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1 Overview

Theobjective of this exerciseis to developsoftwarethatcanreadananalogquantity(suchasthepower supply
voltage)anddisplayit on theLCD. This includesthefollowing steps:
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� ReadtheA/D Converter

� Do afixedpoint calculation,includingscaling

� Displayabinarynumberon theLCD usingbinary-BCDandBCD-ASCII conversionroutines

2 Calculating and Displaying Battery Voltage

Theeebotis operatedfrom a9.6volt NiCadbatterywhenit is operatingautonomously(onits own). It is important
to monitor this voltagein orderto ensurethat the robot is operatingcorrectly. Themotorseachdraw a variable
currentof about300mA,andthisalsotendsto pull down thesupplyvoltage.Sothepowersupplyvoltagefluctates
accordingto load. Whenthesupplyvoltagefalls below about7 volts, the5 volt logic supplieswill degradeand
eventuallythemicroprocessorwill stopfunctioning.

In this exercise,we will constructthesoftwareto readanddisplaybatteryvoltage.
Therearethreestagesto this:

� ReadtheA/D converterchannel0 voltage.

� Processit throughtheequationrelatingbatteryvoltageto A/D reading

� Convert this readingto anASCII stringandwrite it to thedisplay.

For debuggingthesoftware,wehaveavailableapotentiometer(thefrobknob) thatcanbeadjustedto generate
a variablevoltage.

3 The Analog to Digital Converter

Therearemany applicationswhereit is usefulfor themicrocomputerto beableto readananaloguevoltage.For
example,many sensorsoutputa continuouslyvariablesignalandthis mustbe convertedinto a binary number
for useby themicrocomputer. In thecaseof theeebot, thereis a manualpotentiometerthatgeneratesa variable
voltage,and6 illuminationsensorsin theline followercircuitry thatgeneratevoltagesin therangeof 1 to 4 volts.

The A/D converterof the 68HC11readsvoltagesbetweenzeroand5 volts, andgeneratesa binary number
proportionalto theinputvoltage.

In formulaform, �������	��

�
�������

�������

where
�����

is thevalueproducedby theA/D converter, ��
�� is the input voltage, � ����� the referencevoltage(in
this case,the5 volt logic supply),and

�������
themaximumvaluecontainedin 8 bits (255).

For example,a 5 volt input will produceanoutputof 255anda 2.5volt input would produce127. Noticeas
well thateachstepin theA/D converteroutputis equivalentto � ���! �"� �$#&% #&')(+*

volts (approximately20mV.)
The A/D of the 68HC11is preceededby an 8 channelanalogmultiplexer, so that oneof 8 possibleanalog

inputscanbeselectedfor conversion.
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3.1 Using the A/D Converter

Any computerprogramusingthe A/D convertermustdo certaininitialization tasks. In our case,wherewe are
operatingundercontrolof theBuffalo monitor, someof theinitialization is takenplacein themonitor. However,
a stand-aloneprogramwould haveto containtheseinstructions.

For therecord,theseinitializationstakeplacein theOPTIONregister(seesection12.2.2 in thePinkBook).
TheADPUshouldbe setto 1 to power up the A/D converterandthe CSELbit shouldbesetto zeroso that the
A/D is synchronizedto theprocessorE clock. Themonitortakescareof this.

Other initializationsare in the handsof the programmer. The importantregister in this regard is the A/D
ControlRegister, shown in figure1.

ADCTL
$1030

Input channel select
0000 to 0111

MULT
0: 4 conversions on one channel

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

(Multiplexer)

1: 4 conversions on successive channels

not used

567 01234

CCF
0: Results not ready
1: Results ready

Conversion complete flag

Figure1: A/D ControlRegister

This register

� selectswhichone(or groupof 4) of the8 possibleinputchannelswill beconverted.

