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Abstract

In this paper we discusghe designand engineering
of the PolyBotboard, a customrobot contmller board.
Thisboard hasmanyfeatuieswhich maleit suitablefor
usein the designand constructionof a simple mobile
robot. We outlinethedesigndecisionsnadesud as: mi-
crocontoller selectionjnputandoutputfeatures,board
layout, connectorselection,and softwae. We discuss
our experiencesn usingthe board in an undegradu-
ateroboticsclassat Cal Poly StateUniversity, SanLuis
Obispo.

1. Intr oduction

Roboticsis a multi-disciplinary eld of growing im-
portance. When integratedinto an undegraduateen-
gineering curriculum, a robotics course can provide
an invaluablelearning experience. Studentsstudying
robotics are not only exposedto strictly software or
hardware problems,but also the challengeshat arise
from interactiondbetweersoftwareandhardware.

At California PolytechnicStateUniversity, SanLuis
Obispo, the computerengineeringdepartmenbffers a
coursein autonomousmobile robotics. This course
is taken by computerscience,computerengineering,
and electrical engineeringstudents. One goal for the
coursewasto teachstudentghe robot-tuilding process
byincorporatingoothanelectricalengineeringandcom-
puter scienceexperience. In the processof construct-
ing arobot,the studentgyainedanimportantexperience
in learningand understandinghe interactionsbetween
robot hardware and software. The lab componentfor
this classwas crucial. Since one of the goalsof the
coursewasto teachengineeringstudentshow to build
simpleautonomousnobile robots,the approachwasto
have studentsuild their robotsfrom the groundup. A
primary goal wasto have the studentsfully understand
the hardware of the robot controller boardthey were
given.

We wantedto nd aboardthatwaseasyto use,had
goodfunctionality, wasrelatively inexpensve, and had
free open-sourcasoftwaretools. To meettheserequire-
mentswe decidedto implementour own customrobot
controllerboard,the PolyBotbhoard.

This paperoutlinesthe designdecisionanadewhen
engineeringhe PolyBot board. We cover the process
of selectinga microcontroller designingthe boardto
protect againstdamageduring use, and featuresthat
areoftenrequiredwhendesigningsmall mobile robots.
In addition, this papercoversour experiencesn using
the PolyBot boardfor a recentundegraduaterobotics
course.

This paperis organizedas follows: Section2 cov-
ers related prior work. Section3 covers designde-
cisions made during the developmentof the PolyBot
board. Section4 discusseselectinga microcontroller
for arobotcontrollerboard.Sections describeshecon-
nectorsusedon the PolyBotboard. Section6 describes
how software is downloadedto the board. Section7
outlinesthedocumentatiomndsoftwaresupportfor the
PolyBot board. Section8 covers our experiencewith
usingthe PolyBotboardduringarecentroboticscourse.
Section9 describeduturework. Section10 concludes.

2. Related Work

The PolyBot boardis similar to a numberof robot
controllerboardson the markettoday Smallrobotcon-
troller boardstypically include supportfor a numberof
analoganddigital sensorssomeinterfacecircuitry for
DC motorcontrol,andsomesortof useroutput(whether
it beanLCD displayor simply a few LEDS). Someex-
amplesmall robot controllerboardsinclude the Handy
Board,the OOPIC-Rboard,andBasicstampmicrocon-
troller modules.

The PolyBot board combinesand enhancesmary
of the ideaspresentin the Handy Board [7]. The
Handy Board hasprovento be very successfufor use
in roboticsclasse$6, 5]. Somedifferencedetweerthe
PolyBotboardandthe HandyBoardinclude: the useof
a fastermicrocontroller the addition of external seno
andmotorpower ports,extraanaloginputs,con gurable
power input, andpower polarity protection.

The OOPIC-R[10] robotcontrollerboardprovidesa
moredirectinterfaceto thedigital I/O pinsandprovides
more seno outputports. It is a smallerboardwithout
supportfor direct physicalattachmenbf an LCD dis-
play.
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Figure 2. PolyBot board without LCD display.



