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1 Overview

The objective of this programmingexerciseis to design,install andtesta programto guidethe eebot robotin a
simpleroamingpattern.

Robotroaming behaiour canbeobtainedwith averysimplesetof rules.Initially, therobotdrivesin astraight
line. If it doesnt encounterary obstaclesaftera certaininterval it stops,executesa turn, andthenagainruns
againin astraightline.

If the robotencountersan obstaclejt executesa back-and-turn manoere. It drivesstraightbackwardfor a
fixedinterval andthenbriefly disablesonemotorto causehevehicleheadingo change Thenit resumesiriving
straightforwardagain.

This behasiour mustbetranslatednto a working controlprogram.

2 A Robot Control Program

A frontal attackon therobotcontrolprogramwould beto

e translatethe descriptioninto pseudocodeuysing structureddecisionstatementsuchas If...Then...Elsg,
While...Do or Repeat...Until.

¢ furthercorvertthe pseudocodito assemblyjanguage.

However, the robotcontrol programis complicatedwith lots of decisionbranchesAs aresult,the codehas
the potentialto becomedifficult to understandandthereforedifficult to delug. It is especiallydifficult to add
featuredo this type of program.For example,whatdoestherobotdo if it encountersn obstaclewhile backing
away from a previousobstacleAdding codeto take careof this situationor otherslik e it canintroducebugsthat
aredifficult to eradicate.

Thereis abetterapproachthe state machine.

2.1 The State Machine
Thebasicideais this:

e Thebehaiour of therobotis treatedasa seriesof states- DRI VI NG_FORWARD, DRI VI NG_BACKWARD,
BACKI NG_TURN, FORWARD_TURNandALL_STOP. At ary giventime, therobotis in oneof thesestates.

e Theconditionsthatcausethe robotto changefrom onestateto anothemustbe defined. Theseareknown
asthetransition conditions.

¢ The machinestartsin a particularstate. When the appropriatetransitioncondition occurs,the machine
movesto anew state.

Therearea numberof advantagesn structuringthe programasa statemachine:

e SomevariableMACHI NE_STATE canbe madeto containthe currentstateof the machine. This canbe
displayedto monitorwhatthe machineis actuallydoing (asopposedo whatwe think it shouldbedoing!)
Being able to determinethe currentstateof the machineis an invaluabledehuggingtool, especiallyin
complicatednachines.



¢ Whenaddingnew featuredo the programnew statesandtransitionconditionscanbe addedwithout intro-
ducingbugsin otherpartsof the program.

e |t is possibeto encodethe statediagraminto a datastructureknown as a state table. Whenthe state
machineis encodednto a statetable, it is straightforvardto checkfor improperbehaiour. Thetableis
a 2 dimensionalmatrix of possiblestatesin one dimensionversuspossibleinput conditionsin the other
dimension.The actionof the statemachineis enteredat eachrow-columnintersection.If thereis a blank
entry, thenthe behaiour of the machinein that stateandtransitioncondition, is undefined.For mission
critical applicationsthis would identify a possiblefault situationthatmustbe rectified.

We will not useatabledrivenapproachput for the curiousthe tabledriven approachis describedn the
Referencessection4 on pagele.

Thestatemachinecanbeusedin variousways. At its mostbasic,it canbe usedasdesigntool to identify in a
very systematiavay whatshouldbe the behaiour of the device. Thenthe statediagramcould be translatednto
structuredposeudocode.

Statemachinesareusefulfor handlinga wide variety of programmingapplicationsnot just the operationof
robots.They areparticularlyusefulin handlinginput signalsfrom ahuman-computeinterface. They arealsothe
key componentn parsing commandstrings,asin a softwareinterpreter

2.2 TheRobot State Diagram

A statediagramfor therobotbehaiour is shavn in figure 1 on page4.

Eachcircle represents possiblestateof the robot. The labelsnext to the directedarcsrepresentransition
conditionsthat causethe robotto move to anotherstate. For example,thetransitionconditionT > T,,,4 means
when the current time T' exceeds the ending time T.,,,4, make the transition to the next state.

