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Abstract—The main role of contrast enhancement is 

increasing the quality of any image. This technique plays 

fundamental role in medical images. Edge detection is also 

playing an instrumental role in medical imaging because all 

information has preserved in edges. Digital image includes a 

pixel which has fixed number of rows and columns. People can 

see the internal structure of the body through digital image. Five 

images have taken as an example in this paper, namely hand, 

brain, head, ankle and knee. Three enhancement techniques 

have used, namely Fuzzy Type-II, INT Operator and Fuzzy 

Type-I. These different three techniques have applied on 

different images which are used in this paper. Three parameters 

have used to compare three contrast enhancement techniques. 

Peak signal to noise ratio (PSNR), root mean square error 

(RMSE) and mean square error (MSE) quality parameters have 

been used. The result has produced after comparison of three 

approaches on five images. In the end, Fuzzy Type-I technique 

produces the better resultant image. 

 

Index Terms—Contrast Enhancement; Edge Detection; INT 

Operator; Fuzzy Type-I; Fuzzy Type-I. 

 

I. INTRODUCTION 

 

The basic importance of contrast enhancement is to improve 

the pixel brightness that are the main reason in medical field. 

Digital image plays an instrumental role in medical. Digital 

image includes a pixel which has fixed number of rows and 

columns. Persons can see organs and the internal structure of 

the body through digital image. It is mostly the change in 

pictorial effects of an image. It also increases the eminence or 

quality of images. Fuzzy rule based edge detection approach 

is applied to the input image. Edges are very important part 

in medical because it is one of the most important information 

on image processing. Three linear filters are used for 

processing such as high pass, edge enhanced filter and low 

pass filter [27]. 

Contrast enhancement comforts us to upturn the vividness 

of an image. Medical type images always suffer with low 

contrast. This is a mammoth problem and this problem is 

intensifying day by day. In this paper, three contrast 

enhancement techniques have been used. INT operator stands 

for intensification operator. The fuzziness (means dullness) 

of an image is decreased by INT operator. This approach 

holds specific parameters to examine the improvement 

(enhancement) of the digital images [13]. 

Fuzzy type-1 and fuzzy type-2 approaches helps to increase 

a contrast of an image. The type-I fuzzy logic system 

produces a single numeric value in the result. Only one 

membership function is performing in this logic system. The 

fuzzy hyperbolization technique is used for calculating 

membership values. This technique is basically having three 

stages, namely fuzzification, membership modification and 

defuzzification [2]. Gray level converts into membership 

values by fuzzification. Defuzzification has produced new 

gray levels. Four modules have worked for processing such 

as fuzzifier, rulebase, inference engine and defuzzifier. It 

produces single numeric values. 

Type-II fuzzy set is helpful to recover demerits of type-I 

fuzzy set. Fuzzy hyperbolization approach is applied for 

computing new gray levels. Three steps are performed by 

fuzzy hyperbolization technique such as fuzzification, 

membership modification and defuzzification [2]. Four 

components are used in type-II fuzzy set namely fuzzifier, 

rulebase, inference engine and output processor. The output 

processor holds type reduction and defuzzifier. Rule base 

covers rules and database. Rules and database contain IF-

THEN rules of the domain and membership functions 

respectively. Type-2 fuzzy sets are fundamentally expressing 

the uncertainty. It works on two membership functions, 

namely upper and lower membership function. 
Three quality parameters MSE, PSNR and RMSE are used for 

comparing contrast enhancement techniques. RMSE and MSE 

are stands for root mean square error and mean square error 

respectively. PSNR stands for peak signal to noise ration. 

The remaining part of the paper is designed as follows. 

Section II describes a literature survey of this paper and 

section III briefly discusses the contrast enhancement 

techniques, i.e. INT Operator, type-I fuzzy & type-II fuzzy. 

Section IV describes the performance analysis and simulation 

results by considering different performance quality 

parameters. Finally, Section V concludes the paper and 

discusses the future scope of work. 

 
II.  LITERATURE SURVEY 

 

Sri Hartati et al. [2] proposed fuzzy hyperbolization. Fuzzy 

hyperbolization is used to increase the clarity of the image. 

