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Abstract— The purpose of this work is to help deaf and 

dumb people, who use sign language to communicate with 

outside world. This work will help these people to overcome 

this barrier. It will aim at extracting rotation, scale, 

translation invariant features for robust understanding of 

gesture. Gestures is the only language through which a deaf 

and dumb speaks. With the social perspective we are 

contributing to the technology so that they will be able to 

communicate more efficiently with sound people. For 

previously designed systems there are many constraints for 

scale, distance and rotation. Invariance of geometric 

transformations such as scale, rotation and translation are 

key requirements for practical usage of visual descriptors in 

the application like sign language recognition system which 

we propose to build. For the classification we are using a 

Fuzzy C means algorithm. 

Key words: Fuzzy C Means, morphology, segmentation, 

classification, gesture recognition.           

I. INTRODUCTION 

As per the context of the work, gesture is defined as an 

expressive movement of body parts which has a message, to 

be communicated precisely between a sender and a receiver. 

To understand a full message, it is necessary to interpret all 

the static and dynamic gestures over a period of time. This 

process is called gesture recognition.[1] 

II. SYSTEM OVERVIEW 

Firstly we will take a video of gesture of a person who is 

performing a gesture. Then the frames are extracted from 

video. Then these images are processed as a images of 

gestures. The flow of a work is as shown in fig.1. Steps to 

process images is as described below 

 
Fig.1: System Overview 

III. PREPROCESSING 

Preprocessing is applied to images before we can extract 

features from hand images. In preprocessing two steps are 

there 

 Segmentation  

 Morphology 

Segmentation is done to convert gray scale image into 

binary image so that we can have only two object in image 

one is hand and other is background [1]. Otsu algorithm is 

used for segmentation purpose and gray scale images are 

converted into binary image consisting hand or background. 

By converting gray scale image into binary image we have 

to make sure that there is no noise in image so we use 

morphological filter technique. 

A. Segmentation 

A very good segmentation is needed to select a adequate 

threshold of gray level for extract hand from background 

.i.e. there is no part of hand should have background and 

background also shouldn’t have any part of hand. In general 

, the selection of perfect segmentation algorithm. Depends 

largely on the type of images and the application areas.  

If we take close look to the segmented image we 

find that the segmentation is not perfectly done. Background 

may have some 1s which is known as background noise and 

hand gesture have some 0s that is known is gesture noise 

and noise errors may lead to a problem in contour detection 

of hand gesture so we need to remove these errors. A 

morphological filtering approach has been applied using 

sequence of dilation and erosion. This approach applies to 

image for obtaining a smooth, closed, and complete contour 

of a gesture. 

In the morphological dilation and erosion we apply 

a rule on a binary image. The value of any given pixel of 

any given pixel in output image is obtained by applying set 

of rules on the neighbours in the input image. The dilation 

and erosion operation on a binary image A and with a 

structuring element B defined as follow 

1) Dilation: 

 If A and B are sets in the 2-D integer space𝑍2
,  

𝑥= (𝑥1,2) and Ø= empty set, then, the A by B dilation is  

𝐴⊕𝐵= {𝑥|(B
^
)𝑥∩𝐴≠∅} 

 B
^ 

= Reflection of B. In dilation process first we 

obtain the reflection of B about its origin and then we shift 

the reflection by 𝑥. The dilation condition of A by B is set of 

all  . The condition is such that  for dilation  of A by B is set 

off all 𝑥 displacement such that  B
^
 and A overlap at least 

one nonzero element. 

Set B is commonly referred to as the structuring 

element. The value of the output pixel is the maximum value 

of all the pixels in the input pixel’s neighborhoods. Value of 

pixel is set to 1, and then the output pixel is set to 1. 

2) Erosion 

The erosion of A by B is  
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𝐴⊗𝐵={𝑥|(𝐵)𝑥⊆𝐴} 

The erosion of A by B is the set of all point x such 

that B, translated by A, is contained in A. Thus the value of 

the output pixel is minimum value of all the pixels in the 

input pixel’s neighborhood. In binary image, the value of 

pixels is set to 0, and then the output pixel is set to 0. 

3) Opening 

The A by B opening is obtained by the erosion of A by B, 

followed by dilation of the resulting image by B. 

