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1 Intr oduction

eebot is asmallmobilerobotintendedfor learningexercisesin robotics,artificial intelligenceandmicroprocessor
programming.A photographof theeebot prototypeis shown in figure1 on page2.

Figure1: eebot

Many coursesthat involve mobile robot exercisesrequirestudentsto constructtheir own robot. This is un-
doubtablyan educationalprocessbut becauseof time constraintsit meansthatmuchof the focusis on the me-
chanicalandelectricaldesignandconstructionof thebot.

In orderto focuson programmingissues,we have decidedto provide studentswith a ’readyto run’ mobile
robot. The robot includesa completemicroprocessordevelopmentsystem,interfacedto the robot motorsand
sensors.Therobotcanbeoperatedfrom anAC adaptoror from aninternal

��� �
volt rechargeablebattery.

Programmingthebot beginswith basicexercisessuchasreadingthe sensorarrayandcontrolling thespeed
anddirectionof two DC drivemotors.After this is completed,thestudentwill programthebot to follow a black
line, detectingandmakingdecisionsat line branches.

Softwaremodulesdevelopedin thefirst phaseof thecoursecanbere-usedto form thebasisof theguidance
programin thesecondphaseof thecourse.
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2 TechnicalOverview

Theeebot consistsof a 3 boardsandwich.Fromtop to bottom,thelayersare

� A 68HC11microprocessordevelopmentsystem(theMPPBoard,unmodified).

� Therobotmainframe

� Thesensorboard.

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

TheMPP Boardis a stand-alonedevelopmentsystemfor the 68HC11microprocessor. The processoritself
includesanA/D converter, input captureinterrupts,andoutputtimers,all of which areusedaspartof theeebot
system.Thedevelopmentsystem,externalto themicroprocessor, includesamonitorprogramin EPROM, random
accessmemory, an 8 bit input port, an 8 bit outputport, anda 20x2 liquid crystaldisplay. The MPP boardis
availableasakit with assemblymanual.It is describedin detail in separatepublications.

Themainframecontainstherobotpower supplies,bow andsternbumperswitches,DC gearmotordrive mo-
tors,power switches,LED indicators,a generalpurposepotentiometer(the frob knob). It suppliesDC power to
theMPPboardandbringssignalsto andfrom theMPPboardvia a ribboncable.

Thesensorboardprovidesopticalsignalsthatallow therobotto tracka blackline anddetectbranchesin the
line. It includes6 high-intensityLEDs to illuminate the line and6 correspondingCadmiumSulphidephotore-
sistorsto detectthebackgroundandline illumination. (CdSphotocellsarelow resistancewhenilluminatedand
high resistancewhendark.)Fourof thephotoresistorsareconfiguredin aT formationto detectline branchesand
junctions.Two photoresistorsarearrangeddifferentiallyto tracktheedgesof ���	� inchwideblackelectricaltape.
Theresistancesof thecellsareconvertedto voltagesandthenmultiplexedinto onechannelof the68HC11A-D
converter. Thesensorboardalsosupportsthebot front roller.

3 Robot Systems

In thenext section,we describeeachof therobotsubsystemsin detail.

3.1 Robot Mainframe Power Supply

For developmentwork on thelab bench,therobotcanbepoweredfrom a 9 volt DC adaptor. Whentheprogram
hasbeendevelopedandis working, thebot canbepoweredby a

�
� �
volt rechargeableNiCadbattery, which fits

into therobotinterior, andthenturnedlooseon theworld.
It is adviseableto disconnectthebatterywhenusingtheAC adaptorsupply.
Raw 9 volt power is suppliedto theMPPboard,which thenregulatesit down to 5 volts to operatethemicro-

processor.
The9 volt inputpower is alsoregulateddown to 5 volts on therobotmainframe,for power to circuitry on the

mainframeandsensorboards.
A separateregulatordropsthe9 volt input power down to 4 volts or so to operatethedrive motors. This is

equippedwith a largeheatsinkbecausethevoltagedrop(from 9 to 5 volts) anddrive currents(maximumabout
400mApermotor)combineto generatesignificantheatin theregulator1.

