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Abstract

A spatial immersive display that demonstrated
non-uniform pixel density is introduced. The non-
uniformity is determined by using the following con-
cept — “detailed images for important parts, rough
images for the others.” To realize a system based on
the concept, we used multiple projectors arranged
non-uniformly.

First, we created a immersive display system using
four screens with four projectors. Then, we prepared
a motion ride to compel the user to gaze at a part of
the front screen, and to estimate their viewpoint and
posture without their wearing any tracking devices.
Finally, we added two more projectors to provide de-
tailed images at the center of the front screen. After
geometric and color calibration using a digital still
camera, seamless images of multiple detail were ob-
served on the front screen.

Key Words: immersive display, multi-detailed im-
age, multi-projection technology

1 Introduction

The introduction of CAVETM[2] in 1993 spawned
the proposals of a lot of other spatial immersive dis-
play systems. These newly proposed systems adopted
different approaches to bring about an improvement
in the emerging technology. For example, some dis-
plays increased the number of screens to activate a
larger viewing angle [6][14], and others modified the
shapes of screens efficiently to cover a large field of
view [5][7][8].

On the other hand, a lot of multi-detailed tech-
niques, such as display systems [3][15], rendering meth-
ods [9], and evaluations [10][13], were also proposed.
Furthermore, two multi-detailed stereoscopic video
systems — one was compositing images in optical
way, and the other was in digital — were introduced
in [4] with an input device of multi-detailed images.
The objective of all of these techniques was to pro-
vide a detailed image near the gazing point, thus al-
most of these type of techniques take an eye-tracking
approach.

We propose in this paper a multi-detailed spatial
immersive display that embodies many of the advan-
tages of both types of displays. We introduce our

approaches to improvements of a simple surround-
screen display system in Section 2, describe our hard-
ware environment and its calibration method in Sec-
tion 3 and Section 4, respectively. And finally, we
show some experimental results in Section 5.

2 Our Approach

In this section, we describe our approaches to mak-
ing a multi-detailed spatial immersive display. As an
example, a snapshot of our final environment and
its system block diagram are shown in Figure 1 and
Figure 2, respectively.

First, we chose a CAVETM-like immersive display
as the basis of our system concept. Among spatial
immersive displays, this type of display is easy to
construct and render images because the shape of
the screens is rectangular. This feature allows us to
make an inexpensive system and to achieve a higher
frame-rate in realtime rendering. In the compari-
son with head-mounted displays (HMDs), it also has
some advantages, such as higher resolution, larger
viewing angle, and saving lag when the user turns
their head.

Next, we integrated a motion-ride system that has
four degrees of freedom (DOF) — roll and pitch as ro-
tation, up and down, forward and backward as trans-
lation — to the space enclosed by the screens [11].
This modification has a great disadvantage in that
it prohibits the user from wandering around the dis-
play freely, but it brings us the following advantages
in return.

• Of course, the ride delivers the sensation of acceler-
ation to the user, thereby improving the immersive
feelings of being ensconced in a virtual world.

• In a multi-screen system, it is very important to
adopt a head-tracking technique to correctly dis-
play images to enhance the user’s experience. Thus,
we deal with the user’s view in a real-world and in
a virtual-world independently, and use the motion-
ride system as the head tracker. We calculate the
head position of the user from the position and
posture of the ride (or from a series of motion data
[11], or in consideration of some other psychologi-
cal factors) by using a model of the human body.
So as to not spoil the fun of the user, it is desirable



to decrease the lag of the tracking [1]. This way of
head tracking allows us a lag of few frames, though
it sacrifices the accuracy of the estimated result. It
also allows us to pre-render high-quality images in
non- or semi-interactive content in which the view
frustums used for rendering have been previously
determined for some patterns. And, in this way of
tracking, the user needs to wear glasses only when
they want to view a stereoscopic image.

• The ride compels the user to gaze at a part of the
front screen, though this must be verified by an fu-
ture experiment. It allows us to consider the left,
right, and bottom screens as peripheral-view areas,
and the top and rear screens as meaningless ones.
The small number of screens allows us to use the
remaining projectors for other purposes. For ex-
ample, when six projectors are available similarly
to the display introduced in [14], we can use one
for every screen, and the remaining two are dedi-
cated to the front screen to provide the detailed
images. Moreover, it is unnecessary to prepare
data for the whole viewing angle, thereby, deriv-
ing benefits, such as, easing the task of designing
of input devices, and reducing the total amount of
data.

