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Rapid Deep-Sea Image Restoration Algorithm Applied to
Unmanned Underwater Vehicles
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Institute of Deep-Sea Science and Engineering, Chinese Academy of Sciences, Sanya, Hainan 572000, China;

* College of Engineering Science and Technology, Shanghai Ocean University, Shanghai 201306, China ;
* University of Chinese Academy of Sciences, Beijing 100049, China

Abstract Due to the absorption of seawater and the scattering of suspended particles in water, the deep-sea image
obtained by underwater robot through artificial light source is generally fuzzy, color deviation, and low resolution.
Focusing on the key problems to be solved in the rapid and accurate restoration of deep-sea images, the data set of
real deep-sea images is firstly established, and the imaging characteristics of deep-sea images are analyzed. Based on
the statistical results of image features, a linear depth of field model is proposed. Then, the model parameters are
identified by supervised method. Finally, according to the depth of field model, the transmission map and
background light of the original image are estimated quickly, so as to effectively avoid cumulative error and achieve
effective restoration of deep-sea images. Experimental results show that the proposed algorithm is superior to other
algorithms in terms of image restoration results, validity, quality, and real-time performance. Processing
600 pixel X800 pixel image on Nvidia Jetson TX2 embedded device, the average restoration speed of the proposed
algorithm is 3.08 times faster than the four outstanding underwater image enhancement algorithms.

Key words image processing; deep-sea image; artificial light source; depth of field model; image restoration;

embedded image processor
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Fig. 3 Examples of deep-sea image restoration under different algorithms. (a) Original image;

(b) DCP algorithm; (¢) UDCP algorithm; (d) MIP algorithm
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Fig. 5 Depth of field correlation index statistics of deep-sea image scenes. (a) Saturation; (b) brightness;

(c) difference between red and maximum blue-green channels
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Fig. 6 Process of generating training sample lables for deep-sea images. (a) Original image;

(b) preliminary depth map; (c) depth map after restoration
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Fig. 7 Background light estimation based on depth of field. (a) Background light estimated by maximum value;

(b) background light estimated by the first 0.1% maximum value
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Fig. 8 Process of deep-sea image enhancement algorithm
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4.1 BEREFRFERIL
N T 3k — AP B P 4 B vk T LA RS BRI

@ ® ©

G tgen % T B ¥ 5 UDCP & ¥ MIP & %,

Peng ' 4 H 1Y 55 15 A1 Song™* 45 4 55 B 3 4T X
Fo, aniEl 9 pros, A E R A EAE TR AR KN Tmg 1,
Img 2.Img 3 il Img 4.

@ © ®

9 RIFFEEMRERER . (O JFIE (b)) UDCP Hik: (o) MIP Hik: () SCHR[12]: () SCBRL 13T (D Fr 5k
Fig. 9 Enhancement results of different algorithms. (a) Original images; (b) UDCP algorithm; (c¢) MIP algorithm;
(d) Ref. [12]; (e) Ref. [13]; (f) proposed algorithm
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Fig. 10 Img 1 image magnification comparison. (a) Original images; (b) UDCP algorithm; (¢) MIP algorithm;

(d) Ref. [12]; (e) Ref. [13]; (f) proposed algorithm
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K11 Tmg 4 BFRIIHORES. () JEIE ;5 (b) UDCP 835 (o) MIP 83k (d) SCHk[12]; (o) SCRRL137 5 (D A 53 3
Fig. 11 Img 4 image magnification comparison. (a) Original images; (b) UDCP algorithm; (c) MIP algorithm;
(d) Ref. [12]; (e) Ref. [13]; (f) proposed algorithm
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Fig. 12 Matching results of feature points before and after enhancement
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Table 2 Comparison of number of feature points

matching after image enhancement

Img Original image Enhanced by proposed algorithm

1 5 17
2 1 5
3 4 13
1 9 16

h T 20 RN BT R AR R R AT RO B K
50 OB B X, X 4 b vk Y 1 0 s R R AT
fiE A DR JE L DEPEZE SR AN ] 13 R 14 o

HARRHE R gt sk 3 s,

3 X Bk R B S 1R AIE 5 TC R
Table 3 Number of feature points matching after image

enhancement by contrast algorithm

DCP MIP

Img Ref. [12] Ref. [13]
algorithm algorithm
1 10 3 5 4
2 1 3 4 1
3 7 4 2 2
4 10 2 5 5

W% 3 IS R 5 3% 2 ML, AT LAAS S BT 4R ik
A L A 55 b S BRI R
4.3 ERBEGREETESN

kT 0 08 b o 3 2 SR R AT R R T e
M A SCE B )5 22 (MSE) | W 15 Bt He (PSNR) |
4546 AH AL PE (SSIMD {5 B i CENTROPY) 1 2y &
1G5 BN FE AR . MSE S B (1 J2 3 38 )5 R 5
I A BRI R T 22 5 B s, BT IR
B SR AR BT s PSNR S B 1 2 B KAE AR 5 FH 5%
M 2 )R O R B B K, RTER R B 2
A R AF B 5 SSIM I 2k & R B G 3 5% 17 5 09 A8 oL
JEE L BCMH R, RN R AR A L R
ENTROPY £/R —RE G h &/ FELENZ D,
B R, RARER A NG REE, BRI
R, A [ SR 1 TR AG 0 o 2 2R i 43 BT 45 R
4R,

