Game-Based Design of Human-Robot Interfaces f  or
Urban Sear ch and Rescue

ABSTRACT

Robot Urban Searchand Rescueis a new taskin robotics
thatis challengingnot only robothardware,but alsohuman-
robot interfaces.It is a real-world challengein an unstruc-
tured ervironment that requires cooperationbetween a
remoterobot and a humanoperator The study of human-
robotinterfacesis still in its infang, andmostof the urban
search& rescuesystemdpeldsofar useanadhocapproach
to userinterfacedesign.This paperpresentsanoverview of
currentthinking on interfacedesignfor urbansearch& res-
cue, presentsa designand evaluation of a userinterface
basedon a video gameinterface,and then makesthe case
thatvideo gamesoffer a valid road mapfor future develop-
mentof both robot capabilitiesanduserinterfaces A com-
paratie analysisshawvs that the goalsand methodsusedin
bothvideogamesandurbansearchandrescuearesimilar, if
notidentical. Thereforewe canleveragethe empiricalsuc-
cessof video game interfacesin developing currentand
future user intedces for urban search and rescue.
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INTRODUCTION

TheUrbanSearchandRescudUSR] eventatthe American
Associationfor Artibcial Intelligence[AAAI] RobotCom-
petition challengesrobot teamsto Pnd victims in a simu-
lated urbanervironment.In orderto be successfult 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
and Exhibition sincethe summerof 2000.In the pastthree
competitions,the most successfulteams have answered
these questionsby providing a human operatorwith as

much information as possibleabout the robot® situation.

Thenthe human--notherobot--attemptso answertherele-

vantquestionsCurrently the secondjuestionmakingdeci-

sionsaboutglobal and/orlocal navigation, is the only area
in which multiple teamshave successfullygiven the robots
some signibcant autonomy

Whatever the robot® capabilities,effective userinterfaces
[Ul] arecritical in thistask.The Ul mustbe centeredaround
providing the human operator sufocient information to

malke correctdecisionsaboutfuture actionsof the robot at

the required level of decision-making.This constitutes
humanrobot avarenessas debnedby Drury, Scholtzand
Yanco [10].

Because of existing robot capabilities, the decisions
requiredarecurrentlyprimarily low-level, andthey focuson

eithermaoving therobotto new locations,or moving a cam-
eraontherobotto look ata point of interest.As robotcapa-
bilities improve, the level of decision-making should
becomemorehigh-level. For example,arobotmight betold

to explore an area,or go to a point in an areaalready
exploredwithout any further oversightuntil it achievesthe
goal.

In our four yearsof experiencewith the USR task, it has
becomeapparenthattheUl is critical to succes thetask.
Thus, the focus of our 2003 USR entry wasto develop an
effective, responsie userinterfacethat permittedthe opera-
tor to usea rangeof autonomyin navigation, and provide
the greatest Bability in the use of the robat®ardvare.

This paperpresentsan overview of the conceptsin USR
Uls, presentur Ul designfor the 2003AAAI USR Com-
petition, and offers a re3ectve analysison how USRinter-
facesoughtto be constructedor now, andin the future as
robot capabilities continue to im®.

Inspiration and A wareness

For our designwe turnedto the computergameindustryfor
inspiration. The genreof computergamescalled brst-per-
sonshootes [FPS] give playerscontrol over low-level deci-
sionsand permit themto quickly assessheir ervironment
and make time-critical decisions[8][17]. Using a single
robotto explore a USR arenaand bPndvictims is similar in



taskandinformation contentto searchinga mazeor build-
ing for enemies.

Using a computergameas inspirationfor a userinterface
for realtasksis not new [2][6]. Unlike mary otherattempts
atusinggameinterfaceshowever, USRhasall theelements
of a good game,andthe goalsare virtually identical. Fol-

lowing the heuristicslaid down by Malone,USR hasa spe-
cibcally debnedyoal, the outcomeis uncertain the taskis

emotionally appealing,and the physics of the game are
thoseof real life, so the userunderstandshem intuitively

[11]. The elementof the interfacethat we needto design
appropriatelyis providing the optimallevel of informational
compleity, introducing, or compressingnformation con-

tent as needed.

