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Abstract

Theability to manipulateobjectsis fundamentato most
virtual reality (VR) applications.A multitudeof metaphos
havebeendevelopedto facilitate objectselectionand ma-
nipulation [1], including virtual hand[?2], which remains
by far the mostpopulartechniquein this category.

Theutility of thevirtual handdepend®ntheuser's abil-
ity to seeit. Unfortunately ensuringthis is not always
easy especiallyin immesive systemswvhich employhead
mountedlisplays(HMD) with alimited eld of view. Build-
ing on|[ 3], weshowhowthevirtual handmetaphomaybe
usedeffectivelyboth to manipulatevirtual objects,and to
guidetheuser's view in order to ensue continuousvisibil-
ity of thehand.We provideimplementationletailandreport
experimentaresultsfromtheuserstudies.Thispaperis in-
tendedfor an audienceinterestedin building HMD-based
VR systemswhee uses are required to actively interact
with the ervironmenty usingtheir virtual hand.

1. Intr oduction

The width of human eld of view (FOV), for eacheye,
extendsapproximatelyl50 horizontally(60 overlapping,
90 toside)and135 vertically (60 up,75 down). Com-
mercially available head mounteddisplaysunder $25K
have a FOV ranging from 40 to 60 degreesdiagonally
Examplesinclude: n\MsorSX and V8 HMDs with 60 ,
ProMewXLwith 50 , eMagineand5DT HMD with 40 [4].
It is acommonknowledgethatthelossof panoramiavision
is one of the mostnoticeabledifferencesetweerreal and
HMD-basedsimulatedervironments.

Restrictedvision inevitably limits users'ability to inter-
actwith theernvironment[5]. In mostsituations suchlimits
arepercevedasthe systems de ciency, with a few excep-
tions. One exampleis the BiosimmerVR system,devel-
opedfor training rst respondersn simulatedhazardous
conditions[6]. Accordingto the authors,a 60 FOV V8
HMD adequatelyreproduceghe experiencethat trainees
have in real-life training, wearinga gas-maskand protec-
tive suits. A driving simulator[7], equippedwith a 40
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5DT-800 HMD, providesanotherexampleof how limited

FOV canbe turnedinto anadwantage.In this application,
users'handsare intentionally kept out of view, sothe stu-
dentscanlearnhow to operatecarcontrolswithoutlooking.

Sincein bothcaseghedevelopersexplicitly explainedhow

they usedthelow FOV valuesto their advantagethesetwo

exceptiongprove therule thatpanoramicviewing generally
bene tstheapplication.

As VR systemgpenetrateewn areasandnew markets,the
variety of con gurationsincreasesand the gamutof user
tasksgrows. In this work, we focus on a traditional VR
architecturevhereusersareimmersedn the ervironment
with a stereoscopitiMD; both the headand at leastone
handaretrackedwith 6 degreesof freedom.Theheadtrack-
ing directly controlsthelocationanddirectionof view of the
virtual camerathe handtrackingallows to manipulatethe
virtual hand. Figure 1 illustratesa userimmersedin such
system.In this particularexample the headandbothhands
aretracked. Usersdon't have own avatars— their handsare
theonly visible partsof their virtual bodies.

Figurel. Immersve patientsimulator Equipmenused:40 FOV
5DT HMD, Flock-Of-Birdsmotiontrackingsystemby Ascension.
Thelowerimagesshaw the rst personview, with thevirtual hands
atthebordersof the screerspacecontouredn white.



1.1 The problem: where are my hands?

Figure 1 demonstratefiow severe the limitations im-
posedby a narrav FOV on the useof virtual handscanbe.
Theuserholdshis handsatthebordersof thevisible frame,
shaving the working volumewherehe canmanipulatehis
handswithout losing sight of them. Here, the usermust
examineandtreat fteen virtual patientsusing hand-held
medicalinstruments.

