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Varsity Teams Perform at their Peak
when Scouts are near.

Maximum Performance for your College's Budget
Th e Sco ut is an advanced low cost mobil e robot sys tem . The SymCe ntric!" drive sys tem allows turni ng
abo ut geome tric and se ns ing ce ntro ids. Th is co mbine d with 360 0 tactile and sonar se ns ing grea tly

simplifies pa th planning and co ntro l algorithms .

Power & Stamina for your AI Team
The Sco ut features a so phisticated power syste m: o n board batt ery chang ing and monitoring , more

than 24 hours of o pe rating life , and AC interfa ce for cha rging and direct o peration.

Versatility lets you Call the Plays
High speed wireless ethernet with full TCP/ IP support turns yo ur Scout into a network node allow­

ing seamless co nnectivity a nd co ntro l.

Full Featured Software
The Sco ut is fully su pported by the Nomadic Software Development
Env ironment, the same full featu red e nv iro nme nt used by res earch ers with
the industry sta nda rd No mad 200 and L50 robots . Thi s package features a
fully fun ct ional multi -robot simulato r, a G UI interfa ce to simulated and real
roho ts, adva nced debuggin g and data recording tools , and interfaces to C,
C++, a nd LISP.
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NOMADIC

TECHNOLOGIES,INC.

Put a Scout on your Team Now!
Contact us at:

2133 Leghorn Street, Mountain View, CA 94043-1605,
TEL 650.988.7200, FAX 650.988.7201

EMAIL nomad@robots.com
http:/ /www.robots.com
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The Trilobot mobile robot combines the latest in
microcontroller and sensor technology together with
intelligently designed mechanical features to create a
capable , yet affordable robotic platform.

Perfect for research in artificial intelligence , artificial life,
autonomous navigation , robotics technology, education ,
security, telepresence , and robot competitions.

Perfect for education and presentations . Open-frame
design allows safe access to all devices and provides
visual impact for education and presentations. Built-in
programs for demonstrations and experimentation.

$ 1,900.00
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P.O. Box 1574 Hurst, Texas 7605 3 USA
Ph: 8 17-57 1-4528 Fax: 8 17-57 1-23 17

Features
• Safely operates on 8 D-cell batteries.
• Gripper can grasp and lift cans and balls.
• Head can pan and tilt.
• LCD display and keypad user interface.
• Built in demo and test programs.
• Program with desktop personal computer.
• Joystick and IR remote control Included.
• 8 whiskers surround the base.
• 2 degree electronic compass .
• Sonar range finder can detect objects.
• Passive Infrared Motion Detector (PIR).
• 4 light level sensors .
• Digital temperature sensor.
• Tilt sensors detect inclines.
• Water sensor detects puddles.
• Sound can be detected and stored.
• DC drive motors with encoders .
• Bidirectional Infrared communications.
• Expansion port and cargo bay.

See our web site for more details .......

Rear View

Options
• Nicad battery set and charger.
• Duracell battery set.
• Speech synthesizer.
• 8051 C compiler and Assembl e!
• Radio data link.
• Tethered power supply.

See our web site for details at:
www.robotics.com
www.trilobot.com
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Intelligent Soccer
Robots: Part 1

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

Fuzzy logic and co ntro l- he lp ing
robots play better soccer at NASA's
ACE, U of New Mexico .

Plastic Gear Fabrication

byTom Durkin & Rick Hahn at RS&Tlabs

Redu ce the we ight and cost of yo ur
robo t's gear train by dup li catin g metal
gears in lightweight plastic. In the third
in our series of fabrication articles, RS&T
features editor Tom Durkin and fabrica­
t io n spec ia l ist Rick Hahn guide you
step-by-step.

Doomsday by Alfred EHummin

34 ~'.

Constructing a Conti
Robot: Part 1

by Ronni Katz, veteran robot wa

First Step: Put mind in gear be
attaching gears to robot.



by Karl lunt, Seattle Robotics Society
photos by Iris Gilbert at RS&T Labs

Converting the Futaba FP-S1 48
servomoto r into a rotary motor,
complete w ith gearbox.

Motorize Your Small Bot

Walking Soccer-Playing Robots

by Manuela Veloso, PhD,

William Uth er & Masahiro Fujita

Team soccer pl ayed by auto no mous robots
requires integratin g di verse techn ol ogies in a
cha ng i ng env i ro nme nt. Resear ch er s f ro m
Carnegie M ell on U and Sony Corp describe the
complex ities of robots in adversarial pl ay.

by Carlo Bertocchini, champion robot warrior

M obili zin g yo ur robot invol ves select ing a motor and
opt imiz ing its performance. A hard look at some of
the factors to consider before choosing a motor.

Choosing a DC Motor
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A Depth-First Search Algorithm

by Tak Auyeung, PhD

Sol ve mi crom ou se mazes w ith the Depth-First
Sear ch algo r i t hm . Second in o ur ser ies of
mi crom ouse algorithms, from our friend at the
U of Califo rn ia at Davi s.

__ ___ l
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I'm thrilled to accept FIRST's invitation to judge at the NASA
A MES regional open competit ion in Hangar O ne at Mountain View,
CA. FIRST (For Inspirati on and Recognition of Sc ience and Tech ­
nology) has an env iable track record for improvin g our ch ildren 's
educa tion . Every year, th ousands of high school studen ts learn team -
work and eng inee ring whil e building a remot ely con tro lled robot , co mpe ting the ir way up to
national tourna me nt at Disney's EPCOT center near O rlando . Be assured th at RS&T will cc
FIRST closely in th e months ahea d.

(My advice to high schoo l teachers; visit www.usfirst.org to start your school's invo lvement . You'll \\
to find a corporate sponsor and register soon. See our Events Ca lendar on page 64.)

Readers will noti ce man y improvements, start ing with thi s, our third , issue. A lthoug h we've rece i
about a gazillion kudos for our print quality, our layout, graph ics and design (th an ks to Dave,
Electric Page, and Commerce Prin tin g) , I also want to make RS&T th e most useful and accui
technical magazine in th e world. This will take tim e, but I have good reason for approach ing
goal optimist ically: just go to page 48 to see our newest crew mem bers.

Here are two imp rovements: Because we've added such excellent tea m players to the edi tc
office , we're able to meet our goa l of be ing a true monthly magazine. A lso, we' re now ready to t
ren ewals and new subscriptions for twelve issues, whil e keeping the price low. See page 49.

Since our first issue, educa tors, studen ts and self-t rained robot bu ilders have sen t a bag ful
welcome guida nce for our edito rial d irec tion . A lot of folks want to use RS&T as an educat ic
too l or a learning medium, and I who lehearte dly agree. (They've to uched a warm spo t in th e hi
of our dem ographic ana lysis.) Humanity urgently needs an easy-to-read, heavily illustrated me
zine about one of th e most important technologies of th e fast-approaching millennium. With y
support , RS&T will take th e mission .

Ar e th e art icles in this issue too complica ted? Look closely. O ur autho rs try to explain comj
subjec ts with simple words. So if an art icle seems too to ugh to tackl e, concentrate on eac h th ou
until you truly und erstand it . Do th e math yourself. Let me kn ow which art icles are most usefu
you.WilI MIT's newly configured COG brighten your holidays?

T he coming December Iss ue looks incredibly packed with some th ing for eve ryone . We're co n ti
ing to run our series on micromouse search algorith ms, fuzzy con tro l of auto no mous soccerb
and kit ch en -based plastic fabri cati on. We also have a line-up of robo ts you' ll want to buy. Hey,
Christmas, the most commercial time of the year! So look forw ard to reviewing co rn me rc i:
ava ilable robot s, from $40 to $4000.

That 's eno ugh cha t for now. Let's get to work, learning by playing with robo ts.

P.S.- Check out th is month's centerfold. And remember, it's not a "dog;"
it's Sony's entertainment robot, known in some laboratories as the RoboPet.



Where is humankind headed?

Just look at the fringe of society.

Fringe thinkers are on the leading edge.

They are already there today,

Where we will be tomorrow.

Veteran robot builders will rem ember the nai ve
enthusiasm th at accompa n ied th e emerging field of Artificial

Intelligen ce when it was new. We th ought that thi s quan­
tum adva nce in human kn owledge, when implemented by
computer programs, would give us real robots like th e pre­
eminently useful Rosie}etson or perh aps th e Robbie genre from

the mo vi e Forbidden Planet. And then Arthur C.
C larke env isioned a scarier result of machine intelligen ce in
th e classic 200 1: A Space Odyssey. Today we are wiser (of

course) and less pron e to believe optimis­

tic prognostication s of soph ist icated robots
like th e Star Trek Commander Data type .
This somewhat depressing att itude is un­
founded: th ere are great robots in our world ,
and RS&T is bringing them to you.

The brilliant folks at the 1998 con­
feren ce of th e Americ an Associati on for

Artificial Intelligen ce demon strated some
very coo l "real live" robots with state-of-the -art smarts. RS&T
was th ere to see some exc it ing and successful "Find Life on

Mars" contestan ts, learn about COG's face awareness logic,
and play with a trio of soccer-playing RoboPets. (We're to ld
Sony doesn 't refer to th em as "dogs," but they wag th eir tails
and walk on all fours, sooo . . . )

Who else but the brainy supcr-gecks at AAAI
would hold a cockta il part y where th e hors d'oeuvres were

served by mobile mechanical autono mo us waiters?

Who else could?Readers can be sure th at stor ies like these

are in RS&T's lineup, start ing this issue .

R OSOT S CIENCE & T ECHNOLOGY

Puppies playing soccer? We saw it first-hand . In th i:
issue, Carneg ie Mell on 's Professor Manuel a Veloso ane

William Uthe r, and Sony's Masahi ro Fujit a exp lain how th e)
programmed Sony's en te rta inment robo ts to recogni ze th en
posit ion on a sma ll indoor soccer field, attack th e ball, a e
kick it towa rd the goal. A ltho ugh Sony's propri etar y machin
ery and base software are pretty hu sh-hush, you might pic]
up a few construct ion hints through our exclusive ph oto.

graphs. See page 28.

Other bats playa lively game 0 1

socce r, too. RS&T ha s been following
th e micro-robot socce r championsh ips

for several years now. Our friend Pro­
fessor [ on g-Hwon Kim at the Keres

Advanced In stitute of Sc ience anc
Technology (KAIST) has been touri ng
the world with the Federati on of Inter-
national Rob ot -socc er Assoc iat ion

(FIRA). These cube-sha ped fuzzy microprocessors on wheels

are introduced in th is issue by Professor Mo Jamshidi ot

NASA's Center For A uto nomous Control Engineering at the

Un iversity of New Mexico. See page 8.

And we won't forget RoboCup in futur e issues. These

larger machines are fast and powerful eno ugh to kn ock y u
off your feet . See page 38 for some prev iew ph otos of Newt on
Lab 's socce rbots in our ph otom ontage of the Mondo-'Ironi es

Robo Expo to ur.

The R ob o Expo tour, first mentioned in the Ju ly
RS&T calendar of eve n ts , was a hu ge success , drawing

------ - ----_ . . _ _ . ....__. .
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thousands at eac h city. Parti cipants seemed to enjoy viewing
the latest in robo t kits, including Lege 's programmab le

MindStorms kit, Parall ax's Basic S ta mp G rowBot and
Lynxmotion 's Hexapod. But we at the RS&T table were
equa lly fasci na te d by the audience. The S ilicon Vall ey

ga rage-based robo t builders, stude n ts, educa tors, Boeing
enginee rs, and just plain folk s sho wed us more evide nce th at
thousands of robo t builders, both novice and vet eran, are
alive and working on our next gene rat ion of low-cost con­
sumer robot applicat ions. The robot societ ies are alive and

well. My favorite robo t builder is one of th e younges t: see
13-year-old Garre tt Myrick and hi s minimali st walking

crea tio n on page 39.

And at the Sea ttle Robo Expo, we finally
met author Karl Lunt, who has supported
us for seve ra l yea rs, before we began
actually print ing the magazine. So RS&T

photograph er Iris G ilbert imm ediately
shot him on sigh t. See hi s latest art icle ,
modifying Futaba servos, on page 22.

We were disapp ointed to see C line Works' Robotica cance lled

after legal act io n fro m Robot Wars , es pec ia lly afte r
RW's partners did n' t hold their own 1998 eve n t.

In fact, on Oct 6, a legal noti ce at www.RobotWars.com

anno unced tha t RW founde r Marc Thorpe has put hi s half of
Robot Wars on the auct ion block. Bids sta rt at $250,000.
(Robot Wars 1997 was a blast. See www.RobotMag.com.)

But the compe titors the mselves are und aunted: The fledg­

ling Society of Robotic Combat held its inaugural meeting
last mon th in a dimly lit roo m filled with, urn, ecce ntric
ge n iuses who like to smas h robo t aga inst robot for fun .
(Expensive fun, indeed. ) The personalities in th e room were
legends in the robotic combat communi ty, but someho w we
at RS&T th ink they prefer to rem ain incognito. It looked

and sounded like a meeting of some und erground resistan ce
movement. W h ich, ind eed , it was.

RS&T will con tinue to infiltrate th e ranks of th e SORC army,

bringing you construct ion art icles to help you design and build
your own radio-controlled or autono mo us killing machine.
C heck out our first installment of Ronni Katz' C hew Toy
articles on page 51. A lso be sure to read Carlo Ber tocchini 's
in formati ve and detail ed art icle about over-driv ing DC

moto rs on page 14.

(Robotica is a registered trademark of C line Works, and is not
affil iated with Robot Wars, which is a registered trademark of

Robot Wars, LLC. )

~
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For hard-core do-it-vourselfcrs, features ed ito r Tom
Durkin and fabrication art ist Rick Hahn built a ste p-by-step

how-to art icle detailin g the results of casting a light-but-strong
plastic copy of a heavy stee l spur gea r. See page 19.

Programmers who want to cha llenge their problem solving
wits o n a maze so lv ing mi cromou se will find Dr. Tak
Au yeung's depth-first searc h algorithm to be an exc it ing zig­
zaggy ste p in the right dir ecti on. See page 40.

Who are we? Where are we going?
I'm proud to announce we've adde d some very experienced

and ene rget ic ta lent. See our new smiling faces on page 48.
We're all hard at work on th e C hristmas
issue now.

The Christmas Issue is sha ping up
to be a grea t one, with an emphas is on

fun. To prepare stories for the C hristmas
and January issues, we logged a lot of a ir
miles interviewing gen iuses, fact-check­

ing sto ries and ph otographing robo ts in
Sa n Fran cisco, Seattle, and Madison.

Isn't that what your
robot magazine should do?

We've got Java'!

Does your robot have sonar, infrared,
8 tactile sensors, and voice
synthesis? Perhaps, but can you
program your robot from your web
browser? With our new Java-based
robot control system , it's as easy as
poin t & click, copy & paste. The
RB5X™base unit is also available as an

inner-component kit.

800.422.4265

Shown here:
RB5Xbase unit ,

RF transmitter
heat/light/sound kit,

.deo , and 5-axis arm;
fully assembled.

www.edurobot.com
* 'Java' is a registered trademark of Sun Microsystem..s

RB5X™ by the General Robot ics Corporation H,4
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At the NASA Cen ter for Autonomous Con trol Engin eer­
ing (ACE) at th e Un iversity of New Mexico, studen ts and
faculty research ers are using soft comput ing techniques to
create auto no mous con tro l paradigms to provide 'intelli­
gence' to robots. O ne of the curren t research topics at
NASA AC E in robotics is the use of multiple auto nomous
robots for th e cooperat ive execut ion of tasks. These robots
present seve ra l adva n tages, suc h as robustn ess
through redundan cy in numbers, reduced size and weight,
an d low er prod uc t io n cost, ove r monolithic rob ot
approaches . Fuzzy logic and fuzzy con tro l, a sensor-fusion ,
and rule h ierarch y approach allow th ese complex systems
to func t ion. Finally, a hi erarchical fuzzy system opt imized
through evo lut iona ry methods, ac ts as a controller, and in
conjunction with an algorithm, are employed by two teams
of opposing robots to play a socce r match. In this Part I of
a two par t series, fuzzy logic and fuzzy con tro l are discussed.
Fuzzy con tro l and fuzzy beh avior for robo t socce r will be
explored in Part II.

In robot socce r, two tea ms of robot agen ts compete agains t
each othe r for th e con tro l of an orange golf ball , whi ch
should be moved into the oppos ing team 's goa l. Man y of
the rules of human socce r apply (e .g., fouls, half-times,
penalty-kick) and th e playing field is a green flat surface
with white standard socce r markings and whi te con ta in­
ing walls. (See [1] and [2] at th e end of this art icle .)

As described by Tunstel [3], and implemented by our group,
eac h robot's ove ra ll beh avi or e me rg es fr om the
interaction betw een multiple fuzzy logic con tro llers, each

responsible for a distinct behavior. In the case of the robo t
soccer test bed , a robo t's behav ior is gove rne d by the fuzzy
modules attack, defend, pass, inteicept, block , shoot, avoid,
and supported by th e non -fuzzy modules sense, talk, move,
kick, and turn. Fuzzy logic controllers implement control
algorithms con sisting of linguist ic rules, usually of th e form
IF x is A and y is B then z is C (x, y, z be ing th e inpu t and
output variables) and an inference engine, whi ch executes
and aggregates th e rules' output. The rules represent map­
pings betw een input and output variables.

WHAT IS FUZZY LOGIC?
Zadeh [4], in hi s semina l paper, chose the word "fuzzy" for
th e con t in uum of logical values between 0 (completely
false) and 1 (completely true) . The theory of fuzzy logic
deals with two probl ems: (1) th e fuzzy set th eory, whi ch
deals with the ambiguity found in seman t ics, and (2) th e

--4>
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b) Fuzzy set "tall"
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I Figure 1: Two set-membership functions for the linguistic variable "tall."
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Figure 2: A concept definiton of a fuzzy control system.

fuzzy measurement theory,which deals
with the amb iguous nature of judg­

ments and eva luat ions.

The primary moti vati on or "banner"

of fuzzy logic is exploit ing tol eran ce
for some inexactness and imprecision.

Precision is often very costly,
so if a pr oblem does n ot

require high precision, one
should not have to pay for

it. If a car is not required to
be park ed within an exact
distance from the curb, why

spend any more time than
necessary as lo ng as it is

legall y park ed ? Fuzzy logic

and classical logic differ in
the sense that the form er can

h andle both symbo lic and
numerical manipu lat ion,
whi le the latter can handle

symbolic manipulation only.
In a broad sense , fuzzy logic
is a uni on of fuzzy (fuzzified)

cri sp logic [5] . To quote
Zadeh, "Fuzzy logic's prim ary

aim is to provide a formal,

co mputa t iona lly-o rien ted syste m of

concepts and techniques for dealing
with mod es of reasoning which are
approxima te rather than exact. Thus,
in fuzzy logic, exac t (crisp) reasoning is

cons ide red to be the limiting case of

approximate reasoning. In fuzzy logic,

,

one can see tha t everyth ing is a mat ­

ter of degree.

In an attempt to tran slat e the crisp

knowledge in a process, such as volt­
age across a terminal , to lin guistic or

fu zzy kn owl edge-that is, t o go

NASA ACE 's Robot Soccer Team

• R OBOT S CIENCE & T ECHNOLOGY



Rule If/Then

1 IF temperature IS cold THEN fan speed IS ·high

2 IF temperature IS cool THEN fan speed IS medium

3 IF temperature IS warm THEN fan speed IS low

4 IF temperature IS hot THEN fan speed IS idle

through the process of"fuzzification"­

one must make the binary input and
outp ut variab le mem bers of some fuzzy

set. Fuzzy sets may be represented by a
mathe ma ti c al fo rm ulat io n ofte n
kn own as the mem bershi p fun cti on.
A membersh ip va lue of zero corre­

sponds to a value that is definitely not
an element of the fuzzy set, whil e a

va lue of one corresponds to the case
wh er e the e lemen t is definitel y a

member of the set. In fuzzy logic, like
binary logic, operat ions such as un ion,
intersect ion, complement, O R, AND,

etc ., are all defined. Figure 1 sho ws two
set-membersh ip funct ions for the fuzzy

var iable "ta ll." In Figure l a, a heigh t
of 6'0" to TO" has full membership in

the classical set "ta ll," where as any

height less th an 6'0" does not belong
to this set . In Figure 1b, one can see a
gra d ua l t ra ns it io n fro m zero

membershi p to comp lete membershi p
with increasing height in the fuzzyset
"t all." Here different persons with dif­

ferent h e ights a re o n ly " ta ll " in

acco rda nce t o their degr ee of
membershi p.

