Contents
1 Objectives

2 Overview

3.1 GeneralPur

ELE538Microprocessofbystems
Lab4: Motor Control
&
UsingtheHardware Timer

PeterHiscocks
Departmentf ElectricalandComputerEngineering
RyersonPolytechnicdUniversity
phiscok@eeryerson.ca
August26,2002

Motor Control Routines

poseDutputRegister. . . . . . . ..

3.2 ControllingIndividualBits . . . . . . . . . . ..
3.3 MOOrROULINES . . . . . . o

The Hardware Timer

4.1 The68HCI11TimerMechanism . . . . . . . . . . . e
4.2 TheTimerOverflovFlag . . . . . . . . . . .
4.3 Introductionto Interrupts . . . . . . . . L
4.4 SettinguptheTimerOverflow Interrupt . . . . . . . . ... .
4.5 DehluggingInterrupts . . . . . . . e
4.6 TimerOverflow CounterSummary . . . . . . . . . it

4.7 Alarm Time
4.8 Example:A

TimedDelay. . . . . . . . . . e

4.9 A PotentialBug: Overflow of theOverflow Counter. . . . . . .. ... .. ... ... ......

5 The Assignment

5.1 MotorControl. . . . . . . o e e e
5.2 TimerOverflow . . . . . . . . e e
5.3 TimerAlarms . . . . . . . e e e e e

6 References

11
11
12
12

12



List of Figures

1 TimerOverflow Routineg(Partl) . . . . .. . . . . . .. e et 7
2  TimerOverflow Routines(Part2) . . . . .. .. . . . . . . .. 8

1 Obijectives

In thislab, we will develop
¢ Softwareroutinesto controlthe eebotmotors.
¢ A softwareclock usingthe 68HC11linterrupt-drivenhardware timer overflowflag

¢ A timedalarm mechanisnthatwill be usefulin controllingthe eebotrobotin variousmanoeuvresuchas
turns.

Theseroutineswill beusedassubroutinesn the RobotRoamingexerciseof Lab 5.

2 Overview

Robotroamingbehaiour canbe obtainedwith a very simplesetof rules. Initially, the robotdrivesin a straight
linel. If it doesnt encounterary obstaclesaftera certaininterval it stops,executesaturn, andthenrunsagainin
astraightline.

If the robot encountersan obstacle,it executesa badk-and-turnmanoere. It drivesbackward for a fixed
interval andthenturns. Thenit resumedriving forwardin astraightline again.

All of thesemanoeuvresequiretimed delays,so thatis our next challenge. First, we will develop basic
routinesto controlthe eebotmotors. Then,we will studythe 68HC11hardwaretimer thatwill be usedto create
thevarioustime delays.

3 Motor Control Routines

Outputregistersaremappednto the addresspaceof the 68HC11.This meanghatthe 8 individual bits of some
bytein memoryareconnectedo 8 outputpinssomeavherein the hardware.If the softwarebit correspondingo a
particularline is setto alogic zeo, thenthe voltageon thatline wi be zerovolts (or closeto it). If the software
bit correspondingo thatline is setto alogic one thenthevoltageon thatline will be (approximately) volts.

In the MPP Boardsystemtherearetwo outputregistersthatarecontrolledin thisfashion.

3.1 General PurposeOutput Register

Thefirst of theseregistersandthe easiesbneto understands locatedat addres$$1100. Thisis externalto the
68HC11,s0the Pink Book doesnot apply to this device andwe canpick our own namefor it. We’'ll referto
thisregisterasGPOUT (GeneraPurposéDUTput),soprogramswill needanequatestatemento relateGPOUT to
$1100.

1well, notquite straight.Both motorsarepoweredequallyandshouldideally rotateat the samerate,driving therobotin astraightline. In
practice oneof themotorsis a bit fasterthanthe otherandthe pathis slightly curved.




In the robot system two bits of GPOUT controlthe directionof thetwo robotdrive motors. Threemorebits
determinewhich of the 6 optical sensorss readon channelPEL of the A/D corverter Theremaining3 bits are
notused.

