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Abstract: A novel adaptive fuzzy switching filter is presented that adopts a Particle Swarm Optimization (PSO) 

technique for the enhancement of mango images corrupted by impulse noise. In order to achieve optimal detail 

conservation, fuzzy switching is optimized by PSO to choose the efficient threshold value. Simulation results indicate 

that the proposed filter impressively outperforms other techniques in terms of noise suppression and detail 

preservation across a wide range of impulse noise corruption. 
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1. INTRODUCTION 

Fruit images are often degraded by the presence 

of impulse noise. In general, the task of 

removing/suppressing noise from an image is 

considered as a challenging area as it is irreversible and 

removal of significant details result in decreasing the 

overall performance of the ADDS (Automated Defect 

Detection System).  [1] have further stressed this fact by 

reporting that the usage of correct denoising algorithms 

is very important before analysis, recognition and fault 

detection. 

 During image acquisition, inhomogeneities 

occur due to variance in relative position of the light 

source, camera position and the fruit position. These 

inhomogeneities make some part of the image appear 

darker and many have uneven contrast. Moreover, the 

presence of impulse noise (appearing as bright dots or 

dust particles) also degrades and distorts the images. 

Impulse noise can be fixed-valued (salt and pepper) or 

random-valued noise. Both of these can be mistakenly 

identified as defect pattern and therefore it is imperative 

that it is removed.  

 Presence of noise degrades spatial and contrast 

resolution and obscures the underlying structure of an 

International Journal of Pure and Applied Mathematics
Volume 118 No. 18 2018, 2855-2860
ISSN: 1311-8080 (printed version); ISSN: 1314-3395 (on-line version)
url: http://www.ijpam.eu
Special Issue ijpam.eu

2855



image. Further, it has a negative impact on fruit 

imaging where the presence of noise shows a reduction 

of surface detectability of approximately a factor of 

eight [2]. This radical reduction in contrast resolution 

prevents automatic defect detection algorithms to 

perform efficiently and gives the image a grainy 

appearance. Hence, denoising is considered as a critical 

pre-processing step by many ADDS of agricultural 

products. 

An effective noise reduction method for this 

type of noise involves the usage of any one of the 

several types of available noise reduction techniques. 

They include median filter [3], Vector Median Filter 

(VMF) [4], Switching Median Filter (SMF) [5], 

anisotropic diffusion filter [6] and wavelet-based filters 

[7]. All of these methods have been enhanced and 

optimized for noise removal by several researchers [8].  

Among the various proposed methods, the median filter 

is one of the most commonly used non-linear filters. 

This method has the advantages of being successful in 

removing impulse noise, being simple and 

computationally inexpensive. However, the median 

filter has two main disadvantages as listed below. 

(i) Signal weakening (image edges are blurred) 

(ii) Affects non-corrupted (noise free) image pixels. 

1.1 IMPULSE NOISE   

Any digital image is degraded by the presence of two 

undesirable effects, namely, blur and noise. Blur is 

generally inherent to image acquisition systems [9] and 

degrade edge content and makes the transition from one 

color to the other very smooth. Image noise, on the 

other hand, is the random variation of brightness or 

color information in images produced by the capturing 

devices like camera. The presence of noise in mango 

fruit images is considered as an undesirable 

characteristic that may affect the performance of further 

steps like segmentation and feature extraction. This 

necessitates the need for an efficient restoration or 

denoising algorithm that can remove or suppress these 

unwanted pixels while preserving important features.  

