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Chapter 0

Metadata

0.1 How to Readthis Manual

Weknow thatyouaredyingto readthisentiredocument,but let usgiveyousomeadvicethatmaysaveyou
sometime. If you areonly planningto usePlayerwith theStagesimulator, thenyou shouldonly needto
readChapters1 and3 andthemanualappropriateto the languagein which you will write your programs.
For example,if you plan to usethe C++ client utilities, thenreadPlayer C++ Client Library Reference
Manual. Themanualthatyou arecurrentlyreadingonly includesdocumentationfor theC referenceclient.
Language-speci�cmanualsareprovided with the distribution (andareavailable from the homepage)for
C++, Tcl, and LISP. Client libraries have also beencontributed by usersfor other languages,including
Python,Java, andVisual C++. Theseotherclient librariesaredistributedseparately;seethe contributed
clientspagefor details:

http://playerst age. sou rc ef or ge.ne t/ cl ie nt s/c li ents .h tml
If you intendto usePlayerwith physicalhardware,thenyou shouldalsoreadChapters2 & 4 andconsult
Chapter7 in order to familiarizeyourselfwith the detailsof connectingthe hardwareandtelling Player
whereit is. If you are interestedin modifying an existing client library or writing your own, then you
shouldalsoreadChapters5 & 6, which describethemessageprotocolanddataformatsbetweenclient and
server. Finally, if you wantto hackon theserver in any way (e.g.,adda new device driver, write your own
Playerserver for adifferentlanguage/platform),thenyoushouldalsoreadChapter8, whichwill (hopefully)
provide all theinformationthatyouwill need.

0.2 A Noteon Versions

This documentdescribesthePlayerrobotserver version1.5. It appliesto Playerversions��� 1.5 (at least
until we put out anothermanual).Sincethepreviousversion,many thingshave likely changed.Thus,this
manualdoesnot apply to olderversionsof Player. You can�nd anoldermanualat thePlayerhomepage:

http://playerst age. sou rc ef or ge.ne t/ doc/ doc.h tml
In addition to providing accessto physicalhardware,Playeris also the interfaceto the robot simulators
StageandGazebo.The threesoftwarepackagesevolve independently, andso their versionnumbershave
no meaningfulcorrespondence(it usedto bethecasethatPlayerandStageversionswerematchedexactly;
this is no longertrue). For informationon which versionsof Playerandthesimulatorsarecompatible,see
theonlineFAQ: http://playerst age. so urc ef or ge.n et/ fa q. ht ml
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Chapter 1

Intr oduction

Playerwasoriginally developedby Brian Gerkey andKasperStøy;theStagesimulatorinterfacewasorigi-
nally writtenby RichardT. VaughanandAndrew Howard. Gazeboandits Playerinterfacewerewritten by
NateKoenigandAndrew Howard. Now a partof the largerPlayer/Stageproject,Player's developmentis
administeredby BrianGerkey, Andrew Howard,andRichardT. Vaughan.

Playerhashistorically beendevelopedprimarily at the RoboticsResearchLab of the University of
SouthernCalifornia,but thecurrentstateof Playeris the resultof contributionsfrom a greatmany devel-
opersandusersin unversities,companies,andgovernmentlabsaroundtheworld. For a list of signi�cant
contributors,see:

http://playerst age. sou rc ef or ge.ne t/ cr edit s.h tml
For a list of known users,see:

http://playerst age. sou rc ef or ge.ne t/ us er s/ use rs .h tml
We have tried to make this documentationascompleteaspossible.Hopefully thereis suf�cient infor-

mationherefor you to usePlayerandtheprovidedclientsaswell aswrite your clientsin your languageof
choice.

Whatdo you like? Whatdo you hate?How do you useit? QuestionsandcommentsregardingPlayer
shouldbedirectedto ourmailing lists:

http://sourcefo rg e. net /mai l/ ?grou p id=42445
andbug / featurerequesttracker:

http://sourcefo rg e. net /t ra ck er /?g ro up id=42445

1.1 License

Player is Free Software, copyrighted by its authors, and releasedunder the GNU General Public
License(GNU GPL):

This programis free software;you canredistribute it and/ormodify it underthe termsof the
GNU GeneralPublicLicenseaspublishedby theFreeSoftwareFoundation;eitherversion2 of
theLicense,or (atyour option)any laterversion.

This programis distributed in the hopethat it will be useful, but WITHOUT ANY WAR-
RANTY; without even the implied warrantyof MERCHANTABILITY or FITNESSFOR A
PARTICULAR PURPOSE.SeetheGNU GeneralPublicLicensefor moredetails.

You shouldhave receiveda copy of theGNU GeneralPublicLicensealongwith thisprogram;
if not, write to the FreeSoftwareFoundation,Inc., 59 TemplePlace,Suite330, Boston,MA
02111-1307USA
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The included Player client libraries are alsosimultaneouslyreleasedunder the GNU LesserGeneral
Public License(GNU LGPL):

Thislibrary is freesoftware;youcanredistributeit and/ormodify it underthetermsof theGNU
LesserGeneralPublicLicenseaspublishedby theFreeSoftwareFoundation;eitherversion2.1
of theLicense,or (at youroption)any laterversion.

This library is distributedin thehopethatit will beuseful,but WITHOUT ANY WARRANTY;
without eventheimplied warrantyof MERCHANTABILITY or FITNESSFORA PARTICU-
LAR PURPOSE.SeetheGNU LesserGeneralPublicLicensefor moredetails.

You shouldhave received a copy of the GNU LesserGeneralPublic Licensealongwith this
library; if not,write to theFreeSoftwareFoundation,Inc.,59TemplePlace,Suite330,Boston,
MA 02111-1307USA

1.2 Description

Whatis Player?Playeris a robotdevice server. It givesyou simpleandcompletecontrolover thephysical
sensorsandactuatorson your mobile robot. WhenPlayeris runningon your robot, your client control
programconnectsto it via a standardTCPsocket, andcommunicationis accomplishedby thesendingand
receiving of someof asmallsetof simplemessages.

Playeris designedto be languageandplatformindependent.Your client programcanrun on any ma-
chinethathasnetwork connectivity to your robot,andit canbewritten in any languagethatcanopenand
control a TCP socket. Client-sideutilities arecurrentlyavailablein C, C++, Tcl, LISP, Java, andPython.
Further, Playermakesno assumptionsabouthow you might wantto structureyour robotcontrolprograms.
In this way, it is muchmore“minimal” thanotherrobot interfaces.If you wantyour client to bea highly
concurrentmulti-threadedprogram,write it like that. If youlikeasimpleread-think-actloop,dothat. If you
like to controlyour robot interactively, try our Tcl client (or write your own client utilities in your favorite
interactive language).

Playeris alsodesignedto supportvirtually any numberof clients. Have you ever wantedyour robots
to “see” througheachothers'eyes? Now they can. Any client canconnectto andreadsensordatafrom
(andevenwrite motorcommandsto) any instanceof Playeron any robot. Aside from distributedsensing
for control, you canalsousePlayerfor monitoringof experiments.For example,while your C++ client
controlsa robot,you canrun a Tk GUI client elsewherethatshows you currentsensordata,anda Python
client that logsdatafor lateranalysis.Also, on-the-�y device requestsallow your clientsto gainaccessto
differentsensorsandactuatorsasneededfor thetaskathand.

In additionto controllingthephysicalhardware,Playercanbeusedto interfaceto therobotsimulators
StageandGazebo.

Lastbut notleast,Playeris FreeSoftware.If youdon't likehow somethingworks,changeit. And please
sendusyourpatch!

Exampleof Player Operation

As a simpleexampleof the useof Player, considerFigure1.1 (notethat for clarity, we leave out several
protocol-level interactions).The server is executinglocally on the computerto which the devicesof in-
terestareconnected.In many cases,this computeris the robot itself, but it couldalsobe, for example,a
desktopmachineattachedto a SICK laserrange-�nder. Theclient canexecuteanywherethathasnetwork
connectivity to themachinehostingtheserver.

3



Sensor data

Actuator commands

Open device(s)

Establish connection

Client Server

loop

Figure1.1: Exampleclient/serverinteraction

First, theclientestablishesa TCPsocket connectionto theserver. Theclientnext sendssomemessages
to theserver to openthedevicesin which theclient is interested.After that, theserver continuouslyfeeds
datafrom thosedevicesto theclient,andtheclientexertscontrolby sendingappropriatecommandsbackto
theserver. Verysimple.

1.3 SystemRequirements

Playerwasoriginally developedon x86/Linuxsystems,andit is still usedprimarily on thatplatform.How-
ever, with thehelpof theGNUAutotools(whichrule),Playernow buildsandrunsonmostPOSIXplatforms,
including a numberof cross-compilercon�gurations. A notableexceptionis that Playerdoesnot run on
Windows,andwe have no plansto port it to Windows (however, a Cygwinport shouldbedoable;if you're
interestedin doing this, let us know). The currentstatusof Playerfor theplatformswhereit is known to
build andruncanbefoundon theprojectwebsite.If youhave anadditionor correction,pleaselet usknow.

To build Player“out of thebox”, you needoneof thesupportedsystemsanda recentversionof GNU
gcc/g++ (weusesomeGNU extensionsto C, soothercompilerswill not work).

1.4 Getting Player

ThePlayerhomepageis:
http://playerst age. sou rc ef or ge.ne t

Checktherefor thelatestversionsof theserver andthisdocument.

4



1.5 Bugs

Depiteour diligent testing,Playeris boundto containsomebugs. If you manageto breaksomething,or if
someaspectof Player's behavior seemswrongor non-intuitive, let usknow.

To reporta bug or requesta feature,pleasedo not sendmail directly to thedevelopers.Instead,usethe
trackingfacilitiesprovidedat SourceForge; you can�nd a link on thePlayerhomepage(seeSection1.4).
Include as much information as possible,including at leastPlayerversionand OS version. A detailed
descriptionof whathappenedwill enableus(hopefully)to repeatandanalyzetheproblem.

1.6 On the NamePlayer

Playerwasoriginally namedGolem,andthe Stagesimulatorwasoriginally namedArena. However, we
soondiscoveredthatmany, many, many piecesof robotics-relatedsoftwarealreadyusethosenames.So,we
hadto make a change.We needednamesthatcapturethenow-integral relationshipbetweentheserver and
simulator, sowe chosePlayerandStage,assuggestedby a living Englishman,in referenceto a very dead
Englishman.

FromAsYouLike It Act II, Scene7:

“All theworld's astage,
And all themenandwomenmerelyplayers:
They have theirexits andtheirentrances;
And onemanin his timeplaysmany parts,”

FromMacbethAct V, Scene5:

“Life' s but awalkingshadow, apoorplayer
Thatstrutsandfretshishouruponthestage
And thenis heardnomore:it is a tale
Told by anidiot, full of soundandfury,
Signifyingnothing.”
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1.8 Citations

If you �nd Playerusefulin yourwork, wewouldgreatlyappreciateyourmentioningthatfactin papersthat
you publish. We have presentedpaperson Playerin peer-reviewed conferences;the following papersare
thede�niti ve referenceswhenciting Player[8, 5, 4]:

� RichardT. Vaughan,Brian P. Gerkey, andAndrew Howard. On device abstractionsfor portable,
reusablerobotcode. In Proc. of theIEEE/RSJIntl. Conf. on IntelligentRobotsandSystems(IROS),
pages2121–2427,LasVegas,Nevada,October2003.

� Brian P. Gerkey, RichardT. Vaughan,andAndrew Howard. The Player/StageProject: Tools for
Multi-Robot andDistributed SensorSystems. In Proc. of the Intl. Conf. on AdvancedRobotics
(ICAR), pages317–323,Coimbra,Portugal,July 2003.

� Brian P. Gerkey, RichardT. Vaughan,KasperStøy, Andrew Howard,Maja J Mataríc andGaurav S
Sukhatme. Most ValuablePlayer:A RobotDevice Server for DistributedControl. In Proc. of the
IEEE/RSJIntl. Conf. on Intelligent RobotsandSystems(IROS), pages1226–1231,Wailea,Hawaii,
October2001.

If youhave space(andarefeelinggenerous),youcanalsoinserta footnotesimilar to thefollowing:

Playeris freelyavailableundertheGNUGeneralPublicLicensefromhttp://playerstage.sourceforge.net.

By includingsuchacknowledgements,you do morethanfeedour egosandfurtherour academiccareers.
YouspreadthewordaboutPlayer, whichwill bringmoreusersanddevelopers,aswell aspleaseourfunders,
ensuringthatwe will continueto beallowedto hackon thesoftware.
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Chapter 2

Running Player

2.1 Building and Installing Player

Systemrequirements,including platformson which Playeris known to build andrun, aregiven in Sec-
tion 1.3. If you've got oneof thosesystemsandthe necessarytools (e.g.,g++), thenthe build is pretty
simple.

First,openyour sourcetarball.Genericinstructionsaregivenin INSTALL , andmoreinformationis in
README. If youdon't feel like readingthose�les, thefollowing shouldsuf�ce:

$ ./configure
$ make
$ make install

Playerwill be installedin the default location: /usr/local/ . Note that this location differs from
older versions,which were installed in $HOME. Theconfigure scriptacceptsa numberof optionsfor
customizingthebuild process,includingchangingtheinstall locationandadding/removing device drivers.
For example,to changetheinstall locationfor Player, do:

$ ./configure --prefix <path>

To seeacompletelist of suchoptions(e.g.,to enabledriversthataren't built by default),do:

$ ./configure --help

2.2 CommandLine Ar guments

Playeris executedasfollows:

$ player [-p <port>] [-s <path>] [-g <id>] [-r <path>] [-d <shlib>]
[-k <key>] [<configfile>]

Thecommand-lineargumentsaresummarizedin Table2.1,andthecon�guration�le syntaxis describedin
Chapter4. Notethatyoucanspecifyatmostoneof -s , -g , or -r ; if youspecifynoneof theseoptions,the
default is to connectto physicalhardware.
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Argument Meaning
-h Printoutusagestatement.

-p � port� ThePlayerserver shouldlistenon TCPport � port� . Default is 6665 .
-s � path� Run Playerasa child processunderthe Stagesimulator, andusememory-mappedIO

throughthe�les foundin thedirectory � path� to communicatewith thesimulator. Note
that -s shouldonly be given manuallywhenyou aredebuggingPlayer;it is really in-
tendedfor useonly whenPlayeris spawnedby Stage.

-g � id � Connectto aGazebosimulationenginewith thegivenid.
-r � log�le � Readdatafrom astoredlog �le insteadof realsensors.Forusewith thereadlog driver.
-d � shlib� ThePlayerserver shouldloadthesharedobject � shlib� . This optionis generallyused

to load device drivers from dynamiclibraries. SeeSection8.2.12for informationon
building sucha library.

-k � key � ThePlayerserver shouldenableauthentication.Clientswill be requiredto sendanau-
thenticationrequestcontaining � key � beforePlayerwill servicethem. This option is
usuallyonly speci�edthroughStage;Default is to disableauthentication.

� con�g�le � Playershouldloadandcon�gure device driversaccordingto theindicatedcon�guration
�le. SeeChapter4 for details.

Table2.1: Playercommand-linearguments

2.3 Visualization tools

Onceyou have Playerrunning,eitheron a real robotor underStage,the �rst thing thatyou might wantto
do is have a look at whatyour robot“sees.” For this purpose,we provide a graphicalvisualizationtool that
wehave foundmostusefulin ourwork. This tool, playerv , canbefoundin thePlayerdistribution,andis
installedalongsideplayer itself in thesubdirectorybin . Enjoy.
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Chapter 3

DeviceOverview

In Player, we usethenotion of a device in muchthe sameway asmostUNIX systems.That is, a device
is an abstractentity that providesa standardinterfaceto someservice. Devicesbehave similarly to �les
in that they mustbeopenedwith thecorrectaccessmodebeforeuse,andclosedafterward. Onceopen,a
devicecanbereadfrom, writtento, andcon�gured(notethesimilarity to UNIX' sread() , write() , and
ioctl() ), althoughnoteverydevice supportsall threeoperations.A conceptualoverview of thesedevice
operationsis givenin Section3.1.

As in UNIX, devices in Playerdo not have a one-to-onemappingto physicalhardwarecomponents,
andwith goodreason.For example,it sohappensthatwhenretrieving odometrydatafrom theActivMedia
Pioneer2-DX robot,onealsoreceivessonarrangedata.A clientprogramthatonly wantsto log therobot's
currentpositionshouldnot alsoreceive unwantedsonarrangedata;in fact,theclient shouldbecompletely
unawareof thecouplingthatexistsinsidetherobot,becauseit is irrelevant. In orderto presentanintuitive
interfaceto the client, Playercontrolsonephysicalpieceof hardware,the P2OSmicrocontroller, but im-
plementstwo differentdevices: position andsonar . Thesetwo devicescanbe opened,closed,and
controlledindependently, relieving the client of the burdenof rememberingdetailsaboutthe internalsof
therobot. In additionto makingsuchlogical divisions,thedevice abstractionallows usto implementmore
sophisticateddevicesthatdonotsimply returnsensordatabut rather�lter or processit in someway.

Besidescontrollingdifferentkindsof devices,Playercancontrolmultiple instancesof a givenkind of
device. For example,if youhave2 SICK laserrange-�ndersattachedto yourrobot,thenyoucanaccessboth
of themthroughtheuseof indices(seeChapter4 for how to tell PlayeraboutthedevicesandSection5.4
for protocol-level detailsof indexing). In fact,all device accessis madeby index; it just happensthatmost
of thetime, theindex is � becausethereis only oneof eachdevice.

NOTE: Playerimplementsnodevicelocking. Thatis,many clientscanhaveconcurrentaccesstoagiven
device,andthey canconcurrentlycommandit. Playermakesno attemptto arbitrateamongtheclients,and
thecommandthatis actuallysentto thedevicewill bedeterminedby therateatwhichtheclientsaresending
commands,as well as somesubtletiming issues. We purposefullychosenot to implementany device
locking, asit resultsin a more�e xible systemin which interestingideassuchaslarge-scalecollaborative
controlcanbeexplored(e.g.,[3]).

3.1 Device access:data, command,con�guration

Data

Whena client read s from a device, theclient receivesthedevice's currentdata.For a Playerdevice, the
termdatais usedto referto thesalientstateof thedevice. Of course,thisde�nition is notobjective,andfor
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somedevices,theremaybemorethanonereasonablechoiceat to whatconstitutesthedata. However we
�nd thatfor mostdeviceswe canreadilyde�ne thedataasthe informationthat is of interestto clientsand
thatchanges(relatively) frequently. For example,wheninteractingwith asonar device,whichcontrolsan
arrayof sonartranducers,thedatais simply a list of rangereadings.For a laser device, which controls
a scanninglaserrange-�nder, the dataincludesnot only the rangereadingsfrom the laserbut alsosome
currentsettingsof thelaser, suchasscanningapertureandangularresolution.We originally includedonly
the rangereadings,but found that the auxillary con�guration datais comparatively small and is in fact
requiredin orderto correctlyinterprettherangedata.In thesameway, thecontentsof a device's datawill
in generalrepresenta trade-off betweeninformationcontentandcommunicationoverhead.Keepin mind
thatadevice's datawill usuallybetransmittedto theclientat10Hz(or faster).

Command

Whena client write s to a device, theclient sendsa new commandto thedevice. For a Playerdevice, the
termcommandis usedto refer to thesalientcontrollable stateof thedevice. That is, a device's command
will generallyincludethoseparametersof the device that aremostoften changedin the courseof using
the device. For example,wheninteractingwith a position device, which controlsa mobile robot, the
commandis a setof translationalandangularvelocities. Although many otheraspectsof the robot are
user-con�gurable,mostof the time oneneedonly changethe translationalandangularvelocities,asthey
determinethe physicalpositionof the robot, which is the main point of interest. For a speech device,
which controlsthe a speechsynthesizer, we choseto make the commandthe ASCII string that is to be
synthesized;we believe that this choicepresentsa naturalinterfaceto the underlyingsynthesizer. Again,
commandspeci�cationwill be different for eachdevice, andkeepin mind that a device's commandwill
usuallybetransmittedto theserver at 10Hz(or faster).

Con�guration

All device interactionthat doesnot qualify as dataor commandmustbe implementedas con�guration.
Whereasdataandcommandareasynchronous,one-way, (pseudo-)continuous streams,the Playercon�g-
urationmechanismprovidesa synchronous,two-way, request-replyinteractionbetweenclient anddevice.
Whena client sendsa con�gurationrequestto theserver, therequestis addedto anincomingqueuefor the
appropriatedevice. At its leisure,thedevice will servicetherequest,generateanappropriatereply andadd
it to thedevice'soutgoingqueue.Thisreplywill thenbetransmittedby theserver to thewaitingclient. Thus
anotherdistinctionof con�guration,ascomparedwith dataor command,is thatcon�gurationrequestsand
repliesarenotoverwrittenandsoareguaranteedto bereceivedby thedevice andtheclient,respectively1.

In general,any kind of device interactioncanbeimplementedascon�guration,andadevice canaccept
morethanonekind of con�gurationrequest.Usually, con�guration is usedto assignor querysomeaspect
of thedevice's state.For example,wheninteractingwith a fiducial device,which �nds specialbeacons
in theenvironment,therearecon�guration requeststhatcanbeusedto setparametersusedin �nding and
identifying the beacons.Comparedto dataand commandfrequency, con�gurationsare maderelatively
rarely; if for a particulardevice a particularcon�guration changeis madevery often, then the variables
beingcon�guredshouldprobablybepartof thedevice's command.

1This is mostly true,at leastuntil the incomingand/oroutgoingqueues®ll. If the incomingqueue®lls, thentheclient will be
noti®edby theserver (seeSection5.4). If theoutgoingqueue®lls, thenthereis not really anthingto do; anyway this shouldnot
happen.
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3.2 Interfacesvs. Dri vers

In orderto supportdifferentkindsof hardware,Playermakesa distinctionbetweendevice interfacesand
devicedrivers. A deviceinterface,suchasptz , speci�estheformatof thedata,command,andcon�guration
interactionsthatadeviceallows. A devicedriver, suchassonyevid30 , speci�eshow thelow-level device
control will be carriedout. In general,morethanonedriver may supporta given interface2, thoughnot
all driverswill supportall con�guration requests.Thuswe extendin Playertheanalogyof UNIX devices,
where,for example,awide varietyof joysticksall presentthesame“joystick” API to theprogrammer.

As anexample,considerthe two driversp2os position andrwi position , which controlPio-
neermobile robotsandRWI mobile robots,respectively. They bothsupporttheposition interfaceand
thusthey both acceptcommandsandgeneratedatain thesameformat,allowing a client programto treat
themidentically, ignoringthedetailsof theunderlyinghardware.They alsoacceptcon�gurationrequestsin
thesameformat,but notall con�gurationrequestsaresupportedby bothdrivers.For example,motorpower
canbe toggledfrom softwarewith Pioneerrobotsbut not with RWI robots. Thusthe p2os position
driversupportsthecon�gurationrequestto togglemotorpower, while therwi position driverdoesnot.

All client/server interactionis doneby interface,with no referenceto the underlyingdriver3. So, for
example, if Playerhasbeencon�gured to control a single position device with index 0 and driver
p2os position (seeChapter4 for how specify this information), then the client opensand controls
the ���

�

position device. Playercould alsobe con�gured to control a secondposition device with
index 1 anddriver rwi position ; to accessit, theclientwouldopenthe

���

� position device.
Detailson Player's device interfacesanddriversaregivenin Chapters6 & 7, respectively.

3.3 SupportedHardware & Software

For a tableof thecurrentlysupportedhardwareandsoftware,checktheFAQ:
http://playerst age. sou rc ef or ge.ne t/ fa q. ht ml

2Conversely, a givendriver maysupportmultiple interfaces;theamcl andsegwayrmp driversdemonstratethis idea.
3This is almosttrue, exceptthat the driver nameis passedbackto the client whena device is opened,just in casethe client

wantsto dosomethingdriver-speci®c.
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Chapter 4

Con�guration Files

Playerneedsto know whereand how your devices are connected/con�gured. For example, if you are
controllinga SICK LMS laser, thenPlayerneedsto know to which serialport the laseris connected.The
con�guration�le is usedto tell Playerthis information.
By convention,con�guraton�les for Playerhave theextension.cfg . Someexamplecon�guraton�les are
includedin thedistribution; they areinstalledin thesubdirectoryconfig .

4.1 BasicSyntax

Player's con�guration�le syntaxis verysimilar to thatof Stage(in fact,they usethesameparserandmuch
of the following text is adaptedfrom theStageUserManual). A simplecon�guration �le might look like
this:

# The file configures Player to control a Pioneer 2-DX equipped
# with a gripper and a Sony pan-tilt-zoom camera.

position:0 ( driver "p2os_position" )
sonar:0 ( driver "p2os_sonar" )
gripper:0 ( driver "p2os_gripper" )
ptz:0 ( driver "sonyevid30" )

Thisexampleshowsthebasicsyntacticfeaturesof thecon�guration�le format:comments,devices,indices,
andproperties.

Commentsareindicatedby the# symbol;they maybeplacedanywherein the �le andcontinueto the
endof theline. For example:

# This file configures Player for a Pioneer robot

Devicesare indicatedusing interface ( ... ) entries;eachsuchentry instantiatesa device with
interfaceinterface . For example:

position:0 ( ... )

createsa device with a positioninterface(e.g.,a mobile robot). The list of availableinterfacesis given in
Chapter6.

Playercanconcurrentlycontrolmultiple deviceswith thesameinterface,andthey aredifferentiatedby
indices.Wheninstantiatingadevice, its index is indicatedwith acolonandnumbersyntax.For example
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ptz:1 ( ... )

createsapan-tilt-zoomdevice thatwill beidenti�ed with index 1. If theindex is notspeci�ed,thenanindex
of 0 is assumed.Indicesneednotbeconsecutive, but for agiveninterface,they mustbeunique.If multiple
devicesaredeclaredwith the sameinterfaceandindex, thenthe onethat is declaredlast will replacethe
others.

Deviceshave properties,indicatedusingname value pairs:

position:0 ( driver "p2os_position" port "/dev/ttyS0" )

Thisentrycreatesapositiondeviceusingthedriverp2os_position ; thatdriverwill controltheunderly-
ing robothardwarevia theserialport /dev/ttyS0 . Propertyvaluescanbeeithernumbers(6665 ), strings
(indicatedby doublequotes"robot1" ) or tuples(indicatedby brackets[1 1 0] ).

