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1 Overview

The objective of this exerciseis to develop softwarethat canreadan analogquantity (suchasthe power supply
voltage)anddisplayit onthe LCD. Thisincludesthefollowing steps:



e Readthe A/D Corwverter
¢ Do afixedpointcalculation,ncludingscaling

e Displayabinarynumberonthe LCD usingbinary-BCDandBCD-ASCII corversionroutines

2 Calculating and Displaying Battery Voltage

Theeebotis operatedrom a9.6volt NiCadbatterywhenit is operatingautonomouslyonits own). It isimportant
to monitor this voltagein orderto ensurethatthe robotis operatingcorrectly The motorseachdrav a variable
currentof about300mA,andthis alsotendsto pull down thesupplyvoltage.Sothepower supplyvoltagefluctates
accordingto load. Whenthe supplyvoltagefalls belowv about7 volts, the 5 volt logic supplieswill degradeand
eventuallythe microprocessowill stopfunctioning.

In this exercise we will constructhe softwareto readanddisplaybatteryvoltage.

Therearethreestagedo this:

e Readthe A/D corverterchanneb voltage.
e Processt throughthe equatiornrelatingbatteryvoltageto A/D reading
e Corvertthisreadingto anASCII stringandwrite it to thedisplay

For deluggingthesoftware,we have availablea potentiomete(thefrob knob) thatcanbe adjustedo generate
avariablevoltage.

3 TheAnalogto Digital Converter

Therearemary applicationswvhereit is usefulfor the microcomputeto be ableto readananaloguevoltage.For
example,mary sensorsutputa continuouslyvariablesignalandthis mustbe corvertedinto a binary number
for useby the microcomputerin the caseof the eebot thereis a manualpotentiometethatgenerates variable
voltage,and6 illumination sensors$n theline follower circuitry thatgenerateroltagesn therangeof 1 to 4 volts.
The A/D corverterof the 68HC11readsvoltagesbetweenzeroand5 volts, andgenerates binary number
proportionalto theinputvoltage.
In formulaform,
Vin
eref

whereN4p is thevalueproducedby the A/D corverter Vi, is theinputvoltage,V,.; thereferencevoltage(in
this casethe5 volt logic supply),and N, the maximumvaluecontainedn 8 bits (255).
For example,a 5 volt inputwill produceanoutputof 255anda 2.5 volt input would producel27. Notice as
well thateachstepin the A/D corverteroutputis equivalentto 5V/255 = 0.0196 volts (approximately20mV)
The A/D of the 68HC11is preceededby an 8 channelanalogmultiplexer, sothat one of 8 possibleanalog
inputscanbeselectedor corversion.

Nap = Nmas



3.1 UsingtheA/D Converter

Any computermprogramusingthe A/D corvertermustdo certaininitialization tasks. In our case wherewe are
operatingundercontrol of the Buffalo monitor, someof theinitialization is takenplacein the monitor. However,
a stand-along@rogramwould have to containtheseinstructions.

Fortherecord thesdnitializationstake placein theOPTIONTregister(seesectionl2.2.2  in thePink Book).
The ADPUshouldbe setto 1 to power up the A/D corverterandthe CSEL bit shouldbe setto zerosothatthe
A/D is synchronizedo the processoE clock. The monitortakescareof this.

Otherinitializations are in the handsof the programmer The importantregisterin this regardis the A/D
ControlRegister showvn in figure 1.

7 6 5 4 3 2 1 O

ADCTL
$1030

Input channel select
0000 to 0111

MULT (Multiplexer)
0: 4 conversions on one channel
1: 4 conversions on successive channels

— SCAN
0: Conversions on request (write to ADCTL)
1: Continuous scan

— not used

— CCF Conversion complete flag
0: Results not ready

1: Results ready

Figurel: A/D ControlRegister

Thisregister
e selectavhichone(or groupof 4) of the 8 possibleinput channelswill be corverted.

