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Abstract This paper proposes an ontology-based semantic labeling framework to address the
interpretability limitation of unsupervised clustering results in EEG-based cognitive state analysis.
Conventional approaches mainly rely on supervised classification, which requires extensive labeled data
and suffers from limited generalization across users. To overcome these limitations, the proposed
framework applies unsupervised clustering to EEG feature representations and assigns semantic
cognitive state labels using an ontology-based knowledge model. The framework separates data-driven
analysis from knowledge-driven interpretation while integrating them at the semantic labeling stage.
Experimental analysis demonstrates that clustered EEG patterns can be systematically mapped to
interpretable cognitive state concepts through ontology-based rules. The proposed framework enhances
the interpretability of EEG cognitive state analysis and can be flexibly applied to various IoT-based

intelligent service environments.
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[Fig. 1] Overall architecture of the ontology-based
semantic labeling framework for EEG
cognitive state clustering
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(Table 1> Semantic relationships between EEG
feature patterns and cognitive state
concepts

Related Cognitive

EEG Feature Pattern |Conceptual Interpretation State

Relative increase in

beta band Focused state

High mental activation

Relative increase in

theta band Cognitive fatigue

Fatigued state

Balanced alpha and beta

) Stable attentional state |Moderate focus state
activity
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[Fig. 2] Procedure of cognitive state clustering and
ontology-based semantic labeling
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(Table 2) Example of semantic label assignment
based on cluster representative features

Representative
Feature
Characteristics

Assigned

Cluster 1D Semantic Label

Applied Ontology Rule

Focused
cognitive state

Beta—dominant

C1  |High beta / low theta activation rule

Theta—dominant Fatigued

C2  |High theta / low beta

fatigue rule cognitive state
Balanced alpha and | Alpha-beta balance Moderate\y__
C3 focused cognitive|
beta rule state
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