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ABSTRACT

Triageis a medicalterm that describeghe processof prioritizing
anddeliveringcareto multiple casualtiesvithin ashorttime frame.
Becausef theinherentlimitations of traditionalmethodsof teach-
ing triage, suchas paperbasedscenariosand the useof actorsas
standardizegatients computerbasedsimulationsandvirtual real-
ity (VR) scenariomrebeingadwcated.

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: Medical VR, poseandgesturebasednterface.

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

1 INTRODUCTION

Virtual reality is becominganimportantmeansof computeraided
learningandtraining. This is particularlythe casewherereal life
training is unavailable,unsafeor expensve (see[1] for a suney).
More recentexamplesincludetreatmenbf varietyof psychological
disorderd2, 3, 4] andmilitary training[5].

In mostsuchapplicationsit is vital to representheernvironment
to approximatethe reality ascloselyaspossible.If the VR system
doesnot allow subjectsto believably view and interactwith the
virtual world, the systemis percevedto be de cient. We'll focus
onimmersve systemsvheresubjecthave alife-lik e experienceby
interactingwith objectsthatappeatife-sizein 3D.

Limited eld of view of mostheadmounteddisplays(HMD)
resultsin a “tunnelvision' effect, whichis oneaspecbf VR expe-
riencepeoplecomplainaboutmost. Although somerecentHMD
modelsprovide viewing angle up to 180 degrees|[6], their cost
togetherwith the needfor clusterrenderingmake such systems
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prohibitively expensve for mary prospectie audiences.Another
HMD with awide eld of view of 160degreeq[7] existsasa pro-
totypeandis notyet availablecommercially Besideghehigh cost,
panoramicHMDs are usually bulky and may not be suitablefor
active VR experiences.

In additionto limited viewing, immersedVR usersarealsore-
strictedin their ability to interactwith the ervironment. Typically,
actionsaremappedo a numberof toolsor metaphorssuchas vir-
tual hand' for selectingandgrasping,” ying carpet'for travel and
more[8].

Limitations of the displaysystemsandinterfacesfor interaction
inevitably distanceVR usersfrom the ervironment.\We proposeto
“turn the tables'andtake adwantageof inherentVR shortcomings,
by applyingVVR technologyto a taskwheredistancingis actually
requiredin thereallife situation.Thistaskis triagetraining.

In this work, we presenta working prototypeof a systemfor
trainingtriageskills in virtual reality. We formulatethedesignprin-
ciplesandgivefull detailsondevelopmenbf theposed-basedom-
mandlanguagehatanswerghespeci ¢ needf suchtask. Special
attentionwill begivento travel andobjectmanipulatiortechniques,
essentiafor successfutraining. We alsodiscusgesultsof the rst
exterimentsconductedvith our system.

2 TRIAGE, REAL AND VIRTUAL

In triage, a medic must assesand evaluateconditionsof multi-
ple victims quickly andsetprioritiesin providing immediatecare.
Triageskills arenecessaryn eventswith greatnumbersof injured
suchasdisasterr in a battle eld wherecareresourcesreover-
whelmed. The ervironmentis often dangerouswith poisonous
gases,dust, debrisand even active hostilities present. Therefore,
the persondoingtriageis requiredto wearprotectize gearsuchas
gas mask, rubberdoff hood or chemicalsuit, mitten-typegloves,
evenhelmetsandbodyarmor

Triagetraining is particularlydif cult to accomplishwhenit is
requiredto mimic sucha contaminatedand hostile ervironment.
Protectve suitsareexpensve andmaybein shortsupply However,
training is importantbecauseffectivenessmay dependon practi-
cal experience.Traineeswho don protectize equipmenthave lim-
ited elds of vision, limited tactile sensatiordueto the wearingof
gloves,claustrophobidrom breathingthroughrespiratorsaandlim-
ited mobility dueto armorand othersafetyprecautions.Training
in protectie gearis fatiguing,andthe useof instrumentghrough
protectve glovesis dif cult.

VR systemswith headmounteddisplaysalsohave limited elds
of visionandcangeneratelaustrophobiaThe needto usejoystick
or gloveslimit tactile sensationThe useof anHMD generate$a-
tigueandis cumbersomeBoth ‘realtraining' usingisolationgear
and virtual training' using VR equipmentjmposesimilar limita-
tions, thus, the differenceshetweernreal world experienceand VR
arenarraved. As real-life triagetraining alreadydistancedrainees
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from theernvironmentwith practicallythesamerestrictionshatvir-
tual reality imposeon the subjectstriageis particularlywell suited
for implementatiorin VR.

