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Abstract  
     Automatic modulation recognition (AMR) is a technique for recognizing the modulated signal 
whose modulation type is unknown. In this paper adaptive neural fuzzy inference system (ANFIS) and 
Maxnet have been used as a recognizer or classifier for digital signal recognition. The first part of 
recognition is the features extraction. The extracted features are high order moments (HOMs), and 
high order cumulants (HOCs). HOMs and HOCs have been introduced at SNR=0dB, 5dB and without 
noise. Each ANFIS unit is trained for particular digitally modulated signal. The proposed classifier 
achieves high percentage of correct recognition to discriminate digitally modulated signal 2FSK, 
4FSK, 8FSK, 2PSK, 4PSK, 8PSK, 16QAM, 64QAM, and 256QAM. The performance of system closed 
to 100% at the chosen SNRs. The system exhibits a flexibility  and robust because of parallel 
distributed processing. 
 

Keywords: Automatic Digital Modulation Recognition, ANFIS Layers, ANFIS Training, ANFIS 
Clustering, High Order Moments , and High Order Cumulants. 

I. Introduction 
     There are many communication signals with different types of modulation schemes and different 
frequencies. The receiver needs to have a knowledge of the modulation scheme to demodulate the 
signal. The achievement of this task with easy strategy is by including the modulation information of 
the modulated signal frame, so that the receivers are notified about the modulation scheme. This 
strategy requires extra modulation information and affects the spectrum efficiency, while the wireless 
communication spectrum is limited and valuable, which can be considered one of the problem is faced 
in wireless communication. Automatic modulation recognition (AMR) becomes an important solution 
to this problem. AMR identifies the types of the received modulated signal to ensure that the 
modulated signals can be accurately demodulated and the useful information of transmitted message 
can be correctly recovered [1]. AMR has applications in monitoring and control for the civilian and 
military radio communication . For civilian, it includes the signal confirmation, spectrum management, 
interference identification, to ensure the guidelines for communication, cognitive radio, and software 
radio [2]. In military domain, AMR could be applied for modern electronic warfare, threat analysis and 
surveillance, many AMR algorithms have been introduced to recognize the modulation scheme of the 
digitally modulated signals [3]. These algorithms are classified systematically to five major classes: 
likelihood-based classifiers, feature-based classifiers, blind modulation classifiers, distribution tested-
based classifiers, and machine learning-assisted classifiers [1]. But, in general, the modulation 
recognition algorithms can be classified either a decision theoretic or a pattern recognition [4]. Most 
AMR algorithms are developed after mid of 1980, in 1998  most of the works on this subject were 
based on Artificial Neural Network (ANN) when it was declared that the success rates from ANN are 
better than those obtained by the decision-theoretic approach [5]. The updated literature survey and 
applications of ANN as a classifier for AMR had been investigated in [6]. Nevertheless the 
performance is degraded at higher SNR when ANN is trained at low SNR [7]. In 1993 Adaptive neural 
fuzzy Inference system (ANFIS) was introduced in [8]. ANFIS is a hybrid technique that combines 
artificial neural networks (ANN) and fuzzy logic system (FLS)  with easy implementation and learning 
ability. It  combines best features of fuzzy logic and parallel processing neural networks. Different 
types of training algorithms can be applied like back propagation algorithm, least mean squares 
algorithm , and hybrid from both mentioned algorithms etc . The advantage of ANFIS is to obtain the 
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membership functions and set the fuzzy rules by itself using the training data. There is just no simple 
way to determine the number of membership functions and rules in advance. ANFIS with Maxnet are 
proposed to do the recognition after feature extraction. ANFIS has applications in various fields 
(prediction, identification, and control,) [9]. In [10] ANFIS outperforms ANN in the design, and 
implementation applied to temperature controller. In [11]  ANFIS outperforms ANN at data rate 
prediction for cognitive radio. In [12] ANFIS got better results than ANN for copper grade estimation 
in copper system.                                         
     The aim of this paper is to present a modulation recognizer which can provide high recognition 
accuracy, high recognition ratio for different SNRs, flexible, and robust at different SNRs. The 
proposed system is using high order moments (HOMs) and high order cumulants (HOCs) as a feature 
extraction keys, and ANFIS and Maxnet as a recognizer or classifier. This paper is organized as 
follows: Section 2,  demonstrates feature extraction which falls into HOMs and HOCs. Section 3, 
presents an overview of the  ANFIS and MAXNET. Section 4, presents the experimental design of 
classification. And section 5 demonstrates the conclusion and future works.  
2. Statistical Features of digitally modulated signals 
     The statistical features is utilized to recognize the modulation type of different digitally modulated 
signals [13].The statistical features of the digitally modulated signals divide to high order moments 
(HOMs) and high order cumulants (HOCs). Moments and cumulants are statistical features that were 
employed to identify distinguishing features of digitally modulated signals . These features must be 
carefully and accurately chosen, to reach the best recognition results. 
2.1. Moments 
     Probability distribution moments are a concept of expected value, and defining the characteristic of 
probability density function. For digital signals the definition for the ith moment for a finite length is 
given by: 
                                                                           = ∑ ( − ) ( )                                                     (1) 
Where N is the data length, Sk is the random variable, subscript (k) is an integer- valued variable,  µ is 
mean value of random variable. Let the signal has a zero mean ( = 0), thus equation (1) becomes: 