WHAT IS FUZZY LOGIC
CONTROL?
Fuzzy control syste ms are rule-based
syste ms in which a set of so-called fuzzy

rul es represents a co n tro l deci sion
mechan ism that subs t itutes fo r or

emulates a skilled human operator. As

sho wn in Figure 2, the human operator

observes quan t it ies by reading a met er
or assessing a chart (i .e., not ing fuzzy
variables), and then performing a defi­

nite act ion, such as pushing a kn ob or
turning a wheel (i .e ., providing a crisp
act ion or output y). In a similar fash­

ion, th e fuzzy controller uses crisp data
directly from a number of sensors;

through the process of fuazifica t io n

these are cha nged to linguistic or fuzzy
memb ership functions (fuzzified) . The

fuzz ified dat a then goes th rough a set
of fuzzy "IF-T H EN" rules in an infer­

ence eng ine and results in some fuzzy
output ls) designated by variable z. The

fuzzy output ls ) will then be changed

back in to crisp va lues through a pro­
cess ca lled "defuzzificati on" by some

weighted ave rage method , such as the
"center of grav ity" method . The result
is a value denot ed by y*. In thi s way,

the designer has obtaine d an approxi­
mat e output y* for the actua l output
y.

A fuzzy con tro ller typically takes the
form of a set of IF-THEN rules whose

an tece dents (IF part ) and consequents
(THEN part) are themselves member­

sh ip fun ctions. Conseque n ts from
different rules are numerically com­
bin ed and are th en collapsed (typically

taking the centroid of the combine d
distribution) to yield a real-number

(binary) output. Within the frame ­

work of a fuzzy expe rt syste m, like

regular expert syste ms, typical rules

can be the result of a human ope rator's
knowledge , e.g . for a te mpe ra ture

con tro ller.

Here the linguistic variables cold, cool,
wann , and hot, are labels that refer to
the set of ove rlapping va lues sho wn
in Figure 3. These tri angular shaped

va lues are ca lled membership fun c­
tions.

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

BEAM robotics is about building your own
autonomous solar-powered devices that
don't require battertes - like these!

The SolarSpeeder
1.1 is a very quick
racer, capable of
zooming 10 feet in
under 60 seconds
of direct sunlight!
K 55· $25

The Photopopper 4 .2
is a palm-sized, solar­
powered, llght­
seeking, obstacle­
avoiding robot. No
microprocessor, no
batteries!
K PP42· $60

50larcells
sc 3733 5 .5V Sola rce ll (1.45 - x 1 .3 ") -$1 2. 50 / pa ir
SC 2433 2 . 7V Sol ar ce ll (0 .94" x 1 .3 ") - $11 .0 0 / pair
SC 2422 3 .5 V Sol ar ce ll (0. 94" x 0 .87") - $8.00 / pa ir

Prices in US Dollars / Add $6 shipping
Visit our website for more Information I

179 Harv est Glen Way N.E., Calgary, Alb erta , Canada T3K 3J4
Ph:(403) 818-3374 Fax: (403) 226-3741

HTTP://WWW.SOLARBOTICS.COM
* No offense Intended to pink, drum-beatlng bunn ies
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Figure 3:The Fuzzy Inference Process.
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Figure 4: Block Diagram for a typical fuzzy control system showing fuzzifier (FUZZ) ,
defuzzifier (DE-FUZZ) , and inference engine
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A fuzzy controller works similar to a co nv en t ional sys­

tem : it accepts an input va lue, performs some
ca lculat ions , and generates an output va lue.

This process is called the Fuzzy Inference Pro­
cess and works in three steps illustrated in
Figure 3: (a) Fuzzification where a crisp input
is tran slated into a fuzzy value, (b) Rule Evalu­
ation, where the fuzzy output truth values are

co mputed, and (c) Defuzzification where the
fuzzy output is translated to a crisp va lue.

During th e fuzzificati on step th e crisp tempera­
ture value of 78· F is input and translated into
fuzzy truth va lues. For this example, 78· F is

fuzzified into warm with a truth va lue of 0.6
(or 60%) and hot with truth value 0.4 (or 40%) .

During th e rule eva lua t ion ste p, the en tire set

of rules is eva luated and some rules may be
fired . For a temperature of 78· F on ly the last

two of the four rules will fire. Spec ifica lly, using
rule three the fan speed will be low with degree of truth

0.6. Similarly, using rule four the fan speed will be idle
with degree of truth 0.4.

Denise Padilla and Professor MohammedJamshidi
with their soccer-/Jlay ing bats.

rpm = ( 0.6 [20] + 0.4 [10] ) / ( 0.6 + 0.4 ) = 16/ 1 = 16

In the second pa rt of this tw o part se r ies, fuzzy

logic co n tro l and fuzzy beh avior for robot soccer, and

evolving intelli gent robots through gene tic algorith ms

will be ex plored. Don't miss it !

During the defuzzification ste p the 60% low and 40%

idle labels are combine d usin g a ca lculat ion method
called the Center of Gravity (CO G) in order to pro­
du ce th e crisp output value of 16.0 RPM for the fan

speed. This value is obta ined by use of the following

equat ion:

In any practical syste m, such as an air co ndition ing sys­
tem, the user or an operator often fine-tunes, tweaks,

and adjusts the kn obs until the desired cool (or hot)
air can be felt with the desired speed. Such operator

kn owledge ca n be utilized in the design of a fuzzy con­

troll er for an air condit ion ing unit system. One of the
most co mmon ways of designing a fuzzy co ntroller is

through "fuzzy rule-based syste ms." Figure 4 shows a
typical fuzzy con tro l architecture. The con troller shows

the processes of fuzzificati on, (i.e., binary to fuzzy trans­
formation) and defuzzification (i .e ., fuzzy to binary
tr an sformati on) .
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by Carlo Bertocchini

• R OBOT S CIENCE & T ECHNOLOGY

..c.; uilding a robot requires many decisions. Everything from the type of
sensors you want, to the color you will want to paint it. Some of these

decisions are trivial, others will make or break your robot. One decision
that is in the make-or-break category concerns motors; not just which one,
to use but how to optimize their performance.I
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Most combat compet it ion robots use a part icu lar kind of
motor, the Di rec t C urre nt Perman ent Magnet (PMDC)
motor. We will limit our discussion to PMDC motors.

most ene rgy and develops its peak torque at zero rpm. It
consumes very little ene rgy at maximum rpm, and it pro­
duces its peak horsepower at 50% of its un loaded rpm .

Let 's look at some of the factors you sho uld cons ide r before
you choose a motor.

--------

I R OBOT S CIENCE & T ECHNOLOGY .I01J

At 50% of maxim um speed, the PMDC mot or will draw 1/2
of its maximu m sta lled curren t. U nfort una te ly, much of the
current going into the motor at this h igh power level is turned
into heat . It is much better to run the motor at its speed of

peak efficiency or higher. Speed of peak effi­
ciency varies from motor to mot or, but it is
usually in the nei ghborhood of 80% of
maximum speed.

Man y mot ors are rate d to ope rate continu­
ously at a certa in voltage. You can increase
the power of your motor by increasing the
voltage. The trade-off is that the motor win
overhea t un less you limit the duty cycle. A

mot or th at draws 12 amps at 12 volts, and is 65% efficie nt,
produ ces 94 watts of power ( 12x12x.65) . If you run that same
motor on 24 volts, it will draw twice as much current , and
produce 374 watts, or four tim es more power. Your 94-watt
weakling is now a 1/2 horsepower brute ! That 's not the who le
sto ry though . T he h igher the voltage at whi ch you operate
your motor, the more efficie n t it becomes, but higher vo ltage
also mean s h igher rpm , so you need to gear it down more for

POWER SUPPLY

AMPLIFIED SPEAK ER

Using the M5 DECODER , you can construct --. :tiIII.
this low cost motion control system, A small
CD player or tape deck is used to play back
synchronized sound and motion. Requires EFFEC Tive ENGINEERING
hobby style RIC transmitter for programming . 6727 Flanders Dr., Ste. 106

Unit can drive hobby servos, solenoids , air San Diego, CA 92121
TEL (619) 450-1024

valves, motors, lights, etc, Changing the FAX (619) 452-3241
program is as easy as changing the disk! www.trix.comleffective/

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

lUIRN ROBOTIC MO E~iEf\Jlr

INTO IA PERFORMIAN:CEI!I
M5 DECODER

Turn a
pipsqueak

into a brute?
More voltage.
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Power
First , you sho uld have a good idea of the
power that you will require.

Motor power is rated in ei ther watts or
horsepower (746 watts equa l one horse­
power). Small motors, of the type that are
used in ma ny toys , are fin e for a lin e­
follower, or cat annoyer. If, on the ot he r
hand , your plan is to dominate th e heavy­
we igh t class at Robot Wars™, you will
requi re heavyweight moto rs. The larger class of motor can
be as much as 1,000 tim es more powerful than the sma ller
toy motors.

Factors that will affect your power require­
ments include th ings like operat ing surface .
Much more power is required to roll on carpet
than on a hard surface. Likewise, going uphi ll
will inc rease your power needs. Soft tires have
more rolling resistan ce than hard tires (this
will also increase the power requirements). Do
yo u h ave an efficie n t driv e tra in , o r
power-robbing worm gears? How fast do you
want to go?

An internal combustion engine produ ces its
peak horsepower at about 90% of its maxi­
mum rpm, and peak torq ue is produced at
about 50% of maximum rpm . The higher the
rpm , the more ene rgy it consumes. Compare
this to the PMDC motor, which consumes th e

A sma ll toy motor migh t operate at three volts and draw two
amps, for an input requirement of six watts (volts x amps =
watts) . If the motor is 50% efficient, it will produce thr ee
watts of power. A t th e othe r end of our spectrum are the
robot warrior motors. O ne of these might operate at 48 volts
and draw hundreds of amps, for a peak power
output of perh aps five horsepower or more.
Two of these motors can acce lerate a 180­
pound robot warr ior to 25+ mph in just a few
feet , with tires screaming, O ne 1997 heavy­
we ight (K ill- O -Amp) h ad motors th at
extrac ted 1000+ amps from its high output ca r
batter y! The pow er th at your ro bo t wi ll
require is probab ly somewhe re between th ese
two extremes.

j
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a given spee d. If your driv e train is inefficient, you may lose
th ose efficien cy gains.

A big factor in choos ing a motor is th e condit ions under
which it will operate. Will th e motor run continuously, or
will it have a sho rt duty cycle? A motor can be pushed much
harder if it is used for a sho rt tim e, and th en allowed to cool.
In fact , heat is probably the biggest en emy of th e PMDC
motor.

Heat
Heat can destroy a motor in several ways. Most PMDC motors
have ferrit e magnets. These magnets can become permanently
demagneti zed if ove rhea ted. They can also be demagnetized
by the magneti c fields produced when running the motor at
a voltage higher th an th at for which it is rat ed. The flexible
braid ed coppe r leads th at feed current to th e brushes (called
shunts ) can melt afte r just a few seco nds of severe over­
current. Even th e heavy copper windings can melt. You don't
want to use that expensive motor as a fuse, so make sure it
can handle the heat !

Mot or heating is propor t ional to the current squared times
th e resistan ce. O ur 12-volt mot or might have a resistance of
.4ohms. If you were to sta ll it, it would draw 30 amp s. If you
sta ll it at 24 volts, it would draw 60 amps, and since heating
is a functi on of current squared, it would get four tim es as
hot . Pushing sixty amps through a resistan ce of .4 ohms will
gene rate 1440 watts of heat, about as much as an electric
space heater. Imagin e all the power of your portable heater
conce ntrated in to a lump of met al th at weighs just
a few pounds. You ca n see wh y surviva l time is
limited .

The ph ysical size of th e motor th at would best fit
your need is in large part determined by the amo unt
of heat th at will be gene rated. Some people find it
surprising th at a 12-oun ce motor can produ ce exactly
th e same amo unt of power as a five pound motor.
The same formula for motor power is just as true for
small mot ors as it is for large motors. The difference
is in how lon g that power can be produced . The
larger motor has a larger thermal mass, and can there­
for e abso rb a lot mor e h eat ene rgy for a given
temperature rise.

O K, you would like to over-volt your motor, but you
are worried about damagin g it . What should you do ?
First , you have to realize that you run the risk of
destro ying your mot or if you choose to boost perfor­
mance with thi s method . Here are some things you
can do to minimize th e risk:

Limit the duty cycle. If you run your motor say, one
minute on , and five minutes off, it should survive.

• R OBOT S CIENCE & T ECHNOLOGY

Cooling is crit ica l for an over-driven motor. One Robot
Wars™ heavyweight (La Machine) cooled its ove r-volted mo­
to rs by directing the output of a duct ed fan into them . These
duct ed fans are normally used for propulsion in model air­
craft. They put out a lot of air.

Put a resistor in series with the motor. If you choose a resis­
to r that has the same resistance as the mot or windings, the
motor will on ly draw 1/2 the curren t at sta ll that it normally
would. An interesting thing about this technique is that it
has almost no effect on the motor's to p spee d. If you doub le
th e voltage, this will double th e horsepower without increas­
ing the heating when sta lled. The best of both worlds, except
we are forgetting that th ird world : efficiency. Efficiency will
go down with this method. Don't forget to use very heav y­
duty resistor s. You might be better off using a long piece of
wire, with high temperature insulati on, as your resistor. A n
eas ier way to acco mplish this same effect is to use batteries
that are limited in the amo un t of curren t that they ca n.
produce. The problem here is that you will often be pushi ng
your battery to output levels that will shorten its useful life.

High Performance Motors
If you are st ill not sat isfied with th e performance of your
motor, (and money is no objec t ), you might want to purchase
a high performance motor. High performan ce motors have one
major di fference (and severa l minor ones ), from regular
motors, in a word : efficiency. We have been discussing mo­
tors with 50 to 65% effic iency. That is the ran ge for fair to
ver y goo d ferrite magn et mo tors. When we ste p up to



rare-earth magnets, we get into a whole
new realm of performan ce. The effi­
c ie ncy fig ures for sma ll rar e -earth
magnet motors range from about 80 to
about 90 percent.

These magnets a re mad e fro m
eithe r cobalt or neodymium. They are
so stro ng that they are actually danger­
ous to handle. A momen t's inattention
may result in a nasty crush as your finger
is ca ugh t bet ween them. The added
bonus with cobalt magnets is that th ey
are very resistant to demagnetization . A
motor with cobalt magnets is virtually
immune to demagnet izati on, no matter
how much voltage you pump int o it, or
how hot it gets. Motors with rare-earth
magnets run much coo ler than ferrite
motors. While a ferr ite motor turns

. about one- th ird of th e power it con-
I

L
umes int o heat , the rare -earth motor

" -~--,.~- ..__ ._ _..._ _ ...

on ly wastes about 10 to 20% of the
electri city you feed it.

Another cl ass of hi gh performance
motor is the brushless PMDC motor. The
brushes in an ordina ry motor are th e
source of seve ral probl ems. They spark
and cause radio interference; th ey are a
source of friction and they wear out. The
brush less motors h av e sensors that
detect the position of th e roto r relati ve
to the windings. This information is sen t
th ousand s of times each second to a spe­
c ia l con t ro l le r that energi zes the
windings at th e optimum moment on
each revolution of the motor. In a
bru sh le ss mo tor the windings a re
sta t iona ry and th e magnets spin; exactly
th e opposite of a conventiona l motor.
This configuration is capable of much
higher speeds. You can buy motors that
spin at 50,000 rpm or more. The highest

- - - .- - - - - - . ._ -

perform an ce small PMDC motor that I
am aware of is a military brushless mo­
tor. Ninety-three percent efficien t, 7.5
horsepower, fits in your coffee mug.

We can' t talk about getting the most
from your motors witho ut mentioning
three othe r items th at have a big effect
on th eir performan ce.

Controller
An elec tron ic speed controller (ESC )
is a device th at met ers the flow of cur­
rent to your motor. It does thi s by rapidly
switch ing th e current on and off, sev­
eral hundred to several thousand tim es
per secon d. Sma ll motor ESC s are
readily ava ilable at the hobby shop.
These typically have four transistors,
and some of th em allow you to run the
motor in both forw ard and rev er se.
Larger motors will require larger speed
contro llers. The controller used in my
Robot Wars™ heavyweight is made by
a co mpa ny ca lled Vantec . However,

~
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eve n with its 48 transistors , I am pushing it beyond its design
specs.

O ne way in wh ich controllers from different compa n ies differ
is in the frequen cy at which th ey cho p th e curren t to the
motor. High freq uency contro llers have two adva n tages, and
two disadvantages ove r lower frequen cy con tro llers.

contro ller , the motor's inductance keeps the
current flowing even during th e 'off ' time. There-.
fore, the current at any point in time is almos t th e
same as th e ave rage curren t. Both con tro llers are
putting out an average of five amps, so why is high
frequen cy better ? Let 's take a closer look at the
he ating effects. Twenty-five amps of curren t will.
produ ce 25 tim es more heat than five amps of cur­
rent (remember heat ing is proportion al to curren t
squared ). In the low frequency co ntro lle r, the
curren t is only flowing 20% of the time. There­
fore , the net heat gene rated in the motor in our
example is five tim es higher than the same motor
with a high frequency con tro ller.

Now th e bad news. High frequen cy con tro llers get
warm er whil e operat ing, and require more he at
sinking. Their seco nd disadvantage is th at they
can gene rate radio frequen cy interferen ce. This
might cause probl ems in a radio-controll ed robot.

Batteries
A thorough exa mina tion of th e topic of batteries
is beyond the scope of this art icle. However, I do

want to mention one thing. So me of the perform ance figures
th at we have been discussing are for mot ors that are drawing
hundreds of amps. If your battery canno t supply that amount
of current, you won't see opt ima l perform an ce. Try to buy a
battery with current output that match es th e curren t draw of
your mot ors.

Carlo Bertocchini is a m ech ani cal design er from
Belmont, Cali forn ia. His robot
(BioHaza rd), has been the heavy
weight champion at Robot Warst™
for the past two years. He was the
captain o f the winning team in the
1995 FIRST robo t competition at

Disney World, and his robot Sumo wrestler (Beast), has
been undefeated since it was born in 1994. He can be
reached at www.RobotBooks.com.

PMDC mot ors genera lly run at speeds so h igh that they
canno t be bolted dir ectl y to a drive wheel. Some type of me­
cha n ical speed reduction is required . However, if you are not
careful, you can lose th ose hard won performan ce gains by
using an inefficient drive train . Gears, chains, and belts can
have very h igh efficiency, but if poorly designed and con ­
struc ted, th ey will turn much of your power into heat . Use
ball bearings inst ead of bronze bushings wherever you can,
and stay away from worm gears in perform an ce applications.
Don't let your dri ve train become a drive drain!

Drive TrainO ne of the advan tages of hi gher frequen cy is smoothe r
motor control, an d more power available at partial throttle.
The 12-volt motor in our example above has a sta ll curren t
of 30 amps. At 20% of full speed, a low frequen cy controller
is switch ing the current on for 20% of th e tim e and off for
80%. During the 'on' tim e, th e motor can on ly draw a maxi­
mum of 30 amps. During th e off tim e, no current flows. The
ave rage current is abo ut six amps. With a h igh switch ing
frequency, the motor curre nt would be almos t co ns ta n t
beca use the motor's indu ctan ce keeps the curren t flowing
during the contro ller's off tim e. A high frequency contro ller
can push almost 30 amps into our motor, at any speed. This
gives more to rque at parti al throttle.

The othe r adva n tage of high frequen cy is less motor heating.
Let's say the motor is doing a task that requires an amount of
torque that can be gene rated by five amps of current. The
motor can gene rate much higher torqu e, so we th rottle it to
20% 'on' tim e with our speed con tro ller. In a low frequen cy
speed controller, zero current flows for 80% of the tim e. Thus,
25 amps of curren t must flow during the on tim e, to get an
ave rage current of five amps . With a hi gh frequency
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Fabrication
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In robotics, the weight of the co mponen ts of your robo t can work for you-or a inst you.
is the third article in our fabricat ion series . In this installment, we'll show you how replac
metal with plastic, where practical, can dr amatically lower the weight and improve
performance of your robot. For demonstration purposes, we've chosen a steel alloy gear, I

asked our fabrication specialist Rick H ahn to make an identical gear out of plastic. It shoul
remembered that in an already eng ineered and built robot, it may be totally inappropriat ·
replace a high strength metal gear with a plast ic one. Experiment to be sure your gear can st!
the punishment. When building from scratch, if you find a metal gear that has the perfect
and ratios for your application but is overly strong and too weighty, a self-fabricated plastic
may be just what the robot's doctor orde red.

CastYour Own Plastic Gears
To Lighten UpYour Robot

by Tom Durkin &
Rick Hahn

photos by
Iris Gilbert

Making identical plastic gear castings using a urethane rubber mold is ac tua lly eas ier than the
inj ection method Rick Hahn used in the last issue of RS&T ("Inject Some Fantasti c Plastic in
Your N ext Robot. ")

Instead of the noxious, slow- drying C lea r,Lite cas t ing resin he used last time, Rick chose Quik,
C ast polyurethane-a two,co mponen t, low- viscosity, fast-curing, and non,rising casting material
that solid ifies within 3,5 minutes. Warning: follow safety directions as labeled on the products,

R OBOT S CIENCE & T ECHNOLOGY



P I a s t •• c G e a r s

5 Mix th e A and B cans of RTV urethan e rubbe r as in
structed . Pour th e liquid to cover the en ti re clay bed

and the gear by at least 3/8 of an inch above the end of the
axle protrud ing from th e smaller gea r.

