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Abstract

In this paper, we analyze the normalization that occurs when processing digital hologram and propose an optimized quantization
method. In JPEG Pleno, which standardizes the compression of holograms, full complex holograms are defined as complex
numbers with 32-bit or 64-bit precision, and the range of values varies greatly depending on the method of hologram generation
and object type. Such data with high precision and wide dynamic range are converted to fixed-point or integer numbers with lower
precision for signal processing and compression. In addition, in order to reconstruct the hologram to the SLM (spatial light
modulator), it is approximated with a precision of a value that can be expressed by the pixels of the SLM. This process can be
refereed as a normalization process using quantization. In this paper, we introduce a method for normalizing high precision and
wide range hologram using quantization technique and propose an optimized method.
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Fig. 1. JPEG Pleno dataset used in our experiment, point cloud-based
hologram: (a) 2D Multi, (b) Chess 8K, Multiview-Depth-based holo-
gram: (c) Dices 4K2K, (d) Dices 8K, Phase-shift-based hologram: (e)
Horse, (f) Astronaut, (real part, imaginary part, and reconstruction in
order from left to right for each hologram)
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Table 1. Average PSNR of the result images after Mid-rise and

Mid-tread quantization and reconstruction

21

Full Complex Hologram Reconstruction
Real Part Imaginary Part Amplitude

bit MR MT MR MT MR MT

1 19.22 22.21 19.86 22.70 21.63 6.56

2 27.03 24.64 27.04 25.32 24.79 14.99

3 34.20 29.74 33.94 29.95 29.77 22.36

4 41.10 34.58 41.32 35.04 35.08 29.76

5 47.46 40.99 47.56 40.54 41.51 35.97

6 53.54 46.33 53.79 46.77 47.31 41.96

7 58.58 53.24 59.55 53.34 54.28 47.03

8 64.94 58.79 65.19 58.78 59.78 53.79
+2 % Mid-rise FA5t719F vl FAsbr]el A-
Law<} p-Law FA8t7]ol theh fabst 3 o st o] %
PSNRS SA3IATE o] AFelM = & B4 2P
Mid-rise”} 3~4dBA &= B EAIRE 59 G/delA = 39
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Table 2. Average PSNR result after quantization and reconstruction of holograms

Full Complex Hologram Reconstruction
Real Part Imaginary Part Amplitude
bit MR A-Law y-Law MR A-Law y-Law MR A-Law y-Law
1 19.22 13.71 15.06 19.86 13.86 15.14 21.63 11.97 13.46
2 27.03 22.03 24.56 27.04 21.86 24.40 24.79 21.48 24.40
3 34.20 30.88 32.07 33.94 30.79 32.02 29.77 30.79 31.99
4 41.10 36.84 38.13 41.32 36.89 38.16 35.08 37.30 38.77
5 47.46 42.95 44.23 47.56 42.96 44 .25 41.51 43.96 45.30
6 53.54 49.01 50.27 53.79 49.02 50.29 47.31 50.16 51.45
7 58.58 55.04 56.29 59.55 55.05 56.32 54.28 56.25 57.53
8 64.94 61.05 62.32 65.19 61.07 62.34 59.78 62.33 63.61
¥ 3. YAkl Cfst £202 29 AAK2D Multiof CHE OflAl)
Table 3. Reconstruction result images after quantizatio (an example of 2D Multi)
Mid-rise A-Law -Law
Bits H
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Table 4. Average PSNR result after compression and reconstruction of quantized holograms
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Full Complex Hologram Reconstruction
Real Part Imaginary Part Amplitude
CR MR A-Law y-Law MR A-Law p-Law MR A-Law y-Law
80 31.65 24.68 25.46 30.13 20.94 21.75 35.54 28.18 29.00
160 29.62 24.18 24.65 28.37 20.66 21.18 33.33 27.75 28.25
240 28.70 24.20 24.76 27.56 20.93 21.53 32.29 27.68 28.30
320 28.12 24.21 24.72 27.05 21.16 21.71 31.62 27.58 28.11
400 27.74 24.23 24.63 26.69 21.31 21.77 31.18 27.53 27.94
¥ 5 UF0| st 2202 =3 Q42D Multiof] CHSH OflA[)

Table 5. Reconstruction result images after quantization and compression (an example of 2D Multi)

CR Uniform

A-Law u-Law

80

160

240

320

400
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Table 6. Average PSNR result of reconstruction after distribution-
adaptive quantization and compression

Full Complex Hologram Reconstruction

Real Imaginary Amplitude
CR Uniform Uniform Uniform
10 24.59 24.63 24.99
20 23.44 23.36 23.81
30 23.09 22.94 23.53
40 22.99 22.83 23.47
50 22.96 22.81 23.45
60 22.99 22.81 23.44
70 23.03 22.88 23.44
80 23.08 22.93 23.43
90 23.09 22.94 23.38
100 23.08 22.92 23.30
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