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ABSTRACT

Robot Urban Searchand Rescueis a new task in robotics
thatis challengingnotonly robothardware,but alsohuman-
robot interfaces.It is a real-world challengein an unstruc-
tured environment that requires cooperationbetween a
remoterobot and a humanoperator. The study of human-
robot interfacesis still in its infancy, andmostof theurban
search& rescuesystemsÞeldsofar useanadhocapproach
to userinterfacedesign.This paperpresentsanoverview of
currentthinking on interfacedesignfor urbansearch& res-
cue, presentsa designand evaluation of a user interface
basedon a video gameinterface,and thenmakes the case
thatvideogamesoffer a valid roadmapfor futuredevelop-
mentof both robotcapabilitiesanduserinterfaces.A com-
parative analysisshows that the goalsandmethodsusedin
bothvideogamesandurbansearchandrescuearesimilar, if
not identical.Therefore,we canleveragetheempiricalsuc-
cessof video game interfacesin developing current and
future user interfaces for urban search and rescue.

Keywords

Robot-humaninterface,urbansearchandrescue,computer
game interfaces.

ACM ClassiÞcation K eywords

H.5 Information Interfacesand Presentation,H.5.2 User
Interfaces, interaction styles, prototyping

INTRODUCTION

TheUrbanSearchandRescue[USR] eventat theAmerican
Associationfor ArtiÞcial Intelligence[AAAI] RobotCom-
petition challengesrobot teamsto Þnd victims in a simu-
lated urbanenvironment.In order to be successfulat this
task, the robot must answer three questions:

1. Where should it search?
2. How should it get there?
3. How does it identify victims?

This event hasbeenpart of the AAAI Robot Competition
andExhibition sincethe summerof 2000.In the pastthree
competitions,the most successfulteams have answered
thesequestionsby providing a human operatorwith as
much information as possibleabout the robotÕs situation.
Thenthehuman--nottherobot--attemptsto answertherele-
vantquestions.Currently, thesecondquestion,makingdeci-
sionsaboutglobal and/orlocal navigation, is the only area
in which multiple teamshave successfullygiven the robots
some signiÞcant autonomy.

Whatever the robotÕs capabilities,effective user interfaces
[UI] arecritical in this task.TheUI mustbecenteredaround
providing the human operator sufÞcient information to
make correctdecisionsaboutfuture actionsof the robot at
the required level of decision-making.This constitutes
humanrobot awareness,as deÞnedby Drury, Scholtzand
Yanco [10].

Because of existing robot capabilities, the decisions
requiredarecurrentlyprimarily low-level, andthey focuson
eithermoving therobot to new locations,or moving a cam-
eraon therobotto look at apointof interest.As robotcapa-
bilities improve, the level of decision-making should
becomemorehigh-level. For example,a robotmightbetold
to explore an area,or go to a point in an area already
exploredwithout any further oversightuntil it achievesthe
goal.

In our four yearsof experiencewith the USR task, it has
becomeapparentthattheUI is critical to successin thetask.
Thus,the focusof our 2003USR entry was to develop an
effective, responsive userinterfacethatpermittedtheopera-
tor to usea rangeof autonomyin navigation, andprovide
the greatest ßexibility in the use of the robotÕs hardware.

This paperpresentsan overview of the conceptsin USR
UIs, presentsour UI designfor the2003AAAI USRCom-
petition,andoffers a reßective analysison how USR inter-
facesought to be constructedfor now, andin the future as
robot capabilities continue to improve.

Inspiration and A wareness

For our designwe turnedto thecomputergameindustryfor
inspiration.The genreof computergamescalled Þrst-per-
sonshooters [FPS]give playerscontrolover low-level deci-
sionsandpermit themto quickly assesstheir environment
and make time-critical decisions[8][17]. Using a single
robot to explore a USR arenaandÞndvictims is similar in
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taskandinformationcontentto searchinga mazeor build-
ing for enemies.

