mounted to th e front of th e robot in
Photo 3 is th e saw axle. The saws are milling too ls that were
picked up at Fazio 's, a met al scrap yard. Berg sprocke ts and
cha ins were used to constr uct th e saw's dri ve. The sho ulde r
on th e sproc ket will be cut down with a lath e and the sproc ket
bolt ed to th e saw, making one unit. Although combin ing
th e saw mechani sm in this way makes th e unit heavier, it is
desirable in this case because of th e increased spinn ing mo­
mentum. The design will allow Chew Toy's saws to str ike an
op pone nt and keep on spinn ing and doing damage instead
of sto pping abruptly.
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When th e arm is low ered , the hook part fit s neatly between
the saw blade s, a llo wing the saws to do their work. Raising
th e arm provides 70 pounds of lifting for ce, which should be
enou gh to pick up an op ponent and allo w the saws to cut

away at its under side . The lifting arm ca n also be used as an
'upper jaw.' The pressing force of th e mo tors of this 'upper
jaw' ca n trap an opponent between it and the ' lowe r jaw '
pro w. Saw-like teeth welded to the underside of the arm and
the top of the prow will mak e a "mouth ." C hew To)' will be
ab le to live up to hi s nam e ! He will look like a big nasty
shark with a mou th full of razor sharp rusting teeth. O ppo­
ne n ts wi ll need tetan us shots if he bites them !

Final Words

Despi te its appearance, C hew Toy does hav e good eng inee r­
ing. Making a robot fro m ava ilable, inexpensive parts does

no t mean the design is poor . In designing C hew Toy, atten­
t ion was paid to the overa ll layout, to where the center of
grav ity wou ld be, and to giv ing th e robot the ab ility to right

itsel f from any orientat ion . The latter feature was a major
design challe nge. Paying heed to how the parts fit together,
the locat ion of the ce nter of grav ity, and the envelope of th e
robot in order for it to ro ll prop erl y and right itself was an
int rica te problem. We took ca re not to rep eat the mistak es
of others. No blob with wheels that had everyth ing encased
in a box for us! We wan ted the co mpo ne nts to fit together
intelli gently for maximum utilization. The de sign allows its
sepa ra te parts to perform a seco nda ry function, such as th e

' . R OBOT S CIENCE & T ECHNOLOGY

axle being an internal suppor t for the batteri es and the mo
tors add ing add it iona l support to the robo t 's overa ll str uc ture
This result came from playin g around with all the parts, try
ing different co nfigura t ions, and finding the best way to fit i

a ll together.

Conceptua lly, we foc used on three things: good overa ll de
sign for maximum offens ive and defensive ca pa b ilit ies, east
of dri ving for effec t ive movem ent in the arena, and the cro (

pleasing effec t of C hew Toy. The ove ra ll design is so lid .
ove rco mes the majority of ways robo ts lose in combat . M os

rob ots don't lose becau se their armo r is bad . Rather, it is be
cause they are flipped ove r, some th ing internal or ex te rn a
break s on impact, or it is hung up on some th ing du e to insuf.
ficient gro und clearance . C hew Toy' s e lec tron ics a re we i
cu shi oned against impact dam age within the am mo box thai

has additional welded stee l. C hew Toy's arm ca n be used tc
right it should it be flipped and its weapons should pr o ve

effec t ive in combat . Althou gh an oppo nent co uld str ike the
exposed wheels, they are large and provide in excess of ar
inch of ground clearance, which is enough to dri ve over grass

with no difficulty. C hew Toy will be h ard to stop - it will st ill
be full y mobile with a chance to break free even if it rum
over a wed ge or a lift er ge ts underneath . Its weapons are de­
signed to rip ch un ks off othe r robots and drive over the debris

without slowing . In the initial dri ve tests, grass and lawn
hazards posed no pro blems.

Keeping in mind the importance of good ove ra ll design, ease
of driving and ple asing the public (yourself included !) is the
best thing you can do as you co ns tr uct a combat robot war­
rior and enter it into co mpe t it ion !



Parts Suppliers-Part II

Among the most diffi cu lt things for the

builder of a co mba t ro bot is loca t ing

so urces of co mpo nen ts . I h ope this list
of ve ndo rs will help . Some I hav e used

and others have been used by fel low en­
th usiasts with good results. Contact th em

and ask for a ca ta log (have your business
address h and y in case they need it) .

GENERAL EQUIPMENTI
SUPPLIES

McMASTER-CAR R
mcm asrer.com

(five locations - th ose listed plus A tla n ta
and C leveland)
P O Box 54960

Los Angeles, CA 90054-0960
562.692.59 11

Ia.sales@mcm aster.com

P OBox 440
New Brunswick, N J 08903-0440

732 .329 .3200
nj.sales@mcmaster.com

P OBox 4355
Chicago, IL 60680-4355

630 .833 .0300
ch i.sales@mcmas te r.co m

T he first th ing you sho uld do is obta in a
cata log from McMAST ER-CA RR. They
have eve ryth ing. You can build exce llent
robot s using just part s from thi s ca ta log.
N ine ty-n ine perce nt of th eir produ ct s are
in stock, an d if you order tod ay, you can
expect the part at your doorstep to morro w.

***** * *
MSC Industrial Su pply Company

75 Maxess Road
Melville, NY 11747

800.645.7270
mscdirect.com

They carry man y of th e usual item s plus a
large selec t ion of cutt ing tools (pote n t ial
wea pons ), and machine sho p equipment.
They have th eir "big book " and th ey are
not kidding! At 4075 pages, it is thicker
tha n The Bible and PACKED with more
part s th an you ca n imagine . A great sup­
plier, th ey are HIGHLY recommended by
fel low robo t ic co mba ta nts. Team Delta
used th em to obta in stee l and othe r parts
for th eir exce llent robots.

*******

i
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W.W. G rainge r, Inc.
455 Knightsbrid ge Parkw ay

Lin co lnsh ire, IL 60069-3639
800.8 77.0 150
grainge r.co m

The G ra inge r ca ta log has 4106 pages but
is in a sma ller form at th an MSC. They have
man y of th e same item s as McMASTER­
C A RR and MSC, but th ey also ca rry many
items not found in th e othe r ca ta logs.

****** *
Sma ll Parts, Inc.

P OBox 4650
Miami Lake s, FL 330 14-0650

800. 220.4242
sma llpa rts.co rn

Sma ll Part s, Inc . has a wide ran ge of hard
to find parts. Ask for ca ta log # 17. It h as a
ph oto of our Stealth robot, whi ch won th e
1995 "FIRS T " co m pe t it ion a t Di sn ey
World in Florida.

***** **
Industrial Metal Supply Company

3303 N. Fernando Blvd
Burb ank , C A 9 1504

8 18.848 .4439
imsmet als.com

If you live in southern Californ ia th ese folks
have three exc el lent sho ps you can visit.
They also ta ke phone orde rs and do busi­
ness over the Internet. Ver y rel iabl e ­
ano the r co mpa ny wh ose products have
seen ac t ion at robot ic co mbat events.

***** * *
R obin Materials

1951-T Colony S t.
Mountain View, C A 94043

650 .966 .1533
rmat .corn

Robin Materials has spec ialty met als - such
as titanium, tungsten, et c. They do custo m
work and their designs have seen "battle ."

POWER TRANSMISSION

Stoc k Drive P roduct s
2101 Jeri ch o TPKE

P OBox 54 16
N ew Hyde Park , NY 11040-5416

516.328.3300
sdp-si.corn

Stock Drive probabl y has th e largest selec­
ti on of pow er tr ansmi ssion equipme n t
including belts, cha ins, sprockets, pu lleys,
bearings, and gea rs of all th e suppliers. Ask
for th eir co mplete set of ca ta logs.

* ***** *

J
W. M. Berg, Inc.

499 Ocean Aven ue

East Rock aw ay, NY 1151 8
800 .232 .23 74

wmber g.com
Berg is an exc ellent source.

*******
Boston Gear

14 Hayward Stree t
Q uincy, MA 02 17 1

888. 999.9860
bostgea r.corn

Boston Gear ca rr ies some parts capable of
heavier-duty th an Stock Dr ive and Berg.

*** ** **
PIC Design

86 Benson Road
P O Box 1004

Middlebur y, C T 06762
800. 243.6 125

pic-design .com

* ******
NORDEX, Inc.

50 Newtown Road
Dan bury, CT 068 10-6216

800.243.0986
nord ex-inc.com

METALS
Metalma rt, Inc.

