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Abstract—In the image processing Median filter were used to remove the impulse noise. It preserves the edges for the next level operations 

such as segmentation and object recognition. The present paper deals with the preprocessing of chili x-ray images. The researcher has already 

preprocessed the chili x-ray images by adopting the Average filter, Median filter, Wiener filter, Gamma intensity correction, CLAHE, 4-

connected Median filter and weighted 4-connected median filter. The result of the above stated preprocess methods to contain noise in the pixels, 

hence it is considered as unsuitable for next level operations. To remove such noise from the image, this paper contributes a precise and well-

organized algorithm. The proposed noise removal algorithm replaces the noisy pixels by using „4-connected median value‟ and replaces the 

remaining pixels by using „weighted 4-connected median value‟ in the selected window. The replacement of middle pixel value in 4-connected 

median filter is done through particle swarm optimization algorithm. Peak Signal to Noise Ratio used as the fitness function in the particle 

swarm optimization algorithm. The performance measures were taken for all the noise removal algorithm. Among the various results obtained, 

the proposed algorithm works better than others. 

Keywords - chili x-ray image, impulse noise, particle swarm optimization, weighted and 4-connected median filter, Optimized connected Median 

filter, Particle Swarm Optimization, Peak Signal to Noise Ratio. 
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I. INTRODUCTION 

Salt and pepper noise is a kind of impulse noise. It 

generally found on all types of images. It looks like a black 

and white pixel on the images in a random manner. Black 

pixels appear in the bright regions and white pixels appear in 

the dark regions of the noisy image. Formerly linear filters 

were considered as the most accepted filters for removal of 

noise in the images. It became fame by virtue of its working 

methodology. Linear filter preserves the edges of the image 

and removes the noise without any loss of primary contents of 

the image. Among the various linear filters median filter is the 

most important filter. However median filter seems to be very 

difficult to remove the salt and pepper noise without distortion 

of image [2]. 

Amera Abdul et.al [1] presented an algorithm in their 

research work to de noise an image by adopting Particle 

Swarm Optimization. It retains the details of an image despite 

of increase in the density of noise. The author has adopted 

Peak Signal to Noise Ratio for evaluating the performance. 

They have obtained better results in their work by getting 5dB 

more than the conventional method of de noising. 

Christo Ananth et al [5] proposed an algorithm in their 

study to de noise the image using improved Particle Swarm 

Optimization algorithm. They easily removed the noise 

contained in the image by adopting fuzzy filter along with 

PSO. Fuzzy filter contains the parallel fuzzy inference 

mechanism, a fuzzy mean process, and a fuzzy composition 

process.  Better results were obtained at lower cost in the 

initial stage itself without any trial and error. They employed 

Peak Signal to Noise Ratio for fitness evaluation function and 

performance metric. Further they added another two 

performance metrics such asMean absolute error and Mean 

Square Error. Fuzzy filter along with PSO attained the 

excellent quality of image without noise. 

J. K. Mandal et. Al. [6] proposed a novel approach in their 

study for de noising the images. They have detected and 

filtered the noise pixels from all the neighbor directional 

weighted pixels by applying minimum variance. They have 

also employed Particle Swarm Optimization to found out the 

filtering operators for the sake of obtaining better 

performance. They adopted Peak Signal to Noise Ratio for 

fitness evaluation function and performance metric. Final 

results of their work exposed that the contents of image edges 

were excellently preserved for the too noisy images. 

Mohamed Mansoor Roomi et.al [12] proposed a particle 

swarm optimization based on noise filter. It removes noise in 

the lena, hand x-ray image and SAR image. In their research 

work the filter weights were optimized by particle swarm 

optimization. It replaces the noisy pixel through acquiring the 

nearby pixel based upon its edge direction values of minimum 

mean square error. This filter obtains 4 dB greater than the 

other existing filters. Similarly many researchers have applied 

PSO for removal of noise in order to attain best quality of 

images. 

