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The physical resolution of astronomic imaging appliances, characterised as device 

parameters and physical effects, provides a chance for resolution enhancement methods. The 

proposed paper comes up with an enhanced technique for improving the image spatial 

resolution by merging three techniques which are Discrete Wavelet Transform (DWT) and 

Stationary Wavelet Transform (SWT) combined with an algorithm called New Edge-

directed Interpolation (NEDI). The spatial resolution is enriched within the new approach 

by retrieving the missing edge elements due to the restrictions of imaging devices for 

astronomical noisy low-resolution (LR) images. The image of LR is divided to sub-bands of 

low and high frequencies (LF, HF) using (SWT) and (DWT), and thereafter the HF sub-

bands of DWT are interpolated by NEDI. For enhancing the assessed high sub-bands, the 

HF of SWT is added to the interpolated HF of DWT. For maintaining better edge details and 

addressing the noise artefacts in the modified wavelet coefficients, the new high sub-bands 

are handled through NEDI and an adaptive threshold operation. Finally, for retrieving an 

image of a high resolution, the evaluated LF and the new corrected HF sub-bands are merged 

by applying the inverse DWT. A general astronomical image data set is picked out of the 

validation objective. The experimental results manifest the excellent outcomes of the newly 

suggested technique above the rest tested techniques. 
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1. INTRODUCTION

Image processing is very substantial in Astronomy, 

particularly with the modern progress in space exploration and 

the technological evolution of more strong and sound 

observatories with more robust telescopes. The employ of 

image processing in Astronomy alters from visibility of image 

detail and fine structure which are complicated to detect in the 

row data, locate the distance from earth, and detection and 

categorization of celestial objects [1]. Astronomical images 

play a significant part in profound space reconnaissance as 

they provide a fast trail to acquire planetary information [2]. 

The remote sensing astronomical images are unsurprisingly 

extraordinary for future research of stellar bodies [3]. 

However, the physical resolution of astronomical imaging 

devices such as space telescopes is restricted by system 

parameters (such as lens aperture and Charge-Coupled Device 

array characteristics) and physical effects (such as the 

atmosphere) [4]. Thus, observed images possibly manifest 

distorted thereby chosen for enhancement and then applied for 

visual estimate [5]. To increase the spatial resolution of 

celestial bodies, it is substantial to achieve resolution 

improvement techniques in order to recover the missing image 

details caused by the restrictions of imaging sensors [6].  

The spatial resolution indicates the capability of the sensor 

to recognize the tiniest object depending on the pixel size [4]. 

The pixel numbers per unit area included in an image define 

the spatial resolution. If the pixel numbers per unit area are 

high this means that this image is HR image, and therefore it 

will consist of more detail [7]. The imaging devices initially 

determine the spatial resolution of a digital image. They 

contain an array of two-dimension photo-detector pixels. If the 

detector numbers are high, the spatial resolution probable of 

the imaging sensor will be high. An imaging device for 

incomplete detector numbers will generate an LR image [8]. 

Enhancing resolution primarily focuses on obtaining the HR 

image from the observed LR image. It uses either a single LR 

image [9, 10] or many LR images, which is known as super-

resolution (SR) [11]. It has been quite an effective area of 

research for many applications, such as astronomical 

observation [1-6], satellite imaging [10, 12], medical 

diagnostics [13], and video surveillance systems [14].  

A most related technique to image resolution enhancement 

is image interpolation, which is also employed to boost the 

pixel numbers in an image. Fundamentally, it endeavours to 

assess pixels at unknown positions utilizing known pixels [15]. 

There are four linear conventional interpolation techniques. 

Although linear techniques are used to improve spatial 
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resolution, they cannot process the rapid-increasing statistics 

around edges and accordingly result in blurred edges and 

unwanted artifacts. Other nonlinear interpolation techniques 

which are called edge-directed (EDI) and new edge- directed 

interpolation (NEDI) [16, 17], have been presented to 

substantially enhance the visible goodness of the pixels near 

edges by considering edge information into account. However, 

the enhancements using these techniques are restricted in the 

textile as well as not linear edges of the reconstructed images 

[18]. 

