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Professional Robot
Affordable Price

WithAmigoBOTS, you can:
o SEND YOUR ROBOT ONERRANDS anywhere onyour floor plan
o MONITOR YOURHOMEand talk toany ~~~=====1

intruders from theother sideof town ...
or the other sideof the world !

o LET FRIENDSor family members drive your
robot and see you from their homes

o LEARN TO PROGRAMROBOTSwithsimple
quick-response commands & modifiable demos

o DEVELOPSOPHISTICATED AI BEHAVIORSwithCtCH
o JUMPSTART PROJECTS with path planning, localization and

other libraries fromourroboticsdevelopment environments
from SRI's Artificial IntelligenceCenter

o CREATE MULTI·ROBOTTEAMS forresearch or robot contests
Pricesstart at $1 ,495
Educational discounts available

in theAmericas & some other countries

robots @ActivMedia.com
http://www.AmigoBot.com

Planlntco - Planrite Trad ing Company ltd.
1105 8th Street East
Saskatoon. 5 K
Canada . S7H 053
306 -955 -1836orderline
306 -931 -oo55 Ia.
www .plantraco.com

Ideal micro-robot Drive Trainl
Watch for our Computer Interface
to RIC Transmitter!

UPGRADABLEI - Add our
PTV16 Wireless Video Camera
for the Ultimate in Radio
Controlled Telepresence!

Plantraco is working hard to
produce Stimulating Radio
Controlled Contraptions for the
Enlightened Young Person as well
as the 32-Year Old Child!
EXPLOReTHe RLieN LaNDscapes
RRDUfl HOURHOMe!

RRDIO COnTROLLED miCRO IJEHICL
FORPLRnETRRHEHPLDRRTIOn
The Smallest RIC Tracked Vehiclel
Play Anywhere - Office , School or Bar.

•
............ At 4 inches in length. It Can Go

Wherever You Gal

1_ ::;1 Plenty of Torque and Traction!
Climb on your Deskl

THE PERSONAL ROBOT

NAVIGATOR

224 pages - well illustrated - PC diskette
$49.45 includes s/h

Order Book & Simulation Software
Combination from our Website:

www.SmartRobots.com
or call 1-800-769-0418

PERSONAL ROBOT TECHNOLOGIES, INC

"A good discussion of how robot navigation technology
operates inthe real world...objects are not always in
the same place, sensors not always accurate; but a
good design allows the robot to complete its tasks."

- Paul Malenfant, Software Engineer
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To immerse readers in 21st century robotics
technology with in-depth reports on real robots,
and through hands-on adventures with home,
classroom, and sport robotics.

KSS
SolarSpeed e r Solarolle r

~
We special ize in MarkTilden'srum
BEAM Robotics
ph ilosophy of simplicity of
design , straig ht-forward n--- n
electronics,andsolar-energy!~

We are THE Resource for k its,~~
solarce lls, mi niature precis ion
motors and other BEAM goods.

~
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KPP42 n
PhotoPoppe r Photovore ~

Contact us for your free color~
catalog (also online at our we bsite) ~

www.solarbotics.com '--J
179 Harvest Glen Way N E cqm

Calgary. AB. Canada T3K4J4
Ph (403) 8 18-3374
Fx:(403) 226-3793

A Proud sponsor of the ~\fl&
BEAM/WCRG .::::s;z::r:s~
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Millennium Robot Games ~J/\\~
(www.robotgames.com) '1. f\

Exciting
Times

It's an exciting time to be in robo tics.
Pioneers like Chr istopher Columbu s,
John Glenn, and Bill Gates placed
themselves in un predictable adven
tures, cutting pa ths for the next gen
era tion to settle and prosper. So do
you, our readers.

Readers will blaze torches in ga rages ,
bend ing p las tic for their crea tions;
other s will follow an adventure read
ing Rod Brooks' resea rch papers in
Cambrian lntettigence, and more will
tie kno ts in Stiquito's shape-memory
wires. Gearheads at keyboards will
pound out cod e to mul t i-t ask
microcon tro llers, coaxing reac tive
beh avi or fro m embod ied in te lli
gences.

RS&T' s con trib u ti ng edi to rs and
freelance ar tists are crunching words
for Issue 9, weaving together in ter
views with NASA researc hers, FIRST
g rad ua tes, SETI scien t is ts, Poul
Anderson and Marvin Minsky. How to submerge robots into Europa 's ice? How
can a home hobbyist ge t in to that action? How can a teacher lau nch an experiment?
We'll help .

As Rob in Murphy wrote in her textbook Introduction toA I Robotics (review in Issue 9),
we at RS&T are atte mpting to bridge the ga p between hobby bots and research bots.
Yes, we d iscovered that many of our readers held advanced degrees, and most of the
Ph D's described themselves as hobbyists.

Robot ics, more than any other field , gives us an incred ibly fun wild ride , re-learn ing
and re-build ing . No wonder Lego bricks are taken serious ly in the p remier halls of
science. Extreme MindStorm s (review in Issue 9) co-au thor Michael Gasperi found
Lege 's visio n br ick to be a friendly introduction to AI' s mo st perplexing questions
(see page 51).

In fact, the word "friend ly" keeps popping up in robot labs.ActivMedia 's new Amigo Bot
(page 58) has the word bu ilt into its name. This is a trend : robo ticists make friends when
they ga ther toge ther at events (see page 45). It's a good thing, too: To carve out the pa th
for mankind 's robotic future, we' ll all need a little help from our friend s.
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Your Boe-Bot chassis may differ.
This design is described in Issue 7. RS&T

Figure 2: Basic Control and Feedback Schematic
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In th is article we'll introduce BASIC Stamp
branching and EEPROM access commands used to
make the Boe-Bot follow a pre-determined path, A
piezospeaker will provide a feedback mechanism
to identify the location uiithin your program.

1 Complete Boe-Bot
(robot built around Board of Education)

1 Piezospeaker
1 3300 uF capacitor
2 10 k ohm resistors (optional in circuit)

j ~~J C:
~.r ~ '-. J

Branching and Servo Control
2d article in a hands-on educational series

by Chuck Schoeffler and AI Williams

Moveme nt is one of the most distinctive features of robots,
and it is also an ideal wa y to learn how to .structure and
wri te a simple PBASIC program. This experime n t is all
abo u t BASIC programming as it pertains to Boe-Bot move
ment wi tho u t sensor inp ut. Struc turing your program so
the Bee-Bot moves as you in tend req uires an understand
ing of how to call subroutines , read movement pa tterns from
an EEPROM, know how far to travel using a for..next loop,
an d how to ge t back to your star ting point (physically, and
wi th in your source code) . The parts we w ill be using are
listed in Figure 1. The complete sche ma tic for programs
used in this ar ticle is shown in Figure 2.

Figure 1: Parts Required

Figure 3: Servo Control Using Pulse Width Modification (not to scale)

5 volts

ovolts

20 (ms) 1500 (us) 20 (ms) 1500(us) 20 (ms)microsec onds microseconds

milliseconds milliseconds mllllsecondt
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Review of Servo Control
Servos are closed loop devices, and are constan tly compa r
in g th eir commanded p osition (fro m the BASIC Sta m p's
pulsou t comma nd) to their ac tua l position (p roportion al to
the resist an ce of a poten tiome ter mechanicall y linked to the
shaft). If there is more than a sma ll difference betw een the
tw o, the servo's elec tro n ics w ill turn the moto r to elimina te
the error.

We mod ified the servo's pot entiometer sha ft until the gears
stopped moving w he n the BASIC Stam p sent a 1500 us pulse.
A pulsout va lue of 750 is equa l to 1500 us (th e com ma nd
operates in units of tw o microseconds) . A value larger than
750 wi ll tu rn the servo clockw ise, and a va lue less than 750
w ill turn it coun ter-clockw ise. A va lue ve ry close to 750,
like 760, w ill ca use the servo to tu rn ve ry slowly. Figure 3,
on the previou s page, is a timing di agram of the pulse w id th
modulati on.

Pulsout Value

Figure 4: Pulse Width versus RPM Using the Futaba FP-S148

A for-next loop can be used to see how di fferent pulse w id ths
affect the servo's speed. Stand yo ur Bee-Bot on it's front
end or place an ob ject underneath it to keep it from ro lling
away. Download Program List ing 1 to yo ur BASIC Stamp.
Figure 4 is a gra ph of pulse wi d th com pa red to rev olu tions
per minute using the Fu taba FP-S148 servo.

$59

• Drives up to 8 RIC type servos via RS232
• 5 Ch . 8-bit AID port for potentiometer/

joystick control
• Servo por ts ca n be reconfigured for digital

output
• User definable board ID and baud rate
• Sim ple ASC II string com mands
• Windows 95 inte rface softwa re and sample

code inc luded

• All feat ures of SV203 plus...
• 8K EEPROM for running sta nda lone routines

• Includes Basic compiler/downloade r

• All features of SV203 B plus...
• IR feature. con tro l via IR-remote controller
• Tx & Rx IR commands

SV203C Servo Controller $85

hllil@!.......

15
3

word

wid t h of 15 00 us
width of 15 00 us
for 20 IDS

Who reads
RS&T

magazine?

con
con
var

for x = 650 to 850
pulsout left_servo,x 'pulse
pulsout right_servo, 1500 - x 'pu lse
pause 20 'pause

next

'Program Listin g 1

pause 2000
start:

left_servo
right_servo
x

You, your friends , students, educators,
competitors, industry leaders , robots .

(OK ... just the intelli gent ones)

Subscribe Today! 888.510.7728

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

http ://www.pontech.com
(877) 985-9286
Fax: (909) 920-5296
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Sound Feedback
The BASIC Stamp 's freqout command can be used to add
so un d feedback to your Boe-Bot . Like all PBASIC com
mands, it has a particular sy ntax that must be followed to
mak e it work. To hear the speaker download the following
code to yo ur BASIC Stamp:

freqout 12,750,2000
' 7 50 ms 2000 Hz tone on P12

For a more "robo tic" so und try thi s:

Knowing the rotational spe ed of different pulse w idths wi
allow you to determine a specific travel di stance. For e:
ample, a pulsout command of 850 ca uses the se rvo to tu rn ;
abou t 50 revolutions per minute (RPM) or 0.83 revolutior
per second. Th erefore the sp eed of the robot will be ab ou
21 em/ rev olu tion x 0.083 revolutions / s =17.5 cm /s.

To tra vel 100 em, the Boe-Bot would have to tra vel for:
100 cm / 17.5 cm /s =abo ut 5.7 seconds

'Program Listing 2

for Hz = 1 to 4000 step 1000
freqout 12,70,Hz,4000-Hz
' g e n e r a t e two 70 ms tones on P12

next

Hz var word

Since each servo pulse seque ntia l and eac h pulse tak es abo i
1.5 ms and ther e is a 20 ms pause in the loop, each loop w i
tak e abo ut 23 ms (1.5 + 1.5 + 20), or 0.023 seconds to e
ecu te. A total of 247 loop s is required to travel 100 em. Yc
may ha ve to adjust the for..next loop for yo u r particu l.
se rvo.

5 .7 sec/0 .023 sec/loop 247 loops

This rou tine begins by declaring Hz as a word va riable, a
number betw een 0 and 65,536. The loop exec u tes a total of
four tim es ((4000-1) / 1000), ge ne rating two frequenci es at
once on P12. The first frequen cy is increasing from 1 to 4000
Hz while the second frequen cy is decreasing from 4000 to 1
Hz. Sounds like th is could be ad ded through out yo ur pro
g ra m.

Goto Statement
Normally, PBASIC programs exec u te instructions line by
line. Th e go to com mand causes the BASIC Stam p to jump
to a named place so mewhe re else in the program. It can be
ei the r forward or ba ckward in the program. The sy ntax is
quite simple.

goto forward
' j ump to the forward routine

Approximating Distance of Travel
It' s easy to ap prox ima te di stan ce of tra vel by ca lcu lating
the circumference of a wheel and es timating the pulse width
timing loops execu ted by yo ur PBASIC code.

forward:
for x=l to 247
pulsout left_servo, 650
pulsout right_servo,850
pause 20

next

Gosub is a Close Relative of Goto
Th e gosub (Go to Subroutine) sta temen t a lso ca uses the pro
gra m exec u tion to jump somewhere else, but the line aff
the gosub is rem embered so that the p rogram can au to mal
ca lly go back and con tin ue w here it left off.

Thi s lets us easily reuse sec tions of the p rogram. The fc
lowing exam p le illu st rates the gosub com mand .

gosub right
pause 1000
gosub r ight
return

right :
for x=l to 18

pu1sout left_servo,650
pulsout right_servo,650

pause 20

February/March 2001

circum ference =
It x wheel d iameter

circu mference =
3.14159 x 6.67 em =21 em

ROBOT Science & Technology

Thi s exa m p le shows the right routine being exec u ted tw i.
w ith a one-second pau se.

Th e gosub commands ma y also be nested up to four dee
so that each return takes the program back to the instru
tion after the mo st recent gosub.

www.robotmag.com
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Using the Data Statement and
EEPROM to Store Movements
The BASIC Stamp has a 2K EEPROM that is used for pro
gram storage (which builds from address 2047 toward 0)
and d ata storage (sto res in the opposit e di rection-from ad
dress 0 toward 2047). If the data collides with yo ur pro
gra m the source code won't execu te properl y. Each loca
tion is a byte. This isn 't eno ug h memory to build a complex
environme ntal data logger, but it's cer tain ly enough space
to store byte s of in formation you 'd like to use in a program.

The BASIC Stamp's EEPROM is d ifferent from RAM vari
abl e s torage in severa l aspects:

• EEPROM tak es more time to store a value, some times up
to several milliseconds.

• EEPROM can accept a finite number of write cycles,
a ro u nd 10 m illion, (RAM has unlimited read /write
capabili ties) .

• Primary function of the EEPROM is to s tore programs;
data is stored in leftover spa ce.

The syntax for the read comma nd is shown belo w. The w rite
command uses the sa me syn tax.

write 0 ,100
'write 100 into EEPROM byte a
read O, x
'read EEPROM byte a and store value in x
debug dec ? x
'display value on PC screen

Combine the Concepts
Program Listing 3 brings all of th ese co ncep ts together:
sound, movement, and speed. In order to make effective
use of the speed , you will need to identify the exact center
po sition of your se rvo. Ch ances are although we sta rted
with 750 (1500 ms) the servo m ay have w andered to a
sligh tly different value. Pro gram List ing 1 ma y be run to
identify these values. At h igher speeds (speed cons tan t
around 40) thi s is not as visible, but a t slower speeds th e
Boe-Bot will slow ly mo ve sid eways if th e cente r position is
not exac tly 750. Ch ange va lues, movement patterns, and
plac e the sound routines in different sections of the program.
Thi s program is also avail abl e from the downloads section
in: http://www.stampsinclass.com.

IR ObstaCle A .
Dista VOidance &

nee Measurement
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1$1.'3121110981 S 5 .. 3 2 10

INS'
DUTS'
DIRS:
REGQ
REG1 :
REG2
REGJ:
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~~gi : : : : : : : : : : : : : : : : :
=m~:!:~! ii iiiiiii! ii ii
AEGl2:! I I I I I I I I I I I I I I ! I

Condens ed
EEPROMMap Source COde

fEPROM Legend
•Undof. DOl.

..J CJ .Dol. Dal•
. Program

CJ . Unused

.:J r' Dioplay ASQI Qos.

Delalted EEPROMMap

0123456789A8CDEF

..,

5010
580
';CO

so
5E0
Sf0
600
610
620
630
640
650
660
670
600
s<JO
GAO
680mil 111UII '

t!!Ii: I II 1" .1 ,',1"1- 1 I

[it · l I ,~I. I

~I _ · · · . I' " "
fro] ""

r L t iot' :

Three comma nds are used to access the EEPROM: data, read,
and write. The data stored in EEPROM builds from the up
per left-hand corner (position 0,0) and fills downward in a
left to right fashion, by row. The source code builds from
lower right-hand corner (position 16,128) and builds upward
by row, right to left. If the two collide the BASIC Stamp
won't exec u te the p rogram p roperly. Thi s is show n in Fig
ure 5. The EEPROM memory map is accessed within the
BASIC Stamp Wind ows ed ito r at : www.stampsinclass.com
under Run /Memory Map .

Figure 5: EEPROM Memory Map
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' Pr ogram Listing 3

' Bo e - Bo t Program for Roaming, Light, and Sound
' De f i n e Variables and Constants

x

position
direction
Hz
r ight_servo
left_servo
speed
value

var

var
var
var
con
con
con

word

word
word
word
3
15
40

'loop counter for
pulsout
' EEPROM address counter
'value stored in EEPROM
' f r e qu e n c y variable
' r i gh t servo on P3
' left servo on PIS
'added or subtracted

next
low 0
go to move

left :
high 14
gosub left_sound
for x=l to 18

pulsout left_servo ,750-speed
pulsout right_servo,750-speed

pause 20
next
low 14
goto move

'Sound Routines

Experienced robot programmers and microcont roller engineers are
co rdia lly invited to ema il Editor @RobotMag .com for our FREE
writer 's guide .

LII<E T O PROGRAM RO BOT BRAINS ?
WANT TO MAI<E YOUR ROBOT JUM PT HROU GH HOOPS ?

So do our readers!

quit:
end

turn_around :
for x=l to 30

pulsout left_servo,850
pulsout right_servo ,850

pause 20
next
goto move

'start at EEPROM cellO
' ma i n loop
'read direction command

quit
'Decide which action to
take

forward 'by matching comma nd
letter

right
l e f t
backward
turn_around

' p a u s e 250 ms
' i n c r e me n t to next
cell
' r e p e a t until E is
seen

then
then
then
then

if direction= "F" then

if direction= "R "
if direction= "L "
if direction= "B "
if direction="T "

pause 250
position=position+l

' Pr og r a mme d Movement Patterns
data "FRFRFRBBTFE" 'store movements
' Ma i n Program
position=O
move:
read position,direction

if direction="E " then

goto move

--------------- - - - -------_/
YOU'RE A GEN IUS - WE CAN TY PE.

www.mister-computer.co

mister c ornp utet
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Everythi ng you n e ed t o get start e d tod ;<l]

-o ANIMATION
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o EDUCATION

o AUTOMATION
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Con t roll e r
W indows
Softwa re

( 2 ) Hi t e ch
Servos
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Cabling /
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D e ta iled
Ins t r u c t io ns

O nli n e H elp
Sys t e m

right :
h igh 0
gosub right_sound
for x=l to 18

pulsout left_servo ,750 -speed
pulsout right_servo ,750-speed

pause 20

left_sound:
freqout 8 , 80 0 , 4 500

return

'Movements

backward:
gosub back_sound
for x=l to 60

pulsout left_servo,750 +speed
pu1sout right_servo,750-speed

pause 20
next
goto move

right_sound:
freqout 8 , 800 ,2500

return

back_sound :
fo r Hz = 4000 to 6000 step 1000

freqout 12 ,70,Hz ,Hz - 400
next
return

forward :
gosub forward_sound
for x=l to 60pulsout left_servo,750-speed

pulsout right_servo,750+speed
pause 2 0
next
goto move

forward_sound :
for Hz = 1 to 4000 step 1000

freqout 12,70,Hz,4000-Hz
next
return

February/March 2001 ROBOT Science & Technology www.robotmag.com
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by Jim Salvino

could wait for the seria l da ta and
crash into an obstacle because you
weren' t po lling the sensors . H ow
ever, by using preem p tive
multitasking, you can do both at the
same time.

An exce llen t book go t me sta rted
thinking abo u t this. It was: Mobile
Robots - Inspiration to Implementation,
by Joseph L. Jones and Ani ta M.
Flynn, publish ed by AK Peters.

After working wi th the 68HCll microcontroller for a while, I thou ght it wo uld be
interesting and useful to be able to run more than one program at a tim e. So I de
cided to take up the cha llenge of wri ting a simple multitasking ope ra ting sys tem
for the 68HCl1.

As implied above, multi tasking is defined as the ability to run man y tasks (pro
grams) "simultaneously." But a CPU like the 68HCll can fetch and exec u te only
one inst ruction at a time . So how could yo u ever get more than one task to run at a
time? Answer: impleme nt a mechanism (called the "sched uler") whe re each task is
allowed to use the CPU for a very sho rt period of time. This will give the illu sion of
running multiple tasks simultaneously.

There are two varieties of multitasking - cooperative and preemptive. They di ffer
in the complexity of their sched uler logic. Coo pera tive multitasking uses a simple
scheduler. However, the task logic need s to be more complex. Each task decid es
for itself when to return con tro l to the sched uler and is resp on sible for sav ing its
"environment" before giving con tro l back to th e sche d u ler. In preemptive
m ulti taski ng, a complex sche d uler gives each task a sma ll am ount of time in which
to execute (called its "time slice").

The Hardware
Th e ha rd w are of choice fo r th is
project is the Mo toro la 68HC811E2
microcontroller. For those not famil..
iar wi th th is device, it has 2K bytes
of on-chip EEPROM an d 256 bytes
of on-chip RAM. There are a num
ber of I / O p ort s and even eig ht
cha nne ls of A/ D.

If you wa nt to sacrifice a coup le of
the I/ O ports, you can even add ex
ternal RAM . For this project we w ill
fit the en tire multitasker into the on
chip memory and still have mem or y
to spare for th e tasks . The
microcontroller itself can be found
o n Kev in Ross 's web p a ge a t :
umno.ntolink.conti-keoinro

Your shrinking options are
. e x p a n d i n g !

He sells a complete kit of parts for a
ve ry reasonable price.

Micpu(Jupe-l I
M

~
• tiny 2" x 2" 68HC11 module
• RS232, 5V regulator, 8MHz crystal
• 32K SRAM plus 8K or 32K EEPROM
• plugs into your breadboard like a DIP
8K Starter Package #MC11SP8K $75*
32K Starter Package #MC11SP32K $89*
• plus shipping & hand ling

Visa-Maste'Ca rd-Discover-Arnex TecCuluIU~iCt:ii1

_____~ Af.li~ ----=--~

Phone: (416) 963-8991) ~~ _ Fax: (416) 963-9179

www.technologicalarts.com

This ar ticle will presen t a preemptive mul titasker for
the 68HC811E2. You may be asking yourself at this
point, why bother w ith this stuff anyway? Wh y can' t I
run my robot from a we ll-struc tured C or Basic pro
gram? To answer these qu est ion s I will use an ex
am ple. Say you want to tether your robo t to a desktop
PC via a serial con nec tion. Now it wo uld be useful to
have the robo t continua lly scan its senso rs a t the sa me
time as it waits for comma nds from the serial port.
Using a trad itional top down program, you could read
the sensors and possibly miss some serial data or you

At the end of a task's time slice, the sched uler in ter ru p ts the task, saves the task 's
"environment," loads in the next task's "environment,"
and fina lly tra nsfers control to the next task. Writing
task code for a preemptive multitasker is straightfor
ward beca use there is no need for the "bookkeeping"
logic used in the coopera tive mod el.
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The Software and Tools
Hats off to Karl Lunt. He ha s written a BASIC varian t for
the 68HCll called SBASIC and ha s made it available free
of cha rge from his web site at: www.seanet.com j-karIlun t.

SBASIC has all the struc tures that on e would expec t in an y
we ll written BASIC: d o..loop, while ..wend, if. .then,
se lec t..c ase, e tc., and man y in structions that facilitate
programming the 68HCll such as peek, poke, waitwhile,
and int errupt.

Ano ther nice feature of SBASIC used in this project is the
ability to mix 68HC ll assembler cod e and SBASIC code in
the same program .

In add ition to a copy of SBASIC you will need to get a copy
of PCBUGll (the code downloader j debug utility) and the
Motorola 68HC11 assembler program. To acquire and use
these tools, please refer to the premier and second issues of
RS&T, wh ere Karl Lunt presents an excellent two part ar
ticle en titled "Basics of a Digital Brain. "

In these articles, Karl lays an excellen t foundation to enable
the read er to begin programming the 68HC11.Anothe r help
ful source is Karl 's book " Build Your Own Roboil," available
from AK Peters. (See review on page 47)

The Scheduler & the Real Time
Interrupt (RTI)
Essen tially we are go ing to make use of a hardware func
tion built into the 68HCll called the real time interrupt (RTf).
This feature, once the appropriate flag and mask bits are
se t, will trigger a jump to the RTf serv ice routine every 4.1
ms. This is whe re the sched uler code will be put. Every 4.1
ms the scheduler will save what is on the hardware stack.

And wha t is on th e hard ware stack upon en try to the
RTf rou tine-the cond ition code register, accumulators B
a n d A, index regi sters X an d Y, and th e program
counter from the task that has been running for the pa st 4.1
ms (our tim e slice). In esse nce, every thing need ed to pick
up the curre n t task at the point from which it wa s rudely
in terru p ted by the RTf.

After savi ng the cur ren t task in memory, the scheduler then
reads a previou sly save d task 's program counter and regi s
ters and pushes them on the hardware stack in place of the
firs t task's registers. It's the old switcheroo. And that's it.

The last instruction that is execu ted in the sched uler is a
return from in ter ru p t.

i
F=

This instruction will restore the program counter, ind ex, re
isters etc., from what is on the hardware stack - every thii
need ed to restart. Not the task that was running a t the tin
of the RTf, but the next task that we wa nt to d ispatch.

The code for multitsk .bas is shown in List ing 1. Thi s pI
gram is a skeleton, and it's only meant to illu strate the tee
nique of preemptive multitasking. It is up to the read er
replace the logic in the sample tasks with some thing rna
useful.

The cod e is well documented so the reader will not be su
jected to a line by line exp lana tion, but a few importa
points should be made.

Variables I Constants
The most important data stru cture is some thing call ed f
"tas k save area" or TSA for shor t. It is an area in RAM 0 :

size equal to the total number of tasks (as defin ed by t
cons tant total_tasks) tim es 18. The TSA is whe re the sc e
uler saves a task's registers.

Each task occupies an 18 byte slot w ith in the TSA. The va
able TSAA is used as the pointer into the TSA. The da
table 'modeltsa' is used to initialize each TSA slot. The va
abl e task_ptr either points to the task which the schedul
is saving or to the next task which it is going to di spatch

Multitasking Initialization Logic
The purpose of thi s code is to build the TSA before the R
routine can be activated . Each task must start w ith a li
label. In the initialization logic, each line label is convert
to a two byte address which equates to the starting addre
of the task. The task sta rt addresses are then put in a tab
the TSAAT, such that the tabl e index cor resp onds to the (
der of the task in the program . For examp le the code:

tsaat(l) = addr(countup),

says that the address of the line label "coun tup:" will
stored a t index 1 in the tabl e tsaat. Moreover, the add ress
stored at index 1 because task "coun tup:" is the first task
the program. This procedure is followed for each task to
run under the multitasker. The for..ne xt loop then copi
the 18 byte model TSA slot for each task to the TSA all

then seeds the bytes correspond ing to the program count
(PCL, PCH) with the addresses that we just tabularized . TI
takes care of the "first-time" cond ition when the schedul
needs to di spatch a task which it never saved. After t
TSA is built, all we do is se t the task pointer to task 1 ill!

turn on the RTf.
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PROGRAMMING the68HCll Robot Brain

Task Construction
Const ructing a task is easy. As sta ted
ea rl ier, it mus t start w ith a line lab el.
Also, eac h task must be thou ght of as a
se lf contained program running on its
own. So to acco m plish th is, a do..loop
surrounds the task code suc h that it is
not possible to fall th rough to the next
task. As shown in Listing 1, following
the line lab el, variables can be initial 
ized b e fo re we e n ter th e in fin i te
d o..loop , and once ins ide the loop yo u
a re free to code anything yo u like. Also,
because all variables are globa l, any
task can rea d /wri te to any othe r task 's
variables .

Running the Code
You may copy Lis ting 1 on page 12,
o r d ownload it fro m:
www.ctro bo ts.org / jims / lis tingl .h tm l

location $OOFF) w ill co llide wi th th e
variables and th e TSA (which grows up
from locat ion $0000) w ith nasty results .

