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Abstract— Despite several successfulhumanoid robot projects
fr om both industry and academia, generic motion interfaces
for higher-level applications are still absent.Dir ect robot dri ver
accessproves to be either very dif�cult due to the complexity
of humanoid robots, very unstable due to constant robot hard-
ware upgrade and re-design,or inaccessibledue to proprietary
software and hardware. Motion interfaces do exist, but these
are either hardware-speci�c designs,or generic interfaces that
support very simple robots (non-humanoids). Thus, this paper
intr oduces RoboTalk, a new motion interface for controlling
robots. From the ground up our design model considers thr ee
factors: mechanism-independenceto abstract the hardware fr om
higher-level applications, a versatile network support mechanism
to enableboth remoteand local motion control, and an easy-to-
managedri ver interface to facilitate the incorporation of features
by hardware developers. The interface is based on a motion
speci�cation that supports a wide range of robotic mechanisms,
fr om mobile basessuch as a Pioneer 2 to humanoid robots. The
speci�cation allows us to construct interfaces fr om basic blocks,
such as wheeledbases,robot arms and legs.We have testedand
implemented our approach on the Honda ASIMO robot and a
Pioneer 2 mobile robot.

I . INTRODUCTION

In the last decadeor so, a handful of humanoidrobots
have been successfully developed by both industry and
academia.Some of the famous examples include ASIMO
from Honda [1], Qrio from Sony [2], and Open Pino [3]
from JapanScienceandTechnologyAgency. But thereis still
a lack of a commoncontrol interface for humanoidrobots
to interactwith higher-level applications.Researcherswithin
development teams must write their own driver interfaces
to speci�c robots, modifying theseprogramsrepeatedlyas
the hardware evolves. This is inef�cient becausecommon
algorithmsareconstantlyreimplementedin differenthardware.

Android development can greatly bene�t from software
developmenttrendsin non-humanoidrobotics.In fact,general
interfacesfor non-humanoidrobotsdo exist. The exampleof
Player[4], [5] comesto mind. The PlayerProjectsupportsa
wide rangeof robotic platformsthanksto the collective effort
of many developers.However, the interfacesfound in Player
tendto supportverysimplemechanismsfrom thepointof view
of motion. Moreover, available interfaces(within or without
Player)are usually direct-driveapproaches:a client issuesa
command,robot executescommand,control is returned to
client, andclient issuesa new command.Underthis approach

motions are executedframe by frame, and the inter-frame
timingsarelost. This is oftenun-desirablein humanoidrobots
(e.g., during a dance sequence).Direct-drive is not about
runningnetwork communicationsin blockingvs.non-blocking
mode.It is about the lack of ef�cient buffering mechanisms
to allow motion playback in the presenceof latency and
bandwidthlimitations in network communications.

A. Overview

This paperintroducesRoboTalk, a novel interfacefor gen-
eral robotmotioncontrol.Our motion interfacehastheability
to communicatewith a wide rangeof humanoidor mobile
robots,and provides a uni�ed user interfacefor higher-level
applications.Our key motivation was to ensurecross-robot,
cross-network, and cross-OScompatibility. To achieve this,
we divided our developmentcycle into threephases:

The�rst designphasewasto developa motionspeci�cation
to addresscross-robotcompatibility. This speci�cation is a
collection of descriptorsabout the robot geometric model,
joint and link con�guration, kinematic constraints,motion
statesandsupportedcontrol commands.Althoughrobotshave
different mechanicalcapabilities,the speci�cation is general
enoughto describethe motionsof a wide variety of robots.

The seconddesignphasedealt with the network commu-
nication model: transmissionprotocol, client/server interac-
tion mechanisms,supportfor multi-client connections,reply
caches,etc.RoboTalk is basedon theconceptof frames, where
a frame is a set of motion descriptorswith the sametime
stamp.This is akin to a video streamwhere a frame is a
set of image pixels sampledat the sameinstant. Buffering
mechanismsin RoboTalk deal with network congestionby
preservinginter-frame timings in the commandstreamat the
expenseof latency.

