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Abstract— High Resolution Satellite Images are of a 

significant importance in many fields of research. For the last 

few decades Wavelets are playing a key role in image 

resolution enhancement technique. Gaussian component 

densities instead of weighted sum of neighborhood pixels 

such as bicubic or bilinear interpolations. There are numerous 

ripple domain primarily based strategies like AHE, separate 

ripple remodel, CLAHE, distinction and Stationary ripple 

transform. In this paper we use DWT transforms, these 

transforms decompose the given image into four sub-bands, 

out of that one is of low frequency and therefore the rest are 

of high frequency. It is proved with the quantitative (peak 

signal-to-noise ratio and quality index) and visual results over 

the conventional and state-of-art image resolution 

enhancement techniques. The HF parts are interpolated using 

typical interpolation techniques. Then we use IDWT to mix 

the interpolated high frequency and low frequency parts. 
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I. INTRODUCTION 

Satellite images are being used in many image processing 

applications such as geoscience studies, weather forecasting, 

astronomy and geographical information systems. These 

sources have an effect on the resolution and contrast of the 

image. Essentially special resolution is that the smallest 

discernible detail in a picture. Sampling is that the principal 

factor determining the special resolution. Pictures being 

processed so as to obtain more increased resolution. One of 

the usually used techniques for image resolution 

enhancement is Interpolation. Interpolation has been wide 

employed in several image process applications like facial 

reconstruction, multiple description cryptography, and super 

resolution. To avoid this downside we have a tendency to use 

a brand new mathematical tool known as wavelet transform. 

DWT and SWT are the recent transforms in image process. 

Just in case of remotely perceived pictures, pictures are 

captured while not physical contact with ground surface. A 

number of different sensors are wont to capture the pictures 

over various regions. Such pictures embody satellite and 

aerial pictures and these pictures prove helpful within the 

fields like determining land use patterns, environmental 

analysis, forecasting, vegetation observance and alternative 

connected areas. The frequency components of these sub 

bands cover the full frequency spectrum of the original 

image. Theoretically, a filter bank should be operated on the 

image in order to generate different sub band frequency 

images. Edges identified in lower frequency sub bands are 

used to prepare the model for estimating edges in higher 

frequency sub-bands proposed a resolution enhancement 

technique based on the image decomposition using DWT and 

coefficients are interpolated using bicubic interpolation. 

When tested on satellite benchmark images the quantitative 

and visual results proved that their proposed technique was 

superior to the conventional image resolution enhancement 

techniques. DWT has been introduced as an extremely 

economical and versatile technique for sub band 

decomposition of signals. The 2 dimensional DWT (2D-

DWT) is these days established as a key operation in image 

process. The 2D-DWT has received considerable attention 

within the field of image process attributable to its flexibility 

in representing non-stationary image signals and its ability in 

adapting to human visual characteristics. This rework 

technique was developed by Mallat and offers orthogonality 

and ends up in a multi-grid illustration. 

II. LITERATURE SURVEY 

Interpolation (either linear or non-linear) is one of the 

commonly used methods for resolution enhancement. In 

linear interpolation method, mean value of neighboring pixels 

is used to interpolate at each pixel, but it may create blurred 

edges and smoothed details. In bilinear interpolation, new 

pixel value is computed by weighted average of four 

surrounding pixels. This will be useful for image compression 

instead of image resolution enhancement to reduce the 

redundancy. Efficient use of those satellite pictures is feasible 

as long as the captured pictures are of top quality with high-

resolution pixels and free from external factors like noise, 

default of capturing devices, discrete sources of radiation etc 

[1]. due to interpolation of a picture, the quantity of pixels in 

digital image will increase and its applications are wide 

utilized in several image processing applications, like image 

resolution improvement, multiple description cryptography, 

and facial reconstruction. several techniques are developed to 

will increase the resolution image improvement by 

interpolation [2]. However, if the raw image has more lower-

frequency information, it is better to use the bilinear 

interpolation rather than bicubic interpolation. In bicubic 

interpolation, interpolated point is filled with sixteen closest 

pixelǯs weighted average [3]. Shaikh et al. developed a 

simulation model in MATLAB to review the impact of 

filtering techniques. They used linear and non-linear filtering 

techniques for image enhancement[4]. In 2011 DebashisSen, 

Member and Sankar K. Pal planned an automatic actual 

histogram specification technique. it's used for world and 

native distinction improvement of pictures. The image bar 

chart may be a completely different sort of bar chart that 

functions sort of a graphical illustration of the tonal 

distribution in a very digital image. It measures image 

distinction based mostly upon native band-limited approach 

and center surround retinal receptive field model approach. 

The approach is employed in multiple scales waveband [5]. 

Edge structures preservation is a challenging task during the 
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interpolation of images while reconstructing a high-

resolution image using low-resolution counterpart. In this 

proposed technique, input image is decomposed with DWT 

and coefficients are interpolated with the highest probability 

of covariance matrix Σi and mean µi rather than weighted 

average of sixteen neighbor pixels in bicubic interpolation. 

