
   
Abstract—This paper proposes an optimized mathematical 

model for linear feature extraction from satellite images. The 
model first uses the Ant Colony Optimization (ACO) to detect 
the edges from the satellite image. Next the line plausibility 
map is used as the external energy in a snake model to identify 
and extract the linear features like roads edges in image. Our 
approach is validated by a series of tests on satellite images. 
 

Index Terms—Ant colony optimization, image edge 
detection, road, satellite image, snake, line plausibility map. 
 

I. INTRODUCTION 
In the last years, many approaches developed to deal with 

detecting linear features on satellite images [1]–[10]. Snakes, 
also called Active Contour Models, were introduced by 
Kass [11], and are used for extracting linear features in 
images. Compared with other extraction methods for linear 
features, the main advantage of snakes is that geometric 
properties of the features can be embedded constraints and 
used directly to guide the search in road extraction. This 
paper proposes an improved approach based on the ant 
colony optimization algorithm to detect the edges in the 
image and used as external forces in the snake model. In 
summary the innovation aspects insist in the ant colony 
optimization solution in the snake model.  

At the rest of this paper, section 2 illustrates material and 
method. The experimental results will be given in section 3 
and finally section 4presents the conclusions and remarks.  
 

II.  MATERIAL AND METHOD 

A.  Line Plausibility Map Extraction 
The edge information and line plausibility map in snake 

model is detected by Ant colony optimization (ACO) 
method. The aim of the Ant Colony optimization is 
iteratively find the best solution of the problem through a 
guided search over the solution space, by constructing the 
pheromone information. Suppose totally K ants are applied 
to find the best solution in a space χ that consists of M1 × 
M2 nodes. There are two basic issues in the ACO process; 
that is, the probabilistic transition matrix )(np  and the 
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update of the pheromone matrix )(nτ .First, at the n-th 
construction-step of ACO, the k-th ant moves from the node 
i to the node j according to a probabilistic action rule, which 
is determined by [12] 
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where  1

,
−n
jiτ  is the pheromone information value of the arc 

linking the node i to the node j;  iΩ  is the neighborhood 

nodes for the ant  ka   given that it is on the node i; the 

constants α and β represent the influence of pheromone 
information and heuristic information, respectively; ji ,η
represents the heuristic information for going from node i to 
node j, which is fixed to be same for each construction-step. 
Second, the pheromone matrix needs to be updated twice 
during the ACO procedure. The first update is performed 
after the movement of each ant within each construction 
step.  To be more specific, after the move of the k-th ant in 
the n-th construction-step, the pheromone matrix is updated 
as [12] 
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where ρ is the evaporation rate and )(

,
k

jiΔ  is determined by 

the heuristic matrix; that is, ji
k

ji ,
)(

, η=Δ  .The second update 

is performed after the move of all K ants within each 
construction-step; and the pheromone matrix is updated as 
[12] 
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whereψ  is the pheromone decay coefficient. There are two 
issues in the construction process. The first issue is 
determinating the heuristic information ji ,η  in (1). In this 

paper, it is proposed to be determined by the local statistics 
at the pixel position (i, j) as 
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(c) 

Fig. 3. (a) original image, (b) line plausibility map, (c) extracted road 
vector 

 
For geometric accuracy assessment of the snake-Ant 

algorithm the road edges are extracted both manually as 
reference or ground-truth and automatically so that the 
accuracy of results could be assessed. To measure the 
impact of the restoration step, the snake localization process 
is achieved before and after restoration.  Since the ground-
truth is known, a quantification of the localization 

Error is possible for both cases. Indeed, the obtained 
results are sampled and compared to the ground-truth 
vectors. This is achieved by measuring the average distance 
between the ground-truth and the obtained results as follows: 
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where ),( ii yx the coordinates of the obtained solution 

using the snake–Ant, and ),( t
i

t
i yx  are the coordinates of 

the ground-truth roads. Table I gives the obtained value for 
experimental. 
 
TABLE I: AVERAGE DISTANCE BETWEEN THE OBTAINED SOLUTION AND 

THE GROUND –TRUTH 
Experimental      D (Pixel)                            1.32    

                                                               
 The result showed that the proposed method is efficient 

in automatic linear feature extraction in satellite images.                                                                                             
 Conclusions 
This paper developed a snake-ant model, for identifying 

and extracting linear feature such as road edges from the 
satellite images. Ant colony optimization (ACO) was first 
introduced to detect the edges from the satellite images. The 
ACO-based edge detection approach was able to establish a 
pheromone matrix and line plausibility map that represents 
the edge information at each pixel position of the image. 

Next the line plausibility map was used as the external 
energy in the snake model to extract the linear features like 
roads edges from images. 

The accuracy of the extracted road vectors was evaluated 
both visually and quantitavely. From viewpoint in visually, 
the extracted roads was close to the roads on the original 
image. From viewpoint in quantitavely, the statistical results 
confirmed that the proposed approach is also efficient with 
average accuracy about 1.3 pixels. 
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