F60%5 FE14H/2023 587 B/ EBFFHE it

TEK T 253t BT IR AR A5 K R AR b R 45 R A AR
o H T K AR B8 B 4 R P, 2K X e A ™ S Y W Wi A

It Bl St FFIHE

T PG 5 R s 7 A8 8 1 P Kk B Pl A% B i

—l MEH Ly 2 1
Kz, AR, FRd, TR
R R B S TR I SOt TR B, IR & 2661005
WL RGBS TR 2 RE, #7IE BN 310027

WE TR K NG HE AT 32 20RO BRI 52, AR K R 5 R AR A RIMGAR b W S A A R LY AR | 1
JREAEIG . BT, R — R T R A3 R 0 AR e P Y KR BRG] A KT B
WEIE B 3 T IR — 0 3 5 e 25 2 04 {1 IR 8 38 5 T vk By FH /K T PR MG i, 4 10 3 T R 43 80 1 19 1 SR s, [ s ol
Frit Bk 54 ML U T e, SEER a5 R, B Bk b # S KIS 1Y underwater color image quality evaluation metric
(UCIQE) 8 #5F ¥ 4 0. 5839, underwater image quality measures (UIQM) 48 45 F #1{E Jy 1. 3689, 1 (0 ffy Ji i 22 -3
fH 09 5.0972, ¥ 0 T P Rh 2 USRIk o BT 4 050K 78 0000 T 205 SRS R T 4 T 1 EL — A P e o

KW KRALRL; ERME HOFA; RORE SR fE N

RESES 0436 MEERERE A DOI: 10.3788/LOP221820

Underwater Image Enhancement Based on Image Segmentation and
Color Adaptation Transformation for White Balance

Zhang Yuntao', Liu Huiping", Huang Yiming’, Yu Jia'
'College of Physics and Optoelectronic Engineering, Faculty of Information Science and Engineering, Ocean
University of China, Qingdao 266100, Shandong, China;
*College of Optical Science and Engineering, Zhejiang University, Hangzhou 310027, Zhejiang, China

Abstract Owing to the effects of absorption, scattering, and attenuation during underwater light propagation, images
acquired from an underwater scene degenerate significantly, i. e., they exhibit low contrast and undesirable blue-green
bias. Therefore, an underwater image enhancement algorithm based on image segmentation and color adaptation
transformation for white balance is proposed. The color adaptation transformation is introduced for underwater color
correction, and a low illumination enhancement method based on three-channel inversion defogging is applied to improve
underwater images. Further, a white balance strategy based on image segmentation is proposed, and the proposed
algorithm is compared with classical algorithms. Experimental results show that the average values of the underwater color
image quality evaluation metric (UCIQE), underwater image quality measures (UIQM), and neutral color angle error of
the image processed by the proposed algorithm are 0. 5839, 1. 3689, and 5. 0972 respectively, which are higher than those
of two classical algorithms. The proposed algorithm presents certain advantages in terms of color correction and sharpness
improvement.

Key words image processing; image enhancement; white balance; dark channel a priori; color adaptation
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Fig. 1 Flow chart of proposed algorithm
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Fig. 2 Low illumination image processing. (a) Original image'; (b) negative image; (c) negative image after defogging;

(d) enhancement result
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Fig. 3 Contrast of white balance effect based on color adaptation transformation. (a) Original image; (b) white balance after square linear

gain adjustment; (c) white balance effect after BED transformation
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Table 1 Comparison between linear stretching and BFD transformation

Image

Angular error average

Angular error variance

Original image
Gray-World with linear stretching
Gray-World with BFD transformation

27. 6406 2.1759
6.0451 9.1292
2. 4587 1. 7430
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Fig. 4 Flow chart of color adaptation and white balance effect
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Table 1 Angular error of different combinations of white

balance algorithms

Image Angular error average Angular error variance

Original image 3.0312 5.7248
Single Gray-World 2.7588 8. 1877
Single SOG 4.6235 4.9296
Single GE 9. 3960 1.7924

SOG with Gray-World 3.2381 3.9409
GE with Gray-World 4.0569 1.7149
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Fig. 5 Comparison of subjective evaluation
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Table 3 UCIQE evaluation index

AL PR A R A AR . ROk E
{551 UCIQE ¥ 5 AR 4 lL UDCP 4271 25. 544,
Lt Haze-Line #2 7+ 12. 59% .,

underwater image quality measures (UTQM )" J&
R I 6 AR (UICM) |37 M BE DU & 48 B8 (UTISM) %
PEBE 4 45 A5 (UTConM) 45 3 H IR M4 & o A
K, FoR IR B B0 7 f 0 T RE R L R . 3 b
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Table 4 UIQM evaluation index

Image UDCP Haze-Line  Proposed algorithm Image uDCP Haze-Line  Proposed algorithm
RGT 2993 0.4877 0.5344 0.592096179 RGT_2993 0.781662 0.931361606 1. 350293899
RGT 2998 0.4252 0. 5059 0.577622 RGT _2998  0.74146 0. 948686 1.392445
RGT _3000 0.4220 0. 4805 0.57214 RGT_3000 0.727269 0.928774 1.437608
RGT _3008 0.4314 0.4961 0.572212 RGT 3008 0.750727 0.873135 1.415518
RGT_3014 0.4344 0. 4988 0.591271 RGT _3014 0.781165 0. 938547 1.424818
RGT 3023 0.4993 0. 5545 0.624392 RGT _3023 1.023731 1. 155612 1.460377
RGT 3030 0.4622 0. 5400 0. 551507 RGT _3030 0.656896 1.003931 1.185824
RGT 3158 0.4523 0.5138 0. 544262 RGT _3158 0.887332 1.023299 1.304773
RGT _3204 0.4760 0.5226 0.602165 RGT_3204 0.683594 0. 858191 1. 300116
RGT _3272 0.5318 0. 5502 0.610868 RGT 3272 0.958111 1.067851 1.387233
RGT_3274 0.4941 0. 5081 0. 584179 RGT 3274  0.920483 0.9927 1. 398582

Average 0.4651 0.5186 0. 5839 Average 0. 810221 0.974735 1. 368872
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Table 5 Angular error evaluation

UDCP Haze-Line Proposed algorithm

Image Angular error Angular error Angular error Angular error Angular Angular error
average variance average variance error average variance
RGT 2993 33. 0469 18.09 4.7536 13.6447 3.6083 10. 7422
RGT 2998 35.7348 0.1761 11.3210 1.4301 1. 9159 0.2676
RGT 3000 33.6187 9.0474 5.2441 4.4737 3.7218 4.1903
RGT 3008 34.3735 1.4574 15. 3404 19.6751 3.0301 2. 5805
RGT 3014 34.5677 1.4927 3.1760 0. 8820 9.6829 6.9542
RGT 3204 34.9504 2.0897 9.0438 6.9038 4. 9360 12. 2257
RGT 3272 35. 8265 0. 1086 9.2037 9. 5380 8.4537 11. 6362
RGT 3274 35.9019 0.1284 6.2272 0.9874 5.4288 8.0949
Average 34.7526 4.0738 8.0387 7.1919 5.0972 7.0865
4t . Elsevier, 1994: 474-485.
5 4 e [4] He K M. Single image haze removal using dark channel
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