A Basic Stamp[9] module provides excellent soft-
ware supportand programmingnterface,but is notin-
tegratedinto a robot controllerboardproviding support
for directactuatorinterfacingsuchasDC motors.

3. PolyBot Board

ThePolyBotboardis a controllerboarddevelopedat
Cal Poly for roboticseducationand applications. The
PolyBotboardhasthefollowing features:

physicalsizeis 3"x4"

16MHz ATMega32microcontroller
8 digital inputs

10analoginputs

8 hobbyseno outputs

4 DC motoroutputs

1 software-controlled.ED
16x2LCD displaywith backlight
200mArelay/solenoidgort

As previously discussedthe designfor the board
wasinspiredby a numberof differentrobot controller
boards,but all of the available boardsconsiderechad
positive aspectsand negative aspects.We decidedthat
no oneavailableboardwould meetour needsasarobot
controllerboard.As aresult,we designedheboardcon-
sideringthe mostcommonand requiredfeaturesfor a
small mobile robot design. Figure 1 shows the board
with the LCD displaymountedandFigure 2 shavs the
boardwithoutthedisplay

In additionto the previously listed functionality, we
choseo designaboardaroundthefollowing desiredcri-
teria:

All ICs mustbein aDIP package
All ICs mustbesocleted

Built-in supportto run boardlogic, senos,andDC
motorsat differentvoltages

reverse-polarityandover-currentprotection

All integratedcircuitsneededo beavailablein aDIP
packagebecausét wasplannedthatthe studentsvould
assemblehe controllerboardasalab assignmenin the
class. Althoughthe trendin integratedcircuit packag-
ing is towardsmallerandsmallerpackagesa DIP pack-
agemakessensdor astudentontrollerboard.Students

with little or no solderingexperiencecan assemblea
boardwith chipswith DIP packaging.

Another important considerationwhen developing
controllerboardsfor studentuseis having socletedin-
tegratedcircuitswhichisolatethe sensoinputsfrom the
microcontroller Having this isolation preventsincor-
rectsensowiring from directly damaginghemicrocon-
troller. This situationis not excessiely importantwhen
amicrocontrolleris aslow costasthe ATMega32,butin
caseswherethe microcontrolleris moreexpensve, this
needgo beconsideredln ourdesignwe areableto iso-
late all the digital inputsand mostof the analoginputs
from direct connectionto the microcontrollerpins. We
wereableto usechipsin a DIP packageor the analog
anddigital inputs.

Robotdesignftenusemotorsthatrequireavoltage
level differentfrom thevoltagefor thelogic. Becauseof
this, it wasimportantto have aboardthatsupportedup-
plying thelogic atonevoltageandrunningthe motorsat
a differentvoltage. This not only enhancese xibility
in the design,but allows isolationof noisebetweerthe
logic andmotors.

Finally, becausdhe boardswould be usedin a stu-
dentervironment,it was designedsuchthat the power
inputwastolerantof anumberof mistalesthatcouldbe
madein powering the board. Firstly, the boardshould
have a fuseto preventdamageshoulda shortoccur A
motor may be stalledor a sensormay be wired incor-
rectly andtheseeventsshouldtrip the fuse. Secondly
the boardneededo be ableto withstanda reversepo-
larity power connection.If someonénadwertentlycon-
nects power and ground backwardsto the board, the
board should be able to toleratesuch a mistale. To
achiese our goalsof input power protection,we usea
PPTCresettablefuse (1.85A) coupledwith a 1N5401
diode. The diode doesnot conductwhenthe power is
appliedcorrectly(this provide normalprotectionagainst
over-currentsituations). Whenpower is appliedincor-
rectly, the diode conductghroughthe fuse,which trips
thefuseandstopsthe o w of current.