Therearetwo specialproperties,whichcanbesuppliedfor any device:

Name Type Default Meaning
driver string varies Selectswhich driver will be loadedfor this interface. If no driver

is given for a device, thenthedefault driver for the interfacewill be
used.Default driversfor eachinterfacearegivenin Chapter6.

alwayson integer 0 Tells the server to subscribeto the device whenthe server startsup.
You might usethis to frontload startuptime for drivers that take a
while to start(e.g.,acts ), to starta device thatwill never have any
directclients(e.g.,a nameservice),or for testingadriver without the
needto connecta client.

Theremainingdriver-speci�c propertiesandtheirdefaultsaregivenin Chapter7.

4.2 De�ning newdevice types

The define statementcanbe usedto de�ne new typesof devices. New devicesarede�ned using the
syntax:

define newdevice olddevice (...)

For example,theline:

define pioneer2 position (driver "p2os_position" port "/dev/ttyS0")

de�nesa new pioneer2 device typecomposedof theprimitive position device,appropriatelycon�g-
uredfor a Pioneerrobotattachedto the�rst serialport. This device maybeinstantiatedusingthestandard
syntax:

pioneer2 ()

4.3 Using include �les

Theinclude statementcanbeusedto includedevice de�nitions (or declarations)from another�le. The
de�nitions areincludedwith thefollowing syntax:

include "filename"
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4.4 Units

Thedefault unitsfor lengthandanglesaremetersanddegreesrespectively. Unitsmaybechangedusingthe
following globalproperties:

Name Values Description
unit_length "m" , "cm" , "mm" Settheunit lengthto meters,centimetersor

millimeters.
unit_angle "degrees" , "radians" Settheunit angleto degreesor radians.

Be warnedthatthelengthspec�cationappliesto theinclude�les aswell, sochoosea unit lengthearlyand
stick to it.
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Chapter 5

Client/Server Protocol

ThissectiondescribestheTCP/IPsocket interfaceto thePlayerserver. Only device-independentinformation
is given here. For interface-speci�cpayloadformats,seeChapter6. For driver-speci�c information,see
Chapter7. For language-speci�cexamples,consultthedocumentationfor theappropriateclient library.

5.1 A Noteon Data Types

We areaboutto describethe protocol-level detailsof the socket interfaceto Player. As such,it is worth
makingcleartwo detailsregardingdatatypes.First, thevariousmessagesthataresentbetweenclient and
serverarecomposedof �elds of threedifferentsizes,aslistedin Table5.1.They maybesignedor unsigned,
but they will alwaysbethesamesize.

Type size(in bytes)
byte/character 1

short 2
int 4

Table5.1: Data typesandtheir sizes

Thesecondimportantdetail is thatall dataon thenetwork is in network byte-order(big-endian)1. So,
beforesendingamessageto theserver, theclientmustensurethatall multibyte�elds (i.e.,shorts andints)
arein network byte-order. Analogously, beforeinterpretingany messagesfrom theserver, theclient must
ensurethatall multibyte�elds arein thenative byte-order. Singlecharactersrequireno specialprocessing.

Most programminglanguagesprovide somemethodfor converting from network to native byte-order
andback. For example,in C you canuselibrary functionslike ntohs() andhtons() . On the other
hand,Java handlesbyteswappingondatastreamsautomatically, andTcl offersachoiceof byte-orderwhen
usingthebinary commandto marshalanddemarshalbinarystrings.

5.2 A Noteon Time

As explainedbelow, Playermessagesoften containoneor moretime values,andit is importantthat the
client beableto interpretthemproperly. Playermeasurestime in thesameway asmany operatingsystems
(struct timeval ). Eachtimevalueis representedastwo ints;onegivesthenumberof secondselapsed

1x86 machinesarelittle-endian;thusclientsrunningon themmustbyte-swap.
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sincetheepoch(00:00:00January1, 1970)andtheothergivesthenumberof microsecondssincethe last
secondelapsed.Note that the time �elds areonly ever setby the server whensendinga messageto the
client; theclient shouldsetthemto zerowhensendingmessagesto theserver.

5.3 Connectingto the Server

First a connectionto Playerneedsto beestablished.This is doneby creatinga TCPsocket andconnecting
to Playeron port number2 6665. Immediatelyafter connection,Playerwill respondwith a 32-character
NULL-terminatedstringthat identi�es its version;if theversionstring is lessthan32 charactersin length,
NULL characterswill beaddedto lengthenit. WhenPlayeris interfacingto realdevices,thestringwill be
somethinglike:

Player v.1.2.3

WhenPlayeris runningunderStage,thestringwill besomethinglike:

Player v.1.2.3 (stage)

Theclient mustconsumethese32 bytes;whetheror not they areusedin any way is up to theclient. After
theversionstring,theserver is waiting for directionfrom theclient.

5.4 MessageFormats

Playerclientsandserverscommunicatewith a simplesymmetricmessageprotocol.Eachmessageis com-
posedof two parts:a headeranda payload.We now describetheformatof theheaderandof thepayloads
of the4 differentmessagetypes.

5.4.1 Header

Every Playermessagehasa 32-byteheaderthatcontainsinformationabouthow to interpretthepayloadof
themessage.Theheaderformatis shown in Table5.2.

Byte0 Byte31
STX type device index t sec t usec ts sec ts usec reserved size
short short short short int int int int int int

Table5.2: Message header®eldsandtypes

The�elds in theheaderhave thefollowing meanings:

� STX - This short is a specialsymbol that signalsthe start of a message.It always hasthe same
value:0x5878 . Rememberthat this number, like all othershorts andints, is transmittedin network
byte-order.

� type - This short designatesthe type of the messageto follow. Thereare4 messagetypesin the
Playerprotocol. Their type codesare given in Table 5.3 and they are describedin detail in Sec-
tions5.4.2–5.4.8.

2This is thedefault port; Playercanbecon®guredto listenon a differentport througha command-lineoption at startup.See
Table2.1.
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Value Meaning
0x0001 Datamessage
0x0002 Commandmessage
0x0003 Requestmessage
0x0004 Acknowledgementresponsemessage
0x0005 Synchronizationmessage
0x0006 Negativeacknowledgmentresponsemessage
0x0007 Error responsemessage

Table5.3: Message typecodes

� device - This short designatestheinterfaceto which themessagepertains.Thecurrentlyavailable
interfacetypesaregivenin Table5.4. Descriptionsof theinterfacescanfoundin Chapter6.

� index - This short designatestheparticulardevice of typedevice to which themessagepertains.
For example,if your robot is equippedwith two laserrange-�nders,an index of 0x0000 addresses
the�rst andanindex of 0x0001 addressesthesecond.

� t sec - (Onlysetby server)This int is thesecondsportionof theserver's currenttime.

� t usec - (Onlysetbyserver)This int is themicrosecondsportionof theserver's currenttime.

� ts sec - (Only setby serveron data messages)This int is the secondsportion of the timestamp
suppliedby thedevice from which thedataoriginated.It canbeinterpretedasthetime at which the
device “sensed”thephenomenomrepresentedby thedata.

� ts usec - (Only setby serveron datamessages)This int is themicrosecondsportionof thetimes-
tampsuppliedby thedevice from whichthedataoriginated.It canbeinterpretedasthetimeatwhich
thedevice “sensed”thephenomenomrepresentedby thedata.

� reserved - This �eld is reservedfor futureuse.

� size - This int is thesizein bytesof thepayloadto follow (it doesnot includethesizeof theheader).

5.4.2 Data Messages

Whenreadaccesshasbeengrantedfor adevice,sensordatafrom thatdevice it is sentto theclient in adata
message(type 0x0001 ). By default, the server continuouslysendssensordataat 10Hz. The device
andindex �elds designatethe device from which the datacomesandthe ts sec andts usec �elds
givethetimeatwhichthedevicegeneratedthedata.Thet sec andt usec �elds givetheserver's current
time thepayloadcontainsthesensordata,theformatof which is device-speci�c. Dataformatsaregivenin
Chapter6.

5.4.3 CommandMessages

Whenwrite permissionhasbeengrantedfor a device, the client can commandthe device by sendinga
commandmessage(type 0x0002 ) to the server. The device andindex �elds designatethe device
for which thecommandis intended.Thet sec , t usec , ts sec , andts usec �elds areunused.The
payloadcontainsthe actuatorcommand,the format of which is device-speci�c. In the interestof simpli-
fying theprotocol,theserver doesNOT respondto commandmessages.Badly formattedcommandsand
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commandsto devicesfor which write permissionwasnever establishedwill only causeerrorsto beprinted
on theconsolefrom whichPlayerwaslaunched.Commandformatsaregivenin Chapter6.

5.4.4 RequestMessages

Requestmessages(type 0x0003 ) aresentby the client to the server to make con�guration changesto
devices. Although stricly speakingthe device neednot be openin orderfor the client to con�gure it, the
client shouldalwaysopenit �rst to ensurethat the con�guration changeis actuallymade(the player
device is always“open”). Thedevice andindex �elds designatethedevice for which thecon�guration
is intended.Thet sec , t usec , ts sec , andts usec �elds areunused.Thepayloadcontainsthecon-
�guration request,theformatof which is device-speci�c. Theserver will respondto eachrequestmessage
with anappropriateresponsemessage(type 0x0004 , 0x0006 , or 0x0007 ).

5.4.5 AcknowledgementResponseMessages

Acknowledgementresponsemessages(type 0x0004 ) aregeneratedasaresultof requestmessages(type
0x0003 ) that weresuccessfullyreceived, interpreted,andexecutedby a device. Acknowledgementre-
sponsemessagesareonly sentby the server to the client. The device andindex �elds designatethe
devicefor whichthecon�gurationis intended.Thet sec andt usec �elds givetheserver's currenttime;
thets sec andts usec �elds aretimeatwhich thedevicegeneratedthereply. Thepayloadcontainsthe
response,theformatof which is device-speci�c.

5.4.6 Synchronization Messages

After eachroundof data,theserver sendsa singlesynchronizationmessage(type0x0005 ), with a zero-
lengthbody. Thismessageletstheclientknow thatall datafor thiscyclehasbeensent.Thesynchronization
messageis sentevenwhennodatawassent,ascanoccurif theclient is usingoneof thedatadeliverymodes
thatonly sendnew data.

5.4.7 NegativeAcknowledgementResponseMessages

Negative acknowledgementresponsemessages(type 0x0006 ) aregeneratedasa resultof requestmes-
sages(type 0x0003 ) thatweresuccessfullyreceivedby a device, but which couldnot beproperlyinter-
pretedor executed.Negative acknowledgementresponsemessagesareonly sentby theserver to theclient.
Thedevice andindex �elds designatethedevice for which thecon�guration is intended.The t sec
andt usec �elds give the server's currenttime; the ts sec andts usec �elds aretime at which the
device generatedthereply. Thepayloadcontainstheresponse,theformatof which is device-speci�c.

5.4.8 Err or AcknowledgementResponseMessages

Error acknowledgementresponsemessages(type 0x0007 ) aregeneratedasa resultof requestmessages
(type 0x0003 ) thatcouldnot be handedoff to the target device, usuallybecausethedevice's incoming
con�guration queueis full. Error acknowledgementresponsemessagesareonly sentby the server to the
client. The device andindex �elds designatethedevice for which thecon�guration is intended.The
t sec andt usec �elds give theserver's currenttime; thets sec andts usec �elds areunused.The
payloadwill beempty.
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Value Interface Description
0x0001 player Theplayerserver itself
0x00FF null Null interface
0x0002 power Powersubsytem
0x0003 gripper Simpleroboticgripper
0x0004 position Mobile robotbase
0x0005 sonar Array of ®xedacousticrange-®nders
0x0006 laser Single-originscanningrange-®nder
0x0007 blobfinder Visualcolorsegmentationsystem
0x0008 ptz Pan-tilt-zoomcameraunit
0x0009 audio Fixed-tonegenerationanddetection
0x000A fiducial Fiducial(e.g.,landmark)detector
0x000B comms General-purposecommunicationsystem
0x000C speech Speechsynthesis/recognitionsystem
0x000D gps Globalpositioningsystem
0x000E bumper Tactilebumperarray
0x000F truth Groundtruth (only availablein Stage)
0x0010 idarturret Collectionof IDAR sensors
0x0011 idar IDAR (InfraredDataandRanging)sensor
0x0012 descartes TheDescartesmobilerobotbase
0x0014 dio Digitial I/O
0x0015 aio AnalogI/O
0x0016 ir Array of ®xedinfraredrange-®nders
0x0017 wifi WirelessEthernetcard
0x0018 waveform Raw digital data(e.g.,audio)
0x0019 localize Multi-hypothesislocalizationsystem
0x001A mcom Inter-robotstack-basedcommunication
0x001B sound Playpre-recordedsound®les
0x001C audiodsp Fixed-tonegenerationanddetection
0x001D audiomixer Controlsoundlevels
0x001E position3d Robotbasethatmovesin 3D
0x001F simulation Interfacefor controllingsimulator
0x0020 service adv Servicediscovery
0x0021 blinkenlight Blinking lights
0x0022 camera Cameraimages

Table5.4: Deviceinterfacetypecodes
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Chapter 6

Device Interfaces

In this chapter, we de�ne the variousinterface-speci�cpayloadformats. The Playerprotocolitself is de-
scribedin Chapter5. Although this sectionis generallyup-to-date,the bestplaceto look for the “real”
messageformatsis in theheader�le player.h ; that �le de�nes theC struct s thataremanipulatedby
Playerandthevariousdevice drivers.
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6.1 Player

Synopsis

Theplayer device representstheserver itself, andis usedin con�guring thebehavior of theserver. This
device is alwaysopen.

Constants

#de�ne PLAYER READ MODE 'r'
#de�ne PLAYER WRITE MODE 'w'
#de�ne PLAYER ALL MODE 'a'
#de�ne PLAYER CLOSE MODE 'c'
#de�ne PLAYER ERROR MODE 'e'

Thedevice accessmodes

#de�ne PLAYER DATAMODE PUSH ALL 0
#de�ne PLAYER DATAMODE PULL ALL 1
#de�ne PLAYER DATAMODE PUSH NEW 2
#de�ne PLAYER DATAMODE PULL NEW 3

Thevalid datadelivery modes

#de�ne PLAYER PLAYER DEVLIST REQ ((uint16 t)1)
#de�ne PLAYER PLAYER DRIVERINFO REQ ((uint16 t)2)
#de�ne PLAYER PLAYER DEV REQ ((uint16 t)3)
#de�ne PLAYER PLAYER DATA REQ ((uint16 t)4)
#de�ne PLAYER PLAYER DATAMODE REQ ((uint16 t)5)
#de�ne PLAYER PLAYER DATAFREQ REQ ((uint16 t)6)
#de�ne PLAYER PLAYER AUTH REQ ((uint16 t)7)
#de�ne PLAYER PLAYER NAMESERVICE REQ ((uint16 t)8)

Therequestsubtypes

Data

This interfaceacceptsno commands.

Commands

This interfaceacceptsno commands.

Con�guration: Get device list

struct player device id : A device identi�er; devicesaredifferentiatedinternallyin Playerby theseidenti-
�ers, andsomemessagescontainthem.

uint16 t code;

Theinterfaceprovidedby thedevice
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uint16 t index;

Theindex of thedevice

uint16 t port;

TheTCPportof thedevice (only usefulwith Stage)

struct player device devlist : Get the list of availabledevicesfrom theserver. It' s usefulfor applications
suchasviewer programsandtestsuitesthattailor behave differentlydependingonwhichdevicesareavail-
able. To requestthe list, setthe subtypeto PLAYER PLAYER DEVLIST REQ andleave the restof the
�elds blank. Playerwill returna packet with subtypePLAYER PLAYER DEVLIST REQ with the �elds
�lled in.

uint16 t subtype;

Subtype;mustbePLAYER PLAYER DEVLIST REQ.

uint16 t device count;

Thenumberof devices

player device id t devices[PLAYER MAX DEVICES];

Thelist of availabledevices.

Con�guration: Get dri ver name

struct player device dri verinfo : Getthedrivernamefor aparticulardevice. To getaname,setthesubtype
to PLAYER PLAYER DRIVERINFO REQandsettheid �eld. Playerwill returnthedriver info.

uint16 t subtype;

Subtype;mustbePLAYER PLAYER DRIVERINFO REQ.

player device id t id;

Thedevice identi�er.

char dri ver name[PLAYER MAX DEVICE STRING LEN];

Thedriver name(returned)

Con�guration: Requestdeviceaccess

struct player device req : This is themostimportantrequest!Beforeinteractingwith a device, theclient
mustrequestappropriateaccess.Theformatof this requestis:

uint16 t subtype;

Subtype;mustbePLAYER PLAYER DEV REQ
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uint16 t code;

Theinterfacefor thedevice

uint16 t index;

Theindex for thedevice

uint8 t access;

Therequestedaccess

struct player device resp: Theformatof theserver's reply is:

uint16 t subtype;

Subtype;will bePLAYER PLAYER DEV REQ

uint16 t code;

Theinterfacefor thedevice

uint16 t index;

Theindex for thedevice

uint8 t access;

Thegrantedaccess

uint8 t dri ver name[PLAYER MAX DEVICE STRING LEN];

Thenameof theunderlyingdriver

Theaccesscodes,whichareusedin boththerequestandresponse,aregivenabove. Readaccessmeans
thattheserver will startsendingdatafrom thespeci�eddevice. For instance,if readaccessis obtainedfor
thesonardevice Playerwill startsendingsonardatato theclient. Write accessmeansthat theclient has
permissionto control the actuatorsof the device. Thereis no locking mechanismso differentclientscan
have concurrentwrite accessto thesameactuators.All accessis bothof theabove and�nally closemeans
thatthereis no longerany accessto thedevice. Device requestmessagescanbesentatany time,providing
on the�y recon�gurationfor clientsthatneeddifferentdevicesdependingon thetaskat hand.
Of course,not all of theaccesscodesareapplicableto all devices; for instanceit doesnot make senseto
write to thesonars.However, a requestfor suchaccesswill not generateanerror; rather, it will begranted,
but any commandsactuallysentto that device will be ignored. In responseto sucha device request,the
serverwill sendareply indicatingtheactualaccessthatwasgrantedfor thedevice. Thegrantedaccessmay
be differentfrom the requestedaccess;in particular, if therewassomeerror in initializing the device the
grantedaccesswill be' e', andtheclient shouldnot try to readfrom or write to thedevice.
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Con�guration: Requestdata

struct player device data req : When the server is in a pull datadelivery mode(seenext requestfor
informationondatadeliverymodes),theclientcanrequestasingleroundof databy sendingazero-argument
requestwith typecode0x0003 . Theresponsewill beazero-lengthacknowledgement.

uint16 t subtype;

Subtype;mustbePLAYER PLAYER DATA REQ

Con�guration: Changedata delivery mode

struct player device datamodereq : The Playerserver supportsfour datamodes,describedabove. By
default, the server operatesin PLAYERDATAMODEPUSHNEWmodeat a frequency of 10Hz. To switch
to a differentmodesenda requestwith the format given below. The server's reply will be a zero-length
acknowledgement.

uint16 t subtype;

Subtype;mustbePLAYER PLAYER DATAMODE REQ

uint8 t mode;

Therequestedmode

Con�guration: Changedata delivery fr equency

struct player device datafreq req : By default, the �x ed frequency for the pushdatadelivery modesis
10Hz; thusa client which makesno con�guration changeswill receive sensordataapproximatelyevery
100ms.Theserver cansenddatafasteror slower; to changethefrequency, senda requestof theformat:

uint16 t subtype;

Subtype;mustbePLAYER PLAYER DATAFREQ REQ

uint16 t fr equency;

requestedfrequency in Hz

Con�guration: Authentication

struct player device auth req : If server authenticationhasbeenenabled(by providing -key <key> on
the command-line;seeSection2.2), theneachclient mustauthenticateitself beforeotherwiseinteracting
with theserver. To authenticate,senda requestof theformat:

uint16 t subtype;

Subtype;mustby PLAYER PLAYER AUTH REQ
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uint8 t auth key[PLAYER KEYLEN];

Theauthenticationkey

If the key matchesthe server's key thenthe client is authenticated,the server will reply with a zero-
lengthacknowledgement,andtheclient cancontinuewith otheroperations.If thekey doesnot match,or
if theclient attemptsany otherserver interactionsbeforeauthenticating,thentheconnectionwill beclosed
immediately. It is only necessaryto authenticateeachclientonce.
Note that this supportfor authenticationis NOT a securitymechanism.Thekeys arealwaysin plain text,
bothin memoryandwhentransmittedoverthenetwork; further, sincethekey is givenonthecommand-line,
thereis a very goodchancethatyou can�nd it in plain text in theprocesstable(in Linux try ps -ax |
grep player ). Thusyoushouldnotuseanimportantpasswordasyourkey, norshouldyourelyonPlayer
authenticationto preventbadguysfrom driving your robots(usea �re wall instead).Rather, authentication
wasintroducedinto Playerto preventaccidentallyconnectingone's clientprogramto someoneelse's robot.
This kind of accidentoccursprimarily whenStageis runningin a multi-userenvironment.In this caseit is
very likely thatthereis aPlayerserver listeningon port6665,andclientswill generallyconnectto thatport
by default, unlessa speci�c option is given. Checkthe Stagedocumentationfor how to specifya Player
authenticationkey in your .world �le.

struct player device nameservice req : Documentationaboutnameservicegoeshere

uint16 t subtype;

Subtype;mustby PLAYER PLAYER NAMESERVICE REQ

uint8 t name[PLAYER MAX DEVICE STRING LEN];

Therobotname

uint16 t port;

Thecorrespondingport
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6.2 null

Synopsis

Thenull interfaceproducesno data,andacceptsno commandsor con�gurationrequests.It is thePlayer
analogueto /dev/null .
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6.3 aio

Synopsis

Theaio interfaceprovidesaccessto ananalogI/O device.

Constants

#de�ne PLAYER AIO MAX SAMPLES 8

Themaximumnumberof analogI/O samples

Data

struct player aio data : Theaio interfacereturnsdataregardingthecurrentstateof theanaloginputs;the
formatis:

uint8 t count;

numberof valid samples

int32 t anin[PLAYER AIO MAX SAMPLES];

thesamples

Commands

This interfaceacceptsno commands.
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6.4 audio

Synopsis

Theaudio interfaceis usedto controlsoundhardware,if equipped.

Data

struct player audio data : The audio interfacereadsthe audiostreamfrom /dev/audio (which is
assumedto beassociatedwith a soundcardconnectedto a microphone)andperformssomeanalysison it.
Five frequency/amplitudepairsarethenreturnedasdata;theformatis:

uint16 t fr equency0,amplitude0;

Hz, db?

uint16 t fr equency1,amplitude1;

Hz, db?

uint16 t fr equency2,amplitude2;

Hz, db?

uint16 t fr equency3,amplitude3;

Hz, db?

uint16 t fr equency4,amplitude4;

Hz, db?

Command

struct player audio cmd : The audio interface acceptscommandsto produce�x ed-frequency tones
through/dev/dsp (which is assumedto beassociatedwith a soundcardto which a speaker is attached);
theformatis:

uint16 t fr equency;

Frequency to play (Hz?)

uint16 t amplitude;

Amplitudeto play (dB?)

uint16 t duration;

Durationto play (sec?)
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6.5 audiodsp

Synopsis

Theaudiodsp interfaceis usedto controlsoundhardware,if equipped.

Data

struct player audiodsp data : The dsp interfacereadstheaudiostreamfrom /dev/dsp (which is as-
sumedto be associatedwith a soundcardconnectedto a microphone)andperformssomeanalysison it.
Five frequency/amplitudepairsarethenreturnedasdata;theformatis:

uint16 t fr eq[5];

Hz

uint16 t amp[5];

Db ?

Command

struct player audiodsp cmd : The audiodsp interfaceacceptscommandsto produce�x ed-frequency
tonesor binary phaseshift keyed(BPSK)chirpsthrough/dev/dsp (which is assumedto be associated
with asoundcardto whichaspeaker is attached);theformatis:

uint8 t subtype;

The packet subtype. Set to PLAYER AUDIODSPPLAY TONE to play a single fre-
quency; bitStringandbitStringLendonotneedtobeset.SettoPLAYER AUDIODSPPLAY CHIRP
to play a BPSKeyedchirp; bitString shouldcontainthe binary string to encode,andbit-
StringLenset to the length of the bitString. Set to PLAYER AUDIODSPREPLAY to
replaythelastsound.*

uint16 t fr equency;

Frequency to play (Hz)

uint16 t amplitude;

Amplitudeto play (dB?)

uint32 t duration;

Durationto play (msec)

unsignedchar bitString[PLA YER MAX DEVICE STRING LEN];

BitString to encodein sinewave

uint16 t bitStringLen;

Lengthof thebit string
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Con�guration: get/setaudio properties

The audiodspcon�guration can be queriedusing the PLAYER AUDIODSPGET CONFIG requestand
modi�ed usingthePLAYER AUDIODSPSET CONFIGrequest.

Thesampleformat is de�ned in sys/soundcard.h,andde�nes thebytesizeandendianformat for each
sample.

Thesampleratede�nestheHertzat which to sample.
Monoor stereosamplingis de�ned in thechannelsparameterwhere1==monoand2==stereo.

struct player audiodsp con�g : Request/replypacket for gettingandsettingtheaudiocon�guration.

uint8 t subtype;

Thepacket subtype.Setthis to PLAYER AUDIODSPSET CONFIGto settheaudiodsp
con�guration;or setto PLAYER AUDIODSPGET CONFIGto gettheaudiodspcon�g-
uration.

int16 t sampleFormat;

Formatwith which to sample

uint16 t sampleRate;

Sampleratein Hertz

uint8 t channels;

Numberof channelsto use.1=mono,2=stereo
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6.6 audiomixer

Synopsis

Theaudiomixer interfaceis usedto controlsoundlevels.

Con�guration: get levels

struct player audiomixer con�g : Theaudiomixer interfaceprovidesacceptsa con�guration request
which returnsthecurrentstateof themixer levels.

uint8 t subtype;
uint16 t masterLeft, masterRight;
uint16 t pcmLeft, pcmRight;
uint16 t lineLeft, lineRight;
uint16 t micLeft, micRight;
uint16 t iGain, oGain;

documentationfor these�elds goeshere

Command

struct player audiomixer cmd : Theaudiomixer interfaceacceptscommandsto setthe left andright
volumelevelsof variouschannels.ThechannelmaybePLAYER AUDIOMIXER MASTERfor themaster
volume,PLAYER AUDIOMIXER PCMfor thePCMvolume,PLAYER AUDIOMIXER LINE for theline
in volume,PLAYER AUDIOMIXER MIC for themicrophonevolume,PLAYER AUDIOMIXER IGAIN
for theinputgain,andPLAYER AUDIOMIXER OGAIN for theoutputgain.

uint8 t subtype;
uint16 t left;
uint16 t right;

documentationfor these�elds goeshere
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6.7 blob�nder

Synopsis

Theblob�nder interfaceprovidesaccessto devicesthatdetectcoloredblobs.