The next cavea t is having too many
nest ed subrou tines in any one task.
Each TSA slot is 18 bytes. Long enough
to hold all the 68HCll register s and up
to 4 levels of nested subrou tines. If yo u
try to nest more GOSUBs than th is, the
scheduler code w ill overlay the TSA slot
of the next task to be di sp atched w ith
d isast rous res u lts

The la st cavea t h as to d o wi th th e
SBASIC d ata stack. SBASIC has a da ta
stack that is separa te from the hard ware
stack but nonetheless sha res the 256
byte RAM wi th everything else . No ef
for t was made to save th is area from
task to task so onl y one task ma y mak e
use of the SBASIC d at a stack.

Give it a try for yourself. I rea lly think
th is can add a new d imension to your
robot programming.

So havefun ...
And get those robots running.

Jim Salvino has been
an avid robotics,
computer, and elec
tronics hobbyist for
over 30 years. He is
a Senior Sy st ems
Programmer and a ll

active member of the
Connecticut Robot
ics Society. Jim lives
in Scotia, New York
with his wife Carol
and his three robots.

www.acroname.com

phone: 720.564.0373 • fax: 720.564.0376 • 5621 Arapahoe Ave. Boulder, CO 80303, USA

-r ~~;~?~~m~
We aim tomakeroboticseas ier loryou by providing quality inlormationand parts for your roboticsprojects.
Visitourwebsite for robot articles. example code , ideas, and theAcroname Robot Gallery showcasing peo
ple's creations. We accept credit card orders andship internationally. Sign up lor our website mailing list
lor notification of new pans, attieles, and changes.

YO U'RE A GENIU S - WE CAN TYPE .

L i k e to p r o g r a m ro bot b r ai n s ?
Want t o make yo ur robot

jump through hoops?
So do our readers !

Experi enced rob ot progr ammers a nd
microcon troller engineers are cordially in
vited to email Editor@RobotMag.com for
our FRE E writer 's guide.

Conclusion
Well that's it for now. Wha t we have
acco mplished on a ve ry small scale here
w ith our littl e 68HCll is what happens
on millions of Windows 95 PCs every
day - multitasking. And we didn't need
megab ytes of RAM to im plemen t it.

Some 01ourofferings--- seewebsite for complete listing:
Handy Board 1.21KIIbundled withwith Interactive C3.2 • • . • • • • .• • .• •. .$219.00
Handy Board Expansion Kit . .. . . . .. . • • • . . . . . • • . .. . . . . • • . . . • . . • .$2B.00
RugWarrlor ProComplete Robot Kit • • . • . . .••• . . . . . . .•• . .• . . . . . . •$5BO.00
Palm PitotRobot Easy Kit . . . . . . . . • • • • • .. ... •. • ... . • . . •.. . . . . .$299.00
Palm PitotRobot Bare Bones Kit •.. . .• . .. . . . . . . . . . . . • • . . .. .. . ...$259.00
Sharp GP2D02 .. . . • . . . . • •. .. . •• . . . .. . . . . . . .. • . .. . . . . . .. . . .$21 .00
Sharp GP2D12 • . . . • . . . .• • . .. . •. .. . . .. . . . ... .•.•• . .. . . .• ...$13.50
Eltec 442-3 Pyroelectric Package . .. • •.. . .. . .. . . . . • .. . . . . •.. • . . . .$48.00
Polaroid Instrument Grade Ranging Package . . . . . . . . . . . .. . .. •. . • . . . .$46.00
Hamamatsu UVTron flame Detector Package • . . . .. . .. . .. . . . . •. . . •. . .$65.00
Peiloelectrlc Gyro .. . •. •.. • • . . . • • • . • • • . • • • . • . . . • • • • • • • • • •. • •$88.00
44ol/ln Standard Servo . . . • . . .. • .. . • • . . . . . . . . . . • • . . . • • . . • • . . .$10.90
Standard Servo Modified for Continuous Rotation .... .. . .. . . .•• . . . .• . .$19.90
12/24V High Quality Gearmotor $18.00

See ourwebsite for ournewUltraSonic Ranger andthecomplete LEGD Mindstorms L1na .

After downloading it into yo ur 68HCl l
usin g th e PC BUGll utility, iss ue th e
"term" command to put yo ur PC in to
special terminal mode. Set the BotBoard
in to single-s hip mode by removing the
jumper from pin2 (M O D B) o f the
68HCll to grou nd . This maked p in2
"high" and the chip w ill go into single
chi p m od e fo llow ing a rese t.Then
restrap th e BotBoard fo r s ingle-ch ip
mode and press the reset button. You
shou ld see a stream of "var_l = ..." and
var_2 =..."bei ng displayed on yo ur Pc.
You w ill not ice tha t the va lues for var_l
coun t up fro m 1 to 30000, and va lues
for va r_2 count down fro m 30000 to 1.
What th is all proves is th at the th ree
tasks are being dispa tche d one afte r the
o ther by the sche d uler w ith eac h task
getting a time slice of abo u t 4 ms.

Some Caveats
There are a few caveats that need to be
m entioned . Firs t, because th ere are
only 256 bytes of RAM on a 68HC811E2
there is a na tural limitat ion as to how
many tasks the program can handle. If
yo u try to create too many, the hard
ware stack (w hich grows down from
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Listing 1 - MUltitsk. bas

include "regs11.1ib"

declare var_l
declare var_2

Task Related Variables / Constants

work variable used in task 1
work variable used in task 2

Main Line Logic
******************************

main:

modeltsa : . Model Task Save_Area Slot
datab $09,$00,$00,$00,$00,$00,$00,$00,$00
datab $00,$00,$00,$00,$00,$00,$00,$00,$00

Start of Task #1

start at task #1
arm RTI interrupt
enable RTI interrupt
allow interrupts

Load task save area address table
with the starting address
of each task
Add one entry for each started task

*********************************

Multitasking Initialization Logic
************************** *******

For each task ..
. . calculate its task save area
address pointer into the tsa ..
.. initialize its task save area
slot by copying in the model
tsa slot . .
. . seed the tsa stack bytes
reserved for PCL, PCH for
that task . .
. . then save the tsaa in the tsaa
table

Activate sci so we can display some
results
9600 baud
turn on rcvr and xmtr

addr(countup)
addr(countdn)
addr(printem)

var 1 = var_l + 1
if var 1 = 30000

var 1 = 1
endif

for task_ptr = I to total tasks
tsaa = ({task-ptr - 1) * 18) + addr(tsa)

, calculate the TSA address fr task x
copy addr{modeltsa), tsaa, 18

, copy in model tsa slot
pokeb tsaa+9, tsaat(task_ptr)

, poke PCL in tsa slot for task x
pokeb tsaa+8, swapb{tsaat(task-ptr))

poke PCH in tsa slot for task x
tsaat{task_ptr) = tsaa now use tsaat{x) to save the TSA

address for task x

loop

next

task_ptr = 1
pokeb tf1g2, %01000000
pokeb tmsk2, %01000000
interrupts on

tsaat(l)
tsaat(2)
tsaat(3)

countup :
var_l = a
do

pokeb baud, $30
pokeb sccr2, SOc

tasks

save area address table
, **** Task Save Area
in SBASIC are 2 bytes long

is the number of started
pointer
save area address
+ 1

Save the machine state for the
current task

Bump task-ptr to the next task or
reset to 1 if at last task

RTI service routine
Pick up the task save area address
pointer for the current task

Get tsaa pointer and . .
.. put in x index reg
Use tsaa as a work var ..
. . and load with h/w stack pointer
Subtract current h/w stack pointer
from begin address of h/w stack . .
. . and save the # of items on h/w
stack in the 1st byte of the tsa
items on h/w stack in the y index
reg
Bump the tsaa pointer past the
number of items
Pull task regs from the h/w stack
and . .
. . save in the tsa stack
Decrement y index reg loop counter
loop until finished (zero)

Multitasking Variables / Constants
************* *********************

, Real Time Interrupt Service Routine
, Multitasking Scheduler Logic

, Put # of

staa a,x
dey
bne pulloop

stab O,x

xgdy

ldd tsaa
xgdx
sts tsaa
1dd #$OOff
subd tsaa

endasm

if task_ptr < total tasks

pulloop equ *
inx

pula

tsaa tsaat{task-ptr)

This
task
task

total tasks
, task

declare tsaat(tsaat_space)
\ Note: variables

const tsa_space = total_tasks * 9
declare tsa(tsa_space)

Model Task Save Area in eeprom
used to initialize the tsa ****
Each slot in the task save area is 18
bytes long and has the following format :
byte 0 # of items in this task's tsa stack
byte 1 (CCR): byte 2 - (ACCB): byte 3 - (ACCA)
byte 4 (IXH) ; byte 5 - (IXL) ; byte 6 - (IYH)
byte 7 (IYL): byte 8 - (PCH) ; byte 9 - (PCL)
bytes 10 thru 17 - variable (whatever the task had on
the stack at the time of the RTI service routine)

asm

const total_tasks
declare task-ptr
declare tsaa
canst tsaat_space

interrupt $fffO

task-ptr

else
task-ptr

endif

tsaa = tsaat(task-ptr)

Bump the task pointer to the next
task

Reset the task pointer to the
first task

pick up the Task Save Area
Address pointer for the next task
to be dispatched

Start of Task #2

countdn:
var_2 = 30000
do

var_2 = var_2 - 1
if var_2 = 1

var 2 = 30000
endif

var 1
\I. var 2

print "var_1
print "var_2

loop

printem:
do

Start of Task #3

loop

and ..Get task regs from tsa stack
. . push on machine stack
Decrement tsaa pointer by 1
All done?
No, loop

1dd t s aa
xgdx
1dab O,x
abx

Restore the machine state for the next task
to be dispatched
Get tsaa pointer and . .
. . put in x index reg
Get # of items on tsa stack
Bump tsaa pointer by # of items on the tsa
stack

pshloop equ *
1d a a O,x
psha
dex
cpx tsaa
bne psh100p

endasm

asm

pokeb tflg2, %01000000 , rearm the RTI interrupt

end
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I am a third grade student at Stevens Forest Elementary
School, located in Columbia, Maryland . I learned about your
company from your website.

I know some elements important to all robots, such as: gears
to help move parts, energy (electricity, magnetic, hydroelec
tric, wind sun and hot air), a microchip to tell it what to do,
sensors to send data to the microchip, a skeleton to hold it up
and together, joints so it can move in different directions,
motors to make it move, and software to control the robot's
computer.
I would appreciate it very much if you could send me more
information that I can use to build a robot.

Thank you very much,

~
Melanie

Dear Melanie,
Thanks for writing for information about building a robot.
Our magazine, Robot Science & Technology tries to helpeveryone
build the best robots they can, at home or in school.
Choosing thebest robotsfora bright andexperienced thirdor[ourih
grader depends on how milch experience and interest yOIl have
in each of three areas: soldering, assembling small parts, and
programming.
Look at the Wall Hligging Ivuni se and Hyper Peppy sold at

W e 'v ego t J a v a ~

Does your robot have sona r, infrared , 8

tactile sensors, and voice synth esis? Perhaps,

but can you program your robot from your

web browser ? With our new java-based

robot control system, it's as easy as point &

click, copy & paste. T he RB5XTM base unit

is also available as an inn er-component kit .

800.422.4265

Shown here:
RB5X base unit ,

RF transmitter
heat / light/sound kit,
video, and 5·axis arm;

fully assembled.

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

RB5X™ by the General Robotics Corporation™

RobotStore.com. Be sure to get their catalog by calling 800-374
5764.

The most versatile programmable sets are Lege-based kits, which
yOIl probably have seen already.
IfyoII can solderelectroniccomponents toacircuit board:yOllmight
want to try building the Cybllg series of kits aoailable f rom
HVWTech.com. Several Cybllgs can interact as prey/predator. No
programming is required, as the Cybllgs' behaviors are hardwired,
modified by adding circuits. Please ask YOllr parents to help you
with soldering kits.
If yOIl want to program the robot~ ' microchips directly, t~le O~I

company atotoiroboi.cont sellsNaoiusandthe WAO-G, which don t
requiresoldering but aregoodforlearning binaryconcepts and pro
gramming.
Certainly tellYOllr teachers to look into robot classes tallght by the
KISS Institute for Practical Robotics at kipr.org. Teachers should
also read the book, "Robotsfor Kids," by Allison Druin and fam es
Hendler. The next issue ofollr Robot Science & Technology maga
zine will have a review of this book.
Parents maywant to read Richard Raucci's book, "Personal Robot
ics," which we reviewed in RS&T Issue 7.
Enjoy building YOllr robots, Melanie. I w?lI ld be interested in hear
ing which kits yOIl choose and how yOIl like them.

~J,./tlr
Mike Greene
Editor and Publisher
Robot Science& Technology
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A Simple Circuit to
Make Stiquito Walk on
Its Own Effectively
by James M. Conrad and Serge Caron

You can also build a circuit board that mounts on top of a
already built and tested Stiquito robot and directs the rob:
to walk in a tripod gait. This circuit feed s current to tl
nitinol on a periodic basis, which you can adjust. This se tu
allows Stiquito to be an autonomous robot. The book Stiqui
for Beginners: An Introdu ction to Robotics [Conrad and Mil
1999] includes a schematic for such a circuit.

Stiquito is a small, inexpensive hexapod (i.e., six-legged) ro
bot. Universities, high schools, and hobbyists have used it
since 1992. Stiquito is unique not only because it is so inex
pensive but also because its applications are almost limit
less. The propulsion in these robots is nitinol, an alloy ac
tuator wire that expands and contracts, roughly emulating
the operation of a muscle. The application of heat causes a
crystalline structure change in the wire. Nitinol contracts
when heated and returns to its original size and shape when
cooled (See RS&T Issue 4).[Conrad and Brown 1999].

Stiquito was developed by Jonathan Mills of Indiana Uni
versity as an inexpensive vehicle for his research. He soon
found its applications extended to educational uses. It has
been used to introduce studen ts to the concepts of analog
electronics, digital electronics, computer control, and robot
ics. It has al so been used for advanced topics such as
subsumption architectures, artificial intelligence, and ad
vanced computer architecture.

The circuit generates enough current to alternately contra
three nitinol actuators at a time. It uses a popular tirru
circuit to generate a pulse to contract the legs. The two mai
parts of the circuit are the actuator components (LEOs , trai
sis tors, and nitinol, for user feedback and motion) and H
pulsing components (555 timer, capacitors, potentiornete
and resistors for generating the pulses to the nitinol legs)

The potentiometer will allow you to "fine tune" the gai~ I

work at an optimal speed. To fine-tune your robot, adju
the potentiometer so that the leg actuators contract for or
and one-half seconds and rest for one and one-half second

The 555 Timer Circuit
The 555 timer is a class of timing circuits used to generate
known, periodic pulse. With the addition of a capacitor an
two external resistors the 555 can be configured to produ:
this pulse without any external triggering pulse. An examlP
of this "astable multivibrator" is shown in Figure I, and w i
be used in this article.

R1
10k

R2
1M

R3
1M

GNO

OUT 1-'"-_---1

555 Timer

vee

Vee

,-----+-1 CONT
,----+-1 THRE DIS 1-'--- - - .....----+1 TRIG

RSET GND

C1
001U F I

GNO

Figure 1: 555 Timer Circuit

Vee

C2

l 1UF

GNO

,---1 Clock

One way to control the walking gait of
a Stiquito robot is to build a circuit and
program it using the parallel port of a
PC [Conrad and Mills 1999a] .

These books contain instructions for
building the Stiquito robot, instructions
for designing and building control cir
cuits, and examples of student projects
that use Stiquito. Most importantly the
books contain all the supplies needed
to build the robot. (See the books re
viewed on page 17 of this issue.) Only
a few common tools are needed to as 
semble a complete Stiquito.

STIQUITO
for beginners

An Int rooact iOn
II{:

The IEEE Computer Society Press has published two books,
Stiquito: Advanced Experiments with a Simpleand Inexpensive

Robot [Conrad and Mills 1997] and
Siiquito for Beginners: An Introduction
to Robotics [Conrad and Mills 1999].
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The circu itry inside the 555 works based on the vo ltage
sensed at pin 6 and 7. Suppose at time t=Othe ou tpu t of pin
3 is h igh (supply vo ltage = Vcc) and pin 6 is low (ground
vo ltage) . The externa l circui t shown in Figu re 1 w ill cha rge
th e 1.0 uf capaci tor. Whe n the vo ltage of pin 6 reache s 2/3 x
Vcc, the outp u t vo ltage of pin 3 wi ll switch to 0 volts, and
the 555 interna l circui try wi ll s tart to d ischarge the 1.0 uf
capaci tor. Whe n the vo ltage of pin 6 falls to 1/3 x Vcc, the
cycle s tar ts all over again. A timing di agram of the stable
ope ra tion of this circui t is shown in Figure 2.

The formulas are:

TL = (PI + R1 ) x Cl " In2
= (0.5 + 2.0 MQ) x 1.0 uf x 0.693
= 1.733 seco nds

TH = (PI + R1 + R2) x C1 x In2
=(0.5 + 2.0 + 0.01 MQ) x 1.0 uf x 0.693
= 1.739 seconds
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The Transistor Driver Circuit
The UL 2003A is a 7-transistor Darlington Array. Pins 1, 2,
3, 4, 5, 6 and 7 are the bases of the Da rling ton transistors.
Pins 10, 11, 12, 13, 14, 15 and 16 are the co llectors of the
transis tors. All the transistors ' emitters are tied to pin 8,
w hich is connec ted to the gro und in this design. When you
apply +5 to +9 vo lts (logical 1) on a base, you turn its tran
sistor 0 and allows the current to flow from the collector
to the emitter. By connecting on e end of a nitinol wire to
Vcc and the other end to the collector, you can control the
current flow into the wire by applying proper voltage on
the base. This circuit is shown in Figure 3.

The obv ious obse rva tion from these equa tions is that:
if R1 » R2, then TL w ill be close to TH .Voltage at Pin 6

o I

Vee r----,----------,----=----,-------,--------,---------,
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Figure 2: Timing of the Astab le Multivibrator, 555 timer circuit

TH r,

Th e tim es of the high and low outputs on pin 3 can be de
termined by usin g common RC (Resistor /Capacitor) net
work formulas. We define the following sy mbols as:
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Tripod 2

TL = The tim e of the 0 volts part of the pulse
(low vo ltage on pin 3)

TH = The time of the Vcc vo lts part of the pulse
(high voltage on pin 3)

PI = the va lue, in ohms, of the Potentiometer
(we will assume 0.5 MQ)

R1 = the va lue, in ohms, of the R1 resistor
(2.0 MQ)

R2 = the va lue, in ohms, of the R2 resistor
(10 KQ =0.01 MQ)

C1 = the va lue , in microfarads, of the capacitor
connected to pin 6 (1.0 uf)

In2 = Natural logarithm of 2 =0.693
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Figure 3: Nitinol Driver Circuit (Transistor Array)
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Pins K and J (pins 4 and 3) are the seria
inputs of the shift register. Each tim e tho
Clock (pin 6) goes from 0 to 1, the conten
of these pins is copied in QO. By conneci
ing Q3 to Jand K, we mak e sure the data u
Q3 is not lost but returns instead in QO.

Pins PO, PI , P2 and P3 (pins 9, 10, 11, 12) are the paralle
inpu ts. The ir content is copied to the com :
spo nd ing Q outpu ts whe n the CD4035 i
in par allel load mod e (pin 7 P/ S se t to 0:
By connec ting PO to 1 and the othe rs to (
on ly one Q ouput wi ll be se t to 1 at an:
given time.

Pin s QO, Ql , Q2 and Q3 (pins 1, 15, 14, 13
are the 4 outpu ts of the shift register. In SE

rial shift mod e (p in 7 P/ S se t to 1), the con
tent of eac h line will be transferred to th
next one each time Cloc k (pin 6) goes fron
oto 1 : the content of QOw ill be moved int:
Q'l , while the con tent of Ql w ill be move.
to Q2 and so on .

When the voltage on pin P/ S reaches abo ut 6.3 Volts, th
chip conside rs it a 1 and switches into se ria l shift mode
The vo ltage on pin P/S wi ll stabilize to +9 vo lts (logical 1
we ll before the 555 tim er sta rts pulsing since the tim e con
stant (R x C =2kQ x O.l uF = 0.2 milli second ) is very short

stabilizes. In this case, P /S will be se t to 0 (parallel inpu i
when you connect your batter y to the circu it. Immediatel
afterward, the capacitor C3 starts cha rg ing .
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Description of the Gait Generator using
a Shift Register (CD4035)
The circu it sche ma tics sho wn in Figures 2 and 4 are two of
the three parts need ed for con trolling Stiquito' s gaits. The
final sec tion of the circu it is placed between these tw o parts,
and provides an optimal ga it controller better than the one
describ ed in the book Siiquitofor Beginners: An Introduction
to Robotics [Conrad and Mills 1999]. The main purpose of
this sec tion of the circu it, shown in Figure 4, is to allow a
trip od to relax before the othe r tripod sta rts contrac ting .

Figure 4: Shift -register Circuit

The CD4035 is a CMOS 4 bits shift register that can ope rate
wi thin 3 to 15 volts. This device is interesting becau se it ex
ecu tes par allel and serial load s. The parallel load will allow
yo u to initi alize the register w ith a spe cific value before the
555 timer star ts sending pulses. The serial mod e will be used
to make Stiqu ito wa lk.

In orde r to mak e the CD4035 shift data correc tly, you must
connec t OUT (pin 3) of the 555 to the Clock (p in 6) of the
CD4035.

Pin P/S (pin 7) is the mod e selector. When it is se t to 0, the
CD4035 is put into par allel load mode. When P/ S is se t to 1,
the CD4035 is put int o seri al shift mode. By connec ting an
RC network to this pin, we can start the circu it in one mode
and make it sw itch into another mode once the RC network

Pin T/ C (pin 2) is the True /Compleme nt Outpu t se lector
You can use it to ou tp u t on the Q pins the complemen t 0

the shift register's content (1 for ze ros and zeros for 1). Sino
we do not use thi s feature, we connect T/ C to Vcc to selec
tru e ou tpu ts mode.

In short, the circuit wo rks like thi s
• Up on powerup, the shift register load s a logical 1 on
QO and zeros on oi.Q2 and Q3.
• It then sw itches in serial sh ift mod e and starts shift
ing its bits when the 555 tim er sta rts pulsing.
• At this moment, the 1 present in the shif t register
w ill move from one Q outpu t to an other, end less ly.
• Each time a Q outputs a logical 1 to its tran sistor bases,
the tran sistors are turned ON and the nitinol that is
connected to it contracts. Otherwise, the nitinol relaxes .

(Continued on page 18
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Stiquito for Beginners: 192 pages. 7" x 10' Soh.
Dec. 1999. ISBN 0-8186-7514-4.
Catalog # BP07514 - $24.00 Mbrs / $30.00 List

Stlquito Advanced: 328 pages. 7" x 10' Soft.
Dec. 1997. ISBN 0-8186-7408-3.
Catalog # BP07408 - $36.00 Mbrs / $48.00 List

Prices include the robot kit

Stiquito™ is a small, six-legged robot
unique for its cost and limitless
applications . Both books provide the
kit and instructions to build your own
Stiquito and the electron ic controller
to manipulate it. The advanced book
delves into the design and contro l
of legged robots and illustrates
Stiquito's use in advanced research .

STIQUITO
forbeginners
A~~h=~

Conrad and Mills included a sho rt ove r
view of the histor y of robotics, con tras t
ing descriptions of different fields in en
gineering, and details of the engi neering
design process, giving the read er an in
troduction to problem solving and pro
duction planning.

The reader need s basic math skills, pre
cision hobb y mod el bu ilding skills, curi
os ity and pat ien ce. Because any really
good journey involves misstep s, the au
thor s include a troublesh ooting gui de
and describe the princip les behind logi
cal problem solving.

Along the way, Conrad and Mills show
us, s tep-by-s tep, how to build a tin y
in sect oid hexapod rob ot, a manu al
switch, a sing le board tim er-b ased con
troller, and a PC-based parallel port con
troller using QBASIC and hexad ecimal
representati on of digi tal signa ls.

Mill s and Co nrad answer our orig inal
qu estion : "We build them becau se they
are simple, they are fun , and they let us
inves tiga te robo tics without ge tt ing a
milli on-d ollar grant."

But th is understat es the va lue of their
endeavor. A bright teenager can follow
this book, a teacher can learn from it, an
en treprene ur can ge t help wi th his own
projects. Afte r experienc ing th e cha l
len ges of build ing Stiqui to, you' ll know
the tru e reward of the science and craf t
of robo tics.

FOR MORE ADVENTURES WITH STIQUITO, READ THE BOO KS
Here we present our review of "Stiuuiiofor Beginners." In the next issue, YOIl ' ff

read more about Stiquito in Contrad and Mi ffs' "Stiquito: Advanced Experiments."

Stiquito for beginn ers: an introduction to robotics
James M. Conrad , Jonath an W. Mills
1999, IEEE Computer Society Press
ISBN 0-8186-7514-4

Stiquito for Beginners:
An Introduction to Robotics

by[ames M. Conrad and [onathan W. Mills
Published by The Inst itute of Electrical and Electro nics Eng ineers Computer Society

The firs t time he saw a Stiquito wa lking
un der ma nual contro l, an observer asked
the same question man y non-robot build
ers ask: Wha t is it goo d for? To find a co
gent answer, bui ld it yourself!

Stiquitofor Beginners is a comprehens ive
book that in troduces, teaches, explains,
dem onst rates and exerc ises the reade r in
man y required ski lls needed for design
ing and bui lding sma ll robo ts . A half
dozen major contribu tors filled this book
wi th clear schematics, simple d iagram s,
informational tables, close-up photos and
explana tory drawings. There are man y
references; all easi ly avai la ble, so me
ra ther academic.

There are six quick and easy experimen ts
designed to illustra te basic electrical prin
cip les, and th ree more experime n ts to
demons trate the basic mechan ical abili
ties of Flexinol, a refined nitinol sha pe
memory a lloy (SMA) ac tua tor w ire,
m anu factu red and trad em ar ked b y
Dyn alloy, Inc.

This book is designed primari ly to teach .
Each chapter ends wi th a variety of exe r
cises listed in order of d ifficulty. A so lu
tion s ma nual is ava ilable from the pub
lisher, and a teacher's guide is ava ilable
on line, including more exper ime n ts ,
benchmarks, and standards.

Unique among robot books, Stiqui to
books provide both the sk ills and the sup
plies to bui ld a small robo t. You see, this
is no t a snap-toge the r kit. Building
Stiq ui to requires discrete componen t sol
dering, SMA wire fas tening wi th knots,
crimps and screws, and circui t board as
se mb ly, all of which are illustrated in the
text.
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Since only one Q output can be set to 1 at an y tim e, the
sequence is as follows:

QO is 1 = tripod 1 contracts and tripod 2 relaxes
Ql is 1 = tripod 1 rela xes and tripod 2 relaxes
Q2 is 1 = tripod 1 relaxes and tripod 2 contracts
Q3 is 1 = tripod 1 relaxes and tripod 2 rela xes

and then rep eats. Therefore, each tripod has time to relax
before the other starts contracting.

Replacing the CD4035 with two CD4013
Even though the CD4035 shift register is a ve ry conven ient
all-in-on e ch ip, it is a littl e difficult to obtain. It is eas ier to
m ak e a sh ift regis ter ou t of com m on D-fl ip -flops . Th e
CD4013, a dual Dvflip-flop, can be obtained mu ch more eas
ily. You will need tw o CD4013 ch ips to replace a single
CD4035 shift register.

The op eration of a D-flip -flop is very simp le. When the clock
input goes from 0 to 1 (rising edge of the clock), the value
present on the 0 input is copied on the Q ou tpu t. After
ward, Q will remain un changed eve n if the 0 input changes.
The ou tpu t Q w ill only cha nge when the clock goes again
from rises from 0 to 1. Q prime always contain the comple
ment of Q.

