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1 Intr oduction

eebot is asmallmobilerobotintendedfor learningexercisesn robotics artificial intelligenceandmicroprocessor
programmingA photograplof the eebot prototypeis showvn in figure 1 on page2.

Figurel: eebot

Many courseghatinvolve mobile robot exercisesrequirestudentso constructtheir own robot. This is un-
doubtablyan educationaprocessut becausef time constraintdt meansthat muchof the focusis on the me-
chanicalandelectricaldesignandconstructiorof the bot.

In orderto focuson programmingssueswe have decidedto provide studentswith a’readyto run’ mobile
robot. The robotincludesa completemicroprocessodevelopmentsystem,interfacedto the robot motorsand
sensorsTherobotcanbe operatedrom an AC adaptoror from aninternal9.6 volt rechageablebattery

Programminghe bot beginswith basicexercisessuchasreadingthe sensorarrayandcontrolling the speed
anddirectionof two DC drive motors.After thisis completedthe studenwill programthe botto follow a black
line, detectingandmakingdecisionsat line branches.

Softwaremodulesdevelopedin thefirst phaseof the coursecanbere-usedo form the basisof the guidance
programin the secondphaseof thecourse.



2 TechnicalOverview

The echot consistof a 3 boardsandwich.Fromtop to bottom,the layersare
e A 68HC11microprocessodevelopmensystem(the MPP Board,unmodified).
e Therobotmainframe
e Thesensoboard.

In addition,a small printedcircuit boardis usedto adaptthe robot mainframecableto connectto the MPP
board.

The MPP Boardis a stand-alonalevelopmentsystemfor the 68HC11microprocessorThe processoitself
includesan A/D corverter, input captureinterrupts,andoutputtimers,all of which areusedaspartof the eebot
system.Thedevelopmensystemgxternalto themicroprocessqincludesamonitorprogramin EPROM, random
accesgamnemory an 8 bit input port, an 8 bit outputport, anda 20x2 liquid crystaldisplay The MPP boardis
availableasakit with assemblymanual.lt is describedn detailin separatgublications.

The mainframecontainsthe robot power supplies bow andsternbumperswitches DC gearmotordrive mo-
tors, power switches LED indicators,a generalpurposepotentiometefthe frob knob). It suppliesDC power to
the MPP boardandbringssignalsto andfrom the MPPboardvia aribboncable.

The sensoboardprovidesoptical signalsthatallow therobotto tracka blackline anddetectbranchesn the
line. It includes6 high-intensityLEDs to illuminate the line and6 correspondingcadmiumSulphidephotore-
sistorsto detectthe backgroundandline illumination. (CdSphotocellsarelow resistancavhenilluminatedand
high resistancevhendark.) Four of the photoresistorareconfiguredn a T formationto detectline branchesand
junctions.Two photoresistorarearrangediifferentiallyto track theedgesf 3/4 inchwide blackelectricaltape.
Theresistancesf the cellsare corvertedto voltagesandthenmultiplexedinto onechannelof the 68HC11A-D
corverter Thesensoiboardalsosupportghebotfrontroller.

3 Robot Systems

In the next sectionwe describeeachof therobotsubsystemin detail.

3.1 Robot Mainframe Power Supply

For developmentwork on thelab bench the robotcanbe poweredfrom a 9 volt DC adaptor Whenthe program
hasbeendevelopedandis working, the bot canbe poweredby a 9.6 volt rechageableNiCad battery which fits
into therobotinterior, andthenturnedlooseon theworld.

It is adviseabldo disconnecthe batterywhenusingthe AC adaptorsupply

Raw 9 volt power is suppliedto the MPP board,which thenregulatesit down to 5 volts to operatehe micro-
processar

The9 volt input power is alsoregulateddown to 5 volts on therobotmainframe for power to circuitry on the
mainframeandsensomboards.