The �nal designstagewas the selectionof libraries that
could be easilyportedacrossplatforms.To achieve cross-OS
portability we avoided the use of proprietarysoftware tools
or libraries. Our choiceof programminglanguagewas C++,
but RoboTalk'sspeci�cationitself is languageindependent.So
far we have compiledandrun RoboTalk clientsandserversin
machinesrunning Linux kernels2.4 and 2.6, Mac OSX, and
Windows XP runningCygwin.

RoboTalk is not a completerobotarchitecture.For instance,
it doesnot cover sensorinterfaces(except for measurements



of kinodynamicvariables),nor doesit provide anenvironment
for implementingreal-timecontrollers(althoughit canbeused
to interfacewith a controller in real-time).RoboTalk is just a
motion interface,but onedesignedto easilycomplementother
robot architectures.

B. Organization

This paper is organized as follows: Section II surveys
previous work that is related to our research.Section III
describesin detail our motion speci�cation and communica-
tion model, while SectionIV describesour implementation.
SectionV explains the four commandmodessupportedby
RoboTalk: direct, delay, playback, and broadcastmodes.Fi-
nally, SectionVI describesaprototypeinterfaceconnectedto a
Hondahumanoidrobot anda Pioneer2 equippedwith a Sony
EVI pan-tilt camera.A single client programissuesmotion
sequencesto both devices acrossthe network. The motion
sequenceplaysbackwith the sameinter-frametimings dueto
RoboTalk's buffering mechanism.

I I . PREVIOUS WORK

RoboTalk serves as a speci�cation for robust communi-
cation of robot con�guration information and motion com-
mandsbetweena high-level control applicationandthe robot
hardware.Previous teleoperationsystemshave beendesigned
to cope with the problem of scheduling,and sendingmo-
tion commandsto a robot over a communicationlink. The
Robonaut[6] architectureallows high-level commandsto be
converted by modules called subautonomiesinto low-level
motor commands.The Athena software developmentmodel
[7] for Mars roversfeaturescommandsequencingto schedule
and executecommandssent from the control applicationto
the rover. RoboTalk allows control applicationsto be written
in a mannerthat canbe easily reusedor recon�guredat run-
time for changingrobot platformswith a commoncommand
interface.Thereexist several public andcommercialsoftware
projects for interfacing with robots.Someexamplesare the
following:

ARIA (ActivMedia Robotics Interface Application) is an
applicationprogramminginterfacedevelopedundertheobject-
orientedmodel [8]. ARIA communicateswith the robot via a
client/serverrelationshipthroughserialor TCP/IPconnections,
but it lacks buffering mechanisms.It is designedto interface
only with ActivMedia's mobile bases.

OROCOS (formerly Open Robot Control Software, now
OpenReal-timeControl Software) is a free software project
that focusesin real-timecontrol [9]. It follows a component-
baseddesign,whereeachcomponenttransmitstheir complete
state in a single call. OROCOS is ideally suited for feed-
back control systems,but it is not an interface for higher-
level descriptions(such as joint and link con�guration and
geometry).Neitheris OROCOSintendedfor motionplayback
undernetwork limitations.

OAP (OpenAutomatonProject)focusesonhardwareimple-
mentation.Thegoalof OAP is to provide inexpensive designs
for building robots [10]. The Open Pino Project is a GNU

projectdesignedto control commercialPino robots[3]. Thus,
it lacks the potentialto be a generalplatform to accessother
humanoids,mobile robotsor humanmodels.

Open HRP (Open Architecture Humanoid Robotics Plat-
form) provides an abstractionlayer betweenthe hardware
detailsof the robot and its controllersystems[11]. The same
controllercanbe usedon both real andsimulatedversionsof
the robot. RoboTalk adoptsthe samephilosophyof hardware
abstraction,but expandsthe classof robotsto non-humanoids
and provides different modesof network communicationin-
dependentlyfrom the target robot.

A generalrobot control platform is Player[4], [5]. While it
wasdesignedto provide a control interfacefor generalmobile
robotsandsensors,it currentlyhasthe following limitations:

1) Player server is designed to directly access the
robot/sensordrivers, which is not a good option for
black-boxcomponentsor changinghardware.

2) Player lacks the ability to de�ne and accessindividual
joints, links and control frames on a humanoidor a
kinematicssimulator. It canbearguedthatthiscapability
can be addedto Player, but this is far from a trivial
addition. (In comparison,in our system it is almost
trivial to rede�ne a pan-tilt cameraas a headlink on
top a Pioneer2 mobile robot.)

