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ABSTRACT: Image segmentation is the process of grouping an image into units that are consistent with respect to one 
or more characteristics.  Segmentation in gray images has lot of methods to segment and it has several set of algorithms 
to represent it. But the images produce more information in scenes i.e., color images have few numbers of methods to 
segment it. So, this paper represent color image segmentation methods in the literature and getting to prepare novel 
segmentation method with combined form of masking, filtering and Thresholding methods. Otsu method is one of the 
best and classical Thresholding method used in color image segmentation. It uses various combinations of masks to 
scan over the image to detect the correct boundary. Otsu method divides the segmentation tasks in two or more phases 
and provides the results properly. In the same way this paper discusses about RGB color model and fuzzy membership 
functions method and particularly about the usage of trapezoidal membership function which is used to create mask 
with some sort of rules based on RGB values to scan the image with few combinations and include Threshold method 
and filtering for further to produce the output image in well enhanced manner. This Research work includes previous 
work done through fuzzy logic trapezoidal membership function to detect the edges present in the given input image 
with two different masking properties. 
 
KEYWORDS: Segmentation, Fuzzy Logic, Membership Functions, RGB Color Model, Trapezoidal Membership 
Function. 

I. INTRODUCTION 
 

 Segmentation is an image processing method, which divides the image into several regions with their own 
characteristic for the sake of extracting useful target, and it is a key step from the image processing to image analysis. It 
is one of the most important steps leading to the analysis of processed image data, which refers to grouping of similar 
pixels together and separating the particular portion of the image for the purpose of identification [1]. Its main goal is to 
divide an image into parts that have strong correlation with objects or areas of the real world contained in the image. 
Generally, Segmentation is the process of partitioning a digital image into multiple segments which gives more 
meaning and easier to analyse and is to cluster pixels into prominent image regions, i.e., regions corresponding to 
individual surfaces, objects, or natural parts of objects. Image segmentation algorithms are based on either discontinuity 
principle or similarity principle. The idea behind the discontinuity principle is to extract regions that differ in properties 
such as intensity, color, texture, or any other image statistics and the similarity principle is to group pixels based on 
common properties. 

A. Color Image Segmentation 
 Color images can convey more information compared to gray scale images. Color image segmentation follows 
discontinuity principles to extract the regions based on color as its property. There are a large number of color image 
segmentation techniques based on segment properties. Segmentation properties can be classified into four general 
categories such as pixel-based, edge-based, region-based, and model-based techniques [2]. Actually, the basic behavior 
of these techniques can be divided into three major concepts. The first concept is the similarity concept like edge-based 
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techniques which involves edge detection in image. Alternatively, the second concept is based on the discontinuity of 
pixel values as same as pixel-based and region-based techniques. It is an effective concept which is accepted overall by 
all categories of applications. Finally, a complete different approach is the third concept which is based on a statistical 
approach like Model-based techniques. This technique provides approximate mathematical calculation in order of 
statistical way.  There are various color models such as RGB, CMY, and HSV etc, which are considered to examine 
color segmentation process. In this work RGB color model is taken for research. 

B. Edge Detection Method  
 Edges of an image are considered as a type of crucial information that can be extracted by applying detectors 
to find the edges with different methodology. The task of edge detection requires neighbourhood operators that are 
sensitive to changes and suppress areas of constant gray values for gray images. In this way, a feature image is formed 
in which those parts of the image appear bright where changes occur while all other parts remain dark same as black 
and white concept. Only if it can formulate a model of the edges, can determine how accurately and under what 
conditions it will be possible to detect an edge and to optimize edge detection concept. Edge detection is always based 
on differentiation in one or the other form. In discrete images, differentiation is replaced by discrete differences, which 
only approximate to differentiation. Edge detection also becomes more complex in higher-dimensional images and it is 
more suitable for grey level images. In three dimensions, volumetric regions are separated by surfaces, and edges 
become discontinuities in the orientation of surfaces [3]. 

