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Abstract. This paper describes an auto-stereoscopic VRML viewer for a stereoscopic display
without any glasses called “Rear Cross Lenticular 3D display (RCL3D display).” By presenting a
virtual environment directly on the 3D display, people feel the depth of environment just as the
physical model. In the “net-surfing,” this viewer automatically generates a pair of stereoscopic
images from VRML2.0 data on WWW sites and composes them into one image for the 3D display.
Operations such as the walk-through and interaction in a virtual environment are provided. In
VRML2.0 data, information to generate the stereoscopic images, such as a base line length and a
convergencangle, is not represented. Thus, this viewer provides a wdyrtamically adjust such
parameters byhe operator inorder toget naturatlepth feeling.

1. Introduction

The field of 3D computer graphics is rapidly becoming more popular. Recently, VRML
(Virtual Reality Modeling languagd]) has been standardized. VRML has become popular
as the languagm®r creating 3D spaces on the internet and WWW. To display a 3D space
described with VRML2.0, a VRML viewer is necessary. Popular VRML viewers [2][3] can
render a 3Bpace, howevethey ultimatelyonly display a 2D view usingr@rmalmonitor.

On the otherhand, investigations of stereoscopic display gremising in which an
observer can feel the depth of space. We have developed a stereoscopic display called “Rear
Cross Lenticular 3D (RCL3D)” display, in which an observer can feel the depth of objects
without any special eye-glasses [4]. We have further applied this display to the WWW
environment and developed a VRML viewer through which an observer can directly see 3D
images described with VRML. This paper describes the method for generating 3D view,
setting and adjusting stereoscopic parameters, and functions as a VR0

2. Principle of Rear Cross Lenticular 3D Display

This section briefly describes our 3D display without any eye-glasses used as a display unit
for ourVRML viewer.Refer to the referendd] for details about thidisplay.

The RCL3D displayhasparticular configuration ofwo lenticularlenses(lenticular H and
lenticular V) and a checkered pattern mask between a TFT liquid crystal (LC) panel and back
light. The lenticular V separates an image into left and right eyes by changing the direction of
illumination from the back lightor eachscanning line. The lenticular H prevents generation
of crosstalk bycollecting lightfrom the opening of the checkered patterask onto one dhe
scanning lines, and enlarging three dimensional viewing area in vertical direction by making
the lightfrom the openingliffused to an observer.



Checkerd Pattern Mask

Lenticular-V

N

Backlight panel
Lenticular-H

777/

LCD

//l/

759

! i)
Al %/
757/

L

L7 L7 L7 L] L7 LT LF) /)
(T TTITITITLY Y

Left
Right

Figure 1 VRML Viewer for the WWW Figure 2 Configuration of RCL3D Display

This display casts amagecomposed from a pair of stereoscopic imdgeseft and right
eyes by alternating each image onto gbanning lines so that they consist horizontal stripe
pattern on the composed image. This configuration gives us several advantages such as color
separation due to vertical stripes of the LC panel, which is often observed in the ordinary
lenticular method using vertical stripe image, is not generated, and having coitypatth
the Field Sequential Stereoscopic Metlimat isstandard fothe LC shutteglasses.

3. Rendering and Composing Stereoscopicilmages

3.1 Generation and Composition of Left and Right Images for 3D View

Rendering of stereoscopic images is accomplishedsinyg usual CG technique to render
images viewed from two points of eyes (Figure 3). However, we have to compose one
stripedimagefrom theséwo images in order tgenerate a 3D view of virtuapace.

The easiestvay of the composition is to rendé&ft and right images separately and then
composing one image after cutting out these images into many stripes. This method requires
operations to read two rendered images from the frame buffer and then write the composed
image into other area of the frame buffer before displaying 3D image. Thus, time to render
two images, to read images from the buffer, to compose and to write into the buffer and
resource of frame buffer memory at least for two pages of images are required. This method
is unsuitable for real-time rendering, since the data transfer between memories takes
considerable time.

In order to reducéhe timeand required memory, waeave adopted a stentiliffer (Figure
4). The stencil buffer is a part of frame buffer for rendering and having flagging function for
each pixel irorder to control whether to upddtes buffer value.