� selectswhethertheA/D will readoneinputor 4 successive inputs

� selectswhethertheA/D takesa readingonrequestor continuouslyon its own

� indicateswhena conversionis complete

For our purposes,we will readthe8 input channelsin 2 groupsof 4 andtake readingson request.Noticethat
a new requestis initiatedby writing (anything) to theADCTL, sonoexplicit requestis required.

Whena groupof 4 readingsis requested,they areput in the A/D Resultregisters,which arecalledADR1
throughADR3andarelocatedat $1031through$1034.
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3.2 An A/D Conversion Routine

Now we needto givesomethoughtto theform of theA/D conversionsoftware.
First, we needto decidehow theA/D routinewill passits results(the8 input channelreadings)backto the

calling routine.To keepthingssimple,aspartof thesubroutinewe’ll define8 RAM memoryregistersto contain
theresult.Now we canbegin to sketchout a datastructurefor containingtheresults,anda procedurefor reading
theA/D. Thedatastructurecanbean8 byteblockof RAM:

ADDATA RMB 8 ; Storage for A/D converter results

Youcanaccesstheinformationin this blockof memorywith commandslike

LDAA ADDATA+3

which would loadtheaccumulatorwith thedatafrom channel4 of theA/D.
Now wecansketchout analgorithm.First, readinputchannels0 through3:

� Initialize ADCTL bit 4 to 1 soconversionstakeplaceon 4 successivechannels.

� InitialiseACDTL bit 5 to 0 sothateachgroupof conversionshappenson request.

� Selectthelowergroupof four channelsby settingbits3 through0 of ADCTL to 0000.

� ReadtheADCTL CCFbit 7. Whenwewantto examinebit 7 of theADCTL, wecanmaskoff all theother
bitsandthentestfor zerousingaconditionalbranch:

LDAA ADCTL
ANDA #%10000000 ; Mask off all bits 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)

Theeffectof themaskoperationis to reduceall thebitsexceptbit 7 to zero.If bit 7 is alsozero,thewhole
byte is thenzero. If bit is not zero,thenthe whole byte is not zero. Consequently, the conditionof bit 7
maybetestedby testingthewholebytefor zero,usinga BEQ(Branchif Equalto zero)conditionalbranch
instruction.

Noticehow theUnconditionalBranch instructionBRAis usedto brancharoundtheNOT_SETcode.

� Whenit is set,theconversionis completesoreadADR1 throughADR3 into memoryregistersADDATA
throughADDATA+3

Now readinputchannels4 through7:

� Selectthe uppergroupof four channelsby settingbits 3 through0 of ADCTL to 0100. Writing to the
ADCTL initiatesanew conversion.

� ReadtheADCTL CCFbit 7.
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� Whenit is set,readADR1 throughADR3 into memoryregistersADDATA+4 throughADDATA+7.

At thispoint,all 8 analoginputchannelshavebeenconvertedandstoredin RAM locationsADDATA through
ADDATA+7.

3.3 Testing A/D Conversion Routine

Hardware

A first stepis to ensurethattheA/D hardwareis working correctly.
UsetheMM commandto modify location$1030to F0. (Ef Zero).ThisputstheA/D in continuousscanmode

andstartsit scanningthefirst 4 A/D channels.
Now usethecommandMD 10301030to displayoneline of memorydatastartingat location1030.
Every time youpressthe¡return¿key, thelastcommand(MD) will repeat.
PutthepotentiometeronA/D channel1 to its minimumsettingandtheA/D shouldreadcloseto zero.Putthe

pot to its maximumsettingandtheA/D shouldreadFF (or closeto it). Putthepot aboutmid-point,andtheA/D
shouldreadsomethingabouthalfwaybetween00 andFF. (Ideally, 7F).

Youcanevenhold down the<return> key andwatchlocation1031changeasyou vary thepot voltage.

