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1 Intr oduction

Pluto’sarchitectureis basedonmobility whichis basedonCORBA usingtheomni
ORB.OnecanreadtheATRV2 softwaremanualto learnaboutmobility, thename
serviceandMOM (mobility objectmanager).

To run anything on pluto onemustfirst have thenameservicerunning,(type
name-i or name-r). WhenI usetheword ’module’ below I don’t usuallymeana
linux modulebut ratheranordinaryprocessrunasamobility module.

Theindividul modulesof pluto’s softwarearerun asseperateprocesseswhich
communicateusingthemobility corbaclasses.Onecanview thecurrentlyloaded
modulesin MOM. Most moduleswill try to startany modulesthey need,if they
don’t find themalreadyrunning. This canleadto problemshowever so I suggest
startingthelowestlevel modulesfirst with thestartbasicscriptor runningtheindi-
viual scripts. (seebelow for a discriptionof thescripts). Thereasonis thatsome
of theserversneedto do someinitialization of thesensorsbeforethey areup and
running.Thatdelaycanfoul thingsup. Checkthateveryoneis really sendingdata
beforestartinganythinghigher, (use’mom’, ’ps -a -f ’ and,of course,’killall -9’).

2 Ar chitecture

As of this writting, we have thefollowing modulesrunningon Pluto:

� Hardware:

– ATRV2 (baseserver),

– dmuModule(inertial sensor),

– sickModule(laserscanner),

– wristModule(pan/tilt unit) and
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Figure1: Thearrows canberead’knows about’or ’needs’.

– gpsModule.

� Navigation:

– localModule(localization),

– poseModuleand

– slamModule.

� Movement:

– driveModule,

– avoidModuleand

– motionModule.

� Other:

– Follow Module
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We have alsohada compassandwill soonaddan arm, a weatheranda gas
server.

Then finally we have, not a module, (hasno mobility interface), but rather
a translationprogrambetweenmobility anda muchsimplier xml interfaceusing
sockets: thexmlServer.

In additonthereis adatacollectionprogramto savedatato diskwhichalsocan
beusedto just startup abunchof sensorservers.

Now I will try to lay out the big pictureby describingthe main partsof the
architecture.

Themostimportantmoduleis thebaseserver. Thiswasprovidedby RealWorld
Interfaceswith the robot. It providescontrol of the motors,odometry, sonarand
bumpersdata. Its interfacesaredescribedin the software manualpagesfor the
ATRV2. It is importantto understandtheseinterfacesastheNavigationandMove-
ment interfacesare basedon the baseserver odometryand drive interfaceswith
enhancements.

3 Navigation Summary

All oneneedsto understandabouttheNavigationpackageis the localizationser-
vice. The localizationservice,(localModule),usesthe odometry, dmu andwrist
orientationdataalongwith timing informationfrom thesick to provide fivediffer-
ent poseinterfaces.Besidesfusing the odometerandinertial datait providesthe
otherprogramsaninterfacewherethey canfind theposeinformationthey need.It
alsoprovidesa way for themto shareimproved poseinformationwith any other
modulesthatmaybenefitfrom it. Thus,poseinformationis thebestavailablere-
gardlessof whethertheposeModule,the slamModule,neitheror somenew pose
estimationprocessis running.

Thefiveposeinterfacesof thelocalModulehave theCORBA names:

� Localization/Dead-Reckoning

� Localization/LaserDead-Reckoning

� Localization/PostPose

� Localization/Pose

� Localization/LaserPose

The first interface, ”Localization
�
Dead � Reckoning”, is just a deadreckoning

estimateof the positionof the robot sincethe localModulestarted.(The starting
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poseis readfrom a file). This is usefulif continuityof theposeis a requirement.
This estimatewill drift over time but will not suddenlyjump to a new value. The
poseis of a point on thegroundwherethe ’X’ formedby linesbetweenopposite
wheels,crosses,(in short,thecenterof therobot). Theposeis 6 numbers(x, y, z,
theta,phi, psi). Theanglesaredefinedasthetaaroundthez-axis(z is verticalup
in therobotframe),followedby phi aboutthey-axis(y is left in therobotframe),
followed by psi aboutthe x-axis, (x is forwardsin the robot frame). Thus, the
angles(0,0,0)have therobotflat facingthex direction.