Unlike computergames,however, in the USR taskwe are
dealingwith real-world communicationgndreal robotson
theotherendof thescreenThus,theinterfacecannotignore
responsdime--whichis determinedby hardware and ervi-
ronment--oruse capabilitiesthat do not yet exist on the
robots.Nor canit ignore the fact that robots break down,
andgo in and out of communicationgange.The latter, in
particular is going to be built into future USR competition
rules.Noneof the existing USR Uls, however, dealexplic-
itly with the issue of ended communications outages.

The literature specibcallyon the USR roboticstaskis still
small,asthecompetitionhasonly existedsinceAAAl 2000.
Basedon the experienceof teamswho have undertalenthe
taskso far, thereare certainfactorsand capabilitiesof Uls
that appear to be crucial to success in the task.

In orderto start quantifying thesefactors,Drury, Scholtz,
and Yancoundertookan analysisof three USR Uls in the
2002competitionanddevelopeda vocahuilary for analyzing
human-robotinterfaces[HRI] [10]. The key conceptthey
debned is HRIwaareness.

HRI awarenesgbasecase):Givenonehumanand
onerobotworking on a tasktogether HRI aware-
nesss theundestandingthatthe humanhasof the
location, activities, status,and surroundingsof the
robot, and the knowled@ that the robot hasof the
human®commandsecessaryto directits activi-
ties and the constaints underwhich it mustoper-
ate

They further debnedsubcatgoriesthat areall the possible
directedpairingsof the agentsn the situation(humansand
robots).For the Uls in the study errorson the USR course
were due to failuresin at least one subcatgory of HRI

awareness [10].

Note that the conceptof HRI awarenessalso matchesthe
Bow of informationin Prst-persorshootercomputergames
wherea humanis directingtheactionsof anavatar For brst-
time users,for example,failure to succeeds often dueto
lack of HRI awarenessboutthe statusof the avatar(health,

ammunition,location). As usersget usedto the Ul, how-
ever, their assessmertf avatarstatusbecomesabitualand
failureswill be dueto judgementsn gameplay, ratherthan
failuresof HRI awarenessNote that, if this were not the
case,userswouldn®enjoy the game becausat would be
difbcultto enterthe OFlavOstatedueto the designof the Ul
[13].

USR User Interfaces

The USRUIs developedsofar meettherequiremenbf HRI
awarenessn differentways. Sincethe humanis generally
making mostof the decisionshuman-roboawareness--the
awarenesghe humanhas of the robot--appearso be the
mostcritical, sincefailuresin human-robotwarenesgead
to judgement errors for the system as a whole.

To understandhuman-robotfailures, and thus improve

design,we believe it is importantto further subdvide the

conceptinto two cateyories: avarenesof the robot® sur-

roundings,and awarenesof the robot® status.Surround-
ings awarenesds knowledgeof importantlocal landmarks
in the environmentandknowledgeabouthow the robotcan

move safely Another way to think about surroundings
awarenessis how accuratelythe user can describethe

robot® local ervironment. Statusawarenessis knowledge
aboutthe stateof the robot itself, suchasits power level,

orientation attitude,or the positionof its camerarelative to

the front of the robot.

Theprimarymethodof obtainingsurroundingswarenessn
currentUSR Uls, and FPSgames,is througha video feed.
Becausemostrobotsdo not possessignibPcantautonomy
themostcrucial of the Ul attributesis thevideolag time and
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 competitor switched
from using an integratedgraphicaluserinterfaceto using
primitive text-baseddelugging commandso control their
robot simply because it reduced the video lag time [4][10].

A positive exampleis the INEEL interface,which usesspe-
cializedhardware compressionto managethe video signal,
enablingboth high bandwidthand low lag time [1]. The
INEEL interfaceis currently consideredhe bestinterface
for the USR task, not only becauseof its integratednature
and fast video feed, but also becauseit usesheary-duty
hardware capable of tx@rsing most of the USR arena [14].

The INEEL interfaceis not game-like, however, andsuffers
from severaldebciencieshescreeris too busy, thevideois
not central on the interface, peripheralvision is not used
effectively, andthereis no useof sound.In the2002compe-
tition the interfacewasactuallya hindranceandthe clutter



Figure 1: a Magellan Po robot entering the USR aena.

ontheUl causedhedriverto ignorethefactthattherobot®
camera was not &cing forvard while drving [1][10].

