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Abstract—This paper proposes a method for image 

denoising in the filter domain based on the 

characteristics of the Empirical Mode Decomposition 

(EMD) and the wavelet technique. The proposed 

method uses the EMD to the decomposition and double 

density wavelet to filter components. Our experimental 

results show that these image denoising methods are 

more efficient than the wavelet denoising method. 

Finally, the PSNR (peak signal noise ratio) and the 

visualization of the denoising image are used as 

performance comparison indexes. 
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I.      INTRODUCTION 

Generally, noise reduction is an essential part of 
image processing systems [1]. An image is always 
affected by noise in its capture, acquisition and 
processing. This denoising is used to improve the 
quality of corrupted by a lot of noise due to the 
undesired conditions for image acquisition. Generally, 
the image quality is measured by the peak signal-to-
noise ratio (PSNR) or signal-to noise ratio (SNR) [2]. 
Traditionally, this is achieved by linear processing such 
as Wiener filtering. A variety of methods has emerged 
recently on signal denoising using nonlinear techniques 
in the case of additive Gaussian noise [3]. 

 Wavelet technique is the important method of 
denoising in Image Processing [4]. They make it 
possible to analyze and identify discontinuities of a 
signal to one or two dimensions and on different scales. 
This feature is used for denoising field. However, a 
limitation of the wavelet approach is the need to 
predefine the basic functions necessary for the 
decomposition of the signal. Recently, Huang 
introduced the EMD method decomposition into sub-
bands, local and self-adapting for analyzing non-
stationary signals [5]. 

  In this contribution, we combine the Wavelet and 
EMD techniques to denoising images as a new 
approach. This contribution uses the EMD as a method 
of decomposition and the wavelet as method of image 
denoising. 

This paper is organized as follows: In Sec.2 we 
describe the new approach: the Empirical Mode 
Decomposition (EMD) based in wavelet technique. 
Sec.3 presents the evaluation criterion. In Sec.4, the 
experimental results of this proposed method are 
presented. Finally, concluding remarks are given in 
Sec.5. 

II.     EMPIRICAL MODE DECOMPOSITION BASED IN 

WAVELET TECHNIQUE 

     This is a new filtering method realized in three steps 
to reduce the noise in images.  An edge detector is used 
primarily to detect the directions of the image edges. 
Then, the decomposition is performed by an Empirical 
Modal Decomposition approach [6]. The resulting 
images were smoothed along the four directions (each 
image is smoothed in contour direction):  horizontal, 
vertical and diagonals (right and left). Finally, the 
image is reconstructed as it from different direction; 
i.e. the image pixel smoothed along the horizontal 
direction is used to reconstruct the same direction 
image, and so on. If a contour is not detected, then the 
average of the smoothed images in the four directions 
is used to reconstruct the image. Note that the choice of 
pixels used is based on the direction of the founded 
contour. 

A. Detector contours in the EMD 

An image contour is defined as the sudden change 
of intensity of the scene. In our case, we propose a 
methodology for detecting edges in the different 
orientations using the vicinity of a pixel P (i, j) 
(Figure.1). 
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Figure  1.   The pixels of the contour directions. 

 
The edges and their directions are calculated with 

the following equations: 

� The vertical direction  

j)/3 a  a (a A k 1-j 1,ik 1-j i,k 1-j1,-i0k ++++
++=  

 k=0,1,2 

(1) 

We calculate 

|}A -A ||,A -A {|max V 0,20,10,00,1=  

(2) 

� The horizontal direction  

)/3 a a  (aA 1j k,1-ij k,1-i 1-j k,1-ik1, ++++
++=  

    k=0,1,2 

(3) 

Then we calculate the contour horizontal pixel 
value H: 

|}A -A ||,A -A {|max  H 1,21,01,11,0=  (4) 

� The left diagonal direction  

)/3  a  a (aA 1-j 1,ij i,1 j1,-i2,0 ++
++=  

(5) 

)/4 a  a  a  (a A 2-j 1,i1-j i,j 1,-i1j 2,-i2,1 ++
+++=  

(6) 

)/4 a  a  a  (aA 1-j 2,ij 1,i1j i,2j 1,-i2,2 ++++
+++=  

(7) 

We calculate also 

|}A -A ||,A -A {|max  LD 1,21,01,11,0=  

(8) 

� The right diagonal direction  

)/3 a  a (aA  1j 1,ij i,1- j1,-i3,0 ++
++=  

(9) 

)/4 a  a  a  (a A 1j 2,ij 1,i1-j i,2-j 1,-i3,1 +++
+++=  (10) 

 )/4 a  a  a  (aA 2j 1,i1j i,j 1,-i1-j 1,-i3,2 +++
+++=  (11) 

Finally we calculate 

|}A -A ||,A -A {|max  RD 3,23,03,13,0=  
(12) 

 

This calculation gives the smoothed images in all 
contour directions and the reconstruction of the filtered 
image (F) is as follows:  

 RD} LD, H, {V,max F =  (13) 

B. Image Smoothing 

Empirical Modal Decomposition method is applied 
for the image smoothing [7]. This method involves the 
adaptive decomposition of given signal, x(t), into a 
series of oscillating components, IMFs, by means of a 
decomposition process called sifting algorithm 
described as follow: 

1. Identify all extrema of x (t). 

2. Interpolate the local maxima to form an upper 
envelope u(x). 

3. Interpolate the local minima to form a lower 
envelope l(x).  

4. Calculate the mean of the envelope:  

m (t) = [u(x) +l(x)]/2 

5. Extract the mean from the signal: h (t)=x(t)-m(t) 

6. Check whether h(t) satisfies the IMF condition:  

     YES:  h (t) is an IMF, stop sifting. 

