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Fig.1 Experimental setup for scattering imaging

2 FEFETFARERSHERE

2.1 B E
AP 1 R SEER G, PO R A A 1R

Joi AR A T R AR OGRS B AR o DG i o i A i
F Ve T R 2 el A 1 1 00 B n 1 2 i, B0 B AE
x-y - T PR TR OB At 7 ) T 2, S ROA% K O ) T B T
x-y -1 o

Rotating direction

P 2 B R B

Fig.2 Schematic diagram of rotation of diffuser
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Fig.3 Speckle contrast of the speckle pattern versus the rotational rate of diffuser. The exposure time of camera is 160 ms. The color bar represents the

relative value of light intensity. (a) The cases of 220 grit ground glass diffuser. The rotational rate is 0 1/s; (b) The cases of 220 grit ground glass

diffuser. The rotational rate is 80 1/s; (c) The cases of 600 grit ground glass diffuser. The rotational rate is 0 1/s; (d) The cases of 600 grit ground

glass diffuser. The rotational rate is 80 r/s

22 WEREST

DI TR THE Ao e 1 A i e A A TR AR AR O, 1
St B AR 2 o B BOE O HORE . ARBILE Wi
HURERT h SSC RYARALI A 30k d A F AR IR . 52
IR TR I N R AL TR UM B SR AIAR AL
W DGR Ih] o 5 o U R AR G 28 B A, 3k HLAR 56
FMUAR Y 2 SSC AR FE A H AR S 1A 22 [8] Y AH G &
B A

2> (A —A)(B,,~B)
\/(Z D A Z)z] [Z > (B - Ef]

K A, B, o0 B 2 A5 B R B A I R 45 K
FEAE; AR B AR 28 P G 25 3 1 - (8 . SE 5%
HRE G 1 S A 08 FH 220 B8O B, B R 600 H

Corr =

(12)

BT F- (ThorLabs-DG10-600), 785 4 /4% H b
HERIM T <47F, K/ANT3 umx 104 um, K 4 ZH
SSC A 7 P& &2 55 v 1 4%, AR HIL I S 15 [)

4 TR R 80 rs B H AR BEBEAH S

Fig.4 Speckle correlation imaging when the rotational rate of diffuser is

80 1/s
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Fig.5 Speckle contrast and imaging correlation coefficient versus the rotational rate of diffuser. The cases of the 220 grit rotation diffuser are shown in

(a)-(d), the cases of the 600 grit rotation diffuser are shown in (e)-(h); The exposure time of camera is 40 ms and 70 ms in (a), (c), (¢) and (g), the

exposure time of camera is 100 ms, 130 ms, 160 ms, 190 ms and 220 ms in (b), (d), (f) and (h); The cases of the speckle contrast versus the

rotational rate of rotating diffuser are shown in (a), (b), (e) and (f), correlation coefficient of speckle correlation imaging of target "4" versus

rotation rate of diffuser are shown in (c), (d), (g) and (h)
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Fig.6 Speckle contrast and imaging correlation coefficient versus the exposure time (The rotational rate of diffuser is 80 1/s). (a) Speckle contrast versus

the exposure time; (b) Correlation coefficient versus the exposure time
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Fig.7 Schematic of phase retrieval algorithm. (a) Obtaining PSF of initial target; (b) Scheme of PSF and HIO&ER hybrid algorithm
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Fig.8 Original image of target by microscope. (a) Target “4”; (b) Target

“27; (c) Target “3”

1.0

20230345-7

1.0
(b)
0.8
0.6
. 0.4
0.2
0



ISk A2

%124

www.irla.cn

Phase value/rad

9 Afgea B g, Bk W A E, (2) SLEREE: (b) AHHDE; (c) PSF HLMARNL; (d) PSF &K H i

Fig.9 Experimental results of target “4 ”. The color bar represents the relative value of the light intensity. (a) Optical Speckle; (b) Speckle

autocorrelation; (c) Fourier phase of PSF; (d) Image of target by PSF deconvolution

[ M- AL, PSF 3R45 5 ik ANl 7(a) B . &l 9(d) &b
715 JH PSF fif 45 A5 21 (4 B Art) i S

ML 9(d) FT 1, F PSF f# RS (1 B A Gk
5B FARKOR o 3X BLf ) PSFHHIO 533, BKE PSF
fift 25 B 20 0 B ARl i EHR AR A SSC AR R & Bk
R H bR, 78 HIO-ER ALK &2 8 o, oy S fifi
HIO 8.3k, BLL 0.04 9K 2 B4 N R 0, B —2
AR 30 K, SR HIO Bk A5 2 19 25 J-AE M40 LR (A
R ER Bk i 4k 22 35:4% 30 IR, 15 3 e 2 14 45
EARUEOE 1 30 YOG AT i A AR R AR /N, 25
FE AR ] 7E Inteli7-10700F A8 F 9 & 4L |,
7£ Matlab2018b ' PSF+HIO %4 12 i J8i4% 3 17 i 6] 4
455, 810 B8 H PSFHHIO B3 %A R R /N IR
H AR 0 BARRCR, I 5 HAE T SSC AR 1 52 3125 1
PGBRAEAT T F L, AHHLIESEHT ] 540 ms.