A secondmethodof obtaining surroundingsawarenesss
through the use of a dynamically createdmap. Several
entrieshave usedreal-time mappingto improve surround-
ingsawarenes$10][9]. The quality of therealtime mapsto
date however, is suchthatthey arenotgenerallyusedasthe
primary meansof surroundingsawareness.instead,they
function largely as a historical record of the robot® path.
Theoneexceptionis the MITRE interface ,which makesthe
map window the primary methodof surroundingsaware-
ness9]. The bestmapssofar weregeneratedy the Geor-
gia Techteamin 2002, but thesewere generatedff-line at
the end of the run [7][14].

A USR DESIGN: HARD WARE AND SOFTWARE

Our robotsin the USR competitionwere two iRobot/RNI
MagellanPro@&with onboard450MHz Pentiumlll comput-
ersrunningLinux. Figure 1 shavs one of the robotsenter-
ing the USR arena.The Magellanscome with 16 sensor
panels,eachcontaininga bump sensoran IR sensoranda
sonar In addition,eachMagellanhasa CanonVC-C4 pan-
tilt-zoom [PTZ] cameranountedon top, nearthefront, with
apanrangeof -1000to 1000 atilt rangeof -300to 900,anda
16X optical zoom. The cameravideo is connectedto a
bt848-basedPCl frameggrabbey and it receves pan-tilt-
zoom commands via the serial port.

In orderto obtainsoundfrom the robot®ervironment,we
mounteda wirelessmicrophoneon therobotandpipedit to
headphonesvorn by the operator This enabledus to take
adwantageof soundsemittedby victims or otherdevicesin
the USR arena.

The robotsare wheeled,and do not have a high clearance,
sothey areonly ableto enterthe yellow areaof the arena.
Thus, the focus of the interfaceis on makingthe operator

moreproductive, andenablingtherobotsto traversethearea
faster

Eachrobot hasthe ability to make relatve motionsautono-
mously with obstacleavoidance.We also have basicmap-
ping softwarethatusesthe sonar/infraredensoreadingso

build maps,and a vision module for controlling the PTZ

camera.All communicationwith the robot and between
modulesis via the InterProcessCommunication[IPC]

package [15].

Interface Design

As noted abore, we took our inspirationfor the Ul from
prst-persorshootervideo games.The mostsuccessfuFPS
gameshave very simpleinterfaces:the main portion of the
interfaceis dedicatedto a large viewing areathat contains
the gameworld. This provides the primary sourceof sur-
roundingsawarenessSmall statusareasaroundthe perime-
ter are allocated for information regarding the player®
healthand equipment,which constitutesstatusawareness.
Most gamesalsohave a radarmini-mapshaving the direc-
tion to enemiesr otherplayers,aswell asa separatescreen
containinga map of the currentgamelevel. In FPSgames,
theseare most useful for stratgjic decision-makingrather
than immediate time-critical actions.

Our robotinterfaceintegratesthreesourcesof information:
avideostreamfrom therobot®PTZ cameraa Oradar@iew

visualizingthe rangesensordata(sonarandinfrared,com-
bined) from the robot, and a manually updatedmap view

shaving the robot® internal map of the navigated area.
Togetherthesethreewindows, shovn in Figure2, bring the
robot®view of theworld to theremoteoperatorandprovide
both surroundingsand statusawarenessNote that the pri-

mary statusinformationis in theradarview, which includes
not only currentsensomreadingsut alsoindicatorsfor the
pan and tilt of the camera.

Unlike otherUSRinterfaces,oursis notintendedto be pri-

marily mouse-basedencewe do not, by default, shov but-

tonsfor controlling the robot. Instead mostcontrolis done
via the computer€keyboard,muchlike an FPS.The stan-
dard WASD directional pad is preferredby mary right-
handedgamers,becausat puts mostof the basiccontrols
within onekey of the bngersof the left hand,andfreesup
the right hand for using the mouse.

Unfortunately OmouselookOwhere moving the mouse
rotatesthe player®headin the gameworld, wasnot some-
thing that could be implementedwith the robot® existing
PTZ cameramplementationBecauseof this limitation, we
usea secondd-padcontrolfor the camerausingUHJK ona
QWERTY keyboard. With the operator®left and right
handsrestingon thekeyboard, the vastmajority of theinter-
facecontrolsare a single keypressaway. The operatorcan
usethefast-twitchmusclesn their handto reactasquickly
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Figure 2: (a) Standard video and nagation interface

screen, (b) expanded s@&en with kutton controls, (c)

map screen shaving a map huilt by the robot in USR
run 3, (d) sensor and camera status display

as possibleto changingconditionsin the robot® erviron-
ment.

