
To appearin an IEEEVGTCsponsoredconferenceproceedings

Design and Development of a Pose-Based Command Langua ge for Triage
Training in Vir tual Reality

Andrei Sherstyuk �

Telehealth Research
Institute

University of Hawaii

Dale Vincent †

Telehealth Research
Institute

University of Hawaii

Jack Jin Hwa Lui ‡

Telehealth Research
Institute

University of Hawaii

Kathleen Kihmm Connolly §

Telehealth Research
Institute

University of Hawaii

Kin Lik Wang ¶

Telehealth Research
Institute

University of Hawaii

Stanley M Saiki k

University of Hawaii

Thomas P. Caudell ��

Dept. of Electrical and
Computer Engineering

University of New Mexico

ABSTRACT

Triageis a medicalterm that describesthe processof prioritizing
anddeliveringcareto multiplecasualtieswithin ashorttimeframe.
Becauseof theinherentlimitationsof traditionalmethodsof teach-
ing triage,suchaspaper-basedscenariosandthe useof actorsas
standardizedpatients,computer-basedsimulationsandvirtual real-
ity (VR) scenariosarebeingadvocated.

We presentour systemfor VR triage, focusingon designand
developmentof a poseand gesturebasedinterfacethat allows a
learnerto navigatein a virtual spaceamongmultiple simulatedca-
sualties.The learneris alsoableto manipulatevirtual instruments
effectively in orderto completerequiredtrainingtasks.

Keywords: MedicalVR, poseandgesturebasedinterface.

Index Terms: J.3 [ComputerApplications]: Life and Medical
Sciences—Medicalinformation systemsH.5.1 [Information Sys-
tems]: Information Interfacesand Presentation—Arti�cial, aug-
mented,and virtual realitiesH.5.2 [Information Systems]:Infor-
mation InterfacesandPresentation—UserInterfacesInputdevices
andstrategies

1 INTRODUCTION

Virtual reality is becomingan importantmeansof computer-aided
learningandtraining. This is particularlythe casewherereal life
training is unavailable,unsafeor expensive (see[1] for a survey).
Morerecentexamplesincludetreatmentof varietyof psychological
disorders[2, 3, 4] andmilitary training[5].

In mostsuchapplications,it is vital to representtheenvironment
to approximatethereality ascloselyaspossible.If theVR system
doesnot allow subjectsto believably view and interactwith the
virtual world, the systemis perceived to be de�cient. We'll focus
onimmersivesystemswheresubjectshavealife-lik eexperienceby
interactingwith objectsthatappearlife-sizein 3D.

Limited �eld of view of most headmounteddisplays(HMD)
resultsin a `tunnelvision' effect, which is oneaspectof VR expe-
riencepeoplecomplainaboutmost. Although somerecentHMD
modelsprovide viewing angle up to 180 degrees[6], their cost
togetherwith the needfor cluster renderingmake such systems
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prohibitively expensive for many prospective audiences.Another
HMD with a wide �eld of view of 160degrees[7] existsasa pro-
totypeandis notyetavailablecommercially. Besidesthehighcost,
panoramicHMDs are usually bulky and may not be suitablefor
activeVR experiences.

In additionto limited viewing, immersedVR usersarealsore-
strictedin their ability to interactwith theenvironment.Typically,
actionsaremappedto anumberof toolsor metaphors,suchas`vir-
tual hand' for selectingandgrasping,̀ �ying carpet'for travel and
more[8].

Limitationsof thedisplaysystemsandinterfacesfor interaction
inevitably distanceVR usersfrom theenvironment.We proposeto
`turn the tables'andtake advantageof inherentVR shortcomings,
by applyingVR technologyto a taskwheredistancingis actually
requiredin thereallife situation.This taskis triagetraining.

In this work, we presenta working prototypeof a systemfor
trainingtriageskills in virtual reality. Weformulatethedesignprin-
ciplesandgivefull detailsondevelopmentof theposed-basedcom-
mandlanguagethatanswersthespeci�c needsof suchtask.Special
attentionwill begivento travel andobjectmanipulationtechniques,
essentialfor successfultraining.We alsodiscussresultsof the�rst
exterimentsconductedwith oursystem.

2 TRIAGE, REAL AND VIRTUAL

In triage, a medic must assessand evaluateconditionsof multi-
ple victims quickly andsetpriorities in providing immediatecare.
Triageskills arenecessaryin eventswith greatnumbersof injured
suchasdisastersor in a battle�eld wherecareresourcesareover-
whelmed. The environment is often dangerous,with poisonous
gases,dust,debrisandeven active hostilitiespresent. Therefore,
thepersondoing triageis requiredto wearprotective gearsuchas
gasmask,rubberdoff hoodor chemicalsuit, mitten-typegloves,
evenhelmetsandbodyarmor.

