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1 Project Overview

TheELE538Projectis to equiptheeebotmobile robotwith a navigationsystemthatcanfind andfollow a line
(the track) to a destination.A possiblecoursewith thevariousnavigationalchallenges,is shown in figure1.

1. Therobotis startedsomedistancefrom thetrackandmustusedead-reckoningto drive in a straightline to
find the track. To ensurethat the robot is driving in a straightline, the revolutionsfor eachwheelcanbe
counted.Or you couldtrustto luck ����� .

2. Therobotshoulddetectthetrack,andthen

3. makea preciseright angleturn to line up with thetrack. Becausetheguideris locatedin front of thedrive
wheels,it will benecessaryto advancetherobotuntil its wheelsstraddlethetrack,andthenexecutea right
turn. Alternatively, youcouldhave therobotmoveforwardandthenspinin placeto detectthenew line.

4. Thesecurvestesttheability of theguiderto tracka serpentinepath.
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START

1: Dead-reckoning

2: Detect Line

3: Rt angle turn

4: Track turns

5: Precise Guiding

6: Detect Intersection

8: Detect First Obstacle

7: Detect intersection, Turn

9: Detect Final Obstacle

Finish

Figure1: RobotGuidanceChallenge

5. Therobotmustpassthroughagapbetweentwo objects,preciselytrackingtheline. Thissectionis designed
to eliminateguidancemethodsthatresultin significantrobotswingingover theguidancetrack.

6. Thefirst intersectionmustbedetectedsothattherobotknowswhereit is,but ignoredfor guidancepurposes
by continuingstraightthroughtheintersection.

7. At thesecondintersection,therobotmustmakea right angleturnandthenpick up thenew track.

8. Therobotcollideswith thefirstobstacle, which trips thefront bumper.

9. Therobot turnsthrough108
�

andretracesits pathbackto theprevious intersection.It makesa right turn
andthencollideswith thefinal obstacle, which trips thefront bumperagainandfinishesthechallenge.

2 Rulesof the ChallengeProject
� Studentswill begradedon thedegreeto which theirprogramaccomplishestherobotguidancetaskandthe

featuresof their guidanceprogram.

� Theprojectwill beworth30

� Theexactlayoutis subjectto change,but will includefeaturessimilar to thoseshown in figure1. Students
will beinformedof any changeswell in advanceof thedemodate.
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� Theguidanceprogrammustinclude

– An alive indicator

– Readoutof batteryvoltage

– Someindicationof thecurrentstateof therobot

Youareencouragedto includereadoutsfor thesensorsignals(eithertheraw dataor thethresholdedvalues
indicatedaslight anddark). It mayalsobeusefulto show thestateof thebumperswitches.

� Demonstrationsmustbecompletedby theendingtimeof thescheduledlab in Week13 of theterm.

� Guidancemethodsare unrestricted. You may usebang-bangcontrol, turning the motorson and off in
responseto variousguidersignals.Or you mayusethe line detectorandvariablemotorspeedto provide
proportionalcontrolof heading.

� Robotsaredeemedto have lost their way whenthey collide with oneof the boundariesof the challenge
area.

� Therobothardwaremustnot bemodifiedin any way1.

� Paperdecorationsmaybemountedon therobotandheldin placewith smallpiecesof maskingtape.

� A printedcopy of the properlydocumentedassemblylanguageprogramguidance.asm mustbe sub-
mitted at the time of the demonstration.The programwill alsobe submittedelectronicallyat the demo,
usingthesubmit538instruction.Someproportionof thefinal markwill beallocatedfor thequality of the
documentation.

� Therobotis startedby loadingits program,placingit in theStartarea,andtouchingoneof thebumpers.

� Onceit is started,no humanassistanceof therobotis permitted.It’son its own.

� Eachdemonstrationis allowedtwo tries.

� If thedemonstrationfailsandtimepermits,thestudentwill beallowedto revisetheir program.

� At the discretionof the instructor, the instructormay requirea demonstrationon the benchthat the robot
hassomechanceof operatingproperly.