¢ selectavhetherthe A/D will readoneinputor 4 successie inputs

selectsvhetherthe A/D takesareadingon requesbr continuouslyonits own
¢ indicatesvhena corversionis complete

For our purposeswe will readthe 8 input channelsn 2 groupsof 4 andtake readingson requestNoticethat
anew requesis initiated by writing (anything) to the ADCTL, sono explicit requesis required.

Whena group of 4 readingsis requestedthey areputin the A/D Resultregisters,which are called ADR1
throughADR3andarelocatedat $1031through$1034.



3.2 An A/D Conversion Routine

Now we needto give somethoughtto theform of the A/D corversionsoftware.

First, we needto decidehow the A/D routinewill passits results(the 8 input channelreadings)ackto the
callingroutine. To keepthingssimple,aspartof the subroutinewe’ll define8 RAM memoryregistersto contain
theresult. Now we canbegin to sketchout a datastructurefor containingtheresults,anda procedurdor reading
the A/D. Thedatastructurecanbe an8 byteblock of RAM:

ADDATA RMB8 ; Storage for A/D converter results
You canaccessheinformationin this block of memorywith commanddike
LDAA ADDATA+3

which would loadtheaccumulatowith thedatafrom channel of the A/D.
Now we cansketchout analgorithm. First, readinput channel$) througha3:

e Initialize ADCTL bit 4 to 1 socorversiongake placeon 4 successie channels.
e Initialise ACDTL bit 5 to 0 sothateachgroupof corversionshappen®n request.
e Selectthelower groupof four channelsdy settingbits 3 through0 of ADCTL to 0000.

e Readthe ADCTL CCFhbit 7. Whenwe wantto examinebit 7 of the ADCTL, we canmaskoff all theother
bits andthentestfor zerousinga conditionalbranch:

LDAA ADCTL
ANDA #%10000000 ; Mask off all hbits except 7
BEQ NOT_SET

ITS_SET (continue here) ; The flag is set

(this code handles the flag set condition)
BRA CONTINUE
NOT_SET (continue here) ; The flag is not set
(this code handles the flag not set condition)
CONTINUE (program continues  here)

The effect of the maskoperationis to reduceall the bits exceptbit 7 to zero.If bit 7 is alsozero,thewhole
byteis thenzero. If bit is not zero,thenthe whole byteis not zero. Consequentlythe condition of bit 7

may betestedby testingthe whole bytefor zero,usinga BEQ(Branchif Equalto zero)conditionalbranch
instruction.

Notice how the UnconditionalBrand instructionBRAIs usedto brancharoundthe NOT_SETcode.

e Whenit is set,the corversionis completesoreadADR1 throughADR3 into memoryregistersADDATA
throughADDATA+3

Now readinput channelgt through7:

e Selectthe uppergroup of four channelsby settingbits 3 through0 of ADCTL to 0100. Writing to the
ADCTL initiatesanew corversion.

¢ Readthe ADCTL CCFbit 7.



e Whenit is set,readADR1 throughADR3 into memoryregistersADDATA+4 throughADDATA+7.

At this point, all 8 analoginputchannel$ave beencorvertedandstoredin RAM locationsADDATA through
ADDATA+7.

3.3 Testing A/D Conversion Routine
Hardware

A first stepis to ensurghatthe A/D hardwareis working correctly

UsetheMM commando modify location$1030to FO. (Ef Zero). This putsthe A/D in continuouscanmode
andstartsit scanninghefirst 4 A/D channels.

Now usethecommandviD 10301030to displayoneline of memorydatastartingatlocation1030.

Everytime you pressthe jreturn¢key, thelastcommandMD) will repeat.

Putthe potentiometeon A/D channell to its minimumsettingandthe A/D shouldreadcloseto zero.Putthe
potto its maximumsettingandthe A/D shouldreadFF (or closeto it). Putthe pot aboutmid-point,andthe A/D
shouldreadsomethingabouthalfway betweerD0 andFF (Ideally, 7F).

