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Underwater image restoration based on gradient prior

Chen Zhe ,Zhou Xu,Shen Jie,Xu Lizhong
(College of Computer and Information, Hohai University ,Nanjing 211100, China)

Abstract: Due to the light absorption and scattering effect of the water volume, underwater images suffer from strong attenuation, high
noise and serious color distortion. Thus, the original underwater images can hardly meet the requirements of visual observation and image
analysis. To solve this problem, this article proposes an underwater image restoration method based on gradient prior for improving
underwater image quality. First, according to the underwater imaging prosperity a gradient prior is established for underwater images that
the gradient of scene imaging information ( the clear layer of underwater images) must be larger than that of scattering information ( the
haze layer of underwater images). Secondly, the gradient prior is modeled with the underwater imaging model. Finally, a semi-quadratic
optimization function is utilized to extract the object reflection information which generates final image restoration results. Underwater
samples in UEIB and RUIE datasets are taken for experiment evaluation. In contrast to five state-of-the-art underwater image information
processing methods, the proposed method obtained prominent performance in both qualitative and quantitative evaluation. The average
PSNR, SSIM, and UIQM values of this method are 20.066 5, 0.696 1, and 3.902 9, which are better than compared methods.
Therefore, the proposed method can efficiently remove underwater image noise. The image signal to noise ratio), sharpness and the
contrast of underwater images are enhanced.

Keywords : underwater image restoration; gradient prior; underwater imaging model; semi-quadratic optimization

JIroR IR ZHOR T B, K AR $2 it al # Ak 37 5t
fE B BRI, BRT KRR K T OGLR A I 2k H6 1E i A
BIORAEI K PG S B 0 ek e WP 35 e M (0
IKRTIE2E SRR TR B KT SRR T AR AF WA S ) B, AU LA AL T R S5 R 2, B BR Al

0 5l

i3

Yok H47.2022-02-17  Received Date; 2022-02-17
w BRI H  oh I B A BRI 45 B L TR 42 (B220202075) ([ F H IRBLFFE 4 (62073120) LIRS HIRFLF3E 4 (BK20201311) 3 H #E Bl



40 %A R % M

43

THEIOKFEG I RRIRIA . I, BF5E A 50
IR BRI RT3 1%, T R AR AR G B s e, £ = 7K T 14
B AR B E X,

IKT R AR B 5 25 AT A 94 Ry K PG i FaK T &
BRI . KT RIS 53 AN ) B T 3 o e A
PR IR R AR SCE S BRE SR, i T2 i
2 AR B I S XE LAIRIS RS 10 MG AL LS L o
HE O RE (2 i A8 S5 ), iy kg, KT A S B Bl T
KT EMGAL B BB T K BUGIR S ikt s 2rik
FHGE ALK SRR S AR e O H AR RS R
SR X7 VR A BT S — b g 257 10 SR figk [ 880, K 3
THRE AR LRI L, Horb dicoh R 2 T
JEEOSEE KT BUSRIRE T4 . (B T3 e I8 Tk
G EEWIE B GETRE E LS S TOK R 5 TR
IR W R SR AR T R I BRI 25, h
T APk — 7], Song S B TR I K R G2 UK
Jeg, I8 i Lotk BB AT K R BRI, B s 1K
TR HERTE, Peng %510 41 H — Fh JE T4
R EE RO 7K R 35 S TR EE Al O vk TEWR & IE1HR
BRI EARMS TR R R, Yu & 8R40 {0
FIEOCZAE KT 1Y 3 DR, 8 TR AL S 2 ke
M2 LR A PR . 0 R 2 il 3 S SR A8 1 19 it
TR Retinex A5 R SE /K T EURIKSE

TEY OGRS, 2% IR BK T R IR1E B 5 R &
[R5 R IR I IR AR BRI Tk T BRI E
TE BT 56T B% 6 BRI 7K R BHS K E D5 o Treibitz
S R H AR SR R PR , B T — R O
Iv I RE UL BE 1 5 F R B Al K R BRI
Schechner 85" 72 IE A2 41 Jy 1] 1 R LB — 37 5L K T
P P15, R 368 3 i IR 2 A 1137 5 R B A L ik ok 1K
TFES(E BRI, Hu 2 HE T —Fh 3 T O 4% 1
HY7K T BUGHEERY  TE KR 3 5038 S R m Al L3RS T3¢
RHERRIAE R, B T KT ERIR AR

IEAPER  HE TR BE 27 2] B KT R AL 31 )5 vk PRt
JB, Li UM T K T EAR B B g W 4 R R
(underwater convolutional neural networks, UWCNN) , i i
B UK T PGB e I 25 ) 4 S8, BB 1 IR B3 2 )
BOAITEK T BRI Ty A s RO . Z IR E KT
PRI 22748 Pk 1R) 8T, Uplavikar 25070 2 T 38 T B0 27
2] £ B 7K T UGG 5 Ty 2, 3 3 R AN [ 2K A B 55 v ]
BREARRI X P 2] S B T 278 BB v (7K T R G 58
Chen 25" R A58 Ah FH A LAl 1 R FH A= B BT 00 265 ek 3
KGR, SR, AR = B KT R AR AR R FR
il TR 2R 2 A — B IR B iR R T HEOK R IENMR
Qb e R LA R, Oz AR A R
B3R T,

ZR| A TAERE K, AR SCR T T — Rl TR e
Rk T EHRIR S 7 vk . Forb B S i oK [T 4R o
FUR SO S ORI 0 B ) B BE R B 1 7
BOKTEESEREER) , L8RS k" K F g
T R A BE A DA pR S, eI 20 B 1 H AR RO
PABCSEBUR T BRI . AR SO i 1K T = 2R 90
FYa  BERE AR E AR R i, E PR AE S A —
HOEW T AR,

