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Abstract

This pape describesthe Player/Stag softwae tools
apgied to multi-robot, distributed-robot and sensornet-
work systems.Player is a robot device serverthat pro-
videsnetworktranspaent robot cortrol. Player seekgo
constrain controller designaslittle aspossible;it is device
independant, nonlocking andlanguage-andstyle-neutal.
Stageis a lightweight,highly corfigurable roba simulator
that supportdarge populations. Player/Stae is a commu
nity Free Softwae projed. Current usage of Player and
Stage is reviewed, and someinterestingreseach opportu-
nitiesopered up by thisinfrastructue are identified

1 Intr oduction

Programming robots is complicded and time-
corsuming. Working with multiple and distributed
robot systemsis further comgicated by (i) more robots
and (ii) the difficulties of network programming. The
Playe/Stage Projed provides Open Source tools that
simplify controllerdevelopment,particularlyfor multiple-
robot, distributed-robot, and sensor network systems
(hereaftereferredto colledively asMulti-Robot Systems
(MRS)).

This pape provides an overview of the Playa/Stage
toolsandtheir applicaion to MRS. We describethetools
and review publishedMRS work using Playe/Stage,as
well asdescribesomeof the under-exploredresearchop-
portunitiesopenedup by this infrastructure.

The Player/Stag project began at the USC Robdics
Reseach Labin 1999to addessaninternalnee for inter-
facingandsimulationfor MRS. It hassincebeen adgted,
modified and extended by researcheraroundthe world.
We suggest that for mary applicatiors, particulaly in
MRS, Playe/Stageoffers a comknation of transpareng
flexibility and speedthat makesit the mostuseful robot
developmentervironmentavailable.

2 The software

Theprojectprovidesthe Playerrobotdevice senerand
the Stage multiple robot simulator plus suppaeting tools
andlibraries.
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Runnirg onarobot,Playe providesacleanandsimple
interfaceto the robot's sensorsand actudors over a net-
work. Clientcortrol programdalk to Playe over a Trans-
missionControl Protocd (TCP) soclet [23], readirg data
from sensorswriting commandsto actuwators,andcorfig-
uring deviceson thefly. Playersupportsa variety of robot
hardware and provides implemenations of sophisticated
sensingandcortrol algorithms suchaslandmark tracking
andprobailistic localization

Stageprovides a population of simulatedrobots and
sensorsoperatingin a two-dimersional bitmappe envi-
ronmen. The devices are accessedthrough Player asiif
they were real hardware. Stageaimsto be efficient and
corfiguralde ratherthanhighly acairate. In practicethis
mears that Stagecan simulatetensor hundedsof robots
onadesktopPC,andthatcortrollerscommanly work sim-
ilarly onsimulatedandrealrobots.

Playerand Stagerun on mary UNIX-lik e platforms,
are releasedas Free Software unde the GNU Geneal
Pubic License[6], andare maintainedby the authorsat:
http://playerstage. sf.net.

2.1 Player goalsand design

ThePlaye architectue wasoriginally describedn [9],
but much haschangedsincethattime. In this sectionwe
reporton the currentstateof Player, focusingon thoseas-
peds of the designthat facilitate the exploration of novel
distributedsensingandcontrolalgorithms.

2.1.1 Client interface. Playeris asoclet-basedlevice
sener thatallows cortrol of awide variety of robotic sen-
sorsand actudors. Playerexecuteson a machine thatis
physically conrectedto a colledion of suchdevicesand
offersa TCPsocletinterfaceto clientsthatwishto cortrol
them. Clients comectto Playeg and commuricate with
the devices by exchandng messagesvith Player over a
TCP soclet. In thisway, Playe is similar to otherdevice
seners,suchasthe standardJNIX printerdaema | pd.
Likethoseseners,Playercansuppat multiple clientscon
currently eachon a differentsoclet.

Becaise Players exterral interface is simply a TCP
soclet, client programscan be written in ary progam-



Figure 1. Playa cancortrol mary popular robotdevices,
including the Pionee 2-DX mohile robotandperipterals
picturedhere.

ming languagethat provides soclet support,and almost
every languagedoes. Client libraries, which encgsulate
the details of the Playeg messageprotoml and facilitate
the developnent of control programs are currently avail-

ablein: C, C++, Tcl, Python Jarva, and CommonLISP.