= ( )                                                                              (2) 

The auto-moment of the random variable is: 
, , = [ ( ∗) ]                                                                        (3) 

The (p) represents the number of the non conjugated terms, (q) represents the number of conjugated 
terms, (p+q) represent moment order, and (S) is discrete random variable.[14] 
2.2. Cumulants 
     Cumulants, are also statistical features. If the characteristic equation of a random variable S with 
zero mean is : 

( ) = [ ]                                                                                  (4)      
Expanding the Logarithm of equation (4) by applying a Taylor series, we obtain: 

( ) = [ ] = ( )
!                                                                      (4)

∞
 

Digitally Modulated Signals Recognition Based on Adaptive Neural-Fuzzy Inference System (ANFIS) 
Sattar B. Sadkhan-SMIEEE, Ashwaq Q. Hameed, Hadi A. Hamed

58



Where( Kn) is called the cumulant, (t) is time. The nth order cumulant is similar to the nth order moment, 
thus 

, , = , … . , ,
 

∗, … . , ∗
 

                                                         (5) 

The cumulants can be derived from moment : 
[ , … , ] = (−1) ( − 1)! [ ]. . [

∀
]                                    (6) 

The summation is performed on partitions = ( , … , ) for the indexes (1, 2, ..., n), and (q) is the 
number of elements in a partition. [15] 
 3. Recognizer of digitally modulated signals 
3.1.  Adaptive Neural-Fuzzy Inference System 
     Fuzzy systems (FS) and artificial neural network (ANN) are considered as two techniques used in 
intelligent systems. Each technique has a merit and drawbacks. FS has the ability to use linguistic 
knowledge to perform reasoning according to fuzzy rules. But FS cannot tune those rules. Where ANN 
is adaptive system and can be trained to tune these parameters from input-output training data set. 
Nevertheless, ANN cannot understand and represent the knowledge. To overcome the drawbacks and 
focus on the advantages, hybrid systems are employed. Among these hybrid systems is adaptive neural-
fuzzy inference system (ANFIS) which is shown in Fig. (1).   
      

               
 
 
 
 
 
 
 
 
 

 
 
 

Figure 1. ANFIS Architecture 
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    ANFIS exhibits the learning capability of ANN with the ability of FS to model uncertainty, 
knowledge of human experts and linguistic concepts [16]. The ANFIS can be used to train FIS by 
applying the training data to modify the membership function parameters according to the chosen error 
accuracy [17]. The ANFIS in Fig. (1) has two inputs, namely X and Y. They are external crisp signals 
to layer 1. Layer 1 is the fuzzification layer, the neuron in the layer perform fuzzification. The output 
of layer 1 can be expressed as follows: 

, = ( )                   = 1,2                                                              ( 7)    
, =                             = 3,4                                                                      

Where O1,i is the output of layer 1. 
 is the membership function of Ai and can be expressed as a Generalized Bell function: 

( ) = 1
1 + −                                                                        (8) 

ai, bi, ci are the premise parameters 
The output of layer 2 is the firing strength of rule and can be given by: 

, = = ( ). ( )                                                                      (9) 
Where O2,i is the output of layer 2. 
layer 3 is a normalization layer, the output of layer 3 is: 

, = = +      = 1,2                                                             (10) 
Where O3,i is the output of layer 3. 
Layer 4 is the defuzzification layer. The output is: 

, = = ( + + )                                                              (11) 
Where O4,i is the output of layer 4. 
pi, qi, and ri are consequent parameters 
Layer 5 represents the ANFIS output  

, = = ∑
∑                                                                     (12) 

