TRANSVISION: A HAND-HELD A

UGMENTED REALITY

SYSTEM FOR COLLABORA

TIVE DESIGN

Jun Rekimoto

Sony Computer Science Lab oratory Inc.

T ak ana wa Muse Building,

3-14-13 Higashi-Gotanda, Shinagaw a-ku,

T oky o 141, Japan

Phone: +81-3-5448-4380, F ax: +81-3-5448-4273

E-mail: rekimoto@csl.sony

.co.jp

Abstract

This pap er presents the shared augmented reality system called T ransVision. T ransVi-

sion augments real table-top with the computer graphics ob jects. Two or more partici-

pants hold a palmtop size see-through display and lo ok at the world through the display .

They can share the same virtual environmen t in the real world environmen t. Since users

are not isolated from the real world, natural mutual communications such as b o dy ges-

tures can e�ectively b e used during collab oration. This pap er describ es the architecture

of the T ransVision system and rep orts some early exp eriences.

1 In tro duction

In traditional design studios, when a group of engineers is designing a new automobile, they

w ould build a clay mo del of the automobile and examine it. During this pro cess, discussions

among engineers are often supp orted by gazing (e.g., lo oking at some part of the mo del and

sa ying something) and hand gestures (e.g., one engineer p ointing at a part of the mo del and

sa ying \the design of this part has to b e mo di�ed."). This rather old-fashioned approach is

b eing replaced by computer aided design to ols. How ev er, the problem of current CAD-based

design pro cess is its lack of such intuitiv eness.

The T ransVision system describ ed in this pap er is an attempt to use augmented reality (AR)

tec hnology for collab orative designing. The system uses the palmtop video-see-through display

instead of bulky head-mounted displays. The user can see a computer-generated 3D mo del

sup erimp osed on the real world view. The p osition and orientation of the display are track ed

b y the system such that the computer-generated mo del app ears to o ccupy real space. Two or

more participants can share the same computer mo del as if it were real. This situation seems

similar to shared virtual environmen ts, but there are fundamental di�erences b etw een shared

virtual reality and shared augmented reality approaches. By taking the augmented reality

approac h, tw o or more users can see each other without any di�culty

. Since the co ordinate

system of each participant is identical, actions such as p ointing gesture are meaningful to all

participan ts. With virtual reality

, we hav e to re-generate and render the human b o dy as well

as computer mo dels.

Figure 1: The concept of the shared augmented space

Figure 2: The system architecture

2 Previous W ork

There are a num b er of researches on shared virtual reality systems [1, 8, 10, 11], but all of them

w ere trying to make a virtual environmen t which is isolated from the real world.

The palmtop con�guration is b ecoming p opular in building VR and AR applications. The

idea of using a palmtop display as a VR viewer was originally intro duced by Fitzmaurice [2].

Rekimoto’s NaviCam is the �rst AR system that uses the video see-through palmtop con�gu-

ration [6]. Noma et al. integrated force-feedback with their palmtop VR system [4].

3 T ransVision: The Shared Augmen ted Realit y Sys-

tem

Figure 2 shows the system architecture of the T ransVision system. The system comprises of

t w o sub parts, the display part and the graphics subsystem (SGI Indigo2). These tw o parts

are connected by tw o video cables and a serial line for p osition tracking data. The display

(a) Insp ecting a molecular mo del (b) The virtual shadow on the real table-top

(c) The pie menu is in use (d) The virtual b eam is emitted from the camera

Figure 3: Screenshots of the T ransVision system

part consists of an LCD TV, a CCD camera, a 3D (Polhem us) sensor, and tw o buttons for

op erations. The softw are in the graphics subsystem is develop ed by using the MR to olkit [3].

3.1 Graphics Overla y

The graphics subsystem renders a scene according to the current p osition and orientation of

the video camera. The p osition and orientation of the camera is tracked by the attached

P olhem us sensor. Graphics ov erlay itself is achiev ed by using hardware video blending (i.e.,

c hroma-k eying).