A separateegulatordropsthe 9 volt input pawer down to 4 volts or soto operatethe drive motors. This is
equippedwith a large heatsinkbecauséhe voltagedrop (from 9 to 5 volts) anddrive currents(maximumabout
400mA permotor)combineto generatesignificantheatin the regulator.

1A switchingregulatorwould be muchmoreefficient of batterypower, but might have difficulty copingwith the variablecurrentmotor
load. To simplify the developmentprocesswe wentwith thelessefficient linearregulator



The bot logic is enabledwith a LOG C toggle switch, which is indicatedwith a PONER LED. A separate
MOTOR switchenablesnotor power.

Logic voltageis connectedo oneof the A/D channelinputsso thatthe microprocessocandetectwhenthe
batteryis reachingthe endof its chage. The measurementoltageis about9 volts, andthe maximumvoltage
readableby the A/D is five volts, so the logic supplyis divided down by a factorof 2 for measurementThe
softwaremustconsequentlynultiply the A/D readingby 2 to getthe correctlogic supplyvoltage.

Thelogic andthetwo DC motorssharethe same9 volt input power, which canleadto problemsof electrical
noise.TheDC motorstendto pull down thesupplyvoltagewhenthey start,becausef theirlargestartingcurrent.
As well, the DC motorcommutatolgenerateswitchingnoise.To avoid noisecontaminatinghelogic supply

e Themotorsupplyhasits own regulator
e Motor currentis filteredwith aninductorandfilter capacitors
¢ Thelogic andmotorsuppliesareisolatedwith rectifierdiodes

e Thelogic powerhasits own, largereseoir capacitowhich canhold up thelogic voltagefor afew millisec-
onds

Thesimplified circuit for the power supplymonitorinputis showvn in figure 2.
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~
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D2 JX
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B1 10k 68HC11
9.6V Battery In AC Adaptor Power In BDET
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A/D Converter Input

R9
10k

Power Supply Section

Figure2: VoltageMonitor, ProgrammingViodel

Notice:

e Thebatteryvoltagereadingmustbe calculatedrom the A/D reading.Thebatteryvoltageis actuallytwice
the A/D voltagereading plusonediodedrop (0.6 volts). The softwareroutinethatdisplaysbatteryvoltage
musttake this into account.

e Whenboththe batteryand AC adaptorare pluggedin simultaneouslythe effect of the diodesis to select
thelargerof thetwo voltages.

e TheLOd C POVER switchmustbeclosedto getareading.



e Themotoris alsopoweredfrom the samesourceshut thisis not shovn in the programmingmodel. When
amotoris running(andespeciallywhenit is starting),thelogic voltagereadingwill decrease.

3.2 Bumper Switchesand Knob

Whenthe robotbumpsinto someobject,it shouldstopimmediately Two bumperswitches,oneat the bow and
oneatthestern,generatesignalsfor this purpose Whena bumperswitchis actuatedthe correspondind.ED on
thebackdeckwill illuminate.

Thesimplifiedcircuit for bumperswitchesandGeneraPurposeKnobis very simple,asshovn in figure 3.

+5V

68HC11
BOW BUMPER Y ~Z>

BOWBUMP
B1 q

STERN BUMPER Y —Z~
STERNBUMP

PE2
+5V

PE3

! i

Figure3: BumperSwitches ProgrammingViodel

Notice:

¢ Whenthe switchis open(no bump), therewill beno currentthroughtheresistorandLED. The LED has
afixedvoltagedrop of aboutl.5volts, sothe input voltageto the A/D corverterchannewill beabout3.5
volts.

¢ Whentheswitchis closed(bump),theinputvoltagewill bezerovolts.

e The generalpurposeknob (akafrob knob) producesaninput betweenzeroand5 volts, which will read
betweers00and$FFatthe A/D inputchannePE4.



3.3 Motor Drive

Therobotis drivenby two DC gearmotorsEachmotoris geareddown by afactorof 203:1,sothe bot haslots of
torquefor scalinghills, but it movesfairly slowly. It is notintendedo bearacecar.