Triagetraining is particularlydif�cult to accomplishwhenit is
requiredto mimic sucha contaminatedand hostile environment.
Protectivesuitsareexpensiveandmaybein shortsupply. However,
training is importantbecauseeffectivenessmay dependon practi-
cal experience.Traineeswho don protective equipmenthave lim-
ited �elds of vision, limited tactilesensationdueto thewearingof
gloves,claustrophobiafrom breathingthroughrespiratorsandlim-
ited mobility dueto armorandothersafetyprecautions.Training
in protective gearis fatiguing,andthe useof instrumentsthrough
protectiveglovesis dif�cult.

VR systemswith headmounteddisplaysalsohave limited �elds
of visionandcangenerateclaustrophobia.Theneedto usejoystick
or gloveslimit tactilesensation.Theuseof anHMD generatesfa-
tigueandis cumbersome.Both `real training' usingisolationgear
and`virtual training' usingVR equipment,imposesimilar limita-
tions, thus,thedifferencesbetweenrealworld experienceandVR
arenarrowed. As real-life triagetrainingalreadydistancestrainees
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from theenvironmentwith practicallythesamerestrictionsthatvir-
tual reality imposeon thesubjects,triageis particularlywell suited
for implementationin VR.

Moreover, we arguethat VR training scenariohasa numberof
importantadvantagesover traditionalmethods.By eliminatingthe
needto userealhumanactorsandbuild realphysicalsets,VR triage

� mayreducethecostof training;

� removesrestrictionsonageandmedicalconditionsof thesim-
ulatedvictims,whichallowsto includepreviouslyunavailable
typesof casualtiesinto training scenario:children,pregnant
women,peoplewith brokenor missinglimbs, openwounds,
fatalities,etc;

� allows us to put traineesinto virtual settingsanywhere on
Earth,includingextremeenvironments1.

� allows traineesto administermedicationsto victims andsee
theimmediateresults;

� givesinstructorsmeansto measureandevaluatetrainee'sper-
formancemuchmoreaccuratelythanin real-life training;

� makesit possibleto train personnel24 hoursa day, 7 daysa
week,onanindividualbasis,by having fewerhumanresource
contraints.

We planto simulatea triagescenarioin a toxic environment,in
which the userwould have to weara NATO standardbiodefense
mask,suit, andmittens. This useof actualbiodefenseequipment
makesit unlikely thatvision-basedtrackingandglove-typedevices
would beusefulfor building a reliableinterfacefor travel andtool
manipulation.Useof a joystick or a gamecontrollerwould alsobe
problematicwhile wearingmittens.Yet in a scenariowith multiple
casualties,travel betweenvictims is essentialto accomplishingthe
triagemission,andvirtual instrumentsmustbeableto beaccessed
andappliedwith someprecision.Whatkind of userinterfacecan
provideadequatecontrolsfor suchtask?

3 RELATED WORK

A varietyof human-computerinterfaceshave beenutilized in sim-
ulatedpatientscenarios,covering the whole rangefrom desktop
systemsto fully immersedsimulators.The following brief survey
is looselybaseduponthe typesof technologyinvolved in the VR
systems.

Hubaletal [9] andKizakevichetal [10] developedvirtualpatient
simulatorswith single and multiple casualtyscenarios;in 2005,
they presentedatriageteachingprogrambasedonanactivephysio-
logic model[11]. Theseapplicationsarenon-immersiveandutilize
amouse-and-keyboardinterface.

A combinationof a mouse-basedinterfaceand3D menuswas
usedin VER, Virtual Emergency Roomby Stytzetal [12].

A joint teamfrom theUniversityof New Mexico andUniversity
of Hawaii developeda singlehematomapatientsimulatorthatcan
run both in immersive and in non-immersive modes[13]. Nav-
igation was implementedusing a joystick-based̀ grab-and-drag'
techniquewhich wasadequatefor shortrangelocomotionaround
a singlevirtual patient.Virtual instrumentswerealsomanagedby
joystick.

A multi-modalBioSimMERsystemfor training �rst responders
waspresentedby Stans�eldandcolleagues[14]. They successfully
employednaturalhandandbodyposesandgesturesfor navigation

1VR systemmay evenbe installedin a climatecontrolledroom with a
wide rangeof temperaturesto make the virtual experiencesin placeslike
Saharaor Alaskamorevivid.

andmanagingvirtual instruments.To control the modesof loco-
motion, the authorsusedadditionalinput streams,suchasmouse
andkeyboardevents.For communicationwith thevirtual patients,
avoicerecognitionsystemwasusedwith mixedresults.

Viciana-Abadet al [15] describeda singlecasualtyimmersive
VR scenarioin which subjectswereasked to accomplishcritical
tasksin astressfulsituation.In theirstudy, aCyberGlovefrom Vir-
tualTechnologieswasusedfor managingtheinterface.Theauthors
reportthatevensmalldiscrepanciesbetweenwhatpeopledid with
theCyberGloveandwhatthey saw in VR detractedfrom thesense
of presence.