With languageneutrality comes platform neutrality; con

trol programswrittenin Tcl, Pythan, andJava canrun on

almostary modean system,even thoserunningWindows.

In addition,the C++ client library hasbeen portedto the
Win32 environment.

More importantly the soclet abstractionallows loca-
tion neutrality Regardlessof the physical location of a
colledion of robotic devices, a client programcan exert
cortrol overthemfrom ary macdineto which thereis net-
work conrectiity. Whencombned with Players ability
to supportmultiple clientsconcurrently this locationneu
trality provides new opportunitiesfor building distributed
sensingandcortrol systems.We take up this ideafurther
in Sedion 3.

As a transportprotocd, TCP is not without its draw-
bads. For exarmple, in ad hocnetworksandnetworks that
experiencehigh-loadcondtions, thelateny andoverhead
in traffic requiredby TCP canoutwegh thereliability that
the protocd provides. For suchenvironments,the User
Datagam Protocd (UDP) [22] is likely a betterchdce
than TCR, and multicastmessaging5] shouldbe usedin
placeof broactastmessaging.We are currently working
to implement in Playe suppat for alternatve transports,
including UDP.

2.1.2 Devicemodel. In orderto provide auniformab-
stractionfor a variety of devices,we choseto follow the
UNIX modé of treatingdevicesasfiles. Thusthe famil-
iar file semanticdold for Playe devices. For example,to
begin receving sensoreadingstheclientopenstheappro-
priatedevice with r ead access; likewise, beforecontrol-

ling an actudor, the client mustopenthe apprqriate de-
vice with wr i t e acess.In additionto the asyndironots
dataandcommand streamsthereis arequest/reply mech
anism,akintoi octl (), thatclientscanuseto getand
setcorfigurationinformationfor Playe devices. As this
modé hassened UNIX-lik e operatingsystemswell for
deades,we expectthatit will be suitablefor Playerde-
viceswell into the future.

Playerdoes notimplement ary devicelocking, sowhen
multiple clientsareconrectedto a Playa sener, they can
simultaneaisly issuecommands to the samedevice. In
gereral, thereis no queuirg of commands,andeachnew
commandwill overwrite theold one.We chasenotto im-
plement locking in orderto provide maximd power and
flexibility to the client prograns. In our view, if multiple
clientsare concurently cortrolling a single device, such
asa robot’s wheds, thenthoseclientsare probaly coop
erative, in which casethey shouldimplement their own
arbitrationmechanismat a higherlevel thanPlayer. If the
clientsarenot cooperative, thenthe subjec of researchs
presumaly theinteractionof competitive agents,in which
casedevice locking would bea hindrane.

We have borraved further from classicopeating sys-
tem designin the way that we have separatedievice in-
terfacesfrom device drivers. For example,in an oper
ating systemthereis a joystick interfacethat definesthe
API for interactingwith joysticks, andthereare joystick
drivers that allow the programmeto cortrol variousjoy-
sticksthroudh thatsameAPI. Similarly, in Player adevice
interfaceis a specificaéion of data,command, andcorfig-
urationformats,anda device driver is a modue thatcon
trols a device andprovides a standad interfaceto it.

For exanple, probaly themostcommonly usedPlaye
interfaceistheposi t i on interface whichis usedto con
trol a mobile robot base. This interfacespecifies a com-
mandformatthatincludesvelodty andor positiontargets
anda dataformatthatincludesvelocity and positionsta-
tus. Oneimplementation of the posi ti on interfaceis
Playe’sp2os driver, whichcortrolsresearciobotsmade
by ActivMedia, including the popula Pioneer 2-DX (Fig-
urel). Otherdriversthatcortrol otherkindsof robotsalso
suppat the posi ti on interface,which meansthat they
all aceptcommandsandreturndatain the sameformat.
In gereral,multiple driverscansuppat thesameinterface,
anda driver can suppat multiple interfaces. We discuss
someadwantages of this designin Section3.