Using a computergameas inspirationfor a userinterface
for real tasksis not new [2][6]. Unlike many otherattempts
atusinggameinterfaces,however, USRhasall theelements
of a goodgame,and the goalsarevirtually identical.Fol-
lowing theheuristicslaid down by Malone,USRhasa spe-
ciÞcally deÞnedgoal, the outcomeis uncertain,the task is
emotionally appealing,and the physics of the game are
thoseof real life, so the userunderstandsthem intuitively
[11]. The elementof the interfacethat we needto design
appropriatelyis providing theoptimallevel of informational
complexity, introducing,or compressinginformation con-
tent as needed.

Unlike computergames,however, in the USR taskwe are
dealingwith real-world communicationsandreal robotson
theotherendof thescreen.Thus,theinterfacecannotignore
responsetime--whichis determinedby hardwareandenvi-
ronment--oruse capabilitiesthat do not yet exist on the
robots.Nor can it ignore the fact that robotsbreakdown,
andgo in andout of communicationsrange.The latter, in
particular, is going to be built into future USR competition
rules.Noneof the existing USR UIs, however, dealexplic-
itly with the issue of extended communications outages.

The literaturespeciÞcallyon the USR roboticstask is still
small,asthecompetitionhasonly existedsinceAAAI 2000.
Basedon theexperienceof teamswho have undertaken the
taskso far, therearecertainfactorsandcapabilitiesof UIs
that appear to be crucial to success in the task.

In order to start quantifying thesefactors,Drury, Scholtz,
andYancoundertookan analysisof threeUSR UIs in the
2002competitionanddevelopeda vocabulary for analyzing
human-robotinterfaces[HRI] [10]. The key conceptthey
deÞned is HRI awareness.

HRI awareness(basecase):Givenonehumanand
onerobot working on a tasktogether, HRI aware-
nessis theunderstandingthat thehumanhasof the
location,activities,status,andsurroundingsof the
robot,and theknowledge that the robot hasof the
humanÕs commandsnecessaryto direct its activi-
ties and the constraints underwhich it mustoper-
ate.

They further deÞnedsubcategoriesthat areall the possible
directedpairingsof theagentsin thesituation(humansand
robots).For the UIs in the study, errorson the USR course
were due to failures in at least one subcategory of HRI
awareness [10].

Note that the conceptof HRI awarenessalso matchesthe
ßow of informationin Þrst-personshootercomputergames
whereahumanis directingtheactionsof anavatar. For Þrst-
time users,for example,failure to succeedis often due to
lackof HRI awarenessaboutthestatusof theavatar(health,

ammunition,location). As usersget usedto the UI, how-
ever, their assessmentof avatarstatusbecomeshabitualand
failureswill bedueto judgementsin gameplay, ratherthan
failuresof HRI awareness.Note that, if this were not the
case,userswouldnÕt enjoy the gamebecauseit would be
difÞcultto entertheÒFlowÓstatedueto thedesignof theUI
[13].

USR User Interfaces

TheUSRUIs developedsofarmeettherequirementof HRI
awarenessin differentways.Sincethe humanis generally
makingmostof the decisions,human-robotawareness--the
awarenessthe humanhas of the robot--appearsto be the
mostcritical, sincefailuresin human-robotawarenesslead
to judgement errors for the system as a whole.

To understandhuman-robot failures, and thus improve
design,we believe it is important to further subdivide the
conceptinto two categories:awarenessof the robotÕs sur-
roundings,and awarenessof the robotÕs status.Surround-
ings awarenessis knowledgeof importantlocal landmarks
in theenvironmentandknowledgeabouthow therobotcan
move safely. Another way to think about surroundings
awarenessis how accurately the user can describe the
robotÕs local environment.Statusawarenessis knowledge
aboutthe stateof the robot itself, suchas its power level,
orientation,attitude,or thepositionof its camerarelative to
the front of the robot.