6 Jiggle gen tly, if necessary, to level the liqu id an d help
air bubbles rise to the surface .

7 Set th e mold aside at roo m temp erature for at least 24
hours.

8 When th e mold has cured , remove the mold and clay
from th e box. Slide a thin met al blade aro und the edge

of the box if necessary to loosen th e mold .

• R OBOT S CIENCE & T ECHNOLOGY

Step 2: Metalgear in place prior to pouring RTV rubber

Step I: Clay in place

Here's how he did it:

I Using a plastic box with vert ical sides , lay a level, 1/2­
inch bed of Plasticen e modeling clay.

2 Place th e met al gear on its flat side on th e clay bed as
illustrat ed.

3 Leave th e sma ll metal ax le inside the gear. This will
preve n t the axle hole from fillin g up when you pour th e

molding material ove r th e metal gear. The axle rod should
pro tr ude well above th e end of the gear shaft so th at it will

become firml y embedded in the mold in a vertical line along
th e ax is of each casting.

4 Sp ray the gear and clay bed with a release agent (WD­
40 or Pol-Ease 2300). Mak e sure all th e gear teeth are

lightly coa ted to ensure th at th e gear will release eas ily from
th e mold without damagin g it.

I
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I
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Step 5: Pouring RTC rubber to form mold

9 Carefully separate th e metal gear from th e mold . Make
sure no teeth are stuc k to th e mold, as this co uld dam­

age it and make the mold useless for cast ing.

I0 Drop th e flat side of the mold bac k into th e plastic
box. The ax le, embedded in th e mold , should point

straigh t up.

I I Spray th e mold lightly with release agent. Especially

make sure all th e gea r teeth impressions and the metal
ax le are coa ted.

I2 Mix th e two compounds from th e Quik-Casr kit as
instru ct ed by th e manufacturer. If you want a lighter

weight gear, mix in several thousand microsph eres-hollow

glass sphe res rangin g in size from 20 microns to 200 microns.

I 3 Tim e is now of the essence. You have less than 30
seconds to make your cast ing . Pour the liquid plastic

into the mold from the side so that the air will be pushed out
of th e deep gear sha ft.
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Step 14: Removing plastic gear

W ait five minutes for the cas t ing to cure, then gen tly re­

move the cas t ing from the mold. Do not dislod ge the metal

ax le from the mold .

I4 Compare the cas t ing to the origina l metal gea r. If the

fit is perfect, go ahead and cas t some more gea rs. If

on the othe r h and, the fit is not perfect, break the mold and

sta rt ove r.

I5 A lways co mpare each cas t ing with th e ori ginal metal

gea r. If you begin to see imperfections in your cast­

ings, it 's time to retire the mold .

I6We found there are at least two advan tages plastic

h as over met al :

Weight
The most immedi at e and apparent adv antage is the weight

difference. O ur stee l gea r weighed in at a h eft y 1.7 oz. (48.2

grams). Rick 's solid plasti c replica graced the sca le at a mere

OJ oz. (8.5 grams ). When Rick added a few thousand air­

filled microspheres into the plastic mix, he got the weight

down to a sve lte 0 .2 oz. (5.7 grams ).

Many robot contests have upp er size and weight limits. Drop­

ping 1.4 oz off the drive train leave s all that much more for

payload- or at least a better chance of squeez ing under the

limbo bar of the weight limits.

While running at cons tant spee ds, you may not detect much

di fference in performance between met al and plasti c gea rs.

But, h ey, let's deal with the real world of robo ts: A rob ot

goes, sto ps, bumps into things, turns, reverses, speeds up, slows

down- and gene rally does the h erk y-jerk y until it sucks all

the juice out of its power supply. Here 's a no-brainer : Which

robo t 's ba ttery is go ing to be depl eted first ?

On a performance level , from zero to to p spee d, a plasti c geai

will beat a metal one off the lin e every time. It simply take:

less-much less- torque to,turn 0.2 oz of pla stic than 1.7 oz

of metal.

Furthermore, reversing the direction of a metal gear require:

a much grea te r power drain from the ba tte ry, because it h a:

to ov erco me the in ertia of the metal gea r. A robo t with c

plasti c gea r co uld alrea dy be going in the opposite di rectior

before the bot with metal gea r has eve n stopped.

Economy
Precision met al gea rs are ofte n hard and/or expens ive to co me

by. You may be lucky enough to find just one of the perfect

size, but suppose you need three more identical gea rs? U sing

Rick 's quick-and-easy mold -and-cast tec hn ique, you can make

four identical gea rs, and st ill co me in un der the weight of a
sing le metal one. N ot on ly that, you ca n mak e spare gea rs,

just in case.

These are just some of the apparent advantages of plast ic

over metal. However, as with everyth ing else in life, there

are trade-offs. In a future issue, we'll report how well plast ic

performs aga ins t metal wh en RS&T Labs puts the gears

through a series of bench tests.

Materials
o Small plastic box, large enough to contain the metal gear

with room to spare. Available in any craft store.
o Plasticene modeling c1ay.A Ix Ix5- inch bar usually costs lesi

than $1 in any craft store.
o One quart kit (two cans) ofTAP Plastics RTV (room

temperature vulcanizing) urethane rubber molding materiaJ)
-$22.15.

o Release spray: 13 oz. can ofWD-40 (any hardware store)
- $3.49 OR

o 14 oz.TAP Plastics Pol-Ease 2300 silicone spray - $12.60

o One quart kit (2 cans) ofTAP Plastics polyurethane castingl
system - $16.95.

o Optional: one 4-oz. jar ofTAP Plastics Microspheres - $5.3«

o Disposable paper or plastic cups in I-oz . and 4-oz. sizes.
Available in craft stores and pharmacies.

o Disposable plastic or wooden stirrers.

To obtain a free 1998TAP Plastics catalog write or call:
TAP Plastics Inc.

6475 Sierra Lane
Dublin, CA 94568

800.246.5055
Ifyou choose to use products from other companies, make

sure to follow the manufacturers' instructions.
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Construction
Electric motors make things happen, without the m our robots are ... NOT. Unfortunately,
motors usually are not equipped to do anything but spin. So we need to gear them down to
h ave them perform useful work. But not many of us have the time to build, or the cash to buy
the necessary gearboxes. Fortunately, RS&T readers can convert a servo into a motor, complete
with built , in gearbox. In this art icle, a natural follow-up to his "Digital Brain" articles (see
RS&T, Premier and July), Karl details how to modify a servo, and then points us toward making
a small mobile robot.

MotorizeYour Small Bot
by Modifying the Futaba
Servomotor FP-S 148
by Karl Lunt

photos by Iris Gilbert

If you can gather up these tools, you can modify the Futaba servo into

a high torque drive motor for your hand,builtrobot.

After you've beco me familiar with using SBasic to program Motorola's 68HC l l microcontroller (see RS&T, Premier and
July), you'll want to add motors to your robot. I've built a bunch of bats using th e Futaba S 148 hobb y servo as a drive motor.
These RIC motors normally go back and forth, and th e car and airplane guys use th em for controlling stee ring and lifting
surfaces. But with a simple mech an ical mod, you can make these motors go 'round and 'round . Their uniform sha pe, small
size, high torque, and built-in drive electronics make them an ideal motor for beginners.

R OBOT S CIENCE & TECHNOLOGY



2 Remove the four screws fro m the back of the case.

You will need:

• Jeweler's screwdrivers (Phillips)
• Small solder iron

• Solder sucker
• Needle nose pliers
• Needle nose Vise Grips (6")

• Diagonal cutters
• Two 2.7kn 1/4-watt resistors

(you could probably use 2.2 kn
resistors in a pinch, perhaps

RadioShack 271-1325)

I If your servomotor alrea dy has

some form of mechanical co upler

device screwed onto the end of the

output shaft , remove it .

The view during Steps 4, 6 & 7

A modified S 148 is an inexpens ive, to ugh,

lo n g-last ing motor, with 42 oz- inches of

torque. It should last abo ut 100 ope ra t ing

h ours, and top ou t at abo ut 50 rpm. In fact, if

you' re using the 68 HC11 mentioned above,

you can co n trol the speed from 0 to 50 rpm,

although the co n trol fun ction is hi ghl y non­

linear and is unique to each motor.

You can buy S 148 servos at nearly any h obby

sto re for less than twenty bucks. A lso check

out Tower Hobbies, one of the largest hobby

mail- ord er stores in the busin ess. They have

great prices, a wonde rful ca ta log , and ve ry

promp t d eli v ery. Vi sit them a t

www.towerhobbies.corn . And keep them in mind wh en you

n eed any of those weird mech anical linka ges or dood ads;

cha nces are the RIC crowd h as already solved wh ate ver prob ­

lem you've stumb led ove r.

R OBOT S CIENCE & T ECHNOLOGY

3 Remove the front and back covers.

7Remo ve the two sma ll sc re ws on

either side of the motor sha ft.

4 Remov e n ylon ce nter (t op) gea r anc

nylon gea rs on output shaft and mo

to r shaft . Try n ot to disturb or wip e off an j

of the white grease on the gea rs.

6 Pry off the bronze sin te red bushing

from the p las t ic hub around the

potentiometer (pot) shaft.

5 U sing diagon al cutters, ca refu lly trirr

and remove the nylon spur on the sur·

face of th e large output gear. T h is spui

normally lim its the servo's movement te

an arc of abo ut 270 degrees. Make sure vot

remove the spur co mpletely. You mu st nOI

leave any ch unks of nylon th at might pre­
vent the output gea r from ro ta t ing freely.

8 Firmly press on th e pot's shaft to push it back through

the servo's case . T h is should push the pot and the pr inted

ci rcuit board (PCB) out the back of the case. If it does not

re lease, use the Vise G rips as follows: Note that th e PCB is

notched at all four co rners. U sing need le-nosed Vise G rips,

ca refu lly posit ion one jaw on a back co rner of the case where

it will not interfere with the PCB as it is push ed out by th e

Step 5. Cut the travel-limiting spur
completely off the gear.

In the foll owing instructions, "front" means the part of the

moto r case tha t encloses the motor's output shaft (and h as

the Fut ab a label on it) : "back" means the oppos ite side of the

motor case.

Here are my ins truc t ions for modifying a Futaba S 148 servo ­

motor for use as a robo t motor. Read the

in structions throu gh ca refu lly, and take

your time as you are do ing the mod . There

isn 't anyth ing really diffic ult here, but you

don 't wa n t to break a $ 15 motor by

rushing.

IMPORTANT: If you intend to use a

modified S 148 with one of Marvin G reen 's

BOTBoard s, you MUST swap the red and

black leads on the S 148 moto r. Marvin's

board was designed for a different motor,

so plugging in an S 148 without reversing

these leads would damage the motor!

Carefully pry up the plasti c retain ing fin­

ger on the surface of the co n necto r that

holds the red lead in place. Lift th is fin ger

on ly enough to slide the red wire and its

go ld co n tact out of the co nnector sh el l.

Do th is same operat ion to free the black

wire, then insert the wire s back into the

opposite holes. When done properly, the leads in your servo's

co n nector should be in red-black-white orde r. I usua lly use a

hot soldering iron to bum a large X into the co nnector's plastic

shell, showing that I've modified the wiring for this motor.

-~-_._-- ----



Futaba Servos
two leads at once into th e center posit ion , here's an alte rna­
tive technique: Rather th an ream or drill out th e hole, wind
two leads (on e from each resistor ) tightly toge the r, cut them '
cleanl y, trim one of th e leads back about 1/8", and straigh ten
th e remaining lead. Visually exa mine the resisto rs to insure
th ey will fit inside th e case when you later reassemble th e
motor. Insert th e lon ger lead of th e twisted two until th e
sho rte r bottoms out on th e PC B and solde red both in place.
The two remaining leads, havin g been prev iously bent and
cut to a tr ial fit , sho uld solder easily in place to complete th e
modificati on . Make sure you don 't acci denta lly sho rt any
traces on the und erside of th e PC B when you solde r the re­
sistors in place.

Controlling the Modified Servomotor
The 68HC I I's t imer subsystem makes it easy to contro l this
modified hobby servo motor. Marvin G ree n laid out hi s
BOTBoard so you can attach up to four of th ese motors, and
my SBasic distribution file contains a library of code for mak­
ing a motor go forward or backward and for controlling th e
mot or 's speed. Read th e BOTBoard not es and my motor
library software to see how little code is involved . As a rain y
day project, spend some time with the 68HC11 Reference
Manu al (the "pink book") and figure out for yourself how
th e code works and how the 68HC I I tim er subsystem sup­
ports th ese motors. You'll find it 's time well spent, and you'll
gain valuable insight into using this powerful subsystem.

I Ca refully reassembl e th e servomotor by reversing th e
steps above.I

Step 9. Cut the leads (or de-solder them) .

Perfonning Step 8. Firmly but gently, squeeze the shaft
through the case.

othe r jaw that is on th e pot shaft. A gentle but firm squeeze
of th e handles sho uld free the PCB and motor.

WARNING: DO NOT pry on the PCB at all! DO NOT
push on what appears to be th e motor's spindle! It is a gear
spindle only and is NOT attac hed to th e mot or

9 Remove th e pot from th e PCB by carefully heating its
con nec tions , the n removing th e excess solde r with

a solde r sucker. Work carefully and do not damage th e PCB 's
traces. If you are not interested in saving th e pot , cut th e pot
lead s at a co nve n ien t location and rem ov e ea ch lead
individually.

I0 Install two 2.7kn resistors, wired in series, in place of
the pot. The two resistor s will appear to th e servo's

circuit as a 5k pot rota ted to its cen te r posit ion. Refer to th e
photo at righ t.

I
I

\
t

Make sure you install th e junction of th e two resistors in th e
center pad on the PCB. If you discover th at you can 't insert

, R OBOT S CIENCE & T ECHNOLOGY

Resistors installed duringStep 10.



A Quick and Easy Mobile Base
We're nearly don e now. Use a suita ble base mat erial, such as

blank copper-clad printed c ircuit board stock or thin acrylic

plastic, cut to abo ut 5" square. Use some dou ble-sided foam

ta pe , ava ilable at most hobby sto res, to attach two modi fied

hobby servos to th e und erside of th e base near th e rear edge.

Similarly, attach a Radi oShack 4-cell AA battery hold er to

th e top of th e base near th e center, along with th e BOTBoard.

N ot e: If you use blank PCB stoc k for a base mat eri al , you

sho uld first lay down an insulating area of masking tape or

duct tape wh ere the BOTBoard will rest, to prevent sho rt ing

out any c ircui try when you press th e BOTBoard in place.

Drop by the local hard ware sto re and pick up some large

plastic furn iture kn obs, about $ 1 eac h. These make grea t front

skids for sma ll robo ts and, unlike cas te rs, won't cat ch side ­

ways and th row your robot off-co urse. Mount one of th ese

skids to th e und erside of your robot base, near th e front. Add

a suita ble wh eel , such as a 2-3/4" Dave Brown Lit e-Flite

wh eel , to eac h motor by faste n ing a wheel to one of th e black

plastic co ntro l horns th at ca me with th e servomotor. O nce

th e whe el is bonded to th e co n tro l horn, using hot-glue or

sma ll metal screws, you ca n fasten the wh eel and horn

assembly to th e output sha ft of th e mot or using th e supplied

black metal screw. Check Tower Hobbies or any other large

hobby store for Lite-Flite or othe r suita ble wheels.

There isn' t any th ing magical about th e dimen sions or place­

ment th at I've just given you. Feel free to expe rime n t with

base mat eri al , base size, arra nge me nt of co mpone n ts, wh eel

size, or just about any othe r eleme n t you like. The mechani­

ca l layout makes eac h robot unique, and let s you add your

own crea t ive mark . i=\.S&'ii"'

Keep On Keepin' On. . .. .Karl

Author Karl Lunt introdu ced readers to digital brain s
in RS&T's Premier and July ed itions
usin g th e 68 11 pr o ce ssor a nd
SBasi c. He 's a vet er an rob ot
programm er and a lead er in the
Seattle Robotics Society, perhaps
the most helpful group in the U.S.
He's written a hundred articles on
hom e-bu ilt roboti c s, a nd he
invented the SBasic programming
lan guage . His pers on al website,

www.sea ne Lc o m/- ka rllunt, is o ne of th e mo st
inform ative places on Earth.

Karl's Suggested Resources

The Futaba FP-S148 Servo
available from Tower Hobbies

www.rowerhobbies.com

and other well stocked hobby shops

Marvin Green's BOTBoard
available from Mondo-Tronics

800.374.5764
www.RobotStore.com

The BOTBoard documentation includes
a full parts list with suggested suppliers.

Zorin's ModCom HCII board
is available as a kit o r ready to use.

206.282.6061

www.ZorinCo.com

The 68HC81le2 microcontroller chip
available from Arrow Electronics

47 Mall Dr, Commack, NY 55317

800.833.3557

www.arrow.com

Matching 52-pin PLCC socket {solder-tail moun~
available from Digi-Key Corp

PO Box 677, Thief Riv er Falls, MN 56701

800.344.4539
www.digikey.com

Call Motorola for a free Pink Book
M68HCli Reference Manual (M68HCIIRM/A!JI

800.441.2447

Visit the SBasic Code Library
on my Tips and Techniques page at

www.seaner.com/r-karllunt

Download pcbug342.exe from

www.mcu.motsps.com:80/freeweb/

into a new folder called pcbug11.

See RS&T's Premier C ollector's Edition

for instructions to use PCBUG 11.

I
I
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Artificial Intelligence Techniques:
A Comprehensive Cataloque

edited by Alan Bundy

This tome is jam-packed with thumbnail
ske tches describing n ew an d ex ist ing Al
techniques. Both novice and advanced robo t
builders will find themselves referring to this
ca ta log t o increase a n d refresh , their
knowledge of AI. It is logically organ ized , and
concisely and clearly written. The reader is
guided through cross-referencing to other AI ·'V· Sp';n~.,

tech n iques an d to pertinent literature- ". -..lll\\'l

textbooks, art icles, papers, etc. , thus expanding
their hori zons. Robot enth usias ts will find this fourth revi sed
ed it ion an invalu abl e adjunct to the ir library.

O rde r at your bookstore, by ca lling I. 800.springer, e-mail
orders@springer~ny.com, or www.springe r-ny.com. Springe r­
Verlag, ISBN 3~540~59323~3, 130+pp, pback , $2 9.00 + S/H.

Navigating Mobile Robots: Systems and Techniques
by Johann Borenstein, H.R. Everett , Liqiang Feng

S;t~u "r edited and compiled by Johann Borenstein·ver ~.;I 0'~

This C D will help you decid e on just how you want to guide your robot
through the physical world. Many syste ms and componen ts are pre sented
in this smorgasbord of n avi gati onal information. Good o ld dead
reckoning shares space with the lat est GPS technigues. There is a system
h er e to fit eve ryone's n eed. Gyros , flu x- gate magnetic compasses ,

A ckerman steering and mu ch more fill the many lines of data on this C D
and the videos will ene rgize your search for the ideal on board system to

navigate your bot .

m R OBOT S CIENCE & T ECHNOLOGY I

Avai lable from:
A K Peters, Ltd, 63 South Ave nue,

N atick, MA O I 760~4626 .

Tel 508 .655.9933, Fax 508.6 55 .5847 .
e-ma il serv ice@akpe te rs.com, or visit

www.akpe te rs.co m.
ISBN I ~5 688I~066~O, $44.00 + S/H
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We can help you sell your products to a specific market
and make your adve rt ising dollars work more effect ively.

Are you dilu ting your marketing resources in electronics hobby, or ham radio magazines?
Or is your message getting lost in the 'classifieds' jungle of big,money magazines?

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

Cost Effective:
Unlike in older, n iche magazines, your ad in RS&T is placed to gain maximum exposure.

We' re small eno ugh to give personalized service to eve ry advertiser.
We offer a significantly better cost per thousand readers (CPM) than any othe r quality tech magazine.

So advertis ing in RS&T is easy and economical for both small and large companies.

Design Flexibility:
Robot Science & Technology offers your team the flexibil ity to present your prod ucts

to our rapidly expanding market in a number of ways: Use multiple inserts for maximum effect. Use a second CG

for impact that's economical. Use a Reader Reply Card for immediate reader response.
For comp anies that want more presence , we des ign premium pages within th e magazine at no extra charge .

Webs ite space is also free to paid advert isers.

Expanded Distribution:
You get globa l reach beca use our distribution is in te rnat iona l, through carefully selected major bookstores,

and our person al presence at major robotics events .
So your message reaches both the exis t ing robotics community and th e swiftly developing market

in hom e, sport and classroom robotics.

Quality, Reliability, Professionalism:
Highly experienced professionals have recently joined our team , with proven track records at h igh -quality

internati on al technical publications. This recently allowed us to become a true monthly magazine.
RS&T has shor ter lead-rimes than tradition-bound magazines, speeding your t imely ad to qualified buyers.