3) The Player server cannot issuemultiple commandsto
differentmotorsin a robotat thesametime. In androids,
it is importantto have the ability to issuesimultaneous
commandsbecauseit allows the possibility of whole
body coordination.

4) There is no mechanismin Player to customizePanic
responsesto prevent disastrousoutcomeson different
types of expensive robots. This modi�cation again is
not trivial, becausethe communicationmodelmustun-
derstand(as opposedto just communicate)the concept
of Panic in order to preemptotheractions.

5) The communicationmodel betweenserver and client
in Playerwas designedin blocking mode,meaningthe
client cannotprocessa new commandbeforeit receives
an acknowledgmentaboutthe previous command.This
is equivalentto directmodein oursystem(SectionV-A).

6) Finally, thereareno commandbuffers or return caches
built within Player. Thus,a motion sequencesentover
long distanceswill not replay in the sameway when it
is sentlocally.

In thefollowing sections,wewill explain in detailthedesign
and implementationof RoboTalk.

I I I . ROBOTALK DESIGN

Figure1 illustratesthestructureof theinterfacearchitecture,
which adoptsa speci�cation-centereddesign.A generalrobot
speci�cation standardis at the center of the interface as a
format to describe the con�guration of an arbitrary robot
and its control commands.The server and client implement
a mechanismto query and update the speci�cation values
through the execution of remotefunctions. Also, the server
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hasthe freedomto link a list of driver modulesfor different
robotsandsimulatorswithin the samecore implementation.

A. Motion Speci�cationOverview

Having a speci�cationstandardat the centerof RoboTalk's
architectureimmediatelyprovidesfour bene�ts:

1) The client seesandunderstandsa uni�ed setof motion
descriptors.As long as the descriptorscan be encoded
and decoded,the client operationis independentfrom
the server implementation.

2) Likewise,behindthe server, the driver hasimplementa-
tion freedom.This implementationis independentfrom
the client, andthe driver developmentis free to reinter-
pret the speci�cation for individual robots.

3) Theclient sideavoidstheuseof proprietaryinformation
aboutthe robot driver. Only thecapabilitiesof the robot
aredisclosedby the descriptors.

4) Theclient andserver canusedifferentOSandprogram-
ming languages,selectingthosethat better serve their
individual needs.

As anexampleof theabove, considertheoperationsunder-
pinninga GOTO(x; y; � ) locomotioncommand.In a humanoid
robot this is implementedthrough the leg drivers, which
executea walking gait preservingthe robot's upright balance.
Yet, in a Pioneer2 robot the GOTO commandis a call to far
simpler wheel driverssincethereare no balanceissues.And
for a PUMA arm mountedon a table the GOTO command
is non-existent, in which RoboTalk dictates that “N/A” is
returnedto theclient.Throughouttheaboverangeof examples
the client issuesthe sameGOTO function. The result varies
acrossdifferentrobots,but the syntaxremainsthe same.

RoboTalk's speci�cation consistsof three levels. The �rst
level is the setof robot con�guration descriptors.It describes
the kinematicsmodel, the statesand constraintsof the body,
joints and links of a robot, and the control framessupported
by the robot. The second level de�nes the set of robot
commandsand their arguments.Thesecommandsquery and
updatethe con�guration descriptors.The third level de�nes a
communicationprotocol.This describesthe format by which
client andserver interactacrossa network.

B. RobotCon�guration Descriptors

Whenanapplicationwrittenwith theRoboTalk speci�cation
establishescommunicationwith an unknown robot, a request
for its physical constraintsand kinematic joint con�guration
can be made. RoboTalk uses a �x ed-length con�guration

Fig. 2. Robotcon�guration of links and joints

headercontainingall globalparametersof therobotto loadthe
headeref�ciently into pre-de�neddatastructures.The header
contains three sectionsto register offset indices for joints,
links, and control frames in the robot. Joints are stored in
a singlememoryblock whosesizeis registeredin the header,
and each joint is cross-referencedwith the links joined by
it. Links and control framesare also organizedin this way.
Queriesabout the robot's con�guration are made from the
informationstoredin this header.