12225 Coast Drive
Whi tti er, C A 9060 1

800.888. 7766
met al -m art .com

*******
Carpenter/Dynamet, Inc.

195 Museum Road
Washington, PA 15301

724.228. 1000
cartech .corn

PLASTICS
Cadillac Plasti c

285 5 C oolidge Highw ay Suite 300
Troy, M I 48084
800.2 74 .1000

cad illacplasti c .com

*******
Commercial Plast ics

co mme rcialp last ics.co m
(tw o locati ons)

98-3 1 Jam aica Avenue
R ichmon d Hill, NY 11418

7 I8.44 1.1500

ROBOT S CIENCE & T ECHNOLOGY '



Parts Suppliers-Part II
324 1 Keller Street

Santa Clara, CA 95054
800.325.1262

** * * * **
Con solidated Pla stic Co. , In c.

8181 Darrow Road
Twinsburg, O H 44087

800.362 .1000
no web site

*******
Ryerson Plastics

2558 West 16th Street
Chicago, IL 60608

800.242.2114
no web site

RADIO CONTROL
EQUIPMENT

This is where you will find items like radio
transmitte rs, small motors, electronic speed
cont rols, and tons of parts that could be
used in feath er or lightweight robots.

Tower H obbies
P OBox 9078

C hampaign , IL 6 1826-9078
800.637.6050

rowerhobbies.corn

* *** ***
H obby Lobby

5614 Frank lin Park C ircle
Brentwood, TN 37027

615.373.1444
hobby-lobbv.com

*******
Ace H obby Distributors, In c.

116 W. 19th Street
Higginsville, MO 64037

800.322.712I
aceho bby.com

** *****
Aveox, In c.

31324 Via Colinas Suite 103
Westlake Village, CA 91362

818.597.89 15
aveox .com

*******
SIG Manufacturing Co., In c.

P OBox 520
Montezuma, IA 5017 1-0520

800.247.5008
sigmfg.com

MISCELLANEOUS
MECHANICALS

Cutter's Choice, In c.
cutterschoice.com

(two locat ions)
1637 S. Main Street

P O Box 939
Willits, CA 95490

707.459.3509

2008 East 33rd Street
P OBox 10308
Erie, PA 16514
8 14.898. 1629

* ***** *
DU·BRO Products, In c.

480 Bonner Road
Waucond a, IL 60084

800 .848.9411
dubro.com

*******
Kart World

1488 Mentor Avenu e
Pain esville, O H 44077

440.357.5569
kartwor ld .com

****** *
Northern

2800 Sourhcross Drive West
Burnsville, MN 55337

800.533.5545
northern -on line.com

SURPLUS

C and H Sales Co.
2176 E. Co lorado Blvd
Pasadena, CA 9 1107

800.325.9465
candhsales.corn

ON-LINE DIRECTORIES
OF SUPPLIERS

Arrick Robotics
robot ics.corn/mechparr.html

** **** *
Team Delta

teamde lta.com/robopart .htrn l

*******
Thomas Register

http//t homasregister.com/index.h tm I

* ** * * * *
Yuasa-Exide, In c.

vuasa-ex ide. com/ index. h trn l

i'\.S&"i"

Author Ronni Katz built ChewToy af·
ter 3 years of Hobo,
Wars™ experience witt.
Spike, and two years Oi

interviewing fellow robot
warriors. Her day job is
programming, and net
past life was landing or,

aircraft carriers. Her ection-peckec
novel, Wing Commander, is available
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.
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H2·KT Hexapod /I Kit $375.00
• Full Size Hexapod Robot. 1
. 2 Degrees of Freedom per Leg.
• Low Current Draw Leg Design.
• Excellent Advanced Project.
• Mechanics / Servos only, Add 2 SSC-01.

,

5AA·KT 5 Axis Arm Kit $195.00 !
• Pre-Assembled Electronics .
• BASIC Controllable.
• Easy RS-232 Control from PC or Micro.
• Excellent Intermediate Project.
• Complete Kit.

3AA·KT 3 Axis Arm Kit $155.00
• Pre-Assembled Servo Controller.
• BASIC Controllable.
• RS-232 from PC or Microcontro ller
• Great Kit for the Beginner.
• Complete Kit.

H1·KT Hexapod Kit $150.00 .
• Walks Forward, Reverse , Left, Right.
• BASIC Programmable .
• Requires Soldering .
• Great Intermediate Project. ;
• Complete Kit, Works well with IRPD. 'I

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

MM·KT Micromouse Kit $95.00
• Designed for Table or Smooth Surfaces .
• BASIC Programmab le.
• Requires Soldering.
• Great Intermediate Project.
• Complete Kit, Works with Tracker / IRPD. I

FS-01
SSC-01
IRPD-01
TRA-01
DHB-01
SM-01
RM-01
S6P-01
SLS-01
BMR-01
TRP-01

BASIC
Controllable
Robots ~~~~~"",",r--J .1

I
1------http://www.lynxmotion.com ,I

MRA·KT Mobile Arm Kit $250.00 .
• Pre-Assembled Electron ics.
• BASIC Controllable.
• Easy RS-232 Control from PC or Micro.
• Excellent Advanced Platform.
• Complete Kit, Works with Tracker / IRPD.

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

1--------Accessories--------1
First Step (Stamp 1) Microcontroller Kit $40 .00
SSC Serial ServoController Board $44.00
Infrared Proximity Detector Kit $30.00
Tracker Line Following Sensor Kit $20.00
Dual H-Bridge DC Motor Driver Kit $30.00
ServoMotion forWindows(General Purpose) $30.00
RoboMotion forWindows (For 5AA-KT) $30.00
Hitec 420zlin Servo 6 Pack $80.00
Hitec 1330zlin Large Scale Servo $40.00
Mobile Robots Book $48.00
The Robotic Practitioner Back Issue Set (6) $40.00

1----- Ask for our free catalog!----t
Lynxmotion , Inc. Tel: 309-382-1816
104 Partridge Road Fax: 309-382-1254
Pekin, IL 61554-1403 USA Sales @lynxmotion.com
http://www.lynxmotion.comTech@lynxmotion.com

• Most of the cost of int ern ation al subscript ions is for sh ipping
by air.

Visa and Mastercard:

PAID CHARTER SUBSCRIBERS
may extend th eir subscriptions by:

• Co nvert ing from 6 to 12 issues by sending a check for $ 19. This
option will extend your subscription to a to ta l of 12 issues.

• Ren ewing for a special cha rter renewal rate of $34. T h is op­
tion will add 12 issues to your current 6-issue plan for a to ta l
of 18 issues.

• A ccepted world -w id e th rough o ur sec ure se rve r a t
www.RobotMag.com or ca ll to ll-free 888. 5 10.7728 (US and
Canada only) for credit card orde rs, 9 a. rn. to 5 p.m. Califor­
n ia tim e, Monday th rough Friday.

Subscriptions are risk-free! Full gO-day
refund is guaranteed in the US and Canada.

SUBSCRIPTIONS & RENEWALS

• Ca nad ian C ha rte r Subscribers. Renew, prepaid , for 12 more
issues for on ly $49 US.

Robot Science & Technology
2351 Sunset Boulevard #170·253

Rocklin, CA 95765
916.632.1000

888.510.7728 (US and Canada)
service@RobotMag.com

RobotMag.com

Library Service Office
Robot Science &Technology

2351 Sunset Boulevard #170-253
Rocklin , CA 95765

International Notes:

• Int ernation al subscript ions - $99 prepa id for 12 issues, indi ­
vidual or institution.

• Don 't miss a sing le issue! Send a check or mon ey order to :
Account ing, Robot Science & Technology, 235 1 Sunse t Boule­
vard # 170-253 , Rocklin CA 95765 .

NEW SUBSCRIBERS will receive 12 issues for $39 US. Pre­
paid subscribers will be eligible for future special offers. Subscribers
outside th e US must pre-p ay - see internat ional not es below.

LIBRARIES and SCHOOLS: Robot Science & Technology is an
excit ing and informat ive magazine about an educationally vital
topic. It will prove to be one of the most popular period icals on
your bookshel ves. Act now to make th is practi cal magazine avail­
able to your studen ts, researchers, engineers and educa tors. They
will th ank you for it.