#de�ne PLAYER BLOBFINDER SET COLOR REQ ((uint8 t)1)
#de�ne PLAYER BLOBFINDER SET IMA GER PARAMS REQ ((uint8 t)2)

[Constants]

#de�ne PLAYER BLOBFINDER MAX CHANNELS 32

Themaximumnumberof uniquecolorclasses.

#de�ne PLAYER BLOBFINDER MAX BLOBS PER CHANNEL 10

Themaximumnumberof blobsfor eachcolor class.

#de�ne PLAYER BLOBFINDER MAX BLOBS
PLAYER BLOBFINDER MAX CHANNELS * PLAYER BLOBFINDER MAX BLOBS PER CHANNEL

Themaximumnumberof blobsin total.

Data

Theformatof theblobfinder datapacket is verysimilar to theACTSv1.2/2.0format,but abit simpler.
The packet lengthis variable,with eachpacket containingboth a list of blobsanda headerthat provides
anindex into that list. For eachchannel,theheaderentrytells you which blob to startwith andhow many
blobsthereare.

struct player blob�nder header elt : Blob index entry.

uint16 t index;

Offsetof the�rst blob for this channel.

uint16 t num;

Numberof blobsfor thischannel.

struct player blob�nder blob elt : Structuredescribingasingleblob.

uint32 t color;

A descriptive color for the blob (useful for gui's). The color is storedaspacked 32-bit
RGB, i.e.,0x00RRGGBB.

uint32 t area;

Theblob area(pixels).

uint16 t x, y;
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Theblob centroid(imagecoords).

uint16 t left, right, top, bottom;

Boundingbox for theblob (imagecoords).

uint16 t range;

Range(mm) to theblob center

struct player blob�nder data : Thelist of detectedblobs.

uint16 t width, height;

Theimagedimensions.

player blob�nder header elt t header[PLAYER BLOBFINDER MAX CHANNELS];

An index into thelist of blobs(blobsareindexedby channel).

player blob�nder blob elt t blobs[PLAYER BLOBFINDER MAX BLOBS];

Thelist of blobs.

Con�guration: Settracking color

struct player blob�nder color con�g : For somesensors(ie CMUcam),simpleblob trackingtracksonly
onecolor. To setthetrackingcolor, senda requestwith theformatbelow, includingtheRGB color ranges
(maxandmin). Valuesof -1 will causethetrackcolor to beautomaticallysetto thecurrentwindow color.
This is usefulfor settingthetrackcolorby holdingthetrackingobjectin front of thelens.

uint8 t subtype;

MustbePLAYER BLOBFINDER SET COLOR REQ.

int16 t rmin, rmax;
int16 t gmin, gmax;
int16 t bmin, bmax;

RGB minimumandmaxvalues(0-255)*

Con�guration: Setimager params

struct player blob�nder imager con�g : Imagingsensorsthatdoblob trackinggenerallyhavesomesorts
of imagequality parametersthatyou cantweak. Thefollowing onesareimplementedhere:brightness(0-
255)contrast(0-255)autogain(0=off, 1=on)colormode(0=RGB/AutoWhiteBalanceOff, 1=RGB/AutoWhiteBalance
On,2=YCrCB/AWB Off, 3=YCrCb/AWB On)To settheparams,sendarequestwith theformatbelow. Any
valuessetto -1 will beleft unchanged.

uint8 t subtype;

MustbePLAYER BLOBFINDER SET IMAGER PARAMS REQ.
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Command

Thisdevice acceptsno commands.
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6.8 bumper

Constants

#de�ne PLAYER BUMPER MAX SAMPLES 32

Maximumnumberof bumpersamples

#de�ne PLAYER BUMPER GET GEOM REQ ((uint8 t)1)

Therequestsubtypes

Data

struct player bumper data : Thegps interfacegivescurrentglobalpositionandheadinginformation;the
formatis:

uint8 t bumper count;

thenumberof valid bumperreadings

uint8 t bumpers[PLAYER BUMPER MAX SAMPLES];

arrayof bumpervalues

Commands

This interfaceacceptsno commands.

Con�guration: Query geometry

To querythegeometryof abumperarray, give thefollowing request,�lling in only thesubtype.Theserver
will repondwith theother�elds �lled in.

struct player bumper de�ne : Thegeometryof asinglebumper

int16 t x offset,y offset, th offset;

thelocal poseof asinglebumperin mm

uint16 t length;

lengthof thesensorin mm

uint16 t radius;

radiusof curvaturein mm- zerofor straightlines

struct player bumper geom: Thegeometryfor all bumpers.

uint8 t subtype;
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Packet subtype.MustbePLAYER BUMPER GET GEOM REQ.

uint16 t bumper count;

Thenumberof valid bumperde�nitions.

player bumper de�ne t bumper def[PLAYER BUMPER MAX SAMPLES];

geometryof eachbumper
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6.9 comms

Synopsis

Thecommsinterfaceallows clientsto communicatewith eachotherthroughthePlayerserver.

Data

This interfacereturnsunstructured,variablelengthbinarydata.Thepacketsizemustbelessthanor equalto
PLAYER MAX MESSAGE SIZE.Notethatmorethanonedatapacket maybereturnedin any givencycle
(i.e. in theinterval betweentwo SYNCHpackets).

Command

This interfaceacceptsunstructred,variablelengthbinarydata.Thepacket sizemustbelessthanor equalto
PLAYER MAX MESSAGE SIZE.
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6.10 camera

Synopsis

EXPERIMENTAL. Thecamera interfaceis usedto seewhatthecamerasees.It is intendedprimarily for
server-side(i.e.,driver-to-driver) datatransfers,ratherthanserver-to-clienttransfers.

Data

struct player camera data : Thecamera interfacereturnstheimageseenby thecamera;theformatis:

uint16 t width, height;

Imagedimensions(pixels).

uint8 t depth;

Imagedepth(8, 16,24).

uint32 t image size;

Sizeof imagedata(bytes)

uint8 t image[PLAYER CAMERA IMA GE SIZE];

Imagedata(packedformat).

38



6.11 dio

Synopsis

Thedio interfaceprovidesaccessto adigital I/O device.

Data

struct player dio data : Thedio interfacereturnsdataregardingthecurrentstateof thedigital inputs;the
formatis:

uint8 t count;

numberof samples

uint32 t digin;

bit�eld of samples

Commands

This interfaceacceptsno commands.
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6.12 �ducial

Synopsis

The�ducial interfaceprovidesaccessto devicesthatdetectcoded�ducials (markers)placedin theenviron-
ment.

Constants

#de�ne PLAYER FIDUCIAL MAX SAMPLES 32

Themaximumnumberof �ducials thatcanbedetectedatonetime.

#de�ne PLAYER FIDUCIAL MAX MSG LEN 32

Themaximumsizeof adatapacket exchangedwith a �ducial atonetime.

#de�ne PLAYER FIDUCIAL GET GEOM 0x01
#de�ne PLAYER FIDUCIAL GET FOV 0x02
#de�ne PLAYER FIDUCIAL SET FOV 0x03
#de�ne PLAYER FIDUCIAL SEND MSG 0x04
#de�ne PLAYER FIDUCIAL RECV MSG 0x05
#de�ne PLAYER FIDUCIAL EXCHANGE MSG 0x06

Requestpacket subtypes

Data

The�ducial datapacketcontainsalist of thedetected�ducials. Each�ducial isdescribedby theplayer �ducial item
structurelistedbelow.

struct player �ducial item : The�ducial datapacket (one�ducial).

int16 t id;

The�ducial id. Fiducialsthatcannotbeidenti�ed getid -1.

int16 t pose[3];

Fiducial poserelative to the detector(range,bearing,orient) in units (mm, degrees,de-
grees).

int16 t upose[3];

Uncertaintyin the measuredpose(range,bearing,orient) in units of (mm, degrees,de-
grees).

struct player �ducial data : The�ducial datapacket (all �ducials).

uint16 t count;

Thenumberof detected�ducials

player �ducial item t �ducials[PLA YER FIDUCIAL MAX SAMPLES];

List of detected�ducials
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Command

Thisdevice acceptsno commands.

Con�guration: getgeometry

Thegeometry(poseandsize)of the�ducial devicecanbequeriedusingthePLAYER FIDUCIAL GET GEOM
request.Therequestandreplypacketshave thesameformat.

struct player �ducial geom: Fiducialgeometrypacket.

uint8 t subtype;

Packet subtype.MustbePLAYER FIDUCIAL GET GEOM.

uint16 t pose[3];

Poseof thedetectorin therobotcs(x, y, orient)in unitsif (mm,mm,degrees).

uint16 t size[2];

Sizeof thedetectorin unitsof (mm,mm)

uint16 t �ducial size[2];

Dimensionsof the�ducials in unitsof (mm,mm).

Con�guration: sensor�eld of view

The �eld of view of the �ducial device canbesetusingthePLAYER FIDUCIAL SET FOV request,and
queriedusingthePLAYER FIDUCIAL GET FOV request.Thedevice repliesto a SET requestwith the
actualFOV achieved. In bothcasestherequestandreplypacketshave thesameformat.

struct player �ducial fov : Fiducialgeometrypacket.

uint8 t subtype;

Packet subtype.PLAYER FIDUCIAL GET FOV or PLAYER FIDUCIAL SET FOV.

uint16 t min range;

Theminimumrangeof thesensorin mm

uint16 t max range;

Themaximumrangeof thesensorin mm

uint16 t view angle;

Thereceptive angleof thesensorin degrees.
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Con�guration: �ducial messaging.

NOTE: Thesecon�gs arecurrentlysupportedonly by theStage�ducial driver(stg �dicial), but areintended
to beageneralinterfacefor addressable,peer-to-peermessaging.

The�ducial sensorcanattempttosendamessagetoatargetusingthePLAYER FIDUCIAL SEND MSG
request.If target id is -1, themessageis broadcastto all targets.Thedevicereplieswith anACK if themes-
sagewassentOK, but receiptby the target is not guaranteed.The intensity�eld setsa transmitpower in
device-dependentunits. If theconsume�ag is set,themessageis transmittedjust once. If it is unset,the
messagemaytransmittedrepeatedly(atdevice-dependentintervals,if atall).

Senda PLAYER FIDUCIAL RECV MSG requestto obtainthe last messagerecieved from the indi-
catedtarget. If theconsume�ag is set,themessageis deletedfrom thedevice's buffer, if unset,thesame
messagecanberetreivedmultiple timesuntil anew messagearrives.Thepower �eld indicatestheintensity
of therecievedmessag,againin device-dependentunits.

Similarly, thePLAYER FIDUCIAL EXCHANGE MSGrequestsendsamessage,thenreturnsthemost
recentlyreceivedmessage.Dependingon thedevice andthesituation,this couldbea re�ection of thesent
message,a reply from thetargetof thesentmessage,or amessagereceivedfrom anunrelatedsender.

Fiducialexchangemesaagerequest.Thedevice sendsthemessage,thenreplieswith the lastmessage
received,which maybe(but is not guaranteedto be)bea reply to thesentmessage.NOTE: this is not yet
supportedby Stage-1.4.
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6.13 gps

Synopsis

Thegps interfaceprovidesaccessto anabsolutepositionsystem,suchasGPS.

Data

struct player gps data : The gps interfacegives currentglobal position and headinginformation; the
formatis:

uint32 t time sec;
uint32 t time usec;

GPS(UTC) time, in secondsandmicrosecondssincetheepoch.

int32 t latitude;

Latitude,in 1/60of anarc-second(i.e.,1/216000of adegree).Positive is northof equator,
negative is southof equator.

int32 t longitude;

Longitude,in 1/60of anarc-second(i.e., 1/216000of a degree).Positive is eastof prime
meridian,negative is westof primemeridian.

int32 t altitude;

Altitude, in millimeters.Positive is abovereference(e.g.,sea-level), andnegative is below.

int32 t utm e,utm n;

UTM WGS84coordinates,eastingandnorthing(cm).

uint8 t quality;

Qualityof �x 0 = invalid, 1 = GPS�x, 2 = DGPS�x

uint8 t num sats;

Numberof satellitesin view.

uint16 t hdop;

Horizontaldilution of position(HDOP),times10

uint32 t err horz;

Horizonalerror(mm)

uint32 t err vert;

Verticalerror(mm)

Commands

This interfaceacceptsno commands.
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6.14 gripper

Synopsis

Thegripper interfaceprovidesaccessto a roboticgripper.

Data

struct player gripper data : Thegripper interfacereturns2 bytesthatrepresentthecurrentstateof the
gripper;theformatis givenbelow. Notethattheexactinterpretationof thisdatamayvarydependingon the
detailsof your gripperandhow it is connectedto your robot(e.g.,GeneralI/O vs. UserI/O for thePioneer
gripper).

uint8 t state,beams;

Thecurrentgripperlift andbreakbeamstate

Thefollowing tablede�neshow thedatacanbeinterpretedfor somePioneerrobotsandStage:

Field Type Meaning
state unsignedbyte bit 0: Paddlesopen

bit 1: Paddlesclosed
bit 2: Paddlesmoving
bit 3: Paddleserror
bit 4: Lift is up
bit 5: Lift is down
bit 6: Lift is moving
bit 7: Lift error

beams unsignedbyte bit 0: Gripperlimit reached
bit 1: Lift limit reached
bit 2: Outerbeamobstructed
bit 3: Innerbeamobstructed
bit 4: Left paddleopen
bit 5: Right paddleopen

Commands

struct player gripper cmd : The gripper interfaceaccepts2-bytecommands,the format of which is
given below. Thesetwo bytesaresentdirectly to thegripper; refer to Table3-3 page10 in the Pioneer2
GripperManual[1] for a list of commands.The�rst byte is thecommand.Thesecondis theargumentfor
theLIFTcarryandGRIPpresscommands,but for all othersit is ignored.

uint8 t cmd, arg;

thecommandandoptionalargument
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6.15 ir

Synopsis

Their interfaceprovidesaccessto anarrayof infrared(IR) rangesensors.

Constants

#de�ne PLAYER IR MAX SAMPLES 32

Maximumnumberof samples

#de�ne PLAYER IR POSE REQ ((uint8 t)1)
#de�ne PLAYER IR POWER REQ ((uint8 t)2)

con�g requests

Data

struct player ir data : Their interfacereturnsrangereadingsfrom theIR array;theformatis:

uint16 t range count;

numberof samples

uint16 t voltages[PLAYER IR MAX SAMPLES];

voltages(units?)

uint16 t ranges[PLAYER IR MAX SAMPLES];

ranges(mm)

Commands

This interfaceacceptsno commands.

Con�guration: Query pose

To querytheposeof theIRs,usethefollowing request,�lling in only thesubtype.Theserver will respond
with theother�elds �lled in.

struct player ir pose: getstheposeof theIR sensorson a robot

uint16 t posecount;

thenumberof ir samplesreturnedby this robot

int16 t poses[PLAYER IR MAX SAMPLES][3];

theposeof eachIR detectoron this robot(mm,mm,degrees)

45



struct player ir posereq : ioctl structfor gettingIR poseof a robot

uint8 t subtype;

subtype;mustbePLAYER IR POSEREQ

player ir poset poses;

theposes

Con�guration: IR power

struct player ir power req : To turn IR power on andoff, usethis request.Theserver will reply with a
zero-lengthacknowledgement

uint8 t subtype;

mustbePLAYER IR POWER REQ

uint8 t state;

0 for power off, 1 for power on
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6.16 laser

Synopsis

The laserinterfaceprovidesaccessto a single-originscanningrangesensor, suchasa SICK laserrange-
�nder.

Constants

#de�ne PLAYER LASER MAX SAMPLES 401

Themaximumnumberof laserrangevalues

#de�ne PLAYER LASER GET GEOM 0x01
#de�ne PLAYER LASER SET CONFIG 0x02
#de�ne PLAYER LASER GET CONFIG 0x03
#de�ne PLAYER LASER POWER CONFIG 0x04

Laserrequestsubtypes.

Data

Devicessupportingthe laser interfacecanbecon�gured to scanat differentanglesandresolutions.As
such,thedatareturnedby thelaser interfacecantake differentforms. To make interpretationof thedata
simple,thelaser datapacket containssomeextra �elds beforetheactualrangedata.These�elds tell the
client thestartingandendinganglesof thescan,theangularresolutionof thescan,andthenumberof range
readingsincluded.Scansproceedcounterclockwiseaboutthelaser, and ��� is forward. Thelasercanreturn
amaximumof 401readings;this limits thevalid combinationsof scanwidth andangularresolution.

struct player laser data : Thelaserdatapacket.

int16 t min angle,max angle;

Startandendanglesfor thelaserscan(in unitsof 0.01degrees).

uint16 t resolution;

Angularresolution(in unitsof 0.01degrees).

uint16 t range res;

rangeresolution.rangesshouldbemultipledby this.

uint16 t range count;

Numberof range/intensityreadings.

uint16 t ranges[PLAYER LASER MAX SAMPLES];

Rangereadings(mm).

uint8 t intensity[PLAYER LASER MAX SAMPLES];

Intensityreadings.
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Command

Thisdevice acceptsno commands.

Con�guration: getgeometry

The lasergeometry(positionandsize)canbe queriedusingthe PLAYER LASER GET GEOM request.
Therequestandreplypacketshave thesameformat.

struct player laser geom: Request/replypacket for gettinglasergeometry.

uint8 t subtype;

Thepacket subtype.MustbePLAYER LASER GET GEOM.

int16 t pose[3];

Laserpose,in robotcs(mm,mm,degrees).

int16 t size[2];

Laserdimensions(mm,mm).

Con�guration: get/setscanproperties

The scancon�guration canbe queriedusing the PLAYER LASER GET CONFIG requestandmodi�ed
usingthePLAYER LASER SET CONFIGrequest.

Thesicklms200driver, for example,is usuallycon�gured to scana swathof
���

�
� with a resolutionof

����� � , to generatea totalof 361readings.At thisaperture,thelasergeneratesanew scanevery200msor so,
for adatarateof 5Hz. This ratecanberaisedby reducingtheapertureto encompasslessthanthefull

���

�
� ,

or by loweringtheresolutionto
�

� .
Readthedocumentationfor your driver to determinewhatcon�gurationvaluesarepermissible.

struct player laser con�g : Request/replypacket for gettingandsettingthelasercon�guration.

uint8 t subtype;

Thepacket subtype.Setthis to PLAYER LASER SET CONFIGto setthelasercon�gu-
ration;or setto PLAYER LASER GET CONFIGto getthelasercon�guration.

int16 t min angle,max angle;

Startandendanglesfor the laserscan(in unitsof 0.01degrees).Valid rangeis -9000to
+9000.

uint16 t resolution;

Scanresolution(in unitsof 0.01degrees).Valid resolutionsare25,50,100.

uint16 t range res;

RangeResolution.Valid: 1, 10,100(For mm,cm,dm).
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uint8 t intensity;

Enablere�ection intensitydata.

struct player laser power con�g : Turn thelaserpower onor off.

uint8 t subtype;

MustbePLAYER LASER POWER CONFIG.

uint8 t value;

0 to turn laseroff, 1 to turn laseron
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6.17 localize

Synopsis

Thelocalize interfaceprovidesposeinformationfor therobot.Generallyspeaking,localizationdrivers
will estimatethe poseof the robot by comparingobserved sensorreadingsagainsta pre-de�nedmapof
theenvironment.See,for theexample,theregular mcl andadaptive mcl drivers,which implement
probabilisticMonte-Carlolocalizationalgorithms.

Constants

#de�ne PLAYER LOCALIZE MAX HYPOTHS 10

Themaximumnumberof posehypotheses.

#de�ne PLAYER LOCALIZE SET POSE REQ ((uint8 t)1)
#de�ne PLAYER LOCALIZE GET CONFIG REQ ((uint8 t)2)
#de�ne PLAYER LOCALIZE SET CONFIG REQ ((uint8 t)3)
#de�ne PLAYER LOCALIZE GET MAP INFO REQ ((uint8 t)4)
#de�ne PLAYER LOCALIZE GET MAP DATA REQ ((uint8 t)5)

Request/replypacket subtypes

Data

struct player localize hypoth : Sincetherobotposemaybeambiguous(i.e.,therobotmayatany of anum-
berof widely spacedlocations),thelocalize interfaceis capableof returningmorethatonehypothesis.
Theformatfor eachsuchhypothesisis asfollows:

int32 t mean[3];

Themeanvalueof theposeestimate(mm,mm,arc-seconds).

int64 t cov[3][3];

Thecovariancematrixposeestimate(mm� , arc-seconds� ).

uint32 t alpha;

Theweightcoef�cient for linearcombination(alpha* 1e6).

struct player localize data : The localize interfacereturnsa datapacket containingan an arrayof
hypotheses,de�ned asfollows:

uint16 t pending count;

Thenumberof pending(unprocessedobservations)

uint32 t pending time sec,pending time usec;

Thetime stampof thelastobservationprocessed.
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uint32 t hypoth count;

Thenumberof posehypotheses.

player localize hypoth t hypoths[PLAYER LOCALIZE MAX HYPOTHS];

Thearrayof thehypotheses.

Commands

This interfaceacceptsno commands.

Con�guration: Setthe robot poseestimate

struct player localize set pose: Setthecurrentrobotposehypothesis.Theserver will reply with a zero
lengthresponsepacket.

uint8 t subtype;

Requestsubtype;mustbePLAYER LOCALIZE SET POSEREQ.

int32 t mean[3];

Themeanvalueof theposeestimate(mm,mm,arc-seconds).

int64 t cov[3][3];

Thecovariancematrixposeestimate(mm� , arc-seconds� ).

Con�guration: Get/Setcon�guration

struct player localize con�g : Toretrievethecon�guration,setthesubtypetoPLAYER LOCALIZE GET CONFIG REQ
andleave theother�elds empty. Theserver will reply with thefollowing con�guaration�elds �lled in. To
changethecurrentcon�guration,setthesubtypeto PLAYER LOCALIZE SET CONFIG REQand�ll the
con�guration�elds.

uint8 t subtype;

Requestsubtype;mustbeeitherPLAYER LOCALIZE GET CONFIG REQorPLAYER LOCALIZE SET CONFIG REQ

uint32 t num particles;

Maximumnumberof particles(for driversusingparticle* �lters).
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Con�guration: Get map information

struct player localize map info : Retrieve the size and scaleinformation of a currentmap. This re-
questis usedto get the size information before you requestthe actual map data. Set the subtypeto
PLAYER LOCALIZE GET MAP INFO REQ;theserver will replywith thesizeinformation�lled in.

uint8 t subtype;

Requestsubtype;mustbePLAYER LOCALIZE GET MAP INFO REQ

uint32 t scale;

Thescaleof themap(pixelsperkilometer).

uint32 t width, height;

Thesizeof themap(pixels).

Con�guration: Get map data

struct player localize map data : Retrieve themapdata.Beacauseof thelimited sizeof a request-replay
messages,themapdatais tranferedin tiles. In therequestpacket,setthecolumnandrow index of aspeci�c
tile; theserver will replywith therequestedmapdata�lled in.

uint8 t subtype;

Requestsubtype;mustbePLAYER LOCALIZE MAP DATA REQ.

uint32 t col, row;

Thetile origin (pixels).

uint32 t width, height;

Thesizeof thetile (pixels).

int8 t data[PLAYER MAX REQREP SIZE - 17];

Cell occupancy value(empty= -1, unknown = 0, occupied= +1).
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6.18 mcom

Synopsis

The mcominterface is designedfor exchanginginformationbetweenclients. A client sendsa message
of a given ”type” and”channel”. This device storesaddsthe messageto that channel's stack. A second
client canthenrequestdataof a given ”type” and”channel”. Push,Pop,Read,andClearoperationsare
de�ned, but their semanticscanvary, basedon thestackdisciplineof theunderlyingdriver. For example,
thelifo mcomdriver enforcesa last-in-�rst-out stack.

Constants

#de�ne MCOM DATA LEN 128
#de�ne MCOM COMMAND BUFFER SIZE (sizeof(player mcom con�g t))
#de�ne MCOM DATA BUFFER SIZE 0

sizeof thedata�eld in messages

#de�ne MCOM N BUFS10

numberof buffersto keepperchannel

#de�ne MCOM CHANNEL LEN 8

sizeof channelname

#de�ne MCOM EMPTY STRING ”(EMPTY)”

returnsthis if empty

#de�ne PLAYER MCOM PUSH REQ 0
#de�ne PLAYER MCOM POP REQ 1
#de�ne PLAYER MCOM READ REQ 2
#de�ne PLAYER MCOM CLEAR REQ 3
#de�ne PLAYER MCOM SET CAPACITY REQ 4

requestids

Data

Themcominterfacereturnsno data.

Command

Themcominterfaceacceptsno commands.

Con�guration

struct player mcom data : A pieceof data.

char full;
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a �ag

char data[MCOM DATA LEN];

thedata

struct player mcom con�g : Con�g requestssentto server.

uint8 t command;

Which request.Shouldbeoneof thede�ned requestids.

uint16 t type;

The”type” of thedata.

char channel[MCOM CHANNEL LEN];

Thenameof thechannel.

player mcom data t data;

Thedata.

struct player mcom return : Con�g repliesfrom server.

uint16 t type;

The”type” of thedata

char channel[MCOM CHANNEL LEN];

Thenameof thechannel.

player mcom data t data;

Thedata.
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6.19 position

Synopsis

Theposition interfaceis usedto controla planarmobilerobotbase.

Constants

#de�ne PLAYER POSITION GET GEOM REQ ((uint8 t)1)
#de�ne PLAYER POSITION MOTOR POWER REQ ((uint8 t)2)
#de�ne PLAYER POSITION VELOCITY MODE REQ ((uint8 t)3)
#de�ne PLAYER POSITION RESET ODOM REQ ((uint8 t)4)
#de�ne PLAYER POSITION POSITION MODE REQ ((uint8 t)5)
#de�ne PLAYER POSITION SPEED PID REQ ((uint8 t)6)
#de�ne PLAYER POSITION POSITION PID REQ ((uint8 t)7)
#de�ne PLAYER POSITION SPEED PROF REQ ((uint8 t)8)
#de�ne PLAYER POSITION SET ODOM REQ ((uint8 t)9)

Thevariouscon�gurationrequesttypes.