Youcanevenholddown the<return> key andwatchlocation1031changeasyou vary the potvoltage.

Software

Whenthe hardwareis working asexpectedyou cantestyour A/D softwareasfollows:

Usingthealgorithmof section3.2 asa guide,write anA/D corversionroutinethatreadsthe 8 input channels
into 8 RAM locations. The routineshouldbe structuredasa subroutineje, it shouldbe callablefrom different
locationswith a JSR (JumpTo Subouting instruction. The lastinstructionin the routinemustbe RTS (Return
from Subroutine).

Like all softwaredevelopedfor this course the subroutinenustcontaindescriptve headeidocumentation.

To testtheroutine,assemblét with a stubtestroutine. Thisis a oneline driver that calls the routineunder
test.It will besomethindike

START JSR ADCONVERT ; Read 8 A/D channels into RAM
SWi ;. Break to Monitor

Thesubroutinecodewill follow the stubin thelisting.
Assembleandtestthe routine. Using the potentiometeion A/D channell, vary its input voltage. Usethe
monitor Memory Dumpinstructionto seeif thechannell readingchangessthe potis rotated.
Whentheroutineworks correctly addit to your subroutindibrary directory, ("/ele538/library ).

4 Some Math Required

Onthe eebot the A/D channelPEO readsthe voltageat the centreof an equalresistorvoltagedivider. Thetop
endof this voltagedivideris connectedria onediodedropto the batteryvoltage.(Whenthebotis operatedrom
abenchsupply thedivider is connectedo the benchsupplyvoltageminusonediodedrop.)

The voltagedivider is requiredbecausehe A/D corvertercanonly copewith voltagesup to 5 volts, andthe
batterysupplyis nearlydoublethe maximum.Thevoltagedivider effectively dividesthebattery_voltage-
0.6 volts by two.



Sotheformularelatingthe A/D voltageto the batteryvoltageis:
I/in = (‘/batt - 06)/2

Recapitulatinghe A/D corverterof the 68HC11readsvoltagesbetweenzeroand5 volts, and generates
binarynumberproportionalto theinputvoltage.In formulaform, this relationshipis expresseds
Vin
V;"ef

Nap = Nmaw
whereN4p is thevalueproducedby the A/D corverter Vi, is theinputvoltage,V;..; thereferencevoltage(in
this casethe5 volt logic supply),and N,,... the maximumvaluecontainedn 8 bits (255).

For example,a 5 volt inputwill producean outputof 255anda 2.5 volt input would producel27. Noticeas
well thateachstepin the A/D corverteroutputis equivalentto 5V /255 = 0.0196 volts (approximately20mV,)

Combiningthe previous two equationgto solve for batteryvoltagein termsof the A/D readingNap, we
have':

Vbatt = 0.039N4p + 0.6

For example,anA/D readingof $7F (127,0) would correspondo a batteryvoltageof 5.6 volts?

4.1 Scaling The Equation

The next challengeis this: we needsomeway of representinghe constants.0392 and0.6. We could, for
example,include a floating point math padage and then usethe routinesin that packageto do the math. A
floating point packagé candealdirectly with suchnumbersas0.0392.

However, this is overkill for our application,sowe’ll usea differenttrick. The HC11 canwork quite easily
with binaryintegers,soif we cancorvertthe equationto integernumberswe canusethe mathroutinesdirectly.
Multiplying bothsidesof the previousequationby 1000will do thisfor us:

1000Vhayy = 1000(0.039N4p + 0.6)
= 39N4p + 600

This procesf multiplying by 1000is known asscalingtheequation andis oftennecessaryo mapamathe-
maticalequationto somepieceof analogueor digital hardware.

The nice thing aboutthe constantl000 is thatit canbe removed very simply by shifting the decimalplace
3 placesto the left, which we cando during the displayroutine by carefulplacemenbf the decimalpoint. For
example,for Nap equalto $7F (1274¢), thevalueof 1000V} is 5553,0r Vies: = 5.553 volts. We'd roundthis
off to onedecimalplace,or 5.5 volts.