AR 2R 4 W g Rl 15, Tt ke 2
TG AR b P F X b K RS 0 8 R BE 6% T
iy 52 IR T R R DR

@
& 13 A [ B 35 1 588 5 1 RRAIE 5 DT I 45
Fig. 13 Feature point matching results enhanced by different algorithms. (a) DCP algorithm; (b) MIP algorithm

()
. (a) DCP & #:;(b) MIP & %
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Bl 14 AR 95 A ARAE s DL e 25 R . () SCmk[12] 5 (b) TRk 13]
Fig. 14 TFeature point matching results enhanced by different algorithms. (a) Ref. [12]; (b) Ref. [13]

T4 AR ARG S5 R e 258 4.4 BHREEIHESH
Table 4 Quantitative analysis of image enhancement H B, 22 T B A% 16 50 (%) BF 5% 3 3 o7 F o o &4+
results by different algorithms WL B A S AT S 0 45 R (B UUV % (R B
Algorithm Img MSE PSNR SSIM ENTR V) FE 04 B ) o 73 7 5 07 A IR 2 AR L /N A Ak B
b 202408 15,07 0.76 1174 o R RIS T B Gt iR A s NS
e i ;i;i; ij;‘ z;o 1222 Rtk 5 UUV L B 78 50 R, oA S ik 1]
' : ' ' Nvidia N THBEH & T & Jeston TX2 & K Z AL
L MBERRE AL TX2 BB R 50 mm X
2 990.10 18.17  0.81  10.71 87 mm, JR G T B IFELL Y 7.5 W, CPU R H]
MIP s 407116 1203 0.66 1259 ff) /& ARM Cortex-A57, GPU X il Nvidia Pascal
4 433196 11.77  0.23  4.72 GPU, X /£ UUV SEPR¥7 86 oK . 4 s hd
1 571.41 20.56  0.85  12.48 B4 % B 200 pixel X 300 pixel, 300 pixel X
Ref. [12] 2 1514.71 16.33  0.51  11.15 400 pixel, 400 pixel X 600 pixel, 600 pixel X
3 5318.69 10.87  0.45  10.84 800 pixel, 800 pixel X 1200 pixel F1 1200 pixel X
4 1228.64 17.24  0.76 7.60 1800 pixel 3 6 F1 R 5}, k RealWorld_Deepsea 50 #E
b HOSATIT AT 0,80 1260 A T BAHL PRI ) 100 3K TR FEI R . 22 0 50 s 00 5 U
Ret. [13] 2 1399.43 16.67  0.59  10.06 S 0 A% 5 R H P gain 2 IR
R e
1 523.34 20.94  0.85  12.60 M5 TTAATE] #4600 pixel X800 pixel
Proposed 2 856.81 18.80  0.86  12.32 AN PR P4 53342 9 5 I B2 SOk 12 19 3. 08
algorithm 3 507.97 21.07  0.88  12.91 o AEAR IR Y BT Bl 5 i 08 5 it B 2 1) TR ¥
4 848.66 18.84  0.75  12.46 KA 2 UUV JE 17 BRI 5 PR 5 A 280K,
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Table 5 Comparison of complexity of different algorithms unit: s
200 pixel X 300 pixel X 400 pixel X 600 pixel X 800 pixel X 1200 pixel X
Algorithm
300 pixel 400 pixel 600 pixel 800 pixel 1200 pixel 1800 pixel
UDCP 1.702 3.468 7.029 14. 200 29.213 65.533
MIP 1. 453 2.968 6.124 12. 294 25.057 56. 831
Ref. [12] 3.937 7.951 16. 278 32.821 66.611 150. 840
Ref. [13] 0. 159 0.288 0.659 1.301 2.443 5.970
Proposed algorithm 0.038 0.081 0.206 0.423 0. 821 1. 862
Gain 4. 180 3.550 3. 200 3. 080 2. 980 3.210
pn . [4] Yang M, Sowmya A, Wei Z Q, et al. Offshore
o =B (= underwater image restoration using reflection-

A SCER XN G BT ARAT B B KR AR
A Qi ATABEA 45 1] A0, 6 7K R 56 A8 R 2 0 08 5O
ER BRI T AR I — R R R IR Rk
S AR R AT LR SR TR R 0 SR L S B KR
AGAE AL AT LU 34 2 1 TG (0 A o 25 BRASER 38 T I
V3 5P W R 0 DR R, S B TR A TR A B A
S BK T R 58 55 2 A0 T, B 38 58k E o
TSR SO 1 i A ke e TR 25 B
B, ISR R TR B E R R A
PE 8 P BT i A B A S B PR FE AR S T R R A,
A DA PR S S R T R DL S UUV PR
bR AT VR SRS AR I P AL T — P iy

A A SCRT DA R0 04T R R 0 42 5L (H
S AE TV BV 7 5 vh SR T R I 22 K Ak, B
PR 2t I AR ORI S LB, T R T 4R
P RS v 1 R G 3R B e S B A A 1 4 5 Ak
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