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Abstract:
In this paper, an efficient approach for automated signal classification is presented for use in a cognitive radio system.
The proposed system uses temporal and spectral features for efficient classification. In order to obtain spectral
features, the Empirical Mode Decomposition (EMD) is used to decompose the given signal. From the Intrinsic Mode
Functions (IMF), spectral features such as spectral centroid, coefficient of variation and the spectral skew are
extracted. Also, temporal features such as mean, variance and skewness are extracted from the modulated signal.
Both temporal and spectral features are combined and K Nearest Neighbour (KNN) classifier is used to classify the
signal. The proposed system is designed to identify three different digital modulation schemes; Phase Shift Keying
(PSK), Differential PSK (DPSK) and Quadrature Amplitude Modulation (QAM). Results show that the temporal and
spectral features provides an overall accuracy of 99.3% (10 dB), 97.6% (5 dB), 84% (1 dB), and 54.3% (0 dB).
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1. Introduction
Software Defined Radio (SDR) is defined as: "Radio in which some of the physical layer functions are software
defined". It requires the type of modulation of received signal. To achieve this, many algorithms are developed
recently. The classification of analog and digital signals using Support Vector Machine (SVM) is presented in [1].
Seven different modulation schemes are used to detect the signals. A set of eighteen features; twelve statistical
features and six spectral features are used for the classification. A review for cognitive radio using SDR design is
explained in [2] including coder-decoder adaptations, frequency hopped spread spectrum modulation and
demodulation technique to maintain the binary encoded representation and offset quadrature phase shift keying.
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The primary radio signals are sensed in a cognitive radio environment for automatic modulation classification is
presented in [3]. The four salient key features can easily differentiate the noise from a signal. Four signals (2ASK,
4ASK, BPSK and QPSK) are used with amplitude information and one signal (2FSK) without amplitude information.
Four cyclostationary feature are used and fed to neural network for classification. An analysis for automatic
modulation classification using cyclic feature for cognitive radios is discussed in [4]. It consists of several modulation
signals like PSK, PAM, QAM and BPSK. The classification based on cyclic spectrum, hidden Markov models,
cumulants, and neural network are explained.
A review of fractional lower order statistics based automatic modulation classification using cumulants for cognitive
radios is discussed in [5]. It adopts a pattern recognition based approach for classification based on fourth order
cumulants which consist of fractional lower order statistics. The digital signal classification based on second order
statistical approach is defined in [6]. The modulated signals are transferred via Additive White Gaussian Noise
(AWGN) and Rayleigh channel. Three modulation schemes are employed such as DPSK, PSK and MSK. The
complex envelops for real and imaginary part in 2nd order cumulants is extracted and these statistical features are
applied to SVM classifier.
A review for signal classification based on fuzzy logic is described in [7]. The extraction of bandwidth and center
frequency from the power spectral density is used as features. The classification is based on implicit signal features,
explicit features and also the fusion of both features. Digital signal classification based on cyclostationary feature in
cognitive radio is explained in [8].
Four modulation schemes such as BPSK, QPSK, FSK and MSK are used. SVM, linear discriminant analysis, neural
network, KNN, neuro-fuzzy classifier and naïve Bayes are used.
A method for automatic modulation classification approached by Likelihood-Ratio test (LRT) is explained in [9]. It
studies various classification solutions derived from likelihood ratio test, and discusses the detailed characteristics
associated with all major algorithms. Multiuser automatic modulation technique based on distributed sensing in
multipath fading channels for cognitive radios is described in [10]. It classifies signals transmitted by multiple users
using fourth order cumulants.
In this paper, an efficient approach for digital signal classification in cognitive radio is presented. The rest of the
paper is organized as follows. Section 2 gives the methods and material used by the proposed digital signal
classification. The results obtained are discussed in section 3 and the conclusions are described in section 4.
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2. Methods and Materials
The main objective of the proposed digital signal classification system is to find the modulation technique of the
transmitted signal. The two different stages; feature extraction stage and classification stage are involved in the
design of the proposed signal classification system. Figure 1 shows the overall automated system for the classification
of modulated signal.
Generated Signal

DPSK

PSK

QAM

AWGN Channel

Temporal and Spectral
Features Extraction
Nearest neighbour
classification
Figure 1 Proposed signal classification system using temporal and spectral features.
In feature extraction, a set of features that best describes the information content of the modulated signal is computed.
The temporal and spectral features are computed for each training modulated signal and used as features for the
corresponding signal. This method is applied to all training signals with different modulation. Then, the extracted
features with their corresponding modulation types are stored for further processing. The next step in the proposed
system is the design of a classifier system to identify the modulation technique. The proposed system uses nearest
neighbour classifier for the classification.
2.1 Feature Extraction
The proposed system uses temporal and spectral features for the classification. These features are extracted in the
feature extraction stage. Temporal features includes: mean, variance, skew and spectral features include spectral
centroid, coefficient of variation and the spectral skew of the IMFs. The IMFs are obtained as a result of the
application of EMD on the modulated signal. Three digital modulation schemes: DPSK, PSK4, 64QAM are analyzed
in this study.
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2.1.1 Temporal Features
Temporal features provide the characteristics of distribution of samples such as asymmetry, dispersion around the
mean and concentration of data. The following equations are used to obtain the temporal features.
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where N is the number of samples.
2.1.2

