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Fig. 1 Planar coordinate system and spatial relation between pixels in error diffusion. (a) Horizontal and vertical axes of coordinate

system; (b) error spreads from current pixel to its neighborhood, scanning from left to right; (¢) error spreads from current pixel

to its neighborhood, scanning from right to left
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Fig. 8 Comparison of optical experimental results of hologram reconstructions with different algorithms. (a)(b) Peppers; (c)(d) resolution
test chart; (e)(f) lake; (g)(h) pirate; (i)(j) goldhill

ERIEBOICE R W I IR B X AR 5 4
FLXF HE 25 R AR BL, X O 45 5 T DLl B AR SO TR 22 9
I B S ) 4 T 4 B AT P BAR A BT R A ALY,
B UE T 4R 7 1 B4 Al AT e R p B

4 4 b7

ARSI B T R A BRSO 4 B R
2 AL T W R 2P HORMEAR R AL R 22 P U
T A R AT Rl R B A Y 4 B TR A
Z WA B o HeAh R U 25 9 HH — 2Pk
BT R BREE, FEEREEY, A IREY A
2 NC . SSIM 43 51l F ¥ 4 & 1 0.0927 F11 0.0848,
G EL A T 4T O RN B D B OB MR S L Rt
95 507 LA R R, O R A ) 2 BRI LA
LA R R R I T R Bk 0 S A
AT . ik — 2 2 v 4 B R TR Kok
R 25 S L 5IR 2P UM S A, AR R H i 4l Al
7 4= BRI AR L o

2 £ x #t

(1] RUWEW, g, s, 55 . 3T a3 mO IR bl a8 0 s & 4 B
BEARBIFET]. Jez 5eHoR , 2023, 21(2): 65-71.
Wu Q Q, Jiang S L, Zhang J, et al. Research on dynamic
holographic representation technology based on space light
modulator[J]. Optics & Optoelectronic Technology, 2023, 21
(2): 65-71.

(2] ROf, SR, LI, 4 AT 42 SR Armold-TR I AR Y
SRR gum L] #okZeik, 2018, 39(11): 66-70.
Xu X, Ma J, Mo F X, et al. Three-dimensional information
hierarchical encryption based on computer generated hologram
and Arnold-Chaos technology[J]. Laser Journal, 2018, 39(11):
66-70.

(3] # LAk, B8 sl — 2R a2 B o ). B0k
Zuii, 2023, 44(6): 99-102.
Yang S G, Gan L Q. One-step color rainbow holography based

[4]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

0809001-8

on computer-generated hologram[J]. Laser Journal, 2023, 44(6):
99-102.

P TR A B R U SR T EOR A AT SED ] B R
TR, 2023: 1-10.

Ma N T. Research on improving the quality of computational
holographic image reproduction[D]. Zhengzhou: Zhengzhou
University of Light Industry, 2023: 1-10.

W BERT, T PE, R, AR JE TR A (DG ] g 35
2 BT A i [T] W 5 R, 2022, 37(5): 613-624.

Sui XM, He ZH, Cao LL C, et al. Wave-front encoding method
of computer-generated holography based on liquid-crystal spatial
light modulator[J]. Chinese Journal of Liquid Crystals and
Displays, 2022, 37(5): 613-624.

Wang X T, He Z H, Cao L C. Analysis of reconstruction
quality for computer-generated holograms using a model free of
circular-convolution error[J]. Optics Express, 2023, 31(12):
19021-19035.

EWERE, HEUE, BRE, BT kAR Al 7 4 B R AR R
TRk LB e L] WOk 5 el Ak R 2023, 60(6): 0609001
Wang X S, GuiJ B, LiJ C, et al. Comparative study of phase-
only hologram generation algorithms based on iteration[J].
Laser & Optoelectronics Progress, 2023, 60(6): 0609001.
Gerchberg R W, Saxton W O. A practical algorithm for the
determination of phase from image and diffraction plane pictures
[J]. Optik, 1971, 35: 237-250.

A, AVEDR, A AF L R ARG AR 2 1 4 L R
Jrik ] 654 2023, 43(23): 2309001.

Hu C, Sun G B, Jiang S L, et al. Improved weighted iterative
multi-plane holographic display method[J]. Acta Optica Sinica,
2023, 43(23): 2309001.

Jiang Y H, Li H Z, Pang Y, et al. Cell image reconstruction
using digital holography with an improved GS algorithm[J].
Frontiers in Physiology, 2022, 13: 1040777.

Guo M, Cai J H, Feng Q B, et al. P-3.23: multiple regional-
iteration algorithm for holographic projection with suppressed
speckle noise[J]. SID Symposium Digest of Technical Papers,
2022, 53(S1): 744-746.

FAbE, fari, B SL BT . T ik Gerchberg-Saxton 575 19 4
BRI 6 20 75 % [T] #O6 5ot w 1 27 k#2023, 60(16):
1609001.

Wang H B, He Y, Zhao L X. Holographic double-sided
photolithography based on improved Gerchberg-Saxton algorithm
[J]. Laser & Optoelectronics Progress, 2023, 60(16): 1609001.