The S input is the Master Set. Wh en thi s pin is set to 1, the Q
ou tpu t is un conditionally se t to 1. The R input is the Master
Reset. Wh en this pin is se t to 1, the Q ou tpu t is un condi
tion ally se t to O. We can use these pins to initi alize our shift
register by connec ting the proper S and R pins to the RC
network (C3 and R4) described in the p reviou s circu it. The
Sand R pins that are not used are connec ted to the ground.

By connec ting all the cloc ks together to the 555 timer, we
make the 0 flip flop upd ate their Q in unison . By connec t
ing the Q ou tpu t of the previou s flip flop to the 0 input of
the nex t, we allow the data to move from one flip flop to the
next, just like a shift register would do.

All we have to do afterward is to conne ct the first and th in
Q output to the ULN2003A to gene rate the proper gait se
quence. This circuit is show n in Figure 6. Again, with thi
circuit, we use the same 555 and ULN200 3A circu it ShOWl
in Figures 1 and 3, resp ecti vely.

Figure 6: Shift-register Circuit Attached to Stiquito

So what can Stiq uito be used for in the future? Legged ro
bots have been shown in futuristic mo vies as a va luab le fo
certain applications. Surely Stiquito could ha ve so me ap
plications, even though it is sma ll. Some ideas included :

• Biodegradable insect robo ts for pe st contro l on
farms [Conrad and Mill s 1997].
• Instead of send ing one, ve ry expe ns ive w heeled
vehicl e to Mars, why not send thousands of sma ll
Stiqu itos?
• In buildings of the future, "scavenger Stiq u itos"
would lea ve their hom e base in the walls and wa nde r
the floor in search of cru mbs . . . and other bu gs to ea t!
• More nimble va riations of Stiqu ito, equi pped w ith
microphones and cameras , cou ld be sen t in to the rubble
of a building to look for survivors.

All of these examples require thefirst step . . . a step!
Thef utureof Stiquito is ollly limited by your imagination.

i=\.S&D

C l ock

V e e

C3.1..
0 .1 uF

R4
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Figure 5: Four Flip-flop Circuit
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Build Your Own
Robot Mini-Sumo
Marvin Slyder Style
by Bill Harrison

If you've watched a robot mini-sumo contest, probably
you've seen at least one robot built out of one of Sine Robot
ics' "Marvin Slyder" kits. These kits are very popular be
cause they are so inexpensive and easy to build, yet make
competitive Robot Mini-Sumos.

Why robot mini-sumo? Well, it provides an exciting com
petitive sport, using abilities to design and build robots. I
get a kick out of seeing something that I created compete
against another robot on its own.

Robot mini-sumo is a spectator sport in which two 4-inch
square robots try to push each other off of a 2-1/2 foot diam
eter black disk. While competing in the autonomous divi
sion, the robot must do so without any help outside the ro
bot.

The robots are made from scratch, parts of discarded gad
gets, toys, and / or kits. They can be very simple to very high
tech. All ages and types of people build them, and all have
a chance to win. But what most competitors come out with,
besides having a great time, is a better understanding of
robotics.

The Marvin Slyder is easy to build since it's only made of a
few simple, easy to get parts. The base is simply a small
square of material, the wheels are just two disks of material
with something on the rim to give some traction, and the
scoop is just a angled part attached to the base. The motors,
gears, driver electronics, wheels hubs, and housings are just

easy to get remote control servos, modified to rotate cor
tinuously. A small simple controller, such as the "Basi
Stamp" can be used. Sensors for the opponent and edge ca
be as simple as a couple of switches.

If you have some scraps of thin plywood laying around an,
are a little bit handy with hand tools, you can build thi
type of robot from scratch in a day or so. This article d e
scribes how I built just such a robot: "Old Tech." As well a
the plywood, I also used a knitting needle for a sensor boon

Old Tech is just one way to build a robot mini-sumo. I eI1
courage builders to use this information as a starter, and tr
their own hand at designing a robot. I will not give com
plete exact specifications, because I want to encourage yo
to try your own ideas out. If you want to make a robot lik
Old Tech, there is enough information here for you to fig
ure it out.

Designing Old Tech
The first step to building the robot mini-sumo was to figur
out in my head what I wanted. I had some experience 2

this, from building many robots, so I just "picked through
tid-bits of ideas I had in my head. I wanted Old Tech to b
inexpensive, made out of common materials, not require an
special tools or abilities, a top notch competitor, and mos
of all fun to build. I used my Marvin Slyder kit as a mode
since it is not only very popular, but the design had bee:
proven to work well.

I then drew down some parts of the design, using a sol
pencil, paper and my easy chair. With a little erasing ani
redrawing, I set about making some hand drawings of th
robot I envisioned. The drawing didn't look very "profes
sional," but I could see if it looked like it would work.

There are a lot of little things that have to be figured ou i
like: where would the batteries go (so they can be replace!
easily), where would the servo motors mount, and hov
much room do I have to fit a sensor mechanism? With thi
first drawing I can work this out. It's easy to erase and re
draw at this stage.

When I got to a design I was happy with, I sketched ead
part separately using the drawing of the whole robot as ;
reference. I then used these drawings to make the parts an!
assemble my robot.

Finding Materials and Tools
With a set of part sketches in hand, I set about gatheriru
materials. Often I will find that I don't have all the materi
als laying around. Sometimes I go out and buy them, yet
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othe r times I just redesign aro und stuff I can find . r found
all r need ed laying aro und my garage.

The "core" ma teria l wa s a small piece of 1/4-inch th ick Birch
pl ywood , that wa s a scrap from some previou s project. Thi s
typ e of high grade plywood can be purchased in sma ll pieces
fro m man y hobb y shops that sell raw mater ials for flyin g
mod el airp lanes. However, there are man y typ es of materi 
als that can be used , p lastic is one example.

I located the two scoop mount holes. I mad e dents to help
the r/s-inch drill bit get started in the right spot (a nail can
be use to make the dents).

The cu tout for the needle wa s mad e a t a later stage of con
stru ction. I first built the robot, wi tho ut the needle sensor.
Then on figuring out w here the needle wa s to mount, I cu t
away the scoo p and base to fit. If you make yours the same
way I did, your cu tou t will look like shown in the drawing.

I also loca ted an old "Basic Stamp" clone contro ller board.
It 's pretty simple and limited , but was all I needed for moni
tor ing the two sw itches that rwas to use for Old Tech 's sen
so rs.

Next I mad e a couple of whee ls. I started by cu tting ou t two
di sks, 2-3/4 inches in diam eter, by using a 3-inch hole saw.
You can carefu lly cu t ou t the disks wi th the coping saw, us
ing a compass to mark it ou t.

I found two used Air tronics 94102 standard R I C servo s for
the motorI gearbox. Mos t servos can be used , as lon g as they
are less than 3-15/16 inch wide when stacked back to back,
w ith whee ls attached (I'm going to use l/4-inch thick whee ls).

I set abo ut to find a spot to work and collected the tools I
need ed . I also used safety glasses, a spot light, and a com
for table chair.

I enlarged the cen ter hole to fit the ra ised cen ter part of the
servo hub. You wo uld do thi s too, if your servo hub calls for
it. I found two holes per servo hub, that looked goo d for
mounting the whee l. I marked the locati on on the wheel, by
holding th e hub against th e w hee l and using a pen cil
through the holes I wanted . I drilled the holes in the w hee ls
with a lIS -inch drill bit. I also enlarged the servo horn holes
w ith a 3132-inch drill bi t.

I applied ma sking tap e to the two sides of the whee l di sks,
to keep them clean. I used pieces of tap e that ove rla ppe d
the edges and trimmed to the edge w ith a sharp kni fe.

I wa nted the whee ls to have more tract ion in moving the
robo t aro und than just the wood . After all, robo t mini-sumo
is a pushing con test. So I used a typ e of silicone sea l used as
gas ket mater ial in cars, since it wa s a pretty blue color. But
ordinary clear or white silicone sea l in a tube, from most
hardwa re stores works just fine . I applied a th in layer wi th
my fingers, abo u t 1/16-inch thick all the way aro und the ou t..
side rim of the w hee l di sk . This is w ha t the masking tap e is
for, to keep the seal off the sides of the di sk. You wa nt it
fairly round, but littl e bu mps and imperfections are not a
problem .

Disk of 1/4 inch thick Birch ~
plywood, 2-3/4 inch ~
outside diameter. ~
(3-inch hole-saw works) ~

I[

I

I

I

Two 1/8 inch diameter
mount holes, placed to
match servo horn hole
locations. Enlarge servo
horn holes to 3/32 inch
for 4-40 mount screws.

Center hole to fit servo
hub center, if not flat.
For Old Tech,
5/16 inch worked.

Apply "silicone seal" to
outside rim with fingers,
1/16 inch thick.
Use masking tape
on sides to keep sides
clean . -".

Old Tech Wheel Fabrication

Building Old Tech
First I made the base. I marked out a square 3- 1/S by 3-1/S

inches on the inch thick plyw ood . I cu t out the squa re with
the coping saw. I used a course file to smooth it up a bit ,
and finished smoothing wi th some fine sand pap er.

I now had a pile of all the th ings rneed ed to build Old Tech.
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After the seal hardened, I removed the making tape. Small
bits of seal that stick out can be trimmed with a knife. I stretch
the piece a bit, so it cuts easily.

I also countersunk the wheel mount screw holes, so that I
could use flat -head screws. I needed to use these, as my ro
bot would be too wide for the rules if I used regular screws.

I modified my two Airtronics servos for continuous rota
tion. I took off the top gear housing, removed the little plas
tic part between the pot shaft and the output gear, centered
the pot in its travel, cut off the stop on the output shaft, and
reassembled the servo. It's now ready to use as the motor /
gearbox for the robot.

I used s/is-inch long 4-40 machine screws to mount the
wheels to the servo horns. I used machine screws so that I
wouldn't have the sharp tip of a wood or sheet metal screw
sticking through. They just thread themselves into the 3/32

inch holes you've made in the servo horns, with a push as
they are screwed in. I then attached the wheel and hub to
the servo. Now the motor/wheel assembly is ready to mount
on the robot.

Next I made a scoop. I started out with a piece of hard wood,
3-7/8 by 1-1/8 by 'l-Inch,

I made a mark an lI2-inch from the back edge and cut the
angle carefully. Holding the piece in a small vice helps. Use
cardboard in the vice jaws so you don't make marks on the
wood with the jaws. I cut it out with a coping saw and used
a file to get the final shape, then did the final smoothing
with sand paper. The front scoop edge doesn't need to be
sharp, as we will deal with the scoop edge later.

I cut out the side wheel clearance notches. The left side (as a
driver sitting in the robot would see it, on the right in the
drawing) has a larger notch to also clear the needle sensor
boom.

Scoop made from block of wood 3·7/8 x 1-1/8 x 3/4 inch

Next comes the two scoop mount holes. They are 3/32-ind
so that a typical #4 wood or sheet metal screw will worl
Note the needle mount hole on the larger notch side. It
also 3/32, but I used a longer machine 4-40 screw for th i
Probably a wood or sheet metal screw would work as w el
I mounted this to the base.

I made some marks on the base to act as guides for moun
ing the servos. I made a line 112-inch back from the front t
guide the front sides of the servo. I made two lines 3/16 inc
apart, in the center, perpendicular to the first line to guid
the backs of the servos. I used two strips of "servo tape
l/4-inch wide to stick each servo to the top side of the ba st

Servo tape is a double sided foam tape, used to mount R/ I
servos in remote control planes and cars. It is very strom
much stronger that typical double sided foam tape. You ca
get it at most hobby shops that deals with remote contrr
cars or planes.

I started taping the servos down by tilting the front ins id
corner of each into the marked corners I've made. Then
tilted down one edge along it' s line, then laid the who]
servo flat lightly. I checked its position. If it's in the wron
position, I lift it up and try again (if it picks up wood fiber:
start with new tape), if it's in the right spot, I pressed th
servo down hard to make a strong tape bond. Now yo
should have the basic robot, without sensors or electronic:

I next mounted the controller. I just used two more strips c
servo tape, about 1/4-inch wide, to tape the controller to th
top side of the servo motors.

Since this robot is to use a lot of power (relatively) to pUlS
the opponent, I used two separate 9-volt batteries. One bai
tery to power the controller, with a 5-volt regulator to lim
the voltage. The other battery is to power the servos. Ira
the full 9-volts to the servos, which is more than recorr
mended, and it shortens their life. This does make them g
faster and stronger, which I want in competition. Using to
high of a voltage can damage the servos quickly, but the
seem to last long enough using a 9-volt battery.

r
3-7/8"

/16" 1 2-7/8 "- - - 1 118"

-,-___ (WO 3/32 " holes for #4 mount screwy 1
1
+-- 3116"

I 112" I I '. ,{ """ - ~"",."~ tor
#4 needle

'T8

"- \ I I I LM :~~:

~/1 6" I ~~t away to c,l ar neL 'e 3/4 " I

r

TOP VIEW

Old Tech Scoop Fabrication

February/March 2001

SIDE VIEW

ROBOT Science & Technology

With the clone controller I had, it was easy to cut a trace ani
plug the second power supply into the servo connection,
You can also make a second board and wire this up at an

other places on the robot. You can also put in switches ani
lights. I didn't use any power switches, as I just unplug th
battery when I want to turn it off. Just be sure that the ne g"
tive side of both batteries are connected, so all signals wil
be in reference to the same "ground." Keep the positive sidle
separate, however.
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Controller

Nex t I mounted the batteries. I used 9-vo lt batteries because
they are sma ll and two of them mount, side by side, ve ry
easily. You can use four-cell, 6-vo lt battery packs too, but
you may need to mount one on the bottom of the robot and
the other on the top . I use a couple of 1/4-inch w ide strips of
that servo tape to mount the batteries.

I bring a couple of extra batteries, with tap e already on them,
to compe titions to aid in battery changes. I just rip off the
old ones , and peal the protective tape cove r off and slap
them down and I'm read y to go aga in.

The contro ller I used came wi th a 9-vo lt battery connector
that just plugged into a power head er on the controller. I
go t a seco nd one of the sa me type to plug the servo power
in.

It 's pretty easy to make your ow n connector out of a fem ale
head er strip . Just cu t off two pins worth and solde r it to the
battery lead wires. Be sure to get the positi ve and negati ve
battery lead s on the right pins when pluggin g the power
into the contro ller. Plu gging it in backward s can dam age
things by overhea ting . If you ge t it wrong, unplug it as
quickly as you can to minimize the dam age. This is one ad
van tage of using sw itches, once plugged in, you just turn it
on and off, w itho u t worry ing each tim e of ge tting it wrong.
You ca n also use polari zed connec to rs which can't be
plugged in backwards, and/or reverse pol arity protection
(such as using a diod e) which pre vents power to the con
troll er if it 's backward.

Battery placement is partl y determined by where you want
the weight. You want the weight forward enough so the front

scoop do esn 't hop too much . At the sa me time. You want it
back enoug h to put as much we ight on the whee ls, to ge t
maximum tracti on. With the Mar vin Slyder design , yo u
pretty much want the we igh t forward, since it uses such
large wheels.

Batteries

Old Tech uses large whee ls to ge t maximum speed wi th the
servos. Ch an gin g w hee l size is a tricky way to cha ng e the
gearing to the wheels. I chose large whee ls to give fast speed,
since it still ge ts enoug h torque wi th the servos I used . An
othe r ad vantage of the larger wheels is that the batteries
mount convenien tly underneath the robot. The batteries are
easy to change out when need ed, and ye t all the electronics
on top are easy to get to.

The Airtronics servos just plugged into my clone con troller.
All I needed to do wa s use three pin sections of a fem ale
header strip to make new connecto rs wi th and a slight modi
ficati on to use a separate power supply for the servo pow er.
I needed to make new connectors, since the origina l ones
were too thick to mount side -by-side on my con tro ller. This
modification isn 't alwa ys needed , and ye t othe r tim es you' ll
need to do the connecto r on a seco nd littl e board to make it
work right.

Note that with the standard Airtronics connec tor, the ground
is the center wire, but with oth ers such as Futaba, the ground
is at the end. Be sure you ge t this right when you power it
up, or you can cause overheat damage pretty fast. Red is
usually power and black is usu ally ground. Signal wires
could be any thing (tak e a guess what that blue wire might
be). The signal ha s always been on the edge with all the
ser vos I've seen.
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510 Ohms

Thi s is important as that's how we use one needle to de te
both the edge or an object.

t
Switch
Contact

I '----0 to Controller
input pin

1''-----0 +5volts (from
Pull-up Resisto r Controller)

'----------0 Ground
(on Controller)

If yo u can find very sma ll sw itches, then just mount the!
about 3/B-inch away from the p ivot (either in front or b.
hind to su it). You would connec t one side of the sw itch to
controlle r pin th rou gh a 510 ohm current limiting resistc
to protect the contro ller pin just in case raw power is shor te
to the w ire . Thi s side of the switch is also tied , ve ry weald
to the po sit ive con tro ller power th rough a 10 Kohm hok
up resistor. The other side of the sw itch in conne cted to tl
negative side of the con tro ller power, called "ground ." Th
wa y the controller input "sees" positi ve if the sw itch is 0 '

"hit," but it sees negati ve if it is hit. You can thus check H
sensor boom posit ion , in sof tware, by chec king thi s pin.

Old Tech Sensor Contact Wiring

Whil e on the subject of controllers, it' s a good idea to make
up a "de bug LED." It's handy to trace down problems when
programming yo ur robot. I use a two-pin section of a fe
mal e head er strip, a 330 ohm resistor, and an LED to make a
debug LED. This can be plugged into the controller or the
seco nd littl e board if the con tro ller doesn 't ha ve a gro und
or power pin next to a signal pin. Then when writing the
software to con tro l the robo t, yo u can always turn the LED
on or off when the program ge ts to a point of interest. You
can watch for this to see if the program is at the point yo u
wa nt it to be, which is a big help in finding problem s. For
example, I used a debug LED to light up when my sensor
detected the edge or an object. Thi s way I could leave the
power off on the motors and move the robot by hand to see
if the sensor worked all right. If the LED doesn't light up
when it should, try turning it aro un d . It doesn 't hurt it to be
backward s, but it won' t light up.

Nex t I built the sensor boom. I cut a len gth of kn itting needle
and drilled a cross hol e liZ-inch from the back end. Mine is
lO-inches lon g, but some thing like 7 or 8 w ould work better
(lO-inches han gs too far over the edge and can lose by touch
ing the floor ou tside the rin g). Also, a solid rod would be
easier to use. Croc he t needl es are so lid, so these can be used ,
but it doesn 't so und a cu te as "I used a knitting needl e."
The kn itting needle ge ts caug h t in the mount screw thread s
(since it's a tub e), so you' d have to use shrink tubing or some
thing to smooth the threads out. Also I had to add little "88"
balls to the ins ide of my needl e to ge t enough wei ght to
activa te the sw itches. With a so lid needle, this wouldn't be
necessar y. I mad e the cross hol e in the needle a little larger
than its mount screw, about r/z-inch from the back end, so
that the needl e can pi vot side ways as well as up and down.

Close-up of Sensor Switch

My switches we re just too big for the space I gave. You mig
leave more room for sw itches. Mak e a test se tup to test th
out, befor e building th e robot, so yo u ca n cons ider t!
needed space whe n designing it in the first place. I so lve
the p robl em by mak ing my ow n hom e-brew switches. Thi
were pretty easy to fabricate, thou gh they took a little fi,
dling to adjus t. I started by making a spring from so me mus
w ire I got fro m a local hardware store (ava ilable in mus
stores for gu itars and pianos).

I fashioned one end in a loop so I cou ld screw it down to tl
base . I fashioned the othe r end to hook around the en d
the needl e. It had to allow the needle to point up at the sta
of the contest and fall down to it's ac tive sta te when cor
peting (required by con tes t rul es). It also had to mo ve tl
sp ring up and down, as well as side to side, since I used t11
as one of my "switch contac ts."
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rem Program Listing

rem otekmain.bas for Basic Stamp 1 controlled
mini -sumo .

rem connect second power to servo power
rem tie negative sides together on two battery

packs
rem input pins :
rem pin3 edge detect switch, O=edge
rem pin4 object detect switch, O=ob ject
rem output pins :
rem pinO left servo motor, 0.7 msec = fwd
rem pin1 right servo motor, 1 .7 msec = rev
rem pin6 edge detect LED, l=on
rem pin7 object detect LED, l =on
rem variables:
rem bO reserved for bit variables
rem b1 reserved for bit variables
rem w1 (b2 & b3) random number
rem b4 random number capture
rem b6 pivot counter timer
rem b7 short pulse code width
rem bS long pulse code width
rem b9 loop counter
rem b10 not used
rem b11 not used
rem b12 reserved for gosub pointers
rem b13 reserved for gosub pointers

object detect LED off

pivot right
to seek opponent
increment pivot timer
pulse code cyc le time I

new random 64 to 127

wander forward
move to a new spot

drop out if at edge

edge detect LED on
reset pivot timer

random 64 to 127
back away from edge

, edge detect LED off

reset pivot timer
wander forward
don 't check for edge
as it wi11x xxxx be

false
, due to tip-up on
start

is opponent detected?
is robot at edge?
is pivot timed out?

opponent with boom sensor

next

pause 20

for b9 =1 to 40
pulsout 0,b7
pulsout 1,bS

pause 20
if pin5 =0 then loop
next

random w1: b4=b2/4+64
goto loop

next
pin7=0
go to loop
wander: b6 =0

for b9 =1 to 20
pulsout 0,b7
pulsout 1,bS

if pin4 =0 then object
if pin5=0 then edge
if b6 > b4 then wander
rem pivot to search for

for b9=1 to 10
pu1sout 0,b7
pulsout 1, b7
b6 =b6+1
pause 20

next

goto loop
edge:pin6=1

b6=0
for b9=1 to 30 ' go forward

pulsout 0 ,b7
pulsout 1,bS
pause 20

pin6=0
goto loop
rem main program l oop
loop :
rem check edge and object detect boom sensors
rem risky attack => check object first
rem safe attack => check edge first

random wI : b4=b2/4+64
for b9=1 to 20

pulsout O,bS
pulsout 1, b7
pause 20

next

move to opponent's
side

don't look at edge
due to false detect

stop both motors
let boom fall

drop boom
left motor rev
right motor rev
pulse code cycle time

set port dir
clear output pins

set pulse width code
wait 5 seconds

initialize pivot

pulsout 0,b7
pulsout 1,bS
pause 20

for b9=1 to 20

next

pinO =O : pin1=0
for b9 =1 to 10

pause 20
next

for b9=1 to 10
pulsout O,bS
pulsout 1,b7
pause 20

b6=0
timer
b7=70 : bS=170
pause 5000

next

dirs=%llOOOOll
pins=O

for b9=1 to 20

pulsout 0,b7
pulsout 1,bS
pause 20
if pin5=0 then loop

move to opponent's
side

left motor fwd
right motor fwd

drop out if at edge

end

next
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Regul ar solder doesn't stick to this type of wire, so I used
silve r solde r. It used a special flu x pa ste, and solder wire. It
worked the same as regular solder, but stuck to the stee l
wire. I go t mine at my hardware store. You can also just
wrap the wire aro und the spring mount screw and tighten
it down. This way you can avoid soldering to the spring
wire all together.

I used bit s of brass shim stock for the second contacts of
both "switches." But brass or copper wire would work just
as well. I mounted them down with more screws . I connected
the con troller ground to the spring , and each brass contact
to separa te pins on the controller (with resistors wired as
described above). I tested the setup with a multi-meter set

I to "Ohms."

I next added a steel blade for a scoop. I used a small piece of
five thousandths thick steel shim stock for the blade. I cut it
to the size of the w ood scoop front, leaving an area for the
needl e. I made it about t/s-inch longer in front, so the lead
ing edge wo uld slide directly on the sur face of the ring (rais
ing the wood off the rin g a bit) .

I wa s very careful to round all the edges and corners, so
that my scoop would not be a hazard for cuts to fing ers and
such. With a five thou sandths thick shim you want the edge
to be a full round, to keep it safe. Even at full round, it'll still
be real close to "shav ing" the ring, since this shim stock is
so thin. I snippe d a tid-bit off the corners and sanded them
smooth, so that the corners wouldn't be a hazard either.

I used servo tap e to attach the scoop blade. I had to tape it
down a couple of times to get it in the right position, then I
did the final adjustm ents by slight bends in the leading edge.
I ende d up with a scoop that rides on the rings surface from
side to side. I'll bring a couple of backup scoops with me to
competitions, so I can change them out if they get damaged.

Side view of Scoop

After I added the scoop blad e, I could do the final " tweak
ing" of the sensor switches . I just bent the spring and con
tacts to activate where I wa nted them to. This is a good plac
to use tho se "debug LEOs," or you can use a multi-me te:
During the se tests, I found that on my robo t, the object de
teet had have a stronger spring than the edge detect . Since
was using just on e spring for both, I found an alternative:
mounted a screw and a plast ic spacer half way down th
spring to block its side ways movemen t. This made objec
detect much more "s tiff,"a nd yet let edge detect rem an
"soft. " This tweaking was an advantage of mak ing my OWl

switches.With regular sw itches, you might have to play wit]
where the y are mounted , which can com plicate adjus tmenl
On my larger rob ot sumos, with thi s se t up, I used switche
with a bendable metal tab.

Programming Old Tech
I intended Old Tech to locate its oppone n t by spinnin
around until the sensor bo om bumped into the oppo nenl
Then Old Tech would push forward to push the opponen
off the rin g.

There is a rule that the rob ot can' t start for 5-seconds afte
the start of the match, to allo w the ope ra tors to ge t ou t 0

the wa y. This is easy to program into the software.

There is a maximum start size . The needle laying down OJ

the platform would be too large, so it has to start in the "up
position. To get it down, Old Tech backs up after the 5-sec
ond wait, then goe s after the opponent.

So that Old Tech is mo re "aggressive," I p rogrammed it t~

ru sh at the opponent right after the needle falls to the ring'
sur face, and before it sta rts pivot ing. Old Tech doesn 't re
ally know when the needle is down, I jus t put a time dela:
in the software.

There is a rule that a robot can't stay in one spot for longe
than 5-seconds. This is true even if it's pivoting, so Old Ted
has to move to a new spot from time to tim e, if it doesn'
locate the opponent. I adde d a: " time out," so the robo
would wander to a new spot if it d idn't locate an oppo nen
in less than 5-seconds .

The trouble with moving, is that the robot can dri ve righ
off the edge and lose. Now do you see why we needed tha
edge detect capability? With an edge detector, Old Tech car
back away from an edge and not drive off.

Summarizing Old Tech's behavior: First the operator plUgl
in the two power supplies, sets the robot down, holds dOWK
the reset button till the start of the contest, releases the but
ton, Old Tech waits five seconds after that, backs up, drop:
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aftD CONSTRUCTING QMiniSumoR~bot

boom, lurches forward, and goes into a pivot to try to locat e
the oppo ne nt. Eithe r Old tech find s the oppo nent, in which
Old Tech pushes it off, or it tim es ou t, in which it wanders
to a new spot. Old Tech will either tim e ou t on wander, in
which it' ll go back to pivot sea rching , or find the edge, in
which it wi ll back away from the edge and go back to pivot
sea rch. Old Tech will continue thi s until the ope rator eithe r
pushes the rese t button or pulls the power connectors.

Study the sa mple sof tware I wrote for my Old Tech . Th is is
written in PBASIC for Basic Stamp I typ e of controllers. You
can either use thi s as is, or use it as a mod el for your own
so ftwa re.

Testing Old Tech
Find a practice robo t min i-sumo ring to test Old Tech 's fun c
tion . I sta rted by just see ing if it wo rked OK without an y
thing else on the ring . This is the best way to chec k out the
edge de tect.