10 S2 80w H AR« 15 8] R G010 PSF. A H]
PSF+HIO A& T Him«4”, «2”f«3”, 31 5 HAf
FH HIO A7 51 1 AR 25 R AT X He . 8] 10(a)~(c)
fii ] PSFHHIO . 15, K] 10(d)~(f) H] HIO #H {3 & ¥ .
P 10(a)~(c) HIBURAHIC R E 0 0.887 2. 0.890 8 FI
0.872 8, & 10(d)~(f) & 0.717, 0.736 4 A1 0.75. & 10
7R, PSF+HIO Bk b U FH HIO A 37 58 3k ] fifi
AR 5 KRBTt PSFHHIO 83k 55—t A A Bl 1
BGHEE . FAE ] HIO AR 35 A i) 75 224 H bR
(97 16 R AE Z2 R BEDLAE I, N Ch e B et 1 45 5L
PSF+HIO %12 % 25 1 % H #5 B9 9] 45 BE HL %G I, PSF
B AR BT —WROAR, AR R KO 4R . 4T

T A B, #4160 msAHAILBRE GBS [B] R X L T %

10 40 ms T AR T HE L5 5 . (a)~(c) I PSF+HIO 5345 (d)~
(f) H HUH SSCARRIPR A 511

Fig.10 Reconstruction image under 40 ms. The PSF+HIO algorithm is
used to reconstruct images in (a)-(c). The speckle autocorrelation

algorithm is used to reconstruct images in (d)-(f)
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Fig.11 Reconstruction image under 160 ms. The PSF+HIO algorithm is

used to reconstruct images in (a)-(c). The speckle autocorrelation

algorithm is used to reconstruct images in (d)-(f)
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High quality and rapid imaging of single-shot optical speckle

Wang Wei, Cai Xunming', Zhao Xin, Ma Wenbin
(School of Physics and Mechatronic Engineering, Guizhou Minzu University, Guiyang 550025, China)

Abstract:

Objective The pursuit of high-quality optical rapid imaging through scattering media is crucial for real-time and
dynamic imaging applications. The primary focus is on achieving excellent imaging quality within a short camera
exposure time, necessitating the identification and mitigation of factors that degrade optical rapid imaging. In this
study, the single-shot speckle autocorrelation method, leveraging the optical memory effect, is employed to
investigate optical rapid imaging through scattering media. To address the challenge of spatial coherence in laser
beams, a rotating diffuser is introduced. This diffuser effectively eliminates spatial coherence, thus preventing the
adverse impact of coherent noise on imaging quality. The speckle contrast serves as a metric to quantify the
effectiveness of spatial coherence elimination. Parameters such as grain size, rotation rate of the diffuser, and
camera exposure time are examined for their influence on speckle contrast. Furthermore, the study emphasizes the
significance of optimizing imaging algorithms to enhance the quality of rapid imaging. A systematic exploration
of experimental factors and imaging algorithms contributes to the overall understanding and improvement of

high-quality optical rapid imaging through scattering medium.

Methods A rotating diffuser is introduced to eliminate the spatial coherence of the laser beam, so the impact of
coherent noise on imaging quality is avoided. The speckle contrast can be used to measure the effect of
eliminating the spatial coherence of the beam. For investigating the impact of rotating diffusers on the quality of
optical rapid imaging, different cases involving 220-grit and 600-grit rotating diffusers, various rotational rates,
and different camera exposure times are analyzed. The rotational rate of the diffuser ranges from 10 to 100
revolutions per second, increasing in increments of 10 revolutions per second. The camera exposure time is varied
from 30 to 220 milliseconds, increasing in increments of 30 milliseconds. The study examines the speckle contrast
and imaging correlation coefficient concerning the rotational rate of the diffuser and the camera exposure time
(see Fig.5). To restore the point spread function of the system without relying on prior information of the target,

an iterative optimization algorithm for the optical transfer function constraint is employed. The imaging
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algorithm, combining the point spread function with the speckle autocorrelation algorithm, enables the single-shot
imaging of targets. The quality of this algorithm is analyzed and compared with the case where only the speckle
autocorrelation algorithm is used (see Fig.10). This comprehensive analysis contributes to understanding and

optimizing the factors affecting optical rapid imaging through scattering media.

Results and Discussions Some important results can be drawn from the experiments. Firstly, the speckle
contrast decreases and the imaging correlation coefficient increases with the increase of the rotation rate of the
rotating diffuser and the exposure time of the camera (Fig.5). Secondly, the change of the speckle contrast and
imaging correlation coefficient with the rotation rate of the diffuser is relatively small after the camera exposure
time exceeds 100 milliseconds. Thirdly, compared with the cases of 220 grits rotating diffusers, the speckle
contrast decreases for 600 grits rotating diffusers. Fourthly, at the same rotating rate of the diffuser, the speckle
contrast and imaging correlation coefficient change nonlinearly as the camera exposure time increases (Fig.6).
Compared with using the single-shot speckle autocorrelation algorithm alone, the imaging quality of the point

spread function combined with the speckle autocorrelation algorithm is significantly improved (Fig.10, Fig.11).

Conclusions The effects of the grain size, the rotation rate of rotating diffuser and the exposure time of camera
on the speckle autocorrelation imaging is studied experimentally. For the high-quality and rapid imaging with a
short camera exposure time, it is very important to choose the most appropriate rotational rate of the rotating
diffuser, which can significantly improve the imaging quality. By directly extracting the point spread function
from the optical speckle and combining it with the speckle autocorrelation algorithm, the high-quality and rapid
imaging of the target through the scattering medium can be realized. The method can make the imaging quality
under the camera exposure time of 40 milliseconds close to the imaging quality under the camera exposure time
of 160 milliseconds.

Key words: scattering imaging;  rapid imaging;  point spread function;  phase retrieval algorithm;

rotating diffuser
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