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

mayreducethe costof training;

removesrestrictionsonageandmedicalconditionsof thesim-
ulatedvictims, whichallowsto includepreviously unavailable
typesof casualtiesnto training scenario:children, pregnant
women,peoplewith broken or missinglimbs, openwounds,
fatalities,etc;

allows us to put traineesinto virtual settingsarywhere on
Earth,includingextremeervironmentsl.

allows traineesto administermedicationgo victims andsee
theimmediateresults;

givesinstructorameango measurendevaluatetrainees per
formancemuchmoreaccuratelythanin real-life training;

malesit possibleto train personnel4 hoursa day, 7 daysa
week,onanindividual basis by having fewerhumanresource
contraints.

We planto simulatea triagescenaridan atoxic environment,in
which the userwould have to weara NATO standardbiodefense
mask, suit, and mittens. This useof actualbiodefenseequipment
malkesit unlikely thatvision-basedrackingandglove-typedevices
would be usefulfor building areliableinterfacefor travel andtool
manipulation.Useof ajoystick or agamecontrollerwould alsobe
problematiowhile wearingmittens.Yetin a scenariowith multiple
casualtiestravel betweervictims is essentiato accomplishinghe
triagemission,andvirtual instrumentsmustbe ableto beaccessed
andappliedwith someprecision. Whatkind of userinterfacecan
provide adequate&ontrolsfor suchtask?

3 RELATED WORK

A variety of human-computeinterfaceshave beenutilized in sim-
ulated patientscenarios covering the whole rangefrom desktop
systemdo fully immersedsimulators. The following brief suney
is loosely baseduponthe typesof technologyinvolved in the VR
systems.

Hubaletal [9] andKizakevich etal [10] developedvirtual patient
simulatorswith single and multiple casualtyscenarios;in 2005,
they presente@triageteachingprogrambasedn anactive physio-
logic model[11]. Theseapplicationsarenon-immersie andutilize
amouse-and-&/boardinterface.

A combinationof a mouse-baseihterfaceand 3D menuswas
usedin VER Virtual Emegeny Roomby Stytzetal [12].

A joint teamfrom the University of New Mexico andUniversity
of Hawaii developeda singlehematomaatientsimulatorthatcan
run both in immersive andin non-immersie modes[13]. Nav-
igation was implementedusing a joystick-based grab-and-drag’
techniquewhich was adequatdor shortrangelocomotionaround
a singlevirtual patient. Virtual instrumentsverealsomanagedy
joystick.

A multi-modalBioSimMERsystemfor training rst responders
waspresentedby Stans eldandcolleague$14]. They successfully
employed naturalhandandbody posesandgesturegor navigation

VR systemmay even be installedin a climatecontrolledroom with a
wide rangeof temperature$o make the virtual experiencesn placeslike
Saharaor Alaskamorevivid.

and managingvirtual instruments.To control the modesof loco-
motion, the authorsusedadditionalinput streamssuchas mouse
andkeyboardevents. For communicatiorwith thevirtual patients,
avoicerecognitionsystemwasusedwith mixedresults.

Viciana-Abadet al [15] describeda single casualtyimmersive
VR scenarioin which subjectswere asled to accomplishcritical
tasksin astressfukituation.In their study a CyberGloefrom Vir-
tual Technologiesvasusedfor managingheinterface.Theauthors
reportthateven small discrepanciebetweenwhatpeopledid with
the CyberGlore andwhatthey saw in VR detractedrom thesense
of presence.

Severalresearchgroupsusedvision-basedrackingof handges-
turesfor Ul purposes.Satoet al [17] appliedcamera-basedes-
ture recognitionfor travel and pointing to objectsin a virtual city.
O'Hagan and colleagueq18] developeda systemin which they
trackandinterprethandgesturedgor navigationin immersie envi-
ronmentsaimingto freeusers’handsrom ary devicesthatrequire
wiring.

Tollmar et al [19], who alsousedvision-basednotiontracking,
reportedthat immersedsubjectspreferredreal body motionsand
headmotionsfor travel and orientationover indirect virtual inter-
faces.In their study subjectsalsopreferredo triggeractionsusing
handgesturesatherthanvoice commands.Similar ndings were
reportecby Zanbakeetal [16].

