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1 Objectives

In this lab,wewill develop

� Softwareroutinesto controltheeebotmotors.

� A softwareclock usingthe68HC11interrupt-drivenhardware timeroverflowflag

� A timedalarm mechanismthatwill beusefulin controllingtheeebotrobotin variousmanoeuvressuchas
turns.

Theseroutineswill beusedassubroutinesin theRobotRoamingexerciseof Lab5.

2 Overview

Robotroamingbehaviour canbeobtainedwith a very simplesetof rules. Initially, therobotdrivesin a straight
line1. If it doesn’t encounterany obstacles,aftera certaininterval it stops,executesa turn,andthenrunsagainin
a straightline.

If the robot encountersan obstacle,it executesa back-and-turnmanoevre. It drivesbackward for a fixed
interval andthenturns.Thenit resumesdriving forwardin astraightline again.

All of thesemanoeuvresrequiretimed delays,so that is our next challenge. First, we will develop basic
routinesto control theeebotmotors.Then,we will studythe68HC11hardwaretimer thatwill beusedto create
thevarioustime delays.

3 Motor Control Routines

Outputregistersaremappedinto theaddressspaceof the68HC11.This meansthatthe8 individualbits of some
bytein memoryareconnectedto 8 outputpinssomewherein thehardware.If thesoftwarebit correspondingto a
particularline is setto a logic zero, thenthevoltageon that line wi bezerovolts (or closeto it). If thesoftware
bit correspondingto thatline is setto a logic one, thenthevoltageon thatline will be(approximately)5 volts.

In theMPPBoardsystem,therearetwo outputregistersthatarecontrolledin this fashion.

3.1 GeneralPurposeOutput Register

Thefirst of theseregistersandtheeasiestoneto understandis locatedat address$1100. This is externalto the
68HC11,so the Pink Book doesnot apply to this device andwe canpick our own namefor it. We’ll refer to
this registerasGPOUT (GeneralPurposeOUTput),soprogramswill needanequatestatementto relateGPOUT to
$1100.

1Well, notquitestraight.Bothmotorsarepoweredequallyandshouldideally rotateat thesamerate,driving therobotin astraightline. In
practice,oneof themotorsis abit fasterthantheotherandthepathis slightly curved.
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In the robotsystem,two bits of GPOUT control thedirectionof thetwo robotdrive motors.Threemorebits
determinewhich of the6 opticalsensorsis readon channelPE1 of theA/D converter. Theremaining3 bits are
not used.

3.2 Controlling Indi vidual Bits

Whenindividual control linesaremappedinto thebits of a memorybyte,asin this case,we needroutinesthat
cansetandcleareachof theindividualbits. Whenyouwrite to a locationsuchasGPOUT, youpotentiallychange
all 8 bits atonce,andthis is oftenundesireable.

Individual bits in a bytemaybesetor clearedusingtheLogical Operation instructions:AND, OR, EOR and
COM (oftenknown asNOT). Thelogical operationis performedon theoutputlocation( GPOUT in this case)and
a logical mask. Themaskis another8 bit bytethatdetermineswhich bits aresetandwhich arecleared.Eachof
thetwo eebotdrive motorsis controlledby a speedbit anda directionbit, per thefollowing table(seeTheeebot
TechnicalDescriptiondocument):

Motor Function Pin Notes
Starboard Speed PA5 1 for on,0 for off

Direction GPOUT1 1 for fwd, 0 for rev
Port Speed PA4 1 for on,0 for off

Direction GPOUT0 1 for fwd, 0 for rev

Consequently, therearetwo independentbits in thePORTA register($1000) thatcontrolthespeedof thetwo
motors.Therearealsotwo independentbits in theGPOUTregister($1100) thatcontrolthedirectionof thetwo
motors.