𝐴∘𝐵=(𝐴⊗𝐵)⊕𝐵 

Opening essentially removes the outer tiny 

“hairline” leaks   and restores the image. The side effect of 

opening that it round off things so sharp edges start to 

disappear. 

4) Closing: 

The closing of set A by structuring 

Element B is19 

𝐴•𝐵=(𝐴⊕𝐵)⊗𝐵 
The opening of A by B is simply the erosion of A 

by B followed by a erosion of the result by B. Closing also 

tends to smooth section of contours but, as opposed ,it 

generally fuses narrow breaks and long thin gulfs then 

eliminates small holes and fills gaps in the contour. 

 
Fig. 2: Gray Scale Image of Gesture “ttha” 

B. Morphology: 

After segmentation of a image segmented image is not a 

totally noise free.To remove that noise we use a 

morphology.morphological operation is as shown in image 

given below. 

 
Fig. 3: Morphological Image of Gesture “ttha” 

In feature extraction first we have to find edge of 

the segmented and morphological filtered image . Canny 

edge detector algorithm is used to find the edge which leads 

us to get boundary of hand in image. Then a contour 

tracking algorithm is applied to track the contour . 

1) canny edge detector: 

Edge can be defined as sudden or strong change in the 

intercity or we can say sudden jump in intensity from one 

pixel to other pixel. By finding the edge in any image we are 

just reducing some amount of data but we are preserving the 

shape. The canny edge detector first smoothes the image to 

eliminate and noise [2]. 

Step 1: The first step is to filter out any noise in the original 

image before trying to locate and detect any edges. 

Step 2: After smoothing the image and eliminating the 

noise, the next step is to find the edge strength by taking the 

gradient of the image. 

step3: Once the edge direction is known, the next step is to 

relate the edge direction to a direction that can be traced in 

an image. 

step4: After the edge directions are known, no maximum 

suppression now has to be applied. No maximum 

suppression is used to trace along the edge in the edge 

direction and suppress any pixel value (sets it equal to 0) 

that is not considered to be an edge. This will give a thin 

line in the output image. 

2) Localized contour sequence: 

After edge detection we get a boundary of hand in image 

that is our contour of hand image .now a algorithm is 

applied on the contour to track it in clockwise direction and 

the contour pixel are numbered sequentially 

3) Normalization of location contour sequence: 

During creating database there is no restriction are placed on 

the position, distance, and orientation of gesture in front of 

camera. LSC is invariant to translation i.e. if there is change 

in position of a gesture. Start-point is determined by locating 

the first contour pixel using a left-to-right and top-to-bottom 

scan of the image. Therefore, a change in the orientation of a 

gesture results in a circular shift in the samples. The number 

of pixel in contour varies according to distance of the 

gesture from camera thus the scaling of the amplitude of the 

LCS can be easily normalized by dividing the samples of the 

LCS by the standard deviation of the LCS. 

 
Features extracted from image: geometrical 

features such as thinness ratio, fingure value and spacial 

features. 

IV. CLASSIFICATION 

1) Fuzzy C-Means: 

Data clustering is the process of dividing data elements into 

classes or clusters in such a way that the similar items  are 

from same class as possible and dissimilar items are from 

different classes. The FCM is fuzzy clustering that is the 

data can belong to more than one cluster.[4] 

2) Decision Tree 

A decision tree is a simple representation for classifying 

examples. Learning of Decision tree is one of the most 

successful techniques for supervised classification learning. 

In this classification, it is assumed that all of the features 

have discrete values, and there is a single feature value that 

is used for deciding the branch of the tree.  A decision tree 

or a classification tree is a tree in which each internal (non-

leaf) node is labeled with an input feature. The arcs coming 

from a node labeled with a feature are labeled with each of 

the possible classes of the feature. Each leaf of the tree is a 

class (gesture). 
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Decision tree is used to overcome the disadvantage 

of FCM. After applying FCM to 3 gestures (say 1, 2 and 3) 

their membership matrix is as follows: 

 
Table 1: Membership Values of 3 Gestures 

The above table, showing membership value of 3 

gestures. Gesture 1 and 2 will belong to one group that is 

one branch of tree. Similarly gesture 2 and 3 belong to one 

group and gesture 1 and 3 belongs to another group. Further 

FCM is applied to expand the tree (refer figure 4). Thus 

decision tree is used to overcome overlapping gesture 

problem in FCM. 

