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Abstract— Image enhancement is the enrichment of 

perception of image by reducing impulse noise sharpens the 

image using some enhancement technique for human viewers.  

In this work we propose an approach of contrast enhancement 

of gray level image based on fuzzy inference system by 

removing impulse noise from image. Denoised image is further 

enhanced by implementing histogram equalization. 

Experimental result shows that PSNR and MSE value at high 

noise density are better than all other discussed methods. To the 

end of work we compare histogram of original and enhanced 

image to describe the effectiveness and accuracy of proposed 

method. 

 
Index Terms— fuzzy logic, image denoising, impulse noise, 

histogram Equalization. 

I. INTRODUCTION 

  Image enhancement attempts to improve the visual 

representation of an image to enhance its interpretability by 

either a machine or a human. Image enhancement 

comprehends a variety of operations such as deblur-ring, 

noise removal and gray-level dynamic range modification [1]. 

Contrast enhancement is often a part of image processing 

systems in the pre-processing or/and post-processing steps. 

Contrast enhancement methods based on spatial domain are 

divided into three main groups: local, global and hybrid. 

Global enhancement approaches enhance the image from the 

luminance information of whole image [2]. Local 

enhancement technique enhanced the image for each pixel 

based on the information of luminance, saturation, and 

retinex of its own and its neighbor [3]. Hybrid enhancement 

methods combined both global and local approaches. In these 

methods, an image is divided into non-overlay or overly 

regions and each region is conquered by global methods [4], 

[5]. 
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II. CONTRAST ENHANCEMENT ALGORITHM 

Proposed method for contrast enhancement method is 

performed in two successive steps: first step enhance the 

image by removing noise presents in image using a fuzzy 

logic filter. Second step perform contrast enhancement of 

previous image using Histogram equalization method. 

 

Contrast enhancement using fuzzy filter: Consider 𝐹 is a 

grayscale image to be processed; w is a filtering window of 

size 𝑛 × 𝑛 pixels. Filtering window as shown in figure 2.1 

below Centered at 𝐹(𝑥, 𝑦) is surrounded with numbers of 

neighbor points of different layer. Points at vertical and 

horizontal direction of outer layer 1 is stored in 𝑣𝑒𝑐1  and 

points at diagonals are stored in, similarly points in layer 2 

are stored in 𝑣𝑒𝑐3  & 𝑣𝑒𝑐4 , points in layer 3 are stored in 

𝑣𝑒𝑐5 & 𝑣𝑒𝑐6. In each 𝑣𝑒𝑐𝑖  no of noisy points are find out and 

stored in an array named 𝑣𝑒𝑐. 
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Figure 2II.1: Filter window of size 7*7. 
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Where, 𝑣𝑎𝑙𝑖  is number of noisy points in vector. 𝑣𝑒𝑐 is 

allowed as input to the fuzzy inference system to evaluate 

fuzzy rules. If 𝐹(𝑥,𝑦) is corrupted and points of 𝑣𝑒𝑐1  is 

noiseless than mean value of 𝑣𝑒𝑐1  is used to assist the 

restoration of noisy pixel, but if 𝑣𝑒𝑐1 is corrupted than 𝑣𝑒𝑐2is 

used to assist new value to noisy point. It is not necessary for 

any 𝑣𝑒𝑐𝑖  that all points are noiseless or corrupted. To solve 

this problem fuzzy logic is used. Fuzzy rules are used to find 

the 𝑣𝑒𝑐𝑖 , which are responsible to restore the noisy pixel. 

Filter window is of size 7 × 7 here but for pixel at corner a 

limited filter of size 5 × 5and 3 × 3is used. 

Contrast enhancement using histogram equalization:  

Suppose 𝑋 = 𝑋(𝑖, 𝑗) represents a gray level image composed 

of L different gray level denotes as in equation (8): 

}...,.........,,,{ 13210 -= LXXXXXX                  (8) 

 

Image 𝑋 consist n number of total pixel points. Probability 

density functions 𝑝(𝑋𝑘) of given image 𝑋 for gray level 𝑋𝑘  

is: 

𝑝(𝑋𝑘) =
𝑛𝑘

𝑛
)                                          (9) 

 

Where𝐾 = 0,1,2,3 … . 𝐿 − 1 , n denotes total number of 

points in input image 𝑋 , 𝑛𝑘  represents total number of 

appearance of grey level 𝑋𝑘 , 𝑝(𝑋𝑘)  is number of points 

associated with a specific pixel having grey level 𝑋𝑘  in 

image 𝑋𝑘 . On the basis of probality density function of any 

pixel point, cumulative density function is for same is 

calculated as in equation (10): 
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Where, 𝐾 = 0,1,2,3 … . 𝐿 − 1, 𝑝(𝑋𝑘)is probability density 

function of grey level 𝑋𝑘 . By definition of cumulative density 

function it is clear that value of last gray level is unit i.e.         