3.3 Motor Routines

You will need4 subroutinesto controlmotorpower, asfollows:

Routine Name Notes
STARON StarboardmotorON
STAROFF StarboardmotorOFF
PORTON PortmotorON
PORTOFF PortmotorOff

Youwill need4 subroutinesto controlmotordirection,asfollows:

Routine Name Notes
STARFWD StarboardmotorFORWARD
STARREV StarboardmotorREVERSE
PORTFWD PortmotorFORWARD
PORTREV PortmotorREVERSE

Eachof theseroutineswill be very short,sincethey just flip bits in the shadow registersandupdateoneof
theoutputregistersPORTA or GPOUT. However, whenchangingbits in PORTA or GPOUT, usetheAND andOR
maskinstructionsto ensurethatonly thedesiredbits areaffected.

Write andassemblethese8 subroutinesasoneprogram.Assembleanddownloadtheprograminto memory,
asper usual. Usethe Buffalo monitorCALL instructionto executethe varioussubroutinesanddrive the eebot
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motors. For example,with CALLs to differentsubroutines,you shouldbe ableto start the Starboardmotor in
forwarddirectionandthenstartthePortmotorin forwarddirection.

To energisethe eebot,you will needto enabletheLOGIC power switch andtheMOTOR switch on the rear
panelof therobot.

CAUTION : Make suretheeebotwheelsarelifted off thegroundwhenyou run theseroutinesor thebot will
drive itself off thebenchandbedamaged.

4 The HardwareTimer

The simplestmethodof creatinga delay is the software loop, which we developedin previous exercises.The
softwareloopworkswell in simpleapplications,but for thisprogramwe needsomethingmoresophisticated.

The software loop hasa major disadvantage: it requirescontinuousservicing. The computermust sit in
the softwareloop, updatingthe loop counter, so it is not availablefor any othertasks. It would be muchmore
convenientfor thehardwareto maintaina clock thattheprogramcouldperiodicallyconsultto determineelapsed
time.

Thenwhenwe wantcomputerprogramto do somethingfor a periodof time, thecomputeralgorithmwould
besomethinglike this:

Read the current time Tc
Set the alarm time Ta to Tc+Td,

where Td is the desired delay
Repeat

.

.
(do something useful)

.

.
Until Tc > Ta

Providing theprogramchecksthecurrenttimeoftenenough,this will suffice to producethedesireddelay.
Thevaguequantityoftenenoughimpliesthatthecomputerprogramhasto checkthetimefrequentlycompared

to the requiredresolutionof thedelaytime. Conseqently, theblock labelleddo somethingusefulcannotoccupy
thecomputerprogramfor any significantlengthof time. In theprogramwe arebuilding, thedelaysdo not need
to be precise– we areworried aboutdelaysin the orderof secondsandthe timer resolutionis in the orderof
milliseconds– sothis is not a difficult requirementto satisfy.

For theRobotRoamingprogram,we will take this semi-automaticapproach:theclock will beupdatedauto-
matically, andthesoftwarewill checkit manually.

(Thereareotherpossibilities. For example,it is possibleto have the 68HC11automaticallycall a certain
routineafteraspecifieddelay. We’ll tacklethatlater.)

4.1 The 68HC11Timer Mechanism

Thetimer subsystemof the68HC11is quitepowerful andconsequentlymoderatelycomplex. For our purposes
in this exercise,we will restrictourselvesto the16 bit freerunningcounterandthetimeroverflowflag.
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Thebasisof theentiretimer subsystemis a 16 bit countercalledTCNT (memorylocation$100E). TCNT is
drivenby thesystemclock,sothebasicclock tick is 1� second.Thecounterfree-runs, thatis, thereis no way to
stopit or resetit. Thelocation$100E is read-only2.

(UsetheBuffalo monitorto examinelocation$100E with theMD command.Becausethecounteris running
continuously, it will bedifferentevery time youexamineit.)

