


  

again, the more time the pheromones have to evaporate. A 
short path can be passed over faster, and thus remains high 
pheromone intensity as it is laid on the path as fast as it can 
evaporate. If there is no evaporation at all, paths chosen by 
the first ant will tend to be excessively attractive to the 
following ants. In that case, exploration of a solution space 
should be constrained. Positive feedback eventually leads all 
the ants following a single shortest path to the source. It is a 
self-organized stigmergy system where ants will exchange 
information indirectly by depositing pheromones [11]-[15]. 

Some Canny edge detectors and ACO schemes are 
proposed for different engineering applications [10]-[15]. 
For example, Canny edge detection uses bilinear 
interpolation and tri-linear interpolation to convert between 
square and hexagonal structures. The estimated pixel edge 
strength on the square structure is used for the Canny edge 
detection, which improves the accuracy and efficiency [11]. 
Fuzzy-Rule-Based systems via continuous ant-colony 
optimization has been designed. It uses an online-rule-
generation method to determine the number of rules and 
identify suitable initial parameters for the rules and then 
optimizes all the free parameters using continuous ACO. 
ACO improves the path-selection method and this approach 
optimizes parameters in the continuous domain with greater 
learning accuracy [12]. ACO is used to find solutions to 
combinatorial optimization problems. An ACO edge 
detection technique establishes  a  pheromone  matrix  that  
represents  the  edge information  at  each  pixel  based  on  
routes  formed  by  ants dispatched on the image, missing 
edges are clearly observed, however [13]. ACO is also 
applicable for optimizing regulator circuits with discrete 
components. An extended ACO can search for the optimal 
continuous values of components like inductors to optimize 
power electronic circuits via the orthogonal design method 
[14]. Furthermore, ACO has been used for forecast 
construction management which produces good optimal and 
suboptimal solutions [15]. In this research, the roles of two 
enhanced algorithms will be investigated for edge detection.  

 

II. ARTICLE OUTLINE 
The adaptive Canny edge detector will introduced at first, 

followed by the enhanced scheme of ACO. Using a set of 
digital images, the detected images from two enhanced 
schemes will be examined from qualitative and quantitative 
points of view, which are used to further determine the 
image processing quality. The source digital images selected 
are pictures of the Eiffel Tower in France, the Corner 
Pavilion in China, the Kofukuji Pagoda in Japan and the Sun 
Pyramid in Mexico, in which all objects are dominant 
components. 

 

Fig. 1. Source Image of Eiffel Tower 

 
Fig. 2. Source Image of Corner Pavilion 

 

  
Fig. 3. Source Image of Kofukuji Pagoda 

 

 
Fig. 4. Source Image of Sun Pyramid 

 

III. ENHANCED SCHEME FOR CANNY EDGE DETECTOR 
The Canny edge detector detects edges at zero-crossings 

of the second order directional derivative of the image. The 
Canny operator is implemented step by step and it uses an 
optimal Gaussian smoothing filter beforehand. 
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The digital image is smoothed by Gaussian convolution.  

H(x, y) = G(x, y) * I(x, y)  (2) 

where G is Gaussian smoothing filter; I is the intensity of 
the original image, H is the intensity of the smoothed image, 
* denotes convolution operation. The 2D first order 
derivative operator is applied to the smoothed image to 
calculate both the gradient magnitude and direction. 

The edge location is then computed at the local optima of 
first order derivative of  H(x, y) in the direction n, which is 
the zero-crossing point of the second order derivative of 
H(x, y). The edge direction is rounded to one of eight angles 
to representing vertical, horizontal and diagonal directions. 
Non-maximal suppression is then applied to the gradient 
image. Accordingly, the edge points that gradient magnitude 
(strength) reaches a local maximum are located. 
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