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Chapter

A Brief Summary of EEG Artifact 
Handling
İbrahim Kaya

Abstract

There are various obstacles in the way of use of EEG. Among these, the major 
obstacles are the artifacts. While some artifacts are avoidable, due to the nature of 
the EEG techniques there are inevitable artifacts as well. Artifacts can be categorized 
as internal/physiological or external/non-physiological. The most common internal 
artifacts are ocular or muscular origins. Internal artifacts are difficult to detect and 
remove, because they contain signal information as well. For both resting state EEG 
and ERP studies, artifact handling needs to be carefully carried out in order to retain 
the maximal signal. Therefore, an effective management of these inevitable artifacts is 
critical for the EEG based researches. Many researchers from various fields studied this 
challenging phenomenon and came up with some solutions. However, the developed 
methods are not well known by the real practitioners of EEG as a tool because of their 
limited knowledge about these engineering approaches. They still use the traditional 
visual inspection of the EEG. This work aims to inform the researchers working in the 
field of EEG about the artifacts and artifact management options available in order to 
increase the awareness of the available tools such as EEG preprocessing pipelines.

Keywords: Artifact, Artifact removal methods, EEG, EEG preprocessing,  
Muscular artifacts, Ocular artifacts, Preprocessing pipelines

1. Introduction

A signal is a function that conveys information about the behavior or attributes of 
some phenomenon [1]. On the other hand, information can be anything. A waveform 
can have multiple overlapping information in the same space–time. The signal in a 
waveform is subjective, it can be color for one and shape for the other. In electrophysiol-
ogy, waveform under inspection can be separated into two as the signal of interest and 
noise. The signal can be electrocardiography (ECG), Electroencephalogram (EEG), 
or any other physiological signal, noise is any unwanted wave source ınterfering with 
the signal. If we consider EEG as the signal, it is recorded from the scalp by electrodes 
and consists of the overall electrical activities of neural populations and a contribution 
of glial cells [2]. EEG has a wide range of use in both clinical practice and engineering 
applications in medicine, particularly neurology, sleep, and epilepsy research.

2. Background

The EEG recording environment and subject related electrical activities during 
recording deteriorate the signal quality. Artifacts are undesired signals that may 



Brain-Computer Interface

2

introduce changes in the measurements and affect the signal of interest [3]. EEG 
can be contaminated in frequency or time domain by artifacts that are resulted 
from internal sources of physiologic activities and movement of the subject and/
or external sources of environmental interferences, equipment, movement of 
electrodes and cables [4]. Artifact types and sources are listed in the Table 1. 
External artifacts can be prevented by proper shielding, grounding cables, isolat-
ing and moving cables away from recording sites since they act as antennas during 
operation. On the other hand, internal or physiological artifacts are challenging for 
researchers because of their inclusion of signal or resemblance to the signals. The 
most important artifacts in a typical EEG recording are ocular electro-oculogram 
(EOG) artifacts and muscular (EMG) artifacts.

2.1 Ocular artifacts

Electrical potentials due to eye opening/closure, blinks, eyelid flutter and eye 
movements propagate over the scalp and produce hostile EOG artifacts in the 
recorded EEG. Eye movements are major sources of contamination of EEG. The 
origin of this contamination is disputable. Cornea-retinal dipole movement, retinal 
dipole movement and eyelid movement are the three main proposed causes of the 
eye movement related voltage potential [6]. The direction of eye movements affects 
the shape of the EOG waveform while a square-like EOG wave is produced by verti-
cal eye movements and blinks which leads to a spike-shaped waveform [7]. Blinks 