The camera€PTZ controlsimplementeda small stepangle
(aroundp/8 radians)for tilting and panningusingthe key-
board.This wasimportantso that the operatordid not lose
surroundingsawarenessTo speedup a panacrossa large
area, however, the interface also implementedjump-to
options for moving the camerato the limit of its PTZ
ranges,as well as for quickly resettingthe camerato a
straight ahead we

The video feed from the robot is enhancedlightly by the
additionof ground-planédars.Basedon therobot®conbgu-
rationandcameratilt angle,thesebarsappeatin the image
asthoughthey werelaying on the groundat 0.5mintervals.
This assistgheoperatorin determiningdistanceswhich are
difbcult to assess otherwise from a single video image.

Interest P oints

The mousedoesplay oneimportantrole in interactingwith
thevideoimagerecevedfrom therobot:it allowstheopera-

tor to setand manipulatepointsof interest,including land-
marks and victim locations,which are then storedin the
robot®map. The operator€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
and cameraorientationdatato calculatethe location of the
selectedpoint in the world by assumingthat the click
occurredsomavhere on the ground plane, similar to the
methodof drawing the groundplanebars.An operatorcan
click multiple timeson the samelandmarkover time to cor-
rect the orientationof the robot. This ability to orient on
local landmarkssignibcantlyreducederrorsin localization,
and impraed the accurgcof the robotOmaps.

Landmarkselectionalsoallowedthe additionof someinter-
facefeaturesspecibcallyfor the USR event. For example,
afterthe userselectsa point, the systemcansave imagesof
theinterestpoint, or querytheuserfor otherdatathatshould
be associated with it.

In the USR competition, creatinga victim interest point
brings up a form giving the userthe opportunityto Pl out
theinformationrequiredfor eachvictim aspartof thecom-
petition. Figure 3 shavs an example victim dialog box.
Having the victim datasheetbe part of the Ul saved the
operatortime comparedo Plling out a paperform by hand.
It also enabled further featurevédopment.

In particular the interfacegenerates web pageon the By
usingthe victim datacollectedfrom the operator In areal
USRsituation this pagecouldbe senedoverawirelessnet-
work from the operator€computerto rescueworkerswith

properly equippedPDAs. The rescuerswould then have
instantaccesdo the victim@ status,animageof the victim

and the surroundingstructure,a map to the victim with a
robot-naigablepathhighlighted,andimagesof ary naviga-
tion points set along that path. This kind of information
accesss highly usefulto humanrescueworkers.Returning
this dataalsofulblls the robot®&role asa scoutinto a poten-
tially dangerous situation.

RESULTS AND EVALUATION

The competition provided a number of insights into the
strengthsand weaknessesf the user interface. Some of
thesewere a resultof designchoices,while otherswere a
resultof hardwareor softwarelimitationson therobotitself.

One of the designchoices,for example,wasto male the
default screenuse the keyboard exclusively for low level
control of the robot. For an experienceduser the improve-
mentgainedby usingonly the keyboardexclusively is valu-
able and saves time relative to a mouse. Unfortunately
having a large numberof controlsaccessibl@nly by poten-
tially hard-to-remembekeystrokes dramaticallyincreases
theinterfacelearningcurve. An operatomwho hastrainedon
theinterfacewill have no problemsandanew operatomwho



Figure 3: Dialog windaw for entering victim data.

hasexperienceplaying FPSgameswith similar key layouts
will be able to adjust quickly

New operatorswith little or no gaming experience,on the
otherhand,may Pndthe interfacetoo obscuredDuring the
time that they would spendlearning the keyboard layout
they would be effectively uselessn a real operationalset-
ting, dueto very slow responsd¢imesandanincreasednci-
denceof mistalenkeypresseshatcould endangethe robot
through inadertent motion.

