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1 Intr oduction

Pluto’s architecturas basedn mobility whichis basecon CORBA usingtheomni
ORB. Onecanreadthe ATRV2 softwaremanualto learnaboutmobility, thename
serviceandMOM (mobility objectmanager).

To run arything on pluto one mustfirst have the nameservicerunning, (type
name-i or name-r). Whenl usetheword 'module’ belon | dont usuallymeana
linux modulebut ratheranordinaryprocessun asa mobility module.

Theindividul modulesof pluto’s softwarearerun asseperatgrocesses/hich
communicatausingthe mobility corbaclassesOnecanview the currentlyloaded
modulesin MOM. Most moduleswill try to startary modulesthey need,if they
dont find themalreadyrunning. This canleadto problemshowever sol suggest
startingthe lowestlevel moduledirst with the startbasicscriptor runningtheindi-
viual scripts. (seebelav for a discriptionof the scripts). Thereasons thatsome
of the senersneedto do someinitialization of the sensordeforethey areup and
running. Thatdelaycanfoul thingsup. Checkthateveryoneis really sendingdata
beforestartinganything higher (use’mom’, 'ps -a-f’ and,of course killall -9").

2 Architecture
As of thiswritting, we have thefollowing modulesrunningon Pluto:

e Hardware:

— ATRV2 (basesemr),

— dmuModule(inertial sensor),
— sickModule(laserscanner),
— wristModule(pan/tilt unit) and
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— gpsModule.
e Navigation:

— localModule(localization),
— poseModuleand
— slamModule.

e Movement:

— driveModule,
— avoidModuleand
— motionModule.

e Other:

— Follow Module



We have alsohada compassandwill soonaddan arm, a weatheranda gas
sener.

Thenfinally we have, not a module, (hasno mobility interface), but rather
a translationprogrambetweenmobility anda muchsimplier xml interface using
soclets:thexmlSener.

In additonthereis a datacollectionprogramto save datato diskwhichalsocan
be usedto just startup a bunchof sensoiseners.

Now | will try to lay out the big picture by describingthe main partsof the
architecture.

Themostimportantmoduleis thebaseserr. Thiswasprovidedby RealWorld
Interfaceswith the robot. It providescontrol of the motors,odometry sonarand
bumpersdata. Its interfacesare describedn the software manualpagesfor the
ATRV2. It isimportantto understandhesenterfacesasthe NavigationandMove-
mentinterfacesare basedon the basesemr odometryand drive interfaceswith
enhancements.

3 Navigation Summary

All oneneedgo understandboutthe Navigation packages the localizationser

vice. Thelocalizationservice,(localModule),usesthe odometry dmu andwrist

orientationdataalongwith timing informationfrom the sick to provide five differ-

ent poseinterfaces. Besidesfusing the odometerandinertial datait providesthe
otherprogramsaninterfacewherethey canfind the poseinformationthey need.It

alsoprovidesa way for themto shareimproved poseinformationwith ary other
modulesthat may benefitfrom it. Thus,poseinformationis the bestavailablere-
gardlessof whetherthe poseModulethe slamModule neitheror somenew pose
estimationprocesss running.

Thefive poseinterfacesof thelocalModulehave the CORBA names:

Localization/Dead-Redhing

Localization/LaseiDead-Reckning

Localization/PosPose

Localization/Pose

Localization/LaselPose

The first interface, ”Localization/Dead — Reckoning”, is just a deadrecloning
estimateof the positionof the robot sincethe localModulestarted. (The starting



poseis readfrom afile). Thisis usefulif continuity of the poseis a requirement.
This estimatewill drift overtime but will not suddenlyjump to a new value. The

poseis of a point on the groundwherethe’X’ formedby lines betweenopposite
wheels,crosses(in short,the centerof therobot). The poseis 6 numbergx, y, z,

theta,phi, psi). The anglesaredefinedasthetaaroundthe z-axis(z is vertical up

in therobotframe),followed by phi aboutthe y-axis (y is left in the robotframe),
followed by psi aboutthe x-axis, (x is forwardsin the robot frame). Thus, the

angleg0,0,0)have therobotflat facingthex direction.

