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1 Project Overview

The ELE538Projectis to equipthe eebotmobile robot with a navigation systemthat canfind andfollow a line
(thetradk) to adestination A possiblecoursewith thevariousnavigationalchallengesis shovnin figure 1.

1. Therobotis startedsomedistancefrom the trackandmustusedead-edoningto drive in a straightline to
find thetrack. To ensurethatthe robotis driving in a straightline, the revolutionsfor eachwheelcanbe
counted.Or you couldtrustto luck . . ..

2. Therobotshoulddetectthetrack,andthen

3. make a preciseright angleturnto line up with thetrack. Becausehe guideris locatedin front of thedrive
wheels,it will benecessaryo advancetherobotuntil its wheelsstraddlethe track,andthenexecutearight
turn. Alternatively, you could have therobotmove forwardandthenspinin placeto detectthe new line.

4. Thesecurvestesttheability of theguiderto tracka serpentingoath.
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Figurel: RobotGuidanceChallenge

5. Therobotmustpasghroughagapbetweertwo objects preciselytrackingtheline. This sectionis designed
to eliminateguidancemethodghatresultin significantrobotswingingover the guidancerack.

6. Thefirstintersectiormustbedetectedothattherobotknowswhereit is, butignoredfor guidancepurposes
by continuingstraightthroughtheintersection.

7. At thesecondntersectiontherobotmustmale aright angleturn andthenpick up the new track.
8. Therobotcollideswith thefirst obstacle which trips the front bumper

9. Therobotturnsthrough108 andretracests pathbackto the previousintersection.lt makesa right turn
andthencollideswith thefinal obstacle which trips the front bumperagainandfinishesthe challenge.

2 Rulesof the ChallengeProject

e Studentswill begradedonthedegreeto whichtheir programaccomplishesherobotguidanceaskandthe
featuresof their guidanceprogram.

e Theprojectwill beworth 30

¢ Theexactlayoutis subjectto changeput will includefeaturessimilar to thoseshown in figure 1. Students
will beinformedof any changesvell in advanceof thedemodate.



e Theguidanceprogrammustinclude

— An aliveindicator
— Readoubf batteryvoltage
— Someindicationof the currentstateof therobot

You areencouragedb includereadoutdor the sensosignals(eithertheraw dataor thethresholdedralues
indicatedaslight anddark). It mayalsobe usefulto show the stateof the bumperswitches.

e Demonstrationsnustbe completedy the endingtime of the scheduledabin Week13 of theterm.

e Guidancemethodsare unrestricted. You may use bang-bangcontrol, turning the motorson and off in
responseo variousguidersignals. Or you may usethe line detectorandvariablemotor speedo provide
proportional control of heading.

¢ Robotsaredeemedo have lost their way whenthey collide with one of the boundarief the challenge
area.

¢ Therobothardwaremustnot be modifiedin any way*.
¢ Paperdecorationsnaybe mountedon therobotandheldin placewith smallpiecesof maskingtape.

e A printedcopy of the properlydocumentedissemblylanguageprogramguidance.asm  mustbe sub-
mitted at the time of the demonstration.The programwill alsobe submittedelectronicallyat the demo,
usingthe submit538nstruction. Someproportionof thefinal markwill be allocatedfor the quality of the
documentation.

¢ Therobotis startedby loadingits program placingit in the Startarea,andtouchingoneof the bumpers.
e Onceit is startedno humanassistancef therobotis permitted.It’sonits own.

e Eachdemonstratiotis allowedtwo tries.

¢ If thedemonstratioriails andtime permits,the studentwill beallowedto revisetheir program.

¢ At thediscretionof the instructor the instructormay requirea demonstratioron the benchthat the robot
hassomechanceof operatingproperly.

3 Structure of the Program

This is a complex software system. It will requireinterrupts,passingof parametergo subroutinesandtime-
critical operationsThefinal programwill belengthyandincludemary subroutinesThisis deliberateioneof the
objectivesof this courseis to challengeyou with a major software projectthat requiressignificantplanningand
designin additionto the productionof assemblyjanguagecode.

