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ABSTRACT

The holographic AR effect is a technique that generate
virtual 3D images around physical objects by placing
computer-generated volume holograms in front of the
physical objects. Proper occlusion processing between
self-occluded objects and holographic images are
presented not only for single-color but also dual-color
effects.

1 Introduction

Full-parallax  high-definition ~ computer-generated
holograms (FPHD-CGH), studied for a long time, continue
to attract attention because of the amazing deep 3D
images. In recent years, several challenges to create
actual FPHD-CGHs are gradually being resolved by
advances in computation techniques, performance of
computers, and micro fabrication technology [1]. As a
result, FPHD-CGHs whose number of pixels exceeding
100 billion pixels have been created [2]. In the latest
FPHD-CGHs, the size is over 30 cm x 30 cm and the pixel
scale are approaching tera-pixels [3,4]. These FPHD-
CGHs can reconstruct real 3D images with deep depth as
if there are real objects behind the hologram.

In this study, we try to create static image displays that
allows us to generate holographic 3D images around
physical objects. This is aimed at social implementation of
FPHD-CGHs, such as holographic signages. In this
display, an FPHD-CGH or FPHD-CGVH (computer-
generated volume hologram) is placed in front of the
physical objects, as shown in Fig.1(a). When turning on
the illumination light, the holographic image is
reconstructed around the real object and adds some effect,
such as magic circles, flames, lightning, and lightsabers,
as in (b). We refer to the effects as holographic AR effects
(HARE), named after well-known augmented reality [5].

The hologram for HARE should be as transparent as
possible because viewers see the real objects through the
hologram. We use CGVHs transferred from the original
CGH for HARE because CGVHs are commonly more
transparent than CGHs. Use of CGVH also allow us to
produce HARE with multiple colors because of wavelength
selectivity of CGVH [6]. Furthermore, it is very important in
HARE to process occlusion between the real objects and
the holographic images correctly. When the holographic
3D image appears behind the real object, the 3D image

must seem to be obscured by the foreground real objects.
We use the switch-back technique for occlusion
processing between real objects and holographic
images [7].

In this paper, we report HARE displays with single and
dual colors and occlusion processing in a very complex-

shaped real object.
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Fig1. The concept of the holographic AR effects.

2 Techniques for holographic AR effect display

2.1 Occlusion Processing

In HARE display, it is significant to handle occlusion
between physical objects and 3D images especially in
cases where the holographic 3D images are
reconstructed behind the real objects. In the previous
study, the technique of object-by-object light shielding [7]
was used in a simple-shaped object [5]. In this case, the
wavefield reconstructed by the hologram is masked with
the same shape as the silhouette of the physical object
when calculating the original CGH used for fabricating
the CGVH. The physical object was fabricated using a
3D printer from the 3D model used for calculation of the
original CGH, because the silhouette of the real object
must exactly agree with the mask used for the calculation.

A drawback of the technique in the previous study is
that the physical object must not have self-occlusion; a
part of the object must not hide other parts of the same
object. Consequently, the shape of the physical objects
was limited to a simple shape. In this study, we
performed occlusion processing using the polygon-by-
polygon light-shielding in computation of the original
CGH. This technique is applicable to self-occluded
objects. Here, there is a technique called the switch-back
technique, which can perform the polygon-by-polygon
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Fig. 2 An example of the self-occluded physical
object: A torus.

light-shielding very fast [7].

For example, in a HARE display for the 3D scene shown
in Fig. 2, the physical object is a torus that has self-
occlusion. In this case, the 3D model of the torus is used
for calculation of the original CGH using the switch-back
technique. Here, note that the conventional switch-back
technique calculates and adds light of the torus itself to the
resultant wavefield. However, light of the torus is emitted
from the physical object in this study. Therefore, we
calculate the original CGH for the 3D scene with a
completely black torus that does not emit any light.

Like previous work, this method requires a real object
that is perfectly matched to the 3D model used to calculate
the original CGH. Thus, we printed the 3D model using a
3D printer and used it for the physical object of the HARE
display.

2.2 Fabrication of CGVH

We use contact-copy, a technique for transferring the
original CGH to photopolymer, to fabricate CGVH for the
HARE display [6]. In this technique, transfer light passing
through the photopolymer illuminates and reconstructs the
original CGH. The reconstructed light of the original CGH
is recorded on the photopolymer as a volume hologram.

We also use a technique of tiling contact copy [8],
where collimated light passing through a rectangular
aperture is used as the transfer light that illuminate only a
rectangular region. The entire original CGH is transferred
by moving the rectangular region. This technique allows
us to transfer a large original CGH to the CGVH.

2.3 Dual-color HARE display

Because the CGVH is a volume hologram, the
holographic image is reconstructed only by the illumination
at the same wavelength as the transfer light. As shown in
Fig. 3, When we stack two CGVHs, for example a red and
green CGVHs, red light reconstructs only red CGVH while
green light reconstructs only green CGVH. Therefore, we
can switch the color and effect produced by the
holographic image. It is possible to produce both effects at
the same time as well.

3 Fabrication of HARE displays
To verify the holographic AR effect in practice, we
fabricated two HARE displays: the single-color display and
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Fig.3 The basic arrangement of a dual-color HARE
display.

dual-color display. In both displays, physical objects
have self-occlusion. Arrangements of the single and dual
color displays are shown in Fig. 4 and 5, respectively.
The parameters of the CGVHs for these displays are
summarized in Table 1. The area of the CGVH for the
dual-color display are four times larger than that of the
single-color display. Therefore, the CGVH is fabricated
using tiling contact copy.

Photographs of optical reconstruction of the
fabricated single-color display is shown in Fig. 6. Figure
7 also shows the optical reconstruction of the dual-color
display when only red and green are turned on, and
when both are turned on. All photographs are taken from
different viewpoints. It is verified that holographic AR
effects are successfully generated around the physical
objects. Even in a very complex-shaped object as in Fig.
7, occlusion between the physical object and holographic
images is properly processed from any viewpoint. As a
result, the viewer sees the virtual background image as

Table 1 Parameters of CGVHs

Single-color Dual-color
Wavelength [nm] 640 640, 532
Number of pixels 65,536 131,072
of original CGH x 131,072 X 262,144
Pixel Pitches [um] 0.8x 04
Photopolymer HX-200
Holographic image
CGVH Physical object

130 52

Units : mm

Fig.4 The arrangement of the fabricated single-
color HARE display.
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Fig.5 The arrangement of the fabricated dual-color HARE display.
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Fig.6 Photographs of the fabricated single-color HARE display.

if it exists behind the physical object.

4  Conclusion

We fabricated not only single-color holographic AR
effect displays but also dual-color displays. In both
displays, AR effects are generated by holographic images
around the physical objects. Although both objects have
self-occlusion and the object of the dual-color display has
very complex shape, we can confirm that the occlusion is
processed correctly from any viewpoint. Furthermore, it is
verified that holographic AR effects are successfully
generated with dual-color before and behind the physical
object.
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Fig.7 Photographs of the fabricated dual-color HARE display.
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