PROCEEDINGS OF THE 1999 IEICE GENERAL CONFERENCE

GiC T iAviA
198 $BEK
BT - 1%57

.mEEy AT A
D3E R O MM
. VLSI 3% &1 #
. T PRVAETALEE
LAz v ER
B %k B
B EHREX Y T4

!

|

k2 — = U e L o
L RNVFRT Y T ARFEIRIESE
. MAE ¥ k3 A-17. 1 TS #H # #% iy

DRITLA

1
2
3
4. a—=aIa =i —ial i
5
6

g e
@wmdw»uwm»—*

SA-1. &EMREEKIEEE N EFERK

SA-2. VDEC &35y 7 B4l

SA-3. HEEBEDIZD DB IME B LI I

SA-5. BEFaa—XEETAFR

SA-6. FHEOKESI2v—ar

SA-7. ITZFlxIsarihrri—

SA-8. T Htea—=ArX—Tx—A

SA-10. Augmented Reality ¢+ —sar ~DInH
SAB-1. YRSl A2 MVHEER  CDMA i

VYA L5+« £

% & L F B PA-2. KFCHUMEBEESRGHOELIGRE T n—0DHY A
—VDEC #BUI:EM AT 2O B ORE « 7AMT—

/S 3 M F R PA-3. BYUITIEFFSOESTAITYRAL

Fa—MPLEE TA-1. BEREMASEEFEOAMPOEREIT —HRBRADANR]L —

Fo—MTLEE TA-2 Tuv2y—F4 bR — T4 270887 — R IEHE

Fa—M7NEE TA-3 L2CETAEEREFORI

Fa—MT7NLEE TA-4. AT EFLREORMAER, LRKOEm —EZEHELBALH—

19994 3 B25H~28H BEMERZKE WEH
March 25~28, 1999, KEIO UNIVERSITY, YOKOHAMA

THE INSTITUTE OF ELECTRONICS, INFORMATION AND COMMUNICATION ENGINEERS

 ETAWIBIERA

(KT 3 TRETRZEL 2T, KR THRBBROERM—YETROTR L YEETEXT.)




19995 BEBFHBBELERAKXS

A-16-2

Nonlinear Viewpoint Control Technique for
Desktop VR Applications

JE ATV R D728 QIR R I B
T VI REME T A 2T ) WA RBIET
Tvan Poupyrev **, Takahiro Otsuka !, Suzanne Weghorst ¥, Jun Ohya '

t ATR MIC Research Laboratories, 2-2 ‘Hikaridai, Seika, Souraku-gun, Kyoto 619-02, Japan
 HIT Lab, University of Washington, Box 352142, Seattle, WA 98195, USA

1. Introduction

This paper describes a novel interaction: technique for
viewpoint control in non-immersive desktop VR interfaces
that uses head orientation tracked by a single camera as
input.- In contrary to previous attempts of using head. track-
ing for viewpoint control [1], our technique offers a solu-
tion to an important problem: the limited range of head
rotations that can be used for interaction in desktop envi-
ronments. Indeed, in context of desktop interaction even

. small head rotations would make viewing the screen un-

comfortable and, after a certain angle, impossible. Further-
more, head rotations are restricted by anatomical con-
straints because our joint can only rotate up to a certain
angle. Finally, since most of the current computer vision
algorithms use facial features for tracking, excessive head
rotations increase tracking error as fewer features are
visible to the camera.

2. Interaction technique

Our interaction technique overcomes these limitations by
using non-linear Control-Display (C-D) gain mapping
functions for spatial rotations, derived using quaternions.
The technique non-linearly amplifies head rotations so that
the user can flexibly control a large range of viewpoint
rotations within VE using only slight head movements. In
3D rotations, the basic equation of C-D gain links rotations
of the control device, i.e., the head tracked by a camera,
and rotations of the viewpoint in VE as follows:

9q = qf > . (1)
where g, is the head rotation, g, is displayed rotation, and £
is a ratio of gain. Quaternion g, specifies head rotation from
some initial orientation. However, in many cases, the zero
orientation returned by tracking algorithms may not be the
desired initial head orientation. The following equation
allows to explicitly specify the initial orientation g, :

90 =% . @

Figure 1: Non-linear C-D gain on quaternion sphere: as long as ro-
tation path stays within area @ < @, C-D ratio is linear; if rotation
path leaves this area the C-D ratio is a non-linear function f(w).
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These equations uniformly scale head rotations. In view-
point control, however, it might be useful to use non-
uniform mappings that maintain a small ratio close to the .
initial head orientation g,, and increase it as the user rotates
het head further. To introduce non-uniform mapping we
first define distance measurement between rotations as the
cosine of angular separation between two quaternions on
the quaternion 3-sphere d(g., o) = q.-qo= cosQ. The actual
angle of rotation connecting ¢, and g, is ©=2Q and it will
be used a distance measurement .

Now, to develop a non-uniform mapping function we sim-
ply replace the C-D gain coefficient & in Equations 2 and 3
with the function of the form:

1 ifo<w,
F@)=1+c(@—-w,)?

where , is a threshold angle and c¢ is a coefficient. This
equation has a very simple interpretation that.can also be
visualized on the quaternion 3-sphere (Figure 1).

H

k=F(a))={

otherwise

3. Application

We used the original method for estimating the 3DOF of
user head orientation using single uncalibrated camera [2]
and implemented using the SGI O, workstation and a stan-
dard CCD camera. The Equations 1, 2, and 3 define a gen-
eral form of mapping between the tracked head orientation
and the controlled viewpoint in- VE that were implemented
as interaction techniques. The resulted interaction was natu-
ral and none of the users had difficulties with understand-
ing and using the technique. .

4. Conclusions

We presented a simple method that allows the user to con-
trol a large range of virtual viewpoint 3D rotations using_
only slight head motion in the physical world: The tech:
nique can be applied to the design of a variety of 3D user
interfaces such as for navigating VRML wotlds and 3D
computer games, controlling avatars, interacting with smart
digital kiosks, etc. Moreover, the technique provides .an
important design blueprint so that. interface designers can
develop a variety of interaction techniques for computer
based desktop 3D interactivity.
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