Wavelet-based is another resolution enhancement technique 

that is capable of supplying frequency and temporal 

information together at the transformation operation, and 

merging features of both [19]. The wavelet transform (WT) is 

based on splitting involved data into various frequency bands 

and thereafter inspects every one through a corresponding 

resolution at its scale [20]. The idea beyond the technique of 

wavelet transformation of an image is that image features in 

various scales are deposed and studied. Global features are 

studied at coarser scales, whereas local features are resolved at 

smooth scales [21]. The wavelet transform relies on small 

waves defined as wavelets, that are differing in frequency and 

limited in duration [22]. The based functions which are called 

Wavelets resulted from the single mother function by 

employing the shifts and expansions merit [23].  

Many methods for image resolution enhancement have been 

performed by modeling the high-frequencies of sub-bands 

using detailed wavelet coefficients. The simplest method is 

named wavelet zero padding (WZP), in which a first 

evaluation of unknown HR image was acquired in two steps: 

Firstly, employing LR image as an input instead of the LF sub-

band together with zero-padding for all sub-bands of HF 

elements; secondly, performing the inverse wavelet transform 

(IWT). The WZP technique inserts artifacts like blurring and 

ringing into the resolution enhanced image [24]. A cycle-

spinning (CS) method, presented by Temizel and Vlachos 

[24], succeeded in decreasing ringing artifacts. In this method, 

many LR images were generated from HR one by spatially 

directional translations, wavelet transformation, dismissing 

the sub-bands of high-frequencies, and then performing WZP 

to all these LR images and taking the average to those middle 

HR images to get the ultimate enhanced image. Recently, there 

were many studies conducted on applying DWT for image 

enhancement. One-level DWT was employed by Tsai and 

Acharya [25], for dividing an LR image into frequency of 

quadratic sub-bands, and thereafter high-frequencies (LH) 

with (HL) were up-scaled by introducing zeros between 

sequential columns as well as rows, and (HH) was dismissed. 

Finally, the IDWT was applied to those estimated sub-bands 

to create the up-scaled HR image. Recently, the authors 

Demirel and Anbarjafari proposed (DASR) method [26], 

based on employing a bicubic method for interpolating input 

images with the pre-divided sub-bands of LH, HL, and HH. 

DWT and difference image (DWT-Diff) method was 

introduced by Demirel and Anbarjafari [27], for further 

improving the interpolated HF bands, the distinction between 

the estimated LL band and the LR image was applied, and 

appending the distinction to the evaluated sub-bands. The 

same authors also introduced a DWT and SWT (DWT-SWT) 

method [28], depended on using the same interpolating 

technique of sub-bands (LH, HL, and HH) with the input 

image by utilizing bicubic and rectifying the evaluated sub-

bands through SWT. However, the enhancements by these 

considered methods have restricted performance due to their 

employed interpolation methods and they are not able to 

address the noise artifacts in the LR image observation. 

This work presents a new approach that is based on merging 

SWT with DWT and NEDI to improve spatial accuracy and 

retrieving the missing edges due to the restrictions of imaging 

devices. The objective of this paper is to enhance the goodness 

of astronomical images so that the reconstructing images are 

more appropriate than the row ones for briefing of attributes. 

The implementation of the suggested method is particularly 

useful when a scene is acquired by a LR imaging sensor with 

an insufficient number of detector elements.  

This paper concentrates its application on astronomical 

images although the proposed method also applies to all kinds 

of images, this is because row astronomical images usually 

contain noise and blur, thus, they cannot be used directly in 

analysis and research. This paper is ordered as follows. Section 

2 elucidates the suggested approach. Five tested astronomical 

images are applied in Section 3 for the results and discussions. 