For $99, in th e US on ly, schools and libraries will receive 12
issues of the magazine. Prorat e for 36, 10 or 9 month periods.
Spec ify th e date you wish to begin th e subscript ion. Send a pre­
paid purchase order or request a pro form a invoice. We also acce pt
inst itut ional orde rs th rough subscript ion services.
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JSERVOS (UP TO 6)

CD PLAYER OR
TAPE DECK

POWER SUPPLY

AMPLIFIED SPEAKER

Using the M5 DECODER , you can construct --_"iti
this low cost motion control system . A small
CD player or tape deck is used to play back
synchron ized sound and motion. Requires EFFECTive ENGINEERING
hobby style RIC transmitter for programming . 6727 Flanders Dr.. Ste. 106
Unit can drive hobby servos, solenoids , air San Diego, CA 92121TEL (619) 450-1024
valves , motors , lights , etc. Changing the FAX (619) 452-3241
program is as easy as changing the disk! www.trix.com/effective/

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

TUR ROBOTIC MOVEME T
I TO A E FO A CEH

M5 DECODER
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DO YOU HAVE AN IDEA OR PRODUCT
FOR THE NEWLY EXPLODING

MARKET OF ROBOTICS?

We can help you sell your p roducts to a specific market
a n d make your advert isi ng dollars work m o re effectively.

Are you diluting your market ing 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 n iche magazines; your ad in RS&T is placed to gain maximum exposure.

We're small enough to give personalized service to every advert iser.
We offer a significantly better cost per thousand readers (CPM) than any othe r quality tech magazine.

So advert ising in RS&T is easy and economical for both small and large companies.

Design Flexibilitv.
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 effec t.
Use a second color for maximum impact th at 's econo mical. Use a Reader Reply Card for
immediate response. For companies that want more presence, we design premium pages

within th e magazine at no extra charge. Website space is also free to paid advertisers.

Expanded Distribution
You get global reach beca use our distr ibution is international, through

carefully selected major bookstores, and our personal presence at major robot events.
So your message reach es both the existing robo tics community and the

swiftly developing market in home, spor t and classroom robotics.

Qua lity, Reliability, Professionalism
Highly experienced professionals have recently joined our team, with proven track

records at high-quality int ernational technical publications. This will allow us to
eventually become a monthly magazine. RS&T has sho rte r lead- t imes than

trad ition-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.
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Success is Just Another Phone Call AWCiJj}
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More Hands-On Content, Please

First of all, I'd like to say I'm very excited about the
subject matt er of your magazine . However, I wish some
of the art icles were target ing beginning robot en th usi­
asts without degrees from MIT. If I a lrea dy kn ew
eve ryth ing required to understand most of your art icles,
I wouldn't need to subscribe to Robot Sc ience & Tech­
nol ogy. I've had co llege courses in basic electro n ics and
robotics funda me nta ls and st ill have no idea how to
start build ing my first hobby robot. I subscribed to your
magazine in hopes th at I might find some usefu l infor­
mation, but instead I'm gett ing di scouraged . I think
ste p-by-ste p projects with ex plana t ions of wh at each
co mpone nt ac tua lly does, and why, would make robot­
ics less intimidating and in cr ease your magazine 's
circulat ion .

- Russell Ingersoll

Dear Russell,

We hear you , understandyour concern, and hope this issue
has more of the tyfJe of content you are looking for. Just by
way of background, our editorial fJhilosOf)hy calls fora bal­
ance, with technical features at one end of the spectrtzrn
and hands-on how-to articles at the other. This seems to

satisfy most of our readershif) , and this issue of the maga­
zine reflects that !)hilosophy. Herein we cover the robotics
gamut with articles on soft computing, algorithms, robot
warriors, and how-to features. Tw o features fall into the
latter category, wherein we f)rovide stef) -by-stef) infonna­
tion on building, f)rogrammingand customizing robots . Also,
in a series commencing with this issue, we address the fab­
rication of skins to protect and enhance the perfonnance
and a1>1>earance of robots. We thank you for your infmt ,
and ask that more readers let us know what they like to see
in the magazine.

R OBOT S CIENCE & T ECHNOLOGY

I recently subscribed to your magazine and have been fol­
lowing th e "Basics of a Digital Brain" series. I called Motorola
and tri ed to orde r th e manual th at is list ed in th e article, bu t

th ey told me that th e number I have does not co rres po nd tc
any Motorola manual. Any help would be apprec iated .
Thanks.

-R.E.

DearR.E.,

You must be talking about the M 68HC 11RM/AD manual re­
ferred to on !)age 44 of theJuly 1998 issue. We did a little checking
around, and found that version 3.0 of the manual is available al

the telef)hone number provided on the same J)age of the maga­
zine : 1-800-441 -2447 .

We called the number to check on your problem, and the agem
we sJ)oke to at the Motorola Literature Distribut ion Cen ter wa~

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

I am a dedicat ed reader and rob ot hobbyist . In issue four,
someth ing looked a little strange . I ex pected an in -depth
art icle about th e G rowBot since it was featured on th e co ver.
I was a little disapp ointed th at th ere wasn't one. Just some­
thing to co ns ide r for future art icles .

- Michael Bloom

Dear Michael,

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



Dear Ian,

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

12V Auto Battery
Charger $40

AIM PRB

12V 4 Amp Quick
Charg~Rl53 $160
• Camcorder Batterie s
• Blank Video Tape
• Ughting Equipment
• Wireless Mics
• Battery Belts

MP-101

$99

MOTORIZED PAN
Fastens between any tripod head and video camera . Two motors allow
independent smooth remote adjustment of vert ical and horizonta l
panning motion Auto Pan Mode - allows continuous horizontal panning
mot ion . SWitc h selec tor for eithe r a 30. 60 or 90 degree movement.
• Maxim um horizontai angle +90
• Maximum vertical angle +15
• Power Source 4 AA batteries
• Panning Speed adjustabl e
Weight 27 oz. - Size 5.75' x4.5 x4'

9DDMHz WIRELESS TRANSMITTER

~:~;~~~~
_ u• ...,' 'B" '~" 'J475jjjji ~ L .--,.-.," / $239

ALLOWS A VIDEOCAMERAWITH'A COMPOSITE VIDEO
SIGNAL AND/ORAN AUDIO SIGNAL TOBE CONNECTED TOTHE
WIRELESS TRANSMITTER . RANGE 150FEET

Wearealsogratified that you areenjoying the Micromouse
Algorithm series. The A* Algorithm article in this issue
shouldprove of interest to you. Dr. Tak Auyeung has pro­
vided a truly readable and understandable explana tion of
this intriguing algorithm . Ie essentially assimilates [Jrevi­
ously gained knowledge to maneuveran autonomous robot
through the maze on the shortest possible path. Wouldn 't
it be nice to apply this algorithm in our world when called
u[Jon to 'run errands?' Then again , we [)robably already
do and just don't realize it! We willbe hearing more from
Dr. Au yeung in the [utuie .

In an idealworld , the FIRST article would flow from page
to [wge withottC a s[Jlit, and we would have printed all
eleven [Jages together in a color section. Bttt there was
combetitior: forthe treasuredcolor s[)ace, and the leadstory,
kicked off the editorial section and spilled over into black
and white, bttC we recovered some color by splitting it into
the back section . We hO[Je the inconvenience of flipping
around didn't s[Joil the story for ) '01t.

As you have noticed, the integration of editorial content
into the [Jh ysical layottC of the magazine usually calls for
compromise. The FIRST article was actually subjected to
two such compromises: ( I) Most of the graphic images in
the article were originally in color, but we [Jrinted some of
the pages in a black and white section and (2), we sJJlit the
story.

Thank you for your comments. We are ex[)ending a great
dealof effort to make themagazinejust asgood as it canbe,
and it is nice to be appreciated.

(hence its name), so it is a great candidate for an article . The
[eaiure will confonn to our [ottnai for the construction series,
that is, ste[)-by-step instructions accom[Janiedby photogra[Jhs and
ti[Js . The thing abotlC GrowBot is that construction issimJ)le, and
it can be programmed to do lacs of things. We will therefore high­
light the versatility aspect of the robot and its modularity. The
Growbot kit includes the BAS[C Scamp Windows editor, and
docwnentation 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 couch that dial, Michael , and thanks for your
comments.

Just a qui ck note to say how much I enjoyed reading the
lat est issue. Your con tent is markedly improving issue-to­
issue. I espec ially enjoyed th e FIRST article, which was well
written, and had just the right balance of background and
det ail , altho ugh I am curi ous why you cannot print the com ­
plet e art icle in one part of the magazine. I also enjoyed th e
lat est Micromouse algor ithms, and am sure that it will
be even more apprec iated by anyo ne not previ ously fa­
mili ar with such schemes.

