Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

E TR ERIK T IR 565 itk B BAR BT A
WK FIA HFW ORI R

Clear underwater vision in non-uniform scattering field by low-rank—and-sparse—decomposition-based
olarization imaging
Liu Fei  Sun Shao-Jie HanPing-Li Zhao Lin  Shao Xiao-Peng

5] Fi{i5 &, Citation: Acta Physica Sinica, 70, 164201 (2021)  DOI: 10.7498/aps.70.20210314
TELR L View online: https://doi.org/10.7498/aps.70.20210314
A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

il iR 5 B 2 ALK T sk

Multiple aperture underwater imaging algorithm based on polarization information fusion

PyFEEEAR. 2020, 69(18): 184202  https:/doi.org/10.7498/aps.69.2020047 1

2 R K M iR B80T 5

Multi-scale analysis method of underwater polarization imaging

YIBR2A4R. 2018, 67(5): 054202  https://doi.org/10.7498/aps.67.20172009

ISR T i IR SRR 7 75
Passive underwater polarization imaging detection method in neritic area

YrHE2E 4. 2018, 67(18): 184202  https://doi.org/10.7498/aps.67.20180692

hZE i T8 UGG AR BT
Heterodyne polarization interference imaging spectroscopy

YIBR2A 4. 2017, 66(16): 160702 hitps://doi.org/10.7498/aps.66.160702

BT PR BARTOK T HRE AR B AR &R B2

Exploring target imaging in underwater bubble group environment based on polarization information

WAL 2021, 70(14): 144201 https://doi.org/10.7498/aps.70.20202152

TR UM B
Analysis of optical scattering of micro—nano particles

Y2, 2017, 66(9): 097301 https://doi.org/10.7498/aps.66.097301


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210314
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200471
https://doi.org/10.7498/aps.67.20172009
https://doi.org/10.7498/aps.67.20180692
https://doi.org/10.7498/aps.66.160702
https://doi.org/10.7498/aps.70.20202152
https://doi.org/10.7498/aps.66.097301

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 16 (2021) 164201

ETHERBRSFENKTIESS
KA RIRR R AR R
WD IS A EBTWU KM

1) (PR FRHEERFYE S TR, P94 710071)
2) (P2 FRHBORE:, TR E A=, 19% 710071)
3) (P EFREBO GRS, thEREBOC AR R RS, R 610209)
4) (PGl FRHE KT 3E L5 BE, PE% 710071)
(2021 4 2 7 10 HgE); 2021 4 4 A 17 Bl BHEH)

0T Y ok A i I AR T pl T 5 B A P 3 B0 SR 20 A5 R 2 50 BB AR B B0 B, ok A AL
fift 1, X LA S BT G A B AR B T AL, i i1 5 T A0 Bk AR A 1) /TR AR 2 505639 B A1 AR B A BRI T K
S P R IR AR S B ORI B R T BR AR S0, 45 G OK T B T R R B ACH R — | {5 B ek R LA
Lo FRR AR B 25 18] 5 H /N A4 A 3 7 i o P A Bk A5 S A A BR300 B H AR AT SRR R, A
NS LU RE Y BT AR R SEa 45 R AR WY, BT B Rk R K TR AR 3 2000 0 i iR R B AR A (L RE RS A7 20t
P THA K R PR X R, S DA (5 8, 0 ELRE RS AT At A il A 24 S 58 BB, £ KT i IR AR U R A

B 14 1 FH R

KR KT UG, wdie, JEBmEI, SR
PACS: 42.25.Fx, 42.25.Ja, 42.30.-d

1 5 =

S PRV AR AR P T A 2 BUAROGT Gn 2015 4
TR R Z B SRS RS KT RIE =
SCEER, REfE R i e 4 ReCR e R E A, I
BN B A o g i (131 5t 7k ey B R A2
MR 4 B, RhgZ A5 s

SR, 7 A g ) PR A B
ERTN ISR S CIR SN 1 LT So g
205 J AR B s 9L R, A v ph oK R B R AR
5 B O A IR A, SEBRVE UK R T TR AR, 2
IR AR AT A ATF S0 R A

DOI: 10.7498/aps.70.20210314

H T, 7K PG R HOR F 246 5 T E 5k
BB 7K T 1 WA UGB AR TN T2 iR A
YIS IR . i AL P R R L AR, e
PRSI UG B, (B2 E0E O MR THA IR, B3R
B 3 I P s g 0= 100, B Tl AR AL 1 & T 4
ARATLL—E R URAMABRAL BEOR A R, (HZAF
TEMAR RGeS 2% A i S 1), G e e 1 A%
R 0 GGG DT [R5 43 UG AR 1
EMZT, KT 4R BB AR 1921 45 15 £ ]
B ERAEDTIE R B R SRR L. Treibitz 1 Sche-
chner?, Huang 45 23 fl Hu 5% 24 FH Fahw i GIR
WS E bR, 2RI 5K E A2 MR S BB R — & 2
(] 4 22 574 1 HARE BOG S EUDE, 4m TR IR