Section 4 shows the conclusions. 

 

 

2. PROPOSED RESOLUTION ENHANCEMENT 

APPROACH 

 

Recovering the edges involved in an observed image which 

are missing due to the restrictions of imaging devices, is the 

fundamental objective to retrieve the HR image from the 

perceived LR image. Although the conventional interpolation 

techniques addressed the dilemma of the retrieving process, 

they output blurring concerning edge regions as the pertinent 

data of edges in the row image are neglected. 

Thus, the wavelet-based accuracy amendment technique is 

performed to maintain the edge details and accordingly 

recover the enhanced image from the observed image. In the 

suggested approach, the decomposition of sub-bands for HF 

was implemented by employing the DWT to separate and 

maintain the elements of high frequency, afterward 

implementing the interpolation of separated high-frequencies 

with the aim of maintaining better image details in comparison 

to direct interpolation. Although the combination of DWT 

process with the interpolation methods was applied in some of 

the DWT-based interpolation methods, the blurring impact 

from their use of conventional interpolation techniques gives 

rise to the prospective luck of edges in the estimated sub-

bands. Thus, the NEDI method [17] was employed to be 

merged with DWT based on our approach DWT-NEDI in 

reference [10] that preserved more edges in the interpolating 

coefficients. 

The proposed paper presents a new wavelet-based approach 

which is based on combining the techniques of SWT, DWT, 

NEDI together with soft thresholding. The proposed approach 

works for retrieving the wasted HF details and addressing the 

noise artifacts for the given noisy LR image. The justification 

behind choosing these specific techniques is that DWT 

supplies appropriate details for local analysis and image 

composition. It is able to give analysis for image information 

of different resolutions; smooth resolution comprises items of 

small size or low contrast, whereas rough resolution contains 

all items of large size or high contrast [23]. The rationale for 

selecting the NEDI is that it comes with estimating the wasted 

pixel via performing a weighted average which is basically 

applied on the four nearest adjacent pixels via diametrical 

direction [17]. The rationale for choosing the SWT is to further 

amending the detailed wavelet coefficients. The benefit of 
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using DWT with NEDI is to improve the visual quality of the 

reconstructed image. This feature cannot be obtained using the 

NEDI method separately.  There are four main steps in the 

suggested approach. First, the DWT operation is applied to 

divide the LR image into four directional sub-bands ("LL, LH, 

HL, and HH") of low and high-frequencies (LF and HF) 

respectively. Because of the downsampling process is 

exploited in DWT process. DWT is shift-variant accordingly 

each sub-band comes with half the size of the given image. 

Second, NEDI technique is used to interpolate three HF sub-

bands of LH, HL, and HH with a scale factor of 𝛼/2. On the 

other hand, further enhancement is achieved for evaluated 

wavelet coefficients, the SWT process is introduced by 

dividing the orignal image into low and high sub-bands. Then, 

appending the LH, HL, and HH high sub-bands obtianed from 

SWT to the estimated DWT HF sub-bands. The SWT is not 

capable of downsampling, thus each sub-band comes with the 

full size of the original image. Third, NEDI method by 𝛼/2 

can be employed further to the rectified sub-bands. Generally, 

astronomical data acquired from imaging sensors are messy 

and noisy (e.g., additive Gaussian noise). Thus, to protect 

more edges and suppress the noise in the corrected wavelet 

coefficients, an adaptive thresholding process by an adaptive 

soft-thresholding method presented by Donoho [29] and 

Zhang [30] is included to handle the modified coefficients. 