Theotherinterfacesarebestunderstoodby describinghow thepose(andslam)
moduleusegheinterfaces.

The poseModuleonly communicatesvith the sickModuleand localModule.
No modulesneedto know aboutpose(or slam). The posemodulereadsfrom
the” Localization/Laser_Dead — Reckoning” interfacewhich updatesaseachnew
laserscanbecomesavailable. This interface givesthe poseof the laserandthe
wrist atthetime thelaserscanwastaken, (ie. beforeit wassentout over theserial
cable). Also provided is the estimatecerror covariancein the differencebetween
this poseandthe previous one. This increamentatovarianceis neededo do the
predictstepin akalmanfilter.

The poseModulghencalculatesanimproved estimateof this poseandwrites
it to ”Localization/Post_Pose”. The localModulereadsthis interfaceand usesit
to calculateanadjustmento the dead-reckning estimatesThelasttwo interfaces
thencoorespondo thefirst two but after the adjustmentndwith the covariance
matrix coorespondingpo the bestestimateof the absoluteposeerror.

Thefive interfacesare:

e (0)”Localization/Dead — Reckoning” - Dead-reckning of the currentpose
from startof localModule.

e (1)”"Localization/Laser_Dead — Reckoning” - Dead-reckning of laserand
wrist at the time of the latestscan. This is differentin spaceandtime from
thefirst interface. The wrist panandtilt areappendedo the 6 otherpose
dimensiondor a 8-D posevector The covariancerefersto (x,y, theta)only.

e (2) "Localization/Post_Pose’ — Input to the localModule of poseimprov-
ments. If cmdFlagsc0 this is interpretedas a robot poseotherwiseit is a
laserpose. The poseusescmdFlagsl andthe slamuses2 and 3. cmd-
Flags==0ndicatesthatno oneis updatingthisinterface.

e (3)”Localization/Pose’ — 0 adjustedby 2.
e (4)”Localization/Laser_Pose” — 1 adjustedoy 2.



| startnumberingfrom 0 asthis is how the loc_proxy numbersits interfaces.
Whenonecreatsa loc_proxy onemustspecifywhich interface(s)oneplanson us-
ing. Thisis doneby passingan integer equalto the sumof 2" for eachinterface.
Soif youwantinterfacesO and 3 you pass9 (=1+8) whencreatingthe loc=nev
loc_proxy(agc, amy, 9); Thereafteronecancall loc->get pose(ppose,3); for in-
stanceo readthethird interface.

Most other moduleswill wantto use eitherinterface 0 or 3, dependingon
whethercontinuity or global consistang is important. If the moduleis usingthe
laserit will needinterfacesl or 4.

4 MovementSummary

Themovementmodulesarearrangedn achain. Thelower down the chainamod-
uleisthesimplierthebehaiour andthesmallerthetime anddistancescalesare. At
the bottomis the basesermr. It hasa commandnterfaceof type Actuator Sate.i.
The othermodulesmirror this interfacebut dependingon the cmdFlagsnay mod-
ify thecommandasit passeshruthem.

What | meanto say is that eachlink in the chainreadsfrom its command
interface(anActuator Sate_i) andwritesto thenext link’s commandnterface after
possiblymodifing the command. Thus, at the top of the chain (motionModule)
thecommandhasmary possiblecmdFlagswhile atthe bottom,(basesermr) only
cmdFlags=0s possible).