#de�ne PLAYER POSITION RMP VELOCITY SCALE ((uint8 t)51)
#de�ne PLAYER POSITION RMP ACCEL SCALE ((uint8 t)52)
#de�ne PLAYER POSITION RMP TURN SCALE ((uint8 t)53)
#de�ne PLAYER POSITION RMP GAIN SCHEDULE ((uint8 t)54)
#de�ne PLAYER POSITION RMP CURRENT LIMIT ((uint8 t)55)
#de�ne PLAYER POSITION RMP RST INTEGRATORS((uint8 t)56)
#de�ne PLAYER POSITION RMP SHUTDOWN ((uint8 t)57)

ThesearepossibleSegway RMP con�g commands;seethestatuscommandin theRMP
manual

#de�ne PLAYER POSITION RMP RST INT RIGHT 0x01
#de�ne PLAYER POSITION RMP RST INT LEFT 0x02
#de�ne PLAYER POSITION RMP RST INT YAW 0x04
#de�ne PLAYER POSITION RMP RST INT FOREAFT 0x08

Theseareusedfor resettingtheSegwayRMP's integrators.

Data

struct player position data : The position interfacereturnsdataregardingthe odometricposeand
velocityof therobot,aswell asmotorstall information;theformatis:

int32 t xpos,ypos;

X andY position,in mm

int32 t yaw;

Yaw, in degrees

int32 t xspeed,yspeed;
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X andY translationalvelocities,in mm/sec

int32 t yawspeed;

Angularvelocity, in degrees/sec

uint8 t stall;

Are themotorsstalled?

Commands

struct player position cmd : The position interfaceacceptsnew positionsand/orvelocitiesfor the
robot's motors(driversmaysupportpositioncontrol,speedcontrol,or both);theformatis

int32 t xpos,ypos;

X andY position,in mm

int32 t yaw;

Yaw, in degrees

int32 t xspeed,yspeed;

X andY translationalvelocities,in mm/sec

int32 t yawspeed;

Angularvelocity, in degrees/sec

uint8 t state;

Motor state(zerois eitheroff or locked,dependingon thedriver).

uint8 t type;

Commandtype;0 = velocity, 1 = position.

Con�guration: Query geometry

struct player position geom: Torequestrobotgeometry, setthesubtypetoPLAYER POSITIONGET GEOM REQ
andleave theother�elds empty. Theserver will replywith theposeandsize�elds �lled in.

uint8 t subtype;

Packet subtype.MustbePLAYER POSITIONGET GEOM REQ.

uint16 t pose[3];

Poseof therobotbase,in therobotcs(mm,mm,degrees).

uint16 t size[2];

Dimensionsof thebase(mm,mm).
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Con�guration: Motor power

struct player position power con�g : On somerobots,the motor power canbe turnedon andoff from
software. To do so,senda requestwith theformatgivenbelow, andwith theappropriatestate (zerofor
motorsoff andnon-zerofor motorson). Theserver will replywith azero-lengthacknowledgement.

Be VERY carefulwith this command!You arevery likely to starttherobotrunningacrosstheroomat
highspeedwith thebatterychargerstill attached.

uint8 t request;

subtype;mustbePLAYER POSITIONMOTOR POWER REQ

uint8 t value;

0 for off, 1 for on

Con�guration: Changevelocity control

struct player position velocitymodecon�g : Somerobotsoffer differentvelocity controlmodes.It can
bechangedby sendinga requestwith the formatgivenbelow, including theappropriatemode. No matter
which modeis used,the externalclient interfaceto theposition device remainsthe same.The server
will replywith azero-lengthacknowledgement

uint8 t request;

subtype;mustbePLAYER POSITIONVELOCITY MODE REQ

uint8 t value;

driver-speci�c

Thep2os position driverofferstwo modesof velocitycontrol: separatetranslationalandrotational
controlanddirectwheelcontrol.Whenin theseparatemode,therobot'smicrocontrollerinternallycomputes
left andright wheelvelocitiesbasedon thecurrentlycommandedtranslationalandrotationalvelocitiesand
thenattenuatesthesevaluesto matcha niceprede�nedaccelerationpro�le. Whenin thedirectmode,the
microcontrollersimply passeson thecurrentleft andright wheelvelocities.Essentially, theseparatemode
offerssmootherbut slower (lower acceleration)control,andthedirectmodeoffersfasterbut jerkier (higher
acceleration)control. Player's default is to usethe direct mode. Setmode to zerofor direct control and
non-zerofor separatecontrol.

For the reb position driver, 0 is direct velocity control, 1 is for velocity-basedheadingPD con-
troller.

Con�guration: Resetodometry

struct player position resetodomcon�g : To resetthe robot's odometryto
���������	��


�

�

�

�

�

�

�




, usethe
following request.Theserver will replywith azero-lengthacknowledgement.

uint8 t request;

subtype;mustbePLAYER POSITIONRESETODOM REQ
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Con�guration: Changeposition control

struct player position position mode req :

uint8 t subtype;

subtype;mustbePLAYER POSITIONPOSITIONMODE REQ

uint8 t state;

0 for velocitymode,1 for positionmode

Con�guration: Setodometry

struct player position set odom req : To settherobot's odometryto a particularstate,usethis request:

uint8 t subtype;

subtype;mustbePLAYER POSITIONSET ODOM REQ

int32 t x, y;

X andY (in mm?)

int32 t theta;

Heading(in degrees)

Con�guration: Setvelocity PID parameters

struct player position speedpid req :

uint8 t subtype;

subtype;mustbePLAYER POSITIONSPEEDPID REQ

int32 t kp, ki, kd;

PID parameters

Con�guration: Setposition PID parameters

struct player position position pid req :

uint8 t subtype;

subtype;mustbePLAYER POSITIONPOSITIONPID REQ

int32 t kp, ki, kd;

PID parameters
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Con�guration: Setspeedpro�le parameters

struct player position speedprof req :

uint8 t subtype;

subtype;mustbePLAYER POSITIONSPEEDPROF REQ

int16 t speed;

maxspeed

int16 t acc;

maxacceleration

Con�guration: SegwayRMP-speci�c con�guration

struct player rmp con�g :

uint8 t subtype;

subtype:mustbeof PLAYER RMP *

uint16 t value;

holdsvariousvaluesdependingon the type of con�g. Seethe ”Status” commandin the
Segway manual.
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6.20 position3d

Synopsis

Theposition3d interfaceis usedto controla3-D mobilerobotbase.

Constants

Supportedcon�g requests

Data

struct player position3d data : The position3d interfacereturnsdataregardingthe odometricpose
andvelocityof therobot,aswell asmotorstall information;theformatis:

int32 t xpos,ypos,zpos;

X, Y, andZ position,in mm

int32 t roll, pitch, yaw;

Roll, pitch,andyaw, in arc-seconds(1/3600of adegree)

int32 t xspeed,yspeed,zspeed;

X, Y, andZ translationalvelocities,in mm/sec

int32 t rollspeed,pitchspeed,yawspeed;

Angularvelocities,in arc-seconds/ second

uint8 t stall;

Are themotorsstalled?

Commands

struct player position3d cmd : The position3d interfaceacceptsnew positionsand/orvelocitiesfor
therobot's motors(driversmaysupportpositioncontrol,speedcontrol,or both);theformatis

int32 t xpos,ypos,zpos;

X, Y, andZ position,in mm

uint32 t roll, pitch, yaw;

Roll, pitch,andyaw, in arc-seconds(1/3600of adegree)

int32 t xspeed,yspeed,zspeed;

X, Y, andZ translationalvelocities,in mm/sec

int32 t rollspeed,pitchspeed,yawspeed;

Angularvelocities,in arc-seconds/ second
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Con�guration: Motor power

struct player position3d power con�g : On somerobots,themotorpower canbeturnedon andoff from
software. To do so,senda requestwith theformatgivenbelow, andwith theappropriatestate (zerofor
motorsoff andnon-zerofor motorson). Theserver will replywith azero-lengthacknowledgement.

Be VERY carefulwith this command!You arevery likely to starttherobotrunningacrosstheroomat
highspeedwith thebatterychargerstill attached.

uint8 t request;

subtype;mustbePLAYER POSITIONMOTOR POWER REQ

uint8 t value;

0 for off, 1 for on
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6.21 power

Synopsis

Thepower interfaceprovidesaccessto a robot's powersubsystem.

Constants

#de�ne PLAYER MAIN POWER REQ ((uint8 t)14)

whatdoesthisdo?

Data

struct player power data : Thepower device returnsdatain theformat:

uint16 t charge;

Batteryvoltage,in decivolts

Commands

This interfaceacceptsno commands

Con�guration: Requestpower

struct player power con�g : Packet for requestingpower con�g - replieswith aplayerpower datat

uint8 t subtype;

Packet subtype.MustbePLAYER MAIN POWER REQ.
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6.22 ptz

Synopsis

Theptz interfaceis usedto controlapan-tilt-zoomunit.

Constants

#de�ne PLAYER PTZ GENERIC CONFIG REQ ((uint8 t)1)
#de�ne PLAYER PTZ CONTROL MODE REQ ((uint8 t)2)

Con�gurationrequestcodes

#de�ne PLAYER PTZ MAX CONFIG LEN 32

Maximumcommandlengthfor usewith PLAYER PTZ GENERICCONFIG REQ,based
on theSony EVID30 cameraright now.

#de�ne PLAYER PTZ VELOCITY CONTROL 0
#de�ne PLAYER PTZ POSITION CONTROL 1

Controlmodes,for usewith PLAYER PTZ CONTROL MODE REQ

Data

struct player ptz data : The ptz interfacereturnsdatare�ecting thecurrentstateof the Pan-Tilt-Zoom
unit; theformatis:

int16 t pan;

Pan(degrees)

int16 t tilt;

Tilt (degrees)

int16 t zoom;

Fieldof view (degrees).

int16 t panspeed,tiltspeed;

Currentpan/tilt velocities(deg/sec)

Command

struct player ptz cmd : The ptz interfaceacceptscommandsthat setchangethe stateof the unit; the
formatis givenbelow. Notethatthecommandsareabsolute, not relative.

int16 t pan;

Desiredpanangle(degrees)
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int16 t tilt;

Desiredtilt angle(degrees)

int16 t zoom;

Desired�eld of view (degrees).

int16 t panspeed,tiltspeed;

Desiredpan/tilt velocities(deg/sec)

Con�guration: Set/Getunit-speci�c con�g

struct player ptz generic con�g : This ioctl allows theclient to senda unit-speci�c commandto theunit.
Whetherdatais returneddependson the commandthat wassent. The server may �ll in ”con�g” with a
reply if applicable.

uint8 t subtype;

Mustbesetto PLAYER PTZ GENERICCONFIG REQ

uint16 t length;

Lengthof datain con�g buffer

uint8 t con�g[PLA YER PTZ MAX CONFIG LEN];

Buffer for command/reply

Con�guration: Changecontrol mode

struct player ptz controlmode con�g : Thisioctl allowstheclient to switchbetweenpositionandvelocity
control,for thosedriversthatsupportit. Notethatthisrequestchangeshow thedriver interpretsforthcoming
commandsfrom all clients.

uint8 t subtype;

Mustbesetto PLAYER PTZ CONTROL MODE REQ

uint8 t mode;

Modetouse:mustbeeitherPLAYER PTZ VELOCITY CONTROL orPLAYER PTZ POSITIONCONTROL.
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6.23 sonar

Synopsis

Thesonar interfaceprovidesaccessto acollectionof �x edrangesensors,suchasasonararray.

Constants

#de�ne PLAYER SONAR MAX SAMPLES 64

maximumnumberof sonarsamplesin adatapacket

#de�ne PLAYER SONAR GET GEOM REQ ((uint8 t)1)
#de�ne PLAYER SONAR POWER REQ ((uint8 t)2)

requesttypes

Data

struct player sonar data : Thesonar interfacereturnsupto 32rangereadingsfrom arobot'ssonars.The
formatis:

uint16 t range count;

Thenumberof valid rangereadings.

uint16 t ranges[PLAYER SONAR MAX SAMPLES];

Therangereadings

Commands

This interfaceacceptsno commands.

Con�guration: Query geometry

struct player sonar geom: To querythegeometryof thesonartransducers,usetherequestgivenbelow,
but only �ll in thesubtype.Theserver will replywith theother�elds �lled in.

uint8 t subtype;

Subtype.MustbePLAYER SONAR GET GEOM REQ.

uint16 t posecount;

Thenumberof valid poses.

int16 t poses[PLAYER SONAR MAX SAMPLES][3];

Poseof eachsonar, in robotcs(mm,mm,degrees).
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Con�guration: Sonarpower

struct player sonar power con�g : Onsomerobots,thesonarscanbeturnedonandoff from software.To
do so,issuea requestof theform givenbelow. Theserver will replywith azero-lengthacknowledgement.

uint8 t subtype;

Packet subtype.MustbePLAYER P2OSSONAR POWER REQ.

uint8 t value;

Turnpoweroff (0) or on (¿0)
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6.24 sound

Synopsis

Thesound interfaceallows playbackof apre-recordedsound(e.g.,onanAmigobot).

Data

This interfaceprovidesnodata.

Commands

struct player sound cmd : Thesound interfaceacceptsanindex of apre-recordedsound�le to play.

uint16 t index;

Index of soundto beplayed.
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6.25 speech

Synopsis

Thespeech interfaceprovidesaccessto aspeechsynthesissystem.

Constants

#de�ne PLAYER SPEECH MAX STRING LEN 256
#de�ne PLAYER SPEECH MAX QUEUE LEN 4

incomingcommandqueueparameters

Data

Thespeech interfacereturnsno data.

Command

struct player speechcmd : Thespeech interfaceacceptsa commandthat is a string to be given to the
speechsynthesizer. The commandpacket is simply 256 bytesthat are interpretedas ASCII, andso the
maximumlengthof eachstringis 256characters.

uint8 t string[PLAYER SPEECH MAX STRING LEN];

Thestringto say
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6.26 truth

Synopsis

The truth interfaceprovides accessto the absolutestateof entities. Note that, unlessyour robot has
superpowers,truth devicesareonly avilable in Stage.

Constants

#de�ne PLAYER TRUTH GET POSE0x00
#de�ne PLAYER TRUTH SET POSE0x01
#de�ne PLAYER TRUTH SET POSE ON ROOT 0x02
#de�ne PLAYER TRUTH GET FIDUCIAL ID 0x03
#de�ne PLAYER TRUTH SET FIDUCIAL ID 0x04

Requestpacket subtypes.

Data

struct player truth data : Thetruth interfacereturnsdataconcerningthecurrentstateof anentity; the
formatis:

int32 t px, py, pa;

Objectposein world cs(mm,mm,degrees).

Commands

This interfaceacceptsno commands.

Con�guration: Get/setpose

struct player truth pose: To gettheposeof anobject,usethefollowing request,�lling in only thesubtype
with PLAYER TRUTH GET POSE.Theserver will respondwith theother�elds �lled in. To setthepose,
setthesubtypeto PLAYER TRUTH SET POSand�ll in therestof the�elds with thenew pose.

uint8 t subtype;

Packetsubtype.MustbeeitherPLAYER TRUTH GET POSEorPLAYER TRUTH SET POSE
or PLAYER TRUTH SET POSEON ROOT. The last option placesthe object on the
backgroundandsetsits pose.Greatfor repositioningpucksthathave beenpickedup.

int32 t px, py, pa;

Objectposein world cs(mm,mm,degrees).
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Con�guration: Get/set�ducial ID number

struct player truth �ducial id : To get the �ducial ID of an object,usethe following request,�lling in
only the subtypewith PLAYER TRUTH GET FIDUCIAL ID. The server will respondwith the ID �eld
�lled in. To setthe�ducial ID, setthesubtypeto PLAYER TRUTH SET FIDUCIAL ID and�ll in theID
�eld with thedesiredvalue

uint8 t subtype;

Packetsubtype.MustbeeitherPLAYER TRUTH GET FIDUCIAL ID orPLAYER TRUTH SET FIDUCIAL ID

int16 t id;

the�ducial ID
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6.27 waveform

Synopsis

Thewaveform interfaceis usedto receive arbitrarydigital samples,sayfrom adigital audiodevice.

Data

struct player waveform data : Thewaveform interfacereadsa digitizedwaveformfrom the target de-
vice.

uint32 t rate;

Bit rate- bitspersecond

uint16 t depth;

Depth- bitspersample

uint32 t samples;

Samples- thenumberof bytesof raw data

uint8 t data[ PLAYER WAVEFORM DATA MAX ];

data- anarrayof raw data
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6.28 wi�

Synopsis

Thewifi interfaceprovidesaccessto thestateof awirelessnetwork interface.

Constants

#de�ne PLAYER WIFI MAX LINKS 16

Themaximumnumberof remotehoststo reporton

#de�ne PLAYER WIFI QUAL DBM 1

link quality is in dBm

#de�ne PLAYER WIFI QUAL REL 2

link quality is relative

#de�ne PLAYER WIFI QUAL UNKNOWN 3

link quality is unknown

#de�ne PLAYER WIFI MODE UNKNOWN 0

unknown operatingmode

#de�ne PLAYER WIFI MODE AUTO 1

driver decidesthemode

#de�ne PLAYER WIFI MODE ADHOC 2

adhocmode

#de�ne PLAYER WIFI MODE INFRA 3

infrastructuremode(multi cell network, roaming)

#de�ne PLAYER WIFI MODE MASTER 4

accesspoint,mastermode

#de�ne PLAYER WIFI MODE REPEAT 5

repeatermode

#de�ne PLAYER WIFI MODE SECOND6

secondary/backuprepeater

#de�ne PLAYER WIFI MAC REQ ((uint8 t)1)

con�g requests
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Data

struct player wi� link : The wifi interfacereturnsdataregardingthe signal characteristicsof remote
hostsasperceivedthroughawirelessnetwork interface;theformatof thedatafor eachhostis:

char ip[32];

IP addressof destination.

// thesecould be uint8 t instead,¡linux/wir eless.h¿will only
// return that much. maybesomeother architecture needslarger??
uint16 t qual, level, noise;

Link quality, level andnoiseinformation

struct player wi� data : Thecompletedatapacket formatis:

player wi� link t links[PLAYER WIFI MAX LINKS];
uint16 t link count;

A list of links

uint32 t thr oughput;

mysteriousthroughputcalculatedby driver

int32 t bitrate;

currentbitrateof device

uint8 t mode;

operatingmodeof device

uint8 t qual type;

Indicatestypeof link quality info wehave

uint16 t maxqual, maxlevel, maxnoise;

Maximumvaluesfor quality, level andnoise.

char ap[32];

MAC addressof currentaccesspoint/cell

Commands

This interfaceacceptsno commands.
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Chapter 7

DeviceDri vers

In this chapterwe describethedevice driversincludedin Player. For eachdriver, thesupportedinterfaces,
con�gurationrequests,andcon�guration�le optionsaregiven.Thesyntaxfor specifyingcon�guration�le
optionsis givenin Chapter4.
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7.1 acts

Authors

BrianP. Gerkey gerkey(at)stan fo rd .ed u

Synopsis

ACTSis a fastcolor segmentationsystemwrittenby PaulRybskiandsoldby ActivMedia;see:
http://www.acti vr obots .c om

After training,ACTS�nds coloredblobsin asinglecameraimage.Player'sacts driverprovidesaccessto
ACTS.

Interfaces

Supportedinterfaces:

� blobfinder

Requireddevices:

� None.

Supportedcon�gurationrequests:

� None.

Con�guration �le options

Note: In thetablebelow, a default valueof (none)indicatesthattheassociatedoptionwill not bepassedto
ACTS.As a result,ACTS'sown internaldefault for thatparameterwill beused.ConsulttheACTSmanual
to determinewhatthosedefaultsare.
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Name Type Default Meaning
path string "" Path to the ACTS executable (leave

empty to search the user's PATH for
acts ).

configfile string "/usr/local/acts/actsconfig" Pathto theACTScon®guration®le to be
used.

version string "2.0" The versionof ACTS in use(shouldbe
"1.0" , "1.2" , or "2.0" ).

width integer 160 Width of thecameraimage(in pixels).
height integer 120 Heightof thecameraimage(in pixels).
pixels integer (none) Minimum arearequiredto call a blob a

blob (in pixels).
port integer 5001 TCPportby whichPlayershouldconnect

to ACTS.
fps integer (none) Framepersecondof thecamera.
drivertype string (none) Typeof framegrabberdriver in use(e.g.,

"bttv" , "bt848" , "matrox" ).
invert integer (none) Is thecamerainverted?
devicepath string (none) Pathto thedevice ®le for theframegrab-

ber(e.g.,"/dev/fg0" ).
channel integer (none) Which channel to select on the

framegrabber.
norm string (none) Normalization??
pxc200 integer (none) Is theframegrabberaPXC200?
brightness ¯oat (none) Brightnesslevel??
contrast ¯oat (none) Contrastlevel??

Notes
� Theacts driver supportsACTSversions1.0,1.2,and2.0.

� PXC200framegrabbers,whenaccessedthroughthebttv module,maycausethemachineto hang.
A workaroundis to �rst reada framefrom a framegrabberchannelon which thereis novideosignal,
andthenstartreadingfrom theright channel.(Thisproblemis unrelatedto Player's acts driver)
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7.2 acoustics

Authors

NateKoenignkoenig(at)usc .e du

Synopsis

TODO

Interfaces

Supportedinterfaces:

� audiodsp

Requireddevices:

� None.

Supportedcon�gurationrequests:

� TODO

Con�guration �le options

TODO

Notes

TODO
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7.3 amcl

Authors

Andrew Howardahoward(at)usc .e du,BoyoonJungboyoon(at)roboti cs .u sc .e du

Synopsis

The amcl driver implementstheAdaptive Monte-CarloLocalizationalgorithmdescribedby Fox [2]. At
theconceptuallevel, theamcl driver maintainsa probabilitydistribution over thesetof all possiblerobot
poses,andupdatesthis distribution usingdatafrom odometry, sonarand/orlaserrange-�nders.Thedriver
alsorequiresa pre-de�nedmapof theenvironmentagainstwhich to compareobserved sensorvalues.At
theimplementationlevel, theamcl driver representstheprobabilitydistribution usinga particle�lter . The
�lter is “adaptive” becauseit dynamicallyadjuststhe numberof particlesin the �lter: when the robot's
poseis highly uncertain,thenumberof particlesis increased;whentherobot's poseis well determined,the
numberof particlesis decreased.The driver is thereforeablemake a trade-off betweenprocessingspeed
andlocalizationaccuracy.

As an example,considerthe sequenceof imagesshown in Figure7.1. This sequenceshows the �lter
converging from aninitial con�gurationin whichtheposeof therobotis entirelyunknown to a�nal con�g-
urationin which theposeof therobot is well determined.At thesametime, thenumberof particlesin the
�lter decreasesfrom 100,000to lessthan100.

Theamcl driverhasthesomeof theusualfeatures– andfailures– associatedwith simpleMonte-Carlo
Localizationtechniques:

� If therobot's initial poseis speci�edasbeingcompletelyunknown, thedriver's estimatewill usually
convergeto correctpose.Thisassumesthattheparticle�lter startswith alargenumberof particles(to
cover thespaceof possibleposes),andthattherobotis drivensomedistancethroughtheenvironment
(to collectobservations).

� If therobot's initial poseis speci�edaccurately, but incorrectly, or if therobotbecomeslost (e.g.,by
picking it up andreplacingit elsewhere)thedriver's estimatewill not converge on thecorrectpose.
Suchsituationsrequiretheuseof moreadvancedtechniquesthathave notyetbeenimplemented(see
[6], for example).

Theamcl driver alsohassomeslightly unusualtemporalbehavior:
� Whenthenumberof particlesin the�lter is large,datamayarrive from thesensorsfasterthanit can

beprocessed.Whenthis happens,datais queuedup for laterprocessing,but thedriver continuesto
generateanup-to-dateestimatefor therobotpose.Thus,for example,at time �

�

�

� sec,thedriver
mayhave only processedsensorreadingsup until time �

�

� sec,but will neverthelessgeneratean
estimate(prediction)of wheretherobotis at �

�

�

� sec.Theadaptive natureof thealgorithmmore-
or-lessguaranteesthatthedriver will eventual“catchup”: asmoresensorreadingsareprocessed,the
numberof particleswill generallydecrease,andthesensorupdatestepof thealgorithmwill runfaster.

Caveats

At the time of writing, this driver is still evolving. The sensormodels,in particular, arecurrentlyover-
simpli�ed and under-parameterized(thereare lots of magic numberslurking about the place). Conse-
quently, while this driver is known to work for certainhardware con�gurations(think Pioneer2DXwith
a SICKLMS200laserrange-�nder),othercon�gurationsmayrequiresomere�nementof thesensormod-
els.
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Figure7.1: Snap-shotsshowing theamcl driver in action;convergencein thiscaseis relatively slow.

Interfaces

Supportedinterfaces:

� localize

Requireddevices:

� position

� Any combinationof: sonar , laser andwifi .

Supportedcon�gurationrequests:

� None.

79



Con�guration �le options

Name Type Default Meaning
position index integer 0 Index of the positiondevice to use(this will usuallybe an

odometricdeviceof somesort).
sonar index integer -1 Index of thesonarrangingdevice to use;setthis to -1 if you

dontwish to usesonar.
laser index integer -1 Index of thelaserrangingdevice to use;setthis to -1 if you

dontwish to uselaser.
wifi index integer -1 Index of theWiFi signal-strengthdeviceto use;setthis to -1

if you dontwish to useWiFi signal-strength.
map file ®lename NULL Nameof the ®le containingthe occupancy map; seenotes

below for moreon themapformat.
map scale length 0.05 Scaleof themap(meters/pixel).
map negate integer 0 Invert the statesin the map(occupiedbecomesemptyand

emptybecomesoccupied);seenotesbelow.
robot radius length 0.20 Effective radius of the robot (meters); this value will be

usedto eliminatehypothesesthatimply thattherobotis co-
locatedwith anobstacle.

laser max samples integer 5 Themaximumnumberof laserrangereadingsto usewhen
updatingthe®lter.

wifi beacon N tuple none A tuple [ "hostname" "mapfilename" ] de-
scribing the ����� WiFi beacon. hostname speci®esthe
nameor IP addressof the beacon;mapfilename points
to theWiFi signalstrengthmapfor this beacon.

pf min samples integer 100 Lower boundon the numberof samplesto maintainin the
particle®lter.

pf max samples integer 10000 Upperboundon the numberof samplesto maintainin the
particle®lter.

pf err ¯oat 0.01 Controlparameterfor theparticlesetsize.Seenotesbelow.
pf z ¯oat 3 Controlparameterfor theparticlesetsize.Seenotesbelow.
init pose vector [0 0 0] Initial poseestimate(meanvalue)for therobot(meters,me-

ters,degrees).
init pose var vector ���	��
��
��
��	����� Uncertaintyin theinitial poseestimate(meters,meters,de-

grees).
enable gui integer 0 Set this to 1 to enablethe built-in driver GUI (useful for

debugging). Playermust also be build with configure
--enable-rtkgui for this optionto haveany effect.