Thedefault conditionis to notchangestates|f thetransitionconditiondoesnot occur, the statemachinestays
in its currentstate. Somepeoplelike to showv a transitionlooping backinto the state but that's only necessaryf
thereis anothertransitionconditionto consider

Roaming Behaviour

Whenroaming, therobotproceedsn a straightline for afew secondsthenturnsto a new vehicledirection,and
thenresumesnoving in a straightline.

e The machinebeginsin the START 1 state. Whenthe operatoractuateshe FRONT BUMPER, the state
machineunconditionallymovesinto the stateSTART 2. Whentheoperateeleaseshe FRONT BUMPER,
the machinemovesinto the FORWARD state. This activatesboth the motorsandthe robot beginsto move
forwardin anapproximatelystraightline.

Why do we needthe stateSTART 27? Withoutit, the statemachinewill move directly into the FORWARD

state detectthe FRONT BUMPER again,andimmediatelygo into the REVERSE state.This is not whatis

wanted sothe statemachinemustwait for the FRONT BUMPER switchto bereleasedeforeit transitions
into the FORWARD state.

e Whenthetime interval Tt,,4 elapsesthe robot movesinto stateFORWARD_TURN. The starboardmotor
stopsbriefly, which causesherobotto pivot to starboardclockwiserotation,viewedfrom thetop).

e Whenthe Tt 4:urn interval is complete the robot movesbackinto the FORWARD state,both motorsare
running,andtherobotagainproceedsn astraightline.



Treverse Backup time after bump

Trevturn Time backing and turning

Tfwd Roaming time before new direction
FWD_BUMP Tfwdturn Time for forward turn during roaming

FWD_BUMP Front Bumper actuated

REAR_BUMP Rear Bumper actuated

FWD_BUMP

FORWARD

REAR_BUMP

FWD_BUMP

T>Tfwdturn

FORWARD
TURN

T>Trevturn

T>Treverse

Figurel: RobotStateMachine

Obstacle Behaviour

Whentherobotis moving forwardandit encountersinobstaclejt shouldbackup andthenmake a backingturn.
Thenit shouldresumeamoving forward. This occursin two steps.

e Obstaclesare only detectedvhenthe robotis in the FORWARD state. Whena ROBOT _BUNMP condition
occurs therobottransitionsto the REVERSE state.It staysin this stateuntil time 7.5 €lapses.

e TherobotentersstateREVERSE _TURN, which causeghe port motorto stopbriefly anda backingturn to
occut

e WhentheT,.q,surn interval is complete the robotmovesbackinto the FORWARD stateandproceedsgain
in astraightline.



Finishing Up

Whenthe machineis in the FORWARD stateandthe REAR BUMPER is actuatedby the operatoy the machine
stopsbothmotorsandcomesto rest.

2.3 State Machine Structure: First Attempt

The obviousway to write the statemachineis to usegoto statementso transfercontrolamongthe stateroutines.
As ablock diagram,this programlooks exactly lik e the statediagramof figure 1. As pseudocodehe program
mightlook like figure 2:

Start GOTO Forward

Forward | F {Fwd Bunper Detected} THEN GOTO Reverse
ELSEI F {Time > Ending Tinme} THEN GOTO Al | _Stop
ELSEIF {Time > Forward Ti me} THEN GOTO Forward_Turn
ELSE GOTO For ward

Reverse IF {Time > Reverse Tinme} THEN GOTO Reverse_Turn
ELSE GOTO Rever se

Reverse_Turn |F {Time > Reverse Turn Tine} THEN GOTO Forwar d
ELSE GOTO Reverse_Turn

Forward_Turn IF {Time > Forward Turn Tine} THEN GOTO For ward
ELSE GOTO Forward_Turn

Al _Stop GOTO Al _Stop

Figure2: RobotStateController: First Attempt

Eachstateis a block of codewith a startingaddressnamedafter the stateand GOTO exit instructions. (In
assemblhjanguagethe GOTO's would be codedas JMP or BRA instructions.) The programloopsin eachstate
until sometransitionconditionbecomedrue andthenit transferdo the next state.