3.2 Controlling Individual Bits

Whenindividual control lines are mappednto the bits of a memorybyte, asin this case we needroutinesthat
cansetandcleareachof theindividual bits. Whenyou write to alocationsuchasGPOUT, you potentiallychange
all 8 bitsatonce,andthisis oftenundesireable.

Individual bits in a byte may be setor clearedusingthe Logical Opemation instructions:AND, OR, ECR and
COM(oftenknown asNOT). The logical operationis performedon the outputlocation( GPOUT in this case)and
alogical mask The maskis another bit byte thatdeterminesvhich bits aresetandwhich arecleared.Eachof
thetwo eebotdrive motorsis controlledby a speedbit anda directionbit, perthefollowing table(seeTheeebot
Tedhnical Descriptiondocument):

Motor Function Pin Notes
Starboard| Speed PAS 1 for on, O for off
Direction | GPOUT1 | 1 for fwd, O for rev
Port Speed PA4 1 for on, O for off
Direction | GPOUTO | 1 for fwd, O for rev

Consequentlytherearetwo independenbitsin the PORTA register($1000) thatcontrolthe speedf thetwo
motors.Therearealsotwo independenbits in the GPOUTregister($1100) thatcontrolthedirectionof thetwo
motors.

3.3 Motor Routines

You will need4 subroutinego controlmotorpower, asfollows:

Routine Name | Notes
STARON StarboardnotorON
STAROFF Starboardnotor OFF
PORTON PortmotorON
PORTOFF Portmotor Off

Youwill need4 subroutinego controlmotordirection,asfollows:

Routine Name | Notes
STARFWD Starboardnotor FORNARD
STARREV StarboardnotorREVERSE
PORTFWD Portmotor FORNARD
PORTREV PortmotorREVERSE

Eachof theseroutineswill be very short,sincethey justflip bitsin the shadev registersand updateone of
theoutputregistersPORTA or GPOUT However, whenchangingpitsin PORTA or GPOUT, usethe AND andOR
maskinstructionsto ensurethatonly thedesiredbits areaffected.

Write andassemblghese8 subroutinesasoneprogram.Assembleanddownloadthe programinto memory
asperusual. Usethe Buffalo monitor CALL instructionto executethe varioussubroutinesanddrive the eebot



motors. For example,with CALLs to differentsubroutinesyou shouldbe ableto startthe Starboardmotorin
forwarddirectionandthenstartthe Portmotorin forwarddirection.

To enegisethe eebot,you will heedto enablethe LOd C power switch andthe MOTOR switch on the rear
panelof therobot.

CAUTION : Make surethe eebotwheelsarelifted off the groundwhenyou run theseroutinesor the bot will
driveitself off the benchandbe damaged.

4 The Hardware Timer

The simplestmethodof creatinga delayis the softwae loop, which we developedin previous exercises. The
softwareloop workswell in simpleapplicationsput for this programwe needsomethingnoresophisticated.

The software loop hasa major disadwantage: it requirescontinuousservicing. The computermust sit in
the softwareloop, updatingthe loop counter soit is not availablefor ary othertasks. It would be muchmore
corvenientfor the hardwareto maintaina clock thatthe programcould periodicallyconsultto determineslapsed
time.

Thenwhenwe want computemprogramto do somethingfor a periodof time, the computeralgorithmwould
be somethindik e this:

Read the current tinme Tc

Set the alarmtinme Ta to Tc+Td,
where Td is the desired del ay

Repeat

(do sonet hing useful)

Until Tc > Ta

Providing the programchecksthe currenttime oftenenoughthis will suffice to producethedesireddelay

Thevaguequantityoftenenoughmpliesthatthecomputeprogramhasto checkthetime frequentlycompared
to the requiredresolutionof the delaytime. Consegentlythe block labelleddo somethingusefulcannotoccupy
the computerprogramfor ary significantlengthof time. In the programwe arebuilding, the delaysdo not need
to be precise— we areworried aboutdelaysin the orderof secondsandthe timer resolutionis in the order of
milliseconds- sothisis notadifficult requiremento satisfy

For the RobotRoamingprogramwe will take this semi-automati@pproachthe clock will be updatedauto-
matically, andthe softwarewill checkit manually

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

4.1 The 68HC11Timer Mechanism

Thetimer subsystenof the 68HC11is quite powerful andconsequentlynoderatelycomplex. For our purposes
in this exercise we will restrictoursehesto the 16 bit freerunning counterandthetimer overflowflag.



