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E-mail:
�
ecervera,sanzp � @icc.uji.es

Abstract. Thispaperpresentssomelaboratory
experiencescarried out in our RoboticsandAI
courses.Usinga configurableautonomousmo-
bile robotplatform,a widevarietyof problems
canbestudied:fromrobotkinematicsto learn-
ing architectures. A brief descriptionof the
robot platform is provided,togetherwith some
theoretical andpractical aspectsof each labo-
ratory activity.

1 INTRODUCTION

During the last two years,we have carriedout several
laboratoryexperiencesinvolving autonomousminirobots
in our RoboticsandAI courses,rangingfrom kinematic
studiesto learningstrategies, usinga single robot plat-
form. This paperpresentsthe off-the-shelfcomponents
of the robot,andbriefly describesthe laboratoryexperi-
ences.

The restof the paperis organizedasfollows: Section2
describestheroboticplatform(mechanics,hardwareand
software)usedin theexperiments.In Section3, different
learningexperimentsare presented.Finally, Section4
presentssomeconclusionsandfutureplans.

2 EXPERIMENTAL PLATFORM

Theautonomousmobileminirobotplatformis presented.
The overall robot is rather inexpensive, highly config-
urable,andit hasprovento bevery robust. Moreover, it
providesenoughcomputingpower for somerathercom-
plex AI algorithms.

Figure1 depictstheplatformasusedin our fire fighting
robotcontest.Therobotis controlledby a68HC11-based
board,which alsoreadssensorsignalsfrom IR sensors.
Thefire extinguisheris merelyastandardCPUcooler.

2.1 Electromechanics

Robot structureis madecompletelyof Lego parts. It
has diametrically opposeddrive wheelsand two free-
wheelingcastor. Eachwheelis drivenby its own motor
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Minirobot platform.

in a differentialdriveconfiguration[3], thusallowing the
robotto go forward,backward,or turn in place.

Whenpossible,Legogearmotors(Fig. 2) areusedin our
designs.Theseare9V DC motorswith internalgearre-
duction,turningat 350rpm with no load. They aremore
efficient than standardDC motorswith external reduc-
tion.
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Lego gear motor.

Additionally, standardservos(Fig. 3) areusedin special
mechanismslike rotating basesfor sensors,in order to
scana broadarea,looking for obstaclesor a flame.



�������
	������
Servo kit.

Besidesthe Lego parts, only miscellaneouselectronic
componentswere used, e.g. bumpers, infrared prox-
imity sensors,infrared rangers,photo-cells,etc. While
bumpersand photocellsare common and inexpensive
sensors,infraredproximity andrangesensorsdeserve a
little morecomment.

Infraredreflective sensors(Fig. 4) consistof an infrared
LED anda phototransistorin a compactpackage.Both
elementsaretunedto the samefrequency, thusfiltering
ambientlight. The outputof the sensoris relatedto the
amountof radiationreflectedby asurface,whichdepends
on theproximity of thesurfaceandits reflectiveness.
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Infrared reflectance sensors: on the left QRB1114,

on the right QRD1114, at bottom sensor schematics.

We have usedthesesensorsboth for detectingobstacles
without contact,andfor detectingwhite lineson a black
ground. Dependingon the environment,thereare sen-
sorsfocusedfor sensingspecularreflection(QRB1114)
or unfocusedfor sensingdiffusedsurfaces(QRD1114).

Infraredrangesensors(Fig. 5) work in a differentman-
ner: they usetriangulationanda small linearCCD array
to computethedistanceand/orpresenceof objectsin the
field of view. Thebasicideais this: a pulseof IR light is
emittedby theemitter. Thislight travelsoutin thefield of
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Sharp GP2D02 infrared range sensor.

view andeitherhits anobjector just keepson going. In
thecaseof no object,the light is never reflectedandthe
readingshowsnoobject.If thelight reflectsoff anobject,
it returnsto thedetectorandcreatesatriangle(Fig. 6) be-
tweenthepointof reflection,theemitter, andthedetector.
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Different angles with different distances.

