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Introduction: Automated artifact removal is a crucial step for brain-computer interface (BCI) systems. Maddirala & 

Veluvolu have developed an automated method to eliminate eye-blink artifacts for single-channel applications [1]. The 

purpose of this work is to extend this method to (a) be suitable for multichannel applications; and (b) test its 

performance in removing eye movements and muscle artifacts by computing its EEG quality index (EQI) [2].  

Materials, Methods and Results: The multichannel artifact removal tool was implemented in Python 3.9.12 and has 

been made publicly available [3]. Resting-state EEG, eye movement, and muscle artifacts were extracted from the 

Temple University Hospital EEG Artifact Corpus (v2.0) dataset [4]. EEG traces were filtered with a 4th order band-

pass digital Butterworth filter (𝑓𝑐 = 1 and 30 Hz). The filtered traces were then processed with the artifact removal tool 

(i.e., artifact-free data). The EQI was compared between the artifact-free and filtered traces. Filtered resting-state traces 

were considered as the reference for the EQI. Statistical analysis of the EQI was performed between the artifact-free 

and filtered traces by means of a paired one-tailed t-tests. 

The artifact removal tool reduces eye movement and muscle artifacts in the EEG compared to just filtering (Fig. 1.A). 

EQI shows an increase (i.e., cleaner data) in most metrics, except zero crossing rate (ZRC) and kurtosis; the increase 

is more prominent in frontal channels (Fig. 1.B). Statistical analysis shows a significant increase in EQI (p < 0.05) for 

Fp1, Fp2, and T1 for eye movements, and Fp1, Fp2, F3, F4, P4, O1, T1 for muscle artifacts, respectively. 

Fig. 1. A) Representative EEG traces showing eye movement (top) and muscle (bottom) artifacts. The filtered (blue) as well as the artifact-free 

(orange) traces are shown for channel Fp1. B) Representative EEG quality index heatmap showing the increase in quality comparing artifact-free 

vs filtered data for an eye movement artifact (higher is better). 

Discussion: The artifact removal tool reduces eye movement and muscle artifacts but also affects some EQI metrics 

(e.g., ZRC and kurtosis). Further analysis should evaluate performance of machine learning classification and use of 

computational resources to test the suitability of the tool for online applications. 

Significance: The updated automatic artifact removal tool presented is a viable solution for reducing eye movement 

and muscle artifacts. 
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