The basisof the entiretimer subsystenis a 16 bit countercalled TCNT (memorylocation$100E). TCNT is
drivenby the systemclock, sothe basicclock tick is 1usecond.The counterfree-runs thatis, thereis noway to
stopit or resetit. Thelocation$100E is read-only.

(Usethe Buffalo monitorto examinelocation$100E with the MD command Becausehe counteris running
continuouslyit will bedifferenteverytime you examineit.)

We would like to createdelaysin the orderof afew secondr so. SinceTCNT is a 16 bit counterdrivenby
a lusecondclock, it will overflow every 216 x (1 x 107%) = 0.065 secondsThis is too shortaninterval to be
useful. We needanadditionalcounterstageto divide this down evenfurtherto a useabldime interval.

It would have beencorvenientif Motorola had provided an additional8 bit hardware counterstage. That
would have provided a clock with a resolutionof 0.065 secondsanda maximumcountof 28 x 0.065 = 16.6
secondswhich is moreusefulfor this application.

They didn’t provide the hardware,but they did provide a hookthatallows usto do the additionalcountingin
software. Theirreasoninganalongthesdines:

"We will provide an overflowdetectorthatallows the userto maintainadditionalcounterstagesn
software. Thisis acceptabldecausevhateser routinedoesthiswill only haveto operateavery 0.065
secondsandwill thereforenotcausenuchoverheadOntheotherhand,thepreviousstagesnustbe
implementedn hardware,becaus¢hey have to countmuchmorefrequently’

4.2 The Timer Overflow Flag

ThedevicethatMotorolaprovidedis theonebit timer overflowflag, known asTOF. Thisbit is themostsignificant
bit of registerTFLG2 (memorylocation$1025). It is setevery time thefree runningcounteroverflows®.

If you readlocation$1025, you will find thatthe high bit is effectively alwayssetbecauset getssetevery
0.065secondsTakingthereciprocal thisis 15timespersecond.Soevenif you clearedheflag (we’'ll dealwith
thatnext), youwould betoo slow to seeit change.

We canusethetimer overflow flag to maintainan8 bit counterin software,becaus¢hetimer overflow canbe
usedto causeaninterrupt, whichwill servicethe counterroutineautomatically

4.3 Intr oduction to Interrupts

We will discussinterruptsin detailin the lectureportion of this course. In thesenotes,we’ll simply provide a
brief overview anda cookbookapproacho usingthetimer overflow interrupt.

Youmaythink of theinterruptmechanisnasa hardwaretriggeredsubmoutine A subroutings normallycalled
with a JSR instruction. It may be calledfrom ary pointin the program,andexecutionwill returnto the same
pointwhenthe subroutineaxecuteghe RTS instruction.

Whenaninterruptis triggered the hardwarecausegxecutionto switchto aninterrupt serviceroutine(l SR).
Theinterruptserviceroutinedoessomethinguseful. Thenthe lastinstructionin the ISR, which is alwaysRT]I
(ReturnFrom Interrupt), returnsexecutionto the pointin the programwheretheinterruptoccured.

Therearea numberof interruptsystemsn the 68HC11microprocessorEachsystemhasthreecomponents:

¢ A deviceflag thatis seton occurancef theinterrupt. (In our casethisis the TOF flag).

¢ An interruptenable/disabldit, which determinesvhetheraninterruptoccurswhenthedevice flagis set.

2|t is possibleto changethe basicclock tick rate,but it turnsoutto beincornvenientandunhelpfulto do so,sowe’ll stick to the default of
lusecond.
3Seepagel0-120f the Pink Book.



e An interruptvector, whichis thetwo-byteaddres®f theinterruptsubroutine.