This approactto calculationis calledfixed point mathematicsn contrastto floating point math which uses
exponentgo placethedecimalpoint.

One potentially fatal problemwith this approachis the problemof overflow We mustmalke surethat the
maximumexpectedhumberdoesnot exceedthe capacityof the computeregistersto represenit. Themaximum
valueof an 8 bit registeris 255,andof a 16 bit register65535.

IMake sureyou too cando this deriation.

2|t hasbeensuggestedhat this equationimplies that if the A/D readingN4p is zero, the batteryvoltageis then 0.6 volts. To be
pedanticallycorrectaboutit, a zeroA/D readingimpliesthatthevoltageis 0.6 volts or less.In practice evenafully dischaged9.6volt nicad
batteryhasa residualoltageof severalvolts (andavery highinternalresistance).

3In fact, afloating point mathpackagés programmednto the sameEPROM asthe Buffalo Monitor. If you take the ELE744Instrumen-
tationCoursein fourth year you'll useit extensvely.



The maximumpossiblenumbercomputedoy this routineoccurswhen N 4 p is 255, in which casel000V;q:¢
would be 10545 (10.545volts). Sincethisis well belov 65535,a dualbyteregisterwill besuficientandoverflow
shouldnever occur.

Whenyou constructhis routine, it shouldbe passedhevalueof N4p in oneof the 8 bit accumulatorsnd
returnthevalueof 1000V}, in the D accumulatar

Beforegoingary further, you shouldtestthis routinewith variousinputsandverify thatit works. Whenit is
completeaddit to yourlibrary.

5 Writing Battery Voltage to the Display

Now we needto corvertthe formatof the previousanswerinto aform thatcanbewrittento thedisplay Thisis a
three-stepprocess:

e Corvertthe16bit '1000 x V444" value,whichis in binary, into BCD digits
e CorverttheBCD digitsinto ASCII

o Write the ASCII valueto the display formatting so that the decimalplaceoccursin the correctlocation.
You will needto usethe controlinstructionsof the LCD to positionthe cursor which determinesvhere
eachcharacteis written. (The LCD controlcodesweregivenin Lab 1).

Thetwo corversionroutinesareratherlengthysothey areappendedo thesdab directions.The 16 bit binary
to BCD routineis in section8. Therearetwo BCD to ASClIroutinesin section9 andsectionl0. They illustrate
differentstylesof writing software,andyou canchooseaccordingto your preference. Thesethreeroutinesare
alsoavailablein the courses/ele538/labs/library directoryin electronicform soyou don't needto
typethemin.

Youmustattributetheroutinesje, identify thatthey camefrom sourceotherthanyour own work andidentify
thatsource.

While you areusingtheseroutinesreflecton how muchmoredifficult it would beto usetheseroutinesif they
werenot documentegroperly You arealsowelcometo identify ary documentatiorshortcomingsand suggest
themto theauthor

Whenthe programis completeddemonstratés operationusingthe potentiometeon thelab microcomputer

6 Displaying Bumper Status

In this sectionwe’ll developcodefor displayingthe statusof thetwo bumperswitches.

6.1 ReadingtheBumper Switches

The bumpersmay be usedto signalthe computerprogramfor variouspurposes.For example,the operatormy
triggerthe bow bumperswitchwhenthe motorsareto start. Or, whenthe robotbumpsinto someobject,it may
be programmedo stop.

4A point aboutprecisionandaccurang: Our original measuremertiadan accurag andprecisionof 8 bits, or onepartin 256. Thenwe
multiply this readingby another8 bit valueandgeta 16 bit result. The precisionof this answetis 16 bits or 1 partin 65535,but the lower 8
bits aremeaninglesssincethe accurang hasnotimproved andis still 8 bit accurang.



Two bumperswitchesoneatthe bow andoneat the stern,generatesignalsfor this purpose Whenabumper
switchis actuatedthe correspondind.ED onthebackdeckwill illuminate.