1A switchingregulatorwould bemuchmoreefficient of batterypower, but might have difficulty copingwith thevariablecurrentmotor
load.To simplify thedevelopmentprocess,wewentwith thelessefficient linearregulator.
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The bot logic is enabledwith a LOGIC toggleswitch, which is indicatedwith a POWER LED. A separate
MOTOR switchenablesmotorpower.

Logic voltageis connectedto oneof theA/D channelinputsso that themicroprocessorcandetectwhenthe
batteryis reachingthe endof its charge. The measurementvoltageis about9 volts, andthe maximumvoltage
readableby the A/D is five volts, so the logic supply is divided down by a factorof 2 for measurement.The
softwaremustconsequentlymultiply theA/D readingby 2 to getthecorrectlogic supplyvoltage.

Thelogic andthetwo DC motorssharethesame9 volt input power, which canleadto problemsof electrical
noise.TheDC motorstendto pull down thesupplyvoltagewhenthey start,becauseof their largestartingcurrent.
As well, theDC motorcommutatorgeneratesswitchingnoise.To avoid noisecontaminatingthelogic supply

� Themotorsupplyhasits own regulator

� Motor currentis filteredwith aninductorandfilter capacitors

� Thelogic andmotorsuppliesareisolatedwith rectifierdiodes

� Thelogic powerhasits own, largeresevoir capacitorwhichcanholdupthelogic voltagefor afew millisec-
onds

Thesimplifiedcircuit for thepowersupplymonitorinput is shown in figure2.

9.6V Battery In

B1

D1
1N4001

D2

Logic Power

R8

10k

R9
10k

Power Supply Section

To 5V logic supply regulator

BDET
PE0
A/D Converter Input

68HC11

AC Adaptor Power In
9VDC

Figure2: VoltageMonitor, ProgrammingModel

Notice:

� Thebatteryvoltagereadingmustbecalculatedfrom theA/D reading.Thebatteryvoltageis actuallytwice
theA/D voltagereading,plusonediodedrop(0.6volts). Thesoftwareroutinethatdisplaysbatteryvoltage
musttake this into account.

� Whenboth thebatteryandAC adaptorarepluggedin simultaneously, theeffect of thediodesis to select
thelargerof thetwo voltages.

� TheLOGIC POWER switchmustbeclosedto geta reading.
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� Themotoris alsopoweredfrom thesamesources,but this is not shown in theprogrammingmodel.When
amotoris running(andespeciallywhenit is starting),thelogic voltagereadingwill decrease.

3.2 Bumper Switchesand Knob

Whentherobotbumpsinto someobject,it shouldstopimmediately. Two bumperswitches,oneat thebow and
oneat thestern,generatesignalsfor this purpose.Whena bumperswitchis actuated,thecorrespondingLED on
thebackdeckwill illuminate.

Thesimplifiedcircuit for bumperswitchesandGeneralPurposeKnob is verysimple,asshown in figure3.

KNOB

+5V

B1

STERN BUMPER

STERNBUMP

+5V

+5V

B1

BOW BUMPER

BOWBUMP

68HC11

PE2

PE3

PE4

Figure3: BumperSwitches,ProgrammingModel

Notice:

� Whentheswitch is open(no bump), therewill beno currentthroughtheresistorandLED. TheLED has
a fixedvoltagedropof about1.5volts, sotheinput voltageto theA/D converterchannelwill beabout3.5
volts.

� Whentheswitchis closed(bump),theinputvoltagewill bezerovolts.

� The generalpurposeknob (aka frob knob) producesan input betweenzeroand5 volts, which will read
between$00and$FFat theA/D input channelPE4.
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3.3 Motor Dri ve

Therobotis drivenby two DC gearmotors.Eachmotoris geareddown by a factorof 203:1,sothebothaslotsof
torquefor scalinghills, but it movesfairly slowly. It is not intendedto bea racecar.

To steertherobot,thegearmotorscanbedrivenat differentspeedsor evenin differentdirections.Therobot
canthenexecutevery tight turns. The front wheelrolls normallywhenthe robot is moving straightahead,and
skidssidewayswhentherobotis executinga turn.

