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Abstract

In this paper, wediscussthedesignandengineering
of the PolyBot board, a customrobot controller board.
Thisboard hasmanyfeatureswhich make it suitablefor
usein the designand constructionof a simplemobile
robot.Weoutlinethedesigndecisionsmadesuchas: mi-
crocontroller selection,inputandoutputfeatures,board
layout, connectorselection,and software. We discuss
our experiencesin using the board in an undergradu-
ateroboticsclassat Cal Poly StateUniversity, SanLuis
Obispo.

1. Intr oduction

Roboticsis a multi-disciplinary�eld of growing im-
portance. When integratedinto an undergraduateen-
gineering curriculum, a robotics coursecan provide
an invaluablelearning experience. Studentsstudying
robotics are not only exposedto strictly software or
hardware problems,but also the challengesthat arise
from interactionsbetweensoftwareandhardware.

At CaliforniaPolytechnicStateUniversity, SanLuis
Obispo,the computerengineeringdepartmentoffers a
coursein autonomousmobile robotics. This course
is taken by computerscience,computerengineering,
and electricalengineeringstudents. One goal for the
coursewasto teachstudentstherobot-building process
by incorporatingbothanelectricalengineeringandcom-
puter scienceexperience. In the processof construct-
ing a robot,thestudentsgainedanimportantexperience
in learningandunderstandingthe interactionsbetween
robot hardware and software. The lab componentfor
this classwas crucial. Sinceone of the goalsof the
coursewas to teachengineeringstudentshow to build
simpleautonomousmobile robots,theapproachwasto
have studentsbuild their robotsfrom thegroundup. A
primary goal wasto have the studentsfully understand
the hardware of the robot controller board they were
given.

We wantedto �nd a boardthatwaseasyto use,had
goodfunctionality, wasrelatively inexpensive, andhad
freeopen-sourcesoftwaretools. To meettheserequire-
mentswe decidedto implementour own customrobot
controllerboard,thePolyBotboard.

This paperoutlinesthedesigndecisionsmadewhen
engineeringthe PolyBot board. We cover the process
of selectinga microcontroller, designingthe board to
protect againstdamageduring use, and featuresthat
areoftenrequiredwhendesigningsmallmobile robots.
In addition, this papercoversour experiencesin using
the PolyBot boardfor a recentundergraduaterobotics
course.

This paperis organizedas follows: Section2 cov-
ers relatedprior work. Section3 covers designde-
cisions madeduring the developmentof the PolyBot
board. Section4 discussesselectinga microcontroller
for arobotcontrollerboard.Section5 describesthecon-
nectorsusedon thePolyBotboard.Section6 describes
how software is downloadedto the board. Section7
outlinesthedocumentationandsoftwaresupportfor the
PolyBot board. Section8 covers our experiencewith
usingthePolyBotboardduringarecentroboticscourse.
Section9 describesfuturework. Section10concludes.

2. RelatedWork

The PolyBot boardis similar to a numberof robot
controllerboardson themarket today. Smallrobotcon-
troller boardstypically includesupportfor a numberof
analoganddigital sensors,someinterfacecircuitry for
DC motorcontrol,andsomesortof useroutput(whether
it beanLCD displayor simply a few LEDs). Someex-
amplesmall robot controllerboardsincludethe Handy
Board,theOOPIC-Rboard,andBasicstampmicrocon-
troller modules.

The PolyBot board combinesand enhancesmany
of the ideas presentin the Handy Board [7]. The
HandyBoardhasproven to be very successfulfor use
in roboticsclasses[6, 5]. Somedifferencesbetweenthe
PolyBotboardandtheHandyBoardinclude: theuseof
a fastermicrocontroller, the addition of external servo
andmotorpowerports,extraanaloginputs,con�gurable
power input,andpowerpolarityprotection.

TheOOPIC-R[10] robotcontrollerboardprovidesa
moredirectinterfaceto thedigital I/O pinsandprovides
moreservo outputports. It is a smallerboardwithout
supportfor direct physicalattachmentof an LCD dis-
play.



Figure 1. PolyBot boar d with LCD displa y.

Figure 2. PolyBot boar d without LCD displa y.



A Basic Stamp[9] moduleprovidesexcellent soft-
waresupportandprogramminginterface,but is not in-
tegratedinto a robotcontrollerboardproviding support
for directactuatorinterfacingsuchasDC motors.

