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Abstract: Denoising is a prime objective technique for 

processing images. Image denoising techniques removes the 
noises present in an image without interrupting its features and 
contents. The image gets interrupted by channel or processing 
noise depending on the applications. Thus, the contaminated 
noises produce degradable image qualities with respect to 
subjective and objective approach. To overcome this, image 
denoising approaches were suggested. In the present research, 
Dual–Tree Complex Wavelet transform (DTCWT) is utilized to 
achieve image denoising since they perform multi resolution 
decomposition by two DWT trees. Soft and hard thresholding 
methods are used to threshold wavelet coefficients. The present 
research proposes a novel technique to denoise images which 
gives image information clearly by thresholding and optimization 
technique. The optimization is carried  through different 
Meta-heuristic optimization Algorithms Genetic Algorithm (GA) 
and Grey-wolf optimization (GWO) algorithm. Optimization of 
threshold value is performed after Bayesian method and the 
observed output produces better results when compared to other 
techniques involving Visu shrink, Sure shrink and Bayes 
shrinkbased on peak signal to noise ratio (PSNR) and visual 
qualities. 

 
Keywords: Image denoising approach, Dual-Tree Complex 

wavelet transform, Genetic algorithm, Bayesian shrinkages, 
Grey-wolf optimization algorithm, PSNR,MSE. 

I. INTRODUCTION 

Noises gets interrupted with images while transmitting and 
receiving images from the storage medium. The present 
trends in processing images leads to the need of 2 principles 
given as: modification of pictorial representation for easily 
understandable to humans; and efficient image processing to 
store, transmit and represent image processing[1]. 
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The transformation method is used in different applications 
because it possesses fine resolution details to improve the 
efficiency. This process mainly aims at transforming an 
object from a suitable domain to other for the purpose of 
providing implicit information for image recognition. 
Additive white Gaussian noises easily corrupt the images as it 
comprises environmental ambient noises and transmission 
noises while passing through the equipment. Hence it is 
necessary to suppress the noises from images to add further 
effectiveness in diagnosing medical images. Consider g(t) 
and h(t) as the input image and white Gaussian noises present 
in the images respectively. The output noisy image f(t) with 
zero mean is dictated as presented in (1): 

f(t)=g(t)+ h(t)                                                                (1) 
Where   represents the noise variance and h(t) follows 
normal distribution belonging to N (0,1) and is said to be 
distributed independently and identically known as (i.i.d.). A 
novel method is presented in this research to remove noises 
through DTCWT. 
The discrete wavelet transforms (DWT) plays significant role 
in solving limitations that occurs while processing signals 
[2]. Wavelet denoising methods does not limits its advantage 
within noise removal but also involved in conserving signal 
characteristic irrespective of its frequency contents. This type 
of denoising technique seems to be efficient in removing 
noises from natural images as it possesses improved tendency 
in capturing signal energies at fewer transform value. 
However, in many applications, it reaches its limitations, 
such as singular oscillations of the coefficients, limited 
directional selectivity factor particularly at high dimensions, 
aliasing effect and subsequent shift variance. 
In order to overcome the said disadvantages[3], DTCWT is 
used. The dual tree approach uses 2 real wavelet filter to 
acquire the real as well as imaginary part of respective 
transform and the combined filters are referred as an analytic 
filter. The sub-band signal enabled by the upper (Tree A) and 
lower (Tree B) DWT is dictated as the real and imaginary 
transform respectively. A proper selection of threshold leads 
to higher denoising performance [4]. Denoising technique 
normally uses two thresholding technique [5,6]named as the 
soft and hard thresholding. Although, various researchers 
indicates the utilization of this denoising technique, some 
other different shrinkage methods also available for more 
efficient denoising. Thresholding of the wavelet coefficients 
is performed by various techniques like Visu shrink, Sure 
shrink and Bayes shrink. The observed output indicate that 
the Bayes shrink produces improved output than that of 
Visushrink and Sure shrink 
with respect to mean squared 
error.  
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Maximum PSNR can be obtained by optimizing threshold 
value. Hence in the presented research, Meta-heuristic 
optimization techniques: Genetic Algorithm and Grey Wolf 
Optimization algorithm is used as an extension of Bayesian 
threshold to determine accurate threshold values.   
Experimental output indicates better performance while 
removing noises based on visual quality , PSNR and MSE. 