This problem becameobvious when a nen operatorwith
effectively no gamingexperienceattemptedo usetheinter-
face. Even after a brief training period, and making the
mouse-basedontrolsvisible, the operatorwas barely able
to getthe robotto move, let aloneuseit to searchfor vic-
tims. Whenconsideringhe trade-of betweenrefbcieny for
a trained user and usability for a wide rangeof inexperi-
encedusers,the increasedefbcieny grantedby the key-
boardinterfaceis moreimportantin the beld.However, the
mouse-baseihterfaceis still necessaryf thereis aneedfor
naive userso manageherobots.Traininganewv userwould

not requirea signibcaninvestmenin time or resourceshut
enough to acclimate the user to the irgteef

A limitation of the underlying robot systemwas that the
autonomousnavigation was too jerky to permit effective
monitoring of long forward motionsby the operator Thus,
althoughthe magnitudeof the robot® forward motion or
rotation could be setto an arbitrary value beforesendinga
mave or rotatecommandwe found that small rotationsor
motions worked best. Asking the robot to travel several
metersin a straightline usingits own obstacleavoidance
simply did not work well in the enclosedspaceswvith noisy
sensorsThis is clearly an areafor future improvementin

the underlying n@gation system.

Making large rotations(greaterthanan eighth of a turn, or
about450)seriouslyexacerbatedhe motionerrors,andalso
tendedto disorientthe operatorwhenthe video blurredand
lagged.Using shortforward motions(lessthan 0.5 meters)
andsmallangleg(aroundp/10 radians)llowedthe operator
to nudgetherobotin the desireddirectionwithout worrying
asmuchaboutthe robot®own behaiors suddenlykicking
in to avoid anobstacle Smallermotionsalsomadefar more
accuratemaps which madethevictim datawebpageamore
useful.

Both of theseissueswith the underlying systemaffected
surroundingsawarenessecausethe motions, particularly
rotations,were either too fast or too large to be followed
usingthevideo feed.Thus,the operatorwould losea sense
of orientationand have to spendtime making small rota-
tions to rgain surroundingsveareness.

In our attemptsto optimize surroundingsawarenesshow-

ever, we short-changedomeof the statusawarenesdis-

plays, which werelocatedon a separatavindow from the

videofeed.As aresult,therewere several occasionsvhere
the operatorwasdriving the robot aroundwith the camera
off-center so the operator®perceptionof forward did not

match the actual orientation of the robot.

Thistypeof humanerrorslows down progressonsiderably
sincethe operatoris constantlypghtingthe robot®correct
behaior. Whenusingveto mode (whenthe operatorcom-

pletely overridesthe robot®obstacleavoidancebehaiors),

the operatormustbe very carefulto orientthemselesand
the robot properly Otherwise they standa chanceof dam-
agingtherobotor gettingit trapped As this occurredduring

oneof the runs,we modibPedthe interfaceto automatically
resetthecamerao forwardif theuserinitiate thevetomode
control.

Usuallythelossof statusawarenessvascausedy theoper-
atorignoring oneof the statusdisplayslik e the camereori-
entationor sensorangeinformation. Theselossesn status
awarenessnevitably led to the loss of accuratesurround-
ings awarenessecausethe operatorframe of reference
did not match that of the robot.



In summary the systemwaorked well for an operatorwith
gamingexperience gspeciallyoncethe operatoradaptedo
usingshortmotionsandrotationsto bestmatchthe underly-
ing robot capabilities.The one seriousf3aw in the Ul was
not makingthe statusdisplaysmoreprominent,or notifying
the userof obvious mistales suchasdriving forward with
the camera pointing sidays.

In termsof quantitatve evaluation,our team scoredmore
pointsin the yellow part of the arenathanary otherteam,
largely becausef the speedwith which the operatorcould

traversetheareaandbndmorevictims. We camein second,
overall, becaus®urrobotscould nottraversethe moredifp-

cult sectionswhereeachvictim foundis worth 50 or 100%
more than victims found in the yellosection.

A ROAD MAP FOR USR INTERFACES

Usinga FPSastheinspirationfor our interfaceworkedwell
both qualitatvely and quantitatvely. As notedin the intro-
duction,USR possessesiostof the samecharacteristicas
a successfutomputergame,includingincreasingdifbculty
dueto differentlevelsof thearenaandmorecomple victim
placement by the judges [11].