(An alternative drive systemwould have beento usestepping motors to drive the robot. A steppingmotor
rotatesa certainfixedamountwith eachpulseof currentto themotorcoils. This makesit simpleto keeptrackof
wheelrotation.However, steppingmotorstendto skip stepsif their loadis exceeded,in which casethedistance
countbecomeseroneous.

DC motors,asusedineebot, have moretorquethansteppingmotors,especiallywhengeareddown asin this
design.However, you thenneedwheelrotationdetectorsto detectdistance,andyou needto becarefulaboutthe
directionof wheelrotation.)

3.4 Motor Speedand Dir ection

EachDC motoris operatedfrom a DC voltageof about4 volts thatcanbedutycyclemodulated.For example,if
thedutycycle is suchthatthesupplyvoltageis on for 50%of thetimeandoff for theremainingtime,theaverage
voltageacrossthemotoris then2 volts,andthemotorturnsmoreslowly.

The duty cycle for eachmotor is controlledfrom a 68HC11OutputTimer line, which is ideally suitedfor
varyingthedutycycleof a pulsesignal.

Thedirectionof eachmotoris controlledby ageneralpurposecomputeroutputsignal,sothata logic 0 drives
themotorforwardsanda logic 1 drivesit in reverse.

The motor requiresat least1 volt to operate,the duty cycle rangebetween25% minimum and100%. The
optimumswitchingfrequency for themotorsupplyappearsto bearound50Hz.

Two LED indicatorsareattachedto eachmotor, onefor eachconnectionto the motor, labelledasMOTOR+
andMOTOR-. Theseareusefulfor determiningthatthemotor is receiving power, alongwith a visible indication
of thedutycycle.

Thesimplifiedcircuit for themotorcontrolcircuit is shown in figure4.
Notice:

� Thedirectionis controlledby a DPDT switchwhich controlsthedirectionof currentflow throughtheDC
motor. Thestateof thisswitchis controlledby bitsD0 andD1 of thegeneralpurposeoutputregister, which
is mappedinto themicroprocessormemorylocation$1100.

� Thespeedof eachmotoris controlledby aswitchin serieswith thepowersupply. Varyingthedutycycleof
theswitchsetstheaveragevoltageacrossthemotor, andhenceits speed.Themotorspeedsarecontrolledby
theOutputCapturelinesOC3andOC4,which arepartof thetimersectionof the68HC11microprocessor.

3.5 WheelRotation Detectors

For eachmotor, oneof thegearboxgearshasholesin it thataredetectedby aphotointerrupter2 Thereare4 holes
in the gearanda 13:1 ratio betweenthe gearrotationandthe rotationof the outputshaft. Countingthe holes

2Thephotointerrupterconsistsof a light-emitting diodeanda phototransistorwith a spacebetweenthem. If somethingblocksthe light
pathbetweenthetwo thephototransistorturnsOFF. If theopticalpathis transparent,thephototransistorturnsON. By detectingthestateof
thephototransistor(ON or OFF),it is possibleto sensethepassageof amechanicalobjectthroughthegap.
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4V
Motor SupplyStarboard

4V
Motor SupplyPort

MPP Board

D1

PA5/OC3

PORTDIR

PORTSPEED
PA4/OC4

D0

STARDIR

STARSPEED

L293D

1

9

10

2

uP-31

U6-19

uP-30

U6-2

0=On, 1=Off

0=On, 1=Off

0=Fwd, 1=Rev

0=Fwd, 1=Rev

Figure4: Motor Control,ProgrammingModel

givesa measurementof distancetravelledby eachdrive wheel,with a resolutionof about5mmdistancemoved
percount.

Thecountinformationis connectedto computerinput capture inputssothatthecomputercanmonitorwheel
count.It canthenbeusedby thecomputerto ensurethattherobotis moving in astraightline or executingasharp
turn throughadesiredangle.

Thephotointerruptersareeachconnectedto aROTATION LED onthereardeckof themainframe.Whenthe
motorsarerunningatslow speed,theseLEDscanbeseenflashing.

Thesimplifiedcircuit for therotationdetectorcircuitsis shown in figure5.

