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Chapter 1

Intr oduction

With theemergenceof wirelessnetworking technologies,oneof themostimportantconsiderationsin
thedesignof modernelectronicsystemsis theirability to communicatewith eachother, andin sodoing,
performa taskwhich neithercouldachieve alone.With this in mind, we decidedto producea teamof
robotswhichcouldwork togetherto completeanobstaclecourse.

OurProjectBrief involvedthecreationof two robots,with differingabilities,whichcouldworkasateam
to solveaproblemthatneithercouldsolvealone.Thecreationof theserobotswouldtestourknowledge
of bothelectronichardwaredesign,softwarecreationandtheinterfacingof thesetwo components,thus
allowing usto demonstratethefull breadthof knowledgewe have gainedwhile studyinga joint degree
in ElectronicandSoftwareEngineering.

1.1 Preliminaries

We modeledtheassaultcourseandthetwo robotsusingthe“Lego MindstormsRoboticInventionSys-
tem”. The �e xibility of Lego, andwide rangeof partsavailable,allow a large numberof mechanical
systemsto be createdwithout theneedfor specializedmanufacturingof customcomponents.Central
to theLego Mindstormskit is a micro-controller, containedwithin an RCX brick. This controllercan
acceptinputsfrom avarietyof sensors,andcanalsocontrolthespeedanddirectionof upto threemotors
by wayof anumberof outputports.An InfraredPortis alsobuilt into theRCX Brick, whichallows for
communicationbetweendifferentRCX's. TheRCX micro-controllercanalsobereprogrammedusing
anIR tower connectedto ahost.

Thesevariousabilitieshave alloweda wide rangeof projectsto beimplementedusingtheMindstorms
InventionKit, andhave createda sizeablefollowing of enthusiastsaroundthe world. The simplistic
programminglanguageprovidedby Legoto controltheRCX haspromptedmany individualsto develop
alternative languageswhich arecapableof controlingtheRCX. Oneof the mostnotableof theseis a
languagecreatedby Dave BaumcalledNot-Quite-C(NQC).This languageis syntacticallyverysimilar
to regular C, allowing many of the featuresyou would expect, suchas loops, if-statments,andeven
multi-threadedTasks. Unlike many other languagescreatedfor the RCX, NQC doesnot replacethe
RCX �rmw areprovidedby Lego,but instead,compilesdown to thesamebytecodeusedin Lego's own
control language.While this reducesa numberof complicationswhenprogrammingtheRCX brick, it
doesimposea numberof fundimentallimitationson thepower of NQC,for example,aprogramhasan
absolutelimit of 32 globaland8 local variables.Thereis alsono supportfor pointersor structuresin
NQC.TheRCX hasalimited amountof RAM, andsothereis only asmallamountof memoryavailable
for any programsthatareusedto controltheRCX.
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1.2 Explanation of Project

Whenplanningthedesignof bothrobots,it wasimportantthatwecreatedtwo robotswith differingabil-
ities,which wereinterestingin their own right. The�rst robotwe createdwasa biped,which canwalk
up stepsanddynamicallycorrectits balance.We alsocreateda wheeledrobot, which canaccurately
trackits positionrelative to whereit started,andsearchagivenareato pick upa smallobject.

As anumberof thepreviousprojectshavebeenusedfor demonstrationpurposesduringUniversityopen-
days,whereprospective studentscanseethekind of work they might undertake, we felt thata walking
robot would provide an immediatesourceof interest. This robot is equipedwith a balancingsystem
which preventslossof stability in two ways.Thesystemdynamicallycorrectsthebalanceof therobot
by adjustingits centreof gravity. An electroniccontrolcircuit measuresany tilt in therobot,andtries
to counteractthattilt by moving aweighton topof thewalker. Thebalancesystemis alsocontrolledby
meansof softwareprogrammedinto theRCX.Justbeforeafoot is lifted, thecentreof balanceis moved,
sothat it is over thestandingfoot. This staticbalancingpreventsthebipedfrom falling whenit takesa
step,whereasthedynamicsystemcorrectsfor any unexpectedinstabilities.

To complementthiswalkingrobot,weproducedawheeledrobotwhichcouldsearchfor, andpick up,an
objectwithin agivenarea.Wedecidedthatthisrobotshouldbeableto navigatearoundapredetermined
courseby meansof deadreckoning. This necessitatedthecreationof a very accuratedrive systemand
positionmeasuringsoftware.Dueto thefact thata lego brick couldbepositionedanywherewithin the
searchablearea,thesoftwarewasrequiredto �nd its waybackto thestartingpositionof thesearchfrom
anunspeci�edpoint.

The two robotsrequiredtheability to communicatewith eachotherin orderto successfullywork asa
team.TheIR portsontheRCX blocksprovideduswith amethodof communicationbetweentherobots,
but weneededto produceasimplecommunicationsprotocolandimplementthesoftwareto providethis.

While therobotshave thecapabilityto navigateonepredeterminedassaultcourse,wedecidedto addthe
ability for usersto createnew courses,andprogramtherobotsto completethesecourses.To providethis
capability, we createda domainspeci�c language,which allowed theuserto concentrateon the func-
tionality of therobots,ratherthantheintricaciesof NQC.Thenext stagewasto produceaninterpreter
for this languagewhich couldcreatecodeusedby theRCX bricks. A simpleJava applicationwasthen
layeredon topof thisnew languageto furthereasethecreationof new assaultcourses.

1.3 Moti vation

Themainmotivationbehindthisprojectwasthecreationof aninterestingsystem,whichwouldteachus
valuablelessonsin theorganisationof a majorgroupproject.Wewerekeento producea projectwhich
re�ected our course's joint slanttowardsboth electronicsandsoftware. This projectgave usa sizable
electroniccircuit designcomponentin the balancingcircuit. Therewasalsoa large scopefor varied
softwarecreation.Thesoftwareusedto controltheRCX brick is quitelow level, andinterfacesclosely
with variouselectronicdevices.Wealsoproducedaninterpreterwhichcreatedvalid NQC from assault
coursespeci�cation�les usingourown domainspeci�c language.Thecodefor thiswashigherin level
thantheNQC code,andgave usvaluableexperiencein thecreationof compilers.The�nal stagein the
projectwasthe creationof an applicationwhich easedthe designof assaultcoursespeci�cation�les.
This involvedthecreationof aGUI usinghigh level constructsin amodernobjectorientedlanguage.

Theprojectalsoinvolvedthecreationof somecomplex mechanicalsystems,suchasthebiped'swalking
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systemandthegrabber's accuratedrivesystem.As well asproviding uswith theopportunityto gainex-
periencein a �eld usuallyoutwith thatof ourcourse,wealsoobtainedvaluablepracticein theinterface
betweenamechanicalsystemandelectronicandsoftwarecontrolsystems.

A large numberof the previous projectsinvolved studyingthe useof Lego Mindstormkits for edu-
cationalpurposes,particularlyaimedat schools. We felt that the physicaldesignsof the walker and
grabberrobotswereinterestingandunusualenoughto capturetheattentionof schoolchildren,eitherin
aneducationalsetting,or for demonstrationpurposes.

1.4 DocumentOutline

Theremainderof thisreportprovidesdetaileddescriptionsof thedesignof all of themajorhardwareand
softwarecomponents.The reasoningbehindmajordecisionsin thedesignof thesystemareanalysed
anddescribed.The�nal sectionof thereportdetailsthelessonswhich werelearnedduringtheproject,
andits valueasa learningexperience.Themainsectionsaredescribedbelow:

� Biped Walker Design

Describesthemechanicaldesignof thebipedwalker andtheprocessby whichabelievablewalk-
ing motionis createdthroughtheuseof joints,basedon animals'legs.

� Electronic BalanceCir cuit

Descibesthedesignof theelectronicbalancecontrolsystem,andhow thiswasintegratedontothe
biped,by way of amechanicalweightshiftingsystem.

� Biped Software Design

Describesthe main sectionsin the softwareusedto control the movementandstaticbalanceof
thebipedrobot.

� WheeledGrabber Design

Describesthedesignof anaccuratedrivesystemusinglego,abricksensingsystemandanef�cient
grabber, usingtheminimumnumberof motorspossible.

� Grabber Software Design

Describesthe software usedto control the grabberrobot. This software measuresthe precise
distanceanddirectionfrom a point, so that it canreturnto thatpoint at any time. Thecodealso
implementsasearchingalgorithmto �nd abrick within acertainarea.

� Communication System

Describestheprocessby which thevariousrobotscommunicatewith eachother.

� Designof AssaultCourseSpeci�cation Language

Describesthe creationof an interpreterfor our DomainSpeci�c Language,andthe processby
which it createsvalid bytecodefor theRCX micro-controller.

� Designof AssaultCourseCreation Program

Describesthecreationof thesoftwarewhich canbeusedto graphicallyproduceAssaultCourse
Speci�cation�les.

7



� ProblemsOvercome

Discussesthemajorproblemsthatwereconfrontedduringthecourseof theproject,anddescribes
how we overcamethese.
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Chapter 2

Descriptive Overview

2.1 Background

Our projectteamconsistedof � ve students,Alexnewton Alexander, ChrisMargach,EmmaMcGahon,
RobertMoir and RossMcIlroy. Our supervisorwas Dr Dickman who is basedin Glasgow Univer-
sity's ComputerSciencedepartment.We hadweeklymeetingswith Dr Dickmanwherewe wereable
to discussour progressandplantheweekahead.If we experiencedany dif�culties over thedurationof
theprojectwe wereableto seekadvicefrom Dr. DickmanandtheElectronicandsoftwareengineer-
ing(ESE)coursedirector, Dr. MacAuley.

Wehadtheresponsibilityfor organisingourteam,decidingonaprojectplanandenforcingany deadlines
for deliverabledocuments.We hadapproximately�fteen weeksto completeour project,demonstrate
our�nal product,submitaprojectdissertationandprovideashortpresentationonourprojectexperience.

2.2 LegoMindstorms

Theprojectinvolved thecreationof variousrobotsusingLego MindstormsKits. Thesekits contained
standardLego Technicpiecessuchascogs,axlesandsupportingblocks.Thekit alsocontaineda num-
ber of motorswhich canbe usedto turn axlesandcogs,giving a dynamicsystemable to performa
numberof functions.

Uniquein theMindstormskit is theability to programthesemotorsusingaspeciallycreatedmicrocon-
troller calledanRCX. ThisRCX canacceptinputsfrom varioussensorinputs,whichgivesthedesigner
theability to controltheLego motorsusingexternalstimuli. Lego providesa numberof sensorswhich
canbeinterfaceddirectlyontotheRCX, someof whicharedescribedbelow:

� TouchSensor

Thisis themostsimplesensorcreatedby Legofor theMindstormskit. It consistsof asmallblock,
containingapushswitch.TheRCX canbesetupto giveavalueof '1' to atouchedswitchand'0'
to anonpressedswitch.

� Light Sensor

This sensoris containedwithin a standardsizedlego brick. It containsa smallLED anda light
sensorat oneend. This light sensorcanbe usedto detectthe amountof light, from the LED,
which is re�ectedby objects,andsocanbeusedto differentiatebetweenlight anddarkobjects.
Therangepossiblerangeon theRCX is between'0' and'100'.
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� Rotation Sensor

This sensorallows an axle to be insertedinto a hole going throughthe sensor. The sensorcan
countthenumberof timesthis axlehasbeenturnedsincethelastsensorclear.

� Temperature Sensor

ThetemperaturesensorenablestheRCXtodetectvariationsin temprature.It containsathermistor
within astandardlego brick.

TheRCX measureschangesin voltageat its inputs,thusit is possibleto augmenttherangeof sensors
by creatingasystemwhichcanvaryvoltageaccordingto somephysicalmedium.

The RCX microcontrollercan be reprogramedthroughan IR link with a USB tower connectedto a
standardpc. TheRCX canthereforebeprogrammedusinglanguagessuchasNQC.

2.3 Robots

The project consistsof a teamof two robotsthat work together, to overcomevariousobstaclesand
challenges.

2.3.1 Walker Robot

The walker robothasthreemaincomponents:the mechanicallegs, theelectronicbalancecontrol cir-
cuitry andthemechanicalbalanceshiftingdevice.

MechanicalLegs The mechanicallegs constructedusing standardLego Technicbricks provide the
walker robotwith theability to move forwardin a straightline, ascendstepsanddescendslopes.
Connectedto an RCX programmablebrick, it achieves this movementfrom onestandardLego
motor.

Balancecontrol circuitry Thebalancecontrolcircuitry is theonly hardwarecomponentof theproject
not constructedusingLego Technicbricks. It was speciallyconstructedfor this projectusing
electroniccomponents.The balancecontrol circuit controlstwo Lego motorswhich move the
walker robotscentreof gravity to counteractany tilt experienced.Thebalancecontrolcircuit has
two maincomponents:thesensorstageandthecontrollingdevice.

The sensorstageconsistsof an accelerometerchip which sensesany tilt that it experiencesand
producesanoutputvoltageproportionalto thattilt.

The controlling device takes the outputsfrom the accelerometer, processesandampli�es them,
eventuallyproducinga signalsuitableto controlthetwo Legomotors.

Mechanicalbalanceshifting device Themechanicalbalanceshifting device is alsoconstructedusing
Lego Technicbricks. Controlledby thebalancecircuitry andthewalker softwaredownloadedto
thewalker robot's RCX, themechanicalbalanceshifting device providesthemechanismto shift
therobot's centreof gravity alongtwo separateaxis.

2.3.2 Grabber Robot

Thegrabberrobot,againcreatedusingLegoTechnicbrickswasbuilt to assistthewalkerrobotcomplete
any challengesthat it is impossiblefor thewalker to completealone.Therefore,thegrabberrobotcan
navigatea predeterminedcourseandsearchfor a Lego brick within a given area. The grabberrobot
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robothasthreemaincomponentsthatprovide this functionality: thedrive system,thegrabbersystem
andthesensorsystem.

Dri ve System Thedrivesystemallowsthegrabberrobotto moveforwardandturnin onedirectionwith
excellentprecision.

Grabber system Thegrabbersystemallows thethegrabberrobotto pick up andplacedown anobject
in front of it.

SensorSystem Thesensorsystemletsthegrabberrobotdetectany objectplacedin front of it.

2.4 Communications

EachRCX block is equipedwith ahalf-duplex Infra-Redtranceiver. This allows theRCX to communi-
catevia IR with otherRCXs,aPCor any otherIR devicewhichusesthesameIR protocol.Communica-
tion in theproject,betweenthetasksrunningon therobotsandthoseon thecourseelements,is carried
out via this tranceiver usinga higherlevel protocol.This protocol,PoWDER,wascreatedby theteam
to provideasimplemethodof deliveringinstructionsbetweenall robots.PoWDERenablesall robotsto
sendandreceivecommandsto andfrom eachotherin a languagecalledTALComm,alsocreatedby the
team.TALCommcontainscomoncommandswhich therobotswill requireeachotherto execute.

To programthe robotsthemselves, a low level IR link is usedbetweenthe PC and RCX to upload
programs. This facility is implementedby the project's front-end,FLaNEL, in order to sendcourse
deatilsto the robots. The robotswill thenproceedalongthe course,usingPoWDERandTALComm
whenever they requireto communicateinstructions.

2.5 Course

The obstaclecourseconsistsof two Lego gatescontrolledby a third RCX programmablebrick. One
motor is requiredto openeachgate. The �rst gateis openedwhena touchsensoris depressed.The
secondgateis openedwhenthecontrollingRCX receivesthecorrectmessage.Bothgatesremainopen
oncethey have beentriggered.Theobstaclecoursemustbesetup accordingto a setof rulesdescribed
in AppendixI.
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Chapter 3

Robotic Design

Two robotscrossthe“assault”courseby working togetherasa team.Walker thebipedcanonly move
in astraightline, somustbeaidedby thewheeledrobot,Grabber, whichcansearch�at areasfor objects
andfollow programmedroutes.Grabber, on theotherhand,relieson Walker to move to placesGrabber
is unableto move to, suchasup stepsanddown slops.

3.1 Walker

Thewalker robot is bipedal,it canwalk in a straightline, climb stairs,anddescendslopes.It keepsits
balanceby usingthebalancecircuit describedin Section3.1.2.Thiscircuit controlsservo motorswhich
move therobot's centreof gravity to counteractany forcesconspiringto unbalancethewalker whilst it
is moving.

Thewalker robothasfour maincomponents.Theseare:-

� Themechanicallegs

� Theelectronicbalancecontrolcircuitry

� Themechanicalbalanceshiftingdevice

� TheRCX commandcode

Thesecomponentsof therobotarediscussedin detail in thefollowing sections.

3.1.1 Leg Mechanics

BasicDesign

Themainprinciplebehindthewalker legsdesignwasto translateamechanicalturningmotion,provided
by theelectricLego motors,into a simplewalking motion,wherea leg is lifted up andforwards,then
pusheddown andback.This walkingmotionis essentiallylinear.

Thesamerotationaldrive is appliedto bothlegsfrom onemotor. By connectingthelegssuchthatone
leg's rotationis 180� out of phasewith theother's. This meansthatoneleg will bebearingtherobot's
weight,andpropellingit forwards,while theotherleg is free to lift up andmove into positionfor the
next step.
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ChickenPrototype

The�rst prototypedevelopedwasbasedona“chickenwalker” design.Eachleg comprisedof two struts
in line, with a �x ed ankleandfoot, anda reversedkneejoint (Figure/ref�g:chicken1). The rearstrut
wasattachedto a free swinginghip joint, andthe forward strut attachedto a camrotatingaroundthe
hip. It wasdecidedthat thehip joint shouldbea simplehinge,asthis madethedrive systemeasierto
connectto thetwo legs.Additionally, Legoball + socket jointswerenot largeenoughnorstrongenough
to beartheweightof anRCX.

Thissimplisticdesignprovidedavaguewalkingmotion,but wasunableto standunaided.It did demon-
stratethatthecamwouldprovide theright kind of motionhowever.

ChickenPrototype II

Thewalking motionwassimpli�ed by reducingtheleg to a singlestrutwith a reversedkneeand�x ed
ankleandfoot, and�xing thecamshaftsomedistancebelow theknee(Figure3.2).

By gearingdown the rotationaldrive from themotor to two identicalcogsin line, and�xing thecam
to the outerrims of both of thesecogs,the camwasprovided with morepower at the costof speed.
More importantly, this madethe'cam' move rotationally, whilst thekneejoints madeeachleg move in
thediagonal,linearmotionrequired.This improvementdid not increasetheviability of theprototype,
whichwasstill unableto standwithout support,but it wasloggedfor usein the�nal design.

For the sake of continuity, the rotatingstrut which transfersdrive to the legs from the motor will be
referredto asthecamfor thecourseof thisdocument.

ChickenPrototype III

Thethird designkept thenew camarrangement,but replacedthe�x edankleandfoot with a heeljoint
halfwaydown theleg from theknee,anda �x edtoe(Figure3.3.Thenew toecomprisedof a largeLego
wheellaid �at. Thisgave therobotmuchbetterbalance.

A shockabsorberwasattachedacrosstheheeljoint. Unfortunately, theshockswerenotableto support
theweightof theRCX.

Attemptsto lower thewalker's centreof gravity by hangingthechassisbelow thekneesprovedunwork-
able,asthebalancesystememployedin thedesignrequiresfreemovementonthehorizontalplane.The
highkneesobstructedthismovement.

DogPrototype

It is alwaysadvisableto copy naturewhendesigningsomethingmechanical.Thekneejoints werere-
versed.Thelegsnow resembledthebacklegsof adog.

Thenew 'zig-zag' leg design(Figure3.4)madetherobotmuchmorestablealongtheY-axis,i.e. it did
not fall forwardor back.Whentheheelswere�x edin place,therobotcouldnow standunaided.
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(a) (Arrows indicatemoving parts) (b)

(c)

Figure3.1: TheChickenPrototypeMk. 1
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(a) (b)

(c)

Figure3.2: TheChickenPrototypeMk. 2
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(a) (b)

(c)

Figure3.3: TheChickenPrototypeMk. 3
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Themainproblemwasnow to provide a drive systemthatstoppedthelegscollapsing,yet still allowed
themto movewhenrequired.An attemptwasmadeto replacethecamdrivearrangementwith asystem
of stringtendonsstrungdown thefront andbackof therobotskeleton.Pullingthestringonewaywould
tightenthestringin front of thethigh,straighteningtheknee,andalsothestringon thebackof thecalf,
straighteningtheheel.Thiswouldprovide the'down andback' motion.Pulling thestringtheotherway
would tightenthe backof the thigh andfront shin, bendingthe kneeandheel,providing the 'up and
forward' motion.

This designprovedproblematic,themaindif�culty beingthetighteningof thestringonly bendingone
joint at a time, ratherthanboth together. It cameto the attentionof the designerthat a horse's back
leg cannotbendthekneewithout bendingtheankleaswell. This gave riseto theideathata systemof
cogsrunningdown the lengthof thecalf would restrictthe legs' movement,asa horse's backlegsare
restricted.

HorsePrototype

Whentheextra cogswereaddedto the legs(Figure3.5), it becameapparentthat thecamarrangement
from thesecondprototypewould easilydrive the legs. The tendondrive systemwasabandoned.The
new legshadtwo 40 - toothcogsat eachendof themiddle leg section,connectedtogetherby three24
- tooth cogsdown the middle of the struts. The large cogseachhave a pin (a shortcrossaxle piece)
throughthem,which �x estheirmovementto thethighandfoot strutsrespectively.

Thefeetweremodi�ed by replacingthebackstrutwith stringandloopingelasticbands,undertension,
aroundthefront of thefoot andthebaseof theshin.Thispulledthestringtautsoit actedlikeanachilles
tendon.This enabledtheankleto bendforwardandspringbackto thehorizontal,allowing therobotto
walk down slopeswithout leaningforwards.

It wasfoundthatonemotorprovidedinsuf�cient power to drive thelegs. It is easyto connectadditional
motorsto thesamedrive shaft,however. Thesemotorscanbeconnectedto thesamesourcein parallel,
whichdoublestheavailabletorqueat theexpenseof batterylifespan.