Severalresearchgroupsusedvision-basedtrackingof handges-
turesfor UI purposes.Satoet al [17] appliedcamera-basedges-
ture recognitionfor travel andpointing to objectsin a virtual city.
O'Hagan and colleagues[18] developeda systemin which they
trackandinterprethandgesturesfor navigationin immersive envi-
ronments,aimingto freeusers'handsfrom any devicesthatrequire
wiring.

Tollmar et al [19], who alsousedvision-basedmotiontracking,
reportedthat immersedsubjectspreferredreal body motionsand
headmotionsfor travel andorientationover indirect virtual inter-
faces.In their study, subjectsalsopreferredto triggeractionsusing
handgesturesratherthanvoice commands.Similar �ndings were
reportedby Zanbakaetal [16].

4 DESIGN PRINCIPLES FOR VR-TRIAGE INTERFACE

Basinguponresultsandobservationsdescribedabove, we derived
the following guidelinesfor designinga userinterfacefor virtual
triagetrainingsystem.

Usercommandsmustnotbemissednor misinterpreted.Trainees
areexpectedto operatein highly stressfulenvironments,thus,de-
mandsfor UI arevery high and`slips' arenot acceptable.That in-
cludesblind spotsin camera-basedtrackingsystems,wheremark-
erscanbe occluded.Due to the needof protective suitsandmit-
tens,vision-basedhandandbodytrackingis notsuitable.Magnetic
trackingshouldbeusedinstead.Speechrecognitionsystemsmay
beunrealisticif atraineeis wearingaprotectivesuit. Moreover, vir-
tual victimsmaynotbein aconditionto speak,or speakEnglish.

Natural movementsshouldbeutilizedasmuch aspossible. Dur-
ing triage,traineesmustconcentratetheir efforts on working with
victimsandnotontravel. Thus,wedelegatelong-distancetraveling
betweenvirtual victimsto somevirtual locomotiontechnique(such
as`point-and-go'),andallow peopleto move naturallyaroundthe
victim: walk, turn, kneelandsoon. Accordingto �ndings of Zan-
bakaet al, travel by walking physically in a large tracked space
is better“...whereproblemsolvingandinterpretationof materialis
important,or whereopportunityto practiceis minimal” (paraphrase
from [16]).

Usethebodyin an intuitive andnatural way. Whatever people
do,they almostalwaysusebothhands,thus,wemustprovidecoor-
dinationin functionalityfor bothvirtual hands,accommodateright
andleft handedness,makeagooduseof job divisionbetweendom-
inantandnon-dominanthands.For moredetailsonthatsubject,see
[20, 21].

Avoid arti�cial constructsthat remindtraineesthat they are in
VR: 3D and2D menus,excessive useof on screendisplay, explicit
requestsfor commandcon�rmation.

Finally, we want to minimizeusage of additional devices, such
asjoysticks,mice,gamecontrollers,andkeeptrainee's handsfree.
As reportedin [15], themismatchbetweensensoryinputandvisual
responseis oneof themajorfactorsthatbreakthesenseof presence.
Using a real joystick for graspingandholding a virtual tool will
alwaysbe keepinguser's eyesandhandsin disagreement,unless
thevirtual tool in questiondepictsexactly thesamejoystick.
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5 VR-TRIAGE: THE SYSTEM OVERVIEW

In this section,we brie�y outline thehardwareandsoftwarecom-
ponentsof the systemandgive somedetail on the contentof the
virtual settingsandthetrainingmission.

Hardware A dual processorPC, running at 3.2 GHz with
nVidia QuadroFX 1300 graphicscard, extendedrangeFlock of
Birds motion trackingsystemfrom Ascensionwith 3 sensors,one
for theheadandonefor eachhand,5DT HMD 800-40stereohead
mounteddisplay, stereoearphones.A trenchcoatwasusedto orga-
nizeall cablesfrom theHMD andthesensorsandto supporttheir
weight,asshown in Figure2.

Software Linux OS, Flatland information visualizationsys-
tem, developedat the High PerformanceComputerCenter, Uni-
versityof New Mexico [22]. Visualandaudiocontentis rendered
with OpenGLandOpenALAPIs. Thesystemrunsat �x edrateof
30 framespersecondin activestereomode.

Content The triagesceneshows a conferenceroom in a sky-
rise building, with a minimal setof furniture. Multiple windows
displayapanoramaof city lights. Fivevictimswith variousinjuries
arescatteredaroundtheroomin differentposes.Thereareseveral
audioandvisual distractors,suchasa helicopterthat periodically
appearsandmakescirclesaroundthebuilding, cell phonesringing,
soundsof policecarspassingby, etc. Traineesarerequiredto �nd
every victim, provide treatment,if needed,andattachanappropri-
atetag.

