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Chapter O

Metadata

0.1 How to Readthis Manual

We know thatyou aredyingto readthis entiredocumentput let usgive you someadvicethatmay save you
sometime. If you areonly planningto usePlayerwith the Stagesimulator thenyou shouldonly needto
readChaptersl and3 andthe manualappropriateo the languagean which you will write your programs.
For example,if you planto usethe C++ client utilities, thenreadPlayer C++ Client Library Refeence
Manual The manualthatyou arecurrentlyreadingonly includesdocumentatiofior the C referenceclient.
Language-speci ananualsare provided with the distribution (and are available from the homepageJor
C++, Tcl, and LISP. Client libraries have also beencontrikuted by usersfor otherlanguagesjncluding
Python,Java, andVisual C++. Theseother client librariesare distributed separatelyseethe contrikuted
clientspagefor details:

http://playerst age. sourc ef orge.ne t/ cl ie nt s/c li ents .h tml
If youintendto usePlayerwith physicalhardware,thenyou shouldalsoreadChapter2 & 4 andconsult
Chapter7 in orderto familiarize yourselfwith the detailsof connectingthe hardware andtelling Player
whereit is. If you areinterestedin modifying an existing client library or writing your own, thenyou
shouldalsoreadChapters$ & 6, which describethe messag@rotocolanddataformatsbetweerclientand
sener. Finally, if youwantto hackonthesenerin ary way (e.g.,adda new device driver, write your own
Playersener for adifferentlanguage/platformthenyou shouldalsoreadChaptei8, whichwill (hopefully)
provide all theinformationthatyou will need.

0.2 A Noteon Versions

This documentescribeghe Playerrobotsener versionl.5. It appliesto Playerversions 1.5 (atleast
until we put out anothemanual). Sincethe previous version,mary thingshave likely changed.Thus,this
manualdoesnot apply to olderversionsof Player You can nd anoldermanualat the Playerhomepage:
http://playerst age. sourc ef or ge.ne t/ doc/ doc.h tml

In additionto providing accesgo physicalhardware, Playeris alsothe interfaceto the robot simulators
Stageand Gazebo.The threesoftware packagegvolve independentlyand so their versionnumbershave
no meaningfulcorrespondencgt usedto bethe casethat Playerand Stageversionswerematchedexactly;
thisis nolongertrue). For informationon which versionsof Playerandthe simulatorsare compatible see
theonline FAQ: http://playerst age. sourc ef or ge.n et/ fa q. ht mi



Chapter 1

Intr oduction

Playerwasoriginally developedby Brian Gerkey andKasperStgy;the Stagesimulatorinterfacewasorigi-
nally written by RichardT. VaugharandAndren Howard. Gazebaandits Playerinterfacewerewritten by
Nate Koenigand Andrenv Howard. Now a partof the larger Player/Stageroject, Players developmentis
administeredy Brian Gerley, Andrev Howard,andRichardT. Vaughan.

Player has historically beendevelopedprimarily at the RoboticsResearcH.ab of the University of
SouthernCalifornia, but the currentstateof Playeris the resultof contritutionsfrom a greatmary devel-
opersandusersin unversities,companiesandgovernmentiabsaroundthe world. For alist of signi cant
contrilutors,see:

http://playerst age. sourc ef or ge.ne t/ cr edit s.h tml
For alist of known userssee:
http://playerst age. sourc ef or ge.ne t/ user s/ users .h tml

We have tried to make this documentatiomscompleteaspossible.Hopefully thereis sufcient infor-
mationherefor you to usePlayerandthe provided clientsaswell aswrite your clientsin your languageof
choice.

Whatdo you like? Whatdo you hate?How do you useit? QuestionsandcommentgegardingPlayer
shouldbedirectedto our mailing lists:

http://sourcefo rg e. net /mai I/ ?grou pid=42445
andbug/ featurerequestracler:

http://sourcefo rg e. net /t ra cker /?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 GeneraPublicLicenseaspublishedby the FreeSoftwareFoundationgitherversion2 of
theLicense,or (atyour option)ary 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 PURPOSESeethe GNU GeneraPublicLicensefor moredetails.

You shouldhave receved a copy of the GNU GeneralPublic Licensealongwith this program;
if not, write to the FreeSoftware Foundation Inc., 59 TemplePlace,Suite 330, Boston,MA
02111-130USA



The included Player client libraries are alsosimultaneouslyreleasedunder the GNU LesserGeneral
Public License(GNU LGPL):

Thislibrary is freesoftware;you canredistriluteit and/ormodify it underthetermsof the GNU
LesseiGeneraPublicLicenseaspublishedoy the FreeSoftwareFoundationgitherversion2.1
of theLicense or (atyour option)ary laterversion.

Thislibrary is distributedin thehopethatit will beuseful,but WITHOUT ANY WARRANTY;
without eventhe implied warrantyof MERCHANTABILITY or FITNESSFORA PARTICU-
LAR PURPOSESeethe GNU LesserGeneraPublicLicensefor moredetails.

You shouldhave receved a copy of the GNU LesserGeneralPublic Licensealongwith this
library; if not, write to the FreeSoftwareFoundation]nc., 59 TemplePlace Suite330,Boston,
MA 02111-130MUSA

1.2 Description

Whatis Player?Playeris arobotdevice sener. It givesyou simpleandcompletecontrolover the physical
sensorsand actuatorson your mobile robot. When Playeris runningon your robot, your client control
programconnectdo it via a standardl CP soclet, andcommunicatioris accomplishedy the sendingand
receving of someof asmallsetof simplemessages.

Playeris designedo belanguageand platformindependentYour client programcanrun on ary ma-
chinethathasnetwork connectiity to yourrobot,andit canbewrittenin ary languagehatcanopenand
controla TCP soclet. Client-sideutilities are currentlyavailablein C, C++, Tcl, LISP, Java, and Python.
Further Playermakesno assumptionsbouthow you might wantto structureyour robotcontrolprograms.
In this way;, it is muchmore“minimal” thanotherrobotinterfaces.If you wantyour clientto bea highly
concurrenmulti-threadegrogramwrite it like that. If youlike asimpleread-think-actoop, dothat. If you
like to controlyour robotinteractvely, try our Tcl client (or write your own client utilities in your favorite
interactve language).

Playeris alsodesignedo supportvirtually any numberof clients. Have you ever wantedyour robots
to “see” througheachothers'eyes? Now they can. Any client canconnectto andreadsensordatafrom
(andevenwrite motor commandgo) ary instanceof Playeron ary robot. Aside from distributed sensing
for control, you canalsousePlayerfor monitoring of experiments. For example,while your C++ client
controlsarobot,you canrun a Tk GUI client elsevherethat shavs you currentsensordata,anda Python
clientthatlogs datafor lateranalysis.Also, on-the- y device requestsllow your clientsto gainaccesgo
differentsensors&indactuatorsasneededor thetaskathand.

In additionto controllingthe physicalhardware,Playercanbe usedto interfaceto the robotsimulators
StageandGazebo.

Lastbut notleast,Playeris FreeSoftware.If youdon't like how somethingvorks,changedt. And please
sendusyour patch!

Example of Player Operation

As a simple exampleof the useof Player considerFigure 1.1 (notethat for clarity, we leave out several
protocol-lerel interactions). The sener is executinglocally on the computerto which the devices of in-
terestareconnected.In mary casesthis computeris the robotitself, but it could alsobe, for example,a
desktopmachineattachedo a SICK laserrange- nder The client canexecuteanywherethathasnetwork
connectyity to themachinehostingthe sener.



Client | Server

loop

Figurel.1: Exampleclient/servelinteraction

First, theclient establishea TCPsoclet connectiorto thesener. Theclientnext sendssomemessages
to the sener to openthe devicesin which the clientis interested After that, the sener continuouslyfeeds
datafrom thosedevicesto theclient, andthe clientexertscontrolby sendingappropriatecommanddpackto
thesener. Verysimple.

1.3 SystemRequirements

Playerwasoriginally developedon x86/Linux systemsandit is still usedprimarily on thatplatform. How-
ever, with thehelpof the GNU Autotools(whichrule),Playemow buildsandrunsonmostPOSIXplatforms,
including a numberof cross-compilecon gurations. A notableexceptionis that Playerdoesnot run on
Windows, andwe have no plansto portit to Windows (however, a Cygwin port shouldbe doable;if you're
interestedn doingthis, let us know). The currentstatusof Playerfor the platformswhereit is known to
build andrun canbefoundonthe projectwebsite.lf you have anadditionor correction pleasdet usknow.

To build Player“out of the box”, you needoneof the supportedsystemsanda recentversionof GNU
gcc/g++  (weusesomeGNU extensiongo C, soothercompilerswill not work).

1.4 Getting Player

ThePlayerhomepagés:
http://playerst age. sourc ef or ge.ne t
Checktherefor the latestversionsof the sener andthis document.



1.5 Bugs

Depiteour diligent testing,Playeris boundto containsomebugs. If you managedo breaksomethingpr if
someaspecbf Players behaior seemsvrongor non-intuitve, let usknow.

To reporta bug or request feature pleasedo not sendmail directly to the developers.Instead usethe
trackingfacilities provided at Sourcelrge; you can nd alink onthe PlayerhomepagdseeSectionl.4).
Include as much information as possible,including at least Playerversionand OS version. A detailed
descriptionof whathappeneavill enableus (hopefully)to repeatandanalyzethe problem.

1.6 Onthe NamePlayer

Playerwasoriginally namedGolem, andthe Stagesimulatorwas originally namedArena. However, we
soondiscoveredthatmary, mary, mary piecesof robotics-relatedoftwarealreadyusethosenames So,we
hadto make a change We needechameghatcapturethe now-integral relationshipbetweernthe sener and
simulator sowe chosePlayerand Stage assuggestedby aliving Englishmanjn referencdo avery dead
Englishman.

FromAsYouLike It Act Il, Scener:

“All theworld's astage,

And all themenandwomenmerelyplayers:
They have their exits andtheir entrances;
And onemanin histime playsmary parts,

FromMacbethAct V, Sceneb:

“Life' sbut awalking shadev, apoorplayer
Thatstrutsandfretshis houruponthe stage
And thenis heardno more:it is atale

Told by anidiot, full of soundandfury,
Signifying nothing’.
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1.8 Citations

If you nd Playerusefulin your work, we would greatlyappreciatgrour mentioningthatfactin paperghat
you publish. We have presentegaperson Playerin peefreviewed conferencesthe following papersare
thede niti ve referencesvhenciting Player[8, 5, 4]:

RichardT. VaughanBrian P. Gerkey, and Andrewv Howard. On device abstractiondor portable,
reusableobotcode. In Proc. of the IEEE/RSJntl. Conf on Intelligent Robotsand System¢IROS)
page121-2427] asVegas,Nevada,October2003.

Brian P. Gerley, RichardT. Vaughan,and Andrev Howard. The Player/Stagdroject: Tools for
Multi-Robot and Distributed SensorSystems. In Proc. of theIntl. Conf on AdvancedRobotics
(ICAR) pages317-323Coimbra,Portugal July 2003.

Brian P. Gerley, RichardT. VaughanKasperStgy Andrev Howard, Maja J Mataric andGaura S
Sukhatme. Most ValuablePlayer: A RobotDevice Sener for Distributed Control. In Proc. of the
IEEE/RSJIntl. Conf on Intelligent Robotsand SystemgIROS) pagesl226—1231Wailea,Hawaii,
October2001.

If you have spacgandarefeelinggenerous)you canalsoinsertafootnotesimilar to the following:
Playeris freelyavailableunderthe GNU GeneraPublicLicensefrom http://playerstage.soceforge.nd.

By including suchacknavledgementsyou do morethanfeedour egosandfurther our academiaareers.
YouspreadhewordaboutPlayer whichwill bringmoreusersanddevelopersaswell aspleaseourfunders,
ensuringhatwe will continueto beallowedto hackonthesoftware.



Chapter 2

Running Player

2.1 Building and Installing Player

Systemrequirementsincluding platformson which Playeris known to build andrun, aregivenin Sec-
tion 1.3. If you've got one of thosesystemsandthe necessaryools (e.g.,g++), thenthe build is pretty
simple.

First, openyour sourcetarball. Genericinstructionsaregivenin INSTALL , andmoreinformationis in
READMHTf youdont feel like readingthose les, thefollowing shouldsufce:

$ ./configure
$ make
$ make install

Playerwill be installedin the default location: /usr/local/ . Note that this location differs from
older versions,which were installed in $SHOMETheconfigure  scriptacceptsa numberof optionsfor
customizingthe build processincluding changingthe install locationandadding/remwging device drivers.
For example,to changeheinstalllocationfor Player do:

$ ./configure --prefix <path>
To seea completdist of suchoptions(e.g.,to enabledriversthatarent built by default), do:

$ ./configure --help

2.2 CommandLine Arguments

Playeris executedasfollows:

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

Thecommand-linergumentsaresummarizedn Table2.1,andthecon guration le syntaxis describedn
Chapterd. Notethatyou canspecifyatmostoneof -s , -g , or-r ; if youspecifynoneof theseoptions,the
defaultis to connecto physicalhardvare.



Argument | Meaning

-h Printout usagestatement.
-p port ThePlayersener shouldlistenon TCPport port . Defaultis 6665 .
-s path Run Playerasa child procesaunderthe Stagesimulator and usememory-mappedO

throughthe les foundin thedirectory path tocommunicatavith thesimulator Note
that-s shouldonly be given manuallywhenyou aredetuggingPlayer;it is really in-
tendedfor useonly whenPlayeris spavnedby Stage.

-g id Connecto a Gazebasimulationenginewith thegivenid.
-r logle Readdatafrom astoredog le insteadf realsensorsForusewith thereadlog driver.
-d shlib ThePlayersener shouldload the sharedobject shlib . This optionis generallyused
to load device driversfrom dynamiclibraries. SeeSection8.2.12for information on
building suchalibrary.
-k key The Playersener shouldenableauthentication Clientswill be requiredto sendanau-
thenticationrequestcontaining key beforePlayerwill servicethem. This optionis
usuallyonly speci edthroughStage Defaultis to disableauthentication.
congle Playershouldloadandcon gure device driversaccordingto theindicatedcon guration
le. SeeChapters for details.

Table2.1: Playercommand-linearguments

2.3 Visualization tools

Onceyou have Playerrunning,eitheron arealrobotor underStagethe rst thing thatyou might wantto
dois have alook atwhatyour robot“sees’ For this purposewe provide a graphicalvisualizationtool that
we have foundmostusefulin ourwork. Thistool, playerv , canbefoundin the Playerdistribution, andis
installedalongsideplayer itself in the subdirectonbin . Enjoy.



Chapter 3

Device Overview

In Player we usethe notion of a device in muchthe sameway asmostUNIX systems.Thatis, a device
is an abstractentity that provides a standardnterfaceto someservice. Devicesbehae similarly to les
in thatthey mustbe openedwith the correctaccessnodebeforeuse,andclosedafterward. Onceopen,a
device canbereadfrom, writtento, andcon gured (notethesimilarity to UNIX' sread() ,write() ,and
ioctl() ), althoughnot every device supportsall threeoperationsA conceptuabvervien of thesedevice
operationss givenin Section3.1.

As in UNIX, devicesin Playerdo not have a one-to-onamappingto physicalhardware components,
andwith goodreasonFor example,it sohappensghatwhenretrieving odometrydatafrom the ActivMedia
Pioneer2-DX robot,onealsorecevessonarrangedata.A client programthatonly wantsto log therobot's
currentpositionshouldnot alsoreceve unwantedsonarrangedata;in fact, the client shouldbe completely
unawvareof the couplingthatexistsinsidethe robot,becausét is irrelevant. In orderto presentnintuitive
interfaceto the client, Playercontrolsone physicalpieceof hardware,the P20Smicrocontrolley but im-
plementstwo differentdevices: position  andsonar . Thesetwo devicescanbe openedclosed,and
controlledindependentlyrelieving the client of the burdenof rememberingletailsaboutthe internalsof
therobot. In additionto makingsuchlogical divisions,the device abstractiorallows usto implementmore
sophisticatedlevicesthatdo not simply returnsensodatabut rather Iter or processt in someway.

Besidescontrolling differentkinds of devices, Playercancontrol multiple instanceof a givenkind of
device. For example,if youhave 2 SICK laserange- ndersattachedo yourrobot,thenyoucanacces$oth
of themthroughthe useof indices(seeChapterd for how to tell Playeraboutthe devicesand Section5.4
for protocol-lerel detailsof indexing). In fact,all device accesss madeby index; it just happenghatmost
of thetime, theindex is becausehereis only oneof eachdevice.

NOTE: Playernmplementsiodevicelocking Thatis, mary clientscanhave concurrenticcess$o agiven
device, andthey canconcurrentlcommandt. Playermakesno attemptto arbitrateamongthe clients,and
thecommandhatis actuallysentto thedevice will bedeterminedy therateatwhichtheclientsaresending
commandsas well as somesubtletiming issues. We purposefullychosenot to implementary device
locking, asit resultsin a more e xible systemin which interestingideassuchaslarge-scalecollaboratve
controlcanbeexplored(e.g.,[3]).

3.1 Device accessdata, command,con guration

Data

Whenaclientread sfrom a device, the client recevesthe device's currentdata. For a Playerdevice, the
termdatais usedto referto the salientstateof thedevice. Of coursethis de nition is not objective, andfor



somedevices,theremay be morethanonereasonablehoiceat to what constituteshe data However we
nd thatfor mostdeviceswe canreadilyde ne the dataastheinformationthatis of interestto clientsand
thatchangegrelatively) frequently For example wheninteractingwith asonar device,which controlsan
arrayof sonartranducersthe datais simply a list of rangereadings.For alaser device, which controls
a scanningaserrange- 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 comparatiely small andis in fact
requiredin orderto correctlyinterpretthe rangedata. In the sameway, the contentsof a device's datawill
in generalrepresent trade-of betweennformationcontentand communicatioroverhead.Keepin mind
thatadevice's datawill usuallybetransmittedo theclientat 10Hz (or faster).

Command

Whenaclientwrite sto adevice, theclientsendsa nev commando the device. For a Playerdevice, the
term commands usedto referto the salientcontollable stateof the device. Thatis, a device's command
will generallyincludethoseparameter®f the device that are mostoften changedn the courseof using
the device. For example,wheninteractingwith a position device, which controlsa mobile robot, the
commandis a setof translationaland angularvelocities. Although mary other aspectof the robot are
usercon gurable, mostof thetime one needonly changethe translationaland angularvelocities,asthey
determinethe physicalposition of the robot, which is the main point of interest. For a speech device,
which controlsthe a speechsynthesizerwe choseto malke the commandthe ASCII string thatis to be
synthesizedwe believe that this choicepresentsa naturalinterfaceto the underlyingsynthesizer Again,
commandspeci cationwill be differentfor eachdevice, andkeepin mind thata device's commandwill
usuallybetransmittedo the senerat 10Hz (or faster).

Con guration

All device interactionthat doesnot qualify as dataor commandmust be implementedas con guration
Whereaglataand commandare asynchronouspne-vay, (pseudo-)continuaustreamsthe Playercon g-
urationmechanisnprovidesa synchronoustwo-way, request-replynteractionbetweerclient anddevice.
Whena client sendsa con gurationrequesto the sener, therequesis addedo anincomingqueusfor the
appropriatedevice. At its leisure the device will servicetherequestgenerateanappropriateeply andadd
it to thedevice's outgoingqueue.Thisreplywill thenbetransmittedy thesenerto thewaitingclient. Thus
anotheristinctionof con guration,ascomparedvith dataor commandjs thatcon gurationrequestsand
repliesarenot overwrittenandsoareguaranteedo be receved by the device andthe client, respectiely?.

In generalary kind of device interactioncanbeimplementediscon guration,andadevice canaccept
morethanonekind of con gurationrequest.Usually con gurationis usedto assignor qguerysomeaspect
of thedevice's state.For example,wheninteractingwith afiducial device,which nds specialbeacons
in the environment,thereare con guration requestghatcanbe usedto setparametersisedin nding and
identifying the beacons. Comparedio dataand commandfrequeng, con gurationsare maderelatively
rarely; if for a particulardevice a particularcon guration changeis madevery often, thenthe variables
beingcon gured shouldprobablybe partof thedevice's command.

1This is mostly true, at leastuntil theincomingand/oroutgoingqueues®Il. If theincomingqueue®lis, thentheclientwill be
noti®ed by the sener (seeSection5.4). If the outgoingqueue®lls, thenthereis not really anthingto do; aryway this shouldnot
happen.
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3.2 Interfacesvs. Drivers

In orderto supportdifferentkinds of hardware, Playermakes a distinctionbetweendevice interfacesand
devicedrivers. A deviceinterface,suchasptz , speci estheformatof thedata,commandandcon guration
interactionghatadevice allows. A devicedriver, suchassonyevid30 , speci eshow thelow-level device
control will be carriedout. In general,more than one driver may supporta given interface®, thoughnot
all driverswill supportall con gurationrequestsThuswe extendin Playerthe analogyof UNIX devices,
where,for example,awide variety of joysticksall presenthe same'joystick” API to the programmer

As an example,considerthe two driversp2o0s _position  andrwi _position , which control Pio-
neermobile robotsand RWI mobile robots,respecitely. They both supportthe position  interfaceand
thusthey both acceptcommandsandgeneratalatain the sameformat, allowing a client programto treat
themidentically ignoringthe detailsof theunderlyinghardware. They alsoaccepiton gurationrequestsn
thesameformat,but notall con gurationrequest&resupportedy bothdrivers. For example,motorpower
canbe toggledfrom software with Pioneerrobotsbut not with RWI robots. Thusthe p2os _position
driver supportghe con gurationrequesto togglemotorpower, while therwi _position  driverdoesnot.

All client/serer interactionis doneby interface,with no referenceto the underlyingdriver®. 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 anddriverrwi _position ;to accessdt, theclientwouldopenthe  position  device.

Detailson Players device interfacesanddriversaregivenin Chapters$ & 7, respectrely.

3.3 Supported Hardware & Software

For atableof the currentlysupportechardwareandsoftware,checkthe FAQ:
http://playerst age. sourc ef or ge.ne t/ fa g. ht mi

2Corversely a givendriver may supportmultiple interfacestheamcl andsegwayrmp driversdemonstrat¢hisidea.
3This is almosttrue, exceptthat the driver nameis passedackto the client whena device is opened,just in casethe client
wantsto do somethingdriver-speci®c.
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Chapter 4

Con guration Files

Playerneedsto know whereand how your devices are connected/con gum For example,if you are
controllinga SICK LMS laser thenPlayerneedso know to which serialport the laseris connected.The
con guration le is usedto tell Playerthis information.

By corvention,con guraton les for Playerhave theextension.cfg . Someexamplecon guraton les are
includedin thedistribution; they areinstalledin the subdirectoryconfig

4.1 BasicSyntax

Players con guration le syntaxis very similarto thatof Stage(in fact,they usethe sameparserandmuch
of the following text is adaptedrom the StageUserManual). A simplecon guration le mightlook 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 "p20s_position" )
sonar:0 ( driver "p20s_sonar" )

gripper:0 ( driver  “"p20s_gripper" )
ptz:0 ( driver  "sonyevid30" )

Thisexampleshavsthebasicsyntactideaturesof thecon guration le format: commentsdevices,indices,
andproperties.

Commentsareindicatedby the# symbol;they may be placedarywherein the le andcontinueto the
endof theline. For example:

# This file  configures Player for a Pioneer robot

Devices are indicatedusing interface ( ... ) entries;eachsuchentry instantiatesa device with
interfaceinterface . Forexample:
position:0 ( ... )

createsa device with a positioninterface(e.g.,a mobile robot). Thelist of availableinterfacesis givenin
Chapter6.

