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Abstract

This thesisdescribesthedesignanddevelopmentof thecontrolsystemfor theUniversity

of QueenslandRoboRoos2001 robot soccerteam. This year, the robotsunderwenta

completemechanicalredesign.The redesignsaw the introductionof a omni-directional

drive system.In orderto operatethedrive systemin a controlledmanner, a new control

systemwasrequired.

As mobile robots,suchasthe RoboRoos,interactwith the real world, many non-ideal

characteristicsandfactorsmustbetakeninto account.Whendealingwith robotmotion,

thesefactorsincludefriction, stiction, hardwaredelays,componentlimitations andtol-

erances.All thesefactorseffect theway theoverall systembehaves. Themotorcontrol

softwarewasdevelopedto improvethesystemresponse,bringingthesystemoutputcloser

to thedesiredstate.

Themotorcontrolsystemprovidesthevital link betweenthecomplex navigationsoftware

andthe low-level hardware. The role of the control systemis to provide the meansof

enablingthehigh-level intelligentsoftwareto controlthehardwareof therobot.

Themotorcontrolsoftwarereceivesthedesireddistanceanddirectionin which therobot

musttravel from thehigh-level navigationsystem.Fromthesecommandsthemotorcon-

trol softwarecalculatestherequiredwheelvelocities,outputsthesevelocitiesto themotor

andadjustsfor errorwithin thesystemthroughthe implementationof proportionalinte-

gral control.

RoboCup2001 provided the perfect testingplatform for our robots. The systemwas

placedunderthe most demandingof situations,internationalcompetition. The omni-

directionaldrive systemand its control systemproved capableof handlingthe highly

demandingcompetitiverigoursof this level of competition.

Developmentof thecontrolsystemis still necessary. Throughtestingfurtherre�nements

to themotorcontrolcodeconstantsusedin thecontrolcalculationscanbemade,although

the currently usedconstantsoperatesatisfactorily. With the addition of a ball control

mechanism(dribbling bar), control softwarewill be requiredfor its operation.The ad-

dition of thedribbling barwill meana new schemawill have to bewritten allowing the

robotsto pivot aroundtheball while dribbling.
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Chapter 1

Intr oduction

1.1 ThesisOverview

This thesisdetailsthe developmentof the motor control software of the University of

QueenslandRoboRoos2001robotsoccerteam.Thecontrolsystemformsthemeansby

which the high-level intelligent navigation codecontrolsthe low level hardwareof the

robot.

The redesignof the drive systemfrom a differentialdrive con�guration to a six-wheel

lateralorthogonalomni-directionaldrivesystemrequiredanew controlsystem.Thenew

mechanicalcapabilitiesof thedrivesystemhadto berealisedwithin thesoftwarerunning

bothon therobotsandon thecommandingcomputer.

Themotorcontrolsoftwarereceivesthedesireddistanceanddirectionin which therobot

musttravel from thehigh-level navigationsystem.Fromthesecommandsthemotorcon-

trol softwarecalculatestherequiredwheelvelocities,outputsthesevelocitiesto themotor

andadjustsfor errorwithin thesystemthroughthe implementationof proportionalinte-

gral control.
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1.2 RoboCup

RoboCupis an annualinternationalcompetitionaimedat promotingthe researchand

developmentof arti�cial intelligenceandrobotic systems.The competitionfocuseson

thedevelopmentof roboticsin theareasof

� Multi Agentrobotplanningandcoordination

� PatternRecognitionandrealtimecontrol

� SensingTechnology

� VisionSystems(bothglobalandlocal cameras)

� Mechanicaldesignandconstruction

Thelong-termgoalof RoboCupis:

By theyear2050,developa teamof fully autonomoushumanoidrobotsthat

canwin againstthehumanworld soccerchampions.

This statementmight seemextravagantby today's technologicalstandardsandwill re-

quire an immenseamountof researchbeforeit is possible.Despitethe enormityof the

taskand the lack of currentsuitabletechnologywe mustconsiderthat it only took 50

yearsof developmentto take manfrom their �rst powered�ight to landingon themoon.

Coupledwith thephenomenalprogressof computingtechnologysuchanoutstandinggoal

maybeindeedachievablewithin this time frame.

TheRoboCupWorld Championshipsconsistsof sevendifferentevents

i. F180,Small-SizedSoccerRobotLeague:

Teamsof 5 small autonomousmobile robots(180mmin diameter)playing socceron a

green-carpeted�eld thesizeof a ping-pongtable.A golf ball is usedasa substitutefor a

soccerball. A camerais locatedontopof the�eld andandprovidestheinputto therobot's

global vision system. Local camerascanbe mountedon the robots. Communications

betweentheautonomouscommandingPCandtherobotsis via awirelessFM radiolink.
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ii. F2000,Medium-SizedSoccerRobotLeague:

Teamsof up to four robotswith an areaof no more than
�������������

competeon a � ve

metreby nine metre�eld. The �eld is carpetedandhasmarkingssimilar to thoseon a

realsoccer�eld. Therobotsarefully autonomouswith local vision processing.Wireless

communicationsis permittedbetweentherobotsonly. TheF2000robotsplaywith aFIFA

approvedbrightorangeindoorsoccerball.

iii. SonyLeggedRobotLeague:

Teamsof up to threeSony entertainment(AIBO) robotsplay eachother on a green-

carpeted�eld with sloping sides. The cornersof the �elds are marked with different

colouredcylinderssotherobotsknow wherethey areon the�eld. Therobotsplay using

abrightorangeplasticball.

iv. SoccerSimulationLeague:

Thesoccersimulationeventconsistsof aseriesof scienti�c evaluations,competitions,and

researchdemonstrations,of arti�cial intelligence(AI) andmulti-agentsystems(MAS)

technology. All eventsutilise theRoboCupSoccerServer asthedomainin which agents

areto operate,in essenceagreeingon astandardtest-bedfor experimentation.[2] Soccer

Server consistsof 2 programs,̀ soccerserver' and `soccermonitor'. `soccerserver' is a

�eld simulator that calculatesmovementsof playersand a ball. `soccermonitor'is a

window interfacethatdisplaysa window of the�eld onanX-window. [3]

v. RoboCupRescueSimulation:

A distributedcomputersimulationenvironmentof earthquake disastersincluding maps

hasbeenpreparedby the organiser, wherebuildings collapse,streetsare blocked, �re

spreads,andtraf�c conditionsareaffectedbyaseismicreaction.Intelligentactionbrigades

(agents)of softwaretry to minimisethedisasterdamagein thisvirtual space.Rescuepar-

tiessave victims from thedestroyedbuildings,�re-�ghter companiesextinguishthe�re,

andpolicepartiesopentheblockedroads.

vi. RoboCupRescueRobotLeague:

The leagueconsistsof robotsthat areeither tele-operated,shareautonomyor arefully

autonomousthatsearchfor humanbodieswithin theremainsof abuilding ef�ciently and

accurately. The�eld consistsof a realsizeddestroyedbuilding of threelayerswith each

layer of the building focusingon different situationsthat might be encounteredin the

�eld including traversingobstacles,negotiatingrubbleandovercomingdif�cult sensory

situations.
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vii. RoboCupJunior League:

RoboCupjunior is a leaguesetup for primary andhigh schoolstudents.It consistsof

3 separatechallengeswithin the league:soccer, rescueanddance.Thesoccerchallenge

consistsof robotsconstructedfrom Lego thatplaya2-on-2soccergameona �eld which

is colourcodedin shadesof gray. Thethemeof this yearsrescuechallengewasthat the

robotswererequiredto rescuehumansfrom the roof of a burningbuilding. To �nd the

victims, therobotshadto follow a blackline on theplaying�eld until they reachedtheir

targets.Thedancechallengeconsistsof oneor morerobotsthatwearcostumesandmove

creatively to music.

1.3 Overview of who the RoboRoosare

TheUniversityof QueenslandRoboRoosteamconsistsof � vehighly specialisedsoccer-

playingrobots.This teamof robotsweredesignedwith theprimaryobjectiveof compet-

ing in andwinningRoboCup2001.

Our teamconsistsof mobile robotsdesignedto be highly agile and powerful both in

defenceandattack. The redesignedrobotsarea mechanicallysuperiorrobot featuring

a six-wheelorthogonalomni-directionaldrive system,consistingof threeindependently

controlleddrive units. Eachdrive unit consistsof a bi-directionalDC motordriving the

wheelsthrougha simplegearbox.Built into eachof the drive units arehigh-resolution

magneticencodersto providemotionfeedbackto theonboardMotorola68332-controller

board.

The controllerperformsthe motor control andplansthe pathtaken by the robotsbased

on the informationreceived from thecentralcontrollingPCvia the418/433MHz radio

link. The centralcontrolling PC,usinga framegrabbercard,collectsimagesfrom the

overheadcameraandprocessestheimagesto facilitatethegenerationof teamstrategies.

Figure1.1 givesan overview of theentiresystem.For a photoof theactualsystemthe

systemthatconstitutestheRoboRoos2001robotsoccerteamreferto AppendixA.

TheRoboRoosteamcompetedin theF-180small sizeleagueof RoboCup2001held in

Seattle,USA in August. The small sizedleagueconsistsof teamsof 4 �eld robotsand

a goalkeeperplaying socceron a �eld the sizeof a ping-pongtable. The small robots

useanorangegolf ball asa substitutefor a soccerball. Therulesof the leaguestipulate

that the robotmust�t within a cylinder of 180mmdiameterandbeof a heightno more

4
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Figure1.1: TheRoboRoossystemin overview

than150mm. Asidefrom thissizerestrictionthemobilerobotsplayby rulesverysimilar

to thosestipulatedby FIFA. A full listing of the small sizeleaguerulesareincludedin

AppendixE. Thephotographincludedin �gure 1.2 shows theRoboRoosteamin action

in thequarter�nals of RoboCup2001,SeattleUSA.

Figure1.2: RoboRoosin actionin thequarter�nals of RoboCup2001,Seattle
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1.4 Work completedon this thesis

Thework completedwithin this thesishasincludedmechanicaldesignwork, component

selectionandthe writing the control software that bring all the physicalaspectsof the

robotsdrivesysteminto operationalharmony.

Dri veSystemDesignand Motor Selection

Themechanicalredesignof therobotswasundertakento greatlyimprovethemechanical

performancecharacteristicsof the robots,in particularin termsof their agility andma-

noeuvrability. In orderto beagile,themechanicaldesignof therobotrequiredthecentre

of massof therobotto beaslow aspossible.As mostof therobotsweightwascontained

within thedrivesystemandthemainchassis,theintentionwasto designtherobotswith

pro�les aslow aspossible.

With the intentionof designinglow pro�le, agile,manoeuvrablerobotswe setaboutse-

lectinga drive system.Oncethedesignhadbeen�nalised asbeingthesix-wheellateral

omni-directionaldrivesystemwesetaboutselectingcomponentswith whichto construct

this drive systemdesign. The components,which controlledthe drive systemsperfor-

mance,includedthemotors,geartrainandencoders.Themotors,geartrainandencoders

usedin the�nal designof thedrivesystemwereselectedsuchto maximisethecontinuous

accelerationandcontinuousvelocity of the robots. Whendesigningfor agility andma-

noeuvrabilityit wasdecidedthatthesetwo factorswerethemostimportantto maximise.

Kinematic Calculations

With thedrivesystemdesigned,thenext taskwasto developa systemof controllingthis

new drivesystem.Toenablecontrolof thedrivesystemaseriesof mathematicalequations

describingthe drive's operationwere required. The equationsdescribedthe kinematic

relationshipbetweenthe robot's wheelvelocitiesandtheoverall platformvelocity. The

equationswere�rst derivedsuchthatwith a robotplatformvelocity, thewheelvelocities

couldbecalculated.Theinversekinematicequationswerethenderivedto allow therobot

platformvelocity to becalculatedfrom individualwheelvelocities.
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Designof the ReactiveControl System

The robust operationof the reactive control loop implementedin the RoboRoos2000

teamconvincedusto modify theexistingcontrolloopto controlthenew omni-directional

drive. In thedifferentialdrivecon�gurationthecontrolprocesswasperformedonboththe

forwardtranslationalvelocityandtheturningvelocity. An inherentpropertyof theomni-

directionaldrive is that both the translationaland rotationalcomponentsof the robots

motionarefully decoupledandarederivedfrom therelationshipbetweenthewheelve-

locities. This meansthat we have to performcontrol on the individual wheelvelocities

only and resolve the issueof translationand rotation control higher in the navigation

softwareat a schemalevel. Thereforethe major changeswithin the control codewere

to changethe control loop to operateon the wheelvelocitiesandto remove control of

forwardandturningvelocities.

Motor Control Schemas

With the relationshipbetweenthe robot's wheelvelocity andthe platform velocity de-

scribedby thekinematicequations,thetaskof developingcodethatwouldproducerobot

motionwasundertaken. This codeconnectsthenavigationalsoftwarewith themechan-

ical structureof the robot, effectively providing the meansof communicationbetween

the intelligentsoftwareandthemechanicalhardware. The�rst taskwasto establishthe

parametersthatwouldberequiredfrom thenavigationcodein orderto controltherobot's

motionin thedesiredmanner. Onceparametersthatthenavigationcodewould passhad

beenestablishedthe kinematicequationscould be usedto calculatethe desiredwheel

velocitiesto achieve thedesiredtranslationalandrotationalvelocities.Oncethedesired

wheelvelocitieshadbeencalculatedthewheelvelocitiesarepassedto thereactivecontrol

system.