T o correctly ov erla y graphics images on the video image, the system needs to know camera

in trinsic parameters as well as p osition and orientation. Tsai’s camera calibration algorithm [9]

w as used to measure the fo cal length and the piercing p oint of the camera co ordinate plane.

These parameters are used as premeasured constants to de�ne the p ersp ective pro jection of

graphics imaging.

The system has a simple mo del of the real world (where the table top lays, etc.). These real

ob jects are rendered as invisible virtual ob jects, hence o cclusion b etw een virtual and (measured)

Figure 4: Virtual Ob ject Manipulation

real ob jects is correctly visualized. Using the world information, the system also displays

shado ws of virtual ob jects on the real table top (Figure 3-(b)). These virtual shadows act as

an e�ective visual aid to understand the relative p osition and the size of virtual ob jects.

3.2 In teraction T ec hniques

The display has tw o buttons for input. In current implementation, the upp er button is used for

ob ject selection and manipulation, and the low er button is used for menu selection (Figure 3-

(c)). The system uses a v ariation of pie menu with tilting op eration that allows a user to select

an menu item by tilting the display [5].

F or selecting an ob ject, a virtual b eam is emitted from the camera along the orientation of

the lo oking-at vector, and an ob ject which is most close to this ray will b e selected. F rom the

user’s p oint of view, an ob ject at the center of the screen is selected.

Ob ject manipulation also uses this virtual b eam interaction mo del. Once the ob ject is

grabb ed by pressing the button, the p osition of the ob ject is �xed to the camera co ordinate

system. That is, the user can mov e the ob ject by moving or rotating the display

, as if the ob ject

w ere skewered by the virtual b eam. W e found that the user moves his/her entire b o dy during

this op eration as they mov ed a real ob ject on a table (Figure 4). Though further ev aluation is

needed to b e conclusive, but we think that this similarity increases the naturalness of virtual

ob ject manipulation.

3.3 Data Sharing

In the T ransVision system, tw o or more participates can share the same 3D mo dels simulta-

neously

, and any mo di�cations to the mo del are also shared among participants. Like other

shared VR systems, each user has its own 3D mo del database and the conten ts of the databases

are kept coherent by propagating mo di�cations from one user to other participants. The system

uses Shaw’s p eers pack age [7] for the underlying inter-pro cess communications metho d.

The current implementation do es not allow simultaneous mo di�cation of the ob ject database;

only one participant has the ownership and can manipulate the ob ject. The ownership is passed

from one participant to another when the user pressing the button to select an ob ject. Thus

there is no explicit get-ownership command which might b other users.

T o show who has the ownership, a virtual marker is ov erlaid on the camera of a participant

who has the access right. In addition, a virtual b eam is also overlaid on the other users’ screen

during manipulation (Figure 3-(d)).

4 Observ ations

This system was demonstrated at the Sony CSL op en house and more than 100 p eople used

the system. Here is the summary of observ ations that we found during this trial.

4.1 Graphics Overla y

Ov erla ying graphics on the real world scene was e�ective in understanding the lo cation and

the size of virtual ob jects. F or example, it was easy to guess the size of a virtual ob ject by

comparing it with the real ob ject such as the table. The user even could tell that \This (virtual)

ball is ab out 10cm in diameter." W e b elieve that without overla y , the user would not b e able

to judge that. The virtual shadow is also a quite e�ective metho d to infer the lo cation of the

ob ject.

4.2 Mutual Awareness

One of the main goal of this pro ject is to inv estigate how mutual aw areness is achiev ed by using

shared augmented reality

. While using the system, what some one was doing was apparent

from their b o dy mov emen ts. F or example, when one user wan ts to grab an ob ject on the table,

he/she �rst turns the b o dy b efore making a selection. This b o dy mov emen t is visible to other

participan ts and it implicitly transmits the user’s inten tion.

Hand p ointing was also e�ective. The user was able to say \please mov e this ob ject" by

p ointing it with their �nger. How ev er, when the o cclusion relationship b etw een the hand and

the virtual ob ject was incorrect, users were confused. T o av oid this problem, some users p ointed

their �nger at the (virtual) shadow on the table.