Playercanconcurrentlycontrol multiple deviceswith the sameinterface,andthey aredifferentiatecby
indices.Wheninstantiatinga device, its index is indicatedwith a colonandnumbersyntax.For example
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ptzz2 (... )

creates pan-tilt-zoomdevice thatwill beidenti ed with index 1. If theindex is notspeci ed,thenanindex
of 0 is assumedindicesneednot be consecutie, but for a giveninterface,they mustbeunique.If multiple
devicesare declaredwith the sameinterfaceandindex, thenthe onethatis declaredastwill replacethe
others.

Deviceshave propertiesjndicatedusingname value pairs:

position:0 ( driver "p2o0s_position" port "“/dev/ityS0" )

Thisentrycreatespositiondevice usingthedriverp2os_position  ;thatdriverwill controltheunderly-
ing robothardwarevia theserialport/dev/ttySO . Propertyaluescanbeeithernumberg6665 ), strings
(indicatedby doublequotes'robotl” ) ortuples(indicatedby braclets[1 1 0] ).

Therearetwo specialpropertieswhich canbe suppliedfor ary device:

Name Type | Default | Meaning

driver string | varies | Selectswhich driver will beloadedfor this interface. If no driver

is given for a device, thenthe default driver for the interfacewill be
used.Defaultdriversfor eachinterfacearegivenin Chaptel6.
alwayson integer 0 Tells the sener to subscribeo the device whenthe sener startsup.
You might usethis to frontload startuptime for drivers that take a
while to start(e.g.,acts ), to starta device thatwill never have ary
directclients(e.g.,anameservice),or for testinga driver without the
needto conneciaclient.

Theremainingdriver-speci ¢ propertiesandtheir defaultsaregivenin Chapter7.

4.2 De ning newdevicetypes

The define statementan be usedto de ne new typesof devices. New devices are de ned usingthe
syntax:

define  newdevice olddevice (...)
For example theline:
define  pioneer2  position (driver "p20s_position" port “/dev/ttyS0")

de nesanew pioneer2 device typecomposedf the primitive position  device, appropriatelycon g-
uredfor a Pioneerobotattachedo the rst serialport. This device may be instantiatedisingthe standard
syntax:

pioneer2 ()

4.3 Usinginclude les

Theinclude statementanbe usedto includedevice de nitions (or declarationsjrom anotherle. The
de nitions areincludedwith thefollowing syntax:

include "filename"
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4.4 Units

Thedefaultunitsfor lengthandanglesaremetersanddegreesrespectiely. Units maybechangedisingthe
following globalproperties:

Name Values Description

unit_length "m","cm" ,"mm" Settheunit lengthto meterscentimetersr
millimeters.

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

Be warnedthatthe lengthspec cationappliesto theinclude les aswell, sochoosea unit lengthearlyand
stickto it.
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Chapter 5

Client/Server Protocol

Thissectiondescribeshe TCP/IPsocletinterfaceto thePlayersener. Only device-independeribformation
is given here. For interface-speci cpayloadformats,seeChapter6. For driverspeci ¢ information, see
Chapter7. For language-speci @xamplesconsultthe documentatioffior the appropriateclient library.

5.1 A Noteon Data Types

We are aboutto describethe protocol-level detailsof the soclet interfaceto Player As such,it is worth
makingcleartwo detailsregardingdatatypes. First, the variousmessagethat are sentbetweerclient and
senerarecomposeaf elds of threedifferentsizesaslistedin Table5.1. They maybesignedor unsigned,
but they will alwaysbethe samesize.

Type size(in bytes)
byte/character 1
short 2
int 4

Table5.1: Datatypesandtheir sizes

The secondmportantdetail is thatall dataon the network is in network byte-order(big-endian. So,
beforesendinga messagé¢o the sener, the clientmustensurehatall multibyte elds (i.e.,shortsandints)
arein network byte-order Analogously beforeinterpretingary messagefrom the sener, the client must
ensureghatall multibyte elds arein the natve byte-order Singlecharactersequireno specialprocessing.

Most programminglanguagegrovide somemethodfor corverting from network to native byte-order
andback. For example,in C you canuselibrary functionslike ntohs() andhtons() . Ontheother
hand,Jara handlesdbytesvappingon datastreamsautomaticallyandTcl offersa choiceof byte-ordemwhen
usingthebinary commando marshalanddemarshabinarystrings.

5.2 A NoteonTime

As explainedbelon, Playermessagesften containone or moretime values,andit is importantthat the
clientbeableto interpretthemproperly Playermeasuresime in the sameway asmary operatingsystems
(struct  timeval ). Eachtimevalueisrepresentedstwo ints; onegivesthenumberof second&lapsed

1x86 machinesrelittle-endian:thusclientsrunningon themmustbyte-svap.
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sincethe epoch(00:00:00Januaryl, 1970)andthe othergivesthe numberof microsecondsincethe last
secondelapsed.Note thatthe time elds areonly ever setby the sener whensendinga messagdo the
client; theclient shouldsetthemto zerowhensendingmessaget the sener.

5.3 Connectingto the Sewer

Firsta connectiorto Playerneedgo be establishedThis is doneby creatinga TCP socket andconnecting
to Playeron port numbef 6665. Immediatelyafter connectionPlayerwill respondwith a 32-character
NULL-terminatedstringthatidenti es its version;if theversionstringis lessthan32 charactersn length,
NULL charactersvill beaddedto lengthenit. WhenPlayeris interfacingto realdevices,the stringwill be
somethindike:

Player v.1.2.3
WhenPlayeris runningunderStage the stringwill besomethindike:
Player v.1.2.3 (stage)

The client mustconsumehese32 bytes;whetheror not they areusedin any way is up to the client. After
theversionstring,thesener is waiting for directionfrom theclient.

5.4 Messagd-ormats

Playerclientsandsenerscommunicatevith a simplesymmetricmessag@rotocol. Eachmessagés com-
posedof two parts:a headermnda payload.We now describethe formatof the headerandof the payloads
of the4 differentmessageypes.

5.4.1 Header

Every Playermessagdasa 32-byteheadeithatcontainsinformationabouthow to interpretthe payloadof
themessageTheheadefformatis shavn in Table5.2.

Byte O Byte 31
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 theheadehave thefollowing meanings:

STX - This short is a specialsymbol that signalsthe start of a message.lt always hasthe same
value:0x5878 . Remembethatthis numberlike all othershorts andints, is transmittedn network
byte-oder.

type - This short designateshe type of the messagéo follow. Thereare4 messageaypesin the
Playerprotocol. Their type codesare givenin Table5.3 andthey are describedn detail in Sec-
tions5.4.2-5.4.8.

2This is the default port; Playercanbe con®guredto listen on a differentport througha command-lineoption at startup. See
Table2.1.
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Value Meaning

0x0001 | Datamessage

0x0002 | Commandmnessage

0x0003 | Requestnessage

0x0004 | Acknowledgementesponsenessage
0x0005 | Synchronizatioomessage

0x0006 | Negativeacknaledgmentesponsenessage
0x0007 | Errorresponsenessage

Table5.3: Messae typecodes

device - Thisshort designatetheinterfaceto whichthe messaggertains.The currentlyavailable
interfacetypesaregivenin Table5.4. Descriptionsof theinterfacescanfoundin Chapter6.

index - Thisshort designateshe particulardevice of typedevice to whichthemessaggertains.
For example,if your robotis equippedwith two laserrange- nders,anindex of 0x0000 addresses
the rst andanindex of 0x0001 addressethesecond.

t _sec - (Onlysetby server)Thisint is thesecondgortionof thesener's currenttime.
t _usec - (Onlysetbyserver)Thisint is themicrosecondportionof thesener's currenttime.

ts _sec - (Only setby serveron data messges) This int is the secondgortion of the timestamp
suppliedby the device from which the dataoriginated.It canbeinterpretedasthetime at which the
device “sensedthe phenomenomepresentetly thedata.

ts _usec - (Only sethy serveron datamessges) Thisint is the microsecondgortionof thetimes-
tampsuppliedby thedevice from which the dataoriginated.lt canbeinterpretecasthetime atwhich
thedevice “sensedthephenomenomepresentely the data.

reserved - This eld isreseredfor futureuse.

size - Thisint isthesizein bytesof thepayloadto follow (it doesnotincludethesizeof theheader).

5.4.2 Data Messages

Whenreadacceshasbeengrantedor adevice, sensodatafrom thatdeviceit is sentto theclientin adata
messagdétype 0x0001 ). By default, the sener continuouslysendssensordataat 10Hz. The device
andindex elds designatehe device from which the datacomesandthets sec andts _usec elds
givethetime atwhichthedevice generatedhedata.Thet _sec andt _usec elds givethesener's current
time the payloadcontainsthe sensodata,the formatof which is device-speci c. Dataformatsaregivenin
Chapters.

5.4.3 CommandMessages

Whenwrite permissionhasbeengrantedfor a device, the client can commandthe device by sendinga
commandmessagdtype 0x0002 ) to thesener. Thedevice andindex elds designatehe device
for which the commands intended.Thet _sec,t _usec ,ts _sec, andts _usec elds areunused.The
payloadcontainsthe actuatorcommandthe format of which is device-speci c. In the interestof simpli-
fying the protocol,the sener doesNOT respondo commandmessagesBadly formattedcommandsand

17



commanddgo devicesfor which write permissionvasnever establishedvill only causeerrorsto be printed
ontheconsolefrom which Playerwaslaunched Commandormatsaregivenin Chaptel6.

5.4.4 RequestMessages

Requesimessageftype 0x0003 ) aresentby the client to the sener to make con guration changego
devices. Although stricly speakingthe device neednot be openin orderfor the client to con gure it, the
client shouldalways openit rst to ensurethat the con guration changeis actually made(the player
deviceis always“open”). Thedevice andindex elds designatehe device for whichthecon guration
isintended.Thet _sec,t _usec,ts _sec, andts _usec elds areunused.Thepayloadcontainghecon-
guration requesttheformatof whichis device-speci c. The senerwill respondo eachrequesimessage
with anappropriateesponsenessagétype 0x0004 , 0x0006 , or 0x0007 ).

5.4.5 AcknowledgementResponseéMlessages

Acknowledgementesponsenessageflype 0x0004 ) aregenerate@saresultof requestmessagefype
0x0003 ) that were successfullyreceved, interpreted,and executedby a device. Acknovledgementre-
sponsemessagesre only sentby the sener to the client. Thedevice andindex elds designatahe
devicefor whichthecon gurationisintended.Thet _sec andt _usec elds givethesener's currenttime;
thets _sec andts _usec elds aretimeatwhichthedevice generatedhereply. Thepayloadcontainshe
responsetheformatof whichis device-speci c.

5.4.6 Synchronization Messages

After eachroundof data,the sener sendsa single synchronizatiormessagétype 0x0005 ), with a zero-

lengthbody This messagéetstheclientknow thatall datafor this cycle hasbeensent. Thesynchronization
messagés sentevenwhenno datawassent,ascanoccurif theclientis usingoneof thedatadelivery modes
thatonly sendnew data.

5.4.7 Negative AcknowledgementResponseMessages

Negative acknavledgementesponsenessageftype 0x0006 ) aregeneratedsa resultof requesimes-
sageqtype 0x0003 ) thatweresuccessfullyeceved by a device, but which could not be properlyinter-
pretedor executed.Negative acknavledgementesponsenessageareonly sentby the senerto theclient.
Thedevice andindex elds designatdhe device for which the con gurationis intended.Thet _sec
andt _usec elds give the sener's currenttime; thets _sec andts _usec elds aretime at which the
device generatedhereply. The payloadcontaingheresponsetheformatof whichis device-speci c.

5.4.8 Error AcknowledgementResponseéMessages

Error acknavledgementesponsenessageflype 0x0007 ) aregenerate@sa resultof requesimessages
(type 0x0003 ) thatcould not be handedoff to thetamget device, usuallybecause¢he device's incoming
con guration queueis full. Error acknavledgementesponsenessagesareonly sentby the sener to the
client. Thedevice andindex elds designatahe device for which the con gurationis intended. The
t _sec andt _usec elds givethesener's currenttime;thets sec andts _usec elds areunused.The
payloadwill beempty
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Value Interface Description

0x0001 | player Theplayerseneritself

O0x00FF | null Null interface

0x0002 | power Pawer subsytem

0x0003 | gripper Simpleroboticgripper

0x0004 | position Mobile robotbase

0x0005 | sonar Array of ®xedacousticange-®nders
0x0006 | laser Single-originscanningange-®nder
0x0007 | blobfinder Visualcolor sgmentatiorsystem
0x0008 | ptz Pan-tilt-zoomcameraunit

0x0009 | audio Fixed-tonegeneratioranddetection
0x000A | fiducial Fiducial(e.g.,landmark)detector
0x000B | comms General-purposeommunicatiorsystem
0x000C | speech Speectsynthesis/recognitiogystem
0x000D | gps Globalpositioningsystem

0x000E | bumper Tactile bumperarray

0x000F | truth Groundtruth (only availablein Stage)
0x0010 | idarturret Collectionof IDAR sensors

0x0011 | idar IDAR (InfraredDataandRanging)sensor
0x0012 | descartes TheDescartesnobilerobotbase
0x0014 | dio Digitial 1/0

0x0015 | aio Analogl/O

0x0016 | ir Array of ®xedinfraredrange-®nders
0x0017 | wifi WirelessEthernetcard

0x0018 | waveform Raw digital data(e.qg.,audio)

0x0019 | localize Multi-hypothesidocalizationsystem
0x001A | mcom Inter-robotstack-basedommunication
0x001B | sound Play pre-recordedound®les

0x001C | audiodsp Fixed-tonegeneratioranddetection
0x001D | audiomixer Controlsoundevels

0x001E | position3d Robotbasethatmovesin 3D

0x001F | simulation Interfacefor controllingsimulator
0x0020 | service _adv Servicediscorery

0x0021 | blinkenlight Blinking lights

0x0022 | camera Cameramages

Table5.4: Deviceinterfacetypecodes
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Chapter 6

Device Interfaces

In this chapterwe de ne the variousinterface-speci cpayloadformats. The Playerprotocolitself is de-
scribedin Chapter5. Although this sectionis generallyup-to-date the bestplaceto look for the “real”
messagdormatsis in theheaderle player.h ;that le de nestheC struct sthataremanipulatedoy
Playerandthevariousdevice drivers.
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6.1 Player
Synopsis

Theplayer device representthe seneritself, andis usedin con guring the behaior of thesener. This
deviceis 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 accessnodes

#de ne PLAYER _DATAMODE PUSHALL 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)

Therequestubtypes

Data

Thisinterfaceacceptsio commands.

Commands

Thisinterfaceacceptsio commands.

Con guration: Get devicelist

struct player_device.id : A device identi er; devicesaredifferentiatednternallyin Playerby theseidenti-
ers, andsomemessagesontainthem.

uintl6_t code;

Theinterfaceprovided by thedevice
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uintl6_t index;
Theindex of thedevice
uintl6_t port;

TheTCP port of thedevice (only usefulwith Stage)

struct player_device_devlist : Getthelist of availabledevicesfrom the sener. It's usefulfor applications
suchasviewer programsandtestsuitesthattailor behae differentlydependingon which devicesareavail-

able. To requesthe list, setthe subtypeto PLAYER_PLAYER DEVLIST REQ andleave the restof the
elds blank. Playerwill returna paclet with subtypePLAYER_PLAYER DEVLIST _REQ with the elds

lled in.

uintl6_t subtype;

Subtypemustbe PLAYER_PLAYER DEVLIST REQ.
uint16_t device_count;

Thenumberof devices
player_device.id _t devices[PLAYER _MAX DEVICES];

Thelist of availabledevices.

Con guration: Getdriver name

struct player_device_driverinfo : Getthedriver namefor aparticulardevice. To getaname setthesubtype
to PLAYER_PLAYER_DRIVERINFO_REQandsettheid eld. Playerwill returnthedriverinfo.

uintl6_t subtype;

Subtypemustbe PLAYER_PLAYER DRIVERINFO_REQ.
player_device.id_t id;

Thedeviceidenti er.
char driver_name[PLAYER _MAX DEVICE STRING LEN];

Thedriver name(returned)

Con guration: Requestdevice access

struct player_device_req: Thisis the mostimportantrequest!Beforeinteractingwith a device, the client
mustrequesappropriateaccessTheformatof thisrequesis:

uint16_t subtype;
Subtypemustbe PLAYER_PLAYER_DEV_REQ
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uint1l6_t code;

Theinterfacefor thedevice
uint1l6_t index;

Theindex for thedevice
uint8_t access;

Therequestedccess

struct player_device_resp: Theformatof thesener'sreplyis:
uintl6_t subtype;
Subtypewill be PLAYER PLAYER DEV REQ
uint1l6_t code;
Theinterfacefor thedevice
uintl6_t index;
Theindex for thedevice
uint8_t access;
Thegrantedaccess
uint8_t driver_name[PLAYER _MAX DEVICE STRING LEN];

Thenameof theunderlyingdriver

Theaccessodeswhichareusedin boththerequestindresponsearegivenabose. Readaccessneans

thatthe senerwill startsendingdatafrom the speci eddevice. For instancejf readaccesss obtainedfor
the sonardevice Playerwill startsendingsonardatato the client. Write accessneanghatthe client has
permissionto control the actuatorsof the device. Thereis no locking mechanisnso differentclientscan
have concurrentwrite accesgo the sameactuators All accesss bothof theabove and nally closemeans
thatthereis nolongerary accesgo thedevice. Device requesinessagesanbe sentatary time, providing
onthe y recon gurationfor clientsthatneeddifferentdevicesdependingon thetaskat hand.
Of course,not all of the accessodesareapplicableto all devices; for instanceit doesnot make senseo
write to the sonarsHowever, arequesfor suchacceswill notgeneratenerror;rather it will begranted,
but ary commandsactually sentto thatdevice will beignored. In responsdo sucha device requestthe
senerwill sendareplyindicatingtheactualaccesshatwasgrantedfor thedevice. Thegrantedaccessnay
be differentfrom the requestediccessijn particular if therewassomeerrorin initializing the device the
grantedacceswill be'e', andtheclientshouldnottry to readfrom or write to thedevice.
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Con guration: Requestdata

struct player_device_.data_req: Whenthe sener is in a pull datadelivery mode (seenext requestfor
informationondatadelivery modes)theclientcanrequestasingleroundof databy sendingazero-agument
requestvith type code0x0003 . Theresponseavill beazero-lengtracknavledgement.

uintl6_t subtype;
Subtypemustbe PLAYER _PLAYER_DATA REQ

Con guration: Changedata delivery mode

struct player_device_datamodereq: The Playersener supportsfour datamodes,describedabore. By

default, the sener operatesn PLAYERDATAMODPUSHNEWmModeat a frequeng of 10Hz. To switch
to a differentmodesenda requestwith the format given belonv. The sener's reply will be a zero-length
acknavledgement.

uint16_t subtype;
Subtypemustbe PLAYER_PLAYER_DATAMODE REQ
uint8_t mode;

Therequestednode
Con guration: Changedata delivery frequency

struct player_device_datafreg.req: By default, the x edfrequeng for the pushdatadelivery modesis
10Hz; thus a client which makes no con guration changeswill receve sensordataapproximatelyevery
100ms.Thesener cansenddatafasteror slower; to changahefrequeng, sendarequesof theformat:

uint16_t subtype;
Subtypemustbe PLAYER _PLAYER_DATAFREQREQ
uintl6_t frequency;

requestedrequeny in Hz
Con guration: Authentication

struct player_device_auth_req: If senerauthenticatiorhasbeenenabledby providing -key <key> on
the command-lineseeSection2.2), theneachclient mustauthenticatetself beforeotherwiseinteracting
with the sener. To authenticatesendarequesbf theformat:

uintl6_t subtype;
Subtypemustby PLAYER_PLAYER_AUTH_REQ
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uint8_t auth_key[PLAYER _KEYLEN];

Theauthenticatiorkey

If the key matcheghe sener's key thenthe client is authenticatedthe sener will reply with a zero-
lengthacknavledgementandthe client cancontinuewith otheroperations.If the key doesnot match,or
if theclientattemptsary othersener interactionsbeforeauthenticatingthenthe connectiorwill be closed
immediately It is only necessaryo authenticateachclientonce.

Note thatthis supportfor authentications NOT a securitymechanism.The keys arealwaysin plain text,
bothin memoryandwhentransmittecoverthenetwork; further, sincethekey is givenonthecommand-line,
thereis a very goodchancehatyou can nd it in plaintext in the procesdable(in Linux try ps -ax |
grep player ). Thusyoushouldnotuseanimportantpassvwerd asyourkey, norshouldyourely onPlayer
authenticationto preventbadguysfrom driving your robots(usea re wall instead).Rather authentication
wasintroducednto Playerto preventaccidentallyconnectingone’s client programto someoneslses robot.
This kind of accidentoccursprimarily whenStageis runningin a multi-userervironment.In this caseit is
very likely thatthereis a Playersener listeningon port 6665,andclientswill generallyconnecto thatport
by default, unlessa speci ¢ optionis given. Checkthe Stagedocumentatiorfor how to specifya Player
authenticatiorkey in your.world le.

struct player_device_namesevice_req: Documentatioraboutnameservicgoeshere
uint16_t subtype;
Subtypemustby PLAYER_ PLAYER NAMESERVICE REQ
uint8_t name[PLAYER _MAX DEVICE STRING LEN];
Therobotname
uintl6_t port;

Thecorrespondingport
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6.2 null
Synopsis

Thenull interfaceproducesio data,andacceptsio command®r con gurationrequestslt is the Player
analogueo /dev/null
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6.3 aio
Synopsis

Theaio interfaceprovidesaccess$o ananalogl/O device.

Constants
#de ne PLAYER _AIO _.MAX _SAMPLES 8

Themaximumnumberof analogl/O samples
Data

struct player_aio_data: Theaio interfacereturnsdataregardingthe currentstateof theanaloginputs;the
formatis:

uint8_t count;
numberof valid samples
int32_t anin[PLAYER _AIO _MAX _SAMPLES];

thesamples

Commands

Thisinterfaceacceptsio commands.
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6.4 audio
Synopsis

Theaudio interfaceis usedto controlsoundhardvare,if equipped.

Data

struct player_audio_data : The audio interfacereadsthe audio streamfrom /dev/audio  (which is
assumedo be associatedvith a soundcardconnectedo a microphone)andperformssomeanalysisonit.
Five frequeng/amplitudepairsarethenreturnedasdata;the formatis:

uintl6_t frequencyO,amplitudeO;
Hz,db?

uintl6_t frequencyl,amplitudel;
Hz,db?

uintl6_t frequency2,amplitude2;
Hz,db?

uintl6_t frequency3,amplitude3;
Hz,db?

uintl6_t frequency4,amplitude4;

Hz,db?
Command

struct player_audio.cmd : The audio interface acceptscommandsto produce x ed-frequeng tones
through/dev/dsp (whichis assumedo be associateavith a soundcardto which a speakr is attached);
theformatis:

uintl6_t frequency;
Frequeng to play (Hz?)
uintl16_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 : Thedsp interfacereadsthe audiostreamfrom /dev/dsp  (whichis as-
sumedto be associatedvith a soundcard connectedo a microphone)and performssomeanalysison it.
Five frequeng/amplitudepairsarethenreturnedasdata;theformatis:

uintl16_t freq[5];
Hz

uint16_t amp[5];
Db ?