 

Figure 1: Image Result of Trapezoidal Membership Function 

 Previously edge based segmentation is proposed with grey level images with different masking properties 
through fuzzy logic membership functions. Triangular membership function is taken as existing work and the proposed 
Trapezoidal Membership functions results are compared with Triangular membership functions results. Trapezoidal 
membership function is the proposed method, in that 2x2 and 3x3 masks were created [14][15]. Both masks results are 
compared with triangular functions mask results and it shows proposed method produce some likely average results. In 
the same way color image is taken for segmentation by using Trapezoidal Membership Function.  
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 Basically Color is perceived by humans as a combination of tristimuli R (red), G (green), and B (blue) which is 
usually called three primary colors. From R, G, B representation, we can derive other kinds of color representations by 
using either linear or nonlinear transformations. 
 The paper is organized into five sections as follows: Section 2 discuss about the related works carried out in 
the field of color image segmentation. Section 3 discuss about the modules to be proposed based on Fuzzy logic 
Trapezoidal Membership Functions. Section 4 highlights discussion on the experiments to be done through Trapezoidal 
Membership Function by 2x2 masks. Section 5 finally concludes the paper with future enhancement. 

II. RELATED WORK 
 

 Firas Ajil Jassim proposed a novel algorithm based on combining two existing methods to obtain a significant 
method to partition the color image into significant regions. On their first phase, the traditional Otsu method for gray 
channel image segmentation were applied for each of the R,G, and B channels separately to determine the suitable 
automatic threshold for each channel. After that, the new modified channels are integrated again to formulate a new 
color image. The resulted image suffers from some kind of distortion. To get rid of those distortion, the second phase is 
arise which is the median filter to smooth the image and increase the segmented regions. Totally they used seven types 
of masks sizes to examine their work and conclude 15x15 produce clear results. 

 A.Kalaivani, Dr.S.Chitrakala represented K-Means Clustering algorithm which is the popular unsupervised 
clustering used for dividing the images into multiple regions based on image color property. The major issue of the 
algorithm is that the user has to specify the number of clusters-K, which is used to split the image into K regions. To 
overcome the issue, they focused on determining K automatically based on local maxima of gray level co-occurrence 
matrix. Automatic generated K value is then passed to Fast K-means Clustering algorithm for segmenting color images 
into multiple regions. They took RGB color model for their clustering process. 

 Navkirat Kaur presented color image segmentation algorithm in the form of color conversion. They convert 
RGB image to HSV because it gives the color according to human perception. Further three matrixes are made by three 
different planes. Firstly, a single new matrix is formed so as to see values of RGB at each pixel. If two rows are equal 
in a single new matrix then combine those rows. After that total number of colors existing in an original image is 
calculated. To see the exact color enter the number of colors wants to see and finally processed image is converted from 
HSV to RGB color space. 

 Rafael Guillermo Gonzalez Acuna generalizes Otsu’s binarization method towards reduction of color levels in 
color images. Color defines a multi-dimensional property vector at each pixel location, and this can be further 
generalized towards considering arbitrarily finite-dimensional property vectors at pixel locations. Otsu’s binarization 
method, originally already briefly discussed by Otsu for multi-Thresholding, was efficiently mapped earlier into a 
segmentation method for grey-level images by recursively applying the original binarization method. They generalize 
further by proposing a recursive algorithm for finite dimensional property vectors at pixel locations. 

 Chaohui Lü, Xingyun Yang and Sha Qi implements a system of applying ant colony algorithm to image 
segmentation, which is based on the aspects of the discreteness of digital image and the fuzzy clustering ability of ant 
colony algorithm. There are mainly three contents in the algorithm. The first part is to extract the features of an image 
including the RGB values, the gradient, and the neighborhood. The second part is to set the clustering center with the 
method of a combination of statistics and artificial selection. And the third part is to apply the ant colony algorithm to 
segment a color image and they introduced a method based on the statistics and the artificial participation to find 
clustering centers. 

 Ajaya Kumar, Banshidhar Majhi stated a new method of image segmentation by histogram thresholding based 
on the concept of fuzzy measure minimization. The membership function is used to express the unique association 
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between a pixel and its belonging region which is either the object or the background. The optimal threshold can be 
effectively determined by minimizing the measure of fuzziness of the image. The main criteria for fuzzy based 
histogram threshoding approach are membership functions and fuzzy measures. While implementation, it has been 
noticed that bandwidth of s-membership function cannot be determined automatically. Other membership functions like 
Huang-wang, Gaussian, and Gamma are unable to produce same threshold irrespective of any fuzzy measure. Their 
membership function has provided consistent results to determine the global threshold in an image with respect to all 
described fuzzy measures. 