All 3D modelswerecreatedandanimatedin Maya 3D author-
ing tool from AutodeskInc., andthenexportedinto Flatland data
�les usingcustomplugins. All shapesareoptimizedfor fastren-
deringby usingtrianglestripsfor deformableobjectsanddisplay
lists for rigid objects.Humancharactershave 6-7 K polygonseach
(facesalonehave about1K polygons),the numberof polygonsin
theentiresceneis closeto 170K. Thehumancharactersarerigged
usingsmoothskinningoveranimatedskeletons,eachcharacterhas
approximately4 animationchannelsattached,someof which are
shared(i.e., blinking andbreathing).Therearetotal of 28 motion
channels,6 light sourcesand 12 soundsin the scene. 3D sound
localizationandorientationis processedon thesamePC.

Behavior In modelingbehavior of virtual victims,we adopted
a strategy, different from existing triagetraining applications[10,
11, 14]. Insteadof developingdetailedandmedicallycorrectsim-
ulations that control the vital signs,appearanceand behavior of
the virtual victims, we useda `static' approach.In our system,a
traineeis expectedto spendone, at most two minuteswith each
victim. During thattime,heor shemustcollectall theinformation
neededfor treatmentand triage. In sucha short time frame, we
don't expectthevictim's conditionto changesigni�cantly. Neither
canwe expectfrom the traineeto detectsuchchangesandderive
somemeaningfulconclusions.Hence,all triagedecisionsmustbe
basedupona singleassessment.Thatdoesn't meanthatthevirtual
victims remainmotionlessandlifeless. On the contrary, they be-
have andreactto treatmentin a mannerconsistentwith thenature
of their injuries. Victims canbeprogrammedto becooperative or
not, robustor sensitive to mistakesin treatment.For example,one
of thevirtual charactershasa big bruiseon theright side,andshe
coversit with her hand. Whenthe traineetoucheswhereit hurts,
sheremovesherhandso that the traineecannow usescissorsand
exposethewound(seeFigure5). This is anexampleof cooperative
behavior. Every victim on thescenehashis or herown behavioral
functionthatmakesthemawareof changesin theenvironmentand
controlstheir responsesto thesechanges.Thatincludesreactionto
treatment,too.

6 VR-TRIAGE: POSE-BASED COMMAND LANGUAGE

In thissectionwegiveadetaileddescriptionof our implementation
of theVR triagecommandlanguage.

6.1 Bod y Langua ge Components

As explainedin section4, weproposeto minimizetheuseof exter-
nal inputdevices,suchasbuttons,joysticksor mice,andmaximize
theuseof ahumanbodyinstead.Thus,thebuildingblocksof which
weconstructall commandsareposes.

To comparewith the naturalhumanlanguage,different poses
play therole of wordsin a commandsentence.As in a humanlan-
guage,certaincommandsmayconsistof asingleword,like`stop!'.
If the useris traveling, this commandis formedby assumingAT
RESTpose(seeFigure1, top-left). Othercommandsneedaddi-
tional information, for example,`start travel where'? Suchcom-
mandsareexpressedwith sequencesof poses.

Note that eachpictogramin Figure1 is in fact a generalization
of a family of posesthat carry the samesemanticmeaning. For
instance,a POINTERcanbe realizedby pointing with any hand
in any directionfrom any position:standing,sitting,squatting,etc.
Thekey featurehereis thatonehandis extendedat full armlength.
Key featuresmay be groupedandnew posesde�ned. Note, that
theposesthemselvesreston a humansideof thehuman-computer
interface,they arenothingmorethanconvenientmnemonicsto help
usersrememberthe `vocabulary' of the commandlanguage.The
commandinterpreterin oursystemworkswith key featuresinstead,
whicharedetectedandprocessedin real-timecontinuously.

Technically, thefeaturesareimplementedas�ags, setto trueor
falseafterconvertingeachraw samplereadfrom theFlock of Birds
into dataitemsof varioustypes,suchashand-headandhand-hand
proximity, mutualorientation,absoluteandrelative velocities,etc.
Presently, thecommandinterpreterrecognizes16 distinct features
for eachhand,suchashand-is-extended,hand-is-up,hand-head-
contact,hand-palm-up,hand-fast-dropandthelike.

AT REST DOUBLE POINTER

SELECT HEAVY LOAD

POINTER POINT-AND-GOCLAP HANDS

SALUTE DOUBLE SALUTESERVICE

Figure 1: The vocabulary of the VR triage command language. The
top row shows poses used in travel commands. The poses in the
bottom row are related to handling tools.

6.2 Intention + Con�rmation = Command

Most commandsare implementedas`intention+con�rmation' se-
quences.For example,to start travel, a usermust specify either
directionor destinationof intendedtravel andthenissuea con�r -
mation,a `go!' signal. Similarly, whengrabbinga tool, user�rst
shows his or her intentionby selectinga tool andthencon�rms or
cancelsit.

Therearetwo advantagesin breakingcommandsinto explicit in-
tentionandcon�rmation components.Firstly, theneedof a clearly
expressedcon�rmation makesit lesslikely that thecommandwill
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be executedunintentionally, by chance.Secondly, by varying the
representationof eachcomponentseparately, we can�nd themost
convenientandintuitive implementationfor theentirecommand.

