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Abstract: Image Enhancement plays a vital role in digital 

image processing. In this proposed method of image 

enhancement based on DWT-SVD, another quality improving 

parameter is added to improve the overall quality of the 

enhanced image . This quality factor depends upon the optimized 

algorithm to be used. The purpose of introducing the quality 

factor is to reduce the losses introduced by the DWT operation 

during image enhancement. The experimental results of the 

proposed method performance will be shown in terms of PSNR, 

MSE, Mean and Standard Deviation over conventional and 

state-of-the-art techniques. 

     Index Terms: Image Enhancement Techniques, Optimization 

algorithm, DWT-SVD. 

1. INTRODUCTION 

Remote satellite images have a wide range of uses in many 

fields like GPS, telecommunication, weather forecasting, 

deep space exploitation, cable TV. Generally, these satellite 

images have a thin range of brightness levels and a very low 

range of intensity values because of low efficiency. so these 

images have to be processed for a higher quality of 

visualization. Contrast enhancement techniques are used to 

enhance the satellite images to improve their visual clarity. 

In the spatial domain, different types of methods are used for 

the enhancement of satellite images such as general 

histogram equalization and local histogram equalization. 

The optimization algorithm is based on ions motion which 

uses attraction and repulsion of ions. This optimization 

algorithm is able to give the best results and is also able to 

solve the common problems in all optimization algorithms 

[1]. FEP can be used for large search space whereas CEP can 

be used for small search space. FEP can be used for 

multi-model at many local minima and CEP can be used for 

uni-model at few local minima [2]. Contrast enhancement 

using Cuckoo search algorithm and DWT-SVD for 

improving the quality of low contrast images. The output will 

be an enhanced image after going under process. The results 

are used to calculate some terms like PSNR, Mean, MSE, 

Standard Deviation [3]. Contrast enhancement using 

Artificial Bee Colony (ABC) algorithm and DWT-SVD for 

improving the quality of low contrast images. The output will 

be an enhanced image after going under process. The results 

are used to calculate some terms like PSNR, Mean, MSE, 

Standard Deviation which shows better performance [4]. 

Image enhancement is done by using DWT and SVD by 
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decomposing the input image into four sub-bands. The 

high-frequency components are interpolated and IDWT is 

used to combine HF and LF components. The results show a 

better performance than other conventional method [5]. 

Using Dual-Tree complex wavelet transform and Nonlocal 

Means filter which is based on resolution enhancement 

technique are designed which breaks down the LR input 

image. when compared to DWT, DT-CWT is better and it is 

shown in some parameters [6]. This paper deals with 

chromatic components while most of the papers deal with 

luminance components. when compared with earlier papers 

the technique proposed in this current paper gave better 

results [7]. 

The discrete cosine transform by considering singular 

frequency components in a unique way provides feasibility. 

But there are some problems while transforming remote 

satellite images using discrete cosine transform. So, DWT 

has been incorporated for contrast enhancement of images 

for various applications [8]. 

Commonly data gathered by pixel detectors contains noise 

like Gaussian noise, speckle noise, Poisson noise and 

different tools used for the enhancement are unreliable for 

images [9]. Due to unreliable tools and interference during 

the data gathering process degrades the quality of the data 

collected [10]. Due to the above problems, inference and 

preciseness of humans in understanding these remote 

satellite images can be affected [11]. 

Therefore practical applications require enhancement of 

images. While removing the noise in the images something 

unintended consequence may occur which results in blurring 

of image and information can be lost or over brightness may 

occur [12-15]. 

The image enhancement is broadly classified into two 

domains. They are spatial and transform domain. From the 

last twenty years, wavelet transform domain has been 

analysed extensively[16-17]. Due to the characteristic 

features of the wavelets such as sparsity and decomposition 

efficient approach of thresholding ideas has become easy 

[18-20]. Optimization techniques based on wavelets has 

numerous uses in different fields. 

In this paper Ions motion algorithm based on wavelets is 

implemented and SVD is further used for enhancement. 
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3. METHODOLOGY 

In this project we are going to implement the image 

enhancement technique using DWT-SVD and optimization 

technique. The optimization here use was Ion Motion 

Optimization (ION). 

3.1 Alogrithm 

1) In the very first step, a low complexity multispectral satellite 

picture has been taken for the handling. 

2) Apply the histogram equalization technique for the given 

input image. 

3) After completion of step-2 process calculate the 1st level 

DWT decomposition technique for each sub band such as 

Red, Green and NIR band. 

4) Apply optimization for each sub band of DWT by using ION 

Motion algorithm. 

5) LL, LH, HL, HH sub bands are been created from the 1st level 

decomposition. 

6) Apply SVD for above steps to calculate the U, ∑, V. To 

obtaining from  and   from  maximize the 

elements respectively. 

7) Compute the ξ =    

8) Calculate the  ξ( )  

9) Compute the inverse SVD process by using the formula 

shown below 

ISVD =  )  

10)Obtain the new  apply the IDWT  for  (  

, , ) . 

11)By doing this process we are getting enhanced images for 

a given low contrast input images. 

ION-Motion Alogrithm 

Generally ions are nothing but charged particles. Charged 

particles are of two types one is anions and the other is 

cations. Anions are negatively charged particles and while 

cations are positively charged particles. The reaction of ions 

was shown in the below figure. 