After observingover a hundredusersin this andsimilar
VR settingswe cancon dently saythat the mostfrequent
guestionaslked by novice usersis, “where aremy hands?”
(Veryfew remarledon missingtherestof thebody,) People
seemedo beverydependenbn beingableto maintaincon-
stantvisual contactwith their handsthus,mostusersmade
a consciouffort to coordinateheadandhandmovements
to ensurghattheir handswerealwaysin view.

As a result, userssigni cantly restricted their hand
movementsby keepingthem inside the narrav viewing
cone,as shavn in Figure 1, top. Whenreachingfor ob-
jectslocatedon far left or far right, they rotatedthe whole
body, whichlookedvery unnatural.

1.2 Hardwaresolution: a better HMD

One obvious way to extendthe workspaces to usean
HMD with a wider eld of view. In recentyears,the ad-
vancesn microdisplaytechnologiespavneda numberof
new HMDs with panoramiccharacteristics150 Wde5by
Fakespacd abs[8]; apiSightserieswith 82 to 180 FOV
by Sensics.Long-standingproducts,suchasV8 from Vi-
sual ResearchSystemswere also improved. Completely
new display solutionswere introduced[9]. Overall, after
being nearly extinct in the last decade panoramicHMDs
aregoingthrougharenaissancphase.

However, upgradingto a panoramicHMD may not al-
ways be practical. A major reasonis the cost. All the
modelsmentionedabove startat pricesfar above $25K,
and somego over into 6 gures. A secondreasonis the
increasedmass. As of this writing, all consumeievel
panoramidHMDs weighapproximatelyl kg. This maynot
be a problemin applicationswhere usersmostly obsene
thescenebut if active body movementsareexpectedfrom
userstheinertia of the HMD may becomenoticeableand
degradeuserperformance Finally, in someHMD models,
themultidisplayarchitectureequiresprecisepositioningof
the users eyesin thefocal point of the arrayof micro dis-
plays. Evensmall displacementsf the HMD on the head,
which are to be expectedin fast-actionVR applications,
may causethecompositeview to breakinto a setof discon-
nectedsub-imagesThus,upgradingto a panoramicHMD
may not alwaysbe a practicalor cost-efective solution.

1.3 Software solution: a better interface

In this paperwe adwocatea softwaresolutionto thelim-
ited visibility of the virtual hand. We baseour approach
on facts,known from neurobiologyand the cognitive sci-
ences that the humaneye is a highly sensitve perception
device,with its movementdeingproactive,anticipatingac-
tions[10]. Thestudiesshawv thatthe eyesarepositionedat
only task-rel@ant objects,which in our caseare, (a) the
virtual hand,(b) hand-heldools, (c) locationsof tool appli-
cations.Thus,our goalis to ensurethatthe moving virtual
handremainsin continuousview. Here,we achieve this by
using a non-linearmappingbetweenthe relative positions
andorientationof the users headandhandandthe virtual
cameracontrols.

2. Relatedwork

Several researchergxplored non-isomorphicmapping
betweerthe orientationof the users headand/orbody and
the virtual camera,by amplifying the original headrota-
tion. Early experimentswith ampli cation of headrotation
werepresentedy Pougyrev et al. [11], wherethe authors
augmentedhe video streamof a users facewith a super
imposedmodel of a Kabuki mask. When ampli ed, the
maskwas turning fasterthanthe face. Later, the authors
developedagenerahon-isomorphicotationmappingtech-
nigue[17], with adetailedanalysisof possiblamplementa-
tionsfor differentUl purposesin the original experiments
with the rotatingmask,a simpledesktopmonitorwasused
asadisplaydevice.

LaViola et al. [13] investigatedhow indirect camera
mappingmay be usedin CAVE systems. Their goal was
to turn athreewall basedCAVE with 270 horizontal eld
of view into a completelyclosedervironmentwith 360
viewing. Severalmappingschemesveretried with mixed
results,suchascontinuousdirect scalingof headrotation,
headandtorsorotation,and a 2D-extendedGaussiarsur
faceasa mappingfunction of both the orientationand|o-
cation of the userwithin the ervironment. The last ap-
proachyielded goodresults,whereaghe directampli ca-
tion causedsigni cant userdiscomfort. In a recentstudy
LaViola and Katzourin[14] shaved how non-isomorphic
rotation improved user performanceby 15% in surround-
screervirtual ervironments.

