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1 Learning Objectives

Theobjectivesof this laboratoryareasfollows:

� Throughtheuseof assemblylanguage,to becomethoroughlyfamiliarwith commonelementsof micropro-
cessorsoftwareandhardware.

� To learndebuggingtechniquesfor microcontrollerprograms,includingbreakpoints,statusreadouts,single-
stepping,andcrashdumps.

� To be able to relateelectricalsignalsto softwareoperationandvice-versa,in order to debug hardware-
softwareinteractionproblems.

� To learngoodpracticesin structuringamicroprocessorcontrolproblemincludingthestructureof themain
loopandcommunicationbetweenroutines.

� To progressfrom simpleprogramsto a moderatelycomplex controlprogram.
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2 Overview

Thelaboratoryisbasedarounda68HC11microcomputerdevelopmentsystem,theMPPBoardVersion1, together
with a smallmobilerobot,theeebot.

The robot includesa completemicroprocessordevelopmentsystem,the MPP BoardVersion2, interfaced
to the robot motorsandsensors.The robot canbe operatedfrom an AC adaptoror from an internal

��� �
volt

rechargeablebattery.
The courseconsistsof two basicphases.In the first phase,programmingeebot begins with basicexercises

suchasreadingthesensorarrayandcontrolling thespeedanddirectionof two DC drive motors. In thesecond
phase,thestudentwill programtherobotto follow a blackline, detectingandmakingdecisionsat line branches.
An obstaclecoursewill be setup androbotswill be requiredto detectandfollow a black line that leadsto an
objective location.

Softwaremodulesdevelopedin thefirst phaseof thecoursewill bere-usedto form thebasisof theguidance
programin the secondphaseof the course.You will developa library of softwareroutinesthat canbe usedto
constructa majorprogram.

3 Surviving This Course

The538 lab exercisesarechallengingandwill requiresignificantstudenteffort. You will needto learnto usea
numberof computertoolsandto understandthearchitectureandprogramminglanguageof amoderatelycomplex
microprocessor.

In many cases,it is unavoidablethat thelab exerciserequiressomeknowledgeof materialwhich hasnot yet
beencoveredin the lecture. In suchcases,the lab supervisormaygive a tutorial on thatmaterialin the lecture.
Thelab time is tooshortto spendtimeon a tutorial.

In orderto provide the necessarybackground,the lab notesareextensive andcontaintutorial materialthat
mustbereadandunderstoodto completethe lab exercises.In otherwords,theanswerto ’Do I need to read all
this stuff?’ is Only if you would like your program to work.

Eachlab is typically 17or sopagesin length,soit is not thekind of thingthatcanbecoveredin afew minutes.
In preparationfor eachlab,youshouldreadoverthelabmaterialanduseaneditorto createany softwarethatyou
will betestinganddebugging.It is not aneffectiveuseof lab time to betyping in a computerprogram.

Labtimeis primarily intendedfor gettinghelpin debuggingproblemsthatyoucannotsolveonyourown, and
demonstratingprogramsthat(finally!) work correctly.

TheELE538lab is openfor studentuseduringregularschoolhours,andstudentsarewelcometo usethelab
whena stationis available. If thelab is in useby anothersection,checkwith thelab supervisor. However, there
areusuallyno sparestationsavailableduringa scheduledlabsectionsoyoushouldbepreparedto leaveuntil the
scheduledsectionis over.

Many of theexercisescanbe testedanddebuggedto someextenton theMPPVersion1 systemson the lab
benches.You canat leastassembleyour sourcecodein advanceof a lab to ensurethat any syntaxerrorsare
corrected.

Thereis alsotwo simulators availablefor your use. The simulatoris a programthat runson a PC,usually
undertheWindows operatingsystem,andexecutes68HC11machinecode. If you aredebugginga routinethat
doesnot requireaccessto therobothardware,thenasimulatorcanbeveryuseful.Checkwith thelabsupervisors
on thelocationandavailability of thesimulators.