Thebumpersignalsalsofeedinto 2 channelof the A/D corvertersothatthemicroprocessocandetectwhen
a collision hasoccurred. The equivalentcircuit for bumper switchesand GeneralPurposeKnob is shavn in
figure2.

+5V

68HC11
BOW BUMPER Y ~ 7>

BOWBUMP
B1 q

STERN BUMPER YV 7~

PE2
+5V

STERNBUMP
PE3

! i

Figure2: BumperSwitchesandFrobKnob

¢ Whenabumperswitchis open(no bump),therewill beno currentthroughtheresistorandLED. The LED
hasa fixedvoltagedropof aboutl.5volts, sotheinput voltageto the A/D corverterchannelwill be about
3.5volts.

¢ Whentheswitchis closed(bump),theinputvoltagewill bezerovolts.

e The generalpurposeknob (akafrob knob) producesan input betweenzeroand 5 volts, which will read
betweer00and$FFatthe A/D inputchannePE4.(Onthe MPPV1benchsystemstheknobis connected
to input PEL).

In designingheroutineto signalabow or sternbump,we shouldfirst decidehow we wantto recordtheresult.
We suggesthat you createa two RAM variablesnamedBUMPER_BO#Whd BUMPER_STERNF a bumperis
activated,its register LSbit is SET; otherwiseits LShit is CLEARED(You could alsousetwo bits in oneRAM
variable,but the activationandreadingof thebitsis alittle moretricky.)

As onealternatve for testingthebumperregisters you canANDa bumperregisterwith themask%00000001
to strip out ary otherbits thanthe one of interestandthenusea BNE or BEQconditionalbranchinstructionto
determindf theLSbit is setor cleared.



With this datastructurein mind, our routineto testthe bumpersincludesthe following steps:

e Readthe 8 inputsof the A/D corverterinto RAM registers.(You developeda subroutineto do this earlier
in thelab.)

¢ Checkthelevel of the PE2input. If it is above the bumperthreshold setthe bow bumperbit. Otherwise,
clearthe bow bumperbit®.

¢ Checkthelevel of the PE3input. If it is above the bumperthreshold setthe sternbumperbit. Otherwise,
clearthe sternbumperhbit.

e Return

Whenthis routineis completedyou shouldhave a routinethatcanbe calledasa subroutineandwill refresh
theinformationin thetwo bumperregisters.
Now we will give somethoughtto indicatingthe stateof thebumpersonthedisplay

6.2 Display Architecture

In thefinal analysiswe will have anumberof thingsto write to theLCD. Thisis agoodtimeto give somethought
to the overallarchitectureof the programandthe methodst writesto the display

The obvious methodof writing to the LCD is very simple: ary routinethat needsto put somethingon the
displaysimplywritesit there.We'll referto this asa genemtor-centeddesign becaus¢heroutinethatgenerates
theinformationputsit onthedisplay Thereareatleasttwo problemswith this approach:

¢ directwriting to the LCD by variousroutinesrequiresthateachone of theseroutines’'understandwhere
its informationshouldgo onthe LCD. If thelayoutof the displaychangesthenall theseroutinesmustbe
modified,whichis very cumbersomendproneto error.

e Thereis no easyway to control the updaterate of the display sinceeachroutine writes to the display
wheneerit’sin themood.

e Thereis no centralizedcontrol to determinewhat getswritten to the display If this requirementhanges
with time (the operatowishesto seedifferentinformation,for example)thereis no easyway to switchthe
displaygenerator®n andoff.

A betterapproachs changethe point of controlto a display-cented architecture In this arrangementhere
is onedisplaydriver routinethatis responsibldor gatheringthe displayinformationtogetherandthenputtingit
onthedisplay Thedisplaydriver mustknow whereto getthe variouspiecesof informationandhow to format
thembeforeputtingthemon the display But if the layoutof the displaychangespnly the displaydriver routine
needsto be modified. If the displayrateis changedthenthe display driver routine is simply called more or
lessfrequently Thedisplaydriver canchoosesomedataandskip otherdataaccordingto variousandchanging
requirements.