For HMD-basedsystems.encouragingesultswere re-
portedby Jaekletal. [15, 16], who investigatedhe human
tolerancdo errorsbetweerheadmotionsandthevisualdis-
play. Their ndings shav that changesn the orientation
of headrotationdid not in uence the users performance.
Also, therewasno apparentffect of thedirectionof grav-
ity either[16]. The authorsreportedthat giventhe choice
of adjustingthe HMD rotationresponsenanually partici-
pantstendedto amplify the rotation, asit felt “more natu-



ral”. Thesendings weresupportedy experimentaktudies
by JayandHubbold[17], who developedanimmersie en-
vironmentwith ampli ed headrotationandcomparecuser
performancewith and without ampli cation. Amplifying

headmovementslead to a 21% improvementin a visual
searchtask. This conditionwas also preferredby partici-
pants,who believedit to be the control condition. Dislike
wasexpressedor the real control condition,wheremove-
mentsfelt, “sloweddown”.

Theresultsdescribedibore suggesthatamplifyinguser
headrotationis a promisingtechniquefor controllingcam-
erasin immersve ervironmentswith limited display capa-
bilities. However, in the generalcase a rotation-basedp-
proachleadsto problems.

Firstly, mappingsthat involve head-onlyrotation have
limited usein systemswvhereusersarerequiredto operate
theirhands.Thelocationof thevirtual handsalsoneedsad-
justment,otherwiseuserswill notbeableto seethem[17].
In a generalcaseof amplifying 3D headrotations,hands
cannot be adjustedwith the samemapping,asthe source
rotationshappenaboutdifferent pivots and have different
rangesfor the headandhands.

Secondly asdiscussedn [17], amplifying an arbitrary
rotationin 3D doesnot satisfytwo importantrequirements,
called the directional and nulling compliances. The di-
rectional compliancedemandshat the ampli ed rotation
happensaroundthe sameaxis asthe sourcerotation. The
nulling compliancemeansthat returningthe interface ob-
ject (i.e., the head)into the initial position,mustalsocan-
cel the ampli ed response.Non-conformanceo thesere-
guirementsererelyviolatesgenerallyacceptedecommen-
dationsfor userinterfacedesign[1g]. As of this writing,
thereareno publishedsolutionsdescribinghow to circum-
ventthis fundamentapropertyof rotation,in the context of
building cameracontrolsin immersive VR applications.

3. Sliding viewport

We proposeto improve the usability of existing HMD-
basedimmersive VR systemsand increasethe perceived
sizeof the eld of view, by dynamicallyshifting all four
cornersof the viewport in the cameraspace. The amount
andthedirectionof the shift is derivedfrom the positionof
thevirtual hand,moving freely in the ernvironment.

We baseour approachon an obsenationthatthe users
eyesalwaysfocuson task-releant objects: a hammerhit-
ting anail, avirtual handtouchinga patientswrist for pulse
readingsandsoon[19, 20]. Thus,we setit asour goalen-
suringthatthe moving handdoesnot reachthe endof the
viewable eld.

3.1 The algorithm outline

Thealgorithmisillustratedin Figure2. Thevirtual hand,
initially locatedin the north-eastcorner of the viewport
(drawn asa solid), is moving away from the viewablearea
(drawn asa contour). As shavn on the diagram,the hand
new location(x; y), projectedontotheimageplane resides
inside two slabs[X star t; X stop] and [Ystar t; Ystop]. NOI-
malizedvaluesof x andy determinethe amountsof hor-
izontal and vertical incrementsas returnedby a mapping
function W (x; y). Theseincrementsare addedto all four
cornersof theviewport. As aresult,thehandbecomewis-
ible again(Figure 2, right side). Figuratively speakingthe
viewport slideson a (x; y) planewithin the x ed box of
maximalvalues,assetby the mappingfunction. The view-
sliding mechanisnis appliedat eachcycle of the graphics
loop, which ensuresontinuousadjustmenbdf the viewport
locationin cameraspace.
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Figure2. Thesliding viewportalgorithmcomputesiew positions
of theviewportcornerspasediponthecurrentvaluesof azimuthal
andelevationanglesof the handin cameraspace As aresult,the
view slidestowardsthe hand.