To steertherobot, the gearmotorsanbe drivenat differentspeed®r evenin differentdirections. Therobot
canthenexecutevery tight turns. The front wheelrolls normally whenthe robotis moving straightahead and
skidssidavayswhentherobotis executingaturn.

(An alternatve drive systemwould have beento usestepping motors to drive the robot. A steppingmotor
rotatesa certainfixedamountwith eachpulseof currentto the motor coils. This makesit simpleto keeptrack of
wheelrotation. However, steppingmotorstendto skip stepsif theirloadis exceededin which casethe distance
countbecome®roneous.

DC motors,asusedineebot, have moretorquethansteppingmotors,especiallywhengeareddown asin this
design.However, you thenneedwheelrotationdetectordo detectdistanceandyou needto be carefulaboutthe
directionof wheelrotation.)

3.4 Motor Speedand Direction

EachDC motoris operatedrom a DC voltageof about4 volts thatcanbe duty cycle modulated For example,if
theduty cycleis suchthatthe supplyvoltageis on for 50% of thetime andoff for theremainingtime, theaverage
voltageacrosghemotoris then2 volts, andthe motorturnsmoreslowly.

The duty cycle for eachmotor is controlledfrom a 68HC11Output Timer line, which is ideally suitedfor
varyingthe duty cycle of a pulsesignal.

Thedirectionof eachmotoris controlledby a generapurposecomputetoutputsignal,sothatalogic O drives
themotorforwardsandalogic 1 drivesit in reverse.

The motor requiresat least1 volt to operate the duty cycle rangebetween25% minimum and 100%. The
optimumswitchingfrequeng for the motor supplyappearso be around50Hz.

Two LED indicatorsareattachedo eachmotor, onefor eachconnectionto the motor, labelledas MOTOR+
andMOTCR- . Theseareusefulfor determiningthatthe motoris receving power, alongwith a visible indication
of theduty cycle.

Thesimplifiedcircuit for themotorcontrolcircuit is shavn in figure 4.

Notice:

e Thedirectionis controlledby a DPDT switchwhich controlsthe directionof currentflow throughthe DC
motor. Thestateof this switchis controlledby bits DO andD1 of thegeneraburposeoutputregister which
is mappednto themicroprocessomemorylocation$1100.

e Thespeedf eachmotoris controlledby a switchin serieswith thepower supply Varyingtheduty cycle of
theswitchsetsheaveragevoltageacrosghemotor, andhencdts speed Themotorspeedsrecontrolledby
the OutputCapturdinesOC3andOC4,which arepartof thetimer sectionof the 68HC11microprocessor

3.5 Wheel Rotation Detectors

For eachmotor, oneof thegearboxgearshasholesin it thataredetectedy a photointerrupter? Thereare4 holes
in the gearanda 13:1 ratio betweenthe gearrotation andthe rotation of the outputshaft. Countingthe holes

2The photointerrupteconsistsof a light-emitting diode anda phototransistowith a spacebetweerthem. If somethingblocksthe light
pathbetweerthe two the phototransistoturnsOFF. If the optical pathis transparentthe phototransistoturnsON. By detectingthe stateof
the phototransisto(ON or OFF),it is possibleto sensehe passagef a mechanicabbjectthroughthe gap.



MPP Board L293D
STARSPEED 1 (g
PA5/OC3 [------~-=--"-"--"-"F-"“"-"“"-=---—-"-—--"--- /
uP-31
0=0n, 1=0ff
| | L
Starhoard ——— Motor Supply
z
v |
1 |
STARDIR 2 <{ [ [ ‘
Dl 77777777777777777777777777 i
U6-19
0=Fwd, 1=Rev
77
PORTSPEED 9
e B ] /
uP-30
0=0n, 1=0ff
| | =
Port ——— Motor Supply
z
v |
1 |
PORTDIR 10 <{ ! ! ‘
DO 77777777777777777777777777 i
u6-2
0=Fwd, 1=Rev
77

Figure4: Motor Control, Programmingviodel

givesa measuremenif distancetravelled by eachdrive wheel,with a resolutionof aboutsmm distancemoved
percount.