In orderto controlthis chainsomeinformationmustbe sentthe otherway, up
thechain.For thatthestatusnterfaceis used(a FVectorSate i). It startsoutatthe
bottomwith very little information (the basesemr hasno statusinterfaceat all),
and containsmore informationthe as one moves up the chain. The chainlinks,
alongwith their corbacommandandstatusinterfacenamesare:

1. "ATRV2/Drive/Command’{baseserar)

2. "drive/command™drive/status’(driveModule)

3. "avoidance/command avoidance/stattis(avoidModule)

4. "motion/command™motion/status”;(motionModule)

The basesemr just provides velocity control of the motors. One canseta
linear and angularvelocity, (command.elocity[0..1]). Actually the basesener
cando morethanthis but thisis all | use.

The drive sener provides somecollision protection,dynamicconstraintsand
aregulationloop to hold a heading.It stopstherobotif the bumpersarepressed
andlimits theaccellerationslf onesetsthecmdFlaggo 1 onecanspecifya speed
andanangleto make thetherobotturn to theangleandmove at the speed{com-
mand.position[1land command.elocity[0]). If oneaddsl10 to the cmdFlagsthe



drive addssonarcollision protection.

Thisis thegenerabpatternbut thelist of optionsgetslonger TheavoidModule
candogotocommandsnduseghelaserandsonaro steeraroundobstaclegrather
thansimply stopingasdrive does).Onecannow give anx andy to gotobut if there
arecomple« structuresn theway therobotwill notbeableto drive aroundthem.

The motionModulecarriesout relatvely complex motion behaiours suchas
explore, moveto (goto with simplepathplanning)andinvestigate.It controlsthe
wrist aswell in orderto do active scanningmoving the laserto seeto the sideor
theground.

5 File Structure

The programddirectory of the mobility usercontainsall of our code. It hasa src
directory(headersand.cppfiles), alib directory(objectcode)anda bin directory
(executabldiles). Thisis nicerthanhaving everythingmixed up asthe objectcode
is hugeto backup andbackupof it shouldnotbe needed.

Most of themoduleshave a similarfile structurefor thesourcecode.Themain
programis in afile calledxxxModule.cpp. This createghe corbainterfacesand
the control threadandthengoesinto a default_main_loop(). The controlthread
is usuallyin afile calledxxx_control.cpp andmay or may not startautomatically
Therearethenotherfiles to do the work of the module,typically a xxxer.cpp file
andmaybemore.In somecaseghexxx_control.cpp file usesanassistantontroller
calledxxx_boss.cpp, if the controlwould otherwisebecomeoo complex.

Themale files areincludedin eachsourcedirectory For the higherdirectories
therearethreescriptsincluded,makeit, cleanitandtarit. They dothatto everything
in thelower directories.Usuallyonedoesabackupor file transferof justthesource
codeby typing tarit; If you wantto force a recompileof everythingtype cleanit;
makeit; This of coursecantake sometime so planon doing somethingelsewhile
everthingrecomplies.

To run eachmodulea scriptis includedthat runsthe modulein the backround
asa deamon. Thesescriptshave namesbase server, dmu_server, avoid_server,
pose_server ... By specifing-k’ afterthe scriptnameonecankill thedeamon.

To facilitateusingthe modules eachmodulehasone or moreproxies. These
arein the proxiesdirectory If oneneedg¢o communicatevith amoduleoneneed
only include the proxy file andthencreatea proxy objectin the cpp code. The
proxy will find or startthe neededmodule and setup communication. It then
translatesimplec++ methodcallsinto the neccesargequencef corbamessages
to carry out the command.Onethenneednot concernonselfwith the protocolof
theindiviual modulegust the simplierproxy methods.



For somesensorshe proxiescanbereplacedy readersvhich readdatafrom
afile insteadof live data.

In addition,eachmodulehasa simple userinterfacethat allows control from
the keyboard. Thesearein the sub-directoriexalled interface. They have the
namesxx_i.cpp. Theseinterfacesarea goodplaceto look to seehow to usethe
proxiesin arealprogram.

