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ABSTRACT: 

Satellite colour photographs are used in a variety of fields of study. This paper discusses a 

modern approach for enhancing satellite images that employs the wavelet and threshold 

decomposition concepts. The suggested enhancement technique decomposes the input image into 

subbands using DWT. Theoretically, threshold decomposition is a useful method in nonlinear 

image processing. The orientation of the edges is determined using threshold decomposition, 

which are then sharpened using morphological filters. This approach would provide superior 

qualitative and quantitative outcomes. The upgrade is carried out in terms of both resolution and 

comparison. DWT, SWT, and SVD are included in the suggested process. The suggested 

approach employs DWT and SWT to improve resolution. These transformations break down a 

given picture into four sub-bands, one of which is low frequency and the others high frequency. 

Conventional interpolation methods are used to interpolate the HF elements. The interpolated 

high and low frequency components are then combined using IDWT. We use SVD and DWT to 

improve the contrast. The findings of the experiments reveal that the proposed approach 

outperforms traditional approaches for both colour and grayscale photographs. For real-time 

execution, this enhanced picture could be stored in an FPGA. 

Keyword:Singular Value Decomposition, General Histogram Equalization, Hardware 

Description Language, Embedded Development Kit, Base System Builder, Universal 

Asynchronous Receiver Transmitter Keywords: Singular Value Decomposition, General 

Histogram Equalization, Hardware Description Language, Embedded Development Kit, Base 

System Builder, Universal Asynchronous Receiver Transmitter. 
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INTRODUCTION 

Image enhancement is the most often used method in the area of image processing to increase 

attribute visualisation. Satellite imagery may be used for a variety of purposes, including 

determining the spectral signature of various items including the plant map, crop pattern, and 

ground cover classification Remote sensing photos are vital for delivering humanitarian aid, 

assessing harm, and developing innovative defence strategies in the aftermath of natural 

disasters. One of the most common issues with satellite imaging when capturing pictures at a 

great distance is the dark light and comparison of the scene. The contrast of an item is 

determined by the difference of colour and light between it and other objects in the same field of 

view. Differences are the primary source of contrast. A luminance differential reflected from two 

surfaces Where a photograph is taken in a darkened or light setting, clarity in areas that are 

excessively and uniformly dark or bright may be lost. The problem is how to make a photo with 

more contrast from an input satellite image that has all of the colour but isn't visible. Several 

methods, such as General Histogram Equalization, Gamma Adjustment, and Local Histogram 

Equalization, have been reported in the literature for the contrast analysis of satellite pictures. 

These techniques for enhancing contrast are both simple and effective Indies. These techniques, 

though, are unsuccessful since the image's histogram information is totally lost. The Wavelet 

Transform, especially the Discrete Wavelet Transform, has emerged as a strong and robust 

method for analysing and extracting information from non-stationary signals such as speech 

signals over the last decade due to the time variable nature of speech signals. Noise reduction, 

filtering, optimization, and remote sensing are all fields where the discrete wavelet transform is 

useful. 

Several strategies focused on wavelet or wavelet packets have recently been developed for the 

study of satellite images. In this mission, a novel technique based on Singular Value 

Decomposition and Discrete Wavelet Transform was suggested for the enhancement of low-

contrast satellite images. 

The SVD methodology is based on the linear algebra theorem that a rectangular matrix A can be 

decomposed into three matrices as follows: 

The Singular Value dependent image Equalization technique is based on equalising the singular 

value matrix produced by Singular Value Decomposition. The following is the SVD of an image, 

which can be interpreted as a matrix: 

𝐴 =  𝑈𝐴𝐷𝐴𝑉𝐴      (1.1) 

𝐴 = 𝑈𝐴  
𝐷𝐴 0
0 𝐷𝐴

 
𝑚×𝑛

𝑉𝐴 

 𝑈𝐴  𝑖𝑠 𝑎𝑛 𝑜𝑟𝑡𝑕𝑜𝑔𝑜𝑛𝑎𝑙 𝑚𝑎𝑡𝑟𝑖𝑥. 

 𝐷𝐴  𝑖𝑠 𝑑𝑖𝑎𝑔𝑜𝑛𝑎𝑙 𝑚𝑎𝑡𝑟𝑖𝑥 𝑜𝑓 𝐴 𝑚𝑎𝑡𝑟𝑖𝑥. 
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 𝑉𝐴  𝑖𝑠 𝑎𝑛 𝑜𝑟𝑡𝑕𝑜𝑔𝑜𝑛𝑎𝑙 𝑚𝑎𝑡𝑟𝑖𝑥 𝑡𝑕𝑎𝑡 𝑕𝑎𝑠 𝑏𝑒𝑒𝑛 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑠𝑒𝑑. 