Final Design

Theentirerobotchassishadto bestrengthenedto take thecombinedweightof theRCX andbalancing
devicealongwith theirbatteries.Many of theleg componentsweredoubledup to increasetheavailable
support. The main load bearingplasticcrossaxleswerereplacedwith steelbolts andthreadedrods.
Polystyrenecementwasusedto fusetogethersomeof thebricks in thechassis,makingit morerigid.
Threemotorsweregeareddown andconnectedto themaindrive shaft,on theundersideof thechassis,
surroundedby a supportframework of Lego bricksfusedtogetherwith polystyrenecement.Finally, a
Lego rotationsensorwasattachedto therearof thechassis,andmeshedto theright siderear40 tooth
cogvia another40 toothcog. This sensoris usedby thewalker's RCX to determinethepositionof the
legsin motionfor controlpurposes.A photographof the�nal designof thewalker robotis providedat
�gure 3.6.
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(a) (b)

(c)

Figure3.4: TheDogPrototype
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(a) (b)

(c)

Figure3.5: TheHorsePrototype
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(a) (b)

(c)

Figure3.6: The�nal walker robotlegs,with sliderunit attached.
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3.1.2 BalanceCir cuitry

The balancecontrol circuit is an essentialaddition to our project, it is this combinedwith the slider
mechanism(chapter3.1.3)thatwork togetherto dynamicallybalancethewalker robot.

DesignDescription

The �rst stepin thedesignprocessof thebalancesystemconsistedof establishingthesystem's goals.
In ourcasewehadasituationwherethegoalwasto controlthetilt angleof thewalker robot.

Thesecondstepwasto identify thevariablesto control, in our casewe only wantedto control the tilt
angleof thewalker robot. In orderto dothis,werequiredadevicethatcouldmeasurethetilt angleof an
object.After someresearchwefoundthatit' s possibleto sensethetilt-angleof anobjectelectronically,
usinganaccelerometerdevice.

Not only did we have to sensethetilt angleof therobot,we alsorequireda device thatcouldadjustthe
tilt angleof therobot.Theslidermechanismcombinedwith apairof Legomotorsallowedusto perform
this task.Thecompletecontrolprocessis modelledin �gure 3.7.

Desired Angle +

�

Circuit

Controlling Device Actuator

 Motors Slider
Mechanism

Plant

Accelerometer

Sensor

Output

Figure3.7: Block diagramfor thebalancecontrolprocess

SensorStage

Thethird stepin thecontroldesignprocesswasto producespeci�cationsfor thesensorin termsof the
accuracy thathadto beattained.It wasdecidedthat theminimumrequirementsfor our accelerometer
chipwouldbeasfollows...

1. Thedevice mustbeableto sensea minimumtilt of + and- 45 degreeson thex andy-axis.

2. Thedevice mustprovide analogueoutputs.

3. Thedevice shouldbeableto withstandtheforceof beingdroppedaccidentally.

4. Thedevice mustbeamaximumof £20 .

After thoroughresearch,we foundthat theADXL202E accelerometerchip satis�ed all of our criteria.
TheADXL2O2E datasheetis availablein AppendixK.
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Onreceiptof theADXL202E chipwediscoveredthatit hadno input/outputpins,but insteadhadmetal
contacts�ush with thechip itself. We decidedto have it surfacemountedontoa small printedcircuit
board(PCB)to make it possiblefor usto createcheappractisecircuitson socket board.

In orderto surfacemounta chip,a footprint for thechip mustbedeveloped.Thefootprint allows tech-
niciansto seewherethechip shouldbeplaced,whereto placeany connectionholesandwhatsizethe
holesandcoppertracksshouldbe on a PCB.We createda footprint for the ADXL202E chip usinga
computeraideddesigntool - OrCAD. Theresultof surfacemountingthechip wasthedevice shown in
�gure 3.8.Thetutorialwe usedto helpuscreatethefootprint is locatedin AppendixL.

ST
T2
COM
Yout Xout

Yfilt
Xfilt
Vdd1

2
3
4 5

6
7
8

Figure3.8: SurfacemountedADXL202E pin Layout

Thereare two methodsof obtaining the requiredanalogueoutputsfrom the ADXL202E. The �rst
methodinvolvesreconstructingtheduty-cycled outputs(digitaloutputs)found at Xout andYout. This
methodrequirestheuseof passivecomponentssuchasresistorsandcapacitors,in hindsightthismethod
appearsto besimplerto implement.If thereis any time for work on this projectin thefuturewewould
testthismethod.

Instead,wechoseto implementthesecondmethodthattakesadvantageof theanalogueoutputsalready
presentat theX�lt andY�lt outputs.Therearetwo constraintsassociatedwith theseoutputs:

� Eachhasa 32kohmoutputimpedance.Which meansthat they cannotdrive a loaddirectly, they
requirebuffering beforethey becomeuseful.

� Eachproduceanoffsetvoltageof around2.5Volts with a 5Voltssupply.

Wehadto take bothof thesefactorsinto accountata laterstageof thecircuit design.

Usingtheanalogueoutputs,X�lt andY�lt theADXL202Emustbeconnectedasshown in 3.9for normal
operation:
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Figure3.9: Circuit diagramof thesensorstage.

Cir cuit Explanation

Partsof thebalancecontrol circuit requirea supplyvoltageof 12V whereastheADXL202E canonly
handlea maximuminput voltageof 5V. The5V1 zenerdiode(D1),the47uFcapacitor(C1)andthe1.5k
resistor(R1)ensurethatthevoltageto theADXL202E chipneverexceeds5V. The100ohmresistor(R2)
and0.1nFcapacitor(C2)provide powersupplydecouplingto thechip. Theremaining2.2nFcapacitors,
C3 andC4 �lter theX�lt andY�lt outputsat pins7 and6 respectively. The1MegaohmresistorR3 is
requiredasperthedatasheet(AppendixK).

ProcessStage

Thefourth stepof thecontroldesignprocessinvolvesthedesignandimplementationof thecontrolling
device, the actuatorsandthe plant stagesof the control process.As shown in �gure 3.7, the control-
ling device in our systemis the remainingcircuitry, the Lego motorsarethe actuatorsandthe Slider
mechanismis theplant.Seechapter3.1.3for adescriptionof theslidermechanism.
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Actuators

TheLego motorswe decidedto usein theprocessingstageof thesystemwereElectric-Technicmini-
motors9v(Lego71427).Thesemotorswereprovidedaspartof ourprojectmaterialssothey wereeasily
accessibleat noextracost.

Thedatashown in �gure 3.10,whichweextractedfrom thetechnicaldescriptionof LegoMotors[1] was
essentialinformationthatwe usedduringthedesignof thebalancecontrolcircuit.

InputVoltage(Volts) InputCurrent(Amps) ElectricalPower(Watts)
4.5 0.12 0.54
7 0.12 0.85
9 0.12 1.1
12 0.12 1.5

Figure3.10:LegoMotors

Fromtheinformationcollatedin �gure 3.10we canseethattheLego 71427requiresa minimuminput
voltageof 4.5Volts anda maximumvoltageof 12Volts. We canalsoseeit requiresa minimumsupply
currentof 120mAmps.

Controlling Device

Thecontrollingdevicetakesinputsignalsfrom theADXL202E andconvertstheminto theusefulsignals
thatareusedin theactuatorstageof oursystem.

Whenapproachingthecontrollingdevice design,wehadto take into accountthefollowing details:

� Theanalogueoutputsfrom theADXL202E requirebuffering beforethey candrive a load.

� Thereis approximatelya2.5Volt offsetvoltagefrom theanalogueoutputs.

� TheLego motorsrequireavoltagebetween4.5Volts and12Volts.

� TheLego motorsrequireaninputcurrentof at least120mAmps.

Wedecidedto simplify thecontrollingdevice stageby dividing it into two individual sections

1. TheBufferingandcorrectionsection.

2. Theampli�cation stage.

After trying variousdesignapproachesfor the buffering andcorrectionstage,we decidedto tackleit
usingasummingampli�er con�guration.Usingthis methodwegetrid of theoffsetvoltageat thesum-
ming junctionandat thesametimebuffer theresultantsignal.
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Figure3.11:Circuit Diagramof buffering andcorrectionstage

Cir cuit Explanation

Initially a TLO71 op-ampwasusedfor thebuffering andcorrectionstageof thecircuit. Unfortunately,
theoutputsignalfrom this op-ampwasextremelynoisy, insteadof designingaroundthis problemwe
decidedto usea low-noiseop-amptheNE24655(seeAppendixK). The 0.1uFcapacitorsC7 andC8
providepowersupplydecouplingfor theop-amp.TheremainingcapacitorC10reducesthenoisepresent
on theoutputof theop-amp.ResistorsR11,R12andR13allow usto getrid of the2.5V offsetpresent
on X�lt andY�lt by allowing a -2.5v signal to be input to the summingjunction. The potentiometer
allows usto accountfor any drift theADXL202E chipexperiences.

The Ampli�cation stagewasa little easierto design,it is just a simplenon-inverting op-amp. After
testingtheop-ampsavailablein theUniversitywe foundthat they did not produceadequatecurrentto
drive the Lego motors. After additionalresearchwe found that power op-ampsproducehigh enough
currentsto run the Lego motors. We decidedto useAnalog DevicesL165 (seeAppendixK), which
producesacurrentgreaterthan120mAmpsandproducesvoltagesup to 12V.

OnreceipttheL165powerop-ampswefoundthatthey hadanunusualshape,soagainwecreatedanew
footprint for theL165usingOrCAD.
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Onedif�culty thatarosein theampli�cation stagewasdecidingon a reasonablegain. Thetableshown
in �gure 3.12shows thetilt angleexperiencedby thewalker robot,thevoltageoutputfrom thebuffering
andcorrectionstageof thecircuit andtheoutputvoltageweestimatedwasrequiredfor theLegoMotors.

Tilt Angle Accelerometer Required Gain
(degrees) Output voltage(Volts)
-45 -0.265 12 45.28
-30 -0.188 9 47.87
-15 -0.097 5 51.55
0 0 0 0
15 0.097 5 51.55
30 0.188 9 47.87
45 0.265 12 45.28

Figure3.12:

Average Gain =
45:28+ 47:87+ 51:55

3:00
= 48:23

W e can approximate this to a gain of 50

This is equivalentto thenon-invertingop-ampcon�gurationshown in �gure 3.13.

+

�

Input
Output

R1

R2

Figure3.13:Non-InvertingAmpli�er

WhereresistorsR1 andR2arecalculatedusingtheequation:

Gain =
R1 + R2

R2
(3.1)

Onepossibleresistorcombinationwetried, thatsatis�edtheabove equationis R1= 500k,R2= 10k.
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Wedecidedto make it possibleto altertheGainsinceourcalculationswereformedusingestimates.We
insertedsocketsin placeof R1 andR2,allowing usto easilychangeR1andR2,thuschangingthegain.
In orderfor theL165 to operatein theabove context wehadto setit upasshown in �gure 3.14.

Figure3.14:Circuit diagramof gainstage

Theonly designdecisionwe hadto make at this stageof thecircuit wasthevalueof resistorsR16and
R17thatallow usto setthegainof thecircuit. Therestof thisstagewassetupasshown in thedatasheet
K.
Thecompleteand�nal circuit designis shown in 3.15.
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Figure3.15:Completecircuit diagram

3.1.3 Slider

Controlledby thebalancecircuitry andtheWalker code,theslidermechanismmovesa counterweight
aroundthetopof therobot.Thecounterweightconsistsof severalheavy items:theslider's own motors;
theRCX andit' s batterypack;andthebalancecircuit with it' s batterypack.

The slider is requiredto actionmovementsof the counterweight,dictatedby the balancesensors.A
voltageis generatedby thebalancecircuitry asthewalker tilts, this is appliedto themotors,whichwill
in turnmoveeitheraxisof theslider. Theslideris alsocontrolledstaticallyby thewalkersoftwarewhen
eachstepis taken. Beforea stepis taken, thecentreof gravity of the robot mustbe placedabove the
trailing foot. Thismovementis steadyandpredictableandsois codedinto themaintaskof thewalker's
software.

SeparateX andY axesareconsideredin themovementof theslider. Two motorsareusedin thesystem,
onefor eachaxis,which allow thecounterweightto bemovedto any point within a regularrectangular
areaontopof thewalker. Moremovementis affordedacrossthewalkersshouldersthanfrom its front to
its back.This is becausemoretilt appearsacrosstheshouldersdueto thenatureof thewalkersstepping
motion.

The �rst slider designwasproducedandbuilt early in the project. It wasdemonstratedon top of an
earlywalker designto show theconceptof it' s operation.However, this �rst designwastoo heavy and
slightly unrobustwhichmeantit hadto beredesigned.Thebiggestconcernwasthat,with all theequip-
mentrequiredto beplacedon top of thewalker, eachcomponentwould have to bereducedin sizeand
weight.With this in mind theslidermechanismunderwenta total redesign.
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Redesigning

Thesliderwasdesignedagainfrom scratchwith theemphasisonsmallsize.A smallersizemeansmore
movementalongan axis, due to the device taking up lessdistanceon the rack. More importantly, a
smallerdesignwill alsoweighless.Theonly restrictionon theareaof theslider's baseis thesizeof the
two motorsrequiredto drive eachaxis.Soto startwith, themotorswereplacedsideby sideby side,as
compactlyaspossible.Dueto thediscretespacinginvolved in Lego technicandthesizingof thecogs,
themotorshadto beorientedin differentdirections,allowing gearsto bemoreeasilyconnectedto the
front of themotors.

The�rst designtransmittedmovementdown a verticalshaftto a setof cogsunderneaththeslider�oor .
In thisway, mostof thegearingfor thataxiswasseparatedfrom therestof theentiremechanism.How-
ever, the gearingrequiredto usea shaftnot only took up a larger thanrequiredamountof space,but
wasunstable.Whenthemechanismjammedor wasplacedunderheavy load,someof thecogson the
verticalshaftcouldbeforcedoutof positionalongtheshaft.Whenever thishappened,themotorwould
spinfreelyandno motionwould betransmitted.If this wereto happen,thethewalker would beunable
to correctits balanceon thataxisandsoalmostcertainlyfall over. A large laggingeffect alsoresulted
from themany smallcogsrequiredunderthe�oor .

Severalcogshadto beusedto enablethemechanismto drive itself from eitherend. Thewholemech-
anismsitson top of thataxis,which meansthatdriving from only oneside,but in two directions,can
make themechanismraiseup off thetrack. It will raiseon thenon-driving sidewhenacceleratingasa
motorcycledoes.If thesliderweremoving upwardswith thenon-driving side�rst, thenwithoutsuitable
�xtures it would fall off therobot.

The seconddesignuseda belt-drive by the way of a Lego rubberloop or band. Therewasa signif-
icant reductionin the arearequiredabove the �oor , asno gearswereneededto translatethe motion.
However, thebelt hadinsuf�cient grip to operateundera heavy load,which unfortunatelyincludedthe
loadrequiredfor normaloperation.Whengrip wasachieved,thelaggingeffectwascompoundedby the
elasticityof thebandstretchingit beforegripping.

Thesecondaxis,whichmovestheRCX over theslider, wasneverableto beconstructedcompactly. The
reasonbeingthatthegearinghasto beworkedaroundandover thetwo motors.This wasthereasonfor
placingthe�rst axis' gearingunderthe�oor . The�rst designuseda feedstraightoff thesecondmotor
to driveonesideof therack.However, transmittingmovementover thetopof thesliderwith thisdesign
wasnot possiblein a robust way. Fixing the axis on both sideswastoo problematic,given the space
constraints.Also, driving on only onesidereducedtheamountof power on theaxissigni�cantly.

Curr ent Design

Thecurrentdesignusesasimilar ideato thebandfor theshoulderaxis,but insteadof abanda largecog
is usedto drive two thin bladecogs(Figure3.16). Thesebladecogsdrive thegearingdirectly. Fewer
smallcogsarenow usedunderthe�oor which resultsin slightly lesslag. However themaingainis that
moreloadcanbetakenasthereis no axlefor thebladecogsto slip alongupwardsandzeroelasticity.

Thesecondwalkingdirectionaxiswasnot radicallydifferentto theoriginalattempt.Thecurrentdesign
usesonemain axle to equallydrive the rack. Only onegearis usedto translatethe motion from the
driving motor, which thenpassesit to theaxle.This methodsrequirestwo “walls” on eithersideon the
mechanismto hold thegearingin place.To stopthetrackfrom tilting, unconnectedcogswereplacedat
theendsof thewalls. Thesehold it in positionwhile moving two or from oneof its extentswhile tilted.
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Figure3.16:Row of gearsdrivenfrom themotorby two bladegearsto move the�rst axis

Figure3.17: Walking-direction(second)axisdrivenon bothsidesby oneaxleconnectedto thesecond
motor.

The currentdesignis functional as requiredfor the project. Thereare two main problemswith the
design,althoughthey will notposeamajorrisk within thelimits of normaloperationon thecourse.

Problems

Within thecurrentdesign,thegreatestproblemis thatof a lackof robustness.This is aconstantproblem
whendesigningmechanicaldeviceswhich musttolerateforcesin severaldirections.A lack of robust-
nesson the axis of movementalongthe walkersdirectionof travel canposea problem. The build of
theslidermeansthat largeforceson thecogswill causeseparationof theLego brickson thewalls. To
partially solve theproblem,braceswereplacedon thesidesof thesliderwalls to helphold it together
(Figure3.18).Thebricksmaystill separateslightly, althoughthey will not comeapart.

A smallerproblemis that thereis a small amountof mechanical“lag” on the axis acrossthe walkers
shoulders.This arisesfrom thenumberof cogsrequiredto transmitmotionalongtheslider internally.
Eachcog requiresa small movementto comein contactwith the next. This delayincreaseswith the
numberof cogs,however, theproblemis only noticedwhenchangingdirectionand,giventhespeedof
themotors,canbeneglected.
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Figure3.18:Bracesmustbeput in placeto hold thewalls together

3.1.4 Walker Code

This sectionwill discusstheoverall softwaredesignapproachusedto codethewalker robot. Thesoft-
waredesignfor this projectturnedout to bea somewhat formidabletask. As with mostprojects,there
areusuallymany unexpectedchallenges.The biggestchallengescamefrom working with the walker
robot. After analysingtherobot,aninitial programdesigncouldbeplanned.Theonemajorrestriction
to considerwasthesizeof theprogram.Thesizeof theprogramturnedout to bemostcritical because
of thememorylimits of theRCX (approximately32k). Theprogramhadto belargeenoughto complete
the task,but small enoughto download(andrun correctly)to the RCX. We carefully createdparallel
tasksandglobalvariablesto satisfytheabove problem.

Thewalkerrobotsoftwarewasdividedinto threemajorsectionsrepresentingwalkingmotion,balancing-
unit andcommunicationwith otherrobot.Thewalkingmotionsectioncoordinatesthemovementof the
robot basedon a rotationalsensorandthe drive motors. The balancingprocesscontrolsthe centreof
gravity of thewalker robot,sotherobotableto walk without falling over. Thecommunicationprocess
dealswith thecommunicationbetweenthiswalker robotandthegrabberrobotor thegatekeeperRCX.
Thesesectionscombinedinto a framework thatcoordinatestheoperationof therobot.During develop-
menteachsectionwasdevelopedin isolation,testedto ensurethatit workedcorrectly, thenincorporated
into themainprogram.

Thewalker robot is poweredby threemotors,all of which areconnectedin parallelto a singleoutput
of theRCX. This givesthewalker thenecessarypower to walk, without usingmoreRCX outputsthan
necessary.
Thewalkingmotionandthebalanceunit tasksarerunconcurrentlyin thissystem.ThisgivestheWalker
theability to balanceandwalk at thesametime. Thedesignof bothof thesetasksis describedbelow.

Walking motion

Oneof the primary tasksof the walker robot is to walk over a certaindistance.The walking motion
taskprovidesthemeansfor moving thewalker robotwhile otheroperationsareoccurring.Thewalking
motiontaskcontainsasetof functionswhichdirectlydrive themotorscontrollingtheroboticlegs.This
taskalsochecksthecampositionof thewalkerrobotby wayof arotationsensorconnectedto thewalker
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drive axle.

Thewalking motiontaskprovidesinterfacebetweentheleg motorsandtherestof thecodethatdrives
therobot,allowing low level functionssuchasstartturninglegsandemergency stop.

State-machine

Thestate-machinetaskis usedto checkthestateof therobot. Sincethewalker robotcanonly walk in
a straightline, we decidedto have four states.Thestatesdescribethepositionof thewalker legs. We
usedthefollowing states:

� Both feetdown left foot forward.

� Right foot raisedleft foot forward.

� Left foot raisedright foot forward.

� Both feetdown right foot forward.

Therotationsensormountedon thewalker robot,is usedto checkthecampositionof therobot. States
aredeterminedby therotationsensorvalues.In this, tasktherotationsensorvaluesarerepresentedby a
variablecalledrot drive. Thefollowing codecheckstherobot's state:

if ( (rot_drive < 6) && (rot_drive >= 0) )
state = LF_FWD_RF_UP;

else if ( (rot_drive >= 15) && (rot_drive <= 18) )
state = LF_FWD_BOTH_DN;

else if ( (rot_drive >= 6) && (rot_drive <= 10) )
state = RF_FWD_BOTH_DN;

else if ( (rot_drive > 10) && (rot_drive < 15) )
state = RF_FWD_LF_UP;

TheStateTransitiondiagramin �gure 3.19shows thepossibletransitionsbetweenthesestates.

Walking

Thewalking taskis oneof themajoroperationsof thewalker robot.This taskallows therobotto move
from onepositionto another. The walking() taskusessomethe following functionsto accomplishit
task:

Walk () Thewalk subroutineis usedto move thewalker forwardby two steps.Whenthissubroutineis
called,themotorsareactivateduntil therotationsensormountedontherobotvaluebecomeseight.
Weassumedthattherobotsinitial stateis left foot forwardandbothfeetdown, soaftertheabove
proceduretherobotsstatewill beright foot forwardandbothfeetdown. After asmallperiod,the
motorsareactivatedagainuntil the rotationsensorvaluebecomes16. After this procedurethe
robotsstatewill becometheinitial state.