I
- I - Ian C ull
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By way of background, over halfof the magazine (36 of 68
[)ages) is[)rinted in color: The first and last eight pages, and
the middle sixteen, [Jlus the coversand their flit) sides . Naiu­
rally , there is competuum for this scarcerealestate provided
by otherarticles withcolor graphics, and byadvertisers with
color ads .

LEAD ACID CELLS 1170 Mhz Wireless MIC WlX PRO $139 I
LCR-6V4 $22 DURACELL~ ALKALINE CELLS
LCR-6V7.2 $35
LCR-6V12 $42 AAA 1.5V 1120mAh MN2400B2 2PK $1.99
LCR 6VlO $30 AA 1.5V 2450mAh MN1EroB2 2PK $1.89

- C 1.5V 7100mAh MN1400B2 2PK $2.90
LCR-12V3.4 $27 0 1.5V 14.250mAh MNl300B2 2PK 2.90
LCR-1 2V7.2 $36 PROCELl 9V 565mAh PROCELL $1 .95

PAYMENTBY ~ .: '·I ~jl ;l FREE SHIPPING
THRIFTY Catalog sent withyour order onorders of $300 orMore
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You Can Write For Ro at

Science & Technology
;::;, S&"'i'" accepts quality feature art icles from individuals,
• ~ and our rul es which go ve rn ac ce pta nce of
manuscr ipts are tight but fair. If you would like to write for
us, just follow the guide lines provided here, and submit th e
manuscript to us. If your art icle meet s our requirements, we
will work with you, and the result co uld be an art icle in our
magazine. You sho uld:

Tail or you r pr esentation. About half our subscribers are en­
gineers and academicians, and most of the rest are stude n ts,
so the presentation can range from intellectually st imulat­
ing for the most technica lly adept , to understandable for th ose
who are not yet at the high est level. All wh o read our maga­
zine are curious abo ut all aspects of technology within the
exciting science of robotics. They are interested in how things
work, and ultimately migh t like to get involv ed at a hands­
on level. Our des ire is to provid e someth ing interesting and
cha llenging for eve ryone.

Educate and inform. We want cutt ing -edge articles. We
welcome artic les on hardw are or software , and th ose that
concern microprocessors and programming robots with
read ily avai lab le computers, programs and materials. If your
artic le is theoret ica l, you sho uld lead every major idea in an
inte llectua l way, but spe nd some time to explain wh at that
idea means in an instru ctional manner, like a tu torial.

Be Original. It is importa nt that you be th e author of your
article and the purveyor of your ideas. We will evalu at e pre­
vio usly published materia l on disciplines relat ed to robot ics,
like artificia l inte lligence , if the mat eri al has been exten­
sive ly revised and made applicable to robot ics th rough an
orig ina l thought process. O ur subscribe rs want to read about
new technology, fresh ideas and new approaches to prob ­
lem-solving.

Sho rt articles may contain 800
to about 3000 word s, with th e
typica l feature manuscript for
RS&T containing 3000-3 500
words, an d seve ra l pho to ­
graphs, figures, graphs or
tab les. Be clear, concise, and
acc urate.

"iii R OBOT S CIENCE & T ECHNOLOGY I

A gene ral outl ine:

Introduction. This is your opportun ity to acquaint the readei

with your subjec t matter with genera l information. It is the
roadmap for the discussion th at foll ows.

Discussion. This is a det ailed discussion of your sub ject mat ­
ter, and it should unfold in a logical , ordered manner. C hed
all materi al presented as fact s.

Conclusion. This does not necessaril y have to be a review 0

the art icle , but it does need to summarize it in genera l ter ms
It ca n also be used as a springboa rd to the next segme nt if the
art icle is one of a series .

Details for text

The first page sho uld include your nam e, address, telephone
numbert s) , e-ma il address, website U RL and dat e .
We prefer that submissions be attache d to e-mail as MS Wore
(PC or Mac) or Word Perfect files. If you do not have those
program s, submit the art icle in A SCII , MS-DO S text , or rtf
Do not embed graph ics, but send them in separate e- rnails
to keep file size sma ll.

If text is submitted in hard copy, it should be on wh ite, 8.5 )<

H -inch paper, one side on ly, double-spaced in minimum 11·
point type, and you sho uld also provide it on a 3.5- inc h flopp ,
disk in the program s listed above.

Use sho rt , crisp sen te nces and keep paragraphs to abo ut three
or four sen tenc es. Use subheadings to brea k the text inte
eas ily readabl e and identifiabl e sec t ions.

Veri fy the spe lling of nam es, t itles, and co mpany nam es anc
th at dat es, ph one numbers, and references are correct.
If you use acronyms, the first reference sho uld be fully de­
scribed, followed by the acronym.

Be sure to refer to all ph otographs, figures, tables and lists.

If you are writing a construct ion art icle, you should prov ide
th e reader with the foll owing information:

• Parts list .
• Known sources for obta in ing parts. Include the complete

address, ph one number, website U RL and e-ma il address.

• Any special equipment needed for construction or test ing.



Mail hard cop y and graph ics to :

www.mister-computer.com

$ 179.00
Visa I MeAccepted

mist er c o m p u t e r
4730 Pa lm Avenue. Su ite 202

La M esa.CA 91941

USA

( 6 19 ) 464-241 2

PI;oyL itt : @fl f'cordinl , O Scripts

EI

O loop Plil,ba ck

~~1lE!l
Pl. , D..lay :

1mJ- - - -lD

o ANIMATION

o ROBOTICS

o EXPERIMENTATION

o PROTOTYPING

o EDUCATION

o AUTOMATION

Kit 1n cIudes: ~~~iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii:E:§]
Se r ial Se r vo
C ontroller
W in d o w s
Software

( 2 ) H it e c h
Se rvos

Batte r y Pa c k

Cab ling /
C o n ne c t o r s

D e t a ile d
In s t r u c t io n s

editor@robotmag.com

Editor
Robot Science & Technology

2351 Sunset Boulevard, #170-253
Rocklin , CA 95765

USA

O n lin e Help
System Eve rything you n e e d to get starte d today
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A ll artwork must be submit­
ted with th e feature article .
Se nd submissions to :

Figures, listings, tables, an d
capt ions sho uld be provided at
the end of the art icle , or in
separate files.

We will accept manuscripts
for revi ew, but they will not
be returned unless a SASE is
prov ided . Article ideas ma y
be approved in adva nce , but
no guarantee of acceptance
is give n until th e fin al co py
is reviewed .

Miscellaneous

Four to six ph otos are desired for each article submitt ed. Do
not send negati ves.

We prefer to sca n photographs ourselv es, and 4 x 6 or larger
glossy co lor prints give us th e most la titude . Electron ic sub­
mission of ph ot ographs is not acceptable.

Keep th e background neutral.

Focus, depth of field and detail are vital. Do not send ph ot o­
graphs th at are out of focus. Automatic focu s ca mera s oft en
produce fuzzy images.

Include th e whole subjec t in the photograph .

If you are ph otographing a robot, we must see the whole fig­
ure, but we also want close-ups of th e drive train, power plant,
sensor array, or anyth ing else th at is capt iva t ing about your
rob ot . If your article is a how-to piece, ensure that pictures
of eac h ph ase of your project fit with th e text .

Capt ion eac h photograph . Nobody kn ows better th an you
wh at you h ave ph ot ographed , so number each one on the
back with a st icker to preclude scor ing th e ph oto. Refer ence
th em on a ca pt ion page enclosed with your story.

Other Graphics

Editorial Process

Photographs

--- --- - - -~ ---

Provide a brief background ske tch, including (but not lim­
ited to) where you work , your educat ion and e-mail address
if you wish to be accessible to our readers. W e enco urage
read er comments and responses to all articles.

All graph ics must be 300 dpi, and a minimum of 2- inches
square. We may redraw figures to maintain cons istency among
art icles. Do not place graph ics into a word pro cessing docu­
ment. Sa ve them as separate files in th e fo llowing formats
(M ac or PC):

• Sc he ma tics-TIFF, EPS or BMP files.

• Line art-Adobe Illustrator, EPS, T IFF, or BMP.

