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Visual Attention Decoding  Visual attention as a cognitive factor plays a significant role in the processing of higher-
order mental information that happens in the brain and affects brain activity in various
) areas of the visual cortex. Among the various recording systems, local field potentials,
Cross-Frequency Coupling  gye 1o their stability, robustness, and frequency content have received interest in brain
Support Vector Machine structure and cognitive processing research, as well as brain-computer interface (BCI)
systems. Hence, the extraction and interpretation of information from local field
potential (LFP) signals during visual attention has been considered to control cognitive
systems. Cross-frequency coupling (CFC) as one of the information encoding strategies
in the brain plays a functional role in perception, working memory, and visual attention
tasks. However, the role of CFC as informative features for spatial attention decoding
has not been adequately investigated. This paper aims to examine spatial attention
decoding using LFP signals recorded from the monkey middle temporal area (MT). For
this purpose, phase-phase and phase-amplitude coupling features and machine learning
algorithms have been employed. The results show that the highest decoding performance
was achieved by applying selected optimal features and the support vector machine
classifier (90.36%). Moreover, among the selected features, gamma-delta, gamma-
alpha, and beta-delta coupling contain the most cognitive information and the most
effective features to improve the decoding performance of spatial attention in the visual
system. Generally, the results suggest that cross-frequency coupling of LFP signals
contains significant information in spatial attention tasks, and can be used as a suitable
alternative to the time-frequency features of brain signals in cognitive BCI systems.
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" Electroencephalography (EEG)
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" Middle Temporal (MT)

* Macaque monkey

* Cognitive Neuroscience Laboratory (CNL)
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(DPZ)
"' Five-channel recording system (MiniMatrix; Thomas Recording)
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' Functional connectivity

" Cross frequency coupling (CFC)

" Interaction

" Coupling

® Phase Amplitude Coupling (PAC)
* Phase Phase Coupling (PPC)
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