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1 Overview

Theobjective of this programmingexerciseis to design,install andtesta programto guidetheeebot robot in a
simpleroamingpattern.

Robotroaming behaviour canbeobtainedwith averysimplesetof rules.Initially, therobotdrivesin astraight
line. If it doesn’t encounterany obstacles,after a certaininterval it stops,executesa turn, andthenagainruns
againin astraightline.

If the robot encountersan obstacle,it executesa back-and-turn manoevre. It drivesstraightbackward for a
fixedinterval andthenbriefly disablesonemotorto causethevehicleheadingto change.Thenit resumesdriving
straightforwardagain.

Thisbehaviour mustbetranslatedinto aworking controlprogram.

2 A Robot Control Program

A frontalattackon therobotcontrolprogramwouldbeto

� translatethe descriptioninto pseudocode,using structureddecisionstatementssuchas If...Then...Else,
While...Do or Repeat...Until.

� furtherconvert thepseudocodeinto assemblylanguage.

However, therobotcontrolprogramis complicated,with lots of decisionbranches.As a result,thecodehas
the potentialto becomedifficult to understand,andthereforedifficult to debug. It is especiallydifficult to add
featuresto this typeof program.For example,whatdoestherobotdo if it encountersanobstaclewhile backing
away from a previousobstacle?Addingcodeto takecareof thissituationor otherslike it canintroducebugsthat
aredifficult to eradicate.

Thereis a betterapproach:thestate machine.

2.1 The State Machine

Thebasicideais this:

� Thebehaviour of therobotis treatedasaseriesof states–DRIVING_FORWARD,DRIVING_BACKWARD,
BACKING_TURN,FORWARD_TURN andALL_STOP. At any giventime,therobotis in oneof thesestates.

� Theconditionsthatcausetherobotto changefrom onestateto anothermustbedefined.Theseareknown
asthe transition conditions.

� The machinestartsin a particularstate. When the appropriatetransitionconditionoccurs,the machine
movesto a new state.

Therearea numberof advantagesin structuringtheprogramasa statemachine:

� SomevariableMACHINE_STATE canbe madeto containthe currentstateof the machine.This canbe
displayedto monitorwhatthemachineis actuallydoing(asopposedto whatwe think it shouldbedoing!)
Being able to determinethe currentstateof the machineis an invaluabledebugging tool, especiallyin
complicatedmachines.
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� Whenaddingnew featuresto theprogram,new statesandtransitionconditionscanbeaddedwithout intro-
ducingbugsin otherpartsof theprogram.

� It is possibeto encodethe statediagraminto a datastructureknown as a state table. When the state
machineis encodedinto a statetable,it is straightforward to checkfor improperbehaviour. The tableis
a 2 dimensionalmatrix of possiblestatesin onedimensionversuspossibleinput conditionsin the other
dimension.Theactionof thestatemachineis enteredat eachrow-columnintersection.If thereis a blank
entry, thenthe behaviour of the machinein that stateandtransitioncondition, is undefined.For mission
critical applications,thiswould identify apossiblefault situationthatmustberectified.

We will not usea tabledrivenapproach,but for the curiousthe tabledrivenapproachis describedin the
References,section4 on page16.

Thestatemachinecanbeusedin variousways.At its mostbasic,it canbeusedasdesigntool to identify in a
very systematicway whatshouldbethebehaviour of thedevice. Thenthestatediagramcouldbetranslatedinto
structuredpseudocode.

Statemachinesareusefulfor handlinga wide varietyof programmingapplications,not just theoperationof
robots.They areparticularlyusefulin handlinginputsignalsfrom ahuman-computerinterface.They arealsothe
key componentin parsing commandsstrings,asin a softwareinterpreter.

2.2 The Robot State Diagram

A statediagramfor therobotbehaviour is shown in figure1 on page4.
Eachcircle representsa possiblestateof the robot. The labelsnext to the directedarcsrepresenttransition

conditionsthatcausetherobot to move to anotherstate.For example,thetransitioncondition
���������
	

means
when the current time

�
exceeds the ending time

�����
	
, make the transition to the next state.