The countinformationis connectedo computelinput capture inputssothatthe computercanmonitorwheel
count. It canthenbeusedby thecomputetto ensureghattherobotis moving in astraightline or executingasharp
turnthroughadesiredangle.

Thephotointerrupterareeachconnectedo a ROTATI ON LED onthereardeckof the mainframe Whenthe
motorsarerunningatslow speedthesel EDs canbeseerflashing.

Thesimplifiedcircuit for therotationdetectorcircuitsis shavn in figure5.

3.6 MPU Alive

Whendelugginga microprocessosystemit is very usefulto have someindicationthatthe computermprogramis
executingcorrectly If thecomputemprogramcrashedor somereasontheindicatorshutsoff.

This canbe accomplishedy having the computerpulsean outputline every time it executesthe main loop
(alsoknown asthe event loop). Thisis afeaturethatthe programmemustaddto the systemsoftware.

Thealive circuit on the mainframedetectshis type of pulseandcauseshe MPU ALI VE LED to illuminate
whenthepulseis presentlf the pulseceasesor somereasonregardlesof whetherthe outputof thecomputeiis
in thehigh or low state the LED will extinguish. Think of it asthe heartbeabf thecomputemprogram.

The ALI VE signalis derived from the microprocessooutputsignalPA6/OC2. This pin mustbe configured
by the softwareasa generalpurposeoutputpin, which thenis flippedin polarity eachtime the softwareexecutes
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Figure5: WheelRotationDetectors

themainloop of the program.

3.7 Guider Sensors

TheGuiderSensorareusedfor patterndetectiorandline following of blackelectricaltapeonalight background.
(Red electricaltapeon a dark backgroundalso works well, but of coursethe on-tape and off-tape signalsare
oppositesincethe contrasts reversed.)

Thesensorare6 CadmiumSulphide(CdS)photoresistorghatarehigh resistancén darknessandlow resis-
tancewhenilluminated. The sensorsrelabelleda throughf, asshovn in figure 6.

Thesmallcirclesarehigh-intensityred LEDs, whichilluminatethefloor surfaceundereachsensorThelarge
circlesarethe sensorshemseles.Linesjoin eachLED to its correspondingensor

Therelationshipbetweera typical sensoandLED is shovn in thebottomhalf of thediagram.TheLEDs are
mountedon thetop sideof theguidercircuit boardandilluminatethefloor surfacevia a holein theguidercircuit
board.This arrangemendllows the CdScellsto bevery closeto thefloor surface which improvesthe sensitvity
andreducegheeffect of ambientlight. As well, the LEDs areprotectedrom beingknockedout of alignment.

Thesimplified schematidor the GuiderSensorss shovn in figure 7.

The LEDs andCdScells are selectedby the samesignals,the threegeneralpurposedigital outputsD2, D3
andD4. The74HC138decodethatdrivesthe LEDs is enablecanddisabledby thegenerapurposeligital output
D5.

Oneof thevoltagesdevelopedacrosghesensorss selectedy a 74HC4051analoguaenultiplexeranddirected
to the 68HC11A/D input channelPE1. The samethreegeneralpurposealigital outputsD2, D3 andD4 selecting
the LED alsoselectthe correspondingphotosensorNotice that 3 of the 8 possiblesensolinputsareunusedand
connectedo ground,sothey shouldreadzero.
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Figure6: GuiderSensoiocations,Top View

In generalthe LEDs will be enabledso D5 shouldbe setto a high (logic 1, +5V) level. TheD2, D3 andD4
signalswill have somevaluebetweer000 and100 (msb-nsb-Isbjo illuminate oneof the LEDs andsimultane-
ouslyselectoneof the guidersignals.The guidersoftwarecould scanthe 5 sensoisignalsor repeatedlyreadone
sensorwhateveris required.

