“All Your BaseAre Autonomous”
Analog AutonomousSumoRobot

Andrew O’Malley
andrev@aomallg.org
www.aomallg.org/robots

26June,2002

Summary

Purpose: Entrantfor OCAD 2002SumoRobotChallenggwon JudgesChoiceAward)
Controller: Hardwiredanalogcircuit with discreefogic gates
Sensors: 4 x EdgeSensor
4 x Bumper
4 x 38 kHz IR Detector
Locomotion: 2 x TamyiaHigh Pover GearBox
2 x Tamyia56 mm SportsTire
Pawver Supply: 4 x AA cell=6V (logic andsensors)
1x 6V lanterncell (motors)
Dimensions: 8.25”x 8.25”x 9.5” (width x depthx height)
Weight: < 2kg

Details

Purpose

“All Your BaseAre Autonomous”(Basg) wasdesignedor competitionin the autonomous
classof OCAD’s2002SumoRobotChallenge Therules(http://www.student.ocad.on.ca/info/sumo)
includedthefollowing designrestrictionsandrequirements:
Size: <12"x12"x12”
Weight: < 10kg
IR Beacon: 38kHz emissionover 360’ mountedd” to 10” from the playing surface

SeeFigurel (pageb) for official schematic
Pergenerabutonomouslasssumorules,therobot,withoutaid of anoperatoy mustseek

and pushan opponentrobot out of a circular ring; the first robot to leave the ring — either
pushedout by its opponentor on its own accord— losesthe round. The robotsbegin each
roundat oppositesidesof thering, eachfacingclockwise(ie, nottowardeachother).



Behaviour

Baseg is controlledby a simple circuit to implementthe minimum behaiours neededby a
sumorobot: seekthe opponentobot, senseandapproachthe opponentpushthe opponent,
andstaywithin thering without falling off.

Thefunctionalschematicof Baseg canbe seenin Figure2 (page6). Four eachof edge,
bumper andinfrared(IR) sensorsctuateoneof two motorsin theappropriatalirectionvia an
L298 h-bridge,connectedaccordingto the L298 datasheefSTMicroelectronics,Jan. 2000,
figure 6, whereRs=0).

Themotorsarepoweredby DC voltagefrom a lanterncell. Thereis no speedcontrol by
way of pulse-width-modulatiomr otherwise.Onemotoris mountedin the centreof the left
andright sidesof Basey, providing a differentialdrive schemeabouttherobot’s centre.Small
castorwheelscentredat the front andrearof the basebalancehe platform.

Only thefront sensorswill be consideredn thefollowing behaioural descriptionasthe
rearsensombehaiour is symmetricako thefront alongthe motoraxis.

WhenIR (from the opponents IR beacon)is detectedonly to the left, the right motor
drivesforward, thusturning the robot toward the IR source;likewise, whenIR is detected
only to theright, the left motor drivesforward, againturning Base toward the IR source.
WhenIR detectedn bothleft andright sides,Base drivesstraightaheado the source.

Simplebumperswitchesaremountedon theleft andright sidesof Baseg’s front. Closing
theleft switch,via impactwith theopponentobot,actuatesheleft motorforwardagainsthe
bumpedobject;lik ewise, theright switchactuatesheright motorforwardagainsthebumped
object. The left andright bumperscould be swappedto control the right and left motors,
respectrely — basedn effectivenesgleterminedexperimentally(ie, duringcompetition).

Edgesensorsnountedon eachcornerof Basg monitorthering surface.Sensinghefront
left edgeactuatesheleft motorbackwards,andsensinghefront right edgereversegheright
motor.

Thereis no priority amongthe sensorsAll sensomutputsareeitherlogical oneor zero,
coupleddirectly to anassociate®R gatefor eachof left forward, left reverse right forward,
andright reversemotor signals,which areconnectedo the appropriateh-bridgeinputs. Due
to the L298 functionality, simultaneougorward andreversesignalsto the samemotor cause
thatmotorto stop. Thisincornveniencds acceptedn exchangdor a simpledesignrequiring
only two 4-inputOR gateg4072)for controllingeachmotor.

A monitor circuit implementsthe “seek” function of the robot. The four motor signals
arealsoconnectedo anotherOR gate,the outputof which is connectedo the resetpin of
a 4-bit counter(74393),clocked by an adjustableoscillator(555). The 4th bit of the counter
is connectedo thetriggerinput of a one-shotircuit (555), which is connectedo the motor
signalgatessoasto rotateBasey by anamountdeterminedy thewidth of theone-shopulse.
The oscillatorfrequeng andone-shotpulseare calibratedsuchthat Basey turns9(° aftera
few second®of sensoiinactiity.

