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Abstract 
 

Digital signal classification using clustering has many applications in the civilian and military domains. Most 

of the proposed classifiers can only recognize a few types of digital signals. This paper presents a novel technique that 

deals with the classification of multi-user chirp modulation signals using clustering techniques. In this technique, a 

combination of higher order moments and cumulants are proposed as the effective features. Simulation results show that 

the proposed  technique  is  able  to  classify  the different  types of  chirp  signals in additive white Gaussian noise 

(AWGN) channels and fuzzy c-means clustering (FCM) outperform fuzzy k-means clustering (FKM).  

 
1. Introduction 

 
 Digital signal type classification using clustering plays an important role in various applications. For example, in 

military applications, it can be employed  for  electronic  surveillance,  monitoring;  in civil  applications,  it  can  be  

used  for  spectrum management,  network  traffic  administration,  signal confirmation,  software  radios, and 

intelligent  modems. The early researches were concentrated on analog signals, the recent contributions in the subject 

focus more on digital types of signals. Primarily, this is due to the increasing usage of such types of signal in novel 

communication applications.   

 Clustering techniques are grouping data in clusters to obtain useful information. Clustering is an unsupervised 

pattern classification technique which partitions the input space into K regions based on some similarity or dissimilarity 

metric [1]. The goal of clustering is to identify structure in an unlabeled data set by objectively organizing data into 

homogeneous groups where the within-group similarity is minimized and the between-group dissimilarity is 

maximized. Clustering is necessary when no labeled data are available. 

 In this paper, we present an automatic digital signal type classifier using clustering techniques in additive white 

Gaussian noise channels for multi-user chirp signals. The used chirp signals are selected such that they all have the 

same power as well as the same bandwidth [2].  

 The automatic digital signal type classifier using clustering techniques includes three main modules. In the first 

module, the input signals are passed through an additive white Gaussian noise (AWGN) channels and the received 

signals are normalized to zero mean and unit variance and the output normalized signal are passed to the feature 

extraction module. Feature extraction module extracts a selected combination of the higher order moments and higher 

order cumulants up to the eighth. Clustering module uses these features to classify the input signals to get the signal 

type using two different clustering techniques of classifiers such as fuzzy k-means clustering and fuzzy c-means 

clustering. 

 Classification of arrhythmias have been made using K-means Clustering in [3], EEG Feature Extraction for 

Classifying Emotions using FCM and FKM in [4], Symbol Based Modulation Classification using Combination of  

Fuzzy Clustering and Hierarchical Clustering in [5] and Texture Segmentation Method Based on the Fuzzy C-Mean 

Algorithm and Statistical Features is made in [6].  

 The automatic digital signal type classifier of chirp  signals in additive Gaussian noise channel is made using 

supervised classifiers such as maximum likelihood, support vector machine, k nearest neighbor, and multilayer 

perceptron neural network classifiers in [7].   

 This paper is organized as follows. Section 2 presents the feature extraction. Sections 3 and 4 describe fuzzy k-

means clustering and fuzzy c-means clustering. Section 5 shows simulation results. Finally, Section 6 concludes the 

paper. 

 

2. Features Extraction 
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 In this paper, we used six features for classification and compare its performance with the cases of only two 

features and only four features are used. These features are the even higher order moments and cumulants up to eight. 

Even order moments and cumulants expressions up to eighth order are found in [7]. The selected features are those 

which show significant differences between the different chirp signals. 

 
3. Fuzzy K-Means Clustering 

 
 The main idea behind fuzzy k-means is the minimization of an objective function, which is normally chosen to 

be the total distance between all patterns from their respective cluster centers. Its solution relies on an iterative scheme, 

which starts with arbitrarily chosen initial cluster memberships or centers. The distribution of objects among clusters 

and the updating of cluster centers are the two main steps of the c-means algorithm. The algorithm alternates between 

these two steps until the value of the objective function cannot be reduced anymore. Given n patterns{ }nkxk ...1= , 

c-means determine c cluster centers }...1{ civi = , by minimizing the objective function given as; 
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kiik ,]1,0[ ∀∈µ and || . || in the above equation is normally the Euclidean distance measure [1]. 

 
4. Fuzzy C-Means Clustering 

 
 The c-means algorithm allows for fuzzy partition, rather than hard partition, by using the objective function 

given in Eq. (2) below: 
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ikU µ=  denotes the matrix of a fuzzy c-partition. Fuzzy C-means clustering is a data clustering algorithm in 

which each data point belongs to a cluster to a degree specified by a membership grade. This algorithm is 

proposed as an improvement to fuzzy k-means clustering technique. FCM partitions a collection of n vector 

niX i ,....,2,1, =  into c fuzzy groups, and finds a cluster center in each group such that a cost function of 

dissimilarity measure is minimized. The steps of FCM algorithm are described in [1]. 
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where kjjk xvd −= is the Euclidean distance between 
th

i  cluster center and 
th

k  data point, and m is the fuzziness 

index.  

5. Simulation results 
 

 In this section, we evaluate the performance of automatic digital signal type classifier using clustering techniques 

of the of the considered multi-user chirp modulation signals. The used eight chirp signals are generated in [7]. 

 Each signal is chosen to have 100 realizations and 4096 samples (1 second). White Gaussian noise is added to 

these signals and features are extracted using even order moments and cumulants up to eight using equations in [7]. The 

six features used are F3= (M4, C4, M6, C6, M8 and C8). This method is compared with using the features F2 (M4, C4, 

M6 and C6) and features F1 (M4 and C4). The performance of the mutli-user chirp modulation signals classification 

using fuzzy k- means clustering and using features F1, F2 and F3 are shown in figure 1. Figure 2 shows the 

performance using the fuzzy c- means clustering and using F1, F2 and F3. From the results we show that using F3 as 

features outperforms using F1 and F2. Figure 3 shows the comparison between the performance of multi-user chirp 

modulation signals classification using F3 features and fuzzy k-means and fuzzy c-means clustering. From these results, 

we note that the fuzzy c-means is better than fuzzy k-means clustering classifier. These results are compared with 

results in [7] using different types of classifiers such as maximum likelihood, support vector machine, k nearest 

neighbor, and multilayer perceptron neural network classifiers in figure 4. 



 
Figure 1: The performance of the multi-user chirp modulation signals classification using FKM clustering. 

 

 
Figure 2: The performance of the multi-user chirp modulation signals classification using FCM clustering. 

 
Figure 3: Comparison between the performance of the multi-user chirp modulation signals classification using FKM 

and FCM clustering. 



 
Figure 4: The performance of the multi-user chirp modulation signals using different Classifiers. 

 
6. Conclusion 

 
 In this paper, we presented multi-user chirp modulation signals classification using higher order moments and 

cumulants up to order eight. In this method, different clustering techniques of classifiers are used. We have showed the 

dependence of the classifier performance on the clustering technique and the features used. Simulation results show that 

the performance of the fuzzy c-means clustering is better than the fuzzy k-means clustering classifier and using features 

F3 is better than using features F1 and F2. From results, we show the performance of the supervised classifiers is better 

than clustering classifiers but clustering classifiers don't need to train the classifier and easy to implement and faster 

than non clustering techniques.  
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