One more nice thing, in the dummiesdirectory one canfind a dummy base
sener, asdummysick sener andadummywrist. Thesecanreplacetherealthing
andwill allow oneto runall thepluto softwareasif therobotweremoving without
it moving. The odometrythenwill have no error andthe laserscanis basedon
the odometempositionanda map. The sonaris just 8 metersandthe bumpersare
alwaysopen.

By runningthe dummy senersone cantestobstacleavoidanceor othertype
controlprogramswithout having to take therobotout. Thatsavestime believe me.
Onecaneventestnavigationprograms.

Thesesimulationsreally arecrudebut onecanwork out mostof the bugswith
them. They are not suitablefor inclusionin reportsasthey really don't give a
picture of performancedo to the ideal sensors. Actually as of this writting the
dummiesare so crudeit seemghatif thingswork on themthenthey arerobost
indeedandwill work ontherealrobot.

Now | will try to describehow to usetheindividual modulesin detail.

6 Movement

6.1 The Drive Module

The driveModule provides somecollision protection,dynamicconstraintsand a
regulationloop to hold a heading. It stopsthe robotif the bumpersare pressed
andlimits theaccellerationslf onesetsthecmdFlaggo 1 onecanspecifya speed
andan angleandthe robotwill turn to the angleandmove alongthe directionat
the speed{command.position[1indcommand.elocity[0]). If oneadds10to the
cmdFlagghedrive addssonarcollision protection.

ThedriveModulehasa statusinterfaceof type:

MobilityData :: FVector Satestatus_i (corbaname="status”). This interface has
atime stamp,a vectorof floating point numbersdata[2]anda vectorof integers
element[1].

Theelement[Ojanddata]0..1Jareusedto sendinformationbackto thecontrol-
ing objectaboutobstacleshathave causedhedriveModuleto cancelacommand.
The data[O]and data[1] containthe new, slowed down, velocity values. This is
neededo avoid the situationof the controllerthinking therobotis moving whenit
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is not. Without thisthe userinterfacefeelsvery strangevhendrivig by hand.One
hits the up arrav to go afterthe robot hastimed-outandthe interfacewould send
a speeda little greaterthanthe lastcommandwhich may be totally unexpected.
By first readingthe statusthe interfaceknows the working commandvalue of the
driveModule.

Whenthe sonar(or laserusingthe avoidModule) detectsan obstacleit slowvs
therobotto a safespeedgeventuallystopingtherobotif needed.element[O]indi-
cateswherethe obstaclevasdetected:

e element[0]=0ndicatesnormaloperation.

element[0]=-lindicatesdrive timeout(about4 sec).

element[0]=-10ndicateshedrive threadis stoped.

element[0]=lindicatesthefront bumper

element[0]=2ndicatesthe backbumper

element[0]=3ndicatesthe sonarfront.

element[0]=4indicatesthe sonarback.
¢ element[0]=Sndicatesthe sonarsides.

Thecommandnterfaceis anActuator Sate. i. It hasatime stampanint cmdFlags,
afloatposition[2]andafloat velocity[2]. ThecmdFlagshouldbesetto 0, 1, 100r
11,asdescribedhbore. For cmdFlag® or 10thevelocity valueswill beusedto set
thelinearandangularvelocities. For cmdFlagsl or 11 the position[1]is usedto
setthedirection(andangledefinedby basesermr interface’ATRV2/Drive/Rav”),
thatthe robotwill drive in. While velocity[O] will setthelinearvelocity. In this
modethe robot turnssmoothlyto the directionandthenmaintainsa straightline
path. Thisis usedby the avoidModulegoto.

The drive will alsotimeout after not getting any nev commandfor about4
secondslf oneis usingtheavoidModulegotothis timeoutwill notoccurbut when
driving by handit cancausethe robotto stop. This is in casethe userinterface
crashesandstopspassingcommandsgo therobot.

Onelastthingthedrve doesis calibrationof thebasesemr odometrydata. The
calibrationdataarereadfrom a file andwritten to the basesemr whenthedreve
moduleis started.