Global threshold 𝜏 for sub-band is calculated by: 

 

𝜏 = 𝜎√2 log(𝑁) /𝑁 (1) 

 

where, 𝜎 is the standard deviation, and 𝑁 stands for number of 

total pixels. Soft-thresholding function is apparently presented 

as follow: 

 

𝑋𝑜𝑢𝑡(𝑖, 𝑗) = {

𝑋𝑖𝑛(𝑖, 𝑗) − 𝜏 𝑋𝑖𝑛(𝑖, 𝑗) > 𝜏

0 |𝑋𝑖𝑛(𝑖, 𝑗)| ≤ 𝜏

𝑋𝑖𝑛(𝑖, 𝑗) + 𝜏 𝑋𝑖𝑛(𝑖, 𝑗) < −𝜏

 (2) 

 

The adaptive thresholding implementation process depends 

on concentrating the signal energy on little coefficients whilst 

spreading the noise energy among all wavelet coefficients 

[30].  

Fourth, the resulting LL sub-band of DWT operation is 

substituted as LR image input because it includes additional 

data in comparison to the LL sub-band. To interpolate the LR 

image, the NEDI method by α/2 is applied and then substituted 

by the evaluated LL sub-band. Ultimately, the operation of 

IDWT is implemented to produce a reconstructed image by 

merging the evaluated LF with the new HF sub-bands. The 

below figure depicts the proposed DWT-NEDI-SWT 

technique is shown by Figure 1.  

 

 
 

Figure 1. Block diagram of the proposed resolution technique 
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The distinct processing steps can be illustrated in a separate 

manner as follows: 

(1) Red component selection from the observed color 

image. 

(2) Performing DWT procedure for splitting the selected 

component into four sub-bands of low and high frequencies 

with half the size of the original image. 

(3) Applying NEDI technique by scale factor α/2 for 

upsampling the high (LH, HL, and HH) sub-bands due to the 

downsampling that is caused by DWT. 

(4) Performing SWT operation for separating the adopted 

component into four low and high sub-bands with full size. 

Given that SWT is not coming with downsampling. 

(5) Appending the high sub-bands of SWT with the 

interpolated high sub-bands of DWT for further amending of 

these estimated sub-bands. 

(6) Applying again the NEDI by α/2 for upsampling these 

rectified sub-bands to maintain extra edges. 

(7) Performing an adaptive thresholding procedure after 

calculating the threshold of any sub-band for suppressing the 

noise at these rectified sub-bands. 

(8) Employing the NEDI by scale factor α/2 for upsampling 

the examind LR image to generate the evaluated low sub-band 

of LL. 

(9) Performing IDWT procedure for merging all handled 

sub-bands and getting enhanced components. 

(10) Blue and green components are identically generated 

by employing steps 2 to 9. 

(11) Merging the resultant handled components for getting 

the upgraded HR color image. 

 

 

3. RESULTS AND DISCUSSIONS 
 

3.1 Visual evaluation 

 

The experimental results will be thoroughly displayed in 

this section. The output visual implementation for both the 

proposed technique and the other studied amendment 

techniques will be discussed. The proposed technique was 

implemented upon five various astronomical images called 

Cats Eye Nebula, Dark Matter Galaxy, Orion Nebula, 

Centaurus Galaxy, and Jupiter Planet acquired from an 

astronomical general data set. Because the scale for the row 

HR images in the general data set is varied, thus, each row 

image was up-sampled to 512 × 512  pixels and it was 

considered as the reference image for the consistency of 

comparison. Depending on the observation of imaging 

devices, the measured LR images were generated with the 

scale of 128 × 128  pixels as follows: the row images are 

blurred using a filter of low-pass, and then down-sampled in 

the vertical orientation as well as in the horizontal orientation 

with a scale factor 𝛼 by employing twice DWT based on the 

(db.9/7) wavelet function. Gaussian noise is used for 

contaminating the produced LR images based on 40 dB  of 

signal-to-noise ratio (SNR). The advantage of choosing the 

wavelet Daubechies db.9/7 is that because it is the best wavelet 

filter for the dividing process using DWT [31].  