In summary
� Readthecourseoutline(thisdocument).
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� Don’t panic.Therewill beafloodof new termsandinformationthatyouwill haveto digestin averyshort
time, especiallyat the beginning of the course. However, everyonewho putseffort into this coursewill
pass.

� If somethingis unclear, askyourprof or lab supervisor- they know wheretheinformationcanbefound.

� Printout andreadtheeebot Technical Description manual which is in thecoursedirectory
˜courses/ele538/labs/eebot-spec . Notice especiallythe last sectionon testingthe hardware
from theMonitor program,whichcanbeveryhelpfulwhensomethingdoesn’t work accordingto plan.

� Printout andreadeachlabbeforethelab.

� Learnto readthe listing file (suffix .lst ) andhow to useit with breakpointsto debug a computer
program. Rely on systematicmethodsto find problems: trial and error will not work in systemsthis
complicated.

� Geta copy of thetextbookanduseit to answertechnicalquestions.

� Do the lab assignments.This is not only to get the lab marks,but alsoto prepareyou for theexamin this
course.

4 Care of the Equipment

Many coursesthat involve mobile robot exercisesrequirestudentsto constructtheir own robot. This is un-
doubtablyan educationalprocessbut becauseof time constraintsit meansthatmuchof the focusis on the me-
chanicalandelectricaldesignandconstructionof thebot.

In orderto focuson programmingissues,we have decidedto provide studentswith a ’readyto run’ mobile
robot, the eebot. The robot includesa completemicroprocessordevelopmentsystem,interfacedto the robot
motorsandsensors.Therobotcanbeoperatedfrom anAC adaptoror from aninternalrechargeablebattery.

Therobotswill besignedout to studentsat thebeginningof eachlabsession,andthenreturnedandsignedin
at theendof thelabsession.

Therobotsthemselvesaredelicateandwe donot havemany spares.It maytakesometime to obtainreplace-
mentpartsfor a damagedrobot. Consequently, if thereis repeateddamageto therobots,theremaybea point at
which a robotis not availableto you whenit is needed.

If therobotdrivemotorsareinadvertentlystartedthereis thepossibilityof driving therobotoff thelabbench.
Whentestingsoftware,ensurethatrobotmainframeis lifted up slightly sothatthewheelsof therobotarenot in
contactwith thedesk.

Pleasetreat the robot asa delicatedevice. If you noticeanything that is defective on the robot, suchasa
brokenwire, looseconnectoror brokenmechanicalpart,pleasedraw it to theattentionof your labsupervisor.

Regardlessof the appearance,the robot is not a toy. It is only to be run for the purposeof testingsoftware
that is part of the official lab curriculum. It is not suitablefor racing or taking part in robot sumowrestling
competitions.

5 Evaluation

Themarkingschemefor ELE538is asfollows:

Total labwork 35%
Mid-termexam 20%
Finalexamination 45%
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You mustobtain at least18% in the lab work and 33% in the combinedlectureexaminationsto passthe
course.(ie, you mustpassboth labandlecture.)

Plagiarism

You arewelcomeandencouragedto discussthe lab assignmentswith otherstudents,especiallywhenyou are
stuckon somepoint. However, direct copying of otherpeople’s assignmentsor somepartof an assignment,or
providing materialfor otherpeopleto copy directly, is plagiarism andconstitutesacademicmisconduct.

Studentswill submita copy of their lab work at thetime they demonstratethework. Oncetheassignmentis
submitted,it maynot be resubmittedor changed1. An automatedcomputerprogramwill checkfor similarities
betweenstudentassignmentsandwill notify your lab supervisorin the event that a significantportion of your
work is similar to thatof someoneelse.

If the assignmentsaredeemedby the lab supervisorto be partial or full copiesof eachother, the students
involvedwill receive zerofor that assignmentanda noteof the plagiarismwill be enteredinto the lab records.
At the discretionof the lab supervisor, theremay alsobe a noteof academicmisconductaddedto the student
academicrecord.On a secondoccurance,a noteof theplagiarismwill beenteredinto thelab records,a noteof
academicmisconductwill beaddedto thestudentacademicrecordandtheDepartmentChairwill beadvised.The
standardproceduresfor AcademicMisconductwill thenapply: youcanreadaboutit in theRyersonCalendar.