Our con�guration descriptorsassumethat the robot canbe
representedasa setof rigid links connectedby a hierarchical
tree of joints. Eachlink hasa single parentjoint and a joint
sharedwith a child link. Thereexists at leastonesingle root
link with no parentwhosepositionandorientationarede�ned
with respectto the world frameof reference.For simplenon-
humanoid robots, this may be the only link of the robot.
Similar hierarchicalrobot representationshave beenadopted
by the OpenHRP humanoidroboticssoftwareplatforms[11]
and the H-ANIM humanoidmodel speci�cations [12]. This
representationis suf�cient to describe a wide variety of
branched,articulatedchainmechanisms.

Our robot descriptorsconsist of links, joints and control
frames(seeFigure2). Eachof theseentitiescanbereferenced
by a name, allowing intuitive labels or common naming
schemesto beused(eg., leftArm, torso,rightLeg, head).Links
contain important parameterssuch as the mass, center of
mass,and inertia tensorsof the body segment. Thesemass
parametersare required for dynamic simulation and can be
useful for the designof appropriatecontrollers.

A joint storesthe local rigid body transformationof a link
with respectto its parent.The transformationis de�ned by a
combinationof constantparametersand variable degreesof
freedom(dofs) of the joint. The constantportion consistsof
thejoint'spositiondescribedin boththeparent's (inboard)and
child's (outboard)body-�x ed coordinatesystemwith respect
to eachlink' s centerof mass(refer to Figure2). In addition,
we specifya constantrestmatrix representingthe joint's local
transformationwhenall its dofsarezero.Thisde�nestherobot
con�guration in its rest (or home)state.



The dofs of the joint make up the kinematic stateof the
robot's con�guration with a maximum of six dofs per joint
for a fully unconstrainedrigid transformationon a link. Each
degree of freedomis speci�ed as being either prismatic or
revolute with a relatedaxis vector, allowing any combination
of up to six of thesetransformationsto producethe most
commonrobotic joint typessuchaspin, universal,gimbaland
prismaticjoints. Joint limits de�ned for eachdof can further
constrainmovement.

Thelastdescriptoris thecontrol framewhich hasa position
andorientationin thelocal frameof its parentlink. In contrast
to joints, a control frame is �x ed to the link and doesnot
exhibit independentmotionsfrom thelink. Theprimaryuseof
controlframesis to specifythelocationandorientationof end-
effectorsor taskframesusedfor manipulation.Control frames
provideanimportantinterfacebetweentherobot's generalized
coordinatesand the taskat hand.

C. RobotCommandsand CommunicationProtocol

The commandspeci�cation de�nes the format of robot
commandsand their arguments.Command arguments are
alwaysexpressedin MKS units whenthey representphysical
quantities.Controlling a robot joint depends(of course)on
whetheranactuatoris presentat thejoint, andthetypeof servo
command(set-point,speedor force)acceptedby anactuatoris
a functionof its implementation.RoboTalk associatesa servo-
commandtype to every joint andcontrol frameto indicatethe
motion commandssupported.A joint or control-framemay
supportmore thanonetype of servo command.

We de�ned seven typesof signalsto return function com-
mandstatus.There are three types of error signals:PANIC,
ERROR and INTERRUPTED. The signal INTERRUPTED
occurs when a legitimate action is halted prematurelydue
to an error. The other four signals are: BUSY, SUCCESS,
MODIFIED and NA. Signal BUSY is returnedif the robot
is yet to �nish a previous requestthat cannotbe interrupted.
SUCCESSis returnedto indicate successfulcompletion. If
the driver has limited supportof a command,it will return
MODIFIED (e.g.,a holonomiccommandexecutingin a non-
holonomicrobot).However, signalNA is returnedif the robot
doesnot supportthis commandtype (e.g.,leg commandssent
to a Pioneer2 robot).

The communicationprotocol describesthe format to send
multiple commandsin one network package.This protocol
sits above conventional network protocols, such as TCP,
UDP, DDS(data-distributionservice),etc.RoboTalk'sprotocol
supportsfour commandmodes:direct, delay, playback,and
broadcast.Each packagecontainsa �x ed-lengthheaderand
a payload.The headercontainsa panic �ag, the type of the
payload,and the sizeof the payload.