Notes
� Maps

Theodometric,sonarandlasersensormodelsmakeuseof acommonoccupancy grid map.Thismap
is a regulargrid in which cellsarein oneof threestates:occupied,emptyor unknown (althoughthe
behavior for unknown cells is currentlyunde�ned). Mapsarestoredas(uncompressed)imagesin
PGM or PNM/grayscaleformat: blackpixelsaretreatedasoccupiedcells,whitepixelsaretreatedas
emptycells,andtheremainingcolorsaretreatedasunknown. Theinterpretationof thesecolorsmay
bereversed(white is occupied,blackis unknown) by settingthemap negate �ag in thecon�gura-
tion �le. This �ag is particularlyhandyif you wish to usethesameimage�le asboth a mapanda
Stagebitmap.

TODO:WiFi maps
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� Coordinate System

Theorigin of theglobalcoordinatesystemcorrespondsto thecenterof occupancy grid map.Standard
coordinateorientationis used;i.e., positive

�

is towardstheright of themap,positive
�

towardsthe
topof themap.

� Number of particles

Thenumberof particlesin the�lter canbecontrolledusingthecon�guration�le parameterspf err
andpf z. Speci�cally, pf err is themaximumallowederrorbetweenthetruedistribution andthe
estimateddistribution, while pf z is theupperstandardnormalquantilefor

�

���

�




, where� is the
probability that the erroron the estimateddistribution will be lessthanpf err . If you dont know
whatthatmeans,dontworry, I'm notexactlysureeither. See[2] for amoremeaningfulexplanation.

� Speed

Many factorsaffect thespeedatwhich theamcl driver runs,but thefollowing tipsmightbehelpful:

– Reducingthe numberof laserrangereadingsbeingused(laser max samples in the con-
�guration �le) will signi�cantly increasedriver speed,but mayalsoleadto slower convergence
and/orlessaccuratelocalization.

– Increasingtheallowederrorpf err andreducingthequantilepf z will leadto smallerparticle
setsandwill henceincreasedriver speed.Thismayalsolead,however, to over-convergence.

As a benchmark,this driver hasbeensuccessfullydeployedon a Pioneer2DXequippedwith a SICK
LMS200anda266MHzMobile Pentiumwith 32Mbof RAM.

� Memory

Thetwo key factorsaffectingmemoryusageare:

– Thesizeandresolutionof themap.

– Themaximumnumberof particles.

As currentlycon�gured,theamcl driverwill typicallyuse10to 20Mbof memory. Onembeddedsys-
tems,wherememoryis atapremium,usersmayhave to decreasethemapresolutionor themaximum
numberof particlesto achieve acceptablepreformance.

Example: Using the amcl dri ver with a Pioneerrobot

The following con�guration �le illustratestheuseof theamcl driver on a Pioneerrobotequippedwith a
SICK LMS200scanninglaserrange�nder:

position:0
(

driver "p2os_position"
port "/dev/ttyS1"

)

laser:0
(

driver "sicklms200"
port "/dev/ttyS2"

)

81



localize:0
(

driver "amcl"
position_index 0
laser_index 0
map_file "mymap.pgm"
map_scale 0.05

)

Naturally, theport , map file andmap scale valuesshouldbechangedto matchyour particularcon-
�guration.

Example: Using the amcl dri ver with Stage

The amcl driver is not supportednatively in Stage.Usersmustthereforeemploy a secondPlayerserver
con�guredto usethepassthrough driver (seeSection7.31).Thebasicprocedureis asfollows.

� StartStagewith aworld �le somethinglike this:

...
position (port 6665 laser ())
...

Stagewill createonerobot(positiondevice)with a laser, andcreateaPlayerserver onport 6665.

� StartanotherPlayerserver usingthecommand

player -p 7000 amcl.cfg

wherethecon�guration�le amcl.cfg lookslike this:

position:0
(

driver "passthrough"
port 6665 index 0

)

laser:0
(

driver "passthrough"
port 6665
index 0

)

localize:0
(

driver "amcl"
position_index 0
laser_index 0
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map_file "cave.pnm"
map_scale 0.03
map_negate 1

)

The secondPlayerserver will listen on port 7000;clientsconnectingto this server will seea robot
with position , laser andlocalize devices. The map�le cave.pnm canbe the same�le
usedby Stageto createtheworld bitmap.

Example: Using WiFi signal strength

TODO
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7.4 amtecpowercube

Authors

BrianP. Gerkey gerkey(at)stan fo rd .ed u

Synopsis

The amtecpowercube driver providescontrol of an industrial-strengthpan-tilt unit called the Power-
Cube,madeby Amtec.

Interfaces

Supportedinterfaces:

� ptz

Requireddevices:

� None.

Supportedcon�gurationrequests:

� PLAYERPTZ CONTROLMODEREQ

Con�guration �le options

Name Type Default Meaning
port string "/dev/ttyS0" Theserialport to beused
home integer 0 Whetherto hometheunit beforecommandingit
speed integer 40 Maximumpan/tilt speed(deg/sec)

Notes
� This driver is new andnot thoroughlytested.

� For constantswiveling, thePowerCubeworksbetterundervelocitycontrol.
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7.5 cmucam2

Authors

PouyaBastani

Synopsis

Thecmucam2 driver connectsover a serialport to a CMUCam2. Presentsa blob�nder interfaceandcan
track multiple color blobs. Providesdataonly; no commandsor con�gs. This driver is rudimentarybut
working. Color trackingparametersarede�ned in Player's con�g �le; for example:

blobfinder(
driver "cmucam2"
devicepath "/dev/ttyS1"
num_blobs 2
# values must be between 40 and 240 (!)
color0 [ red_min red_max blue_min blue_max green_min green_max] )
# values must be between 40 and 240 (!)
color1 [ red_min red_max blue_min blue_max green_min green_max] )

)

Interfaces

Supportedinterfaces:

� blobfinder

Requireddevices:

� None.

Supportedcon�gurationrequests:

� None.

Con�guration �le options

TODO

Notes
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7.6 cmvision

Authors

AndyMartignoniIII ajm7(at)cs.wus tl .ed u,BrianP. Gerkey gerkey(at)stan fo rd .ed u,Brendan
Burnsbburns(at)cs.um as s. edu,BenGrocholsky bpg(at)grasp.upe nn.e du

Synopsis

CMVision (Color MachineVision) is a fastcolor-segmentation(akablob-�nding) softwarelibrary. CMVi-
sionwaswrittenby JimBruceat CMU andis FreelyavailableundertheGNU GPL:

http://www-2.cs .c mu.ed u/ � j bru ce /c mvis ion /
Butyoudon't haveto downloadCMVisionyourself,becausePlayer'scmvision driverincludestheCMVi-
sioncode.Thecmvision driverprovidesastreamof cameraimagesto theCMVisioncodeandassembles
theresultingblob informationinto Player's blobfinder dataformat.

Theframe-grabbingportionof thecmvision driver is modular, allowing theuserto selectthesource
of cameraimages.Currently, thefollowing sourcesaresupported(seebelow for how to selectthecapture
source).Note thatsupportfor eachsourceis compiledonly if therequiredlibrariesand/orkernelfeatures
aredetected.

� IEEE1394(akaFirewire) cameras;requiresthelibraw1394 andlibdc1394 developmentpack-
ages(bothareFreelyavailable)

� Video4Linux(akaV4L) cameras;requiresV4L headers

� Video4Linux2(akaV4L2) cameras;requiresV4L2 supportin your kernel(currentlydisabled)

� A videosourcethatsupportsPlayer's internalcamera interface,suchastheGazebocameradriver

Interfaces

Supportedinterfaces:

� blobfinder

Requireddevices:

� None.

Supportedcon�gurationrequests:

� None.

Con�guration �le options

Name Type Default Meaning
capture string "1394" Capturesource(shouldbe"1394" , "V4L2" , "V4L" , or "camera" )
colorfile string "" (absolute?)pathto theCMVision con®guration®le.
height integer 240 Heightof thecameraimages(pixels).
width integer 320 Width of thecameraimages(pixels).
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Notes
� This driver (or at leastits underlyingvideocapturecode)only worksin Linux.

� ConsulttheCMVisiondocumentationfor detailsonwriting aCMVisioncon�guration�le.
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7.7 er1 position

Authors

David Feil-Seiferdfseifer(at)cs .u sc .ed u

Synopsis

Theer1 driver providespositioncontrolof theEvolutionRobotics'ER1andERSDKrobots.

Interfaces

Supportedinterfaces:

� position

Requireddevices:

� None.

Supportedcon�gurationrequests:

� PLAYERPOSITION GETGEOMREQ

� PLAYERPOSITION MOTORPOWERREQ

Con�guration �le options

Name Type Default Meaning
port string "/dev/usb/ttyUSB1" Theserialport to beused
axle ¯oat 0.38 Thedistancebetweenthemotorizedwheels
motor dir -1,1 1 Directionof themotors,if theleft motoris pluggedin to the

motor1 port on theRCM, put -1 hereinstead
debug 0,1 0 Puta1 hereif youwantto seedebugmessages

Notes
� This driver is new andnot thoroughlytested.Theodometrycannotbetrustedto give accurateread-

ings.

� Youwill needakerneldriver to allow theserialport to beseen.Thisdriver, andnewsabouttheplayer
driver canbefoundat ”http://www-robotics.usc.edu/ dfseifer/project-erplayer.php”.

� TODO: split this driver similar to theway thatp2osis split, onemainbodydevice, andsub-devices
like position,andIR which inherit from thismainclass.Implementpower interface.

� NOT DOING: I don't have a gripper, if someonehascodefor agripper, by all meanscontribute it. It
wouldbewelcometo themix.
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7.8 festival

Authors

BrianP. Gerkey gerkey(at)stan fo rd .ed u

Synopsis

Thefestival driver providesaccessto theFestival speechsynthesissystem.Festival is availablesepa-
rately(alsoundertheGNU GPL)at: http://www.cst r. ed.ac .u k/ pr oj ect s/ fe st iv al/ . Un-
like mostdrivers,thefestival driver queuesincomingcommands,ratherthanoverwriting them.When
thequeueis full, new commandsarediscarded.

Interfaces

Supportedinterfaces:

� speech

Requireddevices:

� None.

Supportedcon�gurationrequests:

� None.

Con�guration �le options

Name Type Default Meaning
port integer 1314 TheTCPportonwhichPlayershouldcommuni-

catewith Festival.
libdir string "/usr/local/festival/lib" Festival's library directory.
queuelen integer 4 Thelengthof theincomingcommandqueue.

Notes
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7.9 fixedtones

Authors

EsbenØsterg	ard,BrianP. Gerkey gerkey(at)stanf or d. edu

Synopsis

Thefixedtones driverprovidesaccessto soundhardware,via theLinux OSSinterface.Incomingsound
is put througha DiscreteFourierTransform,andthe frequenciesandamplitudesof the � ve highestpeaks
in the frequency domainaredetermined.Note that theFFTWlibrary is required;this packageis available
(alsoundertheGNU GPL) from: http://www.fftw. or g. Thefixedtones driver canalsoproduce
�x ed-tonesoundsof givenfrequency, amplitude,andduration.

Interfaces

Supportedinterfaces:

� audio

Requireddevices:

� None.

Supportedcon�gurationrequests:

� None.

Con�guration �le options

No con�guration�le optionsaresupported.

Notes
� This driver is notwidely usedandmaynot functionproperly.
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7.10 flockofbirds

Authors

TobyCollett t.collett(at)a uc kl and .a c. nz

Synopsis

The flockofbirds driver provides a basic interface to the ascensionFlock of Birds 6DOF position
tracker.

This driver ignoresall commandsandcon�guration requestsandsimpleprovidesa continuousstream
of positionupdatesfrom asingle�ock of birdscontroller.

Thereis currentlyno supportfor multiple trackers.

Interfaces

Supportedinterfaces:

� position3d

Supportedcon�gurationrequests:

� None.

Con�guration �le options
� None.
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7.11 garminnmea

Authors

BrianP. Gerkey gerkey(at)stan fo rd .ed u,Andrew Howardahoward(at)usc. edu

Synopsis

Thegarminnmea drivercontrolsaGarminhandheldGPSunit, viaaRS232link. Thedriverwasdeveloped
usingtheGarminGeko 201,but it shouldwork with otherGarminunits. It is unlikely to work with non-
GarminGPSunits,asat leastoneproprietaryGarminNMEA sentencesis beingused.

This driver is alsocapableof operatingthe unit in DGPSmodeusingRTCM corrections.The driver
listenson a network socket for RTCM packets generatedby a remoteDGPSbasestation; the packets
areforwardedover the serialport to the GPSunit, which respondsby switching into DGPSmode. The
dgps server utility foundin theutils/dgps server directorymaybeusedto generateRTCM cor-
rections;correctionsaretransmittedto clientsusingUDP multicast.

Interfaces

Supportedinterfaces:

� gps

Requireddevices:

� None.

Supportedcon�gurationrequests:

� None.

Con�guration �le options

Name Type Default Meaning
port string "/dev/ttyS0" Theserialport to beused
dgps enable integer 1 EnableDGPSRTCM forwarding
dgps group string 225.0.0.43 Multicastgroupfor RTCM corrections
dgps port integer 7778 Portnumberfor RTCM corrections

Notes
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7.12 gz camera

Authors

Andrew Howardahoward(at)usc .e du

Synopsis

The gz camera driver is usedto accessGazebomodelsthat supportthe camerainterface(suchas the
SonyVID model).

Interfaces

Supportedinterfaces:

� camera

Requireddevices:

� None.

Con�guration �le options

Name Type Default Meaning
gz id string NULL ID of theGazebomodel.

Notes

ConsulttheGazebomanualfor moreinformationon theGazebosimulationpackage.
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7.13 gz gripper

Authors

Andrew Howardahoward(at)usc .e du

Synopsis

The gz gripper driver is usedto accessGazebomodelsthat supportthe gripperinterface(suchasthe
SonyVID model).

Interfaces

Supportedinterfaces:

� gripper

Requireddevices:

� None.

Con�guration �le options

Name Type Default Meaning
gz id string NULL ID of theGazebomodel.

Notes

ConsulttheGazebomanualfor moreinformationon theGazebosimulationpackage.
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7.14 gz laser

Authors

Andrew Howardahoward(at)usc .e du

Synopsis

Thegz laser driverisusedtoaccessGazebomodelsthatsupportthelaserinterface(suchastheSickLMS200
model).

Interfaces

Supportedinterfaces:

� laser

Requireddevices:

� None.

Supportedcon�gurationrequests:

� PLAYER_LASER_GET_GEOM

Con�guration �le options

Name Type Default Meaning
gz id string NULL ID of theGazebomodel.

Notes

ConsulttheGazebomanualfor moreinformationon theGazebosimulationpackage.
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7.15 gz position

Authors

Andrew Howardahoward(at)usc .e du

Synopsis

The gz postion driver is usedto accessGazebomodelsthat supportthe position interface(generally
speaking,thesearerobotssuchasthePioneer2AT).

Interfaces

Supportedinterfaces:

� position

Requireddevices:

� None.

Con�guration �le options

Name Type Default Meaning
gz id string NULL ID of theGazebomodel.

Notes

ConsulttheGazebomanualfor moreinformationon theGazebosimulationpackage.
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7.16 gz position3d

Authors

Andrew Howardahoward(at)usc .e du

Synopsis

Thegz postion3d driver is usedto accessGazebomodelsthatsupportthepositioninterface(generally
speaking,thesearerobotssuchasthePioneer2AT).

Interfaces

Supportedinterfaces:

� position3d

Requireddevices:

� None.

Con�guration �le options

Name Type Default Meaning
gz id string NULL ID of theGazebomodel.

Notes

ConsulttheGazebomanualfor moreinformationon theGazebosimulationpackage.
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7.17 gz power

Authors

Andrew Howardahoward(at)usc .e du

Synopsis

Thegz power driver is usedto accessGazebomodelsthatsupportthepower interface.

Interfaces

Supportedinterfaces:

� power

Requireddevices:

� None.

Con�guration �le options

Name Type Default Meaning
gz id string NULL ID of theGazebomodel.

Notes

ConsulttheGazebomanualfor moreinformationon theGazebosimulationpackage.
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7.18 gz ptz

Authors

Andrew Howardahoward(at)usc .e du

Synopsis

Thegz ptz driver is usedto accessGazebomodelsthatsupporttheptz interface.

Interfaces

Supportedinterfaces:

� ptz

Requireddevices:

� None.

Con�guration �le options

Name Type Default Meaning
gz id string NULL ID of theGazebomodel.

Notes

ConsulttheGazebomanualfor moreinformationon theGazebosimulationpackage.
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7.19 gz sonar

Authors

Andrew Howardahoward(at)usc .e du

Synopsis

Thegz sonar driver is usedto accessGazebomodelsthatsupportthesonarsinterface.

Interfaces

Supportedinterfaces:

� sonar

Requireddevices:

� None.

Con�guration �le options

Name Type Default Meaning
gz id string NULL ID of theGazebomodel.

Notes

ConsulttheGazebomanualfor moreinformationon theGazebosimulationpackage.
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7.20 gz truth

Authors

Andrew Howardahoward(at)usc .e du

Synopsis

Thegz truth driver is usedto accessGazebomodelsthatsupportthetruth interface.

Interfaces

Supportedinterfaces:

� truth

Requireddevices:

� None.

Con�guration �le options

Name Type Default Meaning
gz id string NULL ID of theGazebomodel.

Notes

ConsulttheGazebomanualfor moreinformationon theGazebosimulationpackage.
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7.21 khepera

Authors

TobyCollett t.collett(at)a uc kl and .a c. nz

Synopsis

Thekhepera * family of driversareusedto interfaceto theK-Teamkheperarobot.
Thisdriver is experimentalandshouldbetreatedwith caution.At thispoint it supportsthepositionand

ir interfaces.

Interfaces / Con�guration requests

Like theP2OSdevice,onethreadhandles2 separatedevices:positionandIR.

� khepera position

– Interface:position (seeSection6.19)

– Con�gurations:GETGEOM, MOTORPOWER, VELOCITY MODE, RESETODOM

� khepera ir

– Interface:ir (seeSection6.15)

– Con�gurations:POSE

Con�guration �le options

Table7.1 lists theavailablecon�guration�le optionsfor theKheperadevice. If anoptionis speci�edmore
thanoncein thecon�g �le, thenonly the�rst valuewill beused.

Name Type Default Supportedby Values Meaning
port string /dev/ttyUSB0 khepera * Thisport connectsto theKhepera.
scale ¯oat 10 khepera * As thekheperais sosmalltheactualgeometrydoesntmakemuchsensewith many of theexistingdefaultssothegeometriescanall bescaledby this factor.
encoder res ¯oat 1/12 khepera position Thewheelencoderresolution.
pose ¯oattuple [0 0 0] khepera position Theposeof therobotin playercoordinates(mm,mm,deg).
size ¯oattuple [57 57] khepera position Thesizeof therobotapproximatedto a rectangle(mm,mm).
pose count int 8 khepera ir Thenumberof ir poses.
poses ¯oattuple Khepera poses khepera ir Theposeof eachir sensor[mm,mm,deg]

Table7.1: Con®guration®le optionsfor thekhepera * drivers.
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7.22 lasercspace

Authors

Andrew Howardahoward(at)usc .e du

(a) (b)

Figure7.2: (a)Standardlaserscan.(b) ThecorrespondingC-spacescanfor a robotof radius0.05m

Synopsis

Thelasercspacedriverprocessesalaserscanto computethecon�gurationspace(`C-space')boundary. That
is, it shortenstherangeof eachlaserscansuchthat theresultantscandelimits theobstacle-freeportionof
the robot's con�guration space.This driver is particularusefulfor writing obstacleavoidancealgorithms,
sincetherobotmaysafelymove to any point in theobstacle-freeportionof thecon�gurationspace.

Note thatdriver computesthecon�gurationspacefor a robotof some�x edradius;this radiusmaybe
setin thecon�guration�le.

Interfaces

Supportedinterfaces:

� laser

Requireddevices:

� laser

Supportedcon�gurationrequests:

� PLAYER_LASER_GET_GEOM

Con�guration �le options

Name Type Default Meaning
laser integer 0 Index of thelaserdevice to use.
radius length 0.50 Robotradius.

Notes

103



7.23 laserbar

Authors

Andrew Howardahoward(at)usc .e du

Figure7.3: A samplelaserbar(ignorethecoloredbands).

Synopsis

Thelaserbardetectorsearchesfor retro-re�ective targetsin thelaserrange�nder data.Targetscanbeeither
planaror cylindrical, asshown in Figure7.3. For planartargets,therange,bearingandorientationwill be
determined;for cylindrical targets,only therangeandbearingwill bedetermined.Thetargetsizeandshape
canbesetin thecon�guration�le.

Therangeat which targetscanbedetectedis dependanton thetargetsize,theangularresolutionof the
laserandthequalityof theretro-re�ective materialusedon thetarget.

Seealsothelaserbarcode andlaservisualbarco de drivers.

Interfaces

Supportedinterfaces:

� fiducial

Requireddevices:

� laser

Supportedcon�gurationrequests:

� PLAYER_FIDUCIAL_GET_GEOM

Con�guration �le options

Name Type Default Meaning
laser integer 0 Index of thelaser device to beused.
shape string ªcylinderº Targetshape:ªplaneºor ªcylinderº.Planar®ducialsarecurrentlynotsupported.
width length 0.08 Targetwidth (m).

Notes
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7.24 laserbarcode

Authors

Andrew Howardahoward(at)usc .e du

Figure7.4: A samplelaserbarcode.This barcodehas8 bits,eachof which is 50mmwide.

Synopsis

The laserbarcodedetectorsearchesfor speciallyconstructedbarcodesin the laserrange�nder data. An
examplelaserbarcodeis shown in Figure7.4. The barcodeis constructedusingstripsof retro-re�ective
paper. Eachretro-re�ective strip representsa `1' bit; eachnon-re�ective strip representsa `0' bit. By
default, thelaserbarcode driversearchesfor barcodescontaining8 bits,eachof which is exactly50mm
wide(thetotalbarcodewidth is thus400m).The�rst andlastbitsareusedasstartandendmarkers,andthe
remainingbits areusedto determinethe identity of thebarcode;with an8-bit barcodethereare64 unique
IDs. Thenumberof bitsandthewidth of eachbit canbesetin thecon�guration�le.

Therangeatwhichbarcodescanbedetectedandidenti�ed is dependentonthebit width andtheangular
resolutionof the laser. With 50mmbits andan angularresolutionof �����

� , barcodescanbe detectedand
identi�ed at a rangeof about2.5m. With the laserresolutionsetto ���

�

� � , this distanceis roughlydoubled
to about5m.

Seealsothelaserbar andlaservisualbarc ode drivers.

Interfaces

Supportedinterfaces:

� fiducial

Requireddevices:

� laser

Supportedcon�gurationrequests:

� PLAYER_FIDUCIAL_GET_GEOM
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Con�guration �le options

Name Type Default Meaning
laser integer 0 Index of thelaser device to beused.
bit count integer 8 Thenumberof bits in thebarcodes.
bit width length 0.05 Thewidth of eachbit in thebarcode(m).

Notes

For moreinformationon thelaserbarcode driver, askAndrew Howard:ahoward@usc.edu .
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7.25 laservisualbarcode

Authors

Andrew Howardahoward(at)usc .e du

Figure7.5: A samplelaservisualbarcode.

Synopsis

The laservisual barcodedetectorusesboth searchesfor �ducials that areboth retro-re�ective andcolor-
coded.Fiducialscanbe eitherplanaror cylindical, asshown in Figure7.5. For planartargets,the range,
bearing,orientationandidentitywill bedetermined;for cylindrical targets,theorientationwill beunde�ned.
Thetargetsizeandshapecanbesetin thecon�guration�le.

Thelaservisualbarcodedetectorsearchesthelaserrangedatato �nd retro-re�ective targets,pointsthe
cameraat eachof thesetargetsin turn, thenusescolor informationto determinethepresenceandidentity
of �ducials. Thus,this detectormakesuseof threeunderlyingdevices:a laserrange�nder, a pan-tilt-zoom
cameraandacolorblobdetector. Notethatthelaseris usedto determinethegeometryof the�dicual (range,
bearingandorientation),while thecamerais usedto determineits identity.

Therangeatwhich �ducials canbebothdetectedandidenti�ed dependsonanumberof factors,includ-
ing thesizeof the�ducial andtheangularresolutionof thelaser. Generallyspeaking,however, thisdetector
hasbetterrangethanthelaserbarcode detector, but producesfewer observations.

Seealsothelaserbar andlaserbarcode drivers.

Interfaces

Supportedinterfaces:

� fiducial

Requireddevices:

� laser

� ptz

� blobfinder

Supportedcon�gurationrequests:

� PLAYER_FIDUCIAL_GET_GEOM
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Con�guration �le options

Name Type Default Meaning
laser integer 0 Index of thelaser device to beused.
ptz integer 0 Index of theptz device to beused.
blobfinder integer 0 Index of theblobfinder device to beused.
shape string ªcylinderº Target shape:ªplaneºor ªcylinderº. Planar®ducialsarecurrentlynot

supported.
bit count integer 8 Thenumberof bits in thebarcode.
bit width length 0.05 Thewidth of eachbit in thebarcode(m).
bit height length 0.05 Theheightof eachbit in thebarcode(m).

Notes

Settingupthelaser-visualbarcodedetectorcanbeabit tricky, sinceit involvessomany underlyingdevices.
Usersshould�rst checkthatthelaser , ptz andblobfinder devicesareworkingbeforeattemptingto
usethelaservisualbarc ode driver. Notethat theblobfinder device mustbecalibratedto detect
theparticularcolorsusedin the�ducials, andthattheidentityassignedto each�ducial is determinedby the
color-to-channelmappingchosenduringthiscon�guration.