Artifact Type Source

Eye blink Ocular Internal/Physiological

Eye movement Ocular Internal/Physiological

REM Sleep Ocular Internal/Physiological

Scalp contractions Muscle Internal/Physiological

Glossokinetic artifact Muscle Internal/Physiological

Chewing Muscle Internal/Physiological

Talking Muscle Internal/Physiological

EKG Cardiac Internal/Physiological

Swallowing Muscle Internal/Physiological

Respiration Respiratory Internal/Physiological

Galvanic Skin Response Skin Internal/Physiological

Sweating Skin Internal/Physiological

Electrode movement Instrumental External/Extra-physiological

Electrode Impedence Imbalance Instrumental External/Extra-physiological

Cable movement Instrumental External/Extra-physiological

Electromagnetic coupling Electromagnetic External/Extra-physiological

Powerline Electrical External/Extra-physiological

Head movement Movement External/Extra-physiological

Body movement Movement External/Extra-physiological

Limbs movement Movement External/Extra-physiological

Table 1. 
EEG artifact types and sources. Adapted from [4, 5].
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which are attributable to the eyelid moving over the cornea, occurring at intervals 
of 1-10s, generate a characteristic brief potential of between 0.2 s and 0.4 s duration 
due to eyelid movement over cornea [8, 9]. The blinking artifact generally has an 
amplitude much larger than that of the background EEG [6]. It is advantageous to 
have a reference EOG channel during EEG recording for the cancellation of ocular 
artifact from EEG activity [3].

2.2 Muscular artifacts

Electrical activity on the body surface due to the contracting muscles are 
recorded via Electromyogram (EMG) [3]. Since independent myogenic activities 
of head, face and neck muscles are conducted through the entire scalp, it can be 
monitored in the EEG [10, 11]. The amplitude of this type of artifact is dependent 
on the type of muscle and the degree of tension [3, 12]. The frequency range of 
EMG activity is wide, being maximal at frequencies higher than 30 Hz [13, 14].

2.3 Cardiac artifacts

The electrical potential due to cardiac activity can exhibit itself in the EEG as 
ECG artifacts. Typical high frequency waveforms similar to EKG P-QRS-T shape 
are characteristics of EKG artifacts in EEG [15].

2.4 Other artifacts

Head, body and limb movements cause irregular high voltage artifacts. 
Artifacts can be produced by tremors in patients such as Parkinson disease and 
movement disorders. Changing patient position into a calm comfortable stable 
position helps reducing artifacts. Another prevention for respiratory related 
movement artifacts is to use a towel or a firm material support for the neck. The 
changes in the impedance or electrical potential between scalp and electrode may 
cause electrode artifacts. These can result from poor electrode contact, broken 
lead, electrolyte gel insufficiency. This type of artifact usually exhibits itself in 
sudden electrode pops. These electrode artifacts can be eliminated by using proper 
electrolyte gel, checking electrode impedance, changing the broken electrodes, 
and shifting the electrode position slightly.

3. Artifact handling methods

A typical EEG recording system is shown in Figure 1. At the heart of a record-
ing setup is the biopotential amplifier. It should have high common mode rejection 
ratios, however it should not have high gains, this can saturate the signal due to 
large half-cell potentials at the electrodes. Unequal electrode impedances are major 
sources of common mode artifacts such as powerline.

Environmental artifacts can be eliminated by bringing the electrodes leads 
closer together, moving the electrodes and subject away from the noise sources, 
using single isolated earth for the whole setup, and shielding the cables, 
machines and artifact sources with a metal tape connected to the common earth. 
Moreover, the environmental conditions should satisfy the following require-
ments for proper recordings. These can be listed as, quiet atmosphere, comfort-
able temperature and humidity, controlled proper lighting, using a comfortable 
bed or chair, and separating the powerline of the EEG system from the other 
machines in the lab.
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3.1 Averaging methods to suppress ERP artifacts

Event Related Potentials (ERP) are electrical signals generated in response to 
internal or external events and they are recorded by EEG [16]. In evoked potentials, 
each stimulus produces an evoked potential embedded in EEG. However, since the 
ERP or evoked potential signals are generally subtle in EEG, averaging of many 
epochs are needed to make them distinguishable. An ensemble averaging method to 
enhance the ERPs was defined by [17]. This relies on the assumption that by syn-
chronous averaging of each epoch, signal ERP amplitude adds constructively and 
EEG background noise diminishes destructively.

In ERP and evoked potential research, artifacts contaminate the final ensemble 
average signal of interest. One method to overcome this adverse effect is to benefit 
from a weighted averaging [18]. In weighted averaging technique each epoch is 
weighted inversely with the non-stationary noise maximum amplitude in the epoch. 
In [19], each trial’s contribution to ensemble average is multiplied by a weight 
according to its correlation with the rest of the data. This factor is inversely related 
to its probability of being an artifact. For example, a large amplitude EEG is likely to 
be an artifact and the contribution factor for the trial involving large amplitudes will 
be low whereas the factor for a small amplitude EEG is high. Davila and Mobin [20] 

Figure 1. 
EEG recording system and experiment setup.

