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Abstract- Increasing the number of wireless communication led to increase for using the radio spectrum. With this 
increasing, needed to improve and reliable the radio spectrum which it’s a finite resource. Cognitive Radio (CR) is the key 
enabling for dynamic spectrum access to achieve efficient spectrum utilization. Through spectrum sensing, CR can obtain 
necessary observation about its surrounding radio environment, such as the presence of primary users and appearance of 
spectrum holes. In this paper, apply digital and analog classification based on automatic modulations recognition through the 
Artificial Neural Network (ANN). Implement and design 8 modulations which are: 2ASK, 2FSK, 2PSK, 64QAM, AM, FM, 
DSB, and SSB. The Maximum value of spectral power density of the normalized-centred amplitude, standard deviation of 
the absolute value of the centred non-linear component of the instantaneous phase, standard deviation of the absolute value 
of the normalized-centred instantaneous amplitude and standard deviation of the absolute value of the centred nonlinear 
component of the instantaneous frequency are chosen as key features for automatic modulations recognizer based on ANN. 
The contribution done by adding multipath fading channel to the modulations and distributed by AWGN. The overall 
numerical results obtain from the simulation show that the ANN could be classified all modulations in its current state of 
development.  
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I. INTRODUCTION 
 
In today’s society, that need for the right information 
at the right time and the right place as well as 
increased number of the wireless communication 
explosive proliferation of smart phone and table 
devices. However, there are limits to growth, because 
the radio spectrum used for wireless communications 
is a finite resource. To support various wireless 
applications and services in a non-interfering basis, 
the fixed spectrum access (FSA) policy has 
traditionally been adopted by spectrum 
regulators, which assign each piece of spectrum with 
certain bandwidth to one or more dedicated users. By 
doing so, only the assigned (licensed) users have the 
right to exploit the allocated spectrum, and other 
users are not allowed to use it, regardless of whether 
the licensed users are using it [1] [2]. Spectrum 

sensing is the basic and essential mechanisms of CR 
to find the unused spectrum. CR is the key enabling 
technology that enables next generation 
communication networks, also known as Dynamic 
Spectrum Access (DSA) networks, to utilize the 
spectrum more efficiently in an opportunistic fashion 
without interfering with the primary users. The CR 
enables the usage of temporally unused frequency 
bands which are commonly known as spectrum holes. 
A temporal spectrum hole is unoccupied by the 
primary user (PU) during the time of sensing. Hence, 
this band can be used by secondary users 
(SUs) in the current time slot [1]. Spectrum sensing is 
first critical step towards dynamic spectrum 
management. To enhance the detection probability 
many spectrum detection techniques can be used, as 
shown in Fig1 [3]. 

 
Fig. 1. Spectrum Sensing Techniques 

 
In wireless communication system the signals which 
propagate from the transmitting station to the receiver 

station while passing through free space. When these 
signals arrive at the receiver, they have distributed 
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amplitudes and phases. These random amplitudes and 
phases combine either constructively 
or destructively. There are two types of fading effects 
that characterize mobile commutation: Large scale 
and Small scale (include Rayleigh and Rician) fading 
the details of fading channels in [4]. 
 Large-scale fading represents the average signal 

power attenuation or path loss due to motion 
over large areas. This phenomenon is affected by 
prominent terrain contours (hills, forests, 
billboards, clumps of buildings, etc.) between the 
transmitter and receiver. 

 Small-scale fading is also called Rayleigh fading 
because if the multiple reflective paths are large 
in number and there is no line-of-sight signal 
component, the envelope of the received signal is 
statistically described by a Rayleigh distribution. 
When there is a dominant non fading signal 
component present, such as a line-of-sight 
propagation path, the small-scale fading 
envelope is described by a Rician distribution 
[5]. 