Theprimarymethodof obtainingsurroundingsawarenessin
currentUSR UIs, andFPSgames,is througha video feed.
Becausemost robotsdo not possesssigniÞcantautonomy,
themostcrucialof theUI attributesis thevideolagtimeand
bandwidth.Of the two factors,lag time is moreimportant,
as long lag times lead to instability in the control loop,
which occurswhendecisionsaremadeandsentto therobot
based on old information.

As an example of this, in 2002 one competitorswitched
from using an integratedgraphicaluser interfaceto using
primitive text-baseddebugging commandsto control their
robot simply because it reduced the video lag time [4][10].

A positive exampleis theINEEL interface,which usesspe-
cializedhardwarecompressionto managethe video signal,
enablingboth high bandwidthand low lag time [1]. The
INEEL interfaceis currently consideredthe best interface
for the USR task,not only becauseof its integratednature
and fast video feed, but also becauseit usesheavy-duty
hardware capable of traversing most of the USR arena [14].

TheINEEL interfaceis not game-like,however, andsuffers
from severaldeÞciencies:thescreenis toobusy, thevideois
not central on the interface,peripheralvision is not used
effectively, andthereis nouseof sound.In the2002compe-
tition the interfacewasactuallya hindrance,andtheclutter
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on theUI causedthedriver to ignorethefactthattherobotÕs
camera was not facing forward while driving [1][10].

A secondmethodof obtainingsurroundingsawarenessis
through the use of a dynamically createdmap. Several
entrieshave usedreal-timemappingto improve surround-
ingsawareness[10][9]. Thequality of therealtime mapsto
date,however, is suchthatthey arenotgenerallyusedasthe
primary meansof surroundingsawareness.Instead,they
function largely as a historical recordof the robotÕs path.
Theoneexceptionis theMITRE interface,whichmakesthe
map window the primary methodof surroundingsaware-
ness[9]. Thebestmapsso far weregeneratedby theGeor-
gia Techteamin 2002,but theseweregeneratedoff-line at
the end of the run [7][14].

A USR DESIGN: HARDWARE AND SOFTWARE

Our robotsin the USR competitionwere two iRobot/RWI
MagellanProÕs with onboard450MHzPentiumIII comput-
ersrunningLinux. Figure1 shows oneof the robotsenter-
ing the USR arena.The Magellanscome with 16 sensor
panels,eachcontaininga bump sensor, an IR sensor, anda
sonar. In addition,eachMagellanhasa CanonVC-C4 pan-
tilt-zoom[PTZ] cameramountedontop,nearthefront, with
apanrangeof -100ûto 100û,a tilt rangeof -30ûto 90û,anda
16X optical zoom. The cameravideo is connectedto a
bt848-basedPCI framegrabber, and it receives pan-tilt-
zoom commands via the serial port.

In order to obtainsoundfrom the robotÕs environment,we
mounteda wirelessmicrophoneon therobotandpipedit to
headphonesworn by the operator. This enabledus to take
advantageof soundsemittedby victims or otherdevicesin
the USR arena.

The robotsarewheeled,anddo not have a high clearance,
so they areonly ableto enterthe yellow areaof the arena.
Thus, the focusof the interfaceis on making the operator

moreproductive,andenablingtherobotsto traversethearea
faster.

Eachrobothastheability to make relative motionsautono-
mouslywith obstacleavoidance.We alsohave basicmap-
ping softwarethatusesthesonar/infraredsensorreadingsto
build maps,and a vision module for controlling the PTZ
camera.All communicationwith the robot and between
modules is via the Inter-ProcessCommunication[IPC]
package [15].

Interface Design

As notedabove, we took our inspiration for the UI from
Þrst-personshootervideo games.The mostsuccessfulFPS
gameshave very simpleinterfaces:the main portion of the
interfaceis dedicatedto a large viewing areathat contains
the gameworld. This provides the primary sourceof sur-
roundingsawareness.Smallstatusareasaroundtheperime-
ter are allocated for information regarding the playerÕs
healthand equipment,which constitutesstatusawareness.
Most gamesalsohave a radarmini-mapshowing thedirec-
tion to enemiesor otherplayers,aswell asaseparatescreen
containinga mapof the currentgamelevel. In FPSgames,
theseare most useful for strategic decision-makingrather
than immediate time-critical actions.