3.6 MPU Ali ve

Whendebugginga microprocessorsystem,it is veryusefulto havesomeindicationthatthecomputerprogramis
executingcorrectly. If thecomputerprogramcrashesfor somereason,theindicatorshutsoff.

This canbeaccomplishedby having thecomputerpulseanoutputline every time it executesthe main loop
(alsoknown asthe event loop). This is a featurethattheprogrammermustaddto thesystemsoftware.

Thealive circuit on themainframedetectsthis typeof pulseandcausestheMPU ALIVE LED to illuminate
whenthepulseis present.If thepulseceasesfor somereason,regardlessof whethertheoutputof thecomputeris
in thehighor low state,theLED will extinguish.Think of it astheheartbeatof thecomputerprogram.

TheALIVE signalis derivedfrom themicroprocessoroutputsignalPA6/OC2. This pin mustbeconfigured
by thesoftwareasa generalpurposeoutputpin, which thenis flippedin polarityeachtime thesoftwareexecutes
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Optointerrupter

Optointerrupter

68HC11

PA0/IC3

PA1/IC2

Starboard

Port

+5V

R4
510R

RDSTAR

ROTATION

ROTATION

RDPORT

Figure5: WheelRotationDetectors

themainloopof theprogram.

3.7 Guider Sensors

TheGuiderSensorsareusedfor patterndetectionandline followingof blackelectricaltapeonalight background.
(Redelectricaltapeon a dark backgroundalsoworks well, but of coursethe on-tape andoff-tape signalsare
oppositesincethecontrastis reversed.)

Thesensorsare6 CadmiumSulphide(CdS)photoresistorsthatarehigh resistancein darknessandlow resis-
tancewhenilluminated.Thesensorsarelabelleda throughf, asshown in figure6.

Thesmallcirclesarehigh-intensityredLEDs,which illuminatethefloor surfaceundereachsensor. Thelarge
circlesarethesensorsthemselves.Linesjoin eachLED to its correspondingsensor.

Therelationshipbetweena typicalsensorandLED is shown in thebottomhalf of thediagram.TheLEDsare
mountedon thetopsideof theguidercircuit boardandilluminatethefloor surfacevia a holein theguidercircuit
board.This arrangementallows theCdScellsto beverycloseto thefloor surface,which improvesthesensitivity
andreducestheeffectof ambientlight. As well, theLEDs areprotectedfrom beingknockedout of alignment.

Thesimplifiedschematicfor theGuiderSensorsis shown in figure7.
TheLEDs andCdScells areselectedby the samesignals,the threegeneralpurposedigital outputsD2, D3

andD4. The74HC138decoderthatdrivestheLEDsis enabledanddisabledby thegeneralpurposedigital output
D5.

Oneof thevoltagesdevelopedacrossthesensorsis selectedby a74HC4051analoguemultiplexeranddirected
to the68HC11A/D input channelPE1.Thesamethreegeneralpurposedigital outputsD2, D3 andD4 selecting
theLED alsoselectthecorrespondingphotosensor. Noticethat3 of the8 possiblesensorinputsareunusedand
connectedto ground,sothey shouldreadzero.
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a

b

c

d

f

e

Ground

EEBOT PLATFORM

GUIDER PLATFORM

LED (one of 6)

CdS Photoresistor cell

Figure6: GuiderSensorLocations,Top View

In general,theLEDs will beenabledsoD5 shouldbesetto a high (logic 1, +5V) level. TheD2, D3 andD4
signalswill have somevaluebetween000 and100 (msb-nsb-lsb)to illuminateoneof theLEDs andsimultane-
ouslyselectoneof theguidersignals.Theguidersoftwarecouldscanthe5 sensorsignalsor repeatedlyreadone
sensor, whatever is required.

To detectthe backgroundillumination, the LEDs can be disabledby lowering the D5 signal. The sensor
readingswould thenindicatereadthelighting without any LED illumination. This couldbeusedasa baselineor
noise valueandsubtractedfrom thevalueobtainedwhentheLED is activated.

(Theoriginal guiderdesignilluminatedall LEDs at once,but thatcausedproblemsin light leakingfrom one
LED into severalsensors.Furthermore,therewasno way to determinebackgroundillumination level.)