Figure 2. 
Various EEG artifacts are shown.
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showed that weighted averaging of auditory EP has higher SNR than conventional 
ensemble averaging. John et al. [21] studied the effects of such techniques as sample-
weighted averaging, noise-weighted averaging, amplitude based artifact rejection, 
percentage based artifact rejection, and normal averaging on the steady state audi-
tory evoked potentials. It concluded in favor of weighted averaging for better SNR 
of steady state responses. On the other hand, according to [22], weighted averaging 
underestimates the ERP signal amplitude. Determination of the optimal weight-
ing factor is not straightforward and this limits the performance of the weighting 
averaging method. Mühler and Specht [23] developed a method called ‘sorted 
averaging’. In sorted averaging, epochs are sorted with RMS values from small to 
large, since noisy artifactual epochs have large RMS values compared to low noise 
signals. The signal averaging is performed by addition of epochs from the low noise 
RMS to large RMS sorted order until a maximum peak of SNR2 is obtained [24]. This 
eliminates the high RMS noisy epochs and yields a better ERP waveform. Compared 
to weighted averaging, sorted averaging had significantly higher SNR2 [23].

Median averaging is another approach to ERP artifact handling and it is based on 
taking the median points of all the epochs and adding them to form a median average 
instead of classic mean average [25]. Some advantages of the median averaging are 
that; it elicits hidden signals more clearly and it is not affected by infrequent large 
artifacts that much compared to mean averaging [25]. Özdamar and Kalayci [26] 
supported the advantages of median averaging over the conventional mean averaging 
in a study on the ABR signals. Median averaging is an efficient way to remove adverse 
effects of the outliers on the final averaged signal, yet it also removes the valuable 
data in the outliers causing significant loss of information [27, 28].

3.2 Artifact handling methods for EEG

Artifact avoidance, artifact rejection, manual rejection, automatic rejection, 
and artifact removal are the common methods to deal with artifacts [29]. Although 
it seems a simple solution to cancel EOG and EMG artifacts by instructing subject 
to avoid blinking or movement, it can result in change of amplitudes in evoked 
potentials as well as the additional cognitive load [29–31]. On the other hand, artifact 
rejection or manual rejection may require a person dedicated to this purpose of 
eliminating artifacts visually one by one in an EEG. Moreover, the artifact detection 
by an expert may be subjective, tedious, and time consuming. In addition, it can not 
be applicable to online removal [3]. However, automatic rejection can automate this 
artifact rejection procedure but it can eliminate non-artifact signals if not properly 
tuned. The automatic rejection of artifact containing EEG can depend on artifact 
amplitude based or EEG segment RMS based artifact detection and rejection. An 
example of a simple blink artifact removal is depicted in Figure 3. Since blinks have 
low frequency content compared to EEG, by low pass filtering, EEG can be reduced 
while blink artifact still remains at a high voltage level. Thus, an amplitude threshold 
based artifact rejection can be applied. As seen from Figure 3, red traces are the EEG 
and blue are the low pass filtered EEG signal. While a simple artifact rejection (with-
out low pass filtering) using a threshold of 20 μV will produce false positives (red 
traces over 20 μV), in the low pass filtered EEG these false positives are prevented.

Usually one or two channels are dedicated to detect EOG artifacts. There are two 
widely used procedures for EOG artifacts, first EOG rejection where EEG trials with 
EOG artifacts having VEOG greater than a preset threshold are omitted, and second 
EOG correction where the effect of eye movement is tried to be removed from EEG [6].

Artifacts can distort the EEG in a way that the electrophysiologists or physi-
cians can be misled in their clinical interpretation [32]. This makes artifact removal 
critical in the pre-processing phase prior to analysis. There are many methods to 
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remove artifacts such as Artifactual Segment Rejection, Filtering, Wiener filtering, 
Adaptive Filtering, Time-Frequency Representation, Wavelet Transform, Discrete 
Wavelet Transform (DWT), Adaptive Noise Cancelation (ANC), Wavelet Packet 
Transform (WPT), Kalman Filtering, Linear Regression, Blind Source Separation 
(Principal Component Analysis (PCA), Independent Component Analysis (ICA), 
Canonical Correlation Analysis (CCA), Minor Components Analysis (MCA)), 
Source Decomposition, Empirical Mode Decomposition (EMD), Support Vector 
Machine (SVM), and hybrid methods [3, 4, 29, 33–38]. A functional dedicated arti-
fact channel which provides complementary aid to identify ECG/EOG is required to 
remove ocular or cardiac artifacts in the most of the available methods [4].