Whenthepanic�ag is setthe server automaticallyputsthe
robot in paniccondition(if supportedby thehardware).Panic
conditionsaresetby thepackageheader, not its payload.The
reasonbehindthis will be clear in the next section.

Network packagescontainsone of two types of payload.
Theseareeitherqueriesabouttherobot's status,or commands
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Fig. 3. CServer classstructure.

to move the robot. We restrictpayloadsto be either type, but
not both: i.e., payloadtypescannotbe mixed.This allows us
to easilydistinguish“read” from “write” packages.

The values within a packagepayload must be stored in
network-byte-order integer format to ensure compatibility
acrosssystems.This is to deal with byte ordering differ-
encesamong little-endian and big-endianprocessors.Thus,
commandparametersand other con�guration descriptorsare
expressedin integers.Our client and server libraries convert
the MKS units into integer representations.

IV. ROBOTALK IMPLEMENTATION

Our �rst implementationfor both the server and client
followedtheobject-orientedparadigmandwaswritten in C++
language.Thus,we useC++ examplesduring our discussion.
Nevertheless,RoboTalk hasno languagerequirement.Yet, the
implementationmustfollow thespecsandsupportRoboTalk's
commandmodes(explainedin the next section).

A. ServerImplementation

Figure 3 illustrates the structure of the basic C++
server class: CServer. Within CServer, a second class –
CClientConnection–managesthe servicesto individual client
connections,suchas network I/O buffering, commandmode
scheduling,panicdetection,etc.

CClientConnectionclass provides methodsto buffer and
encode/decodethe packagesfor one client connection.A
CClientConnectionarray extends thesemethodsto multiple
clients.Two independentthreadsencode/decodepackagesand
processthebuffers in roundrobin over all client instances:the
ServerDaemonthreadandthe RobotDaemonthread.

ServerDaemonis responsiblefor adding/deletingclient in-
stances.It callsthe::Read()functionto reada packagesentby
a client, and parsesthe commandscontainedin the payload.
Thesecommandsare thenprocessedby RobotDaemon.

Commandsare not executedin their arrival order: instead,
commandsare stored in a commandqueue and scheduled
accordingto their startingtime.Thus,a STOP commandsched-
uled to start in 40 sec.will be executedby the RobotDaemon
after a GOTO commandscheduledto start in 20 sec.,even if
theSTOP messagearrivesbeforetheGOTO. Thatis, thestarting
timeof a commandconstitutesits reversepriority. A command
with priority of 0 will be executedimmediately. Commands
with samepriority areexecutedin their arrival order.

Querycommandsalways have priority 0, but motion com-
mandsusually do not. A set of motion commandscan be
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queued,resulting in bettermotion execution in the presence
of network delays.PANIC signals,however, are never stored
in the commandqueue,andareinsteadexecutedimmediately
by ServerDaemon.Commandsfrom otherclientsareblocked
until the panicsignal is reset.

Returnsignalsgeneratedby robot commandsareplacedin
a return queueby the RobotDaemon,and scheduledaccord-
ing to their issuancetime. This queueis processedby the
ServerDaemonin the sameway the RobotDaemonprocesses
the commandqueue,calling the ::Write() function to send
repliesback to the client. A third queue,the playback queue,
is usedto play a motion sequenceof �nite duration.This will
be explainedin SectionV.

There is one CClientConnectioninstancefor each client
connection.Therefore,eacha client hasits own set of com-
mand,playbackandreturnqueues.

B. Client Implementation

Thestructurefor aclient is relatively simple.Figure5 shows
our implementationof the CRobotClientclass.

CRobotClientsendsnetwork packagesto theserver in either
blocking or non-blockingmodedependingon the command
modeselected(seenext section).In blockingmode,theclient
executionstopswhena commandis issuedto the server, and
execution resumeswhen the client receives an acknowledg-
ment.Executionis not interruptedin non-blockingmode.

Motion commandsare executedby the server basedon
their priority, andcommandsin turn have differentcompletion
spans.Therefore,in non-blockingoperation,wecannotassume
that the server replies to the client in the sameorder as the
original motioncommandsweresent.To addressthis problem,
an independentthread–ReadDaemon–storesserver repliesin
a return cache implementedasa hashmap.