 

Fig. 3.1 Conceptual Model of Anions and Cations. 

From the above figure we observe that the conceptual model 

of Anions and Cations. The ions with same charges  repel 

each other and the ions with opposite charges attract each 

other. Now we are assuming two ions solid phase 

(intensification) and liquid phase (diversification). 

3.2.1 Liquid Phase (Diversification) 

 In liquid phase the ions motion is having greater freedom 

when compared to the solid phase. And there are having high 

attractive forces between the ions and can move freely. It is 

also called as Diversification. 

1) 1) Start the process. 

2) 2) Initialize the number of anions and cations. And calculate 

fitness evaluation of anions and cations. 

3) 3) Fitness evaluation of anions and cations is proportional to 

the objective function. From this objective function the 

anions move towards the best cations and cations moves 

towards the best anions it’s depends upon 

attractive/repulsion forces between them. 

4) 4) Calculate the forces for the best cations and best anions. 
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 where 

    = | |   and   = 

| | 

        =  Resultant Attractive force of 

anions. 

      = Resultant Attractive force of 

cations. 

5) Update the values of anions and cations by using formula 

shown below.   

 = + * 

(  - ) 

 = + )* 

 - ). 

 Where and   are best anions and 

cations respectively. 

3.2.2 Solid Phase (Intensification) 

In solid phase the ions are not having free motion when 

compared to the liquid phase. And the ions vibrate in their 

position without moving anywhere. It is also called as 

intensification. 

1) In Solid Phase both the anions and cations attract each 

other. We cannot divide them until we apply any external 

force on it. 

Eg:-Magnets 

2) In liquid phase to solid phase where the mean fitness of 

worth ions is equal or smaller with the best ions. 

3) If the above statement satisfies the anions and cations are 

randomly distributed among the best anions and cations 

respectively. 

4) From the above process we can generate the best solution 

for the ions of anions and cations. 

4. Experimental Results and Analysis 

Four set of images has been taken from repository [21-22]. 

These images are low contrast satellite images which has 

been enhanced by using three enhancement technique viz, 

DCT-SVD, DWT , SVD and Proposed DWT-SVD-IMO 

based enhancement technique. 

The enhanced images are shown in Fig.(2-5). The visual 

quality of the resulted enhanced images clearly shows the 

robustness of the proposed technique based on optimization 

technique. 

 

(a)                                        (b) 

    

(c)                                  (d) 

Fig.4.1. Low contrast Satellite image (a) , (b-d) shows 

enhanced contrast images using the technique based on 

DCT-SVD,DWT-SVD and SVD-DWT-IMO respectively. 

 

   
(a)                                     (b) 

    
(c)                               (d) 

Fig.4.2. Low contrast Satellite image (a) , (b-d) shows 

enhanced contrast images using the technique based on 

DCT-SVD,DWT-SVD and SVD-DWT-IMO respectively 

   
(a)                                       (b) 

   
        (c)                        (d) 

Fig 4.3. Low contrast 

Satellite image (a) , (b-d) 

shows enhanced contrast 
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images using the technique based on DCT-SVD,DWT-SVD 

and SVD-DWT-IMO respectively. 

 

 

  
(a)                                      (b)  

  
(c)                          (d) 

Fig.4.4. Low contrast Satellite image (a) , (b-d) shows 

enhanced contrast images using the technique based on 

DCT-SVD,DWT-SVD and SVD-DWT-IMO respectively. 

 

The qualitative analysis of the resultant images obtained 

from DCT-SVD,DWT-SVD and the Proposed SVD-DWT 

based on IMO algorithm has been done using parameters like 

Mean, Standard Deviation and PSNR. 

With improvement in the contrast and Brightness of the 

original image the parameters like Mean keep on increasing 

, standard deviation also increases clearly reflecting 

improvement in contrast. Moreover PSNR keep on 

decreasing with increase in contrast. The Table-1 shown 

below clearly reveals the effectiveness of the algorithm. 

 

Images MEAN SD PSNR 

1 108.997 4.275e+03 4.125 

2 145.828 7.246e+03 4.0215 

3 143.265 7.354e+03 4.2555 

4 132.256 6.023e+03 3.7856 

Table 4.1 Output of DCT-SVD 

 

Images Mean SD PSNR 

1 135.024 4.752e+03 3.236 

2 125.674 4.332e+03 2.897 

3 139.564 5.162e+03 2.3321 

4 129.567 4.356e+03 2.5612 

Table 4.2 Output of SVD-DWT 

 
Images Mean SD PSNR 

1 134.096 4.8024e+03 3.124 

2 131.234 8.2541e+03 2.854 

3 132.45 9.235e+03 2.011 

4 129.234 6.325e+03 2.325 

Table 4.3 Output of Proposed IMO based SVD-DWT 

 

4.CONCLUSION AND FUTURE SCOPE 

In this paper we have tried to exploit the potential of 

optimization algorithm in existing image enhancement 

technique. The input to the SVD is rather than giving directly 

from DWT LL band, the parameters of LL band has been 

optimized using IMO algorithm, These optimized 

parameters improves the quality of input to the SVD, which 

overalls improves the image contrast. Furthermore in future 

not only contrast but also optimization of other DWT bands 

to be incorporated so that losses in edge information can be 

decreased to its minimum. 
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