6.2 The AvoidanceModule

TheavoidModulehasa statusinterfaceof type:
MobilityData :: FVectorSate (corbaname="status”). This interface hasa time
stamp, a vector of floating point numbers,data[2] and a vector of integersele-
ment[2].

The dataandelement[O]aremostly passedn from the driveModules status.
Theelement[1l]indicatesthe simpleavoid gotostatus.The avoid gotois a straight
line gotowith simpleavoidance.

e element[1l}= 1 gotopointis reachedwith cmdFlags=(0212,22,32).

element[1]= 2 gotois stuck(sonardetectedsomethingoo close).

element[1]= -1 gotois normal.

element[1}= -10if avoid threadis stoped.

e element[1}- O otherwise.

When sendinga goto commandone setscommand.positionx,y (this is in the
"Localization/Pose’frame). Thenone cancheckelement[1]==1to seewhenthe
robotis there.

Onemightwantto stopthe avoid threadif onewantsto controlthe drive mod-
ule directly without passinghe commandhroughthe avoidModule. Onecansee
if the threadis runningor not by checkingelement[1]==-10.All threadscanbe
startedby sendinga startactivity command,(seethe proxy). Threadswill not
careif you try to startthem twice, so don't worry aboutthat. If you want to
stopthe avoid threadyou canalsodo that by sendingthe releaserobot command
(cmdFlags= —1).

The avoidModulealsoprovideslasercollision protectionsimilar to the drive-
Module sonarprotection. It thenchangeslement[OJanddataif an objectis de-
tectedtoo closewith thelaser

e element[0]=7indicatesthe laserscannehashada fatal errorandis reboot-
ing.

e element[0]=6ndicatedaserslow/stop.

Thevalueof data[0..1]is setto the new velocity commandvalues.

Thecommandstructures similarto thedrive. ThecmdFlagsarecomprisedf
two parts,the commandypeandthe avoidance.Thesecorrespondo the onesand
tensdigit in thecmdFlags=10*A+T



e A= avoidance,

e A=0 bothoff

e A=1 sonardetectiononly

e A=2 |laserdetectiononly

e A=3 bothon

e T=commandype,

e T=0 Velocity controlof driveModule,specifyvelocity[0..1]

e T=1 Regulatormodeof drive (specifyvelocity[0] andposition[1]) =>drive
will hold thatspeedandangle.(now relative to interface(3) (adjusted-obot
pose)of thelocalModule).

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

position="LocalizatiofPosé x,y of thegoalpoint.
velocity=maximuminearandangularvelocities.
force=1default

>1 makesavoidancewealer (goalstronger)

<1 makesthe avoidancestronger

e T=3 wall follow

In addition, as describedabore, one can usecmdFlags=-1to stop the avoid
thread.

Thegotocommand{cmdFlags= 2,12 22 32), will try to goaroundobstacles
usingavectorsummatiorrule. It reactso near(<3m)obstaclesisingthelaserand
sonar It thenwill steeraroundthe obstacle.This workswell for someobstacles
suchaspeople.For buildingsthe gotois ratherclumsydriving right up to thewall
thenmaybefollowing it slowly to the corner It caneasilygettraped.Themotion
moduleusesthis gotoafterdeterminingthatthe pathis probablyclear

The wall follow commandis designedto hold a camera,extendedfrom the
backandto the left of the robot, at a safebut constantdistancefrom the 'wall’.
Therobotwill move alongthewall in this posture.Oneshouldturnthewrist to the
left sothelasergetsagoodview of thewall nearthecamera.
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6.3 The Motion Module

As statedabove the motionmodulehasa statusinterfaceof type: MobilityData ::
FVectorSatestatus i(corbaname="status”). This interface hasa time stamp,a
vectorof floating pointnumbersdata[2]anda vectorof integerselement[4].