Noticethatthereis no distinctionbetweenstudentsproviding materialfor copying andstudentsusingcopied
material.

We arestrict aboutplagiarismbecauseplagiarizersdo not learnthematerialandit putsstudentswho do not
cheatatadisadvantage.Beadvisedthattwo studentsweresuspendedandonerequiredto repeatthecoursein the
1999-2000academicyearbecauseof plagiarismin this course.
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8 Lab Topics and Schedule

Week Microprocessor Topic Laboratory Topic Assignment

1 Introduction to microproces-
sor program development.

� Settingupthedevelopmentenvironment
� Using vt6811to connectto the Buffalo
Monitor
� TheHELPcommand
� MemoryDump,MemoryModify
� Memory-mappedregisters(Devices)
� Writing a small Assembly Language
Program
� BreakpointsandDebugging

Write anddemonstrate
an assemblylanguage
programto multiply t-
wo integers

2 Useful Techniques for the
Toolkit Library.

� SoftwareDelay
� Bit MaskOperations
� ConvertingHex to ASCII
� Programmingthe Liquid Crystal Dis-
play

Write an ASCII string
to theLCDisplay.

3 Displaying Battery Voltage
and Bumper Switch Status.

� ReadtheA/D Converter
� Fixedpointmath
� Binary number conversion to ASCII
string
� Display routine architectureand me-
chanics
� Readbumper switches,threshold,dis-
play.

Read the Frob knob
or batteryvoltageand
display on the LCD.
Readthebumpersand
indicateon theLCD if
actuated.

4. Hardware Timer and Inter-
rupt

� Hardwaretimermechanism
� Overflow flagmechanism
� Interruptdrivencounting
� Timeddelay

Demonstrate a
hardware-timed
delay.

5. Robot Roaming Program � ProgramStructure
� Conditionalbranches
� Motor on-off anddirectioncontrol.
� Thealive indicator

Demonstrate a pro-
gramthat controlsthe
robot so that it roams
with timed turns. A
collision causes a
timed reverse and
turning.
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Week Microprocessor Topic Laboratory Topic Assignment

6. Interrupts. Structureof inter-
ruptsoftware.

� Usingthewheel-counters.
� Counting wheel rotations
asa distancemeasurement.
� Displayingthecounts.

LCDisplay program monitors
wheelrotationcounts.Routine
to executespecifiedwheelrota-
tion count.

7. Guider Scan. Readinginputs
into statusregisters.

Reading and displaying the
guider sensorvalues. Setting
light and dark thresholds in
EEPROM.

Display basicguider operation
with symbol display on the
LCDisplay: eg, ��� LDDL.
Moduleto scanguidersensors.

8. Robot Guidance 1: Structural
diagramof therobotsoftware.

Planning.Structureof theMain
Loop,Inputs,Outputs,Interrupt
Routines. Passinginformation
from interruptsto main routine
in mailboxes.

Program design document:
Pseudocodefor the main loop.
Headersfor variousroutines.

9. Robot Guidance 2: Main
GuidanceRoutine.

Construction of the routine
linking the guiderand the mo-
tor driver.

Static display of motor speed
control with guider inputs and
knobsettingspeed.

10. Robot Guidance 3: Systemin-
tegration

Integration of display, sensor
and motor speedcontrol rou-
tines into main loop. En-
abling/disablingline following.

Motor guidance control inte-
grated with bumper switch e-
mergency stop and statusdis-
playson theLCDisplay.

11. Debugging Week Testingandtroubleshootingthe
robotoperation.

List of bugsfound.

12. Demonstration Week Each student demonstrates
their robot following a course
through various hazardsto a
final objective. Silly awardsare
presented.

Final robotcontrolprogram.
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