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Abstract

This paper proposes a novel method to express soft
shadows of virtual objects in Mixed Reality. We create
shadows of virtual objects in a fast and efficient way
using a set of pre-rendered basis images and shadow-
ing planes genmerated from convex hulls of objects. In
the preparatory stages, we approzrimate the illumina-
tion of the scene with a number of directional lights
and render the scene with each light in order to obtain
basis shadow images. We then synthesize basis im-
ages with luminance parameters and generate shadow
images correspond to the real scene. Finally we map
shadow images onto shadowing planes and express soft
shadows of virtual objects in real-time. The proposed
method can support both dynamic changes of illumina-
tion and movements of user’s viewpoint, and is appli-
cable only to the static scene. We successfully achieve
the consistency of illumination and improve the qual-
ity of synthesized image in MR-systems.

1 Introduction

Mixed Reality (MR) systems allow us to see real
scenes that contain computer-generated virtual ob-
jects [1][2]. For the seamless integration of virtual and
real objects in MR, it is important to achieve the con-
sistency of illumination. First of all, the shading of the
virtual objects needs to match that of other objects in
the environment. Also, the virtual objects must cast a
correct shadow onto the real scene. However, it is not
easy to obtain correct illumination because real scenes
usually include both direct and indirect illumination
distributed in a complex way.

There are some previous works related to the con-
sistency of illumination. Jacobs and Loscos provide
a detailed survey of illumination methods for MR[7].
They classify the various techniques based on their
input requirements of geometry and radiance of real
environment[10][6][5][4][3]. Most of these techniques
are demonstrated on indoor scenes and few of them are
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(a) Models
Figure 1: Generation of shadowing planes.

(b) Shadowing planes

carried out at interactive update rates. To simulate
the naturally illuminated architectural environment,
Nimeroff et al. presented an efficient re-rendering
method using pre-rendered basis images[8]. Sato et
al. applied this technique for MR and achieved a fast
image synthesis with natural shading[9]. Neverthe-
less, their method is applicable only to still images
and fixed viewpoints.

In this study, we propose a fast shadowing method
for interactive MR application. We generate basis im-
ages only to express the shadows of virtual objects and
set them onto other planate objects (hereafter called
the shadowing planes) so that they correspond to both
the arbitrary viewpoints and changing illumination of
the real environment. The major contributions of this
paper are as follows:

o Realistic soft shadows in real-time using pre-
rendered basis images.

e Model-based shadowing that allows user to move
the viewpoint.

o Hardware acceleration is available in the synthesis
of basis images.
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Figure 2: Generation of shadowing planes from a com-
plicated model using convex hulls.

2 Generation of Shadowing Planes and
Basis Images

2.1 Setting up of shadowing planes

We generate a set of the basis images at the pre-
processing stage using shadowing planes. In order
to obtain the basis images, we set up the shadowing
planes on the geometry of the scene (Figure 1).

Shadowing planes are generated from convex hulls
of each virtual object. In case of complicated object,
we need to divide the object into some clusters previ-
ously. Figure 2 shows the generating process of shad-
owing planes from complex architectural model. Each
shadowing plane covers virtual objects roughly, and
is offset a little in the direction of a user’s viewpoint.
Therefore, they are put between the objects and user’s
viewpoint.

We render the scene in advance and record the
shadows of virtual objects projected onto shadowing
planes as basis images. Then we map shadow images
synthesized from basis images on shadowing planes
as alpha transparency texture so that we can express
pseudo shadows of virtual objects.
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Figure 3: Approximation of the illumination; (a)
hemispheric surface light source; (b) area lights on the

face of a polyhedron; (c) rendering with directional
lights; (d) generation of basis images.

2.2 Approximation of the illumination

We assume that the illumination in the scene is a
hemispheric surface light source as illustrated in Fig-
ure 3(a). In this model, we can compute the illumi-
nance E of the point A with whole surface light source
as

E= / / * Lo, &) cos 0; sin gidfidsi (1)
—7 JO

where L(6;, ¢;) is the luminance per unit solid an-
gle from the direction of (6;, #;), and cos6; is the pa-
rameter which means the attenuation relating to the
direction of incidence.

Then we apply a polyhedron to this hemisphere,
and approximate the surface light source by the as-
sembly of area lights located on the every face of this
polyhedron (Figure 3(b)). Moreover, we approximate
these area lights by the assembly of directional lights,
which are located on the center of each face of the
polyhedron looking toward point A (Figure 3(c)). The
illuminance E of point A is represented simply as

E = Z L; cosb; (2)
i=1
where L; is the intensity of every directional lights.