We would like to createdelaysin theorderof a few secondsor so. SinceTCNT is a 16 bit counterdrivenby
a 1� secondclock, it will overflow every �������
	����
��������������� ����� seconds.This is too shortan interval to be
useful.We needanadditionalcounterstageto divide this down evenfurtherto a useabletime interval.

It would have beenconvenientif Motorola hadprovided an additional8 bit hardwarecounterstage. That
would have provideda clock with a resolutionof ��� ����� secondsanda maximumcountof ����� ��� �!���"�#�$��� �
seconds,which is moreusefulfor thisapplication.

They didn’t provide thehardware,but they did providea hookthatallows usto do theadditionalcountingin
software.Their reasoningranalongtheselines:

”We will provide an overflowdetectorthatallows the userto maintainadditionalcounterstagesin
software.This is acceptablebecausewhateverroutinedoesthiswill only haveto operateevery0.065
seconds,andwill thereforenotcausemuchoverhead.Ontheotherhand,thepreviousstagesmustbe
implementedin hardware,becausethey haveto countmuchmorefrequently.”

4.2 The Timer Overflow Flag

ThedevicethatMotorolaprovidedis theonebit timeroverflowflag, knownasTOF. Thisbit is themostsignificant
bit of registerTFLG2 (memorylocation$1025). It is setevery time thefreerunningcounteroverflows3.

If you readlocation$1025, you will find that thehigh bit is effectively alwayssetbecauseit getssetevery
0.065seconds.Takingthereciprocal,this is 15 timespersecond.Soevenif you clearedtheflag (we’ll dealwith
thatnext), youwould betoo slow to seeit change.

Wecanusethetimeroverflow flagto maintainan8 bit counterin software,becausethetimeroverflow canbe
usedto causean interrupt, which will servicethecounterroutineautomatically.

4.3 Intr oduction to Interrupts

We will discussinterruptsin detail in the lectureportion of this course. In thesenotes,we’ll simply provide a
brief overview anda cookbookapproachto usingthetimeroverflow interrupt.

Youmaythink of theinterruptmechanismasahardwaretriggeredsubroutine. A subroutineis normallycalled
with a JSR instruction. It may be calledfrom any point in the program,andexecutionwill returnto the same
pointwhenthesubroutineexecutestheRTS instruction.

Whenaninterruptis triggered,thehardwarecausesexecutionto switchto an interrupt serviceroutine(ISR).
The interruptserviceroutinedoessomethinguseful. Thenthe last instructionin the ISR, which is alwaysRTI
(ReturnFromInterrupt), returnsexecutionto thepoint in theprogramwheretheinterruptoccured.

Therearea numberof interruptsystemson the68HC11microprocessor. Eachsystemhasthreecomponents:

� A deviceflag thatis setonoccuranceof theinterrupt.(In ourcase,this is theTOF flag).

� An interruptenable/disablebit, which determineswhetheraninterruptoccurswhenthedeviceflag is set.
2It is possibleto changethebasicclock tick rate,but it turnsout to beinconvenientandunhelpfulto doso,sowe’ll stick to thedefault of

1% second.
3Seepage10-12of thePink Book.
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� An interrupt vector, which is thetwo-byteaddressof theinterruptsubroutine.

Whenthe timer interrupt is setup properly, eachtime a timer overflow occurs(every 0.065seconds,or 15
timesper second),the timer overflow interruptserviceroutinewill be called. This will simply incrementan 8
bit softwareregister(somelocationin RAM), andthenreturn. Oncethis is running,we canaccessthesoftware
counterasif it wereanextensionof TCNT, anduseit for determiningtime delays.

Oneof the tasksof the interruptserviceroutineis to clear the device flag. If this is not doneproperly, the
interrupt will recur immediatelythe interrupt serviceroutine returns(ie, when the RTI instructionexecutes),
effectively crashingthemachine.