Notethatthe actualFOV doesnot changeits horizontal
nor vertical sizesduring the process.We only help usesto
peek“outsidetheframe” of the HMD by temporarilyshift-
ing thatframein theright directionattheright time.

It is alsoimportantto note that the viewport sliding is
performedin additionto normalview controlsdueto head
tracking. Our techniqueis intendedto complementrather
thanreplace normaltrackingof the users head.

3.2 Implementation

Theviewportsliding mechanisndoesnotneedto been-
gagedpermanentlybut canbeturnedonandoff in realtime,
asthe applicationneedsdictate. Theseneedsare speci ¢
for eachapplicationandeachcontect. However, certainsit-
uationsarefairly common. For example,whenthe useris
simply observingthe ervironment,without active interac-
tion, the viewport shifting shouldbe switchedoff. Unless
instructedotherwise the Ul systemcanmake agoodguess
thatthe useris in a “sight-seeing’modeif his or herhands
arestayingoutof view for alongtime andarehangingdown
at full arm’s length. Whenthe useris actively interacting



with the ervironment,the virtual handsusually remainin
view for arelatively long time (a few seconds)which can
be usedasa signalto activatethe viewport sliding mecha-
nism,or “lock” theview onthehand.

After experimentingwith differentheuristicsfor view-
portlocking, thefollowing rulesyieldedusefulresults with
agoodbalanceof effectivenesgthe “just-in-time” feature)
andunobtrusveness.

View lock is engagedvhenthe handstayswithin the
areawherejXj  Xgiar t @andjyj  Yeuar t- lOngerthan
2 seconds.

Lock is engagedvhenahand-heldool is beingused,
for example,a stethoscopeg roll of bandageetc.

Lock is brokenwhenthe handstaysoutsideof adjust-
mentzone(jXj Xswop andjyj  Ysiop ) longerthanl
second.

Lock is brokenwhenthe userselectsobjectsthathave
beenpre-arrangetb t theoriginalview: 2D menusa
tray with instrumentsin ourimplementationsuchob-
jectsareparentedo the headobjectfor easieraccess.

Lock can only be applied to the dominant hand;
that simplerule preventsmultiple con icts whenboth
handsmay start competingfor the direction of the
shift, for exampleby moving out of view in the op-

positedirections. Presentlynoneof the usertasksin

our patientsimulatorrequireshimanualmanipulations:
both handsmay only be usedin sequenceThus,this

rule ts oursystemquite naturally

Theserulesare appliedin eachcycle of the simulation
loop. At rst, thelock is setto falseand,while it remains
false,all lock-enablingulesareexecuted.f, atsomestage,
thelock is enabledall lock-breakingrulesarechecled. If
thelock survivesall thetests the view adjustingvaluesare
calculatedandapplied.

We intentionally avoided using velocity-basedules for
engaginganddisengaginghe view lock. For example,the
lock couldhave beenallowedonly if the hands speeddoes
not exceeda certainpoint. The rationalefor this rule is
that usersshould be allowed to gesticulatequickly with-
out trackingtheir handsvisually. It seemsaunlikely to nd
“good” valuesfor suchspeedimits’ for handsthat would
feelnaturalfor all users.Onthecontraryrulessolelybased
on positionandvisibility of thevirtual handaremoregen-
eral, easierto explain andlesssusceptibldo usertempera-
mentandhand-manners.