(For simplicity here,we shav only how the flow of the programtransferscontrol betweerthe variousstates.
We have left outthe commanddo actuatethe motors. Therewould needto be commandgo turn on the motors
appropriatelywhenenteringeachof thesestates We’'ll dealwith this later)

This programwill work andit hasthe virtue of simplicity. However, it hasa severelimitation: while it's
loopingin a state,it's not doing anything useful. For example,supposeave wantthe programto readanddisplay
the batteryvoltage on a continuousbasis. How could we do this? Becausehe programcould be tied up in
someof thesestatedfor long periodsof time, we'd have to call theBat t ery_Di spl ay subroutinefrom those
subroutinesThis is incorvenientandawkward'.

Thereis abetterway to do this, usinga state dispatcher.

11t is possibleto usethe real-time interrupt to solve this problem. The programis interruptedat regular intenals (typically 60 timesper
secondgrndthereal-timeinterrupthandleroutinethenexecutegasksthatneedto be servicedon a regularbasis.The 68HC11hashardvare
specificallydesignedo provide this feature. However, interruptshave their own problemssowe’ll chosea non-interruptsolutionfor this
particularapplication.



24 StateMachine Structure: Using a Dispatcher
Accordingto The CanadiarOxford Dictionary, a dispatcher is
a person who coordinates the departure of taxis, busses, trains, etc.

In this casethe statedispatchers a block of softwarethatdirectstheflow of the programto the correctstate.

The key conceptof the statedispatcheris this: ratherthan have the programloop in ary given state,loop
the program through the dispatcher and some state subroutine. This netsus a big advantage:ary routinethat
mustbe updatedon aregularbasiscanbeincludedin thisloop by prependingt to thedispatcherA diagramatic
representationf the programis shown in figure 3 on page6.

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ [ )

DISPATCHER
// \\ DISPATCHER LOOP
[ START J [ FORWARD REVERSE ALL STOP REVERSE TURNJ [FORWARD_TURNJ

Figure3: DispatcheiConcept

The structureof the statemachinefor the START, FORWARD and FORWARD TURN statesis shavn asthe
pseudo-codgivenin figure 4 on page?. In this diagram the statesaregiven names.Thesestateswould be the
namesof variousroutineswhich would be calledby branchor jump instructionsfrom thedispatcher

(Again,themotorcommandsreomittedfor clarity.) The Sate Dispatcher is atthe heartof thestatemachine.
Its functionis very simple: it calls the appropriatesubroutinebasedon the CURRENT _STATE. In a high level
languagethiswould bea CASE statementWe'll seein amomenthow it translatesnto assemblyanguagesource
code.

Eachstateis implementedas a subroutine. A statesubroutinechecksthe varioustransitionconditionsand
if noneof themare metthe routine simply returns. However, whena statesubroutinedetectsthat a particular
transitionconditionhasbeenmet it changegshe CURRENT _STATE to the appropriatenew value andreturns.
This new value of CURRENT _STATE then causeghe statedispatcherto transfercontrol to someother state
subroutine.

Notice that the programnever loopsin a delayin ary of the statesubroutinesor arywhereelse. It loops
throughthe statedispatcheandthe currentstatesubroutine.



STATE : = START

LOOP CALL CURRENT_STATE ; Call the 'current state’ subroutine
GOTO LOOP ;. forever
START: ; The START state subroutine
CURRENT_STATE : = FORWARD
Return
FORWARD: ; The FORWARD state subroutine

I f FWD_BUMP t hen
CURRENT_STATE : = REVERSE
Mark the tine
Ret urn

If T>Te then
CURRENT_STATE : = ALL_STOP
Ret urn

If T>Tfwd then
CURRENT_STATE : = FORWARD_TURN
Mark the time
Ret urn

El se
Ret urn

FORWARD_TURN: ; The FORWARD_TURN state subroutine
If T>Tfwdturn then
CURRENT_STATE : = FORWARD
Mark the tine
Ret urn
El se
Ret urn

(etc)

Figure4: StateMachinePseudocode

2.5 The State Digpatcher in Assembly Language

Now thatwe have someideaof thestructureof thestatemachinecontroller, let usexaminehow thestatedispatcher
translatesnto assembljfanguage.

