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Abstract— The medical images usually bring different kinds of noise in process of receiving, coding and transmission. In this 

paper, the wavelet transform, curvelet transform and wave atom were used for denoising of medical images with gaussian 

noise. At first, we figure the digital implementations of three newly developed all-around representation systems. The paper 

aims at the analysis of denoising of images using wavelet, curvelet, wave atom transform over medical images. We seek 

these methods to the problem of reinstating an image from noisy image and compare the effects of denoising on image. The 

experimental results show the denoising method by wavelet transform is less effective than the other methods. We have used 

some registered sets of Medical Images like MRI, Ultrasound and quality parameters like MSE, PSNR to know the quality of 

image. 
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INTRODUCTION   

Enhanced medical images are desired by a surgeon to assist diagnosis and interpretation because medical image qualities 

are often deteriorated by noise. Medical image processing mainly based on grayscale transform and frequency domain 

transform. Image reconstruction plays an important role in signal processing. An image is often taint by noise in its 

accretion or transmission. The aim of denoising is to remove the noise from the corrupted image and retain as much as 

possible the important information. There are many methods for denoising, such as filtering method and smoothing 

method which comes under Fourier transform. But Fourier transform based spectral analysis is the dominant analytical 

tool for frequency  

domain persual and cannot provide any information of the spectrum changes with respect to time. Over the last two 

decades, there has been copious interest in wavelet, curvelet and wave atom methods for noise removal in signals and 

images. [1][5][7][8][9][14].Reconstruction  of medical images corrupted by Gaussian noise using wavelet techniques is 

effective because of its ability to capture the energy of a signal in few energy transform  

 

 

merit. But there are some limitations of wavelet while drape the line and curve singularities in the medical image. There 

are other transforms besides wavelet, namely, curvelet, ridgelet, and wave atom transforms [10]. The paper aims at the 

analysis of denoising medical images using wavelet, curvelet, wave atom transform.  

 

Gaussian noise- The ensign copy of amplifying noise is Gaussian, additive, free at each pixel and free of the signal 

intensity, caused mostly by thermal noise, including that which comes from the rearrange noise of capacitors. In color 

cameras where additional amplification is used , there can be more noise in the  channel. Amplifier noise is a most 

important component of the "read noise" of an image sensor [15]. 
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WAVELET, CURVELET AND WAVE ATOM 

A. Wavelet Transform and Denoising 

A wavelet is a waveform of an effectively limited duration that has an average value to zero. The transform is the 

essential transform for time-frequency description of analyzed signal as mentioned in the introduction. It can be used in 

different signal processing applications, e.g. signal compression, feature extraction, and noise suppression [10]. It gives 

details regarding the frequency content of a signal. It is the solution to the multi resolution problem. It has the important 

property of not having a set width sampling window. The transform can be broadly classified into continous wavelet 

transform, and discrete wavelet transform. The theory of wavelet transform is explained in many publications, a more 

detailed description of the wavelet transform and its properties can be found, for example, in [11].  The general wavelet 

denosing procedure is as follows: [ 3,7] 

1. Apply wavelet transform to the noisy image to produce the wavelet coefficients to the level which we can properly 

distinguish the signal and noise. 

Select appropriate threshold limit at each level and 

        threshold method (hard or soft thresholding) to best 

        remove the noises. 

Perform inverse wavelet transform of the thresholded 

        wavelet coefficients to obtain a denoised image. 

B. Curvelet Transform and Denoising 

Curvelets are a non-adaptive technique for multi-scale object demonstration. Being a conservatory of the wavelet 

concept, they are becoming accepted in similar fields that are in image processing and scientific computing. The Curvelet 

transform is a higher dimensional generalization of the Wavelet transform planned to represent images at different scales 

and different angles [12]. Curvelets can be obtained by partitioning the 2D Fourier plane into dyadic coronae and sub-

partitioning those into angular wedges. Curvelets generally obeys a parabolic scaling law at scale 2-j , every element has 

an effective support of width 2−j and length 2−j/2 . Present are two types of Curvelet Transform such as Curvelet Transorm 

via USFFT (Unequi-Spaced FFT) and Curvelet Transform via Wrapping. The Unequispaced FFT, wherever the curvelet 

coefficients are initiate by non-regularly sampling the Fourier coefficients of an image. In Wrapping transform, by means 

of a series of translations and a wrap around technique, mutually algorithms having the same outcome, but the Wrapping 

Algorithm gives an earlier computation time than USFFT. The Wrapping translation uses, a decimated rectangular grid 

aligned with the image axes. For a specified scale, there are essentially two such grids. The latest fast discrete curvelet 

transforms (FDCTs) [13] which are simpler, faster, and less redundant than existing proposals. The frequency 

localization of φj implies the following spatial structure: φj(x) is of rapid decay away from a 2−j by 2−j/2 rectangle with 

main axis pointing in the vertical direction. In the effective length and width obey the anisotropy scaling relation [12]. 
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Figure 1. Curvelet tiling of frequency and space. 