A ll mat eri al accepted for pub licati on will be subject to ed it­
ing by our sta ff. If your manuscr ipt co n ta ins a large amount
of misspe llings, grammat ical errors, or requires ex tensive ed ­
iting for any othe r reason, it may be rejected . Do not rely
solely on a spe ll-c he cker.

During th e ed it ing process, we ma y requ est clar ification or
add it ional mat erial. Your responses should be as prompt as
possible, and we would apprec iate a twenty-four hour turn­
around. Ofte n , telephonic co mmun icat ion elic its additional
informati on, so please be acces sib le.

The initial layout is proofread during sta ff review and by you.
A gain, a qui ck turnaround will be requ ested . Basically, you
check for content, and we design the article.
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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.

T his product is an examp le of creative though t soundly ap­
p lied. We here a t RS&T are regu larl y bo mbarde d wit h
inquiries concerning how to get started in robot ics. This is
th e answer! The Board of Education , a pro to typing bread ­
boa rd , introdu ces the student to electro n ic fundamentals without
the pai n n ormally assoc iate d with th ings electron ic. Schema t­
ics , th e bane o f beg in n ing st u de n ts, sud de n ly bec ome
understa ndable as the expe rime n ts unfo ld. It pays to keep a copy
of Radio Shack's Getting Started in Electronics , by Forrest M. Mims,
III nearby wh ile you progress throu gh the lessons, but it is not abso­
lutely necessary - more of a suppleme ntal text, it is a handy reference
and primer on the subjec t . So why is the Board of Education such a
cool addition to electronic educa t ion? How about :

• Lett ing you build c ircuits withou t solde ring .

• Trace lin es that visua lly show the connect ions you are making.

• Exp lanations at eac h step that are clear and eas ily understood.

• Plug-in con nect ions that ca n be undone immedi at ely to correc t a mistake.

A ll these feat ures are presen t and more. Having made all
the con nect ions required for a given expe rime nt , th e fun
beg ins . Loading the BASIC Stamp Editor onto your desk­
top in Windows and selec t ing the Stamp? icon brin gs up
the Stamp w.exe icon . Just click on this icon, the funny gree n
diagonal on e, and the BASIC Stamp program is ready to
ro ll though the sup plied Programming Cable to your wired
Board of Education! Type in the prog ram, cli ck on Run,
and you are on your way. But, not so fast. That pro gram was
written for you, now you have to modi fy it to do some th ing
different. Afte r suffic ien t cog ita tion, you mod ify the pro­
gram successfully. What a feelin g of accomplish ment if you
have never written or modifi ed a program before ! That is

lOi. R OBOT S CIENCE & T ECHNOLOGY I

just the beginning of an inte llectua l journey that you car
pursue through five more experime nts. Each experiment get:
progressively more cha llenging and reward ing. Learning maj

never be thi s mu ch fun agai n. A nd be lieve us at RS&T, yoi
will not on ly be en th ralled, you will be deli ghted and or
your way in the fasc inat ing field of Robotics!

Available from .. . Parall ax, Inc.
3805 A therton Road , Suite 102

Rocklin , CA 95765 .

Ph one: 9 16.62 4.8333 • 888.5 12.1024
Fax: 916.624.8003

parall axinc. com
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Available from...
Morgan Kaufmann Publish ers, Inc.
San Francisco, C A.
E-mail : orders@mkp.com.
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Artificial Intelligence:
A New Synthesis

by Nils J. Nilsson

This textbook is designed for use in an educat iona l setting. Entering Artifi­
cial Intell igence studen ts, direct ed and assisted by their professors, will find
a wealth of inform ation and ideas cohe ren tly arranged and concisely pre­
sen te d. There are five maj or sec t io ns to the book , ex cl usive of the
Introducti on . Each cha pter in eac h sect ion is followed by a listing of addi­
t iona l readings and discussion exercises. The work is very well indexed and
referen ced th roughout. There is an extensive Bibliography contain ing the
citat ions (some forty pages and approx imately six hundred en tries). After a
brief in trodu cti on to AI , including an autho r's definition which is admit­
tedly somewha t broad and circu lar (as is th e nature of the beast), a hi story,
and var ious approaches to the subjec t are discussed . The topic of Reacti ve
Mach ines (Stimulus-Response, N eural Networks, etc. ) leads off the meat of
the text, wh ich progresses through Sea rches in Sta te Space, Knowledge and

Reasoning, Planning Method s
Based on Logic, and concludes with Commun icat ion and Integrati on. A
working kn owledge of algebra, trigonometry, and ca lculus is some times
necessary to follow the logic. However, here is whe re an astu te professor
will be able to lead th e novice through to solut ions. Cas ual readers
(those not familiar with AI and not imm ersed in an acade mic AI set­
ting and receiving a daily dose of the subject matt er) , may find it
necessary to refer frequ ently to the exce llent ind ex. Acronyms, once
defined in the text, are not usually explained aga in. The co mpre­
hensive index solves this problem han dily.
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Can your robot use a face- lift? In this
series of art icles we'll sho w you how to
crea te 'outer cove rings' 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
thi s series you will realize th at it isn 't
as to ugh as you tho ught. The process
of rubb er skin fabri cati on will be ex­
plain ed in full det ail. The art icles 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),
det ailed instru ctions are provided on
how to part ially assemble Lynxmotion,
Inc.'s HI -KT HexapodWalker robot. In
tha t 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
!Jod Walker and illustrate how to bring
it to life with full step-by-step instruc­
tion s on skin fabricat ion.

R OSOT S CIENCE & T ECHNOLOGY

Why Skins?
Robot s perform certa in tasks, but th ey
gene rally look like ... well, ... robots.
Why not crea te an outer covering for
your bot th at makes it look alive ? A
robot th at is prop erly configured can
be modifi ed to look like an ant, a fly­
ing insect, or a Tyrannosaurus Rex.
W ith some time and imagin at ion, al­
most anyone can transform a robot into
a wild animal or prehistoric dinosaur.
The possibilit ies are endless, th e adva n­
tages many, and the ex pe nse often
minimal.

O ne advan tage is th at skin coverings
can create or enha nce a robot 's person ­
ality. A robot with an IRPD can appear
to have ce rta in behaviors or manner­
isms cha rac te rist ic of living insects,
mamm als, or repti les... you name it. An
IRPD-equipped robot can avoid smash­
ing into walls, furniture, and other
obstacles. Marrying thi s reactionary be­
havior with a spider-like exterior can

transform a robot in to a crea ture tha
looks real , and ac ts incredibly alive
Such a robot ca n appea r to detect 311

overhea d predator by sudde nly with
drawing or scurrying away. The effec
is a robot tha t outwardly looks as if i
has a multi-faceted person alit y capabh
of exh ibit ing fear, ange r, exc itement a
bravery. A skinned robot suddenly be
comes evep more interesting and car
att rac t a fascinated aud ience.

However, oute r coverings not only en.
han ce "persona lit ies" - they can cal
atte nt ion to specific roboti c beh aviors
The Hexapod ca n walk forw ard anc
bac kward, and turn left and right. Ro­
boti c rubber skins enhance th is forwarc
and backward motion by ca lling atten­
tion to th e extension of th e robot's legs
and their ran ge of moti on. Addition ­
ally, skin coverings can be more than
just visually pleasing since their ben­
efits extend beyond the purely aesthetic
to th e extremely pract ical. W he n used
to cove r a robotic prostheti c arm, skins
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can make the arm appear life-like, add­
ing perceptive value to people's lives.

Whether outer coverings serve to at­
tract o r defl ect attention, sk in
fabri cati on opens the door to a world
of experimentation and creativity. The
skinn ing process can expand an inven­
tiv e mind a n d ofte n produ c es
rewarding result s. It can be thought of
as an ex te ns ion of robo t fabricati on
since it too requires vision, experimen­
tati on, tes t ing, and modificati on.

It is th e willingness to experiment th at
propel s th e science of robotics to higher
level s of ingenuity. S till, some may fear
that a sk in wil l enc umbe r a rob ot's
functions, but skinn ing a rob ot ca n
maintain and eve n enha nce its capa­
bi lities since an outer co vering ca n
serve as a protecti ve barri er. By act ing
as a sh ield, an oute r covering can pro­
tect your bot 's brains from accid ental
damage. Even robots with an IRPD can
run into objec ts, tip-over , or c ras h
down sta irs, and a pro tec t ive oute r cov­
ering ca n save a lot of frustrati on, tim e
and money. Why not crea te a cool
looking robot th at has built-in protec­
ti on ? All of this co n t ributes to th e
bottom line, gett ing th e most out of
your robot - aesthe t ica lly and opera­
tionally.