Regression is a common and well established technique in artifact removal, yet 
it cannot be used to remove muscle noise or line noise, since these type of artifacts 
have no reference channels [39]. Having a good regressor (e.g., an EOG) is critical 
in both time and frequency domain regression methods. It is an inherent weakness 
that eye movements and EEG signals are bidirectional. When unacceptable amount 
of data are lost in artifact rejection, delicate artifact removal methods which will 
preserve the essential EEG signals while removing artifacts are necessary [39]. One 
of the most important artifacts is EOG. EEG regions infected with EOG can be 
rejected from overall EEG signal with simplest artifact rejection where these por-
tions are detected by EOG channels, however these regions still carry brain signals 
in addition to ocular artifacts and total rejection or subtraction of EOG from them 
results in loss of brain data [40–42].

Blind Source Separation (BSS) algorithms utilize multiple channels in an 
unsupervised learning algorithm to extract brain related activity from the ensemble 
EEG signal which can be assumed a linear superposition of brain signals, noise 
and artifacts [38]. Three common BSS algorithms are Independent Component 
Analysis (ICA), Principal Component Analysis (PCA) and Canonical Correlation 
Analysis (CCA).

ICA, a BSS method, is often used to remove EEG artifacts based on statistical 
approach of spatial filtering and separation of multiple channel EEG data into 
spatially fixed and temporally independent components [39, 43, 44]. Since the 
EEG sources and artifacts are usually of different origins, they can be assumed to 
be linear summation of each independent components. ICA method finds these 
statistically independent components and enable us to eliminate artifactual ones 

Figure 3. 
Low pass filtering based EEG blink rejection. Red is raw EEG, blue is low pass filered EEG with 6th order 
Butteworth low pass filter at 8 Hz cut off. The detected artifact containing EEG epochs are shown in dashed 
rectangles.
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from the desired EEG [45]. On the other hand, ICA provides extraction of the eye 
related signals present in the EOG, and removal of this information or artifact, 
rather than the complete EOG which still has some brain activity [40], is possible. 
However, detection and removal of transient artifacts such as head and neck muscle 
contractions and movement are difficult with ICA [46]. Moreover, adapting ICA as 
an online method requires high computational power [46]. On the other hand, an 
advantage of ICA is that it does not rely on a reference channel [39]. However, many 
artifact removal algorithms are compared in [3], and Revised Aligned-Artifact 
Average (RAAA) and Second Order Blind Identification (SOBI) and Adaptive 
Mixture of Independent Component Analyzers (AMICA) are the preferred artifact 
removal methods for EOG, EMG and ECG artifacts.

PCA uses orthogonal transform of correlated time domain signal into linearly 
uncorrelated principal components (PCs) [47]. These principal components possess 
as much as variance of the EEG as possible. Artifact containing PCs can be elimi-
nated if they are uncorrelated with the brain EEG. Application of PCA into ocular 
artifacts was provided in [48].

CCA is also another method utilized in removing artifacts. In CCA second 
order statistics are employed, correlation between two multivariate datasets 
are maximized by canonical variables. CCA offers shorter computational time 
compared to ICA [38].

Another method is filtering in frequency domain. Usually a high-pass filter 
starting from 0.5-1 Hz is applied for baseline drift removal. Notch filters are used 
to remove powerline-noise. Another one, EMG activity of contracting scalp sites 
can hinder the signals of interest in the EEG recordings during an epileptic seizure 
[49]. It was possible to remove this high frequency content EMG activity from EEG 
spectra by filtering out signals over 25 Hz. Adaptive Filters, Wiener Filtering and 
Bayesian Filters are three filtering methods applied in EEG signal preprocessing. 
Adaptive Filters are the most commonly used for artifact removal [47]. In Adaptive 
Filtering a reference channel for artifacts is subtracted from the EEG recursively. 
This reference is multiplied by a weight factor obtained from the output of the filter 
by a learning algorithm and this weighted reference is subtracted from the recorded 
EEG yielding output artifact free EEG changing adaptively [50].

