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ABSTRACT: Image denoising & compression is one of the most diversified research areas in 

the field of image processing and computer vision. It is highly desirable for a denoising 

technique to preserve important image features, such as edges, corners and other sharp structures 

of an image, after denoising & compression. This paper presents a novel patch based image 

denoising technique based on adaptive median filter with compression. A patch-based (PBT) 

thresholding scheme is used to effectively reduce noise while preserving relevant features of the 

original image. We proposed the method in which simultaneously denoised & compressed image 

is obtained.  Experimental result shows that the proposed method can provide better performance 

than many of the existing impulse denoising methods so that our denoised - compressed image is 

suitable for storage & transmission purpose.  
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I. INTRODUCTION 

Image denoising is still a challenging problem in the fields of image processing and 

computer vision. It refers to the recovery of a digital image that has been contaminated by some 

types of noise while preserving image features such as the edges and the textures [1]. 

Nowadays, an image is synonymous to digital image and is very important for daily life 

applications such as satellite television, computer vision, medical imaging etc. Digital images are 

inseparable parts of many applications. Acquisition, processing, and transmission of image, 

especially when performed in cost effective ways will generate undesirable artifact. For example, 

digital images taken by consumer’s digital camera may suffer from thermal sensor noise 

demosaicking noise and quantization noise. In image denoising process, noise is undesired 

information that contaminates the image. The information about the type of noise corrupting in 

the original image plays a significant role to determine the denoising technique [2]. 
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Uncompressed multimedia (Image, audio, signal) data requires considerable storage 

capacity and transmission bandwidth despite rapid progress in mass storage density, processor 

speeds and digital communication system performance, demand for data storage capacity and 

data transmission bandwidth continues to outstrip the capabilities of available technologies. The 

recent growth of data intensive  multimedia-based web applications have not only the need for 

more efficient ways to encode signals and images but have made compression of such signals 

central to storage and communication technology. At the present state technology, the only 

solution is to compress multimedia data before its storage and transmission, and decompress it at 

the receiver for playback [3]. 

Since most of the human visual perception and understanding of an image is conveyed by 

its edge structures and texture patterns. To preserve the edge and the texture, the patch-based 

image representation is modeled instead of the pixel-based image for noise reduction, where each 

patch contains a pixel and its nearest neighbors. For an observed noisy image Y let y(x) be a 

pixel at a position x in the image Y. Assuming that P is the number of pixels in the patch, the 

patch-based image Yx denotes a patch of fixed size   𝑃X  𝑃 extracted from Y, where x is the 

coordinate of the central pixel of the patch. That is, Yx is a reshaped vector of size P X 1, which 

contains the 𝑃X  𝑃 pixels consisting of a central pixel y(x) and its nearest neighbors in the 

observed image Y. For each target pixel y(x) located in the central position of the target patch 

Yx, there are totally L possible training patches of the same size 𝑃X  𝑃 in the  𝐿  X  𝐿 local 

search window. However, there may be very different adjacent patches from the given target 

patch so that taking all the  𝐿  X  𝐿 patches as the training samples will cause inaccurate 

estimation of the target patch vector Yx [1]. 

 

 

Figure 1: The relationships between the central pixels, the target patch, the adjacent patch & the local search          

window 
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II. LITERATURE REVIEW 

Idan ram et.al [2] has proposed: “Image Processing using Smooth Ordering of its 

Patches”. In this paper authors extracts all the patches with overlaps and order them in such a 

way that they are chained in the shortest possible path. The obtained ordering is applied to the 

corrupted image implies a permutation of the image pixels. This method enables us toobtain 

good recovery of clean image by applying relatively simple one dimensional smoothening 

operators(such as filtering or interpolation) to the recorded set of pixels. 

    Suhaila Sari   et.al [4] has proposed: “Development of Denoising Method for Digital 

Image in Low-Light Condition”. In this paper authors develops a denoising method through 

hybridization of bilateral filters and wavelet thresholding for digital images. The major drawback 

of this approach was that it is not suitable to remove impulsive noise. 