3.7.1 Guider Transient Response

The CdSphotoresistorsrespondquickly to an increasein illumination (decreasingresistance)but ratherslowly
to decreasingillumination (increasingresistance).Consequently, for accuratemeasurementsthe photoresistor
shouldbeallowedtime to darkenbetweeneachmeasurement.Thedarkeningtime constantis in theorderof 50
milliseconds3. Consequently, themostrapidallowablescanrateto scanonesensoris 20 timespersecond.If all
five sensorsarebeingscanned,thefastestallowablescanrateincreasesbecausea givensensorcanbedarkening

3This wasdeterminedby aiminganLED directly at a photoresistorandpulsingit from a functiongeneratorwhile measuringthevoltage
acrossthephotoresistorwith anoscilloscope.
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Select

Select
From MPP Board

General Purpose Output Port
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B

C
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A

B

C
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0

4

3

2

1
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+5

f

Starboard

Port

e

a

b

c

d

5, 6, 7

0

2

4

DOUT2

DOUT3

DOUT4

DOUT5

74HC138
DECODER

Figure7: GuiderSensors

while othersarebeingread.Thentheminimumscantime persensoris 10 milliseconds,or about100timesper
second.

Thedifferentialline tracker pair of cellsab actuallyrecoversfasterthana singlecell, andtheeffective time
constantis about25 milliseconds.(This is becauseoneof thepair is brighteningwhile theotherdarkens.)Sothe
line trackersignalcouldbescannedasfastas40 timespersecond,which maybeimportantfor rapidresponsein
steering.

3.7.2 Line Tracker

Sensorse andf usedfor line tracking. They arespaced0.75inchesappart,sothat they arecenteredover thetwo
edgesof electricaltapeline whentherobotis centredover theline. Thetwo sensorsarea voltagedivider, sothat
thevoltageat thecentretapis determinedby theratioof thetwo sensorresistances.Theguidancesoftwareof the
robotshouldpositiontherobotsothatthevoltageat thecentretapfrom voltagedividersensorse andf is exactly
midway between5 volts andzero,ie, 2.5 volts. Thenthe two sensorresistancesareequal,the light level on the
two cellsis equal,andthetwo cellsareequallyover theblackline andlight background.

Noticethattheabsolutevalueof theresistanceof sensorseandf is unimportant:it is theirratiothatdetermines
theoutputvoltage.Consequently, they shouldlargely ignorechangesin ambientlight level andthis doesindeed
proveto bethecase.

However, if bothsensorsareoveracompletelyblackbackgroundor acompletelywhitebackground,they will
alsogenerate2.5 volts. Consequently, someothermethodis requiredfor ensuringthat the robot is over a valid
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line, andthatis thefunctionof thepatterndetector.

3.7.3 Pattern Detector

Sensorsa, b, c andd form a pattern detector for variousline configurations.For example,if sensorsa andc
detectadarkline while sensorsb andd detecta light background,thentherobotis probablyoveravalid line and
theinformationfrom theline trackercanbeusedfor guidance.

If the patterndetectorsensorsall detecta light background,then the robot is off line, andshouldbegin to
searchfor a line. Theline trackercannotbeused.

If thepatterndetectorsensesablackline at right anglesto thecurrentline (for example,sensorsa readslight,
sensorb readsdark,sensorc readsdark,sensord readslight, sotheline anglesoff to port), thentherobotshould
advanceuntil thedrivemotorsareover thebendin theline andthenpivot counter-clockwiseuntil thespurline is
undersensorsa andc. Similar interpretationstrategiesshouldenablethepatterndetectorto sensea T junctionor
a line thatsimply comesto anend.

Thesensorsof thepatterndetectoreachdetectabsolutelight level. A constantcurrentis passedthrougheach
sensorandthevoltagegeneratedacrossthesensoris thenproportionalto its resistance.Thesensorcurrentsare
eachadjustedsothatthesensorgeneratesabout1.8volts overa light surfaceand3 voltsovera darksurface4.

4 Signal Summary

Theeebot signalsandtheir connectionto themicroprocessorsystemareshown in figure8 onpage12.