The dataandelement[0..1presimply passedn from the avoidModules sta-
tus. Theelement[2]indicatesmovetostatus.The movetois a gotowith betterpath
planning.It will move therobotdown the middle of the streetandit will try to go
aroundbuildings by moving to intersectionandthenturning, ratherthandriving
right atthe building untill it getsvery close.

The movetomodeis enteredat the endof exploreto find home.lIt canalsobe
usefulasa bettergoto but may notwork aswell asavoid gotoin somespecialsit-
uations.By monitoringelement[2]Jonecantell whenmovetois finishedor wether
it hasstarted.

e element[2]=-1if movetopointset(cmdFlagsA2 receved)

element[2]=-2f nearingmovetopoint (now usingsimplegoto)

element[2]=2f investigatedone

element[2]=1if atgoal

element[2]=0otherwise

The element[3]indicatesthe motion statusit canbe usedto seeif explore has
started the rectanglewasset... Thisis setin responsedo 40 < cmdFlags< 50.
Whenjust passingcommandgo avoidaceelement[3)will eitherbeO or-1.

e element[3}= -10if motionthreadis stoped.

e element[3}= -1 notin motionafterrectangleset

¢ element[3]= 0 if notin motionrectanglenot set

e element[3]= 11if investigatenoving towardsobject.
¢ element[3]= 12if investigatecircling object.

e element[3}= 1if scaningfor new paths

e element[3}= 3if following a path
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One might want to stop the motion threadif one wantsto control the drive
or avoid modulesdirectly without passinghe commandhroughthe motionMod-
ule. Onecanseeif thethreadis runningor not by checkingelement[3]==-10All
threadscanbestartedoy sendinga start_activity command(seethe proxy). Start-
ing the motionthreadalsostartsthe avoid thread. Threadswill notcareif you try
to startthemtwice, sodont worry aboutthat. Stopingthe motionthreaddoesnot
stopthe avoid thread. If you wantto stop both the motion andthe avoid threads
you cando thatby sendingherel ease_robot commandcmdFlags=-1).

ThemotionModulehasarectanglevhich canbesetafew ways. Thisrectangle
limits the motion of the robot to the region inside the rectangle. To seeif the
rectanglereally wassetonecancheck(element[3]==-1) put therobotmustnot be
in motionatthetime (senda stopto herobotfirst, thenaresumeafter).

Otherwiseone canseeelement[3}0 meansthat somethings going on, mo-
tion.

The commandinterface is an ActuatorSate_i and hasa time stamp,an int
cmdFlagsafloatposition[2],afloatvelocity [2] andafloatforce[0]. ThecmdFlags
<40 aresimply passedhruto theavoid module.

Thecommandshatareprocessedby the motionModuleare:

e 42 movetousingray_following positiongive (x,y)

e 43investigate
move to closestbbject
unfold arm
circletheobiject.

e 44 explore:
setrectangle(b,h)=\elocity[0..1]and
home:(x,y,theta)=currentobotposeand
then=> startexplore

e 45 start/resumexplore/goto

e 46justset
rectangle(b,h)=welocity[0..1]and
home:(x,y)=position[0..1] theta=force[0]

Thereleaseherobotwasdescribedbore. OnecansetcmdFlags=42position[0]=x
andposition[1]=yto startthemovetobehaiour. Therobotwill try to moveto point
X,y (="Localization/Pose”) Therobotwill nottry to gothroughawall but will see
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thatthe way is blocked andlook for the bestopenpath (outdoorsdefinedas 1.5
meterson eachsideof therobot). It will thenfollow thatpath(ray) checkingboth
sides,right andleft, asit goesto find arny openings.If it finds an openingit will
stopanddecideif it is betterto turn here(seta new ray) or to continue.
Themotioncanbestopeddy sendinga-1 < cmdFlags< 40. Thesamemotion
canthenberesumedy sendingcmdFlags=44Therobotmaybecomeconfusedf
the situationhaschangeda lot (ie. you drove the robotfar from the currentray),
but it will soonreturnto somekind of correctbehaiour (ie. pick anew ray).
Therectanglds definedby abaseandhieght (b,h)andahome(x,y,theta). The
homeis a point atthe centerof oneside (base)of therectanglewith thetapointing
perpendiculato the sideinto the rectangle b is the distancefrom the homepoint
to eachof the sidesperpendiculato thebase(ie. thebaseengthis actually2xb).
Theheightis thenthelengthof the sidesperpendiculato the base By settingb=0
onecanremove therectangleandtherobotcanthenmove anywhere.