 Haijuan Hu et.al [5] has proposed “Removing Mixture of Gaussian and Impulse 

Noise By Patch-Based Weighted Means”. Authors firstly establish a law of large numbers and 

a convergence theorem in distribution to show the rate of convergence of the non-local means 

filter for removing Gaussian noise. After that introduce the notion of degree of similarity to 

measure the role of similarity for the non-local means filter. Based on the convergence theorems, 

authors propose a patch-based weighted means filter for removing impulse noise and its mixture 

with Gaussian noise by combining the essential idea of the trilateral filter and that of the non-

local means filter. Experiments results show that author’s proposed filter is competitive 

compared to recently proposed methods. 

III. IMAGE DENOISING 

The aim of an image denoising algorithm is then to reduce the noise level, while preserving 

the important image features. Some of various denoising algorithms are: 

A.FILTERING METHODS 

 Noise reductions are basically classified into two types: 1) linear techniques and 2) Non linear 

techniques: In linear filtering techniques noise reduction formula is applied for all pixels of 

image linearly without classifying pixel into noisy and non noisy pixels. Examples for linear 

filters are mean, adaptive wiener filters etc. Non-Linear Filters are used to improve the range of 

noise reduction non linear techniques, such as, Median Filter (MF), AMF (Adaptive Median 

Filter) [6]. 
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B. WAVELET DOMAIN FILTERING 

 In wavelet domain, the noise is uniformly spread throughout the coefficients, while most of 

the image information is concentrated in the few largest coefficients. In DWT an image is 

filtered into four sub bands at each resolution and the sub band which has lowest frequency sub 

band is further subdivided through an iterative process to provide the multi resolution 

representation. When an image is decomposed using wavelet transform, the four sub images are 

produced and find appropriate value (threshold) which separates noise values to actual image 

values without affecting the significant features of the image by using the obtained thresholding 

value denoise the image either by hard thresholding and soft thresholding [7].  

The aim of an image-denoising algorithm is then to reduce the noise level, while 

preserving the image features. All digital images contain some degree of noise due to the 

corruption in its acquisition and transmission by various effects. Because the wavelet transform 

has an ability to capture the energy of a signal in few energy transform values, the wavelet 

denoising technique is very effective. When an image is decomposed using wavelet transform, 

the four sub images are produced and by using the obtained thresholding value denoise the image 

either by hard thresholding and soft thresholding. 

C. PATCH-BASED DENOISING: 

Let a patch P
1
(x,y), with center x= (x,y), define the set of all image values and a spatially 

discretized local pxp neighborhood of  I. Here, the spatial discretization step of the patch is set to 

1. The dimension P is chosen as odd, i.e. p = 2q+1. 

                  

                Original image                      Original image Patch                         Patch 8 x8  

Figure 2: Categorization of image patch 
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VI. PROPOSED ALGORITHM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Flow chart of proposed algorithm 
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To perform the algorithm, we start with any color image and it is corrupted with 

impulsive noise so the image becomes noisy. Now to eliminate impulsive noise first adaptive 

median filter is applied on the noisy image. Initialize with window size with w= 3 x 3 increasing 

the size of window until to get the correct median value for noise free estimation. The output of 

AMF does not take care about particular image features such as edges & other details. In this 

way some artifacts are obtained. It is required to smooth these artifacts & to preserve edges. To 

achieve this Patch based thresholding algorithm (PBT) is used to smooth the artifacts. It is our 

proposed method. Finally denoised image is obtained by proposed patch based thresholding 

algorithm after obtaining the denoised image compression is applied. With the help of proposed 

algorithm the obtained image is suitable for storage & transmission purpose. 

