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Abstract 
Speech is the most vital skill of communication. Stammering is speech which is hesitant, stumbling, tense or 
jerky to the extent that it causes anxiety to the speaker. In the existing system, there are many effective 
treatments for the problem of stammering. Speech-language therapy is the treatment for most kids with speech 
and/or language disorders. In this work, mild level of mental retardation (MR) children speech samples were 
taken for consideration. The proposed work is, the acute spot must be identified for affording speech training to 
the speech disordered children. To begin with the proposed work, initially Clustering of speech is done using 
Fuzzy C-means Clustering Algorithm.  Feature Extraction is implemented using Mel Frequency Cepstrum 
Coefficients (MFCC) and dimensionality reduction of features extracted is implemented using Principal 
Component Analysis (PCA). Finally the features were clustered using Fuzzy C-Means algorithm and compared 
with SVM classifier output[13]. 
Keywords: speech, stammering, Mel Frequency Cepstrum Coefficients (MFCC), Principal Component Analysis 
(PCA), clustering 

1. Introduction 

 A speech disorder refers to a problem with the actual production of sounds, whereas a language disorder 
refers to a difficulty understanding or putting words together to communicate ideas. A speech pathologist has 
been trained to assess and treat people who have a communication disability. Speech synthesis among the 
disabled children is the first step for making speech corrective tool kit.  

In this paper, the MR pathological subject’s speeches are  analysed by comparing it with the normal 
children. This work is very useful for the speech practitioners to know in which position they have to improve 
the speech of the abnormal child.  

The samples of the normal as well as the abnormal children speech have been obtained and with the aid of 
these samples, the further process has carried out.  Features are extracted using the MFCC of both (normal and 
abnormal)  speeches and the PCA is applied to the MFCC to reduce the dimensionality of the speeches. The 
parameters extracted from MFCC of both speeches are used for clustering using fuzzy C-means clustering 
algorithm.  

Feature extraction is a key issue for efficient speaker recognition. Additionally, a reduced feature set would 
allow more robust estimates of the model parameters, and less computational resources would be required.   

MFCC convey not only the frequency distribution identifying sounds, but also the glottal source and the 
vocal tract shape and length, which are speaker specific features, so MFCC are commonly used as features.  

Clustering of numerical data forms the basis of many classification and system modelling algorithms. The 
purpose of clustering is to identify natural groupings of data from a large data set to produce a concise 
representation of a system's behavior.  

Fuzzy c-means (FCM) is a data clustering technique in which a dataset is grouped into n clusters with every 
datapoint in the dataset belonging to every cluster to a certain degree. For example, a certain datapoint that lies 
close to the centre of a cluster will have a high degree of belonging or membership to that cluster and another 
datapoint that lies far away from the centre of a cluster will have a low degree of belonging or membership to 
that cluster. 

The rest of the paper is organized as follows. The Feature Extraction, Clustering using Fuzzy C-Means 
Clustering are described in Section 2. The experimental setup is described in Section 3, including the 
comparision between Fuzzy C-means clustering and SVM classification and  Experiments Results are presented 
and discussed in Section 4: (1) Feature Extraction using MFCC and PCA, (2) Fuzzy C-Means Clustering 
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(3)comparison between Fuzzy C-means clustering and  SVM classifier result. Finally, Section 5 summarizes our 
approach. 

2. Methodology 

2.1 Feature Extraction      
Normal and pathological subject’s speech dataset is obtained and then the MFCC is extracted from both the 

speeches. This speech dataset is developed through in which both the databases are same set of scripts. 
Subsequently, with the aid of the PCA the dimensionality is reduced for MFCC features extracted. The step by 
step processes are explained in detail in the following subsections.    [13]                       

Fig.1  Data Flow for Feature Extraction 

 

 

 

 

 

 

 

 

 

 
The speech samples are extracted from the normal and pathological subjects with the aid of the audio 

synthesizer.  Let AB aD and N bD are the abnormal children, normal children speech datasets respectively and 
from these datasets the MFCC feature is extracted.   