Spectral Features

The decomposition of a signal by EMD and IMFs provides a number of oscillatory components in a data dependent
[11]. These components satisfy the following two conditions; the number of extreme or zero crossings must be the
same or differ by at most one and the local maxima and the local minima are defined as the average value of the
envelope at any point is zero. The procedure for calculating IMFs for a given signal x (t) is as follows:
1.

Find maxima and minima in x (t).

2.

Generating the envelopes el (t ) and em (t ) while interpolate between minima and maxima.

3.

Find out the local mean as a(t ) 

4.

Extract h1 (t )  x(t )  a(t ) .

5.

Determine whether h1(t ) is an IMF or not based on two conditions is

6.

Repeat step 1 to 4 until an IMF is obtained.

em (t )  el (t )
.
2

mentioned above.

A residual signal r1 (t )  x(t )  c1 (t ) is obtained which is treated as the next signal. This process can be repeated in
order to get the final residue. No more IMFS while decomposing the final residue. The original signal can be defined
by the obtained residues is as follows:
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where M is the number of IMFs, c m (t ) is the m th IMF and rM (t ) is the final residue. From the IMFs, the following
features; spectral centroid, spectral skew and variation coefficient are extracted and used along with the temporal
features for the classification. Table 1 shows the extracted spectral features from the IMFs.
Table 1 Spectral Features used in this study.
Spectral Features

Formula
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Where P ( ) is the amplitude of  th frequency bin in the spectrum
For all transmitted signal, temporal and spectral features are extracted using the formulae in this section and stored in
the database for the classification modulation techniques using KNN classifier [12].
2.2 Classification
The final step in the proposed system is the classification where the given signal is classified into one of the three
digital modulation schemes: DPSK, PSK4, 64QAM are analyzed in this study. For classification, KNN classifier is
used.
The proposed features are extracted for the unknown signal and given as an input to the KNN classifier along with
the database already obtained in the feature extraction stage. Commonly used Euclidean distance measure is used for
classification based on the distance between the features of unknown signal and the training features in the database.
3. Results and Discussions
In this section, the classification results obtained by the proposed signal classification system outlined in the previous
section are discussed.
To analyze the performance 400 signals are generated and modulated using three modulation schemes; DPSK, PSK4,
64QAM. They are transmitted through AWGN channel with 0dB, 1dB, 5 dB, and 10dB noise density. Using
temporal and spectral features with KNN classifier, the modulation of the signals are classified. 300 signals are used
for training and 100 signals are tested with KNN classifier. The following Tables 2 to 5 show the confusion matrix
obtained by the system.
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Table 2 Confusion matrix at 0 dB SNR using KNN classifier
Modulation Type DPSK PSK4 QAM 64
DPSK
PSK4
QAM 64

54

45

8

35

49

32

11

6

60

Table 3 Confusion matrix at 1 dB SNR using KNN classifier
Modulation Type DPSK PSK4 QAM 64
DPSK

85

15

4

PSK4

12

80

9

3

5

87

QAM 64

Table 4 Confusion matrix at 5 dB SNR using KNN classifier
Modulation Type DPSK PSK4 QAM 64
DPSK

97

2

2

PSK4

2

98

0

QAM 64

1

0

98

Table 5 Confusion matrix at 10 dB SNR using KNN classifier
Modulation Type
DPSK
PSK4
QAM 64

DPSK

PSK4

QAM 64

99

1

0

1

99

0

0

0

100

It is observed from the obtained results that the proposed temporal and spectral features provides promising results
with an overall accuracy of 99.3% (10 dB), 97.6% (5 dB), 84% (1 dB), and 54.3% (0 dB). Figure 2 shows the
obtained accuracy of the proposed system at various noise densities.
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Figure 2 Classification accuracy of the proposed signal classification system.
4. Conclusion
An efficient approach for digital signal classification using temporal and spectral features is presented in this study.
Temporal features are directly extracted from the modulated signal and spectral features are extracted from the IMFs
of the modulated signal obtained from the EMD procedure. Three modulation schemes are analyzed using KNN
classifier. From the experimental results, it is inferred that the combination of temporal and spectral features provides
better performance.
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