Next I pu t a small wood block on the rin g, ab out the size of
a robo t mini -sumo. I found that I had to fix a couple of thin gs
a t this poi nt. My main problem was that every tim e I sa w
an oppo ne nt, my sensor also tou ched the edge sw itch. Since
I p rogrammed Old Tech to be "careful," it always resp onded
to edges first. Thus my robot backed away from oppone n ts.
This is not exactly wha t I wa nted .

The so lution was simple. I just changed to an "aggress ive"
stra tegy: I p rogrammed Old Tech to always respond to ob
jects first. This is some times called the "kamikaze" attack
strategy. Th is isn 't always good, but with Old Tech, it seem s
to work just fine. The final test wa s ag ains t myoid cham
pion robo t mini-sumo: "RA." With severa l dozen rounds,
Old Tech always wo n! So Old Tech is ve ry competitive, one
of my design wishes.

Preliminar y ope ra tion testing can be done without a prac
tice ring. Since the switches are the onl y sens or, the color of
the sur face doesn 't matter. If you don't need to check the
edge detect, the rob ot can do the object detect on an y hard
floor. To check the edge detect , use a tabl e top . Hold your
hands under the rob ot, so it doesn't fall if it doesn't work
right (which does happen at times).

The last step before en tering Old Tech into robot mini-sumo
competitions, is to get it' s mass up the ma ximum allowed,
SOO-grams (just over a pound). I used tho se tape-on lead
weights for balancing car ma g wheels. Most auto parts stores
carry them . You'll need to find a scale to wei gh the robot. I
just sn ipped off what I needed and taped them down. An y
thing can be used to bring the mass up. I've seen robo ts
with nail s hot-glu ed on, to add mass.

Old Tech proved to be ve ry inex pe ns ive, easy to build, and
very competitive in robot mini-sumo. But most importantly
I learned a lot and had a grea t time doing it. I feel that thi s is
what you will find too , if you build a similar robot.

The design and building of Old Tech applies to gene ral small
mobile robots as well , not just Robot Mini -Sumo. How about
rigg ing it up with a slide r tail and whiskers, and ha ve it
wande r while avoiding obs tacles? Old Tech w ill also teac h
you a lot of valuable lessons that w ill be useful in fu ture
robo tics projects.

For more information on Robot Mini -Sumo, yo u can check
ou t sinerobo tics.com /su mo or yo u can e- mail me at :
bill@sinerobotics.com.

May your robotics projects warm your spirit.

i=\.S&"'iJ
'Mister SI//IIO America' Bill Harrison is all avid pro
fcesionot aiui hobby robot builder, IISillli his mechani
cal engineering degree to inucni small persona! mo
bile robots. He is also experienced ill robotics elcc
ironicand softwareami specializes in machine design .
He is a member of the Seattle Robotics Society, heads
the Eas tside Robotics grollp, alld has hosted the all
nual Northwest Robot Slimo TOllmamellt for 8 years.
Readers call reach hill/at his R&D cOlI/pallY, Sine Ro
botics, at www.sillerobotics.colI/.

ANNOUNCING THE
9TH ANNUAL

NORTHWEST ROBOT
SUMO TOURNAMENT

Apri/21
in the Edmunds Community College

Gym , Lynnwood , WA

Compete and lea rn from the most
experienced American masters.

Autonomous and RC sumo events ,
both Japanese and Mini-Sumo

class .

For details contact the organizer
at sinerobotics.com.
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AIBO Second Generation: New & Improved
by Dean Creehan

Sony's AIBO ERS-ll0 /111 has a new sibling who just might
overshadow the original. The new model goes by the non
descript name, ERS-210, and is almost completely rede
signed. At first glance, it looks similar to the original ex
cept in the ears and tail. In reality, very little of the original
hardware remains. Even the battery is different. Let's look
at some of the differences between the two breeds.

External Features
Each of the hardware modules as well as the main trunk of
the robot has been redesigned. The overall appearance is
based off of a lion cub, which is rumored to have been de
signed by Hajime Sorayama, who designed the original.
After watching how current owners petted their AIBOs,
Sony added two new touch sensors: one on the back and
one under the chin. The one on the back was made possible
by the elimination of the cooling fan. This removal makes
the robot quieter and allows designers more flexibility. It

also allows the Japanese to dress their AIBOs without worry
of blocking the vent. In addition to being shortened, the
ears were each given a motor to add to the robot's expres
siveness. This somewhat makes up for the loss of the floppy
tail. The new tail has lights to aid in showing mood and
mode. Additional LEOs were also added to the eyes as well
as a mode light. The openings for the battery and Memory
Stick have been moved from the tail-end of the robot to the
belly. The battery is new and the memory stick now has a
locking mechanism to prevent removal while writing. Af
ter using the supplied tool to remove the head, legs, and
tail, all that remains is a processing brick.

Internal Hardware Features
The ERS-210 comes with more horsepower under the hood.
There, reportedly, is a 192 MHz CPU with 32 MB of internal
RAM verses 100 MHz and 16MB for the ERS-ll0/ll1. The
camera in the new robot uses a CMOS image sensor instead
of a CCO. This should improve battery life since the new

camera operates on about one-tenth of the power needec
by the CCO. The motors are reported to be a bit stronge
and quieter than the previous model. The addition of a Wire
less LAN may be the most notable internal feature of th,
ERS-210. Removal of the external appendages is necessar:
to install the LAN card, which uses the IEEE 802.11b stan
dard. The LAN will have a nominal working range of 31
meters. Initially, it will only work in conjunction with th.
$500 AIBO Master Studio for transfer of behaviors. Source
have indicated that other uses will come in the future in
eluding remote viewing. Unfortunately, the LAN and AIBC
Master Studio software will not be ready until next yeal
Also, the owners must supply their own wireless LAN can
on their Pc.

Main Software - AIBO Life
Something unique to the new AIBO is that its necessary soft
ware is sold separately. There are several different Memori
Sticks containing software to choose from, but AIBO Life i:
the "must have." This program corresponds to the softwan
that came with the 110/111 models. It allows autonomous

behavior by giving an AIBO ' instincts, emotions, and the
ability to learn and mature. AIBO Life also enables tlu

robot's voice recognition and mimic features. The ability tc
use the voice features is tied to the maturity model so tha
more features are enabled as the robot "grows up." Using

the "Record a name" command, AIBO will learn its name

and will react in the future when the person who recordec
it calls him /her. Since most owners named their ERS-110/
111s, this is a natural progression. Some examples of the

other 40 or so voice commands are "Hello, Good bye, I'rr
home, Good night, Good, Bad, Say your name," (says it IT
tonal language), "How old are you?" (will indicate his ag e),
"Sit;' and "Take a picture." The 210's voice recognition is
reported to be over 90 per cent accurate. The Mimic Mode
is a unique feature of the new AIBO. The robot will imitate
the sounds of words you say using a tonal language which
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matches the length, pitch, and inflection of phrases you say
to it. If the owner says, "Goodbye," the AIBO will mimic
the words with something like "Beep-Bop."

In addition to the Autonomous Mode, some new modes
were added to AlBO . Since there is no Sound Controller
(remote) with the new model, either voice or use of the touch
sensors is used to enter or exit a mode. There are now Rest
and Held modes, which would have been nice to have in
the first generation AlBO. They allow movement of the head
and tail while the legs are either limp or put into a sitting or
lying position. That allows the AlBO to sit on your lap while
you and your mechanical pet watch Battlestar Gallactica to
gether.

The ERS-210's emotional model appears to be similar to the
original AIBO, but a new instinct was added. The Sleep
instinct makes the AlBO want to sleep. If an AIBO had just
returned to Autonomous Mode from Sleep Mode, the Sleep
instinct would be still strong, and the AlBO might seem a
little groggy and absent-minded. The growth model is also
very similar to the ERS-llO /ll1s. One difference rumored
at some Japanese sites is that an adult AlBO can switch be
tween types. In the original AIBO, once the adult stage was
reached, no further" growth" would occur.

The AIBO Life software also takes snapshots using the
robot's color camera. There are two picture-taking meth
ods. First, an owner can use voice command. When the
command is given, AlBO counts down using six LED seg
ments in the eyes, turning them off one by one. After six
seconds a picture is taken. It is rumored that AlBO can hold
seven pictures at a resolution of 180x140. It 's a Pet, it's a
Robot, it's a Digital Camera! The second type of pictures is
the one AlBO takes each day to create a diary. The AlBO
Fun Pack PC software is needed to view the pictures.

Other Software - AIBO Fun Pack
The AlBO Fun Pack runs on a PC and
is used in conjunction with the AlBO
Life Memory Stick. The owner can
check on AlBO's level of maturity or
use the calendar function to plan spe
cial events and set AlBO's wake-up
time. You can also view AlBO's di
ary, which includes a daily photo
graph along with a phrase on how it
was feeling each day. This could be
something like "I was happy today,"
"I played with my pink ball all day,"

or maybe "Today I studied the papers of Werner Heisenberg
and believe I found a flaw in his work in quantum mechan
ics." Well, maybe not that last one, but you get the idea.
AlBO retains the last seven days worth of its diary. The
pictures taken via the voice command are also viewable
using the AlBO Fun Pack. Along with the software, the pack
comes with AlBO wallpaper and icons for the Pc.

Hello AIBO
There is once again a Hello AIBO Memory Stick, which per
forms the same function as the one for the ERS-llO/ll1. lit
it is designed like the original software, it is a youth based.
AIBO which has all the functionality of the AIBO Life soft
ware sans the growth routines and AIBO Fun Pack inter
faces. The biggest difference between the old and new ver
sions is that people outside of Japan can purchase the ERS
210 version. The old version was only available for sale in
Japan or as a promotional item in the U'.S.

Party Mascot
When you want to have some fun with your new robot at,
say, a Christmas or New Years party, put in the Party Ma s
cot Memory Stick. This software has four gaming catego
ries to choose from. One is its namesake "Party Mascot"
where you can play interactive games. There is "Athlete
AlBO" where the robot can compete in sporting event with
other AlBOs. Another category is "En tertainer AlBO" where
the ERS-210 sings, dances, and becomes the life of the party.
Unfortunately, this makes your guests forget you are even
there, and you will find your AIBO getting invited to more
parties than you. The last category is "You and Your AlBO"
for head to head competition. Actual detail on any of these
categories is unavailable at this time.

AIBO Master Studio
The ERS-llO /ll1 's $450 AlBO Performer Kit has been re
placed by the $500 AlBO Master Studio for the ERS-210s.
This software is not available yet, so details are sketchy. The

Performer Kit only allowed the edit
ing of performances. The new soft
ware will add LED control, sound co
ordination, and actual behavior
modifications. This latter capability
might open up interesting possibili
ties because it adds conditional logic.
It appears to be similar to a very
high-level programming language
where individual actions or motions
become subroutines that can be se
lected based on external stimuli. For
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ins ta nce, the AlBO cou ld be ins tructed to head-butt its pink
ball. What is no t known is the level of detail allowed in the
conditiona l clauses. The Wireless LAN Ca rd, sold sepa rately,
w ill initiall y only work wi th the AlBO Master Stud io. It
w ill be used to w irelessly transfer new behaviors to the ro
bot. This will make program ming less tedious. Witho ut
th is feature, the current programming of motions is an end
less cycle of edi ting, downloa di ng to a Memory Stick, tran s
fer of the stick from PC to AlBO, rebooting of AlBO, se tting
of AlBO into Performa nce Mo de, execu ting performan ce,
not ing w here problems are, shu tting d own AlBO, tran sfer
of stick back to PC, reloadi ng Memory stick , back to step
one. There is a 3-D AlBO that can be used to view general
movements, but yo u need to run it on the real th in g to see
the problems.

Extras
The charging stand, now ca lled the Energy Station, has been
completely redesigned for the ERS-21O. It is a wedge shaped
device with an LCD disp lay on the fron t that can be used
for checking /setting AlBO's time, da te, and vo lume. It also
allows monitoring of the battery condi tion. Since the "X"
shaped base fro m the origina l charger is missin g, the new
station allows for the fut ure ad di tion of se lf-cha rgi ng. Un
like the 110/111's charger, AlBO's fee t are always on the
ground, so mounting and d ismounting are plau sible.

One big negative change in the ERS-210 for hackers is the
in trod uc tion of the red Me mory Stick. These Memory Sticks
are se t up to work w ith only one kind of so ftware . Th is
way, an owner can only load an updat e, a back-up, or a
hacked version of software if he alrea dy owns the appro
pria te Memory Stick. For example, the Hello AlBO soft
ware can only be res tored to a Hello AlBO Me mory Stick.
This is a compromise to p rot ect Sony's software w hi le main
taining the abi lity to do back-ups and upgrad es.

A special stick called the AlBO Programming Me mory Stick
is need ed to save programs crea ted w ith the AlBO Master
Studio software. This would appear to limit the sco pe of
mod ificati on s fro m the AlBO Ma ster Stud io softw are, since
neith er AlBO Life, Pa rty Mascot, nor Hell o AlBO can be
cha nged.

ERS-210 Demo Model
Sony gracious ly supplied Robot Science & Technology w ith a
p re-p roduct ion de mo model of the ERS-210. Th ou gh not
finis he d, the mod el gave va luable insight into the next gen
era tion AlBO. One of the more visib le fea tures is the ex ten
sive use of LEOs. For happy emotions, the eyes use the
new er blue-green LEOs, wh ich are more brilliant.

Also, to ge t more ex p ression, Son y utilizes the ability to in
dependently illuminate ind iv id ual eye segme n ts . Thi s ro
bot likes to wi nk. The re is also a so lid bar at the top of the
face pla te, which uses a ye llow-gree n LED. It only came on

only tw ice, w he n it appeared the AlBO was doing some sot
of reset. It was not ed a t those instances that the new AIB(
performs a graceful fall and self-reset instead of collapsin
in to a heap and requiring a manual reset. The tail assernbl:
uses bl ue and orange LEOs feeding into a single fiber opti
line to the tail. It was off or blue most of the time, probabl
indica ting happ iness.

The demo softw are was a representation of AlBO Life brc
ken in to tw o pieces on tw o separate Memory Sticks. On
stick was for au tonomous ac tivity, and one was to demon
s tra te the voice capabi lity. The voice recogni tion had prob
lems wi th children's voices, but always seemed to work wit]
an adul t male. This, of course, directly matches the predomi
nant demographics for the buyer of th is product. The m imi
mod e could be enjoyed by everyone because the robot wouli
imita te anyone's vo ice regardless of pi tch . The au tonomou
stick was simi lar to the firs t generation AlBO.

One thing new was the inter-breed com m unica tio ns. Th
ERS-210 wou ld list en for certain tunes from a nearby ERS
110/ 111, e.g., the so und after praising. Af ter recognizin g ,
ton al seque nce, the ERS-210 wou ld si t down and procec<
to emi t Sound Co ntro ller comma nds. It tried out a t leas
four "Hello" com mands: DAF#, AOF#, EGC, and GCE. Th,
firsttwo appeared to cause the ERS-110/ 111 to blink its greel
eyes and mak e a happy so und . When the ERS-110/111 hean
one of the second pair of commands, the robot sa t down
waved w ith a paw, and played a happy tune. This prompter
the ERS-210 to wave a paw w hi le playing a si mi lar tu ne
Also, on tw o occasions, w hile the 210 was try ing to get th,
110's a tten tio n and the 110 p layed an angry so und (becaus
it mi ssed the ball), the 210 pl ayed the id entical angry tu ne
It appeared to be mo cking the 110. Disassembly of th e nev
robot was a sna p wi th the su p p lied "p in" tool. The Iitth
di splay on th e internal p ro cess in g brick ca n show an ,
change the tim e, d ate, vo lume (0-3), and UTC (-12 to +12)
w hatever that is. A simp le indica tion of remaini ng batter 
life is also di splayed. Another in teresting fea ture of the brid
is an ex tra on / off button and sta tus light on the top. Thi:
was obv ious ly placed to maximize fu ture flexibility. Win
it, so meone could design an upright AlBO.

Some othe r miscellaneous observa tions are noted here. The
ba ck and chin se nsors reacted to being stro ked. The me
chanical pet stoppe d w ha t it was d oing, lay d own, made ,
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The chin sensor is a typ e of membran e switch that reac ts to
a very light touch . On furthe r investigat ion, the "clicking"
sound was traced to a p robl em wi th the ea rs that did not
move on the demo model. After wa tching the new robo t
for several days, it appea red that the main contribu tor to
ear da mage was falling . Because of the way they stick ou t,
the ears often take a solid hit whe n the ERS-21O tip s over.

clicking noise, and showed star-burs t eyes. Up on stopping
the stro king, the robo t lit its low er red (sad) eyes and began
emit ting a pin ing sound .

Also, several times the 210 exhibited head vibra tion. The
new robo t does snap its head quickly left and rig h t when
navigating a roo m. The 110/111 would turn its head much
more slowly. Ano the r noted differen ce in the new AlBa is
that it uses a circu lar scan pa ttern with its head when sea rch
ing for the bal l. The previous robo t used a linear pattern.
This gives the new robo t an eerie "Exorcist" look abo ut it.
The infrared distance sensor in the head is now aiming ou t
of the nose along wi th the came ra . Thi s sho u ld allow for
better correlation between vis ion and d istance. The ERS-210
is m uch quieter th an th e orig ina l, mainly because of the
missin g coo ling fan. For charging a battery wi tho u t the sta
tion , the battery must be in the robo t. This is a bit incon ve
nient when wo rking w ith multiple batteri es.

Selling Differences
One of the main reasons the new AlBa's pri ce see ms chea per
is because a ll of AlBa's accessories a re sold sepa ra tely.
Wh en you add back the pieces that came with the original
robo t, the p rice ga p narrows. Some cos t is rem oved because
there is no sound controller need ed. The ERS-110j 111 wa s
an Internet and phon e item only. Thi s gene ra tion AlBa is
available via the Internet, phone, and at retail outlets in
cluding the three Sony stores (New York, San Francisco, and
Chicago) . The black version of the robot can be purchased
at all The Sharper Image stores.

Dean Creehan has been tinkering with robotics and other inven
tions since childhood. He received a BSEE at Carnegie Mellon
and an MSEE at USC, where he studied Robotics, AI, Machine
Vision, and DSP. Dean is currentiu a Systellls Engineer at
Lockheed Martin Global Telecommunication.
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by Jim Frye

Photo 1

find the center of rotation. Keep the output shaft in thi s cer
ter po sition and remove the round serv o horn for the fo
lowing s teps .

Photo 2

3) Remove the ball beai
ing from the outpu t sha
o f th e final gea r. C u
away th e m echan ics
stop on th e final gear us
ing a razor saw, as illus
trat ed in Photo 2. Clea
all of the debris left fro r
th e saw, as sm all p a l

tides will gur
up th e gea
train.

2) Remove the four lon g screws from the bottom of the cas
and disassemble the housing. Take out the screw that ho ld
the feedback potentiometer in pla ce as sho w n in Photo :
and carefully remove the pot from the case . This part is sti

required for the servo t

op erate, so don't cut th
wires.

4) Cover th
pot with
small piece c
electrical tap

to insulate it from the electronic componen ts . There i
enough room for the potentiometer to be left inside the cas,
Just push it into the corner away from th e motor and reas
semble the bo ttom of the housing.

COMPONENTS

PROCEDURE
1) The output shaft is limited to about l 80-d egrees of rota
tion. Rotate the output shaft by hand from stop to stop to

The rob ot is mad e up of sev eral important compo nen ts. The
motors, tires and wheels, cha ssis, batteri es, microcontroller,
and sensors a ll fit together in a wa y that complem ent each
othe r. I decid ed to use Hitec HS-700BB hobby se rvos as the
drive motors. They are relativel y cheap and, like all hobby
servos, they are ver y easy to control with a microcontroller.
The following math was used for a simplistic ballpark analy
sis of the servos and the 3-inch diameter wheels used on the
rob ot. The servos are rated at l6l-oz./in. of torque each .
Thus, a t one inch from the center of rotation of the horn, a
force of l 6l -ounces is generated . At the circumference of
the 3 inch di am eter wheels used (l .5-inches from the center
of rotation) the force is reduced to l07.3-ounces. Dividing
thi s result by 16 for the force in pounds and d oubling it be
cause there a re tw o serv os results is a total of 13.4-pounds
of pushing force (disregarding loss of tracti on). That is plenty
of power for the application. They do require modification
for continuo us rotation, but this is a straightfo rward opera
tion and doesn't even require soldering. Follow thi s step by
step procedure to do the modification.

Autonomous Sumo is gaining popularity across the coun
try. If you want to build a winning robot, build the stron
gest, faste st machine possible. The robot must be able to
detect the edge of the ring to avoid running out. Search out
the opponent if po ssible, but use of a random or repetitive
motion will result in contact well within the three-minute
tim e limit. Cras h-n-Bu rn was built using a relatively low
tech approach , but the overall de sign is sound and ha s fea
tures that make it well suited for Sumo. At the time of th is
writing Cr ash-n-Burn has been undefeated in competition.
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Two weights we re also added for mass and balan ce. The
bottom s of the scoo ps are sande d flat so they would ride
evenly across the surface of the ring. A compe tition of oth
erw ise evenly matched robo ts can be decided by w hich ro
bot ge ts its scoo p under their compe titors.
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Photo 4

•
Photo 3

The tires and wheels are the
1061 Road Hawgs made by
Pro-line . Th ey sh o u ld be
available at yo u r local RC
hobby shop. They fit on a 2
inch rim, ar e ju st under 3

inches in diam eter, and ha ve an ove rall width of just un 
de r 1.7S-inches. They are a soft rubber compound with an
agg ress ive tire tread . The nylon rim s mount directly to the
round servo horns after they are drilled for common 4-40
hardware. Photo 4 , sho ws the finished product ready for

installation.

The scoops are mounted at approximately 70-degrees . There
is no thing magic about this ang le, it just happens to be how
far the scoo p could lean back and still al
low room for the battery packs. The scoops
are reinforced with suppo rts. The di stance
between these supports is just eno ug h to
fit a standa rd 7.2-vo lt battery pack. I use a
med ium cyanoacrylate (supe r glue equiva
lent) called Pro CA+ sold by Grea t Plan es.
Th is glue bon ds in 10 to I S-seconds and,
as long as there is sufficien t sur face con
tact, the resulting joint is actua lly stronger
than the parent PVC material. Two rein
forcing beam s we re added to the bottom
of the rob ot that spa n from one scoop to
the other. This really stiffened up the en
tire chassis, see Photo 7.

5) Replace the gears as shown in Photo 3, and reassemble
the rest of the housing. The servo can now be controlled by
send ing a J-ms or 2-ms pul se. l-rns will rota te the shaft clock
wise at full spee d, and 2-ms will ro tate the shaft coun ter
clockwise at full spee d. Simply stop send ing pulses to stop

rotation.

The dimensions for the cha s
sis and struc tural componen ts
are shown in Figure 1. These
pa rts w ere cut from o-mm

thick foam PVC pan el using a band saw. The servos mount
back to back on the main chass is, as shown in Photo 5. The
seco nd sma ller pan el hold s them securely in place as illu s
trated in Ph oto 6. Double side d tap e wa s added to hold the
servos in securely. A small l.I2S-inch spacer is used along
with #4 self tapping hardware to hold every thing together.
The small panel also makes a nice platform for mountin g
the contro l electro nics .
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Photo 5

Photo 6

Photo 7

At this point , the basic chassis is complete and read y for
paint. Man y robots use infr ared reflective sensors to sea rch
out the oppo nent, therefore I chose flat black paint for Crash
n-Burn. This makes the robot very difficult to detect. Al
thou gh it may have com promised the stealthy nature of the
rob ot a bit, I op ted to add some coo l decals to the scoops .
CorelDRAW was used to de sign the decals and they were
printed on ad hes ive backed paper.

A color laser was used , but I ima gine any color printer wouk
suffice. After application, I gave them a coa t of clear ename
to prevent dam age during compe tition. Pho to 8, shows th
finished robo t.

A separate 7.2-vo lt ba ttery was used for each servomotoi
The we ight of the extra battery pack isn' t a problem and i
allows a much lon ger run time be tween charging, or bat
tery repl acem en t. Don' t un de restima te the importance 0

run time. Dep end ing on the number of robo ts en tere d, an,
the typ e of elimina tion tr ials employed, the robo t may nee,
to compete up to 20 tim es in a two-h ou r span. Run time Cal

make or break a robo t's cha nces for success. A separate 9
volt battery is mounted for the microcontro ller an d senso i

Photo 8

electronics. This provid es isolation from vo ltage spikes the
are present on the higher powered servo motor supply lines
Note that there is an edge detector mounted just behind eac
scoo p . A robo t with only one scoo p would need to backuj
and turn when it reaches the edge, leavin g it vulne rable t
attack. Crash-n-Burn does not need to backu p and turn whe:
it reaches the edge. It only need s to reverse direction an!
look for the edge w ith the opposi te sensor.

The schematic d iagr am can be seen in Figure 2. The rob ot'
control electro n ics are ac tua lly off the she lf compo nent
available from Lyn xmotion , with a couple of minor mod if
cations.

The First Step (BASIC Stamp 1 based microcontroller) ha
provisions for pluggin g servos directly on to the PC boa rc
However, since I chose to control these servos with sepa
rate battery pa cks, I had to breadboard the servo conner
tions off the board.
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symbol f_sens pin7
symbol r_sens pin6

The software tha t controls Crash-n-Burn is extreme ly simple.
It consis ts of two loop s, a forward loop and a reverse loop.
When star ting all au tonomo us Sumo competitions require
a five seco nd de lay before any motion is allowed . The pau se
5000 takes care of that requi rement. The program immedi
ately d rops into the forward loop. In this loop , the rob ot
moves in the forward direction indefinitely until the for
ward edge de tector takes the Firs t Steps pin seven high .
When it detects the edge, the program d rop s into the re
verse loop . In th is loop , the robot moves in the reverse di
rection indefinitely until the rear edge detector takes the First
Steps pin 6 high. When this condi tion occurs it jumps back
to the forward loop . Simple right?

The other modificat ion is to the Tracker. The Tracker was
des igned to be mounted to the front of a robot and allow
easy line following. These infrared sensors just happen to
wo rk exce p tiona lly we ll at detecting the white rin g at the
Sumo ring edge. Simply w ire the senso rs off the PC board
using standard 24-AWG w ire, and heat shrink to protect
agains t sho rts. They can then be mounted exactly where they
are need ed , see Photo 8. The sensors have a wide op eratin g
range, and will work when spaced from between 0.0625
and O.5-inches from the floor. The sensors used are Kodensh i

i
I SG-2BC reflective sensors, but mo st any reflective IR sensor
I sho uld work well. You may need to expe rime n t w ith the
i pull-up resis tor va lue when substitu ting. The Schmitt Trig
\ ger inpu ts of the 74HC14 use hysterysis to clea n up the sig
-r' nal. The input vo ltage must go to 1.7-Vdc before the ou tpu t

will go low, and must d rop to 0.9-Vdc before the ou tpu t
will go high . This help s prevent erra tic signals from reach

1
I ing the microcontroller. The wiring of the robo t isn 't ex-

tremely critical, jus t try to keep runs as sho rt as possible.
Liberal use of tie wraps w ill ens ure eve ry thing is secure.
All of the servo power d istr ibution connec tions are solde red,
bu t removable jumpers were relied on for the sig nal in ter
connections.

POSITIVE LOGIC ENGINEERING

I still consider myself a beginner in robo t Sumo, having only
attended three compe titions so far. Every new eve n t we
attend has a littl e tou gher compe tition, resulting in my hav
ing to try a littl e harder as the bar ge ts raised.