 Huang-Chia Shih, En-Rui Liu proposed a novel Automatic Reference Color Selection scheme for the adaptive 
Mathematical Morphology method, and that is specifically designed for color image segmentation applications. 
However, the Mathematical Morphology process typically neglects the details of reference color determination. Their 
proposed ARCS scheme is used for determining the ideal reference color for Mathematical Morphology and for color 
image segmentation application. In addition, they use both 1D histogram-based modeling scheme binning from 3D 
color spaces such as red–green–blue and hue–saturation–intensity, and 2D color models such as (H, S), (Cb, Cr), and (I, 
By). By quartile analysis, the threshold determination reacts with less sensitivity to the context variations of the images 
tested. To evaluate the system, four quantitative indices were utilized for an Automatic Reference Color Selection 
comparison using advanced segmentation methods in their experiments. 

III. METHODOLOGY 
 

 Color is perceived by humans as a combination of tristimuli Red, Green, and Blue (RGB) which are usually 
called three primary colors. From R, G, B representation, we can derive other kinds of color representations by using 
either linear or nonlinear transformations [17]. Several color spaces, such as RGB, HSI, CIE are utilized in color image 
segmentation, but none of them can dominate the others for all kinds of color images. Selecting the best color space 
still is one of the difficulties in color image segmentation [18]. Red, green, and blue components can be represented by 
the brightness values of the scene obtained through three separate filters (red, green, and blue) based on the variables 
present in the membership functions.  

Table 1: Steps to Follow 

S.No Algorithmic Steps 
1 Input the RGB Image 
2 Transform RGB to Gray level 
3 Removal of Noise from given image 
4 Form the Mask through Trapezoidal Membership 

Function 
5 Include Fuzzy Rules based on Mask size 
6 Locate the objects through scanning 
7 Apply Histogram 
8 Result Image 

 
 Above table represent the work flow of this research work based on different criteria to be followed such as 
color models, membership functions and histograms. Fuzzy logic membership functions such as triangular and 
trapezoidal were proposed to segment the grey level images [19]. In color images there are number of color spaces 
which contain three color properties. In such case triangular membership function is much suitable function because of 
having three variables formula. Mostly it suits for all color models because of three variable formulas. For example, if 
we take RGB color space means three colors are included in triangular membership function variable X(R), Y(G), and 
Z(B) [20]. Likewise trapezoidal membership function have four variables to represent their own capability and fourth 
variable will directly represent the output pixel value upon other variables and also respond to the fuzzy rule set. 
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 Fuzzy sets and fuzzy operators are the subjects and verbs of fuzzy logic. It is a rule based approach allows to 
change the modalities as user need. These if-then rule statements are used to formulate the conditional statements that 
comprise fuzzy logic. A single fuzzy if-then rule assumes the form if x is Black, y is White then Z is Edge where Black, 
White and Edge are linguistic values defined by fuzzy sets on the ranges X, Y and Z respectively. The if-part of the rule 
“x is Black” and “y is White” is called the antecedent or premise, while the then-part of the rule “z is Edge” is called 
the consequent or conclusion. An example of such a rule might be 

 If P1 is black and P2 is black and P3 is black and P4 is white then output1 is edge  

 The concept edge is represented as a number between 0 and 1, and so the antecedent is an interpretation that 
returns a single number between 0 and 1. Conversely, Black and White is represented as a fuzzy set, and so the 
consequent is an assignment that assigns the entire fuzzy set Edge to the output variable z. 

IV. RESULTS & DISCUSSION 
 

 Parameters of triangular membership function are denoted as a, b, c where b is peak point. Here 2*2 masks are 
used in this algorithm, input pixels are divided into Black and White i.e. two fuzzy sets while the output pixel is divided 
into three fuzzy sets i.e. Black, Edge and White. For 2*2 masks, rule base of 16 rules is set for various conditions that 
can occur. Rule of 16 satisfy all the conditions and process the image by sliding over as mask. The result of proposed 
method was compared to existing operators and it was suggested to 3*3 dimension window for further work. For 3*3 
mask rule base of 28 are framed based on different combinations. It has extra condition to satisfy the needs of masks to 
scan the images properly. 

A Trapezoidal Membership Function is specified by four parameters {a, b, c, d} as follows:  

0, .

.

( ; , , , ) 1, .