In wavelet transform, many scaled and time shifted wavelets are used to produce 
coefficients for the particular signal and wavelet type by convolution of the signal 
and wavelets. These coefficients indicate similarity between the corresponding 
wavelet and the signal. In artifact removal via wavelet transform, the main idea is 
that the signal which can be highly correlated with a basis mother wavelet and can 
be separated from artifacts which might have no correlation to the principal mother 
wavelet [50]. Some examples of Wavelet Transform in artifact removal are for 
ocular artifact removal as in [51, 52].

3.3 EEG pre-processing pipelines available

Recently many preprocessing pipelines have been introduced in order to 
reduce the burden of artifact handling by an expert one by one visual inspection. 
This laborious task can be fastened by using existing automatized preprocessing 
methods in order. An efficient pre-processing pipeline not only helps the artifact 
management time but also provides objective evaluation with predefined criteria 
compared to highly subjective artifact handling by a human expert. The pre-
processing pipelines usually consist of the combination of the following stages; 
filtering, re-referencing, bad channel identification (and interpolation), bad 
channel and epoch removal, artifact detection using ICA, artifact correction and 
removal [53], see Figure 4.
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Fully Automated Statistical Thresholding for EEG artifact Rejection (FASTER) 
[54] algorithm is a state of the art method which is available in EEGLAB toolbox 
[55]. FASTER has filtering, line noise removal, bad channel detection and interpola-
tion, segmentation, and artifact rejection on segments by identifying bad channels, 
blinks, eye movements and muscular artifacts using combination of statistical 
thresholding and ICA [56]. It requires an extra EOG channel. The Automatic 
Pre-processing Pipeline (APP) removes powerline noise, bad channels, eye move-
ments, blinks and muscular artifacts using ICA to identify artifactual components 
[53], see Figure 4. However, it also requires extra EOG channels. Da Cruz et al. 
[53] has found that APP performs better than FASTER yielding higher amplitude 
in ERP study. Another pipeline is Tool for Automated Processing of EEG data 
(TAPEEG) [57]. It uses automated routines of FASTER and Fieldtrip for artifact 
identification and performed similar to visually analysis by an expert [58]. TAPEEG 
handles the resting state EEG data as well. Both FASTER and TAPEEG are based on 
z- scores and have difficulty in handling outliers, this leads to loss of signal content 
due to false positive artifact detection and rejections [53]. Another standardized 

Figure 4. 
APP artifact management flow diagram from [53].
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preprocessing method for large EEG datasets, PREP pipeline, handles line noise 
removal, bad channel detection, and referencing to standardize and normalize the 
data before processing [58]. It is also available as plug-in in EEGLAB toolbox.

Automagic is a toolbox developed for standardized handling of large growing 
EEG/ERP datasets by time [56]. The power of Automagic comes from the fact that it 
exploits many existing pipelines and methods, such as PREP pipeline for bad chan-
nel identification and for average referencing, Cleanline [59] to remove power line 
noise, EOG regression [60], Multiple Artifact Rejection Algorithm (MARA), ICA 
or robust PCA for artifact correction [61]. MARA is a plug-in available in EEGLAB 
which automatically identifies artifacts not only ocular or muscular but also any 
general artifactual source component in ICA [61]. Pedroni et al. [59] showed that 
combination of a preprocessing pipeline to identify bad channels and MARA 
method is efficient to remove most of the artifacts.

None of the methods offers a perfect robust and high accurate management of 
all types of artifacts. In general, they are all limited with the training dataset and 
fail to achieve high success with new type of artifactual data.

