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Abstract
The ability to compare two or more images, or finding duplicate images in a large collection, is a very
tricky matter. For this reason, all scientific research in this field are aimed at studying how to describe and
achieve what is best for quantifying the difference between two images because it's often needed in
automated visual inspection. In this paper, we propose an improved algorithm for 2D images comparing
based on Hausdorff Distance which is used to measure the degree of similarity or dissimilarity between
two objects to make matching more efficiently. In this case we used Genetic Algorithm wish is a powerful
and attractive procedure for function optimization, but the solution generated by this technique do not
guarantee to be the global optimal. A follow-up optimization scheme such as the line search method is
applied, which is capable of finding the minimum value of a unimodal function over a finite search
interval. The experimental results show that the proposed method is capable of matching 2D shape with
higher speed and precision.
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1. Introduction
All scientific research are aimed at studying how to describe and achieve what is best. One of the main problems
is to match a set of image or co mpare their informat ion. Shape matching designed to measure the similarity between
two given shapes using some distance measure. It p lays an important role in ma ny of today’s applications such
recognition, classificat ion, align ment and reg istration; citation of S.Belongie (2002), J.Wang (2012), X.Huang
(2006). Matching has been approached in a nu mber o f ways, including the generalized Hough transform (D.H.
Ballard 1981), geo metric hashing (G. Stockman 1987), the alignment method (D. Huttenlocher 1987), Fourier
descriptors (S. Loncaric 1998), wavelet transform (C. Jacobs 1995) and neural networks (S. Gold 1995).
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Traditional temp late matching based on relevant criteria (translation, rotation) requires extremely long
calculation. Therein several solutions were p roposed to optimize algorithms for measuring the resemb lance between
images which are an essential ingredient in shape matching (J-X.Du 2005, X.Zhu 2008).
Although the term similarity is often used, it corresponds to the notion of distance. The dissimilarity must be
small when two shapes contain similar regions, and the measure should not penalize for regions that do not match.
In our work we used Hausdorff distance which represents one of the important tool that applies to detect difference
between shapes (D-G. Sim 1999, D.P. Huttenlocher 1993).
Among the various algorith m of optimization, we have chosen the Genetic Algorith m that is introduced in the
1970s by John Holland and it is based on techniques derived fro m the genetic and evolutionary mechanis ms of
nature: crossover, mutation, selection. It has been successfully applied to a variety of optimization problems (K.F.
Man 1996) and is used to quickly find the optimal solution of the object matching. Ho wever, the solution generated
by this technique do not guarantee to be the global optimal. In order to remedy this problem, we used linear search
method (A.Ku mari 2012) to imp rove the accuracy of the object matching. It finds a particu lar value in a list that
consists of checking every one of its elements, one at a time and in sequence until the desired one is found.
The rest of the paper is composed as follows. Section 2 describes the operation of Hausdorff distance, lists its
properties and justifies its use. Section 3 present genetic algorith m method, its strategy and stages of
implementation, section 4 describes linear search method and shows its efficiently by proposed algorith m, in section
5 we present our results, we conclude in Section 6.

2. Hausdorff Distance
Felix Hausdorff German matheticien has developed a distance that returns a large value if the two compared
images is very different and small if they look alike. It can be defined by:
Given two finite sets A= {a1,…., ap} and B={b1,….,bq}. Hausdorff distance between A and B is defined as
follows:
H(A,B) = max( h(A,B) , h(B,A) )

(1)

Where h(A,B) ranks each point of A based on its nearest point of B and uses the most mismatched point. It is given
by:
h( A, B)  max min || a  b ||
(2)
aA

bB

h( B, A)  max min || b  a ||
bB

aA

(3)

Where ||.|| defined a certain distance range of scattered point sets, the article uses the Euclidean distan ce.
The Hausdorff distance is very useful as a d issimilarity measure between graphical objects, it returns zero if both
sets are identical, mo reover any object transformation (t ranslation, rotation, scaling …) can be taking into
consideration by searching for the min imu m of the directed Hausdorff distance between original object and
transformed one. It is well known that the Hausdorff distance is a metric that is satisfying identity, uniqueness, and
strong triangle inequality, with:





Non-negativity means d (A,B) ≥ 0.
Identity property says that d(A,B) = 0 implies A=B.
Symmetry is that d(A,B) = d(B,A).
Triangle inequality is d(A,C) ≤ d(A,B) + d(B,C) .

These properties can be used for a fast data base search, thanks to its, a b ig parts of a t ransformat ion pa rameters
space can be excluded fro m co mputation when, for examp le, we are seeking for a min imu m of the Hausdorff
distance between one object and geometrical transformation of another.
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3. Optimization model based on Hausdorff distance in shape matching
In this article, we main ly consider three parameters (x, y,θ) that represent respectively translation and rotation
transformation applied to the object. As shown in Figure 1,The key of shape matching is to find an optimal set of
those parameters (x, y,θ) for higher degree of matching.

Figure 1. Experiment with the object O and model M
Two main steps are included to determine parameters of the best match between shapes.



Establishment of a optimisation model
Solving the optimization model.

The direct comparison of the degree of similarity of the two large-size object edge image requires a very large
amount of calcu lation, in this case we deal with edge feature points instead of the edge point to c alculate Hausdorff
distance that reduces the computational complexity.
Let O is the object edge feature set of points, M is a feature point set of model edge, t = (x, y,θ) as a model
translation and rotation parameters. Problem searched using Hausdorff distance can be expressed as follows:
min H (t (M), O)

(4)

Usually the transformation t can be given by:

cos  sin  
x 
t (M )  
M   

sin  cos 
 y

(5)

4. Solving parameters of Matching
The existence of multip le local min ima in the search space by using equation (4) requires a lot of computing
time. Here we first use the genetic algorith m to accelerate the process of matching , then we use linear search
method to further improve search accuracy.

