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Abstract A self-adaptive underwater image enhancement algorithm is proposed to address the issues of color distortion,
decreased contrast, and blurring caused by the imaging environment in underwater images. First, based on the local and
global color biases in the Lab color space, color compensation is applied to attenuated colors, and thereafter the grayscale
world algorithm is used to restore the color balance of underwater images. Second, automatic color scale and gamma
correction methods are used to adjust the information of each channel to obtain images with high dynamic range and high
illumination. Finally, high-frequency information is obtained through the antisharpening mask method, and image details
are enhanced to obtain clear underwater images. The proposed algorithm utilizes statistical information, such as the color
deviation and mean square deviation of the image, to achieve adaptive processing. The experimental results show that the
proposed algorithm can effectively remove color deviation from underwater images, improve image contrast and clarity,
and enhance visual effects. Compared with other algorithms, it has advantages in processing efficiency and time.
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Fig. 1 Algorithm flow chart
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Fig. 2 Results of adaptive color equalization. (a) Original images; (b) processing results of gray world algorithm; (c) processing results

of adaptive color balance
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Fig. 3 Results of adaptive global contrast enhancement. (a) Original images; (b) processing results of adaptive color equalization;

(¢) processing results of adaptive global contrast enhancement

image 1

image 2

image 3

P4 R RROKCR G A b BREE R (a) JRURR TR 5 (b) B 38 N6 7% 25 i B 45 28 5 (o) 13 I 4 JRy xl B B3 48 i vy 495 21

Fig. 4 Processing results of underwater images in low light. (a) Original images; (b) processing results of adaptive color equalization;

(c) processing results of adaptive global contrast enhancement
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Fig. 5 Results of adaptive underwater image enhancement algorithm. (a) Original images; (b)—(d) processing results of adaptive color

equalization, adaptive global contrast enhancement, and adaptive detail enhancement
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Fig. 6 Subjective comparison of results using different methods. (a) Original images; (b)—(g) processing results of UDCP, fusion
method, UTV, ULV, L2UWE, and the proposed method

TEM 4845 B3R T 00 T Fr A X b i i o, Hodp
1EF- ¥ CCF 48 br L 43 il 8 1o 28 Bl & J7 1k fn 2023 4F
BRI UTV 78 57.15% M 24.16% . % 2 198
P, BT 7 AR OK T BUE B 4 UIEB R R BT
AR B o

F 305 T & AL F K R RIS 8 4 UIEB 1y
890 g [ 1% it A1 FH Ay - 249 Ik ) o 50 WA, BT 4 O ik

FIT B S Y5 5 JR] 5 4, 0. 3692 s, 50 F Oy v Ak
TR e P A% T 5 5[] i K ) L2UWE J7 325 (45. 7899 s)
AHEG, BT 3E J7 E P U R4 T 12315 . 55
2% b b B R AR BT T TR R A 2 @l A ik
(1.8405 s) AH L, JIr $2 05 1k 0 V- 2 ol BE KR 442 T+ T 4
. R RITMEEL G U T RN
Bt

0837001-7



£ 61EFE8H/2024 £ 4 B/BAENEBEFZHE

*1 P 6RE R I
Table 1 Objective quality evaluation of Fig. 6
Metric Method image 1 image 2 image 3 image 4 image 5
ubDCp! 0. 2587 0. 2587 0. 2587 0. 2587 0.5321
Fusion method" ™" 0.4842 0.5132 0.4922 0. 5655 0.4753
UCIOE uTvH | 0.4024 0.4471 0. 5584 0.6078 0. 3593
L2UWE"" 0. 2587 0. 2587 0.2588 0. 2594 0. 2587
ULV!™! 0.4759 0.5345 0.5719 0. 6285 0.4817
Proposed method 0. 5882 0. 6234 0. 6072 0.5941 0.5673
ubcpt 14.0587 16. 7700 16. 7085 14. 8407 4.5165
Fusion method" ™" 14. 4589 16. 9985 17.5129 20.9758 22.3465
- UuTv™ 47. 4826 11.5945 21.9772 45.2255 12. 4622
- L2UWE"™ 16. 2607 16. 3567 15. 2428 18.0635 10. 1131
ULV™ 11. 0626 16.5197 20.2411 31.4828 21.4070
Proposed method 26.1962 37.2615 27. 8284 45. 4160 33. 0953
ubpcp 7.1943 7.3265 5.7007 5.6244 6. 0584
Fusion method" ™" 7.4671 7.1428 7.3210 7.1193 7.0869
UTVH 6. 6584 6. 5044 5.5432 5.1010 5.8684
Information entropy ‘
L2UWE"™ 7.76359 7.4358 7.5794 7.2401 7.5575
ULV 7.6663 7.3989 7.8370 6. 4850 6.2104
Proposed method 7. 8138 7.7893 7.8355 7. 3509 7. 6475
F 2 ARFEIENTLE M
Table 2 Average quantitative evaluation of different methods.
Method UDCP" Fusion UTV" L2UWE'" ULV Proposed
method" method
UCIQE 0.5973 0. 5554 0. 5660 0. 5590 0. 6057 0. 6125
CCF 27.4938 22.0796 27.4938 32.6690 27.9457 34. 6980
Information entropy 6.7832 7.4114 6.1115 7.5079 7.4537 7. 6425
F 3 ARIE I kN2 47 B ()
Table 3 Average running time of different methods unit:s
Method UDCP!™ Fusion method""! uTvVH L2UWE" ULV Proposed method
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