The statedispatcherrepresenteth the pseudocodef figure 4 by the statemenCALL CURRENT _STATE,
canbeimplementedasagiant! F statementvhereeachstateis representetdy a numberandthe dispatcheralls
theappropriatesubroutinebasedon the currentstate. This is shawvn in figure5 on pages8.



; Current state
CURRENT_STATE RMB 1

; Definitions of the various states
START EQU 0
FORWARD EQU 1
REVERSE EQU 2

(ei c)

R R R R R R R

* State Di spatcher
*
* This routine calls the appropriate state handl er based on the current
* state.
* Input: Current state in ACCA
* Returns: None
* C obbers: Everything
; State Dispatcher
DI SPATCHER CMPA #START ; If it's the START state
BNE NOT_START
JSR START_STATE ; then call the START routine
JW DISP_EXIT ; and exit
NOT_START CMPA #FORWARD ; Else if it’s the FORWARD state
BNE NOT_FORWARD
JSR FORWARD _STATE ; then call the FORWARD routine
JW DISP_EXIT ; and exit
NOT_FORWARD CMPA #REVERSE ; Else if it’s the REVERSE state
BNE NOT_REVERSE
JSR REVERSE_STATE ; then call the REVERSE routine
JW DI SP_EXIT ; and exit

NOT_REVERSE (et c)

NOT_ALL_STOP CMPA #STOP_STAR . Else if it's the STOP_STARBOARD state

BNE NOT_REVERSE

JSR REVERSE_STATE ; then call the STOP_STARBOARD state

JW DISP_EXIT ; and exit
NOT_STOP_STAR SW ; Else the current state is not defined, so stop
DISP_EXIT RTS ; Exit fromthe state dispatcher

Figure5: StateDispatcheiin AssemblyLanguage



Thingsto notice:

The CURRENT _STATE is allocatedonebytein RAM with anRVMB 1 assembledirective. For monitoring
purposessomeotherroutine(notshowvn) couldreadthis variableandputsomethingonadisplayto indicate
the currentstateof therobot.

Thevariouspossiblestatesaredefinedin assembledirective EQU statementsThemicroprocessotanonly
work with binarynumberssoit is necessarthateachstateberepresentetly anumbereventually However,
in theassembljlanguagesourcecodeit facilitatesreadingthe codeif the statesaregivensymbolicnames.
Thenthereaderdoesnt have to remembethatthe statenumberl is the FORWARD state.

This illustratesthe generalconceptthatwe shouldwrite the assemblylanguagen the form thatis clearest
to ahumanreaderandlet the assembleturn thatinformationinto a streamof bytesthatthe machinecan
interpret.More succinctly:Let the assembler do the work.

Thedispatcheiis implementedasa subroutine startingwith the routinenameDlI SPATCHER andending
with anRTS statementSothe dispatchewould be calledwith theinvocation

LDAA CURRENT_STATE
JSR DI SPATCHER

Any routinethathasto becalledon aregularbasiswould be placedbeforethesestatements.

The routine hasone entranceand one exit point. Eachsuccessfutestfor a statecomparisoncalls the
appropriatesubroutineandthenexits via the DI SP_EXI T addresgthe RTS instruction). We could have
placedan RTS instructionat the conclusionof eachtest,insteadof the JMP DI SP_EXI T instruction.
However, it simplifiesdeluggingif the dispatcheiis structuredwith only oneentry andoneexit point: it
simplifiesthe placingof breakpointgluringdehugging. Thisis agenerakule thatshouldbefollowedin the
constructiorof all subroutines.

If the CURRENT _STATE is not successfull}comparedwith ary of the stateqsayit hadbecomehevalue
37,for example) thenthe programwill arrive attheaddresNOT _STOP_STAR, in which casewe breakto
the monitor programwith an SW instruction. The chancef this happeningareremote,especiallyonce
the programis delbugged,but it is betterto have this simpleerror-checking featurethannothingatall. An
evenbettersolutionwould beto call someroutineto displayanerrormessage.

Thecommentslo not mimic the codeoperation.For example thefollowing comments not useful:
LDAA FOOBAR ; Load the accumul ator with FOOBAR

Presumablywe candeterminevhattheinstructiondoesexactly by readingthe code,sothecomments not
helpful. Whatwe really needto know is what is intent or objective of thisinstruction in the context of the
larger program? Soacommentike

LDAA FOOBAR ; Set up for calling the state di spatcher

is muchmorehelpful.