Otherfeaturegresenbntheboardinclude:ajumper
to allow enabling/disablingpf the LCD display back-
light (JP.BL in Figure 3), a software readablepush
button (SW1), a software readablepotentiometera 2-
pin headerwhich can control a relay (suppliesup to
200mA),andasoftwarecontrollableLED.

4. Micr ocontroller Selection

Several microcontrollerswere consideredfor the
PolyBotboard. The Atmel ATMega32[3] wasselected
for anumberof reasonsThe rst reasons becausef its
high performance.Although the microcontrollerclock



rateis 16MHz,the CPUcoreis RISCbasednddelivers
performancecloseto 1 MIPS per MHz. Secondly the
fastestversionof this microcontrolleris availablein a
DIP packageAgain,theimportanceof thechip package
cannotbe overlookedbecausehisis aboardthatwill be
usedby studentsin variouservironmentswith various
sensorandreplacingadamageanicrocontrollershould
beaneasytask. Thirdly, the softwaretools availablefor
the microcontrollerare opensourceand run on multi-
ple platforms. The compileris basedon GCC andthe
toolchainis basedn GNU tools. Thecompileravailable
is called AVR-GCC [1] andruns on Windows, Linux,
andMac.

5. Connectors

Connectorselectionis an areathat deseres care-
ful consideratiowhendesigningequipmenfor student
use.Firstly, connectorsieedto be durableandreliable,
especiallyafter repeatecconnectsand disconnectghat
studentsperformwhen testingtheir robots. Secondly
the connectorsalso needto provide e xibility in the
overall design.Robotdesignsshouldnot be particularly
limited or restrictedbecauseof the numberor type of
available connectors. This sectiondescribeswvhy par
ticular connectorsvere selectedon the PolyBot board.
Figure 3 is a diagramshawing all of the connectorsn
the PolyBotboard.

For the main power input, we selecteda standard
2.5mm inner diameterjack (5.5mm outer diameter).
This powerjack allowedthedesignto eliminatea power
switchfromtheboard.A usercanquickly removepower
by pulling the plug from the jack. JP.PWR is a 3-pin
maleheademwhich allows a userto enablethe on-board
5 volt regulator If theregulatoris enabledvia a short-
ing jumper), the boardmay be poweredwith 7V-20V.
If auserdisablesthe regulator, thenthe boardmustbe
poweredwith exactly 5 volts.

The PolyBot board provides supportfor connecting
up to 8 hobby senos. Hobby senos typically come
with a 3-pin (5V power, ground,and signalinput) fe-
maleheadewith .1” spacing.Thisstandargpacingvas
usedon the PolyBot board. For eachof the RC seno
connectoron the board,we usea 3-pin male.1” spac-
ing connectorThis providesa very positive anddurable
connectoffor thesenos.

For the DC motors,we use 3.81lmmspacingscrev
terminaltype connectors.Thesewereselectecbecause
of the higher currentthat they can carry and because
they allow for differentsizesof wire to be usedfor the
motors. For the DC motorandseno externalpower in-
puts,we alsousethe same3.8 1l mmspacingscrav termi-
nal connectorsTherearestandard1” spacingshorting

jumpersusedto connect/disconneche external motor
andseno power from the power appliedto the power
jack. Two jumpersareusedfor eachconnectiorto han-
dle highercurrents.In Figurel andFigure2, theboard
is shavn with thejumpersinstalled.

For the analoganddigital inputs,we useconnectors
similarto theHandyBoard7]. Theconnectorsare3 pin
connectorswith a +5V, ground,andaninput pin. This
type of connectomworks well becauset allows sensors
to bemovedamongthedifferentinput pinswithouthav-
ing to re-wire the sensoreads. Thereis alsoan 8 pin
digital I/O headewhich providesaccess$o +5V, ground,
and6 digital I/0 pins. A 4 pin headerallows accesgo
the SPIport.

For the downloadcableconnectionwe usean RJ-45
connector This type of connectoiwas chosenbecause
of thepositivelockingit provideswith repeateadonnects
anddisconnects.