3 Structure of the Program

This is a complex software system. It will requireinterrupts,passingof parametersto subroutinesand time-
critical operations.Thefinal programwill belengthyandincludemany subroutines.This is deliberate:oneof the
objectivesof this courseis to challengeyou with a majorsoftwareprojectthat requiressignificantplanningand
designin additionto theproductionof assemblylanguagecode.

As you develop the design,you musthave in mind the final structureof the program. It shouldincludethe
following sections,preferablyin thesameorderin yourcodelisting aspresentedhere:

1A possibleexceptionto this rule may be requiredif we find that room lighting interfereswith robot guidance.In that case,it may be
necessaryto provide skirtson theguidersection.However, this is notexpectedto beaproblem.
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� Equates(definitions)of microprocessorregisterssuchasTCNTLO.

� Workingstoragearea(thedatasegment),with definitionsof variables(RAM locations),usingFCB, ˆFCCˆ,FCD
andRMBstatements.This shouldhave its own ORGdirective.

� Thecodesegment,with its own ORGdirective.This is thecomputerprogram,startingwith theinitialization
routines. In this sectionof the code,eachinitialization routineshouldbe calledwith a JSR statement.
Device interruptsandvectorsshouldbeinitializedhere.

� Thelastinstructionin theinitializationcodeis theCLI statement,which turnsonglobalinterrupts.

� Following the initialization routinesis the main loop. This startswith a label (Main is a suitablechoice)
andendswith aJMP Main instruction.Themainloop includessubroutinecallsto thevariousoperational
routines.For example,it would includeonesubroutinecall to updatethedisplayandanotherto checkthe
navigationstatemachine.

For aprogramof thissize,theinitializationcodeandmainloopshouldeasilyfit ontoonepage.It simplifies
debuggingto minimize the sizeof thesecodesectionsbecauseit is easyto determinewherebreakpoints
shouldbeinsertedandtheprecisesequenceof codeevents.

� Therestof thecodecontainesthesystemsubroutines.Eachsubroutineshouldbevisibly setoff by some
visualdevice suchasextra spaceor a row of characters.Eachsubroutinemusthave a headerthatincludes
a title, descriptionof the routinefunction,what is passedinto the routine,andwhat it returns.The orga-
nizationof theroutinesshouldbesuchthatsimilar routinesaregroupedtogetherandthesimplestroutines
are last in the listing. The assemblershoulddeterminethe addressof eachsubroutine:do not useORG
statementsin thissection.If therearedefinitionsthatnaturallygowith aparticularsubroutineandnoother
routine,thenyou maywish to includetheEQUequatestatementswith thesubroutine.Otherwise,put the
equatesat thetop of theprogram.

Variablesthatareusedby subroutinesshouldbegroupedwith all theothervariables(RMBstatementsetc)
at thetopof thelisting. Why notput themwith thesubroutine?Because,ultimately, thecodemaybemove
to EEPROM or someotherform of non-volatilememoryandtheread-writeregistersmustbemovedto or
stayin someareaof RAM. Sothecodeandtheworking RAM areasshouldbekeptseparateanddistinct.

If you stick to the organizationsuggestedhere,this can be donequite easily becausethereis one ORG
statementfor theRAM working storageareaandoneORGstatementfor thecode.Moving thecodeis then
primarily a matterof changingits ORGstatement.

4 Hints on Developinga Lar geSoftwareProject
� Beware of NameConflicts. Becausethis is a big programandwe do not have a linking loader2 available

to us,everylabel is global in scopeandmustbedistinct. Consequently, you will needto beverycarefulto
uselabelsthataredifferentfrom eachother. Soa labelnamelikeLOOPis very risky - it’s likely to beused
somewhereelsein theprogram.

A goodapproachto this is to prefaceeachlabelnameof this typewith asomecharactersthatareuniqueto
thesubroutine.For example,in a displayroutineyouwouldusethelabelDISP_EXIT ratherthanEXIT .