How big is your 'Bot?
C rea t ing rubber skins for a robot will
involv e sculpt ing , molding, cas t ing ,
painting and final skin attachment. Be­
for e diving into th ese proj ect s, the
robot 's size, weight and range of motion
must be fully assessed. These three fac­
to rs a re signi fica n t because th ey
determine th e design and materials best
suited for your robot's oute r covering .
The HexaJ )()d Walker is our subjec t for
this series, so let 's get sta rte d.

Size Considerations
The walker is relati vely sma ll, sta nd­
ing three inches off th e ground. A s
shown, it has six plastic four-inch-long

legs, a width of approximately eight
inch es, and a length from tip to tail of
approx ima te ly e igh t inches (plus or
minus an inch to accommo da te leg
movement) . The HexaJ)()d's plasti c
chass is also supports fou r AA batter­
ies, a 9-v olt battery, ny lon nuts and
sc re ws , contro l rod wire s, and a
mi crocontro ller c irc u it board . At­
tached to th e und erside of th e bod y's
chass is are three servo mo tors.

Weight Bearing
Considerations
With the rob ot's size ana lyzed with
some atten t ion to movement, th e next
consideration is how much weight in
rubber skins th e robot will be able to
support. The HexaJ)Qd Walker'sweight­
bearing ca pa b il ity, as suggested by
Lynxmotion, Inc., is approx imately 12
ounces. This does not include th e ad­
dition of the IRPD. With th e IRPD in
th e design , it sho uld handle an oute r
covering weighing 10 ounces .

It is important that th e rubber skins
stay within this l Ovounce envelo pe. If
the skins weigh much more than 10
ounc es, the power source (batteri es)
may drain too quickl y, or the servo mo ­
to rs may be incapable of moving the
weight of th e struc ture. Maintaining
th e integrit y of th e robot's mobility (its
primary functi on) is th e third major fac­
tor in this assessment process before skin
fabrication begins.

Range of Motion
Considerations
A robot 's method of movement and its
ran ge of moti on, are major consider­
a t io ns before desi gning a n o u te r
cover ing. Whether a ro bo t walks ,
crawls, or roll s, the mode and range of
motion information will determine
which materials are best suited for cre­
at ing the robot's skin.

The Hexapod Walker ac tua lly walks
while using th e IRPD to track its sur-
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roundings. The robo t ac h ieves mobi l­
ity by using six le gs, which a re
con trolled by three servomotors. These
legs have over two inches of vertical
leg lift , allowing th e robo t to walk in
an alte rna t ing tripod ga it. The oute r
covering must not prevent or hinder
this ambulatory movement, so choos­
in g materi al s th at work with the
walking function and accentuate the
visual effect is crucial to th e overall suc­
cess of the design.

Choosing the Right
Material for the Intended
Purpose
Keep in mind that an outer covering
may cons ist of several different parts,
or pieces (an insect oid creature wou ld
have a head, wings, and shell). Each
piece co uld even be made from a dif­
ferent materi al. For thi s project ,
h ow ever, rubber material s are be st

R OBOT S CIENCE & T ECHNOLOGY
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suited to moving with and
en ha ncing the Hexa[)Qd's
leg mo vements. M an y
rub ber mat eri als are easy
to work with and can be
found at ar t supply stores
(see Resources on page 62 ).

W ith rubber, skins ca n be
produ ced th at are thi ck or
thin, st iff or flexibl e de­
pending on your choice of
mat eri al. With the Hexa­
[)od Walker in mind , skins
that are too heavy, cum-
bersome, or bind ing ca n obstruct the
servo mo tors ' ability to move the legs,
and a drained power source co uld result.
The streng th of the servomotors is an­
o the r facto r. A ce rta in amo un t of forc e
is necessary to move bo th the legs and
th e oute r covering wh ile prop elling the
mass of the robo t . A lways co ns ide r how
mu ch skin flexibili ty is required so that
movem ent will not be imp eded .

The Hexapod would benefit most from
an oute r covering made of rubber that
is th in and flexible, such as thin cas t
la tex rubber. Cast latex is similar to the
rubber used to make Halloween masks.
It has good flexible elast icity, is light­
wei ght , a nd wo uld be less lik el y to

obstruct the robot's leg movements than
o the r, st iffer, mat eri als. Portions of the
Hexapod's outer co vering co uld be cast
with urethane resin. This resin is also
lightweight , eas ily painted (the fin al
step in making skins look real) and quite
durable. However, unlike cast lat ex rub ­
ber, ur ethane resin h as li ttle o r n o
flexibility. These skin n ing alte rnat ives
offer disti nct advan tages and disad van­
tages. They should be stud ied closely in
orde r to maximize their benefits.

O the r por tions of the oute r covering
co uld be vacuformed (see the art icle
Vacuforrning on a Shoestring in the Janu­
ary 1999 issue) . Vac uforming portions
of the oute r covering with a plastic ma­
teri al is ano t her grea t way to keep
weigh t to a minimum since vac uformed

•• R OBOT S CIENCE & T ECHNOLOGY
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Side viewof Maneid Hexaptera (MH6) .

structures are thin and relati vely light­
wei ght. H ow ev er, they are not very
flexibl e, in fact, they are fairl y rigid and
self-suppor t ing . S ince they do not re­
quire suppo rt to h old their form, no
weight is added to the overall struc ture
beyond that of the skin itself.

The Hexapod ca n suppo rt 10 ounces
with th e IRPD mounted , therefore , any
or all of these sk in n ing mechanisms
could be employed. It is imp ortant at
this "planning stage" to co ns ide r mat e­
rials that offer flexibility, durability, and
longevity, while enhanc ing the fun cti on
and purpose of the robot.

Creature Creating ­
Get Inspired!
O nce the robo t has been ana lyzed, and
the materi al s se lec te d that are best
suited for en ha nc ing the robot's fun c­
tion , the fun of "c rea ture crea t ing "
begins.

Inspir ati onal resources are virt ually lim ­
itl ess. A goo d place to get sta rte d is at a
public or universit y libr ary. Most libr ar­
ies h ave co llec t ions of reference books
on dinosaurs, fossils, insects and reptiles.
Read scien t ific magazines specializing in
insects and mammals. Magazines, such
as National Geogra[)hic, are also a goo d
way to study an ima ls from various re­
g io ns of th e world , es pec ia lly for
examples of unique eyes, coloring, size
and sha pe.

Movi es are anothe
grea t so urce of inspi
rati on. W atch]urass!
Park and pay a t te n
tion to the dinosaur,
mo vemen t. W at e
the Discovery C hzmn,
and assess the move
merit of bird s, giraffe:
or deer. Pay particuls
attent ion to the wa
sp iders crawl, m ic
scurry and birds fl,
Com pute rs ca n als
be employed in th i

crea t ive process. Scan pictures into
compute r if so ftwa re suc h as Adob
PhotDsho[) is ava ilable. A pho tograp h (
a person can be sca nne d and modifie
into an alien creature. Interesting feature
from seve ral different photos can be eli
trapo la te d (o r 'mo rphe d' ) to create
uni que creat ure.

Search th e Internet for "insects" and se
wh a t comes up . Co lo ra do S t a t
U n ive rsity 's Entomology De pa rtme n
has a grea t web-site (www.colostat e.edi
Depts/En to mo logy/en r.h trn l) featurin
numerou s close-up, full co lor photos c
va rious insects.

The best source, however, is always you
own imagination. Get a piece of pape
and a pencil , and sta rt ske tc h ing!

Give Your 'Bot a Boost!
We designed a uni que oute r covering fa
the Hexapod Walker: an alien insecto id
Several ske tc hes were drawn before de
ci d ing o n the design p ic tu red. Th.
ske tc hes illustrat e a view of the crea t [,
from th e to p, front , and side perspee
t ives. These ske tc hes will be useful as ;
co ns ta n t reference tool once th e skir
fabri cati on process begins.

They are useful 'blueprints' for the fab
ricator to follow, allow ing roo m for th (
robo t's various compone nts . Note in thl
ske tc hes that the head is sma ll, but tlu
brain is qui te large. The large brain-like
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of the ove rall design . It incor porat es
cha rac te ristics of a Praying Mantis as
well as othe r wingless insect s such as
"sh ield bugs," larvae, and nymphs.