The lasttwo lock-breakingrulesare speci ¢ to our ap-
plication, as we have employed some2D elementsn the
userinterface ,suchasamultiple choicesuney, operatedy
pointingthe virtual hand.In a similar manney virtual tools

are accessedrom a tool tray by pointing. In both cases,
thelockingis turnedoff asthe objectsof interesthave been
designedo stayin the centerof unmodi ed view.

The new coordinate®f the viewportin theimageplane
X andY arecomputedasfollows (for clarity, we show so-
lutionsonly for the rst quadranof thescreerspacewhere
all anglesarepositive):

X =Xo+ X(p);

Y=Yo+ Y(p) (1)
X (p) = k Wy (ax);
Y(p) = kWy(ay)

Xo; Yo initial locationof theupperright
cornerof theviewport
X;Y newvaluesjn screer?D space
p = (x;y;z) handpositionin camera3D space
ay = arctan(x=z) isthehandsazimuthalangle
ay = arctan(y=z) isthehandselevationangle
Hswar ¢t Startanglefor engagingview lock
Hsiop  endangleafterwhichtrackingstops

k amultiplier, usefulrangel:5 1.7

For the mappingfunction, we useda windowed and dis-
placedW-shapedyjuartic(1 s?)?. For horizontalmapping,

2
0; ay < Hstar t;
We(s)=4 (1 9% Hsart & Hsop: (2
1 ax > Hstop;

with its arguments computedas the normalizedhands
position betweenthe start and end values: s = (ax
Hstar t)=(Hstop Hstar t). Vertical mappingWy is ob-
tained by replacing azimuthal angle ax and its bounds
Hswar t; Hstop in EQ. 2 by elevation angle a, and its
boundsVstar t; Vstop - IN Our systemthe upperright corner
(Xo0; Yo; Zo) is setas(1:33;1; 3), with otherpoints being
symmetricalaroundthe X andY axes. For thesesettings,
thefollowing valueswerefoundto beuseful:

Hstar t = 17 ;Hstop = 50; 3)
Vstar t = 12 ;Vstop = 40 up; 60 down

The viewport begins to follow the handwhenthe hand
azimuthalanglereached.7 andcontinueauntil 50 , onei-
ther side. Vertically, the trackingis setto be strongerin
the lower part of the screenspacebecausen our applica-
tion usersmostly operateheir handswhile holdingthemat
waistlevel or lower. Whenthetrackinglock is engagedthe
handremainsin the samepositionon the screentypically,
nearthe edge)andthe view movesin the direction of the
handmovement.Fromthe users perspectie, it appearsas
if the eyesarefollowing the moving hand,which is anil-
lusion— the eyesremain x ed on the samescreenocation
wherethe handis displayed.



3.3, Summary of our contribution

Themaindifferencebetweerourapproactandtheprevi-
ouswork is thatwe usea 2D solutionfor anintrinsically 2D
problem (narrov FOV), while other researchergxplored
3D algorithmsfor the sameproblem. By switchingfrom
the3D scene-grapkpaceo a 2D screerspacewe gainthe
following advantages:

Compatibilitywith othertechniques.

The view sliding techniquewill work in the presence
of otherUl enhancingalgorithms suchasGo-Goarm
stretchindg 21], becauseiew slidingdoesnotalterthe
contentof the scene-graphcoordinatestransforma-
tion matricesgetc.

Head/hanccoordination.

This problemwas reportedby Jay and Hubbold[17]
andis naturally addressedy the designof the view
slidingmechanismbasednthelocationof thevirtual
hand.

Nulling anddirectionalcompliances.
Substitutingtranslationsin 2D for rotationsin 3D
preseresboth compliancesn the systemresponses,
which makes this approachattractive for Ul design
purposes.

Corvenientparameterspace

Usingthe startingandendingvaluesof horizontaland
verticalanglesH andV is a corvenientway of spec-
ifying the extents of the hand-trackingzones,when
con guring the systemfor a nev HMD or tuning up
the existing con guration. Theseanglesare usually
listedin theHMD referencechartsandcanbetrivially
corvertedto screencoordinatesX andY, shown in
Figure2. Also, this parametespaceclosely matches
the corventionaldescriptionof the humanvisual eld.
Therefore,the view sliding can easily accommodate
the asymmetricnatureof humanvision, by settingH
andV valuesseparatelyor eachviewing quadrant.

