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Abstract— In digital image processing noise removal or noise 

filtering is an important criteria. During analog to digital 

conversion, compressing of images, transmission of signal, 

pre-processing images usually  affect with impulse noise 

(spike noise or salt and pepper noise[1]. Linear noise filtering 

technique does not work well when the noise is non-adaptive 

in nature. The novel approach proposed in this paper is an 

adaptive digital signal processing technique that can 

efficiently remove impulse noise from color image. It is a 

histogram based adaptive threshold algorithm where a pixel 

is replaced only if it is identified to be noisy pixel otherwise 

the original pixel is retained this technique been implemented 

using noise-exclusive fuzzy switching median filter 

(RFSMF) algorithm. The proposed technique is a better 

filtering method when compared to conventional median 

filters and its modified filters in present era[1]. It is proved 

that the proposed algorithm is moderately suitable for high 

noise environment 
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I. INTRODUCTION 

Digital image processing has extended its importance in 

many fields such as medical imaging for diagnosis of 

diseases, recognition (gesture recognition, face recognition 

etc) for security purposes. Hence it is must necessary that 

image should be noise free for processing it. Often the images 

are corrupted by impulse noise commonly known as spike 

noise or salt and pepper noise. Since the homogeneity among 

the pixels is broken, quality of the image is distorted. Impulse 

noise results bright pixels in dark regions and dark pixels in 

bright regions. Impulse noise is mainly caused during 

conversion of analog signals to digital, compressing of 

images, transmission of signals and acquisition of signals pre-

processing etc. Impulse noise is basically categorized into 

two types they are random value impulse noise and fixed 

value impulse noise[2]. In fixed value impulse noise the noisy 

pixel will have maximum or minimum gray level value, thus 

it introduce grey level value 0 (salt) and gray level value 255 

(pepper) to the original image and is said to be salt and pepper 

noise. In random value impulse noise the noisy pixel will 

have random value of gray level value. Impulse noise is 

generally characterized by replacing some portion of pixels 

in image by noisy pixels and leaving the remaining part of 

pixels in the image unchanged. 

II. FUZZY WEIGHTED MEDIAN FILTER  

Fuzzy weighted median filter can be effectively adopted by 

Calculating the degree for each component to each pixel 

which is to be considered noise-free or noisy, then it is 

consider with the pixel component to be noise-free if it is 

similar to the corresponding component of the pixel at the 

same spatial location in the previous or next frame and to the 

corresponding component of two neighboring pixels in the 

same frame. In the case of motion, the pixels in the previous 

frames cannot be used to determine that the pixel component 

in the current frame is noise-free[3]. Therefore, more 

contribution from more similar neighbors or also pixels 

which are similar in the other color components is required. 

III. METHODOLOGY 

A. Noise detection: 

If the image is found impure with equal probabilities of 

positive and negative impulses. the histogram of the noisy 

image results in  two peaks at intensities 0 and 255. Therefore, 

the intention of the detection algorithm is to search for two 

intensities of negative and positives impulses. To go ahead 

with, we have used two threshold point i.e., two local valleys 

(positive and negative) obtained through a search in the 

histogram it is not an optimal solution. Positive and negative 

valleys are the rest valleys obtained by navigating from the 

right end and left-end to the centre of the histogram, 

respectively. Thus, pixel values lesser than the negative 

valley and greater than the positive valley belong to the noisy 

category, and the rest belong to the noise-free category. 

B. Noise cancellation: 

The detected noisy pixels are proceeding as input to the 

proposed recursive and noise-exclusive fuzzy switching 

median filter (RFSMF)[2]. The filter performs the following 

following steps of operation on all the noisy pixels to get the 

final restored image, 

Step 1: Generate window of size 3*3 all the eight 

neighbor pixels of the central noisy pixel x[r, c] are tested for 

their states i.e., noisy or noise free. 

Step 2: With the concept of noise exclusive filtering 

the median of only noise free pixel of the window calculated.  

Step 3:  The filtering window size can be expressed [4] as 

W (r, c) ={x[r + i, c + j] | (i, j) = -1... 1}……(1) 

 Testing central pixel using working window noisy 

or noise free, if noise free no filtering operation is performed. 

If noise, calculating maximum value of the absolute 

intensities difference between central and neighboring pixel. 

Step 4: Assigned fuzzy weighted to determine 

degree of noise and through fuzzification process which is 

been explained in upcoming discussions. 

Step 5: membership value expresses the degree of 

noise pixel which aims reduce the noise. S type mf is used in 

the fuzzification. 

Step 6: Replacing the intensity value of the noise 

free pixel to the noisy to become the pixel to be noise free. 