7



1.5 DocumentOverview

Chapter2 reviews the existing RoboRoos2000robot soccerteamconcentratingin par-

ticular on thedrivesystemandthecontrolsoftwareimplementedin therobots.A review

of the winning teamof RoboCup2000,Cornell, is alsopresented.The potentialdrive

systemsareexaminedwith adetailedexplanationof theoperationof thedrivesystemthat

wasselected.This is followed by a review of control theoryillustrating what concepts

couldhavebeenimplementedin thenew controlsystem.

Chapter3 discussesthe aimsof the thesis. The chapterdetailsthe speci�cationsof the

desireddesign.

Chapter4 detailsthe drive systemthat was implementedin the RoboRoos2001robot

soccerteam.Thekinematicsandthedynamicsof thesystemaredescribedin detail.The

kinematicequationsthat formeda critical partof thecontrol codearealsoderived. The

selectioncriteriausedin selectingthedrivemotors,gearsandencodersarealsodetailed.

Chapter5 detailsthe control codethat was implementedaboardthe robots. Firstly an

overview of the navigation codeis given. The pathplanningprocessof the navigation

is discussed.Thereactive control loop is describeddetailingthecontrolmodelused,the

controlcalculationsperformedandtheform of compensationimplemented.Themotion

control systemis then explainedin detail, describingthe motor control schemas,path

integrationsandthegenerationof thewheelvelocities.

Chapter6 discussestheperformanceof theRoboRoosteamin theRoboCupworld cup.

Theoverallperformanceof theRoboRoos2001drivesystemandcontrolsystemarecom-

paredto thespeci�cationsthatwe setout to achieve. Furtherwork thatneedsto becom-

pletedon this thesisis alsodetailed.

Chapter7 concludesthe thesisby reviewing whathasbeenachievedwith thedesignof

thecontrolsystem.
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Chapter 2

Literatur eReview and Existing

Technology

Beforewe canbegin creatinga new designfor the RoboRoos2001we must�rst anal-

yse the RoboRoos2000 teamand the teamthat won the competitionlast year to de-

terminewhereour redesignefforts shouldfocus. From the RoboRoos2000review we

must identify which aspectsof the designshouldbe retainedandwhat shouldundergo

redesigned.In additionto reviewing lastyear's teamwe mustanalyselastyearswinner,

Cornell RoboCupteam,to identify the standardthat mustbe exceeded.Oncethe stan-

dardshavebeenestablishedareview of thepossibletechnologythatwecanimplementis

alsooutlined.

2.1 RoboRoos2000Review

To gainaninsightinto theoperationof theRoboRoossystem,abrief overview of eachof

thesystemcomponentswill bemade.Figure1.1 illustrateshow eachof thecomponents

interactto form thecompletesystemthatis theRoboRoos.Thecomponentsmostrelevant

to this thesisarediscusseddetailingtheplatformfrom which theRoboRoos2001control

systemwascreated.
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2.1.1 Operational Overview

MechanicalDesign

The mechanicaldesignof the �eld robotsin the RoboRoos2000 teamwas optimised

for speed,accelerationand corneringability, while maintainingas broada front face

aspossiblefor contactwith the ball. The drive systemfor the robot wasarrangedin a

differentialdrivecon�guration. Thetwo wheelsweremountedon thesidesof therobots

with the motorsdirectly coupledto the wheelsvia spur gearboxes. Te�on skids were

placedat the front andrearof the robot to provide the third point of contact.The tyres

weremadeof soft rubberproviding a high coef�cient of friction to minimiseslip during

acceleration.Thetablebelow outlinesthemechanicalcapabilitiesof therobots.

Continous Peak
Acceleration(

����� �

) 1.5 3.6
Speed(

���������

2 3.4
Timeoverhalf �eld (s) 1.33 0.86

Table2.1: Mechanicalcapabilitiesof theRoboRoos2000robots

Electronic Design

The electronicsof the robotsarehousedon two boards. The main boardcontainsthe

CPU,associatedmemoryandthepowerelectronicsfor thecontrolof themotors.TheRF

communicationelectronicsof therobotsarehousedon aseparateshieldedboard.

TherobotsarecontrolledbyaMotorola68332microcontroller, featuring16x 16bit timer

channelssupportingPWM andquadraturecapturefor themotordrive. Opticalencoders

aremountedon thewheelshaftsto provide feedbackonwheelvelocities.

Eachrobotis powerby customarrangedNickel MetalHydridebatterypacks,whichhave

the capacityto power the robotsfor at least20 minutesunderstrenuousplaying condi-

tions. The motoraredrivenby H-bridges,with gatedriversproviding the level shifting

requiredby the MOSFETs,which act asswitcheswithin the H-bridge. The MOSFETs

are complimentaryN and P channeldevicesselectedsuchthat the systemis ratedfor

continuousoperationundermotor stall conditionsensuringreliablemotor control in all

situations.
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On-Board Software

The software that runs on-boardthe robotsconsistsof two threads- a cognitive level

threadanda schemalevel thread.Theschemalevel threadis triggeredeverymillisecond

andis responsiblefor themomentto momentnavigationof therobotdealingwith prob-

lem,suchaachieving smoothacceleration.Theprocessesat this level arecalledschemas.

Thecognitive level of thesoftwareis responsiblefor selectingtheappropriateschemaat

any giventime. Thecognitive level maintainstheplanningresourcessuchaspathto goal

locations.

Schemas

The primary schemasaretraverseandalign, which areresponsiblefor the translational

androtationalcontrolof therobots.Eachschemahasa lengthparameterassociatedwith

it to ensurethat if communicationsfail therobotwill halt oncethecurrentmove is com-

pleted.The lengthparameterof a move is determinedby encoderfeedback.In thecase

of new informationarriving duringanoperationthelengthparametercanbemodi�ed or

theschemachangedin a smoothtransition.

The schemalevel of operationsis also responsiblefor keepingtrack of the motion of

the robotsto provide a currentestimateof position. This processof path integration

providestherobotwith a currentandaccuratemeasureof its positionandheading.The

inherentdelayin thesystembetweentheeventandthereceiptof thateventon therobot

is minimisedby updatingbeyondthedelayusinginformationfrom thepathintegrator.

CognitiveLevel

The cognitive level spendsmostof its time calculatinghow to get to the goal locations

thatarespeci�ed in communicationsreceived from the planningsystem.Thedecisions

madeat the cognitive level aretacticalcommandsbasedon a grid representationof the

�eld. The �eld is divided into 90 mm grid units,which roughly dividesthe �eld into a

30 x 16 grid of rectangles.The datareceived from the PC planningsystemdetailsthe

obstaclesthatareaddedto thegrid to representthecurrentplayingconditions.Usingthis

representationof thecurrentplayingconditionsthesoftwaredeterminesthepaththerobot

will take to moveit thegoallocation.
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Vision System

The vision systemreceivesinput from thecolour CCD cameramountedoverhead.The

camerainterfaceswith a vision frame grabberresiding in a PentiumIII 450MHz PC

thatperformsall thevision processingaswell asgeneratingthemulti-agentstrategy for

the team. The primary taskof the vision systemis to locate,identify andtrack eachof

the objectsof the �eld. Colouredballs andpatternmarkingson the robotsareusedto

determinewhich teamtherobotswereon andtheheadingof therobots.

MAPS Planner

The plannerprovidesstrategic commandsto eachof the robotsbasedon an assessment

of thecurrentsituation.Thetwo commandsthataresentto therobotsby theplannerare

GOTO andKICK. Eachof the commandscontainparametersthat indicateto the robot

thelocationto which theKICK or GOTO commandshouldbeexecuted.

2.1.2 Dri veSystem

The RoboRoos2000 chassisthat containsthe drive systemis of an elongateddesign

chosensuchto provide a large surfaceareaon both the front andbackkicking surfaces

of the robots[11]. The shapeand placementof the wheelshasa major effect on the

turning torquethat is generatedby the robot. To maximisethe turning torqueof the

robots,the turningdiametershouldbe aslarge aspossible.This is achievedby placing

themotorsalongthelongestaxisin adifferentialdrivecon�guration. Figure2.1outlines

themechanicaldesignof thedrivesystem.

The drive was designedwith the centreof gravity as low aspossibleto maximisethe

amountof tractionbetweenthe motorsandthe surfaceof the �eld allowing for higher

accelerationwhile maintainingcompletecontrolover therobot. Thewheelsusedon the

drivesystemweresmalldragracingwheel,30mmin diameter, andmadeof soft rubberto

ensurea high coef�cient of friction for maximumtraction. Themotorsusedin thedrive

systemweretype22306V DC-Micromotorsfrom Minimotor. Thegearheadsattachedto

themotorsweretype22/2Kspurgearheadsgiving a3.1:1reductionratio.
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Wheel
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Figure2.1: RoboRoos2000differentialdrivesystem[13]

2.1.3 Control System

Therobotcontrolsystemimplementedin theRoboRoos2000teamutilisesproportional

integral controlaswell asfeedforwardcompensation.Thecodeusedfor thePI control

was originally written by GordonWyeth for useon CUQEE III, the world champion

micro mouse.This codewasalteredto suit thehardwarethatdrivestheRoboRoos.The

fundamentalcharacteristicsof the codeandthe control systemremainthesamein both

applications. Figure2.2 illustratesthe control model that is implementedin the robot

controlcode.
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Figure2.2: RoboRoos2000controlmodel[11]

13



Figure 2.3 illustrateshow the control systemmodel of �gure 2.1 is implementedas a

reactive control loop within the software that residesaboardthe robots. The reactive

control loop is initiated every millisecondby the PeriodicTimer Interrupt(PIT) and is

responsiblefor thegenerationof wheelvelocitiesandthecontrolof thewheelvelocities.
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Thecalculationsusedto determinetheoutputof thecontrolsystemwill now be investi-

gated. In orderto calculatethe proportionalandintegral errorsthe right andleft wheel

velocitiesarecoupledandconvertedto forwardandturnvelocities.Theforwardandturn

velocitiesaregivenby:

ForwardVelocity= right velocity+ left velocity

TurnVelocity= right velocity - left velocity

Thevelocityproportionalerrorsarebothcalculatedasshown:

ForwardError= forwarddesiredvelocity - forwardactualvelocity

TurnError= turndesiredvelocity - turn actualvelocity

Theforwardandturnvelocity integralerrorcalculationsare:

ForwardIntegralError= � forwardproportionalerror

Turn IntegralError=
�

turnproportionalerror

Using the above, the desiredforward and turn motor PulseWidth Modulation (PWM)

valuesthatwewish to outputarecalculated.ThePWM valuesarecalculatedasbelow.

PWM = (proportionalerror + (integral error x integral constant))x propor-

tionalconstant+ (desiredvelocityx feedforwardconstant)

Fromtheforwardandturn PWM valuestheright andleft PWM valuesarecalculatedas

below.

RightPWM = forwardPWM + turn PWM

Left PWM = forwardPWM - turnPWM

ThesePWM valuesarethenpassedto themotorsvia theappropriateTPUchannels.
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2.1.4 Interfaces

Themaincontrolloopontherobotsoperateswithin themainthread(navigate)anddeter-

mineswhattherobotshouldbedoingbasedon thedataframesreceived,via thewireless

RF link, which containenvironmentandcommandupdates.A setof interactingnavi-

gationschemascalculatethecommandspeci�c strategiesthatcontroltherobot'smotion.

Thesenavigationschemascontrolandimplementthepathplanningof therobotby calling

motorcontrolschemas.

Every milliseconda Timer ProcessorUnit (TPU) interruptsuspendsthereactive naviga-

tion schemasandenablesthecurrentmotorschema.Theschemasuseencoderfeedback

to ensurethattherobotis performingits requiredtask.

Themotorschemasinclude:

� Halt - bringstherobotto a halt

� Align - rotatestherobotby a headingof lengthmm

� Traverse- movestherobotforwardby lengthmm

� Curve - given a requiredvelocity anda headingthe robot traversesa distanceof

lengthmm. Hence,this resultsin therobottravelling a curvedpathandarriving at

theprovidedpolarlocationasquickly aspossiblewithin thegivenconstraints.[10]

Thespeedsthataresetin themotorcontrolschemasarereceivedby thereactive control

system.Thissystemrunswithin thesamethreadasthemotorcontrolschemasanddrives

the motorsusingPulseWidth Modulation(PWM). The reactive control systemensures

thatthemotorsactuallydriveat thedesiredspeedusingfeedbackfrom theencoders.

2.2 Cornell 2000Team

In orderto becompetitive in this year's competitiona review of the technologyutilised

by last yearswinner is necessary. The winner of RoboCup2000F180leaguewasCor-

nell RoboCupteam. This teambroughtto the competitiontwo new electro-mechanical

innovations,thesebeingtheomni-directionaldrivesystemandadribblingmechanism.It

wasevidentfromreviewsof theirperformancethattheomni-directionaldrivesystemgave

Cornellasuperioradvantagein manoeuvrability. Thearrangementof theomni-directional
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drivesystemallowstherobotto controlits translationalandrotationalvelocitiesindepen-

dentlyby controllingthedriveassemblyvelocities.

With themechanicaladvantagesof thedrivedeterminedit wasa caseof devising control

strategies that would control the drive systemin sucha way that the teamcould max-

imisetheomni-directionaldrive'sadvantage.Thekey systemconceptbehindthecontrol

strategy employedby theCornellRoboCupteamwasthatof hierarchicaldecomposition.