6. Downloading to the PolyBot board

Programdownloadis performedovertheparallelport
througha downloadboard. A picture of the download
boardis shovn in Figure4. The boardprovidesanin-
terfacebetweerthe parallelport andthe SPI port of the
ATMega32(whichis usedin programminghe chip). A
10-pinIDC connectoiis locatedon the right endof the
board(asshawvn in the gure) andis usedto connecthe
boardto acomputemparallelport. A standardCat-5Eth-
ernetcableis usedto connecthe downloadboardto the
PolyBotboard. The downloadboardcontainsa CMOS
buffer (74HCT541)whichis usedto maintainsignallev-
els from the parallelport to the controllerboard. Two
LEDs indicatorsareprovidedon the downloadboardto
indicateconnectvity anddatatransmissiorstatus.

As analternatve to downloadingthroughthe parallel
port, we developeda bootloaderthat allows download-
ing throughanRS-232serialport. Thiswaspossiblebe-
causehe RX andTX seriallines of the microcontroller
arealsoroutedto the RJ-45jack. Whenthis bootloader
is installed, holding a pushlutton switch and pressing
resetenableghe serialdownloadmode. With the avail-
ability of USB to serial corverters,we found that this
wasavery usefuloptionfor thoseusersvhodo nothave
accesdo acomputemwith aparallelport.

For the softwareto performthedownloading,we use
the open sourcedownload program, AVRDude (AVR
Downloader/Uploader4]. This programallows repro-
grammingof the fuse con gurationsbits and the pro-
gram ash memory
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Figure 3. Connector s on the PolyBot board.

7. Documentationand Software

We have written a users manual[11] for the Poly-
Bot board. Becausethe PolyBot board comesas an
unassemblekit, theusers manualnotonly includesin-
formationregardingusageof the board,but it includes
boardassemblyinstructions.

For software support,we have written a softwareli-
braryfor the PolyBotboard. This library includesfunc-
tion calls to readthe analoganddigital inputs, control
theseno outputscontrolthemotoroutputs,anddisplay
informationto theL.CD display We havefoundthatpro-
viding alibrary greatlyimprovesquality of thestudents'
robots.In additionto thelibrary, studentcanmodify all
of the microcontrollerpins and con guration registers
directly from their C code.

8. CourseExperience

We usethePolyBotboardin anundegraduatenobile
roboticscourse.This coursdsintendedo introducestu-
dentsto conceptdn the designand constructionof au-
tonomousmobile robots. The courseenrollmentcom-
prisesof studentamajoringin computerscience,com-
puterengineeringandelectricalengineering.

For theclasseachpair of studentgseceivesthe Poly-
Bot boardasan unassemble#fit. Thekit comeswith a
PolyBotboardprintedcircuit board,a downloadprinted
circuit board,andall the necessargomponentso pop-
ulatethecircuit boards.

The rst laboratoryfor the classis to assemblehe
PolyBot board. Even thoughstudentstaking the class
enteringwith awiderangeof experiencdevelsin solder
ing, all of thestudentshave beenableto successfullyas-
sembleheir PolyBotboardkits. Studentsvith prior sol-
deringexperiencecanreadilyassembléheboard.When
having studentsassemblghe boards,it is importantto
performa pre-checkprocesdeforethey continue.Have
thestudentsrst solderonthechips,but only 2 pinsthat
arediagonallyopposite. After they have attachedall IC
socletsin this manney checkto make surethe soclets
arecorrect.If all socletsarecorrectlythenallow themto
proceed.Performinga pre-checkin this fashionallows
easyremoval of socletsif they wereinstalledcorrectly
We have hadvery high successateswith studentboard
assembly

For therobotchassiswe usethe ScooterBoplatform
from BudgetRobotics(www.budgetrobotics.com)This
chassisconsistsof 2 circular piecesof expandedPVC
connectedwith tall aluminumstandofs. This chassis



Figure 4. The download board used to program
the PolyBot board.

provided a well constructedplatform which was pow-

eredusinghobbysenos. Thehobbysenoswerealready
modi ed to provided 360 degreerotation. The hobby
senosprovided morethanenoughtorqueandspeedor

theapplicationghe studentsveretargeting.