Theotherinterfacesarebestunderstoodby describinghow thepose(andslam)
moduleusestheinterfaces.

The poseModuleonly communicateswith the sickModuleand localModule.
No modulesneedto know aboutpose(or slam). The posemodulereadsfrom
the”Localization

�
Laser Dead � Reckoning” interfacewhichupdatesaseachnew

laserscanbecomesavailable. This interfacegives the poseof the laserand the
wrist at thetime thelaserscanwastaken,(ie. beforeit wassentoutover theserial
cable). Also provided is theestimatederrorcovariancein thedifferencebetween
this poseandtheprevious one. This increamentalcovarianceis neededto do the
predictstepin akalmanfilter.

TheposeModulethencalculatesanimprovedestimateof this poseandwrites
it to ”Localization

�
Post Pose”. The localModulereadsthis interfaceandusesit

to calculateanadjustmentto thedead-reckoningestimates.Thelasttwo interfaces
thencoorespondto thefirst two but after theadjustmentandwith thecovariance
matrix coorespondingto thebestestimateof theabsoluteposeerror.

Thefive interfacesare:

� (0) ”Localization
�
Dead � Reckoning” - Dead-reckoningof thecurrentpose

from startof localModule.

� (1) ”Localization
�
Laser Dead � Reckoning” - Dead-reckoningof laserand

wrist at the time of the latestscan.This is differentin spaceandtime from
the first interface. The wrist panandtilt areappendedto the 6 otherpose
dimensionsfor a8-D posevector. Thecovariancerefersto (x,y, theta)only.

� (2) ”Localization
�
Post Pose” � Input to the localModuleof poseimprov-

ments. If cmdFlags� 0 this is interpretedasa robot poseotherwiseit is a
laserpose. The poseusescmdFlags1 and the slam uses2 and 3. cmd-
Flags==0indicatesthatno oneis updatingthis interface.

� (3) ”Localization
�
Pose” � 0 adjustedby 2.

� (4) ”Localization
�
Laser Pose” � 1 adjustedby 2.
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I startnumberingfrom 0 asthis is how the loc proxy numbersits interfaces.
Whenonecreatsa loc proxy onemustspecifywhich interface(s)oneplanson us-
ing. This is doneby passingan integer equalto thesumof 2n for eachinterface.
So if you want interfaces0 and3 you pass9 (=1+8) whencreatingthe loc=new
loc proxy(argc, argv, 9); Thereafteronecancall loc-� get pose(ppose,3); for in-
stanceto readthethird interface.

Most other moduleswill want to useeither interface0 or 3, dependingon
whethercontinuity or global consistancy is important. If themoduleis usingthe
laserit will needinterfaces1 or 4.

4 MovementSummary

Themovementmodulesarearrangedin achain.Thelowerdown thechainamod-
uleis thesimplierthebehaviour andthesmallerthetimeanddistancescalesare.At
thebottomis thebaseserver. It hasa commandinterfaceof typeActuatorState i.
Theothermodulesmirror this interfacebut dependingon thecmdFlagsmaymod-
ify thecommandasit passesthru them.

What I meanto say is that eachlink in the chain readsfrom its command
interface(anActuatorState i) andwritesto thenext link’scommandinterface,after
possiblymodifing the command. Thus,at the top of the chain (motionModule)
thecommandhasmany possiblecmdFlags,while at thebottom,(baseserver) only
cmdFlags=0is possible).

