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1 Learning Objectives
Theobjectivesof this laboratoryareasfollows:

e Throughtheuseof assemblyanguageto becomehoroughlyfamiliarwith commonelementof micropro-
cessosoftwareandhardware.

e Tolearndeluggingtechniquegor microcontrolleprogramsincludingbreakpointsstatuseadoutssingle-
steppingandcrashdumps.

e To be ableto relateelectricalsignalsto software operationand vice-versa,in orderto detug hardware-
softwareinteractionproblems.

e Tolearngoodpracticedn structuringa microprocessocontrol problemincludingthe structureof the main
loop andcommunicatiorbetweerroutines.

e To progresdrom simpleprogramgo a moderatelycomplex control program.



2 Overview

Thelaboratoryis basedarounda68HC11microcomputedevelopmensystemtheMPPBoardVersionl, together
with a smallmobilerobot,the eehot.

The robot includesa completemicroprocessodevelopmentsystem,the MPP Board Version 2, interfaced
to the robot motorsand sensors. The robot can be operatedirom an AC adaptoror from an internal 9.6 volt
rechageablebattery

The courseconsistsof two basicphases.In the first phase programmingeebot begins with basicexercises
suchasreadingthe sensorarrayand controlling the speedanddirectionof two DC drive motors. In the second
phasethestudentwill programtherobotto follow a blackline, detectingandmakingdecisionsatline branches.
An obstaclecoursewill be setup androbotswill berequiredto detectandfollow a blackline thatleadsto an
objective location.

Softwaremodulesdevelopedin thefirst phaseof the coursewill bere-usedo form the basisof the guidance
programin the secondphaseof the course. You will developa library of softwareroutinesthat canbe usedto
construcia majorprogram.

3 Surviving ThisCourse

The 538 lab exercisesarechallengingandwill requiresignificantstudenteffort. You will needto learnto usea
numberof computettoolsandto understandhearchitectureandprogrammindanguagef a moderatelycomplec
microprocessor

In mary casesit is unavoidablethatthelab exerciserequiressomeknowledgeof materialwhich hasnot yet
beencoveredin thelecture. In suchcasesthe lab supervisommay give a tutorial on that materialin the lecture.
Thelabtimeis too shortto spendime on atutorial.

In orderto provide the necessarpackgroundthe lab notesare extensve and containtutorial materialthat
mustbe readandunderstoodo completethe lab exercises.In otherwords,the answerto 'Do | need to read all
this stuff?’ is Only if you would like your program to work.

Eachlabistypically 17 or sopagesn length,soit is notthekind of thingthatcanbe coveredin afew minutes.
In preparatiorfor eachlab, you shouldreadoverthelab materialanduseaneditorto createary softwarethatyou
will betestinganddelugging.lt is notaneffective useof labtimeto betypingin a computemprogram.

Labtimeis primarily intendedor gettinghelpin deluggingproblemshatyou cannotsolve onyourown, and
demonstratinggrogramshat (finally!) work correctly

The ELE538labis openfor studentuseduringregularschoolhours,andstudentsarewelcometo usethelab
whena stationis available. If thelabis in useby anothersection,checkwith thelab supervisor However, there
areusuallyno sparestationsavailableduringa scheduledab sectionsoyou shouldbe preparedo leave until the
scheduledsectionis over.

Many of the exercisescanbe testedand dehuggedto someextenton the MPP Versionl systemson the lab
benches.You canat leastassembleyour sourcecodein advanceof a lab to ensurethatarny syntaxerrorsare
corrected.

Thereis alsotwo simulators availablefor your use. The simulatoris a programthat runson a PC, usually
underthe Windows operatingsystem,andexecutes58HC11machinecode. If you aredehugginga routinethat
doesnotrequireaccesso therobothardware,thenasimulatorcanbevery useful. Checkwith thelab supervisors
onthelocationandavailability of the simulators.