Finally, in order to provide more detailed informa-
tion to the user, we add more projectors to the sys-
tem, especially for the front screen, which is where
the user will customarily being gazing. The projec-
tors are roughly arranged, and then calibrated with a
digital still camera so that their projections can form
a seamless projection with the projection of the base
one. This approach to showing multi-detailed images
has the following advantages and disadvantages.

Advantages

• We can control pixel density on the screen easily
by varying the distance between the front screen
and the extra projectors in the in-focus range. We
can increase the number of projectors assigned to
the detailed images if needed.

• It is easy to create stereoscopic images with po-
larizing filters by stacking two projections because
we can calibrate the correspondence between those
two projections accurately in consideration of the
distortions presented by the screen and the projec-
tor lenses.

• In this paper, we introduce a two-leveled type of
detail projection, however, it is easy to increase
the level of detail projection, in similar way. The
only constraint is that each projector must not cast
shadows with the lights of the other projectors.

• Indeed the system does require calibration, how-
ever, we consider that task simple enough in com-
parison with the setup required with the multi-
detailed HMDs which composite images in optical
way.

• When the system is calibrated for static-type com-
positing (described in Section 4.2 and shown in
Figure 3(a)), the detailed projections and the rough

projection form a seamless projection by edge blend-
ing. The user will not perceive the boundary be-
tween the two levels of detail.

• When the system is calibrated for dynamic-type
compositing (described in Section 4.3 and shown in
Figure 3(b)), the detailed insets can take arbitrary
shapes in the detailed projection area, though the
system needs the assistance of content-player soft-
ware. This is because the two levels of detail pro-
jections coexist in the detailed projection area.

Disadvantages

• The system provides detailed images to an area
for which only rough images are needed, because it
does not take into consideration the current gazing
point and gaze direction of the user.

• When the system is calibrated for static-type com-
positing, we cannot change the positions of the de-
tailed projections. It is because the system must
be re-calibrated previously, and that cannot be
done in realtime.

• When the system is calibrated for dynamic-type
compositing, the boundary contour between two
levels of detail are either glittery or blackened be-
cause the two levels of detail have pixels of differ-
ent sizes that are usually not stacked in perfect ar-
rangements, though we can try to use anti-aliasing
software to reduce this type of error.

We consider that the most suitable application for
our system is a one-player game, such as a driving
simulator or a roller-coaster game, especially non- or
semi-interactive content which can use pre-rendered
high-quality images.

3 System Components

We introduce here the total environment of our
system consisting of four screens and six projectors.

First, we made a spatial immersive display using
four screens and four projection units. The bottom
screen measures 2.4 by 0.8 meters, and the others are
2.4 by 1.8 meters. Each projection unit consists of
three components — a digital projector, an image-
modifying unit, and an image-providing PC.

Each projector can be roughly set up under the
condition that its projection area covers the whole
area of each screen. Of course, similar to HMDs [12],
we need to perform geometric calibration to make the
image-projected area exactly the same for the whole
screen area in consideration of the arrangement er-
rors and the distortions created by the screen and
the projector lenses. However, we leave this task to
the image-modifying unit. The images handled by
the projectors have a resolution of 640 by 480 pixels.

Accurate modification of the system geometry is
done in realtime using the image-modifying unit. The
unit, which was designed and developed by us, can
make geometric and color modifications to the pro-
vided images. The parameters used in these pixel-
wise modifications were already made and stored in



the memory of the unit. The unit can handle pro-
vided images of up to 1024 by 768 pixels at the re-
fresh rate of 60 Hz.

The images provided by the PCs are previously
rendered movies and/or realtime-rendered interac-
tive content. They are run on our content viewer
so that images rendered for each screen can be syn-
chronized with each other.

Next, we added a motion-ride effect (with a joy-
stick as a user interface) to the space enclosed by
the screens. It has four DOF, and is controlled by
the motion-controller PC to be in sync with the dis-
played images. As a result, the user feels a natural
sensation of accelerating, and it also enables us to
estimate the user’s view.