% a4% E 8 HI/2024 £ 4 B/HHFER

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Buckley E. Real-time error diffusion for signal-to-noise ratio
improvement in a holographic projection system[J]. Journal of
Display Technology, 2011, 7(2): 70-76.

Tsang P W M, Poon T C. Novel method for converting digital
Fresnel hologram to phase-only hologram based on bidirectional
error diffusion[J]. Optics Express, 2013, 21(20): 23680-23686.
BReBE, T, MM, 4. KRS 2R 3D BR RG] #ot
ot g, 2022, 59(20): 2011013,

LiY L, Wang D, Li N N, et al. Holographic 3D display system
with large size[J]. Laser & Optoelectronics Progress, 2022, 59
(20): 2011013.

YR, B, MR, 5 M ASE B ARG R
WOt Ak, 2022, 59(14): 1415011,

FuL N, Yang J W, Li Y L, et al. Binary fringe defocused
projection technology: a review[J]. Laser & Optoelectronics
Progress, 2022, 59(14): 1415011.

IR SE, S8 T, T AR B R 25 AR 25 A R
@] B T2 5L, 2006, 23(6): 155-159.

Ye Y F, Guo B L, Ma J. Adaptive error diffusion with
perceived error feedback[J]. Microelectronics &. Computer,
2006, 23(6): 155-159.

Liu K X, He Z H, Cao L C. Pattern-adaptive error diffusion
algorithm for improved phase-only hologram generation[J].
Chinese Optics Letters, 2021,19(5): 050501.

AR R, SCARIR, ARG LT R BR R R 25 Y Rk G 8k
WEFELT]. R AL BT, 2016, 35(18): 48-51.

Chen C H, Wen Z Q, Hu J F. Study on halftone algorithm of
error diffusion based on jump-scanning[J]. Microcomputer &. Its
Applications, 2016, 35(18): 48-51.

EWRLL, XV, H R, A — R DR 2 R RO o
Frk[I) A% TR, 2018, 39(1): 179-183.

Wang X H, Liu L L, Xiao Y, et al. A halftone algorithm
improving the error diffusion
Engineering, 2018, 39(1): 179-183.
Ciric D G, Peric Z H, Milenkovic M, et al. Evaluating
similarity of spectrogram-like images of DC motor sounds by

coefficient[J].  Packaging

[22]

[23]

(24]

[25]

[26]

[27]

[28]

[29]

Pearson correlation coefficient[J]. Elektronika Ir
Elektrotechnika, 2022, 28(3): 37-44.
Cheremkhin P A, Kurbatova E A, Evtikhiev N N,

Adaptive digital hologram binarization method based on local

et al.

thresholding, block division and error diffusion[J]. Journal of
Imaging, 2022, 8(2): 15.

Evtikhiev N N, Rodin V G, Savchenkova E A, et al. Adaptive
iterative method of selecting weight coefficients for digital
hologram binarization using error diffusion[J]. Measurement
Techniques, 2022, 65(6): 432-437.

R TR LR T RN A B R 2 6 0 i ) Bk F SR (D], AL
A AERCEN R 24 B, 2023: 10-17.

Zhang H Y. Research on adaptive half-tone screening algorithm
based on image content[D]. Beijing: Beijing Institute of Graphic
Communication, 2023: 10-17.

A, WRalsk, Whife s, A5 0Um R A O A5 I I I R 9 A
AP [T, P RO, 2019, 12(5): 1100-1108.

Xiang L, Chen C Y, Yao H F,

instantaneous-fading correlation in bidirectional optical channels

et al. Measurement of
through atmospheric turbulence[J]. Chinese Optics, 2019, 12(5):
1100-1108.

Yang Z H, Zhang L. J, Wu Y J, et al. Hierarchically adaptive
image block matching under complicated illumination conditions
[J]. Journal of Computational Methods
Engineering, 2021, 21(5): 1455-1468.
SR SRAA T L S, F KR A XU AR G G B B A
7T, s E AL TR, 2020, 31(16): 1912-1916, 1930.
Zhang F, Zhang B Y, Shi X W, et al. Automatic overlap
detection method for weld seam images of X-ray inspection[J].
China Mechanical Engineering, 2020, 31(16): 1912-1916, 1930.
Punga M V, Moldovanu S, Moraru L.
analysis for brain MR image quality assessment[C].
Conference Proceedings, 2015, 1634: 137-143.

Zhang H P, Yuan B, Dong B, et al. No-reference blurred image

in  Sciences and

Structural similarity
AIP

Applied

quality assessment by structural similarity index[J].
Sciences, 2018, 8(10): 2003.