Robot Science & Technology will work for you today!

So call 916.660.0480, get to know us, & ask for a media kit.

* * *Advertisers accepted by Dec 7 will keep our low June 98 prices through July 1, 1999.



by Manuela Veloso, Ph .D. , and William Uther ,
Computer Science Department at Carnegie Mellon University,

and Masahiro Fujita , Sony Corporation .

The Computer Scie nce Department at Carnegie Mellon U n iversity (CMU) , Pitts burgh , made a sign ificant show ing at

the RoboCu p'98 compe tit ions. The games were held last July at La Ci te des Scie nces et de l'lndust rie in Paris, Fran ce,
co incident with the human World C up soccer to urna ment. C MU competed in two leagues at RoboC up'98 and won both of
them: the Simulat ion League, in whic h thirty-four tea ms part icipated, and th e Small-size Robot League, in wh ich 11 teams
competed.

Another team , CMTrio , won the cha mp ionsh ip in the Legged Robot exh ibit ion series, competing against tea ms from th e
U n iversity of Par is 6, and Osa ka U n iversity. A ll three teams in the league were equipped with Sony Corporat ion 's socce r­

playing quadruped robots based on an enterta in ment, or pet-type platform . Each team fielded th ree robots and Sony helped
prepare all th ree tea ms for th e competit ion.

T his feature art icle is about th e C MTrio/So ny winning team and Sony 's unique, innovative, fully auto no mo us robots. T hese

bot s feature an open arch itec ture , a sign ifican t degree of hardware and software mod ular ity, and mem ory card expandability.
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Figure 1: The RoboCup'98 Soccer Fieldfor the Legged Robot Exhibition.

Roboti c socce r represents a very cha llenging environment
in wh ich multiple robots, act ing as teamm at es, work togethe r

to achieve conc rete objec t ives in th e presen ce of adversar­
ies. Problem solving in this dynamic, complex environment

requires that th e robots learn from previous experience and
feedback. To ach ieve thi s, C MU built in to the robot s learn ­
in g, n aviga ti on, locali zation and ro le -based behavi or

capabilit ies th at allowed them to operate as teams on a sma ll
socce r field. C MTrio strategy was accomplished by virtue of
pre-defined beh aviors.

The RoboLup'98 Setup
The legged, quadruped robot as a socce r player comprised a
fully auto no mous syste m without global vision or wireless

rem ote ope rat ion. In add it ion, in orde r to simplify the
exhibiton series, no modificati on of hardware by the three

different competing teams was allowed. The Legged Robot
Exhibition Mat ch was the refore a software co mpe t it ion
among three teams equipped with th e same Sony platform s.
Figure I shows th e field for th e legged robot exhibition match .

Team Composition. Each team had three players. This is th e
minimum nu mber for team play, or co llaborat ion tasks, one
of the research objec t ives of RoboCup.

Color Environment. The import ant game item s, the ball and
th e goa ls, are painted with different colors so th at a stand-

alone robot can process vision tasks in real t ime. Eight colors
were chose n for game items and field landmarks so th at a

robot could easily distinguish among objec ts.

Field Size. The field size, 2 meters x 3 meters, provided eno ugh

space for six robot s to navigate whil e dribbling and passing
the ball.

Slanted Wa ll. The walls on all four sides of th e field slan t
outward and upward at 45 degrees, with a tri an gular slan ted
wall in eac h corne r. These walls effect ive ly return th e ball to

th e field when it is pushed against the border.

Landmarks. Six poles, located at the corners and along the

sides at mid -field , provide landmarks for robot self-loca t ion .
Each landmark is painted with two different colors so th at

six different poles can be painted with on ly four different
co lors. The robot measures the distan ce to two markers to

compute its position on th e field .

A Quadruped Legged Robot
O ur robot socce r players used in the RoboCup exh ibit ion
match were based on Sony'sO PEN- R arch itec ture , proposed

as a sta ndard arch itec tu re for robot enterta inment syste ms.
The main advantage of this arch itec ture is a high degree of

modul arity involving th e use of hardware compone nts , such

as appendages th at can be easily removed and repl aced to

ROBOT S CIENCE & T ECHNOLOGY
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cha nge the shape and func t ion of the robots, and modular

software co mpone n ts that can be interchan ged to modify
behavior and movement patterns. The current configurat ion
for So ny's enterta inmen t robot is a small quadruped which
can be cha nged into a rolling robot. It introduces an entirely

new ca tegory of robot designed for enterta inment uses. The
modular ity feat ures of the O PEN- R arch itec ture represent a
sign ificant improvement in robot design .

O PEN- R is based upon a decomposition technology for both
hardware and software modules. This technology facilitat es
the build ing of differen t kinds of robots, such as legged , or

wheel-based. It also provides for various software configura­
tio ns. For softwa re research ers, O PEN- R provides a highl y
rel iable physica l platform th at frees th em to conce n trate on

software development for a new image processing algorith m,
postu re con tro l, agen t arch itec ture, and so on . Furtherm ore,
they don't need to develop software from scra tch , because
O PEN- R now prov ides some software modules such as co lor
detection and walking con tro l. This means th at O PEN- R

ca n acc umu late the deve lo pe d soft wa re as reu sabl e
compo ne nts, and accele rate auto no mous robot research.

In additio n, hardware research ers can design th eir own hard ­
ware modules with an O PEN -R interface, that can then be
inco rpo rated in t o a n ex is t ing O PEN- R sys te m. In
RoboC up'98, modification of robot hard ware was prohibited ;

however, in princ iple, it is possible to build different styles of
robots wit h va rious sensors and ac tua tors that have an
O PEN- R interface.

• R OBOT S CIENCE & T ECHNOLOGY
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Significant Features
of OPEN-R Architecture
Interchangeable Hardware Modules for Various Physical
Configurations. Through the use of intercha ngeable hard­
ware modules, such as appendages (in th is case-legs), it is

possible to construct robots that can be reco nfigured to suit
multiple uses. For exa mple, a 4-legged walking robot can be
cha nged in to a wheeled robot by disconnecting the h ind legs

and replacing them with a wheeled module. By emp loying
an eas ily adapta ble mechani cal struc tu re, hardware modules

can be cha nged with out th e need for special tools.

Hardware-Related Data Transmission for Plug-and-Play
Connectivity. Built into eac h hardware modul e is bas ic data
th at describ es th e module's structure, function, and position

to ena ble it to be co ntro lled by the robot. As eac h hard ware
module is att ached to the robo t, data is transmitted from the
module to the Centra l Processor Unit (CPU) in the main
body via high- speed serial bus. The data ca uses the robot to
recogn ize the configurat ion of its entire body, its capabilitie s

for movement, and its funct ions. The robot then uses the
dat a to select the most appropriate con tro l signals for coor­

dinating movement and disseminates them to the individual
appendages. It is not necessary to replace the software program
th at con tro ls th e robot's movements eve n when appendages
are removed and replaced . Rather, it is possib le to attach and
remove th e individual hardware modules wit h the ease of

plug-and -play connectivity.

Interchangeable Software Modules for New Applications,

The software programs that co ntro l the robot's movements
and responses are also modular, and they are introduced into

the CPU through card slots in the
main bo dy. Us ing pre- reco rde d
modular mem ory cards, the robot's

be hav ior is cha nged by simp ly
repl acing one memory card with
anothe r suited to a different pur­

pose. In add itio n to software
prog ra ms t hat wou ld a llow

the robo t to act as a pet or an
oppo ne nt in a game, image and

sound recognition programs can
make it adaptable to a wide variety
of othe r robot app lications. This is

accomplishe d by simply cha nging
or replacing modul ar software.

Please see Walking Robots,
page 57



Our Modules....Your Robots
Th e RPC moduIe is an intell igent tra nsceiver whic h enables a radio net work link to be simply impl em ent ed between a number of digit al devices. l

modul e co mbines an RF circui t wi th processor-inten sive low-level packet form atting and recovery functiona lity, requi ring on ly a simple antenna and 5V su
to opera te wit h a microcont roll er or a Pc.

SAW controlled Fl\Itransmiuer and superhet receiver
Reliable 3Um in-building range, 12Umopen ground

Buill-in self-testld iagnostics/sta tus LEDs
Complies with ETS 3UU-22U regulat ions

4Ukbitls ha lf 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 @ < 2UmA

Power save mode
Available in 418 and 433 Mhz

The BiM module integ ra tes a low power UHF FM tran smitter and match ing su perhet receiver with da ta recovery and TX/RX cha nge ove r circuits to

pro vide a low cost so lution to impl em enting a bi-direction al sho rt range rad io da ta link .

Receiver • RX2
Double conversion Fl\I superhet

SAW front end filler, image rejection 5UdB
Supply 3.0 to 6.UV @ I3mA

40kbitls, ·F version , -IOOdBm sensitivity @ I ppm BER
14kbitls,·A version, -107dBm sensitivity @ I ppm BER

LO leakage < -6Ud Bm
Available in 418 and 433 Mhz

Transmitter - TX2
El\IC cnnformant to ETS 3UO-683
Type Approved to ETX 300-220

Two-stage, SAW controlled, I'M modulated at up to 4Ukbitls
Operation from 2.2 to 6V

IOmW on 433.921\1Hz, ImW on4181\1Hz
Improved frequency and deviation accuracy

Available in 418 and 4331\1hz

ETS 300-220 tested for European use
SAW-controlled FM transmission at -6dBm ERP

Double conversion super het receiver
-107dBm receive sensitivity

Single 4.5 to 5.5V supply < 15mA (tx or rx)
Reliable 3Um in-building range

Half duplex data at up to 4Ukbitls
Direct interface to 5V CMOS logic

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

Available in 418 lll1d433 Mhz

r
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I NEW! The TX2 and RX2 radio transmitter and recei ver pair enable the simple impl em ent ation o f a dat a link at up to 40bit/s at dis tances up to 75m
\ building and 300 m ope n gro und. Both modul es co mbine full sc ree ning with ex tensive internal filte ring to ensure EMC co mpliance by minimi zin g spurious
) radiation s and susceptibilities . T he T X2 and RX 2 mod ules will sui t one-to-one and mul ti-node wire less links in applicat io ns inc lud ing car and bui lding sec I

~ I EPOS and inve ntory track ing, remo te indu stri al process monit orin g and co mp uter net working. Becau se o f their sma ll size and low power req uirements, bot
if modul es are ideal for por tab le battery-powered applica tions suc h as hand -held terminals.

I
I

I

I

I
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1
TYPICAL APPLICATIONS

robotics • environmental monitoring • remote process monitoring • wire less PC printer links • energy management · in-vehicle sensing
high integrity security • EPOS & stock control • group response systems • data networks • data transfer through hazardous environme nts

commercial & domestic security • fire alarms • medical alert • mobile panic attack

Radiometrix specia lizes in d esign and manufacture of low power radio products to help you to rapidly implem ent high reliability cable-free data links.

For North Rmerican sales. contact:

Lemos International Co. Inc.
tel: (508) 798-5004 fax: (508) 798-4782

lemosint@ma.ultranet.com • www.lemosint.co

~~~--~_-------_~~~-_~~~_~~~_"----



Advertiser Index

ALL ADVERTISERS in this issue,
big and small, h ave been listed here,

and are offered free web space at
www.RobotMag.com.

(Isn 't that nicer than competing for visibility in a gene ral electronics magazine ?)

Potential advertisers sho uld call quickly, because we have a specia l deal for companies
that are accepted before Dec 7, 1998: you' ll get to keep 1998 ad rates all the way through July 1, 19S

Call 916.660.0480 or email ads@RobotMag.com.
• R OBOT S CIENCE & T ECHNOLOGY RS&T makes reason ab le efforts to doub le-ch eck the above adve rtise r contact inform al

I
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5Axis Robotic Arm Kit #3·366 $195.00
Fast, repeatable, andcontrolled from
your computer serial portl Can lift over
160 grams. Control swivel, shoulder,
elbow, wrist, and gripper. Mini SSC 2
board & DOSsoftware included'

Hexapod Walker Kit #3·434 s150.00
Three servos provide fulldirectional walking.
Program in Basic from your PC. All hard­
ware, electronics, software & instructions
included. Over20 emlong. Requires soldering,

Mega Hexapod Walker Kit #3·423 $375.00
Aheavy duty walking platform - over 33em
0 3 in) long' 12 servos give full control &
major strength. Add your ownMini SSCZ's, a
controller hoard(Stamp2, !lOrboard, etc.) &
sensors for advanced projects!

Robotic Arm Trainer Kit #3·481 $64.95
Here's a sturdy, dynamic five axis arm with
a five switch pad tocontrol all the motions. l -..l~==-"
Grab, release, lift, lower, rotate wrist&
pivot! Reaches out36em. Easy mechanical
assembly, and no soldering. Agreat kit' ---_

Muscle Wires Project Book &
Deluxe Kit #3·168 $59.95
Create direct linearaction with
Muscle Wires. They contract up to
5%when powered'Use them in
robots, modelsand anything need­
ingstrongall-electric motion. 128
page book, full plans for BORIS, a
motorless walkingrobot & 14 others. Includes one meter
each 50, 100& 150 urn dia Muscle Wires. 128 pgs, i1lust. Get
1II01111g today!

Muscle Wires Project Book only #3·133 $17.95
Get the IXXJk now, order wireslater'

Space Wings Kit #3-001 $19.95
Sleek silver wings flap usingonly5 cm
of MuscleWire! Variablespeed up10
36flaps/minute, 15 em tall. With circuit
board, all parts & instructions. Requires
soldering & 2 AA cells. Annoys cats'
All ideal introduction tostuscle Wires ,

Practical Robotics #3·506 $39.95
If you ask "where do I starr" the

answer is "HERE!" Bill Davies shares
yearsof robotics experience, covering
all aspects: tools, techniques, compo­

nents. sensors, soldering. etc... 330
pages with a fine index,

,
' . ,

Sensors for Mobile Robots #3·145 $67.95
Wboa! Everythingabout sensors: tactile, prox­
imity, range, acoustic, laser, radar, microwave,

path following, dead reckoning, compasses,
gyros & more. 550 pgs, Fun & intelligent!

Visa I Mastercard I Discover - 8 AM to 6 PM Pacific Time

Mondo-tronies Inc.
4286 Redwood Hwy. #226-145

San Rafael, CA94903

Questions:415-491 -4600
Fax: 415-491 -4696

Email: info@mondo.com
Web:www.RobotStore.com

Robot Builder's Bonanza #3·114 $18.95
Practical, ready-to-use circuits, devices, mech­
anisms, sources, tools, vision, grippers, navi­
gation& more' 336pgs. iIIust.

Mobile Robots #3-098 $47.95
From MIT, a completeguideto designing &
building robots: hardware, software, sen­
sors, motors. "subsumption" software, 336
pages, illust. Amust for all roboticists.

IC Hobbyist's Handbook #3·164 $19.95
Toss those old ICdata books' This practical
collection has 80common ICs to make lOOs
ofcircuits' Amps, linear, logic. CMOS - with
specs, pinout" sample circuits - even compo­
nent values(gasp'), 120 pgs, Abasicresource!

Stll11l One Stllter Pock #3-444 $99.00
Acomplete starter set: Stamp Software,

EF0RR0801 K\1S manual, cable,a Stamp I (see below), and
~0URSOURe I ~ ' a BS-I Carrier Board with prototyping area

i\I\ Iii~ ~ lS.ll I l S. \OEO ... & connertor for the programming cable. Agreat value!

\I \I " .. • 'tI \RES MURE\ Stomp Two Starter Pock #3·439 $148.00
ElEe1RU \CS• uscl E Everything needed to move with the Stamp 2: All of the

items in the Stamp OneStarter but with a Stamp 2and BS-2
Carrier instead. Monstrous power!

BASIC Stomp I #3·201 $34.95
8 input/output lines, EEPROM for 100instructions, 4 MHz.
BASIC Stomp 2 #3·198 $49.00
16 input/output lines, EEPROM for 600 instructions, 20,\lHz
clock (up to 38,400 baud), touch tones, X- IO, more'
Mini Serial Servo Controller 2 #3·448 $48.95
Control up to 8 servos viaoneserial line. Talkto it from
anyPC, Mac, Stamp, etc.., Plus, daisy chain up to 32 togeth­
er to control u to 2')') servos. Amust for animatronics'

E:i!at~ Gadgeteer'sGaldmine #3·129 $24.95
Unique high-tech projects & hard-to-find
info. Robots, high voltage Tesla& Van de
Graaffgenerators, Kirlian photos, lasers &
much more! 400+pgs, i1lust.

Shope Memory Actuator Design Manual #3·092 $69.00
Definitive engineeringknowledge about SMAs packed with
theories. equations, & references for designing springs, tor­
sion & cantilever devices & more! 160pages, illustrated.

Shope Memory Design Software #3·139 $299.00
Now! Interactively solve a widerange of
SMAdesign problems: helical springs, tor­
sion & cantilever devices. linearactuators,
more, \X'ork inmetricor U.S. Fine-tune
your design, then print, graph orsave
results todisk, 4::.: anUal. For Windows, Powerful!

L- -'-.!\~WttD!jU.oi!'o!iii7G•

Controlling the World With Your PC #3·165 $35.00-aEt7 Convert ordinal)' serial & parallel

Nt ports into objxt-dctecting, motor-
spinning monsters' 42 circuits AND

- software in BASIC. Cand Pascal' 256
pages. illustrated, with DOS disk.

Build Your Own Underwater Robot #3-418 $29.95
Dive in to underwater robotics' The r11~~d You.Own

authors provic dozens of hands 00 •
experiments using readily ava ilable - . .
pans. 148 pages. Great illustrations . ..
anda lot of fu n' ~~""'':'' .. ' -:

#3·299 $69.95

Hyper Peppy Robot #3·296 $29.95
Bright red, white & blue with clearr-'?-;:;---:_~_

dome, Runs forwarduntil it
bumps object or hears loud noise,
reverses & turns, then resumes,
With complete instructions, 14 ern
Wx 13 Lx 9 H, :-10 soldering
required, Requires 2 AA cells
(sold separately),

Afun &frantic firs: robot!

Spider Walking IR Avoider Robot
Futuristic& maneuverable 6-legged
walker with IR for object avoidance,
Dual motor drive, frontmounted
sensor, 13 cm I x 13 \x' x 10 H,. No
solderingrequired. needs2 AA &
one9Vcell,

legoQlRobotics Invention System #3·S00 $198.00
, Explore theworld of robotics

with the Lego MindStorms" ,
featuring the revolutionary RCXcom-
puter brain, Has 2 motors, 2 touch _
sensors. 1 lightsensor, infrared tran- I'\~,\V
soever, cables, software (for Win 95) and detailed English
instructionsfor creating your own !.ego robots!

Over ' 00 pieces & many advanced parts, For beginning
& intermediate roboticists who want to build mechanical,
software & programming skills, An awesome meeting of
Legos and computers' See /JlJ{ reb lite for Expansioo Kits, notes &me.

Soccer'bot Kit #3·391 $34.95
Fast.Furius fun. These spunkylittle

six-legged walkersmoveup to 6
meters/ minute. Wired remote

control of forward, backandrotate!
12cmLx 9 Wx 8 H. Needs no

soldering' Each kit (one 'bot per
kit) requires 2 AA cells.

Cybug Robot Kit #3·466 $49.95
Cybug has touch& light sensorsto
exhibit active & interesting behav­
iors, Printed circuit board & 2 DC
motors' 12cmWx 10 11 x 4 L.
Solderingand one9V cell required.
Machine or livingorganism?

Cybug Predator/Prey Add'on #3·501 $32.95
Build & attach the predator& prey circuits to two of your
Cybugs & then let themroamwild'The Predator wi l~

sensethe I.R. signal from the Prey & hunt it down'~

Cybug Hunger Instinct Add'on #3·503 $29.95
The hunger circuit board lets yourCybug sense
its battery level andseek lightwhen"hungrv".~
Includes notes for makinga recharging station~
(requires otherparts) soyour Cybugcan recharge itself

WAO GProgrammable Robot #3·477 $84.95
Anew edition ofa sophisticated. 'f,W.... _
full function robot kit. 2 motors, N
programmable ' fuzzy logic" brain. .:»
26 button keypad, sensor arms for
collision or edgedetection.Moves
in alldirect ions, performs if-then ------_.J
decisions based on sensor inputs and "fuzzy" membership
rules. even do-loops' Requires 3 AA & one9V battery.
Already soldered. Great intro to robot programming.

Xeu' lersion of a TopSelli llg Kil!- .llohUe Brains/Brawn

Rug Warrior Pro Deluxe Kit #3·406 $595.00
Acomplete, serious research robot ~:!~~~~,.~
platform fromMIT. With allhard- F-
ware. Csoftware, 68IlC II CPU,
memory, sensors, wheels, motors,
chassis, instructions & more. 18
emdia. The idC'JI companion kit
to the Mobile Robots hook 0 -098
above), ,l lac & PCcolllpatible'
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IW e bring you some highlights of:

@
TM

San Francisco Los Angeles Seattle Boston
ph ot os by Iris G ilbe rt

Mondo-Tronics' Roger Gilbertson introduces The Robot Store's
fiftee nth ca ta log to a soon-to-be robo t builder.

m R OBOT S CIENCE & T ECHNOLOGY I

N ewton Research Labs' Mach V high-speed
autono mo us soccer robo t.

Lynxrnotion's Hexap od walk er strutt ed
for RoboExpo using the new First S tep

programmabl e microcontroller
(introduced in Jul y's RS&T) .

--- - - - _ ._- --
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Rand y Ca rte r with Vict or, a cube­
stac king robot designed for a con test
at the University of Washington . See

the website www.nwlink.com/
- kev inro/uwcontest for det ails.

Newton Research Labs
Machine Vision and Robotic Systems

www.ne·.Jto··11bs, I'"

Left to right: Carl Witty, Jacob Parks,
Randy Sargent, and Richard Everett, all
part of th e Newton Research Labs team.

Newton Labs' John Bram blet shows a fut ure
robot icist how to attrac t and guide a robot

with a co lor-coded paddle.

Sea ttle Roboti cs Soc iety's
Garret Myrick, 13, and his

four-legged walking bot.

~S&"'if'
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Leave the wall to
find your island .

J
j
l
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Most micromouse robot s can on ly sense whether th ere is a
wall directl y ahead, to th e left and to th e right. Based on

such limited inform ati on , the robot must rely on proven
algorithms to syste mat ica lly explore th e maze to find a path
to th e destinati on . A "smart" robot eve n tries to find the

shortest path to th e destinati on to minimize th e tim e it takes
to tr avel to the destination. In th e Jul y 1998 issue, we

explained the te rmino logy used , basic robot abilit ies, and
exploring th e maze (pg. 3 1). We employed th e "wall hugging"
algorithm and discovered its main fault. In essence, if the
robot swims along th e shore line of a lake,

it will never reach an island in th e middl e,
and if the island is its destinati on, it will
fail. The failure is, of co urse, att ributable

to th e inadequat e algorithm. This art icle
discusses anothe r popul ar algorith m used
to solve the micromouse maze-Depth-first Search.

This method is a little more co mplicated th an the wall­

hugging technique. That's the bad news-the good news is
that it will explore , find and map our elusive island ! Essen­

tial features of th e depth-first searc h algorithm are that it:

(1) remembers wh ich ce lls are already explored;

(2) systemat ically explores unexplored cells;
(3) goes back (retrac ts) when th ere are no unexplored but
reacha ble ce lls.

Un like the wall-hugging method , depth-first search (DFS)
requires some suppo rt ing dat a structure. First, a "recursive"

description of th e depth-first search method .

DFS (coordinate X) .

Mark X as explored

for all Y such that Y is an open
neighbor of X

if Y is not explored then

move from X to Y

returns to th e sta rt ing ce ll. The depth-first sea rch of a ce ll is

invoked simply by DFS( S) , in which Cell S is the sta rt ing
locati on .

Translating recursive to iterative­
finally easy understanding
A recur sive description is difficult to dem onstrat e, and a
recursive functi on is difficult to implement (especi ally on a
microcontroller without a deep stac k ). For tunately, all

recursiv e descriptions ca n be t ra ns la te d to n on-recu r-
s ive iterative descriptions. The only

requirement to und erstand th e iterative
version of th e depth-first sea rch method
is und erstanding the meaning of stack. A
stack is a conta ine r where th e last item
put in (a "push") is the first item retri eved

("a pop") . This manner of inserting and ret riev ing inform a­

tion is also ca lled "LIFO" for last-in-first-out. You may think
of a stac k as a pile of plates when you wash dishes. The last
dish you place on th e pile (push ) is the first you wipe dry

(pop). Like th e top of the dish pile, th e to p of th e stack is the
item th at will be the next item to be retrieved (popp ed) .

With this in mind, let us recast th e depth-first sea rch method
in an iterati ve style.

DFS

empty stack

push starting location S to the stack

while the stack is not empty do

let X be the location represented
by the top of the stack

mark X as explored

if there is an unexplored open
neighbor N of X

push N on the stack

move from X to N

DFS(Y)

move from Y to X

end if

end for

R OBOT S CIENCE & T ECHNOLOGY '

else

pop the element representing
location X from the stack

if t he stack is not empty

let Z be the location
represented by the top
of the stack

mov e from location X to
location Z

end if

end if

end while

end DFS

Note th at thi s algorith m does not sto p at th e destinati on (as

th ere is no test for th e destinati on in th e code ). This algo­
rithm explores allce lls reach able from the sta rt ing cell, then

end DFS

You may ask, how do we kn ow whether a ce ll is an open
neighb or ?The robot knows because it senses the presence of

walls in fron t, to the left and to th e right of it . Furtherm ore,
th e robot also remembers walls th at it has encoun te red.

I

I

I,
I

I_~.~~



'''.1 R OBOT S CIENCE & T ECHNOLOGY I

Stack Explored Action and Explanation
Bottom Top Cells

S Initialize the stack with just Ce ll S.

S S Mark Ce ll S as explored.

SA S Cell A is unexplored and an open neighbor of Ce ll S, "push" Ce ll A to the
stack. Note that we choose Ce ll A instead of Cell C because we explore clockwise
from the north. At thi s point, move the mouse physically to cell A .

SA SA Ce ll A is now top of the stack. Note that the mouse is also at cell A physically.
Mark it as explored.

SAB SA Ce ll B is unexplored and an open neighbor of Ce ll A, "push" Ce ll B on the
stack. Move the mouse physically to cell B.

SAB S A B ·.. The following steps are similar to the step above.

SABE S A B · ..
SABE S A BE · ..
SA BEH S A BE ·..
SA BE H S A BEH ·. .
S A BE HG S A BEH ·..
SA BEHG S A BEHG ·..
S AB EHG F S A BEHG F At thi s point, the robot is at Ce ll F. Ce ll C is the only unexplored open neighbor

of Ce ll F. The robot "pushes" Cell C on the stack, then moves to Ce ll C.

SA BEHGFC S A BEHG F The robot is now at Ce ll C.

SA BEHG FC S A BEHG FC The robot is at Ce ll C. Mark Ce ll C as explored. Note that at this point, Ce ll C
has no unexplored open neighbors (both Ce lls Sand F are marked explored).
The "else" part of the condit iona l sta tement exec utes, and Ce ll C is "popped"
from the stack. The robot moves to the new stack top, Ce ll F.

S A BE HG F S A BEHG FC The robot "backtracks" because the current cell (top of stack) has no unexplored
open neighbors until furth er notice. At each step of retraction , th e algorithm
"pops" th e stack and moves the robot to th e new stack top.

S A BEHG S A BEHG FC ·.. .
S A BE H S A BEHG FC ·..
S A BE S A BEHG FC ·..
SAB S A BEHG FC · ..
SA S A BE HG FC

The robot backtra cks to Ce ll A. Of all open neighbors of Ce ll A , Ce lls Sand B
are explored, but Cell D remains unexplored. The "then" part of the conditional
sta tement executes. The robot "pushes" Ce ll D on th e stack and moves to it.

SA D SA BEHG FC The robot is now at Ce ll D.

S AD S A BE HG FC D The robot marks Ce ll D as exp lored. Ce ll D is also a dead-end (no unexplored
open neighbors). The "else" part of the conditiona l sta tement executes. Cell D
is "popped" from the stack, and the robot moves to Ce ll A .

SA S A BEHG FC D Co ntinue th e back track, the robot "pops" Ce ll A from the stack and moves to
Ce ll S.

S S A BEHG FC D We are now back to the sta rting cell, Ce ll S.

S A BE HG FC D EMPTY STACK- we are done!!
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H2-KT Hexapod II Kit $375.0CI!
• Full Size Hexapod Robot.
• 2 Degrees of Freedom per Leg.
• Low Current Draw Leg Design.
• Excellent Advanced Project.
• Mechanics / Servos only, Add 2 SSC-01 .

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

MM-KT Micromouse Kit $95.00 .
• Designed for Table or Smooth Surfaces. I
• BASIC Programmable .
• Requires Soldering. !

• Great Intermediate Project.
• Complete Kit, Works with Tracker / IRPD.

3AA-KT 3 Axis Arm Kit $155.0Cl
• Pre-Assembled Servo Controller.
• BASIC Controllable .
• RS-232 from PC or Microcontroller
• Great Kit for the Beginner.
• Complete Kit.

5AA-KT 5 Axis Arm Kit $195.0Ci
• Pre-Assembled Electron ics.
• BASIC Controllable .
• Easy RS-232 Control from PC or Micro.
• Excellent Intermediate Project.
• Complete Kit.

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.

t-----htfp://www.lynxmotion.com----=:I
MRA-KT Mobile Arm Kit $250.0CJ

• Pre-Assembled Electronics.
• BASIC Controllable .
• Easy RS-232 Control from PC or Micro .
• Excellent Advanced Platform.
• Complete Kit, Works with Tracker / IRPD.

,----------------------_."'"
BASIC Build your own Robof
Controllable We ·Make it Easy!
Robots -~~):';~f,."..~".--..}

S A B

C ~ E

F G H

An Explanation-PLEASE !!
While th e descripti on looks complicated, we can easily dem­
onstrate how th e algor ithm operates. Let us consider th e
following maze (Cell S is th e start ing cell and Ce ll D is th e
destination ):

Figure 1: Coded layout of the maze.

North

South

Note th at th e DFS method guarantees to explore all cells
th at can be reach ed from th e start Ce ll S. By th e end of th e
DFS exploration , th e robot has a complete map of the maze.
This fact is import ant when we need to find th e sho rtes t path
from the start ing cell to th e destination cell.

We can tr ace how the stack cha nges as the algorith m
exec utes. The first co lumn of th e trace table (previous page)
sho ws th e conten t of th e stac k (r igh t-most item is th e "top") .
The second column indicates which cells are already marked
explored. As an arbit rary convent ion, let us explore open
neighbors in a clockwise fashion, starti ng with th e north.
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You should now be more comforta ble with th e Depth-first
Sea rch meth od (especially th e iterat ive version ). The next
art icle in thi s series will deal with- th e Flood-fill algorithm.

i'\.S&"'ii"

We met Tak Auyeung at the IEEE Re­
g ion 6 mi cromouse compe titio n at
UCO, wh ere Tak teaches the UCO
Micromouse Lab. In his other life, he's
the software development group leader
for embedded controllers at Zworld.

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. j

..-------Accessories------~
FS-01 First Step (Stamp 1) Microcontroller Kit $40.00 III

SSC-01 SSC Serial Servo Controller Board $44.00 .
IRPD-01 Infrared Proximity Detector Kit $30.00
TRA-01 Tracker Line Following Sensor Kit $20 .00
DHB-01 Dual H-Bridge DC Motor Driver Kit $30.00
SM-01 ServoMotion for Windows (General Purpose) $30.00
RM-01 RoboMotion for Windows (For 5AA-KT) $30.00
S6P-01 Hitec 420zlin Servo 6 Pack $80.00
SLS-01 Hitec 1330zlin Large Scale Servo $40 .00
BMR-01 Mobile Robots Book $48 .00
TRP-01 The Robotic Practitioner Back Issue Set (6) . . . . . . $40.00

I-----Ask tor our tree catalog!---..I

Lynxmot ion , Inc . ' . . Tel: 309-382-1816 1.
104 Partridge Road . . Fax: 309-382-1254 I
Pekin, IL 61554-1403 USA Sales @lynxmotion.com
http://www.lynxmotion.comTech @lynxmotion .com !

R OBOT S CIENCE & T ECHNOLOGY'
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~5&. acce p ts qualit y fe a ture a rt icles fr om
• ~ indi viduals, an d o ur rul es which go ve rn
accepta nce of manuscripts are tight but fair. If you would
like to write for us, just follow the guide lines pro vid ed here ,
and submit th e manuscript to us. If your art icle meets our
requirem ents, we will work with you, and the result could
be an art icle in our magazine. You should:

Tailor your presentation. About h alf our subscribers are
eng ineers and aca de micians, and most of the rest are stu­
dents, so the prese nta t ion ca n range from in tel lec tually
st imulati ng for the most technicall y ade pt, to understand­
able for those who are not yet educa ted to th e high est level.
A basic tr ut h about all wh o read our magazine is tha t they
are cur ious about all aspec ts of technology within the ex cit­
ing science of robot ics. They are interested in how things
work, and ultimat ely might like to get involved at a hands­
on level. O ur desire is to pro vid e some th ing interesting and
cha lleng ing for everyone.

R OBOT S CIENCE & T ECHNOLOGY

robo t ics, like art ific ial intelli gence , if the mat eri al h as beer
ex te ns ive ly revi sed and made applicable to robo t ics throu gh
an or igina l thought process. O ur subscribe rs want to reac
about new technology, fresh ideas and new approa ches tc
probl em -solving. You owe it to them, and to yourself, to keel'
the lev el of new co ntent as hi gh as possibl e.

Content
Your art icle should have at least introdu ction , di scussion anc
co nclusion sec t ions . Short articles may co n ta in 800 to abou t
3000 word s, while the typic al feature manuscript for RS&1
should co n ta in 3000-3 500 words, and several ph otographs
figures, graphs or tabl es. Rem ember the essen t ials of gooe
writing; clarity, co nciseness and accuracy. A gene ra l outl ine

Introduction. This is your opportun ity to acqua in t the read er
with your subjec t matter with gene ra l information. It is c
roadmap for th e discu ssion that follows, and it should not be
too precise.

Discussion. This is a detailed discu ssion of your subject mat ­
ter, and it should unfold in a logical , orde red manner. Check
all mat eri al presented as facts; it is your responsibility, anc
afte r all, your n ame will appea r on the art icle.

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

the art icle, but it does need to summa rize it in gene ra l ter ms
It can also be used as a spring boa rd to the next segme nt if the
art icle is one of a series.

Details for text
The first page should include your name, address, telephone
nuruberf s), e-ma il address, websit e U RL and dat e.

We prefer that submissions be attache d to e-ma il as MS Wore
(PC or Mac) or WordPerfe ct files. If you do not have those
programs, submit the art icle in A SCII, MS-DO S text, or rtf
Do not embed graph ics, but send them in sepa rate e-rna ils
to keep file size sma ll.

If text is submitted in h ardcop y, it should be on white, 8.5 x
l l-tnch paper, one side on ly, double-spaced in minimum 11·
point type, and you should also pro vide it on a 3.5- inch floppy
disk in the pro gram s listed above .

Use sho rt , crisp sen tences and keep paragraphs to about three
or four sentences. Use subheadings to break the text in tc
eas ily read abl e and identifiabl e sec t ions .

Double and triple check your facts. Verify th e spe lling oi
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A ll artwork must be submitted with the fea ture art icle.
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Editor
Robot Sc ience & Technology

235 1 Sunse t Boulevard , # 170-253
Rocklin, C A 95765

USA

Mail hard copy and graph ics to :