In orderto controlthis chainsomeinformationmustbesenttheotherway, up
thechain.For thatthestatusinterfaceis used(aFVectorState i). It startsoutat the
bottomwith very little information(the baseserver hasno statusinterfaceat all),
andcontainsmore informationthe asonemovesup the chain. The chain links,
alongwith their corbacommandandstatusinterfacenamesare:

1. ”ATRV2/Drive/Command”(baseserver)
2. ”drive/command””drive/status”(driveModule)
3. ”avoidance/command””avoidance/status” (avoidModule)
4. ”motion/command””motion/status”;(motionModule)
The baseserver just provides velocity control of the motors. One can set a

linear and angularvelocity, (command.velocity[0..1]). Actually the baseserver
cando morethanthisbut this is all I use.

The drive server providessomecollision protection,dynamicconstraintsand
a regulationloop to hold a heading.It stopsthe robot if thebumpersarepressed
andlimits theaccellerations.If onesetsthecmdFlagsto 1 onecanspecifyaspeed
andanangleto make thetherobotturn to theangleandmove at thespeed,(com-
mand.position[1]andcommand.velocity[0]). If oneadds10 to the cmdFlagsthe
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drive addssonarcollisionprotection.
This is thegeneralpatternbut thelist of optionsgetslonger. TheavoidModule

candogotocommandsandusesthelaserandsonarto steeraroundobstacles(rather
thansimplystopingasdrivedoes).Onecannow giveanx andy to gotobut if there
arecomplex structuresin theway therobotwill notbeableto drive aroundthem.

The motionModulecarriesout relatively complex motion behaviours suchas
explore,moveto (goto with simplepathplanning)andinvestigate.It controlsthe
wrist aswell in orderto do active scanning,moving the laserto seeto thesideor
theground.

5 File Structure

Theprogramsdirectoryof themobility usercontainsall of our code. It hasa src
directory(headersand.cppfiles), a lib directory(objectcode)anda bin directory
(executablefiles). This is nicerthanhaving everythingmixedupastheobjectcode
is hugeto backup andbackupsof it shouldnotbeneeded.

Mostof themoduleshaveasimilarfile structurefor thesourcecode.Themain
programis in a file calledxxxModule � cpp. This createsthe corbainterfacesand
thecontrol threadandthengoesinto a de f ault main loop ��� . Thecontrol thread
is usuallyin a file calledxxx control � cpp andmayor maynot startautomatically.
Therearethenotherfiles to do thework of themodule,typically a xxxer� cpp file
andmaybemore.In somecasesthexxx control � cpp file usesanassistantcontroller
calledxxx boss � cpp, if thecontrolwouldotherwisebecometoocomplex.

Themakefilesareincludedin eachsourcedirectory. For thehigherdirectories
therearethreescriptsincluded,makeit, cleanitandtarit. They dothatto everything
in thelowerdirectories.Usuallyonedoesabackupor file transferof justthesource
codeby typing tarit; If you want to force a recompileof everythingtype cleanit;
makeit; This of coursecantake sometime soplanon doingsomethingelsewhile
everthingrecomplies.

To run eachmodulea script is includedthatrunsthemodulein thebackround
asa deamon.Thesescriptshave namesbase server, dmu server, avoid server,
pose server ... By specifing’-k’ afterthescriptnameonecankill thedeamon.

To facilitateusingthemodules,eachmodulehasoneor moreproxies. These
arein theproxiesdirectory. If oneneedsto communicatewith a moduleoneneed
only includethe proxy file and thencreatea proxy object in the cpp code. The
proxy will find or start the neededmoduleand set up communication. It then
translatessimplec++ methodcallsinto theneccesarysequenceof corbamessages
to carryout thecommand.Onethenneednot concernonselfwith theprotocolof
theindiviual modulesjust thesimplierproxy methods.
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For somesensorstheproxiescanbereplacedby readerswhich readdatafrom
afile insteadof livedata.

In addition,eachmodulehasa simpleuserinterfacethatallows control from
the keyboard. Theseare in the sub-directoriescalled interface. They have the
namesxxx i � cpp. Theseinterfacesarea goodplaceto look to seehow to usethe
proxiesin a realprogram.

