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コンピュータによってリアリティを創り、それを実世界で再現・体験す
ることを⽬目指した、未来のメディア技術を研究しています。要素技術の研
究だけでなく、プロトタイプを実装することで、実際に体験できる技術の
実現を研究室の⽅方針としています。
研究には、コンピュータ・グラフィックス (CG)、映像処理理、バーチャ

ル・リアリティ (VR)、拡張現実感 (AR)といった情報技術を駆使します。
ソフトウェアだけでなく、リアルな3次元映像表⽰示のための様々なディス
プレイや、3次元を撮影するためのカメラの研究もしており、ソフトウェ
アからハードウェア、コンテンツまで、幅広く取り組んでいますが、⼤大き
く分けて次の3つになります。
1. リアリティの取得
• 最新のカメラやセンサを使って実世界の情報を取得します。

2. リアリティをコンピュータで⽣生成
• CGやシミュレーション技術を使って、リアリティをコンピュータで
創りだします。

3. リアリティの再現
• ヘッドマウントディスプレイ (HMD) や3次元ディスプレイ、
ドローンを使った空中映像ディスプレイ，電気味覚などで⽣生成した
リアリティを実世界に再⽣生します。

u 研究テーマ

u 展⽰示内容
オープンキャンパスでは、普及の始まったバーチャル・リアリティの体験を中⼼心に展⽰示を

しています。ぜひ、実際に体験して下さい。
1. HMDを⽤用いた技術デモンストレーション
2. 360度度実写全周映像の撮影⽤用ロボット制御技術
3. 眼電位測定を⽤用いたインタフェース技術
4. 動画による，各種研究やCG研究の紹介
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Figure 1: (a) 2D comparisons with path tracing (top left), a heuristic proposed by Jensen et al. [2001] (bottom left), and our technique
(bottom right). A beam of light enters at x

i

on a semi-infinite medium with the absorption coefficients �
a

given by the texture and the constant
scattering coefficient �

s

= 1.0. (b) Comparison for a practical scene. Our technique reproduces blur of the pattern of the chessboard which
the existing heuristic fails to capture.

Introduction Light scattering inside objects noticeably affects
the appearance of translucent materials such as marble, food, and
human skin. Although most translucent materials seen in our daily
life are heterogeneous (i.e., optical properties are spatially vary-
ing), it is still challenging to efficiently compute light transport in
heterogeneous translucent materials. Light transport simulation us-
ing Monte Carlo methods takes long time due to a large number
of scattering events in such materials. Existing BSSRDF models,
on the other hand, can efficiently approximate light transport inside
homogeneous materials. Such BSSRDF models are not directly
applicable to heterogeneous materials. While there exists several
heuristics to handle heterogeneous materials using BSSRDF mod-
els, the accuracy of such heuristics has not been discussed.

We propose a parameter estimation technique for BSSRDF models
that can more accurately approximate the appearance of heteroge-
neous materials. Similar to existing techniques for approximating
multiple scattering due to hair geometries, we consider the exis-
tence of a homogeneous material which equivalently produces light
paths to the given heterogeneous material. Our technique estimates
optical properties of such materials by taking averages of coeffi-
cients around the incident and exitant points as predicted by the path
integral [Premože et al. 2004]. Since our technique provides param-
eters for BSSRDF models, it is applicable to all previous BSSRDF
models and easy to integrate into existing rendering systems.

Our Approach BSSRDF S(x
i

, ~!
i

,x
o

, ~!
o

;�0
s

,�
a

) describes
subsurface scattering of light which comes from direction ~!

i

to
point x

i

, and exit from point x
o

to direction ~!
o

. The parameters �
s

and �
a

are reduced scattering and absorption coefficients. Existing
BSSRDF models assume that �
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are constant over a whole
object. Our technique estimates the new averaged coefficients �̄0
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so that the resulting evaulation of a given BSSRDF model
reproduces light transport inside a heterogeneous material, while
making no change to the given BSSRDF model itself. Our tech-
nique consists of the following two steps: (1) determining a region
to obtain the averaged coefficients, and (2) evaluating the averaged

coefficients and the final BSSRDF.

Step 1 We determine a region E to obtain the averaged coeffi-
cients. We assume that optical properties are varying along tangent
directions, but not along normal directions. Under this assumption,
we consider an ellipse whose antipodal points are x
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and x
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on a
surface. The length of the major axis is the distance d = kx
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and the length of the minor axis is the spatial spreading of the most
probable light path as predicted by the path integral [Premože et al.
2004]:
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Step 2 After deciding the region E, we estimate the resulting
averaged coefficients �̄
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x dx using Monte Carlo integration. We then evaluate the given
BSSRDF model with �̄
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. The procedures of sampling inci-
dent light and evaluation of BSSRDF model remain the same.

Results Figure 1 compares results generated by path tracing, the
original dipole model with a heuristic to handle heterogeneous ma-
terials [Jensen et al. 2001], and our technique. The heuristic pro-
posed by Jensen et al. suggests to use coefficients only at incident
or exitant points. This heuristic does not reproduce characteristic
blurring within heterogeneous materials. Our technique captures
such effects without relying on costly Monte Carlo simulation.
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