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ABSTRACT
Many mobile applicationscould bene�t from having more
�ne-grainedawarenessof user-to-device orientationthanis
possiblewith traditional landscapeand portrait modes. In
contrastto approachesthatmeasureabsoluteorientationof a
device in world coordinates,we arguefor the needto mea-
sureworkplaneorientation: theangleof rotation,relative to
the user, aroundthe axis perpendicularto the user's work
surface. We presenttwo complementarymethodsto deter-
mineworkplaneorientationfor a hand-heldwriting surface:
oneusingcomputervision techniquesandanotherbasedon
stylus-pose.

Categories and Subject Descriptor s: H.5.2[User Inter -
faces]: Input devicesandstrategies,Vision I/O, Interaction
styles

Additional Keywords and Phrases: orientation-awaresys-
tems,mobile devices,pen-basedcomputing,tablet interac-
tion

MOTIVATION
TabletPCswereoriginally developedto allow interactionin-
spiredby paperandpencil.Today'sdevicesarehandwriting-
enabledandthey includeafew desktopGUI widgetsthatare
modi�ed to control theon-screencursorwith a stylusrather
thanamouse.Thesedevicestypically supportthesimpleno-
tion of absoluteorientationin 90° increments(landscapevs.
portraitmodes).However, peopleofteninteractwith conven-
tional mediain muchlessrestrictive waysthanlandscapeor
portraitorientationimplies.

Fitzmauriceandcolleagues[4] studiedhow artiststake ad-
vantageof reorientingtheir work surfaceduring sketching
andwriting. They introducedandexploredmany issuesre-
lating to what they calledRotatingUser Interfaces(RUIs):
applicationsand toolkits for pen-basedcomputingsystems
that take into accountworkplaneorientation—the angleof
rotation, relative to the user, aroundthe axis perpendicular
to theuser's work surface.To provideTabletPCswith such
capabilities,a methodto senseworkplaneorientationis re-
quired.

A number of researchers[7, 5, 8] have used absolute-
orientationsensingto enter data and manipulatethe way
contentis displayed. In contrast,we areinterestedin mak-

Copyright is heldby theauthor/owner.
UIST'04, October24–27,2004,SantaFe,New Mexico, USA
ACM 1-58113-962-4/04/0010

Figure 1: Face tracking used to determine workplane
orientation. Orientation­aware note­taking application.
(Inset face is shown from camera's point­of­view.)

ing possiblesystemsin which the contentcreationandma-
nipulation environmentand the GUI componentsdynami-
cally reactto changesin workplaneorientation. Also, we
wantedto createa mobilesensingsystemthatcouldbeeas-
ily addedto currentTabletPCcomputers;therefore,weruled
out non-portableor tetheredsensors,aswell assensorsthat
requiretheinstallationof infrastructureexternalto theTablet
PC (e.g., the electromagnetictracker usedin Fitzmaurice's
Chameleon[3]).

We have developed two independentand complementary
techniquesfor automaticallymeasuringworkplaneorienta-
tion in mobilesystemsat granularitysmallerthan90°. One
usescomputervision for facetracking and requiresthat a
smallcamerabemountednearthedisplay. Thismethodcom-
putesworkplaneorientationrelative to the user's face. The
other methodis basedon stylus-posetracking, a hardware
technologythatis widely availableonsomehigher-endelec-
tromagneticdigitizer tabletsthathavenotyetbeenintegrated
into TabletPCs.In contrastto the�rst method,thisapproach
computesworkplaneorientationrelative to theuser'shand.

WORKPLANE ORIENTATION FROM FACE TRACKING
We observed that userstendto changetheir headpitch and
yaw anglesrelative to theTabletPCwhenusingit, but they
do not changetheir headroll anglesigni�cantly. Therefore,
we attemptedto determineif changesin headroll angle—
asseenfrom a tablet-mountedcameraaimedat the user—
areausefulindicatorof workplaneorientationrelative to the
user's face.

We mounteda Logitech NotebookPro camera(640� 480
pixels)on theedgeof anHP TC1100TabletPC,orientedto
continuouslycapturevideoof theuserlooking at thescreen.
WeuseaHaar-feature–basedfacedetector[6] to �rst �nd the



user's face.Oncefound,thepositionandsizeof thebound-
ing box enclosingthe face,andcolor informationextracted
from theboundingbox,areusedto initialize thesearchwin-
dow of a face-trackingsystem. We use the Continuously
Adaptive MeanShift (CAMShift) trackingalgorithm[1] for
facetracking. Using the color informationprovidedby the
facedetector, CAMShift representsthe faceasa 2D proba-
bility distribution of huevalues. It derivesfour degreesof
freedomfrom the imageas it continuouslytracksthe face
in real-time. We usetheheadroll angleto infer workplane
orientation.

We have found that this vision-basedrecognitionmethod
works well in informal experiments. It tracksheadtilt in
incrementsconsistentwith Bradski[1], whodeterminedthat
CAMShift's standarddeviation of trackingdifferenceswas
2.4° for roll angle(whencomparedwith a Polhemustracker
thatobtained2.5° accuracy in his lab) giving usquitesmall
workplane-orientationgranularity. However, to avoid visual
jitter, wequantizetheoutput,updatingthedisplayonly when
the inferred workplaneorientationhaschangedmore than
a presetvalue from the last update(15° in the caseof the
video).

WORKPLANE ORIENTATION FROM STYLUS POSE
While watching userswrite or sketch, we noted that pen
anglerelative to the writing surface—styluspose—remains
fairly constantover time for eachwriter. Using this stylus-
poseinformationalone,wetriedto determineworkplaneori-
entationrelative to theuser'shand.

To explore how well stylus-posecan be usedto determine
workplaneorientation,we askedeightsubjectsto eachwrite
thesamesentencerepeatedly, andweaf�x edpapertemplates
to the tabletto guidetheir writing at measuredangles(with
theorientationof thetabletitself freelycontrolledby theuser
andnot measuredin this study).We collectedstyluswriting
sampleswrittenat15°inclinationsfrom 0° to 90°,andwean-
notatedthis dataaccordingto its writing angle.TheWacom
Intuos2digitizer tablet we useindicatesstylus-posevalues
by reportingstylustilt andazimuthin additionto thetypical
x andy tip coordinatesandstyluspressure.Sinceeachsub-
ject's stylus positionvariesdue to individual writing style,
a nä�ve tilt/azimuth-to-workplaneorientation-mappingsolu-
tion is notadequate.Therefore,wetrainedasimplemachine-
learningclassi�er (k-nearestneighbor[2]) with the stylus-
posedatafrom theseindividualuserwriting samples.

Usingcrossvalidation,wefoundk= 5providedthebestaccu-
racy scoresduringtestingwithoutovergeneralizing.Wealso
testedthe samestylus-posedata—originallyin tilt/azimuth
coordinatespace—projectedto Cartesianspace(assuminga
stylusof unit length)andrealizedgreateraccuracy. We used
this techniqueto predictworkplaneorientationfor our sub-
jectswith a meanaccuracy of 94%(anda rangefrom 88.6%
to 99.6%)at 15°granularity.

CONCLUSIONS
We have shown thatef�cient meansexist for sensingwork-
planeorientation.By applyingexistingcomputervision and
machinelearningtechniques,we areable to reliably deter-
mineworkplaneorientationwith a granularityof 15° or bet-

ter, withouttheuseof sensorsthatrequireexternalinfrastruc-
turethatcouldnotbeincorporatedin aTabletPC.Webelieve
thatwe have not reachedthelower boundon thegranularity
achievablewith our modelingtechniques,andwe arework-
ing to improveuponourcurrentresults.
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