To appreciate the visual implementation of the output 

results, three images called Orion Nebula, Centaurus Galaxy, 

and Jupiter Planet were picked out from five images that were 

tested by the proposed algorithm and the other considered 

algorithms. Figures 2-4 display the reconstructed images 

generated from all tested techniques through a resolution 

enhancement from 128 × 128 to 512 × 512 for the selected 

images. It has been noticed that the suggested approach 

demonstrates a preferable visual quality to the other tested 

approaches in improving the input LR images by providing 

more detail of interested regions and removing the noise 

artifacts.  

The detail of the chosen reconstructed regions of Orion 

Nebula and Centaurus Galaxy images produced by the 

suggested approach, for instance, are frequently spotless, in 

comparison with the reconstructed regions of these images 

resulted from the other considered techniques. In addition, the 

local features, such as edges and surface textures of the 

improved areas of these images obtained by the proposed 

algorithm are obviously distinct in comparable with the other 

tested methods. Furthermore, the noise and ringing effects are 

eliminated by the suggested technique. For example, the 

ringing and noise artefacts at the reconstructed region of 

Jupiter planet image are removed ultimately by the suggested 

algorithm, whilst these artefacts are manifested plainly at the 

images resulted from the other techniques.    

 

 
 

Figure 2. The reconstructed images produced by up-sampling of 128 × 128 to 512 × 512 with proposed technique and the other 

tested techniques for an Orion Nebula selected image. (a) the full LR image; (b) the chosen area from LR image; the 

reconstructed HR images using (c) Bicubic, (d) WZP, (e) DASR and (e) the suggested technique 
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Figure 3. The reconstructed images produced by up-sampling of 128 × 128 to 512 × 512 with proposed technique and the other 

tested techniques for a Centaurus Galaxy selected image. (a) the full LR image; (b) the chosen area from LR image; reconstructed 

HR images using (c) Bicubic, (d) WZP, (e) DASR and (e) the suggested technique 

 

 
 

Figure 4. The reconstructed images produced by up-sampling of 128 × 128 to 512 × 512 with proposed technique and the other 

tested techniques for a Jupiter Planet selected image. (a) the full LR image; (b) the chosen area from LR image; reconstructed HR 

images using (c) Bicubic, (d) WZP, (e) DASR and (e) the suggested technique 

 

3.2 Quantitative evaluation 

 

As it is difficult to assess visually the distinction between 

the reconstructed images from various techniques because this 

difference can be little. This segment shows the experimental 

outcomes of the objective evaluation. Peak-signal-to-noise-

ratio (PSNR) between the enhanced and the row HR images is 

used, because it is the maximum ordinarily quantitative 

measure for assessing image goodness. It is computed as: 

 

𝑃𝑆𝑁𝑅 = 10 log10(
𝐿2

𝑀𝑆𝐸
) (3) 

 

where, 𝐿 is the highest value at the image. The value of 𝐿 will 

be 255 if the image is presented with 8-bit grayscale. 𝑀𝑆𝐸 is 

the mean-square-error of the reconstructed �̂�(𝑖, 𝑗) and the row 

𝑋(𝑖, 𝑗) images. It is computed as: 

 

𝑀𝑆𝐸 =
1

𝑁 × 𝑁
∑ ∑ [�̂�(𝑖, 𝑗) − 𝑋(𝑖, 𝑗)]

2𝑁

𝑗=1

𝑁

𝑖=1
 (4) 

 

The second commonly quantitative measure is root-mean-

square error (RMSE) [14], and it is expressed as: 
 

𝑅𝑀𝑆𝐸 = √𝑀𝑆𝐸 (5) 

 

As the error images for considered methods are quite 

approaching to each other and it is so tricky to do evaluation, 

15



 

entropy is the commonly used quantitative measure for 

evaluating image quality. The entropy of an image, indicated 

by 𝐸, can be expressed by: 

 

𝐸 = − ∑ 𝑃
𝐿

𝑘=1
(𝑟𝑘)𝑙𝑜𝑔2𝑃(𝑟𝑘) (6) 

 

where, 𝑃(𝑟𝑘) is the likelihood of a brightness value 𝑟𝑘 . The 

lower the E value, the better the amendment, according to 

Azam et al. [32]. 

