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Abstract—Wearable electroencephalogram (EEG) so-
lutions allow portability and real-time measurements in
uncontrolled conditions. For reliable and reproducible
interpretation of the EEG data, it is essential to accurately
identify EEG segments contaminated by artefacts. Two data
quality indicator approaches are proposed: pragmatic and
regression based. The former extracts statistical features
and applies data-driven thresholding, while the latter uses
a regression model on the same set of statistical features
to predict data quality. The performance of the approaches
is validated against EEG data recorded during uncontrolled
laboratory and free-living conditions, and compared to
a validated approach. The proposed approaches achieve
average accuracy of over 83% in detecting artefactual data,
which is higher than the FORCe signal quality estimation
method (≈79%). The main strength of the proposed
algorithms is in the significant increase of specificity over
the state-of-the-art. The two models perform equally across
different databases. Training of the two approaches on
free-living conditions data showed better generalization
when tested on different types of databases, i.e., uncon-
trolled laboratory and free-living. Although the accuracy
in determining artefact-contaminated data is highest when
using a window size of 8 s, the accuracy drop is minor
when using shorter window size, demonstrating another
advantage over existing methods. Given low complexity
of both pragmatic and regression approach, it facilitates a
real-time implementation, which is demonstrated using a
wearable EEG headset system available at IMEC.

Index Terms—Electroencephalography, signal quality,
free-living, data quality indicator, regression, real-time.

I. INTRODUCTION

THE advent of technology and miniaturization has led to
increase in health monitoring devices gradually moving

from traditional clinical applications (i.e. controlled environ-
ments) towards lifestyle and wearable solutions (i.e. uncon-
trolled environments). From interval checks at a laboratory or
hospital, technology has brought us a long way forward in self-
monitoring and evaluating activity and fitness, chronic illness
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and adherence to medication among others, on a regular ba-
sis. Recently, wearable brain monitoring platforms focusing on
electroencephalogram (EEG) measurements have garnered in-
terest. Particularly, the availability of wearable solutions has
allowed exploration of novel applications [1]–[3]. An overview
of the different wearable EEG headsets, their specifications and
application domain are presented by Balonou and colleagues
[4]. These wearable solutions have advantages over traditional
brain monitoring systems as they allow portability and real-time
measurements in uncontrolled conditions. However, as pointed
out by Mihajlović et al. [5], various challenges still need to be
addressed before such technology can be extensively used in
various applications.

Magnitude of electrical activity on the surface of the scalp is
typically in the microvolt range and it is susceptible to artefacts
emanating from physiological or external sources. Such arte-
facts, especially ones generated in uncontrolled settings, may
render highly contaminated signals making it difficult, if not
impossible, to reconstruct artefact-free EEG. For accurate ac-
tuation or output interpretation based on the sensing, it is es-
sential to distinguish artefacts from good quality data so that
the output is reliable and reproducible. For this purpose, sev-
eral approaches have been proposed in literature. One approach
looks at the properties of the EEG signal containing no or only
specific artefacts [6]. Electrode tissue impedance (ETI) is the
gold standard for evaluating the electrical contact and stabil-
ity between the skin and the electrode. ETI is used in many
systems to assess whether the electrodes are properly attached
to skin after the initial EEG headset mounting (e.g., Advanced
Brain Monitoring solutions [7], Emotiv [8]), but also to quan-
tify signal quality [9], [10]. The hypothesis here is that artefacts
arising in the EEG are due to interferences in the electrode-skin
contact. However, the relationship between contact quality and
signal quality is not straightforward, especially in the case of
noise stemming from physiological or other electrical sources.
Tautan et al. [10] reported no relation between signal quality
and contact impedance. This intrinsic difficulty in signal quality
estimation resulted in many approaches stepping directly into
artefact reduction [11]–[13] and avoiding signal quality estima-
tion steps.

Automated artefact reduction is mainly focussed on source-
specific artefacts [14]–[16], while only a few studies take a
more generic approach, typically using blind source separation
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