Our robot interfaceintegratesthreesourcesof information:
a videostreamfrom therobotÕs PTZ camera,aÒradarÓview
visualizingthe rangesensordata(sonarandinfrared,com-
bined) from the robot, and a manuallyupdatedmap view
showing the robotÕs internal map of the navigated area.
Together, thesethreewindows,shown in Figure2, bring the
robotÕsview of theworld to theremoteoperatorandprovide
both surroundingsandstatusawareness.Note that the pri-
marystatusinformationis in theradarview, which includes
not only currentsensorreadings,but alsoindicatorsfor the
pan and tilt of the camera.

Unlike otherUSRinterfaces,oursis not intendedto bepri-
marily mouse-based,hencewedonot,by default,show but-
tonsfor controlling the robot. Instead,mostcontrol is done
via the computerÕs keyboard,much like an FPS.The stan-
dard WASD directional pad is preferredby many right-
handedgamers,becauseit puts most of the basiccontrols
within onekey of the Þngersof the left hand,andfreesup
the right hand for using the mouse.

Unfortunately, ÒmouselookÓ,where moving the mouse
rotatestheplayerÕs headin thegameworld, wasnot some-
thing that could be implementedwith the robotÕs existing
PTZ cameraimplementation.Becauseof this limitation, we
usea secondd-padcontrol for thecamerausingUHJK on a
QWERTY keyboard. With the operatorÕs left and right
handsrestingon thekeyboard,thevastmajorityof theinter-
facecontrolsarea singlekeypressaway. The operatorcan
usethefast-twitchmusclesin their handto reactasquickly

Figure 1: a Magellan Pro robot entering the USR arena.
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as possibleto changingconditionsin the robotÕs environ-
ment.

ThecameraÕs PTZ controlsimplementeda smallstepangle
(aroundp/8 radians)for tilting andpanningusingthe key-
board.This wasimportantso that the operatordid not lose
surroundingsawareness.To speedup a pan acrossa large
area, however, the interface also implemented jump-to
options for moving the camerato the limit of its PTZ
ranges,as well as for quickly resettingthe camerato a
straight ahead view.

The video feed from the robot is enhancedslightly by the
additionof ground-planebars.BasedontherobotÕsconÞgu-
rationandcameratilt angle,thesebarsappearin the image
asthoughthey werelaying on thegroundat 0.5mintervals.
Thisassiststheoperatorin determiningdistances,whichare
difÞcult to assess otherwise from a single video image.

Interest P oints

Themousedoesplay oneimportantrole in interactingwith
thevideoimagereceivedfrom therobot:it allowstheopera-

tor to setandmanipulatepointsof interest,including land-
marks and victim locations,which are then storedin the
robotÕs map.TheoperatorÕs own humanvisual systempro-
vides the brain behind what the robot is seeing.

The operatorcan set an interestpoint on the ground by
clicking ontheimage.Therobotwill useits currentposition
andcameraorientationdatato calculatethe locationof the
selectedpoint in the world by assumingthat the click
occurredsomewhere on the ground plane, similar to the
methodof drawing the groundplanebars.An operatorcan
click multiple timeson thesamelandmarkover time to cor-
rect the orientationof the robot. This ability to orient on
local landmarkssigniÞcantlyreducederrorsin localization,
and improved the accuracy of the robotÕs maps.

Landmarkselectionalsoallowedtheadditionof someinter-
facefeaturesspeciÞcallyfor the USR event. For example,
after theuserselectsa point, thesystemcansave imagesof
theinterestpoint,or querytheuserfor otherdatathatshould
be associated with it.

In the USR competition,creatinga victim interestpoint
bringsup a form giving the userthe opportunityto Þll out
theinformationrequiredfor eachvictim aspartof thecom-
petition. Figure 3 shows an example victim dialog box.
Having the victim datasheetbe part of the UI saved the
operatortime comparedto Þlling out a paperform by hand.
It also enabled further feature development.