4 DESIGN PRINCIPLES FOR VR-TRIAGE INTERFACE

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

Usercommandsustnotbemissechor misinterpeted.Trainees
areexpectedto operatein highly stressfulervironments thus,de-
mandsfor Ul arevery high and’slips' arenotacceptableThatin-
cludesblind spotsin camera-basettackingsystemswheremark-
erscanbe occluded. Due to the needof protective suitsand mit-
tens vision-basedhandandbodytrackingis notsuitable.Magnetic
trackingshouldbe usedinstead. Speecirecognitionsystemanay
beunrealistidf atraineeis wearingaprotectve suit. Moreover, vir-
tualvictims maynotbein aconditionto speakor speakEnglish.

Natural movementshouldbe utilizedas mudt aspossible Dur-
ing triage, traineesmustconcentrateheir efforts on working with
victimsandnotontravel. Thus,we delegatelong-distanceraveling
betweenvirtual victims to somevirtual locomotiontechniqugsuch
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...whereproblemsolving andinterpretatiorof materialis
important,or whereopportunityto practiceis minimal” (paraphrase
from [16]).

Usethe bodyin an intuitive and natural way. Whatever people
do, they almostalwaysusebothhandsthus,we mustprovide coor
dinationin functionalityfor bothvirtual handsaccommodateight
andleft handednessnake agooduseof job division betweerdom-
inantandnon-dominanhands.For moredetailsonthatsubjectsee
[20, 21].

Avoid arti cial constructsthat remindtraineesthat they are in
VR: 3D and2D menus gxcessie useof on screerdisplay explicit
requestgor commandcon rmation.

Finally, we wantto minimizeusage of additional devices such
asjoysticks,mice,gamecontrollers,andkeeptrainees handsfree.
Asreportedn [15], themismatchbetweersensoryjnputandvisual
responsés oneof themajorfactorsthatbreakthesensef presence.
Using a real joystick for graspingand holding a virtual tool will
always be keepingusers eyes and handsin disagreement,nless
thevirtual tool in questiondepictsexactly the samejoystick.
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5 VR-TRIAGE: THE SYSTEM OVERVIEW

In this section,we brie y outline the hardware andsoftware com-
ponentsof the systemand give somedetail on the contentof the
virtual settingsandthetrainingmission.

Hardware A dual processorPC, running at 3.2 GHz with
nVidia QuadroFX 1300 graphicscard, extendedrange Flock of
Birds motion tracking systemfrom Ascensiorwith 3 sensorspne
for theheadandonefor eachhand,5DT HMD 800-40sterechead
mounteddisplay sterecearphonesA trenchcoatwasusedto orga-
nize all cablesfrom the HMD andthe sensorsandto supporttheir
weight,asshavn in Figure2.

Software Linux OS, Flatland information visualizationsys-
tem, developedat the High PerformanceComputerCenter Uni-
versity of New Mexico [22]. Visualandaudiocontentis rendered
with OpenGLandOpenAL APIs. The systemrunsat x edrateof
30framespersecondn active stereomode.

Content Thetriage sceneshavs a conferenceoomin a sky-
rise building, with a minimal setof furniture. Multiple windows
displaya panoramaf city lights. Five victims with variousinjuries
arescatteredaroundtheroomin differentposes.Thereareseveral
audioandvisual distractors suchasa helicopterthat periodically
appearandmalescirclesaroundthe building, cell phonesinging,
soundsof police carspassingoy, etc. Traineesarerequiredto nd
every victim, provide treatmentjf neededandattachanappropri-
atetag.

All 3D modelswere createdand animatedn Maya 3D author
ing tool from Autodeskinc., andthenexportedinto Flatland data

les usingcustomplugins. All shapesare optimizedfor fastren-
dering by usingtriangle stripsfor deformableobjectsand display
listsfor rigid objects.Humancharacterfiave 6-7 K polygonseach
(facesalonehave about1K polygons),the numberof polygonsin
theentirescenes closeto 170K. Thehumancharactersarerigged
usingsmoothskinningover animatedskeletons eachcharactehas
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 processe@n the samePC.