Whenthe timer interruptis setup properly eachtime atimer overflow occurs(every 0.065secondspr 15
times per second) the timer overflow interruptserviceroutinewill be called. This will simply incrementan 8
bit softwareregister(somelocationin RAM), andthenreturn. Oncethis is running,we canaccesghe software
counterasif it wereanextensionof TCNT, anduseit for determiningtime delays.

Oneof the tasksof the interruptserviceroutineis to clear the device flag. If this is not doneproperly, the
interruptwill recurimmediatelythe interruptserviceroutine returns(ie, whenthe RTI instructionexecutes),
effectively crashinghe machine.

4.4 Settingup the Timer Overflow Interrupt

Theinterruptmechanisnis very powerful. It allows thingsto happenn the badkgroundof a computemprogram
atthewhim of asynchronoubardwareevents.Theforegroundcomputemprogramdoesnot needto beinvolvedin
servicingtheinterrupt-drivenroutines.

Now we will provideinstructionsfor settingup thetimer overflow interrupt:

Theinterruptserviceroutinesimply incrementghe overflow counter clearsthe device flag andreturns.The
clearingof thedevice flagis counterintuitive:

To clear the device flag, you must write a logic 1 to the flag. You would think thatit would be correctto
write alogic 0 to theflagto clearit, but not sowith this device. Lesson:alwaysreadthe manual.

Sothe TOFinterruptserviceroutineis somethindik e this:

TFL&X EQU $1025 ; M5B is the timer overflow flag
TOFCOUNTER RMB 1 ; Overfl ow counter
TOF_I SR I NC TOFCOUNTER ; Increnent the overfl ow count
LDAA TFL&2
ORAA #94.0000000 ; Clear the TOF flag
STAA TFL& ; (Pink Book, page 10-14)
RTI

Now we needa routineto turnthe TOF interrupton. Therearethreestageso this: we needto

e Setuptheinterruptvectorthatpointsto TOF_| SR. This, it turnsout, consistf putting aninstructionto
jump to the TOF interruptserviceroutineat a magiclocationin theinternalRAM of the microprocessor
Theexactincantationis:

ORG $00D0
JWP TOF_I SR

We'll explain exactly why thisworksatalatertime.

¢ SettheTOFdeviceinterruptflag, whichis knownasTO . Thishastheeffectof enablingthe TOFinterrupt.
This bit is foundin the MSBiIt of theregisterTMSK2 (memoryaddres$1024)4,

4Seethe Pink Book, page10-12.




e Enablethe Global Interrupt Flag. The interrupt maskbit in the Condition Code Register enablesand
disablesall interrupts hencethetermGlobal Interruptflag. Thisis accomplisheavith the CLI instruction.
Interruptsaredisabledglobally with the SEI instruction.

Puttingthis together we have the routinesfor servicingthe TOF interrupt, enablingthe TOF interrupt,and
disablingthe TOF interrupt,asshavn in figure 1 on page7 andfigure 2 on pages.

R R R R R R

Ti mer Overfl ow Denonstration

This program contains routines to denonstrate the timer overflow
interrupt on the 68HC11.
I nstructions:
Assenbl e this program
Load the .s19 file into menory
Use the nonitor MM comand to zero the TOF_COUNTER
Use the Buffalo nmonitor GO 6010 command to start the TOF interrupt
running. Then let the nachine run for a few seconds
so the TOF count accunul ates to something.
(I't should be increasing about 15 counts per second.)
Manual 'y reset the HC1l1l and exami ne TOF_COUNTER. It shoul d
contai n some non-zero count val ue.
Run the program again and manual |y reset again. The TOF_COUNTER
shoul d have increased fromthe previous val ue.
Pet er Hi scocks
1 Cctober 2001

khkkhkkhhhkhkkhkkhkkhkkkkkhkhkhkhxhkdhdhddddddddhhhhhkhhkhkhkhkhkhrhxx khkhkhkrkrkhkkkxxx*x%x

Regi ster Definitions

o T T . R R

TOF_JMP_VECTOR EQU $00D0 Pseudo-vector |ocation in RAM
TFL& EQU $1025 Contains the TOF device flag at MsSB
TMBK2 EQU $1024 Contains the TOF interrupt enable flag

ORG $6000 ; Where our TOF counter register lives

TOF_COUNTER RVB 1 One byte overflow counter

ORG $6010 EQU * Where the code starts

* The following is the nmain routine. Start here.