Software

Whenthehardwareis working asexpected,youcantestyourA/D softwareasfollows:
Usingthealgorithmof section3.2asa guide,write anA/D conversionroutinethatreadsthe8 input channels

into 8 RAM locations.The routineshouldbestructuredasa subroutine,ie, it shouldbe callablefrom different
locationswith a JSR (JumpTo Subroutine) instruction.The last instructionin the routinemustbeRTS(Return
from Subroutine).

Likeall softwaredevelopedfor this course,thesubroutinemustcontaindescriptiveheaderdocumentation.
To testthe routine,assembleit with a stub testroutine. This is a oneline driver that calls the routineunder

test.It will besomethinglike

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

Thesubroutinecodewill follow thestubin thelisting.
Assembleandtest the routine. Using the potentiometeron A/D channel1, vary its input voltage. Usethe

monitorMemoryDumpinstructionto seeif thechannel1 readingchangesasthepot is rotated.
Whentheroutineworkscorrectly, addit to yoursubroutinelibrary directory, (˜/ele538/library ).

4 Some Math Required

On the eebot, theA/D channelPE0 readsthevoltageat thecentreof anequalresistorvoltagedivider. The top
endof this voltagedivider is connectedvia onediodedropto thebatteryvoltage.(Whenthebot is operatedfrom
a benchsupply, thedivider is connectedto thebenchsupplyvoltageminusonediodedrop.)

Thevoltagedivider is requiredbecausetheA/D convertercanonly copewith voltagesup to 5 volts, andthe
batterysupplyis nearlydoublethemaximum.Thevoltagedividereffectively dividesthebattery_voltage-
0.6 volts by two.
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SotheformularelatingtheA/D voltageto thebatteryvoltageis:

��
�� �-, ��. ��/0/213#&% *"4 �! 
Recapitulating,he A/D converterof the 68HC11readsvoltagesbetweenzeroand5 volts, andgeneratesa

binarynumberproportionalto theinputvoltage.In formulaform, this relationshipis expressedas

������� � 

�
� �����

�������

where
�����

is thevalueproducedby theA/D converter, ��
�� is the input voltage, � ����� the referencevoltage(in
this case,the5 volt logic supply),and

�������
themaximumvaluecontainedin 8 bits (255).

For example,a 5 volt input will produceanoutputof 255anda 2.5volt input would produce127. Noticeas
well thateachstepin theA/D converteroutputis equivalentto � ���! �"� �$#&% #&')(+*

volts (approximately20mV.)
Combiningthe previous two equationsto solve for batteryvoltagein termsof the A/D reading

�����
, we

have1:
� . ��/0/ �$#&% #+5+("� ���76 #&% *

For example,anA/D readingof $7F (
'  "8"9;: ) wouldcorrespondto a batteryvoltageof 5.6volts2

4.1 Scaling The Equation

The next challengeis this: we needsomeway of representingthe constants
#&% #+5+(  and

#�% *
. We could, for

example,includea floating point mathpackage and thenusethe routinesin that packageto do the math. A
floatingpoint package3 candealdirectlywith suchnumbersas

#&% #+5"(  .
However, this is overkill for our application,sowe’ll usea differenttrick. TheHC11canwork quiteeasily

with binaryintegers,soif we canconvert theequationto integernumbers,we canusethemathroutinesdirectly.
Multiplying bothsidesof thepreviousequationby 1000will do this for us:

')#+#+# ��. ��/0/<� '=#"#+#�,>#&% #+5"(+����� 6 #�% *?4
� 5+("����� 6 *"#+#

Thisprocessof multiplyingby1000is known asscalingtheequation, andis oftennecessaryto mapamathe-
maticalequationto somepieceof analogueor digital hardware.