Behavior In modelingbehaior of virtual victims, we adopted
a strateyy, differentfrom existing triage training applicationg10,
11, 14]. Insteadof developingdetailedandmedicallycorrectsim-
ulationsthat control the vital signs, appearancend behaior of
the virtual victims, we useda “static' approach.In our system,a
traineeis expectedto spendone, at mosttwo minuteswith each
victim. During thattime, he or shemustcollectall theinformation
neededfor treatmentandtriage. In sucha shorttime frame, we
don't expectthevictim's conditionto changesigni cantly. Neither
canwe expectfrom the traineeto detectsuchchangesandderive
somemeaningfulconclusions.Hence all triage decisionamustbe
basedupona singleassessmenthatdoesnt meanthatthe virtual
victims remainmotionlessandlifeless. On the contrary they be-
have andreactto treatmenin a mannerconsistentvith the nature
of their injuries. Victims canbe programmedo be cooperatre or
not, robustor sensitve to mistalesin treatment.For example,one
of thevirtual characterdiasa big bruiseon theright side,andshe
coversit with her hand. Whenthe traineetoucheswhereit hurts,
sheremovesherhandsothatthe traineecannow usescissorsand
exposethewound(seeFigureb). Thisis anexampleof cooperatie
behaior. Every victim on the scenehashis or herown behaioral
functionthatmakesthemawareof changesn theernvironmentand
controlstheir responseto thesechangesThatincludesreactionto
treatmenttoo.

6 VR-TRIAGE: POSE-BASED COMMAND LANGUAGE

In this sectionwe give adetaileddescriptionof ourimplementation
of the VR triagecommandanguage.

6.1 Body Language Components

As explainedin sectiord, we proposeio minimizetheuseof exter
nalinput devices,suchasbuttons joysticksor mice,andmaximize
theuseof ahumanbodyinstead.Thus,thebuilding blocksof which
we constructall commandsreposes.

To comparewith the naturalhumanlanguage different poses
play therole of wordsin acommandsentenceAs in ahumanlan-
guagegcertaincommandsnay consistof asingleword, like “stop!'.
If the useris traveling, this commandis formed by assumingAT
REST pose(seeFigure 1, top-left). Othercommandseedaddi-
tional information, for example, “starttravel whe€? Suchcom-
mandsareexpressedvith sequencesf poses.

Note that eachpictogramin Figurel is in facta generalization
of a family of posesthat carry the samesemanticmeaning. For
instance,a POINTER canbe realizedby pointing with arny hand
in ary directionfrom ary position: standing sitting, squatting etc.
Thekey featurehereis thatonehandis extendedat full armlength.
Key featuresmay be groupedand newv posesde ned. Note, that
the poseghemselesreston a humansideof the human-computer
interface they arenothingmorethancornvenientmnemonicgo help
usersremembeithe “vocahulary' of the commandanguage.The
commandnterpretelin our systenworkswith key featuresnstead,
which aredetectecandprocessedh real-timecontinuously

Technically thefeaturesareimplementedas ags, setto trueor
falseaftercorvertingeachraw samplereadfrom the Flock of Birds
into dataitemsof varioustypes,suchashand-headndhand-hand
proximity, mutualorientation,absoluteandrelative velocities,etc.
Presentlythe commandnterpreterrecognizesl6 distinctfeatures
for eachhand, suchas hand-is-&tended,hand-is-up,hand-head-
contact,hand-palm-uphand-fast-dop andthelike.

AL ARK

AT REST POINTER DOUBLE POINTER CLAP HANDS POINT-AND-GO

LR R NG

SERVICE SELECT SALUTE DOUBLE SALUTE  HEAVY LOAD

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 + Conrmation = Command

Most commandsare implementedas ‘intention+con rmation’ se-
guences. For example, to starttravel, a usermustspecify either
directionor destinationof intendedtravel andthenissuea con r-
mation,a ‘go!" signal. Similarly, whengrabbinga tool, user rst
shaws his or herintentionby selectinga tool andthencon rms or
cancelst.

Therearetwo adwantagesn breakingcommandsnto explicit in-
tentionandcon rmation componentsFirstly, the needof a clearly
expressedon rmation makesit lesslikely thatthe commandwill
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be executedunintentionally by chance.Secondly by varying the
representationf eachcomponenseparatelywe can nd the most
cornvenientandintuitive implementatiorfor the entirecommand.