HERE IS JUST SOHE OF ITS FEA TURES:

• CON TROLS /6 SERVOS SIHUL TANEOUSLr

• 4000 COUNT POSITION RESOLUTION
• 8-BIT SPEED 8 ACCELERA TIDN SETTINGS

• 8 ANALOG DR DIGITAL INPUTS

. 8 HIGH-CURRENT DIGITAL OUTPUTS

• SWITCHING POWER REGULATOR ALLOWS ENTIRE
SrS TEH TO USE ONLr ONE BA TTERr PACK
WITH 5V OUTPUT POWER FOR USER'S CONTROLLER

• 34 SOFTWARE COHHANDS
• EVENT TRIGGERINGANO STA TUS REPORTING

• SEQUENCES HOTION AUTOHA TICALL r

• COHHAND CACHE HEHORr

• NON-VOL/TILE STORAGE OF SrSTEH PARAHETERS,

SERVO PARAHE TERS AND BOARD ADDRESS

P.O. Box 6521
Santa Rosa, CA 95406-0521

info@medonis.com

WWW.MEDONIS.COM

THE ASCI6
A SERIAL RIC SERVO

MOTION CONTROLLER

Crash-n-Burn was cons truc ted for a Sumo competition that
offered a middle we igh t class . The ru les were based on the
standa rd Jap anese rul es, but the weight was limi ted to I S ·
kg (3.3 lb.). I believe the same concept would be successful
with larger servos for the standard 3-kg (6.6 lb.) class. The
robo t perform ed flaw less ly winning most matches within
30-seco nds. Du e to a limited amount of wheel traction slip
pa ge, the robo t exhibited an interesting emergen t beh avior.
lf the robo t con tacted an opponent wi th the edge of its
scoo p, the robot wo uld au tomatically steer in to the riva l,
resu lting in a self centering beh avior.

' r o t a t e the right wheel CCW
'rotate the left wheel CW

'rotate the right wheel CW
'rotate the left wheel CCW
'wait lamS
'check sensor and branch

forward :
pulsout 0, 100
pulsout 1, 200
pause 10
if f_sens = 1 then backup
goto forward

backup :
pu lsout 0, 200
pulsout 1, 100

pause 5000

pause 10 ' wa i t l amS
if r_sens = 1 then forwa rd 'check sensor and branch
go to backupI

I
I
L
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It is my hop e that this ar ticle w ill help you to be more suc
cessful in your Sumo robo t build ing.

Good luck, and Happy Roboting!

www.robotmag.com
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RF Data Modules

I I

A N NOU NCI NG THE
9TH ANNUAL

NORTHWEST ROBOT
SUMO TOURNAMENT

April 21
in the Edmunds Community College

Gym, Lynnwood, WA

Compete and learn from the most
experienced American masters.

Autonomous and RC sumo events,
both Japanese and Mini-Sumo

class.

AM-RTD-315 Transceiver ..... $24.10

o 10KHz data rate . CMOSfTTL input/output
o 5V @ <3mA (Rx) and <10mA (Tx)
o OdBm (Tx) , -87dBm (Rx)
o 315MHz operation
• 50W antenna impedan ce

AM-RT5-4xx Transmitter $12.10

o 4KHz data rate. CMOSfTTL input
o 2-14 V • 4mA typical
o 418M Hz and 433MHz versio ns

AM-RRS3-4xx Receiver $24.50

o SAW stability. Superhe terodyne.
o CMOSfTT L output
o 5V operat ion , 5mA
o -106d Bm sensi tivity

TX-DFM-12V Transmitter ....... $18.50

o SAW Stability, 2FSK mod ulation
o Up to 19200bps data rates

12V, 15mA operation
o <1OdBm into 50W

RX-DFM·3V3 Receiver $39.95

o 2FSK, Super heterodyne
o 3.3V , 13mA operation
o -100d Bm sensitivity . <1ms Startup time
o Carrier detect, squelch outputs

For details contact the organizer
at sinerobotics.com. ABACOM

TECHNOLOGIES

TEL: +(416)236 3858
FAX: +(416)236-8866

abacom@abacom-tech.com

FREE CATALOG
www.abaccm-tech.ccm

~AME X
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Figure 1

Motor supply ground

A Relay Implementation
The implem entat ion of an H-Bridge de
serves some discussion . Figure 3 illus
trates the posit ions of the sw itches with
resp ect to nod es in the circu it, but it
do es not ind icate the physical imple
mentation of the switches . Figure 4 il
lu st rates a double-pole double-throw
(DPDT) sw itch (A and D on one side,
and Band C on the othe r side) tha t
makes a simple manual H-bridge. Of
course, a computer canno t con trol such
a manual sw itch. A comp uter, on the
other hand, can con tro l a rela y w ith
minim al add itiona l hardware. How can
we use the DPDT relay arran gem ent for
automa ted contro l? Combining pulse
width modulati on with a drive circuit
using a sing le transistor, a computer can
control both the speed and direction of
a DC motor. Figure 5 illu strates such a
circu it.

Ind eed , such a design is possible and
inexpensive. However, most relay coils
require at least 40-mA at 5-V to act u
ate. This cu rren t requirement is not
transistor transistor logic (TTL) com

The closed circui t allows the gene ra ted
elec tric a l pot ential to push cu rre n t
th rough th e co ils . As curren t flows
through a coil, a magneti c field is de
veloped . This develop ed magnetic field
opposes the magn etic field of the per
manent magn ets in the motor. Conse
que ntly, the motor coils develop torque
oppos ing the rota tion of the motor. This
torque helps to slow the motor. Th is
technique of using generated curren t to
brake a motor is some times kn own as
passive braking.

electrical potential is ap plied . An op er
rotating DC motor is like any free rotor
becau se the generated electrical poten
tial is not push ing any curren t.

The motor w ill even tua lly stop due tc
friction . However, a sho rted ro ta ting
DC motor (when switch C and Dan,
closed ) behaves differentl y.

Closin g switches C and D causes brak
ing of a rotating DC motor. When a DC
motor rotates, the magnetic field of the
permanent ma gnets gene rates electri
cal potential in the moving coil. Thi s
happens regardless of whether external

the right. Figure 2 illu strates the re
versed path of cur rent.

Motor supply grou nd

Figure 2

Motor supply

Figure 3 is a circuit of four sw itches that
can control the flow of current as shown
in Fig u res 1 and 2. Wh en we close
switches A and D and op en switches B
and C, the current flow s from left to
right through the motor. When we open
swi tches A and B and close Band C,
the cur ren t flow s in the opposite direc
tion. Consequently, the configuration in
Figure 3 accomplishes the objecti ve of
controlling the directi on of a DC mo
tor. Ind eed , the basic concept of an H
Bridge is thi s simple!
The inquisitive will ponder what the ef
fect s ar e for other sw itch configura
tions. Obviously, if sw itches A and C
ar e both closed, the current goes di
rectly fr om th e p ositive su p p ly to
ground. Closin g sw itches Band D has
the same effects. The se two combina
tion s are not only useless, they could
cause fires or even explos ions ! Wh at
happens if we close only switches C and
D? Thi s combination, while seemingly
harmless, does ha ve an effect.

Driving a DC
Motor with an
H-Bridge

The Concept
Rotational direction of a DC motor can
be controlled using the direction of cur
rent flowing throu gh it. How can the
d irection of a di rect curren t flowin g
throu gh a DC motor be chan ged? Let
us first look at the scenarios. Figure 1
illustrates the path of cur ren t flowing
from the left-hand side of the motor to

by Tak Auye ung

Motor supply

My prev ious articles in Issu e 6 (RS&T
Feb / Mar ) discu ssed pulse-width
modulation (PWM) and dri ving a DC
motor w ith a tran sistor. While these
articles illust rate two fundamental con-

. cep ts in contro lling a DC motor, they
do not add ress the control of direction.
Most mobile robo ts require the con trol
of motor speed as we ll as direction . This
article d iscusses the concep t and imple
mentat ion of an H-bridge for direc
tional DC motor dri ve. We will also take
a close look at some H-bridge lCs and
d iscuss the criter ia for choos ing an H
bridge. The last part of the article pre
sents a prototype for use in expe riment
ing with an H-bridge.
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pat ible, and man y microcontrollers and
logic ICs canno t directly drive such a
relay. A small transistor and a fly-back
diod e are often needed to interface a
logic IC to a rela y. For comparison pur
poses, a relay-based H-bridge that has
a logic IC interface for PWM mu st have
the following components:

• DPDT rela y
• Small transistor to drive the relay
• Small flyback diode to protect the

rela y transistor
• Large transistor to control PWM
• Large flyback diode to protect the

PWM transistor

Note that this design does not include
the circuit to perform pa ssive braking
discu ssed later in thi s article. Passive
brak ing requires an additional double
pole sing le- throw rela y and its own
transistor and flyback diode.

A Semiconductor
Implementation
Alterna tive ly,one can use semicond uc
tor components to make an H-bridge.
Bipolar junction transistors (BJTs) and
field-effect transistors (FETs) can re
place contacts in the rela y to switch the
current. The control voltage (pushing
current through the rela y coil) of a re
lay is isolated from the switched cur
rent. Thi s is not the case for either BJTs
or FETs.

Becau se sw itches A and Bconn ect to the
positi ve supply voltage, we call them
the "high-side" switches. Similarly, we
call switches C and 0 the "low-side"
switc hes . Because the hi gh-sid e
sw itches connec t to the positi ve supply
voltage, designers use PNP BJTs or P
typ e MOSFETs to implement them . The
low-sid e sw itches connect to ground,
which makes it convenient to use NPN
BJTs or N-typ e MOSFETs as compo
nents.

Given 5-V TTL logic control signals, it
is easy to con struct a NPN Darlington

transistor or select an N-type MOSFET
w ith a low on-thresh old voltage . How
ever, the high- sid e switches (PNP BJTs
or P-typ e MOSFETs) require the control
voltage to be between the supply volt
age and some threshold offset below
the supply voltage. This poses a prob
lem for high -voltage motors (more than
5 or 6-V). If the supply voltage is 12-V
and a PNP BJTis used , the control volt
age (at the ba se) must be 12-V to turn
off the BJT, and some offset below 12-V
to turn on the BJT. A similar scenario
occurs if a P-type MOSFET replaces the
PNP BJT. The TTL logic control signal
is between O-V and 5-V,which does not
meet the requirements.

Designers use two common techniques
to overcome thi s problem . The fir st
technique is to use a charge-pump to
generate the high voltage required to
control the high-sid e sw itches. The sec
ond technique uses an oth er transistor
to switch the motor supply voltage to
con trol the high-side sw itches. Both
techniques, unfortunately, increases the
number of components sign ifican tly.
Consequently, it requires many semi
conductor components to implement a
high voltage capable H-bridge with
TTL logic interface.

Unlike relays, however, semiconductor
components can be densely packed in
ICs. Because H-bridges are very useful
circuits, semiconductor manufacturers
design and mass-produce H-bridge ICs.
The L293D (available from Unitrode
and SGS-Thompson) and SN754410
(equivalent to the L293D from Texas In
struments) are tw o cost- effective H
bridge ICs. Both a re quad half-H
bridges and cost less than $3 US, even
in small quantities. Both of these ICs are
BJT-based, which dis sipate (waste) a bit
of energy due to the voltage drop across
the collectors and emitters. For higher
efficiency at a higher cost , you can also
use MOSFET-based H-bridges. Such H
bridges include the Vishay-Siliconix
Si9987 and Harris HIP4020 .

Even with an H-bridge IC, a motor cor
troll er circui t some times requires fou
additional d iodes for back Electro-m g
netic force (EMF) protection as we ll a
passive braking. Even so, we only nee:
five small componen ts to implernen
on e H-bridge. Certain H-bridge 10
such as the L293D (0 for diode), hay
int ernal diodes for protection agains
the back EMF of an inductive load.

The internal diodes reduce the numbe
of components significan tly. Compare
to the relay approach, H-bridge ICs ar
cost- effective as well as compact fc
current switch ing up to about 3-A cit
cuit can use H-bridges that are can
nee ted in parallel for additional sw itch
ing capac ity, but this approach require
special cons ide ra tions to synchroniz
the parallel H-bridges.

For applications that switch more th ai
10-A of cur ren t, the IC approach be
comes infeasible. Design er s often us
parall el banks of di screte p o w e
MOSF ETs (in TO -220 p ack ages ) b
implem ent H-bridges.

The rela y approach also becomes rela
tively cost-effective in such hea vy-d ur
applications because P-type powe
MOSFETs are expens ive.

Experimenting with the
L293D H-Bridge ic
The L293D H-bridge is a "quad half-H
Ie. Each half-H is also known as a pu sh
pull driver. Four (quad) half-Hs make;
tw o full-Hs. In other words, a singl.
L293D H-bridge IC can implem ent tw r
full-H bridges, dri ving two separate
motors.

The L293D has one CE (chip enable) fo
each pai r of half-H circuits (physicallj
on the same side on the IC). The CE sig
nal is active-high. In other words, wher
the chip enable signal is high, the cOT
responding half-H circuits are acti ve
An active half-H circuit connects thl
output to either the motor supply volt
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age or the gro und . An inac tive half-H
circui t does not connect the ou tpu t to
any sig na ls. Each half-H circui t has a
sing le control signal and a sing le ou t
put. The input signa l con tro ls whe ther
the output connects to the motor sup
ply voltage or to ground.

Motor supply

A B

C l>! D

Y
Motor supply ground

Figure 3

A high inpu t signal connects the ou t
pu t to the motor supply vo ltage.

The following tabl e indica tes how to
use the H-bridge to contro l a DC mo
tor. 'H' means a high voltage (5-V) and
'L' means a low voltage (O-V) at the re
spective pins on the Ie.

Chip lnputt Input2 Meaning
enable

H L L Passive Braking
H H L Driving in one

direction
H L H Driving in the

other direction
L X X Not driving nor

braking

Table 1. Logic table for H-bridge

To experiment with the H-bridge, we
w ill u se normally open mom entary
switches to control the signa ls. The sig
nals are "pulled" to a default sta te via
4.7-kQ resistors. The CE (chip ena ble)
signa l connects to a 4.7- kQ resist or,
which then connects to gro und (O-V).
Because the CE pin is a high- impedan ce

input pin, the vo ltage drop across the
4.7-kQ resistor is ins ignificant, and the
CE is driven low. Simi larly, we connec t
each inpu t pin via a 4.7-kQ resistor to
gro un d . With thi s se t up , the H-bridge
is di sabl ed by default, an inhe ren tly
safe sta te.

In order to cha nge the vo ltage at the CE
and input pins, each pin is connec ted
to a norm ally ope n (NO) mom entar y
sing le-po le-sing le-throw (SPST) swi tch,
which then connects to 5-Y. With th is
arrangement, whe n a sw itch is closed,
the corresponding pin connec ts d irectly
to 5-V and senses a h igh voltage. Wha t
about the 4.7-kQ resistor that connects
to gro und? A current of 5-V/ 4.7-kQ (ap
proxim ately I-mA) passes th rou gh the
resistor. With this set up, the circui t does
no t ena ble the H-brid ge to d rive cur
rent by default. The operator must push
the momentary sw itch in order to en
able the H-brid ge, minimizing cha nces
of leaving the H-bridge ena bled and
heat ing up .

With such precau tions in place, we can
start to conduct experimen ts wi th the
L293D.

Let all swi tches remain released. The
mo tor sho uld be eas ily rota ted by ex
ternal torque becau se only fric tion is
slow ing it down.

Let's try passive braking first.

Press the switch for the CE sig nal, but
leave the othe r two sw itches released .
This configures the H-brid ge for pas
sive brak ing by shorting ou t the termi
na ls of the motor w itho u t connecting
the external power. Therefore, the mo
tor wi ll not move by itself . Turning the
motor wi th externa l phys ical force gen
erates a current in the arma ture coil due
to the coil moving through the magne tic
field of the perm an ent magnets. This
curren t in th e arma tu re ge nera tes a
magne tic field that op poses the field in
the mo tor 's magn ets. This results in a

braking force, which decelera tes the
ro tation fas ter tha n jus t fric tion forces.

Press the switch for the CE signa l, then
press one of the tw o input sw itches. The
motor should turn one way or the othe r.
As soon as you release the switch, the
mo tor sho uld start to slow. For passive
brak ing, keep pressing the CE switch
w hile releasing the inpu t switch.

Press the CE switch, then press the in
pu t switch other than the one you cho se
in the previous experiment. The motor
sho uld tu rn in the opposi te direction.
You can also try active braking. Active
br aking applies external vo ltage to the
mo tor to tu rn it in the opposi te direc
tion. No te that active braking can draw
tw ice the sta ll current th rough the H
br idge in to the mo tor! In other words,
if your motor is rated at O.5-Asta lled, it
wi ll draw up to 1.0-A whe n you apply
active braking. The L293D is ra ted for
0.6-A given sufficient heatsin k. If the
stall curren t of your motor is more than
O.5-A, you are advised not to perform
the following experiment.

Press the CE switch and hold on to it,
then press one of the other tw o input
swi tches. As the mo tor turns in one d i
rec tio n, suddenly re lease th e inpu t
swi tch and press the other inpu t switch.
The m o tor sho u ld decelera te very
quickly, come to a stop, and then im
media tely start to rotate in the oppo
si te direction. Doing this repetitively
will hea t up the H-bridge and pote 
tia lly damage it. You should provide
sufficien t heatsink, and use a relative ly
sma ll motor to preclude th is occur
rence .

Adding Pulse-width
Modulation
At th is point, the H-bridge can drive OIr

brake a motor a t 100% capacity. You can
vary the speed of the mo tor simply by
connecting the CE signa l to a pulse
wi d th-mod ulated signal (such as the
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24 Vdc Barber - Colman
Gearhead Motors

Motorized Potentiometer
Dual 10K Linear Ta er

CORPORATION
P.O. Box 567

Van Nuys , CA 914
FAX (818)781-265

www.allelectronics.com
e-mail allcorp@allcorp.com

ALL
ELE

Good-quality pushbutton with
39" cord. probably originally
designed for photographic appli
cation. Normally-open. momen
tary switch (current rating
unknown) is encased in a 2"
long plastic and rubber
assembly with cable strain relie!.
The cable is terminated with a
small co-ax barrel plug. Black
assembly with white pushbutton.

CAT # PB-95 $250
each

Hand-Held Pushbutton

Alps Electric # 726T-10KBX2
Dual 10K linear pot powered
by a small reversible 6 Vdc
gearhead motor. Pot and -c

motor assembly are 1" square x
1.7" long excluding shaft and
bushing. 6 mm flatted shaft is
0.5" long. 9mm threaded bushing. PC pins and
mounting tabs for pc board mounting.

400 CAT # MPOT-10K

$ each I 10 for $35.00 I

#EYQF-63604-750 & (740)
New. Rugged gear
head motors
designed for
continuous use.
Operate on 24 VDC @

50 mA (no load). 0.185" dia. x
0.75" long flatted shaft. Overall dimensions:
1.36" dia. x 2.92" long (excluding shaft).
Two types available:
50 RPM
CAT # DCM-150 $1750
140 RPM each
CAT # DCM-151

.Ji
TERMS : NO MIN/MUM ORDER. Shipping and handling lor the i
48 con tinen tal U.S A $5 .00 per oeeer. All others IOCh•.d lng AK. •
HI, PR Of Canada must pay full shlppmg. AI orders delivered J
In CALIFORNIA mus t inclooe local stale sales tax. Ouannues.1-----==-. Limited. NO COD. Prc es sotaect
CALL, WRITE to Change .., thout ocoee .

FAX or E-MAIL .

for our FREE ~

96 Page
CATALOG

Outside the U.S.A.
se nd 53.00 postage.

Direction Signal

t ransistor

DPDT

Motor Supply V

Figure 5

Editor/Engineer/Educator Tak Auyeung,
Phl), was tile software development group
leaderfor embedded controllers at Zworld
before jumping sllip to RS&T. He teaches
tile micromouse lab at UC, Davis, and
is best known to our readers for his search
algorithm series in RS&T issues 2 - 5.

DC motor control requires two addi
tional components. The first component
is a mechanism to ascertain the current
speed of the motor. The second com
ponent is a method to adjust the duty
cycle in order to make the motor rotate
at a known sp eed. The next project in
this series discu sses the encoder, a com
ponent that can read back the rotation
of a DC motor.

Motor supply

Motor supply ground

You can rep eat th e previous experi
ments while va ry ing the duty cycle
with the PWM circuit (by adjusting the
variable resistor of timer M). Indeed,
with PWM duty cycle control and an
H-bridge for directional and braking
control, you ha ve a lot of flexibility
driving the motors of a robot. Most of
the circuits we have built so far are suit
able for ex perimen ts and ma yb e a
wired rem otely controlled robot.

The Next Project
We have covered the basic conc epts of
driving a motor. However, we have not
touched on the issues of controlling a
DC motor. Wh ile the duty cycle is re
lated to the speed of the motor, it is s till
an op en loop . That is, we can onl y tell
that a larger duty cycle results in a faster
speed, but we cannot control the DC
motor to rotate at a known speed within
known tolerances.

Figure 4

output of timer M of the 555 PWM cir
cuit, see Issu e 6). It is ad visable to con
nect the CE signal through a normally
op en momentary SPST sw itch to the
output of timer M of the PWM circuit.
In othe r wo rds , you should redirect the
original CE sw itch from 5-V to pin 3 of
the tim er M 555 rc.This ensures the H
bridge onl y dri ves when you press CE
sw itch.
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"A new magazine , Robot Science & Technology, appears to be bridging
the gap between hobby 'bats and research 'bats." - from Introduction to
AI Robotics, by Robin Murphy (review to come in Issue 9).

PAYMENTBY: 5 ~~a __I FREE SHIPPIN
THRIRY catalog sent with your order onorders of $300 orMore

12V Auto Battery DURACELL~ ALKALINE CELLS
Charger ATM PRB $40 AAA 1.5V 1120mAh MN2400B2 2 PK $1.99
• C amcorder Batteries AA 1.5V 2450mAh MN1 SOOB2 2 PK $1.89
• Blank Video Tape C 1.5V 7100mAh MN1400B2 2 PK $2.90
• Lighting Equipment 0 1.5V 14.250mAh MN13OOB2 2 PK 2.90
• Wirele ss Mlcs PROCEll 9V 565mAh PROCELL $195
• Battery Belt s .

- - - -"-
PM Battery

l:=~:~-~

'A~.~ :'''~ ,"j>
... . . ~.. .. A .~

MP-10l

$99

RECHARGABLE GEL CELLS
4v 4.5ah 1.93 X 2.09 X 3.70 $10.00
4v lOah 4.01 X 2.00 X 3.75 12.00
6v 4ah 2.76 X 1.77 X 3.98 9.00
6v 10ah 5.95 X 1.97 X 3.70 13.00

12v 4ah 3.54 X 2.76 X 2.40 16.00
12v 7ah 5.95 X 2.56 X 3.70 17.00
12v lOah 5.95 X 3.86 X 3.70 27.00
12v 12ah 5.95 X 3.86 X 3.70 34.00
12v 18ah 7.13x2.99 x6.57 54.00

MOTORIZED PAN
Fastens between any tripod head and video camera . Two motors allow
ind ependent smooth remote adjustment of ve rtic a l and horizonta l
pan ning motion Auto Pan Mode - allows continuous horizontal panning
motion. Switc h selec to r for eithe r a 30. 60 or 90 degree movement .
• Maximum horizon tal an gle +90
• Maximum ve rtic a l angle +15
• Power Source 4 AA batteries
• Pann ing Speed adjustable
Weight 27 oz. - Size 5.75' x 4.5 x 4'

DearPaul and Thomas, letters like yours keep us going. We know
the demand for robots and robot-related stuff comesf rom a huge,
rapidly growing, affluent and educated market. Fortunately, sup
pliers and sellers are increasingly supplying our demand. 2001 is
an exciting yearto be in robotics.

Your care in suppo rting your subscribers and you r wo nder
ful magazine are a winning combina tion. I look forward to
issue 8 and all the futur e issues to come .
Robert Martin

Here it is Robert, enjoy! Thanks for your compliment. We try to
carefor customers as best we can. Although, I must admit that we
are a busy shop with veryfew people, so wesometimes lose track of
things.
For folks whoneed to reach us, thefastest, most reliable way toget
a response is to email service@robotmag.com. Mayall our f uture
issues speedily reach your door.

Supply and Demand Rule Robotics
Thanks for your hard work. Robot icists across the country
appreciate your effor ts. I for one read RS&T cover to cover,
every word.
Paul A. Jacobs

I am gra tefu l for your response to my e-mail. I really enjoy
the magazines and look forwa rd to receiving the rest. I know
that starting a bu siness is di fficu lt and I try to be patient. It' s
the only robo t magazine out there and I really hope it will be
aro und for a while.
Tho mas Bock

Rescued by Mac MindStorms
I can 't believe the peo ple who d ism iss Lego Mind storms as
just "a toy." Either they are mechan ical geniuses wh o never
need to mod ify the ir design s or they have access to a com
plete machine shop.
Lego is an ideal tool for trying out ideas, prototyp ing con
cep ts and developing sys tems. If you crea te a claw hand and
it doesn' t work, you can repa ir or redes ign it in a matter of
minu tes wi thout the so ldering, we ldi ng, cutting, gea r box
fabrica tion and wiri ng that makes red esigni ng an all-day job
wi th conventiona l metal and wires.
I was unabl e to use MindStorms on my Mac until recently,
thanks to Marc Jensen 's lette r in Issu e 7. While trying out a
terra in-conforming crawler idea, I was cons tantly modify
ing, altering an d fine tu nin g the beast. As a result of Lego
flexibility it opera ted better than I expec ted, and rebu ildi ng
it wi th metal was easy since I al read y wor ked everything out
in a Lego Technics pro totype . Now I'll be able to experime nt
wi th much more com plex ideas and concepts wi th spur-of
the-m omen t altera tions and quick fixes that make Lego wo r
thy of conside ra tion.
Keep up the goo d work, RS&T. You're doin g a great job of
fer ing a wide range of informa tion to a wide range of hobb y
ists, from the hard -core gea r heads to the interes ted begin
ner. As a suggestion, I'd like to see a few how-to-bui ld BEAM
robo ts articles in the coming year along wi th your more ro
bu st robo t building articles.
Pau l Lenoue

Dear Paul, l'nt glad we could help our Mac buddies. Roboticists
(whether in theoretical AI research or hands-on robotbuilders), are
all incredibly creative.And creative types, likeartists, tend to usea
lotof Macs.Sowe'llcontinuetoincreaseoursupportfor non-win tel
systems, whilestill serving the "mainstream" DOS posse.
Your interest in BEAM reflects a wide-spread and encouraging
evolutionary leap offaith. Beamers are increasing in number, dis
covering that educators can teach math, scienceand biology with
non-programmable bugs. We at RS&T continually askfor BEAM
stories, but all the potential writersare too busy; they're building
bots! BEAMers, unite and write!
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Advancing
Amateur Robotics
Through Robot
Contests
by John Piccirillo and Dave Everett

Mobile robotics is a fast growing area not only for both the
professional and industrial researcher, but also for the hob
byist. New books, magazines, web sites, and college courses
are added every year, and robots are receiving more media
attention. While mobile robots have a long way to go be
fore catching up with the movie versions, now is a good
time to pursue this interesting and future technology. Of
ten it is difficult for an amateur to decide what direction to
pursue. One can see this clearly in newsgroups posts by
self-declared newbies, where the enthusiasm is clearly out
of synch with reality. What is needed is a focused chal
lenge, a manageable task with opportunity for creative so
lutions, i.e. a well-designed contest.

Contests are particularly valuable for amateurs, who need
the direction and association that these events provide. By
the way, by amateu r we mean someone with resource ceil
ings: limited funding, no support staff, limited tools and
test equipment, and only discretionary time in which to
work on projects. On the other hand, amateurs have cer
tain advantages that are worth pointing out, namely, vision,
enthusiasm, and freedom. Vision: many times the estab
lished workers in a field can't see the forest for the trees.
This was certainly true of the personal computer revolu
tion. Enthusiasm: early powered-flight development ben
efited greatly from the boundless enthusiasm of amateurs.
Freedom: individuals employed by companies, the govern
ment, or universities don't set their own agenda, but ama-
teurs can. -

Why contests? Contests offer several worthwhile advan
tages and opportunities. Contests

• Focu s on Integration - To satisfy the contest goal one must
put together several technologies and a control scheme. This
prevents one from getting stuck on just one aspect of a ro
bot.
• Let one Compare Approaches - After working intensively
on a solution for a specific problem, it's very instructive to
see what approaches others have pursued.
• Involve Real Hardware vs. Simulations - Most contests
force one to put up the real thing.
• Provide an Assessment of Current Limits - A broadly at
tended contest offers a good cross-section of the available
technology and integration techniques.

