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Enhancement of underwater images based on color
compensation and color line model
LIANG Xiuman, ZHAO Zhigang, LIU Zhendong, YU Haifeng, YAO Xinzhe
(College of Electrical Engineering, North China University of Science and Technology, Tangshan 063210, China)
Abstract: Aiming to address the issues of color distortion and haziness in underwater images caused by
underwater light attenuation and suspended particles, a color compensation and color line model-based
underwater image enhancement algorithm was proposed. Firstly, by improving the color compensation
algorithm to assess and compensate for the attenuation channels in the image, the degree of color deviation was
reduced and the fitting effect of the color line was improved. Secondly, by combining information entropy
evaluation metrics and iterative threshold strategies, image background separation was achieved to avoid the
influence of bright foreground objects, thereby enhancing the accuracy of background light estimation.
Subsequently, an accelerated convex optimization algorithm was constructed using the color line and
background light vectors to accurately estimate the transmittance, thus improving the image dehazing effect.
Finally, normalization of the color channels could result in haze-free images without color deviation. The

enhanced images could achieve an average peak signal-to-noise ratio (PSNR) of 25.36 dB, underwater color
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image quality evaluation (UCIQE) of 0.64, underwater image quality measure (UIQM) of 5.02, and color cast

factor K of 0.02. Experimental results demonstrate that compared to other algorithms, this method can more

effectively address color distortion and haziness in underwater images.

Key words: color compensation; color-line model; underwater image enhancement; background light

estimation; convex optimization
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Table1 Algorithm 1

FEEL W EOBBE X T 5o sk

HiA: 14 (x),c € {R,G,B)
1: for each ¢ € {R,G, B} do

2: WIlEAk: Loss = 1, Iming = min(18), Imaxpr = max (I5;), Num1 = 0, Num2 = 0,§ 1 = 0,52 = 0, Lipit = (nin sz + Inax 1)/ 2

3: while Loss > 0.5 do

4: foreach ie[1,My],je[1,Ng] do
5: f 15, (i, j) > Linie then
6: Numl = Numl +1;

7: S1=S1+1; G, j);

8: else

9: Num2 = Num2+1;

10: S2=82+1},(, j);
11: endif

12: end for

13: Is; =S1/Numl;

14: Isy = S2/ Num2;

15: Inew = (751 +7s2)/2;
16: Update Loss = |linit — Inewl;
17: Linit = Inews

18: if Loss > 0.5 then

19: Numl =0,Num2 = 0;
20: $1=0,52=0;

21: end if

22: end while

23: lopt = linit

24: foreachie[l,My],je[l,Ny] do
25: if I, (7, j) < Lopt then
26: 153, j) =I5 (i j);
27: else

28: 1.3 ) = 15, i )
29: end if

30: end for

31: end for

32 I = L {I8,15, 15};
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Table2 Algorithm 2

2 ST I O OISR B Al T

A I(x); 1) ; A

1: WliHfk: D = x; —x2,V=x1,1=0,50=8 =0,19 :;11 =0,w>0,a; =1,n=20;

2: fork=1,---,ndo

s k1 = argmlinL(l,§k,;lk);

¢ Art = At — 0 (Mgt + Nsger +(D,V +E));

o= (14 fT+da, )2

3
4; Sgy1 = argﬁlsiﬂL(lk+1,S,;1k);
5
6

. g1 — 1
7: Sk+2 = Sge1 t+ (Sk+1 =Sk
Q42 i
5 Qp+1 —
8: Aks2 = A1 + (A1 =)

[73%)
9: end for
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Fig. 5 Color card recovery experiment comparison
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Fig. 6 Comparison of experimental results of each algorithm
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Table 3 Quantitative evaluation of image enhancement effect of each algorithm