4As part of theoperatingprocedure,theoperatorshouldchecktheA/D readingfrom eachof the patterndetectorsensorsover light and
darksurfaces,andcalibratethesoftwarethresholdsaccordingly.
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ROTDETSTAR Starboard rotation

ROTDETPORT Port rotation

n/c

PA3/OC5

PA7/OC1

PA6/OC4

PA5/OC3

PA4/OC4

General Purpose
Output Register

$1100

n/c

n/c

GUIDEDAT Guider Data

Battery VoltageBDET PE0

PE1

BOWBUMP Bow Bumper PE2

STERNBUMP Stern Bumper PE3

KNOB Frob Knob PE4

PE5

PE6

n/c

A/D
Inputs

Input Captures

XIRQ

PORTSPD Port Motor Speed

Single Step

STARSPD Starboard Motor Speed

ALIVE Alive Indicator

n/c

Output Compares

68HC11
Microprocessor

D0
D1

D7
D6
D5
D4
D3
D2

n/c

PORTDIR Port Motor Direction
STARDIR Starboard Motor Direction
D2 Guider Select LSB
D3 Guider Select NSB
D4 Guider Select MSB

n/c

PA0/IC3

PA1/IC2

PA2/IC1

0=Fwd
0=Fwd

0=Off
0=Off

PE7

Guider LED EnableD5

Figure8: SignalSummary
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5 eebot HardwareTestRoutines

In this section,we show testroutinesthatmaybeexercisedfrom themicrocomputermonitorprogram.Theseare
routinesthat may be usedvery quickly, without programming,to checkwhethersomehardwarefeatureof the
eebotis workingcorrectly.

All thesetestroutinesassumethat therobot is poweredup correctlyandthat thecomputeris connectedto a
hostrunninga terminalemulatorprogram.Contactwith themonitorprogramhasbeenestablishedvia theserial
terminalconnectionon theMPPboard.

5.1 Motor Controls

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

Monitor Command Action
mm 1000 xx 00 Turnsoff bothmotors
mm 1000 xx 10 Turnson thePortmotor(only)
mm 1000 xx 20 Turnson theStarboardmotor(only)
mm 1000 xx 30 Turnson bothmotors

Themonitorcommandmm 1000 xx 00 is interpretedasfollows:

� Typein mm 1000 followedby � enter�
� Themonitorshows thecurrentvaluecontainedin 1000,which is irrelevantandshown asxx above.

� Typein thenew value00, in hex, but withouta preceeding$ sign.

Themotordirectionmaybechangedby changingbits 0 and1 in theGPOUT registerat $1100. (Notice that
GPOUT is ontheMPPboardbut notpartof the68HC11,soit’snotdescribedin 68HC11manuals.)A 0 bit selects
forwardmotion,a 1 bit selectsreverse.

Monitor Command Action
mm 1100 xx 00 FWD bothmotors
mm 1100 xx 01 StarboardFWD, PortREV
mm 1100 xx 02 StarboardREV, PortFWD
mm 1100 xx 03 REV bothmotors

5.2 WheelCounters

Thetechniquefor readingthewheelcountersis to

� Startoneof themotorsturningasdescribedabovein section5.1

� RepeatedlyreadthePORTA registerat $1000:

– enterthecommand
md 1000 1000

– repeatedlypressthe � enter� key (or just hold it down)
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� Checkto seeif thebit correspondingto thatwheelcounterinput is changing.

For exampleif you run theSTARBORD motor, whenyou repeatedlydisplayPORTA youshouldseetheleast
significantnibbleof PORTA changingin sucha way thatcorrespondsto changesin the leastsignificantbit. For
example,it might fluctuatebetweenFC andFD, or betweenFE andFF.

Similarily, if you run thePORT motor, youshouldseetheleastsignificantnibbleof PORTA changingin such
a way that correspondsto changesin the secondleastsignificantbit. For example,the readingmight fluctuate
betweenFD andFF.