Command

struct player_audiodsp.cmd : The audiodsp interfaceacceptscommanddo produce x ed-frequeng
tonesor binary phaseshift keyed(BPSK)chirpsthrough/dev/dsp  (which is assumedo be associated
with asoundcardto which a speakr is attached)theformatis:

uint8_t subtype;

The paclet subtype. Setto PLAYER_AUDIODSPPLAY _TONE to play a single fre-

queng; bitStringandbitStringLendonotneedo beset. Setto PLAYER_AUDIODSPPLAY _CHIRP
to play a BPSKeyed chirp; bitString shouldcontainthe binary string to encode and bit-
StringLensetto the length of the bitString. Setto PLAYER_AUDIODSPREPLAY to
replaythelastsound.*

uintl6_t frequency;
Frequeng to play (Hz)
uintl6_t amplitude;
Amplitudeto play (dB?)
uint32_t duration;
Durationto play (msec)
unsignedchar bitString[PLA YER MAX _DEVICE _STRING _LEN];
BitString to encoddn sinewave
uintl6_t bitStringLen;

Lengthof thebit string
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Con guration: get/setaudio properties

The audiodspcon guration can be queriedusing the PLAYER_AUDIODSP.GET_CONFIG requestand
modi ed usingthe PLAYER_AUDIODSP_SET_CONFIGrequest.

The sampleformatis de ned in sys/soundcard.tandde nesthe byte sizeandendianformatfor each
sample.

Thesampleratede nestheHertzatwhichto sample.

Mono or sterecsamplingis de ned in the channelgparametewherel==monoand2==stereo.

struct player_audiodsp.con g : Request/replpaclet for gettingandsettingtheaudiocon guration.

uint8_t subtype;

The paclet subtype.Setthisto PLAYER_AUDIODSP_SET_.CONFIGto setthe audiodsp
con guration; or setto PLAYER_AUDIODSP.GET_CONFIGto getthe audiodspcon g-
uration.

intl6_t sampleFormat;
Formatwith whichto sample

uintl6_t sampleRate;
Sampleratein Hertz

uint8_t channels;

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

Synopsis

Theaudiomixer interfaceis usedto controlsoundevels.
Con guration: getlevels

struct player_audiomixer_con g : Theaudiomixer interfaceprovidesacceptsa con gurationrequest
which returnsthe currentstateof the mixer levels.

uint8_t subtype;

uintl6_t masterLeft, masterRight;
uintl16_t pcmLeft, pcmRight;
uintl6_t lineLeft, lineRight;
uint16_t micLeft, micRight;
uintl6_t iGain, oGain;

documentatiotior these elds goeshere
Command

struct player_audiomixer_.cmd : Theaudiomixer interfaceacceptcommandgo settheleft andright
volumelevelsof variouschannelsThechannemaybe PLAYER_AUDIOMIXER MASTER for themaster
volume,PLAYER_AUDIOMIXER PCMfor thePCMvolume,PLAYER _AUDIOMIXER LINE for theline
in volume,PLAYER_AUDIOMIXER MIC for the microphonevolume,PLAYER_AUDIOMIXER IGAIN
for theinputgain,andPLAYER_AUDIOMIXER _OGAIN for the outputgain.

uint8_t subtype;
uintl6._t left;
uintl6_t right;

documentatiotior these elds goeshere
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6.7 blob nder
Synopsis

Theblob nder interfaceprovidesaccesdo 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 uniquecolor classes.

#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 datapacletis very similarto the ACTSv1.2/2.0format, but a bit simpler
The paclet lengthis variable,with eachpaclet containingboth a list of blobsanda headerthat provides
anindex into thatlist. For eachchannelthe headerentrytells you which blob to startwith andhow mary
blobsthereare.

struct player_blob nder _header.elt : Blob index entry
uintl6_t index;
Offsetof the rst blob for this channel.

uintl6_t num;

Numberof blobsfor this channel.

struct player_blob nder _blob_elt : Structuredescribingasinglebloh

uint32_t color;

A descriptve color for the blob (usefulfor gui's). The color is storedas pacled 32-bit
RGB,i.e.,0xO0RRGGBB.

uint32_t area;
Theblob area(pixels).

uintl6_t x, y;
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Theblob centroid(imagecoords).
uintl6_t left, right, top, bottom;

Boundingbox for the blob (imagecoords).
uintl6_t range;

Range(mm) to theblob center

struct player_blob nder _data: Thelist of detectedlobs.

uint16_t width, height;
Theimagedimensions.

player_blob nder _header.elt_t header[PLAYER _BLOBFINDER MAX _.CHANNELS];
An index into thelist of blobs(blobsareindexed by 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 somesensorgie CMUcam),simpleblob trackingtracksonly
onecolor. To setthetrackingcolor, senda requestwith the formatbelow, includingthe RGB color ranges
(maxandmin). Valuesof -1 will causehetrackcolorto be automaticallysetto the currentwindow color.
Thisis usefulfor settingthetrack color by holdingthetrackingobjectin front of thelens.

uint8_t subtype;
Mustbe PLAYER BLOBFINDER_SET.COLORREQ.

intl6_t rmin, rmax;
intl6_t gmin, gmax;
intl6_t bmin, bmax;

RGB minimumandmaxvalues(0-255)*
Con guration: Setimager params

struct player_blob nder _imager_con g : Imagingsensorshatdo blobtrackinggenerallyhave somesorts

of imagequality parametershatyou cantweak. The following onesareimplementechere: brightnesg0-
255)contras{0-255)autogain(0=off, 1=on)colormode(0=RGB/AutoWhiteBalanc®ff, 1=RGB/AutoWhiteBalance
On,2=YCrCB/AWB Off, 3=YCrCh/ANB On) To settheparamssendarequestvith theformatbelav. Any
valuessetto -1 will beleft unchanged.

uint8_t subtype;
Mustbe PLAYER BLOBFINDER_SET.IMA GER PARAMS REQ.
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Command

This device acceptsio commands.
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6.8 bumper
Constants
#de ne PLAYER_BUMPER _MAX _SAMPLES 32
Maximum numberof bumpersamples
#de ne PLAYER _BUMPER _GET_GEOM _REQ ((uint8_t)1)

Therequestubtypes
Data

struct player_bumper_data: Thegps interfacegivescurrentglobalpositionandheadingnformation;the
formatis:

uint8_t bumper_count;
the numberof valid bumperreadings
uint8_t bumpers[PLAYER BUMPER MAX _SAMPLES];

arrayof bumpervalues

Commands

Thisinterfaceacceptsio commands.

Con guration: Query geometry

To querythe geometryof abumperarray give thefollowing request,lling in only thesubtype.Thesener
will repondwith theother elds lled in.

struct player_bumper_de ne : Thegeometryof asinglebumper
int16_t x_offset, y_offset, th__offset;
thelocal poseof a singlebumperin mm
uintl6_t length;
lengthof thesensotin mm
uintl6_t radius;

radiusof curvaturein mm - zerofor straightlines

struct player_bumper_geom: Thegeometryfor all bumpers.

uint8_t subtype;
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Paclet subtype Mustbe PLAYER BUMPER GET_.GEOM_REQ.
uintl16_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 communicatavith eachotherthroughthe Playersener.

Data

Thisinterfacereturnsunstructuredyariablelengthbinarydata. The paclet sizemustbelessthanor equalto
PLAYER_MAX _.MESSAGE_SIZE. Notethatmorethanonedatapaclet maybereturnedn ary givencycle
(i.e. in theintenal betweertwo SYNCH paclets).

Command

Thisinterfaceacceptsinstructredyariablelengthbinarydata. The paclet sizemustbe lessthanor equalto
PLAYER_.MAX MESSAGE SIZE.
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6.10 camera

Synopsis

EXPERIMENTAL. Thecamera interfaceis usedto seewhatthe cameraseeslt is intendedorimarily for
senerside(i.e., driverto-driver) datatransfersratherthansenerto-clienttransfers.

Data

struct player_cameradata: Thecamera interfacereturnstheimageseenby thecameratheformatis:

uint16_t width, height;
Imagedimensiongpixels).
uint8_t depth;
Imagedepth(8, 16, 24).
uint32_t image_size;
Sizeof imagedata(bytes)
uint8_t image[PLAYER _CAMERA _IMA GE _SIZE];

Imagedata(pacledformat).
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6.11 dio
Synopsis

Thedio interfaceprovidesaccesgo adigital I/0 device.

Data

struct player_dio_data: Thedio interfacereturnsdataregardingthe currentstateof thedigital inputs;the
formatis:

uint8_t count;
numberof samples
uint32_t digin;

bit eld of samples

Commands

Thisinterfaceacceptsio commands.
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6.12 ducial
Synopsis

The ducial interfaceprovidesaccesdo devicesthatdetectcoded ducials (markers)placedin theerviron-
ment.

Constants
#de ne PLAYER FIDUCIAL MAX SAMPLES 32
Themaximumnumberof ducials thatcanbe detectedatonetime.
#de ne PLAYER FIDUCIAL MAX MSG LEN 32
Themaximumsizeof a datapaclet exchangedvith 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

Requespaclet subtypes

Data

The ducial datapacletcontainslist of thedetectedducials. Each ducial is describedy theplayer. ducial _item
structurdistedbelow.

struct player_ ducial _item : The ducial datapaclet (one ducial).
int16_t id;
The ducial id. Fiducialsthatcannotbeidenti ed getid -1.
int16_t pose[3];

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

int16_t upose[3];

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

struct player_ducial _data: The ducial datapaclet(all ducials).
uintl6_t count;
Thenumberof detectedducials

player_ ducial _item_t ducials[PLA YER FIDUCIAL MAX _SAMPLES];

List of detectedducials
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Command

This device acceptsio commands.

Con guration: getgeometry

Thegeometryposeandsize)of the ducial device canbequeriedusingthePLAYER FIDUCIAL _GET_.GEOM
request.Therequestindreply pacletshave the sameformat.

struct player_ ducial _geom: Fiducialgeometrypaclet.

uint8_t subtype;
Paclet subtype Mustbe PLAYER FIDUCIAL GET GEOM.
uintl6_t pose[3];
Poseof thedetectorin therobotcs(x, y, orient)in unitsif (mm, mm, degrees).
uintl6_t size[2];
Sizeof thedetectorin unitsof (mm, mm)
uintl6_t ducial _size[2];

Dimensionf the ducials in unitsof (mm, mm).

Con guration: sensor eld of view

The eld of view of the ducial device canbe setusingthe PLAYER_FIDUCIAL SETFOV requestand
gueriedusingthe PLAYER_FIDUCIAL _GET_FOV request.The device repliesto a SET requestwith the
actualFOV achiered. In bothcasegherequestandreply pacletshave the sameformat.

struct player_ ducial _fov : Fiducialgeometrypaclet.

uint8_t subtype;
Paclet subtype PLAYER_FIDUCIAL GET FOV or PLAYER FIDUCIAL SET FOV.
uintl6_t min_range;
Theminimumrangeof the sensoin mm
uintl6_t max_range;
Themaximumrangeof the sensoiin mm
uintl6_t view_angle;

Thereceptve angleof thesensotin degrees.
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Con guration: ducial messaging

NOTE: Thesecon gs arecurrentlysupportednly by the Stageducial driver(stg. dicial), butareintended
to beagenerainterfacefor addressablegeerto-peermessaging.

The ducial sensocanattempto sendamessagéo atamgetusingthePLAYER_FIDUCIAL _SENDMSG
requestlf tamgetid is -1, themessagés broadcasto all targets. Thedevice replieswith anACK if themes-
sagewassentOK, but receiptby thetametis not guaranteedThe intensity eld setsa transmitpower in
device-dependendnits. If the consumeag is set,the messagés transmittedust once. If it is unset,the
messagenaytransmittedepeatedlyat device-dependenhtenals, if atall).

Senda PLAYER_FIDUCIAL _RECV_MSG requestto obtainthe last messageaeciesed from the indi-
catedtamget. If theconsumeag is set,the messages deletedfrom the device's buffer, if unset,thesame
messageanberetreived multiple timesuntil anev messagarrives. Thepower eld indicategheintensity
of therecieved messagagainin device-dependentnits.

Similarly, thePLAYER_FIDUCIAL _EXCHANGE_MSG requessendsaamessagehenreturnshemost
recentlyreceved messageDependingon the device andthe situation,this could be a re ection of the sent
messagea reply from thetamgetof the sentmessagegr amessageecevedfrom anunrelatedsender

Fiducial exchangemesaageequest.The device sendsthe messagethenreplieswith the last message
receved, which may be (but is not guaranteedio be) be a reply to the sentmessageNOTE: thisis not yet
supportedy Stage-1.4.
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6.13 gps
Synopsis

Thegps interfaceprovidesaccesdo anabsolutegpositionsystemsuchasGPS.

Data

struct player_gps.data : The gps interface gives currentglobal position and headinginformation; the
formatis:

uint32_t time_sec;
uint32_t time_usec;

GPS(UTC) time, in secondsaandmicrosecondsincetheepoch.
int32_t latitude;

Latitude,in 1/600f anarc-secondi.e., 1/2160000f adegree).Positive is northof equator
negatie is southof equator

int32_t longitude;

Longitude,in 1/60of anarc-secondi.e., 1/2160000f a degree). Positive is eastof prime
meridian,negative is westof prime meridian.

int32_t altitude;

Altitude, in millimeters.Positive is above referencde.g.,sea-leel), andnegative is below.
int32_t utm_e, utm_n;

UTM WGSB84coordinateseastingandnorthing(cm).
uint8_t quality;

Qualityof x O=invalid,1=GPSx, 2=DGPS x
uint8_t num_sats;

Numberof satellitesn view.
uint16_t hdop;

Horizontaldilution of position(HDOP),times10
uint32_t err _horz;

Horizonalerror(mm)
uint32_t err _vert;

Verticalerror(mm)

Commands

Thisinterfaceacceptsio commands.
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6.14 gripper
Synopsis

Thegripper interfaceprovidesaccesdo aroboticgripper

Data

struct player_gripper _data: Thegripper interfacereturns2 bytesthatrepresenthe currentstateof the
gripper;theformatis givenbelov. Notethatthe exactinterpretatiorof this datamayvary dependingpnthe
detailsof your gripperandhow it is connectedo yourrobot(e.g.,General/O vs. Userl/O for the Pioneer

gripper).
uint8_t state,beams;

Thecurrentgripperlift andbreakbeanstate

Thefollowing tablede neshow the datacanbeinterpretedor somePioneerobotsandStage:

Field Type Meaning
state unsignedbyte bit 0: Paddlesopen
bit 1: Paddlesclosed
bit 2: Paddlesmoving
bit 3: Paddleserror
bit 4: Lift isup
bit 5: Lift is down
bit 6: Lift is moving
bit 7: Lift error
beams unsignedbyte bit O: 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 interfaceaccept2-byte commandsthe format of which is
givenbelav. Thesetwo bytesare sentdirectly to the gripper; referto Table 3-3 pagel0in the Pioneer2
GripperManual[] for alist of commandsThe rst byteis the command.The seconds the agumentfor
theLIFTcarry andGRIPpressommandsbut for all othersit is ignored.

uint8_t cmd, arg;

thecommandandoptionalargument
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6.15 ir
Synopsis

Their interfaceprovidesaccesdo anarrayof infrared(IR) rangesensors.

Constants
#de ne PLAYER_R _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 interfacereturnsrangereadingdrom the IR array;theformatis:

uintl6_t range_count;
numberof samples

uintl6_t voltages[PLAYER _IR _MAX _SAMPLES];
voltages(units?)

uint16_t ranges[PLAYER _IR_MAX _SAMPLES];

rangegmm)

Commands

Thisinterfaceacceptsio commands.

Con guration: Query pose

To querythe poseof theIRs, usethefollowing request,lling in only the subtype.The senerwill respond
with theother elds lled in.

struct player_ir _pose: getsthe poseof thelR sensor®narobot
uintl6_t posecount;
the numberof ir samplegeturnedby thisrobot

int16_t poses[PLA'ER IR _MAX _SAMPLES][3];

the poseof eachIR detectoron this robot(mm, mm, degrees)
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struct player_ir _posereq: ioctl structfor gettingIR poseof arobot

uint8_t subtype;
subtypemustbe PLAYER_IR_POSEREQ
player_ir _poset poses;

theposes

Con guration: IR power

struct player_ir _power_req: To turn IR power on andoff, usethis request.The sener will reply with a
zero-lengthacknavledgement

uint8_t subtype;
mustbe PLAYER_IR_PONER REQ
uint8_t state;

0 for power off, 1 for poweron
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6.16 laser

Synopsis
The laserinterface provides accesdo a single-originscanningrangesensorsuchasa 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

Laserrequessubtypes.

Data

Devicessupportingthelaser interfacecanbe con gured to scanat differentanglesandresolutions.As
such.thedatareturnedby thelaser interfacecantake differentforms. To make interpretatiorof the data
simple,thelaser datapaclet containssomeextra elds beforetheactualrangedata.These elds tell the
clientthe startingandendinganglesof the scantheangularresolutionof the scan,andthe numberof range
readingsncluded.Scangroceedcounterclockwis@aboutthelaserand  is forward. Thelasercanreturn
amaximumof 401 readingsthis limits thevalid combinationf scanwidth andangulamresolution.

struct player_laser.data : Thelaserdatapaclet.

intl6_t min_angle,max_angle;
Startandendanglesfor thelaserscan(in unitsof 0.01degrees).
uintl6_t resolution;
Angularresolution(in unitsof 0.01degrees).
uintl6_t range.res;
rangeresolution.rangesshouldbe multipledby this.
uintl6_t range_count;
Numberof range/intensityeadings.
uintl6_t ranges[PLAYER LASER MAX SAMPLES];
Rangereadinggdmm).
uint8_t intensity[PLAYER _LASER _MAX _SAMPLES];

Intensityreadings.
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Command

This device acceptsio commands.

Con guration: getgeometry

The lasergeometry(positionandsize) can be queriedusingthe PLAYER LASER_GET_GEOM request.
Therequestndreply pacletshave the sameformat.

struct player_laser. geom: Request/replyaclet for gettinglasergeometry

uint8_t subtype;

Thepaclet subtype Mustbe PLAYER_LASER_GET_GEOM.
int16_t pose[3];

Laserpose,n robotcs(mm, mm, degrees).
intl6_t size[2];

Laserdimensiongmm, mm).

Con guration: get/setscanproperties

The scancon guration can be queriedusing the PLAYER_LASER_GET_CONFIG requestand modi ed
usingthe PLAYER_LASER_SET_.CONFIGrequest.

The sickims200driver, for example,is usuallycon guredto scana swath of with a resolutionof

, to generatatotal of 361readingsAt this aperturethelasergenerates nev scanevery 200msor so,
for adatarateof 5Hz. Thisratecanberaisedby reducingthe aperturgo encompaskessthanthefull ,
or by loweringtheresolutionto

Readthedocumentatioffior your driver to determinewvhatcon gurationvaluesarepermissible.

struct player_laser_con g : Request/replpaclet for gettingandsettingthe lasercon guration.

uint8_t subtype;

The paclet subtype.Setthisto 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 units of 0.01degrees).Valid rangeis -9000to
+9000.

uintl6_t resolution;
Scanresolution(in unitsof 0.01degrees).Valid resolutionsare 25, 50, 100.
uintl6_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 : Turnthelaserpower on or off.

uint8_t subtype;
Mustbe PLAYER_LASER PONVER _CONFIG.
uint8_t value;

0 to turnlaseroff, 1 to turnlaseron
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6.17 localize

Synopsis

Thelocalize  interfaceprovidesposeinformationfor therobot. Generallyspeakinglocalizationdrivers
will estimatethe poseof the robot by comparingobsered sensorreadingsagainsta pre-de ned map of

theenvironment.See for theexampletheregular _mcl andadaptive _mcl drivers,whichimplement
probabilisticMonte-Carlolocalizationalgorithms.

Constants
#de ne PLAYER LOCALIZE MAX HYPOTHS 10

Themaximumnumberof posehypotheses.

#de ne PLAYER _LOCALIZE _SET_POSEREQ ((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/replypaclet subtypes

Data

struct player_localize_hypoth : Sincetherobotposemaybeambiguougi.e.,therobotmayatarny of anum-
berof widely spacedocations) thelocalize  interfaceis capableof returningmorethatonehypothesis.
Theformatfor eachsuchhypothesigs asfollows:

int32_t mean|3];

Themeanvalueof the poseestimatgmm, mm, arc-seconds).
int64_t cov[3][3];

Thecovariancematrix poseestimatgdmm , arc-seconds.
uint32_t alpha;

Theweightcoefcient for linearcombination(alpha* 1e6).

struct player_localizedata : The localize interfacereturnsa datapaclet containingan an array of
hypotheseg]e ned asfollows:

uintl6_t pending_count;
Thenumberof pending(unprocessedbserations)
uint32_t pending_time_sec,pending_time_usec;

Thetime stampof thelastobserationprocessed.
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uint32_t hypoth_count;
Thenumberof posehypotheses.
player_localize hypoth_t hypoths[PLAYER LOCALIZE MAX HYPOTHS];

Thearrayof thehypotheses.

Commands

Thisinterfaceacceptsio commands.

Con guration: Setthe robot poseestimate

struct player_localize setpose: Setthe currentrobot posehypothesis.The sener will reply with a zero
lengthresponsgaclet.

uint8_t subtype;

Requessubtypemustbe PLAYER_LOCALIZE SET POSEREQ.
int32_t mean|3];

Themeanvalueof the poseestimatgmm, mm, arc-seconds).
int64_t cov[3][3];

Thecovariancematrix poseestimatgdmm , arc-seconds.
Con guration: Get/Setcon guration

struct player_localize.con g : Toretrievethecon guration,setthesubtypao PLAYER LOCALIZE GET.CONFIGREQ
andleave theother elds empty Thesenerwill reply with thefollowing con guaration elds lled in. To

changethe currentcon guration, setthe subtypeto PLAYER LOCALIZE SET.CONFIGREQand Il the

con guration elds.

uint8_t subtype;
RequessubtypemustbeeitherPLAYER _LOCALIZE GET_CONFIGREQor PLAYER LOCALIZE SET.CO
uint32_t num_particles;

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

struct player_localize map_info : Retriese the size and scaleinformation of a currentmap. This re-
guestis usedto get the size information before you requestthe actual map data. Set the subtypeto
PLAYER_LOCALIZE _GET_-MAP_NFO_REQ;thesenerwill replywith thesizeinformation lled in.

uint8_t subtype;

Requessubtypemustbe PLAYER_LOCALIZE _GET_MAP_INFO_REQ
uint32_t scale;

Thescaleof the map(pixels perkilometer).
uint32_t width, height;

Thesizeof themap(pixels).
Con guration: Get map data

struct player_localize map_data : Retrieve the mapdata.Beacausef thelimited sizeof arequest-replay
messageshemapdatais tranferedn tiles. In therequespaclet, setthecolumnandrow index of aspeci c
tile; thesenerwill reply with therequestednapdata lled in.

uint8_t subtype;
Requessubtypemustbe PLAYER_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 occupang value(empty= -1, unknavn = 0, occupied= +1).
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6.18 mcom

Synopsis

The mcominterfaceis designedor exchanginginformation betweenclients. A client sendsa message
of a given"type” and”channel”. This device storesaddsthe messagéo that channek stack. A second
client canthenrequestdataof a given "type” and”channel”. Push,Pop, Read,and Clearoperationsare

de ned, but their semanticxanvary, basedon the stackdiscipline of the underlyingdriver. 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_BUFS 10
numberof buffersto keepperchannel
#de ne MCOM CHANNEL _LEN 8
sizeof channehame
#de ne MCOM EMPTY _STRING "(EMPTY)”
returnsthis if empty

#de ne PLAYER_MCOM _PUSHREQ 0

#de ne PLAYER_MCOM _POPREQ 1

#de ne PLAYER_MCOM _READ REQ 2

#de ne PLAYER_MCOM _CLEAR _REQ 3

#de ne PLAYER_MCOM _SET_CAPACITY _REQ 4

requesids

Data

Themcominterfacereturnsno data.

Command

Themcominterfaceacceptsio 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 requestsentto sener.

uint8_t command,
WhichrequestShouldbe oneof thede ned requesids.
uintl6_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 sener.

uintl6_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_1)7)
#de ne PLAYER _POSITION _SPEED_PROF_REQ ((uint8_t)8)

#de ne PLAYER _POSITION _SET_ODOM _REQ ((uint8_t)9)

Thevariouscon gurationrequestypes.