One morenice thing, in the dummiesdirectoryonecanfind a dummy base
server, asdummysick server andadummywrist. Thesecanreplacetherealthing
andwill allow oneto runall theplutosoftwareasif therobotweremoving without
it moving. The odometrythenwill have no error andthe laserscanis basedon
theodometerpositionanda map. Thesonaris just 8 metersandthebumpersare
alwaysopen.

By runningthe dummyserversonecantestobstacleavoidanceor othertype
controlprogramswithouthaving to take therobotout. Thatsavestimebelieveme.
Onecaneventestnavigationprograms.

Thesesimulationsreally arecrudebut onecanwork outmostof thebugswith
them. They are not suitablefor inclusion in reportsas they really don’t give a
picture of performancedo to the ideal sensors.Actually as of this writting the
dummiesareso crudeit seemsthat if thingswork on themthenthey arerobost
indeedandwill work on therealrobot.

Now I will try to describehow to usetheindividual modulesin detail.

6 Movement

6.1 The Dri veModule

The driveModuleprovides somecollision protection,dynamicconstraintsanda
regulation loop to hold a heading. It stopsthe robot if the bumpersarepressed
andlimits theaccellerations.If onesetsthecmdFlagsto 1 onecanspecifyaspeed
andan angleandthe robotwill turn to theangleandmove alongthedirectionat
thespeed,(command.position[1]andcommand.velocity[0]). If oneadds10 to the
cmdFlagsthedrive addssonarcollisionprotection.

ThedriveModulehasastatusinterfaceof type:
MobilityData :: FVectorStatestatus i (corbaname=”status”).This interfacehas
a time stamp,a vectorof floating point numbers,data[2]anda vectorof integers
element[1].

Theelement[0]anddata[0..1]areusedto sendinformationbackto thecontrol-
ing objectaboutobstaclesthathavecausedthedriveModuleto cancelacommand.
The data[0]anddata[1] containthe new, slowed down, velocity values. This is
neededto avoid thesituationof thecontrollerthinking therobotis moving whenit
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is not. Without this theuserinterfacefeelsvery strangewhendrivig by hand.One
hits theup arrow to go after therobothastimed-outandthe interfacewould send
a speeda little greaterthanthe last command,which may be totally unexpected.
By first readingthestatusthe interfaceknows theworking commandvalueof the
driveModule.

Whenthesonar(or laserusingtheavoidModule)detectsanobstacleit slows
therobot to a safespeed,eventuallystopingtherobot if needed.element[0]indi-
cateswheretheobstaclewasdetected:

� element[0]=0indicatesnormaloperation.

� element[0]=-1indicatesdrive timeout(about4 sec).

� element[0]=-10indicatesthedrive threadis stoped.

� element[0]=1indicatesthefront bumper.

� element[0]=2indicatesthebackbumper.

� element[0]=3indicatesthesonarfront.

� element[0]=4indicatesthesonarback.

� element[0]=5indicatesthesonarsides.

Thecommandinterfaceis anActuatorState i. It hasatimestamp,anint cmdFlags,
afloatposition[2]andafloatvelocity[2]. ThecmdFlagsshouldbesetto 0, 1, 10or
11,asdescribedabove. For cmdFlags0 or 10thevelocityvalueswill beusedto set
the linearandangularvelocities. For cmdFlags1 or 11 theposition[1] is usedto
setthedirection(andangledefinedby baseserver interface”ATRV2/Drive/Raw”),
that the robot will drive in. While velocity[0] will setthe linear velocity. In this
modethe robot turnssmoothlyto thedirectionandthenmaintainsa straightline
path.This is usedby theavoidModulegoto.

The drive will also timeout after not gettingany new commandfor about4
seconds.If oneis usingtheavoidModulegotothis timeoutwill notoccurbut when
driving by handit cancausethe robot to stop. This is in casethe userinterface
crashesandstopspassingcommandsto therobot.