Finally, we prepared two more projection units to
complete an immersive environment for the projec-
tion of detailed images. We assign the inner area
of the front screen, where users will mainly focus
their attention, to the projectors of the additional
units. The projections of these projectors are usu-
ally brighter than the base one, because they cover
smaller area than the base one does. In order to ab-
sorb this difference of the brightness, we use neutral-
density(ND) filters of suitable attenuation level, even
though we can do so with the image-modifying unit
itself. We do this because we want to maintain as
much as possible the contrast and the color resolution
of the original images in order to provide high-quality
images. The images handled by the additional pro-
jectors have a resolution of 1024 by 768 pixels.

The precise calibration of the system described
above (i.e., to set the parameters to be stored in
the image-modifying unit’s memory), we use a digital
still camera controlled by a PC. It is desirable that
the camera have a variable-speed shutter and that it
can be controlled adaptively, because we need accu-
rate data in color calibration. The translation func-
tions from pixel value to luminosity are calibrated
beforehand under a good condition.

4 System Calibration

In order to provide seamless images with the above
system, we need to make geometric and color cali-
brations. There are two types of compositing, static-
type and dynamic-type, for providing multi-detailed
images. In this section, we explain the difference
between those two types. Then, we describe in de-
tail how to calibrate the system for the static-type
compositing. And lastly, we touch on the calibration
method for the dynamic-type briefly.

4.1 Two ways of compositing

The process of static-type compositing and that
of dynamic-type are shown in Figures 3(a) and 3(b),
respectively.

The static-type compositing always uses detailed
images for the stacked-projection area. This type of
compositing can be handled by the image-modifying
units themselves, so that we can realize the display-

ing of multi-detailed content at a high frame-rate.
A special feature of this type of compositing is that
the transition of the detail is made smoothly enough
for no one to notice it happening. It gives the illu-
sion that the additional projectors are making small
contributions, but the great amount of information
being unobtrusively provided in the detailed part by
those projectors will make users naturally become
more immersed.

In contrast to that, the dynamic-type compositing
uses detailed images for only the important areas. It
needs the assistance of compositing software in ad-
dition to the image-modifying units, because the pa-
rameters stored in the hardware are static while the
important parts of an image will be varying dynami-
cally. This type of compositing has some advantages
over the static-type compositing. For example, it
is easy to call the user’s attention to the important
parts. And other example is that it needs less image
data than the static-type compositing — this is a
great advantage especially in the use of telecommu-
nicating applications. Of course, there are not only
advantages, there are some disadvantages that have
to be coped with. For example, it is necessary to take
care that the synchronization among the projected
images is precise, because the transition of the detail
occurs suddenly. In other words, a loose synchroniza-
tion will make the boundary area between the rough
portion and the detailed portion look black-colored
or glittered. Moreover, as we have already mentioned
in Section 2, when you use digital projectors, you
must compensate mentally for the anti-aliasing on
the boundary area.

4.2 Calibration for the static-type

In this subsection, we describe how to calibrate the
system for the static-type compositing.

We use vertical and horizontal gray codes to make
correspondence maps between the coordinates of the
camera and that of the projectors. In addition to
that, we use other stripe codes to make the maps
more precise. Then, we make geometric-modification
parameters for the stacked projections from the maps.
(That parameter for the base projection should be
fixed, because it has already been calibrated in rela-
tion to the front screen in a similar way, in consider-
ation of the adjacent projections.)

For color calibration, we prepare characteristic func-
tions for each projection unit, and decide their pa-
rameters using some additional patterns. We per-
form edge-blending between the stacked projections
first, and then, do the same between the base and
the stacked projections. To prevent false ridges near
the corners of the stacked projections, we perform an
elliptic blending for the second edge-blending, which
has an elliptic contour of luminosity at each corner
of the stacked projections.

Of course, if there were no error, any blending
method brings about perfectly seamless images on
the screen as long as it is a theoretically correct one.
However, there are some errors that when present



thwart attempts at perfectly theoretical optical com-
positing. For example, there is measuremental error,
of course. Another example is discrete errors of lumi-
nosity — for each color, luminosity is processed in 8
bits for the input and for the output, though it is pro-
cessed in 10 or more bits for the internal processes.
One more example is that there are errors caused by
the size of pixels. Both levels of detail pixels have cer-
tain sizes and they usually are not stacked in perfect
arrangement, so that errors arise for anti-aliasing.

4.3 Calibration for the dynamic-type

We briefly explain now how to calibrate the system
for the dynamic-type compositing.