3. PolyBot Board

ThePolyBotboardis acontrollerboarddevelopedat
Cal Poly for roboticseducationandapplications. The
PolyBotboardhasthefollowing features:

� physicalsizeis 3”x4”

� 16MHzATMega32microcontroller

� 8 digital inputs

� 10analoginputs

� 8 hobbyservo outputs

� 4 DC motoroutputs

� 1 software-controlledLED

� 16x2LCD displaywith backlight

� 200mArelay/solenoidport

As previously discussed,the design for the board
was inspiredby a numberof different robot controller
boards,but all of the available boardsconsideredhad
positive aspectsandnegative aspects.We decidedthat
no oneavailableboardwould meetour needsasa robot
controllerboard.As aresult,wedesignedtheboardcon-
sideringthe mostcommonand requiredfeaturesfor a
small mobile robot design. Figure 1 shows the board
with theLCD displaymountedandFigure2 shows the
boardwithout thedisplay.

In additionto the previously listed functionality, we
choseto designaboardaroundthefollowingdesiredcri-
teria:

� All ICsmustbein aDIP package

� All ICsmustbesocketed

� Built-in supportto runboardlogic, servos,andDC
motorsat differentvoltages

� reverse-polarityandover-currentprotection

All integratedcircuitsneededto beavailablein aDIP
packagebecauseit wasplannedthatthestudentswould
assemblethecontrollerboardasa lab assignmentin the
class. Although the trend in integratedcircuit packag-
ing is towardsmallerandsmallerpackages,aDIP pack-
agemakessensefor astudentcontrollerboard.Students

with little or no solderingexperiencecan assemblea
boardwith chipswith DIP packaging.

Another important considerationwhen developing
controllerboardsfor studentuseis having socketedin-
tegratedcircuitswhichisolatethesensorinputsfrom the
microcontroller. Having this isolation preventsincor-
rectsensorwiring from directlydamagingthemicrocon-
troller. This situationis not excessively importantwhen
amicrocontrolleris aslow costastheATMega32,but in
caseswherethemicrocontrolleris moreexpensive, this
needsto beconsidered.In ourdesign,weareableto iso-
late all thedigital inputsandmostof the analoginputs
from direct connectionto themicrocontrollerpins. We
wereableto usechipsin a DIP packagefor theanalog
anddigital inputs.

Robotdesignsoftenusemotorsthatrequireavoltage
level differentfrom thevoltagefor thelogic. Becauseof
this,it wasimportantto haveaboardthatsupportedsup-
plying thelogic atonevoltageandrunningthemotorsat
a different voltage. This not only enhances�e xibility
in thedesign,but allows isolationof noisebetweenthe
logic andmotors.

Finally, becausethe boardswould be usedin a stu-
dentenvironment,it wasdesignedsuchthat the power
inputwastolerantof anumberof mistakesthatcouldbe
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 boardneededto be ableto withstanda reversepo-
larity power connection.If someoneinadvertentlycon-
nectspower and ground backwards to the board, the
board should be able to toleratesuch a mistake. To
achieve our goalsof input power protection,we usea
PPTCresettablefuse (1.85A) coupledwith a 1N5401
diode. The diodedoesnot conductwhenthe power is
appliedcorrectly(thisprovidenormalprotectionagainst
over-currentsituations).Whenpower is appliedincor-
rectly, thediodeconductsthroughthe fuse,which trips
thefuseandstopsthe�o w of current.

Otherfeaturespresentontheboardinclude:a jumper
to allow enabling/disablingof the LCD display back-
light (JPBL in Figure 3), a software readablepush
button (SW1), a software readablepotentiometer, a 2-
pin headerwhich can control a relay (suppliesup to
200mA),andasoftwarecontrollableLED.

4. Micr ocontroller Selection

Several microcontrollerswere consideredfor the
PolyBotboard.TheAtmel ATMega32[3] wasselected
for anumberof reasons.The�rst reasonis becauseof its
high performance.Although the microcontrollerclock



rateis 16MHz,theCPUcoreis RISCbasedanddelivers
performancecloseto 1 MIPS per MHz. Secondly, the
fastestversionof this microcontrolleris available in a
DIP package.Again,theimportanceof thechippackage
cannotbeoverlookedbecausethis is aboardthatwill be
usedby studentsin variousenvironmentswith various
sensorsandreplacingadamagedmicrocontrollershould
beaneasytask.Thirdly, thesoftwaretoolsavailablefor
the microcontrollerareopensourceand run on multi-
ple platforms. The compiler is basedon GCC andthe
toolchainis basedonGNUtools.Thecompileravailable
is calledAVR-GCC [1] and runs on Windows, Linux,
andMac.

5. Connectors

Connectorselectionis an areathat deserves care-
ful considerationwhendesigningequipmentfor student
use.Firstly, connectorsneedto bedurableandreliable,
especiallyafter repeatedconnectsanddisconnectsthat
studentsperform when testingtheir robots. Secondly,
the connectorsalso needto provide �e xibility in the
overalldesign.Robotdesignsshouldnotbeparticularly
limited or restrictedbecauseof the numberor type of
available connectors.This sectiondescribeswhy par-
ticular connectorswereselectedon the PolyBot board.
Figure3 is a diagramshowing all of theconnectorson
thePolyBotboard.