II. DUAL TREE COMPLEX WAVELET 

TRANSFORM 

The compact energy enabled by wavelet transform serves 
great enhancement in denoising images. Energy compactness 
signifies that the larger energy portions are presented in a 
limited amount of larger wavelet coefficients and smaller 
energy portions are distributed in larger smaller wavelet 
coefficients. Wavelet coefficients represents the detailed 
information and higher frequency noises. Achievement of 
image denoising with preservation of final structural images 
is done by thresholding wavelet coefficients [7]. The 
properties involved in denoising images using wavelet 
transform include sparseness, clustering, and correlation 
between neighboring wavelet coefficients.  
       The two-dimensional (2D) wavelet transform predicts to 
be an extended version of one dimensional (1D) wavelet 
transform. For achieving this, initially one-dimensional 
transform is applied along every rows and columns at every 
structural decomposition level. This generates 4 different 
coefficient sets known as: LL as the average, LH, HL and HH 
indicates the detailed data in respective information in 
horizontal, vertical and diagonal directions. Additional 
denoising technique that produces improved denoising 
results involves translation invariant (TIWT), complex 
wavelet transform etc. In TIWT, the original and the shifted 
coefficients are filtered through multi resolution analysis in 
every decomposition level. Such transform varies with time 
hence known as shift invariant (time invariant). It also has the 
ability to produce wavelet coefficients with varied properties 
enabling from similar sources which further leads to 
improved performance. Recent developments lead to the 
introduction of CWT and the limitation existing in traditional 
methods is overcome in CWT.  
 Oscillations enabled by every pixel value while 

achieving zero crossing.  
 Shift variance, the effective output result is dominated 

with respect to smaller input variations  
 Aliasing, exists because of the sampling technique 

adopted at the time of filtering.  
 Lack of directional selectivity, involves the signification 

changes in direction eg.The variation in +15 and -15 
oriented degrees cannot be explained.  

The 2D DT-CWT possesses the capacity to select 
discriminate features that belongs to different orientations. 
The critically decimated 2D DWT selects three sub-bands 
which conveys the information related to the features of an 
image with an orientation angle of    , ±    , and 
  respectively whereas in case of 2D DT-CWT, six 
directional sub bands are produced for revealing the detailed 
images with orientation angle of ±    ,±    and ± 
   directions including 4:1 redundancy.2-D DTCWT is 
implemented in 2 steps and is described as follows. First, 
decomposition of input images into different 2D DWT 
branches (branch a and b) at desired levels takes place in 
which the filters are designed mainly to satisfy the needed 

requirements of Hilbert pair transform. Further the 
decomposed branches generate 6 high-pass sub bands (HLa, 
LHa, HHa, HLb, LHb and HHb) and 2 low-pass sub bands 
respectively [8]. Next, linear combination of correspondent 
two sub-bands having similar pass-bands takes place through 
averaging or differentiation process. Thus, the obtained 
sub-bands at every level of 2D DT-CWT is given below 
 

( LHa + LHb)/   , ( LHa – LHb )    , ( HLa + HLb )/   

( HLa – HLb )/   , ( HHa + HHb )/   ,( HHa – HHb )    
 
These 6 wavelet sub bands with different orientations possess 
orthonormal sum/difference operation meaning that the 
reconstruction wavelet transform is accurate. The basis 
function of both the real and imaginary part is similar. Use of 
identical filters at upper and lower trees degrades the 
performance hence the sub bands belonging to upper tree is 
designated as real part of CWT while the other sub band is 
considered as the imaginary part of lower CWT tree.  

III.  WAVELET BASED DENOISING 

Denoising wavelet coefficients eliminates the noises from 
the images. In addition to this, it preserves the characteristics 
of images irrespective of its frequency content.  

A general framework to denoise images based on wavelet 
transform is described as 
Step 1: The corrupted noisy image is considered as an input.  
Step 2: Apply Forward 2D Dual Tree CWT to determine sub 
band wavelet Coefficients. 
 Step 3: Evaluate variance of noise from the input  
Step 4: Determine threshold value by applying non-linear 
shrinkage function.  
Step 5: Adopt soft /hard thresholding technique based on the 
obtained threshold value. 
Step 6: Finally use inverse 2D Dual Tree CWT on the 
thresholded coefficients for image restoration. 
Step 7: Obtain the denoised images. 
Step 8: Determine quality of the output image. 
Illustrate ‘x’ as an input image with corrupted ‘z’ Gaussian 
noise. The output ‘n’ noisy image is represented in (2). 
n = x + z                   (2) 
The Gaussian noise follows i.i.d distribution and then DWT 
shown as W is applied to perform image decomposition 
process that results in producing different coefficients and is 
dictated in (3):  
N = W (n)                  (3) 
CWT partitions the images to different sub bands, labeled as 
HLak, LHak, HHak, HLbk, LHbk and HHbk, where k= 1, 
2… m indicates the decomposition level and m, the largest 
decomposition level. These six directional sub bands per 
level gives the details of an image in ±   ,±    and ± 
   directions. Low pass sub bands are further decomposed 
recursively. On determining the value of threshold, wavelet 
coefficients produce significant and dependent relation 
shrinkage function S, and can be expressed in (4) as:  
 