2.2 Stagegods and design

Stagesimulatesa popuation of mokile robots,sensors
andervironmentalobjects.It hastwo original purposesfi)
to enadlerapiddevelopmentof controllersthatwill eventu-
ally drive realrobots;and(ii) to enalbe robotexperiments
without accessto the real hardwareandervironments. In
the lastyea or so, we have beenextendingand gereral-
izing the sensomodds beyondthelimits of ary available
hardware, addirg anotter purpcse: (iii) to enale “what



Figure2: Stagescreenshahaving two robots(solidrect-
anges) with visualizationof the top robot’s laserrange
scanmer, sonarandcolor blob-finderdata.Stages moduar
architedure allows multiple GUIs; thisis GNOME?2.

if?” experimentswith novel devicesthatdo not (yet) exist.
This pathis developng with the help of DARPA, with the
god of usingStageasatool to deteminethelik ely bendits
of developing onetype of sensorover anothe. We return
to thisideawhendiscussingppatunitiesfor researchbe-
low.

Stagewasspecificly desigredto supportresearclinto
multi-robotsystemsWhenprogrammingandexperiment-
ing with mary robotstheberefitsof rapiddevelopmentare
multiplied, andStageenalles experimentswith large pop-
ulationsof robotsthatwould be prohikitively expensive to
buy andmaintain Thereareseveral aspectof Stages de-
signthatmalke it suitablefor multi-robotsystems:

Good enough fidelity: Stageprovides fairly sim-
ple, conputationdly cheap modéds of lots of devices
rather than attemptingto emulateary device with
greatfidelity. Low fidelity simulationcanactuallybe
an advanta@ when designng roba cortrollers that
mustrunonrealrobots,asit enmuragestheuseof ro-
bust controltechriques[14]. Low conmputation& de-
mand meanwe cansimulatemary deviceson com-
modity hardwere.

Linear scaling with population: All sensormod-
elsusealgorithmsthatareindependent of popuation
size. Thus Stagés computationalrequiremats grov
linearly with populationt.

Configurable, composabledevice modds: Various
sensorandactuates areprovided, including sonas,
scaniing laserrangdinders, visual color sggmenters,
fiducial detectorsand a versatilemohile robot base

1Somefuture devices may not follow this rule, as somealgorithms
that scaleasa power of the populationsize canbe corvenient to imple-
mentandwill performwell with smallpopulations.

with odametry. The models are often more geneal
and flexible thanary specificpieae of hardware so
ead mockl is configuredto approximatethe (real or
imaginal) tamget device. Seethe manual [28] for a
comgetelist of devicesandtheir propeties.

Player interface: All sensorndactudor modds are
available throughPlayer’s standardnterfaces. Typ-
ically, clientscamot tell the differencebetweenthe
real robot devices and their simulatedStageequiva-
lents(unlessthey try very hard). ThusStageinherits
theflexibility of Playe’s non-lodking, platform-and
language-natral interfacefor all its devices.

2.2.1 Devices, populations and performance. De-
vicescanbe composedin treestructuredo build up com-
plex robots. For example, most usersbasetheir robots
ontheposi ti on modé with a selectionof sensomod-
els on top. Several users[12, 15, 18, 29] have simu-
latedthe Pioneer 2DX picturedin Figure1 with aposi -
ti on modd carryinga sonar arrayand| aser scan-
ning rangefnder The Stagedistribution includes some
comnonly-usedconfigurations,such as the geanetry of
the Pionee’s sixteensonartransducers.

By defaut, Stageattemptgo runin real-time. Models
are updded at a fixed (configurable)intenal. If the up-
datetakes longe thanthe suggetedinterval, simulations
will run slowerthanrealtime. Device mocelsvary grealy
in compuationaldemands;the autha’s 600MHz Pentium
[l Linux PCruns200sonarguided robots(posi ti on &
sonar mockls)or 15 laserguidedrobots(posi ti on &
| aser mockls)in realtime at spatialandtempora reso-
lutionsof 0.02mand100ms,respectiely.

In the optiond “fastmode”, Stagedoes not wait for the
real-timeclock. Simplesimulationswill run muchfaster
thanreal time, which is useful for long or batchexperi-
ments(e.g.,[4]). Time-sensitre clientsusePlaye’s inter-
nal clock to avoid time-warpingissues.

