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1 INTRODUCTION

Theability to manipulateobjectsis fundamentato mostvirtual re-
ality (VR) applications. A multitude of metaphordhave beende-
velopedto facilitate object selectionand manipulation,including
the virtual handmetaphaorwhich remainsby far the mostpopular
techniquen this category.

The utility of the virtual handdepends=on the users ability to
seeit. Unfortunately ensuringthisis not alwayseasy especiallyin
immersie systemsawhich employ headmounteddisplays(HMD)
with limited eld of view (FOV), typically rangingfrom 40 to 60
degreesdiagonally In the photographthe userdemonstratethe
vertical (left) and horizontal(right) extentsof the visual eld of a
40 HMD. Theheadandbothhandsaretrackedin 6 DOFs.

1.1 The problem: where are my hands?

After observingover a hundredusersin immersive VR settingswve
found that the most frequentquestionaslked by novice usersis,
“wherearemy hands?"Peopleseento bevery dependenbnbeing
ableto maintainconstanvisualcontactwith theirhandsthus,most
userstake consciousefforts to coordinateheadand hand move-
mentsto ensurethat their handsare alwaysin view. As a result,
userssigni cantly restricttheir handmovementshy keepingthem
insidethenarrav viewing cone.

1.2 Hardware solution: a better HMD

Oneolviousway to extendthe workspaces to usea betterHMD
with a wide eld of view. In recentyears,the advancesin mi-
crodisplaytechnologiesspavned a numberof new HMD mod-
els with panoramiccharacteristics:150 FOV Wde5 HMD by
Fakespacéd.abs;a piSightserieswith 82 to 180 FOV by Sensics
Inc. Completelynew displaysolutionswereintroduced[1]. After
beingnearlyextinct in the lastdecadepanoramidHMDs aregoing
througharenaissancphase.

However, upgradingto a panoramicHMD may not always be
practical. A major reasonis the cost. All the modelsmentioned

e-mail: andreis@haaii.edu
Te-mail: dvincent@hevaii.edu
*e-mail: caroline.jay@manchestac.uk

Dale Vincent
Telehealth Research
Institute
University of Hawaii

Caroline Jay *
Human Centered Web Lab,
School of Computer Science
University of Manchester

above startat pricesfar above $25K, andsomego overinto 6 g-
ures.A secondeasornis theincreasednass.As of this writing, all
consumetlevel panoramidHMDs weigh approximatelyl kg. This
may not be a problemin applicationswhereusersmostly obsene
the scene put if active body movementsare expectedfrom users,
the inertia of the HMD may becomenoticeableand degradeuser
performanceAt presentupgradingto a panoramiddHMD may not
alwayswork or bea cost-efective solution.

1.3 Software solution: a better mapping

We adwocatea softwaresolutionto the limited visibility of thevir-

tual hand. We baseour approacton obsenationsfrom neurobiol-
ogy andthe cognitive sciencegdlemonstratinghat the humaneye
is a highly sensitve perceptiondevice, with its movementsbeing
proactve, anticipatingactions.Studiesshaw thatthe eyesareposi-
tionedat only task-rel@ant objects:a hammerhitting a nail, a vir-

tual handtouchinga patients wrist for pulsereadingsandsimilar.

Thus,our goalis to ensurethatthe moving virtual handremainsin

continuousview. We suggestdoingthatby usingnon-directmap-
ping betweernrelative positionsand orientationof the users head
andhandandthevirtual camereacontrols.

2 RELATED WORK

Severalresearchersxplorednon-isomorphienappingbetweerthe
orientationof the users headand/orbody andthe virtual camera,
by amplifying the original headrotation. Early experimentswith
ampli cation of headrotationin desktopsettingswere presented
by Pougyrev etal [2]. Later, the authorsdevelopeda generainon-
isomorphicrotationmappingtechniqug3], with adetailedanalysis
of possiblemplementationgor differentUl purposes.

LaViola etal [4] investigatedhow indirectcameramappingmay
beusedn CAVE systemsTheirgoalwasto turnathreewall based
CAVE with 270 horizontal eld of view into a completelyclosed
ervironmentwith 360 viewing. Severalschemedor cameracon-
trol were explored, suchas continuousdirect scalingof headro-
tation, headand torso rotation, and a 2D-extendedGaussiarsur
faceas a mappingfunction. The last approachyielded good re-
sults,whereaghe direct ampli cation causedsigni cant userdis-
comfort. In arecentstudy LaViola andKatzourin[5] shovedhow
non-isomorphicotation allowed userperformanceo improve by
15%in surround-screewirtual ervironments.