7 Navigation

7.1 The PoseModule

The posemoduleusesa priori map and the laserscannerto improve the dead-
reckoning of the localizationmodule. It first extractsfeaturesrom thelaserscan
thenmatcheghemto themap. It thenfeedsthis alongwith thedead-reconingose
into a Kalman Filter to get an improved posewhich it writes to the localization
moduleasdescribedabore.

Whenthethreadis startedthe poseis readfrom the localizationsener. It then
startsupdatinguntill the threadis stoped. While the posemoduleis updaingthe
localizationmodulethe 'setter’ (seeloc_proxy) is 1. This canbe readby look-
ing atcmdFlagoninterfaces’ Localization/Post_Pose’, " Localization/Pose” and
"Localization/Laser_Pose”. Whenthethreadstopsthe setteris changedo O.

Aside from stopingandstartingthe posethreadone canusethe poseModule
to find the longestwall in front of the robot. This is usedby the pose.i to set
the odometrycalibrationvaluesusedby the basesemr (readfrom a file by the
driveModule and then setin the basesemr). One can usethis to just measure
anglesanddistance®f walls to, for instancesetthe pose.Oneshouldlook in the
pose.i and pose_proxy files to seehow to usethis. The calibrationneedgo be set
afterchangedo tire pressure.

To setthe poseone needsto first stop the posethread. Thensetthe posein
the localizationsener, usesetter=cmdFlags=-ff you want a robot pose. Then
startthethreadagain.Oneneeddo wait betweercommandantill thelocalization
interfacehaschangedsetter The pose.i givesanexampleof how to do this.
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Otherwiseit is only to be surethat the posethreadand the slamthreadare
not bothrunningat the sametime. Note thatit startsout with the threadactive as
default. It loadsthe mapfrom anxml file (you canspecify-m filename).Thereis
adefault mapfileif noneis specified.

TheposeModulaisessetter= 1 (sed oc_proxy). Theposehasacommand/status
interface of type MobilityData::F\ectorState. element[O]tells the statusof the
thread. It is O if the threadis stopedand 1 otherwise. Whenthe threadstopsit
changeghe setterto 0. Noticethatthereis only onecommandhere. Oneshould
not changearything exceptelement[1]=2as describedbelon. Otherwisethis is
really a statusinterface.

The element[1]is usedby the find wall. Setelement[1]=2to startthe find
wall. TheposeModulghensetselement[1]=-1while it searche$or thewall. Then
element[1]is setto thenumberof scanpointsin thewall (anon-ngative number).
Thedatavectorcontainss parametersf thewall (gamma,rh@ndcovariance).

7.2 The Slam Module

Theslammoduleusesa compresse#&almanFilter to creata mapwhile alsousing
the map the improve the poseestimates. Aside from saving the map not doing
odomtrycalibrationit workslike the posemodule. The slamthreaddoesnot start
automaticallywhenyou run the slamModulescript,onemuststartit whenready

TheslamModuleusessetter= 2 (3 duringsave). Theslamhasacommand/status
interface of type MobilityData::F\ectorState. element[0]tells the statusof the
thread. It is O if the threadis stopedand 1 otherwise.Whenthe threadstopsthe
setteris changedo 0. Noticethatthereis only onecommanchere.Oneshouldnot
changearything exceptelement[1]=2asdescribedbelon. Otherwisethisis really
astatusinterface.