As we all familiar with transpose of left and right diagonal vector is identity matrix. 

𝑈𝐴𝑈𝐴
𝑇 = 𝑉𝐴𝑉𝐴

𝑇 = 1 

For all,𝑈𝐴  𝑎𝑛𝑑𝐷𝐴 are the hanger and aligner orthogonal square matrices, respectively.The 𝐷𝐴 

matrix holds the sorted singular values on its main diagonal, and simple enhancement arises due 

to scaling of singular values of the DWT coefficients 1.1. The sensitivity information of the 

image is reflected in the singular value matrix, and any modifications to the singular values 

influence the quality of the input image. 

The key benefit of using DWT for image equalisation is that it is quick.Due to the fact that ΣA 

includes the picture's strength information; in this case, a multiband satellite image was used for 

better study. 

The method of enhancing the appearance of a visual picture without knowing the cause of 

deterioration is known as image enhancement. These factors have an effect on the image's 

resolution and contrast. The smallest discernible information in a picture is referred to as spatial 

resolution. The images are being manipulated in order to achieve a higher quality. Interpolation 

is a widely employed method for improving image resolution. Interpolation is used in many 

image processing technologies, including facial reconstruction, multiple description encryption, 

and super resolution. Three well-known interpolation methods include nearest neighbour 

interpolation, bilinear interpolation, and bi-cubic interpolation. 

The shortage of HF components caused by interpolation's smoothing is the greatest disadvantage 

of using it.It's important to keep the edges clean. We use a modern mathematical method called 

the wavelet transform to prevent this issue. The image processing transformations DWT and 

SWT are relatively new. Wavelet transforms are used to decompose a specified low resolution 

image into frequency components, i.e. sub-bands, because of their intrinsic property of being 

redundant and shift invariant. Aspect extraction, de-noising, facial recognition, satellite picture 

super resolution, and compression are all functions that DWT is used for in image processing. 

SURVEY OF LITERATURE 

E. Hall is the usage of a grey level transition was explored. This creates a standardised 

distribution from an empirical distribution feature of grey level values in a picture. This 

transformation has been used for image enhancement as well as a normalisation process. This 

transformation provides a discrete variable with an approximately standardised empirical 

distribution, as it is analogous to the well-known distribution change. 

C. Hegang defined a quick image enhancement filtering algorithm. This algorithm smooths out 

noise while making minimal changes to the original picture. The filtered image is made up of 
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four low-passed subimages that are generated from a single input image.This algorithm 

decreases the amount of noise in the data,the picture and makes it better. This algorithm is put to 

the test on a number of MR images collected from a low-field-strength MR imaging device. 

H. Demirel and G. Anbarjafarisuggested a method for improving satellite picture resolution 

using the dynamic wavelet transform. The input picture is decomposed into separate subbands 

using a dual-tree complex wavelet transform. After that, the input image and high frequency sub 

bands are interpolated. Finally, all of the files are merged and a high-resolution picture is 

generated using inverse DT-CWT. In terms of both visual and quantitative efficiency, the 

proposed approach outperforms conventional resolution enhancement approaches such as Peak 

Signal to Noise Ratio (PSNR). 

R. Malladi and J. A. Sethianproposed a system for removing camera noise, recovering shapes, 

and enhancing images Noise reduction, image improvement, and shape recovery are all part of a 

single approach. This transition has been used to improve images as well as to normalise them. 

The filtered image is a weighted composite of four sub images generated by low-pass filtering 

the original image four times. 

H. Demirel and G. Anbarjafari“DiscreteWavelet Transform-Dependent Satellite Image 

Resolution Enhancement,” a current satellite image resolution enhancement technique focused 

on the interpolation of high-frequency sub bands obtained by discrete wavelet transform (DWT) 

and the input image, was proposed. The discrete wavelet transform is used to decompose the 

input picture into distinct sub bands in this resolution enhancement process. The input low 

resolution image and all of the high frequency sub bands are then interpolated. All of these files 

are then subjected to the IDWT algorithm, which produces high-resolution images. An 

intermediate stage is recommended to create a clearer picture. This method is put to the test on 

satellite benchmark photographs. 