Thedefaultconditionis to notchangestates.If thetransitionconditiondoesnot occur, thestatemachinestays
in its currentstate.Somepeoplelike to show a transitionloopingbackinto thestate,but that’s only necessaryif
thereis anothertransitionconditionto consider.

Roaming Behaviour

Whenroaming, therobotproceedsin a straightline for a few seconds,thenturnsto a new vehicledirection,and
thenresumesmoving in a straightline.

� The machinebegins in theSTART 1 state. Whenthe operatoractuatestheFRONT BUMPER, the state
machineunconditionallymovesinto thestateSTART 2. WhentheoperatereleasestheFRONT BUMPER,
themachinemovesinto theFORWARD state.This activatesboth themotorsandtherobotbeginsto move
forwardin anapproximatelystraightline.

Why do we needthestateSTART 2? Without it, thestatemachinewill move directly into theFORWARD
state,detecttheFRONT BUMPER again,andimmediatelygo into theREVERSE state.This is not what is
wanted,sothestatemachinemustwait for theFRONT BUMPER switchto bereleasedbeforeit transitions
into theFORWARD state.

� Whenthe time interval
���
� 	

elapses,the robot movesinto stateFORWARD_TURN. The starboardmotor
stopsbriefly, which causestherobotto pivot to starboard(clockwiserotation,viewedfrom thetop).

� Whenthe
����� 	��������

interval is complete,the robot movesbackinto theFORWARD state,bothmotorsare
running,andtherobotagainproceedsin astraightline.
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REVERSE

FORWARD

ALL
STOP

REVERSE
TURN

TURN

FORWARD

Trevturn Time backing and turning

Tfwd Roaming time before new direction

Tfwdturn Time for forward turn during roamingFWD_BUMP

FWD_BUMP

FWD_BUMP

T>Treverse

T>Trevturn

T>Tfwd

T>Tfwdturn

REAR_BUMP

FWD_BUMP Front Bumper actuated

Treverse Backup time after bump

REAR_BUMP Rear Bumper actuated

START 2

START 1

Figure1: RobotStateMachine

Obstacle Behaviour

Whentherobotis moving forwardandit encountersanobstacle,it shouldbackup andthenmakeabackingturn.
Thenit shouldresumemoving forward.Thisoccursin two steps.

� Obstaclesareonly detectedwhenthe robot is in theFORWARD state. Whena ROBOT_BUMP condition
occurs,therobottransitionsto theREVERSE state.It staysin this stateuntil time

� �������������
elapses.

� TherobotentersstateREVERSE_TURN, which causestheport motor to stopbriefly anda backingturn to
occur.

� Whenthe
���������������

interval is complete,therobotmovesbackinto theFORWARD stateandproceedsagain
in a straightline.
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Finishing Up

Whenthe machineis in theFORWARD stateandtheREAR BUMPER is actuatedby the operator, the machine
stopsbothmotorsandcomesto rest.

2.3 State Machine Structure: First Attempt

Theobviousway to write thestatemachineis to usegoto statementsto transfercontrolamongthestateroutines.
As a block diagram,this programlooksexactly like thestatediagramof figure1. As pseudocode,the program
might look likefigure2:

Start GOTO Forward

Forward IF {Fwd Bumper Detected} THEN GOTO Reverse
ELSEIF {Time > Ending Time} THEN GOTO All_Stop
ELSEIF {Time > Forward Time} THEN GOTO Forward_Turn
ELSE GOTO Forward

Reverse IF {Time > Reverse Time} THEN GOTO Reverse_Turn
ELSE GOTO Reverse

Reverse_Turn IF {Time > Reverse Turn Time} THEN GOTO Forward
ELSE GOTO Reverse_Turn

Forward_Turn IF {Time > Forward Turn Time} THEN GOTO Forward
ELSE GOTO Forward_Turn

All_Stop GOTO All_Stop

Figure2: RobotStateController:First Attempt

Eachstateis a block of codewith a startingaddressnamedafter the stateandGOTO exit instructions. (In
assemblylanguage,theGOTO’s would be codedasJMP or BRA instructions.)The programloopsin eachstate
until sometransitionconditionbecomestrueandthenit transfersto thenext state.