V. EXPERIMENTAL RESULTS 

 Experiments are performed on the 512x512 noisy images. In this experiment images 

contaminated by Salt & pepper with different noise variance: σ = 10, 20, 30, 50, 70. Figure 4: a, 

b, c, d & e respectively demonstrates denoising result of salt & pepper noise with noise variance 

σ = 30 of test image 1 as: (a) noisy image (b) are the output of  adaptive median filter (c)are the 

output of patch based thresholding  (d) are the output of  ref [2](e) are the output of the proposed 

method. Similarly fig 6 shows the denoising results of test image 2. 

Fig 5 & 7 shows the Visual comparisons of the denoising results of the proposed 

algorithm and other state-of-the-art methods for the Test image 1 & test image 2.Fig 8 & 9 shows 

the comparison of PSNR v/s different noise level for test image 1 & image 2. 

To measure the performance of noisy image and denoised image PSNR and MSE is used 

.The PSNR computes the peak signal-to-noise ratio, in decibels, between two images. This ratio 

is often used as a quality measurement between the original and a compressed image. The higher 

the PSNR, the better the quality of the compressed or reconstructed image. 

The Mean Square Error (MSE) and the Peak Signal to Noise Ratio (PSNR) are the two 

error metrics used to compare image compression quality. The MSE represents the cumulative 

squared error between the compressed and the original image, whereas PSNR represents a 

measure of the peak error. The lower the value of MSE the lower will be error [8].  

MSE is defined as:  
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    Where, 

   X (i, j) = original image  

   Xc (i, j) = compressed image 

 

PSNR represents a measure of the peak error & is expressed in decibels. It is defined by: 

 

     

            (a)                                                 (b)                                             (c)   

     

     

 

                                         (d)                                                    (e) 

Figure 4: Denoising results of Salt & pepper noise of Test image 1 with noise variance 30 (a) 

noisy image (b) Adaptive median filter (c) Patch based thresholding (d) Ref [2](e) proposed 

method 
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                 (a)                                                 (b)                                             (c) 

    

                                       (d)                                                    (e) 

Figure 5: Visual comparisons of the denoising results of the proposed algorithm and other state-

of-the-art methods for the Test image 1corrupted with Salt & pepper with noise variance 30 (a) 

noisy image (b) Adaptive median filter (c) Patch based thresholding (e) Ref [2](f) proposed 

method 

 

 

(a)                                                 (b)                                             (c)   
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                                           (d)                                                    (e) 

Figure 6: Denoising results of Salt & pepper noise of Test image 2 with noise variance 30 (a) 

noisy image (b) Adaptive median filter (c) Patch based thresholding (d) Ref [2](e) proposed 

method 

  

                      (a)                                            (b)                                     (c)   

 

                                (d)                                                              (e) 

Figure 7: Visual comparisons of the denoising results of the proposed algorithm and other state-

of-the-art methods for the Test image 2 corrupted with Salt & pepper with standard deviation 30 

(a) noisy image (b) Adaptive median filter (c) Patch based thresholding (d) Ref [2](e) proposed 

method 
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                                     (a)                                                                         (b) 

Figure 8: After Denoised & Compressed Images (a) Test Image 1   (b) Test Image 2 

 

 

TABLE 1: COMPARISION OF DENOISING METHODS FOR TEST IMAGE 1 

IMAG

ES 

NOISE 

VARIAN

CE 

COMPA

RISION 

PARAR 

DIFFERENT DENOISING METHODS 

   NOISY 

IMAGE 

AMF PATCH 

BASED 

THRESH

OLDING   

REF 

[2] 

PROPOSED 

METHOD 

Test 

image1 

σ  = 10 PSNR 20.03 28.7 30.14 35.52 40.61 

MSE 645.8 87.76 62.93 15.50 6.06 

C R 8.04 1.09 0.26 2.91 9.53 

BPP 0.643 0.087 0.021 0.3125 0.762 

σ  = 20 PSNR 18.77 28.45 29.91 32.74 38.32 

MSE 863 90.23 66.35 35.61 9.572 

 CR 13.55 1.23 1.38 2.12 9.21 

BPP 1.08 0.11057 0.231 0.34 0.734 

σ  = 30 PSNR 18.22 27.34 29.39 31.80 37.32 

MSE 979.6 94.53 74.83 31.23 13.97 

CR 17.45 1.5 1.4 2.33 5.415 
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BPP 1.39 0.32 0.12 0.186 0.432 