For moreinformationon thelaserbarcode driver, askAndrew Howard: ahoward@usc.ed u.

108



7.26 lifo-mcom

Authors

Matt Brewermbrewer(at)andre w. cmu. edu ,ReedHedgesreed(at)zeroho ur .ne t

Synopsis

The lifo mcomdriver providesa last-in-�rst-out (LIFO) multi-stackcommunicationsystemwith which
clientscanexchangedatathroughaninstanceof Player.

If Popis called,thelastpieceof datathatwasPushedto thenamedchannelis returnedandthendeleted.
If Readis calledthelastpieceof dataaddedis returned,andleft there.Sincethis is a LIFO stack,if we're
readingdrive commands,for example,we canbesureto geta ”STOP” andinterrupta ”FWD” beforeit' s
beenread.

Interfaces

Supportedinterfaces:

� mcom

Requireddevices:

� None.

Supportedcon�gurationrequests:

� None.

Con�guration �le options

No con�guration�le optionsaresupported.
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7.27 linuxwifi

Authors

JohnSweeney sweeney(at)cs.u mass .e du

Synopsis

Thelinux wifi driver providesaccessto informationaboutwirelessEthernetcardsin Linux.

Interfaces

Supportedinterfaces:

� wifi

Requireddevices:

� None.

Supportedcon�gurationrequests:

� None.

Con�guration �le options

No con�guration�le optionsareaccepted.

Notes

Thisdriver simplyparsesthecontentsof /proc/net/wire le ss .
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7.28 mixer

Authors

NateKoenignkoenig(at)usc .e du

Synopsis

TODO

Interfaces

Supportedinterfaces:

� audiomixer

Requireddevices:

� None.

Supportedcon�gurationrequests:

� TODO

Con�guration �le options

TODO

Notes

TODO
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7.29 nomad

Authors

RichardT. Vaughanvaughan(at)sfu .c om,PawelZebrowski pzebrows(at)sf u. ca

Synopsis

Thenomad driver connectsover a serialport to a Nomad200robotrunningNomadics'“robotd” daemon.
Dataandcommandsarehandledvia thecustomnomad interface.

The nomad position andnomad sonar driversprovide datain the standardpositionandsonar
interfaces.Positioninterfaceprovidesdata,takescommandsandsupportsgeometrycon�g. Sonarinterface
providesdataandsupportsgeometrycon�g. Thisdriver is rudimentarybut testedandworkingontheNomad
200. It mayalsowork onotherNomadsthatrun robotd.

Interfaces

Supportedinterfaces:

� nomad

� position

� sonar

Requireddevices:

� None.

Supportedcon�gurationrequests:

� GETGEOM(positionandsonar)

Con�guration �le options

nomad:

Name Type Default Meaning
serial device string "" Theserialport to beused
serial speed int -1 Thebaudrateto use

nomad position :

Name Type Default Meaning
nomad index int 0 Theindex of theunderlyingnomaddevice.

nomad sonar :

Name Type Default Meaning
nomad index int 0 Theindex of theunderlyingnomaddevice.

Notes
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7.30 p2os

Authors

BrianP. Gerkey gerkey(at)stan fo rd .ed u,KasperStøy,JamesMcKenna

Synopsis

Many robotsmadeby ActivMedia,suchasthePioneerseriesandtheAmigoBot,arecontrolledby amicro-
controllerthat runsa specialembeddedoperatingsystemcalledP2OS(on older robotsit is calledPSOS).
Thehostcomputertalks to theP2OSmicrocontrollerover a standardRS232serialline. Playerincludesa
driver thatoffer accessto thevariousP2OS-mediateddevices,logically splittingup thedevices' functional-
ity.

Interfaces / Con�guration requests

Although all the P2OSinteractionis actuallydonein a singlethread,the differentP2OSdevicesareac-
cessedthroughdifferentPlayerdrivers,eachsupportinga differentinterfaceandsupportingsomesubsetof
con�gurationrequests:

� p2os aio :

– Interface:aio (seeSection6.3)

– Con�gurations:none

– Notes:Providesaccessto analogUserI/O.

� p2os bumper :

– Interface:bumper (seeSection6.8)

– Con�gurations:none

– Notes:Providesaccessto Pioneerbumpers,for thoserobotssoequipped.

� p2os cmucam:

– Interface:blobfinder (seeSection6.7)

– Con�gurations:SET COLOR, SET IMAGERPARAMS

– Notes: Controlsa CMUCamthat is connectedto theAUX2 port on theP2OSboard. Usethe
SET COLORrequestto tell thecamerawhichcolor to track.

� p2os compass :

– Interface:position (seeSection6.19)

– Con�gurations:none

– Notes:Fills thecompassheadinginto theyaw �eld of theposition datapacket. Acceptsno
commands.

� p2os dio :

– Interface:dio (seeSection6.11)
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– Con�gurations:none

– Notes:Providesaccessto digital UserI/O.

� p2os gripper :

– Interface:gripper (seeSection6.14)

– Con�gurations:none

– Notes:Providesaccessto aPioneergripper, for thoserobotssoequipped.

� p2os position :

– Interface:position (seeSection6.19)

– Con�gurations:GETGEOM, MOTORPOWER, VELOCITY MODE, RESETODOM

– Notes:Providesaccessto adifferentialwheelbase.Only speedcontrolis supported.

� p2os power :

– Interface:power (seeSection6.21)

– Con�gurations:none

– Notes:Providesaccessto batterychargeinformation.

� p2os sonar :

– Interface:sonar (seeSection6.23)

– Con�gurations:GETGEOM, POWER

– Notes:Providesaccessto a sonararray. Sonarindicesstartwith 0 at thefront left andincrease
clockwise.

� p2os sound :

– Interface:sound (seeSection6.24)

– Con�gurations:none

– Notes:Allows you to play pre-recordedsound�les on anAmigobot(andotherrobots?).

Con�guration �le options

Thecon�guration �le optionslistedin Table7.2controlhow Playercommunicateswith P2OS.Any option
canbespeci�ed for any of thedriverslistedin theprevioussection;if anoption is speci�ed for morethan
onedriver, thevaluegivenlastwill beused.

Name Type Default Meaning
port string "/dev/ttyS0" Theserialport to beused
radio integer 0 Nonzeroif a radiomodemis beingused;zerofor adirectseriallink

Table7.2: Con®guration®le optionsfor thep2os * drivers.
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Notes
� Theconnectionto theP2OSmicrocontrolleris only keptopenwhile at leastoneclienthasat leastone

of theP2OS-mediateddevicesopen.WhenthelastP2OSdevice is closed,theconnectionto P2OSis
alsoclosed.Implicationsinclude:odometryis resetto (0,0,0),motorsmightbeturnedoff.

� Sincethe P2OSdriver usesstaticC++ classmembers,only oneP2OSrobot canbe controlledby
Playerat any given time. If you want to control morethanoneP2OSrobots,you'll needto run a
separateinstanceof Playerfor each.

� This driver canusuallyinitiate a connectionto P2OSeven whenP2OSwasnot properlyshutdown
lasttime. However, if theconnectionto P2OSis interrupted(e.g.,theserialcableis pulledout), then
thedriver is not likely to recover.

� This driver likely only worksin Linux.
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7.31 passthrough

Authors

BrianP. Gerkey gerkey(at)stan fo rd .ed u

Synopsis

Thepassthrough driver actsasa client to anotherPlayerserver; it returnsdatageneratedby theremote
server to client programs,andsendcommandsfrom theclient programsto theremoteserver. In this way,
onePlayerserver canpretendto havedevicesthatareactuallylocatedatsomeotherlocationin thenetwork
(i.e., ownedby someotherPlayerserver). Thus,thepassthrough driver makespossibletwo important
capabilities:

� Datafrom multiple robotscanbeaggregatedin a singlePlayerserver; client programscanthentalk
to morethanonerobotthroughasingleconnection.

� Computationallyintensivedriverscanbemovedoff therobotandontoaworkstation.Clientprograms
connectto theworkstationratherthattherobot,but areotherwiseunchanged.

Seethebelow for someexamplesof thepassthrough driver in action.

Interfaces

Thepassthrough driver will supportany of Player's interfaces,andcanconnectto any Playerdevice.

Con�guration �le options

Name Type Default Meaning
host string localhost Hostnamefor themachinerunningtheremotePlayerserver.
port integer 6665 Portnumberfor remoteserver.
index integer 0 Index of thedeviceon theremoteserver.

Example: Controlling multiple robotsthrough a singleconnection

Thepassthrough driver canbeusedto aggregatedevicesfrom multiple robotsinto a singleserver. The
following exampleillustratesthegeneralmethodfor doing

� Imaginethat we have to robotsnamedbee andbug . On eachrobot,starta Playerserver with the
following con�guration�le:

position:0 (driver "p2os_position ")
laser:0 (driver "sicklms200")

In thisexample,therobotsareassumedto bePioneer's with SICK laserrange-�nders.

� Now imaginethatwe have aworkstationnamedorac . On thisworkstation,startanotherinstanceof
Playerwith thefollowing con�guration�le:
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position:0 (driver "passthrough" host "bee" port 6665 index 0)
laser:0 (driver "passthrough" host "bee" port 6665 index 0)
position:1 (driver "passthrough" host "bug" port 6665 index 0)
laser:1 (driver "passthrough" host "bug" port 6665 index 0)

A clientconnectingto orac will seefour devices:two position devicesandtwo laser devices.
Both robotscannow becontrolledthroughasingleconnectionto orac .

Example: Shifting computation

Computationallyexpensive drivers(suchasadaptive mcl ) canbeshiftedoff therobotandontoawork-
station.Thebasicmethodis astraight-forwardvariantof theexamplegivenabove.

� Imaginethatwe have a robotnamedbee . Onbee , run thePlayerserver with thiscon�guration�le:

position:0 (driver "p2os_position ")
laser:0 (driver "sicklms200")

Therobotis assumedto beaPioneerwith aSICK laserrange-�nder.

� Now imaginethatwe have aworkstationnamedorac . On thisworkstation,startanotherinstanceof
Playerwith thefollowing con�guration�le:

position:0 (driver "passthrough" host "bee" port 6665 index 0)
laser:0 (driver "passthrough" host "bee" port 6665 index 0)
localize:0 (driver "adaptive_mcl" position_index 0 laser_index 0 ...)

(seeSection7.3 for a detaileddescriptionof theadditionalsetingsfor theadaptive mcl driver).
Clientsconnectingto this server will seea robotwith position , laser andlocalize devices,
but all of theheavy computationwill bedoneon theworkstation.

Example: Using the adaptive mcl dri ver with Stage

Somenewer drivers,suchas the adaptive mcl driver, arenot supportednatively in Stage. For these
driversusersmustemploy a secondPlayerserver con�gured to usethepassthrough driver. Thebasic
procedureis asfollows.

� StartStagewith aworld �le somethinglike this:

...
position (port 6665 laser ())
...

Stagewill createonerobot(positiondevice) with a laser, andwill starta Playerserver thatlistenson
port6665.
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� StartanotherPlayerserver usingthecommand

player -p 7000 amcl.cfg

wherethecon�guration �le amcl.cfg looks like this (seeSection7.3 for a detaileddescriptionof
thesetingsfor theadaptive mcl driver):

position:0 (driver "passthrough" port 6665 index 0)
laser:0 (driver "passthrough" port 6665 index 0)
localize:0 (driver "adaptive_mcl" position_index 0 laser_index 0 ...)

ThesecondPlayerserver will startup andlistenon port 7000;clientsconnectingto this server will
seea robotwith position , laser andlocalize devices.
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7.32 ptu46

Authors

TobyCollett t.collett(at)a uc kl and .a c. nz

Synopsis

Theptu46 driver providescontrolof thePTU-46-17.5pan-tilt unit from directedperceptionsthroughits
text interface(This unit is standardon the RWI b21r robot). This driver will probablywork with other
directedperceptionspantilt units,pleaselet meknow if youhave testedit.

Interfaces

Supportedinterfaces:

� ptz

Requireddevices:

� None.

Supportedcon�gurationrequests:

� PLAYERPTZ CONTROLMODEREQ

Con�guration �le options

Name Type Default Meaning
port string "/dev/ttyS0" Theserialport to beused

Notes
� This driver is new andnot thoroughlytested.
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7.33 reb

Authors

JohnSweeney sweeney(at)cs.u mass .e du

Synopsis

Thereb * family of driversareusedto controlrobotsusingtheK-TeamKameleon376SBCwith Robotics
ExtensionBoard(REB).TheKameleon,(or Kam),hasa MotorolaMC68376microcontrollerthatcanper-
form velocity andpositioncontrolandodometryfor up to four motors,usingtheREB. It canalsoaccessa
numberof A/D inputs,whichwe have connectedto SharpGP2D12IR proximity detectors.

In its default setting,a hostcomputercancommunicatewith theKam usingtheK-TeamSerCompro-
gram,which usesa simpleprotocolto sendcommandsandreaddataback. At UMass,we found that the
default SerComdid not offer enoughperformance,sowe developedour own, LPRSerCom,which usesthe
sameprotocol,but with someenhancements,suchasletting theKam do theodometryupdatesandIR syn-
chronization.Thebottomline is thatyou needto modi�y thesedriversto work with theK-TeamSerCom,
which is not very dif�cult (mainly removing theLPRSerComspeci�c code).We canalsosendyou a copy
of LPRSerComif you'd like. Email JohnSweeney (sweeney@cs.umas s. edu) for information.

Interfaces / Con�guration requests

Like theP2OSdevice,onethreadhandles3 separatedevices:position,IR, andpower.

� reb position

– Interface:position (seeSection6.19)

– Con�gurations:GETGEOM,MOTORPOWER,VELOCITY MODE,RESETODOM,POSITION MODE,
SPEEDPID , POSITION PID , SPEEDPROF, SET ODOM

– Notes:Providesaccessto differentialwheelbase.Positionmodeis supported,but experimental.
Velocity modehastwo operatingmodes:directandheading-based.In directmode,the trans-
lational androtationaldesiredvelocitiesaregiven ascommands.In heading-based,a desired
headinganlimits on translationandrotationalvelocitiesaregiven.

� reb ir

– Interface:ir (seeSection6.15)

– Con�gurations:POSE, POWER

– Notes: Accessesan arrayof IR proximity detectors.Thedevice returnsvoltagesfrom thede-
tector, which theclient mustdecodeinto ranges(usuallydonein IRProxy). The8 sensorsare
arrangedin a counterclockwiseoctagonaroundtherobot,with sensor0 orientedwith therobo-
centricpositive

�

�

axis,andsensor2 orientedrobocentricallyatpositive
�

�

.

� reb power

– Interface:power (seeSection6.21)

– Con�gurations:none

– Notes:Accessesthecurrentbatteryvoltageinformation,from theREB.
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Con�guration �le options

Table7.3liststheavailablecon�guration�le optionsfor theREBdevice. In anoptionis speci�edmorethan
oncein thecon�g �le, thenonly thelastvaluewill beused.Notethatthe“subclass”optionis very UMass
speci�c, sinceareusingtwo differentchassiswith differentgearratios.

Name Type Default Supportedby Values Meaning
port string /dev/ttySA1 reb * Thisport connectsto theREB.
subclass string slow reb position fast,slow Thetypeof robot.

Table7.3: Con®guration®le optionsfor thereb * drivers.

Notes
� The reb position driver setssomedefault PID parametersandresetsthe odometryto

�

�

�

�

�

�




whenthe �rst client subscribes.Likewise, the IR sensorsareonly turnedon whenan IR client has
subscribed.

� Positionmodeis very �nick y. This seemsto bea problemwith theREB itself, whichmaylosebytes
on the serialport while performingpositionmodeactions. This causesthe driver to time out, and
quitepossiblyloseaconnectionto theREB.

� TheLPRSerComprotocolrunningon theREB will sometimeslosea byteover theport, which can
causethedriver to timeoutonareadcall to theport. Thedriverwill attemptto retry thecall, but there
is noguaranteethattheREBwill beableto handleit. Thebestsolutionis to resettheREB.Hopefully
thisshouldbea relatively rareoccurrence.

� As mentionedabove,for thisdriverto functionproperly, theREBneedsto berunningtheLPRSerCom
program.

� Much of thecodefor this driver wasoriginally adaptedfrom thep2os driver, which we have appre-
ciated.
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7.34 rflex

Authors

Matt Brewermbrewer(at)andre w. cmu. edu , TobyCollett t.collett(at)au ck lan d. ac .n z

Synopsis

The rflex * family of driversareusedto control RWI robotsby directly communicatingwith RFLEX
onboardthe robot (i.e., Mobility is bypassed).To date,thesedrivershave beentestedon anATRV-Jr, but
they shouldwork with otherRFLEX-controlledrobots:you will have to determinesomeparametersto set
in thecon�g �le, however.

As of March 2003 thesedrivers have beenmodi�ed to supportthe b21r robot, Currentlyadditional
supporthasbeenaddedfor thepower interfaceandbumperinterface.For thepantilt unit on theb21rplease
referto theptu46driver. – TobyCollett

Interfaces / Con�guration requests

Althoughall theRFLEX interactionis actuallydonein a singlethread,thedifferentdevicesareaccessed
throughdifferentPlayerdrivers:

� rflex position :

– Interface:position (seeSection6.19)

– Con�gurations:VELOCITY MODE, SET ODOM, GETGEOM, MOTORPOWER, RESETODOM

� rflex sonar :

– Interface:sonar (seeSection6.23)

– Con�gurations:GETGEOM, POWER

� rflex power :

– Interface:power (seeSection6.21)

– Con�gurations:none

– Notes:Thepower driver seemsto reporta differentvaluethanthaton theLCD on therobotso
anoffsetcanbeaddedin thecon�guration�le.

� rflex bumper :

– Interface:bumper (seeSection6.8)

– Con�gurations:GETGEOM

� rflex ir :

– Interface:ir (seeSection6.15)

– Con�gurations:POSE, POWER

Somegenericdevices(e.g.aio anddio ) maybeavailable,but areuntested.
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Con�guration �le options

Forexamplecon�guration�les, seeumass ATRVJr.cfg ,umass ATRVMini.cfg andb21r rflex lms200.cfg .
IMPORTANT: Dueto anumberof initilisation issuesrelatingto themultipartnatureof ther�e x driver

thecon�gurationoptionr�e x donemustbesetto 1 in thelastr�e x driver in thecon�g �le. This will cause
theserver to wait until all the r�e x driver optionshave beenparsedbeforelaunchingits main thread.The
driver will hangif youdo notspeifythisvalue

r�ex position

Name Type Default Meaning
rflex serial port string none Serialport connectedto RFlex device. Seenote5.
mmlength string none Lengthof therobotin millimeters
mmwidth string none Width of therobotin millimeters
odo distance conversion string none Odometryconversion.SeeNote1.
odo angle conversion string none Odometryconversion.SeeNote2.
default trans acceleration string none Settranslationalacceleration,in mm.
default rot acceleration string none Setrotationalacceleration,in radians.

r�ex sonar

Name Type Default Meaning
rflex serial port string none Serialport connectedto RFlex device. Seenote5.
range distance conversion string none Sonarrangeconversionfactor. SeeNote7.
sonar age string none Pre®lteringparameter. SeeNote3.
max num sonars string none SeeNote4.
num sonars string none SeeNote4.
num sonar banks string none SeeNote4.
num sonars possible per bank string none SeeNote4.
num sonars in bank string none SeeNote4.
mmrad sonar poses string none Sonarpositionsanddirections.SeeNote6.

r�ex bumper

Name Type Default Meaning
rflex serial port string none Serialport connectedto RFlex device. Seenote5.
bumper count int none Numberof bumperpanels
bumper def ¯oattuple none Tupleof geometryfor eachbumper
rflex bumper address int 64 Thebaseaddressof ®rst bumperin theDIO addressrange

r�ex ir

Name Type Default Meaning
rflex serial port string none Serialport connectedto RFlex device. Seenote5.
rflex base bank int 0 BaseIR Bank
rflex bank count int 0 Numberof banksin use
rflex banks int tuple [0] Numberof IR sensorsin eachbank
pose count int 0 TotalNumberof IR sensors
ir min range int 0 Min rangeof ir sensors(mm) (Any rangebelow this is returnedas0)
ir max range int 0 Max rangeof ir sensors(mm) (Any rangeabovethis is returnedasmax)
rflex ir calib ¯oattuple [1 1] IR Calibrationdata(seeNote8)
poses ¯oattuple [0] x,y,thetaof sensors(mm,mm,deg)
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r�ex power

Name Type Default Meaning
rflex serial port string none Serialport connectedto RFlex device. Seenote5.
rflex power offset int 0 Thecalibrationconstantfor thepowercalculationin decivolts

Notes

1. Sincetheunits usedby the R�ex for odometryappearto be completelyarbitrary, this coef�cient is
neededto convert to millimeters: mm = (r�e x units) / (odo distanceconversion). Thesearbitrary
unitsalsoseemto bedifferenton eachrobotmodel. I'm afraidyou'll have to determineyour robot's
conversionfactorby driving a known distanceandobservingtheoutputof theRFlex.

2. Conversioncoef�cient for rotationodometry:seeodo distance conversion . Notethathead-
ing is re-calculatedby thePlayerdriver sincetheRFlex is not very accuratein this respect.Seealso
Note1.

3. Usedfor pre�ltering: thestandardPolaroidsensorsnever returnvaluesthatarecloserthantheclosest
obstacle,thuswe canbuffer locally looking for theclosestreadingin the last ”sonarage” readings.
Sincetheservo tick hereis quitesmall,youcanstill getprettyrecentdatain theclient.

4. Thesevaluesareall usedfor remappingthesonarsfrom R�ex indexing to playerindexing. Individual
sonarsareenumerated0-15on eachboard,but at leaston my robotseachonly hasbetween5 and8
sonaractuallyattached.Thuswe needto remapall of theseindexesto geta contiguousarrayof N
sonarsfor Player.

� max num sonars is the maximumenumerationvalue+1of all sonarmeaningif we have 4
sonarboardsthisnumberis 64.

� num sonars is thenumberof physicalsonarsensors- meaningthenumberof rangesthatwill
bereturnedby Player.

� num sonar banks is thenumberof sonarboardsyouhave.
� num sonars possible per bank is probobly16for all robots,but I includedit herejustin

case.this is thenumberof sonarthatcanbeattachedto eachsonarboard,meaningthemaximum
enumerationvaluemappedto eachboard.

� num sonars in bank is thenubmerof physicalsonarattachedto eachboardin order- you'll
noticeon eachthesonarboarda setof dip switches,theseswitchescon�gure theenumeration
of theboards(oursare0-3)

5. The�rst RFlex device (position,sonaror power) in thecon�g �le mustincludethis option,andonly
the�rst device's valuewill beused.

6. This is abouttheugliestway possibleof telling Playerwhereeachsonaris mounted.Includein the
string groupsof threevalues:"x1 y1 th1 x2 y2 th2 x3 y3 th3 ..." . x andy aremm
andthetais radians,in Player's robotcoordinatesystem.

7. Usedtoconvertbetweenarbitrarysonarunitstomillimeters:mm= sonarunits/ rangedistanceconversion.

8. Calibrationis in the form Range=
�������

���	��

�
�


��

andstoredin the tupleas[a1 b1 a2b2 ...] etc for
eachir sensor.
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7.35 rwi

Authors

Andy MartignoniIII ajm7(at)cs.wust l. edu,Nik Melchior

Synopsis

Therwi * family of driversareusedto controlRWI robotsusingRWI' s Mobility software.To date,these
drivershave beentestedon theB21r, but they shouldwork with otherMobility-controlledrobots.

Note: This documentationmaybe incompleteand/orwrong,becauseI (brian)didn't write
thedriver. Commentsandcorrectionsfrom usersarewelcome.

Interfaces / Con�guration requests

Althoughall theMobility interactionis actuallydonein a singlethread,thedifferentMobility devicesare
accessedthroughdifferentPlayerdrivers,eachsupportinga differentinterfaceandsupportingsomesubset
of con�gurationrequests:

� rwi bumper :

– Interface:bumper (seeSection6.8)

– Con�gurations:none

– Notes:Providesaccessto RWI bumpers,for thoserobotssoequipped.

� rwi laser :

– Interface:laser (seeSection6.16)

– Con�gurations:none

– Notes:Providesaccessto Mobility-controlledlaserrange-�nder, for thoserobotssoequipped.

� rwi position :

– Interface:position (seeSection6.19)

– Con�gurations:GETGEOM, MOTORPOWER, RESETODOM

– Notes:Providesaccessto asynchro-drive wheelbase.Only speedcontrolis supported.

� rwi power :

– Interface:power (seeSection6.21)

– Con�gurations:none

– Notes:Providesaccessto batterychargeinformation.

� rwi sonar :

– Interface:sonar (seeSection6.23)

– Con�gurations:GETGEOM, POWER

– Notes:Providesaccessto asonararray.
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Con�guration �le options

Name Type Default Meaning
name string "B21R" Thenameof therobotto whichPlayershouldconnect
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7.36 readlog

Authors

Andrew Howardahoward(at)usc .e du

Synopsis

Thereadlog driver canbeusedto “replay” datastoredin a log �le. This is particularlyusefulfor debug-
gingclientprograms,sinceusersmayruntheirclientsagainstthesamedatasetoverandoveragain.Suitable
log �les canbegeneratedusingthewritelog driver, or they maybedownloadedfrom theRoboticsData
SetRepository(Radish):

http://radish.s our ce fo rg e. net

Notethat,to makeuseof log �le data,Playermustbestartedin aspecialmode:

$ player -r <logfile> <configfile>

The -r switch instructsPlayerto load the given log �le, andreplaythe dataaccordingthe con�guration
speci�edin <configfile> . Seethebelow for someusageexamplesof thereadlog driver.

Interfaces

Thereadlog driver currentlysupportsthefollowing interfaces:laser , position , wifi .

Con�guration �le options

Name Type Default Meaning
index integer 0 Device index in thelog ®le.