= ( + + ) + ( + + ) 
Where O5,1 is the output of layer 5. 
Premise parameters and Consequent parameters can be tuned using backpropagation, hybrid learning 
algorithms and others. [16]  
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3.2. Maxnet 
     Maxnet is a type of ANN. It is used as a subnet to pick node whose input value is the largest. The 
nodes are connected with symmetric weights. The weights are fixed, then no training are requested. [18] 
This subnet chooses the largest input of all, based on '' winner-take all'', which can be demonstrated 
that one of the neurons has the maximum response in the layer due to the maximum input, this neuron 
is called the winner.  [19] 
4. Implementation  
4.1. Proposed System Analysis 
     A developed Modulation recognition designed based on ANFIS and Maxnet, to recognize the 
digitally modulated signals, 2FSK, 4FSK, 8FSK, 2PSK, 4PSK, 8PSK, 16QAM, 64QAM, and 
256QAM. Statistical moments and cumulants are used as key features for the digitally modulated 
signals. ANFIS trained to recognize these signals. Each ANFIS unit assigned for particularly 
modulated signal. Using parallel distributed processor exhibits the flexibility, reliability, high 
recognition ratio and robustness. The recognition ratio of the system depends on the ANFIS training 
data which is a combination of moments and cumulants. The inputs to the ANFIS system are the 
moments and cumulants and the output of ANFIS units varies between (0,1). Maxnet is used as a 
second subsystem for recognition by  choosing the highest value among all the ANFIS units. Figure 2 
shows the Maxnet and its connection with ANFIS units. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 2. ANFIS units and Maxnet recognizer 
4.2. Simulation Method 
     The simulation carried out in MATLAB. Feature extraction is very important for digitally 
modulated signal recognition. To train ANFIS, every digitally modulated signal is represented using its 
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moments and cumulants. The effect of noise was added by introducing the moments and cumulants for 
SNRs, 0dB, 5dB and ∞ (without noise). The extracted features must be selected properly to prevent the 
unnecessary features from increasing the complexity of the system. The digitally modulated signal 
recognition based on ANFIS procedure is divided into five steps. 
1. All the key features are extracted and saved into a files. 
2. The files in step 1 are loaded and they are used for training, checking, and testing. They can be 

used for training only, because the training data is very important for ANFIS operation.  
3. The initial fuzzy inference system (FIS) is generated. In this paper [Input Number of Membership 

function (MF) =3. Input MF Type is Generalized Bell MFs, output MF Type is linear], and loaded 
to ANFIS.  

4. FIS is trained using hybrid learning, backpropagation, and others. In this paper hybrid learning are 
choose. Hybrid learning use Least square error (LSE) for consequent parameters tuning and 
backpropagation gradient descent for Premise parameters identification. 

5.  FIS is tested to show the satisfactory results.  
     The trained data is the extracted features and it is arranged as a matrix for each ANFIS UNIT (each 
digitally modulated signals), for each SNR is a vector, the first values of the vector is the inputs and 
the last value represents the output. As an example: 
x=[1 1 31.6 -64.5 1] 
Where  x is training vector for HOMs and HOCs represents the modulated signal 2FSK when the 
signal free from noise. This means that 4 inputs to the ANFIS (1 1 31.6 -64.5) and one output (1). The 
output of ANFIS can be labeled with 2FSK for this unit and 1 represents the 100% recognition ratio. 
The output of each ANFIS unit is a continuous value in the range (0,1). The Maxnet shown in figure 2 
chooses the digitally modulated signal whose ANFIS output is the largest value. 
 
4.3. Results 
     The system is a parallel distributed processor of ANFIS units, they are trained with HOMs and 
HOCs as a representative feature for the digitally modulated signals, Gaussian noise was taken into 
account according to the SNR value 0dB, 5dB and noise free. The digitally modulated signals are 
2FSK, 4FSK, 8FSK, 2PSK, 4PSK, 8PSK, 16QAM, 64QAM, and 256QAM. The chosen features are a 
combination of HOMs and HOCs namely: Es4,4, Es8,6, Cs8,8, Cs8,4. (see equations 3 and 5 to identify the 
subscript of moments and cumulants). 
     The initial FIS parameters mentioned in section B above are very important to reach the acceptable 
error which is 8.0133e-07. The specification of parameters and rules which are exhibited during the 
simulation are: number of nodes:193, number of linear parameters: 405, number of nonlinear 
parameters: 36, total number of parameters:441, number of training data pairs:3, number of checking 
data pairs:0, number of fuzzy rules: 81. ANFIS model structure as a result of such parameters are 
shown in figure 3, and ANFIS fuzzy rules is shown in figure 4 for 2FSK modulated signal. 
5. conclusion and future work  
      ANFIS units are implemented. Their inputs are HOMs and HOCs parameters for the SNR (0dB, 
5dB, free of noise), while the output is the Maxnet unit. The system exhibits a very high recognition 
rate it reaches about 100% for recognition of the modulated signals :2FSK, 4FSK, 8FSK, 2PSK, 4PSK, 
8PSK, 16QAM, 64QAM, and 256QAM. The ANFIS evaluation system is flexible, robust, and high 
recognition ratio, its flexibility that any another digitally modulated signal can be added by assigning  
another ANFIS unit with its suitable training. Each ANFIS existing unit can be trained with any other 
SNR to operate the recognition system with a multiple ranges of SNR. 
     Many other digitally modulated signals can be recognized if the extracted features are existing even 
at low SNR. Also the recognition can be fulfilled at lower SNR for any chosen digitally modulated 
signal type, if the extracted features from HOMs and HOCs are properly chosen and they are clearly 
distinguished from others. Another new data can be added as a testing data and checking data to 
improve the ANFIS operation. It is possible to apply the proposed recognition method to spread 
spectrum signals, the recognition will be performed using the recommended features and ANFIS 
recognition  tools. 
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Figure 3 ANFIS Model  structure 
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 Figure 4 ANFIS rules for 2FSK 
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