Onelastthingthedrvedoesis calibrationof thebaseserverodometrydata.The
calibrationdataarereadfrom a file andwritten to thebaseserver whenthedreive
moduleis started.

8



6.2 The AvoidanceModule

TheavoidModulehasastatusinterfaceof type:
MobilityData :: FVectorState (corbaname=”status”).This interfacehasa time
stamp,a vector of floating point numbers,data[2] and a vector of integersele-
ment[2].

Thedataandelement[0]aremostlypassedon from thedriveModule’s status.
Theelement[1]indicatesthesimpleavoid gotostatus.Theavoid gotois astraight
line gotowith simpleavoidance.

� element[1]= 1 gotopoint is reached,with cmdFlags=(02,12,22,32).

� element[1]= 2 gotois stuck(sonardetectedsomethingtooclose).

� element[1]= -1 gotois normal.

� element[1]= -10 if avoid threadis stoped.

� element[1]= 0 otherwise.

When sendinga goto commandone setscommand.position=x,y (this is in the
”Localization/Pose”frame). Thenonecancheckelement[1]==1to seewhenthe
robotis there.

Onemight wantto stoptheavoid threadif onewantsto controlthedrivemod-
ule directly without passingthecommandthroughtheavoidModule. Onecansee
if the threadis runningor not by checkingelement[1]==-10.All threadscanbe
startedby sendinga startactivity command,(seethe proxy). Threadswill not
care if you try to start them twice, so don’t worry about that. If you want to
stoptheavoid threadyou canalsodo thatby sendingthereleaserobotcommand
� cmdFlags 	
� 1� .

TheavoidModulealsoprovideslasercollision protectionsimilar to thedrive-
Module sonarprotection. It thenchangeselement[0]anddataif an object is de-
tectedtooclosewith thelaser.

� element[0]=7indicatesthelaserscannerhashada fatalerrorandis reboot-
ing.

� element[0]=6indicateslaserslow/stop.

Thevalueof data[0..1]is setto thenew velocitycommandvalues.
Thecommandstructureis similar to thedrive. ThecmdFlagsarecomprisedof

two parts,thecommandtypeandtheavoidance.Thesecorrespondto theonesand
tensdigit in thecmdFlags=10*A+T.
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� A= avoidance,

� A=0 bothoff

� A=1 sonardetectiononly

� A=2 laserdetectiononly

� A=3 bothon

� T=commandtype,

� T=0 Velocitycontrolof driveModule,specifyvelocity[0..1]

� T=1 Regulatormodeof drive (specifyvelocity[0] andposition[1])= � drive
will hold thatspeedandangle.(now relative to interface(3) (adjustedrobot
pose)of thelocalModule).

� T=2 gotomode(specifyposition[0..1],velocity[0..1]andforce[0])

position=”Localization/Pose” x,y of thegoalpoint.
velocity=maximumlinearandangularvelocities.
force=1 default
� 1 makesavoidanceweaker (goalstronger)
� 1 makestheavoidancestronger

� T=3 wall follow

In addition,as describedabove, onecanusecmdFlags=-1to stop the avoid
thread.

Thegotocommand,� cmdFlags 	 2� 12� 22� 32� , will try to goaroundobstacles
usingavectorsummationrule. It reactsto near( � 3m)obstaclesusingthelaserand
sonar. It thenwill steeraroundtheobstacle.This workswell for someobstacles
suchaspeople.For buildingsthegotois ratherclumsydriving right up to thewall
thenmaybefollowing it slowly to thecorner. It caneasilyget traped.Themotion
moduleusesthisgotoafterdeterminingthatthepathis probablyclear.

The wall follow commandis designedto hold a camera,extendedfrom the
backandto the left of the robot, at a safebut constantdistancefrom the ’wall’.
Therobotwill movealongthewall in thisposture.Oneshouldturn thewrist to the
left sothelasergetsagoodview of thewall nearthecamera.
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6.3 The Motion Module

As statedabove themotionmodulehasa statusinterfaceof type: MobilityData ::
FVectorStatestatus i(corbaname=”status”). This interfacehasa time stamp,a
vectorof floatingpointnumbers,data[2]andavectorof integerselement[4].