GG/ PSNR/dB UCIQE UIQM K
W ARE % UDCP 16.03 0.50 1.58 0.49
IBLA 16.50 0.56 2.08 0.58
UDHE 17.79 0.62 4.77 0.03
ACDC 14.67 0.52 4.53 0.05
PCDE 12.60 0.60 3.51 0.09
AL 25.29 0.64 4.94 0.02
sa mE g UDCP 17.60 0.51 1.97 0.62
IBLA 14.63 0.62 3.16 0.48
UDHE 14.86 0.63 4.85 0.03
ACDC 16.19 0.54 4.78 0.08
PCDE 14.69 0.58 3.90 0.06
AL 25.42 0.65 5.10 0.02
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Fig. 7 Comparison of results of ablation experiments
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Table 4 Mean scores of evaluation indexes of ablation experiments

Tk PSNR/dB UCIQE UIQM K
-w/o ECC 16.12 0.56 4.15 0.05
-w/o EBLE 17.79 0.55 3.79 0.06
-w/o PTE 13.96 0.61 2.96 0.37
ESVEERS 23.82 0.68 4.95 0.02
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Table 5 Run time average comparison
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Fig. 8 Feature point matching comparison diagram

4 it

SPut F TR T BHR A B IR AR R, A5 SCHR i
Tl T B R T A A 1 K P A
SRELVE . %07 I B G o A B e R
/b PR 5 M LA 85 00 € 8 90 4 5 5 G URAR 9



BLADEEE 2025, 46(5)  BEF, &5 ST BUEAMEFB O LB KT BISHE5R .+ 1043 -
A soG Al A R AT O RIG A H i [8] FATTAL R. Dehazing using color-lines[J]. ACM Trans-

Qfﬁﬁ%ﬁm@k%@ﬁf%ﬂﬁﬁu R WA= actions on Graphics, 2014, 34(1): 1-14.

HIENEE =K {g% i Eﬁ {6, 50 3E 19 — ’ﬂﬁ AbFR 457 [9] ZHOUY, WU Q, YANK, et al. Underwater image restor-

WA ORI TCE A% . i 0 S ue Al A, gk ation using color-line model[J]. IEEE Transactions on

TE £ IR 14610 T 5 fib 20, B % A 280 e Circuits and Systems for Video Technology, 2018, 29(3):

A FEHR B G FUR % LB, 471 P R B 0Tt

B FEE G FFEE L O B 7 S ST o R B [10] PA.N P, YUANF, (.ZHENG. E. Underwater image de-scat-

A 5 B A L 1471, 1 £ . jrne ind cxhineine e et e VDL

BMCRBEF o F — 45 4 XV L 6 2 0 e e T A

4 1%[‘] PTHYTIAL, 30— A4 s ST XK P 2 [11] ISTAM M J, XIA Y, SATTAR J. Fast Underwater Image

b AR enhancement for improved visual perception[J]. IEEE

Robotics and Automation Letters, 2020, 5(2): 3227-3234.

S X 3wk [ 12 ] BUCCINI A, DELL'ACQUA P, DONATELLI M. A gen-

(1] BEIEIL, B8, BhEE. T2 RIEFRZEE TG eral framework for ADMM acceleration[J]. Numerical

KT G5 L] NI, 2024, 45(1): 89-98. Algorithms, 2020, 85: 829-848.
CHEN Qingjiang, WANG Xuanjun, SHAO Fei. Under- [ 13 ] ZHANG W, PAN X, XIE X, et al. Color correction and
water image enhancement based on multiscale residual at- adaptive contrast enhancement for underwater image en-
tention networks[J]. Journal of Applied Optics, 2024, hancement[J]. Computers & Electrical Engineering,
45(1): 89-98. 2021, 91: 106981.

(2] ik, PME B, kR A5 AR 518 F 1K R FG 58 [ 14 ] ZHANG W, LI G, YING Z. A new underwater image en-
B[], NG, 2024, 45(2): 354-364. hancing method via color correction and illumination ad-
YANG Xiao, SUN Bangyong. Dual-head enhancement justment[C1//2017 IEEE Visual Communications and Im-
and non-uniform fusion for underwater image enhance- age Processing (VCIP). St. Petersburg, FL, USA: IEEE,
ment algorithm[J]. Journal of Applied Optics, 2024, 2017: 1-4.