4. Userevaluation

The viewport sliding techniquewas testedin pilot tri-
alsillustratedin Figure3 andappearedery promising. To
checkwhetherit will work in real applications,we con-
ductedan experimentalstudy within the contet of an ex-
isting virtual patientsimulator

The experimentswere organizedas a between-subjects
study: half of the group had the view sliding mechanism
enabledwhile the restusedtraditionaltracking-onlyview
controls. The goal of the experimentswasto collect and
comparenbjective andsubjectve evidenceon how theview
sliding techniqueaffectedparticipantperformancen oper
atingtheir virtual hands.

Figure 3. Pilot trials. Two compositeimagesshav the original
(left) andenhancedright) zonesof handvisibility. Here,theuser
wasasled to point at the edgesand cornersof his view, without
turninghis head.

4.1 The participants

The total of 28 volunteersparticipatedin the study re-
cruitedamongmedicalstudentsand staf members.Most
participantswere in their twenties, all had normal or
corrected-to-normalision, nonehadprevious experiences
with immersive VR. All participantssuccessfullycom-
pletedthe exercise,with the exceptionof one person,who
complainedaboutfeeling claustrophobicearly in the ses-
sion.

Figure4. The experimentalstudy Top: the useris picking the
watchtool from the tray. Bottom: checkingthe pulseat the neck
(left) andwrist (right). Notethatonly oneof thetwo locationscan
beseeratary giventime,forcingtheuserto eitherturn physically
slidetheview by moving his handor do combinationof both.



4.2 The mission

The usermissionwasbaseduponscenariosdeveloped
for teachingmasscasualtytriagein VR. Eachparticipant
wasasked to performa medicalexaminationof 10 virtual
patients,one personat a time, followed by optionaltreat-
mentfor visibleinjuries. Thewholeexercisdastedbetween
10and15 minutesperformedn asinglesession.

During the examination, participantshad to checkpa-
tients' vital signsusing medicalinstrumentsas shovn on
Figure4. The instrumentswere selectedby pointing and
operatedy placingthemattouch-sensitiezonesonthepa-
tients' bodies:the neckandbothwristsfor checkingpulse
rate,upperarmsfor measurindloodpressureleft andright
chestsidesfor examiningpatientsbreathinggtc. All 10 pa-
tientswereplacedatarmlengthfrom theparticipantsabout
1 meterabovethe oor level (Figure4). To preventthe par
ticipantsfrom developingpatternsin their movementsthe
virtual patientswereorientedin randomdirectionsandput
in differentposes.Thus,to checkthe pulseat the neckand
bothwrists, requireddifferentmovementsor eachnew pa-
tient.

4.3 The VR system

During the experiments, the subjectswere fully im-
mersednto the ervironment,usinga40 FOV HMD. The
headand both handswere tracked in 6 DOF by Flock of
Birds magnetianotiontrackingsystenmby AscensiorCorp,
runningin extended-angemodewith 9 foot trackingradius.
The scenewasrenderedat x edrateof 25 fps by custom-
madesystemderivedfrom the Flatlandproject[27].

As soonasthe participantpickedup aninstrumentrom
thetray, theview locking mechanisnwasengagedAt that
moment,the virtual handwasstill insidethe normalview,
becausehe tray wasdesignedo t theoriginal 40 FOV
frustrum. This guaranteethatmappingfunction2 returned
0 valuesfor shift incrementsyponengaginghelock. The
handtrackingcontinueduntil two conditionsremainedrue:
(1) aninstrumentvasstill in useand(2) the handremained
within thetrackedrange givenby equations3.