Thedataandelement[0..1]aresimply passedon from theavoidModule’s sta-
tus.Theelement[2]indicatesmovetostatus.Themovetois agotowith betterpath
planning.It will move therobotdown themiddleof thestreetandit will try to go
aroundbuildings by moving to intersectionandthenturning, ratherthandriving
right at thebuilding untill it getsvery close.

Themovetomodeis enteredat theendof exploreto find home.It canalsobe
usefulasa bettergotobut maynot work aswell asavoid gotoin somespecialsit-
uations.By monitoringelement[2]onecantell whenmovetois finishedor wether
it hasstarted.

� element[2]=-1if movetopoint set(cmdFlags42 received)

� element[2]=-2if nearingmovetopoint (now usingsimplegoto)

� element[2]=2if investigatedone

� element[2]=1if atgoal

� element[2]=0otherwise

Theelement[3]indicatesthemotionstatusit canbeusedto seeif explorehas
started,the rectanglewasset... This is set in responseto 40 � cmdFlags� 50.
Whenjustpassingcommandsto avoidaceelement[3]will eitherbe0 or -1.

� element[3]= -10 if motionthreadis stoped.

� element[3]= -1 not in motionafterrectangleset

� element[3]= 0 if not in motionrectanglenot set

� element[3]= 11 if investigatemoving towardsobject.

� element[3]= 12 if investigatecircling object.

� element[3]= 1 if scaningfor new paths

� element[3]= 3 if following apath

11



One might want to stop the motion threadif one wantsto control the drive
or avoid modulesdirectly without passingthecommandthroughthemotionMod-
ule. Onecanseeif thethreadis runningor not by checkingelement[3]==-10.All
threadscanbestartedby sendinga start activity command,(seetheproxy). Start-
ing themotionthreadalsostartstheavoid thread.Threadswill not careif you try
to startthemtwice, sodon’t worry aboutthat. Stopingthemotionthreaddoesnot
stopthe avoid thread. If you want to stopboth the motion andtheavoid threads
youcando thatby sendingtherelease robot command(cmdFlags=-1).

ThemotionModulehasarectanglewhichcanbesetafew ways.Thisrectangle
limits the motion of the robot to the region inside the rectangle. To seeif the
rectanglereallywassetonecancheck(element[3]==-1),but therobotmustnotbe
in motionat thetime (sendastopto herobotfirst, thena resumeafter).

Otherwiseonecanseeelement[3]� 0 meansthat somethingis going on, mo-
tion.

The commandinterface is an ActuatorState i and hasa time stamp,an int
cmdFlags,afloatposition[2],afloatvelocity[2] andafloatforce[0]. ThecmdFlags
� 40 aresimply passedthru to theavoid module.

Thecommandsthatareprocessedby themotionModuleare:

� 42movetousingray f ollowing positiongive (x,y)

� 43 investigate
move to closestobject
unfoldarm
circle theobject.

� 44explore:
setrectangle:(b,h)=velocity[0..1]and
home:(x,y,theta)=currentrobotposeand
then= � startexplore

� 45start/resumeexplore/goto

� 46 just set
rectangle:(b,h)=velocity[0..1]and
home:(x,y)=position[0..1],theta=force[0]

Thereleasetherobotwasdescribedabove. OnecansetcmdFlags=42,position[0]=x
andposition[1]=yto startthemovetobehaviour. Therobotwill try to moveto point
x,y (=”Localization/Pose”).Therobotwill not try to gothroughawall but will see
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that the way is blocked andlook for the bestopenpath(outdoorsdefinedas1.5
meterson eachsideof therobot). It will thenfollow thatpath(ray) checkingboth
sides,right andleft, asit goesto find any openings.If it finds anopeningit will
stopanddecideif it is betterto turnhere(setanew ray)or to continue.