Commandsare usually context-dependentand can be grouped
into travel, tool accessandtool application. This classi cationis
suggestedy the natureof triageitself, wherethelearneiis required
to approactavictim, selectaninstrumenfrom atoolbox,applythe
instrumentandrepeathe procesawith the next casualty Context-
basedinterpretationhelpsto disambiguat&eommonlyusedposes,
for example,pointing. Whenthe useris not moving, an extended
handis interpretedasanintentionto starttravel; in travel mode,an
extendechandmeans changedirection' or “increasespeed'.When
theuseris selectingor usingatool, anextendechandhasno special
meaning. Presently the systemrecognizeghe following modes,
or contets: idle, calibration,travel, tool accesstool application,
pauseandtelescopioview.

6.3 Calibration

To be ableto readusers posescorrectly the commandnterpreter
musthave certainbiometricdataon thatuser suchasarmlength,
bodyheight,necklength.For thatpurposeall new userggothrough
a shortcalibrationroutine, during which they are asked to extend
and hold their dominanthandin threedirections: up, dovn and
forward. The head-to-handlistancesre capturedithe armlength
andverticaldistancerom the shoulderjoint to cameraarederived.
Also, the systemcaptureghelevel of the naturalhandtremor, spe-
ci ¢ for eachuser Thisvaluewill beusedin determiningpointing
directions,neededor travel.

Calibrationtakesapproximately30 second@ndcanbeinitiated
by theuserinsideVR or by anoperatoifrom theconsolgseeFigure
2, left). The calibrationprocessffectively turnsthethreegeneral
purposetracking sensordnto a virtual cameraand virtual hands,
synchronizedvith the users body During calibration,one of the
virtual handss assignegsa dominanthand.

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

6.4 Virtual Hands

Virtual handsare usedin all commands. Visually, they areim-
plementedas animatedobjectswith deformableskin andinternal
skeletalstructure Eachhandmaintainsts internalstate which can
be POINT, OPENand CLOSED.For eachstate thereis a distinct
handshapehatgivesusersadditionalcluesaboutwhatthey cando
with thehandatthis moment.Transitionshetweerstateshapperin
nite timesandarevisualizedwith shortanimations,asshavn in
Figure 3. During transitions,the handis in unde ned stateand
cant be usedfor anything. This implementationprovides natu-
ral dampingof unwantedoscillationsbetweenstates which may
happenwhenthe handrepeatedlypicks anddropsa virtual object.
Also, this delaysenesas "cool-of' time whenchangingcontexts,
for example,from tool applicationto traveling.

DominantOPEN handcanbe usedto work with objects. Both
dominantandnon-dominanhandscanbe usedto form commands
thatarenotrelatedto travel. WhenadominantOPENhandpicksan
object,it changeghe stateto CLOSED.In this state the handcan
only manipulateor releasereleasethe object. After releasingthe
object, the handbecomesOPEN again. Both dominantandnon-
dominanthandscantoggle betweenOPENand POINT states.In
POINT state the handcanonly be usedfor 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 Birds systemtrackspositionsandori-
entationof the sensorswithin 8 foot radius, providing sufcient
spacefor working with a single patient,moving naturally: walk-
ing, turning, kneeling. Inter-patienttravel is implementedusing
“point-and-go'irtual locomotiontechniquetheuserselectsa des-
tination or directionof travel andthe navigation system'teleports'
him or her thereautomatically To avoid breaksin continuity of
perceptionrelocationshapperwith a nite speedyaryingbetween
walking andrunning(5 km/hto 20 km/h).

6.5.1 How to Point

To starttravel, theusemustpointin thedirectionof travel or point
atthedestinatiorobject.In bothcasesacorrectpointingposemust
beused.A pointingarmmustbeextendedior morethan75%of its
length. The handmustbe placedat the chestlevel or higherwhen
standingor at the chin level or higherwhensquatting. In general
casethehandmustbeheldabose 80%of thecurrentheadelevation
abovethe oor. Thisrule Iters outfalsetravel intentionswhenthe
handsareat restposition,hangingdown at full armlength.

Whenthe users realhandbecomes pointer sodoesits virtual
twin: theindex nger extendsforward,asshawvn in Figure3, right.
Interestingly most peoplethat tried our system,involuntarily ex-
tendedtheirindex ngers also,mimicking the shapeof theirvirtual
hands(Figure2, topright).
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6.5.2 Direction-Based Travel

In this modeof navigation,theusermovesin thedirectionfrom the
cameraowardsthetip of theindex nger onthepointinghand.The
pointing handis not requiredto be in the viewing frustrum,which
allows moving forward, backward and sidevays without turning
away from the currentobjectof interest. We believe that this way
of specifyingthe travel directionis more suitabletriage training
thanusingthe view directionor torso orientation,asin [14]. By
decouplingthe directionof travel from directionof view, we avoid
overloadingnaturalbody movementswith extra functions,which
canmalke thewhole exerciselessnaturalisticandmoretiring.