Failuresin theinterfaceoccurrednot becauseve mimicked
FPSinterfacesput becausave did not sufrcientlyintegrate
the displays for both surroundingsawarenessand status
awarenessasis donein FPSgames.Thus,morecloselyfol-

lowing the werall layout and iterate rePnement process of

video gameproductionwould likely have reducednterface
failures [3].

While robot capabilitiesare suchthat the humanoperator
must provide low level decision-makingto a robot or be
responsiblefor victim identibcation,the FPS interface is

mostappropriatelt givesthe userthe mostintuitive feel for

the robot®situation,optimizing the decision-makingbility

of the operator Perunit of robottime, this is, arguably the
most efective method of solving the task [5][12].

As robotcapabilitiesmprove andthey gain moreautonomy
however, therewill bea pushto have morerobotsexploring
the arena, preferably with no increasein the number of
operatorsReasondgor usingmultiple robotsincluderedun-
dang, fasterecovery atforksin thearenaandfastercover-
ageof the arenaoverall. Besidesenablingthe management
of more robotsper operatoy robotswill heedmore auton-
omy in thefuturein orderto dealwith reduceccommunica-
tions bandwidthand communicationdlackouts, which will
be part of future USR contests.

While Crandalland Goodrichamue that the effectiveness
perunit of robottime will decreasevhentherobotstake on
more autonomy the decreaseén individual robot effective-
nesscan be overcomeby the increasein the number of
robots[5][12]. Also, lossof communicatioror reductionin
bandwidthimmobilizesa tele-operatedobot, while a more
autonomous robot can continue i@lere.

In orderto effectively managemultiple robots,however, the

look andfeel of the Uls mustchange A FPSdesignis effec-

tive for managinga singleavatar, butit is difbcultto manage
two or more avatarswith a FPSinterface.In an FPSinter-

facethe contet building--andthe relationshipbetweerava-

tars--is left to the operator who must juggle multiple

contets, and maintainthemusing discontinuouscues(you

can®always be looking at both video feeds).

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

The map containsiconic representationsf all unitsin the

area,as well as representationsf walls, landmarks,and

other interestpoints. Notibcationof events,unit status,or

the Raggingof units that require managemenits provided

throughmultiple modalities,including sound,visual mark-

ersattachedo theunits,andchangesn theiconic represen-
tations [16].

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

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

1. Accurate localization and mapping.

2. Autonomous naigation and searching

3. Robot-robot sharing of information.

4. Ability to identify relevant visual features.

The brstitem enableghe useof a singlemapasthe primary
channel for surroundingsawareness.The second item
enablegoint-to-pointcontrol--tellthe robotto goto aloca-
tion--andthethird item permitsall the robotsto make deci-
sions about navigation based on the most recent
information.Finally, the fourth item permitsthe placement
of iconsin the mapandnotibcationof the operatorof items
of interest.Without the combinationof robot capabilities;jt
is difbcultto seehow the RTS schemecanbe realizedin a
manner that will permit éctive control of multiple robots.

CONCLUSION

It is our beliefthatthe eventualsolutionto the USRtaskwill

be a combinationof effective user interfacesand robust
autonomyon the part of the robotin solving the piecesof
the USR task. In other words, it is importantto have a
humanin the loop, but the humanshouldbe processingand
answeringthe most difpPcult questionsencounteredn the
search,not providing input aboutbasic searchpatternsor



navigation exceptin difpcult circumstancedlt is similar to
thedifferencebetweertherole of the captainandtherole of
the pilot on a large ship; the robot shouldbe able to take
over the role of the pilot.

Through our experiencewith USR Ul design, we have
foundthata Ul designbasedon anappropriategamedesign
workswell. Unlike mary otherattemptsat Ul designbased
on gamesthe USRtaskfollows virtually all of the heuristic
guidelinesfor a good game,andthe needsof the USR Ul
closely track those of a videaugie.

As robot capabilitiesimprove, we expectto seea transition
in USR Uls from a video-based~PS style interface,to a

map-basedRTS style interface to permit managemenbf

multiple robots. To move to an RTS style interface before
the robots achieve a minimum level of robust autonomy
however, will reducethe effectivenessof the human-robot
teamonthe USRtask.Thus,theinterfacemustbe appropri-
atefor the robot capabilities.Currently the FPSstyleinter-

faceprovidesthe mosteffective Ul designas measuredy

guantitatve and qualitatie success in the USR task.
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