START JSR ENABLE TOF ; Start the TOF interrupt
CLI ; Enable global interrupts

LOOP  BRA LOOP ;and then loop until nmanual reset
SW ; Shoul d never get here

Figurel: Timer Overflow Routineg(Part 1)

4.5 Debugging Interrupts

Interruptroutinescan be very difficult to delug, and so somecareis requiredin ensuringthat they are setup
properly
Thebestwayto dothisis

e ConstructhelSR asa subroutingthelaststatements RTS), drive it from a stub,andasmuchaspossible
verify thatit works.



R R R R R R R

* Enabl e Timer Overfl ow

*

* This routine sets up the | SR pseudo-vector and enabl es
* the TOF interrupt mask bit.

ENABLE_TOF LDAA #$7E Setup the interrupt vector for timer overflow
STAA TOF_JMP_VECTOR
LDD #TOF_SERVI CE
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 inmediately, but
* rather on the next timer overflow

LDAA #%40000000 Clear the TOF flag

STAA TFL& by witing to bit 7

LDAA TMBK2 Turn tinmer overflow interrupt on
ORAA #94.0000000 by setting bit 7 in TMSK2

STAA TMBSK2

RTS

R R R R R R R R R R

*

Ti mer Overfl ow Service Routine

* This routine is called on interrupt each time the free-running
* 16 bit counter overflows.
* Assuming that the timer prescaler bits PRO and PRl 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 tine del ays.
TOF_SERVI CE | NC TOF_COUNTER I ncrement the overfl ow counter
LDAA #%4.0000000 Clear the TOF flag
STAA TFL&X by setting(!) bit 7
RTI Restore nachine state, enable interrupts
khkkhkkhhhhhkhkhkhkhkhkhkhkhk XAk hkhkhkhdhdddddddhhhhhhhhhhkhkhhhkhhkhkhkhkhkhkhkhkhkhrkhkrkrkrrxxx*xx
* Di sabl e the TOF interrupt
*
* The routine to disable the timer overflow interrupt is useful
* during debugging since the Buffalo nmonitor 'trace’ function doesn't
* work otherw se.
TOF_I NT_OFF LDAA TMBK2 Turn timer overflow interrupt off
ANDA #9©1111111 by clearing bit 7 in TMSK2
STAA TMBK2
RTS

Figure2: Timer Overflow Routines(Part 2)

e As shown in figure 1 andfigure 2, constructtwo othersmall subroutinespnethatthatturnsthe interrupt
ON, andthe otheronethatturnstheinterruptOFF. Theroutinethatenablegheinterruptis alsoresponsible
for makingsurethatthevectoris setup andary otherinitial conditions(suchassettingup the hardware).

o After acarefulcheckof theinterruptserviceroutinecode,replacethe RTS instructionwith RTI .

e Loadthe codeinto the microprocessoandusethe monitor MMcommando initialize the TOF_ COUNTER
to zero.



e UsethemonitorGOinstructionto runthemainroutineataddresSTART. ThiscallsthesubroutineENABLE TOF

thatsetsup theinterrupt. Themainroutinethenturnson globalinterruptswith the CLI instructionanden-
tersanendlesdoop: LOOP BRA LQOOP. At this point, the TOF interruptshouldbe runningcorrectlyand
the TOF_COUNTER countershouldbeincrementingat arateof 15 countspersecond.

e Letthemicroprocessorunfor asecondr soandthenmanuallyresetit backto the Buffalo Monitor. Check
the overflow counterregisterandseeif it is incrementingoroperly

4.6 Timer Overflow Counter, Summary

Oncewe have the timer overflow interrupt subroutineup and runningwe have createdan 8 bit clock with a
resolutionof 0.065 secondger countthatwill run automaticallybehindwhateszer computeprogramwe wish to
run.