𝑐 𝑋𝐿−1 = 1                                    (11) 

 

Rajgopal (2013)implemented Histogram Equalization that 

maps the input image by using cumulative distribution 

function as a transform function into entire dynamic range X0 

to XL-1. Based on cumulative density function, transform 

function is defined as in equation (12): 

𝑓 𝑥 = 𝑋0 +  𝑋𝐿−1 − 𝑋0 𝑐(𝑥)                    (12) 

 

then input image is transformed into output image using 

transform function of Histogram Equalization, 𝑌 = 𝑦(𝑖, 𝑗) 

can be expressed as in equation (13):  

𝑌 = 𝑓(𝑥)                                         (13) 

III. RESULT & DISCUSSION 

Experiment is performed on two standard image of Lena 

and gold hill image. Value of peak-signal-to-noise-ratio 

(PSNR) and mean square error (MSE) in images is calculated 

on the basis of below equation (14) and equation (15). 
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Where, 𝑦 𝑖, 𝑗  is resultant image of original image𝑂(𝑖, 𝑗), 

having M rows and N columns.  

 

 
 

 

 

 

 

Figure 3.1 describe complete process of current method. 

Figure 3.1(a) show the original lena image and corresponding 

histogram is shown in figure 3.1(b).  In figure 3.1 (c) noises is 

added to lena image and denoised using above described 

fuzzy method to enhance the contrast. Histogram of noisy 

image is shown in figure 3.1(d), in last step histogram 

equalization method is applied to image and finally enhanced 

image is generated as shown in figure 3.1(e) and histogram of 

enhanced image is shown in figure 3.1(f).   

 

(a) (b) 

(c) (d) 

(e) (f) 

Figure 3.1 Enhancement results for lena  image. (a) Original 

color image (b) histogram (c) noisy image (d) histogram (e) 

enhancement result by proposed method (f) enhancement 

histogram. 
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Figure 3.2 presents visual quality of resultant denoised 

image of various methods. Figure 3.2(a) shows the original 

lena image. Figure 3.2(b) shows 30% noisy gold hill image. 

Figure 3.2(i) shows the resultant image of proposed method. 

Remaining figures are output image of described methods 

Figure 3.3 describe contrast enhancement of various 

methods in dark image. Figure 3.3 (b) is result of DTBCE [13] 

method having good result as histogram distributed in full 

range of pixel value. Figure 3.3 (c) shows the result of 

contrast stretching method. last image figure 3.3 (d) is 

generated using current method having intensity value in 

complete range from 0 to 255. respective histogram of  

original image is shown in image 3.3(e), histogram of 

DTBCE is shown in 3.3(f) , 3.3(g) shows the histogram of 

contrast stretching method and figure 3.3(h) shows histogram 

of  enhanced image using current method. 

 

 
 

 

 

 

PSNR values of denoised image of various methods at 

different noise density are detailed in table 1 using standard 

lena image. It is clear from the results that lower the noise 

density, higher PSNR value. PSNR value of all methods in 

(a) (b) 

(d) (c) 

(e) (f) 

(h) (g) 

(a) (b) 

(f) 

(d) 

(e) 

(c) 

(g) (h) 

Figure 3.3 Enhancement results for dark image. (a) Original 

color image (b) DTBCE. (c) Conrast stretching (d) Current 

method. & enhancement histogram of (e) Original color 

image (f) DTBCE. (g) Contrast stretching (h) Current 

method. 

 

Figure 3.2 Experimental result with gold hill image (a) 

standard gold hill image, (b) noisy image with 30% impulse 

noise, Restoration result by corresponding (c) FIRE, (d) 

BDND, (e) DWM, (f) FMEM, (g) SAM, (h) PROPOSED 

FUZZY filters. 
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table 1 is also calculated in another image gold hill image. In 

both table 1 and table 2 FIRE and DWM have greater signal 

to noise ratio corresponding to all other methods. 