Example: ReplayOdometry and Laser Data

Thefollowing con�guration�le foo.cfg will readodometryandlaserdatafrom a log �le:

position:0 (driver "readlog" index 0)
laser:0 (driver "readlog" index 0)

ThePlayerserver mustalsobestartedin theappropriatemode:

$ player -r foo.log foo.cfg

wherefoo.log containsthe datato be replayed. SeeSection7.48 for an examplethat shows how to
generateasuitablelog �le usingthewritelog driver.
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Example: Post-hocLocalization

A particularlyusefulfeatureof thereadlog driveris thatit canbeusedtogeneratelocalizationinformation
a robot theafter theexperimenthasbeenperformed.Thefollowing con�guration �le bar.cfg will read
odometryandlaserdatafrom a log �le, andpassit to theamcl driver to generaterobotposeestimates.

position:0 (driver "readlog" index 0)
laser:0 (driver "readlog" index 0)
localize:0
(

driver "amcl"
position_index 0
laser_index 0
map_file "mymap.pnm"
map_scale 0.05

)

ThePlayerserver mustalsobestartedin theappropriatemode:

$ player -r foo.log bar.cfg
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7.37 segwayrmp

Authors

JohnSweeney sweeney(at)cs.u mass .ed u,BrianP. Gerkey gerkey(at)stan fo rd .ed u,Andrew
Howardahoward(at)usc.e du

Synopsis

Thesegwayrmp driver providescontrolof a Segway RMP (RoboticMobility Platform),which is anex-
perimentalrobotic versionof the Segway HT (HumanTransport),a kind of two-wheeled,self-balancing
electricscooter.

Interfaces

Supportedinterfaces:

� position

� position3d

Requireddevices:

� None

Supportedcon�gurationrequests:

� For theposition interface:

– PLAYERPOSITION MOTORPOWERREQ

– PLAYERPOSITION GETGEOMREQ

– PLAYERPOSITION RESETODOMREQ

– PLAYERPOSITION RMPVELOCITY SCALE

– PLAYERPOSITION RMPACCELSCALE

– PLAYERPOSITION RMPTURNSCALE

– PLAYERPOSITION RMPGAIN SCHEDULE

– PLAYERPOSITION RMPCURRENTLIMIT

– PLAYERPOSITION RMPRST INTEGRATORS

– PLAYERPOSITION RMPSHUTDOWN

� For theposition3d interface:

– PLAYERPOSITION MOTORPOWERREQ

Con�guration �le options

Name Type Default Meaning
canio string "kvaser" Thekind of underlyingCAN I/O to beused.
max xspeed int 500 Maximumallowedtranslationalvelocity (mm/sec).
max yawspeed int 40 Maximumallowedangularvelocity (deg/sec).
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Notes
� Becauseof its power, weight, height, and dynamics,the Segway RMP is a potentially dangerous

machine.Be very carefulwith it.

� Thisdriver is experimental, ashasnot beenwidely usedor extensively tested.Useatyourown risk.

� AlthoughtheRMPdoesnotactuallysupportmotorpowercontrolfrom software,for safetyyoumust
explicitly enablethemotorsusingaPLAYERPOSITION MOTORPOWERREQrequest(this request
is supportedin bothposition andposition3d modes).

� For safety, this driver will stop the RMP (i.e., sendzerovelocities)if no new commandhasbeen
received from a client in theprevious400msor so. Thus,even if you want to continuemoving at a
constantvelocity, youmustcontinuouslysendyourdesiredvelocities.

� Mostof thecon�gurationrequestshave notbeentested.

� Theposition3d interfaceis entirelynew andits usewith thisdriver hasnotbeentested.

� Currently, the only supportedtype of CAN I/O is "kvaser" , which usesKvaser, Inc.'s CANLIB
interfacelibrary. This library providesaccessto CAN cardsmadeby Kvaser, suchastheLAPcanII.
However, theCAN I/O subsystemwithin thisdriver is modular, sothatit shouldbeprettystraightfor-
wardto addsupportfor otherCAN cards.
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7.38 serviceadv-lsd

Authors

ReedHedgesreed(at)zerohou r. net

Synopsis

Theservice adv lsd driverprovideslocalnetworkbroadcastserviceadvertisementusingthesimpleLi-
braryfor ServiceDiscoveryavailableathttp://interre al ity .o rg /s of twa re /s er vi ced is co ve ry .
Clientscanlink againstthis library aswell, andlistenfor serviceadvertisements.TheLSD library should
bebuilt andinstalledbeforebuilding Player. Notethatthereis no clientproxy in Playerfor thisdevice: use
theLSD library.

TheserviceURL will have theform: player:// host: port

Interfaces

Supportedinterfaces:

� service adv

Requireddevices:

� None.

Supportedcon�gurationrequests:

� None.

Con�guration �le options

Name Type Default Meaning
name string "robot" Theºtitleº of theservice
description string "Player Robot Server" Theºdescriptionºof theservice
url string (Automaticallydetected) ManuallyoverridetheserviceURL
tags tuple (Device tagsonly) Setadditionalºtypeºtags. In addition to these,a

tag is addedfor eachdevice on the robot with the
form: device:devicename#index(driver name)
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7.39 sicklms200

Authors

Andrew Howardahoward(at)usc .e du,RichardT. Vaughanvaughan(at)sfu .co m,KasperStøy

Synopsis

Thesicklms200 driver is usedto controlaSICK LMS-200laserrange-�nder.

Interfaces

Supportedinterfaces:

� laser

Requireddevices:

� None.

Supportedcon�gurationrequests:

� PLAYER_LASER_GET_GEOM

� PLAYER_LASER_GET_CONFI G

� PLAYER_LASER_SET_CONFI G

Con�guration �le options

Name Type Default Meaning
pose tuple [0.0 0.0 0.0] Themountedposeof thelaser(in mm,mm,degrees)
delay integer 0 Startupdelayon thelaser, in seconds(setthis to 35 if you have

anewergenerationPioneerwhoselaseris switchedonwhenthe
serialport is open).

port string "/dev/ttyS1" Theserialport to beused
rate integer 38400 Baudrateto usewhentalking to laser;shouldbe oneof 9600,

38400,500000.
resolution integer 50 Theangularscanresolutionto beused(in unitsof 0.01degrees)
range res integer 1 The rangeresolutionmodeof the laser. Set to 1 to get 1 mm

resolutionwith 8 m maxrange;setto 10 to get1 cm resolution
with 80 m range;setto 100to get10 cm resolutionwith 800m
maxrange.

invert integer 0 Setthis ¯agif thelaseris mountedupside-down; therangeand
bearingresultswill be ¯ippedso the laserappearsto be right-
way-up.

Notes
� This driver likely only worksin Linux.
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7.40 sickpls

Authors

YannickBrosseauyannick.brosse au(at )u sh er br ook e. ca ,AndrewHowardahoward(at)usc .e du

Synopsis

Thesickpls driver is usedto controlaSICK PLSlaserrange-�nder. Thisdriverwill soonbemergedinto
thesicklms200 driver.

Interfaces

Supportedinterfaces:

� laser

Requireddevices:

� None.

Supportedcon�gurationrequests:

� PLAYER_LASER_GET_GEOM

� PLAYER_LASER_GET_CONFI G

� PLAYER_LASER_SET_CONFI G

Con�guration �le options

Name Type Default Meaning
pose tuple [0.0 0.0 0.0] Themountedposeof thelaser(in mm,mm,degrees)
delay integer 0 Startupdelayon thelaser, in seconds(setthis to 35 if you have

anewergenerationPioneerwhoselaseris switchedonwhenthe
serialport is open).

port string "/dev/ttyS1" Theserialport to beused
rate integer 9600 Baudrateto usewhentalking to laser;shouldbe oneof 9600,

38400,500000.
resolution integer 50 Theangularscanresolutionto beused(in unitsof 0.01degrees)
invert integer 0 Setthis ¯agif thelaseris mountedupside-down; therangeand

bearingresultswill be ¯ippedso the laserappearsto be right-
way-up.

Notes
� This driver likely only worksin Linux.
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7.41 sonyevid30

Authors

BrianP. Gerkey gerkey(at)stan fo rd .ed u

Synopsis

Thesonyevid30 driver providescontrolof aSony EVID30 pan-tilt-zoomcameraunit.

Interfaces

Supportedinterfaces:

� ptz

Requireddevices:

� None.

Supportedcon�gurationrequests:

� None.

Con�guration �le options

Name Type Default Meaning
port string "/dev/ttyS2" Theserialport to beused
fov tuple [3 30] Theminimumandmaximum®eldsof view (in degrees)Half-angle??

Notes
� The sonyevid30 operatesover a direct seriallink, not throughtheP2OSmicrocontroller's AUX

port, asis thenormalcon�guration for ActivMediarobots.You mayhave to make or buy a cableto
connectyourcamerato anormalserialport.

� This driver likely only worksin Linux.
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7.42 trogdor

Authors

BrianP. Gerkey gerkey(at)stan fo rd .ed u

Synopsis

The trogdor driver providescontrolof a small, fast,mobile robotmadeby Botrics. It' s calledboth the
O-BotandtheTrogdor.

Interfaces

Supportedinterfaces:

� position

Requireddevices:

� None.

Supportedcon�gurationrequests:

� PLAYERPOSITION GETGEOMREQ

� PLAYERPOSITION MOTORPOWERREQ

Con�guration �le options

Name Type Default Meaning
port string "/dev/usb/ttyUSB1" Theserialport to beused

Notes
� This driver is new andnot thoroughlytested.
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7.43 udpbroadcast

Authors

Andrew Howardahoward(at)usc .e du,BrianP. Gerkey gerkey(at)stan for d. edu

Synopsis

The udpbroadcast driver providesa mechanismwherebyPlayerclientscancommunicatewith other
Playerclients,even whenthoseclientsareconnectedto differentPlayerservers. Any messagesentto a
udpbroadcast device will be received by all udpbroadcast devicesthat areon the samephysical
network (including thesendingdevice). The underlyingtransportmechanismis basedon broadcastUDP
sockets(seeNotesbelow).

Interfaces

Supportedinterfaces:

� comms

Requireddevices:
� None.

Supportedcon�gurationrequests:
� None.

Con�guration �le options

Name Type Default Meaning
addr string "10.255.255.255" Thebroadcastaddressto beused.
port integer 6013 Thebroadcastport to beused.

Notes
� Make sureyour network supportsbroadcasting,andthatyour sys-adminwont cut you off for trying!

Broadcastingis bestdoneonprivatenetworks.

� The default broadcastaddressis 10.255.255.255,port 6013 (i.e. it assumesyou have a 10.*.*.*
network with netmask255.0.0.0).Thebroadcastaddressandportarecon�gurablein Player's con�g-
uration�le.

� Thereis no “simulated”udpbroadcast driver in Stage;therealudpbroadcast driver is always
used.In thiscase,thedefaultbroadcastaddressis 127.255.255.255(theloopbackdevice). At present,
thereis no wayof changingthedefault value.

� Thereis noguaranteethatmessageswill bedelivered,or thatthey will bedeliveredin theexactorder
they weretransmitted.

� Theudpbroadcast driver ismeantfor transmittingsmallpacketsonly: donttry to useit for passing
full-color imagesaroundat 30Hz! You will �ood your network and over�ow both incoming and
outgoingqueuesin theudpbroadcast driver.
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7.44 upcbarcode

Authors

Andrew Howardahoward(at)usc .e du

Figure7.6: A sampleUPCbarcode(onedigit).

Synopsis

TheUPC barcodedetectorsearchesfor standard,single-digitUPC barcodesin a cameraimage(a sample
barcodeis shown above).

Interfaces

Supportedinterfaces:

� blobfinder

Requireddevices:

� camera

Con�guration �le options

TODO

Name Type Default Meaning
camera integer 0 Index of thecamera device to beused.

Notes

For moreinformationon theupcbarcode driver, askAndrew Howard:ahoward@usc.edu .
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7.45 vfh

Authors

ChrisJonescvjones(at)robot ic s. us c.e du

Synopsis

TheVFHdriver implementstheVectorFieldHistogramPluslocalnavigationmethodby Ulrich andBoren-
stein[7]. VFH+ providesreal-timeobstacleavoidanceandpathfollowing capabilitiesfor fastmobilerobots.

Interfaces

Supportedinterfaces:

� position

Requireddevices:

� position

� laser

Supportedcon�gurationrequests:

� None.

Con�guration �le options

Name Type Default Meaning
position index integer 0 Index of theunderlyingpositiondevice.
laser index integer 0 Index of thelaserdevice.
cell size length 0.1 Localoccupancy mapgrid size(m).
window diameter integer 61 Dimensionsof occupancy map (map consistsof win-

dow diameterX window diametercells).
sector angle integer 5 Histogramangularresolution,in degrees.
robot radius length 0.25 Theradiusof therobot(m).
safety dist length 0.1 Theminimumdistancetherobot is allowedto get to ob-

stacles(m).
max speed integer 200 The maximumallowablespeedof the robot, in millime-

ters/second,therobot.
max turnrate integer 40 Themaximumallowableturnrateof therobot.
free space cutoff ¯oat 2000000.0 Unitlessvalue.Thehigherthevalue,theclosertherobot

will getto obstaclesbeforeavoiding.
weight desired dir ¯oat 5.0 Biasfor therobotto turn to movetowardgoalposition.
weight current dir ¯oat 3.0 Biasfor therobotto continuemoving in currentdirection

of travel.
distance epsilon length 0.5 Planardistancefrom the targetpositionthatwill becon-

sideredacceptable.
angle epsilon angle 10 degrees Angulardifferencefrom targetanglethatwill considered

acceptable.
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Notes

Theprimaryparametersto tweaktogetreliableperformancearesafety dist andfree space cutoff .
In general,safety dist determineshow closetherobotwill cometo anobstaclewhile turning(around
a cornerfor instance)andfree space cutoff determineshow closea robotwill get to anobstaclein
thedirectionof motionbeforeturningto avoid. Fromexperience,it is recommededthatmax turnrate
shouldbeat least15%of max speed .

To get initiatedto VFH, I recommendsettingrobot radius to theradiusof your robotandstarting
with thedefaultvaluesfor otherparametersandexperimentallyadjustingsafety dist andfree space cutoff
to get a feeling for how theparametersaffect performance.Oncecomfortable,increasemax speed and
max turnrate . Unlessyou arefamiliar with theVFH algorithm,I don't recommenddeviating from the
default valuesfor cell size , window diameter , or sector angle .

For moreinformationon theVFHdriver, askChrisJones:cvjones@robotics .u sc .e du.
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7.46 waveaudio

Authors

RichardT. Vaughanvaughan(at)sfu .c om

Synopsis

Thewaveaudio drivercapturesaudiofrom /dev/dsponsystemswhichsupporttheOSSsounddriver. The
datais exportedusing the waveform genericsampledatainterface. Currentlydatais capturedat 8bit,
mono,16KHz.

Interfaces

Supportedinterfaces:

� waveform

Requireddevices:

� None.

Supportedcon�gurationrequests:

� None.

Con�guration �le options

No con�guration�le optionsareaccepted.

Notes

None.

140



7.47 wavefront

Authors

BrianP. Gerkey gerkey(at)stan fo rd .ed u,Andrew Howardahoward(at)usc. edu

Synopsis

The wavefront driver implementsa simple path plannerfor a planarmobile robot. The underlying
planner, which useswavefront propagation,waswritten by Andrew Howard; the integration into Player
wasdoneby BrianGerkey.

Thisdriverworksin thefollowing way: uponreceiving anew positiontarget,apathis plannedfrom the
robot's currentpose,asreportedby theunderlyinglocalizedevice. Thewaypointsin this patharehanded
down, in sequence,to theunderlyingpositiondevice.

By tying everythingtogetherin thisway, thisdriver offersthemythical“global goto” for your robot.

Interfaces

Supportedinterfaces:

� position

Requireddevices:

� position

� localize

Supportedcon�gurationrequests:

� None.

Con�guration �le options

Name Type Default Meaning
position index integer 0 Index of theunderlyingpositiondevice.
localize index integer 0 Index of theunderlyinglocalizedevice.
map filename string none Bitmap®le containingmapin which to plan.
map scale ¯oat none Metersperpixelsin map.
robot radius length 0.15 Radiusof robot.
safety dist length robot radius Distanceto keepbetweenrobotandobstacles.
max radius length 1.0 Distancebeyondwhichis consideredin®nite for planning

purposes(?)
dist penalty ¯oat 1.0 Fudgefactorto discouragecuttingcorners.
dist epsilon length 3*robot radius Distancefrom targetpositionthatwill be consideredac-

ceptable.
angle epsilon angle 10 degrees Angulardifferencefrom targetanglethatwill beconsid-

eredacceptable.
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Notes
� This driver is new, notwidely tested,andnon-trivial to con�gure anduse.

� Thereis currentlynoway to getfeedbackfrom theplanner, suchas:thecurrentlist of waypoints,the
lackof a feasiblepath,or theachievementof the�nal goal.

� Theunderlyingpositiondevice mustbecapableof doingpositioncontrol(i.e., not velocity control),
preferablywith localobstacleavoidance(averygoodcandidateis thevfh driver).

� The underlyinglocalizedevice musthave alreadyconvergedto a reasonableestimateof the robot's
posebeforetargetsaresentto thisdriver (otherwiseresultswill beunpredictableat best).

� Thetargetthresholds(dist epsilon andangle epsilon ) shouldbegreaterthanthosethresh-
oldsin theunderlyingpositiondevice,assumingit' s vfh . Otherwise,theunderlyingdriver thinksthe
robothasreacheda target,while thewavefront driver is still waiting.
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7.48 writelog

Authors

Andrew Howardahoward(at)usc .e du

Synopsis

Thewritelog driver canbeusedto storedatafrom otherdeviceswithin thePlayerserver. Thelog �les
generatedin thiswaycanbe“replayed”usingthereadlog driver. Seethebelow for someusageexamples
of thewritelog driver.

Interfaces

Thewritelog drivercurrentlysupportsthenull interface,meaningthatit generatesnodata,andaccepts
no commandsor con�gurationrequests.

Currently, the writelog driver is capableof storing data from the following interfaces: laser ,
position , wifi .

Con�guration �le options

Name Type Default Meaning
filename string writelog.log Outputlog ®le name
devices list none A list of stringsspeci®yingthedeviceswhosedatashouldbestored.

Eachdevice is speci®edas``device:index'' .

Example: Storing Odometry and Laser Data

Thefollowing con�guration �le will odometryfrom a Pioneerandlaserdatafrom a SickLMS200to a log
�le.

position:0 (driver "p2os_position")
laser:0 (driver "sicklms200")
null:0
(

driver "writelog"
filename "foo.log"
devices ["position:0" "laser:0"]
alwayson 1

)

Notethatthealwayson �ag will causethedriver to startloggingdataassoonasPlayeris started,andwill
continueloggingdatauntil Playeris stopped.

Look in Section7.36for anexamplethatshows how to replaythisdatausingthereadlog driver.

143



Chapter 8

Ar chitecture

Playerwasdesignedfrom thebeginning to be easilyextendedby addingnew devicesandby addingnew
functionality to existing devices. In fact,Playeris really a general-purposedevice server; we just happen
to useit for controllingour robots.You coulduseit to provide a simple,cleaninterfaceto any sensorsor
actuatorsyouhave. Wedescribein thischaptertheoverall systemarchitectureandhow youwouldgoabout
addingyourown devices.After readingthischapter, youshouldconsultthecodefor theexistingdevicesas
examplesfor writing your own. Also, keepin mind thatthecodemaychangefasterthanthis document,so
thedetailsgivenheremaynotalwaysbeup to date.

8.1 Server Structure

Playeris implementedin C++ andmakesuseof thePOSIX-compliantpthreadinterfacefor writing multi-
threadedprograms.Initially, Playerwaswritten with a very large numberof threads(2 perclient + 1 per
device);wefoundthismodelto beratherinef�cient (especiallywith LinuxThreads)andpoorlyscalabledue
to schedulerdelayandcontext switchtime. Thuswehaveeliminatedmany threads,keepingthetotal thread
countconstantin thenumberof clients. To supportcodemodularityandreusabilitythereis still generally
onethreadperdevice, thoughsomelight-weightdevices(e.g.,the laserbeacon device) do not require
theirown threads.

Onethreadservicesall clients,doing the following: listen for new client connectionson the selected
TCPport(s),readcommandsandrequestsfrom all currentclients,andwrite dataandrepliesto all clients.

Whenthe server receives a requestfor a device that is not alreadysetup,it calls the propermethod,
Setup() , in theobjectwhich controlstheindicateddevice. Theinvocationof Setup() involvesspawn-
ing anotherthreadto communicatewith thatdevice1. So,in total,we have 1 server threadand1 threadper
opendevice.

Theoverall systemstructureof Playeris shown in Figure8.1. Thecenterportionof the�gure is Player
itself; on the left arethephysicaldevicesandon theright aretheclients. As describedabove, eachclient
hasaTCPsocket connectionto Player. If theclient is executingon thesamehostasPlayer, thenthissocket
is simply a loopbackconnection;otherwise,thereis a physicalnetwork in betweenthe two. At theother
end,Playerconnectsto eachdevice by whatever methodis appropriatefor thatdevice. For mostdevices,
including the laser, camera,androbotmicrocontroller, Playermakesthis connectionvia an RS-232serial
line. However, connectionsto theACTSvisionserver andFestival speechsynthesizerarevia aTCPsocket.

Within Player, thevariousthreadscommunicatethrougha sharedglobaladdressspace.As indicatedin
Figure8.1,eachdevicehasassociatedwith it acommandbuffer andadatabuffer. Thesebuffers,whichare

1Most,but notall deviceshave theirown threads.
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eachprotectedby mutualexclusion locks, provide an asynchronouscommunicationchannelbetweenthe
device threadsandtheclient readerandwriter threads.For example,whentheclient readerthreadreceives
a new commandfor a device, it writes the commandinto the commandbuffer for that device. At some
laterpoint in time,whenthedevice threadis readyfor a new command,it will readthecommandfrom its
commandbuffer andsendit on to thedevice. Analogously, whenadevice threadreceivesnew datafrom its
device, it writesthedatainto its databuffer. Later, whentheclient writer threadis readyto sendnew data
from that device to a particularclient, it readsthedatafrom thedatabuffer andpassesit on to theclient.
In this way, theclient servicethreadis decoupledfrom thedevice servicethreads(andthustheclientsare
decoupledfrom thedevices).Also, justby thenatureof threads,thedevicesaredecoupledfrom eachother.

8.1.1 Devicedata

By default,eachclientwill receive new datafrom eachdevice to which it is subscribedat10Hz.Of course,
receiving dataat 10Hz may not be reasonablefor all clients; thuswe provide a methodfor changingthe
frequency, andalsofor placingthe server in a request/replymode. It is importantto rememberthat even
when a client receives dataslowly, thereis no backlogand it always receives the most currentdata; it
hassimply missedout on someinterveninginformation. Also, thesefrequency changesaffect theserver's
behavior with respectto eachclient individually; theclient at 30Hzandtheclient at 5Hz canbeconnected
simultaneously, andtheserver will feedeachonedataat its preferredrate.

Therearefour (per-client) modesof datadelivery, asfollows:

� PLAYERDATAMODEPUSHALL : periodicallysendto theclient currentdatafrom all devicescur-
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rentlyopenedfor reading

� PLAYERDATAMODEPULL ALL : on requestfrom theclient, sendit currentdatafrom all devices
currentlyopenedfor reading

� PLAYERDATAMODEPUSHNEW: periodicallysendto theclientcurrentdataonly fromthosedevices
thatareopenedfor readingandhave generatednew datasincethelastcycle

� PLAYERDATAMODEPULL NEW: on requestfrom the client, sendit currentdataonly from those
devicesthatareopenedfor readingandhave generatednew datasincethelastcycle

Thedefault modeis currentlyPLAYERDATAMODEPUSHNEW, which many clientswill �nd mostuseful.
In general,the *PUSH* modes,which essentiallyprovide continuousstreamsof data,aregoodwhenim-
plementingsimple(or multi-threaded)client programsin which theprocesswill periodicallyblock on the
socket to wait for new data.Likewise,the*PULL* modesaregoodfor client programsthatarevery slow
and/oraperiodic.Along theotherdimension,the*NEW*modesaremostef�cient, asthey nevercause“old”
datato besentto theclient. However, if a client programdoesnot cachesensordatalocally, thenit might
preferto useoneof the *ALL* modesin orderto receive all sensordataon every cycle; in this way the
client canoperateeachcycleon thesensordatain placeasit is received.

Of course,it is possiblefor adeviceto generatenew datafasterthantheclient is readingfrom theserver.
In particular, thereis no methodby which a device canthrow an interruptto signalthat it hasdataready.
Thusthedatareceivedby theclientwill alwaysbeslightly olderfor having satinsidetheshareddatabuffer
insidePlayer. This “buffer sit” time canbeminimizedby increasingthefrequency with which theserver is
sendingdatato theclient2. In any case,all datais timestampedby theoriginatingdevicedriver, preferablyas
closeto thetimewhenthedatawasgatheredfrom thedevice. Thisdatatimestampis generallyaveryclose
approximationto the time at which thesensedphenomenonoccurredandcanbe usedby client programs
requiring(fairly) precisetiming information.

8.1.2 Devicecommands

Analogousto the issueof datafreshnessis the fact that thereis no guaranteethat a commandgiven by a
client will ever besentto the intendedphysicaldevice. Playerdoesnot implementany device locking, so
whenmultiple clientsareconnectedto a Playerserver, they cansimultaneouslywrite into a singledevice's
commandbuffer. Thereis noqueuingof commands,andeachnew commandwill overwritetheold one;the
servicethreadfor thedevicewill only sendto thedevice itself whatevercommandit �nds eachtime it reads
its commandbuffer. We chosenot to implementlocking in orderto provide maximalpower and�e xibility
to the client programs.In our view, if multiple clientsareconcurrentlycontrolling a singledevice, such
asa robot's wheels,thenthoseclientsareprobablycooperative, in which casethey shouldimplementtheir
own arbitrationmechanismat a higherlevel thanPlayer. If theclientsarenot cooperative, thenthesubject
of researchis presumablythe interactionof competitive agents,in which casedevice locking would be a
hindrance.

8.1.3 Devicecon�gurations

Whereasthedataandcommandfor eachdevicearestoredin simplebuffersthataresuccessively overwritten,
con�gurationrequestsandrepliesarestoredin queues.Con�gurationrequests,whicharesentfrom client to
server, arestoredin thedevice's incomingqueue.Con�gurationreplies,whicharesentfrom server to client,

2OnLinux, dueto the10msschedulergranularity, theeffective upperlimit ondatarateis 50Hz.
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arestoredin thedevice's outgoingqueue.Thesequeuesare�x ed-size:queueelementsizeis currently�x ed
at1KB for all devicesandqueuelengthis determinedat compile-timeby eachdevice's contructor.

8.2 Adding a new device dri ver

Having describedtheinternalworkingsof Player, we now give a shorttutorial on how you would go about
extendingthe server by addinga new device driver. As mentionedearlier, in lieu of a more complete
prescriptionfor creatingdrivers,anexaminationof thecodefor theexistingdriversshouldprovideyouwith
suf�cient examples.Youshouldbefamiliarwith C++,classinheritance,andthreadprogramming.