Move() Themove function is usedto move thewalker robot forward by thedistancespeci�ed by the
variable“cent”. The move function calls the walk subroutinethe numberof timesnecessaryto
movethewalkerforwardby thespeci�edamount.Thefollowing codeexplainsthemovefunction:
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Left foot forward Both feet down Left foot forward right foot raised

Right foot forward left foot raised Right foot forward both feet down

State Diagram

Figure3.19:StateTransitionDiagram.

int count = (cent/10);
int i = 0;
while (i <= count)

{
walk ();
i=i+1;

}

BalancingUnit

The slider, mountedon top of the walker robot,allows the balanceof the robot to be corrected.This
taskcontrolsthewalker's centreof gravity usingtheslidermotorsandrotationsensorconnectedto the
slideraxle. Therotationsensorchecksthepositionof theweighton theaxis. This allows thewalkers
centreof balanceto bepositionedaccurately. Thebalancingunit sectionis implementedby ataskcalled
balancing.

Balancing () Thebalancing()taskis responsiblefor moving thecounterweighton theaxisaccording
to therobot's currentstate.Statesaredeterminedby thestate-machine()task,which runsparallel
with thebalancingtask. Implementationof thebalancing() taskis relatively simple. Thetaskis
implementedby usingacasestatementandthecasesandoperationsaredescribedbelow.

� Whentherobot's left foot is forwardandright foot is raisedthemotor is activated,andit moves
theweighttowardstheleft foot.

� Whentherobot's right foot is forwardandbothfeetaredown themotoris activatedandit moves
theweighttowardsthecentreof theaxis.
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� Whenthe robot's right foot is forward andleft foot is down themotor is activatedandit moves
theweighttowardstheright foot.

� Whentherobot's left foot is forwardandbothfeetaredown themotor is activatedandit moves
theweighttowardsthecentreof theaxis.
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3.2 Grabber

Thesecondrobotwhich we designedfor theprojectis a wheeledgrabberrobot. This robot is intended
to assistedthewalking robotin a numberof ways.Therobotcanbeprogrammedto performa number
of tasksusing a languagewe developedcalled TAL (seeSection4.1). The grabberrobot can then
transmitsomeof thesemessagesto thewalkerusingTALComm(seeSection4.3),allowing thegrabber
to control thewalker's movement.This wheeledrobotalsohastheability to searchfor, andpick up an
object.Therewerea numberof systemswhich hadto bedesignedandbuilt to allow thegrabberrobot
to performthesefunctions.The�nal grabberdesignis shown below (�gure 3.20).

(a) Sideview of Grabber (b) Turning the vertical shaft
clockwise moves the worm
geardown, turningthebottom
two gears.

Figure3.20:The�nal grabberdesign.

3.2.1 Dri veSystem

Thegrabberbot wasdesignedfrom thestartto beanautonomousmachine,which couldmove around
a prede�nedassaultcoursewithout humanintervention. TheRobotmustthereforehave theability to
follow a predeterminedroute,eitherbeinghardcodedinto therobot,or throughexternalmarkerssuch
aslines.

A line-follower wouldberelatively simpleto implementin arobot,usinglight sensorsto follow ablack-
paintedline. Whenthereis anincreasein light intensity, it canbeassumedthattherobothasdrivenoff
theline. Therobotwould thenstopandturn,until thelight sensordetectsthedarkline andwould then
continueto follow it.

While this would satisfy the routefollowing requirement,therearea numberof problemsassociated
with it. First, this line-following systemwould only allow for a static,predeterminedpathto be fol-
lowed with no branching.While this would have beenadequatefor �nding a way aroundthe course,
it would not allow for a �e xible searchingalgorithm. Sincewe intendedusinga light sensorto detect
objectsin front of therobot,therewouldalsohavebeendif�culty in distinguishingbetweenanobjectto
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Figure3.21:Eachwheelis poweredby aseparatemotorandsocanmove independentlyof theother.

bepickedup,andthedarkline.

Wethereforechoseto designarobotwhichcouldindependentlyevaluatethedistancefrom its start-point
withoutreferenceto externalmarkers.Thiswouldallow thegrabberbotto �nd its wayaroundthecourse
by measurementof the distancetravelled in eachdirection. The robot would alsobe ableto searcha
large areafor anobject,usinga light sensor. Oneof theproblemswith this systemis therequirement
for a very accuratedrive, asany slight errorwould accumulateover time, andpreventmeasurementof
thegrabber's position.Thefollowing threedesignswereprototypedbeforeadecisionwasmade.

Two Motor Design

The�rst designwasatraditionalsystemwhereeachwheelwaspoweredby aseparatemotor, asdemon-
stratedin �gure 3.21. This wasa very simplelego systemto designandbuild. It allowedforwardand
reversemotion,aswell astheability to turn in bothdirections.Themainproblemwith this drive was
thatit requiredtwo outputsfrom theRCX to operate.Thiswould leave only oneoutputfor usewith the
grabberarm,andsolimit thepotentialoptionsavailablefor its design.Anothercomplicationwith this
designwasthatbothmotorswererequiredto turn at thesameratewhena certainvoltagewasapplied.
Very often the two motorshaddifferencesin friction or ef�ciency andso turnedat differentspeeds.
Theproblemwasexaccerbatedby the fact thatelectricmotorsaredesignedto bemoreef�cient when
turningin onedirection,thantheother. Sincetheusualdesignfor thissystemusestwo motorsturing in
differentdirectionsto move therobotforward,themotorsturn at differentspeeds,giving a slight curve
to therobot's forwardmotion,thussendingthegrabberbotoff course.

Worm Gear Dir ectionalTransmission

Themosteffective way of stoppingthewheelsturningat differentratesis to connectthemwith a com-
mondrive to a singlemotor. If this wascarriedout in a conventionalmanner, therobotwould only be
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ableto go forwardsandbackwards,which is inadequatefor effective searching.To resolve this it is
possibleto createa directionaltransmissionsystem,which turnsa separatedrive, dependinguponthe
directionof the motor. This will allow the robot to move forwards,and turn in onedirection,using
only onemotor. Thereis alsoasubstantialincreasein theprecisionof measureddirectionanddistance,
becauseit is impossiblefor thewheelsto turn at differentrates,asthey arephysicallyconnectedto the
samemotor.

Oneway of producinga directionaltransmissionsystemis to usea worm gearwhich canturn two sep-
aratesetsof gears,asshown in �gure 3.22. Theworm gearis free to move up anddown theaxle it is
attachedto, andin fact,it is easierfor theworm gearto slidelike this, thanit is to turn thecogs.When
themotorturnsanticlockwise,theworm gearmovesup thegearsuntil it hits thebrick at thetop. Now
theworm gearcannotmove up any further, andso is forcedto turn the top two gearsasshown in �g-
ure3.22(a).Whenthemotorturnsclockwise,thewormgearmovesbackdown theaxle(�gure 3.22(b))
until it hits thebottombrick, andturnsthelowersetof gears.

This systemdid allow for accurateforward andturning measurementandonly usedonemotor. The
problemwith thisdesignbecameapparentwhentherobotchangedfrom moving forwardsto turning,or
viceversa.To allow thewormgearto moveuptheaxle,thetwo setsof gearshadto bealignedcorrectly,
which meantthatonesetoftenhadto turn,moving thewheelsin theprocess.As this realignmentwas
almostalwaysrandom,therewasno way of correctingthis. Also, theworm would occasionallystick
betweenthetwo setsof gears,andjam thegrabber's motionentirely.

A further problemwith this designwas the lack of torquewhich could be transferedby the worm
gear. Whenthe restof the robot wasadded,it becametoo heavy to be poweredby onemotor at any
reasonablespeed.Whenmoremotorswereaddedin parallel, the worm gearsstartedto slip, andso
preventedreliablemovement.

SwingArm Dir ectionalTransmission

It is alsopossibleto designadirectionaltransmissionsystem,whichreliesuponaswingingarmto drive
two separatedrives(�gure 3.23). This designrelieson friction to swingthearmin theright direction.
In an ideal, frictionlessworld, this designwould never work. This designwasbasedupona brief dis-
criptiongivenin theO'Reilly Unof�cial LegoMindstormsbook[2].

Whenthe motor is turnedclockwise,it swingsthe arm to the right, asshown in �gure 3.23(a). This
allows the top gearto meshwith the right-mostgear, and turn this drive. Whenthe motor is turned
anticlockwise(�gure 3.23(b)),thearmswingsto theleft, allowing thetopgearto turntheleft-mostgear.

This designhasall the advantagesof the worm gearsystem,suchasrelying on only onemotor, and
increasingtheprecisionof forward,androtationalmotion. It alsopreventedthe lossof accuracy when
therobotchangedfrom moving forwards,to turning,sincethegearsmeshedeasilywithoutasubstantial
realignment.

Sincethis systemusedstandardcogs,ratherthana worm gear, the torquefrom the motor wasmore
ef�ciently transferedto the wheels. Therewasalsolesslikelihoodof the gearsslipping whenplaced
underaheavy load.
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(a) Turningtheverticalshaftanticlockwisemoves
thewormgearup, turningthetop two gears.

(b) Turning the vertical shaft clockwisemoves
the worm gear down, turning the bottom two
gears.

Figure3.22:Thebasicworkingmechanicsof awormgeardirectionaltransmissionsystem.

(a) Turning the bottom gear clockwise moves the
swingarmto theright, turningtheright gears.

(b) Turningthebottomgearanticlockwisemovesthe
swingarmto theleft, turningtheleft gears.

Figure3.23:Thebasicworkingmechanicsof aswingarmdirectionaltransmissionsystem.
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Final Dri ve Design

For the �nal designof the grabberbot's drive systemwe decidedon the above swing arm directional
transmission.This gave thebene�t of only requiringonemotorandalsogreatlyincreasedtheaccuracy
of the grabber's movement. Although the wheelscannotturn at different rateswith this system,the
wheelscanslip, or beoffsetby unevenground,whichcansendthegrabberbotoff course.To reducethe
possibilityof slippage,we usedlargerubberywheels.We alsodesignedthegrabberarmin sucha way
that it couldpick up anobjectin front of eitherwheel,sopreventingtherobotbeingsentoff courseby
driving over anunevenobject.

To measurethedistancetravelledby therobot,a rotationsensorwasconnectedto thedrive axle. This
gavea largeincreasein accuracy oversimplymeasuringtheamountof timeamotoris running,because
it doesnot rely on themotor's speed.Sincethespeedof a motorcanchangedramaticallywith battery
votage,atimedmeasurementbecomesincreasinglyinaccurate,while therotationsensorsystemremains
correct.

3.2.2 Grabber System

Oneof themain requirementsfor theGrabberRobotis its ability to searchfor, andpick up anobject.
To do this therobotneedsbothagrabbingmechanismandasensorwith which it canidentify objectsto
bepickedup.

Due to the grabberrobot beingan independentrobot working within a team,it waspreferablethat it
usedonly oneRCX brick. This limited us to a maximumof threeindependentmotors,oneof which
wasalreadybeingusedto control therobot's motion. Therewasalsoa limit of threesensorports,with
oneagaintakenup by a rotationsensormeasuringthedistancetravelledby therobot.Theseconstraints
restrictedthegrabbingsystemto a maximumof two motors,with two sensorportsavailableto detect
theobjectand,if necessary, measurethepositionof thegrabbingmechanism.

As with the Drive system,we researchedandprototypeda numberof differentdesignsbeforea �nal
decisionwastaken.

Crane Design

The�rst designwe investigatedwasa traditionalcranedesign.This systemusesa numberof joints to
moveaclaw into apositionover theobject,thenusesthis claw to pick up theobject.Dueto thejointed
system,thisdesignhasverygoodmobility, andcanpick up objectsfrom a largearea.

The main problemwith this design,whenusedon the grabberbot, is the large numberof motorsit
requires.For aneffective crane,eachjoint shouldbe independentlydriven. Sincetheclaw alsoneeds
its own motor, the constraintthat only two motorscanbe usedmeansthat the cranecould only have
oneindependentjoint, which would severely limit theonemainadvantageof this design,its increased
mobility.

Anotherdisadvantageis that therobotwould needto know wheretheclaw is positioned,to beableto
move it correctlywhenpickingupanobject.To dosoaccurately, anumberof sensorswouldhave to be
used,thustakingup valuablesensorports,whichcouldhave beenusedfor otherfunctions.
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Lifter Design

TheLifter Systemhasascoopmountedonaverticallymoving slider, sothatit canberaisedor lowered.
Thissystemis muchlike thatemployedby fork lift trucks.Thissystemcanbeimplementedquiteeasily,
with only onemotorrequired.Thereis alsononeedfor any sensorsto measurethepositionof thescoop.

While this is a reasonablysimpledesignto produce,therearea numberof dif�culties which hinderits
use.Firstly, it is very dif�cult to scoopup anobjectfrom theground,especiallya roundobjectwhich
just tendsto roll away from thescoop.Theobjectcanalsofall off of thescoopwhenthe robot turns.
Thereis alsoaproblemwhenreleasingtheobjectasit cannotbeplacedwith greataccuracy.

Cam and CogLifting System

This designis quitea complex systemwhich allows a grabbingclaw to beopenedandclosed,aswell
asbeingraisedandlowered,all from onemotor. Whenthemotor is turnedin onedirection,thearmis
�rst loweredto theground.Thegrabbingclaw thenstartsto close,until it hasfully grabbedtheobject
to be picked up. The arm thenrisesto lift the objectoff of the ground. Whenthe motor is turnedin
theoppositedirectionthearmis lowered,theclaw thenopens,releasingtheobject,andthearmrisesup
again.

Thesystemrelieson camsto move thearmupwardswhentheclaw is open,andon onecogriding up
anotherlocked cog to move the arm up whenthe claw is closed. An overview of the mechanismis
shown in �gure 3.24(a)with thedirectionof drive shown, usingarrows,whentheclaw is closing.

When the grabbingclaw is openthe camsare usedto move the arm up or down as shown in �g-
ure 3.24(b). Whenthe grabbingclaw is closed,eitheron an object,or on itself, thecamsaremoving
downwardsandso cannotlift the arm. Insteadwe take advantageof the fact that the top cog (red in
�gure 3.24(c))becomeslockedwhentheclaw is closed.If themotorkeepsturningthenthis lockedcog
is forcedto rideup theturningyellow cog,in turn lifting thearm.

Thisdesignis averyef�cient useof onemotor, andalsohasnoneedfor sensorsto measuretheposition
of thearm. It is alsoreliable,andwill alwayspick up andreplaceobjectsfrom thesamespotin front
of the robot. Therearesomeproblemswith this system.Thereis not a greatdealof motionpossible
in thearm,asthecamscanonly move thearmby a �nite amount.This meansthatthewholegrabbing
assemblymustbe lower to the groundandobjectscannotbe lifted very high above the ground. The
motoris alsoputundera largeamountof strainwhenthearmis beingmovedupby thecog.Thismeans
thatthemotorhasto begeareddown, which in turnslows thegrabbingmotion.

Final Design

For the �nal designit wasdecidedthatwe shouldusetheCamandCogLifting System.We modi�ed
thisdesignto have a largergrabbingarea,sothatanobjectcouldbelifted from any point in front of the
robot.Thiswasdoneby changingtheverticalgrabbingmotioninto ahorizontalsweepandgrabmotion.
As theclaw is closed,any objectson theoutskirtsof thegrabbingrangearesweptinto thecentre,then
picked up. We alsoaddeda touchsensor, which is activatedwhenthearmhasbeenraisedto thefully
upwardposition.Thisallows themotionof thegrabbingmechanismto becontrolledby simply running
themotorin onedirection,until thetouchsensoris pressedto grabanobject,thenrunningthemotorin
theoppositedirectionto releasetheobject,againstoppingwhenthetouchsensoris pressed.
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(a) Themotordrivesthelargecog,which in turn lowersthecams,
andclosestheclaw.

(b) When the grabbingclaw is openthe
camsmove thearmup anddown.

(c) Whenthe grabbingclaw is closedthe red cog is locked. As the Yellow cog
continuesto turn thewholearmis forcedto move upwards.

Figure3.24:Thebasicworkingmechanicsof aCamandCoglifting system.
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3.2.3 SensorSystem

We decided,earlyon in theproject,to usea light sensorto detectobjectsin front of thegrabber, and
initially this sensorwasplacedon the grabbingarm, facingdown towardsthe ground. If the robot is
travelling on a light colouredsurface,thendarkobjectscouldbedetectedby a changein the light sen-
sor's output.

Theproblemthissystemhasis thatit canonly detectobjectsin averysmallarea,andthisrobotneedsto
detectobjectsanywherealongits width. Our initial solutionto thisproblemwasto useanarrayof these
downward facinglight sensors.With the reducednumberof sensorportsavailableon an RCX brick,
this wouldhave requiredsomeform of electronicmultiplexing, andwhile possible,we felt this wasnot
aneffective solution.

We decidedto usea light gatesystem,wherea beamof light is aimedhorizontallyinto a light sensor,
from onesideof therobotto theother. If anobjectmovesinto this area,it breaksthebeam,which can
bedetectedby thelight sensor. This systemallows thegateto detectanobjectin front of any partof it.

This light gatesystempresentedanew problem.To allow objectsto bedetectedbeforethey reachedthe
grabbingmechanism,thelight sourceandlight sensorhadto beplacedonarmswhichextendedbeyond
thereachof thegrabbingclaw. Whenanobjectis releasedby thegrabber, therobothasto move away
from it, without disurbingthenewly placedobject. Due to thedirectionaldrive system,the robotcan
only move forward or turn in an anticlockwisedirectionbut cannotreverse,meaningthe only way to
avoid theobjectis to turn, thenmove. Whenthesensorarmswereaddedthey swepttheobjectaway as
therobotturned.Thearmscouldnotsimplyberaisedasthey wouldthennotbeableto detecttheobject
initially. To solve thisproblemwe addedamechanismwhichcouldraiseandlower thearmon theright
side.This enabledtherobotto have thearmdown whensearching,but thenraisethearmwhenturning
to preventobjectsjust placedon thegroundfrom beingsweptaway.

3.2.4 Searching Algorithm

A numberof searchingalgorithmsexist, many of which arespeci�c to a particularenvironment. The
searchingalgorithmwe chosefor our �rst prototypewasverysimple:Searchasmallcirculararea,then
move to anotherspaceandsearchasmallcircularareaagain- keepon searchinguntil it �nds anobject.
If it couldnot �nd any objectsin theuserspeci�edareait wouldcomebackto thestatingpoint.
Whenwe tried to implementthis algorithm,we built a roamingrobot with a light sensorin front of
it, anotherlight sensorfacingdownwardsanda grabberarm that connectedwith a touchsensor. The
grabberarmof therobotcouldgrabanddropsmallobjects.

Initially, therobotspunfor 360degreesandscannedfor anobject.Thescanningwasdoneby thelight
sensoron thefront of therobot. If anobjectwasfound,therobotmovedtowardstheobjectandstopped
in front of it by usinga downwardfacinglight sensor. If anobjectwasnot foundthentherobotmoved
to anotherareaandstartedsearchingagain.Thecircularareaswererandomlyselectedby therobot,so,
unfortunately, it sometimessearchedin analreadysearchedarea.

Wewerenotsuccessfulon thisapproachbecauseit wasverydif�cult to backtracktherobot'spathto the
initial position. In addition,it couldnot performa searchanareawhich containedanobstacle.Dueto
theselimitationswe simpli�ed thesearchingalgorithmto thecurrentdesign,which looksfor objectsin
a linearmannerby traveling upanddown stripsof theareato besearched.TheGrabberusedthesensor
systempreviously describedto detectanobjectin front of it.
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A majordif�culty with therobot is gettingit to move or turn by a preciseamount.A timing approach
wastried wherea motorwasstarted,thetaskwentto sleepfor a speci�edtime,andthenthemotorwas
turnedoff. This worked to a point, but it hadmajorpositioninginaccuracies,arisingwhentherobot's
weightshifted,or thesurfaceareachanged,or thebatteriesdrained.Theseinaccuracieswould become
worseover time, asthe robotwasincapableof detectingerrors. To improve theaccuracy of the robot
we usedconnecteda rotationsensorto thedrive system.We could thenmeasurethedistancetraveled
by measuringthenumberof rotationsof therotationsensor. This techniquewasalsousedto measure
theanglewhich thegrabberis turningby.

3.2.5 Grabber Code

Oncethebasicmechanicsof thegrabberrobothadbeendesignedandbuilt, wecouldstartprogramming
therobot's RCX with codeto control its movementandgrabbingmotion. This thenallowedusto im-
plementthesearchinganddistancemeasurementfeaturesusedfor thecontrolof therobotasawhole.

We decidedto structurethis codesothatthevariousfunctionsof therobot,suchasgrabor turn, could
easilybecalledupon,asfunctionsor subroutinecalls.Thismeantthatthemaintaskwithin thegrabber
codewould basicallyconsistof aninitial setupphase,thena list of callswhichcouldeasilybechopped
andchanged,allowing thegrabberto completedifferentassaultcourses.This structuringbecameeven
moreimportantwhenwe decidedthat therobotscouldbereprogrammedusingtheTAL language(see
Section4.1)asit allowedTAL commandsto beimplementedusingonly a few linesof NQC code.

Whencreatingcodein NQCtherearetwo mainwaysof splittingcode,functionsandsubroutines.Both
allow sectionsof codeto becalledfrom anothersection,asyouwouldexpect,but thereareanumberof
differencesbetweenNQCandnormalprogramminglanguagessuchasC. Functionsin NQCcanaccept
arguments,but cannotreturnvalues.Unlike mostlanguages,functionsin NQC arealwaysexpandedas
inline functions.This meansthateachcall to functionresultsin anothercopy of thefunction's codebe-
ing includedin theprogram,whichcanleadto excessive codesize.Unlike inline functions,subroutines
allow asinglecopy of codeto besharedbetweenseveraldifferentcallers.Thismakessubroutinesmuch
morespaceef�cient thaninline functions,but subroutineshave somesigni�cant restrictions.First of
all, subroutinescannotuseany arguments.Also onesubroutinecannotcall anothersubroutine.Thereis
alsoa restrictionof eightsubroutinesin any NQCprogram.