For the main power input, we selecteda standard
2.5mm inner diameter jack (5.5mm outer diameter).
Thispowerjackallowedthedesignto eliminateapower
switchfromtheboard.A usercanquickly removepower
by pulling the plug from the jack. JPPWR is a 3-pin
maleheaderwhich allowsa userto enabletheon-board
5 volt regulator. If theregulatoris enabled(via a short-
ing jumper), the boardmay be poweredwith 7V-20V.
If a userdisablesthe regulator, thenthe boardmustbe
poweredwith exactly5 volts.

The PolyBot boardprovidessupportfor connecting
up to 8 hobby servos. Hobby servos typically come
with a 3-pin (5V power, ground,andsignal input) fe-
maleheaderwith .1” spacing.Thisstandardspacingwas
usedon the PolyBot board. For eachof the RC servo
connectorson theboard,we usea 3-pin male.1” spac-
ing connector. Thisprovidesaverypositiveanddurable
connectorfor theservos.

For the DC motors,we use3.81mmspacingscrew
terminaltypeconnectors.Thesewereselectedbecause
of the higher current that they can carry and because
they allow for differentsizesof wire to be usedfor the
motors.For theDC motorandservo externalpower in-
puts,wealsousethesame3.81mmspacingscrew termi-
nal connectors.Therearestandard.1” spacingshorting

jumpersusedto connect/disconnectthe externalmotor
andservo power from the power appliedto the power
jack. Two jumpersareusedfor eachconnectionto han-
dle highercurrents.In Figure1 andFigure2, theboard
is shown with thejumpersinstalled.

For theanaloganddigital inputs,we useconnectors
similar to theHandyBoard[7]. Theconnectorsare3 pin
connectorswith a +5V, ground,andan input pin. This
typeof connectorworkswell becauseit allows sensors
to bemovedamongthedifferentinputpinswithouthav-
ing to re-wire the sensorleads. Thereis alsoan 8 pin
digital I/O headerwhichprovidesaccessto +5V, ground,
and6 digital I/O pins. A 4 pin headerallows accessto
theSPIport.

For thedownloadcableconnection,we useanRJ-45
connector. This type of connectorwaschosenbecause
of thepositivelockingit provideswith repeatedconnects
anddisconnects.

6. Downloading to the PolyBot board

Programdownloadisperformedovertheparallelport
througha downloadboard. A pictureof the download
boardis shown in Figure4. The boardprovidesan in-
terfacebetweentheparallelport andtheSPIport of the
ATMega32(which is usedin programmingthechip). A
10-pin IDC connectoris locatedon theright endof the
board(asshown in the�gure) andis usedto connectthe
boardto acomputerparallelport. A standardCat-5Eth-
ernetcableis usedto connectthedownloadboardto the
PolyBotboard.Thedownloadboardcontainsa CMOS
buffer (74HCT541)whichis usedto maintainsignallev-
els from the parallelport to the controllerboard. Two
LEDs indicatorsareprovidedon thedownloadboardto
indicateconnectivity anddatatransmissionstatus.

As analternativeto downloadingthroughtheparallel
port, we developeda bootloaderthatallows download-
ing throughanRS-232serialport. Thiswaspossiblebe-
causetheRX andTX seriallinesof themicrocontroller
arealsoroutedto theRJ-45jack. Whenthis bootloader
is installed,holding a pushbutton switch and pressing
resetenablestheserialdownloadmode.With theavail-
ability of USB to serial converters,we found that this
wasaveryusefuloptionfor thoseuserswhodonothave
accessto a computerwith a parallelport.

For thesoftwareto performthedownloading,weuse
the open sourcedownload program,AVRDude (AVR
Downloader/Uploader)[4]. This programallows repro-
grammingof the fuse con�gurationsbits and the pro-
gram�ash memory.



Figure 3. Connector s on the PolyBot boar d.

7. Documentationand Software

We have written a user's manual[11] for the Poly-
Bot board. Becausethe PolyBot board comesas an
unassembledkit, theuser'smanualnotonly includesin-
formationregardingusageof the board,but it includes
boardassemblyinstructions.

For softwaresupport,we have written a softwareli-
braryfor thePolyBotboard.This library includesfunc-
tion calls to readthe analoganddigital inputs,control
theservo outputs,controlthemotoroutputs,anddisplay
informationto theLCD display. Wehavefoundthatpro-
viding alibrary greatlyimprovesqualityof thestudents'
robots.In additionto thelibrary, studentscanmodify all
of the microcontrollerpins and con�guration registers
directly from theirC code.

8. CourseExperience

WeusethePolyBotboardin anundergraduatemobile
roboticscourse.Thiscourseis intendedto introducestu-
dentsto conceptsin thedesignandconstructionof au-
tonomousmobile robots. The courseenrollmentcom-
prisesof studentsmajoring in computerscience,com-
puterengineering,andelectricalengineering.