The nice thing aboutthe constant
'=#"#+#

is that it canbe removedvery simply by shifting the decimalplace
3 placesto the left, which we cando during the displayroutineby carefulplacementof thedecimalpoint. For
example,for

� ���
equalto $7F (

'  "8 9;: ), thevalueof
')#+#+# � . ��/0/ is 5553,or � . ��/0/ � � % �+� 5 volts. We’d roundthis

off to onedecimalplace,or 5.5volts.
This approachto calculationis calledfixedpoint mathematicsin contrastto floatingpoint math, which uses

exponentsto placethedecimalpoint.
Onepotentially fatal problemwith this approachis the problemof overflow. We mustmake surethat the

maximumexpectednumberdoesnotexceedthecapacityof thecomputerregistersto representit. Themaximum
valueof an8 bit registeris 255,andof a 16 bit register65535.

1Make sureyou too cando thisderivation.
2It hasbeensuggestedthat this equationimplies that if the A/D reading @BA�C is zero, the batteryvoltageis then 0.6 volts. To be

pedanticallycorrectaboutit, azeroA/D readingimpliesthatthevoltageis 0.6voltsor less.In practice,evenafully discharged9.6volt nicad
batteryhasa residualvoltageof severalvolts (andavery high internalresistance).

3In fact,a floatingpoint mathpackageis programmedinto thesameEPROM astheBuffalo Monitor. If you take theELE744Instrumen-
tationCoursein fourthyear, you’ll useit extensively.
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Themaximumpossiblenumbercomputedby this routineoccurswhen
�����

is  �+� , in which case
')#+#+# ��. ��/0/

wouldbe
'=# �!D?� (10.545volts). Sincethis is well below 65535,adualbyteregisterwill besufficientandoverflow

shouldneveroccur4.
Whenyou constructthis routine,it shouldbepassedthevalueof

� ���
in oneof the8 bit accumulatorsand

returnthevalueof
'=#"#+# � . ��/0/ in theD accumulator.

Beforegoingany further, you shouldtestthis routinewith variousinputsandverify that it works. Whenit is
complete,addit to your library.

5 Writing Battery Voltage to the Display

Now weneedto convert theformatof thepreviousanswerinto a form thatcanbewritten to thedisplay. This is a
three-stepprocess:

� Convert the16 bit ’
'=#"#+#�E �F. ��/0/ ’ value,which is in binary, into BCD digits

� Convert theBCD digits into ASCII

� Write the ASCII valueto the display, formattingso that the decimalplaceoccursin the correctlocation.
You will needto usethe control instructionsof the LCD to positionthe cursor, which determineswhere
eachcharacteris written. (TheLCD controlcodesweregivenin Lab1).

Thetwo conversionroutinesareratherlengthysothey areappendedto theselabdirections.The16bit binary
to BCD routineis in section8. Therearetwo BCD to ASCIIroutinesin section9 andsection10. They illustrate
differentstylesof writing software,andyou canchooseaccordingto your preference.Thesethreeroutinesare
alsoavailablein the ˜courses/ele538/labs/library directoryin electronicform soyou don’t needto
typethemin.

Youmustattributetheroutines,ie, identify thatthey camefrom sourceotherthanyourown work andidentify
thatsource.

While youareusingtheseroutines,reflectonhow muchmoredifficult it wouldbeto usetheseroutinesif they
werenot documentedproperly. You arealsowelcometo identify any documentationshortcomingsandsuggest
themto theauthor.

Whentheprogramis completed,demonstrateits operationusingthepotentiometeron thelabmicrocomputer.

6 Displaying Bumper Status

In this section,we’ll developcodefor displayingthestatusof thetwo bumperswitches.

6.1 Reading the Bumper Switches

The bumpersmay be usedto signalthe computerprogramfor variouspurposes.For example,the operatormy
trigger thebow bumperswitchwhenthemotorsareto start. Or, whentherobotbumpsinto someobject,it may
beprogrammedto stop.

4A point aboutprecisionandaccurancy: Our original measurementhadanaccuracy andprecisionof 8 bits, or onepart in 256. Thenwe
multiply this readingby another8 bit valueandgeta 16 bit result.Theprecisionof this answeris 16 bits or 1 part in 65535,but thelower 8
bits aremeaningless,sincetheaccurancy hasnot improvedandis still 8 bit accurancy.
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Two bumperswitches,oneat thebow andoneat thestern,generatesignalsfor this purpose.Whena bumper
switchis actuated,thecorrespondingLED on thebackdeckwill illuminate.