Initially thecodewaswrittensothattaskswhichdidn't requireany arguments,suchasgrabandrelease,
usedsubroutinesto save space.Taskswhich requiredparameters,suchasmove which requiresa dis-
tanceanddirectionwerewrittenasinline functions,sincetheparameterscouldbepassedasarguments.
Although this madethecodereadableandlook like codewritten in a standardlanguage,it turnedout
to bea very inef�cient useof memoryspace.Thetwo tasksperformedby therobotmostoftenturned
out to bemove() andturn() . Both of thesewereimplementedusingfunctionsto allow distanceor
directionto be passedasarguments,but this meantthat eachcall to move() or turn() resultedin
anotherchunkof codetakingupspacein theRCX.Thesolutionto thiswouldbeto write thesefunctions
assubroutinesinstead,except,sincesubroutinescannotusearguments,we neededto �nd anotherway
to passinformationto them.Thesolutionwedecideduponwasto useglobalvariables,whichwouldbe
setup beforea move() or turn() commandwasmade.Although this meantthat thesecommands
werea two stageprocess,it resultedin amassive increasein memoryspaceef�ciency.

Thefollowing procedureswerecreatedto controlthegrabberbot:

� calibrate arm()
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Thecalibratearmfunctionis usedin thesetupphaseof themaintask.Whencalled,it movesthe
grabberarmto theopenuprightpositionby turningon thegrabbermotoruntil thetouchsensoris
activatedby therisingarm.

� calibrate light()

Therobotdetectsobjectsby noticingadropin thelight intensitysensedby thelight sensor. To do
this, the robotneedsto comparethecurrentlight intensitywith a default ambientlight intensity.
Thecalibratelight functionsamplesthelight intensitytentimesat100msintervalsthentakesthe
averageof thesereadingsandsavesit astheambientlight intensityvalue.This functionis called
in the setupphaseof the main task. It is alsocalledeachtime the searchingalgorithmchanges
from searchinganupwardstrip to a downwardone(seesearchBrick() ). Theambientlight
intensityvalueis recon�guredaftereachstrip sothata bright light at onesideof thesearcharea
(suchassunlight)doesn't preventthesensorfrom functioningcorrectly.

� grab()

Thegrabsubroutine,whencalled,runsthegrabbermotorforward.This lowersthearm,closesthe
grabbingclaws,thenraisesthearmagain.Themotoris stoppedwhenthetouchsensoris activated
by the rising arm. This wascreatedasa subroutineso that it canbe calledmultiple times,with
only onecopy of thecode.

� release()

Thereleasesubroutineis muchlikegrab() , exceptit runsthemotorin theoppositedirectionto
lower thearm,openthegrabbingclaws, thenraisethearm.

� turn()

The turn subroutineturns the grabber, to the left, by the numberof quarterturns speci�ed in
the Quartersglobal variable. The subroutinemultiplies the Quartersvariableby the numberof
rotationsof the rotation sensornecessaryto turn the robot by one quarterof a full turn. The
drive motor is thenturnedin reverseuntil the rotationsensor's valueis equalto this value. The
subroutinethenupdatesthedirectionvariableusingthefollowing code:

direction += Quarters;
direction %= 4;

The directionvariablenow containsa valuebetween0 and3 which correspondsto the current
directionof therobot.

� moveFwd()

ThemoveFwdsubroutineis usedto movethegrabberrobotforwardby thenumberof cmspeci�ed
in theCMdistanceglobalvariable.In muchthesameway astheturn subroutine,this subroutine
startsby �nding theamountof rotationsit shouldturn themotorfor usingthefollowing code:

int Turn_Count = ((CMdistance / 10) * tenCM) +
((CMdistance % 10) * (tenCM / 10));

This codeusesthe tenCMconstant,which storesthenumberof rotationsnecessaryto move the
robot10 cmforwards.

Sincethe robotusesthe swing arm directionaltransmissionsystem,therewasanotherfactorto
be taken into accountby both the turn andmoveFwdsubroutines.If the robot waspreviously
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turning,andhasnow beenasked to move forward, theswingarmhasto move from onesideto
theother(SeeSection3.2.1),which takesmorerotationsof themotor thanwhentheswingarm
is alreadyat thecogwhich movesthegrabberforward. To combatthis, a global �ag wasadded
which indicatedwhethertherobot's lastmovementwasforwards,or a turn. Thefollowing code
is thenusedto addto thenecessaryrotationcountif theswingarmis in thewrongposition:

if (has_moved_Fwd == 0)
Turn_Count += 6;

The Turn Countvariablenow containsthe numberof rotationsnecessaryto move the grabber
forwardsby thespeci�ednumberof centimetres.

This subroutineis alsoresponsiblefor updatingthe distancex anddistancey global variables.
Thesevariablesare usedto storethe position of the grabberin relation to its initial position.
Sincetherobotcanonly turnby quarterturns,thedirectionglobalvariablecanbeusedto specify
whetherthe currentmovementis addedor subtractedfrom distancex or distancey using the
following code(SENSOR3 returnstherotationsensor's currentvalue):

if (direction == 0)
distance_y += SENSOR_3;

else if (direction == 1)
distance_x -= SENSOR_3;

else if (direction == 2)
distance_y -= SENSOR_3;

else if (direction == 3)
distance_x += SENSOR_3;

� moveToInitialPo s()

Whencalled, the moveToInitialPosfunction will returnthe grabberto the point wherethe dis-
tancex anddistancey variablesarebothequalto zero.Sincethesevariablescanbereset,apoint
canbe “marked” by settingthemto zero,thenreturnedto at any time usingthis function. This
featureis usedby thesearchBrick() functionto returntherobotto aknown point,afterhav-
ing pickedup anobjectfrom anunknown location.

The function �rst correctsthe x positionof the robot. It doesthis by turning the robot so that
it pointstowardsthe x=0 line (eg. turn eastif distancex is negative, turn west if directionx is
positive) usingthefollowing code:

if (distance_x > 0) {
/* turn west in relation to starting direction
Quarters = (5 - direction) % 4;
turn ();

} else {
/* turn east in relation to starting direction */
Quarters = (3 - direction) % 4;
turn ();

}

The function thenmovestherobot forwardby thedistancespeci�ed in distancex, returningthe
robotto theinitial x position.They positionis correctedin muchthesameway.
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� searchBrick()

ThesearchBrickfunctionallows thegrabberrobotto searcha predeterminedrectangularareafor
a lego brick, or any otherobjectwhichcanbedetectedby it. Thefunctionsearchesa rectangleof
agivenlengthandwidth in centimetresto theright, andforwardfrom thegrabber's position.

Thefunctionsearchestherectanglein anumberof length-waysstrips.It startsby moving forward
the distancegiven by the lengthvariable,while trying to detectan object. Sincethis involves
preformingtwo tasksatthesametime,wedecidedthatwewouldusemultiple threads.A separate
thread(or “task” in NQC) is createdwhich movesthegrabberforwardsby thegivenlengthvari-
able.Whenthis taskis completeit signalsthemaintaskusinga global�ag. Themaintaskwaits,
eitherfor this�ag to besethigh,or for anobjectto besensedin frontof therobot.In eithercasethe
fwd strip taskis terminated,whichstopstherobotfrom moving forward. If anobjectis detected,
thedistancemeasurementvariablesareupdatedto thecurrentposition,asfwd strip wasstopped
beforeit could updatethem. The object is then picked up and the moveToInitialP os( )
functionis calledto returntherobotto thepositionat thestartof thesearch.If thefwd strip task
wasstoppedbecausetheendof a strip wasreached,thenthefunctionmovestherobot,sothat it
is pointingdown thenext strip andcontinuessearchinguntil thegrabberhassearchedthewhole
width of thesearcharea.
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Chapter 4

Communications

Two of the major projecttaskswereenablingthe robotsto cooperateandmakingthe coursegeneric.
Thiswasachievedby creatinganIR communicationprotocolandalsoforcingthewalkerandthegateto
communicateasanadditionto thecoursespeci�cation. It wasdecidedthat in orderto make thecourse
moregeneric,thegrabberwouldbeableto receive instructionsbasedonthecourselayout.Also thatthe
grabberwould thenpassrelevant walking instructionsto the walker unit. Finally a user-speci�ed key
wouldberelayedvia thewalker to thesecondgate.

To achieve this functionality, several communicationcomponentsweredeveloped.Namely: a domain
speci�c language,TAL; a compiler for this, TALC; a protocol for communicationbetweenthe grab-
ber, walker andgates,PoWDER;and�nally a java front-endfor uploadinginstructionsto thegrabber,
FLANEL. Together, thesecomponentsprovide thecommunicationsnecessaryto run thecourse.

4.1 TAL

Whenwe decidedthat the variousrobotsshouldbe re-programmablewe hadtwo main options. The
�rst would beto createa numberof header�les containingfunctionsandsubroutineswhichcontrolthe
robots. Theuserprogrammingtherobotcould thenincludetheseheader�les in a NQC �le, thencall
thesesubroutinesto commandtherobotto completeanassaultcourse.Thesecondoptionwasto createa
simpleprogramminglanguageandcompilerwhichwouldbespeciallycreatedto controltherobots.We
decidedon thesecondof theseoptions,to createourown language,for a numberof reasons.Firsly, we
couldcreatealanguagewhichwouldbespeci�c to theprogrammingof robots,somakingthecodemore
understandableto the user. This approachalsomadeit possibleto optimisecode(for example,using
globalvariablesandfunctions,seeSection3.2.5)without increasingthecomplexity of thecommands
neededto controltherobots.

It wasimportantthat the languagewe createdwasassimpleto understandaspossibleto let users,not
familiar with programming,use“TeamA Language”(TAL) to control the robots. With this in mind,
we decidedthat statementsshouldbe ascloseaspossibleto the English languagesentencesusedto
describesucha command. To enablethe compiler (TALC) to differentiatebetweenstatements,the
endof statementsarealsoindicatedwith a semicolon.This meansthata TAL �le consistsof a list of
commands.For example,thefollowing would beusedto move 10 cm to thenorth,grabanobject,then
releasethatobjectat thestartpoint:

move north 10;
grab;
move south 10;
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release;

For a descriptionof thepossiblecommandsandtheBakusNaurForm of TAL seetheTAL Reference
Manual(AppendixC).

Sincethis languagewill only beusedto programtherobotsin orderthat they cancompleteanassault
course,suchastheonewe created,we felt thattherewasno needfor controlstatementssuchas“if ” or
“while” statements.Thesecontolstatementswouldhaveaddedagreatdealof power to thelanguagebut
they arenot necessaryto controla robotthroughany of theassaultcourseswe created,andwould have
addedto thecomplexity of whatwe wishedto bea simpleto understandlanguage.

4.2 TALC

Whenwe decidedto createour own languagewe requireda methodof compiling this into byte-code
which couldbeunderstoodby theRCX micro-controller. Therewereseveralwaysin which this could
beacheived,someof whicharelistedbelow:

� Compiledown to thestandardbyte-codeusedby theRCX micro-controller. Themicro-controller
usedin theRCX is basedontheHitachiH8/3292andsothebyte-codeis availableontheinternet.
While it would bepossibleto compileto this byte-code,it would involve a hugeamountof work
to createa compilerthatproducedcodeat this low level.

� Replacethestandard�rmw areaf theRCX with aJavavirtual machinesuchasLEJOS.Thiswould
allow Java class�les to be installedandrun on theRCX. It would thenbepossibleto compilea
java class�le basedon a TAL �le, which could thenbedownloadedto therobotsandrun. This
approachwould involve substantiallylesswork thancompilationto byte-code,but would mean
that theJava virtual machinewould take up muchof the limited memoryspaceavailableon the
RCX.

� CreateanNQC �le from theoriginal TAL �le. TheNQC compilercanthenbeusedto compile
this NQC �le into byte-codefor the RCX, andthendownloadthis code. This approachwould
requirelesswork on thepartof theTAL compilerastheNQC compileris utilized aspartof this
compilationprocess.

Wedecidedonthelastof theseoptions,to produceanNQC�le from aTAL �le, mainlybecausewehad
alreadyproduceda NQC �le which couldcontrol theGrabberrobot,andsohada templatefrom which
to work. This templatecontainsa numberof functionsandsubroutineswhich canbecalledto perform
thevariousfunctionsof therobots(seesection3.2.5).This templatewasusedto producea headerand
footer containingall of the codenecessaryto control the robot. EachTAL commandis then imple-
mentedusinga few linesof NQC,settingup globalvariablesandcalling thefunctionsimplementedin
theheaderandfooter.

We split the compiler into threemain sections:the parserwhich readsthe TAL �le andsplits it into
statements,removing whitespaceandcommentsasit doesso; thecommandconstructorwhich creates
a “Command”object,containingtheTAL andNQC representationof thegiven a TAL statement;and
�nally themaincompilerwhichdealswith thecreationof theNQC�le, andif instructed,thedownload-
ing of the�le to therobot. It wassplit in thisway to increasethemodularisationof thecode,but alsoto
enabletheFLaNAL graphicalapplication(seesection5.2) to usepartsof TALC to performfunctions,
suchascreatingacommandfrom asinglestatement.
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Parser

TheParser's basicfunction is to remove whitespaceandcommentsfrom thegivenTAL �le, thensplit
the�le into a list of statementsfrom whichacommandlist canbebuilt.

The Parserclasscontainsa methodcalledTALCtoCommands.This methodtakesa TAL �le andan
outputstreamasparametersandreturnsaCommandList.TheCommandListreturnedwill containa list
of “Command”objects,createdusingthestatementsgiven in theTAL �le (SeetheCommandsection
below). Theoutputstreamis usedto displayerrors.Errorsaredirectedto thisoutputstreamratherthan
standardoutputsothatFLaNELcandisplayerrormessageswithin agraphicaltext box.

Thismethodusesa StreamTokenizerto extractthestatementsfrom theTAL �le. This StreamTokenizer
is passedtheTAL �le andis thensetupto separatetokenswith a ';'. ThismeansthatwhennextToken()
is calledthetokenwill containall charactersbetweenthecurrentcursorpositionandthenext semicolon,
i.e. thenext TAL statement.TheStreamTokenizeris thensetup to ignorecomments.

A new “Command”is createdfrom eachstatementtaken from theTAL �le, usingtheconstructorde-
scribedbelow, andthenaddedto theCommandListto bereturned.If thereis asyntaxerrorin thestate-
mentbeingpassedto the Commandconstructorthena NotValidCommandExceptionwill be thrown.
The parsercatchesthis exceptionandprints an error message,taken from the exception,to the given
PrintStream.Thecommandlist is only returnedif thereareno errors,sothatthecompileronly creates
valid NQC �les.

CommandCreation

Within the TALC programa Commandis an objectusedto storevariousparametersof a singleTAL
commandor statement.A Commandwill containboththeTAL andNQCrepresentationof thefunction
it is expectedto perform,for examplea “move forward10” commandwill containtheTAL representa-
tion asastring:

move forward 10;

aswell astheNQC representation:

CMdistance = 10;
moveFwd();

A Commandis createdwith a constructorwhich is passeda TAL statement.This statementis copied
into theTAL representationof thecommand,andis thenusedwith thestaticmethodTALCtoNQC to
producetheNQC representation.This method,TALCtoNQC, is containedwithin anotherclasscalled
CommandSet.Puttingthe stagewhich dealswith the creationof NQC from TAL in a separateclass
like this allows new commandsto beaddedeasilywithout makingany changesto theCommandclass,
which is dependeduponby many otherclasses.

WhenTALCtoNQC is calledit usesa StringTokenizerto split the given TAL statementinto separate
words,while removing any whitespacebetweenthesewords. Thesetokensarepassedasan arrayof
stringsto thetalcTokensToNqcmethod.This methodusesan“if else”ladderto comparethe�rst token
with thatexpectedfor acommand,andtriesto returnthecommandrepresentedby thatword,e.g:

/* return the correct type of command */
if (talcTokens[0] .e quals ("move"))

return moveCommand(talcTokens);
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else if (talcTokens[0].e qual s ("turn"))
return turnCommand (talcTokens);

else if (talcTokens[0].e qual s ("grab"))
return "grab();\n";

else if (talcTokens[0].e qual s ("release"))
return "release();\n";

else if (talcTokens[0].e qual s ("search"))
return searchCommand (talcTokens);

else
throw new NotValidComman dExc ept io n( "> > Unrecognized command: " +

talcTokens[0]) ;

As canbeseenif thecommandis asimpleone,suchas“grab” or “release”,thentheNQCrepresentation
canbe returnedstraightaway. If the commandis morecomplex, andrequiresotherparameters,such
asthedirectionanddistancein themove command,thenanothermethodis calledto returntheNQC.
If the�rst word in theTAL statementrelatesto noneof thesecommandsthena NotValidCommandEx-
ceptionis thrown. This exceptionis passeda messagewhich statesthatthesyntaxerrorwascausedby
anunrecognizedcommand,which canbedisplayedby theprogramhandlingthecommandcreation,in
this casetheparser. Otherapplicationscanhandletheerror in differentways,suchasFLaNEL which
displaysthemessagein adialoguebox (seesection5.2).

Themethodswhich dealwith themorecomplex commandsarereasonablystraightforward,usingthe
arrayof tokensto gaintheparametersneccessaryto createtheNQC statement.In themove command,
for example,the TAL syntaxstatesthat move shouldbe followed by the directionof travel, thenthe
distance,sothedirectionshouldbeheldin talcTokens[1] andthedistancein talcTokens[2] .
If any parametersaremissingthenaNotValidCommandExceptionis thrown, with amessagestatingthe
problem.

Theonly realdif�culties encounteredwhencreatingtheNQC from TAL statementswere“move” and
“turn” commandswhichusedanabsolutecompassdirection(suchasnorth,south,eastor west).Turning
to anabsolutedirectionrequiresthat thecurrentdirectionof therobot is known, so that thenumberof
quartersnecessaryto turnin thatdirectioncanbecalculated.It wouldhavebeendif�cult to keeptrackof
thedirectionof therobotwithin thecompilerascommandsarenotnecessarilycreatedin order(FLaNEL
canaddcommandsto thecentreof aCommandList,unlike theparserwhichgoesthroughcommandsin
theorderthey appearin theTAL �le). Insteadwe decidedto take advantageof thefactthatthegrabber
robot alreadykeepstrack of its directionusinga variablewhich containsa valuecorrespondingto its
direction(0 for north,1 for westetc.) asdiscussedin section3.2.5. This directionvariablecouldhave
beenusedin an“if else” ladder, within thecreatedNQC code,which would have selectedthecorrect
numberof quartersto turndependingon thecurrentdirection,for exampleto turn north:

if (direction == 0) {
Quarters = 0;

else if (direction == 1) {
Quarters = 3;

else if (direction == 2) {
Quarters = 2;

else {
Quarters = 1;

}
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This codeis not very ef�cient, andcould take up a relatively large amountof memoryif it hadto be
usedanumberof times.Insteadof this“if else”ladder, it wasdiscoveredthatmodulo4 arithmeticcould
beused.For example,thefollowing line of codewill evaluatethecorrectnumberof quartersneededto
turnnorth:

Quarters = (4 - direction) % 4;

OncetheNQCrepresentationis produced,it is passedbackupto theCommandconstructor, which then
storesit, alongwith theTAL representation.TheseCommandobjectscanbestoredin a CommandList
object,thenbeusedto eitherdisplaythecommandsasalist of TAL statements,or compiletheNQC�le
onestatementat a time.

Main Compiler

TheCompilerclasscontainsastaticmethodcompile,whichtakestheTAL �le to becompiled,aboolean
specifyingwhetherthecommandsareto bedownloadedto therobotor not,andaPrintStreamobjectto
whicherrorswill beprinted.

The �le is �rst passedto theparser, to createa CommandListbasedon the �le beingcompiled. If the
parsesuccessfullycreatesa CommandList,with no syntaxerrors,thenthe compilercreatesthe NQC
�le. A new �le is createdwhich hasthesamenameastheTAL �le, exceptis suf�x edwith “.nqc”. The
headerNQC�le, createdfrom thegrabberrobotcodetemplate,is written to thisnew �le. Thecompiler
thengoesthroughtheCommandListandwritestheNQC correspondingto eachcommandinto thenew
�le. Finally, the footer is written to the endof the new �le, creatinga valid NQC �le which canbe
compiledandrunon thegrabberrobot.

If thebooleanargument“download”passedto thecompileris true,thecompilernow startsanew exter-
nalprocess,namelytheNQC compiler, whichcompilesanddownloadsthisnew NQC �le.

TheCompilerclasscontainsamainmethodwhichcallsthecompilemethodwith the�lenamepassedas
anargument,andthedownloadbooleansetdependinguponwhetherthe“-d” switch is used.Standard
output(System.out)is passedastheprintstream,sothatany errorsaredisplayedon screen.

4.2.1 Conclusion

Overall,TALC hasbeencreatedsothatnew commandscaneasilybeadded,by changingtheCommand-
Setclassandchangingtheheaderandfooter �les. Thecompilercouldalsobeusedto programrobots,
otherthanthegrabber, by usingdifferentheadersandfooters.For anexplanationonhow to actuallyuse
TALC, seetheTALC UserManual(AppendixD).

Theoverall classdiagramfor TALC canbeseenin �gure 4.1
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Figure4.1: TheTALC ClassDiagram

4.3 TALComm

4.3.1 Overview

TALComm, or TeamA's Languagefor Communication,is a setof commandswhich canbe sentand
received betweenany two of the threeroboticelementson the course.They aretheGrabber, Walker,
andGates. Includedareenoughinstructionsto remotelydrive eachof thoseelements.The commu-
nicationsrequiredon the courseare: to tell the walker whenandhow far to walk; to tell the walker
to relaydatato thegate;andto tell thegateto openwith thedatafrom thegrabber. Thesecommands
arebrokendown into simplerTALCommcommandsthensentandreceivedvia PoWDERprotocolcalls.

Whena commandis received, it is the responsibilityof the receiving robot to handlethat command,
acknowledgeit andact accordingly. E.g. two differentrobotswould handlea move commanddiffer-
ently dueto their respective mechanicsandprogramming.The availablecommandsare listed in the
TALCommuserGuide.

