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Abstract We propose a method to control the luminance
distribution on a scene by modeling the light propagation
with direct and indirect components separately. To reduce
the measurement time and amount of data, we incorporate
geometric locality of direct component and the narrow spa-
tial bandwidth of indirect component into the light transport
model. Since the luminance distribution of the scene for the
given illumination pattern is reproduced quickly and pre-
cisely, we can compensate the illumination pattern to gener-
ate the required luminance distribution of the scene without
actual projection.

1. Introduction

Description of the scene using the linear model of light
transport is useful to represent the relationship between the
projection pattern and luminance distribution of the scene.
The luminance distribution (or image taken by a camera)
can be represented by an equation c = Tp where p is a in-
tensity distribution of projector pixel and T light transport
matrix. However, it is impractical to measure the matrix
T by naively turning on each pixel of the projector at once
(brute force method), because the cost of time and storage
is very expensive as shown in Table 1. Therefore, we have
proposed a fast and efficient method[1] to measure the light
transport by separating direct and indirect component of re-
flected light[2]. In this paper, we show an improvement of
this method with an application of this light transport model
to control the luminance distribution of the scene.

2. Proposed Method

We represent the light transport of the scene with an
equation c = Tdp + TiRp where Td and Ti are the light
transport of direct and indirect component, respectively.
Since the bandwidth of indirect component is limited to
lower spatial frequency, we cau use downsampling matrix
R. To measure Td, we use periodic dot patterns as shown
in Figure 1. We also use vertical and horizontal Gray code

Table 1. Cost for light transport acquisition and luminance distri-
bution estimation.

Proposed Brute Force
Number of Projection Pattern 12,313 786,432
Amount of Data 1.87GB 1.86TB
Number of Multiplication 1.2 × 109 6.2 × 1012

pattern to acquire the geometric relationships between pro-
jector and camera pixels, and we can determine which pixel
of the projector affects to each observed pixel because the
effective area of direct component is limited around the ge-
ometrically corresponding pixel. For measuring the indirect
component, we use overlapped cosine pattern as shown in
Figure 2. For both processes, we used the method proposed
by Nayar et al.[2]. Figure 3 shows the estimated luminance
distribution for given projection pattern. Our method is not
only fast and efficient but also precise because the indirect
component is so weak to capture with ordinary camera and
single pixel projection.
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Figure 1. Projection pattern to measure the direct component.
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Figure 2. 2-D cos pattern to measure the indirect component.
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Figure 3. Estimation of the luminance distribution. (a) Scene for
experiment and projected pattern, (b) Luminance distribution by
actual projection, (c) Estimation by proposed method, (d) Estima-
tion by brute-force method, (e) Residual error of proposed method
|(b) − (c)|, (f) Residual error of brute-force method |(b) − (d)|.

Once we can estimate the luminance distribution of the
scene for given projection pattern, we can calculate the
compensated projection pattern which produces required lu-
minance distributions by using feedback control without ac-
tual projection.

3. Results and Conclusion
Figure 4 shows a result to control the luminance distribu-

tion of the scene with interreflection to uniform. We found
the calculation of projection pattern converges within 5 it-
erations. Figure 5 shows the application of coloring the ob-
ject. The interreflection on the floor is clearly compensated
with our method. Downsampling of the indirect component
measurement not only approximates the scene well but also
solves the issue of dynamic range of the camera and projec-
tor.
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Figure 4. Controlling the luminance distribution to uniform. (a)
Initial projection pattern, (b) final projection pattern after 5 iter-
ation, (c) Initial luminance distribution with pattern (a), (d) Final
luminance distribution with pattern(b).
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Figure 5. Coloring of a figurine. (a) Appearance of the object with
uniform projection, heavy interreflection effect is seen on the floor,
(b) Goal image, (c) luminance distribution without compensation,
(d) Compensated luminance distribution with proposed method.
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