2.2.2 Validity. Thereis no guarateethatexperiments
in Stage are directly compaable with thoseusing real-

world robots. However, usershave found that clientsde-

veloped using Stagewill work with little or no modifica

tion with the real robotsandvice versa[15, 18, 29. As

the numbe of transfersbetween Stage andreal robotsin-

creasesysershave anincreaingly powerful algument to

suppaot thereal-world validity of Stageonly experiments.
This is a major advantageof using a well-known simu-

lator insteadof homegrown, project-speific code. Also,

Stagés OpenSourcdicenseallows peerreview of thesim-

ulation code andenmurags sharingof mocels, configu-

rationsand ervironments. Justas Player facilitatescode
re-useandsharing,Stag enalesexperimentsharing.We

hope to seestandad testscenarioemenge, in which users
cancomparetheir controllers. Already simulationexperi-

mentsareroutinely carriedout with oneof Stagés exam-

ple worlds,suchas“cave” and“hospital’



3 Opportunities for reseach

Playermalesit very easyfor clientsto readdatafrom
andsendcommandsto ary device on the network, aswell
assendarbitrarymessaget oneandher. Stageallowsfor
conveniert andrapidevaluationof mary clients.Both pro-
gramsconstrainthe designof clientsvery little; they aim
to provide transpareninfrastructurfor MRS researchin
this sectionwe describesomeof theresearcloppatunities
enaledby the designdecisionglescibedabove.

3.1 Embedded systems

The designof Playerhasbee guidedin part by our
desireto maximize its utility andapplicahlity by keepng
it small and fast. Thusthe sener core, which provides
sophisticatedtlient services,s actually quite simple and
hasbemme more so over time as, for example,we have
collapsedmostof its functiondity into a singlethreadof
execution The device driver systemis moduar, allowing
the systemdesigne to include only thosedriversthatare
neassanyfor a particularapplication® Becauseit is small
andfast,Playe is equdly well-suitedto run onlow-power
embealdedsystemsandhigh-poverworkstations Playe is
currentlyin useonembeddedPPC/Linx andARM/Linux
systems.As part of the DARPA Softwarefor Distributed
Robotics (SDR) program, the first-ever (to the authas’
knowledge 100-robot experimentswill compise a net-
work of suchembedled compuers, eachrunning Playe
andcortrolling asmallmobilerobot.

3.2 Sophisticateddevices

In additionto “regular” device drivers that provide an
almost transparentontrol interface to a piece of hard-
ware, Playe’s extensible device modé allows sophis-
ticated sensingand cortrol algorithmsto be en@apsu-
lated in drivers. These"“abstract” drivers can perform
arbitrary conmputation, rangingfrom signal processingo
closed-lo@ cortrol. For example, Playe includes both
awaveaudi o driver that delivers raw audo dataanda
f i xedt ones driver that performsa FastFourier Trans-
form on the raw dataandreportsthe frequertiesandam-
plitudes of the highest pe&ks in the frequerty doman.
Similarly, Playe cortainsa colledion of fi duci al de-
tectors,eachdesigne to find a differentkind of landmark
by processingdatafrom various sensors. One suchde-
tector fusesinformation from a laserrangefinder and a
camea imageandincorporatescontrol of a pantilt-zoom
unit to find landmaks. Recetly, we have addeddrivers
thatimplement differentforms of the widely-usedMonte
CarlolocalizationschemeWhenincludedasdriversin the
sener, thesealgaithmsbecone standardserviceghatary
client can exploit, even without knowledge of how they
work.

2Without ary device drivers, the Playersener binary, asof version
1.3,is about64KB.

3.3 Commondeviceinterfaces

As mentionel in Section2.1.2, Players device modd
permitsdrivers that control different hardware or imple-
mentdifferentalgorithmsto presenthe sameinterfaceto
theclient. As aresult,controlproggamscanlargely ignore
the detailsof the underlyinghardware or algarithm, treat-
ing the systemasa collectionof gereric devices. For ex-
ample the Playerdrivers that control mobile robot bases
madeby ActivMedia, RWI, and K-Teamall presentthe
sameposi ti on interface. Thusa Player client program
cancortrol ary of thoserobots,with little or no charges
requiredto move between platforms. Several IMU drivers
alsopresentheposi ti on interfaceandsoappearto be
immobile bases. Similarly, the landmak detectos men-
tionedabove all presenthef i duci al interface,so, for
example, a client programthat builds a landmark-based
mapcanemploy thefidudals thatare mostappopriateto
agiven ervironmentbut largely ignorewhich detectoiis in
use.