Figure2.4illustratesthemainideaof theconcept.

STRATEGY
TRAJECTORY
GENERATION

DESIRED FINAL POSITION AND
VELOCITIES, TIME TO TARGET DESIRED VELOCITIES

FEASIBILITY OF REQUESTS

CONTROL
  LOCAL

Figure2.4: Hierarchicaldecompositionimplementedby CornellRoboCupteam[7]

TheStrategy blockof thecontrolsystemis responsiblefor theimplementationof strategy

algorithms. The strategy block dealswith prediction,including obstacleavoidanceand

implementstheplay-basedstrategy thattheteamhasadopted.

TheTrajectoryGenerationblock of thecontrol systemis responsiblefor calculatingthe

future robot velocity pro�le requiredto reachthe �nal position with the desired�nal

velocity in eithertheshortestamountof time or with minimal control. A similar process

is usedwith therobotorientation.Thisdatais thenusedto calculatethewheelvelocities,

whicharesentto therobotvia wirelesscommunication.

Theonly aspectof thecontrol strategiesthatareexecutedon therobotarelocal control

loopsdesignedto regulatetherobot'swheelvelocitiesto thedesiredwheelvelocities.

Figure 2.5 illustratesin more detail the overall trajectoryand control schemefor one

robotadoptedby theCornellRoboCupteam.Theoverallsystemfeedbackis achievedby

solvingtheoptimalcontrolproblemfor every robotatevery frame.

2.3 Dri veAssemblies

Oneof theprimaryobjectivesof themechanicalredesignof theRoboRooswasto design

robotsthatweremoremanoeuvrableandagile thanthe RoboRoos2000team. In order

to do this we hadto investigatethe drive systemsthat wereavailablefor incorporation
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Figure2.5: Block diagramrepresentationof trajectorygeneration[7]

into our new design.Eachof the drive systemcon�gurationsthatwereinvestigatedare

describedbelow with particularreferencemadeto theagility andmanoeuvrabilityof the

design.

2.3.1 Omni-Dir ectional Dri ve

Thesuperiormanoeuvrabilitygainedby theCornellRoboCupteamthroughtheintroduc-

tion of theomni-directionaldrive promptedus to investigatethemeritsof thedrive sys-

tem. The omni-directionaldrive systemgave birth to a new family holonomicwheeled

platformsthat featurefull omni directionalitywith simultaneousandindependentlycon-

trolled translationalandrotationalmotioncapabilities.

A varietyof drive mechanismshave beeninspiredby the "universalwheelconcept",il-

lustratedin �gure 2.6. The "universalwheel"assemblyprovidesa combinationof con-

strainedand unconstrainedmotionswhile turning, the combinationof which provides

omnidirectionality. The"universalwheel"involvesalargewheelwith many smallrollers

mountedon the rim. As the drive shaftof the wheel is poweredthe wheel is driven in

a directionperpendicularto the axis of the drive shaft, i.e. the constraineddirectionof

motion is in the x-axis. At the sametime the rollers allow the wheelto move freely in

a directionparallelto thedrive shaft,i.e. theunconstraineddirectionof motion is in the

z-axis.
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Figure2.6: Exampleof a “universalwheel”

Thedisadvantageswith this setupis that thewheelneedsto be large in orderto accom-

modatetherollersandsuffersgreatlyfrom successiveshockaseachroller makescontact

with theground.A variationof thisdesignis wheretherollersarepositionedat45� from

theaxisandaretaperedto remedysomeof theroller shockexperienced.

Orthogonal Wheels

Theomni directionaldrivesystemusedby Cornell is consideredan"orthogonalwheels"

conceptwith providesnormaltractionin thedirectionperpendicularto thedriveaxisand

free wheelsin the axis parallel to the motor axis. This behaviour is identical to that of

theuniversalwheel.Therearetwo possiblewheelassemblytypebasedontheorthogonal

wheel concept,the longitudinal orthogonalwheel assemblyand the lateral orthogonal

wheelassembly.

Beforewe discussthespeci�csof eachof thedrive assemblieswe will discussthebasic

principleof operationof theorthogonalwheelconcept.Themostcritical componentto

theoperationof thedrive systemis thewheels.Thewheelsof thedrive systemaretwo

spheresof equaldiameter, which have beenslicedto resemblewide roundedtyres. The
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axle of eachof the wheelsrun perpendicularto the slicedsurfacethroughball bearings

allowing thewheelto rotatefreelyabouttheaxle.A roundedbracketat theextremitiesof

theaxleis attachedto anaxlethroughwhich thewheelis rotatedon theroundedsurface

of thespheres,perpendicularto themotoraxis.

Whentwo of thesewheelassembliesareparallel,ataconstantdistanceandtheirrotations

aboutthis motor axis synchronised,contactwith the groundis assuredby at leastone

wheelat all times. Figure2.7 illustratesthesimplestcon�gurationswhich makesuseof

thisoperatingprinciple.
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Figure2.7: Basicorthogonalwheelsoperatingprinciple

Whenthewheelsarerotatedin a synchronisedfashionat thesamespeedthey aredriven

in a directionperpendicularto themotoraxle,i.e. in thex direction.While beingdriven

in thisdirection,thewheelin contactwith thegroundis freeto roll in adirectionparallel

with the bracket axle, i.e. in thez-axis. This free rolling actionallows theentirewheel

assemblyto movefreely in thatdirection.

LongitudinalOrthogonalWheelAssembly

Thelongitudinalorthogonalwheelassemblyis illustratedin the�gure 2.8.Whenthemain

shaftturnsthewheelsprovidetractionin adirectionperpendicularto themainshaft,while

freewheelingin thedirectionparallelto themainshaft. In thedirectionperpendicularto

the main shaft the wheelassemblyhasa constrainedmotion controlleddirectly by the

rotation of the main shaft, while the motion componentthat is parallel to the shaft is

unconstrained.

Themaindrawbackwith this designwhich eliminatedits possibleusewithin our design

wastheinability for thelongitudinalorthogonalwheelassemblyto rotatearoundavertical

axiswithout allowing slip to occur.

During gameplay therobotsareoftenrequiredto rotateon thespotnot only to turn but

alsoto pushthe ball away from the walls. In additionto this inability to rotateabouta

verticalaxis,control of this drive systemwould requiresomeform of sensingof which

wheel is in contactwith the groundasthe distancethe contactwheel is away from the
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Figure2.8: Longitudinalorthogonalwheelassembly

centreof the robot is necessarywhen calculatingthe kinematicsand dynamicsof the

robot. All formsof sensingwould overly complicatethedesignof thewheelassemblies

and the drive systemandbe very susceptibleto damageduring the courseof a soccer

game.

Lateral OrthogonalWheelAssembly

TheLateralOrthogonalWheelassemblyis a slightly morecomplicateddesign,asit re-

quiresa gearor belt typetransmission.Figure2.9givesa simpleillustrationof thedrive

layout. Eachwheel is held in a bracket, which is coupledto a drive shaft located,per-

pendicularto the axis of the wheelaxle. The two drive shaftsareparallelandcoupled

togetherthroughgears,which allow themto bedrivenat thesamevelocityby acommon

motor. Theassemblythushasa constrainedandcontrollabledirectionof motionperpen-

dicular to thedrive shaftsanda unconstrainedfreewheelingdirectionof motionparallel

to thedriveshafts.

Thelateralarrangementof thewheelassemblyallows theplatformto rotateabouta ver-

tical axiswith no slippageandwithout discontinuityof themotorspeed.Rotationabout

a verticalaxis is possibledueto bothwheelsbeingthesamedistancefrom thecentreof

theplatform.

With thelateralarrangementof thewheelassembly, nodiscontinuouschangein themotor

speedis necessarywhengroundcontactchangesfrom onewheelto theother. This is due
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Figure2.9: Lateralorthogonalwheelassembly

to bothwheelsturningwith thesamespeedin theirconstraineddirection;thisalsoensures

thatno slip occursduringwheeltransitions.

Now that the operationof the wheelassemblieshave beendiscussedit is importantto

detailhow theassembliescanform a drivesystemfor a platform.Theonly requirements

are that the layout needsto provide enoughdirectionsof constrainedmotion to allow

both omni-directionaltranslationand rotation, and that the stability of the platform is

independentof theassembly'scon�guration.

In orderto produceaplatformwith threefull degreesof freedomandnokinematicredun-

danciesthesimplestarrangementis thatof threewheelassembliesasshown in �gure 2.8

and2.9.

Thethreeassembliesarelocatedat theapex of atriangleto ensurethestabilityof theplat-

form, while the120� orientationrelationshipbetweentheconstrainedmotiondirections

of theassembliesprovideexcellentdirectionalcontrolcapabilities.

KinematicRelationships

For bothof orthogonalwheelarrangements,theconstrainedmotionof eachassemblyis

indicatedby the arrows labelled1, 2 and3. For eachof the layoutslet
�

representthe

angularvelocity (in rads/sec)of theinternalreferenceframeof theplatform(Xref, Yref)

with respectto the absolutereferenceframe(x, y). The magnitudeof the translational
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velocityof theplatform(in m/s)is denotedby ����� andthedirectionwith respectto thein-

ternalreferenceframeof theplatformis denotedby ��� [0, 2� ]. Usingtheseconventions

thewheelshaftvelocities,�
	 canbecalculated(in rad/sec)for eitherlayoutas:
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where



is the radiusof the sphericalwheelsand
"

	 representsthe distancefrom the

centreof theplatformto thecentreof thewheelassembly) thatis contactwith theground.

The �rst termsof 2.1-2.3representsthe projectionsof the translationalvelocity ���*� on

the constrainedmotion directionsof eachassembly, while the rotationalvelocity of the

platformis representedby thelastterms[5].

Whenperformingodometrycalculationsthe kinematicequationsareusedin a slightly

differentform, whichclearlyillustratestheoneto onerelationshipbetweentheCartesian

andwheelvelocities.If weset
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Equations2.1-2.3canberewritten as:
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where ��� is relative to the robotsinternalreferenceframe, ��
 is relative to the robots

internalreferenceframe,
�

is therotationalvelocity of therobotabouttheverticalaxis,

�

5

is thevelocityof wheelassembly1, �

�

is thevelocityof wheelassembly2 and � � is

thevelocityof wheelassembly3 [5].

It is clearfrom therelationshipsdescribedabovethattherotationalandtranslationalcom-

ponentsof theplatform'smotionarefully decoupledandcanbecontrolledindependently

andsimultaneously. It is alsoevident that the motion of the robot canbe controlledby

alteringthe valuesof �4+

�

�,/ and
�

, with the wheelvelocitiescalculatedusing2.6. The

actualvelocityof theplatformcanalsobedeterminedvia encoderfeedbackon thewheel

andis calculatedusing2.9.

Using this drive designthe platform canaccessthe threedegreesof freedomof planar

rigid bodymotionwith noconstraintsorcompatibilityconditionsonthethreeindependent

controls,acapabilitynotachievedby any conventionalwheeledsystem.

Omni-dir ectionalpoly roller wheel

Theavailability of thisformof omni-directionalwheelwasonlydiscoveredattheRoboCup

competitionthisyear. A numberof teamhadimplementedomni-directionaldrivesystems

usingthis 4 cm omni-directionalpoly roller wheel. Figure2.10 is a photographof the

omni-directionalpoly roller wheel.

Thedrivesystemisarrangedin thesametriangularshapeastheorthogonalomni-directional

driveswith theorthogonalwheelpairbeingreplacedwith oneroller wheel.Thedrivesys-

temexhibitsall thecharacteristicsof theorthogonalomni-directionaldrivebutwithoutthe
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Figure2.10:Omni-directionalpoly roller wheel[14]

complexity to theorthogonalwheels.Theroller omni-directionalwheelsprovideasimple

costeffectivemeansof implementinganomni-directionaldrive.

Thedisadvantagesof thewheelsthatareevidentarethesizeof thewheels.Thewheelsare

4 cm in diametermakingthedesignof acompactdrivesystemverydif�cult. Thesecond

disadvantageof the wheelsis despitebeingmadeof a softerpolyurethanematerialthe

wheelsaremoresusceptibleto slip on carpetat higheraccelerationsthat polyurethane

coveredorthogonalwheels.

2.4 Low Level Control

Beforewe candiscussthe designandoperationof the control systemimplementedin

the RoboRoosrobotswe must �rstly explain what a control systemis and the theory

behindtheir operation.Controlsystemscanbedesignedto havemany differentresponse

characteristicsdependenton their con�guration. Two major con�gurationsof a control

systemthatwill bediscussedareopenloopandclosedloopcontrolsystems.Eachsystem

hasit own meritsandapplications.

To designa controlsystemto controla processwe must�rst de�ne thesystemin detail.

In particularwemustestablishwhattheinputandoutputof thesystemis andthedesired

responseof the system. The input of the systemis de�ned as a representationof the

desiredresponseandtheoutputof thesystemis theactualoutputof thesystem.

Two factorsin�uence theoutputof thesystemto bedifferentfrom theinput. The�rst is

that the input to thesystemoftenchangesinstantaneously, i.e. a switch is activated,and

thephysicallimitationsof thesystemdo not allow theoutputto changeinstantaneously.