So it gives sharper edges and better PSNR and QI than 

bicubic interpolation.[6] The aim is to generate a picture of 

higher distinction than the initial image by giving a larger 

weight to the grey levels that square measure nearer to the 

mean grey level of the image than that square measure farther 

from the mean.[7] A GMM is a parametric probability density 

function represented as a weighted sum of Gaussian 

component densities. GMMs are commonly used as a 

parametric model of the probability distribution of continuous 

measurements.[8] Most of the mentioned techniques target 

the betterment of the visual review of the image and 

unremarkably involves manual parameter standardization.[9] 

The covariance matrices can be full rank or constrained to be 

diagonal. Additionally, parameters can be shared, or tied, 

among the Gaussian components, such as having a common 

covariance matrix for all components. The choice of model 

configuration (number of components, full or diagonal 

covariance matrices, and parameter tying) is often determined 

by the amount of data available for estimating the GMM 

parameters and how the GMM is used.[10] 

III. METHODOLOGY 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1.0: 

A. Picture Database: 

In first step we have collected data from different sources like 

some of the images are taken from website of NASA, Imago 

Global Co.Ltd and some of the images are taken directly from 

the Google search engine. After collecting all these images 

we create a database to perform some preprocessing on the 

collected images. 

 Input low resolution satellite image is decomposed 

using DWT into LL, LH, HL, HHsubbands and these are 

interpolated using bicubic interpolation technique followed 

by combining all these images to generate a new high-

resolution image by using inverse NDWT along with GMM. 

Proposed GMM interpolation is advisable in remote sensing 

applications to get a high-resolution image as the recorded 

satellite images have both low-frequency and high-frequency 

elements. 

B. Pre Processing: 

In this step we performed some preprocessing operations like 

resizing of images, noise removal and blur removal. For the 

purpose of noise removal we had applied median filter which 

is one of the most basic and powerful filter to separate salt 

and pepper noise from the satellite images. after this, images 

are resized two uniform size so that we can perform further 

operations easily in upcoming stages .here we have taken 

Standard size of image as of 512 rows and of 512 columns-

This paper proposes an FIS which can enhance the contrast 

of low resolution images effectively, these results are then 

compared with the traditional histogram equalization and 

various evaluation metrics are tabulated. Median filter can be 

applied by following equation F(m,n)=median(g(s,t) ) ------ 

“Eq. (1)” Here, f(m,n) is output gray value ,were as g(s,t) is 

input gray value. The PSNR values are higher for upper limit 

near about 0.97 and lower limit 0.06 

C. GMM Method: 

Image resolution enhancement techniques, two satellite 

images with different features are used for comparison. 

D. Fuzzy based Contrast Enhancement: 

Human brain is capable of making excellent decisions using 

imprecise & incomplete sensory information provided by the 

perceptive organs. Fuzzy theory provides a systematic 

calculus to deal with such information linguistically and 

perform numerical computations using linguistic labels in the 

form of membership functions. Fuzzy inference system (FIS) 

when selected properly can effectively model the human 

expertise in the specific application. 

 
Fig. 2.0: 

Input Image 

Process input image 

Processing each contextual are & 

producing gray level mapping 

Interpolate gray level mapping to 

assemble final image 

Applied a global thresholding to each 

detected area 

Output Image 
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Fig. 3.0: 

 Output Membership: Function Output membership 

function is also divided into 3 categories, i.e. low intensity, 

gray intensity and higher intensity. The input output 

relationship shown in Fig-4.0 

 

IV. RESULT ANALYSIS 

Output of all the above mentioned techniques is compared on 

the basis of their corresponding PSNR values and following 

figures and table show the output after applying following 

operations at different stages: 

 Results indicate the superiority of the proposed 

technique over the conventional and image resolution 

enhancement techniques. 

 It is observed that the proposed DWT and GMM 

method achieves higher PSNR and Q Index than the existing 

methods. 

 At first step we have selected the input image from 

dataset, then in next step different noise removal techniques 

have been applied to reduce the effect of noise from input 

dataset, after performing lots of experiments we found that 

the use of median filter may lead in better results to overcome 

the effect of noise present in input image. 

 Finally, At the last stage fuzzy based contrast 

enhancement method have been applied, which is specially 

designed for the input dataset, and contains different rules 

which can contribute in enhancement of the contrast of input 

image. Stepwise results are shown in Fig.[5] 

 

V. CONCLUSION 

A new Satellite image resolution improvement technique is 

achieved by using discrete wavelet transform to decompose 

the image and Gaussian Mixture Model interpolation to 

interpolate the coefficients. The techniques of contrast 

improvement are unit used loosely for betterment of visual 

quality of low contrast pictures. Here, once taking the image 

information, we tend to applied Median filter for noise take 

away because it offers highest PSNR than others. Distinction 

improvement is finished by exploitation machine distinction 

methodology wherever higher limit is about to 0.96 and lower 

limit is about to 0.06 ended as best. 
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