Also includedin the commandmacrosarestatic IDs for the individual robots. Theseallow themto
identify eachothereasily, without theneedto implementany additionalcommandtypesor handling.
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Thefollowing diagramshows how taskscommunicatewith TALComm:

Figure4.2: TALCommcommandssentover PoWDER

4.3.2 Development

In order to supportthe communicationswhich would take placeon the course,a setof atomiccom-
mandswerecreated.Thesecommandsexist only asa list of macros.Thesemacrosmustbeincludedat
compiletime by eachprogramwhich usesthem.Eachmacrorepresentsfunctionalitywhich shouldbe
implementedor handledby any roboton thecourse.Macroswerechosenasthey do not useany of the
variablesin theRCXslimited memory. They canalsobeimplementedeasilyandarestoredin a single
�le.

Thecommandsalsohadto matchthosespeci�ed in TAL sothat they couldbeproducedin NQC from
TAL �les. Thesequencefor compoundcommandsalsohadto besetout in thesame�le asthemacros.
Thisensuredthateachdevice wouldactaccordinglyto eachcommandandnot fall outof sync.

4.3.3 Problems

The only problemfacedin creatingTAL, was the minor one of making surethat the macroscould
not possiblyinterferewith the PoWDERmacros. PoWDERwas,however, createdto minimise this
dif�culty . EachTALCommmacrowill bedifferentfrom themaincontrolmacrosin PoWDER.However
therobotIDs areallowedto overlapif necessary.

4.4 PoWDER

In orderto control the �o w of databetweenthewalker, grabberandgates,thePoWDERprotocolwas
designedandimplemented.TheProtocolof WalkingDroidandExplorerRobots,is asimple�o w control
protocol which enablesinstructionsof TALComm to be sentbetweenthe robots. The main reason
for implementingPoWDERwas to enabletwo robotsto easilyand reliably communicatewith each
othervia simpleprocedurecalls.Thetwo mainproceduresimplementedby programsarePOWDERrcv
andPOWDERsndTALCOMM. A layerof communicationis formedby POWDER on top of which the
programmermayonly beinterestedin asingle8-bit messageandaresultinteger(16-bit localvariable).

4.4.1 Development

TodeveloptheprotocoltheIR abilitiesof theRCX hadto beunderstood.TheRCX providesaMessage()
function anda 16 byte transmitbuffer. While the transmitbuffer enablesthe RCX to sendup to 16
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consecutive bytes,theMessage()commandis capableof receive only onebyteat a time. This means
thatall communicationsbetweenRCXsmustbeconsideredonepacket ata time.

4.4.2 Receiving

ThePOWDERrcvprocedurewill wait until a messageis receivedby theRCX. Exclusive accessto the
Message()commandis required,i.e. this shouldbe theonly procedurecommunicatingvia IR. At the
endof theprocedurea single8-bit messageis returnedinto thelocationspeci�ed. As thedestinationis
a16-bit signedinteger, themessagewill beplacedin thelower8 bits.
Currently, theonly messagesreceivableareTALComm messages,however this canbeexpanded.The
receiveprocedureimplementsaswitchto enumerateseveralpossiblecommandtypes.Thesearelistedin
thePowderBindings�le. As it stands,additionaltypeswill reducetheavailablemessagevalueswhich
canbe sent. To �x this, thesetypescanbe placedinto the statusareaandbe de�ned by a preceding
“statusfollows” message.

/* Waits for a new message via POWDER*/
POWDERrcv(int& newMessage);

Thefollowing diagramoutlinesthestatesthroughwhichPoWDERtransitions:
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Send Error

TALComm?

Status?

New Message? Yes

No

No

PoWDER? Init?
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No

Update Status

NoNo

Yes Init?

No

No

Yes

Yes

Status?

Complete?
Yes

(END)
Deliver Message

No

Yes

Yes

Other Type?

(No)

Figure4.3: PoWDERReceive State-TransitionDiagram

4.4.3 Sending

Sendinga messagevia POWDER requiresthe messagewhich is to be sentanda result integer. To
avoid theprogramhangingasaresultof a failedsend,POWDERincludesatimeoutde�ned in thePow-
derBindings�le. Theprocedurewill attemptto sendthemessageto anotherRCX, or evena PC,which
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mustberunningthePOWDERrcvcommand.Thereturnedstatuswill be1 for successand0 for failure.

Currently, only onefull sendingprocedureis implementedasthis is all that is requiredfor theproject.
Theprocedurewill sendaTALCommmessageby identifying to thereceiving device thata TALComm
messageis aboutto besent.

/* Sends a TALCommmessage via powder */
POWDERsndTALCOMM(int & result, int outMsg);

4.4.4 Err or Handling

Both sendandreceive proceduresusePOWDER statusmessagesto handleany problems.Mostly, the
statusmessagesareusedto detectandreportif communicationfall out of sync. Thereareno recovery
facilitiesin placeto handlewhenacommunicationfallsoutof sync.Thismeansthatthecommunication
mustsimply beretried. A failedreceive resultsin a blankmessage,whereasa failedsendwill returna
resultcodeof 0.

4.4.5 Status

No problemsarepresentin the systemto prevent communicationsfrom taking place. However, the
currentproceduresdo notprovide suf�cient generalityto beexpanded.In orderto expandtheprotocol,
thefollowing changeshouldbemadeto thesendingprocedure:

POWDER_sndTALComm(i nt message, int& result);
change to

POWDER_snd(int message, int type, int& result);

This would allow several different commandtypesto be sent,and removes the needfor a protocol
speci�c command.A protocoltypemessagewould thenbesentbeforetheactualmessageandhandled
by the POWDER rcv call. Optionally, insteadof usinga loop which teststhe resultcodeof a call, a
procedureshouldbe createdto ensuredelivery. Sucha methodwould repeatedlytry to send,but it
shouldusea timeout.For example:

/* Overloading not possible in NQC */
POWDER_gsnd(int message, int type, int timout, int& result);

Thereceiveprocedurewill wait until amessageis received. If thereis a fault, thenthereceivedmessage
maybeerroneous,however this is handledby thereceiving tasks.

Thecodewasleft in its currentstateasit worksasrequiredfor theprojectsandonly TALCommis ever
sentusingit.
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Chapter 5

AssaultCourse

5.1 Design

5.1.1 Overview

The assaultcourseis basedaroundtwo gatesbuilt from the Lego kits, which mustbe openedby the
robots.A singleRCX controlsthecourse.Openinga gaterepresentsa goalwhichmustbeachievedby
the robots,andpassingthrougha gaterepresentsanotherone. With two gates,therearethen6 goals
i.e. 3 goalsfor eachrobot,andopeninggoalandtwo passinggoals.To begin, thegatesareplacedon
the ground,andtheir positions,relative to the grabberandwalker, areuploadedto the grabberusing
FLaNEL.Also uploadedarethedistancerequiredfor thewalker to travel to thegateanda “password”
for thesecondgate.As bothgatesareopenedby differentmethods,onerobot is responsiblefor a par-
ticulargate.Thegatesmustalsobeopenedin sequenceto progressalongthecourse.

The �rst gateis openedby the grabber. A “key” is requiredto openthe gate,and it is the grabbers
job to �nd thekey andplaceit on a “keyhole”. The key is placedwithin a searchareaon theground
andit' s dimensionsalsouploadedto thegrabber. Thekey is any regularobjectwhich weighsbetween
40 and70g,andis no morethan15cmlong, 15cmwide and40cmhigh. Oncethegrabberhasfound
thekey, it mustbeplacedon a keyholesensorwhich will openthe�rst gate.A smallLego rig, with a
leveredpanelandatouchsensor, form thekeyhole.After thegatehasbeenopened,thegrabberrelaysto
thewalker the informationit requireswhich hasbeenuploadedfrom FLaNEL.This informationis the
straightdistanceit mustwalk to reachthesecondgate,andthe“password” requiredto openthegate.
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Figure5.1: Legorig with a touchsensortriggeredby key object.

Thesecondgateis lockedby thecontrollingRCX of thecourse.It mustbeopenedby thewalker trans-
mitting thecorrectpassword to theRCX. In orderto reachthesecondgate,thewalker mustwalk over
a rampwith a gradientof no morethan20 degreesandwidth of 30cm. Oncethe gateis opened,the
walker informs the grabberandboth robotsproceedto the endof the course.After both robotshave
passedthroughthesecondgate,thecourseis consideredcomplete.
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Figure5.2: Examplelayoutof thecourse.

5.1.2 Gates

Both gatemechanismsareidentical. They useonly onemotorandonetouchsensorto operate.Each
gate's motorandsensorareconnectedto thecontrollingRCX of thecourseandareoperatedwhenthe
respective gateis unlockedby therobots.A gateis closedor lockedwhenthelongaxlebaris horizontal
andtriggeringthe touchsensor. It is openor unlocked whentheaxlebar is verticalandtriggeringthe
touchsensor. Thetouchsensoris not triggeredwhenthegateis moving betweenits open/closedstate.
This is achievedby usinganL shapebracket with two discto triggerthesensor.
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Figure5.3: Gateclosingaction.

5.2 FLaNEL

FLaNEL is a graphicalapplicationwhich wasproducedso that the robotswe createdcould easilybe
reprogrammed,by a non-technicaluser, to completeany numberof differentassaultcourses.This pro-
gramreliesuponthe“TAL” languageandcompilerto programtherobot,but providesa graphicaluser
interfaceto addandchangethecommandstransmittedto therobots.This applicationcanalsodisplay
thecreatedTAL �le in a numberof differentways,includinga graphicalmapof the robot's route. A
typical view of theFLaNELapplicationis shown in �gure 5.4.

This sectionof the reportdealswith productionof the FLaNEL applicationandthe variousdecisions
madeusingits creation. For informationon how to useFLaNEL seethe FLaNEL userguidein Ap-
pendixE.

5.2.1 Overview

Thedesignof theFLaNEL applicationcodewassplit into a numberof separatecomponents.Thefol-
lowing componentswereimplementedindependently, allowing simplerdesignandincrementaltesting
of thecodeblocksasthey weredeveloped:

� Main Window.

� Sidebarcontainingcommandlist.

� Internal“TAL �le” windows.

� File handling,suchasopen,save andnew �le.

� “TAL �le” views (selectedusingtabson internalwindows).

� Creationof the“GraphicalMap” view.

Thecomponentswereimplementedin theorderlistedabove. Sincethemainwindow wascreated�rst,
eachsuccessive componentcouldbeintegratedinto themainprogram,allowing thenew componentsto
betestedbeforetheproductionof thenext sectionof codewasstarted.
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Figure5.4: A typical view of theFLaNELapplication

Oncethemainwindow wasproduced,thesidebarwasimplementedandaddedto themainprogram.We
could thenstaticallyload a commandlist, allowing the sidebarfunctions,suchascommandaddition,
deletionandrearrangement,to betested.The internal“TAL �le” windows wereinitially implemented
usingonly blank internalframes.This meantthatmorethanone�le couldbeopenedat onetime, and
wecouldtestthattheselectionof aninternalwindow resetsthesidebar, sothatfunctionsareperformed
on theTAL �le representedby thiswindow. Next weadded�le handling,to allow thesidebarfunctions
to becheckedonany numberof �les. Thevariousviewsof theTAL �le werethenaddedto theprogram,
endingwith thegraphicalmapview.

Thefollowing sectionsdescribetheimplementationof thesecomponentsin detail.

5.2.2 Main Window

Themainprogram,runwhenFLaNELisstarted,setsupthemainwindow in whichtheothercomponents
arecreated.Theprogramstartsby creatinga MainWindow object. This objectextendsa JFrame,and
socanbedisplayedasa window within thesystemwhereit is beingcalled. Insidethis MainWindow,
a JDesktopPane is added,which createsan areawhere internal frames(TAL File windows) can be
displayed.Thesidebar, describedin section5.2.3,is placedonthemainwindow then�nally amenubar
is added.Theitemswithin themenubarareimplementedusingcalls to functionsimplementedwithin
the internalframeobjects.Whena menuitem is selected,if it is a functionwhich relatesto oneTAL
�le, suchassave or complile,themainprogramcheckswhich internalframeis currentlyselected,then
calls thecorrectmethoduponthatobject. Seethe File Handlingsection5.2.5for a descriptionof the
implementationof thesemethodcalls.
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5.2.3 Sidebar

Thesidebarallows theuserto manipulatethecommandswhich will besentto therobot. This allows
usersto createandeditTAL �les in agraphicalenvironment,soreducinganon-technicaluser's anxiety
whenprogrammingtherobotsto completeanassaultcourse.TheSidebarwasimplementedby extend-
ing aJPanel,andaddinganumberof objectsto thispanel.

Theheartof thesidebaris agraphicallist usedto representthelist of commandscontainedwithin agiven
TAL �le. WhencreatingtheCompilerfor TAL (TALC - Section4.2) a CommandListobjectwaspro-
duced.Thisprovedto beanidealinternalrepresentationof aTAL �le, asit containedtherepresentation
of every commandin both TAL andNQC. This objectwasmodi�ed so that it implementedthe List-
Model interface.This meantthatit couldeasilybeaddedto aJList object,which would displaythelist
asanorderedsetof TAL commands,andwouldupdateitselfwhentheCommandListitself waschanged.

Threebuttonswereaddeddown theleft hadsideof thelist. Thesebuttonsenabletheuserto rearrange
theorderof thelist, anddeleteobjectsfrom thelist. They work by obtainingthecurrentlyselectedindex
in the JList and the operation(suchasdeleteor moveup) is thenperformedon this index within the
CommandList,thusupdatingthedisplayedJList. Thesebuttonsarealsosetup sothatthey aredisabled
if theoperationis notavailable(i.e. theusercannotdeleteacommanduntil they selectacommandfrom
theJList).

A text box andbutton,below the list of commands,allows theuserto addnew commandsto the list.
TheuserentersaTAL commandinto thetext boxandpressesthe“Add Command”button.A Command
object is createdfrom this text string usingthe samecodeusedby the parserin TALC, ensuringthat
both applicationswill createthe sameNQC codeif the CommandSetis modi�ed. If the teststring is
notavalid TAL statement,theCommandconstructorwill throw aNotValidTALCommandException,as
it doesin TALC. This exceptionis caughtby theFLaNEL application,which thendisplaysthesyntax
errormessageasadialoguebox,giving theuserinformationon why thecommandwasnotvalid. If the
Commandis successfullycreated,it is addedto thecurrentCommandList;at theend,if nocommandis
selectedin theJList,or justbelow thecurrentlyselectedcommand.

Thesidebaralsohastwo buttonswhich compileanddownloadthecurrentTAL �le. Theseperformthe
samefunctionsasthemenuitemsof thesamename,andaredescribedin theFile Handlingsection.

5.2.4 Inter nal “TAL File” windows

WhenaTAL �le is opened,or anew �le created,anew window is createdin thedesktopareawithin the
FLaNEL application.This allows theuserto opena numberof �les at onetime andchoosewhich one
to modify by selectingthecorrectinternalwindow. Eachinternalwindow containsa File object,which
referencestheTAL �le which thewindow represents.Eachwindow alsohasa CommandListwhich is
usedto representthe commandscontainedwithin the �le. Whenan internalwindow is selected,this
CommandListis passedto theSidebar. This allows the Sidebarto resetthe list so that it displaysthe
currentlyselectedTAL �le.

5.2.5 File Handling

Most �le handlingis performedasmethodswithin the internalTAL window objects. The codewas
arrangedthis way so that, for example,if a save wasperformed,it would be calledon the currently
selectedwindow, and save that �le but noneof the other open�les. The following functionswere
created:
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� New

Whenthe“New” functionisperformed,anew window is created,allowing theuserto createanew
list of commands,thenlater save this asa new �le. The programcreatesa new window within
the FLaNEL desktopareaby creatinga new InternalTalFrameobject. The constructorfor this
internalwindow expectsaFile objectreferringto theTAL �le thiswindow represents.As this is a
new �le, no �le yetexistsandsotheconstructoris passeda null reference.Whentheconstructor
receivesanull �le it createsanemptyCommandList,andtitles thewindow with “NewFile”.

� Open

The“Open” function is muchlike the“New” function in that it createsa new window usingthe
InternalTalFrameconstructor. The differenceis that a JFileChooserdialog box is displayedto
allow theuserto choosewhich �le to open.This �le is thenpassedto theInternalTalFramecon-
structorwhichcreatesaCommandListfrom this �le usingtheTALC Parser(seeSection4.2).The
parserrequiresa PrintStreamto write errormessagesto. This constructorcreatesa PrintStream
which writes to a log �le. If theparsingof theTAL �le is unsuccessful,this log �le is readand
displayedin a new window, andthe internalframeis not created.If theTAL �le is successfully
parsedinto a CommandList,thena new internalframeis created,containingthis CommandList,
andareferenceto theTAL �le whichwasopened.Thetitle of thewindow is changedto thename
of the�le which thiswindow represents.

� Save As

The “Save As” function allows the userto save the current�le to a �le anddirectoryspeci�ed
by the user, using a JFileChooserdialog box. The File object storedby the internal frame is
changed,sothatit now pointsto the�le passedbackby theJFileChooser. Thetitle of thewindow
is changed,sothatit displaysthenew �le nameand�nally thesave functionis called.

� Save

The“Save” functionsavesthecommandsin thecurrentlyselectedwindow to theTAL �le which
is storedin this InternalTalFrameobject. If theFile storedby this objectis null (i.e. thewindow
is a new �le which hasnot yet beensaved) the Save As function is called�rst so that thereis
a �le to save to. To createthe TAL �le, the TAL representationof eachCommandfrom the
CommandListis written to the�le in order. This createsa TAL �le which canbeopenedby the
FLaNELapplication,or compiledanddownloadedto therobotsusingTALC.

� Compile

The“Compile” functionis usedto createa valid NQC �le from a TAL �le. Thecommandrelies
on having a TAL �le saved to disk, so if the �le hasnever beensaved,a dialogbox is displayed
informing theuserthat the�le mustbesaved. TheapplicationcreatestheNQC �le by usingthe
TAL compiler(TALC). TheTAL �le referenceis passedto thecompiler, alongwith aPrintScreen
which writesto a log �le. This is thencompiledusingTALC, andany errormessagesarewritten
to thelog �le, which is againdisplayedasa new window whencompilationis complete.Referto
section4.2for furtherinformationon thecreationof aNQC �le from aTAL �le.

� Download

The “Download” function is similar to the “Compile” function. The only differenceis that a
booleanis setwhencalling the compiler, to inform the compilerto downloadthecommandsto
therobotusingtheUSB tower.
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5.2.6 TAL views

Theinternalwindows haveanumberof tabsalongthetop,whichallows theuserto view theTAL �le in
variousways.The�rst of theseviewsis the“GraphicalMap” view, whichhasacomplex implementation
andisdescribedin section5.2.7below. Theothertwoviews,“TAL Commands”and“NQC Commands”,
consistof a textbox containingeithertheTAL or NQC representationof the �le. This text wascreated
by printing out theTAL or NQC representationof eachcommandin theCommandList.TheNQC �le
requiresa headerandfooter to be placedbeforeandafter the commands.The headerandfooter �les
areloadedin staticallyat thestartof theprogram,whichmeansthattheapplicationdoesn't have to read
from thedisk eachtime theNQC view is refreshed.

5.2.7 Graphical Map view

The“GraphicalMap” view displaysa topdown mapof theroutetakenby therobotsif they performthe
commandsgivenin thecurrent�le. This mapwascreatedusingJava2Dto draw ontoablankJPanel.

Eachcommandis representedby agraphic,e.g.agreenline with anarrow representsamovecommand.
SincetheTAL �les arerepresentedby aCommandListwithin theapplication,wecreatedaGraphicList
whichwassimilar to aCommandList,but containinggraphicalshapes(TalcGraphicobjects)ratherthan
Commands.

TheGraphicListis createdwhentheGraphicPaneis constructedor whenit is refresheddueto achange
in theCommandList.It is constructedby going throughtheCommandListandconstructinga graphic
for eachcommand,e.g. if the �rst word in thecommandis “move”, thena MoveGobjectwill becon-
structed,usingtherestof thecommandto decideon thedistanceanddirectionof thegraphic,andthen
beaddedto theGraphicList.TheGraphicListconstructoralsokeepstrackof therobotsdirectionafter
eachcommand.Thisallows thegraphicsto berotated,sothatthey facethecorrectdirection,asthey are
addedto theGraphicList.

After theGraphicListhasbeencreated,it canbeusedto draw themaponto theGraphicalPanel. This
is doneby overridingthePanel's drawComponentmethod,which is calledby theJava virtual machine
whenever thePanelneedsto beredrawn. Thismethodis changedsothatinsteadof drawing agraybox,
aswould bedonefor a JPanel,it draws thebackgroundfor themap,consistingof a white background
andanumberof horizontalandverticallinesusedto produceagrid. Thepointat thecentreof thepanel
is thencalculatedandthe �rst graphicin theGraphicListis moved to this centralposition,which will
relateto the robot's startposition. The referencepoint is updated,so that it pointsto wherethe robot
would beplacedafterperformingits �rst command.This new referencepoint is usedto placethenext
graphic,which in turn updatesthereferencepoint for the following graphics.As thedrawComponent
methodmovesthroughtheGraphicListin thisway, it buildsuptheroutetakenby therobotsasagraph-
ical map.

As canbe seenfrom thedescriptionabove, thecreationof themapis split into two distinctparts,the
creationof the GraphicListand the drawing of thesegraphicsat the correctpositionon screen.The
bulk of thecalculationsaredoneduring thecreationof theGraphicList.This is only performedin the
event of a changeto the CommandList,which is the only time whenchangesto the GraphicListare
necessary. The minimum possiblecalculationsareperformedduring the drawComponentmethod,so
that theredrawing of theGraphicalMap is performedasquickly aspossibleif no changesaremadeto
theCommandList.
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5.2.8 ClassDiagram

Figure5.5on thefollowing pageshows theclassdiagramfor theFLaNELapplicationasawhole.
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Figure5.5: TheFLANEL ClassDiagram
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Chapter 6

Problems& Solutions

6.1 Mechanical

6.1.1 The Walker Structural Problem

AlthoughLegoprovidesahighly versatileplatformfor easyconstructionof robots,it hascertainlimita-
tionsin termsof its weightbearingcapability.