The artificial neural network is mainly applied for detecting 

anomaly. The three steps are performed for fuzzy 

hyperbolization such as fuzzification, membership 

modification and defuzzification. This paper proves the fuzzy 

hyperbolization is the best method for improving image 

quality. 
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Castillo et al. [7] have proposed a brief overview of the 

basic thoughts of type-2 fuzzy systems are presented. This 

overview is intended to provide the simple concepts 

necessary to comprehend the approaches and algorithms. The 

basic ideas that are concealed in this paper are: type-2 fuzzy 

sets, membership functions, type-2 inference, type reduction 

and defuzzification. 

TamalikaChaira et al. [9] developed a technique for 

medical images using type-II fuzzy set. In this paper, new 

membership functions are computed by using hamacher t-

conorm. The result of proposed type-II fuzzy approach is 

compared with the existing type-II fuzzy method, 

intuitionistic fuzzy, non-fuzzy and fuzzy. This method is able 

to produce the best result. 

Pushpa Devi Patel et al. [14] presented a survey and 

overview of image enhancement using fuzzy technique. This 

paper provides different algorithms of fuzzy image 

enhancement. The main advantage of these techniques is to 

enhance the contrast and improve the quality of the image. 

There are lots of fuzzy approaches like fuzzy hyperbolization, 

fuzzy expected values, minimization of fuzziness and fuzzy 

rules. 

Sesadri et al. [24] has proposed type 2 fuzzy computing 

techniques for image enhancement. Firstly, the fisher 

criterion function has applied. This function is used to 

generate membership values of type-I fuzzy. After that, we 

fuzzy rules are applied  to generate the enhanced image.  

Gonzalez et al. [26] has proposed Edge detection method 

based on interval type-II fuzzy systems for color images. 

Firstly, morphological gradient filter has applied to the input 

image. After that, interval type-II fuzzy system edge detector 

has applied to that image. This algorithm produces better 

result as compared interval type-I fuzzy system edge 

detection. The proposed method has applied to real images. 

Harleen Kaur et al. [27] has developed an improved fuzzy 

rule based edge detection technique. In this paper, three linear 

filters have used. These three filters are used to produce better 

result. They have used various filters such as first order edge 

detector filter, high pass and low pass. 

 

III. CONTRAST ENHANCEMENT TECHNIQUES 

 

Edge Detection Approach- Fuzzy rule based edge detection 

approach is applied to the input image. Edges are very 

important part in medical because it is one of the most 

important information on image processing. Fuzzy rules are 

used in this approach. Fuzzy system output is classified into 

three classes, namely low, medium and high. Three linear 

filters are used for processing such as high pass, edge 

enhanced filter and low pass filter [27].  

Three contrast enhancement techniques are given below:- 
 

A. INT Operator 

INT operator stands for intensification operator. The 

fuzziness (means dullness) of an image is decreased by INT 

operator. This approach holds specific parameters to examine 

the improvement (enhancement) of the digital images [13]. 

 

Step 1: Defining membership functions 

 

𝜇𝑚𝑛 = 𝐺(𝑔𝑚𝑛)  =  [1 +
𝑔𝑚𝑎𝑥 − 𝑔𝑚𝑛

𝐹𝑑

]
−𝐹𝑒

 (1) 

 

 

where: 

𝑔𝑚𝑛  = Intensity value of pixel 

𝑔𝑚𝑎𝑥   = maximum gray level 

𝐹𝑑  = Denomination fuzzifier 

𝐹𝑒  = Exponential fuzzifier 

 

Denomination fuzzifier helps to decline the fuzzified value 

and incline the value in the range [0, 1]. 

 

Step 2: Membership modification 

 

𝜇𝑚𝑛
,  = {

2 ∙ [𝜇𝑚𝑛]2                 0 ≤ 𝜇𝑚𝑛 ≤ 0.5

1 − 2 ∙ [1 − 𝜇𝑚𝑛]2 0.5 ≤ 𝜇𝑚𝑛 ≤ 1
 (2) 

 

where 𝜇𝑚𝑛= fuzzy set and 0.5 is a cross over point. The 

intensification operator continuously escalates the value of 

𝜇𝑚𝑛 with growing the values of cross over point from 0 to 1. 