To detectthe backgroundllumination, the LEDs can be disabledby lowering the D5 signal. The sensor
readingsvould thenindicatereadthelighting without any LED illumination. This couldbe usedasa baselineor
noise valueandsubtractedrom thevalueobtainedwhenthe LED is activated.

(Theoriginal guiderdesignilluminatedall LEDs at once,but thatcausedproblemsin light leakingfrom one
LED into severalsensorsFurthermoretherewasno way to determinebackgroundllumination level.)

3.7.1 Guider Transient Response

The CdSphotoresistorsespondquickly to anincreasdn illumination (decreasingesistanceput ratherslowly
to decreasingllumination (increasingresistance).Consequentlyfor accuratemeasurementthe photoresistor
shouldbe allowedtime to darkenbetweeneachmeasurementThe darkeningtime constanis in the orderof 50
milliseconds. Consequentlythe mostrapid allowablescanrateto scanonesensoiis 20 timespersecond.If all
five sensorarebeingscannedthe fastestllowablescanrateincreasedecausa givensensorcanbe darkening

3This wasdeterminecby aimingan LED directly at a photoresistoandpulsingit from a function generatowhile measuringhe voltage
acrosghephotoresistowith anoscilloscope.
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Figure7: GuiderSensors

while othersarebeingread. Thenthe minimum scantime per sensotis 10 milliseconds,or about100timesper
second.

The differentialline tracker pair of cells ab actuallyrecoversfasterthana singlecell, andthe effective time
constanis about25 milliseconds.(This is becaus@®neof thepair is brighteningwhile the otherdarkens.)Sothe
line tracker signalcould be scannedsfastas40 timespersecondwhich maybeimportantfor rapidresponsén
steering.

3.7.2 Line Tracker

Sensor® andf usedfor line tracking. They arespaced.75inchesappartsothatthey arecenteredverthetwo
edgeof electricaltapeline whentherobotis centredovertheline. Thetwo sensorsareavoltagedivider, sothat
thevoltageatthecentretapis determinedy theratio of thetwo sensorresistancesTheguidancesoftwareof the
robotshouldpositiontherobotsothatthe voltageat the centretap from voltagedivider sensor® andf is exactly
midway betweerb volts andzero,ie, 2.5 volts. Thenthe two sensorresistancesareequal,the light level on the
two cellsis equal,andthetwo cellsareequallyover theblackline andlight background.

Noticethattheabsolutevalueof theresistancef sensorg andf is unimportantit is theirratiothatdetermines
the outputvoltage. Consequentlythey shouldlargely ignorechangesn ambientlight level andthis doesindeed
proveto bethecase.

However, if bothsensorareoveracompletelyblackbackgroundr acompletelywhite backgroundthey will
alsogenerate?.5 volts. Consequentlysomeothermethodis requiredfor ensuringthatthe robotis over a valid
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line, andthatis the function of the patterndetector

3.7.3 Pattern Detector

Sensors, b, ¢ andd form a pattern detector for variousline configurations.For example,if sensorsaa andc
detectadarkline while sensor$® andd detectalight backgroundthentherobotis probablyoveravalid line and
theinformationfrom theline tracker canbe usedfor guidance.

If the patterndetectorsensorsall detecta light backgroundthenthe robotis off line, and shouldbegin to
searcHor aline. Theline tracker cannotbe used.

If the patterndetectorsenses blackline atright anglegto the currentline (for example,sensors readdight,
sensotb readsdark,sensoic readsdark,sensoid readdight, sotheline anglesoff to port), thentherobotshould
adwanceuntil thedrive motorsareover the bendin theline andthenpivot counterclockwiseuntil the spurline is
undersensors andc. Similar interpretatiorstratgiesshouldenablethe patterndetectorto sensea T junctionor
aline thatsimply comesto anend.