1.1 Genetic Algorithms
A genetic algorith m is a method for solving optimization problems based on a natural selection process that
mimics biological evolution. Unlike, Classical Algorith m that generates a single point at each iteration, Genetic
Algorithm generates a population of points, the best point in the population approaches an optimal solution.
To use it, three problems are to be solved, constructing fitness function, coding type, and choosing suitable
operators:


A principle of coding : data coding quality condition the success of genetic algorith m, in our case we use
gray code that has as a follo wing p ropriety : Between two elements n and n+1 one bit differs unlike the

1331

Proceedings of the International Conference on Industrial Engineering and Operations Management
Rabat, Morocco, April 11-13, 2017




binary coding that often use hamming distance as a measure of dissimilarity and this coding shows its
limits.
Initial population generation mechanism: The choice of this set is important because it can make
convergence more or less quick to global optimum.
The fitness function: Aims to provide a meaningfu l, measurable, and co mparable value g iven a set of
genes (set of pixels in our case). We p roposed this following function where we add the nu mber on e in
order to avoid null value in the denominator:
F(x,y,θ)=1/(1+H(t(M ),O)

(6)



Genetic operators: Generally, genetic algorith m is characterized by three types of operators: selection,
crossover, mutation that their objective is to achieve a better solution. In this paper, we assume tha t
population size (N = 50), the crossover rate (pc =1.0), mutation rate (p m) and (Gmax) the maximu m
iterative step (see table 1).



Init ialization and stopping criteria : the convergence condition can be of various kinds, in our case we have
combined the minimum rate wish we hope to attain and a computation time not be exceeded.

The algorithm can be resumed by this:
Step1: Initialization of points Set N

Step2 : Evaluating N

Step3 : Computing fitness function values
Non
Step4 : Applying genetic operators

Step5: Stopping criteria (Gmax is not reached)

Oui
Best Solution

1.2 Linear Search
Results obtained using genetic algorithm in the first stage will be treated by a linear search method which presents
a feasible solution for the decision variables as well as a reasonable computational CPU time . The main advantage of
this method is its ability to locate the near global optimal solutions for the fitness function with its strong criteria of
global convergence. In our work we propose this algorithm as follows:
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Algorithm1: Linear search ()
1. Set the initial search step g, shrink ratio step e, solver precision h
2. Set the initial variable value v i ( i = 1,2, ... n), n is the total number of variables.
3. While (search step size not less than precision h)
do (i = 1 to n)
{
4. Calculate the objective function value H (v i +g ), H (v i -g), H(v i )
if H (v i +g) < H (v i )
let v i = v i + g
else if H (v i -w) < H (v i )
let v i = v i - g
}
5. If (No more superior than the previous solutions may be obtained )
g
g/e

In the iteration start-up phase, a one-dimensional search selects a large step to speed up the convergence rate. Search
results gradually tend to be the optimal solution, thereafter, search step is gradually reduced until it meets the search
accuracy requirements. When e = 0.618, the search process for the golden section search; when e = 0.5, the search
process for binary search.

4. The experimental results
In this article, we use mat lab language to imp lement the methods described above. Input images resolution is
219x214. Genetic A lgorithms values and linear search parameters are as shown in Table 1, wherein the (x, y) range is
[-256,255] and θ range is [-π, π]. Encoding is using gray code; initialization of a gene is randomly generated.
To verify the affectivity of our algorithm, a lot of simulated experiments are performed. What follows is an example
of the simulations. Firstly, figure 2 presents feature point sets of M and O respectively.

Figure 2. Feature point sets of M and O

Our aim is to find optimal set of transformation parameters. In this experiment, the parameters of algorith m are set as:
N=50. After ranning our algorithm, the best chromosome is obtained and its corresponding affine transformation
parameters are presented in table 2. To give an intuitive observation, we plot T(M) together with O in figure 3, it is
easy seen that each matchable point approach its pairing point very near.
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Figure 3. Genetic algorithm implementation result
Using the linear search method the matching result is completely correct( figure 4).

Figure 4. Linear search implementation result
Our algorith m has been 20 independent operations; figures 5 and 6 present respectively each iteration of the genetic
search process and linear search results for two images mentioned above.

Figure 5. Illustrative diagram of average distance and evaluation
pixels according to two images M and O
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Figure 6. Iterative search and linear search results

Calculat ion errors, the measured average and running time of the algorithm of two search results are shown in table 2,
You can see that the average genetic algorithm stop running in the 84th, linear search iteration stops after 23 steps. It
must be pointed out that our optimization matching method based on genetic algorithm can achieve good result for
shapes matching, but it will cost much more computational time to obtain a better result; the other used method
(Linear search) compute much more fast. So, our proposition will be a good choice to optimize shape matching.
T ABLE 1. EXPERIMENTAL PARAMETERS
Parameters
Genetic search

N = 50
Gmax = 200
p c = 1.0

Linear search

g = 0.1
h

= 0.01

e = 0.618

p M = (0.2, 0.995)
L = 10

T ABLE 2. AVERAGE NUMBER OF SELECTED, CPU TIME AND OPERATING RESULTS
Average
number
genetic
algorithm
Llinear
search

CPU(s)

(x,y,d)

84

4.3

(-13.000,-10.500,2.552544)

23

0.4

(-13.206,-10.550,2.542287)

5. Conclusion
This paper presents an effective shape matching method based on Hausdorff distance. Our method can high
computing efficiency and good matching results because introducing of GA wh ich imp rove the optimal solution
search capability and linear such which improve the search accuracy. Our future research will focus in using windows
hausdorff distance instead of Direct one. Apply this method in registration.
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