5A singlebumperthresholdcanbe sethalf way betweenthe maximumvalue— about3.5 volts — andthe minimumvalue, 0 volts. In this
particularcasethe switchingactionof thehardwareswitchis very definite,soonethresholds sufiicient. However, amorerigorousapproach
would usean upperanda lower threshold setat about1/3 and2/3 of the expectedinputrange.If the signalis above the upperthreshold,
thentheswitchis consideredo beopen.If it is belon thelower thresholdjt is consideredo beclosed.Readingdetweerthetwo thresholds
areignored- this is the forbiddenzoneof digital logic. If noisehappendo causea transitionon the bumpersignalline, thenit hasto cross
throughthe forbiddenzoneto be detected.So the forbiddenzoneprovides somenoiseimmunity. Incidentally in this simplifed approach,
noticethatwe aretotally ignoringtheissueof switchbounce.



Like mary issuesn the architectureof software,whenthe programis smallandsimpleit’s notimmediately
obviousthatyou shouldtake a particularapproach Almost anything will work. However, whenyou geta dozen
different elementsbeing written to the display and the display rate must be adjustable the advantagesf the
displaydrivertechniqguebecomeclear

6.3 Display Mechanics

Whenthedisplaydriver routinegetscalled,how exactly shouldit write to thedisplay?

Onesimplestratgyy is wipe andwrite: clearthe entiredisplayandrewrite it. Unfortunately this resultsin a
very ugly display At high updateratesthe displayappeargo have variousartifactstravelling throughit. At low
updateratesit flashedntermittently Eitherway, it's very unpleasanto look at.

A betterstratayy is selectivereplace Recallthatthe displaycursorspecifiesvherethe next charactewill be
written on the display Happily, the LCD control codesincludecommanddo position, hide or show the cursor
Thus,to rewrite somepartof the display ensurethatthe cursoris hidden,positionit wherethereplacemenis to
occur, andwrite the new informationover theold information. This requireshatthe new informationcompletely
overwritethe old or somegarbagemay be left behind. Soit may be necessaryor the displaydriver to padthe
new informationwith leadingor trailing blanks.

An even moreintelligent displaydriver will checkto seeif informationhaschanged.If it has,it will doa
selectve replace. Otherwise,|it’s left alone. This wastedesstime andresultsin a betterlooking display (The
informationgeneratosetsa flagf every time theinformationhaschanged The displaydriver teststheflag to see
if it shouldrewrite theinformationandthenclearstheflag everytime it updateshescreen.)

7 Assignment Summary

On the due datefor lab3, you are requiredto demonstratea programthat readsthe potentiometeland showvs
the equivalentbatteryvoltagereadingon the LCD. The sameprogramshouldreadthe bumperswitchesandput
symbolsontheLCD to indicatewhetherthe bumperswitchesareopenor closed.For example,you mightshowv a
blankcharacteif the switchis openandaletter (B for Bow, S for Sternfor example)whenthe switchis closed.

Thestructureof the programshouldincludeadisplaydriver routinethatcoordinateshewriting of the battery
voltageand bumperswitch statusdisplays. The display of batteryvoltageshouldinclude only onedigit to the
right of the decimalpoint.

8A flagis simply amemorylocationthatcontainsa binary 1 or 0.