 

Table 1. The PSNR (dB) outcomes of 128×128 to 512×512 

enlargement within the chosen images 

 

Techniques 
Types of Images 

Cats Dark Orion Centaurus Jupiter 

Nearest  32.02 26.81 26.34 27.33 26.05 

Bilinear  33.61 28.00 27.48 28.22 27.13 

Bicubic  33.58 28.02 27.43 28.15 27.25 

Lanczos 33.51 27.97 27.35 28.09 27.24 

WZP [22] 34.27 28.51 27.97 28.51 27.32 

WZP-CS [22] 35.71 29.59 28.86 29.11 28.15 

DWT [23] 34.15 28.37 27.85 28.42 27.20 

DASR [24] 34.49 27.96 27.37 28.00 26.79 

DWT-Dif 

[25] 
31.76 26.27 25.85 26.92 25.39 

DWT-SWT 

[26] 
33.27 27.22 26.41 27.36 25.79 

DWT-NEDI 

[8] 
36.58 27.72 28.18 25.87 26.35 

Proposed 

method 
38.33 30.76 29.94 29.87 28.75 

 

Tables 1-3 respectively include the objective results of the 

chosen astronomical images. Depending on the PSNR and 

RMSE values, it has been perceived that the suggested method 

has the top implementation of the five picked images. It is 

illustrated that the suggested algorithm performs the 

maximum PSNR values (38.33 dB, 30.76 dB, 29.94 dB, 29.87 

dB, and 28.75 dB for PSNR respectively) for all five tested 

images and the increment over DWT-NEDI algorithm is 5%, 

11%, 6%, 16%, and 9%. Depending on the values of entropy, 

the proposed method has the maximum achievement for the 

Cats Eye Nebula and Centaurus Galaxy images, the DWT-

NEDI method gives the maximum accomplishment for the 

Dark Matter Galaxy and Jupiter Planet images, while the 

superior method is the WZP for the Orion Nebula image. 

Notwithstanding, the suggested approach still has a superior 

performance better than the other studied techniques. These 

perceptions substantiate that the achievement of the proposed 

algorithm relies on the evaluation metrics and diverse image 

attributes. Table 4 presents the comparison of the proposed 

technique against the other methods based on the advantages 

and disadvantages of each method. Overall, the proposed 

technique performs better reconstruction quality than other 

methods in terms of subjective and quantitative metrics. 

 

Table 2. The RMSE outcomes of 128×128 to 512×512 

enlargement within the chosen images 

 

Techniques 
Types of Image 

Cats Dark Orion Centaur Jupiter 

Nearest 6.39 11.64 12.29 10.96 12.71 

Bilinear 5.32 10.15 10.78 9.90 11.22 

Bicubic 5.34 10.13 10.84 9.98 11.07 

Lanczos 5.39 10.19 10.94 10.04 11.08 

WZP [22] 4.93 9.57 10.18 9.57 10.97 

WZP-CS [22] 4.18 8.46 9.20 8.93 9.97 

DWT [23] 5.00 9.73 10.33 9.68 11.13 

DASR [24] 4.81 10.20 10.92 10.15 11.67 

DWT-Dif [25] 6.58 12.39 13.00 11.50 13.72 

DWT-SWT [26] 5.53 11.11 12.19 10.93 13.09 

DWT-NEDI [8] 3.78 10.49 9.95 12.97 12.28 

Proposed 

method 
3.09 7.39 8.12 8.19 9.31 

 

Table 3. The Entropy outcomes of 128×128 to 512×512 

enlargement within the chosen images 

 