F = S (N)                     (4)  
            
 
 
 
 



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 
ISSN: 2278-3075 (Online), Volume-9 Issue-4, February 2020 

2623  

Retrieval Number: E6837018520/2020©BEIESP 
DOI: 10.35940/ijitee.E6837.029420 
Journal Website: www.ijitee.org 

Published By: 
Blue Eyes Intelligence Engineering 
and Sciences Publication (BEIESP) 
© Copyright: All rights reserved. 
 

After performing the shrinkage rule,inverse transformation is 
applied on the denoised wavelet coefficients as represented in 
(5) as:  
 
 ′ =   (F)                    (5) 
 
 Denoising can be achieved by 2 thresholding approach 
known as hard and soft thresholding. Processing of wavelet 
coefficients that are obtained after performing decomposition 
is filtered in which the threshold value is selected within a 
limited user constraint or based on restricted contents.  

IV. THRESHOLD ESTIMATION 

a) Hard Thresholding Method 

It operates based on the logic principles involving hard 
decisions and is found to be fixed in a limited value or 
produces 0 as the condition is satisfied. When the absolute 
value of X coefficients is greater than or equal to the 
threshold value  , it produces the similar coefficient whereas 
in other cases it outputs 0 and is expressed in mathematical 
equation in (6) as [9]: 
 

    =  
                    
                          

    (6) 

X dictates noise coefficients,   indicate evaluated output 
coefficients with threshold   

b) Soft Thresholding Method 

It functions discontinuously resulting in producing ringing / 
Gibbs impact. For resolving such limitation, soft thresholding 
is implemented. Mathematically, the soft thresholding 
technique varies based on the shrinkage threshold factor  and 
is represented in (7) as [9]: 

     =   
            
               

           

                             (7) 

The discontinuities present in an image can be removed and it 
also suppresses different coefficients leading to blurred 
images. Based on the impact caused by the noises, the usage 
of thresholding approach varies. Due to the practical impact 
caused by dynamic noises, the usages of fixed threshold are 
avoided and thus derive the optimal threshold analyzed in 
analytic manner with the consideration of effective noises 
and its variance for exploring its relation in terms of selecting 
threshold.  
The optimal threshold selection process serves a vital role in 
denoising images. Larger values of threshold fail to eliminate 
the noises but for smaller threshold values, the noises are 
removed along with the detailed image features that may 
results in overly smoothed images. The inefficient threshold 
may affect the detailed information of the image edges which 
lead to visual quality degradation. Thus, the threshold must to 
be selected carefully.    
Various approach to estimate threshold involves (i)Visu 
Shrink, (ii) Sure Shrink, (iii) Bayes Shrink. The methods 
varies based on selecting threshold   and the strategy 
employed in applying the threshold operator. 

A. Visu Shrink  

Donoho and Johnstone introduces Visu Shrink, the common 
threshold technique meant to adopt universally and its 
threshold value is given in (8) : 

  =                            (8) 

In which M dictates the no of pixel present in an image and   
represents the noisy standard deviation accomplished by 
images. This may also produce smoothed images because of 
its dependent relation with M. 

B. Sure Shrink  

The hybrid combination of Visu and SURE threshold is 
designated as SURE SHRINK and its aim is to minimize the 
unbiased Stein risk estimator [10]. This method operates 
better when compared to visu shrink. The threshold is 
estimated in (9) as:  
  =         min  ( ,  )                                            (9)  
 
In which SURE dictates the unbiased Stein‘s risk estimator 
and the minimization of this factor is given in (10) as:  
 
SURE(m,X)=d – 

2{i:abs(    )≤m}+                    
           (10)  

 
X indicates the sub band coefficients and d, the no of sub 
band coefficients. 