(For simplicity here,we show only how theflow of theprogramtransferscontrolbetweenthevariousstates.
We have left out thecommandsto actuatethemotors.Therewould needto becommandsto turn on themotors
appropriatelywhenenteringeachof thesestates.We’ll dealwith this later.)

This programwill work and it hasthe virtue of simplicity. However, it hasa severe limitation: while it’s
loopingin a state,it’s not doinganythinguseful.For example,supposewe wanttheprogramto readanddisplay
the batteryvoltageon a continuousbasis. How could we do this? Becausethe programcould be tied up in
someof thesestatesfor long periodsof time, we’d have to call theBattery_Display subroutinefrom those
subroutines.This is inconvenientandawkward1.

Thereis a betterway to do this,usinga state dispatcher.
1It is possibleto usethereal-time interrupt to solve this problem.Theprogramis interruptedat regular intervals (typically 60 timesper

second)andthereal-timeinterrupthandlerroutinethenexecutestasksthatneedto beservicedona regularbasis.The68HC11hashardware
specificallydesignedto provide this feature. However, interruptshave their own problemsso we’ll chosea non-interruptsolution for this
particularapplication.
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2.4 State Machine Structure: Using a Dispatcher

Accordingto TheCanadianOxfordDictionary, a dispatcher is

a person who coordinates the departure of taxis, busses, trains, etc.

In this case,thestatedispatcheris a blockof softwarethatdirectstheflow of theprogramto thecorrectstate.
The key conceptof the statedispatcheris this: ratherthanhave the programloop in any given state,loop

the program through the dispatcher and some state subroutine. This netsus a big advantage:any routinethat
mustbeupdatedon a regularbasiscanbeincludedin this loop by prependingit to thedispatcher. A diagramatic
representationof theprogramis shown in figure3 on page6.

FORWARD_TURNREVERSE_TURNALL_STOPREVERSEFORWARDSTART

DISPATCHER

STATE: 0 1 2 3 4 5

DISPATCHER LOOP

UPDATE DISPLAY (etc)

Figure3: DispatcherConcept

The structureof the statemachinefor theSTART, FORWARD andFORWARD_TURN statesis shown asthe
pseudo-codegivenin figure4 on page7. In this diagram,thestatesaregivennames.Thesestateswould bethe
namesof variousroutineswhich wouldbecalledby branchor jump instructionsfrom thedispatcher.

(Again,themotorcommandsareomittedfor clarity.) TheState Dispatcher is at theheartof thestatemachine.
Its function is very simple: it calls the appropriatesubroutinebasedon theCURRENT_STATE. In a high level
language,thiswouldbeaCASE statement.We’ll seein amomenthow it translatesinto assemblylanguagesource
code.

Eachstateis implementedasa subroutine.A statesubroutinechecksthe varioustransitionconditionsand
if noneof themaremet the routinesimply returns. However, whena statesubroutinedetectsthat a particular
transitionconditionhasbeenmet it changestheCURRENT_STATE to the appropriatenew valueandreturns.
This new value of CURRENT_STATE then causesthe statedispatcherto transfercontrol to someother state
subroutine.

Notice that the programnever loops in a delay in any of the statesubroutinesor anywhereelse. It loops
throughthestatedispatcherandthecurrentstatesubroutine.
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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
If FWD_BUMP then

CURRENT_STATE := REVERSE
Mark the time
Return

If T>Te then
CURRENT_STATE := ALL_STOP
Return

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

Else
Return

FORWARD_TURN: ; The FORWARD_TURN state subroutine
If T>Tfwdturn then

CURRENT_STATE := FORWARD
Mark the time
Return

Else
Return

(etc)

Figure4: StateMachinePseudocode

2.5 The State Dispatcher in Assembly Language

Now thatwehavesomeideaof thestructureof thestatemachinecontroller, let usexaminehow thestatedispatcher
translatesinto assemblylanguage.

