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Abstract. Image matching solves the identification of identical regions between images in a moving 
image sequence that is collected by a CCD camera. Through image feature region matching, 
micro-displacement and micro-angular displacement can be measured based on digital image 
processing. In the paper, a shape function is presented to process the feature regions, and a compactly 
supported biorthogonal wavelet filter is constructed to match the feature regions. Test results show 
that the approach can effectively identify the same feature regions between the images in the moving 
image sequence. Matching errors are also analyzed and the approach is proved to be feasible. 

Introduction 
The description and matching of feature regions in images is to recognize the tiny relative 

displacement between the adjacent images captured by a CCD camera. From the computation of 
displacement of image, the movement of the CCD camera can be got inversely. Through the 
preprocessing and edge extraction, the feature regions in the images can be described as a 
non-periodic curve function that is made of discrete edge points. Using the non-periodic curve 
function and multi-resolution analysis of Compactly Supported Biorthogonal Wavelet, it is possible 
to describe and match the feature regions and to calculate the displacement of the CCD camera [1]. 

Discrete expression of a profile 
An edge of any closed area in an image is defined as Ω, it is composed of a group of discrete points, 

i.e., { } 1

M
n n

a
=  . The coordinates of the discrete points are {(xn, yn)}. In order to get the periodic function, if 

aM+i=ai , the closed curve can be approximated by a closed polygon. The feature of the polygon can be 
decided by the distance between each discrete point and its central point. A shape function [2] can be 
obtained using the orthonormal arc length. The function has the translation, scaling and rotation 
invariants. 

Feature matching of the shape function 
The feature function of the closed curve is a periodic function of its arc-lengths. The feature 

function is an oscillating and non-smooth function, it is efficient that using Compactly Supported 
Biorthogonal Wavelet to describe the feature function. [ ]0 ,1X  is a square integrable space， the period 

of the square integrable space is 1. ( )P
jk xψ  and ( )P

jk xϕ are basic functions of jW  and jV  where jWis the 

wavelet space and jV is the scale function space. For the function ( ) [ ]0,1f x X∈ , { }2 1

0
,

j
p
jk k

f ψ
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=  is the j  level of 

wavelet coefficient, ,j P
k jks f ϕ= , and ,j p

k jkd f ψ= . In applications, it is possible to distinguish ( )f x  by the 
j  level of wavelet features. If the top level of { }1J

ks
+

 is determinate, the lower levels of { }J
ks  are got by 

using fast arithmetic. The simple algorithm of { }J
ks  is as below. 
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 can be pre-set. Herein, { },n nx yΩ =  and { },n nx yΩ =  are two closed curves in the 

same plane, { }jkd and{ }jkd are the wavelet features of the feature function. According to comparison 
methods, the matching formula is as below. 
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The range of ( )E j  is [ ]0,1 . When 
jj
kkd d= , the value of ( )E j  is 1. If ( )0

jj
kkd td t= − > , the value of ( )E j  is 0. For the 

difference between low and high frequency components, the matching effect is different. The 
matching formula is defined as below. 
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Herein, Ω  is got from the transformations of Ω. The transformations include translating, rotating 
and scaling. So M(J)=1(J=0,1,2,…).  

Construction of Compactly Supported Biorthogonal Wavelet 
The Compactly Supported Biorthogonal Wavelet is built to resolve the matching problem of 

feature regions. The frequency domains of biorthogonal scale function and wavelet function are as 
below [3,4]. 
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If the biorthogonal scale functions such as ( )tϕ  and ( )tϕ  are defined as below, ( )H ω  and ( )H ω  are 
determined. 

( ) ( )iG e Hωω ω π−= +
                                                              (5) 

( ) ( )iG e Hωω ω π−= +
                                                          (6) 

Herein, ( )H ω  and ( )H ω  are as below. 
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Herein, 1K= , 3K =  and ( )cos 1Q ω ≡
. The expression of ( )H ω  and ( )H ω  are as below. 
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The resulting low-pass filters are shown in table 1. The high-pass filters are shown in table 2 and 

3.[5] 

Table 1 Low-pass filter nh  and nh  
 n  0 1± 2±

3±
4±  

3K=
1K =

nh  

nh  

5
2

16
77

2
32

15
2

64
 

7
2

32
−

3
2

32
 

56
2

64
−

1
2

64
15

2
32

 
 

5
2

64
−  

Table 2 High-pass filter ng  

n -2 -1 0 1 2 3 4 

ng 2

64
−  3 2

32
 15 2

64
− 5 2

64

15 2

64
− 3 2

32
 2

64
−  

Table 3 High-pass filter ng 
n  -3 -3 -1 0 1 2 3 4 5 

ng

 5 2

64
−  15 2

32
−  56 2

64
− 7 2

32

77 2

32

7 2

32

56 2

64
− 15 2

32
−  5 2

64
−  

Experiment of Feature Matching 
The scheme of repetitive confirmatory tests is designed that includes 100 times of back-and-forth 

movements carried out by a stepping motor. The stepping motor is controlled by the program that is 
developed for the research. Each movement includes 9 times of single-step movement and total 
number of steps is 900 times of single-step movement. The results show that the movement of the 
feature regions distribute from four to eight pixels. The cause of distribution is the limit of 
experimental conditions. The location precision of the platform used in the experiment is 0.05mm and 
the repetitive positioning precision is 0.03mm. The image precision of 0.08mm is very close to the 
precision of the platform. So the insufficient precision of the platform is the main reason of the 
distribution. Fig.1 displays the data distribution of movements in pixels. It is clearly shown that the 
displacements symmetrically distribute around the mean value. The improvement of the precision of 
measurement system is needed to achieve micro-displacement measurement. 

For all these reasons, the describing and matching approach could define the feature regions. The 
corresponding relation of movement between the CCD camera and the feature regions is built. Thus, 
the movement of the CCD camera could be calculated by the movement of the feature regions. 
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Fig.1 Experimental results 

Conclusion 
The paper presents Compactly Supported Biorthogonal Wavelet to describe and match the feature 

regions. The experiments clearly show that Compactly Supported Biorthogonal Wavelet can 
uniquely describe the edges of the feature regions. In the process of feature region description and 
matching, the relative displacement of feature regions is solved and the displacement of the CCD 
camera is also solved. Finally, it needs to be mentioned that the precision of displacement solution is 
insufficient. It is necessary to use high precision sub-pixel location technology to increase the 
measurement accuracy of the CCD camera. 
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