3.4 Novel sensing& control systems

As a resultof its innovative network-centric architee
ture, Playe permitsary client, locatedanywhereon the
network, to acessary device; arobotcaneffectively “see”
throughits teammées’ eyes. Using Playerasa substrate,
novel distributed sensingand cortrol systemsthat were
previously unredizable cannow be constructedjuite eas-
ily. This featurewasexploitedin recentwork on conar-
rentcontrol[8], in which approxmatelyfifty independen
agants were simultaneaisly controlling a single robot’s
motorsthroughPlayer Similarly, Playe allowed a team
of robotsengagedin cogoerative localization[12] to di-
rectly accesseachothers’sensorstherebyfacilitatingsen-
sorfusion. In building suchsystemsthe designeris free
to chosethemostappropriateprogrammindanguageand
computing platformto implement eachcomponert.

A recen addition to the sener is the “passthrough
driver. Exeauting within the context of a Playersener,
this driver actsasa client to andher Playe sener. The
passthroulg driver conrectsto a remotesener and pro-
videsalocal proxyfor aremotedevice by forwardingcom-
mand anddata.In thisway, remoteresourcesanbemade
to appear aslocal resource, which offers interestingav-
enwesfor futureresearch.

Considerthe en@psulatiorof sophisticate@lgorithms
into Playerdrivers describé in Section3.2. Whenalgo-
rithms are madeinto drivers,they mustrun within Playe
onthesener side,whichis oftenarobot. If therobothas
only modest conputationa facilities, thenit may not be
well-suitedto run, for exanple, an expensve probailis-
tic localization algorithm. In this case,andher instance
of Player can run off-board, on a more powerful desk-
top machire, with passthroughgroviding datafrom and
cortrol of the remotedevices. An expensive algorithm
canthenrun in the off-board instanceof Player Using
the passthrougldriver, the compuationalload of a sens-



ing and control systemcan be distributed and arbitrarily
located arourd a network, so asto bestexploit available
resources.Also, when working with systemscompaed
of mary robots,a singleinstanceof Playerthat contans
passthroulgs for all of the robots’ sensorsand actuators
canactasa mechaismto aggreate data(e.qg., for visu-
alizationor logging)and/a distribute commands(e.g.,for
anoperato consde).

3.5 Comparing controllers and performance metrics

As a result of their flexibility and the Open Souce
development model, both Player and Stageare becan-
ing widely adoged. This provides the potential for an
open standardtest platform which would encairageob-
jective evaluation and comparisonof robot control algo-
rithms. Thereare currently very few practicd metricsor
othercharaterizationsof robotbehavior, yet thereis alot
of interestin thisarea.Suchevaluationwill berequiredfor
thefield to transitionfrom a primarily ad hocexperimental
scienceao amoreprincipled discipline.

3.6 Fantastic sensors

Stageis normally usedto simulateexisting robot de-
vices,asuserdestthefeasibility of theirideasfor control-
ling realrobots.But Stagecanbe usedasa “whatif” tool,
to explore robot controllersthat use devices that do not
exist. Thisis usefulasa conventioral designtool, allow-
ing investigatiors suchas: ‘How would my locdization
algorithm performwith a device that performshalf-way
betwesna sonaranda laser?’,or ‘What arethe trade-ofs
betweenrobotspeedandbatterylife, or sensoupdaerates
andresolution? ‘What novel algorithmscould exploit an
ultra-wide-ban radarthat coud detect walls and the ob-
jectsbehindthem?. Roboticsprojedsthataredevelopng
anew sensorcanexperimentwith cortrollersin simulation
beforetheir hardwareis read;.

Stages moduar archite¢ure makesit easyto adden-
tirely new modds in orde to explore lesscomman ground
'What coud | doif my robotscould chang color at will,
orvisually expresssomeinternalstatego their colleggues,
or quickly recogrize andcategorize eat other[30]?". Ex-
ploring the useof devicesthat are not currently feasible
opensupanew field of study;roboticsasit coud be Free-
domfrom practica corstraintsdistinguishesciene from
engneering;having a meansto performexperimentsdis-
tinguishessciencerom sciencefiction.