In this type of compositing, the requirements for
the modification hardware are to make the geometry
of the stacked projection units consistent with that
of the base projection unit, and make the color char-
acteristic functions of the stacked projection units
exactly the same as that of the base one.1 These
requirements are easily accomplished because they
are the same as those of the calibration method de-
scribed in Section 4.2 except that it is not necessary
to blend the boundary between the stacked projec-
tion area and the base one. As a result of that, the
base projection unit needs no additional modifica-
tions to convert the system into multi-detailed one.1

5 Experimental Results

The experimental results for the blending are shown
in Figure 4. Out of the two types of compositing, we
calibrated the system for the static-type.

When we observed the calibrated images, we made
the two following observations: First, the system pro-
vided a seamless image after geometric and color cal-
ibrations. Secondly, the system provided rich infor-
mation to the area where users mainly focus their
attention. We could recognize letters in the detailed-
image area while we could not do so in the rough-
image area.

Next, we show the results of the comparison be-
tween elliptic and rectangular blending in Figure 5.
From this figure, we can see that the elliptic blending
was working well while the rectangular blending was
not performing as well. Owing to the elliptic blend-
ing, no false ridge is observed. This indicates that
our way of blending is apparently one good solution
to get seamless images of high quality.

6 Concluding Remarks

6.1 Conclusion

We have developed a multi-detailed spatial immer-
sive display. It provides detailed images of impor-
tant parts and rough images of the others by dint
of the non-uniform arrangement of projectors. In

1These statements are valid only when the black level of

each projection is dark enough.

order to keep a user’s attention directed at the de-
tailed projection area, a motion ride is used to con-
trol the user’s viewpoint and posture. Its geometric
and color calibrations are made using a digital still
camera and some calibration patterns. After the cali-
brations, we obtained multi-detailed seamless images
in realtime using image-modifying units whose mem-
ories contained the calibrated parameters. We found
that, in at least the closely-observed area of a user,
the system can provide more information to the user
than any other immersive displays using the same re-
sources. Owing to these results, we consider that our
system is a significant improvement over the current
spatial immersive display system.

6.2 Further Works

As to our further works, we will explore the fol-
lowing two points. One is to improve the quality of
compositing. In order to that, we are trying to use a
more precise optical model of the projectors, though
it will take longer for calibration. The other is to
realize a real-time dynamic-type compositing, espe-
cially an optical compositing of video and CG im-
ages. We will try to composite detailed video images
made using the chroma-key technique into realtime-
rendered background CG images. We consider that
this approach is an effective one for use in a telecom-
munication setup of limited resources.
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(a)

(b)

(c)

Figure 1. Our experimental environment. (a) Snap-
shot. (b) Initial projections on the front screen. With-
out ND filters, the stacked projections are about 15
times brighter than the base one. (c) Typical appli-
cation.
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Figure 2. System block diagram.

(a)

(b)

Figure 3. Data flow diagram to provide multi-detailed images. (a) The static-type compositing. This type of
compositing can be handled by the image-modifying units themselves, though the position of the detailed area
is unchangeable. At the color-modification phase, an elliptic blending is performed. (b) The dynamic-type
compositing. The system needs the assistance of content-player software, though the detailed insets can take
arbitrary shapes in the detailed projection area.



(a) (b)

(c) (d)

(e) (f) (g)

Figure 4. Elliptic blending.2 (a) Initial state of the projections on the front screen. (b) After calibration. (c)
Enlargement of a boundary area at the initial state. The detailed area is brighter than the rough area, and
some words are projected double. (d) Enlargement of a boundary area after calibration. The words in the
detailed-image area are legible for the most part while the words in the rough-image area are quite illegible.
(e)(f)(g) Projection of each projector on the elliptic blending.

2We used the 1999/2000 INFOCOMM International©R Projection Shoot-Out©R Software to evaluate our system’s capabilities.



(a) (b)

(c) (d)

(e) (f)

(g) (h)

Figure 5. Comparison between elliptic and rectangular blending. Lefthand and righthand images are the results
of elliptic and rectangular blending, respectively. (a)(b) Projection of the rough image. (c)(d) Projection of
the detailed image. The ridges, which will be false ridges when optical compositing, are observed near the
corners in the rectangular blending while they are not in the elliptic blending. (e)(f) Composited image. (g)(h)
Enlargement of the region near the bottom-left corner of the detailed area. The corner of the detailed area is
perceived in the rectangular blending while it is not in the elliptic blending.