Theintentionto starttravel is detectedvheneitherhandassumes
a pointing position: arm extends75% or more, aiming high. The
travel is con rmed whenthe handis found to be pointing in the
samedirectionfor a speci ed time interval. The “samedirection’
conditionis checled with the userspeci ¢ shale tolerancewhich
is capturedduringcalibration.

We found that the con rmation timeoutof 750 msecallows to
travel comfortablyalongcurvedpathsby following theslowvly mov-
ing hand. Fasthandmovementsare ignored. If the handkeeps
pointing in the samedirectionandis in view, the travel speedis
increased For corveniencewe will referto this type of travel us-
ing termsdirection-basedhand-basedind free-styletravel inter-
changeably

6.5.3 Target-Based Travel

In target-basedravel, an intentionto starttravel is indicatedby
pointing at a target object Whena handassumeshe pointing po-
sition, a ray is castfrom the camerathroughthe tip of the index
nger. Theray is checled for intersectionswith all objectsthat
have registeredthemselesastargets. For instanceall virtual vic-
tims aresuchtamgets.All tamgetshit by theray aresortedalongthe
ray distanceandthe closestargetis chosermasatravel destination.
Unlike free-styletravel, which allows blind pointing, target-based
travel requireghatthe handandthetargetarebothin view.

Structurally a tamgetis a simplewrap arounda standardscene
object(a nodein a scenegraphhierarcly), with additionalinfor-
mationrelevantto navigation and selection:boundingvolumesof
varioustypes,bestviewing distance etc. Also, target keepstrack
of how longit's beenin selectedstate.

| IDLE || SELECTED|—*| BEING APPROACHED|— |TAKEN |
wl |

Figure 4: State transitions of travel targets.

Functionally targetsareimplementedas statemachineshovn
in Figure4. An IDLE tamgetbecomesSELECTEDwhenthe user
pointsatit with eitherhand.Thetravel intentionis detectedWhen
the travel is con rmed andinitiated, the target changesstateinto
BEING APPROACHED. Whenthe tamget is reachedjt becomes
TAKEN. Thetamgetreturnsto IDLE statewhentheuser:(a) cancels
thependingravel commandfrom SELECTED),(b) stopstraveling
(from BEING APPROACHED), (c) moves away from the tamget
(from TAKEN).

We have experimentedwith varioustypesof con rmation for
this type of travel. Four methodsgave goodresults. Con rmation
may be given, (a) by pointing at the target with both hands(Fig-
urel, poseDOUBLE POINTER),(b) by raisingthe otherhandup
(Figurel, posePOINT AND GO), (d) by looking at the centerof
theselectedarget,(c) usingatime-out.All thesemethoddriggered
thetravel commandeliably.

Oncetravel to a target hasstarted the navigation systemtracks
the currentlocation of the target and dynamically correctsdirec-
tions andspeedof travel. Thatallows to closeon a moving target

automaticallywithout pointingatit all thetime. The nal destina-
tion pointis computedso thatthe userendsup standingat a com-

fortabledistancen 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 exhaustve trial anderrorexperimentationsthe
following rulesfor processingravel command<rystallized.

If the useris alreadymoving free-style resetall selectedar
gets, interpret hand positionsas commandsfor directional
travel (targetsarenot processed)Thatrule allows to change
directionof travel onthe go, without makinga stop.

If theuseris notmaving yet,andoneof thetametsis selected,
usehandpositionsfor target-basedravel only. Thatallowsto
completethetravel commandy giving acon rmation signal.

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

If the useris alreadymoving free-styleandkeepspointingin
the samedirection, and the handis in view, increasespeed.
However, continuous blind' pointingwill resultin traveling
at constantspeedonly. The reasorbehindthis rule is thatin
normalhumanmovementmostacceleratiortypically occurs
only in forward directions,but not in lateralor backward di-
rections.Also, thisrule canbeconsidere safetyprecaution.

To stopafree-styletravel, dropthe pointinghand.

To stopatarget-basedravel, point away from the tamgetand
dropthehand.