The present study deals with the analysis of chili x-ray 

images taken exclusively for this purpose.The chili x-ray 
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image gets noisy due to lack of temperature, light and 

humidity of the chili. To remove such noise, the chili x-ray 

images were preprocessed by adopting the existing algorithms 

such as Average filter, Median filter, Wiener filter, Gamma 

intensity correction[10] and CLAHE. Among them median 

filter produces better result than the other filters. However the 

Peak Signal-to-Noise Ratio (PSNR) value obtained was 

significantly low. In order to overcome such drawbacks in the 

median filter, it was slightly modified and renamed it as 4-

connected median filter. It took 4 neighbors of a middle pixel 

instead of selecting 3x3 windows. The similar process of 4-

connected median filter was repeated along with the addition 

of weights known as weighted 4-connected median filter. The 

possible weights are [1,1,1,1,1],[3,2,2,1,1],[2,2,1,1,1] and 

[3,1,1,1,1]. Among the four weights, fourth weight viz. 

[3,1,1,1,1] produced better results. The final result of the 

preprocessing does not differentiate the chili‟s seed and toxin 

affected area from the other pixels of the image due to the 

content of noise. PSO was adopted to remove the noise in 

most of the review of literature [7]. Hence an attempt of PSO 

was made in the present study to remove the noise in the chili 

x-ray image. Few chili x-ray images used in this paper are 

shown in following figure 1. 

 

(a) Contaminated chili 1 

 

(b) Contaminated chili 2 

 
(c) Uncontaminated chili 1 

 

 
 

                           (d) Uncontaminated chili 2 

 

Figure 1. Samples used in this research 

 

The flow of the proposed work is shown in figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure2. Flow of the proposed work 

 

The scheme of the present study was arranged as 

follows: section 2 tells about the details of method employed 

in this research, section 3 highlights the details of processed 

results and their discussions and section 4 focus the final 

conclusion and their respective references. 

II. METHODOLOGY 

The proposed work “Optimized connected Median 

Filter using Particle Swarm Optimization algorithm” initiates 

its first process by identifying the impulse noise from the 

noisy image [9]. The algorithm verifies the value of the image 

pixel whether it lies in between 0 (minimum gray level) to 255 

(maximum gray level) then weighted 4-connected median 

filter has to be implemented. If the value of image pixel has 
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the exact minimum gray level (0) or maximum gray level 

(255) then the algorithm identifies it has a noisy pixel [4] and 

employ 4-connected median filter algorithm along with 

particle swarm optimization algorithm to process the noisy 

pixel. 

 

A. Algorithm 

Step 1 : Select the processing window size of 3×3. Let the  

processing pixel given as Xij. 

Step 2 : If processing pixel value lies in between 0 to 255 i.e. 

0 < Xij < 255, then Weighted 4-  connected median 

filter with weight [3, 1, 1, 1, and 1] are to be 

employed. 

Step 3 : If the processing pixel value are either 0 or 255 then 

4-connected median filter with                                                                  

particle swarm optimization algorithm are to be 

employed. 

Step 4 : Repeat steps 1 to 3 until all the pixels in the image 

are to be processed. 

B.  Weighted 4-connected median filter 

Weighted 4-connected median filter works by taking 

horizontal, vertical neighbors of pixel x i.e., N4(x) and 

diagonal neighbors of pixel x i.e., ND(x) all are added to pre-

established weights[2].  

The Filtering Process works as Follows 

 Duplicate the pixel inputs to the number of times 

corresponding to its weight W 

 Sort the pixel inputs in the selected window 

 Select the middle value as a median from the set of 

sorted pixel values 

For the filtering purpose, the filter window size 5 has to 

be selected and the predefined weights [3, 1, 1, 1, 1] are to be 

employed in this research. The greater value of two i.e., the 

weighted median of N4(x) and weighted median of ND(x), has 

to be replaced in the middle pixel value of x. 

        Pixel x = max  
 weighted median of  N4(x)
 weighted median of ND  (x)

 (1)               

By applying the equation (1), the new pixel value was 

calculated. This same procedure was repeated for every pixel 

in the chili x-ray image. 