Table 1: PERFORMANCE COMPARISONS OF PSNR VALUE IN 
STANDARD LENA IMAGE 

Method 10% 20% 30% 40% 50% 

FIRE [7] 35.16 31.49 28.96 26.63 24.49 

BDND [8] 23.64 20.41 18.55 17.06 15.78 

DWM [9] 34.82 31.30 29.24 27.05 25.33 

LUO [10] 30.71 24.98 21.73 19.37 17.46 

FMEM [11] 34.19 28.68 23.73 20.96 17.99 

SAM [12] 22.25 19.24 17.47 16.26 15.29 

CURRENT 

METHOD 

26.95 26.94 26.93 26.92 26.92 

 

Mean Square Error MSE of resultant denoised image by 

use of different filtering methods in standard lena image is 

tabulated in table 3. Like PSNR, MSE values are decreasing 

linearly for corresponding noise density. DWM and current 

methods have better MSE at higher noise level. Table 4 also 

describes the MSE values for all method in previous table in 

gold hill image. In gold hill image DWM and current 

methods have better result.  

Table 2: PERFORMANCE COMPARISONS OF PSNR VALUE IN 
GOLDHILL IMAGE 

Method 10% 20% 30% 40% 50% 

FIRE [7] 34.43 31.13 28.51 26.43 24.39 

BDND [8] 23.07 19.95 18.10 16.54 15.38 

DWM [9] 34.20 30.66 28.83 26.42 24.95 

LUO [10] 30.02 24.68 21.36 19.00 17.15 

FMEM [11] 31.90 27.52 23.32 20.57 17.71 

SAM [12] 22.02 19.08 17.27 16.04 15.05 

TLIDE 33.95 29.06 23.67 20.77 16.49 

CURRENT 

METHOD 

28.83 28.81 28.74 28.72 28.66 

 

Table 3: COMPARISON OF MSE VALUE IN STANDARD LENA 
IMAGE 

Method 10% 20% 30% 40% 50% 

FIRE [7] 1.01 2.11 3.38 4.93 6.89 

BDND [8] 3.03 6.36 9.85 13.99 18.82 

DWM [9] 0.80 1.69 2.68 3.91 5.53 

LUO [10] 0.98 2.83 5.48 8.99 13.55 

FMEM [11] 1.42 2.22 3.86 6.57 10.73 

SAM [12] 3.82 7.76 11.56 13.49 19.48 

TLIDE 0.80 1.92 4.27 7.89 16.06 

CURRENT 

METHOD 

1.03 1.03 1.02 1.02 1.02 

Table 4: COMPARISON OF MSE VALUE IN GOLDHILL IMAGE 

Method 10% 20% 30% 40% 50% 

FIRE [7] 1.10 2.28 3.61 5.22 7.27 

BDND [8] 3.38 6.98 10.80 15.36 20.27 

DWM [9] 0.98 2.09 3.37 5.01 7.06 

LUO [10] 1.26 3.26 6.12 9.88 1.46 

FMEM [11] 2.24 3.19 4.93 8.05 12.36 

SAM [12] 3.99 7.95 12.03 16.10 20.34 

TLIDE 0.98 2.27 4.78 8.43 16.60 

CURRENT 

METHOD 

0.661 0.665 0.666 0.678 0.689 

 

PSNR, MSE and run time (RT) value of proposed method 

is described in table 5 in standard lena image. Highest PSNR 

value is 26.95 which is better compare to all other methods as 

in literature. MSE value should be as possible as smaller, is 

1.02 at 50% noise in lena image. Column 4, RT shows time 

required in mile seconds to remove impulse noise from the 

noisy image.  Proposed method requires 142 msec at 50% 

noise density. Table 6 presents corresponding PSNR, MSE 

and RT values in gold hill image. In order to noise density, 

PSNR is linearly decreasing but it can be considered as 

constant and MSE is also in decreasing order. 

 

Table 5: Determination of the PSNR, MSE & RT values in lena 
Image 

Noise 

level 

PSNR MSE RT(msec) 

10 26.95 1.02 145.43 

 20 26.94 1.03 173.77 

30 26.93 1.02 144.39 

40 26.92 1.02 144.43 

50 26.92 1.02 142.12 

Table 6: Determination of the PSNR, MSE & RT values in gold hill 
Image. 

Noise level PSNR MSE RT(msec) 

10 28.83 0.661 143.36 

20 28.81 0.665 144.64 

30 28.74 0.666 143.29 

40 28.72 0.678 143.24 

50 28.66 0.689 142.34 

IV. CONCLUSION 

In this paper we present fuzzy logic based noise removal & 

contrast enhancement, detail preserving restoration method. 

This is the ultimate filter for enhancing contrast by removing 

impulse noise and using histogram equalization. Even at very 

high noise density image details texture and edges are 

preserved. It is noticeable from result that in high noise 

density like 50% noise, proposed method is better than all 

other methods. The proposed method for image enhancement 
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is sufficient but the future work is to develop a method for 

image enhancement in RGB color image and video 

sequenced image. 
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