3.7 Challengesin scalingsensorbasedsimulation
Stagesimulatesmultiple devices and scalesto a few
hurdred devices, but is not currently useful for simulat-
ing massve popuations,sayon the scaleof anantcolory,
which would be of greatinterestfor MRS researches. It
would be interestingto distribute Stages compute load
over a clusterof compuersto supportvery large popua-
tions (tensof thousand) in realtime. Thisis a significart
techrical challerge that posesunsoled problens in rep-
resentatiorandsynctronization. Stagewould alsoberefit

from advancedspatialrepresetationto improve speecand
memay efficiency in large andor sparselypopuateden-
vironments.

4 Usage

In 2002 software from the Playe/Stageproject was
downloadel over 2000 times. Playe and Stageare cur-
rently in usein morethantwenty majoracaemicandin-
dustrialresearchHabsarourd the world, andarealsoused
in teachng undegraduateand graduwate classes. Given
the modest size of the target audence(i.e., roboticsre-
searches and students)we conside the projectto be a
significant success. An importantfactorin that success
hasbee the Open Sourcemodel, which encairagesin-
clusive, collaborative softwaredevelopment. As thedevel-
ope teamanduserbasehave grown, majorenhacemets
have beenmadeto the software. Becaiseof their modu
lar designs,Playerand Stageare easily extended by, for
example,encgsulatinga sophisticatectortrol algorithm
into the sener or addinga modelof anunavailable but in-
terestingsensoto the simulator

Sinceit is the collective experienceof the usersthat
drives developnent, we now briefly review a few projects
in which Playe and/a Stagehave been used. Onesuch
projectis concened with robotic sensornetworks [24],
which arechaacterizedby extremdy large collectiors of
inexpensve mokile robots. Given the pradical limitations
onfielding even tensof physicalrobots theability to simu-
late hurdredsor thousans of robotsin Stage is invaluable
to researcherwishingto testcommunicationand coordi-
nationalgarithmsonlarge-scalesystemsA similarprojed
[10] aimsto extendthe scalalility and modularity of the
Decentralized Data Fusion (DDF) archited¢ure to active
sensometworksin which someor all of the network com-
porentshave actuators. The practicd implementationwill
beableto utilize theresourcesf a hetergeneusanddy-
namicteamof sensingplatformsto find andtrack station-
ary andmoving featuresn anindoorervironment. Playe
is usedasa comman hardware abstractiorlayer through
out the diverse setof softwaremodules and Stageis used
extensiely for codevalidation andinitial performane as-
sessment.

Another projed [15] studiesresourceallocation for
tamget-tracking in sensofactudor networks, using a
region-basedapprach to cortrol degoyment of mohile
robots.A multi-resolutiontaskassignmenéarchtectureal-
lows the systemto hardle significant environmental oc-
clusion. Becaisethe samePlayerinterfaceis usedwith
both physicd and simulateddevices, the tracking system
that was developeal in Stagewas trivially transitionedto
realrobots.Resourcallocationis alsoinvestigatedfrom a
learningperspetive [4], with thegod of developinggen
eral adaptve capdilities in robots and multi-robot sys-
tems. Focusing on spatio-tempueal adaptivity, this projed
usegeinforcematlearningto allow robotsto dynamically
adjusttheir behaior to ary given ervironmentwhile per



forming a settask. Of particularusein this projectwas
Stages ability to runsimulationtrials fasterthanrealtime,
and therebygereratethe substantialamouwnt of datare-
quiredto determinethe run-time charateristicsand per
formane impactof thelearningsystem.

Playeris alsousedin aninvestigation of novel multi-
robot task allocationalgaithms [7], providing a unified
interfaceto a groupof heterogaeots robots. In this case,
an ecoromically-inspiredtaskauctioring systemis devel-
oped andvalidatedon multi-robot teams,rangirg in size
from 3 to 7 robots,engagedin a variety of tasks. There-
sultingtaskallocaion system M URDOCH, is alsousedin
a broacer study of large-scalehuman-systeminteraction
[25]. Thecoordindion infrastructurewvasoriginally devel-
opal andtestedin Stagewith a large group of simulated
robotsandwasthenvalidatedon a smallerteamof physi-
cal robots. This simulate-@lidate appro@h hasalsobeen
successfully employed in mary othe projeds, including
recen work on multi-robotresourcdransportatiorj29].