The mango image, after acquisition using digital 

camera, consists of either gray-scale values or colour 

values, encoded in the form of a matrix. This matrix is 

either 2-dimensional (gray scale) or 3-dimensional 

(color images). Each element of the matrix is of the 

form (i, v(i)), where i is the pixel (Picture element) and 

v(i) is either a single real value indicating its grayness 

level or a triplet of values indicating its color details 

usually in the form of red, green and blue color 

components. The v(i) values are the result of light 

intensity measurement, usually made by a Charged 

Coupled Device (CCD) matrix coupled with a light 

focusing system. Each captor of the CCD is roughly a 

square in which the number of incoming photons is 

being counted for a fixed period corresponding to the 

obturation time. When the light source is constant, the 

number of photons received by each pixel fluctuates 

around its average in accordance with the central limit 

theorem. In other terms, fluctuations of order for n 

incoming photons can be expected. In addition, each 

captor, if not adequately cooled, receives heat spurious 

photons. The resulting perturbation is usually called 

“obscurity noise”. This can be roughly written as 

ov(i) = v(i) + n(i)  (1) 

where ov(i) is the observed value, v(i) is the gray or 

color values and n(i) is the noise introduced. The 

amount of noise (n(i)) introduced is signal dependent, 

that is, n(i) is large when v(i) is large. The main goal of 

noise removal algorithms is to reduce n(i) while 

preserving details in v(i). These algorithms first 

estimates a noise model and then use this model to filter 

noise in the mango fruit image. The second step, 

filtering, must be carefully designed so that the resultant 

enhanced image is as close to the noise free image. The 

process is shown in Figure 1.                                                             

                                                   

 

            Figure 1: General Noise Removal Process        

2.  PRELIMINARY THEORY 

The impulse noise detection process described above 

uses a fixed window size of 5 x 5. In order to further 

improve the noise removal process, the window size is 

determined in an adaptive manner. The advantage of 

implementing adaptiveness during impulse detection is 

that the size of filter’s window expands with respect to 

noise intensity and thus even severely corrupted images 

can be enhanced.  The procedure used for this purpose 

is shown in Figure 2. In Figure 2, Steps 1 is used for 

 

Noisy Image 

 

Noise 

Filtering 
Algorith

m 

 

Denoised 

Image 

 

Noise 

Model 

International Journal of Pure and Applied Mathematics Special Issue

2856



noise detection, while Step 2-5 incorporates the 

adaptive nature of the algorithm. The if-end if structure 

in Step 5 is used to modify the corrupted pixel in order 

to convert it to noise-free status.  The Med (.) function 

in this step is a maximum-minimum exclusive median 

method, which is described below.  

Let N be the size of the current filtering window, that is, 

W is of size (2N+1) x (2N+1) with centre pixel (i, j). 

The maximum-minimum exclusive median method 

estimates the maximum grayscale (gmax) and minimum 

grayscale (gmin) values in this window. The 

neighbouring pixels of W are compared with these 

values. If NI(i+n, j+m)/4 = gmax/4 (or) gmin/4 (here 

4 indicates the number of Laplacian operators used), 

where n and m denotes the position of neighbouring 

pixels and n, m  [-N, +N], then these pixels are 

discarded and the number of non-discarded pixels (ND) 

is estimated. If K = 0 and N = 1, then the filtering 

window size is increased (as described in the previous 

section) and the procedure is repeated, else if K > 0, 

then the median value M of the non-discarded pixel is 

determined and is used to replace the noisy pixel. 

           

 

     Figure 2. Adaptive Impulse Noise Detection and Removal 

2.1 Fuzzy Switching 
In the above case, during the estimation of 

M, when the number of pixels without noise is 

high, the speed of the filtering process also 

becomes high.  Moreover, consideration of 

grayscale (intensity) values produces mis-

diagnosis of noisy pixels in areas having 

uniform intensity. To solve these issues, the 

local information (D) of the window found by 

minimum absolute value is replaced by the 

fuzzy inference that using the maximum 

absolute value (Equation 2). 

 

d(i+k, j+l) = max{|xi+k, j+l – xi,j|} with  i+k, j+l ≠ 

i, j   

                                                              (2) 

The fuzzy method used (Figure 3) is defined as a 

function of fuzzy membership, F(i,j), and is given in 

Equation (3).  
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Here, the local information D is used as the input fuzzy 

variable. The threshold values T1 and T2, after 

empirically evaluation, were set to 10 and 30. 

