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Summary

Purpose: Entrantfor OCAD 2002SumoRobotChallenge(won Judges’ChoiceAward)
Controller: Hardwiredanalogcircuit with discreetlogic gates

Sensors: 4 x EdgeSensor
4 x Bumper
4 x 38 kHz IR Detector

Locomotion: 2 x TamyiaHigh PowerGearBox
2 x Tamyia56mm SportsTire

PowerSupply: 4 x AA cell = 6 V (logic andsensors)
1 x 6 V lanterncell (motors)

Dimensions: 8.25” x 8.25” x 9.5” (width x depthx height)
Weight: � 2 kg

Details

Purpose

“All Your BaseAre Autonomous”(Basey) wasdesignedfor competitionin theautonomous
classof OCAD’s2002SumoRobotChallenge.Therules(http://www.student.ocad.on.ca/info/sumo)
includedthefollowing designrestrictionsandrequirements:

Size: � 12” x 12” x 12”
Weight: � 10kg

IR Beacon: 38 kHz emissionover360� mounted8” to 10” from theplayingsurface
SeeFigure1 (page5) for official schematic

Pergeneralautonomousclasssumorules,therobot,withoutaidof anoperator, mustseek
andpushan opponentrobot out of a circular ring; the first robot to leave the ring – either
pushedout by its opponent,or on its own accord– losesthe round. The robotsbegin each
roundat oppositesidesof thering, eachfacingclockwise(ie, not towardeachother).
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Behaviour

Basey is controlledby a simplecircuit to implementthe minimum behaviours neededby a
sumorobot: seektheopponentrobot,senseandapproachtheopponent,pushtheopponent,
andstaywithin thering without falling off.

The functionalschematicof Basey canbeseenin Figure2 (page6). Four eachof edge,
bumper, andinfrared(IR) sensorsactuateoneof two motorsin theappropriatedirectionvia an
L298 h-bridge,connectedaccordingto the L298 datasheet(STMicroelectronics,Jan. 2000,
figure6, whereRs=0).

Themotorsarepoweredby DC voltagefrom a lanterncell. Thereis no speedcontrolby
way of pulse-width-modulationor otherwise.Onemotor is mountedin thecentreof the left
andright sidesof Basey, providing adifferentialdriveschemeabouttherobot’scentre.Small
castorwheelscentredat thefront andrearof thebasebalancetheplatform.

Only thefront sensorswill beconsideredin thefollowing behavioural description,asthe
rearsensorbehaviour is symmetricalto thefront alongthemotoraxis.

When IR (from the opponent’s IR beacon)is detectedonly to the left, the right motor
drivesforward, thus turning the robot toward the IR source;likewise, whenIR is detected
only to the right, the left motor drivesforward, againturning Basey toward the IR source.
WhenIR detectedonbothleft andright sides,Basey drivesstraightaheadto thesource.

Simplebumperswitchesaremountedon theleft andright sidesof Basey’s front. Closing
theleft switch,via impactwith theopponentrobot,actuatestheleft motorforwardagainstthe
bumpedobject;likewise,theright switchactuatestheright motorforwardagainstthebumped
object. The left and right bumperscould be swappedto control the right and left motors,
respectively – basedon effectivenessdeterminedexperimentally(ie, duringcompetition).

Edgesensorsmountedoneachcornerof Basey monitorthering surface.Sensingthefront
left edgeactuatestheleft motorbackwards,andsensingthefront right edgereversestheright
motor.

Thereis no priority amongthesensors.All sensoroutputsareeitherlogical oneor zero,
coupleddirectly to anassociatedOR gatefor eachof left forward,left reverse,right forward,
andright reversemotorsignals,which areconnectedto theappropriateh-bridgeinputs.Due
to theL298 functionality, simultaneousforwardandreversesignalsto thesamemotorcause
thatmotor to stop.This inconvenienceis acceptedin exchangefor a simpledesignrequiring
only two 4-inputORgates(4072)for controllingeachmotor.

A monitor circuit implementsthe “seek” function of the robot. The four motor signals
arealsoconnectedto anotherOR gate,the outputof which is connectedto the resetpin of
a 4-bit counter(74393),clockedby anadjustableoscillator(555). The4th bit of thecounter
is connectedto thetrigger input of a one-shotcircuit (555),which is connectedto themotor
signalgates,soasto rotateBasey by anamountdeterminedby thewidth of theone-shotpulse.
The oscillatorfrequency andone-shotpulsearecalibratedsuchthat Basey turns90� after a
few secondsof sensorinactivity.

