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Abstract: In real water environments, common imaging problems include contrast reduction, low defini-
tion, and information attenuation. The traditional estimation method involves estimating the polarization
information of the entire image. In real underwater images, the target has complex polarization characteris-
tics, the restoration effects of some target areas are poor, and even degradation occurs. In this study, a
method of polarization parameter partition optimization restoration for water-degraded images was pro-
posed. First, the connected domain of an object with high and low polarizations was extracted after two
images were processed with orthogonal polarization by block contrast enhancement and guided filtering.

Based on the pixel values in the polarization image, the extraction process of high and low polarization ob-
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ject regions was optimized. Second, the polarization of each object was estimated , which solved the problem
of incorrect estimation of complex objects in traditional global estimation methods. Finally, the image of po-
larization degree of backscattered light was iteratively optimized to obtain the optimal selection. Experimen-
tal results show that the subjective visual quality of the image is improved significantly. In two initial experi-
ments, the original light intensity maps under low turbidity are compared. The measurement of enhancement
by entropy (EME) value of the objective evaluation index and the contrast increases by 554 % and 528% on
average, respectively. In a third set of experiments, in which a comparison of the original light intensity
maps in an environment of low illumination and high turbidity was conducted, the EME value and contrast
are improved by 379% and 956 %, respectively. Three sets of natural image quality evaluation (NIQE) indi-
ces indicate the proposed method has good performance, and a more natural image is produced. Compared

with the traditional method, the proposed method can effectively restore a turbid image, increase image con-

trast, weaken information attenuation, and achieve a better image sharpening effect.
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Fig.2 Best and worst image fitted to the four-channel po-

larization image
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Fig. 3 Pseudo-color plot of polarization
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Tab.2 Experiment 1 image quality comparison

A VAN FE bR
AT 5 v % b
EME 4 NIQE ¥ Contrast 4
J R i ] 1.295 15. 882 3.435
Schechner J7 1 2.070 17.102 1.831
NMI 4 Jafdi i 2.024 15.588 4.985
ATy 2.684 14. 991 7.029

K3 ZTH2EKGERENTLE

Tab.3 Experiment 2 image quality comparison

A VT 35 bR
AT 5 ¥k % L
EME A NIQE ¥  Contrast A
N GE i 0.582 16. 824 5.253
Schechner J 1% 3.995 15.813 4.844
NMI 4 /i i 2.006 20.019 51. 645
ARSIk 5. 250 14. 730 49.023

x4 TBIEBGREENL

Tab.4 Experiment 3 Image quality comparison

A T 45 B
AT Ty v % b
EME 4 NIQE V¥  Contrast 4
JEUR i ] 1.367 17.784 0.149
Schechner J5 i 2.929 20.077 0.051
NMI 4 54l 11 4.661 17.343 0.276
ASCTT I 5.189 17.481 1.424

4, 4% 2 R EME W8 K . NIQE (Natural Image
Quality Evaluator) ¥ 44 B & % i & PEHr 45, 4
I 2% KHE TN 48 br L B NIQE {8 T B W 3%,
NIQE f& 8/, EIMZ 8 H 48 . Contrast Ry X L6 EE
Contrast B8 A, Ud W 14548 56 18 B , 40715 {7 8 08
Fu o BB 10 =ASEEEE R Al J, AR S5 v R ]
WHAEAE Z B AR, JUHAE i 0 I LA B e i A%
IR A H AR TR H A BA B3, A S0y

T2 BB X v IR O 0 R R AT 43 AR AL 3 i TR 4
Ja AR5 B I AN E TR HAn L5 07 ]
fie 2 S B L H AR kAR AT BRI R , EB R
AR Ak AR SO X £ B AR AT EHR E R
fift P T AE A Al TR A B bR TG g 4y B R
), AR S E0 1 A 2, FEARVE PR E T, %%
Hbr 953 il 17 2 5, R 2 RSO W2 T
CJ) Pl 8 (52 38 =) S 7E g VB2 L IO IR (A
LUK B ) 4T, R4 Wk BB SE AR R 3,
Ui A B o BER & AR 3R i ' 3 ] (Intensity
Image) ZAEAY 4019 {5 B ¥ 8 FH , EME {8 $#2£ 7t
ik 3799, % Eb B 42 TH 956 %0, [R] i A Ak S B 2%
4 H Ay o B T IR ST AR SO R A RV
JEE KR R B AT AT

AR SR RV kB KR BB T, AR R R
FEAEXT LG BE R B 0 I BEAIR A5 S el H AR & 2
Bk LA 58 4 52 5 46 0] A, 35 A T KT AR R RIS S
o6 B2 T — Rk R R Ak S 8008
B Al 52 R ) 1 o ek xR A6 D 0 A ) g B
PEIEAT 43 X, AL T B b X800 $2 B 3 6
iAW 7K~ B b5 (4 Prar 3547 53 5048 31, % L, L.
P, P AT AR AR B 11 el i pE Ak, 3R H A 2 I
BIG o A 3032 50 45 e 1 3 WA 58 T o 32 7 Wb 3
I P9 2 5 6 E APV e B2 R 0 bE AR O s A, % 0
PEH T8 1 09 EME {H 32 A7 373K 554 %6, %) Fb B2 )
BT HETE 528 %0, B A1 S I AE AR R R g
M85 T X LR AR o B, EME {8 42 7+ ik 379%,
Xt e BE MR TE 956 %« = 2526 [ AR R T
4845 NIQE B £ 8 R 4, B S m A 4% .
I, AR S 7 35 BE A R & JROK R VE U ER 1
TG X b B ek AR O i SRR B
A SCWFFE 45 S oK i Bk G T R g o 42 4t
IRCEE YN GNP R ¥ =2 | WE BT VAT DA B
AR X RIS T T AT o 4R T
TAE,
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