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Abstract 

We propose a new method for combined color image segmentation and edge linking. The image is first segmented based on color 
information only. The segmentation map is modeled by a Gibbs random field, to ensure formation of spatially contiguous regions. Next, 
spatial edge locations are determined using the magnitude of the gradient of the 3-channel image vector field. Finally, regions in the 
segmentation map are split and merged by a region-labeling procedure to enforce their consistency with the edge map. The boundaries 
of the final segmentation map constitute a linked edge map. Experimental results are reported. O 1997 Elsevier Science B.V. 
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1. Introduction 

Image segmentation and edge-linking are long-existing, 
difficult problems in image analysis and computer vision. 
Image segmentation based on color or gray-level only 
usually fails to identify meaningful objects. Edge detection 
using classical approaches usually fails to extract connected 
edges. We, therefore, propose a new method which uses 
both color and spatial edge information to obtain more 
'meaningful regions', which are defined as regions with 
distinct colors whose boundaries coincide with connected 
spatial edges. The approach rests on the principle that the 
segmentation map which is an indicator of 'similarities' 
between pixels must be consistent with the edge map 
which represents 'discontinuities' between pixels. 

Recent approaches for color segmentation include 
clustering based on histograms [1,2], minimum volume 
ellipsoids [3], fuzzy C-means [4,5], competitive learning 
[6] and Gibbs random field (GRF) modeling in a Bayesian 
framework [7-121. Among early work using GRF is the 
method proposed by Wright [7] where each color com- 
ponent is segmented separately. More recently, Chang et 
al. [8] have extended the adaptive Bayesian segmentation 
approach of Pappas [9] using a space-varying image 
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intensity model to color images. Multiresolutic~n approaches 
using Markov random fields (MRF) have been proposed in 
[10,11]. In [12], Panjwani et al. employed MRF texture 
models for color image segmentation, where: textures are 
characterized in terms of spatial and color space inter- 
actions. For a more detailed review of gray and color 
image segmentation methods, the reader is referred to 
[13]. Edge detection on color images can be performed 
by: (i) detect edges in each color channel independently 
and then combine the results; (ii) detect edges in the 
luminance channel only; and (iii) detect edges based on 
the gradient of the 3-channel image field. Here, we employ 
the vector-gradient method proposed by Lee ,and Cok [14]. 

Prior art to integrate segmentation and edge detection can 
be classified as: (i) knowledge-based methods, (ii) pixel- 
wise Boolean methods, and (iii) region refinement methods. 
Most of the recent work belongs to the third class. Among 
these, Pavlidis et al. [IS] describe a method to combine 
segments obtained by using a region growing approach 
where edges between the regions are eliminated or modified 
based on contrast, gradient and the shape of the boundary. 
Haddon and Boyce [16] generate regions by partitioning the 
image co-occurrence matrix, and then refining them by 
relaxation using the edge information. Chu and Aggarwal 
[17] presented an optimization method to integrate 
segmentation and edge maps obtained from several 
channels including visible, infrared, etc.., where user 
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