Further you canseethatsomeinstructionsarenot commented Sometimesit is clearemot to commentat
all. And afew clearcommentsaremuchmorevaluablethanunclearcommentn everyline.

Goodcommentgake carefulthoughtandcreatvity.



2.6 The State Routinesin Assembly Language

Now we examinethe internaldetailsof somestateroutines.

The START Routine

Thisroutineimmediatelytransitionsinto the FORWARD routine,soit’ s very simple:

R R R R R I R R

* START STATE HANDLER

Ensures that the notors are off
Advances state unconditionally to the FORWARD state.

* % ok

* Passed: Current state in ACCA
* Returns: New state in ACCA
* (C obbers: None

ST_START  JSR BOTH MOTORS_OFF ; Turn off the drive notors
; (if they’'re on!)

JSR | Nl T_FORWARD ; Initialize the FORWARD state
LDAA #FORWARD ; G into the FORWARD state
STAA CURRENT_STATE

RTS

Figure6: START StateRoutine

We assumehatthe subroutineBOTH_MOTORS_ OFF existssomevhereelsein theprogram.Theroutinecalls
thisto disablethemotors.

Theroutineis aboutto transitioninto the FORWARD state,soit shoulddo the initializationsrequiredby that
state.Theroutineto initialize the FORWARD stateis shovn in figure 7 on pagell.

Theroutinel NI T_FWD turnson both the motorsandthensetstwo alarmtimes, T, ,,q andTy,q, in the way
thatwasdiscussedh Lab4.

Notice that the initialization of the FORWARD stateoccursin the states that call it. It can't occurin the
FORWARD stateitself becausehenit would be initialized repeatedlyevery trip aroundthe dispatcheistateloop,
whichis notwhatwe want.

Backnow to ST_START: having initialized the FORWARD stateit advanceghe stateto FORWARD andexits.
Thestatedispatchethatwe discussectarlierwill sendthe programto the ST_FORWARD routine.

The FORWARD Routine

This stateroutineis shavn in figure 8 on pagel2. It's complicatedoy the numberof possiblebrancheout of the
FORWARD stateto otherstates.

10



L R R R R R R

* I NI TIALI ZE ' FORWARD  STATE

*

* This routine is called whenever the ' FORWARD routine is entered.
* It turns both the notors ON

*

It initializes the alarnms used in by the FORWARD state.

Passed: Not hi ng
* Returns: Nothing
* Ol obbers: None

INNT_FW  JSR BOTH MOTORS ON ; Turn on the drive notors
;o (if they're off!)

LDAA TOFCOUNTER ; Mark the ending time Te
ADDA #END_| NTERVAL

STAA T_END

LDAA TOFCOUNTER ; Mark the fwd tine Tfwd
ADDA #FWD_| NTERVAL

STAA T_FWD

RTS

Figure7: Initializing the FORNARD State

11
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FORWARD STATE HANDLER

Al gorithm

I f FWD_BUWP t hen
Initialize the REVERSE state
Change the state to REVERSE
Ret urn

If Tc>Tend then
Initialize the ALL_STOP state.
Change the state to ALL_STOP
Ret urn

If Tc>Tfwd then
Initialize the FORWARD TURN st ate
Change the state to FORWARD turn
Ret urn

El se
Ret urn

Passed: Current state in ACCA
Returns: New state in ACCA
Cl obbers: Everything, probably. Make no assunptions.