3.4 Simultaneous EEG and f-MRI artifact handling

Since EEG is widely used as a clinical tool to monitor or diagnose patients, 
doctors can be misguided in case of artifacts and EEG can be misinterpreted. For 
this reason, artifact removal becomes a crucial point for some cases such as epi-
lepsy monitoring in an EEG/fMRI recording room. Today EEG and fMRI are two 
distinct but closely related and complementary methods. While fMRI provides 
high spatial resolution for localization of phenomena in the brain, EEG on the other 
hand results in better temporal resolution [62–65]. One should be careful about the 
experiments involving both fMRI and EEG because there are many unwanted elec-
tromagnetic sources interfering with EEG. For example, the false identification of 
spikes are highly possible since residuals of Ballistocardiogram (BCG) artifacts have 
similar shapes as epileptic spikes [66]. The factors that can lead to differences in the 
artifact are linked to the subject and experimental setup, [67]. There are imag-
ing artifacts, cardiac related Ballistocardiogram artifacts (BCG), EOG and EMG 
artifacts in an EEG inside MRI [44]. Static field (B0) and the time-varying fields of 
radio-frequency excitations and of imaging gradients, generate artifacts in the EEG 
known as Ballistocardiogram (BCG) and imaging artifacts [44, 68–70]. The pulse 
artifact which can be observed in EEGs recorded inside MR scanners easily, is due 
to a fundamental cause that any movement of electrically conductive muscles in a 
static magnetic field generates electromagnetic induction and it is proportional to 
the static field, generally larger at higher field strengths [67, 71]. Pulsations of the 
scalp arteries are the main cause of this type of BCG artifact [72, 73]. The study of 
Grouiller et al. [44] compared different imaging artifact removal techniques and 
various cardiac artifact correction techniques in both simulated EEG data and in 
real experimental data. They concluded that there is no key for every door, some 
algorithms work well for some case and others might work well for other cases. 
Certain algorithms may be preferred depending on the type of data and analysis 
method [44]. Another algorithm, adaptive Optimal Basis Set (aOBS), automatically 
eliminates BCG artifacts yet preserving the neural origin signals in EEG [74]. It can 
be used efficiently for simultaneous fMRI and EEG recordings.

3.5 Sleep stage classification artifact handling

Manual artifact detection is still the most common method for artifact handling 
for sleep stage classification, however, the long time required and the difficulty 



Brain-Computer Interface

10

to apply it to large datasets poses the main disadvantages [75]. Malafeev et al. [75] 
compared 12 simple algorithms that are applicable with a single EEG channel for 
ease of use. It was found that automatic artifact detection in EEG during sleep within 
large datasets is possible with simple algorithms. Among these, Power thresholding 
25–90 Hz (PT25), Power thresholding 45–90 Hz (PT45) and Autoregressive (AR) 
models had Reciever Operating Characteristic (ROC) areas above 0.95. In addition, 
online detection is also possible with the majority of these simple algorithms.

3.6 BCI Artifact handling

Artifact removal in BCI applications are getting more attention. By studies it was 
shown that artifacts generated by EOG and EMG activities affect the neurological 
signals utilized in a BCI system [10, 76]. Although there are extensive researches 
into artifact removal for BCIs and developed efficient methods such as Fully Online 
and Automated Artifact Removal (FORCe), Lagged Auto-Manual Information 
Clustering (LAMIC), Fully Automated Statistical Thresholding for EEG artifact 
Rejection (FASTER) and K-Singular Value Decomposition (K-SVD), the field lacks 
an effective artifact removal [12, 54, 77–82]. The surrogate-based artifact removal 
(SuBAR) technique proposed by Chavez et al. [33] effectively cancels EOG and 
EMG artifacts from single-channel EEG. Chang et al. [83] proposed a method 
for detection of eye artifact from single prefrontal channel which is useful for 
headband-type wearable EEG devices with a few frontal EEG channels. Compared 
to conventional methods the accuracy of detecting ocular artifact contaminated 
epochs was significantly better. Daily-life EEG-BCIs are getting popular and artifact 
removal techniques for these BCIs must have some critical features such as; must be 
performed outdoor, with portable wearable wireless device, with real EEG signals, 
compatible with daily life tasks, must have simple electrical montage, must use dry 
electrodes, must remove complex artifacts, must work only EEG without reference, 
must work online and must work with single electrode channel. More research into 
artifact removal other than ocular and cardiac artifacts is necessary especially for 
those daily-life EEG BCIs [36].

While ICA and PCA are common artifact removal methods, Artifact Subspace 
Reconstruction (ASR), which is a powerful automated artifact removal method 
available for both online real-time and offline, can be applied to prevent transient 
and large artifact [46, 84]. It also does not require additional channel and cleans the 
data from artifacts.