For HMD-basedsystemsgncouragingesultswerereportedby
Jaeklet al [6], who investigatedthe humantoleranceto errorshe-
tweenheadmotionsandthevisualdisplay Their ndings shaow that
changesn orientationof headrotationdid notin uence the users
performance The authorsreportedthat giventhe choiceof adjust-
ing the HMD rotationresponsenanually subjectstendedto am-
plify therotation,asit felt “more natural”. These ndings inspired
experimentalstudiesby Jay and Hubbold [7], who developedan
immersve ervironmentwith ampli ed headrotationandcompared
userperformancevith andwithoutampli cation. “Ampli ed” sub-
jectsdemonstrated 21% performancéncrease.

The resultsdescribedabove suggesthat amplifying userhead
rotationis a promisingtechniquéor controllingcamerasn immer



sive ernvironmentswith limited display capabilities. However, in
thegenerakasearotation-base@pproacHeadsto problems.

Firstly, mappingsthat involve head-onlyrotation have limited
usein systemsavhereusersarerequiredto operatetheirhands.The
locationof thevirtual handsalsoneedsadjustmentptherwiseusers
will not be ableto seethem[7]. In general,whenamplifying 3D
headrotations,handscannot be adjustedwith the samemapping,
because¢he sourcerotationshapperaboutdifferentpivotsandhave
differentrangesfor the headandhands.

Secondlyasdiscussedh [3], amplifying anarbitraryrotationin
3D doesnot satisfytwo importantrequirementscalled the direc-
tional andnulling compliancesNon-conformanceéo theserequire-
mentsseverely violates generallyacceptedrecommendationor
userinterfacedesign[8]. As of thiswriting, thereareno published
solutionsdescribinghow to circumvent this fundamentaproperty
of rotation,in the context of building cameracontrolsin immersive
VR applications.

3  SLIDING VIEWPORT ALGORITHM

We proposeto improve the usability of existing HMD-basedim-
mersie VR systemsandincreasethe perceived size of the eld

of view, by dynamicallyshifting all four cornersof the viewport
in the cameraspace. The amountandthe directionof the shift is
derived from the positionof the virtual hand,moving freely in the
environment.
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The diagramabove illustratesthe algorithm. The virtual hand,
initially locatedin the north-eastornerof the viewport (dravn as
a solid), is moving away from the viewablearea(dravn asa con-
tour). Thehandnew location(x;y), projectedontotheimageplane,
residesnsidetwo slabs[Xgart; Xsop] @and[Ygart; Yaop]. Normalized
valuesof x andy determinethe amountsof horizontalandvertical
incrementDX andDY, asreturnedby a mappingfunctionW(x;y).
Theseincrementsaareaddedto all four cornersof the viewport, en-
suringthe continuousvisibility of thehand.

X = Xo+ DX(p); DX(p) = kW(a) 1)
Y = Yo+ DY(p); DY(p) = kW(aQ)

Xo0;Yo initial locationof theviewport (ary corner)
X;Y new shiftedvalues
p handpositionin cameraspace(X;y; 2)
ay = arctar{x=z2) thehandsazimuthalangle
ay = arctarfy=z2) thehands elevationangle
Hsart;Heop  min/maxazimuthalangles(e.g.,17 =50 )
Vsart;Veop  mMin/maxelevationangles(e.g.,12 =40 )
k ascalarampli er (usefulrangel:5 1:7)

For the mappingfunction, we useda windowed and displacedw-
shapedjuartic(1 a2)2. For horizontalmappingwe have:

2
0; a< Hgart;
W@=4 (1 a®)? Hgat a Hsop (@)
1 a> Hgop;

with its agumenta computedasthe normalizedhands positions
betweerthestartandendvalues:a= (ax Hgart)=(Hgop Hsart)-

4 SUMMARY OF OUR CONTRIBUTION

The main differencebetweenour approachandthe previous work
is thatwe usea 2D solutionfor anintrinsically 2D problem(narrov
FOV), while otherresearcherexplored3D algorithmsfor thesame
problem.Thealgorithmhasthefollowing features:

Compatibility with other techniques: Theview slidingtech-
niguewill work in the presencef otherUl enhancingalgorithms,
suchasGo-Gostretching9], becausét doesnotalterthe 3D con-
tentof the scenesuchasobjectscoordinatesmatrices etc.

Head/hand coordination: This problemwasreportedby Jay
and Hubbold [7] andis naturally addressedby the designof the
view sliding mechanismbasedn thelocationof thevirtual hand.

Nulling and directional compliances: Substitutingtransla-
tionsin 2D for rotationsin 3D preseresboth compliancesn the
systemresponsesyhich makesthis approachattractive for Ul de-
signpurposes.

Convenient parameter space: Usingthe start/endvaluesof
horizontalandverticalanglesH andV is acorvenientway of spec-
ifying the extentsof the view-sliding range,whencon guring the
systenfor anew HMD or tuningup the existing con guration.

Theviewportsliding techniquevastestedn preliminarystudies
andappeared/ery promising. The compositeimageabove shavs
theoriginal (left) andenhancedright) zonesof handvisibility. As
the photosshaw, our algorithmmorethanquadrupledhe working
areaof thevirtual hand.
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