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Design of holographic reproduction images based on liquid
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Abstract: Based on the principle of computer-generated holograms reproduction imaging, this paper used the
Gerchberg-Saxton (GS) algorithm to iteratively solve the phase distribution of the original simulation images
under different characteristic parameters (line width, ring diameter) and different calculated sampling inter-
vals by performing direct and inverse Fourier transforms on the optical field distributions of the input and
output planes, and the corresponding reproduced images were obtained by simulation calculation. The optic-
al path of the holographic reproduction experiment was constructed by using the liquid crystal spatial light
modulator, and the reproduction experiment was carried out by loading the phase distribution maps of differ-
ent original simulation images, the holographic reproduction images of far-field diffraction were taken by the

camera, and the actual feature size of the reproduced images was obtained by image processing. The experi-
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mental results show that the feature size of the reproduced images is basically linear with the characteristic
size of the original simulation images. Furthermore, the reproduction image size shows a non-linear change
relationship with the sampling intervals of the simulation calculation, which is consistent with the derived
theoretical calculation relationship curve. In order to further verify the correctness of the conclusion, when
the size of the expected reproduced image is designed as the ring diameter of 0.943 mm and the line width of
the central cross of 0.015 mm. The characteristic size and sampling interval of the original simulation image
of the expected target are obtained by the simulation calculation as the line width of 3 pixel, the ring diamet-
er of 594 pixel and the sampling interval of 25 pum, respectively. The ring diameter and line width of the
holographic reproduction image, as measured by the reproduction experiment, are 0.93 mm and 0.017 mm,
respectively. The error accuracy is within 0.02 mm. The findings of this study provide an effective reference
for application scenarios such as holographic display and AR/VR display to improve the authenticity of virtu-
al display image size.

Key words: computer-generated holography; Fourier transform; Gerchberg-Saxton algorithm; sampling in-

tervals; liquid crystal spatial light modulator
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Fig. 6 Original images with different line widths. (a) k=5;
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Fig. 7 Phase distributions of original image with different

line widths. (a) kp=5; (b) k=10; (c) k=15; (d) k=20
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Fig. 8 Simulation reproduction images with different line
widths. (a) k=5; (b) k=10; (¢) kp=15; (d) k=20

R1 TERBEGEENEMNHEBNEGZEE
Tab.1 Line widths of simulated reproduction images
corresponding to line widths of different origin-

al images

Line width of the original ~ Line width of the simulated  Fitting

images k, (pixel) reproduction images (pixel) slope
5 5
10 10
1
15 15
20 20




776 REYEE (FP3ES0)

#18 %

32 MEFRRHEERGHRRER

JRUbR PG 5 HE R N 768x768, 44 il IR il £&
Vi K 5 pixel, RAE ] FF A 12.5 pm, 2k 48 545 K
BERAER, K9 RR TR ER D 5510
400 pixel, 500 pixel., 600 pixel, 700 pixel i it LA
PR EUR . 10 ARG EURTEAS R B3R B N Y
FABLAM A, B 11 AR RRIER AR 05 E R A

B9 AN [ 8 2R A2 19 S AR 1148 . (a) Dg=400 pixel; (b)
Dy=500 pixel; (¢) D¢=600 pixel; (d) Dy=700 pixel
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Fig. 10 Phase distributions of original image with different

ring diameters. (a) Dy=400 pixel; (b) D¢=500 pixel,
(c) Dy=600 pixel; (d) Dy=700 pixel
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Tab.2 Simulated reproduction image ring diameters

corresponding to different original image ring

diameters
Ring diameter of the Ring diameter in simulated  Fitting
original images D, (pixel)  reproduction images (pixel) slope
400 400
500 500
600 600 !
700 700
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Fig. 12 Phase distributions of original image with differ-
ent sampling intervals. (a) N=1; (b) N=2; (c) N=4;
(d) N=8
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Fig. 13 Simulated reproduction images with different sa-
mpling intervals. (a) N=1; (b) N=2; (c) N=4; (d)
N=8
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Tab.3 Simulated reproduction image ring diameters

corresponding to different sampling intervals

Ring diameter Sampling Sampling Ring diameter of

Fitting

of original  coefficient interval d simulated reproduction
. . . slope
images N (1m) images (pixel)
1 12.5 700 1
2 25 350 12
700
4 50 175 1/4
8 100 87 1/8
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Tab.4 Operating parameters of LC-SLM

Parameter Parameter value

Effective area size 12.8 mmx9.6 mm

Number of pixels 1024x768
Pixel size 12.5 umx12.5 pm
Pixel pitch 12.5 pm
Fill factor 80%