Thestatedispatcher, representedin thepseudocodeof figure4 by thestatementCALL CURRENT_STATE,
canbeimplementedasa giantIF statementwhereeachstateis representedby a numberandthedispatchercalls
theappropriatesubroutinebasedon thecurrentstate.This is shown in figure5 onpage8.
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; Current state
CURRENT_STATE RMB 1

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

.
(etc)

.
**********************************************************************
* State Dispatcher
*
* This routine calls the appropriate state handler based on the current
* state.
* Input: Current state in ACCA
* Returns: None
* Clobbers: Everything

; State Dispatcher
DISPATCHER CMPA #START ; If it’s the START state

BNE NOT_START
JSR START_STATE ; then call the START routine
JMP 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
JMP 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
JMP DISP_EXIT ; and exit

NOT_REVERSE (etc)
.
.

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
JMP DISP_EXIT ; and exit

NOT_STOP_STAR SWI ; Else the current state is not defined, so stop

DISP_EXIT RTS ; Exit from the state dispatcher

Figure5: StateDispatcherin AssemblyLanguage
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Thingsto notice:
� TheCURRENT_STATE is allocatedonebytein RAM with anRMB 1 assemblerdirective. For monitoring

purposes,someotherroutine(notshown) couldreadthisvariableandputsomethingonadisplayto indicate
thecurrentstateof therobot.

� Thevariouspossiblestatesaredefinedin assemblerdirectiveEQU statements.Themicroprocessorcanonly
work with binarynumberssoit is necessarythateachstateberepresentedby anumbereventually. However,
in theassemblylanguagesourcecodeit facilitatesreadingthecodeif thestatesaregivensymbolicnames.
Thenthereaderdoesn’t have to rememberthatthestatenumber1 is theFORWARD state.

This illustratesthegeneralconceptthatwe shouldwrite theassemblylanguagein theform that is clearest
to a humanreaderandlet theassemblerturn that informationinto a streamof bytesthat themachinecan
interpret.More succinctly:Let the assembler do the work.

� Thedispatcheris implementedasa subroutine,startingwith the routinenameDISPATCHER andending
with anRTS statement.Sothedispatcherwouldbecalledwith theinvocation

LDAA CURRENT_STATE
JSR DISPATCHER

Any routinethathasto becalledon a regularbasiswouldbeplacedbeforethesestatements.

� The routine hasone entranceand one exit point. Eachsuccessfultest for a statecomparisoncalls the
appropriatesubroutineandthenexits via theDISP_EXIT address(theRTS instruction). We couldhave
placedanRTS instructionat the conclusionof eachtest, insteadof the JMP DISP_EXIT instruction.
However, it simplifiesdebuggingif thedispatcheris structuredwith only oneentryandoneexit point: it
simplifiestheplacingof breakpointsduringdebugging.This is ageneralrule thatshouldbefollowedin the
constructionof all subroutines.

� If theCURRENT_STATE is not successfullycomparedwith any of thestates(sayit hadbecomethevalue
37,for example),thentheprogramwill arriveat theaddressNOT_STOP_STAR, in whichcasewebreakto
themonitorprogramwith anSWI instruction. Thechancesof this happeningareremote,especiallyonce
theprogramis debugged,but it is betterto have this simpleerror-checking featurethannothingat all. An
evenbettersolutionwouldbeto call someroutineto displayanerrormessage.

� Thecommentsdo not mimic thecodeoperation.For example,thefollowing commentis not useful:

LDAA FOOBAR ; Load the accumulator with FOOBAR

Presumably, wecandeterminewhattheinstructiondoesexactlyby readingthecode,sothecommentis not
helpful. Whatwe really needto know is what is intent or objective of this instruction in the context of the
larger program? Soa commentlike

LDAA FOOBAR ; Set up for calling the state dispatcher

is muchmorehelpful.