R T T T . S TR R

ST_FORWARD JSR CHK_FWD BUMPER ; |f FWD _BUWP then
BCC NO_BUWP
JSR | NI T_REVERSE ; initialize the REVERSE routine
LDAA #ST_REVERSE ; set the state to REVERSE
JW FWD EXIT ; and return

NO_BUMWP LDAA TOFCOUNTER ; If Tc<>Tend then
CWP T_END ; we should stop the robot
BNE NOT_END ;SO
JSR INIT_ALL_STOP ; initialize the ALL_STOP state
LDAA ALL_STOCP ; and change state to ALL_STOP
STAA CURRENT_STATE
JMP FWD_EXI' T

NOT_END LDAA TOFCOUNTER ; If Te<>Tfwd then
CWP T_FORWARD ; the robot should nake a turn
BNE NO_TURN 7 SO
JSR INIT_FORWARD TURN ; initialize the FORWARD TURN state
LDAA FORMRD TURN ; and go to that state
STAA CURRENT_STATE
JMP FWD EXI'T

NO_TURN NOP ; Else

FWD EXIT RTS ; Return to the MAIN routine.

Figure8: Forward StateHandler
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Notes:

e Thebumperis checledwith theinstructions

2.7

JSR CHK_FWD BUMPER ; |If FWD_BUMP t hen
BCC NO_BUMP

We'reassuminghatthereis someroutineCHK _FWD BUMPERthatdeterminesvhethertheforwardbumper
is actuated(You built sucharoutinein Lab 4). This routinereturnswith the carry clearedf thebumperis
notactuatedandwith the carrysetif the bumperis actuated.

This useof the carry bit, asa flag to indicatewhethersomeconditionis true or false,is very commonin
assembljanguageprograms.

Thelastconditionalbranchis BNE NO_TURN. We could have writtenthisasBNE FWD_EXI T. However,
asa minor matterof style, the NO_TURN label is more informative andwe canassociatdt with a NOP
instructionsothatthe effectis equivalent. This givesusa placeto putthe EL SE commentwhichimproves
readability (Your opinionmaydiffer.)

Notice thatthe orderin which thesevariousconditionsare checled implitly setsa priority to the events.
For example,the first conditionchecledis whetherthe bumperis actuated.If it is setthatdetermineghe
next state regardlesf the stateof the varioustimers.

Organization of the Robot Roaming Program

Fromtopto bottom,the RobotRoamingprogramwill consistof:

EquatesandMain Loop
DispatcherandStateSubroutines

Utility Subroutines

The programis organizedasit would be decomposedfrom top to bottom, startingwith the main routine
throughto the utility subroutinesThe contentf eachof thosethreesectionsarenow listedin greaterdetail.

Equatesand Main L oop

equatef the symbolicaddressesjsing EQU directives. For example,the variousmachineregisterssuch
asADCTL would bedefinedhere.

definitionsof constantsuchasthetime delays,alsousingEQU directives

startof the DATA areaat $6000usingan ORGdirective.

theworking registersin RAM, usingRMVB directives

pre-initializedmessagstrings(for the LCD) usingFCC directives.

startof the CODE or TEXT areaat $6500usingan ORG directive. A goodnamefor the entry point of this

codewould be START: thisis wherethe programstarts.

13



e instructionsthat initialize the system. For example, this is wherethe TOF counterinterruptwould be
initialized andglobalinterruptsenabled.

e themainloop routine,namedVAI N. Thiscallsary subroutineshatmustoperateon arepeditve basis(such
asupdatingthe LCD), followed by the statedispatcher The statedispatcheis calledasa subroutinewith
theinstructionsequence:

LDAA CURRENT_STATE
JSR DI SPATCHER

The DI SPATCHER subroutinecalls the appropriatestatesubroutine which executesand returnsto the
dispatcherThedispatchesubroutinghencompletesandreturnscontrolbackto themainloop.

Thelastinstructionin the mainloopis aJMP MAI N instructionto returncontrol backto the startof the
mainloop.
Dispatcher and State Subroutines

Thesesubroutinesrethe make up the statemachine.

e Thedispatcher directscontrolto the appropriatesubroutinebasedon the variable CURRENT _STATE. It's
thetraffic copof the statemachine.

e Thereis one state routine for eachstatein the diagram. Eachstateroutine examinesvarioustransition
conditions,selectswhatshouldhappemext (the next state), andinitializes the necessargonditionswhen
statetransitionis to occut

¢ Variousstate initialization subroutinegontaintheinstructionshatsetup for entryinto a new state.

