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Abstract

This study proposes a comprehensive framework for the multidomain
analysis and classification of multiclass visual content based on visually
evoked electroencephalography (EEG) signals. Addressing the
challenges inherent in extracting meaningful features from EEG data, the
proposed approach integrates analyses across temporal, spectral, time—
frequency, and local structural domains. Feature extraction leverages both
classical and structural signal processing techniques, combined with
statistical significance testing using the Kruskal-Walli’s method for
feature selection. Subsequently, the classification performance of various
machine learning models—including Support Vector Machines (SVM),
k-Nearest Neighbors (KNN), Multilayer Perceptrons (MLP), and
Convolutional Neural Networks (CNN)—was evaluated. The results
demonstrate that time—frequency domain features (TFDF), particularly
those derived from the Fz channel, achieve a mean accuracy of 84.92%
in four-class visual content classification, outperforming other feature
combinations. Moreover, local methods such as one-dimensional Local
Gabor Patterns (1D-LGP) and Local Neighbor Descriptive Patterns
(LNDP) exhibited high classification accuracy and robustness against
noise. The proposed framework not only enhances classification accuracy
but also maintains computational efficiency, making it a viable solution
for real-time systems.
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