This operator is applied on image again and again.  

 

Step 3: Generate new gray levels 

 

𝑔𝑚𝑛
,  =  𝐺−1(𝜇𝑚𝑛

, )  =  𝑔𝑚𝑎𝑥 − 𝐹𝑑 ((𝜇𝑚𝑛
, )

−1
𝐹𝑒 − 1) (3) 

 

The contrast depends on the increasing value of cross over 

point. 

 

B. B. Fuzzy Type-I 

The type-I fuzzy logic system produces a single numeric 

value in the result. Only one membership function is 

performed in this logic system. The fuzzy hyperbolization 

technique is used for calculating membership values. This 

technique basically has three stages, namely fuzzification, 

membership modification and defuzzification [2].  Gray level 

converts into membership values by fuzzification. 

Defuzzification has produced new gray levels. Four modules 

have worked for processing such as fuzzifier, rule base, 

inference engine and defuzzifier. It generates single numeric 

values. Fuzzifier converts crisp input to fuzzy value.  Rule 

base covers rules and database. Rules and database contain 

IF-THEN rules of the domain and membership functions 

respectively. The Inference engine converts fuzzy input to 

fuzzy output using IF-THEN rules. Defuzzifier changes fuzzy 

output into crisp output value [5]. 

 

Step 1: Compute the type-I fuzzy membership value using 

the following equation: 

 

           𝜇(𝑔𝑚𝑛)  =  
𝑔𝑚𝑛 − 𝑔𝑚𝑖𝑛

𝑔𝑚𝑎𝑥 − 𝑔𝑚𝑖𝑛

 (4) 

 

where:  

𝑔𝑚𝑛  = Intensity value 

𝑔𝑚𝑖𝑛  = Minimum gray level 

𝑔𝑚𝑎𝑥   = Maximum gray level 

 

 

Step 2: Compute the new gray levels. 

 

�̃�𝑚𝑛  =  
𝐿 − 1

𝑒−1 − 1
× [𝑒−𝜇(𝑔𝑚𝑛)𝛽

− 1] (5) 
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where the parameter 𝛽 is set to 0.8 and L is a number of gray 

levels.  

 

C. C. Fuzzy Type-II 

Type-II fuzzy set is helpful to recover demerits of type-I 

fuzzy set. The fuzzy hyperbolization approach is applied for 

computing new gray levels. Three steps are performed by a 

fuzzy hyperbolization technique such as fuzzification, 

membership modification and defuzzification [2]. Four 

components are used in type-II fuzzy set namely, fuzzifier, 

rule base, inference engine and output processor. The output 

processor holds type reduction and defuzzifier. Fuzzifier 

converts crisp input to fuzzy value using stored membership 

functions. . Rule base covers rules and database. Rules and 

database contain IF-THEN rules of the domain and 

membership functions respectively. The inference engine 

converts fuzzy input to fuzzy output using IF-THEN rules. 

Defuzzifier changes fuzzy output into crisp output value [5]. 

Type-2 fuzzy sets are fundamentally expressing the 

uncertainty. It works on two membership functions, namely 

upper and lower membership function. 

 

Step 1: Compute the upper and lower membership values 

by using the following equation (6) and (7): 

 

𝜇𝐿𝑜𝑤𝑒𝑟(𝑥)  =  𝜇(𝑥)2 (6) 

 

and 

 

𝜇𝑈𝑝𝑝𝑒𝑟(𝑥)  =  𝜇(𝑥)0.5 (7) 

 
Compute a window of size 21×21.                

Determine type-2 fuzzy membership function using the 

following equation 

 

𝜇𝑇𝐼𝐼(𝑔𝑚𝑛)  =  (𝜇𝐿𝑜𝑤𝑒𝑟 × 𝛼) + (𝜇𝑈𝑝𝑝𝑒𝑟 × (𝛼 − 1)) (8) 

 

where 𝛼 =
𝑔𝑚𝑒𝑎𝑛

𝐿
 

 

Step 2: calculate the new gray levels using Equation (5) 

 

 

IV. PERFORMANCE ANALYSIS AND SIMULATION RESULTS 

 

We have performed five types of experiment on given 

images and calculated the various performance metrics. 