Continuing the parallel with the naturallanguage,The Rules
sene asthe grammarfor our travel languageallowing the system
to disambiguatendlink sequencesf posesinto valid andmean-
ingful commandsentencesThesecommandgrovide interfacefor
all travel needs.

6.6 Virtual Tools

Virtual toolsaremeandor examininganddeliveringcareto virtual
victims.

6.6.1 Tool access and storage

All toolsareplacedon aninvisible tool tray, permanenthattached
to the non-dominanhand. Whena userwantsto accesghetools,
he or sheneeds¢o make a gestureasif they areholdingarealtray:
palmsup, handsn view, asshowvnin Figurel, poseSER/ICE. The
tray turnsvisible andthetools becomeaccessibleTo selecta tool,
the usertouchest with the dominanthand,while keepingthe tray
open. Con rmation is given automaticallyon a time-outandthe
tool jumpsinto the hand. To returnthetool, the usermustputit in
contactwith thetray andthetool will jump backto its place.

To male this interfacemoreuserfriendly, we applieda hystere-
sisfor the directionof tool jumps. If thetray is openwith thein-
tentionto graba tool (the grabbinghandbeing empty at that mo-
ment),grabbingis easierthanreleasing:the con rmation time out
is shorter If the useropengthetray while holdingatool, the situa-
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 applyatoolis issuedby placingit closeto thearea
of application. Con rmation is issuedon a time-out. Sometools,
suchastriagetags,attachthemselesto the point of contactwhich
is the foreheadof thevictim (seeFigure5, bottom-right). Theroll
of bandagevrapsarounda wound. Scissorgerforma cutting ani-
mationaftera contactwith clothesis made.

Thetoolsthemselesarenotveryintelligentandthey shouldnot
be. Thewhole body of knowledgeaboutthe consequencesf each
tool's applicationis storedin behaioral functionsof virtual vic-
tims. Thatallows usto reusethe sametoolswith differentpatients,
andnottheotherway around.

6.7 Other Commands

Head Lamp By touchingown foreheadwith onehand(Figure
1, poseSALUTE) the usertogglesa spotlight thatis attachedo
cameralnitially thelight is turnedon.

Binoculars By covering both eyes (Figure 1, poseDOUBLE
SALUTE) the userturnson virtual binoculars:the view is magni-
ed 4 times. Retractingeitherhandturnsbinocularsoff. While the
binocularsareon, the usercant neithertravel nor work with tools.

Backpack Thiscommandwill beusedfor storingandaccess-
ing additionaltools. If the tray holdsthe mostfrequentlyusedin-
strumentandsuppliesthebackpackwill containtherest.It will be
accessetby reachingout with both handsbehindthe back (Figure
1, poseHEAVY LOAD).

Go To Start Position By clappinghandshreetimes,userscan
jump to the positionwherethe missionhasstarted.This command
wasimplementednostlyfor dehug purposes.

6.8 Pictorial Summary of Commands

In the following diagrams,commandsstarting with (AT
REST)pose areonly availablewhenthe useris nottraveling.

N ﬁ R aceesshetrayto pick or returnatool
travel towardsatarget

travel freestyle

full stop

togglebinocularson/off

toggleheadlampon/off

accesshebackpackpending)

=& =P =% > >0 SOy

jumpto startposition(claphands)

7 EXPERIMENTS

In SeptembeR006,the VR-Tiage systemwastestedatthe JohnA.
Burns Schoolof Medicine, University of Hawaii. Over 40 volun-
teersthemajority of themmedicalstudentswereasledto perform
asimpli ed triagescenario.Theirmissionwasto explorethescene,
nd all victims andtagthem. In orderto accomplisithis mission,
volunteershadto learnhow to navigatearoundthe sceneandhow
to accesandusethetools,in this casetriagetags.

Beforegoing on the “real mission', eachsubjectwascalibrated
and placedinto a training zone,a highly abstractand rathervoid
virtual world, to practicenavigation and tool manipulationcom-
mands.To completethe training, subjectshadto approachandtag
two human-lile charactersand, after doing so, leave the training
zoneby directing themseles out througha woodengate. After
passinghe gate,the subjects entered'the sceneof triage,andthe
missionstarted Noneof themhadprevious experiencewith VR.