4.4. The procedure

After puttingon an HMD and gloveswith motion sen-
sors,eachparticipantwentthrougha quick calibrationse-
guenceadjustinghis or herhandpositionsandbodyheight
in VR. Then,the participantspenta few minuteswith one
virtual patient,practicingtool accesandvital signscheck-
ing. Participantswith the sliding view enableddid not re-
ceive ary specialtrainingon hand/viev coordination- they
wereallowedto learnit themseles.

4.5, The outcomes:subjective user evaluation

After completingthe mission,participantsvereaskedto
Il outashortsuney, which includedthe following ques-
tions.

Questionl. For this exercise,my ability to keepmy
handin view wasvery important:
1. stronglydisagree
2. disagree
3. neutral
4. agree
5. stronglyagree

Question2.  In this experiment,the visible areafor
handmanipulationavas:
1. muchtoosmall
2. somevhattoo small
3. justright
4. somevhatmorethanneeded
5. muchmorethanneeded

Question3. Theway the view followed my handfelt
naturalandhelpful (offeredto participantswith view sliding
enabled):

1. stronglydisagree

2. disagree

3. neutral

4. agree

5. stronglyagree
Theiranswersaresummarizedn thetablebelow.

Usergroup/ Median Mean SD 95%con dence
question score score intenal
Normalview

Q1 4 (agree) 3.84 140 3.00t04.69

Q2 3(justrighty 246  0.88 1.93t02.99(?)
Sliding view

Q1 4 (agree) 3.93 1.14 3.27t04.59

Q2 3(justrighty 2.79  0.58 2.45t03.12(??)
Q3 4 (agree) 4.00 1.13 3.28t04.72

Tablel. Summaryof participantsvaluationreports.

Both groupsagreedon importanceof having the hand
in view. This resultvalidatesour assumptionsjliscussedn
section3.

For the secondquestionon the size of the visible area
for handmanipulation,both groupscameup with median
3 answer(just right). Interestingly the con dent intenal
givenby normalviewersdippedbelow 2 (muchtoo small),
markedwith (?), while sliding viewersstartedat 2.45value
(??). However, the differencebetweernthe two groupswas
not statistically signi cant. Apparently the view sliding
techniquealonecould not turn a40 HMD into a display
thatfeels“just right” for all participants.

Theanswergo thethird questionsindicatingthesliding
view was helpful and natural,are mostencouraging.Evi-
dently, participantswereableto noticeandmalke gooduse
of thenew techniquentuitively, without specialtraining.



4.6. The outcomes:objective evidence

In this study VR softwarekeptdetailedlogs of userac-
tivities and systemresponsesFor eachuser we captured
aggrejatetimeswhentheview wasshifted. It appearedhat,
onaverage participantspent25%of theirtotaltimein VR
with theview shiftedtowardstheir hands.More detailsare
givenin thetable.

[ Viewshift | Meantime,% [ SD |
all directions | 25.42 1.44
down 17.99 2.03
up 2.444 0.85
left 2.329 1.20
right 2.648 0.59

Table2. Time spentin shiftedview, aspercentagef totaltime.

As the table shaws, the view was most often sliding
downwards, which was expected,becauseall virtual pa-
tientswereplacedlow (seeFigure4). Similar timesfor all
theotherdirectionscon rm thattheareasf tool application
weresufciently randomized.

The mostinterestingresultscamefrom the analysisof
how virtual toolswereusedovertime. During eachsession,
thesystemoggedall useractionstime-stampinghemwith
thefrequengy of thegraphicdoop. This madeit possibleto
capturethe time intervals elapsedrom the momenta tool
waspickedup until themomentit wasapplied,by touching
theareanthevirtual patient.We call thesentervals“tool
seektime” andassociate¢hemwith theuserability to locate
andaccessandomplacesn theworkingarea.ln particulag
wewereinterestedn theseekiime for thewatch,whichwas
usedfor checkingpulse.As wasexplainedbefore, this task
involvedactive searchandwasnot easy