Remember th at th ese art ist ic sketc hes
provide an exam/)le of wha t could be cre­
ated whe n outer coverings are designed .
The designs are intended to give the
beginner a n idea of what ca n be
achieved. A novice skin fabri cator may
want to follow the skin- mak ing process
by construct ing a rep lica of this design.
A lte rna t ively, to increase th e cha llenge ,
you can create a design of your own. The
ske tc hes sho wn may be modified to
one 's own interests and crea t ive ab ility.
Whatever the ca se, sk in fabr icators
sho uld always follow the ir own inclina­
t ions, and allow their crea t ivity and
imagin ati on to materialize in a crea ture
that is trul y unique.

Announcing...

During the sketch ing process,

not on ly is the crea ture's design
co ncept ua lized wi th these me­
cha n ical factors in mind , but such
art ist ic details as eyes and skin col­
oring are also considered. Still to
be decid ed is whether to modify
the IRPD by placing its tran smit­
t in g porti ons a n d detection
devices in the crea ture's eyes. This
would add to th e aesthe t ics of the
design, as well as the 'reali sti c '
function th at is intended .
When th e creatu re's design was fi­
nalized it was decid ed to name th e
a lie n insectoid a "Man tid
H ex apter a," "MH6" for sho rt,
which refers to th e robot's name
an d s ix- legged struc t ure . The
name was given to create a person­
ality, and a scien tific- sound ing
name referring to its ph ysical char­
acte rist ics adds to th e credibility

Always Plan for Access

"chitin") . This top she ll will protect
th e batteries and circuit board, giv­
in g the design sym me t ry an d a
realistic appearance ove rall. Not only
will the "pro tect ive plat e" provide
addit iona l protection for th e robot's
contro ls, it will also permi t access to
the batteries and circuit boards.

Ready access to the robot 's controls
is necessary because the Hexapod
Walker, like any robot , co uld mal­
fun cti on afte r th e skins have been
attached. Batteries will need to be
repl aced occasiona lly and th e servos l i i i
may require some adjustment /modi­
fication. All these activit ies dem and
easy access to the internal mecha­
ni sm s o f th e robot. S in ce the

Hexapod's microcontroll er or
'brain' is attac hed to the top of
th e str ucture, a hard prot ective
plate is th e most logical ch oice .
This plate may be completely
removable, or it may attach to
the ro bo t ic st ruc t ure with a
hinge or Velcro™ .

structure provides space for futur e modi­
ficati on s. It has eno ugh room to hold
th e IRP D, as well as addit iona l c ircuits
or controls that may late r be added to
en ha nce the robot ic crea t ure. This
brain- like shape was also selected be­
cause it infers a level of intelligen ce th at
th e insectoid crea ture will exh ibit when
using its IRPD to react to itsenvironment.

!
i
\ ,

Three views of Mantid Hexaptera.

There will also be an und erstru cture, or
'unde rbelly.' This will prot ect th e ser­
vos an d give a n overa ll bal an ced
appea rance to th e crea ture. The struc­
ture will also prov ide attachment points
for the leg skins and afford some pro­
tection for th e lin kages that move th e
legs. There will be a 'top she ll' which
will function as a pro tective covering
(rea l insects have a similar covering
kn o wn in t he sc ie n t if ic world as
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Some Final Considerations...
C reat ing skins for a robot may see m like a never-ending
process of impor tan t factors and cons ide rat ions, but skin
fabri cat ion can be relat ively easy and extremely excit ing as
you bring your design to life ! The thri ll of accomplishment
der ived from robot fabricat ion can be furthe r enhanced by
crea t ing an oute r covering of your own.

are limited on ly by your own imagin ati on and your bot
capabilit ies.

Check out what's coming next...
The next art icle will give full det ails and instru cti ons on th
sculpt ing and molding processes. This is whe n th e hands-o
fun begin s!

Lynxmotion , Inc.
104 Partridge Road
Pekin, Ill inois 6 1554- 1403
Phone: 309.382.18 16
Fax: 309.382 .1254
lynxmotion.com

A Reference:
A lien Empire, An Exploration of the Lives of Insect s
by C hristo phe r O'Too le, Harper Collins Pub lishers

Resources

Tap Plast ics, Inc.
6475 S ierra Lane
Dublin, CA 94568
Phone: 800 .246.5 055

Douglas and Sturgess, Inc.
730 Bryant Stree t
Sa n Fran cisco , CA 94 107
Phone: 415.896.6283

Shelley J. Christopher is a freelance writer who holds
B.A. and an M.A. in English, from Celito.
nia State University, Sacramento. She is
writer who has focused much of her tim
in the literary world. She is currently wort
ing with professionals on writing project
such as this robotic construction and ski
fabrication series. She can be reached c
xchrisr@aol.com.

George York is an electronics engineer and mechanic,
designer from Sacramento, California. A
owner of YFX Studio, he has over 20year.
of experience with robots , enlmetronic.
and special effects. His many works in
elude a life-like bust of Julius Caesar to
Caesars Las Vegas, and a mermaid te
for the Foote, Cone & Belding edvertisiru
firm. York's expertise in robot tebncetior.
and his artis tic ability, culminate in this paN

allel series on robot construction and skin fabrication. H4
can be reached at yfxstudio.com
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Speech Recognition Kit
Add speech recognit ion capabilities to projects. ap­
pliances , and robotics. Circuit can recog nize 40 user
programmable one second words . User programs
the 40 wor d voca bulary. Circuit may be interfaced to
other stand alone circuits or appliances or to a host
computer sys tem. HM2007 IC uses latest LSI tech­

nology. Speech Recognitio n Kit
unassembled....$100'"

Solar Engine Kit
Co mplete Solar $ as
Energy Power Plant 22

Camera CCD
with i1.!H!iQ

Black and White
Sensitivity: .3 LUX ' Resolution: 430 TV lines
Voltage: 9-12 VOC ' Output NTSC (1 Vpp)
Options:
CAM-04 3.6 lens $9000

CAM-OSpinhole $9000

Color Vers ion $225'"

Trrra.g.es C'orrrp.arry
(718) 698-8305

39 Seneca Loop >Staten Island, NY 10314 · www.irn agesco.corn
All orders add $7~ PPH • NYS residents add sales tax

Skin fabri cators can be inventi ve by add ing servos, det ec­
tion schemes, or even an onboa rd camera. It may he possib le
to modi fy th e robot to add visual recogni tion ca pability. A
microp rocessor th at uses algor ithms could be added to al­
low th e robo t to recogni ze what it 's observing . A rad io
contro l receiver on th e bot to facil itat e commun ica t ion
could also be incorporated . Since th e process of creat ing
skins is often experimenta l, the modifi cat ion possibi liti es

Th is series of art icles will bring to your atten t ion just about
eve ry facet of the skin-making process. O the r subjec ts to be
discussed will include th e incorporat ion of a "cooling sys­
tem" in th e skin design . The roboti c skin shell may need a
sma ll gap to allow heat to esca pe, and/or holes drilled in th e
bottom of th e structure for air cooling circulat ion purp oses.
O the r modificati on issues to be discussed inc lude add ing
antennae to detect movements and adding arms that move
aro und and pick up objec ts.

62 R OBOT S CIENCE & T ECHNOLOGY
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I WHAT'S A
ROBOT
TO DO?

Why are we sti ll trapped in
conventional thinking?

Say you're tak ing a quiet walk one fine eve n ing when all of
a sudde n an alien spacecraft lands in front of you and a dap­
per looking crea ture eme rges speak ing your language. It
explains tha t, for a sho rt tim e only, custo mized mobil e ro­
bots will be give n to selecte d indi vidual s as part of a
ga laxy-wide marke t ing survey. You have been chose n to re­
ceive one, and the question posed to you is: "W ha t would
you like your robo t to do ?" There's some fine print to th e
offer so forget the obv ious illegal, unethi cal, and cosmica lly
immoral app licat ions . What applica t ion do you choose
(spec ificity cou nts)?

The robot commun ity seems to have exe rcised very little
imagin ation, not to be confused with fantasy, whe n it comes
to choos ing robot ic app licat ions to pursue. A practical and
spec ific cho ice of wha t's a robot to do seems to be a real
conceptual prob lem. When talking to fellow gearhea ds, cruis­
ing robot web sites, or reading publi cati ons, one is introduced
to a lot of different kinds of mobil e robotic app licat ions.
There are th e useful but mundan e, such
as grass cutt ing, ca rpet vac uuming, or
personal service, like 'go get me a beer
robo t !' There is th e hazardous task robot
for cleaning up toxic spills, exploring vo l­
ca noes, cl eaning up land mines, e tc.
There's th e tireless observer robot for sen­
tr y, sampling , or messenger tasks, and
th ere are th e enterta inmen t robots.