Sensors

Thesensoischematicganbeseenn Figure3 (page7).
The edgesensorcomprisesa voltagedivider whereone of the resistorsis a photoresis-
tor. A bright LED is positionedsuchthatits light reflectsoff the playing surfaceandonto



the photoresistar Thus, whenthe sensoris positionedaway from the surface(ie, over the

edge),the LED light is no longer reflectedonto the photoresistorand its resistancehere-
fore changes.The resultantvoltagechangeis detectedby a comparatomwhich providesthe

logical edgesensoroutput. The fixed resistorof the voltagedivider shouldbe determined
accordingto the rangeof resistanceof the photoresistobetweenilluminated (surface)and

non-illuminatededge)states.The potentiometesetsthetrigger point (ie, comparisorvalue)

for thecomparatar

Thebumperis simply a normally openswitch, the outputof which is pulledto groundby
aresistor Closingthe switchplacesalogical high on the output.

A Panasonid®NA4602M optical detectoris usedfor IR detection. The PNA4602M de-
modulateslataona 38kHz IR carrier Whenno signalis detectedlogical highis output,and
whenan unmodulated38 kHz signalis detected]ogical zerois output. An inverteris thus
usedsothatlogical highrepresentthe presencef the IR signal. The PNA4602M is sensitve
to circuit noise,so a capacitoris presentbetweenthe power and groundpins. However, if
the 38 kHz oscillatoris coupledto the PNA4602M, eitherthroughcommongroundor the
samesupply falsetriggeringwill occur—the oscillatorandthe detectomustbe poweredby
separateyinconnectegower suppliesfor reliabledetection.

Design Notes and Challenges

A holding stage(using a chaged capacitoror one-shot)could be addedbetweenthe edge
sensomutputsandthe motor OR gates,suchthatthe robot continueso move backoncean
edgeis detectedpr eventurn around. However, sincethe robothassensorsn its front and
back,it is notnecessaryo turn aroundto seekthe opponentandis thussufficientto only back
away from an edge.In practice,the momentumof the motorsresultin the robot ‘bouncing’
away from a detectededge. Contrary however, momentummay carry the robotright out of
thering if it approachetheedgeat full speed.

If a more aggressie “seek” behaiour is desired,a secondone-shotcould be addedto
the monitor circuit, triggeredby the first one-shotto move the robot forward after turning.
However, the IR sensorsveresensitve enoughto successfullydetectthe official IR beacon
acrosghefull diameterof thering, sorotationalseekings all thatwasneeded.

The edgesensorgproved very finicky. Alignment of the LEDs and photoresistorso re-
ceive LED light reflectedfrom the playing surfacewas critical for reliable performanceof
the sensorsThe greaterthe voltagedifferencebetweenedgeandnon-edgestateghatcanbe
achieved,the better asit aidsin properthresholdadjustmenbf the comparatar

Mostof thecircuitsworkedvery well independentlybut combiningall theelementsnto a
working robotwasquite challenging asunforeseemoiseandotherproblemsaroserequiring
hardwaredeluggingandtroubleshootinglf time permits,all the sensorcircuits,logic, motor
control,andmotorsshouldbe connectedn anexperimentersbreadboardwith theintended
power suppliesandtestedbeforesolderingthe ensembldogether

Results

In competition,Basg behaedasdesigned After beginningtheroundfacing9(® away from
the competitor as requiredby the OCAD contestrules, Basg successfullydetectedand



chagedaheadoward the opponentand remainedengagedigainstthe opponent. Unfortu-
nately Basg wasoverpaveredby competitorswith larger motors.

However, Baseg is “proof of concept’for analogcontrolledautonomousumorobots.The
factorsthathandicappetherobot— sensomisalignmenandlow-torquemotors—wereinde-
pendenbf the controlschemeandareproblemsthatcould equallyaffect robotshaving other
controlschemesin termsof behaiour, Baseg/ proved an equalmatchto its microcontroller
basedcompetitors.

Accordingly, Baseg/ won the JudgesChoiceAward at OCAD’s 2002 SumoRobotChal-
lenge!
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On-Line Resour ces

The newestversionof this documentandadditionalprojectphotosandupdatesareavailable
on-lineat “http://www.aomallg.org/robots/basg.

http:/iwvww.ee.ryerson.caphiscock
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Figurel: Official IR BeaconCircuit
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Figure2: FunctionalSchematic
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Figure3: Sensors



