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Abstract. Thispaperpresentsomdaboratory
experiencegarried outin our Roboticsand Al

courses.Usinga configuable autonomousno-
bile robotplatform, a wide variety of problems
canbestudied:fromrobotkinematicgo learn-
ing architectues. A brief description of the
robot platformis provided, togetherwith some
theoeetical and practical aspectsof ead labo-

ratory activity.

1 INTRODUCTION

During the last two years,we have carried out several
laboratoryexperiencesnvolving autonomousinirobots
in our Roboticsand Al coursesrangingfrom kinematic
studiesto learningstrat@ies, using a single robot plat-
form. This paperpresentghe off-the-shelfcomponents
of therobot, andbriefly describeghe laboratoryexperi-
ences.

The restof the paperis organizedasfollows: Section2
describegheroboticplatform (mechanicshardwareand
software)usedin the experimentsln Section3, different
learning experimentsare presented. Finally, Section4
presentsomeconclusionsandfutureplans.

2 EXPERIMENTAL PLATFORM

Theautonomousnobile minirobotplatformis presented.
The overall robot is ratherinexpensve, highly config-
urable,andit hasprovento be very robust. Moreover, it
providesenoughcomputingpower for somerathercom-
plex Al algorithms.

Figurel depictsthe platform asusedin our fire fighting
robotcontest.Therobotis controlledby a68HC11-based
board,which alsoreadssensorsignalsfrom IR sensors.
Thefire extinguisheris merelya standardCPU cooler

2.1 Electromechanics

Robot structureis made completelyof Lego parts. It
has diametrically opposeddrive wheelsand two free-
wheelingcastor Eachwheelis drivenby its own motor

Figure 1. Minirobot platform.

in adifferentialdrive configuration 3], thusallowing the
robotto go forward,backward,or turnin place.

Whenpossible L ego gearmotors(Fig. 2) areusedin our
designs.Theseare 9V DC motorswith internalgearre-
duction,turningat 350 rpm with noload. They aremore
efficient than standardDC motorswith external reduc-
tion.

Figure 2. Lego gear motor.

Additionally, standardsenos (Fig. 3) areusedin special
mechanismdik e rotating basesfor sensorsjn orderto
scana broadareajooking for obstaclesr aflame.



Figure 3. servo kit.

Besidesthe Lego parts, only miscellaneouselectronic
componentswere used, e.g. bumpers,infrared prox-
imity sensorsjnfraredrangersphoto-cells,etc. While
bumpersand photocellsare common and inexpensie
sensorsjnfrared proximity andrangesensorsiesere a
little morecomment.

Infraredreflectve sensorqFig. 4) consistof aninfrared
LED anda phototransistoin a compactpackage.Both
elementsaretunedto the samefrequeng, thusfiltering
ambientlight. The outputof the sensoiis relatedto the
amountbof radiationreflectedby asurface whichdepends
onthe proximity of the surfaceandits reflectveness.
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Figure 4. infrared reflectance sensors: on the left QRB1114,
on the right QRD1114, at bottom sensor schematics.

We have usedthesesensordoth for detectingobstacles
without contact,andfor detectingwhite lines on a black

ground. Dependingon the environment, thereare sen-

sorsfocusedfor sensingspeculareflection(QRB1114)
or unfocusedor sensingdiffusedsurface QRD1114).

Infrared rangesensorgFig. 5) work in a differentman-
ner: they usetriangulationanda smalllinear CCD array
to computethe distanceand/orpresencef objectsin the
field of view. Thebasicideais this: a pulseof IR light is
emittedby theemitter Thislight travelsoutin thefield of

Figure 5. Sharp GP2D02 infrared range sensor.

view andeitherhits an objector just keepson going. In
the caseof no object,thelight is never reflectedandthe
readingshavsnoobject. If thelight reflectsoff anobject,
it returnsto thedetectorandcreatestriangle(Fig. 6) be-
tweenthepointof reflection theemitter andthedetector
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Figure 6. Different angles with different distances.

The anglesin this trianglevary basedon the distanceto

the object. Thereceier portion of thesenew detectorss

actuallya precisionlensthattransmitsthe reflectedight

onto variousportionsof the enclosedinear CCD array
basedon the angleof the triangle describedabove. The
CCD array canthendeterminewhat anglethe reflected
light camebackat andthereforejt cancalculatethe dis-

tanceto the object.