 

A. Subband Definitions  

We have partitioned the frequency domain into just 3 subbands, indexed by s = 1;2; 3. It is supportive to keep in mind 

that on a 256 *256 image, the standard discrete wavelet transform would offer 8 subbands, at levels j = 0; … ;7. The 

Curvelet truss s = 1 corresponds to wavelet subbands j = 0;1;2;3 in a way. Curvelet truss s = 2 corresponds to wavelet 

subbands j = 4;5 and truss s = 3 corresponds to wavelet subbands j = 6;7. The common rule of succession we are trying 

to implement in this way is:  

Curvelet subband s ↔Wavelet Subbands j ϵ {2s; 2s + 1} (1) so, in an implementation with n = 4096, we would have 5 

subbands, with s = 4 corresponding to j = 8; 9 and s = 5 corresponding to j = 10; 11 [13].  

B. Subband Filtering  

 

To in fact implement our decomposition into subbands, we use the wavelet transform. We initial decompose the object 

into its 8 wavelet subbands, after that to form Curvelet truss s, we perform partial reconstruction from those wavelets at 

levels jϵ{2s;2s + 1}. 

C.    Wave atoms and Denoising 

Wave atoms are a recent inclusion to the collection of mathematical transforms of computational eurhythmic analysis. 

They come either as an orthonormal basis or a tight frame of directional wave packets, and are particularly well suited 

for representing oscillatory design in images. They also provide a infrequent representation of wave equations, hence the 

name wave atoms. In continuous frequency, define 

𝑚 0 () =𝑒−𝑖2 [𝑒𝑖𝛼𝑚g(𝜀𝑚(-π(m+1/2)))+𝑒−𝑖𝛼𝑚 g(𝜀𝑚+1(+π(m+1/2)))                                                 (2) 

Where 𝛼𝑚= 
𝜋2(m+

12) and 𝜀𝑚 = (−1)𝑚 .The function g is a particular real-valued, compactly-supported C bump function 

chosen such that 

                              ∑  𝑚 |𝑚   0 (𝜔) |2 = 1                      (3) 

and such that translates  m (t  k)k form an orthonormal basis of L
2 

(R). Multiscale tilings can be obtained by 

combining dyadic dilates and translates of  𝑚   0 on the frequency axis. We need to introduce the subscript j to index 

scale, and write the basis functions as 

𝑚,𝑛𝑗 (x) = 𝑚𝑗 (x-2−𝑗n)=2𝑗2 𝑚   0 (2𝑗x-n)                   (4) 

To preserve orthonormality of the 𝑚,𝑛𝑗 (x) the profile g needs to be asymmetric in addition to all the other properties, in 

the sense that     
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                       g(-2-π/2) = g(π/2+) 

for ∈[-π/3,π/3], with g supported on [-7π/6,5π/6], As for characterize, note that the couple (j, m) refers to a point on the 

wavelet packet tree; the depth at that point is J j , where J is the maximum depth, and m can be interpreted as the 

number of nodes on the left at the same depth. The conveyance step is now 2 j at scale j, whereas each bump in 

frequency is supported on an interval 2 of length 2 j 2π.Within the limits of the Fourier uncertainty principle, a given 

atom 𝑚,𝑛𝑗 (x) centred in the (x,) space at 𝑥𝑗,𝑛=2−𝑗𝑛 ,  𝑗,𝑛=𝜋 2𝑗𝑚 

More precisely, the admissible values for m are in the interval [2𝑗−1 +1. . 2𝑗+1 +1] when j ≥2.The resulting basis of 

wavelet packets  𝑚,𝑛𝑗 (x) is orthonormal for 𝐿2 (R). Two-dimensional extraneous basis functions with 4 bumps in the 

frequency plane can be formed by individually taking products of 1D wavelet packets. Abbreviating µ (j,m,n) , where  

m (𝑚1, 𝑚2 ) and n (𝑛1, 𝑛2 ) , the products are 𝜑𝜇+(𝑥1,𝑥2,) = 𝑚1𝑗 (𝑥1-2−𝑗𝑛1) 𝑚2𝑗 (𝑥2-2−𝑗𝑛1) 

And 𝜑𝜇+(𝑥1,𝑥2,) =  H𝑚1𝑗 (𝑥1-2−𝑗𝑛1) H𝑚2𝑗 (𝑥2-2−𝑗𝑛1) 

where H denotes Hilbert transform.Then the recombination. 