#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_INTEGRA TORS ((Uint8 t)56)
#de ne PLAYER _POSITION _RMP_SHUTDOWN ((uint8_t)57)

ThesearepossibleSegway RMP con g commandsseethe statuscommandn the RMP
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 resettinghe Segway RMP's integrators.

Data

struct player_position_data : The position interfacereturnsdataregardingthe odometricposeand
velocity of therobot,aswell asmotorstallinformation;theformatis:

int32_t Xpos,ypos;

X andY position,in mm
int32_t yaw;

Yaw, in dggrees

int32_t xspeedyspeed;
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X andY translational/elocities,in mm/sec
int32_t yawspeed;

Angularvelocity, in degrees/sec
uint8_t stall;

Are themotorsstalled?

Commands
struct player_position.cmd : The position  interface acceptsnew positionsand/orvelocitiesfor the
robot's motors(driversmay supportpositioncontrol,speeccontrol,or both); theformatis
int32_t Xpos,ypos;
X andY position,in mm
int32_t yaw;
Yaw, in dggrees
int32_t xspeedyspeed;
X andY translationalelocities,in mm/sec
int32_t yawspeed;
Angularvelocity, in degrees/sec
uint8_t state;
Motor state(zerois eitheroff or locked,dependingn thedriver).
uint8_t type;
Commanaype;0 = velocity, 1 = position.
Con guration: Query geometry
struct player_position_geom: To requestobotgeometrysetthesubtypeo PLAYER POSITIONGET_GEOM REQ
andleave theother elds empty Thesenerwill reply with the poseandsize elds lled in.
uint8_t subtype;
Paclet subtype Mustbe PLAYER POSITIONGET GEOM REQ.
uintl6_t pose[3];
Poseof therobotbasejn therobotcs(mm, mm, degrees).
uintl6_t size[2];

Dimensionf thebase(mm, mm).
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Con guration: Motor power

struct player_position_power_con g : On somerobots,the motor power canbe turnedon and off from
software. To do so,sendarequestwvith the formatgiven belov, andwith the appropriatestate  (zerofor
motorsoff andnon-zerdfor motorson). Thesenerwill reply with azero-lengthacknavledgement.

Be VERY carefulwith thiscommand!You arevery likely to starttherobotrunningacrosghe roomat
high speedwith the batterychager still attached.

uint8_t request;
subtypemustbe PLAYER_POSITIONMOTOR_PONER_REQ
uint8_t value;

0 for off, 1 for on

Con guration: Changevelocity control

struct player_position_velocitymodecon g : Somerobotsoffer differentvelocity controlmodes.It can
be changedy sendinga requestwith the format given below, including the appropriatanode. No matter
which modeis used,the externalclient interfaceto the position device remainsthe same. The sener
will replywith azero-lengthacknavledgement

uint8_t request;

subtypemustbe PLAYER POSITIONVELOCITY MODE REQ
uint8_t value;

driverspeci c

Thep2os _position  driver offerstwo modesof velocity control: separatéranslationabndrotational
controlanddirectwheelcontrol. Whenin theseparatenode therobot's microcontrolletinternallycomputes
left andright wheelvelocitiesbasedn the currentlycommandedranslationabndrotationalvelocitiesand
thenattenuateshesevaluesto matcha nice prede nedacceleratiorpro le. Whenin the directmode,the
microcontrollersimply passe®n the currentleft andright wheelvelocities. Essentiallythe separatenode
offerssmoothetbut slowver (lower accelerationontrol,andthe directmodeoffersfasterbut jerkier (higher
accelerationxontrol. Players default is to usethe direct mode. Setmode to zerofor direct control and
non-zerdor separateontrol.

For thereb _position  driver, 0 is directvelocity control, 1 is for velocity-basecheadingPD con-
troller.

Con guration: Resetodometry

struct player_position_resetodomcon g : To resetthe robot's odometryto , usethe
following requestThesenerwill reply with azero-lengthacknavledgement.

uint8_t request;

subtypemustbe PLAYER_POSITIONRESET.ODOM_REQ
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Con guration: Changeposition control

struct player_position_position_modereq:

uint8_t subtype;

subtypemustbe PLAYER_POSITIONPOSITIONMODE_REQ

uint8_t state;

0 for velocity mode,1 for positionmode

Con guration: Setodometry

struct player_position_setodom.req: To settherobot's odometryto a particularstate usethis request:

uint8_t subtype;

subtypemustbe PLAYER_POSITIONSET.ODOM_REQ
int32_t x, y;

XandyY (in mm?)
int32_t theta;

Heading(in degrees)
Con guration: Setvelocity PID parameters

struct player_position_speedpid req:

uint8_t subtype;
subtypemustbe PLAYER_POSITIONSPEEDPID_REQ
int32_t kp, ki, kd;

PID parameters

Con guration: Setposition PID parameters

struct player_position_position_pid_req:

uint8_t subtype;

subtypemustbe PLAYER_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;

subtypemustbe PLAYER_POSITION.SPEEDPROF_REQ
int16_t speed,;

maxspeed
intl6_t acc;

maxacceleration

Con guration: SegwayRMP-speci ¢ con guration

struct player_-rmp cong :

uint8_t subtype;
subtype:mustbe of PLAYER_RMP_*
uintl6_t value;

holds variousvaluesdependingon the type of con g. Seethe "Status” commandn the
Seyway manual.

59



6.20 position3d
Synopsis

Theposition3d interfaceis usedto controla 3-D mobilerobotbase.

Constants

Supportedon g requests

Data

struct player_position3d.data : The position3d interfacereturnsdataregardingthe odometricpose
andvelocity of therobot,aswell asmotorstallinformation;theformatis:

int32_t Xpos,ypos,zpos;
X, Y, andZ position,in mm
int32_t roll, pitch, yaw;
Roll, pitch, andyaw, in arc-second§1/36000f a degree)
int32_t xspeed,yspeedzspeed;
X, Y, andZ translationalrelocities,in mm/sec
int32_t rollspeed,pitchspeed,yawspeed,;
Angularvelocities,in arc-secondssecond
uint8._t stall;

Are themotorsstalled?

Commands

struct player_position3d.cmd : The position3d interfaceacceptsnew positionsand/orvelocitiesfor
therobot's motors(driversmay supportpositioncontrol, speedcontrol,or both); the formatis

int32_t Xpos,ypos,zpos;
X, Y, andZ position,in mm
uint32_t roll, pitch, yaw;
Roll, pitch, andyaw, in arc-second§1/36000f a degree)
int32_t xspeed,yspeedzspeed;
X, Y, andZ translationalelocities,in mm/sec
int32_t rollspeed,pitchspeed,yawspeed;

Angularvelocities,in arc-secondssecond
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Con guration: Motor power

struct player_position3d_power_con g : Onsomerobots,the motorpower canbeturnedon andoff from
software. To do so,sendarequestwith the formatgiven belov, andwith the appropriatestate  (zerofor
motorsoff andnon-zerdfor motorson). Thesenerwill reply with azero-lengthacknavledgement.

Be VERY carefulwith thiscommand!You arevery likely to starttherobotrunningacrosghe roomat
high speedwith the batterychager still attached.

uint8_t request;
subtypemustbe PLAYER_POSITIONMOTOR POWER REQ
uint8_t value;

0 for off, 1 for on
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6.21 power
Synopsis

Thepower interfaceprovidesacces$o arobot's pover subsystem.

Constants
#de ne PLAYER_MAIN _POWER _REQ ((uint8_t)14)

whatdoesthis do?

Data

struct player_power_data : Thepower device returnsdatain theformat:

uintl6_t charge;

Batteryvoltage,in deciolts

Commands

Thisinterfaceacceptsio commands

Con guration: Requestpower

struct player_power_con g : Packetfor requestingpower con g - replieswith a playerpower_datat

uint8_t subtype;
Paclet subtype Mustbe PLAYER_MAIN _PONVER REQ.
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6.22 ptz
Synopsis

Theptz interfaceis usedto controla pan-tilt-zoomunit.

Constants

#de ne PLAYER _PTZ_GENERIC .CONFIG _REQ ((uint8_t)1)
#de ne PLAYER _PTZ_CONTROL MODE _REQ ((uint8_t)2)

Con gurationrequestodes
#de ne PLAYER PTZ_MAX _.CONFIG _LEN 32

Maximumcommandengthfor usewith PLAYER_PTZ GENERIC. CONFIG.REQ,based
onthe Sory EVID30 cameraight now.

#de ne PLAYER_PTZ_VELOCITY .CONTROL O
#de ne PLAYER _PTZ_POSITION _CONTROL 1

Controlmodesfor usewith PLAYER_PTZ. CONTROL_MODE_REQ

Data

struct player_ptz_data : Theptz interfacereturnsdatare ecting the currentstateof the Pan-Tilt-Zoom
unit; theformatis:

intl6_t pan;
Pan(degrees)
int16t tilt;
Tilt (degrees)
intl6_t zoom;
Field of view (degrees).
intl16_t panspeedtiltspeed,;

Currentpan/tilt velocities(deg/sec)
Command

struct player_ptz_cmd : The ptz interfaceacceptscommandghat setchangethe stateof the unit; the
formatis givenbelov. Notethatthecommandsareabsolute not relative.

intl6_t pan;

Desiredpanangle(degrees)
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INt16_t tilt;

Desiredtilt angle(degrees)
intl6_t zoom;

Desired eld of view (degrees).
int16_t panspeedtiltspeed,;

Desiredpan/tilt velocities(deg/sec)

Con guration: Set/Getunit-speci c con g

struct player_ptz_generic.con g : Thisioctl allows the clientto senda unit-speci c commando the unit.
Whetherdatais returneddependsn the commandthat was sent. The sener may Il in "con g’ with a
replyif applicable.

uint8_t subtype;

Mustbesetto PLAYER PTZ GENERICCONFIGREQ
uintl6_t length;

Lengthof datain con g buffer
uint8_t con g[PLAYER _PTZ MAX CONFIG LEN];

Buffer for command/reply
Con guration: Changecontrol mode

struct player_ptz_controlmode_con g : Thisioctl allowstheclientto switchbetweerpositionandvelocity
control,for thosedriversthatsupportit. Notethatthisrequesthange$ow thedriverinterpretforthcoming
commandgrom all clients.

uint8_t subtype;
Mustbesetto PLAYER_ PTZ CONTROL_MODE REQ
uint8_t mode;

Modeto use:mustbeeitherPLAYER_PTZVELOCITY _CONTROL or PLAYER PTZ POSITION.CONTROL.
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6.23 sonar

Synopsis

Thesonar interfaceprovidesaccesd$o acollectionof x edrangesensorssuchasasonararray

Constants
#de ne PLAYER _SONAR _MAX _SAMPLES 64

maximumnumberof sonarsamplesn adatapaclet

#de ne PLAYER _SONAR_GET_GEOM _REQ ((uint8_t)1)
#de ne PLAYER _SONAR _POWER _REQ ((uint8_t)2)

requestypes
Data

struct player_sonar_data: Thesonar interfacereturnsupto 32 rangereadingsrom arobot's sonarsThe
formatis:

uintl6_t range_count;
Thenumberof valid rangereadings.
uint16_t ranges[PLAYER _SONAR _MAX SAMPLES];

Therangereadings

Commands

Thisinterfaceacceptsio commands.
Con guration: Query geometry

struct player_sonar.geom: To querythe geometryof the sonartransducersiysethe requesigiven below,
butonly Il inthesubtype.Thesenerwill reply with theother elds lled in.

uint8_t subtype;

SubtypeMustbe PLAYER_SONAR_GET GEOM REQ.
uintl6_t posecount;

Thenumberof valid poses.
int16_t poses[PLAYER_SONAR _MAX _SAMPLES][3];

Poseof eachsonayin robotcs (mm, mm, degrees).
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Con guration: Sonarpower

struct player_sonar_power_con g : Onsomerobots,thesonarsanbeturnedonandoff from software. To
do so,issuearequesbf theform givenbelav. Thesenerwill reply with azero-lengthacknaviedgement.

uint8_t subtype;
Paclet subtype Mustbe PLAYER_P20SSONAR PONVER_REQ.
uint8_t value;

Turn power off (0) oron(¢0)
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6.24 sound
Synopsis

Thesound interfaceallows playbackof a pre-recordedound(e.g.,onanAmigobot).

Data

Thisinterfaceprovidesno data.

Commands

struct player_sound.cmd : Thesound interfaceacceptsaanindex of apre-recordedound le to play.

uintl6_t index;

Index of soundto be played.
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6.25 speech
Synopsis

Thespeech interfaceprovidesaccesdo a speectsynthesisystem.

Constants

#de ne PLAYER _SPEECH_MAX _STRING _LEN 256
#de ne PLAYER _SPEECH.MAX _.QUEUE_LEN 4

incomingcommandjueueparameters

Data

Thespeech interfacereturnsno data.

Command

struct player_speechcmd : The speech interfaceacceptsa commandhatis a stringto be givento the
speechsynthesizer The commandpaclet is simply 256 bytesthat are interpretedas ASCII, and so the
maximumlengthof eachstringis 256 characters.

uint8_t string[PLAYER _SPEECH-MAX _STRING _LEN];

Thestringto say
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6.26 truth
Synopsis

Thetruth  interface provides accesdo the absolutestateof entities. Note that, unlessyour robot has
superpwers,truth  devicesareonly avilable in Stage.

Constants

#de ne PLAYER_TRUTH _GET _POSE 0x00

#de ne PLAYER_TRUTH _SET_POSEO0x01

#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

Requespaclet subtypes.
Data

struct player_truth _data : Thetruth interfacereturnsdataconcerninghe currentstateof anentity; the
formatis:

int32_t px, py, pa;

Objectposein world cs(mm, mm, degrees).

Commands

Thisinterfaceacceptsio commands.

Con guration: Get/setpose

struct player_truth _pose: To getthe poseof anobject,usethefollowing request,lling in only thesubtype
with PLAYER_TRUTH_GET_POSE.Thesenerwill respondwith theother elds lled in. To setthepose,
setthesubtypeto PLAYER_TRUTH_SET_POSand Il in therestof the elds with thenew pose.

uint8_t subtype;

Pacletsubtype MustbeeitherPLAYER_TRUTH _GET POSEor PLAYER TRUTH _SET POSE
or PLAYER_TRUTH_SET_.POSEON_ROQOIT. The last option placesthe object on the
backgroundandsetsits pose.Greatfor repositioningpucksthathave beenpicked up.

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 getthe ducial ID of anobject, usethe following request, lling in
only the subtypewith PLAYER_TRUTH_GET_FIDUCIAL _ID. The sener will respondwith theID eld
lled in. To setthe ducial ID, setthe subtypeto PLAYER_TRUTH_SETFIDUCIAL ID and Il in thelD
eld with thedesiredvalue

uint8_t subtype;
Pacletsubtype MustbeeitherPLAYER_TRUTH_GET_FIDUCIAL 1D or PLAYER TRUTH _SET FIDUCIAL |
intl6._t id;

the ducial ID
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6.27 waveform

Synopsis

Thewaveform interfaceis usedto receve arbitrarydigital samplessayfrom adigital audiodevice.
Data

struct player_waveform _data : The waveform interfacereadsa digitized waveform from the target de-
vice.

uint32_t rate;
Bit rate- bits persecond
uintl6_t depth;
Depth- bits persample
uint32_t samples;
Samples thenumberof bytesof raw data
uint8_t data] PLAYER WAVEFORM DATA MAX J;

data- anarrayof raw data
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6.28 wi
Synopsis

Thewifi interfaceprovidesaccesdo thestateof awirelessnetwork interface.

Constants
#de ne PLAYER _WIFI _.MAX _LINKS 16

Themaximumnumberof remotehoststo reporton

#de ne PLAYER WIFI _QUAL DBM 1
link qualityisin dBm

#de ne PLAYER WIFI _QUAL REL 2
link quality is relative

#de ne PLAYER WIFI _QUAL UNKNOWN 3
link quality is unknavn

#de ne PLAYER WIFI _MODE UNKNOWN 0
unknavn operatingmode

#de ne PLAYER WIFI _MODE AUTO 1
driver decidegshemode

#de ne PLAYER WIFI _MODE ADHOC 2
adhocmode

#de ne PLAYER WIFI _MODE INFRA 3
infrastructureanode(multi cell network, roaming)

#de ne PLAYER WIFI _MODE MASTER 4
accespoint, mastemode

#de ne PLAYER WIFI _MODE REPEAT 5
repeatemode

#de ne PLAYER WIFI _MODE SECOND®6
secondary/backupeater

#de ne PLAYER _WIFI _MAC_REQ ((uint8_t)1)

con g requests
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Data

struct player_wi _link : Thewifi interfacereturnsdataregardingthe signal characteristicof remote
hostsaspercevedthroughawirelessnetwork interface;theformatof the datafor eachhostis:

char ip[32];
IP addres®f destination.

I/l thesecould be uint8_t instead, jlinux/wir eless.hgwill only
Il return that much. maybe someother architecture needslarger??
uintl6_t qual, level, noise;

Link quality, level andnoiseinformation

struct player_wi _data: Thecompletedatapaclet formatis:

player_wi _link _t links[PLAYER _WIFI _MAX _LINKS];
uintl6_t link _count;

A list of links
uint32_t throughput;
mysterioughroughputcalculatedoy driver
int32_t bitrate;
currentbitrateof device
uint8_t mode;
operatingmodeof device
uint8_t qual_type;
Indicatestypeof link quality info we have
uintl16_t maxqual, maxlevel, maxnoise;
Maximumvaluesfor quality, level andnoise.
char ap[32];

MAC addres®f currentaccesgoint/cell

Commands

Thisinterfaceacceptsio commands.
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Chapter 7

Device Drivers

In this chaptemwe describethe device driversincludedin Player For eachdriver, the supportednterfaces,
con gurationrequestsandcon guration le optionsaregiven. The syntaxfor specifyingcon guration le
optionsis givenin Chapterd.
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7.1 acts

Authors
Brian P. Gerkey gerkey(at)stan ford.ed u

Synopsis

ACTSis afastcolor sggmentatiorsystemwritten by Paul Rybskiandsold by ActivMedia; see:
http://www.acti vr obots .c om

After training,ACTS nds coloredblobsin asinglecameramage.Playersacts driver providesaccesso

ACTS.

Interfaces

Supportednterfaces:

blobfinder
Requireddevices:

None.
Supportedcon gurationrequests:

None.

Con guration le options

Note: In thetablebelow, a default valueof (none)indicatesthatthe associate@ptionwill not be passedo
ACTS.As aresult,ACTS's own internaldefault for thatparametewill beused.Consultthe ACTS manual
to determinewhatthosedefaultsare.
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Name Type Default Meaning

path string Path to the ACTS executable (leave
empty to searchthe users PATH for
acts ).

configfile string | "/usr/local/acts/actsconfig" Pathto the ACTS con®guratior®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 thecameramage(in pixels).

height integer 120 Heightof the cameramage(in pixels).

pixels integer (none) Minimum arearequiredto call a blob a
blob (in pixels).

port integer 5001 TCPportby whichPlayershouldconnect
to ACTS.

fps integer (none) Framepersecondf thecamera.

drivertype string (none) Type of framegrabberdriver in use(e.g.,
"bttv* ,"bt848" ,"matrox" ).

invert integer (none) Is thecameranverted?

devicepath string (none) Pathto the device ®le for the framegrab-
ber(e.g.,"/dev/fg0" ).

channel integer (none) Which channel to select on the
framegrabber

norm string (none) Normalization??

pxc200 integer (none) Is theframeggrabbera PXC2007?

brightness “oat (none) Brightnesdevel??

contrast “oat (none) Contrastevel??

Notes

Theacts driver supportsACTSversionsl.0,1.2,and2.0.

PXC200frameggrabberswhenaccessethroughthebttv  module,may causethe machineto hang.
A workarounds to rst readaframefrom aframegrabberchannelbonwhichthereis novideosignal,
andthenstartreadingfrom theright channel.(This problemis unrelatedo Players acts driver)
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7.2 acoustics

Authors

NateKoenignkoenig(at)usc

Synopsis
TODO

Interfaces

Supportednterfaces:
audiodsp

Requireddevices:
None.
Supportecton gurationrequests:

TODO

Con guration le options
TODO

Notes
TODO

.e du
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7.3 amcl

Authors

Andrev Howardahoward(at)usc  .e du,BoyoonJungboyoon(at)roboti CS.u sc.e du

Synopsis

Theamcl driverimplementsthe Adaptive Monte-CarloLocalizationalgorithmdescribedby Fox [2]. At

the conceptualevel, theamcl driver maintainsa probability distribution over the setof all possiblerobot
posesandupdateghis distribution usingdatafrom odometry sonarand/orlaserrange- nders.Thedriver

alsorequiresa pre-de nedmapof the ervironmentagainstwhich to compareobsered sensowalues. At

theimplementatiorievel, theamcl driver representshe probabilitydistribution usinga particle lter. The
Iter is “adaptive” becausat dynamicallyadjuststhe numberof particlesin the Iter: whenthe robot's

poseis highly uncertainthe numberof particlesis increasedwhentherobot's poseis well determinedthe
numberof particlesis decreasedThe driver is thereforeable make a trade-of betweenprocessingpeed
andlocalizationaccuray.

As an example,considerthe sequencef imagesshavn in Figure7.1. This sequenceshaws the Iter
corverging from aninitial con gurationin whichthe poseof therobotis entirelyunknawvn to a nal con g-
urationin which the poseof therobotis well determined At the sametime, the numberof particlesin the
Iter decreaseffom 100,000t0 lessthan100.

Theamcl driver hasthe someof theusualfeatures- andfailures—associateavith simpleMonte-Carlo
Localizationtechniques:

If therobotsinitial poseis speci ed asbeingcompletelyunknavn, thedriver's estimatewill usually
convergeto correctpose.Thisassumethattheparticle Iter startswith alargenumberof particles(to
coverthespaceof possibleposes)andthattherobotis drivensomedistancehroughthe ervironment
(to collectobsenrations).

If therobot'sinitial poseis speci edaccuratelybut incorrectly or if therobotbecomedost (e.g.,by
picking it up andreplacingit elsavhere)the driver's estimatewill not converge on the correctpose.
Suchsituationgrequirethe useof moreadwancedechniqueshathave notyetbeenimplementedsee
[6], for example).

Theamcl driveralsohassomeslightly unusuakemporalbehaior:

Whenthe numberof particlesin the Iter is large,datamayarrive from the sensordasterthanit can
be processedWhenthis happensdatais queuedup for later processingbut the driver continueso
generatean up-to-dateestimatefor therobotpose. Thus,for example,attime sec,thedriver
may have only processedensoreadingsup until time sec,but will neverthelesgyeneratean
estimatgprediction)of wheretherobotis at sec.Theadaptve natureof the algorithmmore-
or-lessguaranteethatthe driver will eventual“catchup”: asmoresensoreadingsareprocessedhe
numberof particleswill generallydecreaseandthesensoupdatestepof thealgorithmwill runfaster

Caveats

At the time of writing, this driver is still evolving. The sensomodels,in particular are currently over

simpli ed and underparameterizedthereare lots of magic numberslurking aboutthe place). Conse-
guently while this driver is known to work for certainhardware con gurations (think Pioneer2DXwith

a SICKLMS200laserrange- nder),othercon gurationsmay requiresomere nementof the sensomod-
els.
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sec, particles sec, particles

Figure7.1: Snap-shotshowving theamcl driverin action;convergencen this casels relatively slow.