The anglesin this trianglevary basedon the distanceto
theobject.Thereceiverportionof thesenew detectorsis
actuallya precisionlensthat transmitsthereflectedlight
onto variousportionsof the enclosedlinear CCD array
basedon the angleof the triangledescribedabove. The
CCD arraycanthendeterminewhat anglethe reflected
light camebackat andtherefore,it cancalculatethedis-
tanceto theobject.

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

Wehaveusethesesensorsto detecttheopponentrobotin
a sumocombat,or to dectectwalls anddoorwaysin the
fire fighting environment.

Finally, theLegorotationsensor(Fig.7) hasbeenusedin
experienceswherea velocity measurementwasneeded.
Therotationsensortrackshow muchan axle insertedin
the sensorturns. The sensormeasuresin incrementsof
16countsperrotationmeaningthatastheaxlecompletes
one rotation the sensorcountsto 16. If the axle turns
90 degrees,thesensorcountsto 4. Thesensorcantrack
counter-clockwiserotationby countingbackwards(up to
-32,768).
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Lego rotation sensor.

2.2 Hardware

Autonomousrobotcontrolis achievedby aHandyBoard
[4]: it is a 68HC11-basedcontrollerboarddesignedfor
experimentalmobileroboticswork. MIT haslicensedthe
HandyBoardat no chargefor educational,research,and
industrialuse(a typical kit is depictedin Fig. 8).

Besidesthe MotorolaMC68HC11processor, theHandy
Boardincludes32 K of battery-backedstaticRAM, four
outputsfor DC motors,a connectorsystemthat allows
active sensorsto be individually pluggedinto the board,
an LCD screen,andan integrated,rechargeablebattery
pack.
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Handy Board kit.

Figure8 depictsa completeHandyBoardkit, consisting
of the main board, the serial interface/ charger board,
the AC adapter, a serialcableto connectthe PC, anda
telephonecable to connectthe boardto the interface/
charger.

The board can be upgradedwith an ExpansionBoard
(Fig. 9) which plugs on top of it, providing additional
features,likeadditionalanalogsensorinputs,activeLego
sensorinputs,digital outputs,servomotorcontrolsignals,
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Handy Board expansion kit.

andaconnectormountfor Polaroid6500ultrasonicrang-
ing system.

2.3 Software

A widerangeof optionsareavailablefor developingsoft-
wareon the HandyBoard,including free assemblylan-
guagetools provided by Motorola, and commercialC
compilers.

Additionally, theHandyBoardis compatiblewith Inter-
activeC, the programmingenvironmentcreatedfor the
MIT Lego RobotDesignproject. Interactive C (IC) is a
multi-tasking,C languagebasedcompilerthatincludesa
usercommandline for dynamicexpressioncompilation
andevaluation.

Thoughnotusedyet in ourexperiences,theHandyBoard
can be programmedin Java using simpleRTJ, a clean
room implementationof the Java language. It differs
from otherJava VM implementationsnot only in small
memoryfootprint (which is onmostmicrocontrollers18-
23KB) but also the way how the classloading is per-
formed.

OnmostembeddedsystemstheJavaapplicationswill not
befrequentlyupdatedor reloadedfrom thehostcomput-
ersbut mayrequirefrequentre-starts(turningpoweron).
To minimize the Java applicationstart-uptimes and to
speedupthebytecodesexecutionthesimpleRTJexecutes
pre-linkedJava 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 presentedexperienceshave beencarriedout in the
MSc Programin ComputerScienceat Jaume-IUniver-
sity. First, two experiencesin the Roboticscourseare
presented:kinematicsand sensor-basedcontrol. Next
threeexperiencesbelongto theAI course:reinforcement
learning,subsumption,andagents.



3.1 Mobile Robot Kinematics

A rotationsensorwasattachedto eachwheel. The goal
was to constructthe direct and inversekinematicsof a
differential-drive mobile robot (seeFig. 10). Themodel
itself is rathersimple [5], but the low precisionof sen-
sorstogetherwith the poor control of motorsmakesthe
problemratherdifficult.
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Mobile robot kinematics.