 
II. RELATE WORK 
 
In [6], the performance evaluation of BPSK 
modulation based spectrum sensing over wireless 
fading channel in cognitive radio such as AWGN, 
Rayleigh, Rician and Nakagamim fading channels. 
The simulation results show that the performance of 
the system is good in case of AWGN channel as 
compared to other fading channels and the Rician 
fading channel is better than the other fading channels 
such as Nakagami-m and Rayleigh fading channels 
when the value of k is large. In [7], classified the 
digital modulation signals basis of the artificial neural 
network under Rayleigh fading channel and AWGN. 
They modulation signals are 2ASK, 2FSK, 4ASK, 
4FSK, 2PSK, 4PSK, DPSK, and 16QAM. The results 
show that the classier has 80.6% for SNR=10 dB and 
85.1% for SNR=20 dB. In [8],classified the analog 

and digital modulation signals basis of the artificial 
neural network [5]. They modulation signals are AM, 
DSB, LSB, USB, FM, 2ASK, 2PSK, 4PSK, 2FSK, 
and 4FSK. The results show that the classier has 75% 
probability of correctly recognizing real signals. In 
[9],study a spectrum sensing in cognitive radio based 
on adaptive optimal SVM. The simulation 
experiments show that in low SNR the algorithm can 
also get a reasonable probability of detection and a 
low probability of false alarm. The rest of this paper 
is organized as follows: Section III explain 
modulation signals and wireless channel. Section IV 
describes the features extraction used in our system. 
Section V discusses the simulation results. Finally, in 
Section VI the report is summered in the form of 
conclusion.  
 
III. MODULATIONS AND WIRELESS 
CHANNEL 
 
This section explains the parameters that be used in 
the automatic modulation recognizer under 
MATLAB/Simulink environment. There are some 
parameters to be fxed in all modulations to generate 
the sample signals to be used as input to the ANN. 
The parameters which are: carrier frequency fc = 200 
kHz, symbol rate rs = 500 kHz, simulation time 
Tsimulation = 2 _sec and doppler spread was 
considered zero. The fading channel that be used after 
generated the signals is multi-path rayleigh channel 
with no line of sight between transmitter and receiver. 
It’s parameters are taken from the Stanford 
University Interim (SUI) models by IEEE 802.16 
Broadband Wireless Access working Group and also 
corrupted the signals by AWGN [10]. The automatic 
modulation recognizer consists four main stages or 
blocks as shown in Fig. 2. The digital and analog 
modulation schemes generated with specific 
parameters using Simulink in the first stage. In the 
second stage, the feature keys that be used as input 
data sets to the ANN to discriminate 

 
Fig. 2. System model diagram 

 
between the digital and analog modulation schemes 
were extracted using MATLAB codes. The third 
stage involved the training and learning phase in 
ANN and the last stage was related to the simulation 
results. 
 
IV. FEATURE EXTRACTION 
 
The single spectrum sensing and recognition method 
can only achieve when a general features common to 
all signals, and insensitive to the fading channel and 
SNR variation. In this proposed work, the features 
extraction are derived from instantaneous amplitude 

a(t), instantaneous phase '(t), and instantaneous 
frequency f(t). 
 
_ The first feature is the maximum value of the 
spectral power density of the normalized centered 
instantaneous amplitude max. 
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V. SIMULATION RESULTS 
 
The performance of the developed ANN was 
evaluated using 15% of the total generated data as 
test data. The test results are display in a confusion 
matrices. The confusion matrices are a very practical 
visualization tool for classification problems because 
they clearly portray the confusion between one class 
and each of the others. Thus, all possible 
permutations between inputs and possible outputs 
with the respective percentages are easily visualized. 
The results are presented in Fig.3, Fig.4, Fig.5 and 
Fig.6 in 
levels of SNR are: 5, 10, 20 and 30 dB respectively. 
We used 400 segments of real modulated signals.The 
results summary in Fig.7 show that the overall correct 
rate classification in the 
ANN increases as the SNR value increases.  
 
CONCLUSION 
 
This paper describes the ANN can be used as the 
practical classifier by adding multi-path fading 
channel and AWGN to simulate more realistic 
scenarios. Experimental results show that modulation 
classifier is capable of recognizing real signals 
correctly with more than 90% probability. 
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Fig. 7. Comperssion between the Success Rate and different 

SNR levels. 
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