• Line art­
Adobe Illu stra tor ,
EPS, TIFF, or BMP.

Figures, listings, tab les, and caption s should be provided at
th e end of th e art icle, or in separate files.

Miscellaneous
Provide a brief background sketch , including (but not lim­
ited to ) where you work, your ed ucation and e-ma il address
if you wish to be access ible to our readers. We encourage
reader commen ts and responses to all art icles.

We will accept manuscri pts for rev iew, but the y will not be
returned unl ess a SASE is prov ided. A rticle ideas may be
approved in adva nce, but no guarantee of acceptance isgiven
until the final copy is reviewed .

Send submissions to: editor@robotmag.com

During th e ed it ing process, we may request cla rifica tio n or
for add it iona l materi al. Your responses should be as prom pt
as possible, and we would appreciate a twe nty-four hour turn­
aro und. Often , telephonic com mun icat ion elicits add it iona l
inform ati on, so please be accessible.

The ini tial layou t is proofread during staff rev iew and by you.
Aga in, a qui ck turnaround will be req uested. Basica lly, you
check for co nte n t, and we design the art icle.

art icles. Do not place
graph ics in to a word
processing documen t.
Save th em as separate
files in th e following
form ats (M ac or PC ):

• Schematics­
TIFF, EPS o r BMP
files.

Editorial
Process
A ll mat erial accepted for pub licat ion will be subject to ed it­
ing by our staff. If your manuscript co nta ins a large amo un t
of misspellings, grammatica l errors, or requires ex tens ive ed­
iting for any ot he r reason , it may be reject ed . Do not rely
solely on a spe ll-chec ker.

Keep th e backgro und neutral; a busy bac kgro und detract s
from th e inten ded objec t of attention.

Caption eac h photograph. Nobod y kn ows better th an you
what you have photographed, so number eac h one on th e
back with a st icker to preclude scor ing th e ph oto . Referen ce
th em on a caption page enclose d with your story.

If you are writing a cons truct ion art icle , you sho uld prov ide
the reader with th e following informati on :

• A ny spec ial equipmen t needed for
const ruct ion or tes t ing.

• Known sources for ob ta in ing parts, and be
sure to include th e complete address, phone
number, website URL and e-ma il address so
our readers ca n contac t the source direc tly.

personal names, titl es, and compa ny names and make certa in
that da tes, phone nu mbers, and references are correc t.

Be sure to refer to all photographs, figures , tabl es and lists in
the text.

Other Graphics
A ll graph ics must be 300 dpi , and a minimum of 2-inc hes
square. We may redraw figures to maintain consistency among

• Part s list .

If you use acro nyms, do not assume th at readers und erstand
what th ey mean . The first referen ce sho uld be fully describ ed,
followed by the acro nym.

Photographs
At least two photos are desired for each art icle submitted .
Do not send negat ives.

If you are ph otographing a robot, we must see th e whole fig­
ure, but we also want close-ups of the drive train , power plant,
senso r array, or anyth ing e lse th at is capt ivati ng about your
robo t. If your art icle is a how-to piece, ensure th at pictures
of eac h phase of your project fit with th e text.

We prefer to scan photographs ourselves, and 4 x 6 or larger
glossy co lor pr ints give us the most lati tu de. Electronic
submission of ph otographs is not acceptable.

Include the who le subjec t in th e ph ot ograph . If in doubt,
shoot wide and we will crop it.

Foc us-Depth of fie ld a n d detail a re v ita l. Do n ot
send photograph s tha t are out of focus since they will not be
used . It sho uld be not ed that cameras th at focus auto mat i­
ca lly ofte n pro d uce fuzzy im ages in th e h ands of an
inexperienced photographe r.
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Robots Aren't The Only Things
That Have To Be Balanced
Just a quick note having read RS&T issue two. I found th e
art icles a little short. For exa mp le, I wanted to read more
about the bridge-cl imb ing winne rs and the m icrom ousers. It
seems you put so many different things in this issue that th ere
was not roo m for the m all to be covered properly. A web link
does not sat isfy whe n you cannot click on it wh ile reading
the magazine. O the r subjec ts are treated better. I would say
tha t there was too much of the basics, since you had bot h
Flashy Logic (5 pages) and Basics of a Digita l Brain (5 pages).
But then, as someone who has bu ilt electronic hardware and
programmed micros for over 20 years, maybe I am biased.
Please conside r covering fewer top ics with more detail , and
be assured I look forward to my next issue.
- Ian C ull

Hang On Loopy, Loopy Hang On
Pe rhaps I'm mi ssing so mething, or I'm confusi ng yo ur
algorithm, but it appea rs to me the robot will simply go in to
a loop of right turns if not placed with the wall to its righ t. It
also appea rs you need to ind ent your loops and if statemen ts
or provide bracket s. It is not obvious if the last else goes with
the first or seco nd if sta tement. - Theron W ierenga

Author Tak Auyeng responds:
Our reader is right on both counts! Good catches, however, the
behavior of a wall hugger is not defined when there is no wall
around. The logicalchoice, I guess , is togo straight forwarduntil
a wall is found. As for the indentation, it must have been lost in
the editing. We have made certain that the depth~firs t search algo~

rithms areproperly indented in the article on page 40 of this issue.

The editor add s:
One of our goals is to have no mistakes in the magazine, and we
are working hard toward that . We feel that we have made
significant progress with this issue, and would like to know what
you think.

The publisher responds:
Thanks for the feedback, Ian, and I agree with every bit of it. X
was also disappointed to see so few technical details emerge from
our bridge~climber and micromouse stories. SoI trimmed the fat ,

aa:l dOD >I:Jeqpaa doo

"The technology is nearly available. There are probably a hundred thousand people
worldwide who would be willing ro pay $ 100,000 for [a household robot like C3PO]. That
$ 10 Billion market will not go overlooked for long."

- Nicholas Negrop onte, Being Digital, 1995.

Feedback·
Loop

m R OBOT S CIENCE & T ECHNOLOGY I

The Potential For Analog Circuitry
IsAlive and Well
I would like to co mment on the Ico noclast's "Software
Viagra" in the most recent issue of RS&T. I agree with what
was said in that article. In fact, I go much further. Program­
mers are not on ly attempt ing to solve hardware pro blems
with software, but they also attempt to solve eve ryth ing else
with the robot's brain. W hen we human s balance, we don't
"t hink" about it nearly as muc h as we "react" to it. A robo t
should employ as much ana log circu itry as possible to react
to its environment an d leave the software for solving othe r
tasks. As an examp le, anyo ne attempt ing to balance a bipe­
da l robot using software is ind eed using a hammer to solve
the problem . I wou ld like to see some articles based on this
type of non -software control ci rcu it ry (I 'm not ta lking about
simp le bumper switches here, but "smart " analog circuits ). Is
there anyone in the field of robot ics who uses th ese methods?
- James Ross

The Iconoclast responds:
T hanks for your comments and compliments. You make a good
point- why not use smartanalog circuits forreactivecontrol? My
guess is that; (1) many [Jeo[Jle find analog circuitry more difficult
than digitaldesign, (2) one can tuneor fiddle withadigitalapproach
by software mods, whereas changing an analog circuit means
changing components , (3) many people come to robotics from a
computer science background, and (4) computersoffer theprom­
ise of versatility viaprogramming. A lthough there's a price to pay
in terms of complexity , costand response time, computer control
seemstobe vastly preferred, relegating the [Jroblem tobetter, faster,
chea[Jer computing [Jower . T he revolutionary change Rodney
Brooks at MIT made to robotics in the late '80s was using tight
feedback 100[JSbetween sensors andactuators toachieve real~tim e

response in mobile robots. T his technique later came to be called
"reactive behavior" andisused widely today for "low~level" control
of mobile robots. However, analog circuitry is stilla viableoption
that seems to have been slighted. T he major proponent of analog
circuitry is MarkTilden, founder of theBEAM robotics approach.
There is a BEAM web page at htt[J://sst.lanl.gov/robot/.
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Dear Dave,

issue, I now kn ow more abo ut programming than any N av y
school ever taught me.

Dear Travis,

Fabricators Unite!
I think your magazine is one of the best sources of informa­
tion on the to pic of ro bo t ics. I'm a software eng ineer by
profession, but I like to play aro und with robo t ics. I h ave a
little ex pe rience in elec tro n ics and restore pinball machines
as a hobby. I espec ially liked the art icle in the most recent
issue abo ut inj ection molding sma ll plasti c pieces. It was one
of those rare art icles th at co uld be just the key for someone
building a robo t . Looking forw ard to the next issue.

- David Wagner

I h ave a qu esti on abo ut th e TuteBot art icle in the Jul y issue.
Dr. Bob Brad y mentions a model bulldozer kit for the h acker
ve rsion of the bot . There is on ly a sma ll toy sto re in my area
and th ey don't have much, and I on ly see one bulldozer lego
kit in any of the web pages I've visited. Is the bulldozer mod el
he talk s about a lego or othe r set ? I don't want to orde r the I

lego bulldozer and find that it is just one of the simple kid
kits. I really want to try this out so any help is apprec iated .

- Travis

Thanks, and you will notice that wecontinue the fabrication series
in this issue with a feature on casting lightweight /llastic gears.
Toward the end of 1999, we will collect all these features and
publish them in book form. It will be available through our Web
site, www.robotmag.com.

One of our habits is taking care of hands-on robotics folks like
you, so standby sailor, /Jlan of the day follows: Mon do-'Ironies
Robot Store, www.robotstore.com. 800.374.5764, has an
excellent hackable bulldozer kit forabout 40 bucks. It has a tank­
like base, and a wired remote control for full forward, reverse,
and left and rightmotion . The kit includes a twin motorgearbox,
extra track segments and other /Jarts, and runs on AA or D batts.
Travis-check it out!

--~._-- --- - - - - ---- - - - -

Dear PAL ,

Doctor 'Dozer To The Rescue
First off, I just want to say that this mag is reall y cool. I've
always been fasc ina ted with robots and othe r motorized gad­
gets. I've been in the N avy for 7 years working with co mpute rs
and afte r reading the premier co llecto r's issue and the Ju ly

Dear Rick,

There Are Some Centerfolds
Your Mom Can See
G reat issue aga in, so don't drift fro m this format, which has
some th ing for everyo ne. Keep up the beginner' s focus. O n ly
one co mplaint: Please put adve rt iseme nts on the back of th e
ce n te rfold . I keep all myoid magazines for reference and
would like to h ang up the ce n te rfold , but it takes co n te n t
away from th e magazine. - Rick Rowland

cut them down, and expanded Flashy Logic with useful informa­
tion. I think you willfind that this issue is more technically in-de/Jth ,
but that it also continues with our policy of im/Jarting how-to
knowledge to our readers who are not as experienced as you are .
Our desire is to strike a balance between very technical features
and the basics, so that we present something of interest to allour
readers. Please continue to let us know how we're doing.

Thanks for the kudos, and you have put your finger on a key
element of our editorial philosophy, which is to balance the con­
tent of our magazine with something for everyone. Thanks again
and please stay tuned.

Goo d /wint , and we have taken it to heart. But you know what?
A fac t of life in the magazine business is that no book can survive
on subscriptions alone; advertising tends to /Ja y the freight. The
bottom line is that we have to keep you and our advertisershap/Jy.
Our solution is a compromise: We have, in this issue, set the
standard for the centerfold by /llacing our own ad and a to/Jical
editorial piece on the back sides of the centerfold, along with a
brief description of the subject portrayed. Let us know what you
think.

Want To Get Wired? Help Is On The Way
Just wanted to d rop you a note to thank you for your maga­
zine . It's terrific, and eve n the ads are goo d. I never knew
there was so much out there for personal rob otics, and espe­
ciall y apprec iated your TuteBot and Flash y Logic art icles.
I've always wanted to get in to build ing ac tua l rob ots, and
while I'm goo d at whipping up mechanisms and devi ces, I
just don't know enough abo ut electronics to ac tua lly wire
togethe r a real robot. I hop e you co n t in ue to run more intro­
level art icles as well as mid-ranged and adva nced. - PAL
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NEWEST MEMBERS TO THE RStiT TERM

Publisher's Note: To make this a truly world,class magazine, and to make monthly deadlines, we sorely needed
experience. We're incredibly fortunate that these folks are lending theirexpertise and energy to our endeavor.

-Mike

Floyd Painter
Editor-In-Chief
Floyd brings to our sta ff a du al background in microwave electronics and publish ing.

Following hi s N avy service as co mmande r of a strateg ic commun ica t ions squadro n, he
was a marketing eng ineer with Watkins-Johnson in Sa n Jose, spec ializing in electron ic
surveillance systems. He later served as Editor-in-Chief of The InternationalCountermeasures
Handbook and T he C3 I Handbook at EW Commun ica t ion in Silicon Valley. Most recently
he was operat ions office r at Inkode Govern ment Systems, which designs and builds radio

frequ en cy anti-co un terfeit ing systems. RS&T readers may kn ow him as the Editor-in-Chief
of th e respect ed Defense Electronics magazine.

GENE RONAN

TECHNICAL EOITOR
RS&T extends a hearty 'welco me aboard' to our new Technical Editor, Gene Ronan. He

joins us following a technical/ editorial career as Sen ior Man ager of Programs with Gencorp­
Aeroj et in Sacrame nto. He spent man y hours working close ly with sen ior sc ien tis ts,

investigator s, eng ineers and technicians, ed iting technical reports and pro posa ls. This
followed hi s tenure with Electro Static Sounds Syste ms, where he progressed from writing
manufacturing procedures to heading Informat ion Syste ms. His expert ise in tec hn ica l ed­

iting will be evident as RS&T's technical acc uracy and clari ty approach infinity and beyond.

I

I

I
I
I

I

PATRICIA DELANEy-RIDS

CUSTOMER SERVICE REPRESENTATIVE

Pat added her valuable skills to our ove rworked C irculat ion , Subscriber and Fulfillment
sect ion. She came to us afte r 15 years of service as an A ir Force supply officer. She ea rne d
a BS in Ret ail Man agement, and an MS from th e A ir Force Institu te of Technology. She's

got a heavy workl oad ; but she makes it look easy.

'1:1 R OBOT S CIENCE & T ECHNOLOGY I Photograph s of Floyd Painter, Gen e Ron an and Mike Gr een e (pg. 5 ) by Cy nthia Morri ssey, Full Spec trum Phot ography .
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1 Subscriptions & Renewals

Readers N ote: More th an eve r, RS&T 's d irection is leaning heavily toward practical educa t ion
at th e indi vidual level. I'd love to read your comments about this. Email Feedb ack@RobotMag.com
or Robot Science & Technology 235 1 Sunse t Blvd # 170-253, Rocklin C A 95765. - Mike

C HARTE R SUBSCRIBERS (pa id by Dec I) may ex te nd th eir subsc ript ions by choos ing eithe r:
I) Convert from 6 to 12 issues by sending us a check for $ 19.

(T his will extend your subscript ion to 12 issues.)
2) Renew during Nov/D ec 98 for a spec ial cha rte r ren ewal rate of $3 4.

(This will add 12 issues to your curren t 6- issue plan, for a total of 18 issues.)

Don' t miss a sing le issue! Send check or money orde r to arrive by December I, 1998. Mail to:
Accounting, Robot Sc ience & Technology, 235 1 Sunse t Blvd # 170-2 53, Rocklin C A 95765.

Visa and MasterCard accepted world-wid e through our Secure Se rve r at www.RobotMag.com
or ca ll 9 16-660 -0482 for cred it ca rd ord ers, 9 a. rn, to 5 p.m., Californ ia time, Monday - Friday.

NEW SUBSCRIBERS (sta rt ing November I , 1998) will receiv e 12 issues for $39 (USA)
Pre-paid Subscribers will be eligible for future specia l offers. Subscribe rs outsideUS must pre-pay.
See International Postal Cost Not es below.
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Or wri te to us:
4286 Redwood Hwy #226-138

Son Rafael CA 94903
Phone 415-4 91 -4600 • Fox 415-4 91-4696

Email in fo @mondo.com

For our Special Canadian Friends: Ren ew, prepaid , before Jan 1, 1999 for 12 more issues, for
on ly $49 (US funds to th e Accounting address, just above ). MasterC ard /Visa see above.

Libraries and Schools: Robot Sc ience & Technology is an exc it ing , informati ve magazine about
an ex h ilarat ing and educationa lly vita l to pic, and it will prove to be one of th e most popul ar
pe riod ica l t itles on your boo kshelves. Act now to make this practical technology magazine ava il­
able to your stude nts , research ers, eng ineers and educators. They will th ank you for it.
For $99 (in th e US on ly), scho ols and libr ari es will receive 12 monthly issues of th e magazine.
Prorat e for 36 , to or 9 month periods. Specify th e dat e you wish to begin th e subscript ion . Se nd

-I a prepa id purch ase orde r or requ est a pro forma inv oice.

I Library Se rv ice O ffice
I Robot Sc ience & Technology
\ 235 1 Sunse t Blvd # 170-253
i Rockl in , CA 95 765

-j ll n ternational Postal Cost Notes

~ (M ost of th e cost of internati onal services is to pay sh ipping. )
_i Internati onal orde rs must be prepaid in US funds, che ck or money orde r.
~l l nterna t iona l Subsc ript ions: 12 issues (individual or institution) : $99 IJrepaid.

ylS ubsc ript ions are risk-free! Full 90- day refund gua ran tee d in US and Canada. Internati onal re­
_(fun ds are prorat ed : see Internation al Postal Cost Not es above.
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Booting Up Your
Robotics Busin

Your cornerstone order

mall

Pro pTop knows he can develop robots tha t will imp rove

operat ions in many industri es. How can he turn th is in to

pro duct orde rs? There are man y steps, but th ese are crit ica l:

A sale to a
major customer

gives a company
the cash to move its

products into the
mainstream.

by John Bassett

W illy Lom an didn't say it,
bu t h e wou ld h av e
agreed: In bu siness,

nothing happens without a sale.

It's ofte n painful for inventor s
to admit, but th e most inno­
va t ive products are n' t always

the greatest comme rc ia l successes.

(T hi n k abo u t Beta VC R's a nd
Macintosh co mpute rs, for inst ance.)
More often tha n not, th e prod uct that

is sold best tops the one th at is designed
best.

O ur pal PropTop isn 't much interested

in emulat ing Willy Lom an's "smile and
a shoesh ine" way of life . (B esid es,

howinhell do you sh ine a pair of sneak-

ers?) Sti ll, if he wants to make some th ing of hi s robot ics
business, he must cons ide r th e sales side .

When you pee l away the layers of prot ective pomposity from
most successfu l compan ies, you discover th at most of them
attaine d critical mass with a sing le sale, a sale of a key prod­
uct to a ma jor custo mer. That "cornerstone sale" gives a

company the cash flow, prestige, and cha llenge to become a
mar ket force and move its products into the mainstream .

It won't be any different in the robotics business. During the
next decade, thousands of compa n ies in hundreds of indus­
tri es wil l eva luate ro bo ti cs app l ica t io ns for their
manufacturing and security needs. The robot ics busin esses

that will be listed in the Inc. Magazine 500 of 2009 will be
the ones that an ticipa ted th e market , discovered th e needs,
and communicated the ir capabilit ies.

Listen to your
customers

Don't tell them what the robots
yo u' re making today do , as k.

the m what ope ra t io ns they
need robo ts to perform. Then

adapt or design your product
to fit your customers' needs.

Think outside
the lines
That robot you bui lt for fire protec­
tion might be more in dem and as a
sprayer of pes t ic ides covering 100
percent of a floor surface each nigh t.

Tell the world about
your successes

Three hundred years ago, someo ne said "If you build a better
mousetrap, th e world will beat a path to your door." That
was true then, whe n there were on ly a few sign ificant new
inventions eac h year. Today, inthe t ime it's taken you to
read this, dozens of great new products have been born. Don't

assume that because ten co mpan ies in the co mpute r indus­
try kn ow about your product that eve ryone e lse does. Send

press releases and success sto ries to Robot Sc ience & Tech­
nology and to trade publications covering th e industry you
sell to and all th e indust ries you'd like to sell to.

Many inventors are shy, introvert ed peo ple. They're not com­
fortab le selling. The truth is, we' re always being ca lled upon
to sell ourselves, to our teachers, love interests, bosses, and!
so on . In a fresh new industry such as robot ics, you and
PropTop are not really selling, you're teach ing, giving out
and rece iving infor mation th at will help you and your cor­
nerstone custo mer work together to solve prob lems for your
mutu al profit .

A s Henry Kaiser said, "Find a need and fill it ." Then te ll the
world about it, ove r and ove r. ~S&u=
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From Conception to Creation

How to Construct a
Robot Warrior

Part 1
by Ronni Katz

[
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If you are thinking about en te ring a
robo t ic warrior co mpe t it ion , here
are some very useful tips on how to
prepare. I have competed in the past
two Robot Wars™ and will h ave
three different des igns to en te r the
next co mpe titio n. For th is art icle, I
will be using my lightweight desig
"Che w Toy" as the examp le model.
O f the th ree poss ible en tries, this
one is the most basic and the one
that will actually be a "garage built"
robo t using easily obta ina ble parts
and tools that most builders either
already own or ca n acquire with
ease .

For this first part , I will be covering
the research and concept ion stage
and the pre-construction phase. The
latter phase is wha t you do short of
cutt ing the metal and welding it
t oge ther , etc. The ste ps I a t
detailing are wha t my team did in
build ing our main en try, S PIKE

(now up to Revision 3 ), and what are good ways for novice compet ito rs to break in without
gett ing in ove r their heads.

In conclusion , I will also be giving a partial listing of reliable part suppliers. It would be an art icle
in and of itself to detail all the companies I kn ow of that have supplied robot warriors with parts
for their machines.

--,.--~- -- - '-- - - - - - "'-.- . ._-
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co mpet it ion.

Since I mention ed my Website, here is what I have on it . It
has a ph oto of eve ry entry in eve ry weigh t class (ove r 200

ph otos) of robots from th e 1996-97 co mpet itio n and det ailed

reports of th eir battles. T he site is curre ntly bei ng upd at ed to

include digitized video cl ips from the 1997 co mpet it ion, as

It is worth sending an e- ma il to an on line co mpet itor to see

if th ey have video or ot her informat ion they would be willing

to sha re with a newcom er. Most' of the folks are ve ry open

and encourage those interested in participati ng in Robot Wars