Thisnew methodof rangingis almostimmuneto interfer
encefrom ambientlight andoffersamazingindifference
to the color of objectbeingdetected.Detectinga black
wall in full sunlightis possible.

We have usethesesensorso detecttheopponentobotin
a sumocombat,or to dectectwalls anddoorwaysin the
fire fighting ervironment.

Finally, theLegorotationsenso(Fig. 7) hasbeenusedin
experienceswherea velocity measurementvas needed.
Therotationsensortrackshow muchan axle insertedin
the sensorturns. The sensommeasuresn incrementsof
16 countsperrotationmeaninghatastheaxlecompletes
one rotation the sensorcountsto 16. If the axle turns
90 dggreesthe sensorcountsto 4. The sensorcantrack
counterclockwiserotationby countingbackwards(up to
-32,768).



Figure 7. Lego rotation sensor.

2.2 Hardware

Autonomougobotcontrolis achievedby a HandyBoard
[4]: it is a 68HC11-basedontrollerboarddesignedor
experimentamobileroboticswork. MIT haslicensedhe
HandyBoardat no chagefor educationalresearchand
industrialuse(atypicalkit is depictedn Fig. 8).

Besidesthe MotorolaMC68HC11processarthe Handy
Boardincludes32 K of battery-backdstaticRAM, four
outputsfor DC motors,a connectorsystemthat allows
active sensorgo be individually pluggedinto the board,
an LCD screen,and an integrated,rechageablebattery
pack.

Figure . Handy Board kit.

Figure 8 depictsa completeHandyBoardkit, consisting
of the main board, the serialinterface/ chager board,
the AC adapter a serial cableto connectthe PC,anda
telephonecableto connectthe boardto the interface/
chager.

The board can be upgradedwith an ExpansionBoard
(Fig. 9) which plugs on top of it, providing additional
featureslik e additionalanalogsensoinputs,active Lego
sensoinputs,digital outputs seno motorcontrolsignals,

Figure

. Handy Board expansion kit.

andaconnectomountfor Polaroid6500ultrasonicrang-
ing system.

2.3 Software

A widerangeof optionsareavailablefor developingsoft-
ware on the Handy Board, including free assemblylan-
guagetools provided by Motorola, and commercialC
compilers.

Additionally, the HandyBoardis compatiblewith Inter-
active C, the programmingervironmentcreatedfor the
MIT Lego RobotDesignproject. Interactve C (IC) is a
multi-tasking,C languagébasedcompilerthatincludesa
usercommandine for dynamicexpressioncompilation
andevaluation.

Thoughnotusedyetin ourexperiencestheHandyBoard
can be programmedin Java using simpleRT, a clean
room implementationof the Java language. It differs
from otherJava VM implementationsiot only in small
memoryfootprint (whichis onmostmicrocontrollersl8-
23KB) but also the way how the classloading is per
formed.

Onmostembeddedystemghe Javaapplicationswill not
be frequentlyupdatedor reloadedrom the hostcomput-
ersbut mayrequirefrequentre-startturning poweron).
To minimize the Java applicationstart-uptimes and to
speedupthebytecodegxecutionthe simpleRTExecutes
pre-linked Java applications. The Java applicationclass
files are linked on the host computer Suchgenerated
applicationfile is thenuploadedto the target device for
directexecutionby thesimpleRTJ

3 LABORATORY EXPERIENCES

The presentedxperienceshave beencarriedout in the

MSc Programin ComputerScienceat Jaume-lUniver

sity. First, two experiencesn the Roboticscourseare

presented:kinematicsand sensotbasedcontrol. Next

threeexperiencedelongto the Al course:reinforcement
learning,subsumptionandagents.



3.1 Mobile Robot Kinematics

A rotationsensomwasattachedo eachwheel. The goal
wasto constructthe direct and inversekinematicsof a
differential-drive mobile robot (seeFig. 10). The model
itself is rathersimple [5], but the low precisionof sen-
sorstogethemwith the poor control of motorsmakesthe
problemratherdifficult.

Figure 1 . Mobile robot kinematics.