In our method, aight eyeimage is writterontothe framebuffer, and then alternating mask
pattern, 0 and 1 for every other scanning lines is written onto the stencil buffer. By
overwriting the left eye image onto this frame buffer, the striped image can be acquired, since
the scanning lines masked by the stencil buffer are not updated. In this method, the time to
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generate the alternating image can be reduced as about twice as of the time to generate an
ordinary image for a 2D monitor. Figure 5 shows the result of rendering a VRML data. An
observer can feel the depth of the scene when the data is displayed onto the RCL3D display.
By using this method, we can rendbpat 20 frames of alternating images pecond with a

SGl's graphic workstation O2 (CPU : R10000 / 175MHz ). It is quite fast comparing to the
result using the same computer and the same data but without stencil buffer, which is almost
three frames peyecond.

3.2 Resizing ViewerWindow

Generally, the 3D display uses full field of display area in order to obtain the broadest
viewing angle. However, our viewer is implemented with a function to set the size and
position of the display widow, since weassume this viewer is used in 'net-surfing' with a
WWW browser. This requires that the user can change the size of the window or its layout.
And our viewer igealized as the helper applicatfom the WWWbrowser,and can be started

from the WWWbrowser.

For the 3D display, somespecial managements must be taken ewensuch simple
problems of resizing and repositioning of the window. Sincestla@ning lines of the 3D
display are fixed on the LC panel, the lines for the right eye must always be for the right eye
image. On the other hand, generation of a 3D image is performe&adorwndow. This
means that the top line of the window may be for the right eye or may be for the left eye. If
the left eye image is cast to the line for right eye and the right eye image is cast to the line for
left eye, the observer gaot grasp the 3D feeling. For this reason, our viewer calculates



number of scanning lines from the top of the display to the top of the window, and exchange
the display line for the left and right eye images as needed. This cacceaplished by
exchanging 0 and 1 of timeask pattern ahe stencibuffer shown in Figure 4.

3.3 3D MouseCursor

By using VRML2.0, some kinds of interamti, such as to make the observer possible to
manipulate an object, can be written. Since VRML2.0 supports this kind of functionality, our
viewer has a function to move an object in the 3D image using a mouse. In this case, how to
display a mouse pointer becomes a problem. The mouse pointer in the ordinary windowing
system iggeometrically fixed on the L@anel.When arobserveican feel the depth of a scene

in the window of our viewer, he/she can merge the right and left images,nmat caerge

the mouse cursor as a single pointer. In our viewer, the mouse pointer is displayed as a 3D
object and moving along tisairface othe renderedpace, as shown in Figure 6.

4. Adjusting Stereoscopic Parameters

4.1 Problems on ViewingVRML Data as 3D

In order to experience virtual space with two dimensional display, we have to render the
space after setting up a position, direction, moving speed and angle of the view point in the
virtual space. Theseonditions affect how an observer feels he/she is in that space. The
parameters other than the movspmeedcan be written in ¥ RML data.

On the othehand, in order t@xperience virtual space with three dimensiahsgplay, we
have to set up some other parameters such as the distance between left and right eyes
(base-line-length) and its convergence angle before rendering stereoswges. These

(@) Case of Actual Town (b) Case of MiniatureTown on a Desktop
Figure 7 Size of VirtuaBpace and Observer



conditions about 3D view (3D view parameters) greatly affect the feel of depth in the virtual
environment. For example, just by changing these parameters, an observer can feel the same
virtual space data of a town as an actual town (Figure 7(a)) or models on a desktop (Figure
7(b)). The level of feel is decided by the intention of the designer and the intention of the
observer.
(1) Intention of the Designer

According to thestandard of VRML2.0the virtual spacenust be writterusingmetric scale
in VRML2.0. Therefore, the designer can consider how his/her object be felt by an observer
while setting the base-line-length as a human average of 65 mm and the convergence angle as
0 degree. However, actual many VRML data are based on the other scales such a normalized
coordinate, since they don't have their own actual size iphyscal world.Therefore, it is
impossible to generate only one set of 3D view parameters for all the VRML data. And also,
the standard of VRML2.0 is not considered for displaying on a 3D display and there is no
way to describe 3D viewarameters in theata.
(2) Intention of the Observer

Supposehat anobserver seeintarge scaled virtual space otaavn decides to come nearer
to one building in order to see its details. In this case, it becomes impossible to merge left and
right eye images from a certain point of the movement of the observer, and the observer
looses 3D feel of the building. As this example, the 3D feel of the observer is also decided
based orhe data itselénd the intention of thebserver.