Thestructureof theWalker robotmeantthat,atmostpointsduringtherobot's motion,asingleaxlehad
to supporttheentireweightof the robotat eachjoint of the leg. ThestandardplasticLego crossaxle
wastooweakto do this,andwouldbend,causingtherobotto comeapartunderits own weight.
WhentheWalker takesastep,it mustpushits entireweightupwardsagainstgravity. Thisresultsin large
forcesactingagainsttherobot'sstructuralintegrity, aswell asahighreverseforcebeingtransferredfrom
the legs to thegearing,actingagainstthemotorsdriving them. Theforcesweresogreatthat therobot
would literally pull itself to piecesratherthantake astep.

Solution

All majorloadbearingplasticcrossaxlesontherobotwerereplacedwith M5 steelthreadedrods.Gears
thatwereon theseaxleshadaroundholeboredin their centre,thenwereslid into placeon thethreaded
rodsbeforethey weresecuredwith Cyanoacrylateadhesive.

Lego bricks that werecomingapartfrom the force of the motors,actingagainstgravity, were fused
togetherusingPolystyrenecement.Thissubstancecausestheplasticto melt slightly, sothattwo pieces
bondedtogetherwith the cementessentiallybecomeonepieceof plastic. The motorswerenow ef-
fectively cagedin a single,solid Lego brick that did not disintegrateunderthe forcesof the Walker's
motion.

6.2 Electronic

6.2.1 The AcceleratingMotors Problem

The balanceelectronicsrequiresupplyvoltagesof +12V, -12V anda 0V reference.This voltagewas
providedby aregulatedpowersupplyunit duringthecircuit's construction.A new problemarose,how-
ever, whenthecircuit wasmovedto batterypower.

The original batterypower supplycircuit comprisedof two on/off switches,eachof which wascon-
nectedbetweenasupplyterminalof thebalancePCBanda9V PP9batteryin serieswith two 1.5V AA
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batteries.By connectingthenegative terminalof onebatterynetwork, andthepositive terminalof the
other, to the0V referenceinputof thebalancePCB,therequired+12V and-12V supplieswereprovided
to thebalancePCB.

Thenow batterypoweredbalancecircuit appearedto work asbefore,accordingto theoscilloscope.But
whenthe circuit wasconnectedto motorsa bizarremalfunctionoccurred. Whenever a motor began
to stall, it would suddenlyaccelerate,drawing far morevoltagethanthe power ampli�er shouldhave
beensupplyingit. This was occurringbecausethe power supply circuit was not regulated,and the
powerampli�ers coulddraw agreatersupplyvoltagefrom thebatteriesif themotorstartedto stall. The
increasedcurrentat the outputof a power ampli�er, throughthe reducedimpedanceof the connected
motorwould increasethevoltageacrossthefeedbackresistor, increasingthevoltageat theinputsof the
ampli�er andcausingtheoutputvoltageto ramp.Whenever therewastoo muchresistancefor a motor
to moveunderits currentpower, thecircuit woulddrainthebatteriesto provide increasedpower, likean
anti-stallsystemon anoff roadvehicle.

Solution

To �x thiserror, thepowersupplycircuit wasredesigned.Four9V PP9batterieswereconnectedto pro-
videsuppliesof +18V, -18V anda0V reference.The+18V supplywasconnectedto anLM317 voltage
regulatorconnectedto resistorsandoutputtingaregulated+12Voutput.The-18Vsupplywasconnected
to asimilarcircuit usinganLM337 voltageregulatorto output-12V, regulated.Thisnew voltagesupply
circuit, completewith transplantedon/off switches,solvedtheacceleratingmotorsproblem.

6.2.2 The Battery Problem

The�nished powersupplyuses4 PP9batteries,whicharerelatively largeandheavy. Combinedwith the
6 AA batteriesusedto power theLego RCX, theheadunit of therobotis ratherheavy. This hascaused
robustnessproblemswith themechanicallegsof therobot,which have dif�culty lifting andsupporting
suchaheavy weightof batteries.

Thereis alsotheassociatedproblemof batterylife. PP9batteriesarenot designedto drive motors,and
areexpensive. Thecostto run thewalker robotcouldbeprohibitively high in its currentpower supply
con�guration.

ProposedSolution

A bettersupplycircuit would perhapsbe to useonequite large lead- acidbatteryto provide an input
voltageto a network of regulationcircuits. Thesewould provide the+12V/-12V, andthe+9V supplies
to the balancecircuit andRCX respectively. This could be accomplishedusingthecurrentregulation
circuit for thebalancePCBconnectedin parallelto anotherLM317 - basedregulatorcircuit providing
+9V. Researchwouldhave to bedoneinto viablelead- acidbatteries.

6.3 Organisation

Therewerefew organisationalproblemsalongthe courseof the project. The main problemwasthat
of trying to ensurethateachmemberof theteamgainedexperiencein coding,building andelectronic
aspectsof theproject. It wasencouragedby our supervisorthatmembersshouldwork on aspectsthey
felt lessfamiliar with andwould like to gainexperiencewith. Memberswereasked asinfrequentlyas
possibleto work on tasksthey felt they would not bene�t from or would not be ableto completein a
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satisfactoryway.

A furtherproblemwhicharosefrom thiswas,thatwhenamemberwaslooking to work on apartof the
projectwhich would afford themgoodexperience,their previouscontributionson anothersystemwas
requiredto beeitherrepairedor extended.This presenteddif�cult managerialdecisionsaboutwhether
to give themembertheexperience,or to completethetherelatedtaskin lesstime.

Thesolutionwasto comparethecurrentprogressof theprojectin termsof thenext deadline,with the
taskspreviously performedby eachmember. If amemberfelt thatthey neededmorepractisein anarea
whichthey hadlittle experienceof, they wouldonly bechangedif timeallowed.Conversely, whenthere
wereno deadlines,or a deadlinehadrecentlypassed,theneachmembersrole wasreviewed andthey
wereasked whetherthey would preferto changeto anothertask. All decisionsweremonitoredby the
projectsupervisor, andwerecorrectedif required.

6.4 External Factors

During theentirecourseof theproject,thereweremattersexternalto theteamandtheuniversity, which
had to be resolved or completedto ensuresmoothrunning, or at the very leastcontinuation,of the
project. Mostly, they wereissuesof componentsupplyandlab access.They aredetailedbelow asa
problemandresolution:

6.4.1 Project Bench

In orderto producethecircuit, a projectbenchin thelevel 7 electroniclab of theRankinebuilding was
required.A benchhadto berequestedfrom staff at theECSstores.Sincetwo differentprojects,level
3 TDP (TeamDesignProject)andlevel 4 �nal yearprojects,both run in level 7, benchesarein short
supply. After anallocationerror, we weremovedfrom theprojectlab out into themain teachingarea.
After thebenchwasallocatedproperly, equipmenthadto berequestedfrom thestores.This includedan
oscilloscope,ac/dcpower supply, signalgeneratoranda runaboutlocker with combinationlock. Once
theequipmentwasin placethecombinationfor thelock wasmadeavailableto therestof theteam.

It wasintendedthat the benchcould be usedby all ESEprojectteams,however only oneotherteam
requiredsuchfacilitiesandthiswasonly for abrief time.

6.4.2 Lab Access

Due to the workloadof level threeESE,the teamhad little free time during the day to work on the
project. To solve this, all level 3 computingsciencestudentsareableto obtaina PAC key fob, which
enablesthemto entertheBoyd Orr building, andeventheLillybank of�ces, outof hours.With thiskey,
studentsareableto gainaccessonaroomby roombasis.Themajorityof level threestudents,including
all ESEstudents,acquireda fob key. All but oneof theteammemberswereableto work duringtheday
on theweekendsin the lab, soanextensionof accessto theLego lab on level four wasrequestedand
appliedfor all ESEstudents'fobs.

Labsin theRankinebuilding, however, canonly beaccessedduring thenormalopeninghoursof 9-5.
Computingfacilitieson level 3 wererequiredfor theuseof ORCAD andlabson level 7 for theproject
bench.This problemcouldnot beworkedaround,andsowork wasscheduledwith theseaccesstimes
in mind. Also, whereasthe Boyd Orr building canbe accessedduring holiday periods,the Rankine
building couldnot. Thismeantthatwork on thecircuitry hadto becompletebeforetheEasterbreak.
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6.4.3 BalanceChip Supply

In theelectronicengineeringlabsattheRankinebuilding, awiderangeof commoncomponentsis avail-
ableto all projectstudents.Othermorespecialisedcomponentscanbeordered,throughthedepartment,
from severalmajorsuppliers.However, thecentralchip of thebalancecircuit, thebalancesensoritself,
couldnotbesuppliedby any of thesemeans.To acquirethechip,themanufacturersthemselves,Analog
Devices,hadto becontactedvia their website.Threechipswerethendelivered,two of which werethe
normalspeci�cationandonewasthehigherindustrialspeci�cationchip,which is capableof operation
within a largertemperaturerange.

6.4.4 Cir cuit Designand Production Assistance

An initial designfor the circuit was producedby the teamas a �rst version,however as the design
wascompletelyredevelopedandimproved,muchassistancehadto berequestedfrom thetechniciansin
theelectronicslabs. This includeddesignhelp anddebuggingof thecircuit. At theendof thedesign
process,a layout,calleda footprint, for the �nal PCBhadto beproducedin a widely useddesigntool
calledOrCAD. Thisdesignis thengivento thetechniciansin orderto have thePCBetchedanddrilled.

6.4.5 Motor Shortage

Building two main robotsandan obstaclecourserequireda large amountof partsfrom the available
Lego kits. Themostwidely usedpart,betweenall teams,wasobviously theLego Motor. In all, eight
motorswereusedto drive theproject's mechanics.During theproject,a shortageof motorsdeveloped,
soall teamswereunableto continueto build robotswithout eitherrequestingmoremotors,or �nding
a way to reducemotor usage.As we werewarnedprior to the projectaboutthe availability of parts,
from thestartwe used,wherever possible,designsthatrequiredthelestamountof motorspossible.To
solve theshortage,theteamscametogetherto producea list of theparts,includingmotors,which they
requiredor hadspare.More motorswerethenrequestedthroughthedepartment.In theend,we were
ableto reclaimtwo motorsfrom anexisting teamrobotandsotheextra motorswe hadrequestedwere
notused.

6.4.6 Rotation SensorShortage

Along with a shortageof motors,thespecialrotationsensorsalsoranout. Thesesensorsareextremely
usefulin providing positioningaccuracy andsowereusedby mostteams.Without them,many designs
producedby all teamswould bemuchharder, if not impossible,to implement.However, thesesensors
arenot providedaspartof thestandardLego Mindstormsboxedsets,but areavailableseparatelyfrom
Lego in a differentkit, not individually. As the they could not be orderedseparately, the department
wasunableto acquirefurthersensorssoanothersourcehadto be found. TheESEcoursedirectorDr.
MacAuley wasableto loanseveralsensorsto theESEteamsfor theremainderof theproject.We were
thenableto obtaintheoneextrasensorwhichwerequiredfor thewalker.
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Chapter 7

Conclusion

7.1 Aim

Theaimof theprojectwasto �rst createasystemwhichwoulddemonstratetheskills theteammembers
have learnedon thedegreecourse.Onewhichwould involve notonly theuseof programmingandelec-
tronicknowledge,but alsotheintegrationof thetwo. Secondly, wewouldbuild asystemwhichrequired
theinteractionandcooperationof two robots.Thesecondaim wascreatedin orderto demonstrateour
ability to createcommunicationsystems.

Theteamwishedto demonstratethatthey wereableto build a Lego robot,programit to performtasks,
andthenextendit' s functionalityby creatingandaddingelectroniccircuitry. We would alsoenableto
two robotsto communicatevia their IR transceivers in orderto cooperate.Fromour engineeringsub-
jects,we wantedto createan electroniccontrol systemcapableof balancinga simplebiped. Control
of thesystemitself would thenbecodedinto therobot's software.Fromour programmingcourses,we
wantedto createa methodfor therobotsto communicate,integrationof theelectronicsystem,an im-
plementationof asearchingalgorithm,andawayof generalisingthetasksof therobots.Wewould then
needto createanIR protocol,a front-endfor specifyingcourseparameterto therobots,andasearching
method.

Thecourseon which therobotswouldoperatewould beableto berecon�guredin dimensionsandgate
position.This demonstratesthegeneralisationof therobots' functions.Theorderof openingthegates
couldalsobechanged,providing they couldbeopenedwith thesimplefunctionsprovidedby therobots.

The main ideabehindthe project,wasthat it is not an exampleof engineeringa solutionmodelto a
real-world problem.This requiresspeci�c goalsandrestrictions,suchasaccuracy andcost,whichwere
not laid down. Instead,theteam's projectwould becreatedasaninvestigationinto theproblemsfaced
whencreatingbipedalrobotsandenablingrobotsto communicateandcooperate.

7.2 Evaluation

Uponendingthisproject,wehavenotbeenableto produceacompleteand�nal course.However, great
effort hasgoneinto researchinganddevelopingeachroboton thecourseandthereis only onecritical
componentmissingfrom thecourse.We have not achieved a practicalworking walker. Although the
walker doesnot yet functionasintended,theindividual componentsproducedaresatisfactory, andit is
a failureof integrationthathasstoppedtherobot's completeoperation.Theremainingcomponentsare
functionalfor thecourse.They alsomostlyprovide abasisfor amoregenericmodel,or ableto beused
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themselvesin amoregenericway. Fromthebeginning,theintentionto makethesecomponentsgeneric,
hasresultedin theirability to beeasilyextended.

For practicalsituations,thereare componentswhich could alreadybe usedin a more genericenvi-
ronment.Thegrabbercanbereprogrammedto provide differentfunctionality, given thecurrentcode.
FLaNELcanbeusedwith separatetemplatesfrom differing languages.Thebalancecircuit canbeused
asa genericcoresystemin any robotrequiringsimilar balancecontrol to theteam's walker. PoWDER
canbe easilyimplementedon differentRCXs to provide to provide the samecalls asareavailablein
thecurrentproject. Althoughimplementationof thesecomponentsis possibleoutsidetheproject,it is
unlikely that this would bethecase.Thecomponentweredesignedto functionon thecourse�rst, and
thendesignedto beextendable.Therewasinsuf�cient time andcauseto developthesecomponentsfor
externaluse.

From participatingin the project, eachmemberhasbecomeawareof the problemswhich would be
faced,in industry, whendevelopingsimilar devicesprofessionally. Suchproblemsascircuit noise,me-
chanicalstrength,andpower consumption,have beenshown to bethemainobstacleswhich determine
developmenttime. Therequiredresearchhasshown thatmostof our work only touchesthesurfaceof
thedisciplinesinvolved. Fromtheseworks we have chosento consideronly a minimum of operation
so asnot to further complicatedesignsandincreasedevelopmenttime or prototypemodels.We have
alsolearnedthedif�culties of embarkingon a projectwith few restrictionsotherthantime andbudget.
Without a rigid speci�cation,suchasexists in commercialor industrialprojects,goalscanchangeand
unforeseenbarrierscanbereached.

Toolsusedduringtheprojectvariedin thecontribution to easingdevelopment.Commercialtoolsused
werelimited to theORCAD suiteof software.ORCADwasusedin thedesignandlayoutof thecircuit
boardusedin the balancingsystem. ORCAD Expresseasedthe schematiccreationby providing an
excellentinterfaceandextremeeaseof learning.However, ORCADLayoutprovidedsomelearningand
heuristicbarriers,which causeda delayin routing thecircuitry on the �nal PCB.The remainingtools
wereopensourceprojects,freelyavailable.Themaineditorused,gnuemacs,wasatool whichprovided
great�e xibility whenit' susedwasmastered.Theability to usethis tool remotely, via Linux ssh,greatly
improved the teamsability to work off-campus. Working remotelyinvolved the useof several tools:
PuTTY, ansshclientwhichrunsunderwindows to provideasecureremoteshell;CYGWIN, awindows
basedlinux-style shell which enablesthe useof the X11 tool; X11, a tool usedto provide remoteX
Windows for graphicalapplicationsrunonmachinesinternalto thedepartment;FTP- Thedepartments
ftp accessallowed teammembersto accesstheir �les from any location,over the Internet. This com-
binationof remotetoolseasedrestrictionimposedon membersby commitmentsoutsideof University.
Suchcommitmentsrestrictedaccessto campusandability to trade�les betweenthe team. RCS,the
Revision ControlSystem,provided in Linux, providedversioncontrolcapabilities.RCSalsoprovided
a systemby which only onememberwasable to work on codingat a time, to maintaina consistent
work-�o w.

Thechoiceof programminglanguagesin theprojectpresentedgainsaswell asdrawbacks.To program
theRCX units,aC variantcalledNQCwasused.Althoughthis languagehadamuchsmalleroverhead,
in termsof memoryrequiredon theRCX, usinga differentlanguagecouldhave provideda morepow-
erful API, reducingdevelopmenttime. Sucha languagecouldhave beenLeJOS,animplementationof
theJava runtimefor Lego. Saving space,however, proved to be a key gainastheproducedcodewas
lengthy, yet simplein useof thelanguage.

Threetools wereusedfor presentationof the project. LeoCAD is a simpleLego modellingprogram,
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with allowedcomplex mechanicalideasto beeasilypresented.Lego mechanicscouldbeeasilydrawn
andtheandexplodedview provided.All Legodiagramsin thereportwerecreatedwith this tool. XFig,
aLinux vectordrawing program,providedaquickmethodfor producingdiagramsin thereport.Finally,
LATEXwasusedto producethewordingandstructureof thereport.This allowedquick andeasyformat
changes,andprovidedstaticdisplayformatsimplementedby differentmembers.

Evenwith theprovided tools, theprojectwasstill not completed.Thecritical factorin thecourse,the
walker, wasthemostambitiousundertakingin theproject. This onerobot requiredtheclearmajority
of theteamseffort. If theprojectwererestrictedto eitheronly thewalker, or a coursewithouta walker,
thentherewould have beena greaterchanceof completesuccess.This follows from thesuccessof the
remainingsoftwareandrobots.

Oursupervisor, Dr. PeterDickman,providedexcellentsupportto ensurethegreatestlevel of successwe
couldachieve. Theteamwasimpressedby his attention,not only to theprogressof eachmemberand
theprojectasawhole,but alsocourserelatedstressesandworkloadsimposedonus.Healsomonitored
ourwellbeingduringtheproject,andgave relevantandhelpfuladvice,from experience,oncopingwith
externaldemandsandstudypressure.

Apart from thissupport,theprojectmembersworkedwell asa team.Memberswereableandwilling to
helpeachotherwhenrequired.They alsomaintaineda high level of knowledgeabouttheir pastcontri-
butions.Despiteproblemsexternalto theprojectanduniversity, memberskeptalevel of professionalism
andensuredthatwork wascompleted.Thehigh level of successin theprojectcanbeattributed,in part,
to thesmoothrunningof theteam.

7.3 Curr ent Status

Thecourseis currentlyoperational,however thewalkermustbereplacedwith anextra robot,ProxyBot.
Thisextrarobotis aplaceholder, developedby oneof theteammembers,to providesimilarfunctionality
to thatof thewalker. ProxyBotcontainssomeof thesamecodingasthewalker, enablingit to receive
instructionsfrom the grabberandcarry themout. Othercoursecomponentsare in varying stagesof
completion.

7.3.1 CompleteComponents

FLaNEL

Theprogramis functionalasrequiredfor thecourse.Therearenoknown bugs.It is ableto beexpanded.

TAL/T ALC/T ALComm

Thesecomponentsarefunctionalfor thecourse.They areableto beexpanded.

Grabber

The grabberis functionalon the course.Thereareslight problemswith accuracy, but this shouldnot
affect its operationon thecourse.
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Slider

Theslideris functional.Thereis a slight compoundingpower usageproblem,but this is inherentto the
design.Theproblemcannot beremediedby redesigningthesliderasa minimumof partsareused.A
resolutionmustcomefrom adifferentpowersupplyusedfor theentirewalker.

Course

Themechanicalcomponentson thecourse,andthesoftwarewhich runsit, is operationalandthereare
no known bugs.

7.3.2 IncompleteComponents

BalanceCir cuit

Thebalancecircuit waspreviously in acompletelyworkingstate.It operatedasrequiredandintegrated
with theslidermechanism.Unfortunately, therewasanaccidentwith it previousto thedemonstration.
Thedamagecausedwassmallbut irreparablein the time available. Oneof thepower op-ampson the
undersideof thecircuit boardwasbrokenoff, completelydisablingoneof theaxes.To repairthis,anew
op-ampmustbesolderedontotheboard.

PoWDER

PoWDERcurrentlyhasabug,by whichif a transmissionis interruptedor missed,thenthenext message
mustbesenttwice. Oncetoclearthestate.Whenoperatingnormallyonthecourse,withoutinterruptions
andwith robotsreadyandin range,operationis notaffected.

Walker

As awholesystem,thewalker is unableto walk. Dueto power problemstheentiresystemcouldnotbe
run together. As a resultof this, thesystemcouldnot betried andtested.Individually, thecomponents
operateasrequired.Thechassisis robust andprovidesthebasewalking motion. Thebalancecircuit,
from designandignoring thedamage,canoperatetheslider. Theslider operateson both the walkers
axisandon its own axis. After thesliderandcircuit werecompleted,thetwo componentsweretested
on top of the availablewalker prototype. They operatedcorrectly togetheron both axesand in both
directions.

7.4 Futur e Work

Most componentson the projectwerecreatedto provide speci�c functionality for the course. How-
ever, they weredesignedwith the aim that they could be generalisedor improved later. Due to time
constraints,thesecomponentswereproducedin a way that limits generalisation.It wasseenasmore
importantto producethecomponentsin atimely manner. Theremainingcomponentswerenotdesigned
to beextended,but doesnotnecessarilymeanthey cannotbeimproved.

7.4.1 Grabber

A key de�ciency with thegrabberis the limitation of themechanismusedto pick up objectsfrom the
ground. An improvementto thegrabber, then,would be re�ning or remodellingthis systemto give a
greatervarietyof objects,in eitherweightor dimension,which canberetrieved. Themovementof the
grabberis restrictedto �at surfaces,suchasa�oor . Redesigningthewheelsandarmsof therobot,could
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leadto anability to go up slopedsurfaces.This would, for instance,allow therobot to move between
level surfacesvia aramp.Overall,accuracy of therobot'smovementis reducedby thegearinginvolved.
A changein thegearsysteminvolved,to reducemechanical'slack',would improve this.