3) Combination of FCM and decision tree 

Our system has used combination of FCM and decision tree 

to increase the performance of the system. Figure 4 shows 

the system architecture describing the use of FCM and 

decision tree for classification. 

The first decision branch is expanded depending on 

the clusters formed using FCM. If the input feature belongs 

to say cluster 1then first branch is expanded. Further, the 

FCM is applied to feature 2 and depending on belongingness 

of that feature vector, the respective branch is expanded. 

This process is repeated until reach a leaf node. 

 
Fig. 5: System Implementation 

This algorithm works by assigning membership to 

each data point corresponding to each cluster center on the 

basis of distance between the cluster center and the data 

point. More the data is near to the cluster center more is its  

membership towards the particular cluster center. Clearly, 

summation of membership of each data point should be  

equal to one. After each iteration membership and cluster 

centers are updated according to the formula: 

 

 
Where 'n' is the number of data points. 'vj' represents the j

th
 

cluster center. 'm' is the fuzziness index m € [1, ∞].'c' 

represents the number of cluster center. 'µij' represents the 

membership of i
th

 data to j
th

 cluster center 'dij'  represents 

the Euclidean distance between  i
th 

 data and  j
th

 cluster 

center. Mainly the fuzzy c-means algorithm is to minimize: 

 
 

where,  '||xi – vj||' is the Euclidean distance  

Between i
th

 data and  j
th

 cluster center. 

Algorithm: 
Let  X = {x1, x2, x3 ..., xn} be the set of data points and V = 

{v1, v2, v3 ..., vc} is the set of centers. 

(1) Randomly select ‘c’ cluster centers. 

(2) Calculate the fuzzy membership 'µij' using: 

                      

(3) Compute the fuzzy centers 'vj' using: 

 
(4) Repeat step 2) and 3) until the minimum 'J' value is 

achieved or ||U
(k+1) 

- U
(k)

|| < β.                             

 Where,         

 ‘k’ is the iteration step.  

‘β’ is the termination criterion between [0, 1]. 

‘U = (µij)n*c’ is the fuzzy membership matrix.  

‘J’ is the objective function. 

 
Fig. 6: Result of Clustering 

https://sites.google.com/site/dataclusteringalgorithms/fuzzy-c-means-clustering-algorithm/fuzzy1.bmp?attredirects=0
https://sites.google.com/site/dataclusteringalgorithms/fuzzy-c-means-clustering-algorithm/fuzzy2.bmp?attredirects=0
https://sites.google.com/site/dataclusteringalgorithms/fuzzy-c-means-clustering-algorithm/fuzzy3.bmp?attredirects=0
https://sites.google.com/site/dataclusteringalgorithms/fuzzy-c-means-clustering-algorithm/fuzzy1.bmp?attredirects=0
https://sites.google.com/site/dataclusteringalgorithms/fuzzy-c-means-clustering-algorithm/fuzzy2.bmp?attredirects=0
https://sites.google.com/site/dataclusteringalgorithms/fuzzy-c-means-clustering-algorithm/fuzzy.jpg?attredirects=0
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V. FUTURE WORK 

In future we can create an android app on mobile or on any 

devices. Application which can support all devices. Also we 

can add more gestures and create more words. Likewise we 

can create a full language with the help of human computer 

interface (HCI). 

VI. CONCLUSION 

This paper clearly describes how to help speech and hearing 

impaired people to communicate effectively with the sound 

people. Impaired people often find it difficult to 

communicate with normal people as normal people are not 

acquainting with their language. Sign Language forms a 

basic medium of communication for speech and hearing 

impaired people to communicate with the sound people and 

classifiers are a medium through which this sign language 

can be recognized into a particular class. For this purpose, 

we have designed a classifier using Fuzzy C-Means adaptive 

algorithm for classification of gestures to a particular class. 

The system consists of two phases: Training and Testing 

phase. Training phase is used for generalization of gestures 

so that they can be recognized during testing. Testing phase 

is used to test the gestures and to identify the particular class 

to which the gesture belongs. The testing reveals recognition 

of gestures and its accuracy. 
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