10



8 Binary 16 to BCD Conversion Routine

* file ref bl6todec.asm
*
*kkkk *kkkkkkhkkk *kkkkkkhkhkk * *kkkkk *kkkk *kkkk *kkkkk *kkkk *kkkk *kkk
BCD_BUFFER EQU* The following registers are the BCD buffer area
TEN_THOUS RMB1 10,000 digit
THOUSANDS RMB 1 1,000 digit
HUNDREDS RMB 1 100 digit
TENS RMB 1 10 digit
UNITS RMB 1 1 digit
BCD_SPARE RMB10 Extra space for decimal point and string terminator
NO_BLANK RMB1 Used in ’leading zero' blanking by BCD2ASC
*kkkk *kkkkkhkhkkk *kkkkkkhkkk * *kkkkk *kkkk *kkkk *kkkkk *kkkk *kk
* Integer to BCD Conversion Routine
* This routine converts a 16 bit binary number in .D into
*  BCD digits in BCD_BUFFER.
* Peter Hiscocks
*  Algorithm:
* Because the IDIV (Integer Division) instruction is available on
* the 68HC11, we can determine the decimal digits by repeatedly
* dividing the binary number by ten: the remainder each time is
* a decimal digit. Conceptually, what we are doing is shifting
* the decimal number one place to the right past the decimal
* point with each divide operation. The remainder must be
* a decimal digit between O and 9, because we divided by 10.
*  The algorithm terminates when the quotient has become zero.
* Bug note: XGDXdoes not set any condition codes, so test for
* quotient zero must be done explicitly with  CPX.
* Data structure:
* BCD_BUFFER EQU* The following registers are the BCD buffer area
* TEN_THOUS RMB1 10,000 digit, max size for 16 bit binary
* THOUSANDS RMB 1 1,000 digit
* HUNDREDS RMB 1 100 digit
* TENS RMB 1 10 digit
* UNITS RMB 1 1 digit
* BCD_SPARE RMB2 Extra space for decimal point and string terminator
INT2BCD XGDX Save the binary number into .X
LDAA #0 Clear the BCD_BUFFER

STAA TEN_THOUS
STAA THOUSANDS
STAA HUNDREDS
STAA TENS

STAA UNITS

STAA BCD_SPARE
STAA BCD_SPARE+1

11



CPX #0 Check for a zero input
BEQ CON_EXIT and if so, exit
*
XGDX Not zero, get the binary number back to
LDX #10 Setup 10 (Decimal!) as the divisor
IDIV Divide: Quotient is now in remainder in
ANDB #$0F Clear high nibble of remainder
STAB UNITS and store it
CPX #0 If quotient is zero,
BEQ CON_EXIT then exit
*
XGDX else swap first guotient back into .D
LDX #10 and setup for another divide by 10
IDIV
ANDB #$0F
STAB TENS
CPX #0
BEQ CON_EXIT
*
XGDX Swap quotient back into .D
LDX #10 and setup for another divide by 10
IDIV
ANDB #$0F
STAB HUNDREDS
CPX #0
BEQ CON_EXIT
*
XGDX Swap quotient back into .D
LDX #10 and setup for another divide by 10
IDIV
ANDB #$0F
STAB THOUSANDS
CPX #0
BEQ CON_EXIT
*
XGDX Swap quotient back into .D
LDX #10 and setup for another divide by 10
IDIV
ANDB #$0F

STAB TEN_THOUS

*

CON_EXIT RTS

We're done the conversion

12
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9 BCD toASCII Conversion Routine: Version 1

Note: If you usethisversion,you will alsoneedthe strrev.asmroutinewhich shouldbein the strings.asnfile in
thecoursellibrary directory

* file ref:  bcdtoasc.asm

;7 @nameitoa_ul6
;;  Converts an unsigned 16-bit number to a decimal string.

;7 @param AccD 16-bit  unsigned number to convert
;;  @param IX Starting address of string.

;; @return  Nothing

;;  @side CC modified

;» @author K.Clowes

itoa_ul6::
psha
pshb
pshy
pshx
pshx

puly

; zero is a special case
cmpd #0

bne ul6_cont

[daa #0

staa 0,x

clr 1,x

pulx

bra ul6 ret ;We're outa-here!