Themotioncanbestopedby sendinga-1 � cmdFlags� 40. Thesamemotion
canthenberesumedby sendingcmdFlags=44.Therobotmaybecomeconfusedif
thesituationhaschangeda lot (ie. you drove the robot far from thecurrentray),
but it will soonreturnto somekind of correctbehaviour (ie. pick anew ray).

Therectangleis definedby abaseandhieght (b,h)andahome(x,y,theta).The
homeis apoint at thecenterof oneside(base)of therectanglewith thetapointing
perpendicularto thesideinto therectangle.b is thedistancefrom thehomepoint
to eachof thesidesperpendicularto thebase,(ie. thebaselengthis actually2� b).
Theheightis thenthelengthof thesidesperpendicularto thebase.By settingb=0
onecanremove therectangleandtherobotcanthenmoveanywhere.

7 Navigation

7.1 The PoseModule

The posemoduleusesa priori map and the laserscannerto improve the dead-
reckoning of the localizationmodule. It first extractsfeaturesfrom the laserscan
thenmatchesthemto themap.It thenfeedsthisalongwith thedead-reconingpose
into a KalmanFilter to get an improved posewhich it writes to the localization
moduleasdescribedabove.

Whenthethreadis startedtheposeis readfrom thelocalizationserver. It then
startsupdatinguntill the threadis stoped.While theposemoduleis updaingthe
localizationmodulethe ’setter’ (seeloc proxy) is 1. This canbe readby look-
ing atcmdFlagson interfaces”Localization

�
Post Pose”, ”Localization

�
Pose” and

”Localization
�
Laser Pose”. Whenthethreadstopsthesetteris changedto 0.

Aside from stopingandstartingtheposethreadonecanusetheposeModule
to find the longestwall in front of the robot. This is usedby the pose i to set
the odometrycalibrationvaluesusedby the baseserver (readfrom a file by the
driveModuleand then set in the baseserver). One can usethis to just measure
anglesanddistancesof walls to, for instance,setthepose.Oneshouldlook in the
pose i andpose proxy files to seehow to usethis. Thecalibrationneedsto beset
afterchangesto tire pressure.

To set the poseoneneedsto first stop the posethread. Thenset the posein
the localizationserver, usesetter=cmdFlags=-1if you want a robot pose. Then
startthethreadagain.Oneneedsto wait betweencommandsuntill thelocalization
interfacehaschangedsetter. The pose i givesanexampleof how to do this.
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Otherwiseit is only to be surethat the posethreadand the slam threadare
not bothrunningat thesametime. Notethat it startsout with thethreadactive as
default. It loadsthemapfrom anxml file (you canspecify-m filename).Thereis
adefault mapfileif noneis specified.

TheposeModuleusessetter= 1 (seeloc proxy). Theposehasacommand/status
interfaceof type MobilityData::FVectorState. element[0]tells the statusof the
thread. It is 0 if the threadis stopedand1 otherwise. Whenthe threadstopsit
changesthesetterto 0. Notice that thereis only onecommandhere.Oneshould
not changeanything exceptelement[1]=2asdescribedbelow. Otherwisethis is
really astatusinterface.

The element[1]is usedby the find wall. Set element[1]=2to start the find
wall. TheposeModulethensetselement[1]=-1while it searchesfor thewall. Then
element[1]is setto thenumberof scanpointsin thewall (anon-negative number).
Thedatavectorcontains6 parametersof thewall (gamma,rhoandcovariance).

7.2 The Slam Module

TheslammoduleusesacompressedKalmanFilter to creatamapwhile alsousing
the map the improve the poseestimates.Aside from saving the map not doing
odomtrycalibrationit workslike theposemodule.Theslamthreaddoesnot start
automaticallywhenyou run theslamModulescript,onemuststartit whenready.

TheslamModuleusessetter= 2 (3duringsave). Theslamhasacommand/status
interfaceof type MobilityData::FVectorState. element[0]tells the statusof the
thread. It is 0 if the threadis stopedand1 otherwise.Whenthe threadstopsthe
setteris changedto 0. Noticethatthereis only onecommandhere.Oneshouldnot
changeanything exceptelement[1]=2asdescribedbelow. Otherwisethis is really
astatusinterface.