C.  Particle Swarm Optimization 

Particle Swarm Optimization developed by Eberhart 

and Kennedy. It is based on the concept of searching and 

taking of foods by group of birds and fishes. PSO follows the 

activities of individuals in a group to make best use of the 

survival of the species[3]. It works like other evolutionary 

techniques in finding optimum value from the primary group 

of the individuals [11]. The individuals of this primary group 

are again reconstructed on some kind of procedure so that they 

are motivated to select a better solution area.  

In PSO system, each individual in a group was 

referred as “particle” and the i
th

 particle was represented as Xi 

= (x1, x2, x3, · · ·, xi). The best position of a particle was 

identified by the calculation of fitness value using the fitness 

function. In the proposed algorithm Peak Signal-to-Noise 

Ratio was calculated as a fitness function. The best place of 

each and every particle was noted as pbest and the point of the 

best particle among all the values in the group for that iteration 

was recorded as gbest. The velocity for particle „i‟ was 

represented as Vi = (V1, V2, V3, · · · , Vi). From the above 

information, the velocity and place of every particle is updated 

according to the following equation 2 and 3.  

 

𝑉
𝑖

𝑘+1

= 𝑤𝑉
𝑖

𝑘

+ 𝑐1𝑟1 𝑝𝑏𝑒𝑠𝑡𝑖

𝑘

− 𝑋
𝑖

𝑘

 + 𝑐2𝑟2 𝑔𝑏𝑒𝑠𝑡𝑖

𝑘

− 𝑋
𝑖

𝑘

              (2) 

 X
𝑖

𝑘+1

= 𝑋𝑔

𝑘

+ 𝑉𝑔

𝑘

                                                    (3) 

Where c1 and c2 are equal i.e. c1=c2=2, and r1 and r2 are 

uniform random numbers in between the range 0 and 1. 

 

D.  Implementation of PSO based 4-connected median 

filter 

 

(i) 4-Connected Median Filter Definition: 

Let x denoted as pixel, u and v are the place of pixel 

coordinates in the image. A pixel x is residing in the 

coordinates (u, v) has two horizontal and two vertical 

neighbors, which are given by[8], (u-1, v), (u, v-1), (u, v+1), 

(u+1, v) and it is illustrated in fig 3. 

 1  

1 1 1 

 1  

Figure 3. 4-neighbors of pixel x i.e., N4(x) 

The four diagonal neighbors of x i.e. ND (x) have the 

following coordinates (u-1, v-1), (u-1, v+1), (u+1, v-1), (u+1, 

v+1) and it is illustrated in fig 4.    

1  1 

 1  

1  1 

Figure 4.4-diagonal neighbors of pixel x i.e., ND (x) 
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4-connected median filter works as follows: 

The greater among the three value viz. the median of N4(x), 

median of ND(x) and original pixel value of x, has to be 

replaced in the middle pixel value of x. 

  Middle pixel x= max   

median ofN4 x 

median of ND x 

 original pixel value of x
 (4) 

By applying the equation (4), the new pixel value was 

calculated. The same procedure was repeated for every pixel 

in the chili x-ray image. 

 

(ii) Implementation of PSO Algorithm 

Algorithm: 

Step 1: Select the processing window size of 3×3. Let the 

processing pixel as Xij. Initialize the input samples as given 

below. 

Step 2: Find the diagonal neighbors of pixel x i.e., ND(x). 

Step 3: Find the horizontal, vertical neighbors of pixel x i.e.,  

N4(x).  

Step 4: Define Peak Signal to Noise Ratio as objective 

function in particle swarm optimization 

algorithm[13]. 

 

               PSNR = 10 log 10  
max  𝐼 𝑥,𝑦  

2

1

9
  [I x,y −O x,y ]23

1
3
1

                   (5) 

 

where I(x, y) represents the input chili image and 

O(x, y) represents  the result of particle swarm 

optimization  

Step 5: Among the three values such as the median of N4(x), 

median of ND(x), and original value of that point x, 

which one maximizes the objective function i.e., 

PSNR in particle swarm optimization has taken to 

replace the pixel value of that point x.  