Kirk Baker established a technique for image noise removal, image shape recovery, and image 

enhancement in “Singular Value Decomposition-Based Satellite Image Contrast Enhancement.” 

This transformation has been used for image enhancement as well as a normalisation process. 

The proposed methodology outperforms traditional resolution enhancement approaches in terms 

of both visual and quantitative performance. 

The numerous approaches and methodologies that have been used to improve photographs at this 

time have been understood and analysed using these literatures. The outcomes of these 

methodologies have been observed and incorporated into the proposed methodologies to improve 

the outcome. 
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PROPOSED METHODOLOGY 

Since resolution is such a crucial factor of satellite imagery, improving the resolution of those 

images is critical, since increasing the resolution of these images would have a significant impact 

on the output of the device that uses these images as input. Because of the smoothing induced by 

interpolation, the high-frequency components of an image are the most distorted since it has been 

resolution increased by interpolation.As a result, retaining the edges is critical for improving the 

accuracy of the enhanced picture. To conserve the image's high-frequency elements, the DWT 

method was used. The image is constructed from DWT (Longitudinal, lateral, and height), which 

are L, H, and LH and H. Some of the image's high-frequency bands are often used in the High 

Expanded Subsidiary Frequency bands. In certain instances, these four subband images can be 

used for interpolation. Using double-precision as an input for the proposed expansion process, 

the LL (i.e., low-pass) picture is generated.To put it another way, the sub- way photographs are 

of the lower standard is what the original picture looks likeas a consequence, we expand the 

input picture using low-frequency subbands, which have less details than the first, which is why 

the number of details we lose through interpolation This occurs for the low-frequency data, and 

each of the signal in the high-rate subbands is interpolated using (or is doubled by) one-half of 

the interpolation component.We proposed an intermediate stage in the high frequency subband 

interpolation method to retain further edge detail, resulting in a clearer enhanced picture. The 

interpolated LL picture with factor 2 and the low-resolution input satellite image are strongly 

correlated. While the high-frequency LL subband picture and the LL input video vary, the 

resulting image could have better image detail. With the spread seen in this graph, this figure, the 

common frequency component can be determined, allowing for increased accuracy in the lower-

frequency components. to ensure that the high-frequency picture elements correspond to the 

suitable to IDWT, a high-resolution-factor is applied first on the low-resolution input, and a low-

factor approximation is done on the predicted high-frequency, and another is then on the 

difference image (which is a low-resolution picture). 

Because adding high-frequency discrete components into HH, but not low-frequency 

components into HL yields a simpler and more refined picture, it must first be performed to 

achieve a considerably finer picture, which contains several more low-frequency ones, discrete 

components, is added after the result of the addition. Expansion: The plots in Figures 3.1 and 3.2 

show the disparity between the original picture and that was first measured with high resolution 

and the higher resolution pictures that were measured with the bic interpolation and expansion, 

and the results obtained by WZP and CS-based techniques. In the illustrated approach, 

components have been left in place with the highest frequency also as shown in Figure 3. 

Discrete Wavelet Transform Steps 

In the low-contrast image, the frame, R and B are combined, with each influencing the other. If 

one colour (R,G,B) is to be included, each is worked separately. The LL picture has a 2-
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component per primary-to-to-subband decomposition strategy, in which each primary component 

is further divided into binary levels and each of which can be processed separately. These binary 

levels will be put together to form a final grayscale frame, which will then be merged to produce 

an image close to that produced from grayscale processing. Threshold based operators may 

identify the positions of the edges and then use a class of morphological operations to calculate 

the gradient of the extended faces in order to find the locations of the edges. When opening up 

images, edges are made sharper using a morphological filter to quantify the information that 

went into generating quantitative details so the PSNR and Root Mean Square Error (PSE) were 

employed. In an Expanded picture, one, PSNR is determined as follows: 

𝑃𝑆𝑁𝑅 = 10 × log10  
𝑅2

𝑃𝑒𝑎𝑘

𝑀𝑆𝐸
                                                                       (3.1) 

            = 10 × log10  
𝑅2

𝑃𝑒𝑎𝑘
1

𝑀×𝑁
   𝑅 𝑖, 𝑗 − 𝑓 ′(𝑖, 𝑗) 2𝑁

𝑗=1
𝑀
𝑖=1

 𝑑𝐵 

Where 𝑅  → Maximum fluctuation in the input image, 

𝑀𝑆𝐸 → Mean squared error measures the average of the squares of the errors or 

deviations, 

𝑅2
𝑃𝑒𝑎𝑘 → The peak intensity level in the original image R, 

𝑅 𝑖, 𝑗  𝑎𝑛𝑑𝑓 ′(𝑖, 𝑗) →indicate the value of pixel  i, j of original image and 

watermarked one respectively,  

M, N →The width and the height of cover image. 