The �rst stepin addinga new driver to Player is to decidewhich interface(s)it will support. The
existing interfacesaredescribedin Chapter6 andtheirvariousmessagestructuresandconstantsarede�ned
in include/player .h . Althoughyou cancreatea new interface,you shouldtry to �t your driver to an
existing interface,of which therearemany. By decidingto supportan existing interface,you'll have less
work to do in theserver, andwill likely have instantclient supportfor yourdriver in severallanguages.

Tocreateanew driver, youshouldcreateanew classfor thedriver, whichshouldinheritfrom CDevice ,
declaredin server/device.h andimplementedin server/device.cc . That baseclassde�nes a
standardinterface,partof which thenew driver mustimplement(otherpartsit maychooseto override).We
now describethesalientaspectsof theCDevice class.

8.2.1 Constructors

Therearetwo CDevice constructorsavailable.Mostdriverswill usethemoreexpressive of thetwo:

CDevice::CDevic e( siz e_t datasize, size_t commandsize,
int reqqueuelen, int repqueuelen);}

Argumentsare:

� datasize : thesize(in bytes)of thebuffer to beallocatedto hold thecurrentdatafrom thedriver

� commandsize : thesize(in bytes)of thebuffer to beallocatedto hold thecurrentcommandfor the
driver

� reqqueuelen : the length(in numberof elements)of thequeueto beallocatedto hold incoming
con�gurationrequestsfor thedriver

� repqueuelen : the length(in numberof elements)of thequeueto be allocatedto hold outgoing
con�gurationrepliesfrom thedriver

All requestedbuffersandqueueswill beallocatedby theCDevice constructor(we describebelow where
the pointersarestoredin the object). This constructorshouldbe invoked in the preambleto the driver's
own constructor;for example,thesicklms200 driver, whichproduces�x ed-lengthdata,acceptsnocom-
mands,andusesincomingandoutgoingcon�gurationqueuesbothof length1,hasaconstructorthatbegins:

CLaserDevice::C Laser Devi ce (i nt argc, char** argv) :
CDevice(sizeof( pla ye r_ la se r_d at a_t) ,0 ,1, 1)

Now, youmaywantto allocteyourown buffersand/orqueues(e.g.,CStageDevicedoesits own memory
managementin staticmmap() edsegments).If so,thenyourdrivershouldnot invokeaCDevice construc-
tor; the“default” zero-argumentconstructorwill beinvoked for you andwill properlyinitialize someclass
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members.Evenif you do allocateyour own buffers,you might bene�t from letting CDevice know where
they are,in thatyoucouldstill usethestandardCDevice methods(describedbelow) to interfacewith your
driver. You cando thisby calling (usuallyin your own constructor)SetupBuffers() :

void CDevice::SetupB uf fe rs (u nsi gned char* data, size_t datasize,
unsigned char* command, size_t commandsize,
unsigned char* reqqueue, int reqqueuelen,
unsigned char* repqueue, int repqueuelen);

Argumentsare:

� data : thebuffer allocatedto hold thecurrentdatafrom thedriver

� datasize : thesize(in bytes)of data

� command: thebuffer allocatedto hold thecurrentcommandfor thedriver

� commandsize : thesize(in bytes)of command

� reqqueue : thebuffer allocatedto hold incomingcon�guration requests;it shouldbeanallocated
asanarrayof playerqueue elt t s

� reqqueuelen : thelength(in numberof elements)of reqqueue

� repqueue : thebuffer allocatedto hold outgoingcon�gurationreplies;it shouldbeanallocatedas
anarrayof playerqueue elt t s

� repqueuelen : thelength(in numberof elements)of repqueue

In this case,SetupBuffers() will allocatePlayerQueue objectsto handlecon�gurations;they will
operateon thememorysegmentsthatyouprovide.

Whetheryoulet theCDevice constructorallocateyourbuffersordoit yourselfandthencallSetupBuffers() ,
therelevantpointersandsizesarestoredin thefollowing protectedmembersof CDevice :

// buffers for data and command
unsigned char* device_data;
unsigned char* device_command;

// maximum sizes of data and command buffers
size_t device_datasize ;
size_t device_commands iz e;

// amount at last write into each respective buffer
size_t device_used_dat as iz e;
size_t device_used_com mandsi ze;

// queues for incoming requests and outgoing replies
PlayerQueue* device_reqqueue ;
PlayerQueue* device_repqueue ;
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8.2.2 Locking accessto buffers

BecausePlayeris amulti-threadedprogram,all accessto sharedbuffersmustbeprotectedby mutualexclu-
sionlocks. For this purpose,CDevice containsa (private)pthread mutex t , andprovides(protected)
Lock() andUnlock() methodsthatcallpthread mutex lock() andpthread mutex unlock() ,
respectively (thesemethodsarevirtual; thusa driver canoverridethemin orderto usea differentmutual
exclusionmechanism).You shouldsurroundall accessesto any of a driver's sharedbuffersor queueswith
calls to Lock() andUnlock() . The default interfacemethodsdescribedin the following sectionsdo
exactly this.

8.2.3 Instantiation

BecausePlayersupportsmultipleindexedinstancesof devices,yourdrivershouldbepreparedto bemultiply
instantiated(e.g., you generallyshouldnot useglobal or otherstatic variables)and you must provide a
function for instantiatingit. Whena new instanceof a driver is required,Playerwill call an appropriate
instantiationfunction (seeSection8.2.10for how to register your instantiationmethod). This function
shouldreturn(asaCDevice* ) apointerto anew instanceof yourdeviceclass.Sinceanobjecthasnotyet
beencreatedwhenthis functionis called,it mustbedeclaredoutsideof theclass(or staticwithin theclass).
This functionshouldmatchthefollowing prototype:

CDevice* Foo_Init(char* interface, ConfigFile* cf, int section);

Theargumentsare:

� interface : thestringnameof theinterfacethatthedriver hasbeenrequestedto support

� cf : aobjectcontaininginformationgleanedfrom theuser's con�guration�le

� section : in whichsectionof thecon�guration�le yourdriver wasrequested

You shouldcheckthe requestedinterface to be surethat your driver cansupportit. If you cannot,
thenreturnNULL. You shouldlook in thecon�guration �le objectcf for any optionsthatmayhave been
speci�ed for you driver (look at existing driversandserver/configfi le .h for how to get options
out).

8.2.4 Setup

Whenthe�rst client subscribesto a device, thedriver's Setup() methodis called. This methodis setto
NULL in CDevice:

virtual int CDevice::Setup () = 0;

Thuseverydrivermustimplementthismethod.After doingwhatever is requiredto initialize thedevice(e.g.,
openaserialportandspawn athreadto interactwith it), Setup() shouldreturneitherzeroto indicatethat
thedevice wassuccessfullysetup,or non-zeroto indicatethatsetupfailed. Sinceclientsmayimmediately
requestdataandsincethey mayneversendcommands,adriver'sdatabuffer andcommandbuffer shouldbe
sensibly“zeroed”in Setup() .
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8.2.5 Shutdown

Whenthelastclient unsubscribesfrom a device, thedriver's Shutdown() methodis called.This method
is setto NULL in CDevice:

virtual int CDevice::Shutd own() = 0;

Thusevery driver mustimplementthis method.After doingwhatever is requiredto stopthe device (e.g.,
kill a threadandclosea serialport), Shutdown() shouldreturneitherzeroto indicatethat device was
successfullyshutdown, or non-zeroto indicatethatshutdown failed.

8.2.6 Threadmanagement

In orderto leverageparallelism,most(but not all) devicesuseseparatethreadsto do their work. Because
threadcreationis not intuitively compatiblewith C++objectcontext, somesupportis providedin CDevice
for startingandstoppingthreads.Youarenot requiredto usethis support,but youmight �nd it useful.

The�rst stepis to de�ne in yourclassapublicmethodMain() thatoverridesthevirtual declaration:

virtual void CDevice::Main() ;

Presumablyyour de�nition of Main() will containa loop thatexecutesall device interaction.Whenyou
wantto startyour thread(probablyin Setup() ), call StartThread() . A new threadwill becreated;in
that threadyour driver's Main() methodwill be invoked,with thepropercontext of your driver's object.
Whenyou wantto stopyour thread(probablyin Shutdown() ), call StopThread() , which will cancel
and join your thread;thusyour threadshouldrespondto cancellationrequests(even if it initially defers
them)andshouldbein a joinablestate(i.e., it shouldnotbedetached).

8.2.7 Data accessmethods

Most drivers can usethe defaultCDevice implementationsof the following methods;however, they are
virtual andcanbeoverriddenif necessary.

PutData

Whenever yourdriver hasnew data,it shouldcall PutData() :

virtual void CDevice::PutDat a(u ns ig ned char* src, size_t len,
uint32_t timestamp_sec, uint32_t timestamp_usec );

Argumentsare:

� src : pointerto thenew data

� len : length(in bytes)of thenew data

� timestamp sec : thetimeatwhich thenew datawasproduced

� timestamp usec : thetimeat which thenew datawasproduced

Thedefaultimplementationof PutData() will Lock() access,memcpy() yournew dataintodevice data ,
save your len andtimestamp,andUnlock() access.If ts is NULL, thenPutData() will usethecur-
renttime(eithersystemor simulator, asappropriate).
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GetNumData

Whenaclientwantsto readdatafrom yourdriver, theserver will �rst call GetNumData() :

virtual size_t GetNumData(void* client);

Argumentsare:
� client : auniqueid for whowantsthedata

This methodshouldreturnthenumberof datapacketsthatarereadyfor thegiven client at this time. The
serverwill thencall GetData() thatmany times.Thedefault implementationof GetNumData() simply
returns1, whichis almostalwaystheright thing. However, yourdrivercanoverridethismethodif youwant.

GetData

Whenaclientwantsto readdatafrom yourdriver, theserver will invoke GetData() :

virtual size_t GetData(void* client, unsigned char* dest, size_t len,
uint32_t* timestamp_sec, uint32_t* timestamp_usec) ;

Argumentsare:
� client : auniqueid for whowantsthedata

� dest : pointerto abuffer into which to copy thedata

� len : length(in bytes)of dest

� timestamp sec : buffer into which to copy thetime atwhich thedatawas

� timestamp usec : buffer into which to copy thetimeat which thedatawasproduced

Thedefault implementationof GetData() will Lock() access,memcpy() datafrom device data
into dest (up to len bytes),retrieve timestampinformation,Unlock() access,andreturnhow many
bytesof datawerecopied.

8.2.8 Commandaccessmethods

Most devicescan usethe defaultCDevice implementationsof the following methods;however, they are
virtual andcanbeoverriddenif necessary.

PutCommand

Whenaclient sendsanew commandfor your device, theserver will invoke PutCommand() :

virtual void PutCommand(void * client, unsigned char* src, size_t len);

Argumentsare:
� client : auniqueid for thesourceof thecommand

� src : pointerto thenew command

� len : length(in bytes)of thenew command

Thedefault implementationof PutCommand() will Lock() access,memcpy() thenew commandinto
device command, save len , andUnlock() access.
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GetCommand

Whenyouwantthecurrentcommandfor your device,youshouldcall GetCommand() :

virtual size_t CDevice::GetComm and( unsi gned char* dest, size_t len);

Argumentsare:

� dest : pointerto abuffer into which to copy thecommand

� len : length(in bytes)of dest

The default implementationof GetCommand() will Lock() access,memcpy() the commandfrom
device commandinto dest (up to len bytes),Unlock() access,andreturnhow many bytesof com-
mandwerecopied.

8.2.9 Con�guration accessmethods

Most drivers can usethe defaultCDevice implementationsof the following methods;however, they are
virtual andcanbeoverriddenif necessary.

PutCon�g

Whenanew con�gurationrequestarrivesfor yourdevice, theserver will invoke PutConfig() :

virtual int CDevice::PutCo nf ig( pl ay er _devi ce _i d_t* device,
void* client,
void* data,
size_t len);

Argumentsare:

� device : anidenti�er thatindicatesthedevice for whomtherequestis intended

� client : a tagthatwill beusedto routethereplybackto theright client (or otherdevice)

� data : buffer containingthenew request

� len : length(in bytes)of thenew request

Thedefaultimplementationof PutConfig will Lock() access,pushtherequestontodevice reqqueue ,
andUnlock() access.If all is well, thenzerois returned;otherwise(e.g.,if thequeueis full) non-zerois
returnedandtheserver will sendanerrorresponsemessageto thewaitingclient.

GetCon�g

To checkfor new con�gurationrequestsin your device,youshouldcall GetConfig() :

virtual size_t CDevice::GetConf ig (p la ye r_d ev ic e_id _t* device,
void** client,
void *data,
size_t len);

Argumentsare:
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� device : an identi�er that indicatesthedevice for whomtherequestis intended(usefulwhenone
queueis usedfor multipledevices,asis thecasewith P2OS)

� client : a placeto storea tag thatwill beusedto routethereply backto theright client (or other
device)

� data : buffer into which to copy thenew request

� len : length(in bytes)of data

For convenience,thereis alsoa shortform of GetConfig() :

virtual size_t CDevice::GetConf ig (v oi d* * client,
void* data,
size_t len);

Thedefault implementationof GetConfig will Lock() access,popa requestoff device reqqueue ,
andUnlock() access.If therewasarequestto bepoppedthenthesizeof therequestis returned;otherwise
zerois returned,indicatingthat thereareno pendingrequests.If thereis requestthenhangontoclient
becauseyou will needto passit backin PutReply() .

PutReply

After servicinga request,youmustgenerateanappropriatereply; youdo thisby calling PutReply() :

virtual int CDevice::PutRe pl y(p la ye r_ devic e_id _t * device,
void* client,
unsigned short type,
struct timeval* ts,
void* data,
size_t len);

Argumentsare:

� device : anidenti�er thatindicatesfrom which thedevice thereplycomes(usefulwhenonequeue
is usedfor multipledevices,asis thecasewith P2OS)

� client : thetagthatyou receivedin GetConfig

� type : thetypeof thereply (seebelow)

� ts : pointerto time atwhich thecon�gurationwasexecuted

� data : thereply itself (if any)

� len : length(in bytes)of data

Therearealsotwo shortformsof PutReply() :

virtual int CDevice::PutRe pl y(v oi d* client,
unsigned short type,
struct timeval* ts,
void* data,
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size_t len);

virtual int CDevice::PutRe pl y(v oi d* client,
unsigned short type);

The �rst short form assumesthat the caller is the originatorof the reply. The secondshort form further
assumesthatthereply is zero-lengthandthatit shouldbestampedwith thecurrenttime.

Thedefault implementationof PutReply will Lock() access,pushthereplyontodevice repqueue ,
andUnlock() access.If thereply queueis full (which shouldnot happenin practice)then-1 is returned;
otherwiseanon-negative integeris returned.Thegiventype will beusedasthemessagetypefor thereply
thatwill besentto theclient; it shouldbeoneof:

� PLAYERMSGTYPERESPACK: thecon�gurationwassuccessful

� PLAYERMSGTYPERESPNACK: thecon�gurationfailed

If ts is NULL, thenthecurrenttime is �lled in. Zero-lengthrepliesarevalid (andfrequent).

GetReply

Theserver will periodicallycheckfor repliesfrom yourdevice by calling GetReply() :

virtual int CDevice::GetRe pl y(p la ye r_ devic e_id _t * device,
void* client,
unsigned short* type,
struct timeval* ts,
void* data,
size_t len);

Argumentsare:

� device : anidenti�er indicatingfrom which thedevice thereplyhascome

� client : a tagto bematched

� type : placeto copy thetypeof thereply

� ts : placeto copy thetimeat which thecon�gurationwasexecuted

� data : buffer into which to copy thereply

� len : length(in bytes)of data

Thedefault implementationof GetReply() will Lock() access,popa reply off device repqueue ,
Unlock() access,andreturnthelengthof thereply. Becausezero-lengthrepliesarevalid, GetReply()
will return-1 to indicatethatno reply is available.
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8.2.10 Registeringyour device

In orderto inform the server aboutthe availability of your driver, you mustaddit to driverTable , a
global tableof driversthatmaybe instantiated.You shouldaddyour driver by calling AddDevice() in
thefunctionregister devices() , declaredin server/devicere gi st ry. cc :

int AddDriver(char* name, char access,
CDevice* (*initfunc)(ch ar *,C onfi gFil e*, in t) );

Argumentsare:

� name : thenameof yourdriver

� access : theallowableaccessmodefor yourdriver; shouldbeoneof:

– PLAYERREADMODE

– PLAYERWRITEMODE

– PLAYERALL MODE

� initfunc : a functionthatcanbeusedto createanew instanceof yourdevice (seeSection8.2.3)

Youmay�nd it convenientto write a registrationfunction,e.g.:

void SickLMS200_Reg ist er (D ri ve rTa bl e* table)
{

table->AddDrive r( "si ck lm s2 00", PLAYER_READ_MODE, SickLMS200_Init );
}

You shouldalso#include your device's classheaderin deviceregistry.c c. To encouragemod-
ularity of the server by allowing drivers to be left out at compile-time,it is customaryto make both the
#include andAddDriver() conditionedoncompilerdirectives.For example:

#ifdef INCLUDE_SICK
void SickLMS200_Regi st er (D ri ver Tabl e* table);
#endif

...

void
register_device s( )
{

...

#ifdef INCLUDE_SICK
SickLMS200_Regis te r( dr iv erT able );

#endif

...
}
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8.2.11 Compiling your device

Finally, you needto compileyour device andlink it into theserver binary. You really needto know some-
thingaboutGNU Autotoolsto do this. As such,look athow theexistingdriversarelinkedin.

8.2.12 Building a shared library

As analternative to staticallylinking your device driver directly into thePlayerbinary, you canbuild your
driverasasharedobjectandhavePlayerloadit at run-time.If youchooseto take thispath,thenyoushould
still follow mostof thedirectionsgivenin theprevioussections,exceptfor theregistrationandcompilation
detailsin Sections8.2.10–8.2.11.

Insteadof registeringyour device in deviceregistry. cc , you shoulddo so in an initialization
function that will be invoked by the loader. You must declarethis initialization function, as well as a
�nalization function, in your driver code. For example,in order to build the sicklms200 driver as a
sharedobject,thefollowing codeis addedto sicklms200.cc :

#include <drivertable.h>
extern DriverTable* driverTable;

/* need the extern to avoid C++ name-mangling */
extern "C" {
void _init(void)
{

driverTable->Ad dDr iv er (" si ckl ms200" , PLAYER_READ_MODE, SickLMS200_Init );
}

void _fini(void)
{

/* probably don't need any code here; the destructor for the device
* will be called when Player shuts down. this function is only useful
* if you want to dlclose() the shared object before Player exits
*/

}
}

The init() functionwill beinvokedby theloaderwhenPlayercallsdlopen() to loadyourdriver. The
fini() functionwill be invoked whenthe library is dlclose() ed;however, Playernever closesyour

library explicitly, so fini() will becalledwhenPlayerexits.
Thedetailsof building a sharedobjectvary from systemto system,but the following example,which

workswith g++ on Linux, shouldgetyoustarted:

$ g++ -Wall -DPLAYER_LINUX -g3 -I$PLAYER_DIR/s er ve r -c sicklms200.cc
$ g++ -shared -nostartfiles -o sicklms200.so sicklms200.o

Having built your driver library, tell Playeron the command-lineto load it (asdescribedin Section2.2),
e.g.:

$ player -d sicklms200.so

Notethatthedynamicloadingfunctionalityis still somewhatexperimental,andis notcurrentlyusedby
any corePlayerdrivers.However, it shouldwork. If youusesharedlibraries,pleaselet usknow aboutyour
experiences.
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Appendix A

The C Client Interface

Includedwith Playeris a simple,no-frills client interfacelibrary written in ANSI C (client libs/c ).
This client is intentionally primitive and most userswill �nd it inconvenient for writing anything more
that the simplestcontrolprogram.Ratherthandirectuse,theC client shouldbe consideredthe reference
implementationof a Playerclient library andshouldbeconsultedfor networking detailswhenwriting new
clientsin otherlanguages(theC clientcanalsobeuseddirectlyasa low-level substratefor otherclients;the
C++ client is implementedin this way). In the �le playercclient. c arede�ned the5 device-neutral
functionsnecessaryin any client:

� player connect() : connectto theserver

� player disconnect() : disconnectfrom theserver

� player read() : readonedatapacket from theserver

� player write() : write onecommandpacket to theserver

� player request() : senda requestpacket andwait for thereply

In addition, the very usefulhelperfunction player request device access() (a specialcaseof
player request() thatobtainsaccessto devices)is de�ned.

In the�les print.c andhelpers.c arede�ned somedevice-speci�c functionsthatsimplify direct
useof theC client;wedo notdocumentthemhere.

A.1 Debug Inf ormation

Beforegettingto thecorefunctionsof theC client,we notethat they caneachgeneratesomedebug infor-
mationto stderr . This informationis generallyhelpful, especiallyin diagnosingproblems;you should
probablynotdisableit. However, a functionis providedfor adjustingtheamountof debug informationthat
is printed:

/*
* use this to turn off debug ouput.
*
* higher numbers are more output, 0 is none.
*
* incidentally, if <level> is -1, it returns the current level and
* the current level is unchanged
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*/
int player_debug_level(int level);

Thedefault debug level is 5, which printsall messages.This samefunction is usedto vary thedebug
outputfrom theC++ client,sinceit is built on topof theC client.

A.2 Connectingto the Server

TheC client makesno useof staticdatastructuresfor maintainingconnectioninformation;rathertheuser
mustalwayssupplyapointertoaproperlyinitializedconnectionstructure,of typeplayer connection t .
Thisstructureis initializedby player connect() :

/*
* connects to server listening at host:port. conn is filled in with
* relevant information, and is used in subsequent player function
* calls
*
* Returns:
* 0 if everything is OK (connection opened)
* -1 if something went wrong (connection NOT opened)
*/

int player_connect(player_connection_t* conn, const char* host, int port);

Notethattheconnectionwill beblocking.A simpleexample:

...
player_connection_t conn;

/* Connect to Player server */
if(player_connect(&conn, "localhost", PLAYER_PORTNUM))

exit(1);
...

A.3 RequestingDeviceAccess

Toeasethecommonprocessof requestingreadandwriteaccessto devices,theC clientincludesthefunction
player request device access() :

...
/*

* issue a single device request (special case of player_request())
*
*
* if grant_access is non-NULL, then the actual granted access will
* be written there.
*
* Returns:
* 0 if everything went OK
* -1 if something went wrong (you should probably close the
* connection!)
*/
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int player_request_device_access(player _conn ectio n_t* conn,
uint16_t device,
uint16_t device_index,
uint8_t req_access,
uint8_t* grant_access);

Thefollowing codefragmentobtains'all' ('a' ) accessto theptz device.

...
/* Request 'all' access to the ptz device */
if(player_request_device_access(& conn, PLAYER_PTZ_CODE,0, 'a',NULL) == -1)

exit(1);
...

A.4 ReadingData

For obtainingdatafrom devices,theC clientprovidestherathersimplefunctionplayer read() :

/*
* read from the indicated connection. put the data in buffer, up to
* bufferlen.
*
* Returns:
* 0 if everything went OK
* -1 if something went wrong (you should probably close the connection!)
*/

int player_read(player_connection_t* conn, player_msghdr_t* hdr,
char* payload, size_t payloadlen);

This function will readonedatapacket from the server, blocking if no packet is available. It is the
caller's responsibilityto provide suf�cient storagefor theheaderandpayload,andplayer read() will
not overrunthe provided buffers. After calling player read() , the userwill presumablyexaminethe
�elds of theheaderin orderto know how to processthepayload.Notethatplayer read() will appro-
priatelybyte-swapall �elds in theheader, but will not transformthecontentsof thepayloadin any way. A
simpleexample:

...
player_msghdr_t hdr;
char data[PLAYER_MAX_MESSAGE_SIZE];

if(player_read(&conn, &hdr, data, sizeof(data)) == -1)
exit(1);

...

A.5 Writing Commands

For writing commandsto devices,theC clientprovidesthefunctionplayer write() :

/*
* write commands to the indicated connection. writes the data contained
* in command, up to commandlen.
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*
* Returns:
* 0 if everything goes OK
* -1 if something went wrong (you should probably close the connection!)
*/

int player_write(player_connection_t* conn,
uint16_t device, uint16_t device_index,
const char* command, size_t commandlen);

This function will build the appropriatemessageheader, including appropriatebyte-swappingof the
�elds. The�rst commandlen bytesof commandwill becopiedin asthepayloadof amessgethatwill be
sentto theserver. Notethatthecallermustbyte-swapthecontentsof thecommanditself. A simpleexample
thattells the0thposition device to spinin place:

...
player_position_cmd_t cmd;
cmd.speed = htons(0);
cmd.turnrate = htons(40);
if(player_write(&conn, PLAYER_POSITION_CODE, 0, (char*)&cmd,

sizeof(player_position_cmd_t)) == -1)
exit(1);

...

A.6 RequestingCon�guration Changes

For requestingcon�gurationchangesto devices,theC clientprovidesthefunctionplayer request() :

/*
* issue some request to the server. requestlen is the length of the
* request. reply, if non-NULL, will be used to hold the reply; replylen
* is the size of the buffer (player_request() will not overrun your buffer)
*
* Returns:
* 0 if everything went OK
* -1 if something went wrong (you should probably close the connection!)
*/

int player_request(player_connection_t* conn,
uint16_t device, uint16_t device_index,
const char* payload, size_t payloadlen,
player_msghdr_t* replyhdr, char* reply, size_t replylen);

This functionwill build thepropermessageheader, includingappropriatelybyte-swappingtheheader
�elds. Thecalleris responsiblefor byte-swappingthecontentsof thepayload , whichwill becopiedin as
thepayloadof a messagethatwill besentto theserver. After sendingtherequest,player request()
will wait for thematchingreply(consuminganddiscardingall interveningmessages)beforereturning.If the
callerwantsto examinethereply, thenappropriatebuffersshouldbesuppliedasreplyhdr andreply .

A.7 Disconnectingfr om the Server

To disconnectfrom theserver, usethefunctionplayer disconnect() :
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/*
* close a connection. conn should be a value that was previously returned
* by a call to player_connect()
*
* Returns:
* 0 if everything is OK (connection closed)
* -1 if something went wrong (connection not closed)
*/

int player_disconnect(player_connection _t* conn);
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