Utility Subroutines

This areaof the programis a collection of all the othersubroutinesnecessaryo make the programa working
system For example the following subroutinesvould befoundhere:

e Initialize andservicetheinterruptdriven Timer Overflow counter

¢ Checkthe bumperswitchesandupdatethe bumperswitchregister

Readthe A/D corverter(usedto readthe bumperswitch signals).

Actuatetherobotmotors.

Checkthevariousalarmtimers.

2.8 A Strategy for Building the Robot Roaming Program

1. Thefirst stepinvolvesno programmingassuch.Ensure that you understand very clearly how the program
is supposed to operate. Thereis noway to dehug aprogramwhenyou do notunderstandvery detailof it's
operation.If somethings obscuregethelpfrom yourlabinstructor

14



2. Collectandorganizethe Utility Subroutines sectionof the program.Thesearesubroutineshatweredevel-
opedin previouslab exercisessothey shouldbefunctionalasis. If thereis arny doubtthatthey areworking
properly retestthem. Make sureit is clearwhateachroutineis passedndreturns.Problemsftenoccurat
theinterfacego routines.

3. Build asubsectiomf thestatemachine Implementinghe START, FORWARD andALL STOP statesmight
be a goodchoice. This will requirewriting the sectionof the dispatchetthat dealswith thesestatesand
thethreestateroutinesthemseles. Delug this by breakpointinghe dispatchelandcheckingthatthe state
adwancesasit is supposedo do.

4. Addin theremainingstatesandtestthe completedstatemachine.

2.9 Bench Testing

Youwill nothave alot of timeto delugthis programon theactualrobot. However, you canassembl¢he program
andrunit onthe MPPV1benchsystems.

Modify the bumperdetectroutineto usethe potentiometen channell of the benchsystem,andthenyou
cantestwhetherthe bumperroutineswork by rotatingthe pot up anddown.

If yourmainloopincludessomesortof adisplayroutineof thecurrentstate thenyou cancheckthattheentire
programexceptfor the motordrive routines,is operatingcorrectly

You shouldhave someindicationonthe LCD of whatthe machineis in. This s a very helpful indicationof
whatthemachinds doingatary giventime. A one-digithnumberor letteris sufficient.

It is alsovery helpfulif your programtriggersthe ALI VE indicatorto shaw thatit is loopingthroughthe state
machinedispatcherThen,if the programcrashegor somereasonyouwill know immediately

At this point, you arereadyto move the programontoa robot. The only thingsleft to testshouldbethatthe
bumperroutine andthe motor drive instructionswork on the actualhardware. Sincethesewere developedand
testedearlier, they shouldbeworking correctly

2.10 Operating the eebot

Herearethe stepsin operatinghe mobile eebot.

1. Ensurethatyour programis deluggedto the extentpossibleon the benchsystem.lt is muchmoredifficult
diagnosingsoftwareproblemson the mobilerobot.

Ensurethattherobotbatteryis chaged.

Disconnectheserialcablefrom the benchsystemandplugit into themobilerobot.
TurnontherobotLOd C power. The LCD shouldshow the normalBuffalo monitorsign-onmessage.
Usevt 6811 to downloadtheworking programinto the mobilerobot.

Startthe programwith a Gcommand.

Disconnectheserialcable.

Move therobotoverto thedemoarea.

© © N o g M w0 DN

Turn on therobotMOTOR power. Themotorsshouldnotrun atthis point.

15



10. Placetherobotin thedemoareaandactuatethefront bumper
11. Therobotshouldstartrunningin the FORWARD stateandgo throughits paces.

12. Whenyou wantto stopthe robot, actuatethe rearbumper If the robotis out of control, switch off the
MOTOR power.

3 TheAssignment
Your assignmenis to write the RobotRoamingprogramasdescribedn the statediagramof figure 1.

e A passinggradewill beassignedf themachinecancorrectlymovethroughtwo statesontheMPPV1bench
system.

o A full markwill beassignedf themachineaxecutesll thestatesontheMPPV1benchsystem.n thiscase,
you will be provided a batterypoweredrobotandandcanturn it loosewith the RobotRoamingprogram
providing guidance.

e Bonusmarkswill begivenif themachinecansimultaneouslshov batteryvoltageandcurrentstateon the
displaywhile operatingthe guidanceprogram.
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