In our view, not all contests are equally efficacious. Ther
are several different types of competitions. The most popt:
lar involve:

• Radio-Controlled Machines

• Single-Behavior Performance

• Micromouse Maze Navigation

• Free-Form Rules

• Task-Oriented Objective

We argue that only the last category is useful for advancin
the state of amateur robotics, the theme of this article. Th
first category, radio-controlled machines, is excluded a
advancing anything because the intelligence is on the wron
side of the link. For our present purpose a robot is, a) au
tonomous, b) mobile, c) interacts actively with its enviror
ment, and d) has an embedded task as a goal. The secoru

contest category includes things like line-following robol
that exercise only one capability of a robot instead of a corr
plex, task-achieving goal. Those contests are fine for en tr
level skills but don't advance the state-of-the-art. The sam
goes for micromouse competitions. Although they are chal
lenging, they are best suited for stimulating interest in rc
botics, but are too artificial. Robots are allowed to look ove
the wall and to have multiple runs - a solution (maze soh
ing algorithm) looking for a problem. Free form rule com
petitions allow one to do whatever one likes, which is cet

tainly not bad, but doesn't set the bar high enough nor pre
vide the focus necessary to promote amateur robotics to th
next step.

Technology has advanced to where amateurs can begin t
break into building more sophisticated robots, ones that ca:
achieve scaled-down, real-world tasks in a natural environ
ment - the next step. Before enumerating contest desig:
criteria that promotes this next step, we point out what w
consider misdirections, that is, robot adventures that seer
cool but either don't advance next step skills or simply be
come black holes for time and money. Efforts we conside
fruitless are:

• Building Anthropomorphic Robots

• Making a Computer-On-Wheels Robot

• Building Science Fiction Imitations

• Pursuing An Immature Technology

• Image Processing Vision System

There is nothing wrong with any of these approaches in th
appropriate context, but they don't lead to viable robots
Without the underlying capabilities, an anthropomorphi
robot is just a mannequin. As for science fiction imitations
the movie versions cheat anyway, using radio control an!
film special effects.

Sometimes one aspect of a robot can become so dominatinj
that the robot never gets built. Vision is one of those tempi
ing capabilities that we'd all like our robot to have, and i
can in limited ways.
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II At the Trinity College Fire-Fighting Home Robot Contest in 1999, Ikea-Bot
by Arun Patel of Ontario 's Grand River Collegiate took 2d place , and was

\

the only jun ior division robot to complete all three runs. Parallax BS2 brains
on top, a -rings for traction, red DC motorized fan to extinguish the flame.

crop of easy-to-use single-board computers suitable for small
rob ots; and there are some reall y good sens or modules at
reasonable prices. As your skill increases and your desire
to build more sophisticated robots becom es a rea lity you.
should consider these next de sign steps :

• Networked Microcontrollers - the ad vantage here is to
build workable modules that are compe ten t in themselves.
A modification of the robot's capability should not mean
ha ving to completel y re-do the control program or the con
struc tion.

• Solid Mechanical Design - unfortunately thi s is still a do
it-yourself area, but don 't hesitate to ha ve local machine
sho ps work on spe cialized parts.

• Behavior-Based Mobility Control - Thi s is an ou tgrow th
of the work ori ginally done at MIT by Rodney Brook s an d
his stude n ts. There are many behavior-b ased va rian ts. We
strong ly recommend reading his origina l papers (see pa ge
54) and the excellent Behavior-Based Robotics (MIT Press, 1998,
to be reviewed in the next issue) by Ronald Arkin.

Don 't let one componen t dominate. That laser sca nne r
project ge tting ou t of hand? You may have to subs titu te an
other item or technique or get help from someone else.

However, ge tting involved in milking the vis ion system to
get high level performan ce will take all your energy and
resources, leavin g nothing left for the rest of your rob ot.

43

(877) 985-9286
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http://www.pontech.com
VISA/Me Accepted. Shipping & Handling + $5 (US)

• RS232/RS485 interface. addressable up to 255 boards
• 2 Amps per phase. 5-46 VDC bipolardrive
• Choppingcurrent limiting
• Over temperature protection
• Acceleration/deceleration ramping
• Speed. direction. positionchangeon-the-fly
• 32bit absolute position. 4bit digital input for home limits
• Full. half or wave step modes
• Size (4.3 x 2.4 x 1.1 in.)
• SimpleASCII stringcommands /w sample interface software

STP100 Stepper Motor Controller $159

START BUILDING YOUR ROBOT NOWl
o

We have ad vanced the thesis that robot compe titions can
ad vance amateur robots and we've give n examples of ho w
it does this. However, not all contests are equally effective
in advancing the sta te of robotics. In fact, it 's not easy to
design a good competition. It is not our inten tion to stifle
or limit the kinds of robots that are built or the types of ro
bot compe titions that are held. Rath er we w ould like tho se
so inclin ed to give thought to introducing competitions that
have the goal of ad vancing amateur robotics. We offer these
con test design criteria :

• Relax Constrained Environments - the con tes t sho uld of
fer an op erating arena that is in between that of real, d y
namic envi ronme nts and the completely artificial env iron
ment of uniform surfaces w ith high contras t di visions be
tween floor, wa lls, and objects .

ROBOT Science & TechnologyFebruary/March 2001

Than kfully there are man y enabling resources for hobb y
ists. Tha nks to the Internet, one can locate and purchase a
grea t variety of compo nen ts; there are several worthwhile
books on mobile robo tics one can purchase; there's a new

So how do we move forward to fulfill our ambitions to build
in teres ting robots an d overcome our limitation s as hobb y
ists? Here are a few suggestions:

• Join A Group - Isolati on breed s stag na tion. The group
can be a local club or an Internet specia l interest gro up. Ask

I., qu est ions, answer ques tions, follow di scussion s, and visit
iI web sites. Keep an open dialog wi th a peer gro up .

i • Dem onst rate Your Robot - Show your robo t to a peer
\ group. It may be a scou t troop , a science class, or some

.\ friends . Self-evalua tion isn 't eno ug h, and not nearl y as

. much fun.

I
I •Co mplete or sca le back lingering projects. It's enco urag

ing to have something to show for all yo ur effort.

i
I
I
I

I
I
I

I
I
I

I
I
I

That leaves our pet peeve misd irection , the robo t as a com
puter on whee ls. Many ama teurs cons ide r the mechanical
aspec ts of a robot as a both er to get over w ith in a hurry.
This may be because man y people com e to robotics from
computer p rogramming. The robot as merely a computer
on wheels has been previou sly termed the "so ftw are viagra"
approach, the imp licit view that softwa re w ill make up for
mechanical and sensor deficien cies. Ca rs don 't fly and
vac uum cleaners don 't mow the grass - a robo t's mechani
cal design sho uld be cus tom mad e for its primar y task .



Robot contests can be entertaining, instructive, and cha
lenging. Currently there are not many challenging centes
suitable for amateurs at all levels. Although no amatei
contest meets all of the above criteria, the con test that be:
meets them is the Fire Fighting Home Robot Contest hel
annually at Trinity College, CT. We hope that others wi
sponsor cha llenging contests that allow us to improve at

robot building skills, and bring us together to enjo y and lear
from each others creations.

Theopinions expressed in these pages arenot necessarily endorse
by the staff of Robot Science & Technology, except for this articJ
which I think is AOK. - Mike

Contributing editor John Piccirillo, Ph
has degrees in physics and astronomy {j

has workedon missiledefensesystemsfor twenty years. Heteac.
a senior design at the class University of Alabama in Hunisu
in which engineering students design and build a mobile rot
andhealsoconsultsforArmy defensecontractors.John's been co
peting andwriting about robot contestsforfive years. His detai
articles are published at RobotMag.com and in RS&T since
Premiere Issue. See his Mini FA Q for Beginn ers
www.RobotMag.com.

Dave Everett runs Deeiron Services
hardware/softwareconsuliancu in Sydn

Australia. Dave has been involved in robotics for more than
years. Dave was RS&Ts official correspondent and photograp,
at the world championship robotic soccer games, RoboCup 20C

Patel, Ikea -Bot and teacher Carl Chcsanits at the Trinity College
fire-fighting maze.

• Use Multiple Success Criteria - op tions or bonus situa 
tions allow robot builders with different skill levels to en ter
the same contes t, and allows compe titors to push their cre
ati ons.

• Design for Multiple Robots or Competitors on the Same
Field - thi s adds real-world complexity and makes for a
much more interesting contest.

• Move to Real World Situations - as a contest matures in
years it sho u ld also ev olve to accommodate products, tech 
niques, and lessons learned from previous competitions.
Contests that don 't evolve become stagnan t.

• Use a Meaningful Task for the Objective - tasks that are
scaled from real-world situations are more interesting and
allow for natural extens ions as the contest matures and as
the en tries grow in capability.

In 1999, Mark Whitney demonstrated Stampy, the wooden walking robot.
In 2000, Mark returned with Mrs Stampy, having bigger feet and a faster
Parallax BS2-SX, which completed the course and blew out the flame.
Waddling along at 10 fpm, Mrs Stampy took 5 minutes to look into every
room, backing up and turning around. "Just phenomenal," organizer Jake
Mendelssohn said, giving Mark the award for Most Unique Design. Look
for a vision system and two processors in 2001. Mark now works at
Acroname, Inc.
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Trinity College Fire-Fighting Ho me Robot Contes t
April 21 - 22, 2001 in West Ha rtford, Connecticut
Exting u ish a cand le in an 8 x 8 ma ze. A trul y international eve nt. Adde d di visions,
bigger pri zes, exhibits, activities, seminars. Video of previ ou s year available.
trincoll.ed u / events / robo t/

Robothon 2K+1
April 28, 2001 in the Seattle Center
Seattle Robotics Society mazes, fire-fighting, sumo, plus lectures.
sea ttlerobot ics.org

14th In ternational FLAIRS Conference
May 21 - 23, 2001 in Key West, Florida
Spec ial Track on Niche Autonomo us Robots. Ho w can mobile robots be
brought into the real wo rld? In coope ration with the Am erican Association
for Artificial Intelligen ce.
f1 airs.com

IEEE ICRA-2001, Frontiers of Robotics & Au tomation
May 21 - 26, 2001 Seoul, Korea
Spo nsored by the IEEE Robotics & Automation Society
Including an International Advanced Roboti cs Program on the Technological
Challenge of Dep endable Robots in Human Env ironme nts
ircra2 001.org

AUVSI's 28th Annual Symposium an d Exhib ition
Jul y 31 - Augus t 2, 2001 in Baltimore, Maryland
Association for Unmanned Vehicl e Systems International
au vsi.org

Servo Gear Sets

Servo Extensions

M icl"O & Mini Se .·vos

HS-700BB Giant $24 .95
HS-705MG Super Giant $34 .95
HS-805BB Mega $41 .95

Mon-Fri Sam-6pm CST
MasterCnrd Visa Ame rica n Express

Se.'vo Ho.'n Se ts

Note : BB - Ball Bearing
[~G - Metal Gear
All metal gear servos
have dual ball bearings .

3 Pc . Std Servo Horn Set $ 1 .95
HS- 7 00BB Servo Horn Set $ 1 .95
HS-805BB Servo Horn Set $ 2 .95

Over Size Servos

HS-50 Gear Set $ 3 .15
HS-60 Gear Set $ 3 .15
HS-77BB Gear Set. $ 3 .15
HS-81 Gear Set $ 3 .15
HS-80 ,HS-I01 Gear Set $ 3 .15
HS-85BB Gear Set $ 3 .15
HS-205BB ,HS-225 Gear Set $ 3 .15
HS-300 ,HS-303 ,HS-300BB .Set . . $ 3 . 15
HS-422 ,HS-425BB Gear Set $ 3 . 15
HS-525BB Gear Set $ 3 .15
HS-545BB Gear Set $ 3 .15
HS-605BB Gear Set $ 4 .99
HS-700BB Gear Set $ 4 .99
HS-805BB Gear Set $ 6.99
HS-422 ,HS425BB Cont Rot $ 6 .99
HS-700BB Cont Rotation $ 6 .99
HS-805BB Cont Rotation $ 7 .99

HS-303 Standard $ 9 .95
HS-300 Sport $ 8 .95
HS-300BB Sport $11 .95
HS-422 Super Sport $11 .95
HS-425BB Pro $14 .95
HS-77BB Low Profile $25 .95
HS-525BB High Speed 5-Po1e .. $24 .95
HS-525MG 5-Po1e $3 1. 95
HS-545BB High Torque 5-Po1e .$24 .95
HS-605BB High Torque $28 .95
HS-605MG Ultra Torque $38 .95
HS-615MG Super Torque $38 .95
HS-925MG High Speed $79 .95
HS-945MG High Torque $79 .95

Sta nda rd Size Se.-vos

6 " Servo Extensions $ 3 .45
12 " Servo Extensions $ 4 .25
24 " Servo Extensions $ 4 .99
36 " Servo Extensions $ 5 .99

HS-50 Super Sub Micro $28 .75
HS-55 Economy Sub Micro $19 .50
HS-60 Super Sub Micro $20 .75
HS-81 Micro $17 .50
HS-81MG Micro $22 .95
HS-85BB+ Mighty Micro $22 .95
HS-85MG+ Mighty Micro Plus . . $29 .95
HS-225BB Mighty Mini $22 .95
HS-225MG Mighty Mini $29 .95

Ca ll now to order.

1-877-221-7071
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SeeClint Bridges'
Spherion at SciTrek

ill Atlanta

Acroname
easier r o b o ti c s
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5th Annual Atlanta Robot Rally
Feb 3, 2001 at SciTrek in Atlan ta, Geo rgia
Hom e-b rew robo ts from around the Southeast.
botlanta.org

Botball Regional Tournaments
Feb 24 - Apr 21, 2001; nine regionals around the USA
3-day teacher tutorial. Stude nts design , build, and
pro gram in C. Robots compe te on a 4 X 8 board.
kipr.org

FIRST Regional Competitions
March 1 - 24; thirteen regionals around the USA
AprilS - 7, 2001, Na tiona l Cha mpio nship, EPCOT, Orl ando
usfirst.org

Acroname Robotics Expo
March 3, 2001 in Boulder, Co lora do
Unive rsity level. Also, presen tations abou t NAS
Robonaut and robo t mission to Pluto.
arona me.com

8th Annual CANADA FIRST Robotic Games
March 1 - 3, 2001 in Toron to, Ontario
canada 1st.o rg ~

Western Canadian Robot Games
Apri l 6 -7, 2001 in Calga ry, Albe rta WCRG
Southe rn Albe rta Institute of Techn ology, Ca lgary
robo tga mes .com •
15th Student Robotic Engineering Challenge ..e
April 7 - 8, 2001 at Robert Morris Co llege in Pitt sburgh , Pennsylvania
Robotics International of the Society of Manufacturing Eng ineers .
17 events, 800 stude nts. sme.org

9th Annual Northwest Robot Sumo Tournamen t
April 21, 2001 in th e Ed munds Co mmunity Coll ege Gym , Lynnwood, WA
Autono mo us an d RC sumo , Jap an ese class and Mini-Sumo class.
sine robo tics .com
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PROPERTIES
OF THERMOPLASTICS

Pick a Plastic
for your Robot
by Conrad Hopkins

Plast ics ha ve cha nged ou r world almost as much as sem i
conductors have. And, like semi-cond uctors, they are im
pacting vi rtua lly every part of our lives, in most cases for
the better. Plast ics lend themselves to robot technolo gy be
cause they are easy to work with, light, strong, clea r, col
ored, flexible, rigid, formabl e, and rea sonably priced .

Tho ugh there are hundred s of plast ics in existence, th ey fall
into tw o basic categories: Thermoplast ics, and Thermosets.
Th is article will deal w ith thermoplast ics.

The difference be tween thermosets and thermoplast ics has
to d o w ith their basic properties .

Thermosets typically are purchased in liquid res in form and
include products suc h as epoxy, po lyes ter, and urethane.
Like concrete, the user ge ts one chance to mo ld or shape the
liquid form before it permanen tly hard en s to the desired
sta te. These products are often combined wi th fiber rein
force ments to produce composites.

Thermoplastics are more like wax in that they can be melted
and reshaped over and over. Thermoplastics are typically
sold to the consumer in the form of sheets, rods, and tubes,
which can be cut and formed for specific uses.

Knowing which plastic meets the properties needed for a
specific project is often the first challenge a robot builder
faces.

There is no such thing as a handy reference list that identi
fies which plastic is best for which robot part, though that
would sure make things easy. For example, no single plas
tic is best for the outside body of a robot. As a builder I
must ask, "00 I want the case to be clear so people can see
my interior workmanship? Or, do I want it to be impact re
sistant to handle attacks from other robots? Or, does it need
to filter UV light, or perhaps resist to chemicals?"

All these questions lead to different plastic s. Thi s article w i
describe various properties of plastic s and identify the pe
formance of each plastic in relation to each property. Th
will allow you to pick out the pla stic that best meets ym
specific need. Since there are literally hundreds of plastic
with more being created every day, thi s article will be lin
ited to the most common and readily available plastics. EI
gineering and specialty plasti cs can be prohibitively expel
sive and ma y not offer a significan t advantage over a m oi
economical alternative. The plastic s included here will be

• ABS
• Acry lic
• Impact modified acry lic
• Pol ycarbonat e
• Sty rene
• Polyethylene
• Delrin
• PVC

ASS
ABS is a blend of three d ifferent p las tics in to a so rt of p ia
tic alloy. It is most readily available in opaque black an
w hite, with one side smooth and one side textured. ABS
available in th ickness d own to 0.040". ABS is hard , rigil
and very tough. It can be glued and be nt as well as vacuui
for me d. It is more economical th an acrylic, but lacks tl
transparent color options. ABS is used for a variety of par
such as foo tba ll helmets, camper tops, housings for srna
appliances, communications equipment, e tc. It can 1
chrome plated for a completely convincing meta l look.
has a lower me lting point than acrylic, so it len d s itself i

heat forming and vacuum molding. Ideal for prototypins

ACRYLIC
Acrylic is used for everything' from department store di
plays to aircraft windows. Sometimes known as Plexigl:
(a trade name), acrylic is lighter, clearer, and more impa
resistant than glass.

Transparency is one of the big advantages of plastic
Though there are several transparent plastics, the greate
clarity comes from acrylic. With a light transmission of 92~

acrylic is clearer than glass. (A typical car windshield tran
mits about 70°,{,). This clarity, when combined with polishe
edges, can produce a spectacular appearance. Frosted acryl
sheet (also known as P-95) seems to glow when it is lit froi
behind.

Since acrylic comes in a variety of shapes, there are endles
possibilities to create special effects. Acrylic fiber optic cab:
is readily available and can be used to direct or 'pipe' ligl
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STYRENE

IMPACT MODIFIED ACRYLIC

Forni yo ur 011'11 canopies, turrets,
cowls, etc. from plastic sheet

• A doubl e sea l ensures maximum use of
the vacuum source using a household

vacuu m clea ner or a shop vac
• A heat gun. oven or stove top

provides the heat source

CROSS HOBBY TOOLS INC.
I Sandwell Cres.. Kanata, O N K2K I V2
Tel: (6 13) 599-6555 Fax: (6 13) 599 -3314
'HIli-free Order Num her : 1-1l77-599-6555

We accept VISA and MASTEI{CARD

I
R".I" f",~~~:?~~,~,\J;~"" Large I
for 8 112" x 12" and Giant for 12" x 16" I
with all hard ware and Manual. Startin g at
$49 .95 plus $6 S&H. I'

The 32-PAGE MANUAL is available sepa- I
rate ly for $10 plus $2 S&H.

For additional information a nd I
overseas orders visit our website: ,

www.crossho bbytools.com
J1

1
1I,

vac-formcr:1

Impact modified acrylic, also known as HP at TAP stores,
offers the aesthetic advantages of acrylic and has impact
properties approaching pol ycarbonate in a single product.
It fabricates more easil y than pol ycarbonate and produces
better glue joints. The down side is that it is an interior-only
product. It is rapidly affected by UV, causing it to haze
quickly. It is also sensitive to heat, which will cau se it to
turn milky. Even with the se limitations, HP offers a grea t
combination of looks and performance.

POLYETHYLENE
Polyethylene is per
haps the largest vol
ume manufactured
thermoplastic. It is
used for everything
from sandwich bags
to cutting boards to
gallon milk bottles.
It is characterized
by toughness , out
standing chemical
resistance, low coef
ficien t of friction,
and ease of machin-
ing. The most
readily available
versions of polyeth
ylene are low den
sity and high den
sity. Low density is
used for bags, pack
aging, and plastic
sheeting often used
for a moisture bar-
rier. High density
polyethylene
(HOPE) is more du
rable and used for
cutting boards and

This sheet material, most commonly available in white, als o
offers excellent impact resistance. Its chief advantage is its
thermoformability. In thin gauge, it is ideal for vacuum form
ing or heat bending. It glues well, but does not have good
chemical resistance, especially to aromatic and chlorinated
solven ts. The other big ad vantage of styrene is its price. It is
approximately one-third less in cost than acrylic, and about
half the price of polycarbonate. This is a versatile and eco
nomical product for experimentation.

Polycarbonate is also able to handle higher temperatures
before softening and it has superior chemical resistance,
especially to acids. Polycarbonate can be heat bent at a tem
perature of about 300°F. While glue joints are possible with
polycarbonate, they are not as strong as acrylic joints. Thin
gauge polycarbonate is commonly used for the body shells
on radio controlled cars. In thin gauge, it is incredibly tough.
Polycarbonate can be sawed, drilled, routed and tapped.

Acrylic is also available in a rainbow of colors, ranging from
transparent to opaque. It can easily be machined, bent, and
glued. More details on that are below.

Polycarbonate (also known by its trade name, Lexan) is
readily available in clear, smoke, and white and in thick
ness down to O.OOS-inches. It is an extremely impact resis
tant material that is designed for applications requiring
durability and high service temperatures. While not quite
as clear as acrylic (approx. 80-89% transmission), it offers
superior impact properties. To illustrate this , TAP Plastics
has a piece of t/s-inch thick polycarbonate mounted in a
frame that is taken around to various trade shows and dem
onstrations. People are invited to use a hammer to break
the material. After three years of serious pounding, no one
has managed to break it! So, if you are looking for a plastic
that can take a beating, this is the choice.

Another advantage of acrylic is its ability to resist the ef
fects of uv. It is virtually unaffected by UV and is ideal for
exterior applications. Speaking of UV, regular acrylic filters
UV light up to about 360-nm. A special acrylic called OP-3
filters up to 98% of UV below 400-nm. This is ideal for pro
tec.ing valuable objects from damaging UV light.

Besides being clearer than glass, acrylic has significant im
pact resistance. It can withstand impact many times greater
than glass, and when it does break, the pieces are large and
much less sharp than glass. The one down side of plastic is
that it scratches. However, it is now possible to purchase
acrylic that has been treated with an abrasion resistant coat
ing. This coating can stand up to steel wool, and is thus ideal
for high contact applications.

POLYCARBONATE

rays. Narrow diameter rod can be used to 'pipe' light, and
if the sides of the rod have a sanded finish, the whole rod
will glow with an 'other-worldly' appearance. Acrylic
spheres (used to make the eyes in the movie Bicentennial
Mall) and cabochons (highly polished half-sphere beads)
also create special effects . Florescent acrylic produces effects
that defy description in print. It is a 'must have' for visual
impact. Try engraving on it for an even more dazzling ef
fect.
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containers such as juice bottles. Polyethylene is generally a
white translucent color and is readily available in thickness
ranging from 0.060" to 1", in both smooth and textured fin
ishes.

For robot applications, the big advantage of polyethylene is
its eas y machinability and impact resistance. It can be milled
into low friction gears and bushings, which do not need to
be lubricated and have high resistance to wear yet are light
weight. It is the only one of the plastics mentioned here that
will actually float in water.

There is one other polyethylene that is often mentioned,
called UHMW, which stands for ultrahigh molecular weight
polyethylene. This engineering plastic is costly and is sel
dum required for most applications. HOPE (high-density
polyethylene mentioned above) will usually meet the
UHMWapplications.

PVC
The initials PVC stands for Polyvinylchloride. In its flexible
form it is called vinyl and comes in a range of thicknesses
and is very clear. PVC is most commonly known as the
material plastic sprinkler pipe is made of. It is also avail
able in sheet form. Smooth PVC sheet is glossy, comes in
several thicknesses, and can be glued, formed, and machined
like the other plastics. It has good chemical and impact re
sistance, but is one of the heavier plastics available. PVC
sheet also comes in a textured foam version. It is very light,
economical, and available in a variety of colors. Usually used
as a backing for signs, it too can be bent, glued, and ma
chined to form light weight parts. However, since it has a
rigid cell structure, it will exhibit very different properties
than its solid counterpart.

DELRIN
Delrin is a brand name for Acetal plastic. It is an engineer
ing plastic that is commonly used for gears, window cra nks,
housings, seat-belt components, cams, and bushings. It has
excellent toughness but is very machinable and has a low
friction self-lubricating property. It is supplied in rod or sheet
form, and in many ways is the most versatile and durable
of the above plastics. It is available in black or natural (trans
lucent white) . One of Delrin's most outstanding character
istics is its ability to resist fatigue, even after repeated bend
ing. Unlike metals which will eventually lose strength when
repeatedly bent back and for th, Delrin seems almost inde
structible. Delrin's properties remain virtually unchanged
over a wide temperature range, even down to -40F. Ma
chined parts are hard, smooth and glossy, creating a slip
pery feel and low coefficient of fric tion, even without a lu
bricant. Finally, Delrin has outstanding abrasion resistance,

For making mechanical parts, it is probably the best choice

WORKING WITH PLASTICS
Plastic is in many ways easier to work with than wood . Be
low are a few brief suggestions. Your local TAP Plastics ston
has much more detailed information available.

BENDING
All of the above plastics can be bent with the use of heal
Caution needs to be used, as these are combustible mated
als, so heating in your home oven or with a torch is to Ib(
avoided . A heating element in a channel or nichrome w in
can be used to make a line bender, which will heat the rna
terial to about 300°F for bending.

POLISHING
Acrylic and HP can be easily edge-polished with the use 0

a torch. The easiest method is using MAPP gas. propao(
and oxygen in combination can also be used. Propane alon:
does not provide enough heat for a good finish. In the alb
sence of a torch, a buffing wheel can also be used with ;
polishing compound.

Polycarbonate cannot be flame polished and must be buffed
The other plastics do not edge-polish very well.

CUTTING
Typical home shop tools can be used with modest success
Very thin material (up to 0.125") can be scored or even cu
with a matte knife and then either snapped or bent to fa
tigue. Thicker materials should usually be cut with a saw.

A saber saw can be used, but it will leave a rough edge
When using a saber saw, the biggest problem is vibratiot
between the saw and the plastic. Laying the plastic on to~

of a two-inch thick piece of Styrofoam and holding the plasti.
down while cutting through both the Styrofoam and plasm
can solve this . The Styrofoam provides a good solid base
Another problem with a saber saw is that the blade heat:
up and melts the plastic. This can be minimized by blowiru
compressed air on the blade while cutting. The blade itsel
should have about 10 teeth per inch and should be used ~~

cut only plastic. A blade that has cut wood will be too dul
for a good plastic cut.

A band saw works fairly well, but again compressed ail
might help to minimize melting. The blade should have Jll
teeth per inch. A band saw will not produce a good finisher
edge, but can be used for rough cutting.