The path,which the output takes in reachingthe desiredoutput, is called the transient

response.The secondfactor that in�uences the output of the systemis the degreeof
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approximationthat thesystemmakesof thedesiredoutput. Thedifferencebetweenthe

inputandtheoutputis known asthesteadystateerrorof thesystem.Thedegreeof steady

stateerrorthatis permittedwithin thesystemis alwaysdependedon thefunctionthatthe

controlsystemis performing.

2.4.1 Openand closedloop control systems

Wecannow describethetwo controlsystemcon�gurations.A genericarchitectureof an

openloopsystemconsistis illustratedin �gure 2.11.

G(s)

controller
Plant and

R(s)
Input

C(s)
Output

Figure2.11:Genericopenloopsystem

The systemconsistsof a controller, which readsin the desiredinput of the systemand

drivestheplant's outputto matchthedesiredinput. Openloop control systemshave no

way of correctingfor disturbancewithin the systemandaresimply commandedby the

input. This meansthat thesystemcandeviatefrom thedesiredinput andthesystemhas

no way of correctingthis error. A simpleexampleof an openloop systemis a toaster.

The input to thesystemis thecolourof the toastwe desireandaswe areall awarethat

theoutputof thesystem,i.e. theactualcolourof thetoast,is notmonitored.

The inability of the openloop systemto correctfor disturbancescan be overcomeby

implementinga closedloop system.Thegenericarchitectureof a closedloop systemis

illustratedin �gure 2.12.

Theclosedloopsystemcompensatesfor disturbanceswithin thesystemby measuringthe

actualoutputresponseof the systemandfeedingthis measurementthrougha feedback

pathto thecontrollerof thesystem.Thecontrollerthencalculatesthedifferencebetween

the actualoutput of the systemand the desiredresponseof the system. If there is a

differencebetweenthe two signals,thesystemis thendrivento correcttheerror. In the

caseof therebeingno errorbetweenthe input andtheoutput,thesystemdoesnot drive

theplant,sincetheplant's responseis alreadythedesiredresponse.
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Figure2.12:Genericclosedloopsystem

We canseethatclosedloop systemshave theobviousadvantageof greateraccuracy, as

thesystemis lesssensitive to thedisturbances,noiseandchangesin theenvironment.In

additionthetransientresponseandthesteadystateerrorof thesystemcanbecontrolled

easily by redesigningthe controller. This redesignis referredto as compensatingthe

systemandtheresultinghardwareis oftenreferredto asa compensator.

Fromtheabove con�guration descriptionswe neededto selecta con�guration to imple-

mentwithin thesystem.In orderto dothiswemust�rst analysetheenvironmentin which

we will beoperating.Thesoccergameenvironmentin which theRoboRooscompetein

is extremelydynamicandcluttered.Thedynamicnatureof theenvironmentmeansthat

theinput to thesystemwill beconstantlychanging.Theseconstantchangesto theinput

meanthat the transientresponseof the systemhasto be quick. In additionto this, the

systemhasto bevery insensitive to externaldisturbances,asthe robotwill be colliding

with bothotherrobotsandthewalls frequently.

2.4.2 Controllers and their response

Thecontrollerof a systemcanhave oneof two responses,anon-off responseanda con-

tinuousresponse.An on-off responseis wherethecontrollerchangesthesystemfrom a

fully onstateto a fully off state.If thecontrolis continuoustheresponseof thecontroller

is dependenton theerrorwithin thesystem.

In systemsusingcontinuousresponseit is oftenthattheresponsemayleaveasteadystate

error betweenthe outputand the input and the responsemay not be suf�ciently rapid.

Often the overall operationof the systemrequiresthat the responseof the controllerbe

improvedto removethesteadystateerroror to improvethetransientcharacteristicsof the
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response.To do thiswe introducea compensatorinto thesystem.

Themostcommonandsimplestform of integratinga compensatoris to introduceit into

theforwardpathof thesystem,thoughin somecasesthecompensatorcanbeintegrated

into thefeedbackloop. Theform of compensationusedis dependentonhow theresponse

is beingimproved.

Proportional Integral Compensation

ProportionalIntegral (PI) compensationis an implementationof an active lag compen-

sator. A PI compensatoris usedto improve thesteadystateerrorof a systemby placing

an openloop pole at the origin, increasingthe systemtype by one. To ensurethat the

original closedloop poleson theoriginal root locusarenot affectedby the introduction

of thepoleat theorigin, azerois placedverycloseto theto theopenlooppole.

TheresultingPI controllertransferfunction, �

�

� �

���

���

���

�

�

. Thepoleof thecontroller

is locatedat
�

�

�

andthezeroat
�

��� . This givesthePI controlleran in�nite gainat

zerofrequency, improving thesteadystateerrorof thesystem.The � and � valuesof the

systemmustbeselectedvery carefully to ensurea propertransientresponseandthatthe

systemdoesnot becomeunstable.Thecorrectimplementationof a PI compensatorcan

produceatransientresponsewith little or noovershoot,howeverthespeedof theresponse

sufferswith theresponsebeingmuchslower.

Proportional DerivativeCompensation

ProportionalDerivative (PD) compensationis an implementationof anactive leadcom-

pensator. A PDcontrolleris usedto improvethecharacteristicsof thetransientresponse,

theseincludethepercentageovershoot,thesettlingtime andtherisetime of thesystem.

Improvementsto thetransientresponseof thesystemcanbeachievedby eithera simple

adjustmentto thegainof thesystemor by addingzerosandpolesto theforwardpathof

thesystemto producea new openloop functionwhoseclosedloop polesgo throughthe

designpointon the
�

plane.

A simpli�ed versionof thePD compensatorhasthetransferfunction, �

�

� �

�	�

�

�  

�

�

.

Thevalueof � is selectedtosatisfythesteadystaterequirementsof thesystem.Thevalue

selectedfor � governsthelocationof thezerothatis addedto thesystem.Thelocationof

thiszerochangesthetransientresponseof thesystem.Onceagainit is importantto select

thevaluesof � and � carefullysothatthesystemdoesnotbecomeunstable.
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Proportional Integral DerivativeCompensation

ProportionalIntegral Derivative (PID) compensationis a combinationof bothPI andPD

compensation.ThePID compensatoris usuallydesignedby �rst designingthePI com-

ponentof thecompensatorto improve thesteadystateerrorof thesystembeforethePD

componentof thecompensatoris designed.Often though,whendesigningfor improve-

mentsin eitherthetransientresponseor thesteadystateerror, improvementsin onecauses

a deteriorationin theother. The �nal solutionis alwaysa tradeoff of transientresponse

to steadystateerror.

Feedforward Compensation

Feedforward compensationis designedto producea position loop frequency response

with a constantmagnitudeandlinear phaseover the operationalbandwidth. This char-

acteristicleadsto a positionloop which tracksthe commandwith only a time delayas

shown in below.

Feedforward Response Graph

Uncompensated

Time (s)

Position

Feedforward Compensation

Command

Figure2.13:Responseof a systemto astepinput

The useof feedforward compensationhasbeendemonstratedto signi�cantly improve

cornermotionwhenintegral gain is usedin thepositionloop. Figure2.13shows a step

input into a system.Themiddlecurve is thecommandedmotionwhile themotionwith

andwithout feedforwardcompensationis indicated.
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Chapter 3

Speci�cations

Theultimateaimof theRoboRoos2001teamwastowin thesmallsizeleagueatRoboCup

2001in Seattle,USA in Augustof thisyear. In orderto achievethis therobotsunderwent

a mechanicalredesign.Beforetheredesignprocesscouldbegin a detailedsetof speci�-

cationsweresetdown to ensurethatthe�nal designmetour initial expectations.

Dri veSystemDesignSpeci�cations

Thecriteriafor theselectionof thedrivesystemwere:

� Compactdesign

� Simpleconstruction

� Greatermanoeuvrabilityandagility thanpreviousdesign

� Simpleto control

Selectinga compactdesignfor the drive systemis oneof the mostimportantfactorsin

theselectionprocess.Thesizerestrictionsthatareimposedontherobotsin thesmallsize

leaguegreatly in�uencesthe sizeanddesignof the drive system.Thereforea compact

designfor thedrivesystemwouldallow themechanicaldesignergreaterfreedomwith the

overalldesignon therobot.

Thesimplicity of thedesignis importantfor two reasons.Thelimited constructionfacili-

tiesavailableto theUniversitymeansthatoverly intricateandcomplicateddesignwould
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requirespecialisedmanufacturingprocessespossiblyoutsideof the University's reach.

Thesecondfactoris thedrive needsto be easily�x ed in thecaseof failure during test-

ing or competition. In particular, during competitionthe teamwill not have accessto

workshopfacilities andwill be requiredto make any necessaryrepairswith the limited

capabilitiesof handtools.

Thegreatestdisadvantageof thedrivesystemof theRoboRoos2000teamwasthelimited

manoeuvrabilityof therobotsandtheconstraintson their motion. Thedifferentialdrive

systemof the robotswasreasonablyeffective whenthe robot wasmoving in a straight

or curve line of motion but when the robot was requiredto move sidewaysthe robots

requiredthefollowing seriesof movements:

1. Turnon thespot

2. Moveforwards/backwards

3. Turnagain

4. Moveforwards/backwards

5. Turn to facethedesireddirectionagain.

Ideally thenew drive systemshouldallow therobot to move freely andunconstrictedin

any directionandfaceany directionwhile moving.

Finally animportantfactoris theselectionof thedrivesystemis theability to operatethe

drive systemin a controlledmanner. It is very importantto be ableto performoptimal

realtimecontrolof thedrivesystem.Without realtimecontrolthenew drivesystemwill

bemoreof a disadvantagethananadvantage.In orderto createa controlsystemfor the

drive thekinematicsmustbederived.Oncethekinematicshavebeenderivedtheprocess

of creatinga controlsystemcanbegin.
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Dri vesystemcomponentspeci�cations

Oncethe drive systemdesignhasbeenselectedthe componentsthat will make up the

drivesystemmustbeselected.Thecriteriathatmustbeadheredto in theselectionof the

motors,gearsandencodersof thesystemare:

� Physicalsizeandshape

� Performancecharacteristics

� Power requirements

Due to the size restrictionsimposedon the robotswithin the F180 small size league,

the componentsthat areselectedto form the drive systemmust meetthe performance

requirementsandbeassmallaspossible.

Table3.1containsthedesiredperformancecharacteristicsof thenew robots.The�gures

containedwithin thetablewereusedduringtheselectionof themotorsandgears.

Desired
MaximumAcceleration

�

��� � � �

3
MaximumVelocity

�

���
���

�

2.5
Timeoverhalf �eld

�

� �

1

Table3.1: Desiredmechanicalcapabilitiesof theRoboRoos2001robots

With the power supplyfor the robotsis limited to a 7.2V batterysupply, the operating

voltageof the motor must be able to operatewithin this voltagerange. In addition to

this the maximumoperatingcurrentof the motorscombinedcannotexceedthe current

capacityof thebatteries.
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Control SystemSpeci�cations

Oncethedrivesystemhasbeenselectedthenext majortaskis to write thecontrolsystem

thatwill operatethedrivesystem.Thecontrolsystemfor theRoboRoos2001teammust

meetthefollowing requirements:

� Integrateinto theexistingsystem

� Operatethedrive in asmoothandcontrolledmanner

� Correctmodellingof thedrivesystem

Due to thesuccessfuloperationof theRoboRoos2000operatingsystemit wasdecided

that that thesystemwould remainthesamewith changesmadeto incorporatetheadded

mechanicalcapabilitiesandfunctionalityof thenew robots.

It is very importantin thecontext of thesystemfor therobotsto operatein a controlled

manner. Thesystemwould be considereda failure if the robot's motiondid not exhibit

thecontrolandprecisionthatis inherentin othercomponentsof theoverallsystem.

Perhapsthe mostimportantaspectof the control systemis the correctmodellingof the

controlsystemandthekinematicsof thedrivesystem.Incorrectmodellingof thesystem

wouldresultin thedrivenotoperatingcorrectlynullifying all theprocessesthatrunabove

it.
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Chapter 4

Dri ve System

4.1 Principles of omni-dir ectionaldri vesystem

It was decidedthat in order to be competitive on a mechanicallevel the introduction

of a drive systemthat provided the full threedegreesof freedomof planarmotion was

required.Theobviouschoicefor thedrivesystemthatwouldprovidetherequiredfreedom

of motionwastheorthogonalwheelsomni-directionaldrive system.Thenext matterto

decidein thedesignof thedrivesystemwasthelayoutof thewheelassemblieswithin the

drivesystem

4.1.1 Omni-dir ectional dri vecon�guration

“Lateral” v “Longitudinal” con�guration

The�rst of theorthogonalwheelsomni-directionaldrivelayoutsthatwasinvestigatedwas

the longitudinalorthogonalwheelassembly. This layout providesfull omni-directional

translationalmotionbut failedto providerotationabouttheverticalaxiswithoutslippage

of the wheels. Rotationis seenasa very importantability that the robot mustpossess

in orderto navigatequickly andef�ciently aroundthe �eld andit is commonfor robots

duringmatchesto usesrotationasa meansof retrieving a ball that is stuckin thecorner

of the�eld.
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In additionto thelayout'sinability to rotateaboutaverticalaxis,ameansof sensingwhich

wheelis in contactwith thegroundat any instantis alsorequired.This form of sensing

only complicatesthedriveassemblyandthecontrolsystemandintroducesanotherpoint

of failureinto thesystem.