*ER A RBIASS (S 62075175, 62005203) FH ERF2E B G ] 8 R SCIG R A4 (HEHES: QC20191097) B B IREL.

t BIE1E#E . E-mail: xpshao@xidian.edu.cn
©2021 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

164201-1


http://doi.org/10.7498/aps.70.20210314
mailto:xpshao@xidian.edu.cn
mailto:xpshao@xidian.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 16 (2021) 164201

R MT L. Liu 25 25 F T RUS X A8k, 12
TRl R R K T BT, R T R K
PR B BB EE B IR L RE . B TT I RE S —
SEFERESR KT UGB, (EX AR R )
SR NS AR R BB AR A T AT XIS

BERHAEI KT UG A AR R ) 3 B TR RS, AR
SO — R T DL M AR R R B ¥k
TARIRAREA . R IRAE B I
SERR BT IR K T AR SIS BUN R 45 A B
H T SR B RS ARR AR P R A 5L AR R s
Rk, R B Rk vk A 0 BT S R A
KL, LB KA R G T I AR . SEER AR SRR,
TR RE RS AT O A ] 9 K R R R AR 2
SR, SETHRRRCR.

2 VB ROKKHA LI T A R

JETEK T A i R Y HUH S BN 1&] 1 B,
WE 4 1R I B 3 0, RS A B AN e 3 T AR
FE I FP R A 1 2 S P AR DX Bl S S TE D'
DI IO 38 5 DXCIORI AL 2 DX 3L ' X s
ER P I 20 SH I EIR G R S URIIEN € SRt IRy
A DX A G B TSR, SOCTE B IBUEAT
P 2 20 AN 1(a) Fr7s AEUMIGRIX Y, FEE
ek P S B A ok BE A3 T, DG A B R 2
M5 G P SN CR BE A Lica (2, y)
IR s 22

Rcam(wobj)
Tgear (LE, y) = / b [0 (Z)] Tsource (Z)
Rcam:O

x exp [—cReam ()] d Ream, (1)

r T
Ballistic Increasing photon scattering Random
regime walk

B 1 MK RO e R o i
Fig. 1. Scattering conditions of light at different turbidity.
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Fig. 2. Intensity variation in different scattering area.
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formation by the proposed method.
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Abstract

Underwater imaging plays a critical role in marine rescue, seabed resource exploration, underwater
archaeology, etc. by providing human-vision-system-friendly information. A variety of approaches have been
exploited to realize clear underwater imaging. Noticeably, underwater polarization imaging has attracted
attention due to its simple imaging system and clear vision. It can remove the backscattered light from
degraded image and recover abundant high-fidelity information of target. Descattering is conducted by using
the difference in polarization characteristics between the target and background. A classical underwater
polarization imaging method is presented by Schechner [Tali T, Schechner Y Y 2009 IEEE Trans. Pattern
Anal. Mach. Intell. 31 385], in which the differential polarization characteristics of backscattered light and
target light are used to recover clear image. More researches were conducted including Huang et al.’s research
[Huang B J, Liu T G, Hu H F, et al. 2016 Optics Ezpress 24 9826], Liu et al.’s study [Liu F, Han P L, Wei Y,
et al. 2018 Opt. Lett. 43 4903], etc.

However, in the polarization imaging methods, the uniform underwater backscattered light and polarization
parameters over the whole image are usually assumed. In most practical applications, these assumptions cannot
hold true. Therefore, the inaccurate estimation of backscattered light makes it difficult to completely descatter
an image, leading many methods to fail to detect the target in non-uniform turbid water.

In this study, we propose a low-rank-and-sparse-decomposition-based polarization imaging combined with
common mode rejection feature of polarization information in scattered light field to eliminate non-uniformity
and scattering caused by severe scattering during active polarization imaging of turbid water. The backscattered
light is highly reduced and the information contained in background is single and highly correlated. It conforms
to the low-rank characteristics of the image. What is more, the target in underwater scene occupies a relatively
small proportion, which conforms to the sparsity characteristics of the image. Therefore, combining the low-rank
characteristics of backscattered light with the sparse characteristics of target information light, we separate
them through low-rank and sparse matrix decomposition to recover clear underwater image. Both experimental
and objective image quality evaluation results demonstrate the validity of the proposed method.

The proposed method works well in improving polarization vision in non-uniform turbid water, which is
due to its ability to make the underwater scene uniform and the target and background information separated
through their distribution difference of polarization characteristics. It possesses potential applications in turbid
water imaging.

Keywords: underwater imaging, polarization characteristic, common-mode rejection, scattering
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