to discuss ideas and ask us more experienced folk s questions.

We old-t ime rs want to see more people invol ved and are

willing to offer adv ice. We ca n provide the nam es of reli able

suppliers, wh ere to get good qua lity remo te co ntrol (RC )

radios and spee d co ntrollers, and do desig n cr it iques (if you

really need tha t kind of help ) for the first-t ime co mpetitor. I

have link s from my Website (www.cvbercomm .net--alindsev)

to th e sites of all past Robot Warriors on the Web. All the

sites have someth ing of va lue to offer.

The tapes so ld by the offic ia l site are hi ghl ights of the

co mpe t it ion and are very glitzy with excellent produc t ion

va lues. They are also about a half-hou r long and focus mostly

on th e heavyweigh ts. If you are buil ding a heavyweight, th is

informati on might be eno ugh. Since most new en tries tend

to be in th e othe r weight categories, you may want to look at

othe r video sources or written reports of what happened in

the are na. So me past competi tors sho t video of the ir robots

in ac t ion, or of the co mpe t it ion itsel f, and have bee n tradi ng

these hom e made tapes with other en th usiasts. The qua lity

may not co mpare with profess iona l videos but the informa­

t ion th ey co nta in co uld be invalu able. Most of th ose I've

seen give you an idea of how the robots did in co mbat , wh at

th e arena is like , and ot her useful bits of data.

A no ther imp ortan t research ing t ip is to de te rm ine what

engineering efforts worked in the past and what efforts d idn 't .

This ca n be accomp lished by purc has ing the videota pes

offered for sale on the official Robot Wars site, th e U RL is

www.robotwars.corn, but if th ey no longer list th is informa­

tion, you can obta in it by requ est through th eir e-ma il address:

Rob otwars@aol. com . They also ma intai n a "sna il mai l"

address for those not net attache d. It is Robot Wa rs, PO BO X

936, Fairfax, CA 94978 and you ca n get entry information

by requesting it and enclos ing a sta mped self addresse d busi­

ness-sized env elope. The othe r way is to visit the un official

sites owne d and run by past co mpetitors, like mine. Often

posted on these sites is infor­

mation on past ent ries, wh at

worked and what didn 't and

why, a n d photos fro m t h e

Videos are more than
just Action-Packed

R OBOT S CIENCE & T ECHNOLOGY

PAYMENTBY ~ ';' ·~·I ~ ~ FREE SHIPPING
THRIFTY Catalog sent withyour order onorders of $300 orMore

MOTORIZED PAN
Fastens between any tripod head and video camera . Two mot ors allo w
independent smooth remote adjustment of vertica l and horizonta l
panning mo tion Auto Pan Mod e - al lows c ontinuous horizontal panning
mot ion. Switch selec tor for eithe r a 30, 60 or 90 degree movement .
• Maximum horizontal angle +90 •
• Maximu m ve rtica l angle +15
• Power Source 4 AA batteries M

SP
-l 0 1 .

• Panning Speed adjustable 99 .,.,.
Weight 27 oz. - Size 5.75' x4.5 x4'

12V Auto Battery
Charger $40

ATM PRB

12V 4 Amp Quick
Charger $160

BCR153

• Camcorder Batteries
• Blank Video Tape
• Lighting Equipment
• Wireless Mics
• Battery Belts

LEAD ACID CELLS 1 170 Mhz Wireless MIC WLX PRO $139 I

LCR-6V4 $22 DURACELL~ ALKALINE CELLS
LCR-6V7 .2 $35
LCR 6V12 $42 AAA 1.5V 11 20mAh MN2400B2 2 PI< $1.99

- AA 1.5V 2450mAh MNl500B2 2 PI< $1.89
LCR-6VlO $30 C 1.5V 7l00mAh MN1400B2 2 PI< $2.90
LCR-12V3.4 $27 D 1.5V 14,250mAh MNl300B2 2 PI< 2.90
LCR-12V7 .2 $36 PROCELL 9V 565mAh PROCELL $1.95

Step 1-Research

If your introduction to Robot Wars™ was wha t you ca ugh t

on Sc i-Fi Buzzor the Discove ry C ha nne l, th ere is much more

you need to kno w before build ing Mass Carnage, your heavy­

weigh t ent ry. First, it is a good idea to see wh at the curren t

Robot Wars Rules are before you des ign your entry. The rules

do cha nge sligh tly from year to year, altho ugh some safety

pa rameters have rem ained co ns iste nt since the beginning.

The rules aga inst flames, explosives, corrosives and pyro tec h­

ni c devices on ro bots have been ther e from the start.

However, newly added are the rules prohibiting wet-ce ll lead ­

ac id batteries and th at all robots have an
eas ily access ible on/off switc h. These -------------------

cha nges , and othe rs, were added for the

1997 co mpet it ion and will no doubt be

in effect at future co mpet it ions. There are

man y "unofficial" sites whe re robot build­

ers can get informati on on robot ic design , co mpe ti t ion and

bu ilding tips. The BEST place righ t now is th e Robot Wars

forum on Delph i wh ose U n iform Resource Locat or (URL)

is http://www.delphi.com/robotwars/ . From this site you ca n

learn abo ut the SORC-Society of Robotic Combat - and

ot he r t idbits fledgling designers would find MO ST helpful.
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ChewToy with !)rotective armor removed.

robot parts are just exo t ic eno ugh th at th e ave rage
hob by, elec tro n ics or hardware store won't ca rry
them but a cata log co mpa ny will. If you hav e

access to a uni versit y library, espec ially at a school
th at has an engineering prog ram, cha nces are it
will have periodicals and books th at may be of use.

Most of my research was via th e Internet , tel e­

ph one, in person and e-ma il. Since man y of the
co mpe t ito rs a re o n l ine, find an in ex pensi ve
Int ern et Se rvice Provider ( ISP) and get an account.

The Internet is so mainstream that I found th e ISP
I am using listed in th e phone book. So met imes
th e local Intern et service prov ide rs offer better rat es
th an th e larger nati onal cha ins bu t, if you travel

and need to connec t whil e on th e road, th en a local
ISP might not be th e best bet. There are providers

with wide areas of coverage, such as Erols (m y
curren t ISP) th at give good rates and offer a variety
of serv ices. Since the Net is "whe re it 's at" these

days, gett ing connected is worth invest igating.

Research is
more than

important­
it is vital.

well as new photos of the 1997 entries and th eir battle
reports. By the t ime you read th is, all the new stuff will be

on my website and you can get it the re. I included link s to
MANY sites connected to robot building and teams th at
have competed in the past. By th e t ime
th is art icle is pub lishe d, the four hour

documentary on robo t ic co mba t team s

filmed as part of a non-profit educa t iona l
venture to pro mote th e sport to scho ols
and uni versities nat ionwide will be ava il­

ab le to the genera l public. My Website has
all the information on how to get yourse lf
a copy.

A good site to get information abo ut Robot Wars and robot ics

in gene ral is the Use ne t newsgroup comp.robot ics.misc. Here
folks sha re facts about robots th at th ey are building, where

to find pa rts, Ore me l tool techn iqu es, e tc. It is a goo d
gene ral discussion page and a good source of inform ati on.

Man y competitors subscribe to this newsgroup and often dis­
cuss the ir works- in-progress here. It is also a good place to
ask quest ions whe n you have a const ruct ion problem . You
can get adv ice on wha t type of mot or would best power your
heavyweigh t entry, Mass Carnage.

O uts ide of the Internet , othe r good sources of informati on
are magazines like RS&T and hobbyist magazines th at deal

with RC and similar elect roni cs. O rde ring th e part s ca ta ­
logs seen in th ese publications can be extremely useful. Some

Research what supplies you have on hand to do
your building . Do you own a Oreme l too l? Do you have space

in whi ch to build or have access to a pl ace to do the
co nstruc t ion and testing? Do you have access to a machine
sho p or kn ow someo ne who does? How about mi lling equip-

ment ? C hecking out th e avai lability of

time on the mill ing machine in you

friend 's garage, or th e willingness of th e
local metal sho p to cut aluminum or steel
to your spec ificat ions, will indicat e what

resources will be th ere when you need
th em . Local machine shops might find
Robot Wars someth ing they might want
to involve th emselves in and you might

wind up with a sponsor. That happened with Spike II. The
machine sho p th at did all the aluminum cutt ing and welding

donat ed a portion of th eir services in exc ha nge for adve rt is­
ing and help redesigning a PC B. Yes, barter st ill ex ists today.

If you have skills to trade for time on that milling machine or
access to the Heliarc weld er, th en go for it. It cut down on
th e expense of building our robo t and we made new friends

and contacts.

It definitely pays to look in to th e tec hn ica l expert ise th at
ex ists in your own neigh borhood . RadioShack can supply
electro n ic bits and pieces at a decent price. Investigating what

equipment-spec ifica lly RC parts- your local hobby sto re
ca n get for you is important. Hobb y sto res th at ca te r to model

makers (especially model makers who build th eir own RC
planes, boats, et c.) often have a good selec t ion of speed

R OBOT S CIENCE & T ECHNOLOGY
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Step2-Conception

The photographs of my lightweight entry "Chew Toy" sho w
how very simple the design is! C hewie is a very basic robot­

all th e essen tia l part s, such as the motors, batter ies, major

O nce you get your balsa wood mockup within your param­
ete rs and eve ryth ing looks work able, you are ready to spec

out your fin al proj ect. The balsa wood project was th en
broken down into the compon ent part s and used as guides

for cutt ing th e metal for th e final project. If you are doing
your own met al cutt ing, you can take your mockup apart
and use eac h piece as a template for your met al pieces. I laid!

th e pieces on top of th e met al , traced th e sha pe onto th e
met al , and then cut out th e sha pes. That way I was sure all
the metal sha pes would be th e exact size I specified and,
when cut and fit together, would replicate the mockup. Metal
sho ps can also use your balsa templ ate as a guide. If th ey are
also going to be doing all your welding, it is a good idea to

give th em your design sketch and review it with them so
they und erstand exactly what you want your finished piece

to look like. Sho wing th em th e balsa mockup before you

O nce you figure out what you want to build, th e next step is
building th e mocku p. What 1do is cut out of balsa wood th e
frame and th e part s in to which th e motor, th e drive train,

weapon s system, etc. will be fit . Balsa is easy to work and

any hobb yist who has don e or igina l model designs of air­
planes, boats or the like has prob ably done mockups in balsa
wood. Balsa wood is also cheap and readily ava ilable. If you
bot ch someth ing in the mockup ph ase, you can redo it much
more easily th an if you were working in metal.

As you can see, "Chew Toy" has a very simple struc ture. It

will rely heavily on its 3.5hp four-stroke mot or and th ose
rather evil sha rp saws to do its battl e damage. The body
frame-the square stee l tubing and th e wire mesh that will

be used for th e armor-will come from Home Depot, ano the r
grea t inexpen sive supplier. "Chew Toy" is also going to be
someth ing th at all designers like- a cheap entry. The cost
for th is robot (everything BUT th e speed controller) will be
about $500. (Instead of doing wha t I had initially co nce ive
-a simple relay system-I went out and "splurged" on a

Vantec speed controller for "Che w Toy." Its cost was about
what th e ENTIRE rest of th e robot cost but, because th e

spee d co ntroller is an item that can be reused in future
designs, I looked at my ex travaga nce as an investm ent. In
add it ion , it saved the tim e th at it would have taken to con­

struct and prop erly test th e relay syste m I had devised in the
ea rly ph ase of "Chew Toy's" deve lopme n t. )

weapon s, etc. , were not tha t hard to lay out and assemble.

The robot's concept ion came out of th e hypothesis " If I co uld

only use th e Surplus Center catalog to get part s to build my
robot, th en what would I design ?" In reality, I have a lot
more sources for part s. However, I was curious. Could I come
up with an effect ive design by pret en ding I was limited i

part s ava ilability?

Bend Sensors

~ ' 11T ___

___",..-__ Nomina l Resi tance
~ at 0 deg rees 1 0K

S i d e View \ s i ex 9 0 deqrees 20 K ohms
>9 0 degrees 30 - 40K o hms

Speech Recognition Kit
Add spee ch recog nition capab ilit ies to proj ects,
appliances, and robotics. Circuit can recognize 40
user programmabl e one second words. User pro­
grams the 40 word vocabulary. Circuit may be in­
terfaced to othe r sta nd alone circuits o r appliances
or to a host computer syste m. HM200 7 Ie uses lat­
es t LSI technolog y.
Sp eech Recognition Kit un ass embled... .510000

44 ••••••••• • • •T] I. 1I4~

May be used to create a VRglove or as sensor for
rob ot ics. FL01510'"
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..LJ..J..J..Cl.5 '-' S C'orrrparry
(718) 698-8305

39 Seneca Loop >Staten Island , NY 10314 • www.imagesco.com
All orders add $7~ PPH • NYS residents add sales tax

Camera CCD

Solar Engine Kit
Co m plete Solar Energ y Power Plant

522 "

with audi Q
Black and White
Sensitivity: .3 LUX · Resolution: 430 TVlines
Voltage: 9·12 VDC • Output NTSC (1 Vpp)
Options:
CAM-04 3.6 lens 590"
CAM-OSpinhole 590"
Color Versi on 522500

co ntro lle rs and ot he r esse n t ia l equipme nt. Be sure you

purch ase a speed controller tha t will handle th e current you
intend to pump th rough it. Man y people at th e 1996 co mpe­
tition fried the ir speed con tro llers because th ey didn't check

th is de tai l. As far as RC equipment goes my advice is this:
Don't get a cheap radio. It pays to invest in a good quality
PCM or FM aircraft rad io. The aggrava t ion saved will be
well worth the mon ey spen t. Trust me.

O nce you've don e all your research , gotte n th ose part s cata­
logs, kn ow th e rules, and are sure of th e weight class you
want to be in , the next ph ase is co ming up with th e design
sketch. You don't need A utoCAD or any heavy duty engi­

neering software to crea te a basic design sketch. O ur work
was don e in an art ist's sketchpad and on not ebook paper.
The ave rage builder won 't have Au toCAD on his home PC

(unless he is lucky eno ugh to work somewhe re th at requires
it or he has THAT much disposable income) . Au toCAD isn't

necessary if you are doing a simple basic design .
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disassemble it for te mpla te parts is also useful , espec ially if

you are wor k ing with people wh o have no prior ex pe rience

with robotics.

In Part 2 of this series, the ac tua l co ns tr uc t ion of a robo t, as

well as testing to mak e sure the design on pa pe r mat ches

ac tua l performance, and ways to read y it for the arena will be

covered.

Parts Suppliers-Part 1

Industrial Motors

Most industri al motors are purchased through surplus deal ­

ers rather than direct fro m th e manufacturer. Many people

used th ese types of motors at robo t ic co mba t co mpe tit ions .

Litton Poly-Scientific

1213 North Main Street

Blac ksburg , VA 24060-3 100

800.336. 21 12

www.litton-ps.com

Litton manufactures C lifto n Precision industri al servo mo­

to rs. These are we ll mad e hi gh pow er and effic ient dri ve

motors. This brand is used on S PIKE II.

Pittman Motors
343 Godshall Dr.

H arl eysvill e , PA 19438
215.256.660 1

www.pitt ma n ne t.com

Pittman makes good , reli abl e gea rhead motors. These

are co mmo n at robot ic co mba t co mpet it ions.

Micro Mo Electronics, Inc.
14881 Evergreen Avenue

Clearwate r, FL 33 762-3008
813.572.0 13 I

www.mi cromo.com

High -qu ality aerospace gea rmotors. These are above the bud­

ge t of your average Rob ot wars competitor, bu t are hi ghly

recommended if you ca n h andle the cos t. You may find them

via a surplus dealer.

Starter Motors

Sullivan Products
I Nort h Haven Street

Baltimore, MD 21224
4 IO.73 2.3500

Sulliva n mak es ve ry powerful motors intended for sta rt ing

RC a irc ra ft mo tors. These are used by many of the top

middl ewei ght a n d h e a v yw e igh t ro bots, including La

Machine, Vl ad , The A lexande r, and Turtle Roadkiller. Be

warned , how ever, that these mo tors are not designed for

co nt in uo us use under load , and require lots of cooling .

Other Motors

Astro Flight, Inc

133 11 Beac h Ave
Marina De l Ray, CA 90292

3 10.82 1.62 42
www.ast rotlight .corn

A st ro Flight mak es a line of ve ry pow er ful (and ex pe ns ive )

e lec tric a ircraft dri ve motors, gearboxes, motor co n trols, and

batter y charge rs. They also mak e ve ry hi gh qu ality wiring

and co nnectors , hi ghly recommended for your robo t !

Cord less power d rill motors were very popular in the lighte r

weight classes. I haven't used th ese myself and don't know

of specific cheap sources for them, but check o ut your local

Home Depo t , hardware store or power tool rep air shop for

pric ing on these.

Speed Controllers

Vantec
460 Casa Real Place

N ipo mo, CA 93 444
805.929.5055

www.vantec.corn

Vantec speed co ntrolle rs h ave become the standard at co m­

bat co mpe t it ions. They mak e a line of du al- channel spee d

co n tro lle rs, or igina lly develop ed for bomb disposal robo ts and

power wh eelchairs. These speed co n trolle rs are ve ry reli abl e

but are not cheap: the low -end RDFR22 used in Spike cos t

$260, and that was one of the ir cheapest models. Many robo ts

in the sma llest weight cl ass used Tekin and Nova k brand

RC ca r speed co n tro llers. As with all co n tro lle rs, do not ove r­

ex te nd them as I did wh en I used Tekin Rebels for Spike I in

1996 .

Model Control Devices
P.O. Box 173

Bobcaygeon, O n tario,
C A N A DA
KOMIAO

705.738 .13 35
www.mod elcontrol .com

Model Control Devices mak es several remote-controlled

switc h ing modules useabl e for Rob ot Wars, as well as a few

good models of speed controllers.
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Surplus Oealers Lots of random stuff. Cata log has a few gems in it and the

prices are low. Wor th a look .

Se rv o Systems C o.

115 Main Road

P.O. Box 97

Montville, N] 07045-0097

973 .335 .1007

800.922 .1 103

Marlin P. Jon es & Assoc ., Inc

P.O. Box 12685

Lake Park, FL 33 403-0685

800.652.6733

www.mpja.com

www.servosystems.com Assorted surp lus electronics stuff. Call for catalog. i"\.S&O

Servo has a good selection of new and surp lus industri al

motors, and industrial motor control equ ipment. This is where

I found the high powered C lifton Precision dr ive mo tors used

in Spike II.

Surplus Cen te r
1015 West "0" Street

PO. Box 82209
Lincoln, NE 68501-2209

800.488.3407

Everything you need for a h ydraul ic powered robot: h ydrau ­

lic pumps, motors, cylinders, va lves, and assorted gas eng ines.

This catalog inspir ed the creation of "Chew Toy." It also h as

a good sel ec t ion of electric motors and mi scell aneou s

mechanical parts.

Author Ronni Katz built Chew Toy after 3
years of Robot wa rs' experie nce w ith
Sp ike, and two yea rs of in tervi ewin g
fell ow rob ot wa rr io rs. Her day job is
pr ogr amming, and her past life was
land ing on ai rcraft carriers. Her actio n­
pack ed novel , Wing Comma nder, is
ava i lab le at major boo kstor es (ISBN

0-9662083 -0-7) under the pen name Ron Karen. We at
RS&T are proud to have her on our pedagogica l team.

Robot Wars is a trademark of Robot W ars L.L.C.

_ R OBOT S CIENCE & T ECHNOLOGY I

Misce llaneous electronic co mponents (9000 d ifferent semi­

conductors), test equipment, batteries, motors, sensors , op tics,

and relay s which may be of use for Robot Wars.

Surplus electronics parts. The low pr ices make the hit-and­

miss aspect worth your wh ile. This is where I bought the

motors and batteries used in Sp ike I.

tie1p

Home

Contr o l Pane l

$ 179.00
VisaI Me Accepted

m iste r computer

J
4730 Palm Ave nue. Su it e 20 2

La M esa. CA 91941

USA
( 619 ) 464-2412

D loop Pb.yba••

P l arL I~t : @Re(ord l n l, OS(rl p t$

I a
~[EJE]
Plily De fllY:1lD-- -1iJ

Everything you need t o get started today , i
~ I

o ANIMATION

o ROBOTICS

o EXPERIMENTATION

o PROTOTYPING

o EDUCATION

o AUTOMATION

D eta ile d
Instructions

Online H elp
Syst em

Kit Includes: fE·~~~iiiiiiiiiiiiiiiiiiiiiii~~
Ser ial Servo tf;,,· ~!~.c~~~·" ~i~
Controlle r ~

Windows
Software

( 2 ) Hi t e c h
Se rvos

Batte ry Pack

Cab ling I
Connectors

www.mister-computer.com

A me rica n Science and Surplus

3605 Howard Street

Skokie, IL 60076

847.982 .087 4

Fax 800.934.0722

www.sciplus.com

A ll Elec tron ics Corp

14928 Oxnard Street

Van Nuys, CA 9 14 11

800.826.5432

www.allcorp.com

Elec tro nic Surplus, Inc.

5363 Broadway Ave.

C leveland, Ohio 441 27

216.44 1.5577

www.elcctronicsurp lus.com
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im ages as seen by the robot. Those
images are mapped into the ultra-violet
co lor spa ce as shown in th e center
section of the figures. In the center space ,
thre sholds can be set manually and are
shown as the rectangles in th e image, and
the resulting areas detected are sho wn
on the right side. The main point to
gathe r from the figures is the cha nge of
the gree n thresholds between figures 2
a n d 3. Th at lead s into a different
det ecti on of green areas in th e images.
The goa l is for the thresh old s to be
accurate eno ugh so that what is detected
as being of some co lor corresponds to a
unique objec t. For example, th ere is a
light gree n landmark and th e field is of a
darker gree n. S ince the robot doesn 't
need to use the field for any reasoning,
it is necessary th at th e ultra-violet co lor
threshold for green detect only the ligh t
green co lor of the landmark. If this
thre sho ld is set correctly (as in Figure 2),

,--- ._--~--------

Figures 2 and 3 illustr at e this point.
The figures sho w a tool to visua lize
th e effect of ch an ging the ultra-v iolet
thresholds on th e part s of the image
th at are going to be detected . Each of
th e figures sho ws, on the left , several

th e desired colors. It is well kn own that
co lor adjustments are highly sensit ive
to a variety of fac tors, such as lighting
and shading. The current version of the
robot used for research can only react
to this colored-vision perception.

Processing of the co lored image to
det ect objec ts is extremely delicate, as
sligh t modificati ons in th e thresholds
may cor respond to dramatic ch an ges
in the set of objec ts detected .

In the robotic soccer task, using only
co lor-based perc eption, the symbols of
the task are all color-coded: the ball is
orange, the goa ls are yellow and blue,
the markers a ro un d the field are
distinguished by two orde red co lors,
and oppo nen ts and teammat es are
dressed in different co lor uniform s.

In order for a robot to act in the world ,
it nece ssarily n eed s to add ress the
signal-to-symbo l problem, i.e., the
ro bo t n eed s to map it s perception
signa ls into its operat ing system.

-----.-~--._--~

Ga me-playing behaviors. Robot s play
attacking, and goal-kee ping positions.

Active ball chasing. The robot act ively
interleaves search ing for th e ball and
localization on th e field to eva luate both
an appropr iate path to the ball and
final positioning next to th e ball.

Walking Robots, continued from page 30

Vision-Based
Navigation
Each legged robo t used in RoboCup '98
was equipped with a single percepti on
sensor, a vision camera. The hardware­
based vision processor provided robust
eigh t-color discrimina tion . Robots need
to act solely in response to th e visual
input perceived , and Carnegie Mellon
d ecomposed thi s t ask a lo ng th e
following lines:

Reliable detection of all of the relevant
colors . O range (ball), light blue (goal