In particular, the interfacegeneratesa web pageon the ßy
usingthe victim datacollectedfrom the operator. In a real
USRsituation,thispagecouldbeservedoverawirelessnet-
work from the operatorÕs computerto rescueworkerswith
properly equippedPDAs. The rescuerswould then have
instantaccessto thevictimÕs status,an imageof thevictim
and the surroundingstructure,a map to the victim with a
robot-navigablepathhighlighted,andimagesof any naviga-
tion points set along that path. This kind of information
accessis highly usefulto humanrescueworkers.Returning
this dataalsofulÞlls therobotÕs role asa scoutinto a poten-
tially dangerous situation.

RESULTS AND EVALUATION

The competition provided a number of insights into the
strengthsand weaknessesof the user interface. Someof
thesewerea result of designchoices,while otherswerea
resultof hardwareor softwarelimitationson therobotitself.

One of the designchoices,for example,was to make the
default screenuse the keyboard exclusively for low level
control of the robot.For an experienceduser, the improve-
mentgainedby usingonly thekeyboardexclusively is valu-
able and saves time relative to a mouse.Unfortunately,
having a largenumberof controlsaccessibleonly by poten-
tially hard-to-rememberkeystrokes dramatically increases
theinterfacelearningcurve.An operatorwhohastrainedon
theinterfacewill havenoproblems,andanew operatorwho

Figure 2: (a) Standard video and navigation interface
screen, (b) expanded screen with button controls, (c)
map screen showing a map built by the robot in USR

run 3, (d) sensor and camera status display.

(a)

(b)

(c)(d)
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hasexperienceplayingFPSgameswith similar key layouts
will be able to adjust quickly.

New operatorswith little or no gamingexperience,on the
otherhand,mayÞndthe interfacetoo obscured.During the
time that they would spendlearning the keyboard layout
they would be effectively uselessin a real operationalset-
ting, dueto very slow responsetimesandanincreasedinci-
denceof mistakenkeypressesthatcouldendangertherobot
through inadvertent motion.

This problembecameobvious when a new operatorwith
effectively no gamingexperienceattemptedto usetheinter-
face. Even after a brief training period, and making the
mouse-basedcontrolsvisible, the operatorwasbarelyable
to get the robot to move, let aloneuseit to searchfor vic-
tims.Whenconsideringthetrade-off betweenefÞciency for
a traineduserand usability for a wide rangeof inexperi-
encedusers,the increasedefÞciency grantedby the key-
boardinterfaceis moreimportantin theÞeld.However, the
mouse-basedinterfaceis still necessaryif thereis aneedfor
naiveusersto managetherobots.Traininganew userwould

not requirea signiÞcantinvestmentin time or resources,but
enough to acclimate the user to the interface.

A limitation of the underlying robot systemwas that the
autonomousnavigation was too jerky to permit effective
monitoringof long forward motionsby the operator. Thus,
althoughthe magnitudeof the robotÕs forward motion or
rotationcould be setto an arbitraryvaluebeforesendinga
move or rotatecommand,we found that small rotationsor
motions worked best. Asking the robot to travel several
metersin a straight line using its own obstacleavoidance
simply did not work well in theenclosedspaceswith noisy
sensors.This is clearly an areafor future improvementin
the underlying navigation system.

Making large rotations(greaterthanan eighthof a turn, or
about45û)seriouslyexacerbatedthemotionerrors,andalso
tendedto disorienttheoperatorwhenthevideoblurredand
lagged.Using shortforward motions(lessthan0.5 meters)
andsmallangles(aroundp/10 radians)allowedtheoperator
to nudgetherobotin thedesireddirectionwithout worrying
asmuchaboutthe robotÕs own behaviors suddenlykicking
in to avoid anobstacle.Smallermotionsalsomadefar more
accuratemaps,which madethevictim datawebpagesmore
useful.