Commandsare usually context-dependentand can be grouped
into travel, tool access,andtool application.This classi�cation is
suggestedby thenatureof triageitself,wherethelearneris required
to approachavictim, selectaninstrumentfrom atoolbox,applythe
instrument,andrepeattheprocesswith thenext casualty. Context-
basedinterpretationhelpsto disambiguatecommonlyusedposes,
for example,pointing. Whenthe useris not moving, an extended
handis interpretedasanintentionto starttravel; in travel mode,an
extendedhandmeans̀changedirection' or `increasespeed'.When
theuseris selectingor usingatool, anextendedhandhasnospecial
meaning. Presently, the systemrecognizesthe following modes,
or contexts: idle, calibration,travel, tool access,tool application,
pause,andtelescopicview.

6.3 Calibration

To beableto readuser's posescorrectly, thecommandinterpreter
musthave certainbiometricdataon thatuser, suchasarm length,
bodyheight,necklength.For thatpurpose,all new usersgothrough
a shortcalibrationroutine,during which they areasked to extend
and hold their dominanthandin threedirections: up, down and
forward. Thehead-to-handdistancesarecaptured;thearm length
andverticaldistancefrom theshoulderjoint to cameraarederived.
Also, thesystemcapturesthelevel of thenaturalhandtremor, spe-
ci�c for eachuser. This valuewill beusedin determiningpointing
directions,neededfor travel.

Calibrationtakesapproximately30 secondsandcanbeinitiated
by theuserinsideVR or byanoperatorfrom theconsole(seeFigure
2, left). Thecalibrationprocesseffectively turnsthe threegeneral
purposetrackingsensorsinto a virtual cameraandvirtual hands,
synchronizedwith the user's body. During calibration,oneof the
virtual handsis assignedasadominanthand.

Figure 2: VR session starts with calibration (left). Going forward
(top). Picking a tool (bottom).

6.4 Vir tual Hands

Virtual handsare usedin all commands. Visually, they are im-
plementedasanimatedobjectswith deformableskin and internal
skeletalstructure.Eachhandmaintainsits internalstate,whichcan
bePOINT, OPENandCLOSED.For eachstate,thereis a distinct
handshapethatgivesusersadditionalcluesaboutwhatthey cando
with thehandat thismoment.Transitionsbetweenstateshappenin
�nite timesandarevisualizedwith shortanimations,asshown in
Figure 3. During transitions,the handis in unde�ned stateand
can't be usedfor anything. This implementationprovides natu-
ral dampingof unwantedoscillationsbetweenstates,which may
happenwhenthehandrepeatedlypicksanddropsa virtual object.
Also, this delayservesas`cool-off ' time whenchangingcontexts,
for example,from tool applicationto traveling.

DominantOPENhandcanbe usedto work with objects.Both
dominantandnon-dominanthandscanbeusedto form commands
thatarenotrelatedto travel. WhenadominantOPENhandpicksan
object,it changesthestateto CLOSED.In this state,thehandcan
only manipulateor releasereleasethe object. After releasingthe
object, the handbecomesOPENagain. Both dominantandnon-
dominanthandscantogglebetweenOPENandPOINT states.In
POINTstate,thehandcanonly beusedfor travel.

Figure 3: Virtual hand, the skin (top) and the skeleton (bottom). In
OPEN state (left), the dominant hand can pick objects. In POINT
state (right), the hand serves as a pointer for specifying travel direc-
tions or destinations. In the transitional state (middle) the hand can't
be used for anything.

6.5 Travel Commands

TheextendedrangeFlock of Birdssystemtrackspositionsandori-
entationof the sensorswithin 8 foot radius,providing suf�cient
spacefor working with a singlepatient,moving naturally: walk-
ing, turning, kneeling. Inter-patient travel is implementedusing
`point-and-go'virtual locomotiontechnique:theuserselectsades-
tinationor directionof travel andthenavigationsystem`teleports'
him or her thereautomatically. To avoid breaksin continuity of
perception,relocationshappenwith a �nite speed,varyingbetween
walkingandrunning(5 km/h to 20km/h).

6.5.1 How to Point

To starttravel, theusemustpoint in thedirectionof travel or point
at thedestinationobject.In bothcases,acorrectpointingposemust
beused.A pointingarmmustbeextendedfor morethan75%of its
length. Thehandmustbeplacedat thechestlevel or higherwhen
standingor at the chin level or higherwhensquatting.In general
case,thehandmustbeheldabove80%of thecurrentheadelevation
above the�oor . This rule �lters out falsetravel intentionswhenthe
handsareat restposition,hangingdown at full armlength.

