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Calculation Method Using a Set of Microfacets for Computer-Generated
Hologram Considering Reflectance Distributions
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Kazuhiro Yamaguchit and Yuji Sakamoto!

Abstract Computer-generated hologram (CGH) is a technology that makes hologram data using a simulation of the

recording process of holography. However, there are still many problems with CGH. We describe a calculation method that

takes into consideration the reflectance distribution of object surfaces for CGII to improve the reality of reconstructed images.

This method is based on the Blinn, or the Torrance-Sparrow, reflection models in CG. In these models, object surfaces are

divided into a set of mirror-like microfacets. By calculating the phase diflerences of object surfaces with these models, various

reflectance distributions for CGH are expressed. We did computer-simulated experiments, which compared the light intensity

distribution of simulated values on each reflectance factor. We also did optical reconstruction experiments. These experiments

showed that the proposed method makes various reflectance distributions of reconstructed images.
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Incident Light
Reflected Light

“Object Surface
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Specular reflection.
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Diffuse reflection.
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Coordinates systems.
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Reflections on the object surface and the microfacet.
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Probability density [A.U.]

Angle [degree]
B 5 #Y AR

Gaussian distribution function.
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Setup parameters{computer simulation).

Object, Hologram and calculation
Size 1.6 [mm)]
Number of pixels 8192 [pixels]
Sampling pitch 0.18 [pm]
Propagation distance zg | 0.017 [m]
Wavelength A 632 [nm)]
Microfacet size L 256 [pixels]
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Setup of computer simulation.

0.8
>
< 08
=
(%]
§ 0.4
£
0.2
0
2 -156 -1 05 0 05 1 15 2
Angle[degree]
(a) m=0.0100
1
0.8
3
< 06
=z
§ o4
£
0.2
0 .
2 -15 -1 -05 0 05 1 15 2
Angle[degree]
(b) m=0.0050
1 A
0.8 f‘
3 i
< 06}
z |
g 04
£
0.2 \k‘\
0

2 -15 -1 05 0 05 t 15 2
Angle[degree}]
(¢) m=0.0010

7 REFEIC L B SA

Intensity distribution by using the proposed method.
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Hologram Plane

8 JBUEHLR
Coordinate systems of optical reconstruction experiments.

#2 by b7y T GREFAYER
Setup parameters (Optical image reconstruction experi-
ments).

Object, Hologram and calculation
Size 19 x 19 [mm]
Number of pixels 2048 x 2048 [pixels]
Sampling pitch 9.5 x 9.5 [pm]
Propagation distance zg | 0.15 [m]

Wavelength A 632 [nm)

Microfacet size L 8 x 8 [pixels]
4K2KLCD

Size 39 x 21[mm]

Number of pixels 4096 x 2160 [pixels)

9.5 x 9.5 [pm]

Sampling Pitch
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Conventional method (add white noise phase).
(a) from the front. (b) from the right.

(a) (b)

10 #ETE (m = 0.1000)
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Proposed method (m = 0.1000).
(a) from the front. (b) from the right.

(a) (b)
11 #EFE (m = 0.0010)
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Proposed method (m = 0.0010).
(a) from the front. (b) from the right.
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Proposed method (m = 0.0001).
(a) from the front. (b) from the right.
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Comparing with simulated values and measured values.
line : simulated values.
+ : measured values.
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