Initially

, we also exp ected that the user’s eye direction (gaze) is also an e�ective commu-

nicativ e metho d for collab oration. How ev er, since the user was mostly lo oking at the surface

of the display during manipulation, there were less mutual gaze aw areness. W e discov ered that

the users gradually regarded the camera direction as gaze. The user b ecame able to guess the

other user’s fo cusing area from the camera direction of that user. The virtual b eam (Figure 3)

also enforced this inclination.

5 Conclusion and F uture Plans

W e built a shared augmented reality system using a video see-through palmtop display

. Early

and informal observ ations suggested that overla ying virtual images on the real world scene

help ed the user to understand the lo cation and the size of virtual ob jects. During collab oration,

natural mutual aw areness (e.g., b o dy mov emen t) was extensively used as well as aw areness

caused by artifacts (e.g., the virtual b eam).

The current system only allows creation and manipulation of simple graphics ob jects. F uture

plans include developmen t of more complete 3D interaction and application of this technology

to the domains of 3D visualization and shared virtual games. W e are also planning to combine

vision-based p osition tracking to achiev e more accurate alignment of virtual ob jects on the real

ob jects.

Ac kno wledgmen t

The author is grateful to Y uji Ayatsuk a, T revor Strick er and T oshiyuki Masui for helpful dis-

cussions. The author would also like to thank Mario T ok oro and T oshi Doi for their contin uing

supp ort.

References

[1] Lennart E. F ahl � en, Charles Grant Brown, Olv St _ ahl, and Christer Carlsson. A space based

mo del for user interaction in shared synthetic environments. In INTERCHI’93, pp. 43{48,

1993.

[2] George W. Fitzmaurice, Shumin Zhai, and Mark H. Chignell. Virtual Reality for palmtop

computers. ACM T r ansactions on Information Systems, V ol. 11, No. 3, pp. 197{218, July

1993.

[3] Mark Green and Dani Beaubien. Minimal R e ality T o olkit V ersion 1.2 Pr o gr ammer’s Man-

ual. Department of Computing Science, Universit y of Alb erta, Edmonton, Alb erta, 1992.

[4] Haruo Noma, Tsutomu Miyasato, and F umio Kishino. A palmtop display for dextrous

manipulation with haptic sensation. In CHI’96 pr o c e e dings, pp. 126{133, 1996.

[5] Jun Rekimoto. Tilting op erations for small screen interfaces. In Pr o c e e dings of UIST’96,

ACM Symp osium on User Interfac e Softwar e and T e chnolo gy, 1996. to app ear.

[6] Jun Rekimoto and Katashi Nagao. The world through the computer: Computer augmented

interaction with real world environmen ts. In Pr o c e e dings of UIST’95, ACM Symp osium

on User Interfac e Softwar e and T e chnolo gy, pp. 29{36, Nov em b er 1995.

[7] Chris Shaw. The MR T o olkit p eers pack age and exp eriment. In Pr o c e e dings of the Fifth

Annual Western Computer Gr aphics Symp osium, 1993.

[8] Haruo T ak em ura and F umio Kishino. Co op erative work environment using virtual

workspace. In ACM 1992 Confer enc e on Computer-Supp orte d Co op er ative Work, pp. 226{

232, T ron to, Canada, Nov em b er 1992.

[9] Roger Y. Tsai. An e�cient and accurate camera calibration technique for 3D machine

vision. In Pr o c e e dings of IEEE Confer enc e on Computer Vision and Pattern R e c o gnition,

pp. 364{374, 1986.

[10] Michael J. Zyda, Rich Gossweiler, John Morrison, Sandeep Sighal, and Michael Macedo-

nia. Netw ork ed virtual environmen ts. In A p anel at Virtual R e ality Annual International

Symp osium (VRAIS) ’95, pp. 230{231, 1995.

[11] M.J. Zyda, D.R. Pratt, J.G. Monahan, and K.P

. Wilson. NPSNET: constructing a 3D

virtual world. In Computer Gr aphics, 1992.