4. Conclusion

The number of artifact handling techniques and algorithms are increasing 
drastically, however the artifact problem is still challenging for many applica-
tions. Particularly, the internal or physiologic artifacts are difficult to distinguish 
and remove. While simple measures such as artifact avoidance and artifact 
rejection can be utilized in some applications, most of the cases require special 
methods dedicated to handle artifacts in order to significantly reduce their harm-
ful effects on signal of interest. Due to the varying nature of artifacts a generic 
method for all sorts of artifacts is still missing. However preprocessing pipelines 
provides some efficient approaches to this challenge. In future, the progress in 
machine learning and deep learning based approaches may yield more efficient, 
accurate and robust artifact removal options. Online artifact removal methods 
such as ASR must be developed to overcome various artifacts in daily life to be 
efficient for BCIs.



11

A Brief Summary of EEG Artifact Handling
DOI: http://dx.doi.org/10.5772/intechopen.99127

Author details

İbrahim Kaya
Department of Biomedical Engineering, Izmir Katip Celebi University, 
Izmir, Turkey

*Address all correspondence to: ibrahimkaya21@yahoo.com

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



12

Brain-Computer Interface

References

[1] Priemer R. Introductory signal 
processing. Vol. 6. World Scientific; 1991.

[2] Da Silva FL. EEG: origin and 
measurement. InEEg-fMRI 2009 (pp. 
19-38). Springer, Berlin, Heidelberg.

[3] Urigüen JA, Garcia-Zapirain B. EEG 
artifact removal—state-of-the-art and 
guidelines. Journal of neural 
engineering. 2015 Apr 2;12(3):031001.

[4] Islam MK, Rastegarnia A, Yang Z. 
Methods for artifact detection and 
removal from scalp EEG: A review. 
Neurophysiologie Clinique/Clinical 
Neurophysiology. 2016 Nov 1;46(4-5): 
287-305.

[5] Sazgar M, Young MG. Absolute 
epilepsy and EEG rotation review. 
Spinger; 2019.

[6] Croft RJ, Barry RJ. Removal of ocular 
artifact from the EEG: a review. 
Neurophysiologie Clinique/Clinical 
Neurophysiology. 2000 Feb 1;30(1):5-19.

[7] Vigon L, Saatchi MR, Mayhew JE, 
Fernandes R. Quantitative evaluation of 
techniques for ocular artefact filtering 
of EEG waveforms. IEE Proceedings-
Science, Measurement and Technology. 
2000 Sep 1;147(5):219-28.

[8] Vigon L, Saatchi MR, Mayhew JE, 
Fernandes R. Quantitative evaluation of 
techniques for ocular artefact filtering 
of EEG waveforms. IEE Proceedings-
Science, Measurement and Technology. 
2000 Sep 1;147(5):219-28.

[9] Matsuo F, Peters JF, Reilly EL. 
Electrical phenomena associated with 
movements of the eyelid. Electro-
encephalography and clinical neuro-
physiology. 1975 May 1;38(5):507-11.

[10] Goncharova II, McFarland DJ, 
Vaughan TM, Wolpaw JR. EMG 
contamination of EEG: spectral and 

topographical characteristics. Clinical 
neurophysiology. 2003 Sep 
1;114(9):1580-93.

[11] McMenamin BW, Shackman AJ, 
Maxwell JS, Bachhuber DR, 
Koppenhaver AM, Greischar LL, 
Davidson RJ. Validation of ICA-based 
myogenic artifact correction for scalp 
and source-localized EEG. Neuroimage. 
2010 Feb 1;49(3):2416-32.

[12] Sweeney KT, Ayaz H, Ward TE, 
Izzetoglu M, McLoone SF, Onaral B. A 
methodology for validating artifact 
removal techniques for physiological 
signals. IEEE transactions on 
information technology in biomedicine. 
2012 Jul 10;16(5):918-26.

[13] Anderer P, Roberts S, Schlögl A, 
Gruber G, Klösch G, Herrmann W, 
Rappelsberger P, Filz O, Barbanoj MJ, 
Dorffner G, Saletu B. Artifact processing 
in computerized analysis of sleep EEG–a 
review. Neuropsychobiology. 1999; 
40(3):150-7.