Theforegroundcomputerprogramcanreferto the 8 bit clock thatis runningin the backgroundanduseit to
determingheprogresof adelay

All threeof theroutinesshavnin figure 1 shouldbecopiedto yourlibrary andincludedin yourrobotguidance
computemprogram.Whentheprogranfirst startsup, it shouldcalltheTOF_| SR_ONsubroutingo startthetimer-
overflow interruptrunning. It shouldnever be necessaryn normaloperationto call theroutineTOF_I SR_CFF,
but it couldbe usefulfor deluggingpurposes.

4.7 Alarm Time

In this section,we shav how to usethe overflow counterasa generalpurposedelaycounter This will enableus
to specifythatsomethinchapperat sometime in thefuture.

If the presentime is T}, andthe time to the eventis the delaytime, thensomethingshouldhappenat time
Ty = Ty + T4, whereTy, will beknown asthealarmtime.

Therearetwo waysto detectwhenthe alarmtime hasoccurred:by polling andby interrupt If thealarmis
polled,we checkthetime periodicallyto seeif it hasexceededhealarmtime—if it has,we dotherequiredevent.
In pseudocode:

If Tp > Ta then
Do the event

Alternatively, whenthe presentime exceedghe alarmtime, this causesninterruptandthe correspondingnter-
rupt serviceroutine performsthe requiredevent. This is how the hardwaretimersof the 68HC11work, but we
will leavethatto afutureexercise.

Thesemechanisméave counterpartén theworld of humanbehaiour. Whenyou have animportantappoint-
ment,you have two optionsfor leaving ontime: watchtheclock closely(polling) or setthe clock alarmsothatit
getsyour attention(aninterrupt).

Polling is simple,but it requiresthatthe presentime be comparedrequentlyagainsthe alarmtime. Other
wise, therewill be excessie latencybetweerthetime thatthe alarmshouldbe discoreredandthe time thatit is
actuallydiscovered.

In this application thetime intervalsneednot be particularlypreciseandit is a simplematterto comparethe
actualtime againsthealarmtime sowe will usepolling to checkthealarms.



4.8 Example: A Timed Delay

In this sectionwe’ll shov anexampleof atimeddelay usingthe overflow counterin assembljfanguage.

If you wereto run this programfrom the monitor, you would seethe following: nothingwould appearto
happerfor 5 secondsandthenthe monitorpromptwould appear

Thereare two partsto the routine: oneto initialize the timer, and one to checkit. We assumethat the
TOF_COUNTERis maintainedy its own interruptserviceroutine,sothatit increments 5timesasecondvithout
our intervention. The necessargodeto do this mustbeincludedin this programandwasshawn in figure 1.

We needa namingcorventionfor variousregisters sowe’ll useDT _ for delaytimeandAT _ for alarmtime

KRR S R Ik R Ik

* Deno: Al arm using TOF Counter

*

* Delays for 5 seconds and then breaks to the nonitor.

* Requires that the TOF_COUNTER be interrupt driven by overflow
*

fromthe 68HC11 free running counter TCNT

ORG 6000 TOF_COUNTER RMB 1 ; The tiner, increnented at 15Hz

SECONDS EQU 15 ; Overflows per second at 1MHz crystal
DT_DEMO EQU 5* SECONDS
AT_DEMO RVB 1 ;
ORG 6010
I NI T_DELAY LDAA TOF COUNTER ; Initialize the alarmtine
ADDA T_DELAY ; by adding on the del ay
STAA AT_DEMO ; and save it in the alarm
CHK_DELAY LDAA TOF_COUNTER ; If the current tine
CVPA AT_DEMO ; equals the alarmtine
BEQ STOP_HERE ;  then stop here
NOP ; Do somet hing during the display
BRA CHK_DELAY ;and check the al arm again
STOP_HERE  SW ; Done, break to the nonitor

4.9 A Potential Bug: Overflow of the Overflow Counter

Thereis the possibility of a seriousbugin this design.

Whenwe arecomparingnumbersin a computerprogram,we areusuallyadvisedto avoid a testfor equality
andinsteaduseatestfor greaterthanor lessthan Thisis suggestedbecausehe representationf numbersn a
highlevel languagés oftenin floatingpoint,andsotwo numbersvhich areessentiallyequalmayin factdifferin
oneor moreof theleastsignificantbit positions.