2A linking loaderallows eachsubroutineto beassembledseparatelyandthevariablenamesareprivateto thatsubroutine.Nameconflicts
arethenmuchlesslikely.
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With the-c option,theassembleras11 canbedirectedto generateacrossreferencelisting of all variables
usedin theprogram.This is usefulin determiningwhatvariablenamesyou haveused.

� Back up files. At theendof eachsession,or after importantchangesandbug fixes,beextremelycareful
thatyou have backedup your files andhave printedlistingsof your work. It is unlikely that the network
will loseyour work – files arebackedup extensively – but it is possiblethatyou mayinadvertentlyin the
heatof battledeletesomeimportantfile.

You shouldhave onedirectorycalledsomethinglike developmentwhereyou do developmentwork. This
is wherecodeis written,modifiedandtested.A seconddirectorycalledtestedcode(or somethingsimilar)
shouldcontainthemostrecentworking versionof thesoftware3. It is importantthatyou not modify files
in the testedcodedirectory. If you can’t get somethingto work andyou feel that the harwareis bad,for
example,you shouldbe ableto returnto a previousversionof the program,onethat wasworking in the
past,andtestthat.

� Number Versions. It is goodpracticeto give eachversionof the programits own revision number. It is
quitefrighteningto have two versionsof theproject,bothwith thesamename,andnot know which oneis
themostrecent.If thecodechanges,it getsa new revision number. This alsotells you how many versions
youconstructed,which canbeentertaining.

� Instrument your code. Theprograminstrumentationconsistsof aroutine(many of whichyouhavealready
written) thatdisplaysthebehaviour of theprogramto helpwith debuggingandto reassuretheoperatorthat
theprogramis functioningcorrectly.

For example,if you want to checkthat a particularroutineis beingcalledat the correcttime, you could
write onecharacterto the LCD on entry to the routineanda secondcharacteron leaving the subroutine.
Or you couldpulsethealive indicator. If thealive LED flashesor stayson continuously, thesubroutineis
beingexercised.

Instrumentationis enormouslyhelpful in identifying situationslike Theprogramwasin state3 andwhen
it enteredthemotorcontrol routineit crashed. This immediatelynarrowsdown theproblemarea.Without
instrumentation,onehassituationslike, It wasworkingandthenit stopped, which is notmuchinformation
atall.

� Testearly, testoften. Thereis nowayaprojectof thismagnitudewill work properlythefirst time it is run.
It will requireddebuggingatevery level from thesimplestsubroutineup to themainloop. A goodstrategy
for a programof thissizeis to designtop down,codebottomup. Thatis,

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

– Startwith thelow-level routinesthatinterfacewith thehardwareandtestthemthoroughly.

– Oncesufficient low-level routinesareconstructedandtested,placetheminto theoverall structurein
sucha way thata simple,basicprogramcanoperate.In theworstcase,this canbedemonstratedto
thelabsupervisorfor partmarks.In thebestcase,it will show thatthebasicdesignconceptis correct.
For example,youmightstartwith arobotprogramthatrunsthewheelmotorsuntil thebumperdetects
a collision.

3If you know RCS(RevisionControl System) or SCCS(SourceCodeControl System) youmaywish to usethemon this project.
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– Add onefeature,at any level of this working program. For example,you might addthe subroutine
to readthe guiderat the bottomlevel, andthenmodify the main loop to readthe guidervaluesand
displaythem.Carefullytestthismodification.

– Continuethis processof incrementaldevelopmentandtestuntil theprojectmeetsrequirements.

5 Subsystems

To accomplishtheprojecttask,theeebotwill requireanumberof subsystemsintegratedinto acompleteprogram.
Theseinclude:

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

� GuidanceRoutine Routinethat interpretsguiderreadingsandcommandsthemotorsappropriatelywhen
following theguidetrack.

� SensorScanner Readsthephotodetectorsensorsandthresholdsthereadingsto determinewhena trackis
in view.

� Motor SpeedControl Controlstherelativespeedsof themotorsto steertherobotandexecuteturns.

� Rotation Counters Usedwhenexecutingaccurateturningmanoevres.

� Bumper Detectors Detectwhentherobothascollidedwith anobject.
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