4.4 Settingup the Timer Overflow Interrupt

Theinterruptmechanismis very powerful. It allows thingsto happenin thebackgroundof a computerprogram
at thewhim of asynchronoushardwareevents.Theforegroundcomputerprogramdoesnotneedto beinvolvedin
servicingtheinterrupt-drivenroutines.

Now wewill provide instructionsfor settingup thetimeroverflow interrupt:
Theinterruptserviceroutinesimply incrementstheoverflow counter, clearsthedevice flag andreturns.The

clearingof thedeviceflag is counter-intuitive:
To clear the device flag, you must write a logic 1 to the flag. You would think that it would becorrectto

write a logic 0 to theflag to clearit, but not sowith this device. Lesson:alwaysreadthemanual.
SotheTOFinterruptserviceroutineis somethinglike this:

TFLG2 EQU $1025 ; MSB is the timer overflow flag
TOFCOUNTER RMB 1 ; Overflow counter

TOF_ISR INC TOFCOUNTER ; Increment the overflow count
LDAA TFLG2
ORAA #%10000000 ; Clear the TOF flag
STAA TFLG2 ; (Pink Book, page 10-14)
RTI

Now weneedaroutineto turn theTOFinterrupton. Therearethreestagesto this: weneedto

� Setup the interruptvectorthatpointsto TOF_ISR. This, it turnsout, consistsof puttingan instructionto
jump to theTOF interruptserviceroutineat a magiclocationin the internalRAM of themicroprocessor.
Theexactincantationis:

ORG $00D0
JMP TOF_ISR

We’ll explainexactlywhy this worksat a latertime.

� SettheTOFdeviceinterruptflag,whichis known asTOI. Thishastheeffectof enablingtheTOFinterrupt.
Thisbit is foundin theMSBit of theregisterTMSK2 (memoryaddress$1024)4.

4SeethePinkBook,page10-12.
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� Enablethe Global Interrupt Flag. The interrupt maskbit in the Condition CodeRegister enablesand
disablesall interrupts,hencethetermGlobal Interruptflag. This is accomplishedwith theCLI instruction.
Interruptsaredisabledgloballywith theSEI instruction.

Puttingthis together, we have the routinesfor servicingtheTOF interrupt,enablingtheTOF interrupt,and
disablingtheTOF interrupt,asshown in figure1 on page7 andfigure2 on page8.

*********************************************************
* Timer Overflow Demonstration
*
* This program contains routines to demonstrate the timer overflow
* interrupt on the 68HC11.
* Instructions:
* Assemble this program.
* Load the .s19 file into memory
* Use the monitor MM command to zero the TOF_COUNTER.
* Use the Buffalo monitor GO 6010 command to start the TOF interrupt
* running. Then let the machine run for a few seconds
* so the TOF count accumulates to something.
* (It should be increasing about 15 counts per second.)
* Manually reset the HC11 and examine TOF_COUNTER. It should
* contain some non-zero count value.
* Run the program again and manually reset again. The TOF_COUNTER
* should have increased from the previous value.
* Peter Hiscocks
* 1 October 2001
*********************************************************
* Register Definitions

TOF_JMP_VECTOR EQU $00D0 Pseudo-vector location in RAM
TFLG2 EQU $1025 Contains the TOF device flag at MSB
TMSK2 EQU $1024 Contains the TOF interrupt enable flag

ORG $6000 ; Where our TOF counter register lives
TOF_COUNTER RMB 1 One byte overflow counter
ORG $6010 EQU * Where the code starts

* The following is the main routine. Start here.
START JSR ENABLE_TOF ; Start the TOF interrupt

CLI ; Enable global interrupts
LOOP BRA LOOP ; and then loop until manual reset

SWI ; Should never get here

Figure1: Timer Overflow Routines(Part1)

4.5 Debugging Interrupts

Interrupt routinescanbe very difficult to debug, andso somecareis requiredin ensuringthat they aresetup
properly.