Thebumpersignalsalsofeedinto 2 channelsof theA/D convertersothatthemicroprocessorcandetectwhen
a collision hasoccurred. The equivalentcircuit for bumperswitchesandGeneralPurposeKnob is shown in
figure2.

KNOB

+5V

B1

STERN BUMPER

STERNBUMP

+5V

+5V

B1

BOW BUMPER

BOWBUMP

68HC11

PE2

PE3

PE4

Figure2: BumperSwitchesandFrobKnob

� Whenabumperswitchis open(nobump),therewill beno currentthroughtheresistorandLED. TheLED
hasa fixedvoltagedropof about1.5volts, sotheinput voltageto theA/D converterchannelwill beabout
3.5volts.

� Whentheswitchis closed(bump),theinputvoltagewill bezerovolts.
� The generalpurposeknob (aka frob knob) producesan input betweenzeroand5 volts, which will read

between$00and$FFat theA/D inputchannelPE4.(OntheMPPV1benchsystems,theknobis connected
to inputPE1).

In designingtheroutineto signalabow or sternbump,weshouldfirst decidehow wewantto recordtheresult.
We suggestthat you createa two RAM variablesnamedBUMPER_BOWandBUMPER_STERN. If a bumperis
activated,its registerLSbit is SET; otherwiseits LSbit is CLEARED. (You couldalsousetwo bits in oneRAM
variable,but theactivationandreadingof thebits is a little moretricky.)

As onealternativefor testingthebumperregisters,youcanANDabumperregisterwith themask%00000001
to strip out any otherbits thanthe oneof interestandthenusea BNEor BEQconditionalbranchinstructionto
determineif theLSbit is setor cleared.
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With this datastructurein mind,our routineto testthebumpersincludesthefollowing steps:

� Readthe8 inputsof theA/D converterinto RAM registers.(You developeda subroutineto do this earlier
in thelab.)

� Checkthe level of thePE2input. If it is above thebumperthreshold,setthebow bumperbit. Otherwise,
clearthebow bumperbit5.

� Checkthelevel of thePE3input. If it is above thebumperthreshold,setthesternbumperbit. Otherwise,
clearthesternbumperbit.

� Return

Whenthis routineis completed,you shouldhave a routinethatcanbecalledasa subroutineandwill refresh
theinformationin thetwo bumperregisters.

Now wewill givesomethoughtto indicatingthestateof thebumperson thedisplay.

6.2 Display Architecture

In thefinal analysis,wewill haveanumberof thingsto write to theLCD. This is agoodtimeto givesomethought
to theoverallarchitectureof theprogramandthemethodsit writesto thedisplay.

The obvious methodof writing to the LCD is very simple: any routinethat needsto put somethingon the
displaysimplywritesit there.We’ll referto thisasagenerator-centreddesign,becausetheroutinethatgenerates
theinformationputsit on thedisplay. Thereareat leasttwo problemswith thisapproach:

� directwriting to theLCD by variousroutinesrequiresthateachoneof theseroutines’understand’where
its informationshouldgo on theLCD. If thelayoutof thedisplaychanges,thenall theseroutinesmustbe
modified,which is verycumbersomeandproneto error.

� Thereis no easyway to control the updaterate of the display, sinceeachroutine writes to the display
whenever it’s in themood.

� Thereis no centralizedcontrol to determinewhatgetswritten to the display. If this requirementchanges
with time (theoperatorwishesto seedifferentinformation,for example)thereis no easyway to switchthe
displaygeneratorsonandoff.