The hashmap behaves as a dictionary datastructure.The
elementkeys are the original commandID' s for which the
server generateda response.Thus,in non-blockingmode,the

client canperiodicallyquery the returncacheto verify if the
responseto a particularcommandhasarrived.The hashmap
is implementedwith the hashmulti-map de�ned in the C++
StandardTemplateLibrary.

V. COMMAND MODES

In this section, we describe the four command modes
supportedby RoboTalk. Thesemodesare implementedby
the three priority queueson the server's end for eachclient
connection,and the hashmapon the client's end.

A. Direct Mode

Direct modeoperatesasfollows: 1) Thenetwork communi-
cationbetweena client anda server runson blockingmode;2)
if therobotis not in Panicstate,theserverprocessesall control
andquerycommandsimmediatelyafterthesearereceived;and
3) a client function call returnsonly after the client receives
an executionacknowledgement.A commandmay optionally
delay its executionwith a non-zerostartingtime.

As shown in Figure 6, the �rst step is to synchronizethe
clock betweenthe client andthe server. This synchronization
occurs immediatelyafter the connectionbetweenclient and
server is �rst established.

Afterward, the client starts to acceptcalls to control the
robot.Whena function is called,the client createsa network
packagecontaining(possibly) multiple commandsto be ex-
ecutedby the robot. Commandsare tagged,and the whole
packageis time-stampedand sent to the server. The client
executionhalts inside the function call until a result package
for this function arrivesto client's returncache.1

On the server side, the packageis placed into the com-
mand cache.The RobotDaemonthreadcontinuouslychecks
if the timestampof the commandwith highestpriority has
expired. Moreover, all control commandswith priority 0 will
be executedby the RobotDaemonimmediatelyafter they are
received by the server. Thus, the transmissionand execution
of queriesandotherpriority-0 commandsfollow a hand-shake
modelwhile in direct mode.

For Panicsignals,aspecial�ag is setin thenetwork package
header. This �ag indicates that the commandis not to be
storedin thecommandcache.Instead,the robot panicstateis
activatedassoonas the packageheaderis parsed.All caches
are �ushed, and the server rejectsany new commandsuntil
the panic �ag is reset.

B. Delay Mode

Delay modespeci�es that: 1) The network communication
runs on TCP non-blocking mode; 2) function calls return
immediatelyafter a commandpackageis sent;3) the server
usesbufferingto compensatepossiblenetwork congestion;and
4) the amountof buffering is speci�ed by the client asa time
delay in the executionof commands.

Figure7 shows the implementationdiagramof delaymode.
This diagram is similar to the one describingdirect mode,

1A time-outmechanismcan be addedto deal with communicationbreak-
downs or server crashes.
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except for an additional mechanismthat shifts the client's
clock forward.That is, theclient synchronizesits clock to the
server's local time plus the speci�ed time delay. The delay is
henceforthincludedin all packages.

On the server side, the contentsof the commandcache
have a time offset with respectto the server's clock. The
RobotDaemonwill not execute the client commandsuntil
the time delay elapses,and theseare insteadqueuedin the
commandcache.The client can thus specify a long delay in
orderto play a dif�cult motion sequencethrougha congested
network connection.The sequenceis delayed,but its inter-
frame timings are preserved becausethe commandcacheis
actinga buffer.

It is possibleto run delaymodewith a time delayof 0. This
looks similar to direct mode,but client-server transactionsdo
not obey the hand-shake model.

C. Playback Mode

Playbackmodeis an improvementover delaymodewhena
motion sequenceis �nite. The server automaticallydecides
how much to delay the sequencebased on the observed
network congestion.

It is not necessaryto synchronizethe server and client
clocks becauseonly the inter-frame timings are important in
this mode.Instead,playbackmoderequiresthat the duration
of themotionsequenceis known to theclient,andthatmotion
framesare(roughly) evenly-spacedin time.

The server storesthe received packagesinto the playback
cache(anotherpriority queue).The server calculatesthe ratio
of the averagetime betweencommandsto the averagetime
betweenpackagearrivals after enoughpackagesarestoredin
the playbackcache.This ratio is used to estimatethe time
delay requiredby the playbacksequence.
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After the server estimatesthe necessarytime delay, it adds
this value to the packagetimestamps,and shifts all stored
packagesand future packagesback into the commandcache.
The motion sequenceis thus delayedand buffered by the
server. Meanwhile,the client runs in non-blockingmode.

