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disEr)

1 Make the surface structure

T=T+1

T=0
Set object surface,
parameter, light source

Compute electric and
9 magnetic field with FDTD

Output and preserve
reflected light distribution

Call up the reflected light,
and set as the object wave

3
Compute propagation
by shift-Fresnel method
| Make interference pattern
4 .
by adding reference wafve

¢ U )

0 3.1: Process of CGH calculation for adding reflectance distributions.
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(a) Iron. (b) Copper. (c) Aluminum.
O 3.2: Samples.

(a) Ra = 0.2468um. (b) Ra = 0.1358um.
0 3.3: 3D images of surface roughness.
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Reflected light
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N P

7

Shifte-Fresnel method/

O 3.4: Calculation of reflection from the minute surface.
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Object surface

+Y  Ho10 gram plane

0 3.5: Experiment geometry.

0 3.1: Setup parameters for computer simulation.

Object Size 0.2048 x 0.2048[mm]
Number of pixels 4096 x 4096[pixels]
Input sampling pitch 0.05 x 0.05[um]
Output sampling pitch 0.05 x 0.05[um]
Wavelength 632[nm|
Propagation distance 0.01[m]

0 3.2: Setup parameters for FDTD analysis.

Number of cells (z,y,z) | 800 x 800 x 200]cells]
Cell size 0.05[um)]
Real size of analysis area 40 x 40 x 10[um]
Calculation time 9[hours]
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O 3.3: Permittivity and specular reflectance.
Copper | Aluminum Iron
Real part of permittivity -13.428 -58.954 -3.0048
Imaginary part of permittivity 1.571 23.275 19.479
Theoretical value of specular reflectance 97.5% 91.2% 56.3%

Specular reflectance [A.U.]
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L 4

y =0.952¢-1.046

4 R?2=0.6154
\\. .

g

® L 4
* .
L 2 \
. * ® .
0.2 0.4 0.6 0.8 1 1.2

Surface roughness Ra[um]

0 3.6: Copper.
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* y = 0.8446e 0881
R?=0.7178
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@ 02
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Surface roughness Ra[um]

0 3.7: Aluminum.

y = 0.516€0767x
R? = 0.5592
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Surface roughness Ra[um]

O 3.8: Iron.
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0 3.4: Setup parameters for optical reconstructions.

Object Size 10 x 20[mm]
Number of pixels 2048 x 2048|pixels]

Input sampling pitch 0.05 x 0.05[um]

Output sampling pitch 6.35 X 6.35[um]|
Wavelength 632[nm]
Propagation distance 0.15[m]

O 3.9: Random phase.
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O 3.10: d = 1.1468um.

0 3.11: d = 0.5358um.
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Shading and shadowing.
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Specular reflection and refraction.
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Flow chart of the proposed method.
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Ray tracing algorithm.
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Reflection in CGH with the ray tracing method.
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Relationship between the viewpoint and region of a hologram.
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Enlarged hologram and a gap between a hologram and a lens.
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Visualf field and viewing zone of Fresnel hologram.
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Visualf field and viewing zone of Fourier transform optical system.
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Pictures of holographic display.
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Coordinate transformation.
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0 7.1: Parameters of comparative experiments.
Pixel pitch 9.6 x 9.6 [um]
Number of pixelss 1280 x 768 [pixels]
Wavelength 625 [nm)|
Number of elementary holograms 10 (H) x 6 (V)
Number of the emitted rays from an elementary hologram 161 x 161
0 7.2: Specifications of the CPU.
CPU Core i7 2600k
Number of cores 4
Number of threads 8
Processor clock 3.4 (3.8) [GHz|
Max Memory Bandwidth 21 [GB/s]
Memory 8 [GB] (DDR3-1066)
O 7.3: Calculation time by CPU.
Number of polygon | Ray tracing process | Light propagation Total
112 33.6 [s] 847.1 [s] 886.2 [s]
1984 562.8 [s] 846.2 [s] 1414.6 [s]
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75 0000

00 7.4: Specifications of the GPU.

GPU GeForce GTX TITAN
CUDA cores 2688
Processor clock 837 [MHz]
Video memory interface 384-bit GDDR5
Max Memory Bandwidth 288.4 [GB/s]
Memory 6 [GB]

0 7.5: Calculation time by GPU.

112 [polygons]

1984 [polygons]

Calculation time | CPU/GPU || Calculation time | CPU/GPU
Ray tracing process 172 [ms] 195.4 193 [ms] 2916.0
Light propagation 3368 [ms] 251.5 3370 [ms] 253.6
Total 4172 [ms] 212.4 4349 [ms] 329.7

0 7.6: Calculation time of a sphere by mathematical presentation.

Calculation time

Ray tracing process 167 [ms]
Light propagation 3349 [ms]
Total 4142 [ms]
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0 8.1: Setup parameters for experiment.

Spatial light modulator

Pixel pitch 9.6 X 9.6 [um]

Number of pixels 1280 x 768 [pixels]

Reflesh rate 180 [Hz]

Wave length of LED

Red, Green, Blue 625, 525, 465 [nm)]
Fourier transform optical system

Focal length of a lens 100 [mm)]

Ideal viewing angle of monocular optical system 9.79 [degree]

CGH calculation parameters

Number of elementary holograms 10 (H) x 6 (V)

Number of the emmitted rays from a elementary hologram 161 x 161

O 8.2: Theoretical value of viewing angles and distance of viewpoint.

Fresnel hologram FTOS
Viewing angle of red 3.73 [degree] 10.74 [degree]
Viewing angle of green 3.13 [degree] 10.11 [degree]
Viewing angle of blue 2.78 [degree] 9.79 [degree]
Viewpoint 12.7 [cm] 7.2 [cm]
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Measurement of the size of reconstructed images at -50 [cm].
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U 8.13: 0iUdobonobooooooo

Reconstructed images of each refractive index.
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Geometry of the CGH movie.

O 8.3: Calculation time of CGH movie.

1 [frame] 360 [frame]
Setting 1169 [ms] 420 s
Ray tracing process | 185 [ms] 66.6 [s]
Light propagation | 8491 [ms] 3056 [s]
Total 10459 [ms] | 3542.6[s] = 59 [min.]
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Reconstructed images of a plastic sphere.
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Reconstructed images of a glass sphere.
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Reconstructed images of a metal sphere.
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Blurring of reconstructed images by the difference of the depth.
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