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Introduction

With the rapid development of radio communications and the increasing demand for reliable and
sustainable connectivity, satellite communication systems have become an important component of
modern communication infrastructures, particularly in military applications. In this context, the Digital
Video Broadcasting—Satellite Second Generation (DVB-S2) standard is considered one of the widely
used standards due to its high bandwidth efficiency, support for advanced modulation schemes, and
capability to transmit large volumes of data. However, radio-frequency interference (RFI), particularly
interferences such as Chirp Interference (Cl), Continuous Wave Interference (CWI), and Multiple
Continuous Wave Interference (MCWI), represents a major challenge threatening the performance of
these systems. Conventional interference detection methods, including Cyclostationary Feature Detection
(CFD), time—frequency analysis, energy detection, and matched filtering, face limitations such as high
computational complexity and dependence on prior knowledge of the signal. Therefore, this study aims
to develop an artificial intelligence-based approach by extracting statistical and spectral features and
selecting the ten most informative features using the Mahalanobis, Euclidean, Chi-square, and Variance-
to-Mean (VdM) criteria. The performance of MLP, SVM, and KNN classifiers is then investigated for
interference identification in DVB-S2 systems.

Research Objectives and Questions

This research seeks to answer the following main question:

How can statistical and spectral features be effectively selected and combined with machine learning
classifiers to improve the detection and identification of interference in DVB-S2 satellite communication
systems, particularly under low-SNR conditions?

The objectives of the research are:

e To extract and analyze 33 statistical and spectral features from DVB-S2 signals containing different
types of interference.

e To select and compare the 10 best features using the Mahalanobis, Euclidean, Chi-square, and VdM
criteria.

e To improve interference detection performance compared with existing methods, particularly under
low-SNR conditions.

e To evaluate and compare the performance of SVM, KNN, and MLP classifiers using the selected
features and determine the most effective method for interference detection in DVB-S2 systems.

Methodology

This study aims to detect and identify radio-frequency interference in DVB-S2 systems using a
guantitative and simulation-based approach. The proposed method is implemented in four main stages:
Signal and Interference Modeling: The received signal is modeled as the sum of the desired DVB-S2
signal, interference, and additive white Gaussian noise. In this study, QPSK- and APSK-modulated
signals with orders 8, 16, and 32 are considered, and three types of interference, including CWI, MCWI,
and Cl, are investigated. Consequently, four classes, including the Signal of Interest (SOI), SOI with CI,
SOl with CWI, and SOI with MCWI, are considered for detection and classification.

Feature Extraction: To extract discriminative information from the received signals, a set of 33 statistical
and spectral features is extracted. The objective of this stage is to construct a comprehensive feature set
for evaluating the discriminative capability of different signals and interference types.

Feature Selection: To reduce the feature dimensionality and improve classification efficiency, the
discriminative capability of each of the 33 features is evaluated using four criteria: Euclidean distance,
Mahalanobis distance, Chi-square criterion, and VdM ratio. In this stage, each criterion independently
ranks the available features and selects the 10 best features from the 33 initial features. Accordingly, the
feature sets selected by the different criteria are compared, and the effect of each feature selection
method on interference detection performance is evaluated.
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Classification and Performance Evaluation: In the final stage, three classifiers, namely SVM, KNN, and
MLP, are employed to investigate the effect of the selected features on interference detection. The
performance of these classifiers is evaluated using the feature sets selected by each of the four criteria
and is compared with previous methods. Furthermore, the performance of the proposed method is
investigated at different SNR levels, particularly under low-SNR conditions.

The main objective of employing the four feature selection criteria in this study is to investigate which 10
features each criterion selects from the 33 initial features as the most discriminative features and to
determine the extent to which this selection can improve classifier performance. Finally, by comparing
the results obtained using different criteria and the three classifiers, namely SVM, KNN, and MLP, the
most effective combination for interference detection and identification in DVB-S2 systems is
determined. In addition, the results of the proposed method are compared with existing methods to
determine the improvement in detection accuracy, particularly under noisy and low-SNR conditions.

Discussion

The results of this study demonstrate that selecting features with high statistical discriminative power
plays an important role in improving the identification and classification of radio-frequency interference,
particularly under low-SNR conditions. Among the evaluated criteria, the VdM-based feature selection
method achieved the best performance in distinguishing the SOI, CI, CWI, and MCWI classes. The
results indicate that selecting different feature subsets according to the noise level can significantly
improve classification accuracy. In particular, the proposed method achieved a notable improvement in
accuracy at SNR = 0 dB compared with the method presented in [5] and reached an accuracy of 99.74%
at high SNR levels. Furthermore, the use of features extracted under low-SNR conditions for SNR values
below 3 dB and features extracted under high-SNR conditions for higher SNR values highlights the
importance of adapting the feature selection process to the prevailing noise conditions. In contrast, the
Euclidean, Mahalanobis, and chi-square criteria generally resulted in lower classification performance.
However, by accounting for the correlations among features, the Mahalanobis criterion achieved better
performance than the other two methods.

The results further demonstrate that reducing the number of features from 33 to 10 does not cause a
significant degradation in classification performance while substantially reducing the computational
complexity of the model. The proposed MLP architecture, with only 454 parameters and an average
inference time of approximately 27 us per sample, provides an appropriate balance between classification
accuracy and computational complexity. Therefore, it is well suited for real-time applications and
potential implementation on FPGA and DSP platforms. Moreover, the comparison of the SVM, KNN,
and MLP classifiers indicates that classifier performance is strongly dependent on the noise level. Under
severe noise conditions, SVM achieves better performance, whereas as the SNR increases, the
performance of MLP approaches that of SVM and consistently outperforms KNN. Overall, the results
indicate that combining adaptive VdM-based feature selection with a neural classifier can provide an
effective and computationally efficient solution for radio-frequency interference classification in DVB-
S2 communication systems.

Conclusions

In this paper, an efficient method for detecting and classifying radio-frequency interferences in the DVB-
S2 standard was presented using statistical and spectral features and an MLP neural network. The
Euclidean, Mahalanobis, Chi-square, and VdM metrics were compared, and the VdM metric achieved
higher detection accuracy at different SNRs. The results showed a 6% accuracy improvement at SNR = 0
dB using features extracted by VdM at low SNR and a 3% improvement at the same SNR using features
extracted at high SNR, while achieving 99.74% accuracy at SNR = 9 dB. These results confirm the
effectiveness of the proposed method under different noise conditions. Moreover, among the classifiers
using VdM-based features, SVM performed better under severe noise, whereas at higher SNRs, MLP and
SVM showed similar performance and outperformed KNN.
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