The sensor®f the patterndetectoreachdetectabsolutdight level. A constanturrentis passedhrougheach
sensorandthe voltagegeneratedcrossthe sensolis thenproportionalto its resistance The sensorcurrentsare
eachadjustedsothatthe sensolgeneratesboutl.8 volts over alight surfaceand3 volts over a dark surface.

4 Signal Summary

The echot signalsandtheir connectiorto the microprocessosystemareshowvn in figure 8 on pagel?2.

4As part of the operatingprocedurethe operatorshouldcheckthe A/D readingfrom eachof the patterndetectorsensorsver light and
darksurfacesandcalibratethe softwarethresholdsaccordingly
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5 eebot Hardware TestRoutines

In this sectionwe shaw testroutinesthatmay be exercisedrom the microcomputemonitor program.Theseare
routinesthat may be usedvery quickly, without programmingto checkwhethersomehardware featureof the
eebotis working correctly

All thesetestroutinesassumehatthe robotis poweredup correctlyandthatthe computeris connectedo a
hostrunninga terminalemulatorprogram.Contactwith the monitor programhasbeenestablishediia the serial
terminalconnectioron the MPP board.

5.1 Motor Controls

The motorsmay be turnedon andoff by changingbits in the 4 and5 in the PORTA registerof the 68HC11at
$1000:

Monitor Command Action

mm 1000 xx 00 Turnsoff bothmotors

nm 1000 xx 10 TurnsonthePortmotor (only)

nmm 1000 xx 20 Turnsonthe Starboardnotor(only)
mm 1000 xx 30 Turnsonbothmotors

Themonitorcommandmim 1000 xx 00 is interpretedasfollows:
e Typein nm 1000 followedby <enter>
e Themonitorshovsthe currentvaluecontainedn 1000,whichis irrelevantandshovn asxx above.
e Typein thenew value00, in hex, but withouta preceeding sign.

The motor directionmay be changedy changingbits 0 and1 in the GPOUT registerat $1100. (Notice that
GPQUT is ontheMPPboardbut notpartof the68HC11,s0it’ s notdescribedn 68HC11manuals.)A 0 bit selects
forwardmotion,a 1 bit selectgeverse.

Monitor Command Action

mm 1100 xx 00 FWD bothmotors

mm 1100 xx 01 StarboardWD, PortREV
mm 1100 xx 02 StarboardREV, PortFWD
mm 1100 xx 03 REV bothmotors

5.2 WheelCounters
Thetechniquedor readingthewheelcounterss to
e Startoneof themotorsturningasdescribedabovein section5.1

¢ Repeatedlyeadthe PORTA registerat $1000:

— enterthecommand
nd 1000 1000

— repeatedhypresshe <enter> key (or justhold it down)

13



e Checkto seeif thebit correspondingo thatwheelcounterinputis changing.

For exampleif you runthe STARBORD motor, whenyou repeatediydisplayPORTA you shouldseetheleast
significantnibble of PORTA changingin sucha way thatcorrespond$o changesn theleastsignificantbit. For
example,it might fluctuatebetween~C andFD, or betweerFE andFF.

Similarily, if yourunthe PORT motor, you shouldseetheleastsignificantnibble of PORTA changingn such
away that corresponds$o changesn the secondeastsignificantbit. For example,the readingmight fluctuate
betweerFD andFF.

5.3 The ALIVE Indicator

The ALIVE indicatormay betestedwith a shortlooping programthatcontinuouslyflips bit PA6.
Usingthe monitor ASMcommandtypein thefollowing programfrom the monitor promptline.

asm 6000
| daa 1000
eora #40
staa 1000
bra 6000

Startthis programwith thecommand g 6000. The ALIVE indicatorshouldilluminate continuously Break
out of the programby pressingheresetbuttonon the MPP boardcomputer

5.4 The Battery and Bumper Switches

Thebatteryvoltageandtwo bumperswitchesareon A/D channelPEO,PE2andPE3respectiely. Thefirst four
channel®f the A/D, PEOthroughPE3,maybedisplayedconinuouslywith thefollowing sequencef command