Interfaces

Supportednterfaces:

localize
Requireddevices:

position

Any combinatiornof: sonar ,laser andwifi
Supportedon 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
odometricdevice of somesort).

sonar _index integer -1 Index of thesonarrangingdevice to use;setthisto -1 if you
dontwishto usesonar

laser _index integer -1 Index of the laserrangingdevice to use;setthisto -1 if you
dontwishto uselaser

wifi  _index integer -1 Index of the WiFi signal-strengthieviceto use;setthisto -1
if you dontwishto useWiFi signal-strength.

map_file ®lename NULL Nameof the ®le containingthe occupang map; seenotes
below for moreon the mapformat.

map_scale length 0.05 Scaleof themap(meters/piel).

map_negate integer 0 Invert the statesin the map (occupiedbecomesmptyand
emptybecome®ccupied)seenotesbelow.

robot _radius length 0.20 Effective radius of the robot (meters); this value will be
usedto eliminatehypothesethatimply thattherobotis co-
locatedwith anobstacle.

laser _maxsamples | integer 5 The maximumnumberof laserrangereadingsto usewhen
updatingthe®lter.

wifi _beacon _N tuple none A tuple [ "hostname" "mapfilename" ] de-
scribing the WiFi beacon. hostname speci®esthe
nameor IP addresof the beacon;mapfilename  points
to the WiFi signalstrengthmapfor this beacon.

pf _min _samples integer 100 Lower boundon the numberof sampleso maintainin the
particle®lter.

pf _-max.samples integer 10000 Upperboundon the numberof samplego maintainin the
particle®lter.

pf _err “oat 0.01 Controlparametefor the particlesetsize. Seenotesbelow.

pf _z “oat 3 Controlparametefor the particlesetsize. Seenotesbelow.

init _pose vector [000Q] Initial poseestimatgmeanvalue)for therobot(metersme-
ters,degrees).

init _pose _var vector Uncertaintyin theinitial poseestimatgmetersmetersde-
grees).

enable _gui integer 0 Setthis to 1 to enablethe built-in driver GUI (useful for
dehugging). Playermustalso be build with configure
--enable-rtkgui for this optionto have ary effect.

Notes
Maps

Theodometric,sonarandlasersensomodelsmake useof acommonoccupang grid map. Thismap
is aregulargrid in which cellsarein oneof threestates:occupied emptyor unknavn (althoughthe
behaior for unknawvn cellsis currentlyunde ned). Maps are storedas (uncompressedjnagesin
PGM or PNM/grayscaldormat: black pixels aretreatedasoccupiedcells, white pixels aretreatedas
emptycells,andtheremainingcolorsaretreatedasunknavn. Theinterpretatiorof thesecolorsmay
bereversed(white is occupied plackis unknavn) by settingthemap_negate ag in thecon gura-
tion le. This ag is particularlyhandyif you wish to usethe sameimage le asbotha mapanda

Stagebitmap.

TODO: WiFi maps
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Coordinate System

Theorigin of theglobalcoordinatesystemcorrespondso the centerof occupang grid map. Standard
coordinateorientationis used;i.e., positve is towardstheright of the map,positve towardsthe
top of themap.

Number of particles

Thenumberof particlesin the Iter canbecontrolledusingthecon guration le parameterpf _err
andpf _z. Speci cally, pf _err isthemaximumallowed errorbetweerthetruedistribution andthe
estimatedlistribution, while pf z is the upperstandarchormalquantilefor , where isthe
probability that the error on the estimatedlistribution will belessthanpf _err . If you dontknow
whatthatmeansdontworry, I'm notexactly sureeither See[2] for amoremeaningfulexplanation.
Speed
Many factorsaffectthe speedatwhichtheamcl driverruns,but thefollowing tips might be helpful:
— Reducingthe numberof laserrangereadingsbeingused(laser _max_samples in thecon-

guration le) will signi cantly increasalriver speedbut mayalsoleadto slower cornvergence
and/orlessaccuratdocalization.

— Increasingheallowederrorpf _err andreducingthequantilepf z will leadto smallerparticle
setsandwill hencencreasealriver speed.This mayalsolead,however, to over-convergence.

As a benchmarkithis driver hasbeensuccessfullydeplo/ed on a Pioneer2DXequippedwith a SICK
LMS200anda 266MHzMobile Pentiumwith 32Mb of RAM.

Memory

Thetwo key factorsaffectingmemoryusageare:

— Thesizeandresolutionof themap.
— Themaximumnumberof particles.
As currentlycon gured,theamcl driverwill typically usel0to 20Mbof memory Onembeddedys-

tems,wherememoryis ata premium,useranayhave to decreas¢hemapresolutionor themaximum
numberof particlesto achiere acceptablgreformance.

Example: Usingthe amcl driver with a Pioneerrobot

Thefollowing con guration le illustratesthe useof theamcl driver on a Pioneerrobotequippedwith a
SICK LMS200scannindaserrange nder:

position:0

(

)

driver  "p20s_position"
port “/dev/ttyS1"

laser:0

(

)

driver "sickims200"
port “/dev/ttyS2"

81



localize:0

(

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

Naturally theport , mapfile andmap.scale valuesshouldbechangedo matchyour particularcon-
guration.

Example: Usingthe amcl driver with Stage

Theamcl driver is not supportechatively in Stage.Usersmustthereforeemplo/ a secondPlayersener
con guredto usethepassthrough  driver (seeSection7.31). The basicprocedurds asfollows.

StartStagewith aworld le somethindike this:

position (port 6665 laser ()

Stagewill createonerobot(positiondevice) with alaser andcreatea Playersener on port 6665.

StartanothePlayersener usingthe command

player -p 7000 amcl.cfg

wherethecon guration le amcl.cfg lookslike this:

position:0

(

driver  "passthrough"
port 6665 index O

)

laser:0

(

driver  "passthrough"
port 6665

index O

)

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 secondPlayersener will listen on port 7000; clientsconnectingto this sener will seea robot
with position , laser andlocalize devices. Themap le cave.pnm canbethe samele
usedby Stageto createtheworld bitmap.

Example: Using WiFi signal strength
TODO
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7.4 amtecpowercube

Authors
Brian P. Gerkey gerkey(at)stan ford.ed u

Synopsis

The amtecpowercube driver provides control of an industrial-strengttpan-tilt unit called the Pover
Cube,madeby Amtec.

Interfaces

Supportednterfaces:
ptz
Requireddevices:
None.
Supportedcon gurationrequests:

PLAYERPTZ.CONTROIMODEREQ

Con guration le options

Name | Type Default Meaning
port string | "/dev/ttySQ" Theserialportto beused
home | integer 0 Whetherto homethe unit beforecommandingt
speed | integer 40 Maximum pan/tilt speeddeg/sec)
Notes

Thisdriveris new andnotthoroughlytested.

For constanswiveling, the PoverCubeworks betterundervelocity control.
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7.5 cmucam?2

Authors
PouyaBastani

Synopsis

The cmucam?2 driver connectsver a serialportto a CMUCam2. Presents blob nder interfaceandcan
track multiple color blobs. Providesdataonly; no commandsor con gs. This driver is rudimentarybut
working. Colortrackingparameterarede nedin Playerscon g le; for example:

blobfinder(
driver  "cmucam?2"
devicepath  "/dev/ttyS1"
num_blobs 2
# values must be between 40 and 240 (!)
colorO [ red min red max blue_min blue_max green_min green_max] )
# values must be between 40 and 240 (!)

colorl [ red min red max blue_min blue_max green_min green_max] )
)
Interfaces
Supportednterfaces:

blobfinder

Requireddevices:
None.
Supportecton gurationrequests:

None.

Con guration le options
TODO

Notes
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7.6 cmvision

Authors

Andy Martignonilll ajm7(at)cs.wus  tl .ed u,BrianP. Gerkey gerkey(at)stan fo rd .ed u,Brendan
Burnsbburns(at)cs.um ass. edu,BenGrocholsly bpg(at)grasp.upe nn.e du

Synopsis

CMVision (Color MachineVision)is a fastcolorsegmentation(akablob- nding) softwarelibrary. CMVi-
sionwaswritten by Jim Bruceat CMU andis Freelyavailableunderthe GNU GPL.:

http://www-2.cs .c mued u/ ] bru ce/c mus ion /

Butyoudon't haveto downloadCMVisionyourself,becaus®layerscmvision  driverincludesheCMVi-
sioncode.Thecmvision driver providesastreamof camerdmageso the CMVision codeandassembles
theresultingblob informationinto Players blobfinder dataformat.

Theframe-grabbingortion of thecmvision  driveris modular allowing the userto selectthe source
of cameramages.Currently thefollowing sourcesaresupportedseebelav for how to selectthe capture
source).Notethat supportfor eachsourceis compiledonly if the requiredlibrariesand/orkernelfeatures
aredetected.

IEEE 1394 (akaFirewire) camerastequiresghelibrawl1394 andlibdc1394 developmentpack-
ages(bothareFreelyavailable)

Video4Linux(akaV4L) camerastequiresvV4L headers
Video4Linux2(akaV4L2) camerasrequiresvV4L2 supportin your kernel(currently disabled

A videosourcethatsupportsPlayers internalcamera interface,suchasthe Gazebacameradriver

Interfaces

Supportednterfaces:

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 the CMVision con®guration®le.

height integer 240 Heightof the cameramageg(pixels).

width integer 320 Width of the cameramages(pixels).
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Notes

Thisdriver (or atleastits underlyingvideo capturecode)only worksin Linux.

Consultthe CMVisiondocumentatiofior detailsonwriting a CMVision con guration le.
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7.7 erl _position

Authors

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

Synopsis

Theerl driver providespositioncontrolof the Evolution Robotics'ER1andERSDKrobots.

Interfaces

Supportednterfaces:
position

Requireddevices:
None.

Supportecton gurationrequests:
PLAYERPOSITION _GET.GEOMREQ
PLAYERPOSITION _MOTORPOWERREQ

Con guration le options

Name Type Default Meaning
port string | "/dev/usb/ttyUSB1" Theserialportto beused
axle “oat 0.38 Thedistancebetweerthe motorizedwheels
motor _dir -11 1 Directionof themotors,if theleft motoris pluggedin to the
motor1 portonthe RCM, put-1 hereinstead
debug 0,1 0 Putal hereif youwantto seedelug messages
Notes

This driver is nev andnot thoroughlytested.The odometrycannotbe trustedto give accurataead-
ings.

Youwill needakerneldriverto allow theserialportto beseen.This driver, andnews aboutthe player
driver canbefoundat "http://www-robotics.usc.edudfseifer/project-erplyer.php”.

TODO: split this driver similar to the way thatp2osis split, onemain body device, andsub-deices
like position,andIR whichinheritfrom this mainclass.Implementpower interface.

NOT DOING: | don't have agripper if someondhascodefor agripper by all meansontrituteit. It
would bewelcometo the mix.
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7.8 festival

Authors
Brian P. Gerkey gerkey(at)stan ford.ed u

Synopsis

Thefestival driver providesaccesgo the Festval speechsynthesisystem.Festval is available sepa-
rately (alsounderthe GNU GPL) at: http://www.cst r. ed.ac .uk/ proj ect s/ fe stiv all .Un-
like mostdrivers,the festival driver queuesncomingcommandstatherthanoverwriting them. When
thequeuss full, new commandsarediscarded.

Interfaces
Supportednterfaces:
speech

Requireddevices:
None.
Supportedcon gurationrequests:

None.

Con guration le options

Name Type Default Meaning
port integer 1314 The TCP portonwhich Playershouldcommuni-
catewith Festval.
libdir string | "/usr/local/festival/lib" Festival'slibrary directory
queuelen integer 4 Thelengthof theincomingcommandjueue.
Notes
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7.9 fixedtones

Authors
Esbendstegard,BrianP. Gerkey gerkey(at)stanf ord. edu

Synopsis

Thefixedtones  driverprovidesaccess$o soundhardware,viatheLinux OSSinterface.Incomingsound
is put througha DiscreteFourier Transform,andthe frequenciesandamplitudesof the ve highestpeaks
in the frequeny domainaredetermined.Note thatthe FFTWlibrary is required;this packageas available
(alsounderthe GNU GPL) from: http://www.fftw. or g. Thefixedtones  driver canalsoproduce
x ed-tonesoundsof givenfrequeng, amplitude,andduration.

Interfaces

Supportednterfaces:
audio
Requireddevices:
None.
Supportecton gurationrequests:

None.

Con guration le options

No con guration le optionsaresupported.

Notes

Thisdriveris notwidely usedandmay not functionproperly
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7.10 flockofbirds

Authors

Toby Collettt.collett(at)a uckl and.a c. nz

Synopsis

The flockofbirds driver provides a basicinterface to the ascensiorFlock of Birds 6DOF position
tracler.

This driver ignoresall commandsandcon guration requestandsimple providesa continuousstream
of positionupdatedrom asingle ock of birdscontroller
Thereis currentlyno supportfor multiple traclkers.

Interfaces
Supportednterfaces:
position3d
Supportedcon gurationrequests:

None.

Con guration le options

None.
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7.11 garminnmea

Authors

Brian P. Gerkey gerkey(at)stan fo rd .ed u,Andren Howardahoward(at)usc. edu

Synopsis

Thegarminnmea drivercontrolsaGarminhandheldsPSunit, viaaRS232ink. Thedriverwasdeveloped
usingthe GarminGelo 201, but it shouldwork with otherGarminunits. It is unlikely to work with non-
GarminGPSunits,asatleastoneproprietaryGarminNMEA sentencess beingused.

This driver is also capableof operatingthe unit in DGPSmodeusing RTCM corrections. The driver
listenson a network soclet for RTCM paclets generatedby a remote DGPS basestation; the paclets
are forwardedover the serial port to the GPSunit, which respondsy switchinginto DGPSmode. The
dgps _server utility foundin theutils/dgps server directorymaybeusedto generatdRTCM cor-
rections;correctionsaretransmittedo clientsusingUDP multicast.

Interfaces

Supportednterfaces:
gps
Requireddevices:
None.
Supportedcon gurationrequests:

None.

Con guration le options

Name Type Default Meaning

port string | "/dev/ttyS0" Theserialportto 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

Andrenv Howardahoward(at)usc  .e du

Synopsis

The gz _camera driver is usedto accessGazebomodelsthat supportthe camerainterface (suchasthe
SoryVID model).

Interfaces

Supportednterfaces:
camera
Requireddevices:

None.

Con guration le options

Name | Type | Default | Meaning
gz.d | string| NULL | ID of theGazebanodel.

Notes

Consultthe Gazebamanualfor moreinformationon the Gazebasimulationpackage.
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7.13 gz _gripper

Authors

Andrenv Howardahoward(at)usc  .e du

Synopsis

The gz _gripper driver is usedto accessGazebomodelsthat supportthe gripperinterface(suchasthe
SoryVID model).

Interfaces

Supportednterfaces:
gripper

Requireddevices:

None.

Con guration le options

Name | Type | Default | Meaning
gz.d | string| NULL | ID of theGazebanodel.

Notes

Consultthe Gazebamanualfor moreinformationon the Gazebasimulationpackage.
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7.14 gz laser

Authors

Andrenv Howardahoward(at)usc  .e du

Synopsis

Thegz _laser driverisusedo acces$sazebanodelshatsupporthelasernnterface(suchastheSickLMS200
model).

Interfaces
Supportednterfaces:
laser
Requireddevices:
None.
Supportedcon gurationrequests:

PLAYER_LASER_GE_GEQM

Con guration le options

Name | Type | Default | Meaning
gz.d | string| NULL | ID of theGazebanodel.

Notes

Consultthe Gazebamanualfor moreinformationon the Gazebasimulationpackage.
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7.15 gz _position

Authors

Andrenv Howardahoward(at)usc  .e du

Synopsis

The gz _postion driver is usedto accessGazebomodelsthat supportthe positioninterface (generally
speakingthesearerobotssuchasthe Pioneer2A).

Interfaces

Supportednterfaces:
position
Requireddevices:

None.

Con guration le options

Name | Type | Default | Meaning
gz.d | string| NULL | ID of theGazebanodel.

Notes

Consultthe Gazebamanualfor moreinformationon the Gazebasimulationpackage.
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7.16 gz _position3d

Authors

Andrenv Howardahoward(at)usc  .e du

Synopsis

Thegz _postion3d  driveris usedto accesssazebanodelsthatsupportthe positioninterface(generally
speakingthesearerobotssuchasthe Pioneer2A).

Interfaces

Supportednterfaces:
position3d
Requireddevices:

None.

Con guration le options

Name | Type | Default | Meaning
gz.d | string| NULL | ID of theGazebanodel.

Notes

Consultthe Gazebamanualfor moreinformationon the Gazebasimulationpackage.
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7.17 gz _power

Authors

Andrenv Howardahoward(at)usc  .e du

Synopsis

Thegz _power driveris usedto accesssazebanodelsthatsupportthe power interface.

Interfaces

Supportednterfaces:
power
Requireddevices:

None.

Con guration le options

Name | Type | Default | Meaning

gz.d | string| NULL | ID of theGazebanodel.

Notes

Consultthe Gazebamanualfor moreinformationon the Gazebasimulationpackage.
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7.18 gz _ptz

Authors

Andrenv Howardahoward(at)usc  .e du

Synopsis

Thegz _ptz driveris usedto accesssazebanodelsthatsupportthe ptzinterface.

Interfaces

Supportednterfaces:
ptz
Requireddevices:

None.

Con guration le options

Name | Type | Default | Meaning

gz.d | string| NULL | ID of theGazebanodel.

Notes

Consultthe Gazebamanualfor moreinformationon the Gazebasimulationpackage.
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7.19 gz _sonar

Authors

Andrenv Howardahoward(at)usc  .e du

Synopsis

Thegz _sonar driveris usedto accesssazebanodelsthatsupportthe sonardnterface.

Interfaces

Supportednterfaces:
sonar
Requireddevices:

None.

Con guration le options

Name | Type | Default | Meaning

gz.d | string| NULL | ID of theGazebanodel.

Notes

Consultthe Gazebamanualfor moreinformationon the Gazebasimulationpackage.
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7.20 gz _truth

Authors

Andrenv Howardahoward(at)usc  .e du

Synopsis

Thegz _truth  driveris usedto accesssazebanodelsthatsupportthetruth interface.

Interfaces

Supportednterfaces:
truth
Requireddevices:

None.

Con guration le options

Name | Type | Default | Meaning

gz.d | string| NULL | ID of theGazebanodel.

Notes

Consultthe Gazebamanualfor moreinformationon the Gazebasimulationpackage.
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7.21 Kkhepera

Authors

Toby Collettt.collett(at)a

Synopsis

Thekhepera _* family of driversareusedto interfaceto the K-Teamkheperaobot.

uckl and.a c. nz

Thisdriveris experimentalndshouldbetreatedwith caution.At this pointit supportshe positionand

ir interfaces.

Interfaces/ Con guration requests

Like theP20Sdevice, onethreadhandle separatelevices: positionandIR.

khepera _position

— Interface:position

khepera _r

— Interface:ir

(seeSection6.19)
— Con gurations:GETGEOYMOTORPOWER/ELOCITY MODERESETODOM

(seeSection6.15)

— Con gurations:POSE

Con guration le options

Table7.1liststheavailablecon guration le optionsfor the Kheperadevice. If anoptionis speci edmore
thanoncein thecon g le, thenonly the rst valuewill beused.

Name Type Default Supported Values| Meaning

port string /dev/ttyUSBO khepera _* This port connectgo the Khepera.
scale “oat 10 khepera * As thekheperas sosmalltheactualgeor
encoder res | oat 1/12 khepera position Thewheelencoderesolution.

pose “oattuple [0 0 O] khepera position The poseof therobotin playercoordinat
size “oattuple [57 57] khepera position Thesizeof therobotapproximatedo are
pose _count int 8 khepera _ir Thenumberof ir poses.

poses “oattuple |Khepera poses |khepera ir The poseof eachir sensofmm,mm,de]

Table7.1: Con®gumtion®le optionsfor thekhepera_ * drivers.
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7.22 lasercspace

Authors

Andrenv Howardahoward(at)usc  .e du

/
(@) (b)

Figure7.2:(a) Standardaserscan.(b) The corresponding:-spacescanfor arobotof radius0.05m

Synopsis

Thelasercspacdriver processealaserscanto computethecon gurationspacg C-space'boundary That
is, it shortenghe rangeof eachlaserscansuchthatthe resultaniscandelimitsthe obstacle-fregoortion of
the robot's con guration space.This driver is particularusefulfor writing obstacleavoidancealgorithms,
sincetherobotmaysafelymove to ary pointin the obstacle-freg@ortionof the con gurationspace.

Note thatdriver computeghe con guration spacefor arobotof some x edradius;this radiusmay be
setin thecon guration le.

Interfaces

Supportednterfaces:
laser
Requireddevices:
laser
Supportedcon gurationrequests:

PLAYER_LASER_GE_GEQM

Con guration le options

Name Type Default | Meaning
laser integer 0 Index of thelaserdeviceto use.
radius length 0.50 | Robotradius.

Notes
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7.23 laserbar

Authors

Andrenv Howardahoward(at)usc  .e du

Figure7.3: A sampleaserbar(ignorethecoloredbands).

Synopsis
Thelaserbardetectorsearchefor retro-re ective tamgetsin thelaserrange nder data. Targetscanbeeither
planaror cylindrical, asshavn in Figure7.3. For planartargets,therange bearingandorientationwill be
determinedfor cylindrical tamgets,only therangeandbearingwill bedeterminedThetargetsizeandshape
canbesetin thecon guration le.
Therangeat which targetscanbe detecteds dependantn the targetsize,the angularresolutionof the
laserandthe quality of theretro-re ectve materialusedon thetamet.
Seealsothelaserbarcode  andlaservisualbarco de drivers.
Interfaces
Supportednterfaces:
fiducial
Requireddevices:
laser

Supportecton gurationrequests:

PLAYER_FIDUCIAL_GET_GEOM

Con guration le options

Name | Type Default | Meaning

laser integer 0 Index of thelaser deviceto beused.

shape | string | 2gylinder® | Targetshape?plane®ragylinder®. Planar®ducialsarecurrentlynot supported.
width length 0.08 Targetwidth (m).

Notes
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7.24 laserbarcode

Authors

Andrenv Howardahoward(at)usc  .e du
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Figure7.4: A samplelaserbarcode.This barcodehas8 bits, eachof whichis 50mmwide.

Synopsis

The laserbarcodedetectorsearchegor speciallyconstructecarcodesn the laserrange nder data. An
examplelaserbarcodeis shavn in Figure7.4. The barcodeis constructedusing strips of retro-re ectve
paper Eachretro-re ective strip representa "1' bit; eachnon-re ective strip representa "0' bit. By
default,thelaserbarcode  driversearchefor barcodegontainingd bits, eachof whichis exactly 50mm
wide (thetotal barcodewidth is thus400m). The rst andlastbits areusedasstartandendmarlers,andthe
remainingbits areusedto determinghe identity of the barcodewith an 8-bit barcodethereare 64 unigue
IDs. Thenumberof bits andthewidth of eachbit canbe setin thecon guration le.
Therangeatwhichbarcodesanbedetectecandidenti ed is dependenbnthebit width andtheangular
resolutionof the laser With 50mm bits and an angularresolutionof , barcodesan be detectedand

identi ed at arangeof about2.5m. With the laserresolutionsetto , this distances roughly doubled
to about5m.

Seealsothelaserbar  andlaservisualbarc ode drivers.

Interfaces
Supportednterfaces:
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 deviceto beused.
bit _count | integer 8 Thenumberof bitsin thebarcodes.
bit _width length | 0.05 Thewidth of eachbit in thebarcodgm).

Notes

For moreinformationonthelaserbarcode driver, askAndren Howard: ahoward@usc.edu
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7.25 laservisualbarcode

Authors

Andrenv Howardahoward(at)usc  .e du

Figure7.5: A samplelaservisualbarcode.

Synopsis

The laservisual barcodedetectorusesboth searchedor ducials thatare both retro-re ective and color
coded. Fiducialscanbe eitherplanaror cylindical, asshaovn in Figure7.5. For planartamgets,the range,
bearingorientationandidentitywill bedeterminedfor cylindrical targets,theorientatiorwill beunde ned.
Thetamgetsizeandshapecanbesetin thecon guration le.