The secondlayout of the orthogonalwheelomni-directionaldrive systemwas the lat-

eralorthogonalwheelassembly. This layoutprovidesfull omni-directionaltranslational

motionandrotationaboutaverticalaxiswith nodiscontinuousoperationof thedrivemo-

tors. Thelayoutprovidesthreedegreesof freedomwithin planarmotionandin addition

all degreesof motionarefully decoupled.

"Y" v "Delta" con�guration

An option that wasconsideredwhendesigningthe drive systemfor the robotswasan

omni directionaldrive systemwherethewheelassembliesweremountedin a deltacon-

�guration. Thebene�t of this con�guration is that it offersa morecompactdrivesystem

design.Thedrawbackwith thecompactdesignis that thereis no spaceat thebottomof

therobotto mountthebatteries.Thebatteriesneedtobelocatedaslow aspossibleto keep

thecentreof masslow. Figure4.1 illustrateshow thewheelassembliesareorientatedin

thedeltacon�guration.

x

y

Xref

Yref

Figure4.1: Deltacon�gurationomni-directionaldrive

The complicationof the delta design,which was the biggestfactor contributing to its

exclusion,wasthefact that thewheelsof eachof thewheelassembliesareat a different
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lengthfor thecentreof therobot.Thiscausestheinnerwheelof eachassemblyto provide

moretorque,whenturning the robot. The differencein distancefrom the centreof the

robotalsocausesa differencein encodercountstakenfor therobotto turn a givenangle,

dependingon whethertheinneror outerwheelof eachassemblyis touchingtheground.

A meansof sensingwhich wheel is contactingthe groundis requiredto overcomethe

problem.Theintroductionof this meansof sensinggreatlycomplicatesthedrivecontrol

systemandintroducesanothercomponentwithin thesystemthatis susceptibleto damage

duringthecourseof asoccermatch.

In selectingthecon�guration of the drive systemit wasdecidedthat the “Y” lateralor-

thogonalwheelassemblywould be usedin the RoboRoos2001team. This designwas

chosenover the“delta” con�gurationbecausedespiteproducinga morecompactdesign

the complicationsassociatedwith this drive systemoutweighedthe bene�ts that it pro-

vided. Thelongitudinalorthogonalwheelassemblywasalsorejecteddueto thefact that

theassemblycannotrotateabouttheverticalaxis.

The �nal designof the lateral orthogonalwheel assemblyin the “Y” con�guration is

illustratedin �gure 4.2. A mechanicaldrawing of theundersideof therobot is included

in AppendixB.1,detailingthecomponentsthatmakeup theundersideof therobot.

Figure4.2: Lateralorthogonalwheelassemblydrivesystemin “Y” con�guration
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4.2 Kinematics of omni-dir ectionaldri vesystem

To understandtheoperationof theomni-directionaldrive asa whole thekinematicsbe-

hind eachdrivesystemmustbeinvestigated.Figure4.3 illustratestheunconstrainedand

constrainedmotionvectorsof eachwheelassembly. Theconstrainedmotionof thewheel

assemblyis directlycontrolledthroughthecontrolof themotors.

Thedriving (constrained)forcegeneratedby thewheelassemblyis perpendicularto the

axisof thedrivemotors.Thisdriving forcecanbebrokendown into individualCartesian

components.Whenthewheelsaredrivenwith aunit forcetheresultingforcecomponent

in thex directionrelative to the robot's internalreferenceframe, � �

�

�����!���

��� �

�

9

'

�

.

Thecomponentin they directionrelative to the robot's internalreferenceframe, ��


�

�����!�

�

�����

�

�

�

.

Constrained

Unconstrained

Vx

Vy

Yref

Xref

Figure4.3: Kinematicsof anindividualwheelassembly

Eachof thethreewheelassembliescanbemodelledin thesamemannerto createacom-

pletekinematicsmodelof the forcesprovide by the drive system.Figure4.4 illustrates

the forcesgeneratedby the drive systemandthe conventionsusedwhenmodellingthe

drivesystemimplementedin theRoboRoos2001team.

Using�gure 4.4 thekinematicsequationsof thedrive systemcanbederived. Theequa-

tionsasimplementedin theRoboRoos2001controlsystemare:
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Figure4.4: Kinematicrepresentationof theforcesgeneratedby theomni-directionaldrive
systemimplementedin theRoboRoos2001robots.

It canbeseenthatwhentherobot is travelling in the forwarddirectionthe force is only

providedby thefront two wheelassemblies.Whentherobotis rotatingonthespotall the

translationalforcescancelresultingin a purerotationof therobots.Figure4.5 illustrates

theforceprovidedby eachwheelassemblyrelative to theheadingof therobot.

PhysicalPerformance

Themaximumforwardstraightline accelerationof therobot is calculatedusingthefol-

lowing equations:

Wheeltorque= motoroperatingtorquex gearratio

forceperwheel= wheeltorque/ wheelradius

maximumforwardstraightline acceleration= ((forceperwheelx noof driv-

ing wheels)/ robotmass)x forwardcomponentof force
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Figure4.5: Forceprovidedby eachwheelassemblyrelative to heading

Themaximumvelocity of the robot is calculatedin the forward directionusingthe fol-

lowing equation:

maximumvelocity= (maximummotorRPM/ Gearratio)x circumferenceof

wheelsx forwardcomponentof velocity

Table4.1containsthecalculatedperformancecharacteristicsof theRoboRoos2001robots.

These�gures arebasedon the�nal designof theomni-directionaldrivesystem.

Actual
MaximumAcceleration

�

����� � �

2.38
MaximumVelocity

�

���

���

�

2.49
Timeoverhalf �eld

�

� �

0.97

Table4.1: Actualmechanicalcapabilitiesof theRoboRoos2001robots
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4.3 ComponentSelection

4.3.1 Motors

Themotorsthatwereselectedfor thedrive systemweretheFaulhaber222406 SR.The

DC micromotorpossessesaskew woundironlessrotorcoil thatenablesthemotorto have

a unusuallyhigh outputtorquefor it smallsizeandlow mass.Thesmalldiameterof the

motorallows themotor to �t betweenthedrive shafts,at thesameheightasthe rollers.

This loweredthe centreof massandallowed the kicking mechanismto be mountedat

its optimumheight. The motor's short lengthalsoallowed the entiredrive to �t easily

within the maximumallowablerobot diameterof 180mm. Tablecontainsa list of the

characteristicsof thedrivemotors.

NominalVoltage 6 V
Max Speed 8000 rpm
Max Torque 5 mNm
Max Current 1.2 A

Weight 49 grams

Table4.2: Faulhaber222406 SRdrivemotorcharacteristics

4.3.2 Encoders

In keepingwith the compactdesigncriteria of the drive systemthe motorswere �tted

with built in magneticencoders.The 512 line encodersaremountedon the rearof the

motorsaddingonly 1.4mmto theoverall lengthof themotor. The512line encoderswere

selecteddueto thesmall samplingtime allowedwithin eachexecutionof the loop. The

higherthenumberof linesthegreatertheresolutionof distancetravelledis achieved.

Theencodersarereadusingquadraturedecoding,whichisaTimerProcessingUnit (TPU)

input function. Quadraturedecodingusestwo channelsto decodesa pair of signalsthat

areout of phaseby �

� �

to incrementor decrementa positioncounter. Whenquadrature

decodingis usedin conjunctionwith aslottedencoder, thecontrolsystemcandistinguish

notonly thedistancetravelledby theencoderbut alsocantakinginto accountany changes

in thedirectionof travel. Figure4.6diagrammaticallyillustrateshow quadraturedecoding

operates.
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Figure4.6: Quadraturedecoding[18]

4.3.3 Gear Train

The geartrain of the drive systemwas designby David Cusackfor a detaileddesign

analysisrefer to his undergraduatethesis[15]. Themotorsof thedrive systemarecou-

pled to thewheelshaftsthrougha simplesinglestagespurgearbox.A gearratio of 4.2

wasachievedusinga 10-toothbrasspinion driving two 42-toothbrassgears.Figure4.7

illustratesthegeartrain arrangementused.

Figure4.7: Singlestagespurgearboxon eachdriveassembly

42



Thegearratiowassetat4.2for thefollowing reasons:

� Achievesthebestequilibriumbetweenaccelerationandvelocityminimisingtravel

timeover theexpectedaveragejourney distance

� It was achievable in onestageof gearreduction,minimising the size, massand

numberof moving partsin thedrive train

� It satis�ed a vast numberof geometricrelationshipsbetweencomponentsof the

drivesystem,thebatteries,andthekicker
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Chapter 5

Robot Control Software

5.1 ReactiveNavigation Schemas

Thenavigationprocessbeginswith thevision systemwhich determinesthelocationand

orientationof eachrobot (includingoppositionrobots)on the �eld andthepositionand

velocity of the ball. This information is passedto the Multi-Agent PlanningSystem

(MAPS), which determinesthestrategy for therobot team.MAPS chooseswhich robot

is to kick the ball, whereit is to be kicked andwherethe otherrobotsshouldmove to.

Theactualkicking andnavigatingactionsareenactedvia thereactivenavigationschemas

operatinglocally on therobots.

Theobstaclemap(OM) schemais responsiblefor determiningthedistance,bearingand

sizeof eachof the obstacleson the �eld andguaranteesthe appropriateobstaclemap.

Eachobstacleon the�eld includingthewalls aremappedseparatelyinto theOM repre-

sentation.The goal direction(GD) schemais responsiblefor determiningthe direction

to headin orderto reachthegoal locationassetby MAPS.Theheadingdirectionof the

robotis chosenby subtractingtheOM input form theGD inputasshown in �gure 5.1.

Fromthereactivenavigationschemasthedistanceto thedesiredlocation,theheadingand

the facinganglearedetermined.Thesevaluesarethenpassedto the appropriatemotor

control schemaselectedby the function set_omni_move in the functionOmniNavigate.

The modi�cations to the navigation systemwerethe responsibilityof David Ball, for a

completeanalysisof the navigation systemoperationrefer to his undergraduatethesis

[16].
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Figure5.1: Exampleof theOM andGD integrationprocessto producethebestheading
for therobot[19].

5.2 ReactiveControl Loop

The reactive control loop that hadbeenimplementedin the RoboRoos2000teamhad

provenitself robustandreliablebothin testingandin competition.It wasfor this reason

that the control systemimplementedin the RoboRoos2001teamwill follow the same

operationalstructure.

Thecontrolsystemthatwasimplementedin the2001teamwasnot written from scratch

but modi�ed from the 2000team. This waslargely dueto its provenoperationandthe

factthattheelectricalhardwarewasthesameasthe2000team.Themajority of changes

that weremadeto the reactive control loop codewere to allow for control of the new

omni-directionaldrivesystem.

The reactive control loop is initiated every millisecondby the PeriodicInterruptTimer

(PIT). Onceinitiatedthereactive control loop receivesthedesiredwheelvelocities,cal-

culatestheproportionalandtheintegral errorson thewheelvelocitiesandcalculatesthe

PWM signalsthataresentto themotors.Figure5.2illustratesthenew controlmodelthat

is implementedin thereactivecontrolloop.

The completesourcecodeof the reactive control loop is includedin AppendixC. The

�o wchartin �gure 5.3 illustratesin detailstheoperationof thereactivecontrolloop.

In determiningtheoutputof thesystemthecontrol loop calculatestheproportionaland

integral errorsof the wheelvelocities. The velocity proportionalerrorsfor eachof the

wheelsarecalculatedasshown:
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Figure5.2: Controlmodelimplementedon theRoboRoos2001robots

Wheelvelocityerror= desiredwheelvelocity - actualwheelvelocity

Thewheelvelocity integralerroris calculatedasfollows:

Wheelintegralerror=
�

wheelvelocityproportionalerror

Oncetheerrorvaluesareknown usingtheabove calculationsthePWM valuesoutputto

themotorcanbecalculatedasfollows:

PWM = (proportionalerror+ ( integral error * integral constant))* propor-

tionalconstant+ (desiredvelocity * feedforwardconstant)

Dueto thePI control loop constantseachhaving thevalueof 1, theabove equationwas

simpli�ed to:

PWM = proportionalerror+ integralerror+ desiredvelocity
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Figure5.3: Flowchartof thecontrolloop implementedon theRoboRoos2001robots
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5.3 Motion Control Routine

OmniControlis calledby thereactivecontrol loop runningon therobotsonceduringev-

ery interruptcycle. The OmniControlfunction is responsiblefor calculatingthe wheel

velocitiesfor the next reactive control loop iterationand for performingthe path inte-

grationprocess.The platform velocity, headingandfacinganglearedeterminedin the

reactivenavigationschemas.Themotorcontrolschemascalculatetheplatformvelocities

basedon theinformationpasseddown from thereactivenavigationschemas.

Oncethefunctionhasreturnedfrom performingthepathintegrationtheindividualwheel

velocitiesarecalculatedfrom theplatformvelocity. Theequationsusedin calculatingthe

wheelvelocitiesare:
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where �

5

is the velocity of wheelassembly1, �

�

is the velocity of wheelassembly2

and � � is thevelocityof wheelassembly3,
�

)�� is directionrelativeto therobot's internal

referenceframeand
�

is therotationalvelocityof therobotabouttheverticalaxis.Dueto

themicroprocessorbeinglimited to operatingon integersonly, a lookuptableis created

containingthevelocitycomponentsof eachwheelfor eachdirection.