A table saw is the best method for cutting plastic, bu t th~

proper blade should be used. A new plywood blade can dk
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an ade qua te job. But for be tter edge qu ality, a carbide tipped
blad e wi th a trip le-chip tooth design is best. A 10" blad e
sho uld have abo ut 80 teeth.

DRILLING
All these plastics d rill ve ry eas ily. The secret is to use the
prop er bit. A regular twist drill bit will chip the plastic. The re
are economical drill bits available which w ill p roduce very
clea n cu ts. Trying to use typi cal home bi ts w ill only pro
duce frustra tion and wasted plastic. Drill speed should range
from a slow 400-rpm for large holes (1"), up to 3500-rpm for

j t/s" ho les. For larger holes a Fors tner bit wo rks well.

\
,, \ FASTENING
, 1\ Mechanical fasteners work w ith all the above plast ics. But

becau se acrylic can expa nd or contrac t wi th temperature,
" do not use coun tersunk fla thea d screws. Use a standard

rou nd-head screw with a smooth sha nk. The guide lines for
this process are exte nsive and are available in any TAP Plas 
tics store. All of the plast ics excep t polyethylen e can be
glued . The glues actua lly so lvent-weld the parts so that in
most cases the joint is as strong as the sides. Aga in, exten
sive details are available in any TAP store.

We have
digital

controlled laser

fabrication

!~-
Executes 90°
corners and
razor sharp

acute angles

,
Cuts a variety

of plastics
in a variety

of thicknesses

the fantastic
plastic place

We

Cut-to-Size

"Hard To Find Items"
"No Minimum Order"

Certified ISO 9002

1-800-433-1433

ROBIN MATERIALS, INC.
SPECIALITY METALS

Titanium * Tantalum * Tungsten
Nickel Alloys * Molybdenum

http://www.rmat.com Email: metals@best.com
1951-T Colony Street Phone: (650) 966-1533
Mountain View, CA 94043 Fax: (650) 966-8590

I
WE ARE EQUIPPED TO CUT AND SHEAR II

METAL TO EXACT SPECIFICATIONS II
II
, I

II

I
.... IIIIIIIIiJ

Strong, Lightweight
Easy to Use
Inexpensive

(larOolt 'iOer
P14s4rods,

Micro nods

ttHd 7140DS

Phone: 661-822-4162, Fax: 661 -822-4121

Visit our Website for a
Free cat alog: www.cstsales .com

Order Desk : 1-800-338-1278

IComposite Structures Technology

7ke~~StMe
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SHOPPING FOR PLASTIC
When shopping for plastic, there are some key qu estions to as k in order to ge t correct pricing, avoid unexpec ted delays, aru
make su re you are purchasing the correct p roduct.

When requesting the price of a particu lar plast ic over the pho ne, it is essential that yo u ask for the p rice of a specific siz
piece. When someone quo tes yo u a pr ice "per square foo t," yo u may not be ge tting the full pic ture. Some compa nies wil
charge a four-square-foo t minimum, rega rd less of how sma ll a piece yo u need . Other companies have cu tting charges aru
other costs which may not be quo ted over the phone. So for accura te pri cing, ask, "How mu ch is the price for a such and su d
plastic, 11 " X 13" (or wha tever your size is)." This sho u ld reveal any hidden charges th at don' t show up until yo u purchas
the piece. If you have a shape other than a square or rectan gle, this sho uld be mention ed too, as that may inc ur spec ial labo
charges.

Ask abo u t tu rn -around time. For simple sha pe d pieces (squares, rectangles, circles, etc.), the order sho u ld be done while yOl
wai t, un less yo u need a ve ry large qu an tity. "While yo u wa it" sho uld not mean 30 minutes or more. It sho u ld mean 5 to 1
minu tes. Some ind us trial suppliers may have a great price, but yo u ma y grow old wai ting for a sma ll order. Ob viou sly, i
your piece(s) have holes to be drilled, edges to polish , etc., the waiting period sho uld be a bit longer.

Finally, ask the sales person w ha t he or she thinks is the best materi al for your p roject. A knowledgeable sa les pe rso n can hell
prevent problems an d can often suggest more econo mical ways of doing yo ur p roject.

As can be seen by this very brief introd uction, the possibi lities are endless. Plast ics are versa tile, econo mical, and practical
This ar ticle just scratches the surface, so to speak. Any TAP Plas tics store can provide yo u w ith extensive and practica
informa tion.

Below is a chart with some comparative info rmation. The numbe rs for things like tensile s trength are helpful in comparin ,
one plas tic wi th another. For exa mple, if I wanted the stiffest material below, I would p ick the high est flexura l modulus
which is acr ylic.

Acrylic ASS Poly Hi-imp. HP HOPE PVC Oelrin

Cost' Med. Med. High Low High Low Med. High

Clarity Best Opaque Good Opaque Good Opaque Opaque? Opaque

Impact Resistance Good Exc. Exc. Exc. V.Good Exc. Exc. Exc.

Specif ic Gravity' 1.19 1.05 1.20 1.05 1.11 0.96 1.3-1.6 1.41

Flex . Modulus3 480,000 300,000 340 ,000 280 ,000 440,000 220,000 3-800 ,000 410 ,000

Hardness' Best Fair V.Good Fair Good Fair Fair Good

Heat dlstortlon " 195 190 270 190 195 170 140-170 230

Tensile Strength6 10,000 6,000 9,400 2,600 7,800 4,400 6-8000 8,800

1. Relative to others in list

2. Measure of relative weight. Waters specific gravity =1glee. The higher the specific gravity, the more dense

the material.

3. Measure of 'stiffness' measured in PSI

4. Resistance to scratc hing. Note: Acrylic and Polycarbonate are available in a highly scratch resistant finish .

5. Temperature at which material begins to deflect under a load, measu red in degrees Fahrenheit.

6. The strength needed to pull a piece apart as if pulling on the ends. Measured in PSI.

7. Flexible vinyl sheet is availa ble in clea r.

_----L..-----""
Like to build robots

from scratch?
Wan t to make yo ur ow n

cus tom parts?
So do our readers!

Experienced fabricators ,
metal workers and

machinists are cordia lly
invited to email

Edi tor@RobotMag.com
for our

FREE writer's guide .

YOU HAVE SKILLS-
WE HAVE EDITORS.

----------,,:!'
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BY MICHAEL GASPER I
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MINDSTORMS UISION COMMAND

RoboCam RC-2

After yo u learn how to use
Vision Command there are six
challenge exercises to master.

finish . Virtua lly all the docu 
mentation for the product is
on the CD -ROM. The in tro
ductory video and tutoria ls
are exce llent, requiring over
two hours to wo rk through all
of them . The tutori als depend
on assembling some proj ects,
w ith th ei r s te p- by-s te p in
stru ctions, are provid ed in the
printed d ocumentation or
Const ructop ed ia.

RCM-1-BW $199 RCM-1-C $209
RCM-2-BW $249 RCM-2-C $259

• Integrated CMOS camera and fram e grabber
• 160 x 120 and 356 x 292 pi xel versions
• Flexible B-bit RAM interface, 3 modes + int
• Bolts to virtually any CPU or micro-cont roller
• 12BK RAM standard, 512K optiona l version
• Rugged 2" x 2" module wi ribbon cable interface
• ISA card for evaluation & develop ment available

Spectronix - www.spectronix.net
VISA and MC accepted, $5 delivery fee, outside US call

Tel: 702-203-7119 Fax: 702-269-95 10

RoboC am RC-1

RAMCAM

• 160 x 120 pixels (RC-1) and 356'x 292 pixels (RC-2)
• Monochrome and Bayer Color versions, up to 30 frames per second
• Exposure and gain automatic (RC-1) and adjus table (RC-2)
• B or 4 bit data output, frame and pixel c lock and 12C control interface
• High Quality glass lens included, CMOS Imagers by VISION.

Introducing RAMCAM T"'••••

RC-1-B&W $99 RC-1-Color $109 RC-2-B&W $1 49 RC-2-Colo r $ 159

the sides . Th ese mak e inte
grating the cam era into your
Lego creations easy. It has a
built-in microphone for re
cord ing sound, a push button
for taking still photo s, and a
ring for manually adjusting
the focus. It also includes a 15
foot (5-Meter) USB cable that
is permanently attached . Be
cause the cable is rather stiff,
tracked vehicles are recom
mended for pulling it around.

Software in stallation tak es
about 10 minutes from start to

The Lego came ra is reall y a
Logitech QuickCam that ha s
been repackaged into a spe
cial translucent brick. It ha s
regul ar Lego studs on the top
and bottom as well as Tech
nic style mounting holes on

images, and even record vid
eos in reaction to pro
g ra mme d even ts. Th e so ft
wa re provided lets you use it
as a regular di gital came ra to
take pictures, create anima
tions, make time-lapse mov
ies, and record videos up to
640x480 resolution. The pack
age comes with enough parts
to bu ild seve ra l ca me ra
m ounts a n d adjustable
stands.

You don 't need to ow n a Ro
botics Invention Sys tem to
u se Vision Command, be
ca u se it ca n b e u sed
s tandalone. Its recognition
software can be used to trig
ge r yo ur PC to produce a va
riet y of sounds, capture still

Vision Command is the latest
add-on for Lego 's popular
Roboti cs Invention System. It
combines a PC based color
video came ra with interactive
so ftware to ena ble yo ur ro
boti c creati ons to see . Th e
package includes a specia l
Lego came ra, CD-ROM, 140
building ele men ts an d in
stru ctions for several projects.
It retails for abo ut $100.
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DIODE LASERS
[B" Visible IIR
[B" Complete lIodules
[B" ColUmating Optics
[B" Drive Circuits

Michael Gasperi works as a principa
engineer with the Advanced Technolog
divisionofRockwellAutomation and is al

expert in building custom sensorsfor Leg.
MindStorms. He is a co-author of th
new book "Extreme M INDSTO RM S
An Advan ced Guide to LEGC
MINDSTO RMS " from Apress.

• USB Port
• Windows 98 (Windows ME is expected to work,

but was not confirmed as of the tim e of this
writing)

• Pentium II 233 MHz processor or h igher

• 32MB RAM, 64 MB RAM recomme nded

• 200 MB available hard d isk space

• Windows compatible mou se

• Windows compa tible sound device

• A DirectX 6.1 compa tible sound card

• 4MB (8MB recomme nde d) DirectX 6.1 or higher
compa tible graphics card

• 4x CD-ROM drive, 8x reco mmended

• 800 x 600 SVGA Display in High Color (16-bit)
mod e

His Web page: www.plazaearth.com/usr/gasperi/lego.htmis th
central depository for homebreto Rex sensor information.

Minimum System
Requirements :

ACCESSORIES
FREE CATALOG
WEB SITE:

iilcilciJiiH___ www.
1":i'i:~Umcrti; mi-Iasers.com

Phone: 623-934-9387 • Fax: 623-934-9482

[B" Optics
[B" Electro·Optlcs
r::B" IRViewers
[B" Books & More

LASERS &ACCESSORIES)-[B" Complete Systems
[B" Plasma Tubes
[B" Powe, SuppliesVision Command is recommended for ages 12+ years

old and as such it represen ts an excellent in troduc
tion to robot vision. You are not going to be able to
crea te an autonomous hou se-clean ing robo t with it,
but Vision Command does dem onstrate the basic prin
cip les wi thout beco ming ove rly comp lex. Just being
able to hitch a ride on a Lego robot and operate it by
remo te con tro l is an in teresting experience all by it
self. It comes wi th a useful se t of buildi ng eleme nts
and an added bo nus is the sof tware that allows you
to use the Lego camera for general imaging .

Altho ug h the hacker community has n't jumped on Vision
Comma nd like they did with the RCX, there are a few people
discovering wa ys to work around its apparent shortcom
ings. LUGNET has an in terest gro up de dica ted to Vision
Command at h ttp :/ /new s.lu gnet. com / rob ot ics / vc / .
A lso , because th e camera is ac tua lly a Logitec h
a t hea r t, some people are dow n loading th e
Logi tech Software Developmen t Kit fro m
http:/ / developer.logitech .com / sd k / . Thi s allows
them to in terface the camera using other computer
lang uages.

Vision Command interacts wi th your RCX th rou gh the IR
tower. It can send comma nds to the RCX one-a t-a- time to
turn on mo tors, set power levels or play sounds. There is
eve n a little control panel buil t in to the Vision Comma nd
interface that lets you drive your robo t aro und witho u t any
programming at all.

When ru nning a Vision Comma nd program, a sma ll con
trol p rogram is downloaded to the RCX that contains all the
instructions for each eve nt. From then on it only sends a
single number to indicate which eve nt has occurred. The
sensor inputs on the RCX are not used by Vision Comma nd
and the RCX can't be eas ily programmed independe n tly.
This seriously limits the complexity of projects you can bu ild
w ith it.

Programming is reminiscen t of stripped down RCX Code.
There are no variables, subrou tines, or condi tiona l sta te
ments. Everything execu tes inline with the exception of a
loop type instruction. Once an event is triggered no other
processing occurs un til that stack of inst ru ction s completes .
There are provisions for a sing le bac kground activity like
simply scanning the camera back and for th. Even wi th these
limitat ions, some interes ting beh aviors, like motion track
ing, can be easily programmed.

The recognition software works fairly simply. The incom 
ing video image is divided into a prede fined pattern of re
gions. There are 20 predefined patterns that can have up to
8 regions. In each of the reg ions you select a cond ition that
will trigger an event. The condi tions include movem ent,
light level, or the presence of a color. When an eve n t is trig
gered, a stack of instructions exec ute s to make sounds , cap
tur e images or send mo tor com mands to your RCX. There
are over 25 different inst ru ctions you can put into the stack.
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'"'v nr-vnl'io I ION
P.O. Box 567

Van Nuys , CA 9140
FAX (818)781-2653

www.allelectronics.com
e-mail allcorp@allcorp.com

#EYOF-63604-750 & (740)
New. Rugged gear
head motors
designed for
continuous use.
Operate on 24 VDC @

50 mA (no load). 0.185" dia. x
0.75" long flatted shaft. Overall dimensions:
1.36" dia. x 2.92" long (excluding shaft).
Two types available:
50 RPM
CAT # DCM-150 $1750
140 RPM each
CAT # DCM-151

COR

Motorized Potentiometer
Dual 10K Linear Ta er

ILL
ELE

Good-quality pushbutton with
39" cord. probably originally
designed for photographic appli
cation. Normally-open. momen
tary switch (current rating
unknown) is encased in a 2"
long plastic and rubber
assembiy with cable strain relief.
The cable is terminated with a
small co-ax barrel plug. Black
assembly with white pushbutton.

CAT # PB-95 $250
each

Alps Electric # 726T-l0KBX2~
Dual 10K linear pot powered - -,
by a small reversible 6 Vdc _ /';::
gearhead motor. Pot and ',-"
motor assembly are 1" square x "
1.7" long excluding shaft and f I
bushing , 6 mm flatted shaft is I

0.5" long. 9mm threaded bushing. PC pins and
mounting tabs for pc board mounting.

CAT # MPOT-10K

110 for $35.00 I

Hand-Held Pushbutton

24 Vdc Barber - Colman
Gearhead Motors

~ i~

. '. • - •• • . I II
TERMS : NO MINIMUM ORDER. Smppmqand handling for Ihe II
48 continental U.S.A. 55.00 per order. All ethers including AK,
HI. PR or Canada must pay full shlppmg. All orders delive red I
in CALIFORNIA must include ,'ocal state sales lax. -Ouanlltl ,es J'

.L-----~-, limited . NO COD. Prtees subject
CALL, WRITE to change Without nOI,ce' l

FAXor E-MAIL . • ••• •
for our FREE • • '

96 Page
CATALOG

Outs ide the U.S.A.
send 53.00 postage .

Call: (888)
929-5055

Now it's eve n easier to program the
fast and powerful Microchip
PICm icros. The PicBasic and
PicBasic Pro Co mpile rs ca nven
your English-like BASIC programs
to files that can be put directly into
a PICm icro. True compilers for faster, longer
programs. BASIC Stamp nVlI ' libraries. For mid
range PIC I2C6 7x, 14Cxxx , 16C55x, 6xx , 7xx, 8x,
87x , 9xx and high-end 17Cxxx (PicBasic Pro only).
*BASIC Stamp is a registered trademark of Parallax Inc.

E P IC Plus PIC Program m er - $59.95
Programs PIC 12C5xx, 67x ,
14Cxxx, 16C505 , 55x, 6xx,
7xx , 8x, 87x, 9xx and 17C7xx..
Optional ZIF adapters for
DIP, SO IC, MQFP, PLCC .

Runs ofTtwo 9-vo lt batts or optional AC adapter.
Includes programming software and asse mbler.

P icB asic Com pil er - $99.95
P icB asic P ro Com piler - $249,95

Perform proportional speed, direction &
steering with only two Radio/Control chan
nels for vehicles using two separate electric
motorsmountedrightandleftwithourmixing
RDFR dual speedcontrol. Singlestickopera
tion: up gets straightahead, down is reverse.
Pure right/left twirls vehicle as motors tum
oppositedirections.In betweenstickpositions
completelyproportional.Plugs in likea servo
but eliminates steering servos. Various
volt/ampsizes. Also CDFR computer com
manded version. www.vantec.com

P ICPro to Prototyping Boards
Get it wired quicker! High-quality blank
proto typing boards for PICmicros. Holds
PICmicro, 5V reg, caps, oscillator, DB9
25, large proto area. $8.95 - $ 19.95

micm(!ingineerin!f~bs, @ne
• Box 7532 Colorado Springs CO 80933 iil1
I (719) 520-5323 (719) 520-1867 fax . ,
, I htl:/ / www.mel abs. com -

Tel. 512-444-8611
Fax. 512-447-6476
info@tekwild .com
www.tekwild.com

Power Your Imaginationl

LOOK AT
THESE ADS!

Every day
for four years,

people
complained that

they couldn't
find robots,

parts, supplies,
equipment

and info on how
to use them.

Did You Know
There's a platform that....

Tekwild Robotics
P.O. Box 19755
Austin, Tx 78760
USA

• Has a payload of130Ibs.l59Kgs.?
• Has afo otprint that 's variable in

size from 1 sq. ft . to - ?
• Has afoo tprint that can be re

configured?
• Has been clocked at 20-30

meters/m in depending on load?
• Has high quality encoders, (2)

ESC's, plus a 3-channel radio
control system,included?

• Does all this while consuming a
maximum of2.8 alllps total?

There's more ... .....,

I

!
i

i
1
I
I
t
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I FEEDFoRWARD: SELECTED REVIEWS

Principia Robotica
a bookreoieio by Mikc Grccllc

Cambrian Intelligence: The Early History of the New AI
by Rodneu A. Brooks, PhD

Published by MIT Press, Cambridge, Massachusett s

Our readers will enjoy hav ing the entire tel
of Brooks' earl y major papers. His person,
int roductions and footnotes, combined wit
concise abs tracts and bulleted conclus ion:
leave read er satisfied, ar med with we ll-sup
po rted and useful kn owled ge, and fil le
wi th fresh perspectives to view intelligeno
ourselves, and our machines.

Sold with or without the BX·24 Chip
(Pin compatible with BX·24 or Stamp)

4
HOT

COlORS

This Credit Card size controller board
Limited only by your imag ination

has much to offer at a
resonable pr ice

Fina lly, Brooks contras ts his behavior-b ase
robo tics to othe r approaches, and lists w h z
s ubs u mp tio n arch itec ture is not. Whil
subs u mp tion invo lves man y finite sta t
machin es closely linking senso rs to ac tus
tors, it isn 't connec tio nism. It's not neur:
net s. It certainly isn 't heurist ic sea rch algc
rithms . In some ways, planning ge ts in th
way of effec tive action .

He arg ues we ll. H e co mpares th
wo rld views of scientis ts to theists, a the ist
and agnostics. He includ es two Fables c
Fortra n and a Parabl e of Ar tificial Flight t
speed our conversion to his philosophy.

But there are cha llenges for the reader. We
need a glossa ry and an index . Tha nkfully,
Brooks uses easi ly concre tized abs tractions
so mos t of us can keep up. And becau se the
papers span eig ht yea rs of research, read
ers benefit by wa tching ideas evo lve . Thus,
the text uses so lid teaching techniques: rep 
etition, ana logy, movin g from known to the
new. It is accessib le to th ose in te lligent
eno ug h to wa nt to read it. Brooks spares us
from Greek gobbledygook, eve n thou gh "to
th is day many people still find the contents
of th is paper entire ly disre putable becau se
it is not filled wi th math ematical equa tions."
Mos tly, he relies on existence proofs. Test
your stuff in the rea l wo rld, he says.

Brooks fuses eac h chapte r together at the
front and bac k and in between, showing the
relati on s bet ween his ideas and othe rs . His
thou ghts are expressed clearly, not hiding
beh ind the dry acade mic smo ke that so of
ten blocks readers from see ing ins ide the
ivory towers and ivy wa lls of science.

wha t humans th ink and do is not optima l
by any measure!

Those of us who enjoy a fas t-paced and te
naci ous qua rrel wi ll enjoy Cha p te r 8,
Brooks' 1991 "Intelligence Without Reason ."
Here, Brooks exposes weaknesses in every
approach to AI, and often dep icts "success
ful" outcomes as ar tificia lly pred etermined
or jus t plain unscient ific. His shar p critiques
provide powerfu l lesson s for stude nts and
hobb yists alike. The de tailed reports of the
sinners ' actio ns imp ly precautions for all
robo t builders.

For a quick sta rt, read chap ters 4, 5 an d 6
befo re tackling the more d ifficult sec tions .

Eage rly an ticipated by our readers, th is is
a series of comp lementary scientific papers
linking Brooks' persona l philoso phy to be
havior-based principles, to the actua l con
struc tion of in telligen t robots. Cambrian 111
telligencc generously in forms, forcefu lly
persuades and masterfully educates.

Cambrian Intelligence:
The Early History of the New AI
by RodneyAllen Brooks
MITPress, Cambridge, Massachusetts
1999; ISBN 0-262-02468- 3 (he) or 0-262-5226 3-2 (pbk)
187pp, extensive bibliography

"1 wish to build
completely autonomous mobile agents

that co-exist in the world with humans,
and are seen by those humans

as intelligent beings ill their OWII right."

Brooks exp licitly says wha t works and wha t
doesn 't: "Tradi tiona l sys tems ... wi ll never
be tran sportable to the rea l worlds that the
situa ted behavior-based robots already in
habi t." He acknowledges that studies of hu 
man processes provide useful insights, but
insists our machines should no t try to imi
ta te humans comp letely. Why bui ld some
th ing that already exis ts? Besides, much of

Brooks elucida tes the requiremen ts, con
strai n ts, cha llenges, and principles tha t en
abled his lab to turnou t p hysica lly
grounded robots as diverse as Squirt (50
grams) and the six-legged Genghis (now at
the Smit hso nian Air and Space Museum).

The techn ical first section is well illust rated ,
propping up those of us who stumb le over
big words. The phi losophical second sec
tion is easier to read and int ellectua lly en
tertaining.

Deciding th at compu ta tiona lly int ensive
artificial intell igence research was an un 
needed and self-deluding d irect ion for ro
bot builders, Rod Brooks inve nted a new
an d controversia l approach, so me ti mes
called subsumption architecture or behav
ior-based robotics. Cambrian lnteitigence is
the world's mos t authori ta tive book on the
crea tion and evo lution of his new AI.

L
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Quick Start Guide for the Imagination
a book review by Mike Greene

Dave Baum's Definitive Guide to
Lego Mindstorms

by Dave Baum Published by Apress

Dave Baum's
Definitive Guide

to LEGO®
MINDSTORMSTM

55

$24. 95

. .- .., ~ ~.;_ .."~ , , ", .. ,....

1-893115 ·09-7

Dave Blum',
DEFIN ITIV E GUI DE fO

LEGD MINDSTORMS'

ra.
For more in formati on about

APRESS titles, vis it us at
www.apress.com

Learn to build and program
MINDSTORMSTMrobots
with Dave Baum, creator of
NQC. His book provides:

. Step-by-step instructi ons

Construction techniques

High quality graphics

14 sample robots to build

Programming tips for
LEGO's RCX code
and the author's NQC

Ava ilable in bookstores or
from Springer Verlag-NY, Inc.

1-800-SPRINGER, 201-348-4505
www.springer.com

www.robotmag.com

I .

from tltr ("Clto, 0/ Nor

Dav e Baum ' s

DEFINITIV E GUIDE TO
LEGO MI NDSTORMS '

maneuver grace fully, escape corne rs effec
tively, and use data loggin g.

Baum's w riting strikes an efficien t balan ce
bet ween read er-fri endl y and data-filled .
The wide-op en typesetting and pictu re-per
pa ge layout makes inform ation leap off the
page. Skip over or delve into debouncing,
hyst er esis, a rg ume n t passing or ratchet
splitting . I wis h more publish ers would fol
low Apress' examp le.

Baum successfully add resses two d iverse
audie nces; the code -makes-my-eyes-glaze 
over mechani cally inclin ed gea rhea ds and
the dangerou s-with-a-screwdriver softwa re
gee ks. Each community find s "co mmon"
knowl edge, and each discovers insights into
the othe r world . Rarely would a sing le au
th or hope to ap proach two audiences at
once, but Baum succeeds eas ily. He couldn't
have done this w itho ut skilled illus tra tion
by Rodd Zurc her. Zurc he r's crisp 3D ren 
de rings cla rify complexi ty. The companio n
CD has PDF documentat ion , ready to run
programs and useful AV clips .

It doesn 't make sense that in the first sen
tence and in the last line is the word ' toy.'
Whe the r to use that diminutive term should
be left to the di scret ion of the experime nt
ers, robo ticists, and educa tors who use th is
book.

Dave Baurn 's Defi nitive Gu ide to Lego
MindStor ms is more than a descrip tion of
prac tical hard ware and so ftware concepts,
it is a qui ck start guide for your imagina
tion.

ROBOT Science & Technology

Dave Bau rn's Defin it ive Guide to Lego M indstorrns

by Dave Baum

Apress

6400 Holli s s i, Ste. 9, Emeryville, CA 94608

2000; ISBN 1-893115-097, pbk, 379 pp wit h 5 appendices , index, and CD

February/March 2001

Dave Bau rri 's Defin itive Gui de to Lego
MindS tor ms is more than an introd uction
to a toy robot syste m of programmabl e
br icks, it is an inv iting, enco uraging, easy
to-read , fact-filled guide to two languages
and 800 colorful br icks.

This book amply illust rates tha t wh ile Lego
bri cks have mad e bu ild ing small robo ts
quite an easy task, the ease of cons truc tion
broad en s the cha llenge of yo ur potential
design s. Fortunately, the Definitive Guide
presen ts 19 discrete cha pters with qui ckly
co mple ted goa ls. Here are 14 ro bo ts to
build, exercises in practical and conce ptua l
p robl em s every designe r faces . How to
len gthen batter y-li fe, how to streng the n
rigid links, increase work space aro und a
joint. How to aug me nt firmware.

Use the Definitive Guide as a handy refer
ence wh ile actua lly build ing bots. It' s wr it
ten by a Motorola engineer w ho gradua ted
from MIT, the bir thp lace of the program
mable brick. Baum, hold ing a degree in
math emat ics and applied computer science,

I places only two eq ua tio ns in th e w ho le
I book. Frank ly, even hobby robo t designers
: need more ma th, not less.

I Every concept see ms to come in two's, in
~ extricably coupled like the magn et ic poles.
r For every problem , a so lu tion. For every
.'i hardware solution, a sof tware counter part.
. ·1 For every learn ing cha llenge, at least one
I exercise. The book presents two progra m
I ming environments, the graphica l env iron-
I men t Lego provided, and a trad itional text
! I based freeware lan gu age called NQC. No t
1 Quite C, w ritten by Bau m.