;o it's not zero

ul6é cont:

ldx #10

idiv. ; AccB is remainder, IX is quotient
addb #0 ; Convert remainder to ASCII
stab 0y

iny

cmpx #0

beq ul6 _done

xgdx

bra ul6_cont

ul6é _done:

13



clr 0y ; ensure generated string is null-terminated
pulx

jsr strrev  ; string is in reverse order-->reverse it!
ul6_ret:

puly ; restore original registers

pulb

pula

res

10 BCD to ASCII Conversion Routine: Version 2

* file ref:  bcdtoasc.asm
*

*%% *% *%% *% *% *kkkkk *kkkk *kkkk *khkkkk *kkkk *kkkk *kkk

BCD_BUFFER EQU* The following registers are the BCD buffer area
TEN_THOUS RMB1 10,000 digit

THOUSANDS RMB 1 1,000 digit

HUNDREDS RMB 1 100 digit

TENS RMB 1 10 digit

UNITS RMB 1 1 digit

BCD_SPARE RMB10 Extra space for decimal point and string terminator
NO_BLANK RMB1 Used in ’leading zero' blanking by BCD2ASC
*kkkk *kkkkkkhkkk *kkkkkkhkkk * *kkkkk *kkkk *kkkk *kkkkk *kkkk **

* BCDto ASCII Conversion Routine

* This routine converts the BCD number in the BCD_BUFFER

* into ascii format, with leading zero suppression.

* Leading =zeros are converted into space characters.

* The flag ’'NO_BLANK’ starts cleared and is set once a non-zero

* digit has been detected.

* The 'units’ digit is never blanked, even if it and all the

* preceeding digits are zero.

*

Peter Hiscocks

BCD2ASC LDAA #0 Initialize the blanking flag
STAA NO_BLANK

C TTHOU LDAA TEN_THOUS Check the ’ten_thousands’ digit
ANDA #$0F Clear the high nibble
ORAANO_BLANK
BNE NOT_BLANK1

*

ISBLANK1 LDAA # Its  blank
STAA TEN_THOUS SO store a space
BRA C_THOU and check the ’'thousands’ digit
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*

NOT_BLANK1LDAA TEN_THOUS Get the ’'ten_thousands’ digit

C_THOU

*

ISBLANK2

*

ORAA#$30 Convert to ascii
STAA TEN_THOUS
LDAA #$1 Signal that we have seen a 'non-blank’ digit

STAA NO_BLANK

LDAA THOUSANDS Check the thousands digit for blankness
ANDA #$0F Clear the high nibble

ORAANO_BLANK If it's blank and ’'no-blank’ is still zero
BNE NOT_BLANK2

LDAA # Thousands digit is blank

STAA THOUSANDS so store a space

BRA C_HUNS and check the hundreds digit
NOT_BLANK2LDAA THOUSANDS (similar to ’'ten_thousands case)

ORAA#$30

STAA THOUSANDS

LDAA #$1

C_HUNS

*

ISBLANK3

*

C_TENS

STAA NO_BLANK

LDAA HUNDREDS Check the hundreds digit for blankness
ANDA #$0F Clear the high nibble

ORAANO_BLANK If it's blank and ’'no-blank’ is still zero
BNE NOT_BLANK3

LDAA # Hundreds digit is blank

STAA HUNDREDS so store a space

BRA C_TENS and check the tens digit
NOT_BLANK3LDAA HUNDREDS (similar to ’ten_thousands case)

ORAA#$30

STAA HUNDREDS

LDAA #3$1

STAA NO_BLANK

LDAA TENS Check the tens digit for blankness

ANDA #$0F Clear the high nibble

ORAANO_BLANK If it's blank and ’'no-blank’ is still zero

*

ISBLANK4

BNE NOT_BLANK4

LDAA # Tens digit is blank
STAA TENS SO store a space
BRA C_UNITS and check the wunits digit
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NOT_BLANK4LDAA TENS (similar to ’'ten_thousands case)
ORAA #3$30
STAA TENS
LDAA #$1
STAA NO_BLANK
*
C_UNITS LDAA UNITS No blank check necessary, convert to ascii.
ANDA #$0F
ORAA#3$30
STAA UNITS

RTS We're done
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