Someof thelab assignments theclassincludedthe
following: analogand digital sensorinterfacing, PID
line following, vision-basedcolor detection(using the
AVRCam|8]), andshaftencodeimplementation.

In additionto usingthe boardin the mobile robotics
class,we alsosell the unassembledits to students.As
a serviceto the studentsthe kits aresold at the costof
the partsand provide them with a sourceof low cost
developmentoardsfor outsideprojects.

9. Future Work

The currentversionof the boardusesa parallelport
for downloading and the standardparallel port is be-
ing phasedout as more and more computersswitch to
providing only USB ports. We provide to the students
a bootloaderthat can be used(along with anothercir-
cuit) to downloada programto a boardusinga standard
RS-232serial port or a USB-to-serialcable. We have
found that this solution works well for thosestudents
with computerswithout a parallelport. We areworking
on a USB-to-RJ45downloadboardwhich will be back-
ward compatiblewith existing PolyBotboards.

In addition,weareconsideringaddinganothemicro-
controllerto handlethe seno andmotor control. These
functionsrequirea signi cant amountof CPUtimefrom

the microcontrollerand can be off-loadedto a smaller
secondarynicrocontroller

The current PolyBot board has met our goals for
functionality. For a next generationPolyBot boardwe
intendto includethefollowing features:

Dual I2C ports
Dual UART ports
Higherperformancemicrocontroller

Larger ash memoryandSRAM

Thearchitecturevewill usewill betheARM7TDMI.
There are mary microcontrollersbasedon this CPU
core. Theseincludemicrocontrollersfrom Analog De-
vices, SGS-ThompsonAtmel, and Philips. We intend
to usethe LPC2138from Philips[2]. Thereasorfor se-
lecting the LPC2138is thatit comeswith a bootloader
in hardwarethatallowsdownloadingovera UART serial
port.

Sincethis is a surface mount chip with tight pitch,
themicrocontrollemwill bealreadysolderedo theboard
beforedistributing the kits to the students.In orderto
preventdamageo the microcontroller we intendto use
othersocletedchipsasinterfacechips. If the damage
occursto oneof thesenterfacechips,thenit canbeeas-
ily replacedwith nodamageo the LPC2138.

The currentboarddoesnot allow for RAM storage,
andthis is somethingwe would muchlike to seein a
next generatiorboard. The LPC2138provides32KB of
staticRAM and512KB of programash memory These
increase memorysizeoverthe ATMega32will allow
moreadwancedwork suchasoperatingsystemdevelop-
menton this platform.

Otherfuture work we intendto pursueis to develop
audio and DSP daughtercardsfor the PolyBot board.
Thiswill allow usto usethe boardin classeotherthan
theintroductoryroboticscourse.

10. Conclusion

The PolyBotboardis a controllerboardthatwasde-
signedat Cal Poly StateUniversity for roboticseduca-
tion. The boardwas designedwith the goalsof being
easyto use,buildableby studentsproviding goodfunc-
tionality, andhaving alow cost.

The PolyBot boardhasan Atmel ATMega32micro-
controller anumberof analoganddigital inputs,several
hobbyseno andDC motoroutputsandanLCD display

Thetotal costfor printedcircuit boardmanufcturing
andpartshasbeenveryreasonabléor usein auniversity
ervironment. By developingthe boardand purchasing



thepartsin quantity we wereableto signi cantly reduce
costs.

We have usedthe PolyBot boardin an undegradu-
ate roboticscourseat Cal Poly StateUniversity This
boardhasbeensuccessfuin providing studentswith a
platformto build small,mobilerobots.
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