Thelaservisualbarcodedetectorsearcheshelaserrangedatato nd retro-re ective tamgets,pointsthe
cameraat eachof thesetamgetsin turn, thenusescolor informationto determinethe presenceandidentity
of ducials. Thus,this detectormakesuseof threeunderlyingdevices:alaserrange nder, a pan-tilt-zoom
camerandacolorblob detector Notethatthelaseris usedto determinghegeometryof the dicual (range,
bearingandorientation) while the cameras usedto determindts identity.

Therangeatwhich ducials canbebothdetectecgndidenti ed depend®nanumberof factors,nclud-
ing thesizeof the ducial andtheangularresolutionof thelaser Generallyspeakinghowever, this detector
hasbetterrangethanthelaserbarcode  detectorbut producedewer obserations.

Seealsothelaserbar andlaserbarcode  drivers.

Interfaces
Supportednterfaces:
fiducial
Requireddevices:
laser
ptz
blobfinder
Supportecton gurationrequests:

PLAYER_FIDUCIAL_GET_GEOM
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Con guration le options

Name Type Default | Meaning

laser integer 0 Index of thelaser deviceto beused.

ptz integer 0 Index of theptz deviceto beused.

blobfinder integer 0 Index of theblobfinder deviceto beused.

shape string | 2gylinder® | Target shape:?plane®r 2gylinder®. Planar®ducialsare currently not
supported.

bit _count integer 8 Thenumberof bitsin thebarcode.

bit _width length 0.05 Thewidth of eachbit in thebarcodgm).

bit _height length 0.05 Theheightof eachbit in the barcodgm).

Notes

Settingup thelaservisualbarcodealetectorcanbea bit tricky, sinceit involvessomary underlyingdevices.
Usersshould rst checkthatthelaser ,ptz andblobfinder devicesareworking beforeattemptingo
usethelaservisualbarc ode driver. Notethattheblobfinder device mustbe calibratedto detect
theparticularcolorsusedin the ducials, andthattheidentity assignedo each ducial is determinedy the
colorto-channemappingchoserduringthis con guration.

For moreinformationon thelaserbarcode driver, askAndrew Howard: ahoward@usc.ed u.
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7.26 lifo-mcom

Authors

Matt Brewer mbrewer(at)andre  w. cmu. edu,ReedHedgeseed(at)zeroho ur.net

Synopsis
Thelifo _mcomdriver providesa last-in- rst-out (LIFO) multi-stackcommunicatiorsystemwith which
clientscanexchangedatathroughaninstanceof Player
If Popis called,thelastpieceof datathatwasPushedo thenamedchannels returnedandthendeleted.

If Readis calledthelastpieceof dataaddedis returnedandleft there.Sincethisis a LIFO stack,if we're
readingdrive commandsfor example,we canbe sureto geta "STOP” andinterrupta "FWD” beforeit's
beenread.
Interfaces
Supportednterfaces:

mcom
Requireddevices:

None.

Supportedcon gurationrequests:

None.

Con guration le options

No con guration le optionsaresupported.
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7.27 linuxwifi
Authors

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

Synopsis
Thelinux _wifi driver providesaccesgo informationaboutwirelessEtherneicardsin Linux.
Interfaces
Supportednterfaces:
wifi
Requireddevices:
None.

Supportecton gurationrequests:

None.

Con guration le options

No con guration le optionsareaccepted.

Notes

This driver simply parseghe contentof /proc/net/wire le ss.
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7.28 mixer
Authors

NateKoenignkoenig(at)usc .e du

Synopsis
TODO

Interfaces
Supportednterfaces:
audiomixer

Requireddevices:
None.
Supportecton gurationrequests:

TODO

Con guration le options
TODO

Notes
TODO
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7.29 nomad

Authors

RichardT. Vaugharnvaughan(at)sfu .c omPawel Zebrawski pzebrows(at)sf u. ca

Synopsis
Thenomad driver connectover a serialportto a Nomad200robotrunningNomadics'“robotd” daemon.
Dataandcommandsrehandledvia the customnomad interface.

The nomad_position  andnomad_sonar drivers provide datain the standardpositionand sonar
interfaces.Positioninterfaceprovidesdata,takescommandandsupportggeometrycon g. Sonarinterface
providesdataandsupportggeometrycon g. Thisdriveris rudimentanbut testecandworkingontheNomad
200. It mayalsowork on otherNomadsthatrun robotd.

Interfaces
Supportednterfaces:
nomad
position
sonar
Requireddevices:
None.

Supportedcon gurationrequests:

GET.GEOMpositionandsonar)

Con guration le options

nomad:
Name Type | Default | Meaning
serial _device string Theserialportto 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 p2o0s

Authors
Brian P. Gerkey gerkey(at)stan fo rd .ed u,KasperStgyJamedvicKenna

Synopsis

Many robotsmadeby ActivMedia,suchasthe Pioneerseriesandthe AmigoBot, arecontrolledby a micro-
controllerthat runsa specialembeddedaperatingsystemcalledP20S(on olderrobotsit is calledPSOS).
The hostcomputertalks to the P20Smicrocontrollerover a standardRS232serialline. Playerincludesa
driver thatoffer accesso thevariousP20S-mediatedevices,logically splitting up the devices' functional-

ity.
Interfaces/ Con guration requests

Although all the P20Sinteractionis actuallydonein a singlethread,the differentP20Sdevicesare ac-
cessedhroughdifferentPlayerdrivers,eachsupportinga differentinterfaceandsupportingsomesubsebdf
con gurationrequests:

p20s _aio :

— Interface:aio (seeSection6.3)
— Con gurations:none
— Notes:Providesaccesdo analogUserl/O.

p20s _bumper :

— Interface:bumper (seeSection6.8)
— Con gurations:none
— Notes:Providesaccesso Pioneeumpersfor thoserobotssoequipped.

p20s _cmucam

— Interface:blobfinder (seeSection6.7)
— Con gurations:SET_.COLORSET.IMAGERPARAMS

— Notes: Controlsa CMUCamthatis connectedo the AUX2 port on the P20Shoard. Usethe
SET_COLORequesto tell thecamerawvhich colorto track.

p20s _compass :

— Interface:position  (seeSection6.19)
— Con gurations:none

— Notes:Fills thecompassieadingnto theyaw eld of theposition  datapaclet. Acceptsno
commands.

p20s _dio :

— Interface:dio (seeSection6.11)
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— Con gurations:none
— Notes:Providesaccesdo digital Userl/O.

p20s _gripper

— Interface:gripper (seeSection6.14)
— Con gurations:none
— Notes:Providesacces$o a Pioneemgripper for thoserobotssoequipped.

p20s _position

— Interface:position  (seeSection6.19)
— Con gurations:GETGEOYMOTORPOWER/ELOCITY MODERESETODOM
— Notes:Providesaccesgo adifferentialwheelbaseOnly speedcontrolis supported.

p20s _power :

— Interface:power (seeSection6.21)
— Con gurations:none
— Notes:Providesaccesgo batterychage information.

p20s _sonar :

— Interface:sonar (seeSection6.23)
— Con gurations:GET.GEOMPOWER
— Notes:Providesaccesd4o a sonararray Sonarindicesstartwith 0 atthefront left andincrease
clockwise.
p20s _sound :

— Interface:sound (seeSection6.24)
— Con gurations:none
— Notes:Allows youto play pre-recordedound les onanAmigobot(andotherrobots?).

Con guration le options

Thecon guration le optionslistedin Table7.2 controlhowv Playercommunicatesvith P20S.Any option
canbespeci edfor ary of thedriverslistedin the previous section;if anoptionis speci edfor morethan

onedriver, thevaluegivenlastwill beused.

Name | Type Default Meaning
port string | "/dev/ttySQ" Theserialportto beused
radio integer 0 Nonzeroif aradiomodemis beingused;zerofor adirectseriallink

Table7.2: Con®gumtion ®le optionsfor thep2os * drivers.
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Notes

Theconnectiorto the P20Smicrocontrolleris only keptopenwhile atleastoneclienthasatleastone
of the P20S-mediatedevicesopen.WhenthelastP20Sdevice is closed the connectiorto P20Sis
alsoclosed.Implicationsinclude: odometryis resetto (0,0,0),motorsmight be turnedoff.

Sincethe P20Sdriver usesstatic C++ classmembersonly one P20Srobot can be controlled by
Playerat ary giventime. If you wantto control morethanone P20Srobots,you'll needto run a
separatenstanceof Playerfor each.

This driver canusuallyinitiate a connectionto P20Seven whenP20Swasnot properlyshutdown
lasttime. However, if the connectiorto P20Sis interrupted(e.g.,the serialcableis pulled out), then
thedriveris notlikely to recover.

Thisdriver likely only worksin Linux.
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7.31 passthrough

Authors
Brian P. Gerkey gerkey(at)stan ford.ed u

Synopsis

Thepassthrough driver actsasa clientto anotherPlayersener; it returnsdatageneratedy the remote
sener to client programsand sendcommandgrom the client programsto the remotesener. In this way,

onePlayersener canpretendo have devicesthatareactuallylocatedat someotherlocationin the network

(i.e., ownedby someotherPlayersener). Thus,the passthrough  driver makespossibletwo important
capabilities:

Datafrom multiple robotscanbe aggrgatedin a single Playersener; client programscanthentalk
to morethanonerobotthrougha singleconnection.

Computationallyntensve driverscanbemovedoff therobotandontoaworkstation.Clientprograms
connecto theworkstationratherthattherobot,but areotherwiseunchanged.

Seethebelav for someexamplesof the passthrough  driverin action.

Interfaces

Thepassthrough  driverwill supportary of Playersinterfacesandcanconnecto ary Playerdevice.

Con guration le options

Name | Type Default Meaning

host string | localhost Hostnamefor the machinerunningtheremotePlayersener.
port integer 6665 Portnumberfor remotesener.

index integer 0 Index of thedevice ontheremotesener.

Example: Controlling multiple robotsthrough a single connection

Thepassthrough  driver canbe usedto aggrgatedevicesfrom multiple robotsinto asinglesener. The
following exampleillustratesthe generaimethodfor doing

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

position:0 (driver "p20s_position ")

laser:0 (driver "sicklms200")

In this example therobotsareassumedo be Pioneers with SICK laserrange- nders.

Now imaginethatwe have aworkstationnamedorac . Onthisworkstation 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 clientconnectingo orac will seefour devices:two position  devicesandtwo laser devices.
Both robotscannow be controlledthrougha singleconnectiorto orac .
Example: Shifting computation

Computationallyexpensve drivers(suchasadaptive _mcl ) canbeshiftedoff therobotandontoawork-
station.Thebasicmethodis a straight-forvard variantof the examplegivenabove.

Imaginethatwe have arobotnamedbee . Onbee, runthePlayersener with thiscon guration le:

position:0 (driver "p20s_position ")
laser:0 (driver "sicklms200")

Therobotis assumedo bea Pioneemwith a SICK laserrange- nder

Now imaginethatwe have aworkstationnamedorac . Onthisworkstation startanothelinstanceof
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 the additionalsetingsfor the adaptive _mcl driver).
Clientsconnectingo this senerwill seearobotwith position ,laser andlocalize  devices,
but all of theheary computatiorwill bedoneon the workstation.

Example: Usingthe adaptive _mcl driver with Stage

Somenewer drivers, suchasthe adaptive _mcl driver, are not supportedhatively in Stage. For these
driversusersmustemploy a secondPlayersener con gured to usethe passthrough  driver. The basic
proceduras asfollows.

StartStagewith aworld le somethindike this:

position (port 6665 laser ())

Stagewill createonerobot(positiondevice) with alaser andwill starta Playersener thatlistenson
port6665.
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StartanothePlayersener usingthe command

player -p 7000 amcl.cfg
wherethe con guration le amcl.cfg lookslike this (seeSection7.3 for a detaileddescriptionof
thesetingsfor theadaptive _mcl driver):

position:0 (driver "passthrough” port 6665 index O0)

laser:0 (driver "passthrough” port 6665 index O0)
localize:0 (driver "adaptive_mcl" position_index 0 laser_index 0 ..

The secondPlayersener will startup andlistenon port 7000; clientsconnectingo this sener will
seearobotwith position ,laser andlocalize  devices.
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7.32 ptud6

Authors

Toby Collettt.collett(at)a uckl and.a c. nz

Synopsis

Theptud6 driver providescontrol of the PTU-46-17.5pan-tilt unit from directedperceptionghroughits
text interface (This unit is standardon the RWI b21rrobot). This driver will probablywork with other
directedperceptionpantilt units,pleasdet meknow if you have testedit.

Interfaces
Supportednterfaces:
ptz
Requireddevices:
None.
Supportecton gurationrequests:

PLAYERPTZ.CONTROIMODEREQ

Con guration le options

Name | Type Default Meaning
port string | "/dev/ttyS0" Theserialportto beused
Notes

Thisdriveris new andnotthoroughlytested.
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7.33 reb

Authors

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

Synopsis

Thereb _* family of driversareusedto controlrobotsusingthe K-TeamKameleon376SBCwith Robotics
ExtensionBoard(REB). The Kameleon(or Kam), hasa MotorolaMC68376microcontrollerthatcanper

form velocity andpositioncontrolandodometryfor up to four motors,usingthe REB. It canalsoaccesa
numberof A/D inputs,which we have connectedo SharpGP2D12IR proximity detectors.

In its default setting,a hostcomputercancommunicatevith the Kam usingthe K-TeamSerCompro-
gram,which usesa simple protocolto sendcommandsandreaddataback. At UMass,we found thatthe
default SerComdid not offer enoughperformancesowe developedour own, LPRSerComwhich usesthe
sameprotocol,but with someenhancementsuchasletting the Kam do the odometryupdatesandIR syn-
chronization.The bottomline is thatyou needto modi y thesedriversto work with the K-TeamSerCom,
whichis notvery dif cult (mainly removing the LPRSerConspeci ¢ code). We canalsosendyou a copy
of LPRSerConif you'd like. Email JohnSweeng (sweeney@cs.umas s. edu) for information.

Interfaces/ Con guration requests

LiketheP20Sdevice, onethreadhandles3 separatalevices: position,IR, andpower.
reb _position

— Interface:position  (seeSection6.19)

— Con gurations:GETGEOVMMOTORPOWER/ELOCITY MODERESETODOIMPOSITION MODE
SPEEDPID, POSITION_PID, SPEEDPROF SET_.ODOM

— Notes:Providesaccesdgo differentialwheelbasePositionmodeis supportedbut experimental.
Velocity modehastwo operatingmodes:directand heading-basedin directmode,the trans-
lational and rotationaldesiredvelocitiesare given ascommands.In heading-based desired
headinganlimits ontranslatiorandrotationalvelocitiesaregiven.

reb _ir

— Interface:ir (seeSection6.15)
— Con gurations:POSE POWER

— Notes: Accessesn arrayof IR proximity detectors.The device returnsvoltagesfrom the de-
tector which the client mustdecodeinto rangegusuallydonein IRProxy). The 8 sensorsare
arrangedn a counterclockwis@ctagonaroundthe robot, with sensol0 orientedwith therobo-
centricpositive  axis,andsensor orientedrobocentricallyat positive .

reb _power

— Interface:power (seeSection6.21)
— Con gurations:none
— Notes:Accesseshe currentbatteryvoltageinformation,from the REB.
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Con guration le options

Table7.3liststheavailablecon guration le optionsfor theREB device. In anoptionis speci edmorethan
oncein thecon g le, thenonly thelastvaluewill be used.Notethatthe“subclass’optionis very UMass
speci ¢, sinceareusingtwo differentchassiswith differentgearratios.

Name Type Default Supportedy Values Meaning
port string | /dev/ttySAl reb * This port connectgo the REB.
subclass string slow reb _position fast,slow | Thetypeof robot.

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

Notes

Thereb _position  driver setssomedefault PID parameterandresetsthe odometryto
whenthe rst client subscribesLikewise, the IR sensorareonly turnedon whenan IR client has
subscribed.

Positionmodeis very nick y. This seemdo bea problemwith the REB itself, which maylosebytes
on the serial port while performingpositionmodeactions. This causeghe driver to time out, and
quite possiblylosea connectiorto the REB.

The LPRSerConprotocolrunningon the REB will sometimedosea byte over the port, which can
causdhedriverto time outonareadcall to theport. Thedriverwill attempto retrythecall, but there
is noguarante¢hattheREBwill beableto handleit. Thebestsolutionis to resethe REB. Hopefully
this shouldbe arelatively rareoccurrence.

As mentionedabove, for thisdriverto functionproperly theREB needgo berunningtheLPRSerCom
program.

Much of the codefor this driver wasoriginally adaptedrom thep2os driver, which we have appre-
ciated.
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7.34 rflex

Authors

Matt Brewer mbrewer(at)andre  w. cmu. edu, Toby Collettt.collett(at)au cklan d. ac.n z

Synopsis

Therflex _* family of driversareusedto control RWI robotsby directly communicatingvith RFLEX
onboardtherobot (i.e., Mobility is bypassed).To date,thesedrivershave beentestedon an ATRV-Jr, but
they shouldwork with otherRFLEX-controlledrobots:you will have to determinesomeparameterso set
inthecon g le, however.

As of March 2003 thesedrivers have beenmodi ed to supportthe b21r robot, Currently additional
supporthasbeenaddedor thepowerinterfaceandbumperinterface.For thepantilt unitontheb2lrplease
referto the ptu46driver. — Toby Collett

Interfaces/ Con guration requests

Althoughall the RFLEX interactionis actuallydonein a singlethread,the differentdevicesareaccessed
throughdifferentPlayerdrivers:

rflex _position

— Interface:position  (seeSection6.19)
— Con gurations:VELOCITY MODESET ODOMGETGEOMMOTORPOWERRESETODOM

rflex _sonar :

— Interface:sonar (seeSection6.23)
— Con gurations:GET.GEOMPOWER

rflex _power :

— Interface:power (seeSection6.21)
— Con gurations:none

— Notes: The power driver seemgo reporta differentvaluethanthaton the LCD ontherobotso
anoffsetcanbeaddedn thecon guration le.

rflex _bumper :

— Interface:bumper (seeSection6.8)
— Con gurations:GET.GEOM

rflex _r :

— 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 andb2lr rflex 1ms200.cfg
IMPOR TANT: Dueto anumberof initilisation issuegelatingto themultipartnatureof ther e x driver

the con gurationoptionr e x.donemustbesetto 1 in thelastr e x driverin thecon g le. Thiswill cause

the sener to wait until all ther e x driver optionshave beenparsedoeforelaunchingits mainthread. The

driver will hangif youdo not speifythis value

r ex _position

Name Type | Default | Meaning
rflex _serial _port string | none Serialportconnectedo RFlex device. Seenote5.
mmlength string | none Lengthof therobotin millimeters
mmwidth string | none Width of therobotin millimeters
odo _distance _conversion string | none Odometrycorversion.SeeNote 1.
odo _angle _conversion string | none Odometrycorversion.SeeNote 2.
default _trans _acceleration string | none Settranslationahccelerationin mm.
default _rot _acceleration string | none Setrotationalaccelerationin radians.
rex _sonar
Name Type | Default | Meaning
rflex _serial _port string | none Serialport connectedo RFlex device. Seenote5.
range _distance _conversion string | none Sonarrangecorversionfactor SeeNote7.
sonar _age string | none Pre®lteringparameterSeeNote 3.
max_num.sonars string | none SeeNote4.
num.sonars string | none SeeNote4.
numssonar _banks string | none SeeNote4.
numsonars _possible _per _bank | string | none SeeNote4.
numsonars _in _bank string | none SeeNote4.
mmrad_sonar _poses string | none Sonarpositionsanddirections.SeeNote 6.
r ex _bumper
Name Type Default | Meaning
rflex _serial _port string none Serialport connectedo RFlex device. Seenoteb.
bumper _count int none Numberof bumperpanels
bumper _def “oattuple | none Tupleof geometryfor eachbumper
rflex _bumper _address int 64 Thebaseaddres®f ®rst bumperin the DIO addressange
rex _ir
Name Type Default | Meaning
rflex _serial _port string none Serialportconnectedo RFlex device. Seenote5.
rflex _base _bank int 0 BaselR Bank
rflex _bank _count int 0 Numberof banksin use
rflex _banks int tuple [0] Numberof IR sensorsn eachbank
pose _count int 0 Total Numberof IR sensors
ir _min _range int 0 Min rangeof ir sensorgmm) (Any rangebelow thisis returnedas0)
ir _maxrange int 0 Max rangeof ir sensorg§mm) (Any rangeabovethisis returnedasmax)
rlex _ir _calib “oattuple |[11] IR Calibrationdata(seeNote 8)
poses “oattuple |[0] X,y,thetaof sensorgmm, mm, deg)
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rex _power

Name Type | Default | Meaning

rflex _serial _port string | none Serialportconnectedo RFlex device. Seenote5.

rflex _power _offset int 0 The calibrationconstanfor the power calculationin decivolts
Notes

1. Sincethe units usedby the R e x for odometryappearto be completelyarbitrary this coefcient is
neededo convert to millimeters: mm = (r e x units)/ (odo.distancecorversion). Thesearbitrary
unitsalsoseemto bedifferenton eachrobotmodel. I'm afraidyou'll have to determineyourrobot's
corversionfactorby driving a known distanceandobservinghe outputof the RFlex.

2. Corversioncoefcient for rotationodometry:seeodo _distance _conversion . Notethathead-
ing is re-calculatedy the Playerdriver sincethe RFlex is not very accuraten this respect.Seealso
Notel.

3. Usedfor pre ltering: the standardPolaroidsensorsiever returnvaluesthatarecloserthantheclosest
obstacle thuswe canbuffer locally looking for the closestreadingin the last”sonarage”readings.
Sincetheseno tick hereis quite small,you canstill getpretty recentdatain theclient.

4. Thesevaluesareall usedfor remappinghesonarfrom R e x indexing to playerindexing. Individual
sonarsareenumerate®-15 on eachboard,but at leaston my robotseachonly hasbetweerb and8
sonaractuallyattached.Thuswe needto remapall of theseindexesto geta contiguousarrayof N
sonardor Player

max_num.sonars is the maximumenumeratiorvalue+1of all sonarmeaningif we have 4
sonarboardshis numberis 64.

num.sonars is thenumberof physicalsonarsensors meaningthe numberof rangeghatwill
bereturnedby Player

numsonar _banks isthenumberof sonarboardsyou have.

numsonars _possible _per _bank isproboblyl6for all robotsbutl includedit heregjustin
casethisisthenumberof sonarthatcanbeattachedo eachsonarboard,meaninghemaximum
enumeratiorvaluemappedo eachboard.

numsonars _n _bank isthenubmerof physicalsonarattachedo eachboardin order- you'll
noticeon eachthe sonarboarda setof dip switchestheseswitchescon gure the enumeration
of theboardg(oursare0-3)

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

6. Thisis aboutthe ugliestway possibleof telling Playerwhereeachsonaris mounted.Includein the
string groupsof threevaluesixl yl1 thl x2 y2 th2 x3 y3 th3 " . xandy aremm
andthetais radiansjn Players robotcoordinatesystem.

7. Usedto corvertbetweerarbitrarysonarunitsto millimeters:mm= sonarunits/ rangedistancecornversion.

8. Calibrationis in the form Range= andstoredin thetupleas[albla2b2...] etcfor
eachir sensar
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7.35 rwi

Authors
Andy Martignonilll ajm7(at)cs.wust [. edu,Nik Melchior

Synopsis

Therwi _* family of driversareusedto controlRWI robotsusingRWI' s Mobility software. To date,these
drivershave beentestedon the B21r, but they shouldwork with otherMobility-controlledrobots.

Note: This documentatiormay be incompleteand/orwrong, becausé (brian) didn't write
thedriver. Commentsaandcorrectiondrom usersarewelcome.