Further, you canseethatsomeinstructionsarenot commented.Sometimes,it is clearernot to commentat
all. And a few clearcommentsaremuchmorevaluablethanunclearcommentson every line.

Goodcommentstakecarefulthoughtandcreativity.
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2.6 The State Routines in Assembly Language

Now we examinetheinternaldetailsof somestateroutines.

The START Routine

This routineimmediatelytransitionsinto theFORWARD routine,soit’s verysimple:

****************************************************************
* START STATE HANDLER
*
* Ensures that the motors are off
* Advances state unconditionally to the FORWARD state.

* Passed: Current state in ACCA
* Returns: New state in ACCA
* Clobbers: None

ST_START JSR BOTH_MOTORS_OFF ; Turn off the drive motors
; (if they’re on!)

JSR INIT_FORWARD ; Initialize the FORWARD state
LDAA #FORWARD ; Go into the FORWARD state
STAA CURRENT_STATE
RTS

Figure6: START StateRoutine

WeassumethatthesubroutineBOTH_MOTORS_OFF existssomewhereelsein theprogram.Theroutinecalls
this to disablethemotors.

Theroutineis aboutto transitioninto theFORWARD state,so it shoulddo the initializationsrequiredby that
state.Theroutineto initialize theFORWARD stateis shown in figure7 on page11.

TheroutineINIT_FWD turnson both themotorsandthensetstwo alarmtimes,
� ���
	

and
���
� 	

, in theway
thatwasdiscussedin Lab4.

Notice that the initialization of the FORWARD stateoccursin the states that call it. It can’t occur in the
FORWARD stateitself becausethenit would beinitialized repeatedly, every trip aroundthedispatcher-stateloop,
which is not whatwewant.

Backnow to ST_START: having initialized theFORWARD stateit advancesthestateto FORWARD andexits.
Thestatedispatcherthatwe discussedearlierwill sendtheprogramto theST_FORWARD routine.

The FORWARD Routine

Thisstateroutineis shown in figure8 on page12. It’scomplicatedby thenumberof possiblebranchesout of the
FORWARD stateto otherstates.
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****************************************************************
* INITIALIZE ’FORWARD’ STATE
*
* This routine is called whenever the ’FORWARD’ routine is entered.
* It turns both the motors ON
* It initializes the alarms used in by the FORWARD state.

* Passed: Nothing
* Returns: Nothing
* Clobbers: None

INIT_FWD JSR BOTH_MOTORS_ON ; Turn on the drive motors
; (if they’re off!)

LDAA TOFCOUNTER ; Mark the ending time Te
ADDA #END_INTERVAL
STAA T_END
LDAA TOFCOUNTER ; Mark the fwd time Tfwd
ADDA #FWD_INTERVAL
STAA T_FWD
RTS

Figure7: Initializing theFORWARD State
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****************************************************************
* FORWARD STATE HANDLER
*
* Algorithm:
* If FWD_BUMP then
* Initialize the REVERSE state
* Change the state to REVERSE
* Return
* If Tc>Tend then
* Initialize the ALL_STOP state.
* Change the state to ALL_STOP
* Return
* If Tc>Tfwd then
* Initialize the FORWARD_TURN state
* Change the state to FORWARD turn
* Return
* Else
* Return
*
* Passed: Current state in ACCA
* Returns: New state in ACCA
* Clobbers: Everything, probably. Make no assumptions.

ST_FORWARD JSR CHK_FWD_BUMPER ; If FWD_BUMP then
BCC NO_BUMP
JSR INIT_REVERSE ; initialize the REVERSE routine
LDAA #ST_REVERSE ; set the state to REVERSE
JMP FWD_EXIT ; and return

NO_BUMP LDAA TOFCOUNTER ; If Tc<>Tend then
CMP T_END ; we should stop the robot
BNE NOT_END ; so
JSR INIT_ALL_STOP ; initialize the ALL_STOP state
LDAA ALL_STOP ; and change state to ALL_STOP
STAA CURRENT_STATE
JMP FWD_EXIT

NOT_END LDAA TOFCOUNTER ; If Tc<>Tfwd then
CMP T_FORWARD ; the robot should make a turn
BNE NO_TURN ; so
JSR INIT_FORWARD_TURN ; initialize the FORWARD_TURN state
LDAA FORWARD_TURN ; and go to that state
STAA CURRENT_STATE
JMP FWD_EXIT

NO_TURN NOP ; Else

FWD_EXIT RTS ; Return to the MAIN routine.