MSE is modelling the image 𝐼1 as well as its expanded representation, which is obtained by 

this formula: 𝐼1 (with the extra feature enhancements) 

𝑀𝑆𝐸 =
   𝐼1 𝑖,𝑗  −𝐼2 𝑖,𝑗   𝑛

𝑗
2𝑚  

𝑖

𝑀×𝑁
                              (3.2) 

Where, 

 𝐼 , 𝐾 →Matrices that address the pictures being correlated.  

𝐼1 𝑖, 𝑗 →Represents the value of pixel (𝑖, 𝑗) of image 𝐼1. 

  →𝑁
𝑗

𝑀
𝑖  Two dimensions about (𝑖, 𝑗) 

𝑅𝑀𝑆𝐸is calculated by taking roots on MSE then we have the equation here below, 
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𝑅𝑀𝑆𝐸 =  
   𝐼1 𝑖, 𝑗 − 𝐼2 𝑖, 𝑗  

𝑛
𝑗

2𝑚 
𝑖

𝑀 × 𝑁
 

 

Figure 3.3 Block diagram for DWT. 

SINGULAR VALUE DECOMPOSITION Of DISCRETE WAVELET TRANSFORM 

In essence, there are two stages to this image enhancing procedure. The first move is to improve 

the settlement. The contrast enhancement is the next move. The combination of DWT and SVD 

is used for resolution enhancement, and the combination of SVD and DWT is used for contrast 

enhancement. 

•Improving the resolution 

This approach proposes to take full spectrum-generated images and interpolate HF sub-band 

images, which have been collected from DW, using the original input. The result can be 

improved by using a SWT (Spice Web Tooling) intermediate stage. DWT may be used to split 

the image into different bands, and HF can be used to recompute the part values of each of those 

split bands. To get SWT collected subband counts in closer to those of input counts, SWT is 

expanded into an estimated number of sub-counting. in order to achieve high quality, the picture 

resolution, the separate high-resolution HF sub-band (original) image is interpolation is 

performed, and the correction is applied to the interpolated low-frequency-signal image When 

considering the primary applications of wavelet transformations, it is essential to preserve the HF 

components. You may do a DWT decomposition of the input picture to get many sub-band DWT 

results at once. The frequencies of the top entity and the two bottom are described as being 

expanded by means of biquad simple interpolation. 

Enhancement in contrast 

SVD and DWT are the key instruments we use here. The illumination knowledge is already 

understood to be included in the singular value matrix collected by SVD. As a result, we must 
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alter this matrix in order to alter the image's contrast. Some modifications to this matrix would 

have little impact on the image's other attributes. The picture is divided into sub-bands using the 

DWT. The edges are clustered on the LH, HL, and HH sub-bands, as we recognise. To put it 

another way, separating the HF from the LF, no operations on the edges of the bass components 

will be needed. 

Afterward, the image seems to beclearer has returned to its previous state of sharpness. If this 

process has been completed, we are left with these final measures: 

We would first introduce DWT to the picture's contrast, and then apply GHE to that picture to 

see whether DWT appears.For the LL sub-bands obtained above, measure the hanger (U), aligner 

(V), and singular value matrix. Take the maximum factor in both SVMs and multiply it by the 

number of elements in both SVMs and their ratio (ξ). Now estimate the current LL sub-band and 

determine the new STM. 

 

Figure 3.1 Various stages of enhancement of landscape satellite picture 

Two qualities should be used to test the final images: blur and sharpness. Adjusting errors are 

required, according to the distortion evaluation, by calculating the Mean Square Error (MSE). 

The picture quality (expressed as a signal to noise ratio, or peak signal to peak-to-noise-average-

signal) is adjusted to be of greater emphasis; the stronger the image quality, the higher the PSNR 

Multiwavelets and multiscaling features 

From scalar to general dimension r N, the principle of multi-resolution analysis may be applied. 