A betterapproachis changethepoint of control to a display-centredarchitecture.In this arrangement,there
is onedisplaydriver routinethat is responsiblefor gatheringthedisplayinformationtogetherandthenputtingit
on thedisplay. Thedisplaydriver mustknow whereto get thevariouspiecesof informationandhow to format
thembeforeputtingthemon thedisplay. But if thelayoutof thedisplaychanges,only thedisplaydriver routine
needsto be modified. If the display rate is changed,then the display driver routine is simply calledmore or
lessfrequently. Thedisplaydriver canchoosesomedataandskip otherdataaccordingto variousandchanging
requirements.

5A singlebumperthresholdcanbesethalf way betweenthemaximumvalue– about3.5volts – andtheminimumvalue,0 volts. In this
particularcase,theswitchingactionof thehardwareswitchis verydefinite,soonethresholdis sufficient. However, amorerigorousapproach
would useanupperanda lower threshold,setat about GIH�J and K�H�J of theexpectedinput range.If thesignalis above theupperthreshold,
thentheswitchis consideredto beopen.If it is below thelower threshold,it is consideredto beclosed.Readingsbetweenthetwo thresholds
areignored– this is theforbiddenzoneof digital logic. If noisehappensto causea transitionon thebumpersignalline, thenit hasto cross
throughthe forbiddenzoneto bedetected.So the forbiddenzoneprovidessomenoiseimmunity. Incidentally, in this simplifed approach,
noticethatwearetotally ignoringtheissueof switchbounce.
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Like many issuesin thearchitectureof software,whentheprogramis smallandsimpleit’s not immediately
obviousthatyou shouldtake a particularapproach.Almost anythingwill work. However, whenyou geta dozen
differentelementsbeing written to the display and the display rate must be adjustable,the advantagesof the
displaydriver techniquebecomeclear.

6.3 Display Mechanics

Whenthedisplaydriver routinegetscalled,how exactly shouldit write to thedisplay?
Onesimplestrategy is wipeandwrite: cleartheentiredisplayandrewrite it. Unfortunately, this resultsin a

very ugly display. At high updateratesthedisplayappearsto have variousartifactstravelling throughit. At low
updateratesit flashesintermittently. Eitherway, it’s veryunpleasantto look at.

A betterstrategy is selectivereplace. Recallthatthedisplaycursorspecifieswherethenext characterwill be
written on the display. Happily, the LCD control codesincludecommandsto position,hideor show thecursor.
Thus,to rewrite somepartof thedisplay, ensurethat thecursoris hidden,positionit wherethereplacementis to
occur, andwrite thenew informationover theold information.This requiresthatthenew informationcompletely
overwrite the old or somegarbagemaybe left behind. So it maybe necessaryfor thedisplaydriver to padthe
new informationwith leadingor trailing blanks.

An even moreintelligent displaydriver will checkto seeif informationhaschanged.If it has,it will do a
selective replace.Otherwise,it’s left alone. This wasteslesstime andresultsin a betterlooking display. (The
informationgeneratorsetsa flag6 every time theinformationhaschanged.Thedisplaydriver teststheflag to see
if it shouldrewrite theinformationandthenclearstheflag every time it updatesthescreen.)

7 Assignment Summary

On the duedatefor lab3, you are requiredto demonstratea programthat readsthe potentiometerand shows
theequivalentbatteryvoltagereadingon theLCD. Thesameprogramshouldreadthebumperswitchesandput
symbolsontheLCD to indicatewhetherthebumperswitchesareopenor closed.For example,youmightshow a
blankcharacterif theswitchis openanda letter(B for Bow, S for Sternfor example)whentheswitchis closed.

Thestructureof theprogramshouldincludeadisplaydriverroutinethatcoordinatesthewriting of thebattery
voltageandbumperswitch statusdisplays. The displayof batteryvoltageshouldincludeonly onedigit to the
right of thedecimalpoint.