Whentheuser's realhandbecomesa pointer, sodoesits virtual
twin: theindex �nger extendsforward,asshown in Figure3, right.
Interestingly, mostpeoplethat tried our system,involuntarily ex-
tendedtheir index �ngers also,mimicking theshapeof theirvirtual
hands(Figure2, top right).
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6.5.2 Direction-Based Travel

In thismodeof navigation,theusermovesin thedirectionfrom the
cameratowardsthetip of theindex �nger onthepointinghand.The
pointinghandis not requiredto be in theviewing frustrum,which
allows moving forward, backward and sideways without turning
away from thecurrentobjectof interest.We believe that this way
of specifyingthe travel direction is more suitabletriage training
thanusing the view directionor torsoorientation,as in [14]. By
decouplingthedirectionof travel from directionof view, we avoid
overloadingnaturalbody movementswith extra functions,which
canmake thewholeexerciselessnaturalisticandmoretiring.

Theintentionto starttravel is detectedwheneitherhandassumes
a pointing position: arm extends75% or more,aiming high. The
travel is con�rmed when the handis found to be pointing in the
samedirectionfor a speci�ed time interval. The `samedirection'
conditionis checkedwith theuser-speci�c shake tolerance,which
is capturedduringcalibration.

We found that the con�rmation timeoutof 750 msecallows to
travel comfortablyalongcurvedpathsby following theslowly mov-
ing hand. Fast handmovementsare ignored. If the handkeeps
pointing in the samedirectionand is in view, the travel speedis
increased.For convenience,we will refer to this typeof travel us-
ing termsdirection-based, hand-basedand free-styletravel inter-
changeably.

6.5.3 Target-Based Travel

In target-basedtravel, an intention to start travel is indicatedby
pointingat a target object. Whena handassumesthepointingpo-
sition, a ray is castfrom the camerathroughthe tip of the index
�nger. The ray is checked for intersectionswith all objectsthat
have registeredthemselvesastargets.For instance,all virtual vic-
tims aresuchtargets.All targetshit by theray aresortedalongthe
ray distanceandtheclosesttarget is chosenasa travel destination.
Unlike free-styletravel, which allows blind pointing, target-based
travel requiresthatthehandandthetargetarebothin view.

Structurally, a target is a simplewrap arounda standardscene
object (a nodein a scenegraphhierarchy), with additionalinfor-
mationrelevant to navigation andselection:boundingvolumesof
varioustypes,bestviewing distance,etc. Also, target keepstrack
of how long it' sbeenin selectedstate.

IDLE SELECTED TAKENBEING APPROACHED

Figure 4: State transitions of travel targets.

Functionally, targetsareimplementedasstatemachinesshown
in Figure4. An IDLE target becomesSELECTEDwhenthe user
pointsat it with eitherhand.Thetravel intentionis detected.When
the travel is con�rmed and initiated, the target changesstateinto
BEING APPROACHED. When the target is reached,it becomes
TAKEN. Thetargetreturnsto IDLE statewhentheuser:(a)cancels
thependingtravel command(fromSELECTED),(b) stopstraveling
(from BEING APPROACHED), (c) moves away from the target
(from TAKEN).

We have experimentedwith varioustypesof con�rmation for
this typeof travel. Four methodsgave goodresults.Con�rmation
may be given, (a) by pointing at the target with both hands(Fig-
ure1, poseDOUBLE POINTER),(b) by raisingtheotherhandup
(Figure1, posePOINT AND GO), (d) by looking at thecenterof
theselectedtarget,(c) usingatime-out.All thesemethodstriggered
thetravel commandreliably.

Oncetravel to a targethasstarted,thenavigationsystemtracks
the currentlocationof the target and dynamicallycorrectsdirec-
tionsandspeedof travel. Thatallows to closeon a moving target

automatically, without pointingat it all thetime. The�nal destina-
tion point is computedso that theuserendsup standingat a com-
fortabledistancein front of thetargetobject.For humancharacters,
we usedthe valueof 1:5R, whereR is the radiusof the bounding
sphereof thecharacter.

6.5.4 The Rules

Besidesstartingtravel, the usermustbe ableto modify or cancel
it effectively. After exhaustive trial anderrorexperimentations,the
following rulesfor processingtravel commandscrystallized.

� If theuseris alreadymoving free-style,resetall selectedtar-
gets, interpret hand positionsas commandsfor directional
travel (targetsarenot processed).That rule allows to change
directionof travel on thego,withoutmakingastop.

� If theuseris notmoving yet,andoneof thetargetsis selected,
usehandpositionsfor target-basedtravel only. Thatallows to
completethetravel commandby giving acon�rmationsignal.

� If theuseris alreadymoving towardsatargetandkeepspoint-
ing at thesametarget,continuetravel to thetarget.Thetarget
may be moving. Continuouspointing at the sametarget is
redundant.

� If theuseris alreadymoving free-styleandkeepspointingin
the samedirection,andthe handis in view, increasespeed.
However, continuous̀ blind' pointing will result in traveling
at constantspeedonly. Thereasonbehindthis rule is that in
normalhumanmovement,mostaccelerationtypically occurs
only in forwarddirections,but not in lateralor backwarddi-
rections.Also, thisrulecanbeconsideredasafetyprecaution.