2.3 Generation of basis images

After setting up m shadowing planes P;(j =
1,2,...,m) and n directional lights L;(i = 1,2,..,n),
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Figure 4: Acquisition of the luminance; (a) omni-
direcitonal image of the real scene; (b) distribution
of lights in the scene.
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Figure 5: The linear combination of luminance pa-
rameters and basis images
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the virtual objects are rendered with each light. Vir-
tual cameras, which look towards each shadowing
plane perpendicularly, capture the shadows of virtual
objects cast on the shadowing planes. Finally, we ob-
tain basis images Ib;;(j = 1,2,...,m,i = 1,2,...,n)
with every shadowing planes and lights (Figure 3(d)).

3 Real-time shadowing process

3.1 Acquiring the luminance of the scene

We obtain the information in the luminance of the
scene with an omni-directional image taken by a video
camera with a fisheye lens. Then we project the poly-
hedron noted above onto the omni-directional image,
and compute the sum total value of internal pixels per
each triangular region (Figure 4(a)). At this point, we
bring in the luminance parameter S;(i = 1,2,..,n) to
represent the luminance of each light source.

For the shading of virtual objects, we set six virtual
directional lights in the scene. The intensity of every
light is determined by the parameter Si (Figure.4(b)).
With that we can express correct shadings of virtual
objects responding to the real scene.

3.2 Synthesis of basis images

Meanwhile, we compute the linear combination of
basis images Ib;; with S; as shown in Figure 5.

IS’UT)’Lj = ZSZ X ij,i (3)
i=1

197

T e — Va .
& { Receiver A
. AN :

 p .

Figure 6: Apparance of our MR-system

(4)

n
Asumj = E Sl X @j.q
i=1

where I'sum; is the synthesized soft shadow image,
a;; make up the area of remaining unaffected by any
shadow of virtual objects in basis images, and Asum;
shows the sum total of no shadowing area so that the
ratio of Isum; and Asum; represent the effect of shad-
ows of virtual objects.

3.3 Mapping shadow images onto shad-
owing planes

Finally, we superimpose virtual objects onto a real
image. We set soft shadow images synthesized from
basis images onto shadowing planes as an alpha tex-
ture. Then we render the virtual scene and synthesize
it with the real scene. Virtual objects are properly
shaded with light sources responding to the illumina-
tion of the real scene.

The shadowing plaenes can represent simulated
shadows of virtual objects over both the real image
and objects themselves. And also, they can express
the shadows on virtual objects casted by real ob-
jects using basis images which store shadows gener-
ated from objects corresponding to the real scene.

4 Experimental Result

We tested our proposed method in both an indoor
scene and an outdoor scene.

Our system is mainly based on Canon’s MR Plat-
form system [11], which includes a video see-through
head mounted display and the Polhemus’s Fastrak,
six degree-of-freedom (DOF) electromagnetic track-
ing sensor. We also used a Windows PC (2.40GHz
Core 2 Duo E6600 CPU, 1024MB RAM, nVIDIA
GeForce7950GT GPU). The appearance of our equip-
ment is shown in Figure 6.

Figure 7 and 8 show the comparison of synthesized
images. We can see that both the shading and shad-
ows of virtual objects are reasonably matched to the
illumination in the real scene.

In the experiment of an outdoor scene (Figure 8),
we used 1520 basis images generated from 40 direc-
tional lights and 38 shadowing planes. The size of



Real
object

Real
object

Virtual |
~ object

Virtual |
. object |

(b)

Figure 7: Results for an indoor scene;

(a) before shadowing; (b) after shadowing.
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Figure 8: Results for an outdoor scene;

(b)

(a) before shadowing; (b) after shadowing.

each basis image is 128 x 128 pixels and the resolu-
tion of the synthesized image is 640 x 480 pixels. We
implemented the computation of the linear combina-
tion of basis images on the fragment shader to making
use of GPU acceleration. The virtual objects consist
of 58500 polygons and we successfully achieved about
18fps frame rate.

5 Conclusion

This paper proposed a fast shading and shadow-
ing method for MR. We approximate the illumination
in the scene and generate the basis images using the
shadowing planes. Soft shadow images, correspond to
the illumination of the real scene, are synthesized from
basis images. Then we map these shadow images onto
shadowing planes as alpha texture and express soft
shadows of virtual objects in real-time. However the
proposed method is applicable only to static scene, it
is effective for a specific application (e.g. MR-based
restoration of cultural herigates in outdoor scene).
Our method can achieve the consistency of illumina-
tion and improve the quality of synthesized image in
MR-systems.
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