Thebestway to do this is
� ConstructtheISR asa subroutine(thelaststatementis RTS), drive it from a stub,andasmuchaspossible

verify thatit works.
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*********************************************************
* Enable Timer Overflow
*
* This routine sets up the ISR pseudo-vector and enables
* the TOF interrupt mask bit.

ENABLE_TOF LDAA #$7E Setup the interrupt vector for timer overflow
STAA TOF_JMP_VECTOR
LDD #TOF_SERVICE
STD TOF_JMP_VECTOR+1

* When enabling the Timer Overflow interrupt, it is prudent to clear
* the TOF flag so than an interrupt does not occur immediately, but
* rather on the next timer overflow.

LDAA #%10000000 Clear the TOF flag
STAA TFLG2 by writing to bit 7
LDAA TMSK2 Turn timer overflow interrupt on
ORAA #%10000000 by setting bit 7 in TMSK2
STAA TMSK2
RTS

***************************************************************
* Timer Overflow Service Routine

* This routine is called on interrupt each time the free-running
* 16 bit counter overflows.
* Assuming that the timer prescaler bits PR0 and PR1 have not been
* changed, the basic rate of the 16 bit free running
* counter is 1 microsecond, so overflows occur about 1/15 second
* apart. The TOF_COUNTER may be used in time delays.

TOF_SERVICE INC TOF_COUNTER Increment the overflow counter
LDAA #%10000000 Clear the TOF flag
STAA TFLG2 by setting(!) bit 7
RTI Restore machine state, enable interrupts

******************************************************************
* Disable the TOF interrupt
*
* The routine to disable the timer overflow interrupt is useful
* during debugging since the Buffalo monitor ’trace’ function doesn’t
* work otherwise.

TOF_INT_OFF LDAA TMSK2 Turn timer overflow interrupt off
ANDA #%01111111 by clearing bit 7 in TMSK2
STAA TMSK2
RTS

Figure2: Timer Overflow Routines(Part2)

� As shown in figure1 andfigure2, constructtwo othersmall subroutines,onethat that turnsthe interrupt
ON, andtheotheronethatturnstheinterruptOFF. Theroutinethatenablestheinterruptis alsoresponsible
for makingsurethatthevectoris setupandany otherinitial conditions(suchassettingup thehardware).

� After a carefulcheckof theinterruptserviceroutinecode,replacetheRTS instructionwith RTI.

� Loadthecodeinto themicroprocessorandusethemonitorMM commandto initialize theTOF_COUNTER
to zero.
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� UsethemonitorGO instructionto runthemainroutineataddressSTART. ThiscallsthesubroutineENABLE_TOF
thatsetsup theinterrupt.Themainroutinethenturnson globalinterruptswith theCLI instructionanden-
tersanendlessloop: LOOP BRA LOOP. At this point, theTOF interruptshouldberunningcorrectlyand
theTOF_COUNTER countershouldbeincrementingat a rateof 15 countspersecond.

� Let themicroprocessorrunfor asecondor soandthenmanuallyresetit backto theBuffaloMonitor. Check
theoverflow counterregisterandseeif it is incrementingproperly.

4.6 Timer Overflow Counter, Summary

Oncewe have the timer overflow interrupt subroutineup and running we have createdan 8 bit clock with a
resolutionof ��� �!��� secondspercountthatwill run automaticallybehindwhatevercomputerprogramwe wish to
run.

Theforegroundcomputerprogramcanreferto the8 bit clock that is runningin thebackgroundanduseit to
determinetheprogressof a delay.

All threeof theroutinesshown in figure1 shouldbecopiedto yourlibrary andincludedin yourrobotguidance
computerprogram.Whentheprogramfirst startsup,it shouldcall theTOF_ISR_ON subroutineto startthetimer-
overflow interruptrunning. It shouldneverbenecessaryin normaloperationto call theroutineTOF_ISR_OFF,
but it couldbeusefulfor debuggingpurposes.