Interfaces/ Con guration requests

Althoughall the Mobility interactionis actuallydonein a singlethread the differentMobility devicesare
accessethroughdifferentPlayerdrivers,eachsupportinga differentinterfaceandsupportingsomesubset
of con gurationrequests:

rwi _bumper :

— Interface:bumper (seeSection6.8)
— Con gurations:none
— Notes:Providesaccesso RWI bumpersfor thoserobotssoequipped.

rwi _laser

— Interface:laser (seeSection6.16)

— Con gurations:none

— Notes:Providesaccesso Mobility-controlledlaserrange- nder for thoserobotssoequipped.
rwi _position

— Interface:position  (seeSection6.19)
— Con gurations:GET.GEOYMOTORPOWERRESETODOM
— Notes:Providesacces$o asynchro-dwe wheelbaseOnly speedcontrolis supported.

rwi _power :

— Interface:power (seeSection6.21)
— Con gurations:none
— Notes:Providesaccesgo batterychage information.

rwi _sonar :

— Interface:sonar (seeSection6.23)
— Con gurations:GET.GEOMPOWER
— Notes:Providesaccesdo a sonararray
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Con guration le options

Name | Type | Default | Meaning

name | string | "B21R" | Thenameof therobotto which Playershouldconnect

126



7.36 readlog

Authors

Andrenv Howardahoward(at)usc  .e du

Synopsis

Thereadlog driver canbeusedto “replay” datastoredin alog le. Thisis particularlyusefulfor dehug-
gingclientprogramssinceusersnayruntheirclientsagainsthesamedatasetoverandoveragain.Suitable
log les canbegeneratedisingthewritelog  driver, or they maybedowvnloadedirom the RoboticsData
SetRepository(Radish):

http://radish.s our cefo rg e. net
Notethat,to make useof log le data,Playermustbestartedn aspecialmode:
$ player -r <lodfile> <configfile>

The-r switchinstructsPlayerto loadthe givenlog le, andreplaythe dataaccordingthe con guration
speci edin <configfile> . Seethebelav for someusagesxamplesof thereadlog driver.

Interfaces

Thereadlog driver currentlysupportghefollowing interfaces:laser |, position , wifi

Con guration le options

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

Example: Replay Odometry and Laser Data

Thefollowing con guration le foo.cfg  will readodometryandlaserdatafrom alog le:

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

ThePlayersener mustalsobe startedn the appropriatanode:

$ player -r foo.log foo.cfg

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

A particularlyusefulfeatureof thereadlog driveristhatit canbeusedo generatéocalizationinformation
arobotthe after the experimenthasbeenperformed.Thefollowing con guration le bar.cfg  will read
odometryandlaserdatafrom alog le, andpasst to theamcl driverto generateobotposeestimates.

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

ThePlayersener mustalsobe startedn theappropriatanode:

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

Authors
JohnSweeng sweeney(at)cs.u mass .ed u,BrianP. Gerley gerkey(at)stan fo rd .ed u,Andrew
Howardahoward(at)usc.e du
Synopsis
Thesegwayrmp driver providescontrol of a Segway RMP (RoboticMobility Platform),whichis anex-
perimentalrobotic versionof the Segway HT (HumanTransport),a kind of two-wheeled self-balancing
electricscooter
Interfaces
Supportednterfaces:
position
position3d
Requireddevices:
None
Supportecton gurationrequests:

Fortheposition  interface:

PLAYERPOSITION MOTORPOWEREQ
PLAYERPOSITION _GET.-GEOMREQ
PLAYERPOSITION RESETODOMREQ
PLAYERPOSITION RMRVELOCITY_SCALE
PLAYERPOSITION _RMPACCELSCALE
PLAYERPOSITION RMRPTURNSCALE
PLAYERPOSITION RMRPGAIN_.SCHEDULE
PLAYERPOSITION _RMPCURRENLIMIT
PLAYERPOSITION _RMPRSTINTEGRATORS
PLAYERPOSITION _RMRSHUTDOWN

Fortheposition3d interface:

— PLAYERPOSITION MOTORPOWERREQ

Con guration le options

Name Type Default Meaning

canio string | "kvaser" Thekind of underlyingCAN 1/O to beused.
max_xspeed int 500 Maximumallowedtranslationalelocity (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.
Thisdriveris experimental ashasnot beenwidely usedor extensvely tested.Useatyour own risk.

Althoughthe RMP doesnot actuallysupportmotorpower controlfrom software,for safetyyou must
explicitly enablethemotorsusinga PLAYERPOSITION MOTOBRPOWEREQreques(thisrequest
is supportedn bothposition  andposition3d  modes).

For safety this driver will stopthe RMP (i.e., sendzerovelocities)if no nev commandhasbeen
receved from a clientin the previous 400msor so. Thus,evenif you wantto continuemoving at a
constantvelocity, you mustcontinuouslysendyour desiredvelocities.

Most of the con gurationrequestfiave notbeentested.
Theposition3d  interfaceis entirelynew andits usewith this driver hasnot beentested.

Currently the only supportedype of CAN 1/O is "kvaser" , which usesKvasey Inc:s CANLIB
interfacelibrary. Thislibrary providesaccesso CAN cardsmadeby Kvaser suchasthe LAPcanll.
However, the CAN 1/O subsystenwithin this driver is modular sothatit shouldbe pretty straightfor
wardto addsupportfor otherCAN cards.
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7.38 serviceadv-Isd

Authors

ReedHedgegeed(at)zerohou r. net

Synopsis

Theservice _adv _lsd driverprovideslocalnetwork broadcasserviceadwertisementisingthesimpleLi-
braryfor ServiceDiscovery availableathttp://interre al ity .org/s of tware /s ervi cedis covery .
Clientscanlink againstthis library aswell, andlistenfor serviceadwertisementsThe LSD library should
bebuilt andinstalledbeforebuilding Player Notethatthereis no client proxy in Playerfor this device: use
theLSD library:.

TheserviceURL will have theform: player:// host port

Interfaces

Supportednterfaces:

service _adv
Requireddevices:

None.
Supportedcon gurationrequests:

None.

Con guration le options

Name Type Default Meaning

name string "robot" The?°title® of the service

description string | "Player = Robot Server" The°description®f the service

url string (Automaticallydetected) Manually overridethe servicelURL

tags tuple (Devicetagsonly) Setadditional®type®tags. In additionto these,a
tagis addedfor eachdevice on the robot with the
form: device:device nametfindex(driver namg
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7.39 sicklms200

Authors

Andren Howardahoward(at)usc

Synopsis

.e du,RichardT. Vaugharvaughan(at)sfu .co mKaspeiStgy

Thesickims200 driveris usedto controla SICK LMS-200laserrange- nder

Interfaces

Supportednterfaces:

laser

Requireddevices:

None.

Supportecton gurationrequests:

PLAYER_LASER_GE_GEQM

PLAYER_LASER_GE_CONI G

PLAYER_LASER_SE_CONI 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 Startupdelayonthelaser in secondgsetthisto 35if you have
anewergeneratiorPioneewhoselaseris switchedonwhenthe
serialportis open).
port string "/dev/ttyS1" Theserialportto 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 Setto 1 to get1 mm
resolutionwith 8 m maxrange;setto 10to get1 cmresolution
with 80 m range;setto 100to get 10 cm resolutionwith 800m
maxrange.
invert integer 0 Setthis "agif thelaseris mountedupside-devn; therangeand
bearingresultswill be ippedso the laserappeargo be right-
way-up.
Notes

Thisdriver likely only worksin Linux.
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7.40 sickpls

Authors

YannickBrossealyannick.brosse au(at )u sher br ooke. ca,Andrev Howardahoward(atjusc .e du

Synopsis

Thesickpls driveris usedto controla SICK PLSlaserrange- nder Thisdriverwill soonbemergedinto
thesickims200  driver.

Interfaces

Supportednterfaces:
laser

Requireddevices:

None.

Supportedcon gurationrequests:
PLAYER_LASER_GE GEQV
PLAYER_LASER _GE CONI G
PLAYER_LASER_SE_CONI 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 Startupdelayonthelaser in secondgsetthisto 35if you have

anewnergeneratiorPioneemwhoselaseris switchedonwhenthe
serialportis open).

port string "/devl/ttyS1" Theserialportto 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-devn; therangeand
bearingresultswill be ippedso the laserappeargo be right-
way-up.

Notes

Thisdriver likely only worksin Linux.

133



7.41 sonyevid30

Authors
Brian P. Gerkey gerkey(at)stan ford.ed u

Synopsis

Thesonyevid30 driver providescontrolof a Sory EVID30 pan-tilt-zoomcameraunit.

Interfaces
Supportednterfaces:
ptz
Requireddevices:
None.
Supportecton gurationrequests:

None.

Con guration le options

Name | Type Default Meaning

port string | "/dev/ttyS2" Theserialportto beused

fov tuple [3 30] Theminimumandmaximum®eldsof view (in degreesHalf-angle??
Notes

Thesonyevid30 operatesover a directseriallink, not throughthe P20Smicrocontrollers AUX
port, asis thenormalcon gurationfor ActivMediarobots. You may have to make or buy a cableto
connectyour camerdo anormalserialport.

Thisdriver likely only worksin Linux.
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7.42 trogdor

Authors
Brian P. Gerkey gerkey(at)stan ford.ed u

Synopsis

Thetrogdor driver providescontrol of a small, fast,mobile robotmadeby Botrics. It's calledboththe
O-Botandthe Trogdor.

Interfaces

Supportednterfaces:
position

Requireddevices:
None.

Supportedcon gurationrequests:
PLAYERPOSITION _GET.GEOMREQ
PLAYERPOSITION _MOTORPOWERREQ

Con guration le options

Name | Type Default Meaning
port string | "/dev/usb/ttyUSB1" Theserialportto beused
Notes

Thisdriveris new andnotthoroughlytested.
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7.43 udpbroadcast

Authors

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

Synopsis

The udpbroadcast  driver provides a mechanismwherebyPlayerclients can communicatewith other
Playerclients, even whenthoseclients are connectedo differentPlayerseners. Any messageentto a
udpbroadcast  device will be receved by all udpbroadcast devicesthat are on the samephysical
network (including the sendingdevice). The underlyingtransportmechanisms basedon broadcastJDP
soclets(seeNotesbelow).

Interfaces
Supportednterfaces:

comms

Requireddevices:
None.
Supportedcon gurationrequests:

None.

Con guration le options

Name | Type Default Meaning
addr | string | "10.255.255.255" Thebroadcastaddresdo beused.
port integer 6013 Thebroadcasportto beused.

Notes

Make sureyour network supportsoroadcastingandthatyour sys-adminvont cut you off for trying!
Broadcastings bestdoneon privatenetworks.

The default broadcastaddresds 10.255.255.255port 6013 (i.e. it assumes/ou have a 10.*.*.*
network with netmask255.0.0.0) Thebroadcasaddres@ndportarecon gurablein Players con g-
uration le.

Thereis no“simulated”udpbroadcast driverin Stagetherealudpbroadcast driveris always
used.In thiscasethedefaultbroadcasaddresss 127.255.255.258heloopbackdevice). At present,
thereis noway of changinghedefault value.

Thereis no guarante¢hatmessagewill bedelivered,or thatthey will bedeliveredin the exactorder
they weretransmitted.

Theudpbroadcast driveris meantfor transmittingsmallpacletsonly: donttry to useit for passing
full-color imagesaroundat 30Hz! You will ood your network and over ow both incomingand
outgoingqueuesn theudpbroadcast  driver.
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7.44 upcbarcode

Authors

Andrenv Howardahoward(at)usc  .e du

Figure7.6: A sampleUPCbarcodgonedigit).

Synopsis

The UPC barcodedetectorsearchegor standardsingle-digitUPC barcodesn a cameramage(a sample
barcodds shavn above).

Interfaces

Supportednterfaces:
blobfinder
Requireddevices:

camera

Con guration le options

TODO

Name Type Default | Meaning

camera | integer 0 Index of thecamera deviceto beused.
Notes

For moreinformationontheupcbarcode driver, askAndrevy Howard: ahoward@usc.edu .
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7.45 vfh

Authors

ChrisJonesvjones(at)robot ic s. usc.e du

Synopsis

TheVFHdriverimplementgshe VectorField HistogramPluslocal navigation methodby Ulrich andBoren-
stein[7]. VFH+ providesreal-timeobstaclevoidanceandpathfollowing capabilitiefor fastmobilerobots.

Interfaces
Supportednterfaces:
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 Local occupang mapgrid size(m).

window _diameter integer 61 Dimensionsof occupang map (map consistsof win-
dow_diameterX window_diametercells).

sector _angle integer 5 Histogramangulamresolution,in degrees.

robot _radius length 0.25 Theradiusof therobot(m).

safety _dist length 0.1 The minimum distancethe robotis allowedto getto ob-
staclegm).

max_speed integer 200 The maximumallowable speedof the robot, in millime-
ters/secondherobot.

max_turnrate integer 40 The maximumallowableturnrateof therobot.

free _space _cutoff “oat 2000000.0 Unitlessvalue. The higherthe value,the closerthe robot
will getto obstacledbeforeavoiding.

weight _desired _dir “oat 5.0 Biasfor therobotto turnto move toward goalposition.

weight _current _dir “oat 3.0 Biasfor therobotto continuemaoving in currentdirection
of travel.

distance _epsilon length 0.5 Planardistancefrom the target positionthatwill be con-
sideredacceptable.

angle _epsilon angle | 10 degrees | Angulardifferencefrom targetanglethatwill considered
acceptable.
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Notes

Theprimaryparameterto tweakto getreliableperformancaresafety dist andfree space _cutoff
In generalsafety _dist determinesiow closetherobotwill cometo anobstaclewhile turning (around
acornerfor instancelandfree _space _cutoff determinesow closearobotwill getto anobstaclan
the directionof motionbeforeturningto avoid. Fromexperiencejt is recommededhat max_turnrate
shouldbeatleast15% of max_speed .

To getinitiatedto VFH, | recommendsettingrobot _radius to theradiusof your robotandstarting
with thedefaultvaluesfor otherparameterandexperimentallyadjustingsafety _dist andfree _space _cutoff
to getafeelingfor how the parametersffect performance.Oncecomfortable,increasemax speed and
max_turnrate . Unlessyou arefamiliar with the VFH algorithm,| dont recommendleviating from the
defaultvaluesfor cell _size ,window _diameter ,orsector _angle .

For moreinformationonthe VFHdriver, askChris Jonescvjones@robotics .U sc.e du.
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7.46 waveaudio

Authors

RichardT. Vaugharnvaughan(at)sfu .c om

Synopsis

Thewaveaudio driver capturesaudiofrom /dev/dspon systemswhich supporthe OSSsounddriver. The
datais exportedusingthe waveform genericsampledatainterface. Currently datais capturedat 8bit,
mono,16KHz.

Interfaces
Supportednterfaces:
waveform

Requireddevices:
None.
Supportecton gurationrequests:

None.

Con guration le options

No con guration le optionsareaccepted.

Notes

None.
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7.47 wavefront

Authors

Brian P. Gerkey gerkey(at)stan fo rd .ed u,Andren Howardahoward(at)usc. edu

Synopsis

The wavefront  driver implementsa simple path plannerfor a planarmobile robot. The underlying
planney which useswavefront propagationwas written by Andrev Howard; the integrationinto Player
wasdoneby Brian Gerley.

Thisdriverworksin thefollowing way: uponreceving anew positiontarget,a pathis plannedrom the
robot's currentpose,asreportedby the underlyinglocalizedevice. Thewaypointsin this patharehanded
down, in sequencetp theunderlyingpositiondevice.

By tying everythingtogetheiin this way, this driver offersthe mythical“global goto” for your robot.

Interfaces
Supportednterfaces:
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®Ile containingmapin whichto plan.

map_scale “oat none Metersperpixelsin map.

robot _radius length 0.15 Radiusof robot.

safety _dist length robot _radius Distanceto keepbetweerrobotandobstacles.

max_radius length 1.0 Distancebeyondwhichis consideredn®nite for planning
purposeg?)

dist _penalty “oat 1.0 Fudgefactorto discouragesuttingcorners.

dist _epsilon length | 3*robot _radius Distancefrom target positionthat will be consideredac-
ceptable.

angle _epsilon angle 10 degrees Angular differencefrom targetanglethatwill be consid-
eredacceptable.
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Notes

Thisdriveris new, notwidely tested andnon-trivial to con gure anduse.

Thereis currentlyno way to getfeedbackrom the planney suchas: the currentlist of waypointsthe
lack of afeasiblepath,or theachi&zementof the nal goal.

Theunderlyingpositiondevice mustbe capableof doing positioncontrol(i.e., not velocity control),
preferablywith local obstacleavoidance(a very goodcandidatas thevfh driver).

The underlyinglocalize device musthave alreadycorvergedto a reasonablestimateof the robot's
posebeforetaigetsaresentto this driver (otherwiseresultswill be unpredictablat best).

Thetamgetthresholdgdist _epsilon andangle _epsilon )shouldbegreaterthanthosethresh-
oldsin theunderlyingpositiondevice, assumingt' svfh . Otherwisetheunderlyingdriver thinksthe
robothasreachedhtamget, while thewavefront  driveris still waiting.
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7.48 writelog

Authors

Andrenv Howardahoward(at)usc  .e du

Synopsis

Thewritelog  driver canbe usedto storedatafrom otherdeviceswithin the Playersener. Thelog les
generatedh thisway canbe“replayed’usingthereadlog driver. Seethebelowv for someusageaxamples
of thewritelog  driver.

Interfaces

Thewritelog  drivercurrentlysupportghenull interface,meaninghatit generatesodata,andaccepts
no command®r con gurationrequests.

Currently the writelog  driver is capableof storing datafrom 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®yingthe deviceswhosedatashouldbe stored.
Eachdeviceis speci®edas  device:index"

Example: Storing Odometry and Laser Data

Thefollowing con guration le will odometryfrom a Pioneerandlaserdatafrom a SickLMS200to alog
le.

position:0 (driver "p20s_position")
laser:0 (driver "sickims200")

null:0

(

driver  “writelog"

filename  "foo.log"

devices ["position:0" "laser:0"]
alwayson 1

Notethatthealwayson ag will causeahedriverto startloggingdataassoonasPlayeris started andwill
continueloggingdatauntil Playeris stopped.
Look in Section7.36for anexamplethatshavs how to replaythis datausingthereadlog  driver.
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Chapter 8

Ar chitecture

Playerwasdesignedrom the beginning to be easily extendedby addingnewn devicesandby addingnewv

functionality to existing devices. In fact, Playeris really a general-purposdevice sener; we just happen
to useit for controlling our robots. You could useit to provide a simple,cleaninterfaceto ary sensoror

actuatorgyou have. We describen this chapterthe overall systemarchitectureandhow youwould go about
addingyour own devices. After readingthis chapteryou shouldconsultthe codefor the existing devicesas
examplesfor writing your own. Also, keepin mind thatthe codemay changefasterthanthis documentso

the detailsgivenheremaynot alwaysbeupto date.

8.1 Server Structure

Playeris implementedn C++andmakesuseof the POSIX-complianpthreadinterfacefor writing multi-
threadedprograms.Initially, Playerwaswritten with a very large numberof thready2 perclient+ 1 per
device); wefoundthis modelto beratherinef cient (especiallywith LinuxThreadspandpoorly scalabledue
to scheduledelayandcontect switchtime. Thuswe have eliminatedmary threadskeepingthetotal thread
countconstanin the numberof clients. To supportcodemodularityandreusabilitythereis still generally
onethreadper device, thoughsomelight-weight devices(e.g.,thelaserbeacon device) do not require
theirown threads.

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

Whenthe sener receves a requestfor a device thatis not alreadysetup,it calls the propermethod,
Setup() ,intheobjectwhich controlstheindicateddevice. Theinvocationof Setup() involvesspavn-
ing anotherthreadto communicatevith thatdevice. So, in total, we have 1 sener threadand1 threadper
opendevice.

Theoverall systemstructureof Playeris shavn in Figure8.1. The centerportionof the gure is Player
itself; on the left arethe physicaldevicesandon theright arethe clients. As describedabore, eachclient
hasa TCPsoclet connectiorto Player If theclientis executingonthesamehostasPlayer thenthis soclet
is simply a loopbackconnection;otherwise thereis a physicalnetwork in betweerthe two. At the other
end, Playerconnectdo eachdevice by whaterer methodis appropriatefor that device. For mostdevices,
including the laser cameraandrobot microcontroller Playermalkesthis connectiorvia an RS-232serial
line. However, connectiongo the ACTSvisionsener andFestival speectsynthesizearevia a TCPsoclet.

Within Player thevariousthreadscommunicatéhrougha sharedylobaladdresspace As indicatedin
Figure8.1,eachdevice hasassociateavith it acommandouffer anda databuffer. Thesebuffers,whichare

IMost, but notall deviceshave their own threads.
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Figure8.1: Ovenll systerarchitecture of Player

eachprotectedby mutualexclusionlocks, provide an asynchronougsommunicatiorchannelbetweenthe
device threadsandtheclient readerandwriter threads For example whenthe clientreadertthreadreceves
a nev commandfor a device, it writes the commandinto the commandbuffer for that device. At some
later pointin time, whenthe device threadis readyfor anew commandijt will readthe commandrom its
commandouffer andsendit onto thedevice. Analogouslywhenadevice threadrecevesnew datafrom its
device, it writesthe datainto its databuffer. Later, whenthe clientwriter threadis readyto sendnew data
from that device to a particularclient, it readsthe datafrom the databuffer and passest on to the client.
In this way, the client servicethreadis decoupledrom the device servicethreadgandthustheclientsare
decoupledrom thedevices).Also, justby the natureof threadsthe devicesaredecoupledrom eachother

8.1.1 Devicedata

By default, eachclient will receve new datafrom eachdevice to whichit is subscribedt 10Hz. Of course,
receving dataat 10Hz may not be reasonabldor all clients; thuswe provide a methodfor changingthe
frequeng, andalsofor placingthe sener in a request/replynode. It is importantto remembeitthat even
when a client receves dataslowly, thereis no backlogandit always receves the mostcurrentdata; it
hassimply missedout on someinterveninginformation. Also, thesefrequeng changesffect the sener's
behaior with respecto eachclientindividually; the clientat 30Hz andthe client at 5Hz canbe connected
simultaneouslyandthe senerwill feedeachonedataat its preferredrate.
Therearefour (perclient) modesof datadelivery, asfollows:

PLAYERDATAMODIPUSHALL : periodicallysendto the client currentdatafrom all devicescur
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rently openedor reading

PLAYERDATAMODIPULLALL : on requestirom the client, sendit currentdatafrom all devices
currentlyopenedor reading

PLAYERDATAMODIPUSHNEW periodicallysendo theclientcurrentdataonly from thosedevices
thatareopenedor readingandhave generateahen datasincethelastcycle

PLAYERDATAMODIPULL NEW on requestfrom the client, sendit currentdataonly from those
devicesthatareopenedor readingandhave generatedhen datasincethelastcycle

Thedefault modeis currentlyPLAYERDATAMODPUSHNEWwhich mary clientswill nd mostuseful.
In generalthe *PUSH* modes,which essentiallyprovide continuousstreamsf data,aregoodwhenim-
plementingsimple (or multi-threadedXxlient programsin which the processwill periodicallyblock onthe
soclet to wait for new data. Likewise,the*PULL* modesaregoodfor client programshatarevery slow
and/oraperiodic.Along theotherdimensionthe*NEW* modesaremostef cient, asthey nevercausée‘old”
datato be sentto the client. However, if a client programdoesnot cachesensomatalocally, thenit might
preferto useoneof the *ALL* modesin orderto receve all sensordataon every cycle; in this way the
clientcanoperatezachcycle onthe sensodatain placeasit is receved.