C. Bayes Shrink  

In statistics, after the invention by Donoho and Johnstone, 
research progresses to determine the threshold factor of 
non-parametric estimation. Bayes Shrink selects the adaptive 
sub-bands to evaluate threshold where wavelet coefficients 
are specified as a Generalized Gaussian Distribution (GGD) 
for every sub bands [11]. Obtained threshold value is 
expressed in (11) as well as (12):  

 =(      
         )              (11) 

        =         
        

                      (12) 

 

Where   
  =

 

 
   

  
   and d represents the no of wavelet 

coefficients that belong to   ,.sub-band. At every sub bands, 
the signal to noise ratio is predicted in which the noise 
variance of the wavelet coefficients is chosen to be the 
median absolute value. The noise variance is expressed in 
(13) as: 
      =(       (   (  , )))/0.6745                                 (13)  
Where   ,belongs to sub band HH and   , predicts the HH sub 
band coefficients that indicates the advanced decomposition 
level. The mean squared error is minimized to a greater 
restricted value that adds further advantage to the method.  

V. PROPOSED DENOISING ALGORITHM 

Denoising wavelet coefficients predicts to implement 
successfully in different application when suitable factors 
like decomposition level, wavelet function and threshold 
value is evaluated accurately.  
Further optimizing such parameters results in producing 
improved restoration output. Such existing drawbacks can be 
avoided through adopting randomized search algorithm in the 
present technique.  
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Bayes shrink produces better restoration result in which 
tuning can be performed perfectly using optimization 
parameters such as threshold and decomposition level and its 
performance seems to be better than that of sub band adaptive 
thresholding method. Along with Bayes shrink, GA-GWO 
algorithm is used for providing an accurate threshold value. 
Fig.1 presents the schematic diagram of proposed technique.  
 

 

Figure 1: Schematic flow diagram of optimized DT-CWT 

VI. GA BASED OPTIMIZATION TECHNIQUE 

GA follows the behavior of randomly searching 
Meta-heuristic optimization technique that inspires the 
characteristics of naturally operating genetic system and 
operates based on the principles of biological evolution 
method. Encoding of individual’s initial population of takes 
place in random manner and then fitness values of every 
individual is computed. Among the individual, the fittest 
solution is preferred to perform reproduction, crossover and 
mutation process and this progresses till it obtains an 
appropriate result. The individual population is encoded in 
random manner so that the GA determines the perfect 
Bayesian threshold value and decomposition level. 
Minimization of mean squared error with maximization of its 
PSNR is the major role. Its fitness function is given in (14).  
 =     ( )= 10 *       (    /MSE)    (14) 
The mean square error is given in (15) . 

MSE=
 

    
                                                 (15) 

In which m and n dictates the input image dimensions. I1 and 
I2 are the original and filtered images. Fig. 3 presents the 
schematic flow diagram of GA. Binary tournament selection 
(BTS) [12][13] technique is used for selecting the fittest 
individual chromosomes for the purpose of making mating 
pool with similar size of the population. Selection of two 
chromosomes appropriately and then the best solution is 
stored in the mating pool of successive generations and this 
continues till the pool becomes empty. Similarities in the 
selection technique can be resolved. Crossover operation is 
performed among 2 certain chromosomes with high 
probabilistic ratio at every time. In this, the Uniform 
crossover technique is adopted and is performed at n/2 size 
with pool size n in iteratively. Initially only 2 chromosomes 
are chosen among the pool as in [14]. As crossover operation 
gets completed, each offspring performs mutation operator 
which is also known as operation. Mutation refers to the 
process of bit swapping in which the bits are swapped from 0 
to 1 or vice-versa with lower probabilities.  
The white additive Gaussian noise is eliminated by GA 
filtering technique that finally results in minimized mean 
squared error.  
 

 

     Figure 2:Flowchart of genetic algorithm  

VII. GREY WOLF OPTIMIZATION TECHNIQUE  

GWO [15] is a swarm intelligence algorithm developed by 
Mirjalili imitating the natural characteristics shown by grey 
wolf. The grey wolves survives as groups and are categorized 
into four groups: α (alpha), the highest authority that is 
responsible for taking decisions, β (beta) that support in 
taking decisions, ω(omega) that submit to all other wolves 
and δ that dominateω and report to α and  β. 

A.  Mathematical Model of GWO 

(i)Search for prey: Each wolf searches for their prey 
individually.  ,  and represents 1st, 2nd and 3rdfit solutions. 