7.4.2 PoWDER

In it' s currentstate,thePoWDERimplementationis not genericandis not easilyexpandable.The�rst
modi�cationsto thisshouldberecodingto allow for amoregenericprovisionof sendandreceive func-
tions. An outline for this is availablein thePoWDERstatussection(4.4.5). An outlineof developing
thePoWDERimplementation,is to �rst increasegenerality, andthenfunctionality. Improving thefunc-
tionality would be to provide more�e xible calls, includingcustomtimeoutsor robot IDs for example.
Returningmoredatafrom thecallscouldbeimplemented,providing suchinformationastransmission
time or a polling method.Finally, any type of desirableencryptioncould be integratedinto the layer.
Although,thiswouldperhapsbebestimplementedasandadditionallayerto maintaincohesion.

7.4.3 TALComm

TALComm is easyto expand. It it left to the demandsof any future applicationto determineextra
commands.No furtherfunctionalitywouldbeeasilyprovidedfrom aredesign.

7.5 TAL / TALC

Possibleexpansionsto TALC wouldbeto compileTAL �les usingeitherseparatecustomtemplate�les,
or enablingTALC to compileto a differentof multiple languages.

7.5.1 FLaNEL

A desirableexpansionto FLaNEL would allow instructionsto beaddedvia a WYSIWYG (WhatYou
SeeIs WhatYouGet)interface.Thiswouldallow programsto bedrawn directlyontothemapandthen
checked via thecurrentcommandlist editor. Suchan expansionwould likely requirea large effort to
implement.

7.5.2 Walker Chassis

Adding the ability to turn, would hugely increasethe the walker's �e xibility. Currently, the walker
would only be capableof walking in a straightline. As a model this is suf�cient, however for any
practicalimplementation,thiswouldprobablybeundesirable.Unifying thepowersupplyonthewalker,
andseparatingit from theRCX, would provide a solutionto thecurrentpower consumptionproblems.
As theRCX is intendedto supplyat most3 motorsand3 sensors,a separatepower supplyshouldbe
implementedontothewalker chassis.This shouldprovide suf�cient power to thewalker motors,slider
motors,andbalancecircuitry.

7.5.3 BalanceSystem

Futurework on thecircuit shouldincludetheredesignthecircuit implementingtheduty cycled(digital)
outputsavailableontheaccelerometerchip. Accordingto thedatasheet(seeAppendixK) reconstructing
analogueoutputsusingthis methodonly requirespassive componentssuchasresistorsandcapacitors.
The�nal resultwouldbea lesscomplex andmorecompactcircuit design.
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The�nal circuit we createdwasvery fragile andunrobust. Thedesignandimplementationof a protec-
tivecasewould reducetheeffectof any accidentsthatmayoccur.

Thepowerop-ampsthatweimplementedwereextremely�imsy andproneto breakage.Furtherresearch
into power op-ampsandtheir layoutwould increasethepossibilityof creatinga robustcircuit.

Full integrationof thesysteminto thewalker softwarecouldbeachievedby useof theaccelerometer's
digital outputs.Usingthedigital outputswould,asintendedby their design,simplify integrationof the
circuit to a separatemicro-controller. Thecurrentanalogueoutputscanalsobeused.Analogueoutputs
couldbelinkedsimply to theRCX via anadaptorconnectionto theRCX sensorinputs.Valuescanthen
bereadin raw modeby theRCX.

7.5.4 Course

Onthecurrentcourse,oncethegatesareopened,they donotcloseshould,for example,thekey fall from
thekeyhole. No changeto thegatesthemselvesis required,only thecontrollingsoftware. To increase
thegoalson the course,suchfurther restraintsshouldbe included. For thegates,a maximumtime to
passthrough,or a dependency on thekey stayingon thekeyhole,couldberealised.Giventheprevious
improvementsto therobots,a largeror evenmultilevel coursecouldbecreated.

7.6 Summary of Achievements

Wehavecreatedseveralcomponentswhichcanbelistedasthemajorlearningandbuildingachievements
of theproject.Firstly, thebalancecontrolcircuitry providedthoseinvolvedwith anin-depthlook at the
problemsassociatedwith creatinga reasonablypreciseelectroniccircuit. Also, a basicunderstanding
of implementinga closedloop controlsystemwasgained.ProducingTAL gave experienceof working
with domainspeci�c languages.Following from this,TALC requiredcreatingaparserto generateNQC
�les from theTAL codeinstructions.PoWDERdemonstratestheimplementationof a layerednetwork
protocolwhich ideally provideslayeredservices,i.e. delivery andreceipt. From building the walker
chassis,muchhasbeenlearnedaboutthecomplexities involved in creatinga well balancedandrobust
mechanism.Thismechanismmustholdarelatively largeweightandbeableto move it' sbalanceeasily.
Theresearchinto roboticlegsincludedreadingresearchmaterialfrom MIT' sLeg Lab,andunderstand-
ing thebasicconceptsinvolved.

In all, thework on theprojecthasgiventheteamexperienceof usingresearchmaterials,to gainknowl-
edgeand understandingfrom previous works. Componentssuchas TAL, TALC, FLaNEL and the
walker chassis,werecreatedwithout participationon the relevant coursesavailablein thedepartment.
Thesecourses,namelyPLDI3 for the compiler, GMM3 for the Java2D experienceanda mechanical
engineeringdiscipline,would have provideda betterstartingpoint for creatingthesesystems.Instead,
therequiredknowledgewasgainedwhereappropriate,andput to usein developingsuccessfulpartsof
theproject.Theprojecthasprovidedall memberswith relevantexperiencebeforeour internshipsbegin
in June.
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Appendix A

Summary Project Log

A.1 AlexnewtonAlexander

Month Activities
November Familiarisationwith legolabequipment.

Backgroundreadingon LegoMindstorms.
ReadpreviousESEprojectreports.
Researchonpossibleprojectideas.
Investigatedsearchingalgorithm and path �nding algo-
rithms.

December Discussedthecircuit designwith chris.
Built prototypesearcherrobot.
Designandpartially implementedthesearchingalgorithm.

January Wrotetheprojectspeci�cation.
Rebuilt thesearcherrobotwith additionalfeatures.
Searchingalgorithmwasfully implemented.
Searchingalgorithmwastestedandit workedperfectly, but
it cannotdo thebacktracking.
Wroteindividual technicalreport.

February Startedto work on thewalker softwaredesign.
Discussedthewalker softwaredesignwith supervisor.
Startedimplementingthewalker software.

March Implementedthe walking motion taskof the walker soft-
ware.
Thestatemachinetaskwasgiving problemandI couldnot
�x edit.
Discussedthereportstructure.
Wrotetheintroductionfor theproject.

April Implementedthestatemachinetaskandit worksperfectly.
Walker softwarewasimplemented.
Testedthewaklker software.
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A.2 Emma McGahon

Month Activities
November Familiarisationwith legolabequipment.

Backgroundreadingon LegoMindstorms.
ReadpreviousESEprojectreports.
Researchonpossibleprojectideas.

December Designedandbuilt 1stprototypesearcherrobot.
Researchonsearchingalgorithmsfor thesearcherrobot.

January Researchon theADXL202E.
Re�ned thenaive circuit design.
Researchon how to ignoretheoffsetvoltageproducedby
theADXL202E.
Worked with Bob designing the footprint for the
ADXL202E.
Familiarisationof OrCAD for circuit design.
Helpedre�ne theprojectidea.

February Completedthesensorstageof thecircuit.
Built andtestedvariouscircuit designs

March/April Researchonhigh outputcurrentop-amps.
Got thesensorstageto work with a12V supply.
Got the buffering and correctionstageof the circuit to
work.
Helpedto build anddebug thegainstageof thecircuit.
Helpedwith thedesignof a footprint for anL165op-amp.
Designedthe�nal circuit in OrCAD.
Decidedon the�nal layoutof thecircuit.
GotaPCBprintedfor thecircuit.
Finalisedmy projectintroduction.
Helpedto producethe�nal report.
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A.3 RossMcIlr oy

Month Activities
November Familiarisationwith legolabequipment.

Backgroundreadingon LegoMindstorms.
ReadpreviousESEprojectreports.
Researchonpossibleprojectideas.
Researchvarioustoolsandlanguagesavalableto program
RCX.

December ResearchingGrabberDesign.
Built prototypeGrabber.
ResearchedSlidingmechanism.
Built PrototypeSlider.

January ResearchedIR transmissionandencodingonRCX.
Fixed problems with �rmw are download on the USB
tower.
Researchedmethodsfor connectingbalancechip ontocir-
cuit, usingsocket or surfacemounting.
ResearchedGrabberDrivesystem.
Re�ned GrabberPrototype.
Helpedre�ne theprojectidea.

February Researchedandprototypedsensorfor Grabberrobot.
ImplementedSensorontograbberandusedcodeto testit.
CompletedGrabberRobot.
ImplementedSearchingAlgorithm into theGrabber.
Implementeddistanceanddirectionmeasurementinto the
Grabberrobot.
CompletedBasiccodetemplatefor Grabberrobot.

March StartedcreatingTAL.
Researchedmethodsfor compilingTAL into codefor the
RCX.
CreatedtheTAL compiler, TALC.
Modi�ed TALC sothat it couldbeusedto programGrab-
ber.
TestedGrabberwhencodedusingTAL.
HelpedTroubleshootproblemswith thebalancecircuit.
StartedWork onFLaNEL.
CreatedMain window, sidewindow and �le handlingfor
FLaNEL.
Finalisedmy projectintroduction.
Startedworkingon my sectionsof thereport

April CreatedTAL andNQC views in FLaNELapplication.
ResearchedJava2Dfor graphicalmapview.
ImplementedGraphicalmapview in FLaNEL.
CompleteandtestedFLaNELapplication.
ImplementedPoWDERandTALComm into TAL, TALC
andFLaNEL.
Completedmy sectionsof theReport.
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A.4 Chris Mar gach

Month Activities
November Familiarisationwith legolabequipment.

Backgroundreadingon LegoMindstorms.
ReadpreviousESEprojectreports.
Researchonpossibleprojectideas.
Decidedteammemberroles.
AskedRossto investigateprogramminglanguages.
Decidedon �rst project ideasandlanguage- Walker and
Searcher, NQC.
Acquiredprojectbench,lockerandequipmentin engineer-
ing department.
Investigatedcomponentsupplyrulesandmethods.

December AskedEmmato investigatepossiblesearchingalgorithms
for searcher. Also feasibility of path�nding on the RCX.
Rossto startgrabberprototyping.Bob to startLeg proto-
typing.
Investigatedpossibility of acquiring accelerometerchip
throughengineeringdepartmentwith projectbudget.
Investigatedleg mechanicsonline.
Discussedcontroloptionswith Prof. O'Reily in engineer-
ing department.
Created�rst naive controlsystemideaandcircuit design.
Investigatedfeasibilityof advancedadditionsto RCX such
as IPAQ handheld, creatinga wirelesscommsboardor
usingVisionCommanderequipment.

January Re�nedprojectgoalsandaskedAlex tocreatespeci�cation
for website.
AskedBob to assistEmmawith circuit production.
Organisedwebspaceandcreatedteamsite.
Re�ned Alex's speci�cationanduploaded.
Wroteindividual technicaldescription.
Reinvestigatedleg mechanics.Focusedonpreviousbipeds
createdin lego.
InvestigatedRCX communicationcapabilities.

February Contactedall teamsto requestlist of partsrequireddueto
asensorandmotorshortage.
Communicatedwith Dr. Murray-Smith to requestaddi-
tional lego equipmentfor all teams.
Created,thenimproved,�rst walker softwaredesign.
Created�rst testprogramsto investigateRCX IR commu-
nications.
StartedPoWDER.
Created�rst TALComm commandset to usewith PoW-
DER.
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Month Activities
March Re�ned TALComm commandsetto handleall coursere-

quirements.
ImplementedPoWDERprotocol.
Created�rst reportstructurewith RossandAlex.
Starteddetailingpreviouswork for report.
Createdkeyholefor course.
Discussedbalancesystemdesignfailurecontingencies.

April CreatedandprogrammedProxyBotto beaplaceholderfor
walker.
Successfullyrancoursewith grabberandproxybotfor �rst
timewith Ross.
Redesignedandrebuilt coursegates.
ProgrammedcoursecontrolRCX.

A.5 Robert Moir

Month Activities
November Familiarisationwith legolabequipment.

Backgroundreadingon LegoMindstorms.
ReadpreviousESEprojectreports.
Researchonpossibleprojectideas.

December Designedandbuilt 1st-4thprototypesfor walkerrobotlegs.
Researchedguidanceandcontrolsystemsfor robots.
SourcedADXL202E accelerometerchip.

January ResearchedtheADXL202E.
Re�ned thenaive circuit design.
Researchon how to ignoretheoffsetvoltageproducedby
theADXL202E.
Worked with Emma to design the footprint for the
ADXL202E.
Familiarisationof OrCAD for circuit design.
Helpedre�ne theprojectidea.
Designedandbuilt 5thprototypefor walker robotlegs.

February Completedthesensorstageof thecircuit.
Built andtestedvariouscircuit designs

March/April Researchonhigh outputcurrentop-amps.
Got thesensorstageto work with a12V supply.
Workedwith Rossto designandbuild theregulatedpower
supplyfor thebalancecircuit.
Got the buffering and correctionstageof the circuit to
work.
Helpedto build anddebug thegainstageof thecircuit.
Decidedon the�nal layoutof thecircuit.
GotaPCBprintedfor thecircuit.
Designed,built, andstrengthened�nal walker robotlegs.
Finalisedmy projectintroduction.
Helpedto producethe�nal report.
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Appendix B

Contrib utions Summary

B.1 AlexnewtonAlexander

Robot Built aprototyperobotwhichis capableof moving onany surfaceareaandableto grabanddrop
smallobjects.

Searching Algorithm Investigatedavailablesearchingalgorithmsandfoundseveralusefulalgorithm;
roadmapapproachandgrid format. Finaly decidedto usethecircular linearmotionalgorithm.
Implementedthealgorithmmentionedin thepreviousline andtested.

Balancecircuitry Discussedtheinitial balancecircuit designwith chris.

Walker Software Implementedthewalker softwareusingprogramminglanguagecalledNQC.

B.2 Emma McGahon

Project Ideas Researchedanddevelopedthreepossibleprojectideas:

� Robotic�re �nder andextinguisher.

� A robotthatinteractswith a userto playa gamesuchas,scissorspaperrock.

� A robotthatcantraversea trackanddetectany faultson it.

Researchedandprepareda feasibility reporton a possibleprojectthat involved a teamof robots
working togetherto build a wall. This particularprojectwasfeasiblebut unpopularwithin the
group.

Project Management Assistedwith all projectmanagementtasks.

Robots Built the�rst prototypefor thesearcherrobot.The�rst attemptcouldmoveforward,backward,
right andleft but usedtwo motorsto steer. Oneof thesemotorswasslightly morepowerful than
theotherso the robotdrifted slightly to the right. To make the robotmoreaccurate,thesecond
prototypeonly usedonemotorto steer. This robotexperiencednodrift but wasextremelyslow.

Searching Algorithms Performedresearchon searchingalgorithms. The threealgorithmsfound in-
clude:

� Randomsearch.Therobotmovesin any directionuntil it �nds theobjectit is looking for.
This methodprovidesnoguaranteethattheentireareathatshouldbesearched,is searched.
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� Zig zagsearch.Therobotcontinuouslysearchesonelengthof theareato besearchedafter
anotherin azig zagpatternuntil theobjecthasbeenfound.

� Circularsearch.Therobotsearchesasmallcirculararea,movesalittle thensearchesanother
circulararea.Thispatternrepeatsuntil theobjectis found.

Preparedthe�rst NQC programfor thezig-zagmethod.

Balancecircuitry Performedresearchon the accelerometerchip(ADXL202E).Foundcircuit designs
on the Internetthat usedthe ADXL2O2E chip. Usedthesecircuit designsto re�ne and alter
our initial circuit design. Completedthe sensorstageof the circuit with assistancefrom a lab
technician.Implementedandtestedvariouscircuit designswhile continuallyre�ning thecircuit
design. Finalizedthe buffer stageof the circuit design. Createdthe �nal circuit designusing
OrCAD express.Decidedon the�nal circuit layoutusingOrCAD layoutplus.

Coursegates Designedandbuilt the�rst gatemechanismsusedon thecourse.

B.3 RossMcIlr oy

ToolsResearch Researchedtools andlanguagesusedto programRCX andhelpedteamform an in-
formeddesisionon thecorrectlanguageto use.

Slider prototype Createdtheinitial designandprototypefor theslidermechanism.

Grabber Dri ve system Researchedandprototypedvariousdrive systemsanddirectionaltransmission
systemsto createanaccuratedrive systemfor theGrabber.

Grabber System Researchedand prototypedvarioussystemsallowing for a grabbingsystemto be
implementedusingonemotor.

Grabber SensorSystem Implementedvarioussystemsto allow the grabberto sensean objectusing
light sensors.

Grabber Code Createdthecodewhichallows to grabberto �nd it' s way arounda course,searchfor a
brick andreturnto aspeci�edpoint.

BalanceCir cuit Solderedthemainelectroniccomponentsto thebalancecircuit. Troubleshootedprob-
lemswith thecircuit includingmisplacedtracksandpower recti�cation.

TAL Designedthe TAL language,andresearchedmethodswhich couldprogramthe robot usingthis
language.

TALC Designedandimplementedthecompilerusedto produceNQC codefrom aTAL �le.

FLaNEL DesignedandimplementedtheFLaNEL front-endgraphicalapplicationwhich canbeused
to constructandmodify TAL �les.

Graphical Map ResearchedJava2Dasamethodto createagraphicalmapof thisroute.I thendesigned
andimplementedthecodeusedto createthesegraphicalmaps.

TAL - PoWDER/TALComm integration Integratedthe TALComm commands,sentthroughPoW-
DER, into theTAL languagesothatcommunicationsbetweenrobotsconbeprogrammedusing
TAL.

UserManuals Creationof theusermanualsfor TAL, TALC andFLaNEL.
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Final Report Wrote the sectionsof the �nal reportwhich relatedto the partsof the projectwhich I
implement.

B.4 Chris Mar gach

Organisationof teamresources Communicatedandmetwith staff in bothdepartmentsto arrangethe
projectbench,equipment,locker, componentsupplytermsandmethods,andLego motorsupply,
for all ESEteams.

Project management Decidedthetaskbreakdown andschedulingof all majorareasof theprojectand
assignedmembersto tasks,with supervisionfrom Dr. Dickman.

Balancecircuitry Initial groundwork to createthedesignof thebalancecontrolsystemand(discarded)
circuitry, anddiscussionwith engineeringprofessor.

PoWDER DesignedandimplementedPoWDERprotocolandNQC codeto berun on all RCXsin the
project.

TALComm De�ned andcreatedtheTALCommcommandlist implementedonall RCXsin theproject.

Slider Redesignedandrebuilt thesliderof thewalker balancingunit.

CourseGates Redesignedandrebuilt thegatemechanismsusedon thecourse.

RCX controller for course Designedandimplementedthe programmingof the control RCX for the
course.

Keyhole Createdthekeyholeto beusedon thecourseby gate1.

Walker Software Outline Outlinedwalker softwarestructureto beimplemented.

ProxyBot Desginedandprogrammedthewalker's placeholderrobotto beusedin the�nal demonstra-
tion.

B.5 Robert Moir

Project Ideas Researchedrobotswith two legs,robotswith n legs,androbotsthatwork asa team.

DesignIdeas Cameupwith basicdesignoutlinefor walkerrobotlegsandbalancecircuitry. Researched
alternative control andguidancesystemsfor robots,including laserguidanceandradio control
systems.

Accelerometer Chips SourcedthreeADXL202E accelerometerchips(£30 perunit) at nocost.

Walker Robot Legs Designed,built andtestedwalker robotlegs.

Walker BalanceCir cuit Helpedto design,build andtestwalker balancingelectronics.

BalanceCir cuit Power Supply Designed,built and testedbalancecircuit's regulatedpower supply
board.

Final Project Report Wrotesomesectionsof the�nal projectreport.
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Appendix C

TeamA Language(TAL) Reference
Manual

TheTeamA Language(TAL) canbeusedto programthegrabberrobotto completeany numberof as-
saultcourses.Thelanguagecanalsobeusedto allow thegrabberto communicatewith any robotwhich
supportsTALComm commands,suchasthe walker robot, so that they canbe involved in the assault
course.

A TAL program�le is built up of a numberof statementsterminatedby a semicolon.Eachstatement
containsa commandwhich canbe usedto control the robot, or initiate communicationwith another
robot.Thefollowing commandsarecurrentlyimplemented:

� move <direction> <distance>

Thiscommandis usedto move thegrabberacertaindistancein thegivendirection.Thedirection
canbeanabsolutecompassdirection(north,southetc.) wheretheinitial directionof therobotat
the startof the programis taken to be north. The directioncanalsobe relative to thegrabber's
currentdirection(forward,right,backwardetc).Thedistancetobemovedisenteredasthenumber
of centimetresyouwishto movetherobot.Thefollowing blockof codewill movetherobot25cm
to theright of its currentdirection:

move right 25;

� turn <direction>

This commandis usedto turn the robot in a certaindirection. The directioncanbe an absolute
compassdirection(north, southetc.) wherethe initial directionof the robot at the startof the
programis takento benorth. Thedirectioncanalsoberelative to thegrabber's currentdirection
(forward,right, backwardetc). Thefollowing block of codewill turn therobotto thedirectionit
wasfacingwhentheprogramwasstarted:

turn north;

� grab

Thiscommandis usedto tell therobotto grabwhatever iscurrentlyunderits grabbingmechanism.

