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Abstract 
Image compression Image Compression is the technique of reducing the data which represent the image. 

Hence, it reduces the size of an image. In order to compress the image different techniques are used. Wavelet 
transform and Curvelet transform are such type of transformation techniques used for multiresolution image 
analysis. In this paper we studied about wavelet transform and Curvelet transform and compare results of both the 
techniques. 
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I. Introduction
An image is essentially a 2-Dimentional signal 

processed by the human visual system. Images form the 
significant part of data, particularly in remote sensing, 
biomedical and video conferencing application. A digital 
image is basically a 2-Dimentional array of pixels. Each 
pixel contains either 8-bits or 16-bits and from the 
number of pixels image is differentiate by 8-bit image and 
16-bit image. As image contains array of pixel we need 
some memory for storing the image. 

In this paper, first we studied about image 
compression. Then we will see types of image 
compression. Followed by this we will see wavelet 
transform and Curvelet transform techniques. Next we 
will move on to results. After that we conclude which 
technique is best. 
 

II. Image Compression 
Image Compression addresses the problem of 

reducing the data which represent the image for the 
purpose of storing and transmitting the image. In other 
words, image compression is the technique of 
compressing the size of memory which is used to store 
an image. For compressing different techniques are used. 
According to application each technique has its own 
advantages and disadvantages. 

A typical image Compression system is shown 
in Fig.1. An encoder performs the reduction or 
compression of the data. Compressed image is transferred 
through the channel. At the receiver side compressed 

image is reconstructed using decoder.  As shown in figure 
X is the original image, Y is the compressed image and Z 
is reconstructed image [8]. Two performance parameters 
are important for defining image compression. 

 
Figure 1 Basic block diagram of Image Compression 
(1)  Compression Speed 
(2)  Compression ratio 

Compression speed of an algorithm termed as 
time required for compressing the image. Compression 
ratio is the ratio of the size of original image to the size 
of compressed image [7]. 
 
C.R. = n1/n2 
 
Where n1 = Size of original image 
and n2 = Size of compressed image 
 

The encoder block contains 3 blocks for 
compressing the data. Those are Transformation, 
Quantization and Entropy encoder. Hence, we can 
conclude that, 
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III. Type of Image Compression 
According to reconstructed image, image 

compression is classified into two ways. 
(1)  Lossy image compression 
(2)  Lossless image compression 

In lossy image compression, some of the data will 
be loss after decompressing the image. While in lossless 
image compression, decompressed image is nearly 
identical to original image. Another main difference 
between these two compression types is according to 
compression ratio. Lossy image compression has higher 
compression ratio compare to lossless image 
compression. Fig.2 shows difference between lossless and 
lossy compression. 

 
Figure 2 (a) Lossless Image Compression (b) Lossy Image 

Compression 
 

IV. Wavelet Transform  
Wavelet transform are based on small waves of 

varying frequency and limited duration, called wavelets. 
These wavelets generate orthonormal series of square 
integrable function called wavelet function ψ(x). The 
wavelet set ψj,k(x) and scaling function φj,k(x) is defined 
as 
 
ψj,k(x) = 2j/2 ψ(2jx - k) 
φj,k(x) = 2j/2 φ(2jx - k) 
 
The wavelet series expansion of function f(x) є L2(R) 
relative to wavelet ψ(x) and scaling function φ(x). 
 
f(x) = Σcj0(k) φj0,k(x) + ΣΣdj(k) ψj,k(x) 
where, 
cj0(k) = ∫ f(x) φj0,k(x) dx 
and 
dj(k) = ∫ f(x) ψj,k(x) dx 
If wavelet series expansion is being done by discrete 
values, the resulting coefficients are called discrete 
wavelet transform (DWT). The forward DWT 
coefficients for sequence f(n) : 
 

Wφ(j0,k) = 1/√M * Σ f(n) φj0,k(n) 
Wψ(j0,k) = 1/√M * Σ f(n) ψj,k(n)        for j >= j0  
Where, n=1, 2,..., M-1 
We can also write these functions as convolution of filter 
response h(m). 
Wφ(j,k) =  hφ(-n)* Wφ(j+1,n) 
Wψ(j,k) =  hψ(-n)* Wψ(j+1,n) 
From these equations we get analysis bank of fast wavelet 
transform as shown in fig.3 [7]. 