1 KTEGHEELEERSAL

1.1 AKTEGESELRER

TRARKT BEAZ LR R W SRS A 3 LK R R Y
JREIRM . Horb A B ORI BT 5 R i O VR T2
S GBI ALRE T 1), KA B IR VR 5 3 B A A 5
JCLRRERE RN, KT UGS B X L BE AR W ik i Bt
RO B 2R ME . %I, MeGlamery-Jaffe f {5455 5011 44
ST KR EMBAR R S BRI S | B R U R KR
WREEZ R R, MR AR A, )35 BUGF- T 1
4 TR 3 A s B AR RO G BN IR ALY E Ry
it J, K BARBCFOG R T U s B F R SO R
MU B TE—BOK N BUR ST, o TR KT
PEIAG B35 T B, RS A A0 B A R, T ) S 0 B 95 55, T DA
20 DRI, KR G AT LRSS A ) B4 A3 i J RIS 1)
o B N .

I=J+B (1)

K FES

|

|

|

|

| |
g

K1 KRBt

Fig. 1 Underwater imaging optical path
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Fig.2 Underwater image restoration result comparison
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Table 1 Underwater image processing results for samples in Fig. 2

FEAR BRAEEED Ji i LA IBLA ULAP UWCNN FUnIE-GAN BL&TMSM AR
UIQM 0. 6859 2.403 6 1.610 9 1.2755 2.522'1 2.252 1 2.719 5

BEA PSNR 16. 469 3 19.394 8 19.589 1 15.539 3 19.117 4 17.141 3 19.921 6
SSIM 0.4855 0.579 6 0.628 8 0.494 1 0.649 8 0.447 0 0.519 8

UIQM 2.778 5 2.616 9 3.358 6 2.5920 4.3221 3.438 5 4.330 8

KA 2 PSNR 15.523 0 13.219 5 11.7123 15.856 8 13.107 1 19.313 0 19.874 3
SSIM 0.038 9 0.267 5 -0.017 9 0.166 7 -0.057 6 0.6317 0. 661 4

UIQM 3.3524 1.561 6 6.0959 3.860 5 3.904 3 3.860 8 4.3549

BEAR 3 PSNR 23.8427 18.970 9 13.635 8 25.759 4 27.339 9 24.001 6 28.149 7
SSIM 0.844 0 0.246 1 0.104 2 0.907 1 0.919 0 0.804 1 0.910 0

UIQM -0.030 6 -0.103 4 1.767 5 -0.021 8 -0.028 2 0.773 2 0.761 1

BEA 4 PSNR 15.761 6 13.117 3 12.543 8 15.5919 15.793 4 17.9217 19.199 9
SSIM 0.598 6 0.517 0 0.2129 0.594 9 0. 600 3 0.736 9 0.857 0

UIQM 2.809 6 3.926 0 3.571 8 3.137 3 2.690 6 4.036 3 4.730 2

kAR 5 PSNR 16.793 1 19.360 8 18.389 8 17.799 8 17.471 8 20.814 4 19.991 0
SSIM 0.573 4 0.661 9 0.624 2 0.597 0 0.5352 0.671 1 0.697 1

UIQM 4.544 5 3.889 3 5.143 1 4.1230 3.782 4 4.268 9 5.102 3

A 6 PSNR 21.810 4 14.145 6 15.702 6 22.302 6 21.289 6 16.761 1 22.920 6
SSIM 0.827 9 0.090 2 0.447 9 0.816 4 0.763 7 0.764 1 0.9313

UIQM 2.356 7 2.3823 3.591 3 2.494 4 2.865 6 3.105 0 3.666 5

SFHE PSNR 18.366 7 16. 268 2 15.262 2 18. 808 3 19.019 9 19.3255 21. 676 2
SSIM 0.561 4 0.393 7 0.333 4 0.596 0 0.568 4 0.675 8 0.762 8

e LA BT B AL
®2 KTEGLEGEEENGITILER

Table 2 Statistical comparison of underwater image processing performance

WIRES UIQM UISM UIConM UICM PSNR SSIM
RAWS 1.867 2 3.499 7 0.625 4 -49.723 6 17.894 4 0.4913
IBLA 2.024 8 3.3292 0.504 8 -27.065 1 17. 602 4 0.455 1
ULAP 2.8425 3.988 5 0.6168 -19. 160 2 17. 695 7 0.4479
UWCNN 2.0910 3.599 7 0.710 2 -53.588 6 13.988 8 0.264 4
FUnIE-GAN 3.884 8 3.697 7 0.688 3 11.775 5 17.295 9 0.330 8
BL&TMSM 3.296 9 4.392 6 0.6755 -14.723 5 19.912 5 0.623 6
A3 3.9029 4.009 4 0.776 9 -2.083 0 20. 066 5 0.696 1
TE I SR SRR S AL 5 A TR SRR I B

R Sy U 3

x3 FEKTEERELSREWLTN

Table 3 Quantitative evaluation for China

JR Ik B
underwater images
P4 R AR b S UICM  UICONM  UISM UIQM
LA BRI AR IR -1.5076 0.7933 6.7374 4.7832
mERmy R ERAER R it ~0.9704 0.6083 2.1660 2.787 1
KT
3 eI EK T EL R ERABBKTHME -1.7795 0.4703  7.2401 3.769 4

Fig.3  Application in native underwater images
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