Computational Holographic Display Method Based on Error Diffusion

. . . 1,2 1,2%
Wei Pingping ~, Han Chao
'School of Electrical Engineering, Anhui Polytechnic University, Wuhu 241000, Anhui, China;

‘Key Laboratory of Advanced Perception and Intelligent Control of High-End Equipment, Ministry of Education,
Anhui Polytechnic University, Wuhu 241000, Anhui, China

Abstract

Objective

Phase-only hologram (POH) is favored by many researchers in holographic display technology due to its high

diffraction efficiency and zero twin image. Common POH generation algorithms can be divided into iterative and non-

iterative methods. The iterative methods require a lot of iterative optimization to obtain the required POH, which needs a

large number of iterations and is time-consuming. The error diffusion algorithm does not require iteration and greatly

improves the computational speed of POHs. In the traditional error diffusion method, the amplitude of all pixels on the

complex amplitude hologram (CAH) is set to 1, and this hologram and its CAH are adopted to compute the error which

will be diffused on the CAH to generate the POH. However, since different target images have various amplitude

distributions, directly setting the CAH amplitude to 1 is not suitable for all images. Therefore, the quality of the generated

POH is not high and the reconstruction image of the hologram cannot obtain a satisfactory display effect. Therefore, we

call for a new error diffusion algorithm to improve the reconstructed image quality.
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Methods To improve the quality of the hologram reconstructed image generated by the error diffusion algorithm, we

build a hologram error compensation model based on the bidirectional error diffusion algorithm by analyzing the relationship
between the amplitude distribution of the target image and the generated hologram, and propose a new POH generation
method. Firstly, the CAH of the target image is computed and its amplitude is set to 1. Secondly, the error between the
POH and the original CAH is calculated by the error compensation model. Thirdly, the new error is adopted to generate a
new POH by bidirectional error diffusion. Finally, a new error between this new POH and the original CAH is computed
and the second error diffusion is carried out to obtain the final POH. Numerical simulations are conducted to compare the
hologram reconstruction effect of the two methods. Additionally, the normalized correlation (NC) coefficient and the
structural similarity index measure (SSIM) are employed to quantitatively compare and analyze the hologram reconstruction
results. Meanwhile, the experimental schematic diagram is drawn and the optical imaging system is built, with the

proposed method verified by optical experiments.

Results and Discussions By carrying out numerical simulation and optical experiments, the quality of hologram
reconstructed images generated by different error diffusion methods is verified. The simulation results of the two error
diffusion methods are shown in Fig. 6. The images of the first column in Fig. 6 are reconstructed ones by the traditional
method, and contain obvious speckle noise. The images of the second column and third column in Fig. 6 are the
reconstructed images of the holograms generated by the first improved error diffusion and second error diffusion
respectively. Compared with the first column, the definition of the reconstructed images in the latter two columns is higher.
The detail section of the images in the third column contains more information than the second column. For example, the
detail part of Fig. 6(c) shows more information on the pepper stalk than that of Fig. 6(b). Additionally, for the detail part of
the pirate, the hair of the man in Fig. 6(1) is more clear than that in Fig. 6(k), and the lines of the hair are more obvious.
The NC coefficient and the SSIM are respectively adopted in Tables 2 and 3 to evaluate the quality of numerical simulation
results of hologram reconstruction images quantitatively. After the first error diffusion, the NC coefficient and the SSIM
increase by 0.05-0.14 and 0.036-0.09 respectively. After the second error diffusion, the NC coefficient and the SSIM
increase by 0.01-0.026 and 0.025-0.036 respectively. Simulation results reveal that the reconstructed image quality of
the proposed method is better than that of the original method. The similarity of the proposed method with the original
image is higher, and reconstructed images of the proposed method are more in line with the visual quality requirements of
human eyes. The comparison results of optical experiments on hologram reconstructed images by the traditional error
diffusion method and the proposed error diffusion method are shown in Fig. 8. Fig. 8 indicates that for different target
images, the hologram reconstructed images of the proposed algorithm can be displayed more clearly, but the hologram
reconstructed images of the traditional error diffusion algorithm are obviously noisy and blurred. Comparison of the details
of the two methods displays the sailboat in Fig. 8(e) and its reflection on the surface of the lake, while the sailboat in
Fig. 8(e) is blurred. The pattern on the long spike behind the man’s hat in Fig. 8(g) is clear, while the pattern on the long
spike in Fig. 8(h) is not clearly seen. The optical experiment results are consistent with those of simulations. The
simulation and experimental results show that the proposed error diffusion algorithm is effective in improving the quality of

hologram reconstructed images, with the feasibility and superiority of the proposed method verified.

Conclusions A bidirectional error diffusion compensation model is built by calculating the new error between CAH and
POH. The hologram reconstructed images generated by the model contain more object light wave information.
Additionally, the twice error diffusion algorithm is adopted to further improve the holographic display quality. Simulation
results show that the reconstructed images generated by the improved method have higher resolution and more detailed
information. The NC coefficient and SSIM serve as quantitative evaluation criteria for the simulation results. In Tables 2
and 3, the mean NC and SSIM values of the proposed method are 0.9743 and 0.8630 respectively, 0.0927 and 0.0848
higher than those of the traditional error diffusion method. The optical experiment results show that the reconstructed
images generated by the improved algorithm have higher image quality and resolution in detail. Simulations and
experimental results prove the effectiveness and feasibility of the improved algorithm, and this algorithm has application

significance for computational holographic display.

Key words holography; holographic display; error diffusion; phase-only hologram
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