Gray scale range 0~255

*®5 CCD BHKBEHEANIESE
Tab.5 Operating parameters of CCD cameras and

imaging lens

Parameter Parameter value
Camera operating Number of pixels 2048%1536
parameters Pixel size 2.8 pmx2.8 um
Lens operating Focal length 50 mm
parameters F/1.8 ~F/10

Aperture range

BI17  (a) BEDEATAN (b) DEHE AOHFBLEI

Fig. 17 Reproduction images (a) before and (b) after filter-
ing
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Fig. 18 Holographic reproduction images with different
line widths. (a) k=5; (b) k&=10; (c) k=15; (d)
k=20
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Tab. 6 Reproduction image line widths corresponding

to different original image line widths tested ex-

perimentally

Line width of the  Line width of the  Line width of the Fitting
original images reproduction images reproduction images  slope

ko (pixel) in pixels (pixel) k (mm) (mm/pixel)
5 10 0.0280
10 16 0.0450
0.0030
15 22 0.0620
20 26 0.0730

0.075
0.070 r
0.065 1
0.060
0.055 1
0.050 r
0.045 1
0.040 1
0.035
0.030
0.025
5

1=0.003x+0.014

Line widths of reproduced images &#/mm

10 15 20
Line widths of original images k,/pixel
K19 PRI SERE G FUR L v A 2%
Fig. 19 The line widths of the reproduction images vary-

ing with the line widths of the original images
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Fig. 20 Holographic reproduction images with different
ring diameters. (a) Dy=400 pixel; (b) Dy=500 pixel;
(c) Dy=600 pixel; (d) Dy=700 pixel
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Tab.7 Ring diameters of the reproduction images cor-

responding to the ring diameters of the differ-

ent original images tested experimentally

Ring diameter of lzzeldoizngrg ?Ii/ Ring diameter of Fitting
the original images s . reproduction images  slope
Dy (pixel) reproduction D (mm) (mm/pixel)
images (pixel)
400 448 1.2544
500 558 1.5624
0.0030
600 667 1.8676
700 766 2.1448

XFER T BRI A RIS R 21 R, K
LA R R 3R B S P RUG RI3A EAR o 2t
HHE, W 2 0] IE L, FEBR MG 5 R R G R 2R
HAZRR LB R %08 0.003 mm/pixel, HIEE 21 i
INEERREOC R, R AU H bR R R A AR K
Pt AT 2 G 07 B EUR A B A 5 AR



780 REYEE (FP3ES0)

#18 %

22
2.1+ -
2.0+F /
1.9+ e

1.8+

///}/
L7r //y:0‘003x+0,07
d
d
.

1.6}
15} 7

images D/mm

L4
137

Circle diameters of reproduced

12 - - - : -
400 450 500 550 600 650 700

Circle diameters of original images D,/pixel

K21 FEEEHR RS EARRE A FUR B ER AR R ARt £
Fig. 21 The ring diameters of reproduction images vary-

ing with ring diameters of original images

43 FRishEBRGEARHTERFERTHE

MES
JE R UL 5y HE N 768x768, 4255 4 5 pixel,

[ 25 EL 12 Dy=700 pixel, RAEEREL N 43510 1. 2,
4. 8, RAEEMFE d 4354 12.5 pm,, 25 pm., 50 pm,
100 pum. [& 22y CCD FHALEE Sk B 5 0 Y
FRILENS . 3 8 A S Iera A% AN [R) SRAE (] g X 1z
() P IR ML R B ELAR A

(@)

K22 ATFEREERFE T A2 B BEER . (a) N=1; (b)
N=2; (c) N=4; (d) N=8
Fig. 22 Holographic reproduction images with different
sampling intervals. (a) N=1; (b) N=2; (c) N=4; (d)
N=8
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Tab.8 The ring diameters values of the reproduction
images corresponding to the different sampling

intervals tested experimentally

Sampling Sampling  Pixel occupied by ring Ring diameter of
coefficient interval d diameters of reproduction reproduction images

N (nm) images (pixel) D (mm)

1 12.5 702 2.1448

2 25 396 1.1088

4 50 241 0.6748

8 100 162 0.4536
Bl (9) X (10), 458 =M RO R,
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D= (1D

—— Theoretical values
3.0 n * Measurement values
— Fitting of measured values

Actual size of reproduction images/mm
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Fig. 23 The actual size of reproduction images varying

with sampling intervals
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Fig. 24 (a) Original image, (b) phase distribution map of

the simulation design and (c) the reproduction im-

age
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