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ABSTRACT 
 
A medical image has dominated the compression techniques 
since it requires to have a smaller size of the image and should 
maintain the relevant diagnostic information. Reducing the 
size of the image, directly give impact to the transmission 
speed. This paper presents an approach towards compression 
algorithm development using discrete curvelet transform. 
Curvelet functions signify functions which have 
discontinuities along straight lines where wavelet functions 
are not properly worked. The curvelet transform algorithm 
were synthesized using MATLAB and various medical 
modalities such as computed tomography (CT), magnetic 
resonance imaging (MRI) and ultrasound are used as a 
sample’s medical images. The results obtained clearly 
identify that discrete curvelet transform algorithm gives a 
good quality for the reconstructed images.  
 
Keywords: Curvelet transform, MATLAB, medical image 
compression.  
 
1. INTRODUCTION 
 
In a high-tech world, various types of medical imaging 
modalities are used to assist diagnosis and analyze the 
diseases inside the human body [1]-[3]. The increasing 
number of patients annually will potentially increase the 
medical data generated. In addition, a fact of the standard 
image has a smaller size compared to the medical image has 
proved that a large data storage is required in medical 
imaging applications. 
 
The higher usage of medical imaging contributes a massive 
amount of volumetric data for storage. The growing amount 
of medical image data is overwhelming over the world. In 
essence, assume if the size of the medical data is increasing 
every year. Therefore, to transmit a large size of medical 
image with limited speed range will requires more than one 
second. Moreover, a big data storage is needed to store the 
image data for further analyzing [4]. 

 
 

 
A novel image compression technique using features of 
curvelet transforms is proposed to advance the efficiency and 
compression performance of the medical imaging. Certainly, 
the curvelet transform is a non-adaptive technique developed 
for multiscale transforms. It was developed to overcome the 
limitations of the wavelet transform and become a well-liked 
algorithm especially in signal and image processing system. 
Curvelets was developed to address the edge representation 
problem where it is more efficient in representing edges and 
other singularities along the curve compared to wavelet.  
 
2. CURVELET VERSUS WAVELET TRANSFORM 
 
Due to limitation on wavelet, curvelet was developed to 
overcome the limitations on wavelet transform. The 
interesting characteristics about curvelet transform are: 
 

i.     Anisotropic scaling principle.  
ii.     Multiscale geometric transform. 
iii. Special microlocal features. 

 
Figure 1 depicts the main differences between curvelet and 
wavelet transform. As shown in Figure 1(a), there are a lot of 
coefficients required to covers for the edges. Whilst, less 
coefficients are needed to account the edges as depicted in 
Figure 1(b). 
 

 
(a) (b) 

Figure 1: The different between wavelet and curvelet in 
sparse approximation 
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3. THEORY OF CURVELET TRANSFORM 
 
3.1 First Generation 
 
The first generation of curvelet transform is called 
Continuous Curvelet Transform, where it used a complex 
algorithm of Ridgelet transform of an image [5]. The 
algorithm was modified in 2003 due to slow performance. 
Thus, to increase the speed and reduce the redundancy of the 
transform, the use of the Ridgelet transform is eliminated.    In 
general, all curvelet transform may fall into one of these three 
categories [6]: 
 

 
(a) (b) (c) 

 
Figure 2: Category of curvelet transform 

(a) Magnitude is equal to zero, when there is no intersect 
between the length-wise supports with the 
discontinuity.  

(b) Magnitude is close to zero, when there is an intersect 
between the length-wise support with the 
discontinuity. 

(c) Magnitude is larger than zero, when there is an intersect 
between the length-wise support with the tangent of 
the discontinuity. 

 
3.2 Second Generation 
 
The second generation curvelet transform is called as Fast 
Discrete Curvelet Transform (FDCT). There are two methods 
than can be used in FDCT implementations which are 
Unequally Spaced Fast Fourier Transform (USFFT) and 
frequency wrapping. Even though both methods will give the 
same output, but the frequency wrapping method offers a fast 
implementation.  
 
Essentially, Fast Fourier transform (FFT) algorithm consist in 
the discrete curvelet transform process and it has a 
multi-resolution analysis. In addition, the convolution 
process in the discrete curvelet transform involves the Fourier 
domain. After the discrete curvelet transform computation 
process is done, the curvelet coefficients are generated. To get 
the curvelet coefficients, both forward and inverse FFT are 
utilized in the computations [7].  
 