Set element[1]=2to save the map. The slamModulethensetselement[1]=-
1 while it saves the map. While the mapis beingsaved the setteris changedto
3. Whenthemaphasbeensaved element[1]is set0 andtheslamestimatecycle
continues.

Whentheslamthreadis stopedthemapis savedsooneshouldwait.

8 Hardware

8.1 The Sick Module

The sick Module can setupthe laser scannerbaudrate,mm/cm mode and de-
gree/halfdegreemode. The default is cm mode(80 m max), half-degree(361
scanpoints)and38400baud.This givesnew scansaboutevery 200ms.
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The sickModulehas3 different interfacesone is a copy of the original rwi
interface. It wasmadeto allow old programsto run with the new server without
needingany changes.It forms 181scanpointswith a time stampat the time the
laserdataarrivedat theserialport.

The secondinterfacegivesa timestampat the time the scanwas taken, (the
centertimeof thescan.This time is about200msearlierthanthefirst interface.It
alsogivesmm dataandthenumberof scanpointsavailable.

Thethird interfaceis atiming interface.It is usedby thelocalizationserviceto
find out whento interpolatethedead-reckoning to. Thedatacontainsoneelement
thenumberof scanpoints.

All data is set to -1 if a fatal error occurs. This type of error requiresthe
sick server to rebootthesick sensorandtakesabout20 seconds.No laserdatais
availableduringthis time. I shouldsaythattheCorbainterfacedoesnotallow one
to changeany settingson thesickscanner. For thatonemustgo in andchangethe
sourcecodeandrecomplile,easyfor mehardfor you.

8.2 The Dmu Module

Thedmuhastwo interfaces.TheDMUraw stateis just thedataoff thecrossbow
inertial sensorwith thez axischangedto point up, (x forwardsandy to the left).
Onethenhasthepitch androll angles(kalmanfiltered in thesensorto agreewith
gravity in thelongterm)andtheangularvelocityandaccelerationfor thethreeaxis
(instantaneous).

The raw dataare really hard to useright so usethe DMUstateinterfacein-
stead.ThereI low passfilter thevelocity andacceleration.I thenintegrateout the
heading,theta,(position[0]). This becomestheestimatedtotal rotationaboutthe
verticalrelative to thestartingorientation.In otherwords,I candescribewhatit is
withoutusingmy handsandfeet.Thepitchandroll anglesareasbeforeandcorre-
spondto theeulerangles.Thethreeposition[0..2]arethenthetaaboutthevertical
followedby phi aboutthey-axisfollowedby psi aboutthex-axis. Thetimestamp
hasbeendelayedsomewhatto try andaccountfor thefilter delay.

8.3 The Wrist Module

The wrist hasa caninterfaceonemustload thecandriver (a linux module)with
insmodbefore running the wristModule. The interface is quite simple. There
is one commandinterface and one stateinterface. They both are of the type
ActuatorState i. The position,velocity andaccelerationvectorsare(pan,tilt) in
rads,rad/sec,rads/(sec*sec).Onemustsetboth the velocity andaccelleration�
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0 if you want thepostionto change.Theproxy andinterfacearethebestmanual.
Thecurrentpositionof thewrist canbereadoff thestateinterface.

8.4 The GPSModule

Ha! soyouwantto usethisdata.Don’t usetheproxy in gpsmeterto getdatainto a
xy grid in meterunits. Otherwisethe interfaceisdiscribedin Mattias’s README
file withthesourcecode.Importantinformationis in force[0]=numberof satellites
andforce[3]=GPSquality. Thenumberof satellitesshouldbe � 5 andthequality
shouldbe2 for sub-meteraccuracy.

8.5 The Arm Module

Olf andAndreashave givenpluto anarm(not yetbut soon).

16