0,

x a
x a a x b
b a

Trapezoid x a b c d b x c
d x c x d
d c

d x


   


  
   


 

 

 By using min and max in the inference system variables declared are calculated in between parameter range. 
In scenes, it can be altered in inference system based on the parameters range to be selected. We have an alternative 
expression for the preceding equation as follows. 

( ; , , ) max min ,1, , 0x a d xTrapezoid x a b c
b a d c

         
 

 The parameters {a, b, c, d} (with a < b <= c < d) determine the x coordinates of the four corners of the 
underlying Trapezoidal Membership Function. Note that a Trapezoidal Membership Function with parameter {a, b, c, 
d} reduces to a Triangular Membership Function when b is equal to c. In this paper, mamdani’s fuzzy inference method 
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is implemented with the help of flexible Trapezoidal Membership Function formula. Fuzzy inference system editor 
contains four input variables p1, p2, p3, p4 and one output variable. Two fuzzy sets are used for the input i.e. Black & 
White and three fuzzy sets are used for the output. It is a 2*2 mask scanning process which is done by using those four 
input variables p1, p2, p3 and p4. P4 variable is chosen for output where the results are based upon fuzzy rules. In 
membership function editor, the value and degree of membership is denoted and the function trapf is Chosen. The mask 
moved over an area of the input image, changes the P4 pixels value and then shifts one pixel to the right and continues 
to the right until it reaches the end of a row. It then starts at the beginning of the next row & process continues till the 
whole image is scanned. When this mask is made to scan over the image, the output is generated by the fuzzy inference 
system based upon the rules and the value of the pixels P1, P2, P3 and P4. In fuzzy inference system editor, input 
variables such as P1, P2, P3 and P4 notify input and output type of the pixels which are find out at image scanning 
section. Likewise, this concept is taken further to implement color images with same variables. Sample form of input 
and output variables is shown in below figure. 

  

Figure 2: Membership Function Editor for (a) Input Variable (b) Output Variable 

 Figure 2 shows the input and output membership function editor values with respect to the parameters set for 
2x2 mask. Here the values plotted for P1 is shown in figure (a) and output plotted values are shown in figure (b). Three 
parameters namely Red, Green and Blue represent three variables of trapezoidal membership function which denotes 
REG color model [27]. Every variable having certain parameter range between 0 to 1 and it will be set based on the 
range to be selected. Each variable i.e. R, G and B have different parameter range and it will be pointed as left, right 
position. Output parameter has certain parameter range that will be allotted with the combination of input parameters 
(RGB) range values.  

 Every approach works better with some criteria and delivers favourable results as clarity, pixel, contrast, 
calculations, etc. Edge based and Histogram based approaches are familiar things which nearly suits for color model 
implementation by adding simple techniques to enhance the resultant image such as noise removal, filtering, smoothing 
etc [28]. Each technique have some popular existing algorithms which gives accurate results such as Canny, Prewitt, 
Sobel for edge based approach and Thresholding for histogram based approach. So that these two will be proceed 
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further for proposed work to develop the new algorithm based on fuzzy inference system’s membership functions. Two 
mask types such as 2x2 and 3x3 are tested with grey level images and the results were presented. 

V. CONCLUSION  
 

 Segmentation techniques used in image segmentation especially on color image using RGB model have been 
represented in this paper. Each technique described in this work has its own advantage and disadvantage based on their 
segmentation properties. Many authors stated that combining two or more methods will produce effective segmentation 
results while applying to color images. On calculating performance analysis, masking method produce much better 
results with accuracy while comparing to other techniques. Variation in masking properties gives different types of 
results with respect to RGB and results proves that increasing window sizes makes images more clear. This paper 
concludes that color image segmentation using Trapezoidal membership function with the mask range of 2x2 and 3x3 
produce better results in starting level window sizes by using Fuzzy rule based Inference system. Generally, 
implementation process can be done through two phases. On the first phase, the fuzzy membership function based edge 
detection for gray channel image segmentation were applied for each of the R,G, and B channels separately to 
determine the suitable automatic threshold for each channel. After that, the new modified channels are included with 
channel wise and again to form a new color image. The resultant image suffers from some kind of alteration. To get rid 
of this warp, the second phase is arise which is the median filter to smooth the image and increase the segmented 
regions. Experimental results were presented on a variety of test images to support the proposed algorithm effectively. 
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