A series of translations is touch with the frequency tiles before 
the inverse Fourier domain is applied [8-11]. As illustrated in 
Figure 3, the spectral partitioning method is done to generate 
the curvelet coefficients. It contains three sections which are 
coarse, detail and fine. The low, intermediate and high 

frequencies allocated at the rough, detailed and soft levels 
respectively. 
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Figure 4: Curvelet based on frequency wrapping technique 
 
3.3 Wrapping-based Discrete Curvelet Transform 
 
Generally, the wrapping method use a decimated rectangular 
grid and has faster computation time compared to USFFT 
method. The oversampled curvelet coefficients is defined by: 
 

   
,݆)ܱ,ܦܿ ℓ,݇) =

1
݊2  መ݂[݊1 ,݊1]

݊1 ,݊2∈ܴ݆ ,ℓ

෩ܷ݆ ,ℓ[݊1 ,݊2]e21ܴ/1݊1݇)݅ߨ,݆  + ݇2݊2/ܴ2,݆ ) 
(1) 

 
where the symbol O and D represents Oversampled and 
Digital respectively. A rectangle of size R1,ℓ × R2,ℓ   and 
consists Pj,ℓ of are represented as Rj,ℓ symbol. The coefficients 
cD,P(j,ℓ,k) is generated by assuming the R1,ℓ and R2,ℓ  divide the 
image of size n. Then, the convolution process of curvelet and 
signal f(t1,t2) are applied. Furthermore, the curvelet 
coefficients are down-sampled and relabeling the frequency 
samples of the form: 
 

݊1
′ = ݊1 + ݆,1ܮ1݉  (2)

݊2
′ = ݊2 + ݆,2ܮ2݉     (3) 

 
Generally, the steps for the curvelet wrapping-based method 
is described as follows: 
 
(a) 2D FFT is applied to the input image. 
(b) Divide the interval of the frequency into digital corona 

tiles. 
(c) For each corona tiles: 

(i) Translate the tile by performing the multiplication 
of polar wedge with the Fourier samples.  

(ii) Wrapping the parallelogram shaped which is 
formed by a tile around a rectangle at the origin. 

(iii) Apply inverse FFT. 
(iv) Sum the curvelet array to the collection of curvelet 

coefficients. 
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3.4 Image Compression Algorithm Based on Curvelet 
Transform 
 
Three basic processes of image compression include 
transformation, quantization and entropy coding. This paper 
focuses on the transformation part which explores the 

advantages of curvelet transform. Moreover, by using FDCT, 
the curvelet coefficients were generated from the original 
image decomposition. Figure 5 illustrates the proposed 
architecture for medical image compression system. The 
curvelet transform coefficients are generated using the 
wrapped method. 
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 Figure 5: The proposed system using curvelet transform algorithm 

 
 

4. RESULTS AND DISCUSSION 
 
Two parameters are used to evaluate the simulation results 
which are MSE and PSNR. Moreover, the quality of the 
reconstructed image is compared with the original image. The 
value of MSE is calculated using the following formula: 

ܧܵܯ =
1
ܰܯ

,݅)ݕ] ݅)ݕ\(݆ ,݆ ) ]2 
  (4) 

 
Whilst, the PSNR of a gray scale image with size of 8-bits per 
pixel is defined as: 

ܴܲܵܰ = 10 log10 ቈ
2552

ܧܵܯ
 

  (5) 
 

Various type of medical images such as CT, MRI and 
ultrasound was used to synthesize the algorithm development 
in MATLAB®. Figure 6 (a)-(c) shows the simulation results 
whilst Table I records the performance values in terms of 
MSE and PSNR.  

 

 
(a) Ultrasound fetus image 

 

 
(b) MRI brain image 
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(c)  CT brain image 

Figure 6: Simulation results 

Table I: Parameter Evaluations 
Images MSE PSNR (dB) 

Ultrasound fetus  1.64 46.02 
MRI brain 28.86  33.56 
CT brain 36.44 19.49 

 
The results shown in Table I clearly indicates that curvelet 
transform algorithm provides higher PSNR values. Moreover, 
the quality of the reconstructed images is acceptable as 
illustrated in Figure 6. 
 
5. CONCLUSION 
 
In this paper, a wrapping-based of discrete curvelet transform 
method was proposed for medical image compression system. 
Although this paper presents a review of curvelet transform 
comprehensive insight into the different applications where it 
is being applied to. With more passionate research and 
expansion of scope, curvelets can be applied to diverse fields 
especially on medical imaging, so that revolutionary results 
can be obtained. Various types of medical images are used and 
verify that the discrete curvelet transform algorithms are 
suitable to be implemented with medical images.  
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