5 Relatedwork

Lackof spaceprecludsadetailedcomparisonof Playe
and Stagewith their alternatves; that is anaher parer.
The distinguishing featuresof tools developel by the
Playe/Stageprojectare (i) they seekto corstrainthe de-
signof the controlling client programasilittl e aspossible;
and(ii) they areefficiently implemened arounda custom
network sener.

By minimizing constraints on the cortrol progran,
Playe and Stageoffer a uniqudy flexible robot devel-
opment environment compaed to otherssuchas Saplira
[16], Mission Lab [17], TeamBads [2], Ayllu [32], DCA
[21], ARIA [1], andCARMEN [26]. As atradeof for pro-
viding supportfor a particularcortrol or coardinationphi-
losoply, thesesystemall restrictthe endusers choiceof
progranming languageandor structure. While suchcon
straintscanbe very usefulin guiding the userin a particu-
lar paradigmwe believe thatsuchlow level constraintare
unsuitalbe for a gereral-purposesystem;the programme
shouldhave the chace to build ary kind of control sys-
temwhile still enjoying device abstractiorandenapsula-
tion. Thusin Playe we make a cleardistinctionbetween
the programning interfaceandthe control structure opt-
ing for a highly geneal programning interface,allowing
usersto develop their own tools, including sophisticated
architec¢ureslik e thosementione above.

Becaseit is designedexplicitly for roboticdevice corr
trol, Playe is efficient for this purpose;the primary lim-
itation on its performare is currently the speedand fi-
delity andtheundelying opeatingsystems schediler. By
building a customprotocd andsener insteadof adrering
to a“generic” communicationsstandardsuchasCORBA
[19] or Jini [31], we arefree from the compuationaland
progranmatic overheadthat is gererally associatedvith
the practical apgication of sucha standard. Robot in-
terfacesthat do rely on thesestandads, suchas Mobil-

ity [13], OROCOS[20], andothers[3, 11], bendit from
readily-availableclient-sidelibrariesthathide mary of the
communicationdetdls. However, asdemorstratedby the
proliferationof similar client-sidelibrariesfor Player(cur
rently available in 6 languages) our custommessag@ro-
tocolis simpleandeasyto implemer.

6 Summary and futur e work

Thegod of the Playe/Stageprojectis to provide Open
Souce softwareinfrastructureo supportexperimentalre-
searchwith multi-robot systems(MRS). To this end the
projecthasdeveloped the robot device sener Playa and
the multiple robot simulator Stage In additionto facili-
tatingongdng MRS researchPlayer and Stageoffer new
opportunitiesfor researclin emeging areasincluding dis-
tributedsensingandcontrol systemsWe expecttheseop-
portunitiesto improve andmultiply asthe softwareis used
anddeveloped by moreroboticists.

Playerand Stageare actively developed and we have
numeousentancenentsplanna for the nea future. Re-
garding Player we planto incorporateasstandad services
moresensingandcontrolalgarithms, initially focusingon
enaling techndogies suchas localizationand magping.
To supportthe constructionandcontrol of complex MRS,
we are investigating method for resourcediscovery, as
discussedh [27]. Wewill alsoadddevice driversthatsup-
port researctwith embedied systemsjncluding monitor
ing facilities for ad hoc networks and sophisticateccom-
municationservicesIn orderto allow thesimulationof ex-
tremelylarge populationsof suchsystemsStagewill soon
be distributible acrossnetworks of workstationsor cluster
computers.Oneof our nea-termgoalsis to dedoy sucha
clusterasapubic “Stage sener” thatwould simulatelarge
worldsoverlong periodsof time, allowing thepotenial for
comparisonandevaluationof proposectortrol algorithms
in both cooperatve and competitive settings. Simultane
ously, we areimproving Stages$ performarme by making
the world representatiomore efficient for sensomodel-
ing.

Finally, we are well adwanced in the development
of andher Open Souce multi-robot simulator: Gazédo.
Wherea Stageis designéd to simulatevery large num-
bersof robotsin 2D indoa ernvironments,Gazelo is a
full 3D dynanmic simulationdesigne for the simulationof
small numkers of robotsin outdoa ernvironments. Like
Stage Gazbois fully compatiblewith Player andclient
prograns canswitchbetweea thetwo simulationswithout
cocde modificaion. An early versionof Gazelo shouldbe
availablein August2003
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