 
Figure 3 Two stage analysis bank of wavelet transform 

 
In wavelet transform, a signal passes through 

low pass and high pass filter bank followed by a 
decimation operation, along X dimension and Y 
dimension. Next image has been broken into four bands 
named LL, HL, LH and HH from above equations as 
shown in fig.4. Again low frequency band is passes 
through filter bank and the whole process can be repeated. 
In fig.4 frequency is divided into three levels [4] and [5]. 

 
Figure 4 Frequency bands after 3 levels of DWT 

decomposition 
 

V. Curvelet Transform  
In wavelet transform, there is limitation of 

representing discontinuity in edge using wavelet 
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transform. Curvelet transform is the solution of such 
problem. 
In 1999, curvelet transform was introduced by Candes 
and Donoho. The curvelet transform is a multiscale 
transform, with frame elements indexed by the location 
parameters. The curvelet is the extension of wavelet but 
there also exist correspondence between wavelet subband 
and curvelet subband. Curvelet function is defined as 
f(x1 : x2) defined on the plane (x1, x2) ϵ R2. 
Curvelet is based on combing of several ideas: 

• Ridgelets, a method of analysis suitable of objects 
with discontinuities across the straight light. 

• Multiscale ridgelets, a pyramid of windowed 
ridgelets. 

• Bandpass filtering, a method of separating an 
object out into a series of disjoint scales. 

Following figure shows the process of curvelet transform 
according to concept discussed as above.following 
nonlinear residual equations for Equations 9-11, 
respectively at nodes of internal domain A. 

 
Figure 5 Process of Curvelet Transfom 

 
The sub-band disassembly block is dividing the 

image into number of sub-band. These sub-bands are 
further divided into sub-blocks using smooth division 
block. Ridgelet division do partial transform using 
ridgelet transform. 
Curvelet coefficients can be obtained from scaling and 
windowing function. Window frame’s width and length 
is selected by the relation: 
Width = Length2 
                This is also called as curvelet scaling law. This 
law gives better advantage of curvelet transform over 
wavelet transform because wavelet coefficient window 
has directly proportional relation between width and 
length. Also there are other advantages of curvelet over 
wavelet transform like PSNR and edge representation. 
 

VI. Comparison Results  
Results of image compression measured using 

parameters like compression ratio, compression speed, 
PSNR etc. Some experimental results are shown here. 
Below figures shows comparison between curvelet and 
wavelet transformation for image compression. 
              Fig. 6 shows Barbara image with original image, 
reconstructed image using wavelet transform and 
reconstructed image using curvelet transform with 

compression ration 1:20. If someone sees closely then it 
can be clearly observe the qualitative difference between 
wavelet and curvelet based compression [4]. It can be 
also observe that curvelet reconstruction has higher 
sensitivity at edges i.e. at curve than wavelet 
reconstruction. Also curvelet transformed image does not 
contain the quantity of disturbing of artifacts that in 
wavelet transform image. 

 
 

 
 

Figure 6 (Top) Original Image (Barbara Image) 
(Bottom Left) Reconstructed Image using Wavelet 

Transform 
(Bottom Right) Reconstructed Image using Curvelet 

Transform 
Fig.7 shows original image of cameraman and 
reconstructed image using curvelet and wavelet 
transformation image. Compression ratio of the 
cameraman image is 8.19. Other experiments are also 
done and their results are shown in table 1 [5]. 
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Figure 7 (Top)Original Image(Camaraman image) 
(Bottom Left) Reconstructed Image using Wavelet 

Transform 
(Bottom Right) Reconstructed Image using Curvelet 

Transform 
 

Table 1 : Comparison between Wavelet and Curvelet 
Transform using parameters PSNR and Compression Ratio 

[4] and [5] 
SR. 
NO. 

Compression 
Ratio 

PSNR in dB 

  Wavelet 
Transform 

Curvelet 
Transform 

For Barbara image 
1 10 28.7499 32.6106 
2 50 22.9075 26.0476 
3 100 21.2750 24.0100 
For Cameraman Image 
1 5.04 16.1 21.08 
2 6.55 15.7 16 
3 8.19 13.3 15.3 
 
 

VII. Conclusion 
We can conclude from the above studies that 

recently used techniques for image compressions are 
wavelet transform, curvelet transform etc. From 
experimental results we can say that curvelet transform 
gives better results. Also it can be conclude that curvelet 
and wavelet transforms are used to not only image 
compression but also for multiresolution image 
processing like image denoising, image restorations, 
video processing etc. These are mathematical 
transformations. So, According to different scales these 
are used for lossy as well as lossless compression. 
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