Techniques 
Types of Images 

Cats Dark Orion Centaurus Jupiter 

Nearest 5.32 3.94 4.04 3.86 4.76 

Bilinear 5.74 4.02 3.95 3.88 5.04 

Bicubic 5.73 4.05 3.96 3.96 5.03 

Lanczos 5.73 4.10 4.01 4.04 5.04 

WZP [22] 5.42 3.99 4.06 3.92 4.75 

WZP-CS [22] 5.84 3.93 3.91 3.87 5.24 

DWT [23] 5.40 4.01 4.07 3.96 4.77 

DASR [24] 5.57 4.25 4.19 4.10 5.20 

DWT-Dif [25] 5.46 3.86 4.10 4.22 5.00 

DWT-SWT 

[26] 
5.52 4.09 4.29 4.15 4.82 

DWT-NEDI 

[8] 
5.04 3.66 4.03 3.75 4.34 

Proposed 

method 
5.03 3.87 4.78 3.69 4.55 

 

Table 4. The comparison of the proposed approach against the considered techniques 

 
Resolution Enhancement 

Techniques 
Advantages Disadvantages 

Convolution Interpolation Simple to perform Result in blurred edges and unwanted artifacts 

WZP [22] Easy to implement Inserts smoothing and ringing effects 

WZP-CS [22] Decreases ringing effects  

DWT [23] Insulates and maintains the HF components Causes down sampling 

DASR [24] Insulates the detailed coefficients Produces blurring around edge areas 

DWT-NEDI [8] 
Enhances the visual quality around edge areas and 

addresses noise artifacts 
 

Proposed 
Preserves more detailed components, obtains better 

visual quality, and suppresses noise 
 

 

3.3 Variation of noise levels 

 

This part demonstrates the power of the suggested approach 

versus noise artifacts depending on the adaptive thresholding 

process. The principal concept of this process is concentrating 

the signal energy on a little bigger coefficient whilst spreading 

the noise energy among all coefficients. Thus, the adaptive 

thresholding process heads for preserving bigger coefficients 
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and compressing noise coefficients. The noise level has been 

raised from 40  to 20 (dB) of 5 dB increment. The first image 

has been tested using the suggested algorithm and other 

selected algorithms. Table 5 illustrates the PSNR outcomes 

comparison of various algorithms with several levels of noise. 

It has been noticed that the suggested approach results the best 

PSNR results among the selected methods for every noise 

level.  

 

Table 5. The PSNR results of the Cats Eye Nebula image for 

different noise levels, rise from 20 dB to 40 dB with an 

increment of 5 dB 

 

SNR 
Techniques 

Nearest Bilinear Lanczos Bicubic Proposed 

40 dB  32.02 33.61 33.51 33.58 38.29 

35 dB  31.65 33.36 33.08 33.22 37.45 

30 dB  30,71 32.74 32.05 32.32 35.53 

25 dB 28.59 31.20 29.80 30.28 32.22 

20 dB 25.10 28.20 26.17 26.81 27.95 

 

 

4. CONCLUSIONS 

 

A developed wavelet-based approach depended on a 

merging of three algorithms which are stationary wavelet 

transform, discrete wavelet transform, and new edge-directed 

interpolation was proposed in this research to enrich the spatial 

resolution via retrieving the edges for an observed low-

resolution image. A soft-thresholding operation is also 

introduced for maintaining more edges and suppressing the 

noise in the wavelet coefficients of the astronomical noisy 

low-resolution image improvement. The novelty of this 

method is the combination of stationary wavelet transform and 

a thresholding process to rectify the estimated noisy wavelet 

coefficients. The implementation of this method is particularly 

beneficial when a scene is captured by a low-resolution 

imaging device with an insufficient number of detector 

elements. Five types of astronomical images were selected and 

examined via the suggested algorithm, and the experimental 

results were tested with interpolation techniques and wavelet-

based image techniques. Results have indicated that the 

proposed technique overcomes the examined resolution 

enhancement techniques. 
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