%42 % %20 #1/2022 F£ 10 B/¥E¥FR

K EHIK

B A A O SAR Y I S 5 1 2053 B
REFCRERECW ERA, RHE

"l KRR P A GRS B S AR TR B RS L, P KR 030051 ;
Sl R AR T A RF A AT e, LhpE KB 0300515
SPUNT R AR R S AT B, Ui R 610000

WE B RAR B R R AR B 2 R RN B AR AU A% 22 e . X AR T A B BUR B LA A Y
H b5 52 SRR ) i A7 A0 L o B AR TR op 5 H R A2 R S B DR 2R, O S TR B H O G RS RS OO B R O
A B REPE TR 28 19 70 R S AT RENT B 5 000 o A5 3R ORI Ho0 Kl 635, 5 nmy, 3580 g8 5 L0 BE B Ol
50 cm 25 [H] 43 B R N 512 pixel X 512 pixel , # 5 A A9 35 77 HROMLRS [ Oy 333 o, 35 77 AR MRS J 422 305 19 2% 10 T 16 95 s Jr Bt AL
A3 A BT A U R SR T B AR BB I o AR R T3 SO U T R B R R G 0 D 1 R R TR
XER MERG; BARE; BHTEeE; FHRER

FESES 04381 XEFRERS A DOI: 10.3788/A0S202242.2011001

Simulation Analysis of Target Restoration in Digital Holographic
Scattering Imaging

Xu Meifang"”, Zhang Meijie’, Tian Erming', Wang Haoquan', Zhang MinJuan"*
'Engineering and Technology Research Center of Shanxi Provincial for Optical- Electric Information and
Instrument, North University of China, Taiyuan 030051, Shanxi, China;

*Academy for Advanced Interdisciplinary Research, North University of China, Taiyuan 030051, Shanxi, China;

‘Institute of Swarm Intelligence and Control, Sichuan University, Chengdu 610000, Sichuan, China

Abstract Target restoration in transmission scattering imaging has attracted much attention in the fields of biomedicine,
remote sensing, and security. In this paper, we construct a target restoration model based on the digital holographic
scattering imaging theory. The key factors affecting the target restoration in the model are systematically simulated and
analyzed, such as the center wavelength of the laser source, target size, observation distance, scattering medium
characteristics, and detector resolution. The results show that the laser source with a central wavelength of 635.5 nm, a
detector with an observation distance of 50 cm and a spatial resolution of 512 pixel X 512 pixel, a diffuser with a root mean
square roughness of 333 pum, and the diffuser with Gaussian random distribution model under close root mean square
roughness conditions, are more conducive to the target restoration. This research provides a basis for the rapid and
accurate construction of an image restoration system applied in transmission scattering imaging.
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Fig. 1  Schematic diagram of digital holographic scattering
imaging
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Fig. 6 Results of target restoration at A;=635. 5 nm. (a) Pattern formed by object light wave diffracted by diffuser; (b) pattern formed

by reference light wave scattered by diffuser; (c) holographic speckle pattern; (d) target restoration image
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Fig. 7 Results of target restoration at ;=532 nm. (a) Pattern formed by object light wave diffracted by diffuser; (b) pattern formed by

reference light wave scattered by diffuser; (c) holographic speckle pattern; (d) target restoration image
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Fig. 8 Results of target restoration at A,=455nm. (a) Pattern formed by object light wave diffracted by diffuser; (b) pattern formed by

reference light wave scattered by diffuser; (¢) holographic speckle pattern; (d) target restoration image
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Fig. 9 Results of target restoration for area of object occupying 1024 pixel. (a) Original image of target; (b) pattern formed by object

light wave diffracted by diffuser; (c) holographic speckle pattern; (d) target restoration image
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Fig. 10 Results of target restoration for area of object occupying 400 pixel. (a) Original image of target; (b) pattern formed by object

light wave diffracted by diffuser; (c) holographic speckle pattern; (d) target restoration image
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Fig. 11 Results of target restoration for area of object occupying 224 pixel. (a) Original image of target; (b) pattern formed by object

light wave diffracted by diffuser; (¢) holographic speckle pattern; (d) target restoration image
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Fig. 12 Results of target restoration at =30 cm. (a) Pattern formed by object light wave diffracted by diffuser; (b) pattern formed by

reference light wave scattered by diffuser; (c) holographic speckle pattern; (d) target restoration image
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Fig. 13 Results of target restoration at =50 cm. (a) Pattern formed by object light wave diffracted by diffuser; (b) pattern formed by

reference light wave scattered by diffuser; (¢) holographic speckle pattern; (d) target restoration image
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Fig. 14 Results of target restoration at /=80 cm. (a) Pattern formed by object light wave diffracted by diffuser; (b) pattern formed by

reference light wave scattered by diffuser; (¢) holographic speckle pattern; (d) target restoration image
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Fig. 15 Targets with different resolutions. (a) Single pixel target (distance between two feet of x is 6 pixel); (b) single pixel target

(distance between two feet of = is 12 pixel ); (¢) multi pixel target (distance between two feet of = is 8 pixel )
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Fig. 16 Results of target restoration at 6,=289 pm. (a) Diffuser model for height fluctuations with uniform random distribution;

(b)-(d) target restoration images corresponding to Figs. 15(a)-(c), respectively
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Fig. 17 Results of target restoration at 6,=333 pm. (a) Diffuser model for height fluctuations with sinusoidal distribution; (b)-(d) target

restoration images corresponding to Figs. 15(a)-(c), respectively
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Fig. 18 Results of target restoration for 6,=347 pm. (a) Diffuser model for height fluctuations with distribution of combination of

sinusoidal and random distribution; (b)-(d) target restoration images corresponding to Figs. 15(a)-(c), respectively
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Fig. 19 Results of target restoration for ¢,=155 pm. (a) Diffuser model for height fluctuations with exponential random distribution;

(b)-(d) target restoration images corresponding to Figs. 15(a)-(c), respectively
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Fig. 20 Results of target restoration for 6,=333 pm. (a) Diffuser model for height fluctuations with exponential random distribution;

(b)-(d) target restoration images corresponding to Figs. 15(a)-(c), respectively
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Fig. 21 Results of target restoration for ¢,=155 pm. (a) Diffuser model for height fluctuations with Gaussian random distribution;

(b)-(d) target restoration images corresponding to Figs. 15(a)-(c), respectively
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(b)-(d) target restoration images corresponding to Figs. 15(a)-(c), respectively
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