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Abstract. We introduce a new approach to image decomposition and reconstruction. We propose a 
double filter bank structure, named the pyramidal directional filter bank,by combining the Laplacian 
pyramid with a directional filter bank. Contourlet transform is a multi-scale and multi direction 
method of two-dimensional image. It has the multi direction and multi resolution, local positioning, 
strong expressing ability and anisotropic features,compared to other multiscale geometric analysis 
method. The Contourlet transform is made up of decomposition by Laplasse Pyramid and directional 
filter. First of all, Laplasse Pyramid transform for image multiscale decomposition, get low pass and 
band-pass sampling image, difference map of original image and low-pass sampling image, namely 
the low-frequency sub image and high frequency component. Then,directional filter bank（ DFB） to 
high frequency sub-band decomposition into 2j directional subband. Multiscale decomposition of the 
low frequency subband repeated Laplasse Pyramid can realize image decomposition and multi 
direction, to avoid spills image low-frequency information effectively.This paper mainly introduces 
the working principle of contourlet transform, and also introduced the application of contourlet 
transform. 

Introduction 

Contourlet transform is based on Wavelet transform, contourlet transform is a method of image 
which is widely used in image processing. Advantages of contourlet transform with multi-scale and 
multi-resolution, can handle the one-dimensional signal effectively, but in the two-dimensional 
image processing have shown great limitations,it can not fully express the detail features of image 
edge and texture and so on.Contourlet transform improves the defect existing in wavelet 
transform,wavelet transform can only deal with the horizontal direction, vertical direction and the 
diagonal direction information. 

Contourlet transform can obtain the other direction information in additional to horizontal 
direction, vertical direction and the diagonal direction information.Contourlet transform preserves 
the idea of multi-scale wavelet transform, realizes the decomposition of arbitrary scale in an arbitrary 
direction. Contourlet transform is better to describe the image details, such as contour and texture 
information, optimize the effect of wavelet transform.Contourlet transform is an extension of the  
wavelet transform in the two-dimensional field, it uses a directional filter banks which can not be 
separated.Properties of multi scale and multi direction based on the contourlet transform.Make use of 
less coefficient of contourlet transform can capture the image edge information along 
one-dimensional contour of image.Compared with the wavelet transform model, contourlet transform 
changes model and allows us to combine the visual information of the three basic parameters of scale, 
space and direction together. Contourlet transform inherits the advantage of wavelet transform, which 
is the equivalent of a realization way of the other.  

The principle of Contourlet transform 
Contourlet transform which proposed by Do and Vetterli  is that a representation method of 

multiscale and multiresolution image, can efficiently capture the image edge and contour 

International Industrial Informatics and Computer Engineering Conference (IIICEC 2015) 

© 2015. The authors - Published by Atlantis Press 1185



 

information.Contourlet transform mainly includes two modules: Laplasse Pyramid (LP) and 
directional filter banks (DFB).Contourlet transform is the multiscale and multidirection transform of 
discrete image,in this transformation, analysis of several multi-scale and multi direction.In the 
Laplasse Pyramid decomposition,for the first time to capture the point continuity,then using the 
directional filter,to make continuous points into linear structure,finally a structure similar to the 
contour line is used to describe the image.DFB is used to capture the image of the high frequency 
part,in DFB rarely deal with the low frequency part,so to remove the low frequency part.We remove 
the low-frequency part of the sub image, by the method of multi resolution of Laplasse Pyramid , so 
the DFB can only deal with the high frequency part. Like wavelets, contourlets have a seamless 
translation between the continuous and the discrete worlds via a multiresolution analysis framework 
and iterated filter banks. 

In the Laplacian Pyramid decomposition at each level the original image happens in a high-pass 
and a low-pass filters. the resulting is a downsampled low-pass version of the original image, and of 
difference between the original image and the prediction.the contourlet transform is implemented 
efficiently via iterated filter banks with fast algorithms. Figure 1 shows the multi scale 
decomposition. 

Directional filter banks (DFB) are to decompose  according to the direction of signal.Directional 
filter bank for reconstruction is good,each level of high frequency components can be obtained by LP 
decomposition,the high frequency component make analysis of the direction,DFB has fully 
demonstrated the high frequency part, LP decomposition to decompose the signal into high frequency 
part and the low frequency part,Contourlet transform makes full use of the characteristic of both.In 
this paper,  low frequency sub image and high frequency sub bands were separated by using the 
Contourlet transform.Figure 2 shows pyramidal directional filter bank (PDFB) structure. Figure 3 
shows contourlet transform n levels decomposition. 

 
Fig.1 Laplacian pyramid scheme 

 
Fig. 2 PDFB structure 
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Fig.3 Contourlet transform n levels decomposition. (a)RGB image(b)Input gray image(c)Contourlet 
coefficients nlevels=0 (d)Reconstructed image nlevels=0 (e)Contourlet coefficients nlevels=2 
(f)Reconstructed image nlevels=2 (g)Contourlet coefficients nlevels=3 (h)Reconstructed image 
nlevels=3 (i)Contourlet coefficients nlevels=4 (j)Reconstructed image nlevels=4 (k)Contourlet 
coefficients nlevels=[0,2,3,4] (l)Reconstructed image nlevels=[0,2,3,4]. 
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Conclusion 
The result is called the contourlet transform, which provides a flexible multiresolution, local and 

directional expansion for images. The contourlet transform is realized efficiently via a double iterated 
filter bank structure. Contourlet transform overcomes the weakness of wavelet transform in dealing 
with high-dimensional signals. the original images are decomposed with contourlet transform.   
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