4.7 Alarm Time

In this section,we show how to usetheoverflow counterasa generalpurposedelaycounter. This will enableus
to specifythatsomethinghappenat sometime in thefuture.

If the presenttime is &(' , andthe time to the event is the delaytime, thensomethingshouldhappenat time
&*)��+&('-,.&0/ , where&*) will beknown asthealarm time.

Therearetwo waysto detectwhenthealarmtime hasoccurred:by polling andby interrupt. If thealarmis
polled,wecheckthetimeperiodicallyto seeif it hasexceededthealarmtime– if it has,wedotherequiredevent.
In pseudocode:

If Tp > Ta then
Do the event

Alternatively, whenthepresenttime exceedsthealarmtime, this causesaninterruptandthecorrespondinginter-
rupt serviceroutineperformsthe requiredevent. This is how the hardwaretimersof the 68HC11work, but we
will leave thatto a futureexercise.

Thesemechanismshavecounterpartsin theworld of humanbehaviour. Whenyouhaveanimportantappoint-
ment,youhave two optionsfor leaving on time: watchtheclockclosely(polling) or settheclock alarmsothatit
getsyourattention(aninterrupt).

Polling is simple,but it requiresthat thepresenttime becomparedfrequentlyagainstthealarmtime. Other-
wise,therewill beexcessive latencybetweenthetime that thealarmshouldbediscoveredandthetime that it is
actuallydiscovered.

In this application,thetime intervalsneednot beparticularlypreciseandit is a simplematterto comparethe
actualtimeagainstthealarmtimesowewill usepolling to checkthealarms.
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4.8 Example: A Timed Delay

In this section,we’ll show anexampleof a timeddelay, usingtheoverflow counter, in assemblylanguage.
If you were to run this programfrom the monitor, you would seethe following: nothingwould appearto

happenfor 5 seconds,andthenthemonitorpromptwouldappear.
Thereare two parts to the routine: one to initialize the timer, and one to check it. We assumethat the

TOF_COUNTER is maintainedby its own interruptserviceroutine,sothatit increments15timesasecondwithout
our intervention.Thenecessarycodeto do this mustbeincludedin this programandwasshown in figure1.

We needa namingconventionfor variousregisters,sowe’ll useDT_ for delaytimeandAT_ for alarm time.

************************************************************
* Demo: Alarm using TOF Counter
*
* Delays for 5 seconds and then breaks to the monitor.
* Requires that the TOF_COUNTER be interrupt driven by overflow
* from the 68HC11 free running counter TCNT

ORG 6000 TOF_COUNTER RMB 1 ; The timer, incremented at 15Hz
SECONDS EQU 15 ; Overflows per second at 1MHz crystal

DT_DEMO EQU 5*SECONDS
AT_DEMO RMB 1 ;

ORG 6010
INIT_DELAY LDAA TOF_COUNTER ; Initialize the alarm time

ADDA T_DELAY ; by adding on the delay
STAA AT_DEMO ; and save it in the alarm

CHK_DELAY LDAA TOF_COUNTER ; If the current time
CMPA AT_DEMO ; equals the alarm time
BEQ STOP_HERE ; then stop here

NOP ; Do something during the display
BRA CHK_DELAY ; and check the alarm again

STOP_HERE SWI ; Done, break to the monitor

4.9 A Potential Bug: Overflow of the Overflow Counter

Thereis thepossibilityof a seriousbug in this design.
Whenwe arecomparingnumbersin a computerprogram,we areusuallyadvisedto avoid a testfor equality

andinsteadusea testfor greaterthanor lessthan. This is suggestedbecausetherepresentationof numbersin a
high level languageis oftenin floatingpoint,andsotwo numberswhichareessentiallyequalmayin factdiffer in
oneor moreof theleastsignificantbit positions.

Soatfirst blushit wouldseemadviseableto adoptthatpracticehere.Moreover, wemight reasonthatif we’re
a little late in checkingtheTOF counterit won’t matterbecausethe currenttime will have exceededthe alarm
time( &21435&26 ) andthecomparisonwill detectthat.