5.3 The ALIVE Indicator

TheALIVE indicatormaybetestedwith a shortloopingprogramthatcontinuouslyflips bit PA6.
UsingthemonitorASM command,typein thefollowing programfrom themonitorpromptline.

asm 6000
ldaa 1000
eora #40
staa 1000
bra 6000

Startthisprogramwith thecommand g 6000. TheALIVE indicatorshouldilluminatecontinuously. Break
out of theprogramby pressingtheresetbuttonon theMPPboardcomputer.

5.4 The Battery and Bumper Switches

Thebatteryvoltageandtwo bumperswitchesareon A/D channelsPE0,PE2andPE3respectively. Thefirst four
channelsof theA/D, PE0throughPE3,maybedisplayedconinuouslywith thefollowingsequenceof commands5:

� StarttheA/D converterrunningcontinouslyby executingthemonitorcommand
mm 1030 xx 30.

� Displaytheconversionresultswith themonitorcommand
md 1030 1030.

� This will displaythecontentsof the16 machineregistersstartingat location$1030through$103F. Loca-
tions $1031through$1034containthe input datawe areinterestedin, from A/D channelsPE0 through
PE3:

Address Channel Function
1031 PE0 Batteryvoltage
1032 PE1 Guider(seesection5.5below)
1033 PE2 Bow bumper
1034 PE3 Sternbumper

� By repeatedlypressingor holdingdown the � enter� key, you canget this memorydumpto repeat.(The
monitorrepeatsthelastcommandyouentered.)

5Tip o’ thehatto KenClowes,whosuggestedthis technique
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Battery Voltage

Thebatteryvoltagevaluemaybedeterminedby convertingthehex valueonchannelPE0to volts,multiplying by
2, andadding0.6 volts. Eachcountamountsapproximatelyto 20mV, soa readingof $DE would correspondto
aninput voltage� � ��
 volts,which is abatteryvoltageof

�
� � volts.

Bow Bumper Switch

TheBow Bumpersignalis onchannelPE2.Whentheswitchis notactuated,thevoltageshouldbesomenon-zero
valuecorrespondingto approximately� � 
 volts. Whenthe switch is actuated,the input voltageshouldbezero.
Usetheprocedureof section5.4 above to repeatedlydisplaythe readingsof channelsPE0throughPE3. While
repeatedlydisplayingthe contentsof PE0throughPE3,pressandreleasetheBow Bumperswitch. You should
seePE2change.

Stern Bumper Switch

This is exactly thesameprocedureastheBow switch,exceptthatthereadingis onchannelPE3,storedat location
$1034.

5.5 The Guider

Themethodof testingaguideris asfollows:

� starttheA/D converterrunningin continuousmode,asdescribedin section5.4

� selecttheguidersensorby settingbits2,3and4 of theGPOUT registerat$1100accordingto thefollowing
table.Noticethatbit 5 mustbea logic 1 to enabletheLEDs.

Sensor Contentsof 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

� dumpthemachineregistersat $1030usingthemd command

� watchthecontentsof $1031while coveringanduncoveringthesensorto bechecked.

� readinga sensorwith bit D5 setto zerowill give a backgroundillumination reading,ie, a readingwith the
correspondingLED disabled.

5.6 The Frob Knob

TheFrobKnob maybeusedto checkwhethertheA/D converteris working properly.
Thefrobknobisconnectedto A/D channelPE4,sothecommandtostarttheA/D converterisslightlydifferent.

Otherwisetheprocedureis thesimilar to section5.4:
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� StarttheA/D converterrunningcontinouslyby executingthemonitorcommand
mm 1030 xx 34.

� Displaytheconversionresultswith themonitorcommand
md 1030 1030.

� This will displaythecontentsof the16 machineregistersstartingat location$1030through$103F. Loca-
tions $1031through$1034containthe input datawe areinterestedin, this time from A/D channelsPE4
throughPE7:

Address Channel Function
1031 PE4 FrobKnob
1032 PE5 No connection,reads0
1033 PE6 No connection,reads0
1034 PE7 No connection,reads0

� By repeatedlypressingor holdingdown the � enter� key, you canget this memorydumpto repeat.(The
monitorrepeatsthelastcommandyouentered.)

MovetheFrobKnobwhile watchingthecontentsof location$1031.Thevalueshouldincreaseastheknobis
rotatedclockwise.
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