Setelement[1]=2to save the map. The slamModulethen setselement[1]=-
1 while it savesthe map. While the mapis being saved the setteris changedo
3. Whenthe maphasbeensaved element[1]is setO andthe slamestimatecycle
continues.

Whenthe slamthreadis stopedthe mapis saved sooneshouldwait.

8 Hardware

8.1 The Sick Module

The sick Module can setupthe laser scannerbaudrate,mm/cm mode and de-
gree/halfdegree mode. The default is cm mode (80 m max), half-degree (361
scanpoints)and38400baud.This givesnew scansaboutevery 200ms.
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The sickModule has 3 differentinterfacesoneis a copy of the original rwi
interface. It wasmadeto allow old programsto run with the nev sener without
needingary changes.lt forms 181 scanpointswith a time stampat the time the
laserdataarrived at the serialport.

The secondinterface gives a timestampat the time the scanwas taken, (the
centertime of thescan.Thistime is about200 msearlierthanthefirst interface. It
alsogivesmm dataandthe numberof scanpointsavailable.

Thethird interfaceis atiming interface.lt is usedby thelocalizationserviceto
find outwhento interpolatethe dead-reckningto. The datacontainsoneelement
thenumberof scanpoints.

All datais setto -1 if a fatal error occurs. This type of error requiresthe
sick sener to rebootthe sick sensorandtakesabout20 secondsNo laserdatais
availableduringthistime. | shouldsaythatthe Corbainterfacedoesnotallow one
to changeary settingson the sick scannerFor thatonemustgo in andchangethe
sourcecodeandrecomplile,easyfor me hardfor you.

8.2 The Dmu Module

The dmuhastwo interfaces. The DMUraw_stateis just the dataoff the crossbav
inertial sensomwith the z axis changedo point up, (x forwardsandy to theleft).
Onethenhasthe pitch androll angles(kalmanfilteredin the sensoito agreewith
gravity in thelongterm)andtheangularvelocity andacceleratiorior thethreeaxis
(instantaneous).

The raw dataarereally hardto useright so usethe DMUstateinterfacein-
stead.Therel low pasdilter thevelocity andaccelerationl thenintegrateoutthe
heading theta,(position[0]). This becomeghe estimatedotal rotationaboutthe
verticalrelatve to the startingorientation.In otherwords,| candescribevhatit is
withoutusingmy handsandfeet. Thepitch androll anglesareasbeforeandcorre-
spondto theeulerangles.Thethreeposition[0..2]arethenthetaaboutthe vertical
followed by phi aboutthe y-axisfollowed by psi aboutthe x-axis. Thetimestamp
hasbeendelayedsomavhatto try andaccountfor thefilter delay

8.3 The Wrist Module

The wrist hasa caninterfaceonemustload the candriver (a linux module)with
insmod before running the wristModule. The interfaceis quite simple. There
is one commandinterface and one stateinterface. They both are of the type
ActuatorSate_i. The position, velocity andacceleratiorvectorsare (pan,tilt) in
rads,rad/secrads/(sec*sec)Onemustsetboththe velocity andaccelleratior>
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0 if youwantthe postionto change.The proxy andinterfacearethe bestmanual.
The currentpositionof thewrist canbereadoff the stateinterface.
8.4 The GPSModule

Ha! soyouwantto usethis data.Don't usethe proxyin gpsmeteto getdatainto a

Xy grid in meterunits. Otherwisethe interfaceisdiscribedin Mattiass README

file withthe sourcecode.Importantinformationis in force[0]J=numbeof satellites
andforce[3]=GPSquality. The numberof satellitesshouldbe > 5 andthe quality

shouldbe 2 for sub-meterccurag.

8.5 The Arm Module

Olf andAndreashave givenpluto anarm(notyetbut soon).
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