In summary

¢ Readthe courseoutline (this document).



e Don't panic. Therewill beaflood of new termsandinformationthatyou will haveto digestin avery short
time, especiallyat the beginning of the course. However, everyonewho puts effort into this coursewill
pass.

¢ If somethings unclearaskyour prof or lab supervisor they know wheretheinformationcanbefound.

e Printoutandreadthe ecbot Technical Description manual whichis in the coursedirectory
“courses/ele538/labs/eebot-spec . Notice especiallythe last sectionon testingthe hardware
from the Monitor program which canbevery helpful whensomethingdoesnt work accordingo plan.

e Printoutandreadeachlab beforethelab.

e Learnto readthe listing file (suffix .Ist ) andhow to useit with breakpointso delug a computer
program. Rely on systematicmethodsto find problems: trial and error will not work in systemsthis
complicated.

e Getacopy of thetextbookanduseit to answertechnicalquestions.

¢ Do thelab assignmentsThisis notonly to getthe lab marks,but alsoto prepareyou for the examin this
course.

4 Careof the Equipment

Many coursesthat involve mobile robot exercisesrequire studentsto constructtheir own robot. This is un-
doubtablyan educationaprocesshut becausef time constraintst meansthat muchof the focusis on the me-
chanicalandelectricaldesignandconstructiorof the bot.

In orderto focuson programmingssueswe have decidedto provide studentswith a’readyto run’ mobile
robot, the eebot. The robot includesa completemicroprocessodevelopmentsystem,interfacedto the robot
motorsandsensorsTherobotcanbe operatedrom an AC adaptoror from aninternalrechageablebattery

Therobotswill besignedoutto studentsatthebeginningof eachlab sessionandthenreturnedandsignedin
attheendof thelab session.

Therobotsthemselesaredelicateandwe do not have mary sparesit maytake sometime to obtainreplace-
mentpartsfor adamagedobot. Consequentlyif thereis repeatedlamageo therobots,theremaybe a point at
which arobotis not availableto you whenit is needed.

If therobotdrive motorsareinadwertentlystartedthereis the possibility of driving therobotoff thelab bench.
Whentestingsoftware,ensurethatrobotmainframeis lifted up slightly sothatthewheelsof therobotarenotin
contactwith thedesk.

Pleasetreatthe robot as a delicatedevice. If you notice anything that is defective on the robot, suchasa
brokenwire, looseconnectoior brokenmechanicapart,pleasedraw it to the attentionof your lab supervisor

Regardlessof the appearancehe robotis notatoy. It is only to be run for the purposeof testingsoftware
thatis part of the official lab curriculum. It is not suitablefor racing or taking partin robot sumowrestling
competitions.

5 Evaluation

Themarkingschemdor ELE538is asfollows:

Total lab work 35%
Mid-term exam 20%
Finalexamination 45%



You mustobtain at least18% in the lab work and 33% in the combinedlecture examinationsto passthe
course (ie, you mustpasshoth lab andlecture.)

Plagiarism

You arewelcomeand encouragedo discussthe lab assignmentsvith other studentsgespeciallywhenyou are
stuckon somepoint. However, direct copying of otherpeoples assignment®r somepart of an assignmentor
providing materialfor otherpeopleto copy directly, is plagiarism andconstitutesacademianisconduct.

Studentswill submitacopy of theirlab work at thetime they demonstraté¢he work. Oncethe assignmenis
submitted,it may not be resubmittecor changed. An automateccomputerprogramwill checkfor similarities
betweenstudentassignmentsndwill notify your lab supervisorin the eventthat a significantportion of your
work is similar to thatof someoneslse.

If the assignmentare deemedby the lab supervisorto be partial or full copiesof eachother, the students
involvedwill receve zerofor that assignmenainda note of the plagiarismwill be enterednto the lab records.
At the discretionof the lab supervisortheremay alsobe a note of academianisconductaddedto the student
academiaecord. On a secondoccurancea noteof the plagiarismwill be enterednto thelab recordsa noteof
academienisconducwill beaddedo thestudentacademigecordandthe DepartmenChairwill beadvised.The
standargproceduregor AcademicMisconductwill thenapply: you canreadaboutit in the RyersonCalendar

Noticethatthereis no distinctionbetweerstudentgproviding materialfor copying andstudentausingcopied
material.