Of courseijt is possiblgfor adevice to generataew datafasterthantheclientis readingfrom the sener.
In particular thereis no methodby which a device canthrow aninterruptto signalthatit hasdataready
Thusthedatarecevedby theclientwill alwaysbeslightly olderfor having satinsidethe shareddatabuffer
insidePlayer This “buffer sit” time canbe minimizedby increasinghefrequeng with whichtheseneris
sendingdatato theclient. In ary caseall datais timestampedby theoriginatingdevice driver, preferablyas
closeto thetime whenthe datawasgatheredrom thedevice. This datatimestamgs generallyavery close
approximationo the time at which the sensegphenomenomccurredandcanbe usedby client programs
requiring(fairly) precisetiming information.

8.1.2 Devicecommands

Analogousto the issueof datafreshnesss the factthat thereis no guaranteghat a commandgiven by a
clientwill ever be sentto theintendedphysicaldevice. Playerdoesnot implementary device locking, so
whenmultiple clientsareconnectedo a Playersener, they cansimultaneouslywvrite into asingledevice's
commandouffer. Thereis no queuingof commandsandeachnen commandwill overwritetheold one;the
servicethreadfor thedevice will only sendto thedevice itself whatever commandt nds eachtimeit reads
its commandouffer. We chosenotto implementlockingin orderto provide maximalpower and e xibility
to the client programs.In our view, if multiple clientsare concurrentlycontrolling a single device, such
asarobot's wheels thenthoseclientsareprobablycooperatie, in which casethey shouldimplementtheir
own arbitrationmechanisnat a higherlevel thanPlayer If the clientsarenot cooperatie, thenthe subject
of researchis presumablythe interactionof competitive agents,in which casedevice locking would be a
hindrance.

8.1.3 Devicecon gurations

Whereashedataandcommandor eachdevice arestoredn simplebuffersthataresuccessiely overwritten,
con gurationrequestaindrepliesarestoredin queuesCon gurationrequestswhich aresentfrom clientto
sener, arestoredn thedevice'sincomingqueue.Con gurationreplies whicharesentfrom senerto client,

20n Linux, dueto the 10msschedulegranularity the effective upperlimit on datarateis 50Hz.
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arestoredin thedevice's outgoingqueue.Thesequeuesre x ed-size:queueelementizeis currently x ed
at 1KB for all devicesandqueudengthis determinedat compile-timeby eachdevice's contructor

8.2 Adding anewdevicedriver

Having describedheinternalworkingsof Player we now give a shorttutorial on how you would go about
extendingthe sener by addinga new device driver. As mentionedearlier in lieu of a more complete
prescriptiorfor creatingdrivers,anexaminationof the codefor the existing driversshouldprovide you with
sufcient examples.You shouldbefamiliarwith C++, classinheritanceandthreadprogramming.

The rst stepin addinga new driver to Playeris to decidewhich interface(s)it will support. The
existing interfacesaredescribedn Chaptei6 andtheir variousmessagstructuresandconstantarede ned
in include/player .h . Althoughyou cancreatea new interface,you shouldtry to t yourdriverto an
existing interface,of which therearemary. By decidingto supportan existing interface,you'll have less
work to doin thesener, andwill likely have instantclient supportfor your driverin severallanguages.

Tocreateanew driver, youshouldcreateanew classfor thedriver, whichshouldinheritfrom CDevice
declaredn server/device.h andimplementedn server/device.cc . Thatbaseclassde nesa
standardnterface,partof whichthe new driver mustimplement(otherpartsit maychooseo override).We
now describehesalientaspect®f the CDevice class.

8.2.1 Constructors

Therearetwo CDevice constructorgvailable. Mostdriverswill usethemoreexpressie of thetwo:

CDevice::CDevic e(siz e_t datasize, size t commandsize,
int  reqgqueuelen, int  repqueuelen);}

Argumentsare:
datasize : thesize(in bytes)of thebuffer to beallocatedto hold the currentdatafrom thedriver

commandsize : thesize(in bytes)of the buffer to beallocatedo hold the currentcommandor the
driver

reqqueuelen : thelength(in numberof elementspf the queueto be allocatedto hold incoming
con gurationrequestgor thedriver

repqueuelen : thelength(in numberof elements)f the queueto be allocatedto hold outgoing
con guration repliesfrom thedriver

All requesteduffersandqueueswill beallocatedby the CDevice constructoi(we describebelov where
the pointersare storedin the object). This constructorshouldbe invoked in the preambleto the driver's
own constructorfor example thesickims200  driver, which producesx ed-lengthdata,acceptsiocom-
mandsandusesncomingandoutgoingcon gurationqueuesothof lengthl, hasaconstructothatbegins:

ClLaserDevice::C Laser Devi ce(i nt argc, char** argv)
CDevice(sizeof( pla yer_laser data t) ,0,1, 1)

Now, youmaywantto allocteyour own buffersand/orqueuege.g.,CStageDeice doesits own memory
managemernh staticmmap() edsegments).If so,thenyourdriver shouldnotinvoke a CDevice construc-
tor; the“default” zero-agumentconstructomwill beinvoked for you andwill properlyinitialize someclass
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membersEvenif you do allocateyour own buffers,you mightbene t from letting CDevice know where
they are,in thatyou couldstill usethestandardCDevice methodqdescribedelow) to interfacewith your

driver. You candothis by calling (usuallyin your own constructorSetupBuffers()

void CDevice::SetupB uf fe rs (unsi gned char* data, size t datasize,

unsigned char* command, size t

unsigned char* reqqueue, int
unsigned char* repqueue, int

Argumentsare:
data : thebuffer allocatedo hold the currentdatafrom thedriver
datasize : thesize(in bytes)of data
command: the buffer allocatedo hold the currentcommandor thedriver

commandsize : thesize(in bytes)of command

commandsize,

reqqueuelen,
repqueuelen);

reqqueue : thebuffer allocatedto hold incomingcon gurationrequestsit shouldbe anallocated

asanarrayof playerqueue elt ts

regqueuelen : thelength(in numberof elementspf reqqueue

repqueue : thebuffer allocatedto hold outgoingcon gurationreplies;it shouldbe anallocatedas

anarrayof playerqueue elt ts

repqueuelen : thelength(in numberof elementspf repqueue

In this case SetupBuffers() will allocatePlayerQueue objectsto handlecon gurations;they will

operateon the memorysegmentsthatyou provide.

WhetheryoulettheCDevice constructorllocateyourbuffersordoit yourselfandthencall SetupBuffers()

therelevantpointersandsizesarestoredin thefollowing protectednembersf CDevice :

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

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

/I amount at last write into each respective buffer
size t device _used dat asiz e;
size_t device_used_com mandsi ze;

/I queues for incoming requests and outgoing replies

PlayerQueue* device reqqueue ;
PlayerQueue* device_repqueue ;
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8.2.2 Locking accesgo buffers

BecausdPlayeris amulti-threadegrogram all accesso sharedouffers mustbe protectecoy mutualexclu-
sionlocks. For this purposeCDevice containsa (private)pthread _mutex 1, andprovides(protected)
Lock() andUnlock() methodghatcallpthread _mutex lock() andpthread _mutex unlock() ,
respectrely (thesemethodsarevirtual; thusa driver canoverridethemin orderto usea differentmutual
exclusionmechanism)You shouldsurroundall accesseto ary of adriver's sharedouffers or queueswith
callsto Lock() andUnlock() . The default interface methodsdescribedn the following sectionsdo
exactly this.

8.2.3 Instantiation

Becaus#layersupportsnultipleindexedinstance®f devices,yourdriver shouldbe preparedo bemultiply
instantiated(e.g., you generallyshouldnot useglobal or other static 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(asa CDevice* ) apointerto anew instanceof your device class.Sinceanobjecthasnotyet
beencreatedvhenthis functionis called,it mustbedeclaredutsideof the class(or staticwithin theclass).
Thisfunctionshouldmatchthefollowing prototype:

CDevice* Foo_lInit(char* interface, ConfigFile* cf, int section);
Theamumentsare:
interface  : thestringnameof theinterfacethatthe driver hasbeenrequestedo support
cf : aobjectcontaininginformationgleanedrom the users con guration le
section : in whichsectionof thecon guration le yourdriver wasrequested

You shouldcheckthe requestednterface to be surethat your driver cansupportit. If you cannot,
thenreturnNULL You shouldlook in the con guration le objectcf for ary optionsthatmay have been

speci ed for you driver (look at existing drivers and server/configfi le .h for how to get options
out).
8.2.4 Setup

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

virtual int CDevice::Setup () = 0;

Thuseverydriver mustimplementhis method.After doingwhateveris requiredto initialize thedevice (e.g.,
openaserialportandspavn athreadto interactwith it), Setup() shouldreturneitherzeroto indicatethat
the device wassuccessfullysetup,or non-zerato indicatethat setupfailed. Sinceclientsmayimmediately
requestataandsincethey maynever sendcommandsadriver's databuffer andcommandouffer shouldbe
sensibly‘zeroed”in Setup()
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8.2.5 Shutdown

Whenthelastclientunsubscribeffom 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 doing whatever is requiredto stopthe device (e.g.,
kill a threadandclosea serialport), Shutdown() shouldreturneitherzeroto indicatethat device was
successfullyshutdevn, or non-zerao indicatethatshutdevn failed.

8.2.6 Threadmanagement

In orderto leverageparallelism,most(but not all) devicesuseseparatehreadsto do their work. Because
threadcreationis notintuitively compatiblewith C++ objectcontet, somesupportis providedin CDevice
for startingandstoppingthreads.You arenot requiredto usethis support but you might nd it useful.

The rst stepis to de ne in your classa public methodMain() thatoverridesthevirtual declaration:

virtual void CDevice::Main() ;

Presumablyour de nition of Main() will containaloop thatexecutesall device interaction.Whenyou
wantto startyourthread(probablyin Setup() ), call StartThread() . A new threadwill becreatedjn
thatthreadyour driver's Main() methodwill be invoked, with the propercontext of your driver's object.
Whenyou wantto stopyour thread(probablyin Shutdown() ), call StopThread() ,whichwill cancel
andjoin your thread;thus your threadshouldrespondto cancellationrequestgevenif it initially defers
them)andshouldbein ajoinablestate(i.e., it shouldnotbe detached).

8.2.7 Dataaccessnethods

Mostdrivers can usethe defaultCDevice implementation®f the following methods;however, they are
virtual andcanbeoverriddenif necessary

PutData

Wheneer your driver hasnew data,it shouldcall PutData()

virtual void CDevice::PutDat a(u nsig 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 : thetime atwhichthenewv datawasproduced
timestamp _usec : thetime atwhichthenew datawasproduced

Thedefaultimplementatiorof PutData()  will Lock() accessmemcpy() yournew dataintodevice data |,
saveyourlen andtimestampandUnlock() accesslif ts is NULL, thenPutData()  will usethecur
renttime (eithersystemor simulator asappropriate).
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GetNumbData

Whena clientwantsto readdatafrom your driver, thesenerwill rst call GetNumbData() :
virtual size t GetNumData(void* client);

Argumentsare:
client : auniqueid for whowantsthe data

This methodshouldreturnthe numberof datapacletsthatarereadyfor the given client at this time. The
senerwill thencall GetData() thatmary times.Thedefaultimplementatiorof GetNumData() simply
returnsl, whichis almostalwaystheright thing. However, your driver canoverridethis methodif youwant.

GetData

Whena clientwantsto readdatafrom your driver, the sener 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 a buffer into whichto copy thedata

len : length(in bytes)of dest

timestamp _sec : buffer into whichto copy thetime atwhichthedatawas

timestamp _usec : buffer into whichto copy thetime atwhich the datawasproduced
The defaultimplementatiorof GetData() will Lock() accessmemcpy() datafrom device _data
into dest (upto len bytes),retrieve timestampinformation,Unlock() accessandreturnhow mary
bytesof datawerecopied.
8.2.8 Commandaccessnethods
Most devicescan usethe defaultCDevice implementation®f the following methodshowever, they are
virtual andcanbeoverriddenif necessary
PutCommand
Whenacclient sendsanew commandor your device, thesenerwill 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

Thedefaultimplementatiorof PutCommand() will Lock() accessmemcpy() thenew commandnto
device _command, savelen ,andUnlock() access.
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GetCommand
Whenyouwantthe currentcommandor your device, you shouldcall GetCommand() :

virtual size t CDevice::GetComm and( unsi gned char* dest, size t len);
Argumentsare:

dest : pointerto a buffer into whichto copy thecommand

len : length(in bytes)of dest

The default implementationof GetCommand() will Lock() accessmemcpy() the commandfrom
device _commandintodest (uptolen bytes),Unlock() accessandreturnhov mary bytesof com-
mandwerecopied.

8.2.9 Con guration accessnethods

Mostdrivers can usethe defaultCDevice implementation®f the following methods;however, they are
virtual andcanbeoverriddenif necessary

PutCong

Whenanew con gurationrequestrrivesfor your device, thesener will invoke PutConfig()

virtual int CDevice::PutCo nfig( pl ayer devi ce_i d_t* device,
void* client,
void* data,

size_t len);
Argumentsare:
device : anidenti er thatindicateshedevice for whomtherequesis intended
client : atagthatwill beusedto routethereply backto theright client (or otherdevice)
data : buffer containingthe new request
len : length(in bytes)of the new request

Thedefaultimplementatiorof PutConfig  will Lock() accesspushtherequesbntodevice reqqueue ,
andUnlock() accesslf all is well, thenzerois returned;otherwise(e.g.,if thequeues full) non-zerais
returnedandthesener will sendanerrorresponsenessagéo thewaiting client.

GetCong

To checkfor new con gurationrequestsn your device, you shouldcall GetConfig()

virtual size t CDevice::GetConf ig (pla yer_devic e_id t* device,
void**  client,
void *data,
size_t len);

Argumentsare:
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device : anidenti er thatindicatesthe device for whomthe requesis intended(usefulwhenone
queueis usedfor multiple devices,asis the casewith P20S)

client : aplaceto storeatagthatwill be usedto routethereply backto theright client (or other
device)

data : buffer into whichto copy thenew request
len : length(in bytes)of data
For corveniencethereis alsoa shortform of GetConfig()

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

Thedefaultimplementatiorof GetConfig will Lock() accesspoparequesbff device regqueue |,
andUnlock() accesslf therewasarequesto bepoppedhenthesizeof therequests returnedptherwise
zerois returned,indicatingthatthereare no pendingrequestslf thereis requesthenhangontoclient
becausgouwill needto passt backin PutReply()

PutReply

After servicingarequestyou mustgeneratanappropriataeply; you do this by calling PutReply()

virtual int CDevice::PutRe pl y(p la yer_devic e_id _t* device,
void* client,
unsigned short type,
struct timeval* ts,
void* data,
size t len);

Argumentsare:

device : anidenti er thatindicatesrom which the device thereply comegusefulwhenonequeue
is usedfor multiple devices,asis the casewith P20S)

client :thetagthatyourecevedin GetConfig
type : thetypeof thereply (seebelav)
ts : pointerto time atwhichthe con gurationwasexecuted
data : thereplyitself (if ary)
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 shortform assumeshat the caller is the originator of the reply. The secondshortform further
assumetshatthereplyis zero-lengthandthatit shouldbe stampedvith the currenttime.

Thedefaultimplementatiorof PutReply will Lock() accesspushthereplyontodevice _repqueue |,
andUnlock() accesslf thereply queusds full (which shouldnot happenin practice)then-1 is returned;
otherwisea non-ngatie integeris returned.Thegiventype will beusedasthemessagéypefor thereply
thatwill be sentto theclient; it shouldbeoneof:

PLAYERMSGTYPHRESPACK: thecon gurationwassuccessful
PLAYERMSGTYPERESPNACK: thecon gurationfailed

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

GetReply

Thesenerwill periodicallycheckfor repliesfrom your device by calling GetReply()

virtual int CDevice::GetRe pl y(p la yer_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 thereply hascome
client : atagtobematched
type : placeto copy thetypeof thereply
ts : placeto copy thetime atwhichthe con gurationwasexecuted
data : buffer into whichto copy thereply
len : length(in bytes)of data

Thedefaultimplementatiorof GetReply()  will Lock() accesspopareplyoff device repqueue |,
Unlock() accessandreturnthelengthof thereply. Becauseero-lengthrepliesarevalid, GetReply()
will return-1to indicatethatnoreplyis available.
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8.2.10 Registeringyour device

In orderto inform the sener aboutthe availability of your driver, you mustaddit to driverTable ,a
globaltableof driversthatmay be instantiated.You shouldaddyour driver by calling AddDevice() in

thefunctionregister  _devices() ,declaredn server/devicere gi stry. cc:
int  AddDriver(char* name, char access,
CDevice* (*initfunc)(ch ar *,C onfi gFil e* int) );
Argumentsare:

name : thenameof your driver
access : theallowableaccessnodefor your driver; shouldbe oneof:

— PLAYERREADMODE
— PLAYERWRITEMODE
— PLAYERALL_MODE

initfunc . afunctionthatcanbeusedto createa new instanceof your device (seeSection8.2.3)
Youmay nd it corvenientto write aregistrationfunction,e.g.:

void SickLMS200 Reg ist er (Dri verTa bl e* table)

{
table->AddDrive r( "si cklms200", PLAYER_READ M@ SickLMS200_Init );
}
You shouldalso#include your device's classheaderin deviceregistry.c c. To encouragenod-

ularity of the sener by allowing driversto 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 (Dri ver Tabl e* table);
#endif

void
register_device s()

{

#ifdef  INCLUDE_SICK
SickLMS200_Regis te r( driv erT able );
#endif
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8.2.11 Compiling your device

Finally, you needto compileyour device andlink it into the sener binary You really needto knonv some-
thing aboutGNU Autotoolsto do this. As such,look athow the existing driversarelinkedin.

8.2.12 Building a sharedlibrary

As analternatve to staticallylinking your device driver directly into the Playerbinary, you canbuild your
driver asasharedbjectandhave Playerloadit atrun-time.If you chooseo take this path,thenyou should
still follow mostof thedirectionsgivenin the previous sectionsgxceptfor theregistrationandcompilation
detailsin Sections8.2.10-8.2.11.

Insteadof registeringyour device in deviceregistry. cc, you shoulddo soin aninitialization
function that will be invoked by the loader You mustdeclarethis initialization function, aswell asa
nalization function, in your driver code. For example,in orderto build the sickims200 driver asa
sharedbject,thefollowing codeis addedto sickims200.cc

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

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

{
driverTable->Ad dDriv er (" si ckl ms200", PLAYER_READ_MODESickLMS200_Init
}
void _fini(void)
{
/* probably dont 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 diclose() the shared object before Player exits
*/
}
}

The_init() functionwill beinvokedby theloaderwhenPlayercallsdlopen() toloadyourdriver. The
fini() functionwill beinvoked whenthelibrary is diclose()  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, shouldgetyou started:

$ g++ -Wall -DPLAYER_LINUX -g3 -I$PLAYER_DIR/s erver -c sickims200.cc
$ g++ -shared -nostartfiles -0 sickims200.so sickims200.0

Having built your driver library, tell Playeron the command-lingo load it (asdescribedn Section2.2),
e.g.:
$ player -d sickilms200.so

Notethatthe dynamicloadingfunctionalityis still somevhatexperimentalandis not currentlyusedby
ary corePlayerdrivers.However, it shouldwork. If you usesharedibraries,pleasdet usknow aboutyour
experiences.
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Appendix A

The C Client Interface

Includedwith Playeris a simple,no-frills client interfacelibrary writtenin ANSI C (client  libs/c ).
This client is intentionally primitive and mostuserswill nd it incorvenientfor writing arything more
thatthe simplestcontrol program. Ratherthandirect use,the C client shouldbe consideredhe reference
implementatiorof a Playerclientlibrary andshouldbe consultedor networking detailswhenwriting new
clientsin otherlanguage$the C clientcanalsobeuseddirectly asalow-level substratdor otherclients;the
C++ clientis implementedn this way). In the le playercclient. ¢ arede ned the 5 device-neutral
functionsnecessarin ary client:

player _connect() :connecto thesener

player _disconnect() . disconnecfrom thesener

player _read() :readonedatapacletfromthesener

player _write() : write onecommandpacletto thesener
player _request() :sendarequespacletandwait for thereply

In addition, the very useful helperfunction player _request _device _access() (a specialcaseof
player _request() thatobtainsaccesdo devices)is de ned.

Inthe les print.c  andhelpers.c  arede ned somedevice-speci cfunctionsthatsimplify direct
useof theC client; we do notdocumenthembhere.

A.1 Debug Information

Beforegettingto the corefunctionsof the C client, we notethatthey caneachgeneratesomedehug infor-
mationto stderr . This informationis generallyhelpful, especiallyin diagnosingproblems;you should
probablynotdisableit. However, afunctionis providedfor adjustingtheamountof delug informationthat
is printed:

/*
use this to turn off debug ouput.

higher numbers are more output, O is none.

L S

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);

The default detug level is 5, which prints all messagesThis samefunctionis usedto vary the detug
outputfrom the C++ client, sinceit is built ontop of the C client.

A.2 Connectingto the Server

The C client makesno useof staticdatastructuredor maintainingconnectionnformation;ratherthe user
mustalwayssupplyapointerto aproperlyinitialized connectiorstructurepf typeplayer _connection 1.
This structureis initialized by 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);

Notethatthe connectiorwill beblocking. A simpleexample:

player_connection_t conn;
/* Connect to Player server */

if(player_connect(&conn, "localhost", PLAYER_PORTNUM))
exit(1);

A.3 RequestingDevice Access

To easgehecommonproces®f requestingeadandwrite access$o devices,theC clientincludesthefunction
player _request _device _access()

- -
* 1

* 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,
uintl6_t device,
uintl6_t device_index,
uint8_t reg_access,
uint8_t* grant_access);

Thefollowing codefragmentobtainsall' (‘a' ) accestotheptz 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,the C client providestherathersimplefunctionplayer read()

/*
* read from the indicated connection. put the data in buffer, up to
bufferlen.

0 if everything went OK

*
*
* Returns:
*
* -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 readone datapaclket from the sener, blocking if no paclet is available. It is the
caller's responsibilityto provide sufcient storagefor the headerandpayload,andplayer read() will
not overrunthe provided buffers. After calling player read() ,theuserwill presumablyexaminethe
elds of theheadeiin orderto know how to processhe payload.Notethatplayer read() will appro-
priatelybyte-svapall elds in theheaderbut will nottransformthe contentsof the payloadin ary 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 commanddgo devices,the C client providesthefunctionplayer _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!)

* % X %

*
~

int player_write(player_connection_t* conn,
uintl6 _t device, uintl6_t  device_index,
const char* command, size_.t commandlen);

This function will build the appropriatemessagéeader including appropriatebyte-svapping of the
elds. The rst commandlen bytesof commandwill be copiedin asthe payloadof a messgehatwill be
sentto thesener. Notethatthe callermustbyte-svapthe contentsof thecommandtself. A simpleexample
thattellstheOth position  deviceto 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 guration changego devices,the C client providesthefunctionplayer 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,

uintl6 t device, uintl6 _t device_index,
const char* payload, size_t payloadlen,
player_msghdr_t* replyhdr, char*  reply, size t replylen);

This functionwill build the propermessagdieaderincluding appropriatelybyte-svappingthe header
elds. Thecalleris responsibldor byte-svappingthe contentsof thepayload , whichwill becopiedin as
the payloadof a messagé¢hatwill be sentto thesener. After sendingtherequestplayer request()
will waitfor thematchingreply (consuminganddiscardingall interveningmessagedjeforereturning.If the
callerwantsto examinethereply, thenappropriatéouffers shouldbe suppliedasreplyhdr — andreply

A.7 Disconnectingfrom the Serwer

To disconnecfrom the sener, usethefunctionplayer _disconnect()
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/*
* close a connection. conn should be a value that was previously returned
by a call to player_connect()

0 if everything is OK (connection closed)

*
*
* Returns:
*
* -1 if something went wrong (connection not closed)

*/
int  player_disconnect(player_connection _t* conn);
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