¢ Startthe A/D corverterrunningcontinouslyby executingthe monitorcommand
mnm 1030 xx 30.

e Displaythecorversionresultswith the monitorcommand
md 1030 1030.

e Thiswill displaythe contentsof the 16 machineregistersstartingat location$1030through$103F Loca-
tions $1031through$1034containthe input datawe are interestedn, from A/D channelsPEO through
PE3:

Address Channel Function
1031 PEO Batteryvoltage
1032 PE1 Guider(seesection5.5 below)
1033 PE2 Bow bumper
1034 PE3 Sternbumper

e By repeatedlypressingor holding down the <enter> key, you cangetthis memorydumpto repeat.(The
monitorrepeatghelastcommandyou entered.)

5Tip o’ thehatto Ken Clowes,who suggestedhis technique
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Battery Voltage

Thebatteryvoltagevaluemaybedeterminedy cornvertingthehex valueon channePEOto volts, multiplying by
2, andadding0.6 volts. Eachcountamountsapproximatelyto 20mV, so a readingof $DE would correspondo

aninputvoltage4.35 volts, whichis a batteryvoltageof 9.3 volts.

Bow Bumper Switch

TheBow Bumpersignalis onchannePE2.Whentheswitchis notactuatedthevoltageshouldbesomenon-zero
value correspondingo approximately3.5 volts. Whenthe switchis actuatedthe input voltageshouldbe zero.
Usethe procedureof section5.4 above to repeatedlydisplaythe readingsof channeld?EOthroughPE3. While

repeatedlydisplayingthe contentsof PEOthroughPE3, pressandreleasehe Bow Bumperswitch. You should

seePE2change.

Stermn Bumper Switch

Thisis exactly thesameprocedureasthe Bow switch,exceptthatthereadingis onchannePE3,storedatlocation

$1034.

5.5 The Guider

Themethodof testinga guideris asfollows:

e startthe A/D corverterrunningin continuousmode,asdescribedn section5.4

¢ selecttheguidersensoiby settingbits 2,3and4 of the GPOUT registerat $1100accordingto thefollowing

table.Noticethatbit 5 mustbealogic 1 to enablethe LEDs.

Sensor Contentof GPOUT  Contentsof GPOUT
Binary Hex

A (front) 00100000 20

B (port) 00100100 24

C (centre) 00101000 28

D (starboard) 00101100 2C

E-F(line) 00110000 30

e dumpthemachineregistersat $1030usingthe nd command

¢ watchthecontentof $1031while coveringanduncoveringthe sensoito be checled.

¢ readingasensomwith bit D5 setto zerowill give abackgroundllumination reading,ie, areadingwith the

correspondindg.ED disabled.

5.6 The Frob Knob

The FrobKnob maybe usedto checkwhetherthe A/D corverteris working properly.
Thefrob knobis connectedo A/D channePE4,sothecommando startthe A/D corverteris slightly different.

Otherwisethe procedures the similar to section5.4:

15



e Startthe A/D corverterrunningcontinouslyby executingthe monitorcommand
mm 1030 xx 34.

¢ Displaythe corversionresultswith themonitorcommand
nd 1030 1030.

e Thiswill displaythe contentsof the 16 machineregistersstartingat location$1030through$103F Loca-
tions $1031through$1034containthe input datawe areinterestedn, this time from A/D channelsPE4
throughPE7:

Address Channel Function
1031 PE4 FrobKnob
1032 PE5 No connectionreadsD
1033 PE6 No connectionreadsD
1034 PE7 No connectionreadsD

e By repeatedlypressingor holding down the <enter> key, you cangetthis memorydumpto repeat.(The
monitorrepeatghelastcommandyou entered.)

Move the Frob Knob while watchingthe contentf location$1031.Thevalueshouldincreaseastheknobis
rotatedclockwise.
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