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Deep learning-based image reconstruction through

turbid medium (invited)

Wang Zhiyuan', Lai Xuetian', Lin Huichuan?, Chen Fuchang®’, Zeng Jun?,
Chen Ziyang'", Pu Jixiong'

(1. Fujian Provincial Key Laboratory of Light Propagation and Transformation, College of Information Science and Engineering,
Huagqiao University, Xiamen 361021, China;
2. College of Physics and Information Engineering, Minnan Normal University, Zhangzhou 363000, China)

Abstract: Different from the static characteristics of solid scattering media such as ground glass, the scattering
effect of turbid media on light beams is reflected both in the space and time domains. Most traditional scattering
imaging methods are inapplicable to dynamic turbid media. To address this issue, a deep learning-based method is
proposed to reconstruct objects in the presence of turbid media. The imaging quality of the proposed neural
network under the conditions of different turbid media and turbid media with different concentrations is studied.
The generalization ability of the neural network is tested. The experimental results demonstrate that high-quality
imaging is achieved by the proposed network. Moreover, the network shows strong generalization ability and
robustness under the mixed training of speckle images of turbid media with different concentrations.
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Fig.l Schematic of experimental setup. L, lens; P, polarizer; BS, beam
splitter; SLM, spatial light modulator; CCD, charge-coupled

device

R 1 ERT R RME BT BR

Tab.1 Scattering medium added in the turbid water

Scattering medium

Set 1 Sea salt

Set 2 Calcium carbonate

Set 3 Polystyrene (250 mg/10 mL, 2 mL)
Set 4 Polystyrene (250 mg/10 mL, 1.5 mL)
Set 5 Polystyrene (250 mg/10 mL, 1 mL)
Set 6 Polystyrene (250 mg/10 mL, 0.5 mL)
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Fig.2 pix2pix model diagram. (a) U-net architecture of the generator; (b) PatchGAN architecture of the discriminator. Conv, convolution; BN, Batch-
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Fig.3 Ground truth, speckle patterns and reconstructed images of different scattering media (Set 1-3). Values of SSIM are marked in the upper left

corner of the reconstructed images
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Fig.4 Ground truth, speckle patterns and reconstructed images of polystyrene suspension with different concentrations (Set 3-6). Values of SSIM are

Set 6

~|

0.9 ().‘)3 0.96 , O.Qg

marked in the upper left corner of the reconstructed images
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& 5 Je 3% 2 iR, Set 1~3 Hrifg Lk Bt 4845 1) A 3%
A, IR L= R ) EE R I 225 1T 7E Set 3~

Tab.2 Values of SSIM, PCC, and PSNR of Set 1-6

‘ N SSIM PCC PSNR/dB
6 v, Bl A ROR S EET BE, OB R AR B
e ) . X Set 1 0.951 0.940 18.733
FRAE 0/ IN, 000 265 044D PR {5 4 1 3 ik L5 it PR AR B
. . . Set 2 0.92 0.923 16.934
JE 27, H SSIM., PSNR K PCC 551 i F 1 .
Set 3 0.886 0.829 14.814
1.00
) 0951 1 22 Set 4 0.925 0.891 16.681
0.95 F L)\'%I =5() 957
S A Set 5 0.939 0.933 18.614
0.941 A " 3477205 1 20
Q 090 |, 09230 . Set 6 0.951 0.957 20.462
£ 18.7 @9/ 18.6 18 3
; 081 169 il g
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070 ———— [F) SR 2 R JE2 2% A PR S ) B0 4 v 45 6 4% 2500
Set sk, A A— 3T 10000 5K ELAT PO FP B 45 E
5 Set 1~6 12 {219 SSIM. PCC % PSNR F-Hfixt i, BE K4 (0 B 4 (Set 3~6 mixed). M 2% 6 KL L 8000
Fig.5 Comparison of SSIM, PCC and PSNR average values of Set 1- B'K’Esﬁlﬁj’:l’ilfﬁﬁﬁllé/‘ﬁ%ﬁﬁﬁlléfm Q?U‘F 2000 9{64’55\7%
6 restored images ﬁt%{ﬂﬂ it ﬁ%%(ﬂlﬂiﬁ%%ﬁ% E"J?‘f%ﬁﬂ Kl 6 frs.
Ground
truth q ;
Set 3-6 ..........

N OIQD 0‘7 £ 0‘()1 093

Kl 6 Al IR I (Set 3~6) Bl B BRSNS SR IR | B AR R IR . 7 EAARTE(ED) SSIM

Fig.6 Ground truth, speckle patterns and reconstructed images of polystyrene suspension with different concentrations (Set 3-6). Values of SSIM are

marked in the upper left corner of the reconstructed images
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- ReLU
g L
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3
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. | |
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Fig.7 Loss evolution of the training loss, ReLU down: using activation
function of ReLU, learning rate of the optimizer decays;
LeakyReLU down: using activation function of LeakyReLU,
learning rate of the optimizer decays; ReLU: using activation

function of ReLU, learning rate of the optimizer unchanged

& 7 S 3R 3 5% L, AR 30 R AR A {8 FH ReLU
B, fff O A6 25 2 20 32 R B I 255K 1% 19 ReLU_down

i) ReLU &4 ; 1 Xt Lt fff H LeakyReLU i 7if P& %% 1Y
pix2pix, 8 ] ReLU 31 pREULE - 2 R T gl AN AR (1)
TEOLT , V5 ) pix2pix Y4 T LeakyReLU .,

& 3 ARENIZGRBRGHMKESHE KNSR
Tab.3 Evaluation index of the reconstructed images of

test set in different training methods

SSIM PCC PSNR/dB
ReLU_down 0.932 0.897 17.639
LeakyReLU_dwon 0.906 0.86 16.273
ReLU 0.928 0.893 17.564

UL A AL 5 5 28 ) U-net Xt Set 3~6 mixed
BRI TR BN, 1% U-net 2544 55 pix2pix HF A4,
A 25 R AR TR, I ELR AR [ B )1 R ms, 3145 19k
RACRINE 4 FiR.

xR 4 5 3{E A pix2pix 5 U-net =44 Set 3~6 mixed HJ
SSIM. PCC & PSNR
Tab.4 SSIM, PCC, and PSNR of Set 3-6 mixed used

pix2pix and U-net, respectively

SSIM PCC PSNR/dB
pix2pix 0.932 0.897 17.639
U-net 0.832 0.809 13.088

R T 19 28 Xof Al = B0 UG LA TR R 1 1k
E%ﬁéi%Uﬁﬁ%ﬁffﬁﬁﬁﬁﬁﬁﬁ%%%

—HFLIRAGEZE (QuickDraw) ZHiAE™, BEALLEHK
wm%ﬁﬁ@%%?ﬂ%ﬂﬁjmm%ﬁ%@%%
TR, B4 TR A 1k S A 8 IR

Ground

Set 3-6

- . - . . 09“ 0\9 - “)0

Kl 8 TEORIRES B RHEASRAR I T2 i R K | B S AR G o [ 72 EAARTE(E ) SSIM

Fig.8 Hand drawn graffiti original image, speckle and its restored image collected from the calcium carbonate suspension. The values of SSIM are

marked in the upper left corner of the reconstructed images
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4 &
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M, S5 5B, 46X T AN [ U A 53 5% (Set
1~3) AN [F] kB2 (B A i3 5 (Set 3~6) LA K HIUR A
JF e BE AR (Set 3~6 mixed) S5 1F T, R B H &
Mz Ak fe )1 5 AR R FLEE, K2 MG 5 IR aa W Tk 1Y)
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