[ Downloaded from shefayekhatam.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23221887.1401.10.2.11.7 ]

[ DOI: 10.61186/shefa.10.2.57 ]

A\ )Len\ 93 o)La..Z (B 0,90

Hoda Majdi, Mahdi Azarnoosh*, Majid Ghoshuni, Vahid Reza Sabzevari

Department of Biomedical Engineering, Mashhad Branch, Islamic Azad University, Mashhad, Iran

Article Info:

Received: 5 Mar 2022 Revised: 30 Apr 2022

Accepted: 6 June 2022

ABSTRACT

Introduction: Recognition of mental activities in brain-computer interface systems based
on motor imagery has attracted the attention of many researchers. A visibility graph is a
powerful method for analyzing the function and connectivity of different areas of the brain.

The aim of this study is to improve and develop the visibility graph method for analyzing
brain behavior and detecting motor imagery. Materials and Methods: First, brain signals :
including four motor imagery classes of left-handed, right-handed, foot, and tongue were
transformed into three types of visibility graphs, and important features of these graphs were
extracted. Then, to reduce features, the method of analysis of variance was used. To classify
the motor imagery classes, the support vector machine was used. In most investigations,
graph degree distribution has been used to extract information and graph weighting. In !
the present study, amplitude difference distribution has been used so shorter time series :
are required. To analyze the function and connectivity of different areas of the brain and to
obtain the direction of information flow, a new method called weighted horizontal visibility
graph-transfer entropy has been proposed. Results: Increasing the kappa value compared to
other studies showed that a weighted horizontal visibility graph is a suitable method for
processing brain signals based on motor imagery. A comparison of brain graphs and the !
direction of information flow in the four classes of motor imagery showed a significant
difference between them. Conclusion: Temporal networks provide a better understanding

of brain dynamics in brain-computer interface systems based on motor imagery.
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