Figure 5 shavs how the seektime for the watch tool
changeavertime,for bothgroupsof participants Theseek
timeswerecollectedandaveragedor eachparticipantwith
thetime stepof 60 secondsThen,linearmodels

yi = a+ bx +
were t to the resulting sample points, using the least
squaresregression. Signi cance probabilitiesP, for hy-
pothesidh 6 1, werefoundto be0.886for thecontrolgroup
and 0.00173for our method. In otherwords, the control
groupdidn't improve their seektime at all (Figure5, top).
The participantswith the sliding viewport mechanismen-
abledshaved a steadydecreasdérom 11.3secondgo 5.56
secondsThatresultclearlydemonstratethatourtechnique
did helpthe participantgo operatetheir virtual hands.

5. Extensionsand futur e work

Initially intendedfor immersive VR systemsthe view
sliding techniqueworks in desktopcon gurationsaswell,
andallows control of boththe handandthe camerawith a
singleinputdevice. Figure6 shavs amosaicof viewstaken
from alaptop-basedystemwhereboththe cameraandthe
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Figure5. Changesn seektime for the watchtool. Top: the con-
trol group shaved no improvement. Bottom: seektimesfor the
participantwith the sliding viewport signi cantly reduced.Slope
P-valuesfor linearmodelsare0.886(top) and0.00173(bottom).

virtual handare operatedvith a mouse. In this con gura-
tion, hand-assistediewing signi cantly reduce<lutching,
aforcedredirectionof the mouseinput from the camerao
thevirtual handandback.

Sofar, we have exploredonly oneof mary possibleap-
plicationsof theviewpointsliding techniquenamely direct
handlingof virtual objectsthatarein closeproximity of the
user Oneimportanttaskthat may bene t from our tech-
nique,is travel.

In mary VR systemstravel is implementedby steer
ing, i.e., continuouslyspecifyingthedirectionof movement
with a pointing device [1]. In caseswhenthe directionis
setby pointing with a virtual hand, assistechandvisibil-
ity will give travelersadditionaladvantages.Firstly, users
will beableto navigatemorecon dently, with their steering
handsnot con ned into a small coneof visible directions,
asshaown in Figure 3, left. Secondlyvisibility of the steer
ing objectmay affect the cruising speed. For example, if
the steeringhandremainsin view long enough,the speed
increasesyp to a certainlimit. Corversely whenthehand
movesout of view, the speeddropsto a lower value. If this
happensaccidentally(which is easyto imaginein systems
with anarrav FOV), suchunwantedinterventionsfrom the
navigationspeedcontrolmaybevery frustrating. Thus,the
sliding viewport techniquemay signi cantly improve the
utility of hand-basedteeringravel systems.

Target-basedravel could alsobene t from the assisted
visibility of thehand.An exampleof suchatravel-intensve
sceneis shavn in Figure 6, where usersare requiredto
move aroundlarge areas. Every objecton the sceneis a
travel target, including umbrellasthat appearonly in the
right-shiftedview. Althoughwe have notyetconductedor-
mal evaluationsinto whethersliding viewports help users
navigatebetter earlyresultsarevery encouraging.



Figure6. A mosaicof sliding viewportsin a desktopsystem.The
centraltile shavstheoriginal view, thehandrestingin theinactive
areaof thescreenAll othertiles shaw shiftedviews, drivenby the
virtual hand.The cameraremainsstaticin all tiles.

6. Conclusion

We presentedh new techniquefor the automaticsliding
of the viewport, which effectively quadrupleghe working
areaof thevirtual hand,asillustratedin Figure3. Thetech-
niguesworkshbothin immersive anddesktopsystems.

The view sliding mechanisnis easyto implementand
tune up for ary HMD model, usingtheir native FOV val-
ues. Theamountof the maximalshift canbe conveniently
speci edin termsof desiredanglesof vision, thatcanbeset
up separatelyor eacheye andeachdirectionof view.

We have demonstratedxperimentallythatourtechnique
workswell in immersive VR applicationswhereusersac-
tively interactwith theervironmentwith theirvirtual hands.
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