Both of theseissueswith the underlying systemaffected
surroundingsawarenessbecausethe motions, particularly
rotations,were either too fast or too large to be followed
usingthevideo feed.Thus,theoperatorwould losea sense
of orientationand have to spendtime making small rota-
tions to regain surroundings awareness.

In our attemptsto optimize surroundingsawareness,how-
ever, we short-changedsomeof the statusawarenessdis-
plays,which were locatedon a separatewindow from the
video feed.As a result,therewereseveraloccasionswhere
the operatorwasdriving the robot aroundwith the camera
off-center, so the operatorÕs perceptionof forward did not
match the actual orientation of the robot.

This typeof humanerrorslowsdown progressconsiderably,
sincethe operatoris constantlyÞghtingthe robotÕs correct
behavior. Whenusingveto mode(whenthe operatorcom-
pletely overridesthe robotÕs obstacleavoidancebehaviors),
the operatormustbe very careful to orient themselvesand
the robot properly. Otherwise,they standa chanceof dam-
agingtherobotor gettingit trapped.As thisoccurredduring
oneof the runs,we modiÞedthe interfaceto automatically
resetthecamerato forwardif theuserinitiate thevetomode
control.

Usuallythelossof statusawarenesswascausedby theoper-
ator ignoringoneof thestatusdisplays,like thecameraori-
entationor sensorrangeinformation.Theselossesin status
awarenessinevitably led to the loss of accuratesurround-
ings awarenessbecausethe operatorÕs frame of reference
did not match that of the robot.

Figure 3: Dialog window for entering victim data.
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In summary, the systemworked well for an operatorwith
gamingexperience,especiallyoncetheoperatoradaptedto
usingshortmotionsandrotationsto bestmatchtheunderly-
ing robot capabilities.The one seriousßaw in the UI was
not makingthestatusdisplaysmoreprominent,or notifying
the userof obvious mistakessuchasdriving forward with
the camera pointing sideways.

In termsof quantitative evaluation,our teamscoredmore
points in the yellow part of the arenathanany other team,
largely becauseof thespeedwith which theoperatorcould
traversetheareaandÞndmorevictims.We camein second,
overall,becauseour robotscouldnot traversethemoredifÞ-
cult sectionswhereeachvictim found is worth 50 or 100%
more than victims found in the yellow section.

A ROAD MAP FOR USR INTERFACES

UsingaFPSastheinspirationfor our interfaceworkedwell
both qualitatively andquantitatively. As notedin the intro-
duction,USRpossessesmostof thesamecharacteristicsas
a successfulcomputergame,including increasingdifÞculty
dueto differentlevelsof thearenaandmorecomplex victim
placement by the judges [11].

Failuresin theinterfaceoccurred,notbecausewemimicked
FPSinterfaces,but becausewe did not sufÞcientlyintegrate
the displays for both surroundingsawarenessand status
awareness,asis donein FPSgames.Thus,morecloselyfol-
lowing the overall layout and iterative reÞnement process of
videogameproductionwould likely have reducedinterface
failures [3].

While robot capabilitiesare suchthat the humanoperator
must provide low level decision-makingto a robot or be
responsiblefor victim identiÞcation,the FPS interface is
mostappropriate.It givestheuserthemostintuitive feel for
therobotÕs situation,optimizingthedecision-makingability
of theoperator. Perunit of robot time, this is, arguably, the
most effective method of solving the task [5][12].

As robotcapabilitiesimproveandthey gainmoreautonomy,
however, therewill bea pushto have morerobotsexploring
the arena,preferably with no increasein the number of
operators.Reasonsfor usingmultiple robotsincluderedun-
dancy, fasterrecoveryat forks in thearena,andfastercover-
ageof the arenaoverall. Besidesenablingthe management
of more robotsper operator, robotswill needmoreauton-
omy in thefuturein orderto dealwith reducedcommunica-
tionsbandwidthandcommunicationsblackouts,which will
be part of future USR contests.