In the beginning of the exercise,immediatelyafter calibration,
mostpeoplelooked frozen, standingvery still andstaringstraight
aheadVery soon,they beganto relaxandstartedo turn, walk, and

nally, usetheir hands,all of that happeningwithin one minute.
We suggesthatthisis anindicationthattrackingmediatedhereal
body movementsinto VR adequatelyand the whole systemwas
reasonablyomfortable.
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Overall, VR-Triage wasreceved with greatenthusiasmOn av-
erage,subjectswere able to completetraining in 2 minutes,and
themissionitself in 5 minutes.Besttime for completingthetriage
missionwas1:57 min, worsttime 10:38min, median3:40. Out of
43 subjectspnly two didn't completetheexercise:onefelt uncom-
fortablewith theHMD (it wastoo loose) theotherdidn't offer ary
reasons.

For eachsubjectwe collecteddatalogsfor measuringomplete-
nessof their actions. We de ne completenessf a commandas
theratio betweerthe numberof executionsto the numberof inten-
tions. A 100%completeness achiesed whenevery intentionre-

sultsin commandexecutions.Cancellationgeducecompleteness.

This characteristids aggreate and dependsamongotherthings,
onthequality of thehuman-computenterfaceandalsoonindivid-
ual qualitiesof eachsubject.Peoplewho tendto changeheir mind
frequently areunlikely to achieve high scores.

The meanvaluesof completenesgor travel andtool applica-
tion are90.0and87.7,respectiely. Theresultsarebasedon a41-
subjectsamplefor travel anda 26-subjectsamplefor tool related
tasks.

Fortravel commandswe measuredompletenesseparatelylur
ing trainingandduring the mission. The large numberof subjects
(41) allowed usto treatthe humanfactorasa randomvariableand
regard completenesss a characteristicpredominantlyrelatedto
theusability of theinterface.

Thedistributionsof completenesduringtrainingandduringthe
triagemissionareshaown in Figure6. At a glance we cansaythat
in both ervironmentspeopletraveledvery con dently: all subjects
scoredabove 70% andthe modalvaluesfor both casesare 100%.
The questiorwhetherthe prior trainingwashelpful or not remains
openfor discussion. Statistically the meansof the two distribu-
tionsareindistinguishableThus,the only indisputableconclusion
thatwe candraw is that training did not appearto impair perfor
mance.However, a highercompleity of the missionernvironment
givesusreasongo believe thattraining actuallydid help. The dif-
ferencesbetweenthe two worlds are signi cant, especiallywhere
navigation is concerned.In the training zone,both charactersre
standingin clearview andcanbeapproachee&asily During triage
mission,all victims arescatteredroundthe scendn variousposes,
lying onthe oor andleaningagainstthewalls. Navigationin close
proximity of thewalls andwindows is notaseasyaselsavhere.To
preventsubjectdrom falling out of windows andgoingthroughthe
walls, travelingis allowedonly insidetheroom. To enforcethat, the
perimeterof the roomis surroundedvith a “cushionzone', where
speedof travel is graduallyreducedto zero as the subjectmove
deeperinto the zone. Traveling in the training zoneis completely
unrestricted.

With all thatin mind, we offer thatidenticalmeanvaluesof com-
pletenessn both areasindicatethat training actually helpedsub-
jectsto improve their navigationalskills.

8 CONCLUSIONS AND FUTURE PLANS

We have presented working prototypeof theimmersedVR sys-
tem for training triage skills, with the emphasison designingan
ef cient andreliablecommandanguage The systemwassuccess-
fully testedwith a large numberof subjects;valuableinput was
collectedfor furtherimprovements. It was demonstratedhat for
navigationandtool applicationtasksmostsubjectwereableto use
theinterfaceat high levelsof ef ciency.

During developmentwe have identi ed a numberof interesting
companionproblemsthat merit additional studies. For example,
similarities betweenthe naturallanguageand the pose-basetan-
guagewere notedbut not yet explored. It seemdikely that tech-
niguesand methodsfrom the eld of naturallanguageprocessing
may offer new insightsfor further developmentof the command
language. Another interestingproblemis how to incorporatea

no of subjects
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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 moretestsin orderto eval-
uateand improve the usability of the commandlanguage. Long
term plansinclude testingthe ef cacy of VR-Tiage for teaching
andtraining cognitive skills neededn triage. For that purposea
scoringsystemanda setof monitoringtools mustbe developedfor
trackingbehaior andperformancef trainees.

We believe that VR-Triage achieved a level of sophistication
which allows developmentjmplementatiorandevaluationof real-
life training scenarioscustom-maddor speci ¢ audiencespoth
civil andmilitary.
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