}...,,{ 1321 −=
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MFCC’s are based on the known variation of the human ear’s critical bandwidths with frequency. The 
MFCC technique makes use of two types of filter, namely, linearly spaced filters and logarithmically spaced 
filters. The MFCC features are obtained from the normal as well as abnormal datasets which is referred as 
N aM and AB bM   

    PCA is used abundantly in all forms of analysis - from neuroscience to computer graphics - because it is a 
simple, non-parametric method of extracting relevant information from confusing data sets. With minimal 
additional effort PCA provides a roadmap for how to reduce a complex data set to a lower dimension to reveal 
the sometimes hidden, simplified dynamics that often underlie it. PCA was used to reduce the dimensionality. 
After this process completed, the following parameters are obtained from the MFCC featured vectors 
N aM , bABM  . The parameters are mean, standard deviation, maximum amplitude value and its id, minimum 

amplitude value and its id, MFCC length are extracted for the MFCC featured word and as well as for the 
original word also extracted and hence for each word we have 14 inputs.  [13] 
2.2 Fuzzy C-Means Clustering 
   Clustering is a mathematical tool that  attempts to discover structures or certain patterns in a data set, where 
the objects inside each cluster show a certain degree of similarity. 
   Fuzzy c-means (FCM) is a method of clustering which allows one piece of data to belong to two or more 
clusters. This method (developed by Dunn in 1973 and improved by Bezdek in 1981) is frequently used in 
pattern recognition. In fuzzy clustering, each point has a degree of belonging to clusters, as in fuzzy logic, rather 
than belonging completely to just one cluster. Thus, points on the edge of a cluster may be in the cluster to a 
lesser degree than points in the center of cluster. 

Input the 
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     Any point x has a set of coefficients giving the degree of being in the kth cluster wk(x). With fuzzy c-means, 
the centroid of a cluster is the mean of all points, weighted by their degree of belonging to the cluster: 

 
The degree of belonging, wk(x), is related inversely to the distance from x to the cluster center as calculated on 
the previous pass. It also depends on a parameter m that controls how much weight is given to the closest center. 
The fuzzy c-means algorithm is very similar to the k-means algorithm. 

• Choose a number of clusters. 
• Assign randomly to each point coefficients for being in the clusters. 
• Repeat until the algorithm has converged (that is, the coefficients' change between two iterations is no 

more than , the given sensitivity threshold) :  
o Compute the centroid for each cluster, using the formula above. 
o For each point, compute its coefficients of being in the clusters, using the formula above. 

3. Experimental Setup 

3.1 The speech database 
 In this with the aid of the Free Audio Editor we generate the dataset with the normal and abnormal female 

children within the age limit 6-10 yrs. For normal data, 2 female children were utilized and for abnormal data, a 
female child was utilized for the system and the normal frequency range is from 20 - 4 kHz. The proposed 
technique is tested with the database of 100 words with two normal children and an abnormal child each. 
3.2  Fuzzy C-Means Clustering 
   Fuzzy Cluster Analysis presents advanced and powerful fuzzy clustering techniques.It is based on 
minimization of the following objective function: 

    ,      
where m is any real number greater than 1, uij is the degree of membership of xi in the cluster j, xi is the ith of d-
dimensional measured data, cj is the d-dimension center of the cluster, and ||*|| is any norm expressing the 
similarity between any measured data and the center. Fuzzy partitioning is carried out through an iterative 
optimization of the objective function shown above, with the update of membership uij and the cluster centers cj 
by: 

    ,      

This iteration will stop when , where is a termination criterion between 0 and 1, 
whereas k are the iteration steps. This procedure converges to a local minimum or a saddle point of Jm. 
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The algorithm is composed of the following steps: 

1. Initialize U=[uij] matrix, U(0) 
2. At k-step: calculate the centers vectors C(k)=[cj] with U(k) 

 

 
3. Update U(k) , U(k+1) 

 

 
4. If || U(k+1) - U(k)||<  then STOP; otherwise return to step 2. 

According to the dataset of normal and abnormal children speech, the clustering is done by tuning the 3 optional 
parameters for the FCM algorithm (exponent, maximum number of iterations and minimum amount of 
improvement) into two clusters(for normal and abnormal children). 