Step 6: Repeat steps 2 to 5 until all the pixels in the image are 

being processed. 

Implementation: 

From the three values such as the median of N4(x), ND(x) and 

original pixel value of that point x which one maximizes the 

objective function in particle swarm optimization has taken to 

replace the pixel value of that point x. 

Pixel x = 

 

median ofN4 x 

median of ND x 

 original pixel value of x
 whichone maximize objective function   (6) 

By using the equation (6), selection of new pixel 

value for each pixel x are done through the implementation of 

particle swarm optimization with 4-connected median filter. 

The filtering process was carried out repeatedly for every pixel 

value in the chili x-ray image. Finally the resultant filtered 

image was evaluated by the defined performance measures. 

III. RESULTS AND DISCUSSIONS 

50 chili x-ray images are processed by 3 noise 

removal methods such as 4-connected median filter, weighted 

4-connected median filter and combination of both methods 

along with particle swarm optimization  are shown in the 

below figures 5(a),(b),(c),(d). After filtering, the preprocessed 

images were clear and noise free when compared with the 

original chili x-ray image.  

(a)Contaminated chili 1                                   

 
(b) 4-connected median filter 

 

(c) Weighted 4-connected median filter 

 

(d) Optimized connected Median filter using PSO 

 

Figure 5(a). Result of noise removal methods for contaminated chili 1 

 

(a)Contaminated chili 2 
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 (b) 4-connected median filter 

 

(c) Weighted 4-connected median filter 

 
(d) Optimized connected Median filter using PSO 

 

Figure 5(b). Result of noise removal methods for contaminated chili 2 

 

(a) Uncontaminated chili 1 

 
(b) 4-connected median filter 

 

(c) Weighted 4-connected median filter 

 
(d) Optimized connected Median filter using PSO 

 

Figure 5(c). Result of noise removal methods for uncontaminated chili 1 

 

(a)Uncontaminated chili 1                           

 

(b) 4-connected median filter 

 

 

 
 

 

  (c) Weighted 4-connected median filter 

 

 
(e) Optimized connected Median filter using PSO 

 

Figure 5(d). Result of noise removal methods for uncontaminated chili 2 

 

Performance evaluation measures were taken to select 

the best noise removal method. The performance evaluation 

measures [17] as follows. 

 

Peak-signal-to-noise-ratio (PSNR) 

Peak Signal-to-Noise Ratio is a ratio calculates the 

difference between the original image and filtered image.  It 

measures the values in decibels. If the PSNR values were high, 

then the filtered image and the original image are assumed to 

be very close. It is very easy and fast to calculate and it is 

calculated by using the following formula [15]. 
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PSNR = 20 log 10  
max  𝑂 𝑥 ,𝑦  

2

1

m x n y
  [O x,y −F x,y ]2n y−1

0
m x−1
0

              (7) 

where O(x, y) represents the original image and F(x, y) 

represents the filtered image by using the proposed algorithm 

and x and y are the pixel position of the chili x-ray image. 

[12].   

Signal-to-noise-ratio (SNR) 

The SNR also measures the difference between the original 

image and filtered image. And it is calculated by using the 

following formula  

SNR = 10 log 10  
   O x,y  2

n y−1

0
m x−1
0

   O x,y −F x,y  2
n y−1

0
m x−1
0

                       (8) 

where O(x, y) represents the original chili x-ray image and  

F(x, y) represents the modified image i.e. noise filtered image 

and x and y are the pixel position of the mx× ny image[15]. 

Root Mean Squared Error (RMSE) 

Mean Squared Error was calculated through the average 

square of difference between the noisy chili image and noise 

removed image [14]. The Mean-Squared-Error (MSE) is the 

simplest one to calculate, and the most widely used for image 

quality measurement[16]. This metric is defined as follows. 

RMSE =  
1

mx ny
  [O x, y − F x, y ]2ny−1

0
mx−1
0                (9)  

where O(x, y) represents the original chili x-ray image and  

F(x, y) represents the modified image and x and y are the pixel 

position of the mx×ny image. MSE is zero when the original 

image and modified image are equal [ ]. 