 

The following quality parameters are considered: 

 

1) Mean Square Error: It measures the average of the 

squares of the errors.The value of that parameter closer 

to zero is better. 

 

MSE = ∑
∑(𝑌−�̂�)

𝑚×𝑛
 (9) 

 

where Y= actual value, �̂�= predicted value, m= actual 

size and n= predicted size. 

2) Root Mean Square Error: It measures the difference 

between two similar images. If the value is low, then 

picture quality is high. 

 

RMSE= √𝑀𝑆𝐸 (10) 

3) Peak Signal to Noise Ratio: It is a ratio between the 

maximum signal power and noise power. A greater 

value of that parameter means the quality of the picture 

is high. 
 

PSNR= 10 log10 (
𝑀𝐴𝑋𝑓

√𝑀𝑆𝐸
) (11) 

 

Experiment 1: Three techniques have been applied on hand 

image as shown in Figure 1. Three quality parameters are also 

used such as MSE, RMSE and PSNR. These three techniques, 

performance are compared based on three parameters as 

shown in Table 1. The graph representation of head edge 

detected image is shown in Figure 2.  It shows minimum 

values of MSE and maximum value of PSNR. It means, 

method has increased more clarity of the image. 

 

   
(a) (b) (c) 

  
(d) (e) 

 
Figure 1: (a) Original image (b) Edge detected image (c) INT Operator  

(d) Fuzzy Type-I (e) Fuzzy Type-II 

 
Table 1 

Techniques Compare for Hand 

 

Parameters MSE RMSE PSNR 

F-2 25.436 0.4134 57.7071 
F-1 4.4168 0.1688 89.3736 

INT 12.945 0.2932 68.32 

 

 
 

Figure 2: MSE and PSNR values comparison Graph 

 

Experiment 2: Second experiment is performed on brain 

image and three techniques have applied to brain image are 

shown in Figure 3. Three quality parameters are used such as 

MSE, RMSE and PSNR. These three techniques are 

compared based on three parameters are shown in Table 2. 

The graph representation of head edge detected image is 

shown in Figure 4. Table 2 shows a lower value of MSE and 

RMSE means the quality of the image is high. Figure 4 shows 

a greater value of PSNR. If the value is high, then picture 

quality is high. 
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(a) (b) (c) 

  
(d) (e) 

 

Figure 3: (a) Original image (b) Edge detected image (c) INT Operator (d) 

Fuzzy Type-I (e) Fuzzy Type-II 

 
Table 2 

Techniques Compare for Brain 
 

Parameters MSE RMSE PSNR 

F-2 10.633 0.2416 57.0668 

F-1 2.086 0.1038 85.7017 
INT 35.578 0.4467 42.1967 

 

 
 

Figure 4: MSE and PSNR values comparison Graph 

 
Experiment 3: In the third experiment, we have taken head 

image. Three techniques have been applied on third image is  

shown in Figure 5. Three quality parameters are used such as 

MSE, RMSE and PSNR. These three techniques are 

compared based on three parameters are shown in Table 3. 

The graph representation of head edge detected image is 

shown in Figure 6. More picture quality is high with growing 

the value of PSNR. 

 

   
(a) (b) (c) 

  
(d) (e) 

 

Figure 5: (a) Original image (b) Edge detected image (c) INT Operator (d) 

Fuzzy Type-I (e) Fuzzy Type-II 
 

 

Table 3 

Techniques Compare for Head 

 
Parameters MSE RMSE PSNR 

F-2 40.5876 0.5393 55.3711 

F-1 14.7652 0.3226 71.2939 
INT 35.4501 0.5035 57.2765 

 

 
 

Figure 6: MSE and PSNR values comparison Graph 

 
Experiment 4: This experiment was done on ankle image. 

Three techniques have applied on fourth image shown in 

Figure 7. Three quality parameters are used such as MSE, 

RMSE and PSNR. These three techniques are compared 

based on three parameters as shown in Table 4. The graph 

representation of ankle edge detected image is shown in 

Figure 8. Higher PSNR values mean good quality of image. 