(ii) Encircling the prey: This is represented in Eq. (16) and 
Eq. (17) 

                                                                                 

                                                                             

where i correspond to the present correspondent 
iteration, G and N indicate vector coefficient, Y illustrate 
grey wolf location, Yqindicates the respective location of 
prey and M indicates best fit solution. 
The value of G and N are calculated using Eq. (18) and Eq. 
(19). 
                                                                                      

                                                                                              

where x1 and x2 are random values and the value of vector g 
gradually decreases from 2 to 0. 
(iii) Hunting: In the search space, there is no location based 
information about the prey. ,  and has the ability to locate 
them. The formula for modelling the hunting nature of 
wolves is given from Eq. (20) 
to Eq. (26) 
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where M, Mand M are the first three best solutions. 

(iv) Attacking the prey: This is the final stage of hunting, 
and it takes place only when the prey is stationary. 

 

Figure 3:   Pseudo code of the GWO algorithm 

VIII. RESULT AND DISCUSSION 

Quantitative and qualitative analysis is performed on the 
filter operating based on GA to determine its performance 
through MATLAB software. Different denoising technique 
like Visu shrink, Sure shrink, Integrated GA based Bayes 
shrink, GWO dependent Bayes shrink technique is adopted. 
Input X-ray images are utilized to make denoising technique 
so easier and are compared with different techniques. Table I 
shows the independent results of GA and GWO based 
optimization method which is compared with different 
filtering technique for X – ray images and in Table II for 
Barbara image. X-ray images, Barbara images are interrupted 
by additive white Gaussian noise with  =30 and proposed 
GA algorithm, proposed GWO algorithms are performed on 
it. The observed results produce accurate output when 
compared to traditional denoising method. The image 
restoration output is presented in Fig.4 and Fig.5. 
 
 
 
 

 
     

Figure 4. (a) Input X-ray image.    (b) Noise image. (c) 
Visu shrink based denoising image output (d) Sure 

shrink. (e) Bayes shrink (f)Image output of proposed GA 
dependent denoising technique(g) Proposed GWO based 

denoised image. 
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                 (a)                         (b) 
 
 
 
 
 
 
 

 

                    (c)                       (d) 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

                    (e)                     (f) 
 
 
 
 
 
 
 
                    (g) 

 

                                             
Figure 5. (a) Input Barbara image. (b) Noise image. (c) Visu    

shrink based denoising image output (d) Sure shrink. (e) Bayes 
shrink(f) Image output of proposed GA dependent denoising 

technique( g) Proposed GWO based denoised image. 
 
Table .I  Comparison ofPSNR, MSE possessed by various 
denoising technique in related to the proposed algorithm 

particularly on X-ray image of 256x256 with Gaussian 
noise variance   10 and 30. 

 
Filter 

  =10   =30 
PSNR MSE PSNR MSE 

Visu shrink 29.82 280.45 27.33 292.34 

Sure shrink 31.32 141.32 27.95 152.20 

Bayes 
shrink 

33.25 92.25 28.71 94.055 

Proposed  
GA 

Algorithm 
34.51 90.36 29.80 93.56 

Proposed  
GWO 

Algorithm 
35.62 75.25 26.90 84.23 

 
 
 
 
 
 

Table .II Comparison of   PSNR,MSE values for various 
denoising techniques methods in relation to the proposed 
algorithm on Barbara image of 256x256 with Gaussian 

noise variance   10 and 30. 
 

 
Filter 

  =10   =30 
PSNR MSE PSNR MSE 

Visu shrink 26.1371 158.2579 22.33 192.34 

Sure shrink 30.629 56.2548 27.25 142.20 

Bayes shrink 28.4809 72.2548 22.71 94.055 

Proposed  GA 
Algorithm 

36.21 80.66 25.70 93.56 

Proposed  
GWO 

Algorithm 
38.52 65.45 28.20 84.23 

IX. CONCLUSION 

This research has been proposed a novel technique in 
denoising different images that are corrupted by Gaussian 
noises to improve the effectiveness of DTCWT along with 
optimization. For denoising wavelet coefficients, threshold 
technique was applied either on entire images or on every 
image sub bands after getting optimized Threshold value.  
The optimization of the Bayesian threshold is done by 
Genetic Algorithm and Grey wolf optimization algorithms 
for every independent sub bands. Different image denoising 
techniques such as Visu shrink, Sure shrink, Bayes shrink, 
proposed GA as well as GWO relevant thresholding method 
were adopted to prove the effectiveness of the research. The 
proposed denoising technique implementation results shows 
improved results when compared to other technique with 
respect to  PSNR and MSE. 
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