� To stopa free-styletravel, dropthepointinghand.

� To stopa target-basedtravel, point away from the targetand
dropthehand.

Continuing the parallel with the natural language,The Rules
serve asthegrammarfor our travel language,allowing thesystem
to disambiguateandlink sequencesof posesinto valid andmean-
ingful commandsentences.Thesecommandsprovide interfacefor
all travel needs.

6.6 Vir tual Tools

Virtual toolsaremeansfor examininganddeliveringcareto virtual
victims.

6.6.1 Tool access and storage

All toolsareplacedon aninvisible tool tray, permanentlyattached
to thenon-dominanthand.Whena userwantsto accessthe tools,
heor sheneedsto make a gestureasif they areholdinga realtray:
palmsup,handsin view, asshown in Figure1,poseSERVICE. The
tray turnsvisible andthetoolsbecomeaccessible.To selecta tool,
theusertouchesit with thedominanthand,while keepingthetray
open. Con�rmation is given automaticallyon a time-outand the
tool jumpsinto thehand.To returnthetool, theusermustput it in
contactwith thetrayandthetool will jumpbackto its place.

To make this interfacemoreuser-friendly, we applieda hystere-
sis for the directionof tool jumps. If the tray is openwith the in-
tentionto graba tool (the grabbinghandbeingemptyat that mo-
ment),grabbingis easierthanreleasing:thecon�rmation time out
is shorter. If theuseropensthetray while holdinga tool, thesitua-
tion is reverse:thetool will `gravitate' towardsthetray.
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Figure 5: Virtual tools. The tray is open (top), scissors have been
applied to cut the clothes (left), the victim gets a green tag (right).

6.6.2 Tool application

An intentionto applya tool is issuedby placingit closeto thearea
of application.Con�rmation is issuedon a time-out. Sometools,
suchastriagetags,attachthemselvesto thepointof contact,which
is theforeheadof thevictim (seeFigure5, bottom-right).Theroll
of bandagewrapsarounda wound.Scissorsperforma cuttingani-
mationafteracontactwith clothesis made.

Thetoolsthemselvesarenotvery intelligentandthey shouldnot
be. Thewholebodyof knowledgeabouttheconsequencesof each
tool's applicationis storedin behavioral functionsof virtual vic-
tims. Thatallowsusto reusethesametoolswith differentpatients,
andnot theotherwayaround.

6.7 Other Commands

Head Lamp By touchingown foreheadwith onehand(Figure
1, poseSALUTE) the usertogglesa spot light that is attachedto
camera.Initially thelight is turnedon.

Binoculars By covering both eyes(Figure1, poseDOUBLE
SALUTE) theuserturnson virtual binoculars:theview is magni-
�ed 4 times.Retractingeitherhandturnsbinocularsoff. While the
binocularsareon, theusercan't neithertravel norwork with tools.

Backpack This commandwill beusedfor storingandaccess-
ing additionaltools. If the tray holdsthemostfrequentlyusedin-
strumentsandsupplies,thebackpackwill containtherest.It will be
accessedby reachingout with bothhandsbehindtheback(Figure
1, poseHEAVY LOAD).

Go To Start Position By clappinghandsthreetimes,userscan
jump to thepositionwherethemissionhasstarted.This command
wasimplementedmostlyfor debugpurposes.

6.8 Pictorial Summar y of Commands

In the following diagrams,commandsstartingwith (AT
REST)pose,areonly availablewhentheuseris not traveling.

aceessthetray to pick or returna tool

travel towardsa target

travel freestyle

full stop

togglebinocularson/off

toggleheadlampon/off

accessthebackpack(pending)

jump to startposition(claphands)

7 EXPERIMENTS

In September2006,theVR-Triagesystemwastestedat theJohnA.
BurnsSchoolof Medicine,University of Hawaii. Over 40 volun-
teers,themajorityof themmedicalstudents,wereaskedto perform
asimpli�ed triagescenario.Theirmissionwasto explorethescene,
�nd all victims andtagthem. In orderto accomplishthis mission,
volunteershadto learnhow to navigatearoundthesceneandhow
to accessandusethetools,in this case,triagetags.

Beforegoingon the `realmission', eachsubjectwascalibrated
andplacedinto a training zone,a highly abstractandrathervoid
virtual world, to practicenavigation and tool manipulationcom-
mands.To completethetraining,subjectshadto approachandtag
two human-like characters,and,after doing so, leave the training
zoneby directing themselves out througha woodengate. After
passingthegate,thesubjects̀ entered'thesceneof triage,andthe
missionstarted.Noneof themhadpreviousexperiencewith VR.