Theproposeddirectkinematicmodelis:"#
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(1)

where-
q1 andq2 aretheangleof eachwheel,-
r is theradiusof thewheels,-
n is thesensorcountfor a turn,-
andd is thedistancebetweenbothwheels.

Nonetheless,several interestingresultswere achieved,
e.g.trajectorycontrolmadepossibleto programtherobot
to go straight.
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Control loop.

As depictedin Fig. 11, a simple proportional-integral
control loop canbeimplementedin software,usinga ro-
tationsensorattachedto eachwheel,to controlthespeed

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

3.2 Sensor-driven Control

Thegoalof thisexperiencewasto programtherobotfor a
sumotournament(Fig. 12) [1]. Therobothadto becon-
trolled mainly from its sensorinputs,soa statefinite au-
tomatonwasdesigned,wheretransitionsweretriggered
by sensorconditions.
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Minirobot sumo competition.

Robotshadline sensorsfor detectingthe ring boundary,
bumpers,andan IR rangefinder for detectionof theop-
ponent.

3.3 Reinforcement Learning

Reinforcementlearning[7] is a computationalapproach
to learningwherebyan agenttries to maximizethe total
amountof reward it receiveswhen interactingwith the
environment.

Robotshadto learna line following behavior. A rather
simple task was chosenin order to see the learning
progressin a small amountof time. Insteadof hard-
coding line following algorithms,studentsprogrammed
a reinforcementlearningalgorithmwhich actuallylearnt
to controltherobotby its own experience,following dif-
ferentlinesmarkedon thefloor.

3.4 Subsumption Architecture

Brooks’ subsumptionarchitecture[2] consistsof behav-
iors, i.e. layersof controlsystemsthatall run in parallel
wheneverappropriatesensorsfire. Parallelbehaviorscan
beeasilyimplementedin IC on the HandyBoard,using
its parallelprocessingprimitives.

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



hadanemergentbehavior: it wanderedaroundthelabora-
tory
/

, avoiding obstaclesandeitherfollowing or escaping
from thelight.

3.5 Agent-based Architecture

Accordingto the intelligentagentview [6], theproblem
of AI is to describeandbuild agentsthatreceivepercepts
from the environmentandperformactions. Roboticsis
not definedindependently:this approachemphasizesthe
task environmentcharacteristicsin determiningthe ap-
propriateagentdesign.

The goal task was inspiredby the Trinity College Fire
FightingContest:robotshadto find andextinguisha fire
in anoffice-likeenvironment(Figs.13 and14) [1].
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Fire fighting robot in action.
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Fire fighting competition.

Robotperceptionconsistedof two IR reflective sensors
for detectingwhite lines at doorways,threeIR distance
sensorsfor detectingwalls (front, left andright), anda
light sensormountedon a servo for detectingtheflame.

Driving therobotwasahardchallengein itself, sincethe
differential-drivemechanismwasnotaccurateenoughfor
driving straight,nor it had any dead-reckoning mecha-
nism. Instead,therobot tried to keepa constantdistance
to sidewalls in orderto travel alongthecorridors.

Thoughbeingour first edition,several robotssucceeded
in finding andextinguisingtheflame,andoneteameven
programmeda more difficult task: the robot startedat
an unknown position in the environment,insteadof the
fixedone.It wasableto recogniseits locationandexplore
the environment,extinguish the flame,andreturn to its
original location.

4 SUMMARY

This paperhaspresentedthe autonomousmobile robot
platform usedby our studentsin roboticsand AI, and
somelaboratoryexperiencesrangingfromrobotkinemat-
ics to learningandagentarchitectures.

Themostimportantissueis thehighdegreeof motivation
of thestudentsin all of theexperiences.We believe that,
besidesthechallenginggoals,animportantfactorwasthe
easy-to-usehardware and software platform: assuming
basicskills in C, in lessthananhourstudentswereable
to write andexecutetheir first robotprograms.

In the future, we plan to make new experiencesallow-
ing robotcommunication,in orderto developmulti-robot
systemsandcollectivebehavior.
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