Thiswill work in somesituationsbut not in others.Let’sseewhy. Considerthefollowing situation:
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� Thecurrenttime plusthedelaytimecreatesanalarmequalto %11111111 ($FF).

� Thecounterincrementstowardsthisvalue,but wedon’t getaroundto checkingit until it hasgoneacouple
of clock ticks pastthealarm.Thecounteroverflowsat a countof %11111111, andsowhenwe compare
it to thealarmit contains%00000001 ($01).

� At this point, thecounterhaspassedthealarm,but becauseit hasoverflowed,it comparesaslessthan the
alarm.Sothedelaywould not terminatewhenit should,a seriouserror. In fact,if this situationcontinued,
thedelaywould never terminate!

(Thereis a humananalogyto this problem.Supposesomeonehasaskedyou to meetthemat noon,whenthe
clock reads12. You happento checktheclock, andit reads1. A literal interpretationof this is thatyou arenot
late,because1 is lessthan12. In fact,you are11 hoursearly! But theclock hasoverflowed,soyou areactually
anhourlate.We humansclock-readerstake thatinto consideration.Clockoverflow occurstwiceadayunderthis
system,which addsto thepossibleconfusion.Onereasonfor theEuropeanconventionof numberingthehours
on a24 hourbasis,is thefactthatoverflow occursonly oncea dayandat a time whennot muchis happening.)

Therearevariousfixesfor this problem.Oneway is to setup thecountersothatit generatesa carrybit every
time it overflows,andthentake thecarrybit into consideration.This thenrequiresa two bytecomparison,which
is a bit complicated.

Thereis asimpleralternativethatwill work in thissituation.Thecounteris incrementedevery65milliseconds
or so.If eachcomputerinstructiontakesapproximately4 microsecondsto execute,thenthecomputercanexecute
somethinglike ���7�5�$� �98�:<; �=��� ��� �>���"�?�$� 8 instructionsper countertick. If the alarmis checked more
frequentlythanthis,wewill besureto catchit at theinstantit is exactlyequalto thealarmtime,which is whatwe
want.Assumingthattheprogramwill executenomorethan �����!��� instructionsbetweeneachcheckof thealarm,
we shouldcatchdetectwhenthecounterandalarmareequal.

If the original calculationof alarmtime (presenttime plusdelaytime) overflows, thenthecounterwill also
overflow, andtheequalitywill still becaught.

It wouldbesaferto checkfor thecountergreaterthanthealarmtime,andin amissioncritical applicationwe
wouldhave to do that.But in this case,it shouldn’t bea problem.

5 The Assignment

Therearethreecomponentsto this labexercise:

1. Motor controlsubroutines

2. Theinterrupt-driventimeroverflow counterroutines

3. TimerAlarms

Demonstratingany oneof thesecomponentswill resultin a passgrade.Demonstratingbothwill resultin a full
grade.

5.1 Motor Control

Createsubroutinesto control theeebotdrive motorsaccordingto the informationgivenpreviously in section3.
Bepreparedto demonstrateoneor two of themwhenrequestedby thelabsupervisor.
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5.2 Timer Overflow

To geta mark for this sectionof theassignment,demonstratethatyou have a working, interruptdrivenoverflow
counter. Youcandothisby assemblingandinstallingthesubroutinesontheMPPV1computer, andthenactivating
theroutineswith themonitorCALL instruction.

5.3 Timer Alarms

For this section,you mustcreatea three-stagealarmwith displayson theLCD. Theprogramshouldshow A at
thestartof theprogram,B after1 secondandthenC aftera further2 seconds.To getcredit, thealarmprogram
mustbe basedon the interrupt timer conceptsdiscussedin this lab. Software loopsarenot acceptable.If you
demonstratethisprogram,youdo not needto demothatTimer Overflow is working.
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