Soatfirst blushit would seemadviseabléo adoptthatpracticehere.Moreover, we mightreasorthatif we're
a little latein checkingthe TOF counterit won't matterbecausehe currenttime will have exceededhe alarm
time (T'c¢ > Ta) andthecomparisorwill detectthat.

Thiswill work in somesituationsbut notin others.Let's seewhy. Consideithefollowing situation:
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e Thecurrenttime plusthedelaytime createsanalarmequalto 41111111 ($FF).

e Thecounterincrementgowardsthis value,but we don't getaroundto checkingit until it hasgonea couple
of clock ticks pastthe alarm. The counteroverflows ata countof 941111111, andsowhenwe compare
it to thealarmit contains¥©0000001 ($01).

¢ At this point, the counterhaspassedhe alarm,but becausét hasoverflowed,it comparesslessthanthe
alarm.Sothedelaywould not terminatewhenit should,a seriouserror. In fact,if this situationcontinued,
thedelaywould never terminate!

(Thereis a humananalogyto this problem.Supposesomeonéasaskedyou to meetthemat noon,whenthe
clock readsl2. You happerto checkthe clock, andit readsl. A literal interpretationof this is thatyou arenot
late, becausd is lessthan12. In fact,you are1ll hoursearly! But the clock hasoverflowed,soyou areactually
anhourlate. We humansclock-readersake thatinto considerationClock overflow occurstwice adayunderthis
systemwhich addsto the possibleconfusion. Onereasonfor the Europearconventionof numberingthe hours
ona 24 hourbasis,is thefactthatoverflow occursonly oncea day andat a time whennot muchis happening.)

Therearevariousfixesfor this problem.Oneway is to setup the countersothatit generates carrybit every
time it overflows,andthentake the carrybit into considerationThis thenrequiresatwo byte comparisonwhich
is abit complicated.

Thereis asimpleralternative thatwill work in thissituation. Thecounteris incrementedvery 65 milliseconds
or so. If eachcomputeiinstructiontakesapproximatelyl microsecond$o execute thenthe computercanexecute
somethinglike 65 x 1073/4 x 10~% = 16 x 10% instructionsper countertick. If the alarmis checled more
frequentlythanthis, we will besureto catchit attheinstantit is exactly equalto thealarmtime, whichis whatwe
want. Assumingthatthe programwill executeno morethan16000 instructionsbetweereachcheckof thealarm,
we shouldcatchdetectwhenthe counterandalarmareequal.

If the original calculationof alarmtime (presentime plus delaytime) overflows, thenthe counterwill also
overflow, andthe equalitywill still becaught.

It would be saferto checkfor the countergreaterthanthealarmtime, andin a missioncritical applicationwe
would have to do that. But in this casejt shouldnt bea problem.

5 The Assignment

Therearethreecomponentso this lab exercise:
1. Motor controlsubroutines
2. Theinterrupt-driventimer overflow counteroutines
3. TimerAlarms
Demonstratingary oneof thesecomponentsvill resultin a passgrade.Demonstratindbothwill resultin a full

grade.

5.1 Motor Control

Createsubroutinego controlthe eebotdrive motorsaccordingto the informationgiven previously in section3.
Be preparedo demonstrateneor two of themwhenrequestedby thelab supervisor
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5.2 Timer Overflow

To getamarkfor this sectionof the assignmentgdemonstratéhatyou have a working, interruptdrivenoverflow
counter Youcandothisby assemblingndinstallingthe subroutine®snthe MPPV1computerandthenactivating
theroutineswith themonitor CALL instruction.

5.3 Timer Alarms

For this section,you mustcreatea three-stagalarmwith displayson the LCD. The programshouldshov A at
the startof the program,B after 1 secondandthenC aftera further2 seconds.To getcredit,the alarmprogram
mustbe basedon the interrupttimer conceptsdiscussedn this lab. Softwareloopsarenot acceptable.lf you
demonstratéhis program,you do not needto demothat Timer Overflow is working.
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