Figure8: ForwardStateHandler
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Notes:

� Thebumperis checkedwith theinstructions

JSR CHK_FWD_BUMPER ; If FWD_BUMP then
BCC NO_BUMP

We’reassumingthatthereissomeroutineCHK_FWD_BUMPER thatdetermineswhethertheforwardbumper
is actuated.(You built sucha routinein Lab 4). This routinereturnswith thecarryclearedif thebumperis
notactuated,andwith thecarrysetif thebumperis actuated.

This useof the carrybit, asa flag to indicatewhethersomeconditionis true or false,is very commonin
assemblylanguageprograms.

� Thelastconditionalbranchis BNE NO_TURN. We couldhavewritten this asBNE FWD_EXIT. However,
asa minor matterof style, theNO_TURN label is more informative andwe canassociateit with a NOP
instructionsothattheeffect is equivalent.Thisgivesusaplaceto put theELSE comment,which improves
readability. (Youropinionmaydiffer.)

� Notice that the orderin which thesevariousconditionsarechecked implitly setsa priority to the events.
For example,thefirst conditionchecked is whetherthebumperis actuated.If it is setthatdeterminesthe
next state,regardlessof thestateof thevarioustimers.

2.7 Organization of the Robot Roaming Program

Fromtop to bottom,theRobotRoamingprogramwill consistof:

� EquatesandMain Loop

� DispatcherandStateSubroutines

� Utility Subroutines

The programis organizedas it would be decomposed:from top to bottom,startingwith the main routine
throughto theutility subroutines.Thecontentsof eachof thosethreesectionsarenow listedin greaterdetail.

Equates and Main Loop
� equatesof thesymbolicaddresses,usingEQU directives.For example,thevariousmachineregisterssuch

asADCTL would bedefinedhere.

� definitionsof constantssuchasthetimedelays,alsousingEQU directives

� startof theDATA areaat $6000usinganORG directive.

� theworking registersin RAM, usingRMB directives

� pre-initializedmessagestrings(for theLCD) usingFCC directives.

� startof theCODE or TEXT areaat $6500usinganORG directive. A goodnamefor theentrypoint of this
codewould beSTART: this is wheretheprogramstarts.
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� instructionsthat initialize the system. For example, this is wherethe TOF counterinterrupt would be
initializedandglobalinterruptsenabled.

� themain loop routine,namedMAIN. Thiscallsany subroutinesthatmustoperateonarepeditivebasis(such
asupdatingtheLCD), followedby thestatedispatcher. Thestatedispatcheris calledasa subroutinewith
theinstructionsequence:

LDAA CURRENT_STATE
JSR DISPATCHER

The DISPATCHER subroutinecalls the appropriatestatesubroutine,which executesand returnsto the
dispatcher. Thedispatchersubroutinethencompletesandreturnscontrolbackto themainloop.

The last instructionin the main loop is a JMP MAIN instructionto returncontrol backto the startof the
mainloop.

Dispatcher and State Subroutines

Thesesubroutinesarethemakeup thestatemachine.

� Thedispatcher directscontrol to theappropriatesubroutinebasedon thevariableCURRENT_STATE. It’ s
thetraffic copof thestatemachine.

� Thereis one state routine for eachstatein the diagram. Eachstateroutineexaminesvarioustransition
conditions,selectswhatshouldhappennext (thenext state), andinitializesthenecessaryconditionswhen
statetransitionis to occur.

� Variousstate initialization subroutinescontaintheinstructionsthatsetup for entryinto anew state.

Utility Subroutines

This areaof the programis a collectionof all the othersubroutinesnecessaryto make the programa working
system.For example,thefollowing subroutineswouldbefoundhere:

� Initialize andservicetheinterruptdrivenTimer Overflow counter.