There are othe r categories as well but my
point is th at most suggest ions for mobil e
robot applicatio ns don't ex tend our capabilit ies or break new
ground. Rather th e app lica tio ns tend to be some th ing th at
is eithe r curren tly being done or some th ing th at ha s a cos t
trade-off adva ntage. Home vac uuming, for instan ce, is some­
thing ove r whi ch an indi vidu al has control: O ne can eithe r
do or hire it done. The difference between somebody or some­
thing doing it is one of cost and novelty, with reliabilit y and
effect iveness being a toss-up.

A shortcoming of man y of these robot applicat ions is that

th ey tend to have th e robot perform the task th e way th at
humans do. Airplanes don 't fly the way birds fly, persona l
conveyance veh icles don't walk , sh ips do n' t swim. So why
do robots have to mimic th e approach peo ple take to per­
form a task ? Is th e best way for a robot to 'go get a beer' to

recogni ze th e verbal co mmand, 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
th e spea ker, and th en present th e bee r co nta iner? Gatta be
a better way.

A relat ed point th at seems to have been ove rloo ked is th at
th e robot's operating env ironment may have to be ada pted
to work with th e robot. For instan ce, cars need roads and a
vast infrastru cture of co mbust ible produ ct s, a serv ice indus­
try, assoc iated products, etc. Perhaps the work env ironment
suitable for a robot will have to go halfway to meet the task.
In th e above exa mple, if th e fridge were modifi ed, perhaps
like a vending machine, th en the robot could sele ct and

convey th e beverage of cho ice without
cos tly and trou blesom e vision and ma­
nipul ator sys te ms. The robot could
navigat e throughout th e house on tra cks
by using th e on ly cons istently uncluttered
part of th e home landscape, the ce iling. I
on ly suggest th ese spec ific environmen­
tal modifi cati ons to argue th at we need
to break out of modeling robots on hu­
man beh avior.

I admit to being somewha t disappointed
with th e amateur community as well. N ot the beginners and
tinkerers, but with th e more serious amateurs who write the
columns in various magazines. We look to th ese guys to show
us what can be done, to cha llenge and motivate us. Instead we
keep seeing th e same line-following robots, light- seeking ro­
bots, or go-tround-in-c irclcs robots. I'm not expecting R2D2,
but surely robotics has more to offer th an automated toys.

Imagin ati on. We need more imagin ati ve th inking. I guess
we're just going to have to sho w th e professionals the way.
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May 24-27, 1999
Eastec '99 Exposition and
Conference
West Springfield, Massachusetts - www.sme.org
This met alworking and manufacturing exposit ion is to I:
held in West Sp ringfield, MA. The confe rence takes plac
during May 24-27 at th e Springfield Marriott Hotel in dowr
town Springfield, and th e exposit ion during May 25-27 :
th e Eastern Sta tes Exposition Grounds. The expos it ion wi

feature th e latest technology in machine too ls, metalwor]
ing and manufacturing processes. Over 30 workshops wi

be co nducted during Eastec '99, as well as adva nced course

and cl inics on various aspec ts of manu facturing and pr oduc

ti on technol ogi es. Sponso red by th e Soc ie ty (
Manufacturing Engineers (SME), A merican Mach ine TOl
Distributors' Associat ion (AMTDA ) and the Associat io
for Manufacturing Technology (AMT) .

May 8,1999
Western Canadian Robot Game
Calgary, A lberta, Canada - www.robotgarnes.com
The W CRG s are to be held at the So uthe rn A lberta Inst
tute of Technology, and are dedicated to th e adva nce mer
of interest in robotics. This year's eve nts will include rc
botic sumo wrestling, atomic hockey, Fire-Extinguish ir
A uto no mous Robot (FEAR) contests, biologica l, electron i.
aesthe t ic and mech ani cal (BEAM) So larRo ller racing an
photovore contests, worksho ps and lectures.

April 30-May 1, 1999
Student Robotic Challenge
Saginaw Valley State University, Michigan
- www.sme.org
The 13[h annual St uden t Robotic C ha llenge,
form erly th e Stude nt Robotics A uto mat ion
Contes t, is sponso red by Robotics Interna­
t ional of th e Soc ie ty of Manu fac tur in g
Engineers (RIjSM E). The orga n izat ion has
histori cally iden tified robo tic tec hnological
trends and highli ghted th em at th is annual
eve nt. This year's SRC prov ides students with
the opport uni ty to dem onstr at e kn owledge
and und erstanding of manu facturing processes
and controls th rough robot ics and auto mation
competit ions. Two new contests will require
on- the-s po t performance: Flexible Manufac­
turing particip an ts will be give n a cha nge
orde r for a product, and must reprogram a
manufacturing production line to affect the
cha nge. The Robot Simulation co ntest re­
quires studen ts to program a robo t in a virtual
reality environment.
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Canadian Distributors of:

Parallax
Matrix Orbital

IRObsta I microEngineering Labs
o. c eAvoidan •
IstanceMeasurem~~t& Square 1Electronics

Lakeview Research
CCS Inc.
CYBUGs

Tiny Serialicos

April 18, 1999
Trinity College, Fire-Fighting Home
Robot Contest
Hartford, Connecticut - www.trincoll.edu/robot
The cha llenge for en trants is to produce a robot th at can
move thro ugh a model of a single floor house, detect fire
and put it out . There is a junior division for high school
students and younge r, and a sen ior division. O the r eve n ts
include seminars and a robot ics exh ibit ion. For inform ati on ,
con tact jmende l14 1@aol.com. See RS&T's PremierCollector's
Edition for robot construction ideas. Alsosee www.RobotMag.com.

April 22-24, 1999
FIRST National Championship
Orlando, Florida (EPCOT Center,
Walt Disn ey World) - www.usfirst.org
The annual FIRST (For Inspiration and Recogn it ion of Sci­
ence and Technology) Foundati on Nationa l C ha mpionsh ip
robot ics tournament will be held at EPCOT, and 220 teams
are scheduled to compete. Those teams have already com­
pet ed in seven regional tournaments whe re they hon ed th eir
contro l and tea mwork skills, and pushed their robots to the
limits. They are now ready for th e big test . As during re­
gio na l co ntests, qu alificati on mat ches at the national
cha mpionsh ip will determ ine whic h teams qualify for th e
fina ls.
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START BUILDING YOUR ROBOT NOW!

SV203 Servo Motor Controller $59
• Dri ves up to 8 R/C type servos via RS232
• 5 Ch . 8-bit AID port for pote ntio meter/joystick contro l
• Se rvo por ts ca n be reconfig ured for digital ou tput
• User definabl e board ID and baud rate
• Simple ASCII string co mmands
• Windows 95 interface so ftware and sa mp le code included

SV203B Servo Controller $75
• All features of SV203 plu s...
• 8K EEPROM for run ning standalone ro utines
• Includes Basic co mpiler/downloader

SV203C Servo Controller $85
• All features of SV203B plu s...
• IR fea ture, co ntro l via IR-remote co ntro ller
• Tx & Rx IR co mmands

VISA/MC Accepted, Shippi ng & Handling + $5 (US)

STP100 Stepper Motor Controller $159
• RS232/R S485 interface, addressable up to 255 boards
· 2 Amps per phase, 5-46 VDC bipo lar dr ive
• Choppi ng current limit ing
• Over temperatu re protection
• Accelera tion/dece lera tion ramping
• Speed, direc tion, position change on-the- tly
• 32bit abso lute positi on , 4bit digit al input for hom e limit s
• Full, half or wav e step modes
• Size (4.3 x 2.4 x 1.1 in.)
• Simple ASC II string co mmands /w sample interface so ftware

SWM-1 RF Modem $295 (pair)

• Perfect for wireless SV203 and ST PIOO operation
• Manufactured by SIM A using Digit al Spread -Spec trum

techn ology wit h frequency hopping
• 300 foot range - throu gh wa lls, floors
• Up to 85 kbps transmission rates

CS600
Ju mbo Servo
330 Oz In.

$44.95

FS148
Standard Servo
42 Oz In.

$16.95

(714) 985-9286
Fax: (714) 985-9288

http://www.pontech.com
2700 E. Imperial Hwy., Suite N - Brea, CA 9282 1
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