For theclass,eachpair of studentsreceivesthePoly-
Bot boardasanunassembledkit. Thekit comeswith a
PolyBotboardprintedcircuit board,adownloadprinted
circuit board,andall thenecessarycomponentsto pop-
ulatethecircuit boards.

The �rst laboratoryfor the classis to assemblethe
PolyBot board. Even thoughstudentstaking the class
enteringwith awiderangeof experiencelevelsin solder-
ing, all of thestudentshavebeenableto successfullyas-
sembletheirPolyBotboardkits. Studentswith prior sol-
deringexperiencecanreadilyassembletheboard.When
having studentsassemblethe boards,it is importantto
performapre-checkprocessbeforethey continue.Have
thestudents�rst solderonthechips,but only 2 pinsthat
arediagonallyopposite.After they have attachedall IC
socketsin this manner, checkto make surethe sockets
arecorrect.If all socketsarecorrectlythenallow themto
proceed.Performinga pre-checkin this fashionallows
easyremoval of socketsif they wereinstalledcorrectly.
We have hadveryhigh successrateswith studentboard
assembly.

For therobotchassis,weusetheScooterBotplatform
from BudgetRobotics(www.budgetrobotics.com).This
chassisconsistsof 2 circular piecesof expandedPVC
connectedwith tall aluminumstandoffs. This chassis



Figure 4. The download boar d used to program
the PolyBot boar d.

provided a well constructedplatform which was pow-
eredusinghobbyservos.Thehobbyservoswerealready
modi�ed to provided 360 degreerotation. The hobby
servosprovidedmorethanenoughtorqueandspeedfor
theapplicationsthestudentsweretargeting.

Someof thelabassignmentsin theclassincludedthe
following: analogand digital sensorinterfacing, PID
line following, vision-basedcolor detection(using the
AVRCam[8]), andshaftencoderimplementation.

In additionto usingtheboardin themobile robotics
class,we alsosell theunassembledkits to students.As
a serviceto thestudents,thekits aresoldat thecostof
the partsand provide them with a sourceof low cost
developmentboardsfor outsideprojects.

9. Future Work

Thecurrentversionof theboardusesa parallelport
for downloadingand the standardparallel port is be-
ing phasedout asmoreandmorecomputersswitch to
providing only USB ports. We provide to the students
a bootloaderthat canbe 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 beback-
wardcompatiblewith existingPolyBotboards.

In addition,weareconsideringaddinganothermicro-
controllerto handletheservo andmotorcontrol. These
functionsrequireasigni�cant amountof CPUtimefrom

the microcontrollerandcanbe off-loadedto a smaller,
secondarymicrocontroller.

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

� Dual I2C ports

� DualUART ports

� Higherperformancemicrocontroller

� Larger�ash memoryandSRAM

Thearchitecturewewill usewill betheARM7TDMI.
There are many microcontrollersbasedon this CPU
core. Theseincludemicrocontrollersfrom Analog De-
vices,SGS-Thompson,Atmel, andPhilips. We intend
to usetheLPC2138from Philips[2]. Thereasonfor se-
lecting theLPC2138is that it comeswith a bootloader
in hardwarethatallowsdownloadingoveraUART serial
port.

Sincethis is a surfacemount chip with tight pitch,
themicrocontrollerwill bealreadysolderedto theboard
beforedistributing the kits to the students.In order to
preventdamageto themicrocontroller, we intendto use
othersocketedchipsas interfacechips. If the damage
occursto oneof theseinterfacechips,thenit canbeeas-
ily replacedwith nodamageto theLPC2138.

The currentboarddoesnot allow for RAM storage,
and this is somethingwe would much like to seein a
next generationboard.TheLPC2138provides32KB of
staticRAM and512KBof program�ash memory. These
increasesin memorysizeovertheATMega32will allow
moreadvancedwork suchasoperatingsystemdevelop-
menton this platform.

Otherfuturework we intendto pursueis to develop
audio and DSP daughtercardsfor the PolyBot board.
This will allow usto usetheboardin classesotherthan
theintroductoryroboticscourse.

10. Conclusion

ThePolyBotboardis a controllerboardthatwasde-
signedat Cal Poly StateUniversity for roboticseduca-
tion. The boardwasdesignedwith the goalsof being
easyto use,buildableby students,providing goodfunc-
tionality, andhaving a low cost.

The PolyBotboardhasan Atmel ATMega32micro-
controller, anumberof analoganddigital inputs,several
hobbyservo andDC motoroutputs,andanLCD display.

Thetotalcostfor printedcircuit boardmanufacturing
andpartshasbeenveryreasonablefor usein auniversity
environment. By developingthe boardandpurchasing



thepartsin quantity, wewereableto signi�cantly reduce
costs.

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