� Checkthebumperswitchesandupdatethebumperswitchregister.

� ReadtheA/D converter(usedto readthebumperswitchsignals).

� 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 debugaprogramwhenyoudonotunderstandeverydetailof it’s
operation.If somethingis obscure,gethelpfrom your lab instructor.
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2. CollectandorganizetheUtility Subroutines sectionof theprogram.Thesearesubroutinesthatweredevel-
opedin previouslabexercises,sothey shouldbefunctionalasis. If thereis any doubtthatthey areworking
properly, retestthem.Makesureit is clearwhateachroutineis passedandreturns.Problemsoftenoccurat
theinterfacesto routines.

3. Build asubsectionof thestatemachine.ImplementingtheSTART,FORWARD andALL STOP statesmight
be a goodchoice. This will requirewriting the sectionof the dispatcherthat dealswith thesestatesand
thethreestateroutinesthemselves.Debug this by breakpointingthedispatcherandcheckingthat thestate
advancesasit is supposedto do.

4. Add in theremainingstatesandtestthecompletedstatemachine.

2.9 Bench Testing

Youwill nothavea lot of timeto debugthisprogramontheactualrobot.However, youcanassembletheprogram
andrun it on theMPPV1benchsystems.

Modify the bumperdetectroutineto usethe potentiometeron channel1 of the benchsystem,andthenyou
cantestwhetherthebumperroutineswork by rotatingthepot up anddown.

If yourmainloopincludessomesortof adisplayroutineof thecurrentstate,thenyoucancheckthattheentire
program,exceptfor themotordriveroutines,is operatingcorrectly.

You shouldhave someindicationon theLCD of what themachineis in. This is a very helpful indicationof
whatthemachineis doingat any giventime. A one-digitnumberor letteris sufficient.

It is alsoveryhelpful if yourprogramtriggerstheALIVE indicatorto show thatit is loopingthroughthestate
machinedispatcher. Then,if theprogramcrashesfor somereason,youwill know immediately.

At this point, you arereadyto move theprogramontoa robot. Theonly thingsleft to testshouldbethat the
bumperroutineandthe motor drive instructionswork on the actualhardware. Sincetheseweredevelopedand
testedearlier, they shouldbeworking correctly.

2.10 Operating the eebot

Herearethestepsin operatingthemobileeebot.

1. Ensurethatyour programis debuggedto theextentpossibleon thebenchsystem.It is muchmoredifficult
diagnosingsoftwareproblemson themobilerobot.

2. Ensurethattherobotbatteryis charged.

3. Disconnecttheserialcablefrom thebenchsystemandplug it into themobilerobot.

4. Turnon therobotLOGIC power. TheLCD shouldshow thenormalBuffalomonitorsign-onmessage.

5. Usevt6811 to downloadtheworkingprograminto themobilerobot.

6. Starttheprogramwith aG command.

7. Disconnecttheserialcable.

8. Movetherobotover to thedemoarea.

9. Turnon therobotMOTOR power. Themotorsshouldnot run at this point.
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10. Placetherobotin thedemoareaandactuatethefront bumper.

11. Therobotshouldstartrunningin theFORWARD stateandgo throughits paces.

12. Whenyou want to stop the robot, actuatethe rearbumper. If the robot is out of control, switch off the
MOTOR power.

3 The Assignment

Yourassignmentis to write theRobotRoamingprogramasdescribedin thestatediagramof figure1.

� A passinggradewill beassignedif themachinecancorrectlymovethroughtwo statesontheMPPV1bench
system.

� A full markwill beassignedif themachineexecutesall thestatesontheMPPV1benchsystem.In thiscase,
you will beprovideda batterypoweredrobotandandcanturn it loosewith theRobotRoamingprogram
providing guidance.

� Bonusmarkswill begivenif themachinecansimultaneouslyshow batteryvoltageandcurrentstateon the
displaywhile operatingtheguidanceprogram.
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