IV. FUZZIFICATION OF NOISY PIXELS 

Let x(r, c) denote the luminance value of the pixel at spatial 

position ½r; cŠ of the noisy image. Here, r and c are the row 

and column indices, respectively, with 1 ≤ r ≤ R and 1 ≤ c ≤ 

C for an input noisy image of size {R * C} pixels. Let W(r, 
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c) define the group of pixels of size {3 * 3} contained in a 

filter window cantered at spatial location [r, c] of the noisy 

image, and can be represented as follows[5] 

W (r, c) ={x[r + i, c + j] | (i, j) = -1... 1}…  …(1) 

Now, central pixel x(r, c) of the above working 

window is tested for its category, i.e., noisy or noise-free. If 

x(r, c) is a noise-free pixel, the filtering operation will not be 

performed, or else the maximum value M(r, c) of the absolute 

intensities difference between the central pixel x(r, c) and the 

neighbouring pixels of the working window is calculated 

using (3.2) M(r, c) is calculated as follows 

M[r, c] = maximum {D[x + i, c + j]}….…....(2) 

Where {D[x + i, c + j]} = |x[r + i, c + j] – x[r, c] With 

(i, j) = -1.... 1, And x[r + i, c + j] ≠ x[r, c]. 

The central noisy pixel x(r, c) is assighned with 

fuzzy weight for determining its degree of belonging to be 

noisy, and calculated through a fuzzification process. Various 

membership functions (MF) can used in the study to 

characterize the membership value of fuzzified pixel. The 

generated membership value expresses the degree of 

pertaining of the pixel to be noisy [7]. The value also 

possesses the local/contextual information through the pixels 

of the working window that focus to minimize the noise 

effects of the central pixel. The S-type MF used in the 

fuzzification of the central pixel x(r, c) is given by 

(x, T1, P, T2) = 0, x ≤ T1…...……….... (3) 

= 2[(x – T1) / (T2 – T1)] M, T1 < x ≤ P 

= 1 - 2[(T2 – x) / (T2 – T1)] M,  P < x ≤ T2 

= 1.     x ≥ T2 

Where M is the fuzzifier of the T1, T2 and P are the 

parameter, p = (T1 + T2)/2, is a crossover point, the 

maximum value of the x is 0.5 

Y [r, c] = f[r, c] * m[r, c] + {1 - f[r, c]} * x[r, c]…… (4) 

Where x[r, c] is the pixel to be corrected, f[r, c] is 

the fuzzy membership value of x[r, c], and m[r, c] is the 

median of the noise free pixels[6]. 

In the testing phase of the neighbour pixels as noisy 

or noise- free (i.e., while calculating the median), previously 

corrected noise free pixels are also considered. In other 

words, the correcting action for the next pixels would use the 

values of the previously corrected pixels in its calculation, 

and thus the whole operation becomes recursive. 

V. IMPLEMENTATION  

Implementation of the proposed algorithm has been tested 

with  image samples of GI endoscopy. It is been carried out 

by four major steps defined below. 

Step 1: Load GI endoscopy input image. 

Step 2: Generate Peak impulse noise and guassian 

noise 

Step 3: Take histogram of input image. This 

produces two peaks at intensities 0 and 255.  

Step 4: noisy category is of pixel value which is 

greater than the positive valley and lesser than the negative 

valley belonging and rest belong to noise free category. 

   Negative valley < x(r, c) > Positive valley Noisy 

  Else   Noise Free 

If we found any noisy pixels then they can be 

rectified to make them noise free by noise cancellation 

technique proposed and explained in the above discussion[5]. 

The following diagram chart gives the brief differentiation of 

RFWMF algorithm and its implementation flow. 

 
Fig. 1: RFWMF algorithm flow chart 

VI. TESTS AND RESULTS 

The resulting images shown below represents image 

converted GI Endoscopy image samples used for testing the 

proposed RFWMF algorithm. 

 
Fig. 2: Gaussian Noise=0.0001% and Impulse 

Noise=0.005% 

 

Noise Density 

Proposed method(RFWMF) 

PSNR MSE NCD 

Gaussian 

Noise=0.0001% and 

Impulse 

Noise=0.005% 

1)38.5526 

2)38.7107 

3)38.2281 

4)38.2281 

1)0.0907 

2)0.0873 

3)0.0776 

4)0.0832 

1)2.002 

2)2.034 

3)2.123 

4)2.337 

Average 38.4298 0.0847 2.124 

Gaussian 

Noise=0.001% and 

Impulse Noise=0.05% 

1)30.0606 

2)30.3943 

3)30.2955 

4)30.4369 

1)0.6413 

2)0.5939 

3)0.6074 

4)0.5880 

1)3.300 

2)3.546 

3)3.598 

4)3.544 

Average 30.296 0.607 3.497 
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Gaussian 

Noise=0.002% and 

Impulse Noise=0.06% 

1)23.5522 

2)23.8178 

3)23.7059 

4)23.7105 

1)0.3004 

2)0.3207 

3)0.2001 

4)0.2433 

1)4.050 

2)4.143 

3)4.957 

4)4.865 

Average 23.6966 0.2661 4.5037 

Table 1: Proposed with PSNR, MSE method and NCD 

values 

 
Fig. 3: Gaussian Noise=0.001% and Impulse Noise=0.05% 

 
Fig 4: Gaussian Noise=0.002% and Impulse Noise=0.06% 

Fig2.shows the sequence of frames of output image 

using adaptive threshold mean for Gaussian Noise=0.0001% 

and Impulse Noise=0.005%. In Fig3. And fig4. output of 

adaptive threshold mean algorithm for Gaussian 

Noise=0.001% and Impulse Noise=0.05%, Gaussian 

Noise=0.002% and Impulse Noise=0.06% noise density are 

shown respectively. common measure of forecast error is 

mean absolute error in time series analysis, where the terms 

"mean absolute deviation"[8] is used with the more standard 

definition of mean absolute deviation. Mean squared error 

(MSE) estimates the average of the squares of the errors.  