4. Experimental Results 

4.1 Feature Extraction 
Initially, the words are extracted from the both normal and abnormal children and then the MFCC feature 

has been extracted from it. Subsequently, the PCA is applied to reduce the dimensionality of the words. Few 
speech samples which are sent as input to MFCC Feature Extraction.[13] 

   

                                        Fig. 2 Normal speech 1 “dinosaur”               Fig. 3  Normal speech 2 “dinosaur”  

 

Fig. 4 Abnormal speech – “dinosaur” 
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4.2 Features extracted using MFCC 

 
fig. 5 Parameter values of MFCC 

4.3 Fuzzy C-Means Clustering and its Membership Function (MF) 
The function fcm takes a data set and a desired number of clusters and returns optimal cluster centres and 
membership grades for each data point. This information helps to build a fuzzy inference system by creating 
membership functions that represent the fuzzy qualities of each cluster. According to the dataset of normal and 
abnormal children speech, the clustering is done by tuning the 3 optional parameters for the FCM algorithm 
(exponent, maximum number of iterations and minimum amount of improvement) 

Fig. 6 Two Clusters output 

 

A membership function (MF) is a curve that defines how each point in the input space is mapped to a 
membership value (or degree of membership) between 0 and 1. The input space is sometimes referred to as the 
universe of discourse, a fancy name for a simple concept. The output-axis is a number known as the 
membership value between 0 and 1. The curve is known as a membership function. 

Fig. 7 Cluster 1 (blue)                               Fig 8. Cluster 2 (green) 
Membership Function                                 Membership Function 

    

Certain datapoint that lies close to the centre of a cluster will have a high degree of belonging or membership 
to that cluster and another datapoint that lies far away from the centre of a cluster will have a low degree of 
belonging or membership to that cluster. Therefore from cluster 1, MF has low degree of belonging. 
4.4 Comparison between Fuzzy C-means Clustering and SVM Classification 
Classification is a type of supervised learning (Background knowledge is known) and Clustering is a type of 
unsupervised learning(No such knowledge is known). 
4.4.1 SVM Classification [13] 
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    The PCA is applied to MFCC features to reduce the dimensionality of the words and then they are inputted to 
the SVM to identify the abnormal and the normal word. The result is shown as [13], 

 

Figure 9. SVM classification Regression  result to identify the abnormal word 

Table 1 Some Output for the SVM classifier for the identification of abnormal word 

Original Proposed (SVM) 

apple.wav abnormal word 
mango.wav abnormal word 
analysis abnormal word 
dinosaur abnormal word 
birds abnormal word 
ink pot abnormal word 
umbrella abnormal word 
zebra abnormal word 
vehicle normal word 
domestic animals abnormal word 

The MF of cluster 1 and cluster 2 got by Fuzzy C-means clustering  is compared with the SVM 
classification[13] result. The MF has low degree of belonging when compared to MF of cluster2. This result is 
compared with SVM classifier output[13], the conclusion we get is the performance of the SVM classifier using 
MFCCs as features was very high, with up to 90% accuracy. 

5. CONCLUSIONS AND FUTURE WORK 

The proposed system was implemented in the working platform of MATLAB (version 7.11). In this with the aid 
of the Free Audio Editor we generate the dataset with the normal and abnormal female children within the age 
limit 6-10 yrs. For 100 normal data (words) we utilized 2 female children each and for 100 abnormal data we 
utilized a female child for our system and their normal frequency range is from 20 – 4khz. The speech input is 
recorded at a sampling rate of 44.1kHz. To develop an effective system to identify the abnormal word and 
spotting aberration in speech of pathological subject, where the speech has to be improved, initially the MFCC 
is obtained from both the normal and abnormal words and then PCA dimensionality reduction is done. Then 
clustering is done using FCM in this work and  compared with SVM classifier result[13]  of normal and 
abnormal words. The performance of the SVM classifier using MFCCs as features was very high, with up to 
90% accuracy. After that, the work will be extended by (i) acute Spotting aberration in speech of pathological 
subject. 
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