Sensors

Thesensorschematicscanbeseenin Figure3 (page7).
The edgesensorcomprisesa voltagedivider whereoneof the resistorsis a photoresis-

tor. A bright LED is positionedsuchthat its light reflectsoff the playing surfaceandonto
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the photoresistor. Thus,whenthe sensoris positionedaway from the surface(ie, over the
edge),the LED light is no longer reflectedonto the photoresistorand its resistancethere-
fore changes.The resultantvoltagechangeis detectedby a comparatorwhich providesthe
logical edgesensoroutput. The fixed resistorof the voltagedivider shouldbe determined
accordingto the rangeof resistanceof the photoresistorbetweenilluminated (surface)and
non-illuminated(edge)states.Thepotentiometersetsthetriggerpoint (ie, comparisonvalue)
for thecomparator.

Thebumperis simply a normallyopenswitch,theoutputof which is pulledto groundby
a resistor. Closingtheswitchplacesa logicalhighon theoutput.

A PanasonicPNA4602M optical detectoris usedfor IR detection.The PNA4602M de-
modulatesdataona38kHz IR carrier. Whennosignalis detected,logicalhigh is output,and
whenan unmodulated38 kHz signal is detected,logical zerois output. An inverteris thus
usedsothatlogicalhighrepresentsthepresenceof theIR signal.ThePNA4602Mis sensitive
to circuit noise,so a capacitoris presentbetweenthe power andgroundpins. However, if
the 38 kHz oscillator is coupledto the PNA4602M, either throughcommongroundor the
samesupply, falsetriggeringwill occur– theoscillatorandthedetectormustbepoweredby
separate,unconnectedpowersuppliesfor reliabledetection.

Design Notes and Challenges

A holding stage(usinga chargedcapacitoror one-shot)could be addedbetweenthe edge
sensoroutputsandthemotorOR gates,suchthat the robot continuesto move backoncean
edgeis detected,or eventurn around.However, sincethe robothassensorson its front and
back,it is notnecessaryto turnaroundto seektheopponent,andis thussufficientto only back
away from anedge.In practice,themomentumof themotorsresultin the robot ‘bouncing’
away from a detectededge.Contrary, however, momentummaycarry therobot right out of
thering if it approachestheedgeat full speed.

If a moreaggressive “seek” behaviour is desired,a secondone-shotcould be addedto
the monitor circuit, triggeredby the first one-shot,to move the robot forward after turning.
However, the IR sensorsweresensitive enoughto successfullydetecttheofficial IR beacon
acrossthefull diameterof thering, sorotationalseekingis all thatwasneeded.

The edgesensorsprovedvery finicky. Alignment of the LEDs andphotoresistorsto re-
ceive LED light reflectedfrom the playing surfacewascritical for reliableperformanceof
thesensors.Thegreaterthevoltagedifferencebetweenedgeandnon-edgestatesthatcanbe
achieved,thebetter, asit aidsin properthresholdadjustmentof thecomparator.

Mostof thecircuitsworkedverywell independently, but combiningall theelementsinto a
workingrobotwasquitechallenging,asunforeseennoiseandotherproblemsarose,requiring
hardwaredebuggingandtroubleshooting.If timepermits,all thesensorcircuits,logic, motor
control,andmotorsshouldbeconnectedon anexperimenters’breadboardwith theintended
powersuppliesandtestedbeforesolderingtheensembletogether.

Results

In competition,Basey behavedasdesigned.After beginningtheroundfacing90� away from
the competitor, as requiredby the OCAD contestrules, Basey successfullydetectedand
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chargedaheadtoward the opponent,andremainedengagedagainstthe opponent.Unfortu-
nately, Basey wasoverpoweredby competitorswith largermotors.

However, Basey is “proof of concept”for analogcontrolledautonomoussumorobots.The
factorsthathandicappedtherobot– sensormisalignmentandlow-torquemotors– wereinde-
pendentof thecontrolschemeandareproblemsthatcouldequallyaffect robotshaving other
controlschemes.In termsof behaviour, Basey provedanequalmatchto its microcontroller-
basedcompetitors.

Accordingly, Basey won the JudgesChoiceAward at OCAD’s 2002SumoRobotChal-
lenge!
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On-Line Resources

Thenewestversionof this document,andadditionalprojectphotosandupdatesareavailable
on-lineat “http://www.aomalley.org/robots/basey”.

1http://www.ee.ryerson.ca/� phiscock
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Figure1: Official IR BeaconCircuit
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