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Underwater image enhancement with nonuniform illumination
based on OTSU segmentation and fusion
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(Faculty of Information Engineering and Automation, Kunming University of Science and Technology , Kunming,
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Abstract; Aiming at the problems of uneven illumination of underwater image caused by supplementary
illumination of deep sea and night waters,image noise,low contrast and color deviation caused by sus-
pended particles in water, an underwater image enhancement method with nonuniform illumination is
proposed. Firstly,the noise of underwater image is removed by Gaussian filter. Secondly, the maximum
inter class variance (OTSU) method is used to segment the light and dark region mask of the image, di-
vide the brightness map into light and dark regions, and homomorphic filtering is performed on the dark
regions to correct the shadows caused by uneven illumination. Then, the new brightness map is obtained
by fusing the light and dark areas with weighted average method,and the color image is synthesized a-
gain, Finally, the underwater image is processed with contrast limited adaptive histogram equalization
(CLAHE) ,and gray world to enhance contrast and color distortion correction,get enhanced underwater
image. The experimental consequences express that the proposed method can valid ameliorate the uneven
illumination problem,remove the underwater image noise and enhance the image contrast, which is con-
ducive to the subsequent target detection,tracking and other tasks.
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Fig. 1 Underwater imaging model
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Fig. 2 Mask template for OTSU segmentation: (a) Dark area mask; (b) Bright area mask
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Fig. 3 Comparison of brightness map before and after correction:(a) Dark area brightness map before correction;

(b) Dark area brightness map after correction
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Fig. 4 Comparison of histogram before and after brightness correction: (a) Histogram before brightness correction;

(b) Histogram after brightness correction
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Tab.1 Quality evaluation of underwater image

Image 1 2
Parameter UICM UIConM UISM UulQM UICM UIConM UISM UulQM
Original image —17.5601 0.5284 2.0317 2.1590 —38.5142 0.4721 1.1403 1.8229
Method of this article 0.0034 0.7220 3.9414 4.6053 —1.1288 0.6074 3.1308 3.3558
Ref. [2] 0.096 2 0.6422 3.2806 3.3245  —0.3300 0.5626 2.746 9 2.5221
Ref. [3] —3.1931 0.5189 2.809 6 3.5367 —8.4017 0.4688 2.1932 2.5528
Ref. [13] —6.0330 0.5297 2.4670 2.5176 —29.4343 0.5081 1.6360 2.1995
Ref. [14] —18.3036 0.5302 2.0974 2.4307 —40.3946 0.4589 1.0649 1.9079
Image 3 4
Parameter UICM UlIConM UISM UulQM UICM UlIConM UISM UulQM
Original Image —21.5193 0.3943 1.1171 1.0641 —13.8634 0.5097 1.9603 1.7915
Method of this article 1.4723 0.5635 3.0632 3.4108 —0.8063 0.6883 3.6137 3.9805
Ref. [2] —0.2460 0.4414 2.1488 1.9564 —0.4458 0.5518 2.7068 2.5282
Ref. [3] —12.6460 0.4044 1.8311 2.5119  —6.5683 0.5243 2.5569 2.9376
Ref. [13] —17.0453 0.3946 1.3476 1.4136  —7.3771 0.5278 2.274 4 2.0156
Ref. [14] —23.9687 0.3982 1.1299 1.2945 —15.6432 0.5156 1.9954 2.0090
Image 5 6
Parameter UICM UlConM UISM ulQM UICM UlIConM UISM ulQM
Original Image —16.4351 0.5100 1.9272 1.9214 —24.3897 0.5509 1.8091 1.7856
Method of this article 1.4983 0.6928 3.776 3 4.2564 0.1441 0.7071 3.6988 3.9508
Ref. [2] —0.3035 0.5479 2.7508 2.7112 0.9313 0.5090 2.5625 2.4261
Ref. [3] —9.7459  0.5099 2.4859 3.1759 —13.9966 0.5488 2.5003 3.1595
Ref. [13] —12.5345 0.5011 2.0277 1.9964 —21.7207 0.5218 1.8191 1.9165
Ref. [14] —18.7254 0.5236 1.994 2 2.2023 —28.2675 0.5486 1.767 2 2.0415
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