45(2): 354-364. [15] LI C, GUO C, REN W, et al. An underwater image en-

[3] ZHANG W, WANG Y, LI C. Underwater image enhance- hancement benchmark dataset and beyond[J]. IEEE
ment by attenuated color channel correction and detail Transactions on Image Processing, 2019, 29: 4376-4389.
preserved contrast enhancement[J]. IEEE Journal of [16 ] PENG Y T, COSMAN P C. Underwater image restora-
Oceanic Engineering, 2022, 47(3): 718-735. tion based on image blurriness and light absorption[J].

[4] ANCUTIC O, ANCUTI C, DE VLEESCHOUWER C, et IEEE Transactions on Image Processing, 2017, 26(4):
al. Color balance and fusion for underwater image en- 1579-1594.
hancement[J]. IEEE Transactions on Image Processing, [17] YANG M, SOWMYA A. An underwater color image
2018, 27(1): 379-393. quality evaluation metric[J]. IEEE Transactions on Im-

[5] ZHANG W, JIN S, ZHUANG P, et al. Underwater image age Processing, 2015, 24(12): 6062-6071.
enhancement via piecewise color correction and dual pri- [ 18] PANETTA K, GAO C, AGAIAN S. Human-visual-
or optimized contrast enhancement[J]. IEEE Signal Pro- system-inspired underwater image quality measures[J].
cessing Letters, 2023, 30: 229-233. IEEE Journal of Oceanic Engineering, 2015, 41(3):

[6] HEK,SUNIJ, X TANG. Single image haze removal using 541-551.
dark channel prior[J]. IEEE Transactions on Pattern Ana- [19] XU X, CALY, LIU C, et al. Color cast detection and col-
lysis and Machine Intelligence, 2011, 33(12): 2341-2353. or correction methods based on image analysis[J]. Meas-

[7] DREWS J P, NASCIMENTO E, MORAES F, et al. urement & Control Technology, 2008, 5: 63687685.
Transmission estimation in underwater single images[C]// [20] LI X, LEI C, YU H, et al. Underwater image restoration

IEEE International Conference on Computer Vision

Workshops. New York: IEEE, 2013.

by color compensation and color-line model[J]. Signal

Processing: Image Communication, 2022, 101: 116569.


https://doi.org/10.5768/JAO202445.0102003
https://doi.org/10.5768/JAO202445.0102003
https://doi.org/10.1109/JOE.2022.3140563
https://doi.org/10.1109/JOE.2022.3140563
https://doi.org/10.1109/TIP.2017.2759252
https://doi.org/10.1109/LSP.2023.3255005
https://doi.org/10.1109/LSP.2023.3255005
https://doi.org/10.1109/LSP.2023.3255005
https://doi.org/10.1109/TPAMI.2010.168
https://doi.org/10.1109/TPAMI.2010.168
https://doi.org/10.1109/TPAMI.2010.168
https://doi.org/10.1109/LRA.2020.2974710
https://doi.org/10.1109/LRA.2020.2974710
https://doi.org/10.1007/s11075-019-00839-y
https://doi.org/10.1007/s11075-019-00839-y
https://doi.org/10.1109/TIP.2017.2663846
https://doi.org/10.1109/TIP.2015.2491020
https://doi.org/10.1109/TIP.2015.2491020
https://doi.org/10.1109/TIP.2015.2491020
https://doi.org/10.1016/j.image.2021.116569
https://doi.org/10.1016/j.image.2021.116569

	引言
	1 基本原理
	2 本文算法
	2.1 改进的颜色补偿算法
	2.2 改进的背景光估计算法
	2.3 基于颜色线模型的透射率估计算法

	3 实验结果与分析
	3.1 主观评价
	3.2 客观评价
	3.3 消融实验
	3.4 运行时间及应用测试

	4 结论
	参考文献