D. BroadcastMode

Broadcastmodeis designedto periodicallyquerythe robot
statewith a single request.The server handlesbroadcasting
commandswith a specialquery that periodically re-insertsa
delayedcopy of itself into the commandcache.

Figure9 illustratesthe mechanismbehindbroadcastmode.
Theclient issuesa broadcastrequestwith a speci�edsampling
time. A query aboutthe robot stateis insertedinto the com-
mandcache.Oncethis queryis executedthestateinformation
is sent to the client's return cache.However, a copy of the
query is createdandreinsertedinto the commandcachewith
the samplingtime addedto its priority. Thus,the querycom-
mandregeneratesitself for futureexecutionby RobotDaemon
without theclient repeatingthequery. This regenerationstops
oncethe client issuesa broadcastcancellation.The client, of
course,runs in non-blockingmode.

Table I shows the summaryof the four commandmodes.

VI . EXPERIMENTS

This sectionexplainsour experimentsusingRoboTalk with
a Pioneer 2 robot and a Honda ASIMO humanoid. Sev-
eral video demo sequencesare available to our readersat
http://perception.csl.uiuc.edu/demos/RoboTalk/ .

A Sony EVI camerawas mountedon top the Pioneerto
act asa head.This camerahasmotorizedpanandtilt actions.
ThePioneerbasebecamelink 0 in our speci�cation,while the
camerabecamelink 1. The links areconnectedwith a single
2-dof revolute (actuated)joint.

We implementedCServer for the Pioneer2 and ASIMO
using POSIX threadsand socket protocolsunder Linux and



TABLE I

Mode Communications Syncronization Returns Advantages Limits

Direct blocking necessary acknowledge goodfor doesnot preserve
every commands debugging inter-framedynamics

Delay nonblocking necessary error signals preserve sequence not adaptive to
within a time frame the channelcondition

Playback nonblocking unnecessary error signals preserve the whole needto know the
sequence sequencelength in advance.

Broadcast nonblockingor unnecessary broadcasted for repeated N/A
broadcasting data dataquery

Cygwin for Windows XP. In thePioneer2 case,theserver in-
terfaceswith themotorsusingPlayer's P2OS positiondriver. 2

Thecamerais likewisecontrolledthroughPlayer's PTZ driver.
In other words, CServer was compiled to use Player as the
robot driver. It is important to note that RoboTalk's usesno
otherfeaturefrom Playerotherthanthe P2OS andPTZ drivers.
This shows how RoboTalk canbe integratedwith an existing
robot architecture.

Both ASIMO and the Pioneer robot are equippedwith
wirelessnetwork connectivity (802.11b).In the former case,
CServer residesin a computerconnectedto the robot on an
exclusive wireless channel.In the latter case,CServer and
Playerare installed in a laptop on board the Pioneer2, and
connectedto the motorsthroughits serialports.

A. Networkand RobotCompatibility

Clientswerewritten for Linux, Mac OSX, andCygwin for
Windows XP. This OS mixture allowed us to verify network
compatibilitybetweenarchitectureswith differentbyteorders.
For example,aPowerPCCPUhasbig-endianbyteorder, while
an Intel CPU follows little-endianbyte ordering.

To verify robot compatibility, we developeda GUI-driven
test application using the Qt API. The test consistedof
transmittingan identicalmotionsequenceto bothASIMO and
the Pioneer2 robot using the sameclient. Only the server
network addresschanges.In otherwords,the robots' internals
arecompletelyabstractedfrom the client.

The sequenceis a seriesof forward/backward and turning
motionsfor the main body, coupledwith panningmotionsfor
the head.Both ASIMO and the Pioneer3 are mechanically
capableto reproducethis sequence,althoughASIMO follows
themotionby walking.Thetestsequenceexecutescorrectlyin
both robots(Figure10). Videosareavailableon our website.

B. NetworkRobustness

To test RoboTalk's network robustness,we simulatedthe
effect of traf�c congestion.We �rst connectedour Pioneer
CServer to Stage,the companionsimulator to Player. Next,
we designeda velocity pro�le using SETSPEED instructions

2We modi�ed this driver to acceptpositioncommandsin additionto speed
control.