      NO:  let x (t) =h (t), keep sifting. 

For the one-dimensional signal EMD, We can get: 

)()()(
1

trthtx
N

i

i
+=∑

=

 
 

(14) 

Where:  

N is the number of modes oscillating. )(th i
 are the 

modes (IMF) where the first mode  )(1 th component is 

the low level and the nth mode )(th n
 is the component 

scale. 

)(tr  is the residue, characterized by the non-

oscillating mode. 

We use the method of smoothing of unidirectional 
data to each of the different images: horizontal, vertical, 
right and left diagonal. Thus, each pixel of the four 
images is considered smoothed. 

Each pixel of the reconstructed image is obtained by 
taking the highest value among the pixels of the 
smoothed images. 

C. Wavelet transform  

As shown in [8], the methodology of the discrete 
wavelet transform based image denoising follows three 
steps summarized below: 

 j-2 j-1 j j+1 j+2 

i+2  a i+2, j-1  a i+2 ,j+1  

i+1 a i+1, j-2 a i+1, j-1 a i+1, j a i+1, j+1 a i+1, j+2 

i  a i, j-1 a i, j a i, j+1  

i-1 a i-1, j-2 a i-1, j-1 a i-1 ,j a i-1, j+1 a i-1, j+2 

i-2  a i-2, j-1  a i-2, j+1  
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(1) Transform the noisy image into orthogonal 
domain by 2D discrete wavelet transform.  

(2) Apply hard or soft thresholding to the noisy 
detail coefficients of the wavelet transform.  

(3) Perform inverse discrete wavelet transform to 
obtain the denoised image. 

Here, the threshold plays an important role in the 
denoising process. Finding an optimum threshold is a 
tedious process. A small threshold value will retain the 
noisy coefficients whereas a large threshold value leads 
to the loss of coefficients that carry image signal details. 
Normally, hard thresholding and soft thresholding 
techniques are used for such denoising process [9], [10]. 

The new version of DWT, known as Double 
Density DWT (DDDWT) is recently developed in [11]  
and [12]. It has the following important additional 
proprieties: 

(1) It employs one scaling function and two distinct 
wavelets which are designed to be offset from one 
another by one half. 

(2) The double density DWT is over complete by a 
factor of two. 

(3) It is nearly shift- invariant where complex 
wavelets with real and imaginary parts approximating 
Hilbert pairs are proposed for denoising signal. 

III.  EVALUATION CRITERIA 

The proposed method is evaluated using the quality 
measure Peak Signal to Noise Ratio [2] which is 
calculated using the formula: 

        /MSE}{255 log10 10  (db) PSNR 2
=  

 

(15) 

Where MSE is the mean squared error between the 
original image U and the denoised image F calculated in 
Equation (16). 
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 These criteria are used to evaluate the new 
approach and compare it with traditional methods. 

IV.    EXPERIMENTS AND RESULTS 

In our contribution we applied the EMD approach 
with the DWT technique for images denoising. The 
proposed image denoising algorithm EMD based on 
Double Density DWT (EMD-DDDWT) has been 
applied on several natural grayscale images (512×512) 
that are contaminated by additive Gaussian noise with 
different noise levels σ = 5, 10, 15, 20 and 25. Table 1 
illustrates the denoising results of Lena and fruit 
images.  

The image decomposition is performed by the EMD 
technique. The directions are considered to smoothing. 
The Double-Density DWT is used to filter the images. 

To evaluate the performance of the proposed 
method, the comparison with the Double-Density DWT 

and with EMD without DWT is performed. All the 
denoising results are shown in Table 1, which shows 
that the EMD based in double density DWT technique 
for different noise variance provides the excellent 
denoising performance for the tested images. 

TABLE I. PSNR (dB) RESULT FOR DIFFERENT DENOISING METHODS 

 

The performance of denoising method (indexed by 
the PSNR) is confirmed by the visual quality as shown 
in Figure (2). 

  
(a) (b) 

  
(c) (d) 

Figure  2.   Denoised image of lena.bmp using the different algorithm 

and the proposed algorithm:(a) Gaussian noisy image for σ=10, (b) 

,(c) Denoised images with EMD, DDDWT respectively. (d) 

Denoised images with the proposed algorithm of EMD based on 

DDDWT 

V.   CONCLUSION 

 In this paper we proposed a simple and efficient 
algorithm for adaptive noise reduction. This method 
combines the Empirical Mode Decomposition and 
wavelet methods in the image denoising domain. In this 
method, we decompose noisy image into four images 
smoothness following the contours of different shapes. 
The experiments were conducted to study the 
performance of the new approach in different noise 
levels of noisy images. The experimental results show 
that the proposed denoising algorithm exhibits much 
better performance than DDDWT and EMD in both 
PSNR and visual effect. 

σ image DDDWT EMD EMD-DDDWT 

5 
Lena 44,28 22,91 45,51 

Fruit 43,84 22,31 45,27 

10 
Lena 44,40 19,81 45,57 

Fruit 43,73 19,41 44,93 

15 
Lena 44,28 17,27 45,26 

Fruit 43,84 16,97 44,49 

20 
Lena 43,99 15,24 44,90 

Fruit 43,87 15,00 44,00 

25 
Lena 44,40 13,51 44,45 

Fruit 43,74 13,38 43,73 
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