A function with a vector value 

𝛷 =  𝜙1𝜙2 …… 𝜙𝑟  𝑇belonging to 𝐿
2(𝑅)𝑟 , 𝑟𝜖𝑁  is called a multi-scaling function if thesequence 

of closed spaces: 

𝑉𝑗 = 𝑠𝑝𝑎𝑛{2𝑗 /2𝜙𝑖(2𝑗 − 𝑘): 1 ≤ 𝑖 ≤ 𝑟, 𝑘𝜖𝑍}, jϵZ (3.3) 

𝑊𝑗 = 𝑠𝑝𝑎𝑛{2𝑗 /2𝛹𝑖(2𝑗 − 𝑘): 1 ≤ 𝑖 ≤ 𝑟, 𝑘𝜖𝑍} (3.4) 
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𝛹(𝑡)  =  √2   𝑘𝐻𝑘𝛷(2𝑡 − 𝑘)  (3.5) 

Decomposition of multiwavelets 

The aim of this segment is to add nine multi wavelets to ECG signals with the prefiltering 

described earlier. For each multiwavelet, In the signal expansion phase, we maintain the same 

number of largest coefficients, and then invert the algorithm to generate the signal. At all our 

timestamps, all of our tests occur on the first samples extracted from the LAD from MIT records 

100, 101, 102, 103, 104, 105, 106, 107, 118, 119, 200, 201, 202, 203, 205, 207, 208, 209, 210, 

212, 214, 215, 217, 219, 210, 212, 214, 215, 217, 219, 210, 212, The following measures were 

used to apply a basic threshold compression method: 

1) Up to six stages of prefiltering and decomposition. 

2) The expansion of the first N highest expansion terms of the Retention coefficient 

3) Coefficient reconstruction using N coefficients. 

For the sake of convenience, we'll use N = 125, which corresponds to compression ratios of 

16.384 for both signals. 

RESULTS AND DISCUSSION 

 

Figure5.1 Input image and Enhanced output image for DWT technique 

The input picture is first decomposed using the DWT method in this technique.In addition, the 

input image's LL area is improved and generated as the output enhanced image. This technique's 

performance parameters are relatively low. As a result, the DWT is mainly required for 

decomposition and not for enhancement. 
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DISCRETE WAVELET TRANSFORM WITH SINGULAR VALUE DECOMPOSITION. 

 

Figure 5.2 Input image and enhanced output image for DWT with SVD 

The input picture is decomposed using the DWT technique and subdivided into four sub bands in 

this process. The SVD technique is used to filter and process the LL subband. The resulting 

improved picture is then transformed to create the final image. 

The obtained qualitative parameters are superior to those obtained by using DWT alone. 

Table:1 Quality measurement parameters of various enhancement techniques 

Methodology MSE PSNR 

Discrete Wavelet Transform 14.4068 36.5451 

Discrete Wavelet Transform with Singular 

Value Decomposition 

2.1372 44.8324 

 

 

Figure 5.3 Quality Measurement with respect to Multiple Techniques. 

0 10 20 30 40 50

MSE

PSNR

Quality measurement Techniques

Discrete Wavelet Transform with Singular Value Decomposition

Discrete Wavelet Transform
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 Fig 5.4 Two-dimensional Trend curves in SVD and DWT 

 

Fig 5.5 Stacked column of eachmethodology with respect to Time. 

CONCLUSION 

 It is important to preserve the edges of the enhanced picture in order to improve its accuracy.A 

geometrical branch of nonlinear filters is known as mathematical morphology. Two qualities 

should be used to test the final images: blur and sharpness. Adjusting errors are required, 

according to the distortion evaluation, by calculating the MSE. 

The PSNR adjusts the picture quality; the greater the PSNR, the better the image quality. We can 

get the PSNR & MSE values of the specific given image(s) driven its errors randomly by 

comparing these values, and we can compare the values obtained from these filters. 

Advantages: 

 • Reducing edge detection to a basic binary method 

Discrete Wavelet Transform

Discrete Wavelet Transform with Singular 
Value Decomposition

0
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MSE PSNR

Two dimensional Trend curves of SVD & DWT
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MSE PSNR

14.4068

36.5451

2.1372

44.8324

S TA C K E D  M E T H O D O LO GY  W. R .T  T I M E    

Discrete Wavelet Transform

Discrete Wavelet Transform with Singular Value Decomposition
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 • Solving the edge preserving and noise reduction issue 

• The qualitative and quantitative results of the morphological filter system are stronger. 
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