As you develop the design,you musthave in mind the final structureof the program. It shouldincludethe
following sectionspreferablyin the sameorderin your codelisting aspresentedhere:

1A possibleexceptionto this rule may be requiredif we find that room lighting interfereswith robot guidance.In thatcase,it may be
necessaryo provide skirtson the guidersection.However, this is not expectedto beaproblem.



e Equategqdefinitions)of microprocessoregisterssuchasTCNTLO

e Workingstorageareathedatasegment) with definitionsof variable§fRAM locations)usingFCB "FCC",FCD
andRMBstatementsT his shouldhave its own OR&irective.

e Thecodesggment,with its own ORGirective. Thisis thecomputemprogram startingwith theinitialization
routines. In this sectionof the code, eachinitialization routine shouldbe called with a JSR statement.
Deviceinterruptsandvectorsshouldbeinitialized here.

e Thelastinstructionin theinitialization codeis the CLI statementwhich turnsonglobalinterrupts.

¢ Following theinitialization routinesis the mainloop. This startswith a label (Main is a suitablechoice)
andendswith aJMP Main instruction.Themainloopincludessubroutinecallsto the variousoperational
routines.For example,it would includeonesubroutinecall to updatethe displayandanotherto checkthe
navigationstatemachine.

For aprogramof this size,theinitialization codeandmainloop shouldeasilyfit ontoonepage.lt simplifies
dehuggingto minimize the size of thesecodesectionsbecauset is easyto determinewherebreakpoints
shouldbeinsertedandthe precisesequencef codeevents.

e Therestof the codecontaineghe systemsubroutines Eachsubroutineshouldbe visibly setoff by some
visualdevice suchasextra spaceor arow of charactersEachsubroutinemusthave a headethatincludes
atitle, descriptionof the routinefunction, whatis passednto the routine,andwhatit returns. The orga-
nizationof theroutinesshouldbe suchthatsimilar routinesaregroupedogetherandthe simplestroutines
arelastin the listing. The assembleshoulddeterminethe addresf eachsubroutine:do not use ORG
statement this section.If therearedefinitionsthatnaturallygo with a particularsubroutineandno other
routine,thenyou may wish to includethe EQUequatestatementsvith the subroutine.Otherwise put the
equatesitthetop of the program.

Variablesthatareusedby subroutineshouldbe groupedwith all the othervariablesfRMBstatementgtc)
atthetop of thelisting. Why not putthemwith the subroutineBecauseultimately, thecodemaybemove
to EEPROM or someotherform of non-wlatile memoryandthe read-writeregistersmustbe movedto or
stayin someareaof RAM. Sothe codeandtheworking RAM areasshouldbe keptseparat@nddistinct.

If you stick to the organizationsuggestedere, this can be done quite easily becausehereis one ORG
statementor the RAM working storageareaandone ORGstatementor the code.Moving the codeis then
primarily a matterof changingts ORGstatement.

4 Hints on Developing a Lar ge Software Project

e Beware of Name Conflicts. Becausehis is a big programandwe do not have a linking loadef available
to us,everylabelis globalin scopeand mustbedistinct Consequentlyyouwill needto be very carefulto
uselabelsthataredifferentfrom eachother Soalabelnamelike LOOPIs veryrisky - it'slikely to beused
someavhereelsein the program.

A goodapproactto thisis to prefaceeachlabelnameof this typewith a somecharactershatareuniqueto
the subroutine For example,in adisplayroutineyouwould usethelabelDISP_EXIT ratherthanEXIT .

2A linking loaderallows eachsubroutingto be assembledeparatelyndthevariablenamesareprivateto thatsubroutine Nameconflicts
arethenmuchlesslikely.