5.3.1 Motor Control Schemas

Omni_halt_fn

This function is responsiblefor bringing the robot to a gracefulhalt asquickly aspos-

sible. The functionperformsthis by reducingthe robot's velocity eachiterative loop of

the control systemby the maximumdecelerationallowable that doesnot causeslip or

discontinuityof themotors.
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Omni_move_fn

This functionis responsiblefor thegeneralmotionof therobot,controllingtheaccelera-

tion, deceleration,headingandfacingdirectionof therobot. Thefunctionreceivesfrom

thehighernavigationprocessesthevaluesfor thedistancethe robotneedsto travel, the

changein headingrequiredandthechangein facingrequired.

Theoperationof theomni_move_fnmotorschemacanbebrokendown ontothreemain

operations.The �rst operationthat the schemaperformsis to reducethe differencebe-

tweenthedesiredfacingangleandtheactualfacingangletakinginto accountthetransla-

tional velocityof therobot.

Thesecondoperationperformedcalculatesthetranslationalcomponentof therobotsmo-

tion. As thegoallocationis speci�edby alengthparameter, therobot'svelocityis ramped

upatamaximumaccelerationuntil a translationalvelocity is achievedthatwill minimise

thetravelling timebut still remainswithin thephysicalboundsof therobot.

The �nal operationthat theomni_move_fnmotorschemaperformsis to align the robot

with thedesiredheadingsetby thenavigationschemas.Therobot's rotationalvelocity is

rampeduntil a rotationalvelocity is achievedthatminimisesthetravelling time to reach

thedesiredheading.This operationtakesinto accountthepositive andnegative rotation

possibleby therobot.

5.3.2 Path Integration

Path integration is performedto maintainthe robot's internal referenceof positionand

headingandallows for thepositionandtheheadingreportedby thevision systemto be

reconciledwith thesensordelay. Path integrationaboardtherobotsis performedby the

OmniIntegratefunction. The�o wchartin �gure 5.4detailstheoperationof theOmniIn-

tegratefunction.
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In orderto determinetheplatformvelocity from thewheelvelocitiestheOmniIntegrate

functionusesthefollowing inversekinematicequations:
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where���

�

� is relativeto therobotsinternalreferenceframe, ���

�


 is relativeto therobots

internalreferenceframe, �

�

�

�	�
� is the rotationalvelocity of the robot aboutthe vertical

axis, �

5

is thevelocity of wheelassembly1, �

�

is thevelocityof wheelassembly2 and

� � is thevelocityof wheelassembly3.

Theseequationsarederivedfrom the inversekinematicequationdescribedin chapter2.

The equationshave beensimpli�ed andrewritten to matchthe conventionsdetailedin

�gure4.4.

OmniControl 

Calculate platform 
velocities

Calculate 

Update position
list

Read wheel
velocities

new heading
Calculate 

new position

Figure 5.4: Flowchart of the path integration function implementedon the RoboRoos
2001robots
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Chapter 6

Results& Discussion

Thedesignandimplementationof theRoboRoos2001robotswascompletedwithin seven

monthsto meetthe deadlineof RoboCup2001. The ultimate test for the drive system

and its control systemwas the RoboCup2001 competitionis Seattle,USA. The team

completedsuccessfullyin the small size leagueconvincingly winning our roundrobin

groupandprogressingto thequarter�nals. In thequarter�nals theRoboRooswentdown

1-0 to theFieldRangersin extra timecourtesyof the“GoldenGoal” rule.

Due to time constraintsprior to our departurefor the competition,the drive systemand

control systemof the robotswereonly brie�y testedandthecompletedrobotsonly had

one test run asa teamthe night beforedepartingfor the tournament.The tournament

served asour testingenvironmentwith a greatdealof time spentbeforeand after the

gamestweakingthesystemto producethebestperformanceresults.

The designof the control systembeganon paperwith the derivation of the kinematic

equations.Oncethesewerederiveda greatdealof time wasspentunderstandingtheop-

erationof thedrivesystem.In orderto aid in theunderstandingof thedrivesoperationa

drivesystemwasmadefrom Lego. TheLegodesignof thedrivesystemis describedin the

undergraduatethesiswrittenby David Cusack.Oncetheoperationof thesystemwasun-

derstoodthesimulatorservedasanexcellenttool for developingthenew motorschemas

thatwouldutilise thenew mechanicalabilitiesof theomni-directionaldrivesystem.

The �rst test run of the control systemon the robot producedvery favourableresults

with the robot following the prede�nedpath as accuratelyas possibleconsideringthe

mechanicalstateof the robot base. Testingin the early stageswas very tricky as the

wheelson the drive systemhadno rubbercoating. This meantthat the robotssuffered
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greatlyfrom slip, which couldnot becorrectedasthevision systemwasnot operational

at thisstage.

Implementingthecontrol systemon therobotsmet it usualhurdleswith minor changes

requiredto thecodein orderto accountfor thephysicallimitationsof theprocessor. The

mostcommonfault that wasencounteredwasinteger over�ow. Oncethe problemwas

identi�ed it waseasilyrecti�ed.

A probleminherentin the motor control schemasis that the robot slows down to make

smallchangesin its heading.This resultsin therobotspendingtoo muchtime adjusting

to theoptimalheadingonly to have to readjustagaindueachangein theenvironment.In

orderto overcomethis problem,smalladjustmentsin theheadingof therobotshouldbe

madewithout achangein thetranslationalvelocityof therobot.

Asidefrom theabovedescribedproblemthecontrolsystemfor theomni-directionalsys-

tem operatescorrectly. The robot is able to traverseand rotatein a mannerdescribed

by thenavigationprocess.Thereactive control loop alsooperatescorrectlywith theany

integralerrorintroducedinto thesystemcorrectedfor.

Dri vePerformance

The desiredcharacteristicsof the drive systemthat wereset in the predesignspeci�ca-

tionshave beenmetascloselyasphysicallypossible.Thedesiredmaximumvelocity of
����� ���

���

wasmetexactlywith theactualmaximumvelocitybeing
�����

�

���
���

. Theactual

maximumforwardstraightline accelerationof therobotwas
���

���

���
���	�

which wasshort

of thedesiredmaximumvelocityof �

��� ���

. Thisdifferencein accelerationdid not result

in asubstantialincreasein thetime takento traversebetweentwo points.

I believe that the reactive navigation and control codewhich hasbeenmodi�ed from

the RoboRoos2000system,thoughit hassuccessfullyimplementedthe capabilitiesof

the omni-directionaldrive, doesnot fully utilise the true potentialthat the drive hasto

offer in termsof manoeuvrability. The supportto this notion is the fact that the robot

is unableto traversein a straightline while rotatingaroundit verticalaxis, which is an

inherentpropertyof the lateralorthogonalomni-directionalwheelassembly. With the

robot operatingcorrectly in all otherde�ned motion operationsthe problemcannotbe

attributedto incorrectkinematicmodellingof thesystem.
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6.1 Further Work

ReactiveControl Loop Tuning

Themostimportantwork thatneedsto becompletedon therobotsbeforethenext com-

petitionis thetuningof thePI controlsystemconstants.At themoment,theconstantfor

the feedforward control loop areall set to one. Modelling the systemusinga program

suchasMatlabandphysicaltestingof thesystemneedsto beperformedto determineif

thevaluesof onefor theconstantsarein fact the valuesthat provide optimal control of

thedrivesystem.

In order to model the system,a completemodel of the drive systemneedsto be cre-

ated.Evenwith thecorrectmodellingof thedrivesystemconstantsthatproducea better

responsemay be unachievabledueto the microprocessorbeinglimited to operatingon

integersonly.

Drib bling Mechanism

Whenthedribblingbaris incorporatedinto thedesignof therobots,anew motorcontrol

schemawill have to be written to fully utilise the advantagethat the dribbling bar can

offer. We predictthatthedribbling barwill not beableto retaincontrolof theball while

rotatingaboutthecentreof therobot.

To enablethe robot to rotatewhile maintainingcontrol of the ball the robot mustpivot

abouttheball. In doingthis theball is notmoving andthereforecanremainin full contact

with the dribbling bar at all times. In order for the omni_pivot_fn function to be able

to accuratelypivot aroundthe ball, the location of the ball will have to be accurately

determinedby thevisionsystem.Oncethelocationof theball is known thefunctionmust

thencalculateacircularpatharoundtheball thatwill enabletherobotto facetheball and

havecontrolof it duringtheentiremove.

If thedribblingbaris abletoexertenoughdownwardforceontheball thattherobotis able

to moveaway from theball backwardsandstill retainpossessionthentheomni_pivot_fn

functionwill nothave to besorigorouslycontrolled.
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Chapter 7

Conclusion

The control systemdesignedfor the RoboRoos2001robot soccerteamhasnow been

explainedin detail. The control systemforms an integral part of the RoboRoossystem

acting as the interfacebetweenthe intelligent navigation systemand hardware of the

system.

Themajorpointsof thethesisarelistedbelow:

� Correctkinematicmodelshave beenestablishedfor thenew omni-directionalsys-

tem.

� The reactive control systemhasbeenredesignedto control the omni-directional

driveandoperatescorrectly.

� New motorschemaswerewritten to take into accountthenew manoeuvrabilityof

therobots.

� Thecontrolsystemintegratesinto theexistingsystemcorrectly.

� PI tuning needsto be performedin order to establishif betterconstantsfor the

feedforwardPI controlloopareavailable.

� Correctthedecreasein velocitywhensmallchangesin theheadingaremade.

� The completenavigation systemhasto be revisedto operatepurely basedon the

omni-directionalsystemnot amodi�ed versionof thedifferentialdrivesystem.
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Althoughthereis still work to becompletedon thedesignof thecontrol systemfor the

RoboRoos2001 robot soccerteam,a robust operationalsystemexists that effectively

modelsandcontrolsthe drive system.The performanceof the control systemhasbeen

proven in internationalcompetition. With further re�nements,the control systemcan

maximisethemanoeuvringadvantagesthattheomni-directionaldriveoffers.
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Appendix B

MechanicalDrawing of RoboRoos2001

Dri ve System
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Appendix C

ReactiveControl SystemSourceCode

ProgramC.1: ReactiveControlSystem
1 / �

2 �

3 � TITLE : Servo . c
4 �

5 � PURPOSE: Program f or pr opor t i onal i n t egr al con t r o l of t he r obot
6 � A dapted f rom code f rom w r i t t en by Gordon Wyeth
7 �

8 � WRITTEN BY : Russel l Boyd
9 � M i chael St ev ens

10 � M i l es Ford
11 � B r et t Browni ng
12 � Gordon Wyeth
13 �

14 � REVISION HISTORY :
15 � 13/ 5/ 98 � Rew r i t t en f or code i n t egr at i on
16 �

17 � MAJOR OMNI REVISION
18 � 01/ 08/ 01 � W r i t t en t o oper at e t he omni _dr i ve � DB/RM
19 � /
20
21 # i n cl u d e " mc6833x . h"
22 # i n cl u d e " t y pes . h"
23 # i n cl u d e " t pu . h"
24 # i n cl u d e " ser v o . h"
25 # i n cl u d e " sc i . h"
26 # i n cl u d e " Orobot . h"
27
28 # i n cl u d e " r obot i o . h"
29 # i n cl u d e " speak er . h"
30 # i n cl u d e " k i ck er . h"
31
32 / � Needed f or r obot encoder wi dth numbers � /
33 # i n cl u d e " . . \ common\ t y pes . h"
34
35 / � I ncl ude si mul at or f i l es � /
36 # i n cl u d e " . . \ common\ r t y pes . h"
37 # i n cl u d e " . . \ Orobot \ Ocont r ol . h"
38
39
40 / � Turn on or of f t he enabl e / d i sabl e ser v o f unc t i ons � /
41 / / # def i ne ENABLE_DISABLE_SERVO
42
43 / � PI Cont r ol Const ant s � /
44 #d ef i n e FKP 1
45 #d ef i n e TKP 1
46 #d ef i n e FKI 1
47 #d ef i n e TKI 1
48 #d ef i n e FFWD 1
49 #d ef i n e TFWD 1
50
51 / � I n t eg r al er r o r sat u r at i on poi nt s . U ni t s ar e mm and headi ngs r espec t i v el y � /
52 #d ef i n e FSTUCK ( 100 � OCOUNTPERMM )
53 #d ef i n e FUNSTUCK ( 5 � OCOUNTPERMM )
54 #d ef i n e TSTUCK 0x3FFFF
55
56 / � Number of count s per ms bef or e TPU mi ght st u f f up � /
57 #d ef i n e FAST_THRESHOLD 50
58
59 / � B i ggest v al ue of v el bef or e we assume an ov er f l ow . � /
60 #d ef i n e W_OVERFLOW 0 x800
61
62 / ������������������������������������������������������� GLOBALS ����������������������������������������������������������� /
63 l ong w1i nt , w2i nt , w3i nt ;
64 i n t w1 , w2 , w3;
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65 i n t w1pwm , w2pwm , w3pwm;
66 i n t w1vel , w2vel , w3vel ;
67 i n t w1er r , w2er r , w3er r ;
68 i n t t i me = 0 , f l ag = 0 , st uck = 0 ;
69 i n t w1dvel = 0 , w2dvel = 0 , w3dvel = 0 ;
70 i n t ol dw1 = 0 , ol dw2 = 0 , ol dw3 = 0;
71
72
73 i n t st uck d i r = 1 ;
74
75 i n t f or w ar d_enabl e = TRUE;
76 i n t r ot at i on_enab l e = TRUE;
77
78 i n t f r eq = 200;
79
80
81 / �

82 � PI T _i nt r �

83 �

84 � Thi s i n t er r up t r ecei v es t he desi r ed wheel v el o c i t i es , c al c u l at es
85 � wheel v el oc i t y er r or and t hen cal cu l at es t he r equi r ed duty cy cl e
86 � t o decr ease t he er r or usi ng pr opor t i onal i n t eg r al cont r o l
87 � /
88
89
90 voi d i n t er r u p t PI T _i nt r ( voi d )
91 {
92
93 LED2_ON ( ) ;
94
95
96 / � Cl ear t he watchdog by w r i t i ng 0 x55 and 0xAA i n or der t o sof t w ar e
97 � ser v i ce r eg i st er .
98 � /
99 SIM_REGS.SWSR = SIM_SWSR_RESET1;

100 SIM_REGS.SWSR = SIM_SWSR_RESET2;
101
102 t i me++;
103
104 / � Read encoder posi t i on count � /
105 w1 = ( ( i n t ) QDEC_read (W1QDECPRI ) ) ;
106 w2 = ( ( i n t ) QDEC_read (W2QDECPRI ) ) ;
107 w3 = ( ( i n t ) QDEC_read (W3QDECPRI ) ) ;
108
109 K i ck er _Cont r o l l er ( ) ;
110
111 / � Cal l t he cont r o l r ou t i ne � /
112 Omni Control (& r obot . move) ;
113
114 / � Compute change i n posi t i on � /
115 w1vel = w1 � ol dw1 ;
116 w2vel = w2 � ol dw2 ;
117 w3vel = w3 � ol dw3 ;
118
119 / � I f we ar e goi ng t o f ast , sw i t ch t o f ast quad decode � /
120 i f ( w1vel > FAST_THRESHOLD )
121 FQDEC_setf ast (W1QDECPRI ) ;
122 el se i f ( w1vel < � FAST_THRESHOLD )
123 FQDEC_setf ast (W1QDECPRI ) ;
124 el se
125 FQDEC_setnormal (W1QDECPRI ) ;
126
127 i f ( w2vel > FAST_THRESHOLD )
128 FQDEC_setf ast (W2QDECPRI ) ;
129 el se i f ( w2vel < � FAST_THRESHOLD )
130 FQDEC_setf ast (W2QDECPRI ) ;
131 el se
132 FQDEC_setnormal (W2QDECPRI ) ;
133
134 i f ( w3vel > FAST_THRESHOLD )
135 FQDEC_setf ast (W3QDECPRI ) ;
136 el se i f ( w3vel < � FAST_THRESHOLD )
137 FQDEC_setf ast (W3QDECPRI ) ;
138 el se
139 FQDEC_setnormal (W3QDECPRI ) ;
140
141
142 / �

143 � Test f or ov er f l ow . Assume max change between
144 � i n t er r up t s i s one t ur n or 256.
145 � GFW 26 / 7 Changed t h i s t o 2048 and i mpl emented a
146 � # def i ne OVERFLOW
147 � /
148
149 i f ( w1vel > W_OVERFLOW )
150 w1vel � = 0xFFFF ;
151 el se i f ( w1vel < � W_OVERFLOW )
152 w1vel += 0 xFFFF ;
153
154 i f ( w2vel > W_OVERFLOW )
155 w2vel � = 0xFFFF ;
156 el se i f ( w2vel < � W_OVERFLOW )
157 w2vel += 0 xFFFF ;
158
159 i f ( w3vel > W_OVERFLOW )
160 w3vel � = 0xFFFF ;
161 el se i f ( w3vel < � W_OVERFLOW )
162 w3vel += 0 xFFFF ;
163
164 / � Conver t v el o c i t i es t o 1/ 256 t h of encoder count � /
165 w1vel <<= 8;
166 w2vel <<= 8;
167 w3vel <<= 8;
168
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169 / � Save cur r ent posi t i on f or nex t t i me � /
170 ol dw1 = w1;
171 ol dw2 = w2;
172 ol dw3 = w3;
173
174 / � Compute wheel v el oc i t y p r opor t i onal er r or � /
175 w1er r = w1dvel � w1vel ;
176 w2er r = w2dvel � w2vel ;
177 w3er r = w3dvel � w3vel ;
178
179 / � Compute wheel v el oc i t y i n t egr al er r o r � /
180 w1i nt += w1er r ;
181 w2i nt += w2er r ;
182 w3i nt += w3er r ;
183
184 / � Sat ur at e t he i n t egr al er r o r t o pr ev ent t he ser v o wi ndup � /
185 st uck = FALSE;
186 i f ( ABS( w1i nt ) > FSTUCK ) {
187 w1i nt = � SGN( w1i nt ) � FUNSTUCK ;
188 st uck = TRUE;
189 }
190 i f ( ABS( w2i nt ) > FSTUCK ) {
191 w2i nt = � SGN( w2i nt ) � FUNSTUCK ;
192 st uck = TRUE;
193 }
194 i f ( ABS( w3i nt ) > FSTUCK ) {
195 w3i nt = � SGN( w3i nt ) � FUNSTUCK ;
196 st uck = TRUE;
197 }
198
199 / �

200 � Compute v i r t u al motor PWM v al ues
201 � pwm = ( prop er r o r + ( i n t er r or � k i n t ) ) kprop + desi r ed v el oc i t y i n count s
202 � /
203 w1pwm = ( ( w1er r + ( w1i nt ) + w1dvel ) ) ;
204 w2pwm = ( ( w2er r + ( w2i nt ) + w2dvel ) ) ;
205 w3pwm = ( ( w3er r + ( w3i nt ) + w3dvel ) ) ;
206
207 / � Now conv er t pwm v al ues back t o si ng l e encoder count scal e � /
208 w1pwm >>= 8;
209 w2pwm >>= 8;
210 w3pwm >>= 8;
211
212 / � Const r ai n duty cy cl e t o l i m i t s � /
213 w1pwm = MAX(MIN(w1pwm , PWM_PERIOD) , � PWM_PERIOD) ;
214 w2pwm = MAX(MIN(w2pwm , PWM_PERIOD) , � PWM_PERIOD) ;
215 w3pwm = MAX(MIN(w3pwm , PWM_PERIOD) , � PWM_PERIOD) ;
216
217 / � Output PWM i n desi r ed d i r ec t i on ( d i r of motor ) and duty cy cl e � /
218 i f ( w1pwm > = 0) {
219 PWM_set (W1PWMCHA, ( ushor t ) ( PWM_PERIOD � w1pwm) ) ;
220 PWM_set (W1PWMCHB, PWM_PERIOD) ;
221 } el se {
222 PWM_set (W1PWMCHA, PWM_PERIOD) ;
223 PWM_set (W1PWMCHB, ( ushor t ) ( PWM_PERIOD + w1pwm) ) ;
224 }
225 i f ( w2pwm > = 0) {
226 PWM_set (W2PWMCHA, ( ushor t ) ( PWM_PERIOD � w2pwm) ) ;
227 PWM_set (W2PWMCHB, PWM_PERIOD) ;
228 } el se {
229 PWM_set (W2PWMCHA, PWM_PERIOD) ;
230 PWM_set (W2PWMCHB, ( ushor t ) ( PWM_PERIOD + w2pwm) ) ;
231 }
232 i f ( w3pwm > = 0) {
233 PWM_set (W3PWMCHA, ( ushor t ) ( PWM_PERIOD � w3pwm) ) ;
234 PWM_set (W3PWMCHB, PWM_PERIOD) ;
235 } el se {
236 PWM_set (W3PWMCHA, PWM_PERIOD) ;
237 PWM_set (W3PWMCHB, ( ushor t ) ( PWM_PERIOD + w3pwm) ) ;
238 }
239
240 LED2_OFF( ) ;
241
242 }
243
244 / �

245 � OmniMotor �

246 �

247 � The desi r ed v el o c i t i es f rom Ocont r ol ar e r ecei v ed
248 � /
249
250 voi d OmniMotor ( i n t v el 1 , i n t v el 2 , i n t v el 3 )
251 {
252 w1dvel = v el 1 ;
253 w2dvel = v el 2 ;
254 w3dvel = v el 3 ;
255 }
256
257
258 / �

259 � Omni Encoder �

260 �

261 � Set s t he wheel v el oc i t i es t o equal t hat r ead f rom t he encoder s
262 � /
263 voi d Omni Encoder ( i n t � v el 1 , i n t � v el 2 , i n t � v el 3 )
264 {
265 � v el 1 = w1vel ;
266 � v el 2 = w2vel ;
267 � v el 3 = w3vel ;
268 }
269
270 / �

271 � Reset Ser v o �

272 �
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273 � Thi s f unct i on r eset s t he i n t eg r al er r o r s of t he ser v o l oop back
274 � t o zer o .
275 � /
276 voi d Reset Ser v o( voi d )
277 {
278 w1i nt = 0 ;
279 w2i nt = 0 ;
280 w3i nt = 0 ;
281 }
282
283
284 / �

285 � D i sabl eSer v o �

286 �

287 � Thi s f unct i on d i sab l es t he f orward and / or t he t ur n ser v o l oop
288 � /
289 voi d D i sabl eSer v o ( i n t fwd , i n t r ot )
290 {
291 / / i f ( fwd)
292 / / f or w ar d_enabl e = FALSE;
293 / / i f ( r ot )
294 / / r ot at i on_enab l e = FALSE;
295 }
296
297
298 / �

299 � Enabl eServo �

300 �

301 � Thi s f unct i on enabl es t he f u l l ser v o l oop
302 � /
303 voi d Enabl eServo ( voi d )
304 {
305 / / f or w ar d_enabl e = TRUE;
306 / / r o t at i on_enab l e = TRUE;
307 }
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Appendix D

Motion Control Routine SourceCode

ProgramD.1: Motion ControlRoutine
1 / �

2 � TITLE : Ocont r ol . c
3 �

4 � PURPOSE: Per f orms t he act ual cont r o l of movement . I mpl ements t he Schemas
5 �

6 � WRITTEN BY : Gordon Wyeth
7 � A shl ey Tews
8 �

9 � CREATED : 21/ 5/ 98
10 �

11 � REVISION HISTORY :
12 � 23/ 4/ 99 � Added code f or NPI � BB/ AP
13 �

14 � MAJOR OMNI REVISION:
15 � 01/ 08/ 01 � Rev i sed t o cont r o l omni � dr i v e � DB/RM
16 �

17 � /
18 # i n cl u d e < st d l i b . h>
19 # i n cl u d e " . . \ common\ r t y pes . h"
20 # i n cl u d e " Ocont r ol . h"
21 # i n cl u d e " Omotor . h"
22 # i n cl u d e " . . \ common\ l ookup . h"
23 # i n cl u d e " . . \ common\ t y pes . h"
24 # i n cl u d e " . . \ common\ common. h"
25
26 / �

27 � Debug Sw i t ches �

28 �

29 � /
30 #d ef i n e DEBUG
31
32 # i f d ef DEBUG
33 # i f d ef SIMUL
34 # i n cl u d e < wi ndows. h>
35 # i n cl u d e " . . \ si mcode \ debug . h"
36 #en d i f
37 #en d i f
38
39 # i f n d ef SIMUL
40 # i n cl u d e " . . \ board \ r obot i o . h"
41 #en d i f
42
43 / �

44 � Compi l er Sw i t ches
45 � ENC_FBACK � Thi s sw i t ches t he encoder f eedback f or t he NPI on
46 � /
47 #d ef i n e ENC_FBACK
48 #d ef i n e OCOUNTPERGORDO4 OCOUNTPERGORDO � 4
49 #d ef i n e USE_FLIP_CODE
50
51
52 / ������������������������������������������������������� CONSTANTS ������������������������������������������������������� /
53 #d ef i n e K256_ON_ROOT3 ( ( i n t ) ( ( 25 6 . 0 / 1 . 73 2 0 5 ) + 0 . 5 ) )
54 #d ef i n e K256_ON_3 ( ( i n t ) ( ( 2 5 6 . 0 / 3 . 0 ) + 0 . 5 ) )
55
56 / � t ab l e l ookups f or t r i g f unc t i ons � /
57 #d ef i n e COS_COUNTS( v ) COS( Cl i pHdg360 ( ( v ) / OCOUNTPERGORDO) )
58 #d ef i n e SIN_COUNTS( v ) SIN ( Cl i pHdg360 ( ( v ) / OCOUNTPERGORDO) )
59
60
61 / ������������������������������������������������������� GLOBALS ����������������������������������������������������������� /
62 Move � m;
63
64 / �

65 � Stuck f l ags � t hese ar e l ocat ed i n ser v o . c but ar e not pr esent
66 � i n si mul at i on
67 � /
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68 # i f n d ef SIMUL
69 ex t er n i n t st uck ;
70 ex t er n i n t st uck d i r ;
71 ex t er n i n t t i me ;
72 # el se
73 ex t er n i n t cur r ent _t i me ;
74 #en d i f
75
76
77 / ������������������������������������������������������� CODE ����������������������������������������������������������������� /
78
79
80 / �

81 � Ocont r ol �

82 �

83 � Thi s f unct i on get s cal l ed once every ms by t he ser v o l oop on t he r obot s
84 � or by t he si mul at or . I t i s r esponsi b l e f or set t i ng t he wheel v el o c i t i es
85 � f or t he nex t ser v o i t er at i o n and f or per f or mi ng t he pat h i n t eg r at i on
86 � pr ocess . To set t he wheel v el o c i t i es i t br anches t o t he appr opr i at e
87 � moti on cont r o l schema as set by t he hi gher nav i gat i on pr ocesses .
88 � /
89 voi d Omni Control ( move_ptr move)
90 {
91 i n t d i r ;
92
93 m = move;
94
95 / � Update t he t i me v ar i ab l e � /
96 # i f n d ef SIMUL
97 m� >t i me = t i me ;
98 # el se
99 m� >t i me = cur r ent _t i me ;

100 #en d i f
101
102
103
104 i f ( ! move� >l oo k up s_ i n i t i al i sed )
105 r et u r n ;
106
107 / � Cal l t he mot i on cont r o l schema t hat i s cu r r ent l y bei ng used � /
108
109 m� >mct r l _schema ( ) ;
110
111
112 # i f n d ef SIMUL
113
114 / � I f t he r obot i s st uck � ser v o sat u r at es � t hen set t he st uck f l ag � /
115 m� >st uck = st uck ;
116 m� >st uck di r = st uck d i r ;
117 #en d i f
118
119 / �

120 � Do t he pat h i n t egr at i on . Note t hat we shoul d cal l t h i s
121 � bef or e we cal l t he motor f unct i on so t hat a l l i s w el l i n
122 � t he si mul at or when c o l l i d i ng wi th obst ac l es
123 � /
124 Omni I nt egr at e (m) ;
125
126 / � Cal cul at e t he headi ng used when cal c u l at i ng t he wheel v el o c i t i es � /
127 d i r = Cl i pHdg360 ( (m� >f aci ng + OCGON2) / OCOUNTPERGORDO) ;
128
129 / � Cal cul at e t he wheel v el o c i t i es based on t he d i r ec t i on of t r av el � /
130 m� >v el 1 = ( (m� >v el � wheel 1 [ d i r ] ) > > SIN_SHIFT) + m� >r o t v el ;
131 m� >v el 2 = ( (m� >v el � wheel 2 [ d i r ] ) > > SIN_SHIFT) + m� >r o t v el ;
132 m� >v el 3 = ( (m� >v el � wheel 3 [ d i r ] ) > > SIN_SHIFT) + m� >r o t v el ;
133
134 # i f d ef SIMUL
135 / / DebugTxt ( " v1:%d v2:%d v3:%d \ r \ n" , m� >v el 1 , m� >v el 2 , m� >v el 3 ) ;
136 #en d i f
137
138 / � Set t he act ual wheel v el o c i t i es � /
139 OmniMotor (m� >v el 1 , m� >v el 2 , m� >v el 3 ) ;
140
141 / �

142 � t h i s w i l l do f or now but need t o ex t end f or t he two k i ck t y pes .
143 � not e t h i s t h i s w i l l not f i r e t he k i ck er but onl y al l ow i t t o f i r ed .
144 � /
145 i f ( move� >ar m_k i ck er )
146 K i ck er _Cont r o l _I nt er f ace (TRUE) ;
147 el se
148 K i ck er _Cont r o l _I nt er f ace (FALSE) ;
149
150 }
151
152 / �

153 � Omni I nt egr at e �

154 �

155 � Thi s f unct i on per f or ms t he pat h i n t eg r at i on t o mai nt ai n t he r obot ' s i n t er nal
156 � r ef er ence of posi t i on and headi ng and t o al l ow f or t he posi t i on and headi ng
157 � r epor t ed by t he v i si on system t o be r econci l ed wi th t he sensor del ay .
158 � /
159 voi d Omni I nt egr at e ( move_ptr m)
160 {
161
162 i n t v el 1 , v el 2 , v el 3 ;
163 i n t v el x , v el y , v el r o t ;
164
165 / � Read t he cur r ent wheel v el oc i t i es f rom t he encoder s � /
166 Omni Encoder (& v el 1 , & v el 2 , & v el 3 ) ;
167
168 / �

169 � Per f orm t he i nv er se k i nemat i cs t o det er mi ne t he pl at f or m v el o c i t i es
170 � f rom t he i nd i v i dual wheel v el o c i t i es .
171 � /
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172 v el x = ( ( v el 1 � v el 2 ) � K256_ON_ROOT3) > > 8 ;
173 v el y = ( ( v el 1 + v el 2 � 2 � v el 3 ) � K256_ON_3 ) > > 8 ;
174 v el r o t = ( ( ( ( v el 1 + v el 2 + v el 3 ) � K256_ON_3 ) > > 8 ) ) ;
175
176 / � Cal cul at e t he new headi ng f i r s t � /
177 m� >hdg + = ( ( v el r o t ) ) ;
178 i f (m� >hdg >= ANG_360_COUNTS)
179 m� >hdg � = ANG_360_COUNTS;
180 el se i f (m� >hdg < 0 )
181 m� >hdg += ANG_360_COUNTS;
182
183 / � Now cal cu l at e new posi t i on � /
184 m� >x += ( v el x � COS_COUNTS(m� >hdg) � v el y � SIN_COUNTS(m� >hdg ) ) > > SIN_SHIFT;
185 m� >y += ( v el x � SIN_COUNTS(m� >hdg ) + v el y � COS_COUNTS(m� >hdg ) ) > > SIN_SHIFT;
186
187 / � Update t he posi t i on l i s t t o handl e sensor del ay � /
188 (m� >xhead ) ++;
189 i f (m� >xhead >= m� >x pos_ l i st + LISTLEN )
190 m� >xhead = m� >x pos_l i st ;
191 (m� >yhead ) ++;
192 i f (m� >yhead >= m� >y pos_ l i st + LISTLEN )
193 m� >yhead = m� >y pos_l i st ;
194 (m� >hhead ) ++;
195 i f (m� >hhead >= m� >hpos_ l i st + LISTLEN )
196 m� >hhead = m� >hpos_l i st ;
197 � (m� >xhead ) = m� >x ;
198 � (m� >yhead ) = m� >y ;
199 � (m� >hhead ) = m� >hdg ;
200 }
201
202
203
204 / �

205 � MOTOR CONTROL SCHEMAS
206 � /
207
208 / �

209 � omni _hol y _shi t �

210 �

211 � Thi s schema i mmedi at el y br i ngs t he r obot t o a hal t by set t i n g
212 � t he pl at f or m v el oc i t y t o 0 .
213 � /
214 voi d omni _hol y _shi t ( voi d )
215 {
216 m� >v el = 0 ;
217 m� >r o t v el = 0 ;
218 }
219
220 / �

221 � omni _hal t _f n �

222 �

223 � Thi s schema br i ngs t he r obot t o a hal t gr acef u l l y by rampi ng down
224 � t he r obot s v el oc i t y un t i l 0 at t he maximum accel er at i on
225 � /
226
227 voi d omni _hal t _f n ( voi d )
228 {
229 / � H al t s t r an sl at i o n al v el oc i t y � /
230 i f (m� >v el > m� >acc )
231 m� >v el � = m� >acc ;
232 el se
233 m� >v el = 0 ;
234
235 / � H al t s t he r o t at i o nal v el oc i t y � /
236 i f ( ABS(m� >r o t v el ) > m� >t acc ) {
237 i f (m� >r o t v el > 0)
238 m� >r o t v el � = m� >t acc ;
239 el se
240 m� >r o t v el += m� >t acc ;
241 } el se {
242 m� >r o t v el = 0 ;
243 }
244 }
245
246
247 / �

248 � Thi s f unct i on i s r esponsi b l e f or t he gener al mot i on of t he r obot ,
249 � c on t r o l l i ng t he accel r at i on , decel er at i on , headi ng and f aci ng
250 � d i r ec t i on of t he r obot . The d i st ance t o t r av el , t he change i n headi ng
251 � and t he change i n f aci ng ar e al l set i n t he f unct i on setomni move ( ) i n
252 � Onschema . c
253 � /
254 voi d omni _move_f n ( voi d )
255 {
256 i n t newv ;
257 i n t newvsq ;
258 i n t del t a_ f ac i ng ;
259
260
261 / �

262 � Reduce del t af t o zer o smoothl y . For capped accel er at i on we need t o account
263 � t he v el oc i t y of t he r obot , a = ( v ^ 2) / r . I f you t hen work out t he change i n
264 � f aci ng f or t he spec i f i ed r adi us you get del t a_ f ac i ng = a � del t / v .
265 � /
266
267 i f (m� >del t af ! = 0 ) {
268 / / i f (m� >v el = = 0 ) { GFW
269 i f (m� >v el < 1 0 0 ) { / /DMB
270 del t a_ f ac i ng = m� >del t af ;
271 } el se {
272 del t a_ f ac i ng = IRAD2HDG ( SGN(m� >del t af ) � m� >df acc ) / m� >v el ;
273 i f ( ABS( del t a_f ac i ng ) > ABS(m� >del t af ) ) {
274 del t a_f ac i ng = m� >d el t af ;
275 }
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276 }
277 m� >del t af � = del t a_f ac i ng ;
278 m� >f aci ng += del t a_f ac i ng ;
279 }
280
281 / �

282 � We want t o r each a goal l ocat i on as spec i f i ed by t he l engt h par amet er .
283 � At t he same t i me t he maximum speed must remai n bel ow vx so we ramp up or
284 � down t o r each t he l i near v el oc i t y at amax so as t o mi ni mi ze t he t i me t o
285 � r educe l engt h but s t i l l st ay w i t hi n bounds
286 � /
287 i f (m� >del t al > 0 ) {
288 newv = m� >v el + m� >acc ;
289
290 / �

291 � We need t o di v i de by 16 f or a scal i ng f ac t o r t o pr ev ent i n t ov er f l ow , and by
292 � 2 agai n t o compare ax <= v ^ 2 / 2 on t he nex t l i ne
293 � /
294 newvsq = ( ( newv > > 2) � ( newv > > 3 ) ) ;
295 i f ( ( m� >v f i nal sq + (m� >acc � (m� >del t al > > 4) ) ) < = newvsq )
296 newv = m� >v el � m� >acc ;
297
298 / � I f we need t o change d i r ec t i on , sl ow down � /
299 i f ( ( ABS(m� >del t af ) > ( OCOUNTPERGORDO4)) & & (m� >v el ! = 0 ) ) / /DMB changed
300 newv = m� >v el � m� >f acc ;
301 i f ( newv > m� >maxv )
302 newv = m� >maxv ;
303 el se i f ( newv < 0)
304 newv = 0;
305 m� >d el t al � = newv ;
306 i f (m� >del t al < 0 ) {
307 m� >d el t al = 0 ;
308 newv = 0;
309 }
310 } el se {
311 newv = 0;
312 m� >d el t al = 0 ;
313 }
314
315 m� >v el = newv ;
316
317
318 / �

319 � We want t o r each a desi r ed headi ng as pspec i f i ed by del t ah . The r o t at i o nal v el oc i t y
320 � i s ramped up t o mi ni mi s t he t i me t ak en t o r each t he desi r ed headi ng
321 � /
322 i f ( ( m� >r o t v el ! = 0 ) | | ( m� >del t ah ! = 0 ) ) {
323
324 / � A t tempt t o al i gn t he r obot w i th t he gi ven headi ng d i r ec t i o n � /
325 i f (m� >del t ah > 0)
326 newv = m� >r o t v el + m� >t acc ;
327 el se i f (m� >del t ah < 0)
328 newv = m� >r o t v el � m� >t acc ;
329 el se
330 newv = m� >r o t v el ;
331
332 / �

333 � We need t o di v i de by 16 f or a scal i ng f ac t o r t o pr ev ent i n t ov er f l ow , and by
334 � 2 agai n t o compare ax <= v ^ 2 / 2 on t he nex t l i ne
335 � /
336 newvsq = ( ( newv > > 2) � ( ABS( newv ) > > 3 ) ) ;
337 i f (m� >r v f i nal sq + ( (m� >t acc � m� >del t ah ) > > 4) < = newvsq )
338 newv = m� >r o t v el � m� >t acc ;
339 el se
340 newv = m� >r o t v el + m� >t acc ;
341 i f ( newv > m� >maxrotv )
342 newv = m� >maxrotv ;
343 el se i f ( newv < � m� >maxrotv )
344 newv = � m� >maxrotv ;
345 m� >del t ah � = newv ;
346 m� >f aci ng � = newv ;
347 m� >r o t v el = newv ;
348 i f ( ( ABS(m� >r o t v el ) < m� >t acc ) & & (ABS(m� >del t ah ) < m� >t acc ) ) {
349 m� >r o t v el = 0 ;
350 m� >del t ah = 0 ;
351 }
352 }
353
354 }
355
356
357 / �

358 � omni _pi v ot _f n �

359 �

360 � Thi s f unct i on w i l l move t he r obot so t hat i t p i v ot s around t he bal l
361 � enabl i ng t he r obot t o t ur n but s t i l l r emai n i n con t r o l of t he bal l .
362 � /
363 voi d omni _pi v ot _f n( voi d )
364 {
365
366 / � To be w r i t t en when t he dr i bb l i ng hardware i s i n st al l ed � /
367
368 }
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Appendix E

Small SizeLeagueRules

For a full listing of theRoboCup2001SmallSizeLeagueRulesvisit:

http://arti.vub.ac.be/RoboCu p/rul es/r ules. html
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