              𝜑𝜇(1)
= 

𝜑𝜇++𝜑𝜇−2 ,     𝜑𝜇(2)
= 

𝜑𝜇++𝜑𝜇−2  

provides cornerstone functions with two bumps in the frequency plane, symmetric with respect to the origin, hence 

directional wave packets. Jointly𝜑𝜇(1)
 and 𝜑𝜇(2)

  form the wave atom frame and may be denoted jointly as  𝜑𝜇(1)
 

 

         Fig. 2. The wave atom tiling of the frequency plane.[13] 

 

THRESHOLD VALUE ESTIMATION 

The aim of the denoising algorithm is to find the best estimate x of an unknown signal x from a noisy observation of it y 

= x + b. Every element of the noise b is assumed to follow an independent normal law specified by a zero-mean and a 

known variance. [7][16] 

 In summary, wavelet, curvelet and wave atom denoising involves the following three main steps. 

 Transformation: Compute the coefficients by wavelet transform or curvelet transform or wave atom. 

 Threshold vale: Apply the proposed scheme to threshold the coefficients using the hard or soft thresholding 

techniques. 

 Inverse transformation: Perform inverse transformation on the thresholded coefficients. 

Let Signal be { fi, j ;i, j  1, 2,…, N} , where N is some integer power of 2. It is corrupted by additive noise an signal gi , j  

can be expressed as 
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               gi , j  fi, j  i, j ; i, j  1, 2,…, N} 

where i, j are independent and identically distributed (iid) as normal N (0, 2
) and independent f. Hard thresholding 

operator with threshold T is defined as 

 

And soft thresholding operator with threshold T is defined as 

D(gi , j ,T )  sgn(gi, j )* max(gi, j  T , 0) . 

The algorithms are evaluated by mean squared error (MSE)[17][18] and peak signal-to-noise ratio (PSNR) as a measure of 

quality of denoised image. MSE and PSNR are defined  respectively as 

             MSE = 
1𝑀𝑁 ∑ ∑ [𝑔(𝑖, 𝑗) − 𝑝(𝑖, 𝑗)𝑁𝑗=1𝑀𝑖=1 ]2, 

             PSNR = 10log(2552𝑀𝑆𝐸 )db, 

where g(i, j) is original image and p(i, j) is denoised image. 

EXPERIMENT 

Comparing the effects of three denoising methods, We firstly perform the experiments on the well-known MRI image 

(Fig. 1a). The image is used as test image with Gaussian noise level of 8. Experimental results show PSNR and MSE 

are improved with curvelet transform as compared to wavelet transform and wave atom frame (Table 1). Fig.1b shows 

the MRI image corrupted with Gaussian noise with . Fig. 1c shows the denoised image with wavelet transform. Fig. 

1d shows the denoised image with curvelet transform. Fig. 1e shows the denoised image with wave atom frame. 

 

(a) (b) 

 

(c )                                                 (d) 
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(e) 

Fig.1 MRI image denoising by using different methods. (a) MRI Image (b) Noisy image, (c) Denoised image by 

wavelet transform, (d) Denoised image by wave atom, (e) Denoised image by curvelet transform 

 

 

 

(a) (b) 

 
( c)                                            (d) 

 
(e ) 

Fig.2 Ultrasound image denoising by using different methods. (a)Ultrasound Image (b) Noisy image, (c) Denoised 

image by wavelet transform, (d) Denoised image by wave atom (e) Denoised image by curvelet transform. 

 

 

 
TABLE I. PSNR AND MSE OF NOISY AND DENOISED MEDICAL IMAGES 

   Methods MRI Images Ultrasound Images 

MSE PSNR MSE PSNR 

Noisy 540.02 18.00 2408.32 11.84 

Wavelet 61.2 25.45 450.42 18.22 

WaveAtom 60.62 25.49 229.23 21.23 

Curvelet 52.78 26.12 375.70 20.22 
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CONCLUSION 

In this paper, we make use of curvelet, wavelet and wave 

atom transform for denoising of medical images. We performed the experiments on two images, MRI and Ultrasound 

image. The experimental results show: 

 The denoising method by wavelet transform is worst in the three methods. 

 When the noise level is low, the effects of denoising by wavelet, curvelet and wave atom transform are 

equivalent. 

 When the noise level is high, the effects of denoising by wavelet transform are not satisfactory, and the effects 

of denoising by wave atom transform are best. 

The problem with hard thresholding is that by thresholding to zero all transform coefficients lower than given threshold 

causes crease near discontinuities. So we must further study on thresholding. 
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