In the beginning of the exercise,immediatelyafter calibration,
mostpeoplelooked frozen,standingvery still andstaringstraight
ahead.Verysoon,they beganto relaxandstartedto turn,walk, and
�nally , usetheir hands,all of that happeningwithin one minute.
Wesuggestthatthis is anindicationthattrackingmediatedthereal
body movementsinto VR adequately, and the whole systemwas
reasonablycomfortable.
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Overall, VR-Triage wasreceivedwith greatenthusiasm.On av-
erage,subjectswere able to completetraining in 2 minutes,and
themissionitself in 5 minutes.Besttime for completingthetriage
missionwas1:57min, worst time 10:38min, median3:40. Out of
43subjects,only two didn't completetheexercise:onefelt uncom-
fortablewith theHMD (it wastoo loose),theotherdidn't offer any
reasons.

For eachsubject,wecollecteddatalogsfor measuringcomplete-
nessof their actions. We de�ne completenessof a commandas
theratio betweenthenumberof executionsto thenumberof inten-
tions. A 100%completenessis achieved whenevery intentionre-
sultsin commandexecutions.Cancellationsreducecompleteness.
This characteristicis aggregateanddepends,amongother things,
onthequalityof thehuman-computerinterfaceandalsoonindivid-
ualqualitiesof eachsubject.Peoplewho tendto changetheirmind
frequently, areunlikely to achievehighscores.

The meanvaluesof completenessfor travel and tool applica-
tion are90.0and87.7,respectively. Theresultsarebasedon a 41-
subjectsamplefor travel anda 26-subjectsamplefor tool related
tasks.

For travel commands,wemeasuredcompletenessseparatelydur-
ing trainingandduring themission.The largenumberof subjects
(41) allowedusto treatthehumanfactorasa randomvariableand
regard completenessas a characteristic,predominantlyrelatedto
theusabilityof theinterface.

Thedistributionsof completenessduringtrainingandduringthe
triagemissionareshown in Figure6. At a glance,we cansaythat
in bothenvironmentspeopletraveledvery con�dently: all subjects
scoredabove 70% andthe modalvaluesfor both casesare100%.
Thequestionwhethertheprior trainingwashelpful or not remains
openfor discussion.Statistically, the meansof the two distribu-
tionsareindistinguishable.Thus,theonly indisputableconclusion
that we candraw is that training did not appearto impair perfor-
mance.However, a highercomplexity of themissionenvironment
givesusreasonsto believe that trainingactuallydid help. Thedif-
ferencesbetweenthe two worlds aresigni�cant, especiallywhere
navigation is concerned.In the training zone,both charactersare
standingin clearview andcanbeapproachedeasily. During triage
mission,all victimsarescatteredaroundthescenein variousposes,
lying onthe�oor andleaningagainstthewalls. Navigationin close
proximity of thewallsandwindows is notaseasyaselsewhere.To
preventsubjectsfrom falling outof windowsandgoingthroughthe
walls,travelingis allowedonly insidetheroom.To enforcethat,the
perimeterof the roomis surroundedwith a `cushionzone', where
speedof travel is graduallyreducedto zero as the subjectmove
deeperinto the zone. Traveling in the trainingzoneis completely
unrestricted.

With all thatin mind,weoffer thatidenticalmeanvaluesof com-
pletenessin both areasindicatethat training actuallyhelpedsub-
jectsto improve theirnavigationalskills.

8 CONCLUSIONS AND FUTURE PLANS

We have presenteda working prototypeof the immersedVR sys-
tem for training triage skills, with the emphasison designingan
ef�cient andreliablecommandlanguage.Thesystemwassuccess-
fully testedwith a large numberof subjects;valuableinput was
collectedfor further improvements. It wasdemonstratedthat for
navigationandtool applicationtasksmostsubjectwereableto use
theinterfaceathigh levelsof ef�ciency.

During development,we have identi�ed a numberof interesting
companionproblemsthat merit additionalstudies. For example,
similaritiesbetweenthe naturallanguageandthe pose-basedlan-
guagewerenotedbut not yet explored. It seemslikely that tech-
niquesandmethodsfrom the �eld of naturallanguageprocessing
may offer new insightsfor further developmentof the command
language. Another interestingproblem is how to incorporatea

Figure 6: Distributions of completeness for travel commands during
training and the during triage mission. Mean values 90.22 and 90.46,
standard deviations 9.42 and 7.89 respectively.

senseof tirednessin the navigation system,to promoteeconomy
of motionandvirtual travel.

In the nearfuture, we plan to run more testsin order to eval-
uateand improve the usability of the commandlanguage. Long
term plansinclude testingthe ef�cacy of VR-Triage for teaching
andtraining cognitive skills neededin triage. For that purpose,a
scoringsystemandasetof monitoringtoolsmustbedevelopedfor
trackingbehavior andperformanceof trainees.

We believe that VR-Triage achieved a level of sophistication
which allows development,implementationandevaluationof real-
life training scenarios,custom-madefor speci�c audiences,both
civil andmilitary.
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