Theproposedirectkinematicmodelis:
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where

g1 andqp aretheangleof eachwheel,
r is theradiusof thewheels,
nis thesensorcountfor aturn,

andd is thedistancebetweerbothwheels.

Nonethelessseveral interestingresults were achieved,
e.g.trajectorycontrolmadepossibleto programtherobot
to go straight.

Figure 11. Control loop.

As depictedin Fig. 11, a simple proportional-intgral
controlloop canbeimplementedn software,usingaro-
tationsensomttachedo eachwheel,to controlthe speed

of therobotandto synchronizets two wheelssothatthe
robotwill travel in a straightline [3].

3.2 Sensor-driven Control

Thegoalof thisexperiencavasto programtherobotfor a
sumotournamen{Fig. 12) [1]. Therobothadto becon-
trolled mainly from its sensoiinputs,so a statefinite au-
tomatonwas designedwheretransitionsweretriggered
by sensoiconditions.

Figure 12. Minirobot sumo competition.

Robotshadline sensordor detectingthe ring boundary
bumpersandan IR rangefinderfor detectionof the op-
ponent.

3.3 Reinforcement Learning

Reinforcementearning[7] is a computationabpproach
to learningwherebyan agenttries to maximizethe total

amountof reward it receveswheninteractingwith the

ervironment.

Robotshadto learna line following behavior. A rather
simple task was chosenin order to see the learning
progressin a small amountof time. Insteadof hard-
codingline following algorithms,studentsprogrammed
areinforcementearningalgorithmwhich actuallylearnt
to controltherobotby its own experiencefollowing dif-
ferentlinesmarkedonthefloor.

3.4 Subsumption Architecture

Brooks’ subsumptiorarchitecturg2] consistsof behar-
iors, i.e. layersof control systemghatall runin parallel
wheneerappropriatesensordire. Parallelbehaiors can
be easilyimplementedn IC on the HandyBoard,using
its parallelprocessingrimitives.

Different sensors (bumpers, proximity, light) were
mountedontherobot,andstudentdiadto designandim-
plementa layer of control systems.The resultingrobot



hadanemepgentbehaior: it wanderediroundthelabora-
tory, avoiding obstaclesandeitherfollowing or escaping
from thelight.

3.5 Agent-based Architecture

Accordingto theintelligentagentview [6], the problem
of Al is to describeandbuild agentghatreceve percepts
from the ervironmentand performactions. Roboticsis
not definedindependentlythis approactemphasizethe
task ervironmentcharacteristicsn determiningthe ap-
propriateagentdesign.

The goal task was inspired by the Trinity College Fire
Fighting Contest:robotshadto find andextinguishafire
in anoffice-like ervironment(Figs.13 and14)[1].

Figure 13. Fire fighting robot in action.

Figure 14. Fire fighting competition.

Robot perceptionconsistedof two IR reflectve sensors
for detectingwhite lines at doorways, threelR distance
sensordor detectingwalls (front, left andright), anda

light sensomountedon a seno for detectingheflame.

Driving therobotwasa hardchallengan itself, sincethe
differential-drivemechanismvasnotaccurateenoughfor

driving straight,nor it had ary dead-reckning mecha-
nism. Instead therobottried to keepa constantdistance
to sidewallsin orderto travel alongthecorridors.

Thoughbeingour first edition, several robotssucceeded
in finding andextinguisingthe flame,andoneteameven
programmeda more difficult task: the robot startedat
an unknown positionin the ervironment,insteadof the
fixedone.It wasableto recognisets locationandexplore
the ervironment, extinguish the flame, andreturnto its
original location.

4 SUMMARY

This paperhaspresentedhe autonomousamobile robot
platform usedby our studentsin roboticsand Al, and
someéaboratoryexperiencesangingfrom robotkinemat-
icsto learningandagentarchitectures.

Themostimportantissueis the high degreeof motivation

of the studentsn all of the experiencesWe believe that,

besideghechallenginggoals,animportantfactorwasthe

easy-to-usénardware and software platform: assuming
basicskills in C, in lessthanan hour studentsvereable

to write andexecutetheirfirst robotprograms.

In the future, we plan to make new experiencesallow-
ing robotcommunicationin orderto developmulti-robot
systemsandcollective behaior.
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