MSE is a risk function, corresponding to the expected value 

of the squared error loss or quadratic loss. 

A. Performance Analysis of PSNR: 

To evaluate the performance analysis of Threshold based 

weighted median switching filter by using PSNR, MSE and 

NCD method. Take different images for evaluating the 

performance [6]. In this technique used four images and the 

PSNR value in between 23 to 39 ranges, the MSE range in 

between 0.03 to 0.27 finally measured the NCD, the NCD 

values are in between 3.1653 to 5.3202. 

 
Fig. 5: Performance analysis of PSNR 

The fig2. Shows that the proposed method gives 

higher values for PSNR. The other two methods will give the 

same results. The proposed method is better results when 

compared with the others when evaluating the PSNR values. 

B. Performance Analysis of MSE: 

 
Fig. 6: Performance analysis of MSE 

For good results the MSE value should be higher. 

The range for the MSE value should be 0 to 1[8,9] 

C. Performance analysis of NCD: 

To evaluate the NCD result is compared with the other results 

using the Fig.4. If noise removal is said to be good the value 

of NCD should be comparatively less. The proposed method 

shows lower values of NCD. Thus the proposed method gives 

better results when compared with the other two methods. 

 
Fig. 7: Performance analysis of NCD 
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VII. CONCLUSION 

In this paper a high-performance algorithm for removing 

impulse noise from color image has been presented. The rule 

based recursive Fuzzy weighted median filter algorithm is 

suitable for efficient removal of impulse noise in high noise 

environment. This algorithm provides better and fast filtering 

of noise than conventional and improved versions of median 

filters. Based on rule based adaptive threshold algorithm, a 

low cost FPGA-based flexible architecture with a parallel 

structure for an efficient kind of impulse noise reduction 

processor can be developed. With differential computation 

consisting of pipelined architecture, hardware efficiency can 

be boosted.                                           

REFERENCES 

[1] Amarjit Roy, Joyeeta Singha, Salam Shuleenda Devi, 

Rabul Hussain Laskar, ‘Impulse noise removal using 

SVM classification based fuzzy filter from gray scale 

images’, Speech and Image Processing Group, 

Electronics and Communication Engineering 

Department, National Institute of Technology, Silchar, 

Assam 788010, India, Signal Processing128(2016)262–

273,2016. 

[2] fuzzy sets with application to Gaussian noise reduction’ 

Fuzzy Sets and Systems 286 (2016) 66–85, science 

direct, 2016. 

[3] Saroj K. Meher, ’Recursive and noise-exclusive fuzzy 

switching median filter for impulse noise reduction’ 

Engineering Applications of Artificial 

Intelligence30(2014)145–154, 2014. 

[4] Licheng Liu, C.L. Philip Chen, Yicong Zhou, Xinge 

You, ‘A new weighted mean filter with a two-phase 

detector for removing impulse noise’, Information 

Sciences 315 (2015) 1–16, 2015. 

[5] Kuldeep Singh, Rajiv Kapoor, Sanjeev Kr. Sinha, 

‘Enhancement of low exposure images via recursive 

histogram equalization algorithms’ Optik 126 (2015) 

2619–2625, 2015. 

[6] A Ajay Kumar Nain, Surbhi Singhania, Shailender 

Gupta and Bharat Bhushan. ‘Comparative Study of 

Mixed Noise Removal Techniques’, Information 

Sciences 316, 2014. 

[7] Alberto Jorge Rosales-Silva, Francisco Javier Gallegos-

Funes, Ivonnes Bazan Trujillo and Alfredo Ramírez 

García ‘Robust fuzzy scheme for Gaussian denoising of 

3D color vide’, Information Sciences 214, 2014. 

[8] Zahra Zareizadeh, Reza P.R. Hasanzadeh, Gholamreza 

Baghersalimi,’A recursive color image edge detection 

method using Green’s function approach’, Optik 124 

(2013) 4847– 4854, 2013. 

[9] Anuj Goel and Vikas Mittals ‘Removal of Impulse Noise 

Using Fuzzy Techniques: A Survey’ Information 

Sciences 154, 2012. 

[10] YakupYüksel, MustafaAl, M.EminYüksel, 

’Performance enhancement of image impulse noise 

filters by image rotation and fuzzy processing’ Int. J. 

Electron. Commun. (AEÜ) 64 (2010) 329–338, 2010.  