                                                            

 

                     Figure 3 : Fuzzy Method  

3. PROPOSED AFSF-PSO 

The definition of fuzzy inference and fuzzy 

membership functions are generally affected by 

subjective decisions, which have a great influence over 

the performance of the system. In AFSF-PSO, the PSO 

is used as an optimization algorithm to supplement the 

performance of fuzzy switching step. The performance 

of AFSF algorithm is directly proportion to the choice 

of T1 and T2, which varied for each fruit image. 

Empirical evaluation, in this case, is an inefficient task 

and in this research work, in order to automatically 

estimate the two threshold values Particle Swarm 

Optimization (PSO) is used. The basics of PSO [10] are 

Step 1 : Let W = 3  

Step 2 : Construct a window (w) of size (2W+1) x (2W+1) 

around the pixel x(i, j) 

Step 3 :  Identify noisy and noise-free pixels in W using 

procedure from Section 4.3.1. 

Step 4 : Count number of noise-free pixels (NP) in w 

Step 5 : if NP < Total number of pixels in W then  

   Increase window size by one pixel in all 4 sides of W 

    Goto Step 2 

   else 

    Modify noisy pixel x(i, j) as 
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presented first, followed by the method used to estimate 

the threshold based on PSO. 

              
                      Figure 4. Proposed AFSF-PSO Algorithm 

 

The AFSF-PSO algorithm enhances fruit images 

degraded by the presence of impulse noise (salt & 

pepper) by combining the characteristics of Fuzzy 

Switching Median filter optimized by Particle Swarm 

Optimization. The noise detection stage uses a 

Laplacian Operator based detection algorithm, while the 

filtering stage uses a maximum-minimum exclusive 

median method. The switching between noise 

suppression is performed using a fuzzy switching 

algorithm enhanced with PSO. Thus, the proposed noise 

removal algorithm is a mixture of the adaptive fuzzy 

SMF and PSO. 

4. RESULTS AND DISCUSSION 

A mango fruit image database was self-created 

with mangoes collected from the local markets. The 

mango fruit images were acquired using digital camera 

and were stored in JPEG image format. Care was taken 

to create the database with both defective and defect 

free or healthy mangoes. All the images were captured 

in RGB format.  The dataset was constructed using 

1800 mangoes (1000 defective and 800 defect free). 

The database created had a total of 5040 images 

generated from 1800 mangoes (each in all six 

directions) belonging to four varieties of mangoes.  The 

four varieties of mangoes considered are Alphonso, 

Banganapalli, Neelam and Sendura. The skin defects 

considered are bruise, russet, blemish, and shrink. To 

evaluate the proposed methods, two performance 

metrics were used. They analyze the algorithm’s 

effectiveness in terms of image quality (Peak Signal to 

Noise Ratio) and time complexity (Speed of noise 

removal). The method to calculate these metrics are 

presented below in the fig 6.and the visual results of 

noisy and the proposed algorithms are shown in fig 5. 

 Noisy image                     Median Filter 

           

     AFSF                        AFSF-PSO 

                                       

Figure 5. Visual results for denoising methods 

 

    Figure 6. Average PSNR (dB) of Neelam Mango 
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        Figure 6. Average speed (dB) of Neelam Mango 

5. CONCLUSION 

As the acquired mango fruit images often have 

unwanted pixels introduced, the need for efficient 

denoising algorithms that can help quality engineers 

during analysis has also increased. In this paper, an 

image enhancement algorithm through impulse noise 

removal is proposed as a preprocessing step. The 

proposed algorithm AFSF-PSO performs noise 

removal in two steps, where the first step detects 

impulse noise, while the second step removes them in 

order to enhance the input fruit image. This algorithm 

combines the benefits of switching median filter, fuzzy 

logic, adaptive noise detection and particle swarm 

optimization. Thus the statistical results shown that the 

proposed algorithm performs better when compared to 

the existing algorithms. 
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