With the-c option,theassembleasl1l canbedirectedto generatacrossrefelencelisting of all variables
usedin the program.Thisis usefulin determiningwhatvariablenamesyou have used.

e Back up files. At the endof eachsessionpr afterimportantchangesindbug fixes,be extremely careful
thatyou have bacled up your files andhave printedlistings of your work. It is unlikely thatthe network
will loseyourwork — files arebacked up extensively — but it is possiblethatyou mayinadwertentlyin the
heatof battledeletesomeimportantfile.

You shouldhave onedirectory called somethindik e developmenivhereyou do developmentwork. This
is wherecodeis written, modifiedandtested A seconddirectorycalledtestedcode(or somethingsimilar)
shouldcontainthe mostrecentworking versionof the software’. It is importantthatyou not modify files
in the testedcodedirectory If you can't getsomethingto work andyou feel thatthe harwareis bad,for
example,you shouldbe ableto returnto a previous versionof the program,onethatwasworking in the
past,andtestthat.

e Number Versions It is goodpracticeto give eachversionof the programits own revision number It is
quitefrighteningto have two versionsof the project,bothwith the samename andnot know which oneis
themostrecent.If thecodechangesit getsa new revision number This alsotells you how mary versions
you constructedwhich canbeentertaining.

¢ Instrument your code Theprograminstrumentatiorconsistof aroutine(mary of whichyou have already
written) thatdisplaysthe behaiour of the programto helpwith dehuggingandto reassur¢heoperatorthat
the programis functioningcorrectly
For example,if you wantto checkthat a particularroutineis beingcalledat the correcttime, you could
write one charactetto the LCD on entry to the routineanda secondcharacteon leaving the subroutine.
Or you could pulsethealive indicator If thealive LED flashesor stayson continuouslythe subroutings
beingexercised.
Instrumentations enormouslyhelpful in identifying situationslike The programwasin state3 and when
it enteedthe motorcontmol routineit crashed Thisimmediatelynarravs down the problemarea.Without
instrumentationpnehassituationdik e, It wasworkingandthenit stoppegdwhichis not muchinformation
atall.

e Testearly, testoften. Thereis noway a projectof this magnitudewill work properlythefirsttimeit is run.
It will requireddeluggingatevery level from the simplestsubroutineup to themainloop. A goodstratey
for a programof this sizeis to designtop down,codebottomup. Thatis,

— Designthe overall architectureof the program(main loop, interrupts, subroutines)o that the big
pictureis in mind.

— Startwith thelow-level routinesthatinterfacewith the hardwareandtestthemthoroughly

— Oncesufiicient low-level routinesare constructedandtested placetheminto the overall structurein
suchaway thata simple,basicprogramcanoperate.In the worst case this canbe demonstratedb
thelab supervisoffor partmarks.In thebestcasejt will show thatthebasicdesignconcepis correct.
For example you mightstartwith arobotprogramthatrunsthewheelmotorsuntil thebumperdetects
acollision.

3If you know RCS(Revision Contmol Systemor SCCS(Souce CodeControl Systemiyou maywish to usethemon this project.



— Add onefeature,at ary level of this working program. For example,you might addthe subroutine
to readthe guiderat the bottomlevel, andthenmodify the mainloop to readthe guidervaluesand
displaythem.Carefully testthis modification.

— Continuethis procesof incrementaldevelopmentindtestuntil the projectmeetsrequirements.

5 Subsystems

To accomplisttheprojecttask,theeebotwill requireanumberof subsystemmtegratedinto acompleteprogram.
Theseinclude:

Navigation Manager Software routinesthat managethe navigation of the robot, for example, during
searchmodefor the guidetrack.

GuidanceRoutine Routinethatinterpretsguiderreadingsandcommandghe motorsappropriatelywhen
following the guidetrack.

SensorScanner Readghe photodetectosensorsandthresholdghereadinggo determinevhenatrackis
in view.

Motor SpeedControl Controlstherelative speed®f themotorsto steertherobotandexecuteturns.
Rotation Counters Usedwhenexecutingaccuratgurningmanoeres.

Bumper Detectors Detectwhentherobothascollidedwith anobject.