6A flag is simply amemorylocationthatcontainsabinary1 or 0.
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8 Binary 16 to BCD Conversion Routine

* file ref b16todec.asm
*
*********************************** ****** ***** ***** ****** ***** ***** ****
BCD_BUFFER EQU * The following registers are the BCD buffer area
TEN_THOUS RMB 1 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 RMB 10 Extra space for decimal point and string terminator
NO_BLANK RMB 1 Used in ’leading zero’ blanking by BCD2ASC
*********************************** ****** ***** ***** ****** ***** ***
* 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 0 and 9, because we divided by 10.
* The algorithm terminates when the quotient has become zero.
* Bug note: XGDX does 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 RMB 1 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 RMB 2 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
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*
CPX #0 Check for a zero input
BEQ CON_EXIT and if so, exit

*
XGDX Not zero, get the binary number back to .D as dividend
LDX #10 Setup 10 (Decimal!) as the divisor
IDIV Divide: Quotient is now in .X, remainder in .D
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 quotient 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
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9 BCD to ASCII Conversion Routine: Version 1

Note: If you usethis version,you will alsoneedthestrrev.asmroutinewhich shouldbein thestrings.asmfile in
thecourse\library directory.

* file ref: bcdtoasc.asm

;; @nameitoa_u16
;; Converts an unsigned 16-bit number to a decimal string.
;;
;; @param AccD 16-bit unsigned number to convert
;; @param IX Starting address of string.
;; @return Nothing
;; @side CC modified
;; @author K.Clowes

itoa_u16::
psha
pshb
pshy
pshx
pshx
puly

; zero is a special case
cmpd #0
bne u16_cont
ldaa #’0
staa 0,x
clr 1,x
pulx
bra u16_ret ;We’re outa-here!

; it’s not zero
u16_cont:

ldx #10
idiv ; AccB is remainder, IX is quotient
addb #’0 ; Convert remainder to ASCII
stab 0,y
iny
cmpx #0
beq u16_done
xgdx
bra u16_cont

u16_done:
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clr 0,y ; ensure generated string is null-terminated
pulx
jsr strrev ; string is in reverse order-->reverse it!

u16_ret:
puly ; restore original registers
pulb
pula
rts

10 BCD to ASCII Conversion Routine: Version 2

* file ref: bcdtoasc.asm
*
*********************************** ****** ***** ***** ****** ***** ***** ****
BCD_BUFFER EQU * The following registers are the BCD buffer area
TEN_THOUS RMB 1 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 RMB 10 Extra space for decimal point and string terminator
NO_BLANK RMB 1 Used in ’leading zero’ blanking by BCD2ASC

*********************************** ****** ***** ***** ****** ***** **
* BCD to 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
ORAA NO_BLANK
BNE NOT_BLANK1

*
ISBLANK1 LDAA #’ ’ It’s 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

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

*
C_THOU LDAA THOUSANDS Check the thousands digit for blankness

ANDA #$0F Clear the high nibble
ORAA NO_BLANK If it’s blank and ’no-blank’ is still zero
BNE NOT_BLANK2

*
ISBLANK2 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
STAA NO_BLANK

*
C_HUNS LDAA HUNDREDS Check the hundreds digit for blankness

ANDA #$0F Clear the high nibble
ORAA NO_BLANK If it’s blank and ’no-blank’ is still zero
BNE NOT_BLANK3

*
ISBLANK3 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 #$1
STAA NO_BLANK

*
C_TENS LDAA TENS Check the tens digit for blankness

ANDA #$0F Clear the high nibble
ORAA NO_BLANK If it’s blank and ’no-blank’ is still zero
BNE NOT_BLANK4

*
ISBLANK4 LDAA #’ ’ Tens digit is blank

STAA TENS so store a space
BRA C_UNITS and check the units digit

*
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NOT_BLANK4LDAA TENS (similar to ’ten_thousands case)
ORAA #$30
STAA TENS
LDAA #$1
STAA NO_BLANK

*
C_UNITS LDAA UNITS No blank check necessary, convert to ascii.

ANDA #$0F
ORAA #$30
STAA UNITS

*
RTS We’re done
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