σ  = 50 PSNR 17.96 26.12 28.14 29.86 34.12 

MSE 1041 151.3 99.68 67.23 21.67 

CR 20.77 0.76 1.78 2.52 4.32 

BPP 1.66 0.065 0.14 0.140 0.365 

σ  = 70 PSNR 12.68 25.92 26.83 27.46 32.61 

MSE 3511 121.63 151.45 114.69 35.64 

CR 24.4 0.86 0.66 0.59 1.43 

BPP 0.7518 0.099 0.052 0.043 0.1132 

σ  = 90 PSNR 10.30 23.04 25.26 26.23 30.02 

MSE 6062 277.7 198.43 142.3 64.7 

CR 0.12 0.33 0.63 0.69 1.32 

BPP 0.009 0.026 0.034 0.05 0.123 

 

 

TABLE 2: COMPARISION OF DENOISING METHODS FOR TEST IMAGE 2 

IMAG

ES 

NOISE 

VARIAN

CE 

COMPA

RISION 

PARAR 

DIFFERENT DENOISING METHODS 

   NOISY 

IMAGE 

AMF PATCH 

BASED 

THRESH

OLDING   

REF 

[2] 

PROPOSED 

METHOD 

Test 

image1 

σ  = 10 PSNR 20.00 28.1 30.2 35.12 40.10 

MSE 653.8 89.71 61.13 17.50 7.99 

C R 8.12 1.12 0.36 2.99 9.19 

BPP 0.243 0.057 0.011 0.225 0.71 

σ  = 20 PSNR 18.27 28.55 29.11 32.14 38.11 

MSE 865 91.23 68.35 36.61 9.12 

 CR 13.55 1.23 1.38 2.12 9.21 

BPP 1.01 0.01057 0.131 0.24 0.634 
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σ  = 30 PSNR 18.01 27.04 29.10 31.00 37.12 

MSE 989.6 99.51 78.83 37.23 18.97 

CR 18.45 1.6 1.5 3.33 5.415 

BPP 1.39 0.32 0.12 0.186 0.432 

σ  = 50 PSNR 17.23 26.10 28.01 29.31 33.12 

MSE 1072 159.3 91.68 78.23 30.67 

CR 20.17 0.66 1.58 3.52 4.12 

BPP 1.56 0.045 0.79 0.240 0.323 

σ  = 70 PSNR 12.18 25.12 26.33 27.26 32.11 

MSE 3811 129.63 159.45 126.61 36.61 

CR 8.4 0.76 0.76 0.69 1.53 

BPP 0.7518 0.099 0.052 0.043 0.1132 

σ  = 90 PSNR 10.10 22.04 25.10 26.03 30.00 

MSE 6062 279.7 210.43 149.3 65.7 

CR 0.21 0.35 0.53 0.62 1.22 

BPP 0.008 0.036 0.041 0.050 0.113 
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Figure 8: Comparison chart of PSNR v/s different Noise level in %for salt & pepper noisy Test 

image 1. 

 

 

Figure 9: Comparison chart of PSNR v/s different Noise level in %for salt & pepper noisy Test 

image 2. 

VI. CONCLUSION 

In this paper, we performed adaptive median filtering (AMF) technique on noisy image 

than Patch based thresholding algorithm (PBT) is applied. Our results are analyzed on the basis 

of performance measures PSNR, MSE, Compression ratio & BPP. Visual perception is also the 

measure. Artifacts are removed completely and edges are preserved well in this technique. By 

analyzing and comparing several approaches we come across the conclusion that proposed 

algorithm is better among all. 
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