I Two levels of read ers can learn from this
'.,)' book. Newbies wi ll find simple explana

tions that experienced robo ticis ts w ill skip
over: the definition of firmwa re, how to fig-

~ ure a gear ratio, a diagra m illu st rat ing rack
I and pi nion steeri ng , an illu strat ion that
., d em ys tifies a d ifferenti al gea rbox.

Cearheads will find improved designs tha t
I

I

I

I
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Everyone's BASIC Cookbook
a book review by Celie Burbeck

The Microcontroller Application Cookbook
by Matt Gilliland

Published by Woodglen Press, California

The J\lhm(olltl'ollcr \l'pl/(l/tIOIl
Ctlokhook Ill/ \/I/tt Ctlliland doc» 1111

c.n cllcnt joll of ( rpillill/llg 111 dctail a

[undtnucntnl a-uic; t of robot dC'(,>;II :
lI'illg mi. roconirollcr-: to elltlhle

1/OIIr robot to respond to d/llllgill'>;

condition» [II the rC1l1 d'Ol'ld

Unlike many othe r treatments of robot
microcontroller input and output, this
book leaves th eory behind and gets
down to the practicalities of hooking up
input and output circu its. Circuits are
presented in a simple, straightforw ard
manner; the book assumes little prior
knowledge of the subject.

The Microcontroller Application Cookbook
would also be quite useful to people
who are further along in robotics. It is
a good review and adds to one's un 
derstanding of how microcontroller s
should and shouldn' t be hooked up .
Th e book often con firms what was
learned through experience, and will
speed the learning process for those in
their first severa l years of robotics.

For someone with his or her first BA
SIC Stamp, th is book is a must-read .
Thi s is especially true if he or she plans
to use a BASIC Stamp to control a ro
bot. Th e Cookbook could give a begin
ner a great head sta rt on learning to use
microcontrollers, teaching how to hook
up input and output circuits right the
first time.

The Microcontroller Application Cookbook
by Matt Gilliland
Woodglen Press, California
2000; ISBN 0-615-11552-7, (pbk)
Available now at www.parallaxinc.com
Soon in major bookstores

Nevertheless, the Microcontroller Appli
cation Cookbook is not directed onl y at
BASIC Stamp users. It explains ways of
hooking up input and output devices
so they can be applied to a ny
microcontroller. The BASIC Stamp II is
used for examples because it is a com
mon choice for beginners and circuits
that are compatible with it are compat
ible with most other micros. The Cook
bookclearly states when a circuit is spe
cific to the BASIC Stamp II and tell s
how to make it work with
microcontrollers that ha ve different in
put / output characteristics.

The book is arranged into five chapters.
It op ens with an introduction, followed
by a basic de scription of the dos and
don'ts of microcontroller hookup. The
meat of the book describes specific cir
cuits categorized into a chapter for in
put and a chapter for output circuits.
The final chapter shows wa ys of get
tin g many inputs and many outputs
with just a few pins and doing analog
input and output. The appendix is a
useful list of sources for parts and in
formation.

The input chap ter describes how to i
terfa ce a number of device s includii
switches, phototransistors, temperatu
sensors, pots and microphones, to nan
just a few.

The output chapter covers controllir
things with a microcontroller. LEe
output buffering using transi stor
buffer chips, and MOSFETs, motor co
trol using an H-bridge, solid state r
lays for controlling AC devices, ar
con tro lling hobby se rvos with han
ware ar e so me of the ou tpu t circui
covered.

The pages are nicely laid out so tI
book doesn't look intimidating. TI
text is broken up by schematics ar
code snippe ts, making it pleasant ·
read .

There are so me formulas, but nothir
daunting. The Microcontroller Applic
iion Cookbook is clearly organized ; it
easy to find what you 're looking for.
has a table of contents and an index tho
helps one quickly find topics of inte
est.

The MicrocontrollerApplication Cookboc
is a great book for beginner and inte
mediate robot builders alike. Beginnei
can use thi s book as a guide for hool
ing up input and output devices. Inte
mediate builders can learn better wa)
of hooking up circuits and solidify the
understanding of things they hav
learned through trial and error.

I highl y recommend the book for thos
needing so lid, easy to understand ir
formation about trouble-free circuits fc
interfacing most input and output de
vices that robo t builders would fin
useful.
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a book reviewby Tak Auyeullg

Service Robots
Rolf Dieter Schralt ,
Gernot Schmierer
Hardcover ; 234 pp;
$47.50

Personal Robotics:
Real Robots to
Construct, Program,
and Explore the World
Richard Raucci
Paperback, 208 pp.;
$25.00

"Only a very few books exist that discuss
a handful of specific robots, and rarely
can a reader find such unbiased
information on kit-buill designs ...."
- Robot Science & Technology. February/March 2000

PERSONAL
ROBOTICS

In this exciting overview of available
robot products and kits, Richard Raucci
offers expert evaluations based on such
criteria as price, skill level needed, and
possible projects.

This book covers the development and
implementation of robots in the service
industry, and includes over 250 full-color
photographs and illustrations .

See how robots are being used in:

• Medicine

• Space exploration

• Underwater navigation

• And many other fields!

Buy them at you r local bookstore
or visit www.akpeters.com!

ROBOT
ENTHUSIASTS

I
A K Peters , Ltd.
63 South Ave
Natick, MA 01760-4626
Tel: (508)655-9933
Fax: (508)655-5847

We at Robot Science & Technologu recom
mend the book for also a third , more
unusual reason: because Karl was, for
years, the unofficial king of amateur ro
bot-builders, Build Your Own Robot! is a
time capsule to be treasured by long
time Karl Lunt fans.

Most advanced readers will browse
through this book easily to pick up new
ideas, read about some new technolo
gies and learn new techniques.

physics may find the articles difficult
to digest.

This eagerly anticipated book is indeed
fun to read and packed with good ideas.
Those two facts make any book a good
buy.

Build Your Own Robot! is very "hands
on," with little treatment of theories and
principles. It's not a textbook of neatly
arranged and developed concepts. De
spite an attempt to organize articles by
categories, the book's structure is far
from that needed for a beginner to read
from cover to cover. As such, this book
is more suitable for advanced readers
who already understand the basics of
mechanical design, electronics and soft
ware.

by Karl Lunt
Published by A K PETERS, LTD.

Build Your Own Robot!

Brainwaves in a Time Capsule

Long-time readers of
Robot Science & Techllology

remember Karl Lunt's important
contribution to starting 0111'

little maga zine back wizen it was
still n rambling robot website

with n meaningless name,

FEEDFoRWARD: SELECTED REVIEWS

Build Your Own Robot! is based on his
favorite columns . Although the
Acknowledgement section indicates
the articles were converted for book
form, they retain the distinct taste of

Icolumn articles. For instance, references
to articles from previous issues are scat

I

j tered throughout. Additionally, many
I articles contain multiple subjects. Karl's

high-bandwidth brainwaves move rapI idly from subject to subject.

I Karl's book is really packed with infor
mation and ideas. There are many
projects in power electronics,
microcontroller and digital electronics,
batteries, mechanical design, software
tools and software development tech
niques. An experienced reader will find
this information useful and insightful.
However, a beginner with little back
ground in electronics, software and

Build Your Own Robot!
by Karl Lunt
A K PETERS, LTD. Publishers of Science and Technology
63 South Ave., Natick, MA 01760
2000; ISBN 1-56881-102-0, paperback; 592 pp; $34.00
Available from: akpcters.com

1
'1

1

\
I
I

I

\

I
\
I
I
I
I

i
j
\
II Then, when RS&T evolved into the
I printed magazine you hold in your
I hands, Karl was gracious enough to

contribute to our first three issues with
his practical experience, prompting
internet rumors that he had "jumped
ship" from his regular column at an
other magazine. In fact, he was, by
popular demand, working on a book.
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Introducing: Mi Amigo y La Internet
Remember Carnegie Mellon's Xavier? This trash-can-sized
robot would roam ha llways sna pping photos of unsu sp ect
ing profs. Internet vis ito rs comma nde d Xavier to snoop
around and send snapsho ts th rou gh email.

Now you can have the same ability, and more, in your hom e,
school or office, using a smart new machine from lon g-time
robot maker ActivMedia. Dr Kurt Kon olige from SRI Int er
nation al came to Robot Science & Technology to dem on st rat e
his shiny red machine , its in ter face and programming sof t
ware.

AmigoBot uses a hig h-speed 16-bi t microcontroller, eig ht
Po laroid sonars, and two 12 Vdc Pittman motors with a
19.5:1 gear ra tio and bu ilt-in hi-resolution quadra ture en
coders. It's light-weigh t, bigger than a bread box, and scoots
alo ng on fat rubber tires at abo u t 2 meters per seco nd.

Am igoBot avoids obs tacles, pa tro ls pre-set sea rch patterns,
and tours ha llways using a pre-built map of your building.
You can, of course, simply point and click to any dest ina
tion you like; bu t it avoids wa lls and walking people faster
than a human tele-operator could.

Using the popular Sap hira Robot Con tro l Ope ra ting Sys
tem , AmigoBot continually calc u lates the " leas t cos t path"
to its dest inat ion, usi ng the most curren t knowledge of its
environment, which is updated 10 tim es eac h seco nd . This
allows AmigoBot to ra p id ly cha nge d irection s.

Kurt, w ho teaches at Stanford, says the Amigo Bot uses a
probab ilist ic "wavefront" algorithm to locali ze itse lf. It as
sig ns prob abil ities to every possible locus, then uses sen
so rs to award p robabil ity points to each locu s that see ms to
match its current wo rldview. You can track rea l-time results
on yo ur computer, as so me red dots d isappear and othe rs
coa lesce in to blobs, indicating high -probability location s.
Within seco nds, the re is only one big red blob on the screen:
Amigo Bot is p retty sure it has found itself.

Am igo Bot showed us four ready-to-ru n behavior s: Wander,
Avoid, Forward and Sta llRecover, which is exec u ted whe n
eve r some thing rams the robo t. The interface looks easy to
learn, altho ug h our p rot otyp e d idn't ye t run on Windows
or Mac. Instead , ActivMedia chose a more stable so ftware
plat form preferred by develope rs: Linux.

To program your ow n beha vior s into your AmigoBot, yo u
wo uld use the interactive (near-rea l-time) , int erp reted C-

Stanford's Kurt
Konelige is having
fun programming
ActivMedia 's
AmigoBot via
Innomedia 's radio
link, but Parallax
prez Chip Gracey
looks a little
conce rned about
having a robot
roaming around

~ .<::...J his building.

like lan guage called Colbert. Thi s
language is optimized to all ow
sy nch ronous activities for real
time control of robots, and it a l
low s Internet access. Pro gram
mers famili ar with C++ or Java
shou ld be abl e to learn Co lbert
eas ily. Colbe rt lets yo u call func- AmigoBot comes in the do

Video cam on top, Gold
tions written in other langu ages, Polaroid sonars surround I

and its int erpreted intera ct ive en- body.

vironme n t facilitates debugging your programmed beha
ior s w ithou t need ing to re-compile yo ur new code . This
an ope n arc h itecture that allows users to p rogram beha
iors in a commo n lan gu age, then mix-and-ma tch progra
calls, all on the fly. ActivMedia's AmigoColbert int erfa
allows the user to cus tom ize beh aviors simp ly by cha ngn
text files.

De fini te ly th e best looking ro bo t Ac tiv Media has ev
fielde d, its plast ic she ll is a ttractively curved . The inside
spacious and sturdy, with plenty of room for ad d-on boar.
and accessory mounts. Our model used a reliabl e, off-t h
she lf 418 MHz data radio from Inn omedi a (who, qu ite coi
cide n tly, also ad verti ses in th is issue) .

We tested the prot otyp e AmigoBot in a beautiful new g las
brick and metal facility owne d by Basic Stamp maker Pa
allax . Our test areas were a flat carpeted floor between c
fices and a po lishe d wood basketba ll court th at is (be lie'
th is) the office of Parallax presiden t Chip Gracey.

Amigo Bot and its big brother Pion eer roa me d th rou gh C1

bicles s tuffed wi th compu ters, devilish p ranksters and te
equ ipmen t. When RS&T's ow n Dayne VanPelt sneaked u

to block the Pion eer 's path wi th a trash basket, the unflaj
pable bot swiftly recalculat ed its new path around the UI

expected obs tacle .

Ou tpu t? The video relayed from Amigo Bot's on-board COIl
came ra to our mon itor p rovid ed a clear, colorfu l ca t's-ey
view of the path ahe ad . You can spy on co-workers, vie'
intruders in yo ur wareho use, or keep a vi rtua l eye on tl
kid s th rough the Internet. I expec t hobbyists w ill tinker, ad

telescope-m ounted m
cro p hones, spea ke r:
smo ke and heat d eter
tors, lase rs and mor
cameras. Hey, let's ad
speech recogn ition an
co m pu ter-g ene ra te .
voices! Fina lly we hav
a tru e surrogate to intei
ac t wi th burglars an,
in- laws. ",,5&"[

RS&T's Dayne VanPelt
sneaks up on an ActivMedia
Pioneer with laser rangefinde,
on top. It was no problem for
this robot to get around the
trash can that suddenly
appeared.
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#3·434 $150.00
Three servos provide full directional
walking. Program in Basic from
vour Pc. All hardware. electronics,
Software & instructions included.
Ow 20 emlong. Requires soldering.

Space Wings Kit #3-001 $19.95
Sleek silver wings flap using only6 au
of Muscle Wire!"ariahiespeedup to 36
flaps/minute. 15 cmtall. With circuit
IX>Jfd. all parts & instructions. Requires
soldering & 2 AA cells.
AI/ ideal introductiontoMuscle Wires.

Hexapod Walker Kit

5Axis Robotic Arm Kit #3·366 $195.00
Fast, repeatable, and controlled
from yourcomputer serial port'
Can lift over 160 grams. Control
swivel. shoulder. elbow. wrist. and
gripper. .\Iini SC 2 board & DOS
software included'

Muscle Wires Project Book only #3·133 $17.95
Getthe hook now.order wires later.

Quadrapod Walker Kit #3·670 $295.00
\X'alks forward. backwards and turns I.~~~~:l
left or right. Includes precut body and
legpanels. mechanical hardware, 8
servos and asscmblv manual.
Add yourownservo controller ( ~ Iini
SSC, ASC-16, etr.), microcomputerand
sensorsfor full autonomous operation.
Mega Hexapod Walker Kit #3·423 $375.00

Aheavy dutywalking platform 
ow 33em(13 in) long' 12 servos

--.....~ ,;....'. give fullcontrol & major strength.
Add yourown servo controller
(MiniSSC, ASC-16, etc...), a micro
computer (Stamp2, BOTBoard, etc.)
& sensors for advanced projects'

Robot Legs,Robot Arms

Muscle Wires Book & Deluxe Kit #3·168 $59.95
Create direct linear action with
~Iuscle \Vires. They contract up to
5%when powered' Use them in
robots. models and anything need
ingstrong all-elect ricmouo». 128
pagehook. full plans forBORIS, a
motorles walking robot & 14oth
ers. Includes one meter each SO,
100 & ISO um diaMusde Wires.
128pgs. iIIust. Gel mol'il/Iitoday'

Muscle Wires®

BASIC Stamp®

Stamp Twa SX Starter Pack #3·647 $159.00
~ew' Powered hy Scenix microchip. Runs at 50 ~IHz (2.5
times faster thanthe standardStamp 2). and haseight 2KB
program spaces. Apowerful brain foryour next robot'

Stamp One Stlller Pack #3-444 $99.00
Acomplete starter set:Stamp Software,
manual. cable, a Stamp I (see right).
anda IlS-I Carrier Boord with proto
typing area& connector for the pro
grammingcable. A great value'

Stamp Two Starter Pack #3-439 $148.00
Everything needed to move with the tamp 2: All of the
items in theStamp OneStarter hut with a Stamp 2 and B -2
Carrier instead. Monstrous power.

Mini sse 2&Servo Bonus Pack #3·436 $129.95
Control up to 8 servos via one
serial line. Talk to it from any
PC. Mac, Stamp, etc... Plus. daisy

.. ~,,,,,......., chain up 10 32 together to con
trol up to 255 servos. Includes

l----'-'"__--'''''''-----' six lIitec-300Bservos'

MobUe Robots 2nd Ed. #3·613 $39.95
From MIT.a completeguideto designing &
building robots: hardware, software, sen
sors, motors. "subsumption" software. 336
pages, illust. A must for all roboticists,

Practical Robotics #3·506 $39.95
r7--'-""71 If you ask "Wheredo I start'-
~,.;, .,:..:~: the answer is"IIERE'" Bill Davies shares

years of robotics experience, covering all
aspects: tools, techniques, components, sen
sors.soldering. etc... 330 pages with a fine

• ;. -:: index.

MdYour Own Underwater Rabat #3-418 $29.95
Dive in to underwater robotics' The
authors provide dozens of hands-on
experiments using readily available
parts. I~H pages. Great illustrations
and a lotof fun'

Rug Warrior Pro Deluxe Kit #3-406 $595.00
A complete. serious research
robot platfonn from ~IIT. \X'ith
allhardware. Csoftware.
68HCII CPC. memory. sen
sors. wheels. motors,·chassis.
instructions & more. IH cmdia.
Theideal companion kitto the
Mobile Robots book <3-613,
below). .lIac (. PC (OI/)!xltible'

Descartes Robot Kit #3-710
Descartes is based on a dual
processor architecture. Features
four trueH-bit analog to digital
(N D)conveners, four CdS
light sensors, LEDs, shaft
encoders,thermistor. touch
switches and a speaker.
Demonstrate nocturnal /diurnal
behavior, phototropism/photo
phobia, non-conran obiect detection. motion detection.
dead reckoning and more' Programmablefrom)V!/Ir PC.

WAO GProgrammable Robot #3·477 $84.95
___.---"-~'"A newedition of a sophisti

cated. full function robot kit.
2 motors, programmable
'fuzzylogic' brain, 26button
keypad, sensorarms forcol
lision or edgedetection,

L =~--- ~Iores in alldirections, per-
forms if-then decisions based on sensor inputs

and 'fuzzy" membership rules. even do-loops' Requires 3
AA & one 9" battery. 1'0 soldering required. Great intro to
robot progr.uuming.

~ ~

roll Free Order Line

800·374·5764
Mondo-tronics Inc. o~~~d check MQ 7A"~~ card info

PMB·N 4286RedwoodH3X' Dept 167
Shipgf~gadd

Suororal $25 56 00
San Rafael. CA 9 903 ~r::~ $700

Questions: 415-491 -4600 S7S 10Stoo $900
$100 10S2So $10 ,00

Fax: 415-491-4696 I Ov9f$250 $1200
Email: info@mondo.com Call', S2000. 72~~':~

"WA.WA.WJ.II~®'lmt~fl0]rIJ~J!KO{0] 1i1il.
Internotional Orders Welcom el See websjte lor detail s.

#3·560 $119.99
#3.546124.99#3·552 49.99
#3·347 17.99
#3·329 29.99
#3·544 24.99
#3·516 29.99

MindStorms R(X UBrain" Brick
MindStorms R(X IR Remote (ontral

MindStorms Motor 3·pock
MindStorms Touch Sensor
MindStarms Ught Sensor

MindStorms Rototlon Sensor
MindStarms Temperature Sensor

lEGO Robotics Discovery System' #3·521 $149.99
Bring your lego creations to life'

outcomputer is fully program
rnable from the on-hoard LCD
command center. Create differ
ent behaviors with the touch of
a button - no external progrJm
ming from a computer required'
\'i'ith built-in light sensor, twoinputs. twooutputs, LED
fl'edhack lights. and IR communica tions plus2 motors. 2
touch sensors. manual andover380 LEGO pieces.

lEGO Draid Development Kit' #3·589 $99.99
TheDroid Developer Kit is your
introduction to robot building.
~Ia ke your ownR2-D2. hattie
droidsand otherrobots from
Star \'i'ars, then experiment with
different configurations to create
your owndroid series.

Includes the ~licro-Scout lego computer with built-in
light sensor, built-in motor and seven built-inbehaviors
plus over 650 Lego pieces.

Robot Kits
Spider WalkinglR Avaider Rabat #3·299 $69.95

,..;.-....,."....,.;...., Futuristic & maneuverable 6-legged
walker with IR forobject avoidance.
Dual motor drive. front mounted sen
sor. 13emLx 13 \Vx 10 H.~o sol
dering required. needs 2 AA & one

...........""-- ---" 9\· cell

LEG~ MindStorms'M

(ybug Hunger Instinct Add·on #3·503 $29.95
The hunger circuit board lets your Cybugsense its battery
level and seek light when ' hungry'. Includes notes formak
ing a recharging station(requires other parts) so your Cybug
can recharge itself

(ybug Rabat Kit #3·466 $49.95
Cybug has touch& light sensors to
exhibit active & interesting behav
iors. Printed circuit board & 2 DC
motors' 12em Lx 10 \'i' x 4 II.
Soldering andone 9" cell required.
Machine or living organism'

(ybug Predator/Prey Add·an #3·501 $32.95
Build & attach the predator & preycircuits to twoof your
Cybugs & then let them roam wild' ThePredator will sense
the I.R. signalfromthe Prey & huntit down'

SolarFly Robot Kit #3·529 $59.95
C/- __Powered hI' the Sun! The

SolarFlycontinuallyseeks the
brightest object it sees. Twinfeel
ers helpnavigate around obsta
cles. It evenhasshort-term mem
oryabout objects it contacts'

--- -l The long vertical antennae C'Jn
drawenergy from othersources

suchas the Sunflower Power Plant or yourfeeding stations
described in the kit.Assembles with basic tools, requires
soldering.Add a swarm 10 your CYBCG farmt
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Nicad Battery Pack BAT-01 $20.aw
• Powerful 7.2 volt 1500mAh output.
• Quick connect plug.
• Powers H2-KT for 1 hour continuos.

SSC Servo Controller SSC-01 $44.0
• Preassembled electronics.
• Control up to 8 servos per SSC.
• Addressable as 0-7 or 8-15.

Battery Charger SBB-01 $46.aw
• Peak detecting quick charger.
• Auto stop and auto trickle charge. .
• Selectable 2 or 4 amp charge rate.

Serial LCD Module SLM-01 $49. 0~

• Serial LCD Display.
• First Step / Basic stamp compatible.
• Bright LED backlit supertwist display.

Line Tracker Kit TRA-01 $20.0 ,
• Reliable line tracking made easy.
• First/Next Step compatible.
• Sumo robot edge detector!

HS-300 6 Pack S6P-01 $80.@a
• Powerfull, compact and durable.
• Easy to control with one I/O pin.
• Many other servos to choose from.

IR Proximity Detector Kit IRPD-01 $30.0
• No contact obstacle detection .
• First/Next Step compatible .
• Adjustable range.

Dual H·Bridge Kit DHB-01 $30.01
• Speed and direction is controllable.
• First/Next Step Compatible .
• 2 amps per channel at 12 volts.

H-Bridge HBR-01 $15.0i
• Powerfull single H-bridge circu it.
• Easy to control with one I/O pin.
• Control a DC motor as a modified servo .

Next Step Micro Kit NS-01 $40. (/))
• Robotics microcontroller. BS2-01 $49. ((J)
• Uses the BASIC Stamp 2. BS2E-01 $54.((1
• 2 LEOs and Push Buttons .BSSX-01 $59. (\1

12 Ch. Servo Controller SSC-12 $75.0
• Preassembled electronics.
• Control up to 12 servos .
• Now with variable speed!

First Step Micro Kit FS-01 $40.~

• Robotics microcontroller (Stamp 1).
• Easy to assemble circuit board.
• Programmable in Parallax Basic .

~ 0 0

Got Robots?
Lynxmotion, Inc.
PO Box 818
Pekin,IL61555-0818
www.lynxmotion.com

Tel: 309-382-1£»1
Fax: 309-382-125

sales@lynxmotion.cor
tech@lynxmotion.cor

-----~-----=

Carpet Rover /I Kit CR2-KT $115.00
• Next Step equipped.
• Add IRPD for autonomous operation.
• 8" x 8" acrylic base, in five colors .

Quadrapod Kit QP-KT $295.00
• Large 7" x 12 " walking robot.
• 3.5 " of ground clearance.
• Walks with several different gaits.

CR Boe-bot Retrofit Kit CRBB-KT $45.00
• Add your Boe-bot electronics.
• Improves performance and appearance.
• 8" x 8" acrylic available in five colors.

Carpet Rover /I Explorer CR2E-KT $225.00
• Next Step equipped.
• Includes all sensors and nine projects.
• 8" x 8" acrylic available in five colors.

Mobile Big Grip Kit MBG-KT $174.00
• Jumpstart your advanced experiments.
• Make a remote piloted arm.
• Includes the SSC servo controller.

Rugged Terrain Platform TRP-KT $155.00
• Next Step equipped.
• Add IRPD for autonomous operation.
• 5.5' x 9" acrylic available in five colors.

Carpet Rover I Kit CR1-KT $105.00
• First Step equipped.
• Add IRPD for autonomous operation.
• 6" x 6" acrylic available in five colors.

Mobile 3 Axis Arm M3AA-KT $210.00
• Jumpstart your advanced experiments.
• Make a remote piloted arm.
• Includes the SSC servo controller.

5 Axis Arm Kit 5AA-KT $195.00
• Preassembled electronics.
• Easy to assemble mechanics.
• Basic controllable, uses the SSC.

Mobile 5 Axis Arm M5AA-KT $250.00
• Jumpstart your advanced experiments.
• Make a remote piloted arm.
• Includes the SSC servo controller.

Big Grip Kit BG-KT $75.00
• Mechanics and servos only.
• Lifts up to one pound.
• 3' Gripper opening.

3 Axis Arm Kit 3AA-KT $155.00
• Preassembled electronics.
• Simplified Design.
• Basic controllable, uses the SSC.

Hexapod 2 Kit H2-KT $375.00
•• Large 12 " x 12 " walking robot.

• 3.5 " of ground clearance.
• Walks with several different gaits .

Remote Piloted H1 RPH-KT $210.00
• Robot walks under remote control.
• Includes pan / tilt for CCD camera.

• • Includes the First Step Micro.

Hexapod Walker Kit H1-KT $150.00
• Simple 3 servo walking robot.

• • Add IRPD for autonomous operation.
• • Includes the First/Next Step Micro.

•

,----~-~CIfl=J----"""





BASIC Stamp andthe Parallaxlogoareregistered trademarksofParallax, Inc.

Experimenters and students: the OEM BASIC
Stamp II is the least inexpensivesolution to getting
started with the BASIC Stamp.The Windows editor
and BASIC Stamp manual may be downloaded sep
arately if you don't already have them.

Customers who build their BASIC Stamp designs
in higher volume now have improved design assis
tance from Parallax, Designers can use throuqh-hole
or SMT to embed a BASIC Stamp into their PCB
layouts. With the OEM BASIC Stamp II, it's easy to
see and understand the design for inclusion in your
own PC Boards.

The OEM BASIC Stamp II is a thruuqh-hola version
of the popular BASIC Stamp II module. The kit
includes the PBASIC interpreter, EEPROM, reso
nator, OB-9, and all the resistors and transistors
needed to build a BASIC Stamp II. Presented in a
20-pinSIP module format withstandard 0.1" spac
ing. The PC board includes labeled component loca
tions with visible traces between parts. PBASIC
interpreter and EEPROM are socketed to allow for
replacement.

PBASIC interpreter chips (BASIC Stamp firmware
in a microcontroller) are available in a variety of
package types at lowcost in quantity.

~ The documentation includes acomplete billofmate-I~ Irials with three sources and part numbers for each
component. Measures 5.1 em x 5.1 em (2"x2"). ~

Available assembled and tested, or as components 'I!

inkit form.

-r-+ To order call tell-free 888.512.1024
~ (Monday-Friday 7 a.m.. 5 p.m. PST)
n More info? http://www.parallaxinc.com

,," . , . l .. · · · ·

-

#27920 · $49
OEM BASIC Stamp II

#27921 - $34
OEM BASIC Stamp II

(kit forml

I

I
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