We arestrict aboutplagiarismbecauseplagiarizersdo not learnthe materialandit putsstudentsvho do not
cheatata disadantage Be advisedhattwo studentsveresuspendedndonerequiredto repeathecoursein the
1999-200(academig/earbecaus®f plagiarismin this course.
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8 Lab Topicsand Schedule

Week | Microprocessor Topic L aboratory Topic Assignment
1 Introduction to microproces- Write anddemonstrate
sor program development. * Settingupthedevelopmenenvironment | an assemblylanguage
e Using vt6811to connectto the Buffalo | programto multiply t-
Monitor wo integers
e TheHELPcommand
¢ Memory Dump,MemoryModify
e Memory-mappedegisters(Devices)
e Writing a small Assembly Language
Program
e BreakpointsandDehugging
2 Useful Techniques for the Write an ASCII string

Toolkit Library.

SoftwareDelay

Bit Mask Operations

CorvertingHex to ASCII

Programmingthe Liquid Crystal Dis-
play

to theLCDisplay.

3 Displaying Battery Voltage
and Bumper Switch Status.

e Readthe A/D Corverter

e Fixedpointmath

e Binary number corversion to ASCII
string

e Display routine architectureand me-
chanics

e Readbumper switches,threshold, dis-
play.

Read the Frob knob
or batteryvoltageand
display on the LCD.
Readthe bumpersand
indicateonthe LCD if
actuated.

4. Hardware Timer and Inter- Demonstrate a
rupt e Hardwaretimer mechanism hardware-timed
e Overflow flagmechanism delay
e Interruptdrivencounting
e Timeddelay
5. Robot Roaming Program Demonstrate a pro-

e ProgramStructure

e Conditionalbranches

e Motor on-off anddirectioncontrol.
e Thealiveindicator

gramthat controlsthe
robot so that it roams
with timed turns. A

collision causes a
timed reverse and
turning.




Week | Microprocessor Topic L aboratory Topic Assignment
6. Interrupts. Structureof inter- ) LCDisplay program monitors
ruptsoftware. * Usingthewheel-counters.| \heelrotation counts. Routine
e Counting wheel rotations | to executespecifiedwheelrota-
asadistancaneasurement.| tion count.
e Displayingthecounts.
7. Guider Scan. Readinginputs | Reading and displaying the | Display basicguider operation
into statusregisters. guider sensorvalues. Setting| with symbol display on the
light and dark thresholdsin | LCDisplay: eg, <>LDDL.
EEPROM. Moduleto scanguidersensors.
8. Robot Guidance 1: Structural| Planning.Structureof theMain | Program design document:
diagramof therobotsoftware. | Loop,Inputs,Outputs|nterrupt | Pseudocodéor the main loop.
Routines. Passinginformation | Headerdor variousroutines.
from interruptsto main routine
in mailboxes.
9. Robot Guidance 2: Main | Construction of the routine | Static display of motor speed
GuidanceRoutine. linking the guiderandthe mo- | control with guiderinputs and
tor driver. knobsettingspeed.
10. | Robot Guidance 3: Systemin- | Integration of display sensor| Motor guidance control inte-
tegration and motor speedcontrol rou- | grated with bumper switch e-
tines into main loop. En- | memgeny stop and statusdis-
abling/disablindine following. | playsontheLCDisplay.
11. | Debugging Week Testingandtroubleshootinghe | List of bugsfound.
robotoperation.
12. | Demonstration Week Each student demonstrates Finalrobotcontrolprogram.

their robot following a course
through various hazardsto a
final objectie. Silly awardsare
presented.