While Crandalland Goodrichargue that the effectiveness
perunit of robottime will decreasewhentherobotstake on
moreautonomy, the decreasein individual robot effective-
nesscan be overcomeby the increasein the numberof
robots[5][12]. Also, lossof communicationor reductionin
bandwidthimmobilizesa tele-operatedrobot,while a more
autonomous robot can continue to explore.

In orderto effectively managemultiple robots,however, the
look andfeelof theUIs mustchange.A FPSdesignis effec-
tive for managingasingleavatar, but it is difÞcultto manage
two or moreavatarswith a FPSinterface.In an FPSinter-
facethecontext building--andtherelationshipbetweenava-
tars--is left to the operator, who must juggle multiple
contexts, andmaintainthemusingdiscontinuouscues(you
canÕt always be looking at both video feeds).

Thereis a classof videogamesthatdoesprovide a guideto
interfacesfor managingmultiple semi-autonomousunits:
real-timestrategy [RTS] games[16]. For RTS games,the
primary mode of providing surroundingsawarenessis
through a central map, similar to the MITRE interface [9].

The mapcontainsiconic representationsof all units in the
area,as well as representationsof walls, landmarks,and
other interestpoints.NotiÞcationof events,unit status,or
the ßaggingof units that requiremanagementis provided
throughmultiple modalities,including sound,visual mark-
ersattachedto theunits,andchangesin theiconic represen-
tations [16].

In a typical RTS game,usersare limited by their mental
ability to managemultipleunits,but goodplayerscaneffec-
tively manageup to 200 units in real time againstanother
humanopponent.Using this type of interface,we ought to
be able to managea half-dozenrobots,provided they are
capable of fulÞlling their required roles.

The key to enablinga RTS interface is to enablerobust
autonomyontherobots.In particular, they will needthefol-
lowing.

1. Accurate localization and mapping.
2. Autonomous navigation and searching
3. Robot-robot sharing of information.
4. Ability to identify relevant visual features.

TheÞrstitemenablestheuseof asinglemapastheprimary
channel for surroundingsawareness.The second item
enablespoint-to-pointcontrol--tell therobotto go to a loca-
tion--andthethird item permitsall therobotsto make deci-
sions about navigation based on the most recent
information.Finally, the fourth item permitsthe placement
of iconsin themapandnotiÞcationof theoperatorof items
of interest.Without thecombinationof robotcapabilities,it
is difÞcult to seehow the RTS schemecanbe realizedin a
manner that will permit effective control of multiple robots.

CONCLUSION

It is ourbelief thattheeventualsolutionto theUSRtaskwill
be a combinationof effective user interfacesand robust
autonomyon the part of the robot in solving the piecesof
the USR task. In other words, it is important to have a
humanin theloop,but thehumanshouldbeprocessingand
answeringthe most difÞcult questionsencounteredin the
search,not providing input aboutbasicsearchpatternsor
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navigation except in difÞcult circumstances.It is similar to
thedifferencebetweentheroleof thecaptainandtheroleof
the pilot on a large ship; the robot shouldbe able to take
over the role of the pilot.

Through our experiencewith USR UI design, we have
foundthata UI designbasedon anappropriategamedesign
workswell. Unlike many otherattemptsat UI designbased
on games,theUSRtaskfollows virtually all of theheuristic
guidelinesfor a goodgame,and the needsof the USR UI
closely track those of a video game.

As robotcapabilitiesimprove, we expectto seea transition
in USR UIs from a video-basedFPSstyle interface, to a
map-basedRTS style interface to permit managementof
multiple robots.To move to an RTS style interfacebefore
the robots achieve a minimum level of robust autonomy,
however, will reducethe effectivenessof the human-robot
teamon theUSRtask.Thus,theinterfacemustbeappropri-
atefor therobotcapabilities.Currently, theFPSstyle inter-
faceprovidesthe mosteffective UI designasmeasuredby
quantitative and qualitative success in the USR task.
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