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Improved watershed image segmentation method based on
adaptive structural elements

FANG Chao, WANG Xiaopeng, LI Baomin, FAN Weiwei

(School of Electronic and Information Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract; Image segmentation is to divide the region with special meanings into several disjoint sub-regions
according to certain rules, which is the key link between image processing and image analysis. The traditional
watershed image segmentation method is widely used, which has the advantages of fast and simple. However, it is
easily interfered by noise, and the segmentation results are prone to lose important edge information, resulting in
over-segmentation. In view of the problem of the traditional watershed image segmentation method, an improved
watershed image segmentation method based on adaptive structural elements was proposed. First, the adaptive
structural elements with variable shapes were constructed by using local density, symmetry, and boundary features
of adjacent pixels of image targets, so as to ensure a good consistency between the proposed structural elements and
the shape of image targets. Then, the adaptive structural elements were used to obtain the morphological gradient of
the image, which could improve the positioning accuracy of the target edge. The L, norm gradient minimization and
morphological open-close hybrid reconstruction were used to modify the gradient image, so as to reduce the local
invalid minimum points in the gradient image and suppress the occurrence of over-segmentation. Finally, watershed
segmentation was performed on the modified gradient image to realize accurate segmentation of the target region of
the image. Experimental results show that the method could effectively restrain over-segmentation of traditional
watershed algorithm and improve the accuracy of the target edge positioning, with high precision of image
segmentation.
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Fig. 1 Flow chart of improved watershed image segmentation
method
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Fig.2  Construction of adaptive structural elements
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Fig.4 Calculation process of smoothing based on vector field of neighborhood gray difference variation ( partial image )
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Fig.6 Indexes calculation for adaptive structural elements construction
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Fig.7 Results of morphological gradient operation and boundary extraction on binary image
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Fig.8 Extracted edge of binary image by morphological gradient operation
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Fig.9 Results of improved watershed segmentation with adaptive structural elements on color images
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Fig. 10  Results of improved watershed image segmentation with different structural elements of color images
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Fig. 11 Results of improved watershed image segmentation with different structural elements of color images ( binary image)
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Tab.2 Comparison of indexes of improved watershed segmentation with different structural elements
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