 

Mean Absolute Error (MAE) 

Mean Absolute Error measures the absolute closeness between 

two nxx ny digital images [14].  It is a linear score which is 

calculated by using the following formula as: 

MAE =
1

mx ny
  |O x, y − F x, y |

ny−1

0
mx−1
0                      (10) 

where O(x, y) represents the original chili x-ray image and 

F(x, y) represents the  modified image and x and y are the 

pixel position of the mx×ny image. 

Results : 

 

TABLE1. COMPARISON OF QUALITY ASSESSMENT PARAMETERS 

 

Method/Measure Contami

nated 

chili 1 

Contami

nated 

chili 2 

Unconta

minated 

chili 1 

Unconta

minated 

chili 2 

4-connected 

median Filter 

PSNR 23.68 21.91 23.00 21.20 

SNR 23.44 21.59 22.80 20.60 

RMSE 16.70 20.47 18.06 22.20 

MAE 1.49 2.36 1.76 2.86 

Weighted 4-

connected 

median filter 

PSNR 42.14 42.44 46.35 41.50 

SNR 41.87 41.07 45.54 40.82 

RMSE 1.99 1.53 1.87 2.15 

MAE 0.04 0.04 0.07 0.08 

Optimized 

connected 

Median filter 

using PSO 

PSNR 46.35 43.80 48.72 45.67 

SNR 16.38 14.08 14.64 10.75 

RMSE 27.96 35.53 37.05 60.20 

MAE 3.58 5.84 5.90 15.25 

 

Discussion 

In this proposed work, 25 contaminated and 25 

uncontaminated chili pepper x-ray images were taken for 

analysis. This research work focus on the comparison of 

filtering methods such as 4-connected Median filter, Weighted 

4-connected Median filter along with proposed Optimized 

connected Median using Particle Swarm Optimization. To 

determine the result on the above comparison some 

performance measures were calculated, by Peak signal to noise 

ratio (PSNR), Signal to noise ratio (SNR), Root Mean Squared 

Error (RMSE) and Mean Absolute Error (MAE). These 

performance measures are calculated by above equations 

starting from 6 to 9. The calculations are done between the 

original chili x-ray image and the result of filtered image. 

From the above, Optimized connected Median using Particle 

Swarm Optimization provides good results than the existing 

proposed methods. The MAE error value obtained was lower 

than the 4-connected median filter and the weighted 4-

connected median filter. From the table 2, it infers that the 

PSNR value obtained was greater than all the other values and 

it is proved that fitness function has attained the optimization. 

The earlier studies proved that greater value of PSNR gives 

very good image quality and suitable for the next level 

processing. From the above analysis it is concluded that the 

Optimized connected Median using Particle Swarm 

Optimization is considered as a best method to remove the 

noise in the chili pepper x-ray images. 

IV. CONCLUSION 

On the acquisition of the x-ray image itself the image 

gets noisy due to low system quality, power and temperature. 

To remove such noise, the existing filtering techniques such as 

Average filter, Median filter, Adaptive filter, Gamma intensity 

correction filter, and CLAHE were implemented and 

performance measures were also taken. After that 4-connected 
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median filter and weighted 4-connected median filter were 

proposed to remove the noise in chili x-ray image. Even 

though, the de-noised X-ray images of chili pepper were 

visually not clear and not able to identify the inner structure of 

chili pepper. The weighted 4-connected median filter values 

with the PSNR, SNR, RMSE and MAE are acceptable 

however the inner structure of the chili pepper was not clear. 

The proposed adoption of filter using particle swarm 

optimization provides better results than the previous noise 

removal methods. The seeds as well as the inner structure of 

chili pepper are now acceptable and ready to do next level 

operations. The performance measures also ensure the same by 

providing highest Peak Signal to Noise Ratio value.  Finally, 

from the above table, this research work concludes that the 

adoption of filter using particle Swarm Optimization reduces 

the noise presence in chili pepper x-ray images.  
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