3The readermay observe in the video that the Pioneer2 appearsto move
abruptly. This is becausethemotorspeedsandaccelerationsaresetvery high.
The robot positioncontrol is actingasa bang-bangcontroller.

generatedevery 0.1sby the client. The resultingpathconsists
of a sequenceof four small half circles, followed by a large
half circle,suchthattherobotreturnsto thestartingpoint after
the motion. Underperfecttiming, the simulatoron the server
sideshouldgeneratethe following path:

Theshapeof thegeneratedpathwill look very differentif the
timings arenot preserved.Thus,we can judge the robustness
of RoboTalk's four differentcommandmodesfrom theoverall
distortionof their paths.

Randomnetwork congestionis simulatedby addinga SLEEP

subroutinein the ServerDaemonthread on the server side.
This doesnot changethe timestampsof the commandsin the
sequence(as theseare generatedby the client). But SLEEP

haltsServerDaemonfor a randomdurationof [0; 0:1]safterthe
TCPPOLL signalis detected.ThisdelayoccursbeforetheTCP
packageis cachedto the correspondingCClientConnection
instance. Since the command modes are implemented in
separateCClientConnectioninstances,this add-indelayaffects
the communicationchannelto that client only.

The test results show the advantagesof the command
modedesign.The effect of congestionis shown in Figure11
for different commandmodes(videos are available on our
website).Without congestion,direct modereplaysthe ground
truth exactly, as shown in (a). Delay and playback modes
alsoreplaythe pathexactly underthis condition,andarethus
omittedfrom the �gure. With simulatedcongestion,however,
the path generatedby direct mode is severely distorted(b),
while delay modewith a 10s buffer only partially preserves
theshapeof thepath(c) —just the �rst 10 secondsof motion
are replayedcorrectly. Yet playbackmodeexecutesthe path
correctly, regardlessof congestion(d). But with a cost: the
motionwill not startplayingimmediately. Delayandplayback
modesadd latency to the overall sequence,direct modedoes
not (which is why direct mode cannotbe replacedin every
application).This effect is demonstratedin our video �les.



Fig. 10. Snapshotsof a motion sequenceusing GOTO commands,executedon a Pioneer2 (top row) and Honda's ASIMO (bottom row). The target path
is shown on the left. The motion was coupledwith pan and tilt actionsfor joint #1 (the head).We intentionally de�ned the pin-tilt joint of the cameraon
Pioneer2 as joint #1. The client sentthe samesequencewithout knowing the driver implementation.

(a) (b) (c) (d)
Fig. 11. Four trajectoriesfrom the original sequence.(a) Direct modewithout network congestion.(b) Direct modewith network congestion.(c) Delay
modewith network congestion.(d) Playbackmodewith network congestion.

VII . FINAL DISCUSSION

RoboTalk providesanabstractionlayer thatallows develop-
ersto developsystemsfor motionplanningandcontrolwithout
knowledge about the robot's internals. This minimizes the
amountof informationto bedisseminatedover a development
group. RoboTalk also allows distributed operations,where
an assortmentof remote processesoperatedifferent robot
subsystems.This suggeststhe creationof new typesof robots
whosephysicalpartsaregeographicallydispersed.

An importantcontribution of our work is the provision of
four communicationmodesthat acknowledgethe presenceof
network traf�c congestion.The useof buffering andmonitor-
ing of timestampsallow motionsto be enactedin the correct
sequencewith smoothperformanceplayback.Provisions are
madefor assigninghigherpriority to differentmessages,such
as the PANIC signal.

Except for kinodynamicvariables,RoboTalk doesnot ad-
dressthe issueof sensing.Sensingremainsbeyond the scope
of the original RoboTalk's speci�cation. In future work, we
will deal with sensorswith a parallel interface speci�cally
designedfor sensors.

We are currently developing RoboTalk servers to work
with a humankinodynamicsimulatorproducedat Honda.In
particular, thecontrol framespeci�cationin SectionIII-B will
be used to carryout end-effector position tasks in a virtual
environment.Thesesimulatorstypically have moredofs than
currenthumanoidrobots,but otherwiseusesimilarhierarchical
models. The motion interface will be used to connect an

applicationto differentsimulatorsfor testing,andseamlessly
switch devicesduring operation.
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