and marker) , yellow (goal and marker),
pink (m ark er), light gree n (marker),
dark blue (t eammate/opponent) , and
dark red (opp on ent/teammat e) .

Learning of
Color Thresholds
The Sony legged robot has spec ialized
hardware for detecting eigh t colors. The
hardware st ill requires pre-setting of
appropriate thresholds in color space for
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Figure 3

th e sum-squared error. Initially the temperature is qu it.
high . It is reduced gradua lly over t ime as the sigmo id
are learned .

In C MU ex pe rimen ts , about twenty images were use:
for training. The learning algorith m converges in les
than one hour, and ac h ieves a hi gh class ifica t ior
acc uracy.

The learning method for ach iev ing automa ted co lo
ca librat ion is summa rized:

Training:

• G ather images from different field positions
• Manually classify each region in each image

th en all the objects detected as gree n are ind eed part of a
colored landmark .

Objective: maximize accuracy of co lor det ecti on

Algorithm:

~lmageTolabel ~~EJ

Performance: 20-50 tra in ing images, < I hour
convergence

r Goal Blue

r Dog Blue

r Pink

r Green

r None

Ie [Qi:~:~!i:~]

r Yellow

r Dog Red

• Adjust smooth sigmo id co lor threshold s
• Minimize th e sum-squared error of th e

co mbine d classificati ons of all thresholds
• Use co njugate gradient-descent

Bayesian Probabilistic Lacaltratum
The C MTrio team used Mark ovian localizat ion to det ermine
position on th e field .

Formula 1: Sigmoid Function

1

O nce th e data has bee n classified , th e color threshold s are
learned separate ly for each color, usin g a co njugate gradient
descen t-based a lgo ri th m . Each thresh old is softened by
replacing it by a sigmo id func t ion:

where C is the classificati on for this sigmo id, a is th e va lue of
th is threshold and t is a variab le eq uiva lent to the current
te mperature in a simulated annealing algor ith m.

c=

They developed a classificati on algor ith m to automa t ica lly
learn th e th resho lds th at maximi ze th e acc uracy of th e desired
co lor detection. The algor ithm reli es on supervised classifi­
ca t ion using a set of training and testing images. By moving
th e robot to different posi t ions on th e field , a series of images
are acc umulated. For each image, regions of the different
co lors are manuall y classified . This manual labeling is eas ily
done through an interface th at ove rlays th e or igina l image,
and th e manual classification. Areas of th e image can have
the ir correct classification spec ified usin g tools similar to rc­
type paint program s. Figure 4 sho ws an image where a region
has been ma nua lly selected and classified as orange.

Setting up manuall y and acc ura te ly th e co lor threshold s is a
very difficul t task, so Carnegie Mellon developed an auto­
mati c methodology for acquiring th e necessary threshold s.

The classifications of th e different threshold s are multiplied
and a co nj uga te gra d ie n t d escen t is performed o n Figure 4

R OBOT S CIENCE & T ECHNOLOGY
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To represent the probability distributi on
P( S.), a table of values is used. The table

I

is a thre e dimension al m ap p in g:

X x Y x e I Sj" A tabl e of values was

chosen because some of th e distributions
th at need to be represented do not have
an ideal , parametric form . For instan ce,
given a uniform prior distribution, the
observa t ion of th e angle between two
markers gives a high probabili ty ci rcle
throu gh the sta te spa ce that is n o t
representable by a G aussian di stribu­
tion.
Incorporat ion of movem ent is based
upon a transiti on probability matrix.

where P (S.) is th e aprior i probability
I

that th e robot is in sta te S. P (S.I 0 ) is
I I

the posterior probability th at th e robot
is in sta te S, given that it has just seen

o bserva t io n 0 and P (O IS) is the

probability of observing 0 in sta te S..
I

P(S)P(O IS)

~ .P(S.)P(O IS.)
J J I

Formula 2:
Bayes" Rule

We crea te a sta te space with these
discreti zed grid cells and robot headings.
O bse rva t io ns of th e landmarks are
co mbined with th e sta te space for the
position ca lcula t ion . Ther e are two
passes to our localization algorithm; (1)
incorporates observat ions into our prob­
ability distribution , and (2) takes in to
account the movement act ions selected.
Incorporation of observat ions is based
upon Bayes' Rule:

---~.. _ - .-- - - - _. _ ---

Relying on dead-reckoning (track , or
distan ce and direction made good) for
localizati on was not possible, since it
is unreli abl e a nd lacks requi sit e
acc uracy, so th e e MU team developed
a Bayesi an locali zati on procedure
aro und the fixed co lore d landmark s.
S ince the robo t canno t keep eno ugh
markers in view at all tim es to ca lculate
its location directl y, the algor ithm used
a probabili stic method of localizati on,
triangulati on based on two landmarks.

To acco m pl ish thi s, the fi eld is
discretized into grid locations, i.e ., a
con tinuous vector space is divided up
into discrete sect ions. The con tinuous
robot head angles are also discreti zed .
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Figure 5: The positioning IJrobability: (a) after the first observation;
(b) after a 90 degree turn; (c) after the second observation . R o le -Ba s e d Behaviors

Following up on expe rience with the
sma ll-size RoboCup wh eeled rob ots,
C MU develop ed different behaviors
based on positioning on the field . T he
qu adruped socce r-p lay ing rob ots are
now abl e to play two different roles,
attacking and goa l keeping.

The procedure used by the goa l-keep­
ing robot consists of the following steps:
(1) find th e ball ; (2) rem ain close to the

The localizati on algor ithm is invoked
actively, i.e., th e robot searches for two
landmarks when the maximum sta te
pr obability is belo w a pre-defined
threshold . In C MU experime nts, the
robots have localized them selves with a
high degree of acc uracy.

The procedure used by an attacking
robot consists of th e following steps: (1)
find the ball; (2) localize att acking goal;
(3) position behind the ball , aligned
with th e goa l; (4) shoot or pass.

(c)

For examp le, imagine that the robot sees
an ang le of 90 degrees between two
markers, turns to th e left and then sees
an angle of 90 degrees between two more
markers. Initially it does not kn ow where
it is- our prior distribution is flat . After
its first observat ion, the projection of th e
sta te probability matrix on to the X,Y
plane would be as sho wn in Figure Sa.
During the turn, the proj ection spreads
ove r the X,Y plane representing the
increased uncertainty introduced by the
dead reck oning as the robot turns, see
Figure 5b. The seco n d obse rvat ion
finally local izes the robot , see Figure 5c .

(b)(a)

G iven a previous movement M, for each
sta te , th e algorithm computes the prob ­
ability th at the robot is in th at sta te:

P(S.) is th e a priori prob ability of sta te
J

S. and P(S ~S . I M is the prob ability of
J J I

moving from state S. to state S. given
J I

the movement M. It is assumed that the

transition probabilities, P( S .~ S. I M) ,
J I

take into account any noise in M.

Formula 3: Transition
Probability

P (S.I M ) = ~. P ( S . )P( S .~S . I M)
I J J J I
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CMU Simulation Team
Peter Stone, Manuela Veloso and
Patrick Ri ley

CMU Small-Robot Team
Manuela Veloso, Michael Bowling,
Sorin Achim, Kwun Han and Peter
Stone

i=\.S&.

William U the r is a doctoral stude nt
in Compute r Sc ience at Carneg ie
Mellon Uni ver sity. H e ea rned hi s
B.Sc . degree in Computer Sc ienc e,
with honors, from th e University of
Sydney in 1994. Mr. Uther, who imple­
mented the C MTrio Rob oCu p '98
team , is currently investigating th e use
of reinforcem ent learning for agen t
co nt ro l and h ow to auto ma t ica lly
decompose problem spaces based on
experience.

Masah iro Fujita is Se n ior Research
Sc ient ist and System Architect at the
0 21 laborato ry at Sony headquart ers
in Japan . He earne d a BA degree in
Elect roni cs and Commun icat ions from
Waseda U n iversity, Tokyo, in 1981 ,
a n d a n M S degr ee in El ectri cal
Engineering from the University of
Californ ia, Irvine in 1989 . At Sony, he
is in charge of the developm ent of au­
tonomou s legged robots for
enterta inment applica t ions, and estab­
lishment of OPEN-R, a sta nda rd
architecture for en te rta inment robots.

BiographiES
Professor Manuela M. Ve loso is
Assoc iate Professor of Com p ute r
Sc ience at Carnegie Mellon University
(CM U). S he gra d ua te d fr om the
Institu to Superior Tecnico in Lisbon,
Portugal, whe re she ea rne d a BS degree
in Electr ical Engineering in 1980, and
an MS degree in Electrical and Com­
pute r En gineering in 1984 . She
attended Boston University, where she
rece ived an MA in Compute r Science
in 1986, and received her Ph .D. in com­
puter sc ience fro m C MU in 1992.
Professo r Veloso investigates methods
for indi vidu al beh avioral and strategy
learning for teams of multiple robots
act ing in an adve rsarial env ironment.

goal; (3) move sideways aligned with
ball; (4) clear th e ball when it gets close
to it.

Conctueton
CMU and Sony have worked closely
toge the r to de monst rate successfully a
new syste m arch itec tu re that allo ws
legged socce r robots to operate effec­
ti vel y as teammates in a com plex,
cha nging env ironment.

Those responsible for introducing th e
O PEN- R arc h itec t ure in to rob otics
point out th at, for now, its purpose is to
provide a method for accele rat ing th e
developmen t of robotics and art ificial
intelli gen ce in enterta inment robot s.
Asked abo ut th e future of the arch itec­
t ure, M asahiro Fujita sa id , "Once
O PEN- R is acce pted by man y users and
developers, progress in the use of art ifi­
cia l int elligen ce in robotics will occ ur
at a rap id pace. We are keeping in mind
the upgradabili ty ofOPEN- R so th at it
will be able to evo lve easily as hardware
and software improve ments take place."
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CMTrio Legged Robot Team
Manuela Veloso, William Uther
and Kwun Han
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Your Robot

Whenever I'm unexpectedly
confronted by a chasm of

ignorance, misunderstanding,
and aesthetic va lues it 's hard to

know how to respond to the cretin.

•
IS Ugly

Did you ever build one I

pinhead!?

T he story is to ld that, in 1787, Grigori Potemkin built
impressive fake vil lage fronts along a route that
Cathe rine th e Great was to travel, in order to h ide

the ir tru e appearance. This apoc rypha l story came to mind as I
was talking to a newspaper ed ito r who had returned from
covering a robot contest. I was really tick ed when he said, "I
don't really like boring robot bodies, do you?And why do people
use plywood and castors, anyway?" Mega Sigh .

When ever I'm unexpectedly confronted by a chas m of igno­
rance , misund erstanding, and aesthe tic values it's hard to know
how to respond. O ne could just ignore th e cretin and move to
ano the r to pic ("I suppose they try. So what was the weather
like in Calgary?"), be politi cally
correct and mumbl e something in-
offens ive ("Yes, a thing of beauty
is a joy forever") , turn defensive
("You kn ow, it 's pretty h ard to
mak e th ese things"), turn offen­
sive ("Well, did you ever build on e,
pinhead! "') , or try to bridge the
gap and educate the person.

But where does one sta rt? With a lesson about the practica lity
of building materi als? By pointing out th at what's exciting is
in th e ca pabilit ies, not th e appea rance? Shou ld one try to
explain th at th ese robot s are developm ent platform s? Make a
comparison between the old style Detroit cars marketed on
styling and th e Japan ese ca rs th at went twice as far on a tank
of gas and ran for 200,000 miles? I find it exasperating th at
peop le will often choose style ove r performance, format over
conten t, form ove r function .

People use plywood because it 's cheap, readil y available, and
easy to work. O ne can use othe r mat eria ls to some degree, but
bending and sha ping metal and plastic takes more time, equip­
ment, hardw are, and expense than working with wood . Look
around Home Depot. How many plastic and metal worki ng
tools do you see that aren't primarily woodworking tools?There
are a lot of practical reasons to use wood for the basic platform,
especiall y for small robots and small budgets.

Furt hermore, most robots are works in progress . They're not
commercial units nor are they meant for sales in Toys 'R Us. I
have to guess that most amateurs are like me in that their robot
design starts with an idea, a goal and a plan to achieve it, but
not with a CAD drawing. O ne improvises as one goes along
and wood is easier to work with . "Hey, let's try attaching one
of th ose gizmos over here. No problem, we'll just screw it in ."
The design and improvement of a robot platform depends in
part on the feedback th at comes from the robot 's performance,
its interacti on with its environment, and especi ally from its
failure modes. After some amoun t of trial and error, adjust­
ments, work- arounds, patches, re-wiring ... well, it's a mess
and time for a total rebuild.

Actually, once I get th e performance I
like , then I' ll think ab out making it
pretty. Unti l then, my bot is mostly for
my personal entertainment and for shar­
ing with ot her gearheads , who aren't
pr imari ly concerned wit h the robo t's
looks. Su re, I can gussey it up, and my

Aunt Susy would be impressed even if it were just radio con­
tro lled. But long before the platform is perfected, it has ach ieved
90% of its goa ls and it's tim e to move on to something else.
But who wants to rebui ld then?

A boring robot bod y is not th e same as a boring robot . I've
seen several nice looking robots that simply didn't work well.
The best place to witness thi s is at a contest where th ere are
plenty of entries with th e same , well-defined goa l. One of the
winners of Robot Wars"n had an invert ed metal wash tub for
its oute r shell. It may have been ugly, but it wasn 't boring. The
same is true in man y othe r contests. Nobody seems to care if
th e winner is made of plywood and sealing wax .

I suppose that, in order to advance robotics, we sho uld also try
to appeal to newspaper editors and their readers, as long as we
do it in an honest way. So maybe the next tim e I ente r a con­
test I'll improve the robot's appearance with some paint and
flash ing LED's. Right . Maybe I'll name it Potem kin .

R OBOT S CIENCE & T ECHNOLOGY
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OUR CAREBOTTM CAN
GROW TO GIANT PROPORTIONS.

Meet the Carelsot" from Gecko Systerns!'" . The only per­
sonal utility class robot that has upgradeable mechanicals,
electronics and application software to a full-size, man-rated
personal computer robot. And you can get yours for $2,395.

Each robot comes ready to expand. Our open architecture
allows everyone from third party developers to robot hobbyists
to add their own custom designed software and components. It
is built from the ground up to grow. With full support for
Windows 95™/NpM , you can take advantage of the power of
your PC to run our AI software controlling your own personal
computer robot. You define the direction of your CareBot's
growth!

With our cutting-edge software interface and architecture,
you can: run the robot out of the box, easily build your own
brain and mapping extensions, and quickly interface with your
own robot sensors. We supply the GUI for your robot
extensions that works seamlessly with the Gecko Systems Ul
tools! Our provided brain and mapping system (patents
pending) will take care of house exploration , mapping,
avoidance, scheduling, CPU load balancing, and other
essential behaviors letting you focus on extending the
Carebot:". You can add your own tasks by building on our
subsumptive behavior architecture. For example , the robot
builds its own map of the world. The result? You get all of the
freedom of not caring, and all of the benefits of a robot that has
a map of its world. The benefit is that the Carefsot " can do
path planning and execution , out of the box!

Our multiprocessor architecture uses the latest in VLSI
components and PC peripheral hardware. Professionally
manufactured printed circuit boards connect to the
GeckoBus™ architecture. GeckoBus™ minimizes points of
failure and distributes processing across modules, and is
designed to provide years of trouble free operation.

The Carefsot" is over four feet tall , with locomotion , power systems, and a GeckoFrame™ capable of transporting
over 150 pounds . With USB internal cabling , high speed RF modems , and a scanning , high ping rate sonar , this
upgradeable, expandable personal utility class robot already has third party developers lining up. The result? The per­
sonal robot you won't outgrow!

If the Carefsot'" sounds versatile now, just wait. Coming soon are more application software, sensor, and positioning
systems. Gecko Systems ™ provides strong technical support, a 1 year warranty on all electronics (system intact "), 2 year
warranty on the drive motors , and a 5 year warranty on the GeckoFrame TM. Free, unlimited software upgrades for one
year!

So, if you're ready to get the personal robot you've always wanted , get the one you won't outgrow. The Carefsot"
can be yours for $2,395. Order yours from Gecko Systems , Inc., Suite 328, 402A West Taylor Avenue , Round Rock, TX
78664-4237 Phone: 512/868-9900 Fax: 512/868-1001 . Visa, MasterCard, American Express , Discover, money orders ,
personal or cashier checks accepted. Monthly payments on approved credit. TX residents add 8.25% state sales tax.
Allow 4-6 weeks for delivery. Shipping extra. Robot club member, educator, student , and third party developer discounts
available . Dealer inquiries invited .

Visit our website: www.GeckoSystems.com
email: sales@GeckoSystems.com

'System intact means no modifications of hardware. Failures caused by unsuccessful experimentation can not be covered under warranty. Be careful before you modify. We
cannot be responsible for a system whose integrity was breached and/or altered. Gecko Systems, CareBot, GeckoFrame, and GeckoBus are registered trademarks of Gecko

Systems, Inc. Windows 95/NT are registered trademarks of Microsoft Corporation.
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November 14, 1998, Western Canadian Robot Games
Calgary, Canada-http://www.robotgames.com

The WCRG s, to be held at th e C algary Sc ience Centre (Pl anet arium) , are devoted to pro mot ing robotic
science and tec hno logy. The games are ope n to the public, and robot designers of all ages are invi ted to

demonstrate the ir robots and compete for prizes. The web site prov ides a descrip tion of events, rules and
regulat ions, registra tion information, and lists sponsors. The registration form is on line, and you can contact:
info@robotgames.com . RS&T's first-hand report of last year's WCR G is at www.RobotMag.com.

January 9, 1999, FIRST 1999 Kick-Off Workshop
Manchester, N .H - h ttp://www.usfirst .org

T he kick-off for the 1999 For Inspirati on And Recogni tion of Sc ience and Technology (FIR ST) competi ­

t ion. Rules and regulat ions for th e '99 co mpetit ion will be presented . Highschool teams shouldfind corporate
sponsors and be regis tered by early December. Ca1l800.87 1.8326 for assistance.

January 19-22, 1999, Artificial Life and Robotics
Beppu, Oita, japan-http://AROB.cc.oita-u.ac.jp/

One objective of the fourth international sympos ium (ARO B 4th '99 ) on art ific ial life and robotics is to

form resea rch groups. These standing groups will inv estigate th e various aspec ts of art ific ial life and the ir
app lication to robo t ics.

February 25-27, 1999, FIRST Open Regionals
(Two locations )-http://www.usfirst.org
Wi lliam Rainey Harper College, Palatine, IL
NASA A mes, Moffett Field, Mountain View, C A
Say "hi" and benice to the RS&T reporters.

Explore Electronics, Robotics,
and Life Science with the

CYBUG Robotic Lifeform!

This new kind of educa t iona l
robotic kit hard wires Survival
Inst incts into its circuitry rather
tha n convent iona l

programming. Each C YBUG
is a sma ll robot ic crea ture

wh ich has nocturnal
behavior, touch sensors ,
obsta cle avo idance ,
phot o-t ropi sm, insect ­
like behavior, and
adjustab le ene rgy levels.

Experiment with building
Feeding Stations and

Robot Colonies!

W ith add-on Higher Brain Func tion c ircuits, create Predator
and Herbivore CYBUGs with Hunger Inst inct s and an ent ire
robot ic ecosystem. Ma ny para llels to real-world eco logy!

Avail abl e from:

• Mo ndo-tron ics 800.374.5764 www.robotsto re.com
• JCM Electronic Serv ices 403.284 .2876 members.home.net/cybug
• HVW Tech nologies 403.730.8603 www.HVWtech .com
• Active Components 800.655.0006
• Cantronics http://cantron ics.rzsoft.com/

March 22-25, 1999,
Westec '99 Exposition and
Conference
Los Angeles, California-http://www.sme.org
Annual metalworking and manufactu rin g exposit ion ,

held at the Los A nge les Convent ion Center, will in­
clude a new met al forming and fabricat ing pavilion and
job sho p pav ilion. Sponsored by the Soc iety of Manu­
fac t ur ing En gine ers, A merica n M achine Tool
Distributors' Associat ion and the Associat ion for Manu­
facturing Technology.

April 18, 1999,
Trinity College Fire-Fighting
Home Robot Contest
Hartford, Connecticut-http://www.trincoll.edu/robot
The cha llenge for en trants is to produce a robot that
can move th rough a model of a sing le floor of a house,
detect fire and put it out. There is a juni or div ision for
high school studen ts and younge r, and a sen ior division.
O the r eve nts include seminars and a robo t ics exh ibi­

t io n. For addi t io na l in format ion , co n tact:
jmendel141 @aol.co m. See RS&T' s Premier Collector's
Edition for robot const ruct ion ideas. A lso see
www.RobotMag.com.
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START BUILDING YOUR ROBOT NOW!

.' J

SV203 Servo Motor Controller $59
• Dri ves up to 8 R/C type servos via RS232
• 5 Ch . 8-bit A/D port for potentiom eter/j oystick cont rol
• Serv o po rts can be reconfigured for digit al output
• Use r definable board ID and baud rate
• Simple AS C II string co mmands
• Window s 95 interface so ftware and sample co de included

SV203B Servo Controller $75
• All features of SV203 plus...
• 8K EEPROM for run ning standalone routines
• Includes Basic compiler/downloader

SV203C Servo Controller $85
• All features of SV203B plu s...
• IR feature, co ntro l via lk -remote co ntro lle r
• Tx & Rx [R commands

..~
(

STP100 Stepper Motor Contro ller $159
• RS23 2/R S485 interface, addressabl e up to 255 boards
• 2 Amps per phase , 5-46 VD C bip olar dri ve
• Chopping curre nt limiting
• Over temperatu re protecti on
• Acceleration /dece leration ramping
• Speed, directio n, positi on ch ange on-the-fly
• 32bit abso lute positi on , 4bit digital input for hom e limit s
• Full, hal f or wave step mod es
• Size (4.3 x 2.4 x 1.1 in.)
• Si mple ASC II string co mmands /w sample interface so ftwa re

VIS A/M C Accepted, Shipping & Handling + $5 (US)

Standard Ser vo
42 Oz In.

$16.95

CS600
Jumbo Servo
330 Oz In.

$44.95

FS148

http://www.pontech. com
2700 E. Imp erial Hwy., Su ite N - Brea , CA 9282 1

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

• Perfect for wi re less SV203 and ST P I 00 operation
• Manu factu red by S[MA usin g Digital Spread -Spectrum

technology with frequ en cy hopping
• 300 foot range - th rough wa lls , tloors
• Up to 85 kbps tran smi ssion rates

SWM-1 RF Modem $295 (pair)
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