� release

This commandis usedto tell the robot to releasewhatever it is currentlyholding at its current
position.
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� search <length> by <width>

This commandwill initiate a searchof the speci�ed areagiven by the length and width inte-
gers.Thegrabbersearchesa rectangleof distance“length” above its currentpositionby distance
“width” to theleft of its currentposition.Whenthegrabber�nds andgrabssomethingin thisarea
or reachestheendof thesearcharea,it movesbackto theinitial position,facingsouthin relation
to its startingposition. The following codewill instructthe grabberrobot to searcha rectangle
measuring20cmforwardform its currentpositionand40cmto theleft of its positionfor anobject
to bepickedup:

search 20 by 40;

� tell <robot> <TALCommCommand>

This commandis usedto allow the grabberrobot to communicatewith any other robot which
supportsTALComm Commands.At presenttheonly robotwith which thegrabbercancommu-
nicateis the walker. The walker cancurrentlyonly acceptoneTALComm command,which is
themove forwardcommand.This commandis speci�ed by writting forward <distance>
where<distance> is anintegerspecifyingthenumberof centimeterswhich thewalkershould
moveby. Thefollowing examplewill tell thewalker to move forwardsfor 30cm:

tell walker forward 30;

A TAL �le canalsocontaincomments.Thesecommentsareconstructedin a similar way to C or Java
comments.A singleline commentis startedwith a doubleforwardslash(//) andterminatedby a new
line. Multi-line commentsarestartedby a “/*” andterminatedby a “*/”.

BackusNaur Form

Below is thede�nition of TAL in BackusNaurForm(BNF):

<TAL Program File> ::= <statement> {<statement>}

<statement> ::= <command> ";"

<command> ::= <movecommand> | <turncommand> | <grabcommand> |
<releasecomman d> | <searchcommand> | <commscommand>

<movecommand> ::= move <direction> <distance>

<turncommand> ::= turn <direction>

<grabcommand> ::= grab

<releasecommand > ::= release

<searchcommand> ::= search <distance> by <distance>

<commscommand> ::= tell <robot> <TALCommcommand>

<robot> ::= walker
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<TALCommcommand> ::= <TALCommmove>

<TALCommmove> ::= forward <distance>

<direction> ::= north | south | east | west | forward |
backward | right | left

<distance> ::= <number> {<number>}

<number> ::= "0" | "1" | "2" | "3" | "4" |
"5" | "6" | "7" | "8" | "9"

Note: comments can be added to TAL, prefixing single line comments with "//"
and multiline comments started with "/*" and ended with "*/".
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Appendix D

TeamA LanguageCompiler (TALC) User
Manual

A �le which containsTAL commandscan be compiledinto NQC, then downloadedto the grabber
robot's RCX usingthe“TeamA LanguageCompiler” (TALC).

To downloadthese�les to theRCX, theNQC compilermustbe installedon thecomputerbeingused.
Thepathenvironmentalvariablemustalsoincudeanentryto thedirectorycontainingtheNQCprogram.

Thegeneralcommandusedto compileaTAL �le is:

talc [-d] filename

The�lename is thesourceTAL �le to becompiled(usuallysuf�x edwith “.tal”). This will becompiled
into anNQC�le with thesamenamebut suf�x edby “.nqc”.

If the“-d” switchis used,thenthecommandswill bedownloadedto theRCX usingtheUSBIR tower.
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Appendix E

FLaNEL UserManual

E.1 Intr oduction

FLaNELis agraphicalapplicationwhichcanbeusedto create,modify, compileanddownloadTAL �les
usedin thecontrolof therobotscreatedaspartof teamA's ElectronicandSoftwareEngineeringteam
project. This manualwill explain how this applicationcanbeusedandexplainsthevariousfunctions
whichareavailableto theuser.

E.2 Overview

FigureE.1shows a typical view of themaindisplaywindow within theFLaNELapplication.

FigureE.1: A typical view of theFLaNELapplication

Themainwindow canbesplit into threemainareas:
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� Menu Bar

Themenubar is visible alongthetop of themainwindow. It containsmenuswhich canbeused
to performvariousfunctionswithin theapplication.(SectionE.3)

� TAL �le display area

The large areain thecentreleft of theapplicationis usedto displaytheTAL �les openedin the
currentsession.These�les canbedisplayedin anumberof differentformats.(SectionE.4)

� SideBar

TheSideBar runsdown theright sideof themainwindow. This barshows anorderedlist of the
commandspresentin theTAL �le currentlyselectedin the�le displayarea.Thesecommandscan
berearranged,addedto, or deletedfrom thiswithin thissidebar. (SectionE.5)

E.3 Menu Bar

The menubar runsalongthe top of the main window. Therearethreemenus;File which dealswith
variouscommandsapplicationcommandssuchasopeningandsaving �les; Toolswhichhascommands
for compilinganddownloading�les; andHelpwhichallows an“AboutBox” to bedisplayed.

E.3.1 File Menu

TheFile menuis shown in �gure E.2. It containsthefollowing commands,mostof whichareconcerned
with �le handling:

FigureE.2: TheFile Menu

� New

Whenthe“New” menuitemis selected,it will createanew window within themaindisplayarea.
Thisallows theuserto createanew TAL �le, but notethatno �le is createduntil theuserchooses
to save thisnew �le.
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� Open

When“Open” is selected,a new dialoguebox is displayedwhich allows the userto choosea
TAL �le to beopened(see�gure E.3(a)). Initially, only �les which have theextention“.tal” are
displayed.TeamA Language(TAL) �les areusuallysavedwith a “.tal” extention,andsoshould
be visable,but if any other �le is to be opened,the “Files of Type” combobox canbe usedto
displayany �le type(see�gure E.3(b)).

(a) WhenOpenis selectedthefollowing dialogue
boxallows usersto choosewhich®le to open.

(b) TheªFilesof Typeºcomboboxcanbeusedso
thatall ®lesareshown, or only .tal ®le.

FigureE.3: TheOpendialoguebox.

Oncea �le is selected,it canbeopenedusingthe“Open” button. This will createa new window
within themaindisplayarearepresentingtheopened�le (seeSectionE.4).

FigureE.4: An ErrorLog displayingthesyntaxerrorswithin thisnewly openedTAL �le.

If the�le which is openedis notavalid TAL �le, thenanerrorlog dialogueboxwill bedisplayed,
asshown in �gure E.4. This error log will show thevariousreasonswhich preventthis �le being
valid.
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� Save As

The “Save As” menuitem, whenselected,displaysa save dialoguebox (see�gure E.5). This
dialoguebox allows theuserto choosewhereto save the�le, andwhatto call this �le. Notethat
it is standardconventionto namethis �le with a “.tal” extention.

FigureE.5: Thefollowing dialoguebox is displayedwhenthe“Save As” menuitem is selected.

Whenthe“Save” buttonis pressedthecurrentlyselectedwindow within themaindisplayareais
savedasaTAL �le. Thetitle of thecurrentlyselectedwindow is thenupdatedto re�ect thename
of this �le.

� Save

The“Save” menuitem performsin muchthesameway asthe“Save As” menuitem. Thediffer-
enceis thattheuserdoesnot have theoptionto choosewhereto save this �le, the�le is savedto
the lastsavedposition,or to the �le from which it wasopened.If thecurrentlyselectedwindow
is new andhasnot beenopened,theSave menuitem opensa save dialoguebox andperformsin
thesamewayasthe“Save As” menuitem.

� Exit

The“Exit” menuitemallowstheuserto exit theapplication.Thecrossin thetopright of themain
applicationwindow alsoperformsthis function.

E.3.2 ToolsMenu

TheToolsmenuis shown in �gure E.6. It containsthefollowing two commands:

FigureE.6: TheToolsMenu

� Compile

The “Compile” menuitem canbe usedto producea valid NQC �le from thecurrentlyselected
TAL window in themaindisplayarea.This NQC �le will be placedin the directorywherethe
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TAL �le waslastsaved. If theTAL �le hasnotbeensaved,a dialoguebox will alerttheuserthat
the�le shouldbesavedbeforecompiling.

� Download

The“Download”menuitemis usedto downloadthecommandscontainedin thecurrentlyselected
TAL �le to thegrabberrobot. This command�rst recompilestheTAL �le in thesameway asif
theCompilebuttonwaspressed.TheUSB IR tower is thenusedto downloadthesecommandsto
thegrabberRCX. It mustbeensuredthat thegrabberRCX is on, andthe IR tower is facingthe
RCX'sIR port. If any errorsoccurin thedownloadingprocess,thenanerrorlog will bedisplayed,
similar to theoneshown in �gure E.7.

FigureE.7: An errorlog is displayedif the�le cannotbedownloaded

E.3.3 Help Menu

TheHelp menuis shown in �gure E.8. At presentit only containsanoptionto displayan“About Box”
for theprogram:

FigureE.8: TheHelp Menu

� About

Thismenuitemwill displayadialoguebox(�gure E.9)containinginformationabouttheFLaNEL
application.
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FigureE.9: TheFLaNEL“About Box”

E.4 TAL ®le display area

Themaindisplayareais thelargeblueareaat theleft handsideof themainapplicationwindow. Within
this area,new internalframesaredisplayedcorrespondingto thecurrentlyopenedTAL �les (See�g-
ureE.10(a)).ThecurrentlyselectedTAL �le is shown with abluebaralongthetopof its window. These
windows canbemovedby draggingthebluebarat thetop of thewindow. They canalsoberesizedby
draggingat thesidesof thewindows. Therearethreebuttonsat thetop of thesewindows which canbe
usedto minimize,maximizeor closethewindow (See�gure E.10(b)).

(a) Themain displayareawherenew ®les areopenedas
windows.

(b) Thewindow controlsfor each
box.

FigureE.10:DisplayArea

Whena TAL �le is opened,or a new �le is created,a new window is createdwithin this displayarea.
This window allows theTAL �le to beviewedin a numberof ways.TheTAL �le view canbechanged
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usingthetabsat thetopof thewindow. Thefollowing views areavailable:

� Graphical Map

The“GraphicalMap” view givesagraphicalrepresentationof theroutetakenby therobotsif they
performthecommandsgivenin theTAL �le (See�gure E.11).

FigureE.11:TheGraphicalMap view

This view shows a top down view, with the grabber's startpositionshown in the centreof the
window andthegrabber's initial positionbeingupwards.Themapis split by a graygrid, where
thedistancebetweenlinesrepresent10cm,allowing distanceof movementto bemeasured.

Thegrabberrobot's routeis shown by a greenline. A searchcommandis shown by a rectangular
greenbox,within which thegrabberrobotwill searchfor anobject.Othercommandsto thegrab-
ber, suchasturn,releaseandgrab,areshown by bluesymbols.

Commandswhich usethe grabberto transmitcommandsto otherrobotsareshown in red. For
example,thecommandwhichtells thewalker to moveforwardby acertainamountis represented
by a redline showing themovementof thewalker, with awalker icon below this line.

� TAL Commands

The “TAL Commands”view displaysthe currentTAL �le as it would appearwhensaved (see
�gure E.12).
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FigureE.12:TheTAL Commandsview

� NQC Commands

The“NQC Commands”view displayswhatwill beproducedby thecurrentTAL �le whenit is
compiledinto anNQC �le (see�gure E.13).

FigureE.13:TheNQCCommandsview

E.5 SideBar

TheSideBar runsdown theright-handsideof themainwindow (�gure E.14).Thissidebarcanbeused
to modify thelist of commandscontainedwithin thecurrentlyselectedTAL �le.
Whenthe window representationof a TAL �le is selectedwithin the main displayarea,the sidebar
changesto representthisTAL �le. All changesmadeusingthesidebarwill bere�ectedin thiscurrently
selectedwindow.

Thesidebardisplaysa list of commandswhich arecontainedin theselectedTAL �le. This list canbe
rearrangedby selectinga command,andmoving it up anddown usingthearrows at thesideof thelist.
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FigureE.14:TheSideBar

In betweenthesearrows is abuttonwith aredcross.Thisbutton,whenpressed,will deletethecurrently
selectedcommandfrom thelist of commands.

New commandscanbe addedto the list usingthe text box below the list (�gure E.15(a)). The “Add
Command”buttonwill addthecommandcontainedin thetext box into thelist of commands,immedi-
atelyafterthecurrentlyselectedcommand.If nocommandis selectedin thelist, thenthenew command
is addedat theendof thelist. If thecommandbeingaddedis notavalid TAL command,thenadialogue
boxwill displaytheerror, asshown in �gure E.15(b).

(a) Commandscan be addedby
enteringa commandandpressing
ªAdd Commandº.

(b) An incorrectly structured
commandwill createa dialogue
box showing what the syntax
erroris.

FigureE.15:AddingCommands.

Thesidebarcontainsa furthertwo buttons,CompileandDownload.Theseperformin exactly thesame
wayasthemenuitemsin thetoolsmenuwith thesamename(seeSectionE.3.2).
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Appendix F

Powder ReferenceManual

F.1 UsingPoWDER

In its currentstate,PoWDERofferstwo “public” proceduresto providesendingandreceiving function-
ality. They are:

/* Sends a TALcomm comand */
POWDER_sndTALComm(i nt msg, int& result);

/* Receives a message */
POWDER_rcv(int& msg);

POWDER sndTALComm will sendthe integer is suppliedasa TALComm message.It shouldonly
beusedto sendmacrosde�ned in theTALCommBindings.nqc�le. Note thatdueto limitationsof the
RCX IR communicationfacilities,only an8-bit integer is sent.If theinteger is larger, e.g. 16-bit local
variables,thenonly thelower8 bits will besent.

If a call to POWDER sndTALComm is successful,thenthevariablepointedto by resultwill be1, oth-
erwise0.

Calling PoWDERrcv will causea delayin that task,until a messageis received. To work aroundthis,
thecall maybeplacedin a separatetaskwhich deliverstheresultto a globalvariable.A call to receive
mayreturnanerroneousresultthecommsshouldfall outof sync.In theproject,this would behandled
by thesoftwarereceiving thecommandsandsois not signi�cant.
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Appendix G

TeamA Languagefor Communications
(TALComm) ReferenceManual

TALCommmacroscanbeusedin any programby includingtheTALCommBindings.nqcin thenqc�le
of theprogram.Eachcommandvaluecanthenbereferencedby themacroname.

TALCommcommandsmustbeimplementeduniquelyoneachrobotor device. Thecommandsaresim-
pleenoughto facilitatethecommandandcontrolof therobotsontheoriginalcourse.In orderto de�ne a
new TALCommcommandsimplyedit theTALCommBindings.nqc�le andenteraRCX messagevalue
(8 bit unsignedinteger)for thecommand.Messagenumbersmustbeauniquenumberlessthan255and
unusedin bothTALCommBindings.nqcandPoWDERBindings.nqc.An example:

#define TALCOMM_NEWCOMMAND 16 /* 00011111 in binary */

Atomic commandsare:

TALCOMM ACK Usedasasuccess�ag.

TALCOMM ERR Usedasa failure�ag.

TALCOMM STOP Stopcurrentmotion.

TALCOMM CLOSE Closegate,dooretc.

TALCOMM QUERYID RequesttheID of a robot.

TALCOMM STARTCOMMAND Optionalinitialisationmessage.

TALCOMM ENDCOMMAND Optionalterminationmessage.

Eachcompoundcommandshouldfollow a setsequenceto enablerobotsto communicatecommands
reliably. Thecurrentcommandsaredescribedbelow andmustusethegivensequences:

1. TALCOMM MOVE - Usedto instructa device to startmoving. This is normally forward. The
valuecanbeusedto representany typeor resolutionof distance.E.g. inches,secondsetc.

2. 1 x 8-bit unsignedinteger

1. TALCOMM MUL TIMO VE - Allowsamovecommandto besentwith avaluehigherthan255.
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2. N 8-bit unsignedintegers(whereN*255¡=32768)

3. TALCOMM ACK

4. Note: thevalue32768canbeusedfor any resolutione.g.centimetres,inches,secondsetc.

1. TALCOMM RIDFOLLO WS - Usedto indicatethat a device wishesto identify its type by
sendinganID number.

2. ROBOT ID X

3. Note:X shouldbeoneof thede�ned RobotIDs in TALCommBindings.nqc

1. TALCOMM RELAYFOLLO WS- Transmitsa1 bytemessagethatis to beheldandthenrelayed
to ROBOT ID X.

2. ROBOT ID X

3. 1x 8-bit unsignedinteger

1. TALCOMM OPEN - Instructsadevice to openits gateor dooretc.

2. ROBOT ID X

3. 1x 8-bit unsignedinteger

4. Note:The�nal integeris usedasa “password” for openingthegate.

Thefollowing NQC exampleusesthecurrentPoWDERimplementationto relaya messageto thegate
throughthewalker.

...
#define THEPASSWORD666
...

POWDER_sndTALComm(T ALCOMM_STARTCOMMAND, te mp);
/* optional success check would be here */
POWDER_rcv(temp);

/* Check it is ok to send commands */
if(temp==TALCOM M_ACK) {

POWDER_sndTALComm(TALCOMM_QUERYID );
POWDER_rcv(temp) ;

/* Check we are sending to the correct robot */
if(temp==ROBOT_I D_WALKER){

POWDER_sndTALComm(TALCOMM_RELAYFOLLOWS,te mp);
POWDER_sndTALComm(ROBOT_I D_GATE) ;
POWDER_sndTALComm(THEPASSWORD,te mp);
POWDER_rcv(temp) ;

/* Was the command accepted? */
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if(temp==TALCO MM_ACK) {
POWDER_sndTALComm(T ALCOMM_ENDCOMMAND, te mp);
PlaySound(SOUND _FAST_UP) ;

}else{
/* Could try again... */
POWDER_sndTALComm(T ALCOMM_ENDCOMMAND, te mp);
PlaySound(SOUND _LOW_BEEP);

}else{
POWDER_sndTALComm(TALCOMM_ENDCOMMAND,t emp);
PlaySound(SOUN D_LOW_BEEP) ;

}
}else{

POWDER_sndTALComm(TALCOMM_ENDCOMAND,te mp);
PlaySound(SOUND_ LOW_BEEP);

}
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Appendix H

BalanceCir cuit ReferenceManual

H.1 Connectingthe power supply

1. Find thecircuit marked“Balancecontrolcircuit”.

2. On this circuit is a labelstating,“Connectpower supplyhere”. Find this labelthenturn over the
circuit board.Youshouldseethepower supplyconnector.

3. Find thecircuit marked“Powersupply”.

4. Make suretheswitchon thepowersupplycircuit is in theoff position.

5. Theoutputfrom thepowersupplycircuit consistsof 3 wires;blue,blackandyellow. Connectthis
outputto theBalancecontrolcircuit makingsurethatthebluewire is closestto thecopperdot.

H.2 Connectingthe LegoMotors

1. Locatetheoutputconnectorsmarked“Motor Connection”.

2. Connect2 Legomotorsto theseoutputports.

H.3 Start operating

1. Finally, turn on thepower supplycircuit, move theswitchto theON position.

2. The circuit shouldnow be operating. If the Lego motorsare not turning in the directionyou
expect,reversetheconnectionsto theLegomotors.
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Appendix I

Overall UserManual

I.1 Intr oduction

TheRACE assaultcoursecanbe setup on any �at, level surfacelarge enoughfor the two robots,the
gatesandany obstaclesthattheGrabberrobotcanbeprogrammedto avoid.

I.2 Equipment

Thefollowing equipmentis requiredto setup theRACEassaultcourse.

� Walker Robot

� GrabberRobot

� GatekeeperUnit

� Shallow Steps(e.g.books)up to 2cmin height

� Rigid Flat Surface(e.g. woodenplank) largeenoughto make a slopeof gradient< = 20 degrees
from topof stepsto groundlevel

� Two Lego GateUnits

� KeyholeUnit to activate�rst gate(Switchrig unit)

� Obstacles(e.g.books)thattherobotscannotcross

� TapeMeasureandRightAngle(e.g.setsquare)

� An object which can be picked up by the grabberandusedas a key (e.g. threeLego wheels
connectedtogether)

� Chalkor othermeansof markingoutareason theobstaclecourse�oor

� USB LegoMindstormsTower

� PCwith NQCandLegoMindstormssoftwareinstalled

� TALC andPoWDERinstalledon thisPC,andoptionallyFLaNELto programtherobots.
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I.3 CourseLayout

Thecoursemaybelaid outastheuserwishes,providedthatthefollowing rulesareadheredto.

� Theremust be a clear, straightpath, in the walker robot's directionof travel from its starting
position,up thestepsanddown theslopefrom thetopof thesteps.

� TheLego brick “key” mustbeaccessibleto theGrabberrobot from its startingpositionwithout
theopeningof any gates.It mustalsobeheavy enoughto activatethedetectingdevice, but also
beableto bepickedup by theGrabberrobot(about50g).

� The Keyhole (Brick detectingdevice) mustbe accessibleto the Grabberrobot from its starting
positionwithout theopeningof any gates.

� TheGrabberrobotmusthave roomto maneuveredthroughthegatesoncethey areopen.

� TheGatekeeperRCX mustbepositionedsoasto beableto communicatewith thewalker robot
from thetopof thesteps.

� TheGatekeeperRCX mustalsobeableto signaltheGrabberrobotwhenthesecondgateis open,
providedthattheGrabberis in front of thesecondgate.

� Distancesbetweencourseelementsshouldbein wholenumbersof centimetres.

I.4 Procedure

I.4.1 StepOne

Setup the courseaccordingto the layout rules,usingthe tapemeasureandright angleto accurately
measuredistances.

I.4.2 StepTwo

Usethechalkto mark thestartingpositionsof thetwo robots,andto markout anareafor theGrabber
to searchfor theLegobrick.

I.4.3 StepThree

PlacetheLego brick anywherewithin theboundariesof thesearcharea.

I.4.4 StepFour

UsetheFLaNELgraphicalinterfaceto programtherobotsto navigatethecourse.

I.4.5 StepFive

Switchon all theRCX's.

I.4.6 StepSix

Downloadthecompileddatato thegrabberrobotsRCX usingtheUSB tower.
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I.4.7 StepSeven

Placetherobotsat their startingpositions,facingthedirectionsyouhave programmed.

I.4.8 StepEight

Switchon theWalker's balancecircuitry.

I.4.9 StepNine

Press“run” on theGatekeeperRCX, thentheWalker RCX and�nally theGrabberRCX.
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Appendix J

CodeListings
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J.1 RobotsNQC Code
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J.2 PoWDER / TALComm Code
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J.3 TALC Code
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J.4 FLaNEL Code
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Appendix K

Data Sheets
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Appendix L

OrCAD Footprint Tutorial
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