4.2 Adjustment of 3D View Parameters

By considering the above facts, we have decided to calculate initial alude 3D view
parameters from the VRML2.0 data and to provide a way to alter these paranetedsng
to the intention of anbserver sahat theobserver is presented 3&8elhe/shevant.

The initial value of thébase-line-length is obtained from a vakedculatedoased orthe
whole size of the virtual space by multiplying some adequate constant, aruhvieegence
angle is 0. This is not an ideal method, since the size of the virtual speace lbaused as a
base talecide the size of asbserver, ithe virtual spacexpresses whole city.

An observer othe virtual space can manually change thesevigéy parameters. In our
viewer, certain key operation opens an operation panel shown in Figure 8. The two slide bars
at the left of the panel are for the base-line-length, the two slide bars at the middle are for
speed of walk-through, the upper right bar is fonwergenceangle. The observer can also
change the viewing angle by the slide bar atdher right ofthe panel.

5. Implementation of VRML2.0 Functions

Since the purpose of our viewer is to directly read VRML data in the Internet, communication
with HTTP is inevitable. VRML is not only a format to describe static geometrical shapes but
a language taexpress virtual space in which an observer can perform some interactive
operation. Thus, we can describe both static geometrical shapes in a static space and
dynamically changing or interactiveasges. Therefore a viewer for VRML2.0 must perform
their functions to give aobserver satisfactory display and experience.

Actually, our viewerimplementsvarious functionghat can be written iVRML2.0. Table
1 showsmainfunctions of VRML2.0that can beerformed in ouviewer.



Table 1 Inplemente@unctions

Functiongrequired to

the VRML2.0 viewer| MPlemented Description

Dataacquisition | Acquires VRML data and other related data such as image dgta for
with HTTP texture from theNV\WW.

Communication Makes it possible to embed URLs anywhere in the VRML2.0 datg and
to set hyperlinks to other sites. Also makes it possible to designate
partial space images and texture images which consists the|space
usingURLSs.

URL embedding

Dynamic scene

. Interpolator | Expresses keframeanimation omgradualcolortransition.
expression

Acquires events from interaction with an observer in order to mgke it
Interaction Sensomnode possible to open a door with mouse click or play some sound |when
an observecome near tesomeobjects.

Propagates events generated at the sensor nodes to various ohjects in
Routing function |the space irorder to make it possible to change the state atcep
according tevents.

Propagation of
events

6. Conclusion

By applying our viewer onto the WWW browser, an observer can directly see virtual 3D
spaces ithe Internet in the three dimensionaly.

Since there is navay to describe 3D vieyparameters iWVRML2.0, our viewer uses
expedient way to decideitial values andprovides a way to change these parameters
manually. Some methods are required in VRML to describe intention of a designer if it is
used as a tayuage to describe virtualapes displayed in three dimensional way. Though it
is, theway tochange parameters is also required in ordesflect intention obbservers.

Our viewerhasbeen designetbr the Internet, but itanalso be used in dntranet without
any modificationFor example, yoganview 3D CAD data to confirmts final shape.

We have already reported a method to construct a spaees geometricalmodels and
ray-space data co-exist [5][6]. Since the method renders a space based on the VRML, it is
easy to applpur viewer to this method.

References

[1] http://www.vrml.org/

[2] http://www.cosmosoftware.com/

[3] http://www.pc.sony.co.jp/int3d/cpb.htm

[4] H. Morishima, et al: “Rear cross lenticular 3D display Wwidut eyeglasses,” Proc. IS&T/SPIE's 10 th
Annual Symposium, Vol.3295, pp.193-222, 1998.

[5] S. Uchiyamaet al: “Building a cyberspace by mixing real data based on ray-space theory with computer
graphics models,” Proc. 3lnage Conferenc®6, pp.13-18, 199@n Japanese).

[6] S. Uchiyama,et al: “Collaborative CyberMirage: a shared cyberspace with mixed reality,” Proc.
VSMM'97, pp.9-17, 1997.