Fuzzy Type-I always get higher PSNR values compared to 

other operators. 

 

   
(a) (b) (c) 

  
(d) (e) 

 
Figure 7: (a) Original image (b) Edge detected image 
(c) INT Operator (d) Fuzzy Type-I (e) Fuzzy Type-II 

 
Table 4 

Techniques Compare for Ankle 

 
Parameters MSE RMSE PSNR 

F-2 26.3724 0.4264 58.7109 

F-1 10.7263 0.2702 73.5142 

INT 26.4924 0.4274 58.6443 

 

 
 

Figure 8: MSE and PSNR values comparison Graph 
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Experiment 5: Fifth experiment was performed on knee 

image. Three techniques have applied to fifth image are 

shown in Figure 9. Three quality parameters are used such as 

MSE, RMSE and PSNR. These three techniques are 

compared based on three parameters are shown in Table 5. 

The graph representation of ankle edge detected image is 

shown in Figure 10. It shows a higher value of PSNR and 

lower value of MSE. These are comparison parameters which 

illustration comparison value in power. 

 

   
(a) (b) (c) 

  
(d) (e) 

 
Figure 9: (a) Original image (b) Edge detected image 

(c) INT Operator (d) Fuzzy Type-I (e) Fuzzy Type-II 

 
Table 5 

Techniques Compare for Knee 

 
Parameters MSE RMSE PSNR 

F-2 26.0647 0.435 63.3911 
F-1 5.1535 0.1897 95.0419 

INT 33.6863 0.4954 59.4541 

 

 
 

Figure 10: MSE and PSNR values comparison Graph 

 

V. COMPARATIVE STUDY AND RESULTS 

 

Table 6 displays results of all 3 techniques results with all 

5 images. We can clearly observe from this table that Fuzzy 

Type-I is always having greater value of PSNR in all images. 

First three parameters, i.e. MSE, RMSE and PSNR are 

representing result for hand edge detected image. Similarly, 

we have calculated MSE, RMSE and PSNR values for other 

images also. 

The comparison results show that the Fuzzy Type-I is 

better than other techniques to improve the contrast of the 

images for edge detection. It means this technique increase 

the brightness of the image in better way. 

 

 
 

Figure 11: MSE and PSNR values comparison Graph 

 

Table 6 

Techniques Compare of Five Images 

 
Examples Parameters F-2 F-1 INT 

Hand 
MSE 25.436 4.4168 12.945 

RMSE 0.4134 0.1688 0.2932 

PSNR 57.7071 89.3736 68.32 

Brain 
MSE 10.633 2.086 35.578 

RMSE 0.2416 0.1038 0.4467 

PSNR 57.0668 85.7017 42.1967 

Head 
MSE 40.5876 14.7652 35.4501 

RMSE 0.5393 0.3226 0.5035 

PSNR 55.3711 71.2939 57.2765 

Ankle 
MSE 26.3724 10.7263 26.4924 

RMSE 0.4264 0.2702 0.4274 

PSNR 58.7109 73.5142 58.6443 

Knee 
MSE 26.0647 5.1535 33.6863 

RMSE 0.435 0.1897 0.4954 

PSNR 63.3911 95.0419 59.4541 

 

VI. CONCLUSION AND FUTURE WORK 

 

In this Paper, three contrast enhancement techniques have 

been discussed for medical images. The edges are detected 

from original image and three techniques have applied to 

edge detected images such as INT operator, Fuzzy Type-1 

and Fuzzy Type-2. These techniques are compared based on 

three parameters that are MSE, RMSE and PSNR. Obtained 

with the results we can say that, the Fuzzy Type-1 is 

providing the better enhancement for edge detected medical 

images. Fuzzy Type-1 shows the higher value of PSNR and 

lower value of MSE and RMSE. It means this technique is 

useful to more bright the pixel rather than the other two 

techniques. 

In future, to accomplish more perfect results of these 

enhancement techniques for medical images, we will apply 

for the fuzzy-n type and will study the results for any other 

possible measures. 
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