[14] McFarland DJ, McCane LM, 
David SV, Wolpaw JR. Spatial filter 
selection for EEG-based communication. 
Electroencephalography and clinical 
Neurophysiology. 1997 Sep 1;103(3): 
386-94.

[15] Tamburro G, Stone DB, Comani S. 
Automatic Removal of Cardiac 
Interference (ARCI): a new approach for 
EEG data. Frontiers in neuroscience. 
2019 May 8;13:441.

[16] Luck, S. J. Event-related potentials. 
In H. Cooper, P. M. Camic, D. L. Long, 
A. T. Panter, D. Rindskopf, & K. J. Sher 
(Eds.), (2012). APA handbooks in 
psychology®. APA handbook of 
research methods in psychology, Vol. 1. 
Foundations, planning, measures, and 
psychometrics (p. 523-546). American 
Psychological Association. https://doi.
org/10.1037/13619-028



13

A Brief Summary of EEG Artifact Handling
DOI: http://dx.doi.org/10.5772/intechopen.99127

[17] Dawson GD. A summation technique 
for the detection of small evoked 
potentials. Electroencephalography & 
clinical neurophysiology. 1954.

[18] Hoke M, Ross B, Wickesberg R, 
Lütkenhöner B. Weighted averaging—
theory and application to electric 
response audiometry. Electroencephalo-
graphy and clinical neurophysiology. 
1984 May 1;57(5):484-9.

[19] Bezerianos A, Laskaris N, 
Fotopoulos S, Papathanasopoulos P. 
Data dependent weighted averages for 
recording of evoked potential signals. 
Electroencephalography and Clinical 
Neurophysiology/Evoked Potentials 
Section. 1995 Sep 1;96(5):468-71.

[20] Davila, C. E., & Mobin, M. S. 
(1992). Weighted averaging of evoked 
potentials. IEEE Transactions on 
Biomedical Engineering, 39(4), 338-345

[21] John MS, Dimitrijevic A, Picton TW. 
Weighted averaging of steady-state 
responses. Clinical Neurophysiology. 
2001 Mar 1;112(3):555-62.

[22] Lütkenhöner B, Hoke M, Pantev C. 
Possibilities and limitations of weighted 
averaging. Biological cybernetics. 1985 
Oct;52(6):409-16.

[23] Mühler R, Specht HV. Sorted 
averaging-principle and application to 
auditory brainstem responses. 
Scandinavian audiology. 1999 Jan 
1;28(3):145-9.

[24] Rahne T, von Specht H, Mühler R. 
Sorted averaging—application to 
auditory event-related responses. 
Journal of neuroscience methods. 2008 
Jul 15;172(1):74-8.

[25] Yabe H, Saito F, Fukushima Y. 
Median method for detecting 
endogenous event-related brain 
potentials. Electroencephalography and 
clinical Neurophysiology. 1993 Dec 
1;87(6):403-7.

[26] Özdamar Ö, Kalayci T. Median 
averaging of auditory brain stem 
responses. Ear and hearing. 1999 Jun 
1;20(3):253-64.

[27] Leonowicz Z, Karvanen J, 
Shishkin SL. Trimmed estimators for 
robust averaging of event-related 
potentials. Journal of neuroscience 
methods. 2005 Mar 15;142(1):17-26.

[28] Leski JM, Gacek A. Computationally 
effective algorithm for robust weighted 
averaging. IEEE transactions on 
biomedical engineering. 2004 Jun 
21;51(7):1280-4.

[29] Fatourechi M, Bashashati A, 
Ward RK, Birch GE. EMG and EOG 
artifacts in brain computer interface 
systems: A survey. Clinical neuro-
physiology. 2007 Mar 1;118(3):480-94.

[30] Ochoa CJ, Polich J. P300 and blink 
instructions. Clinical Neurophysiology. 
2000 Jan 1;111(1):93-8.

[31] Verleger R. The instruction to refrain 
from blinking affects auditory P3 and N1 
amplitudes. Electroencephalography 
and Clinical Neurophysiology. 1991 Mar 
1;78(3):240-51.

[32] Hagemann D, Naumann E. The 
effects of ocular artifacts on 
(lateralized) broadband power in the 
EEG. Clinical Neurophysiology. 2001 
Feb 1;112(2):215-31.

[33] Chavez M, Grosselin F, Bussalb A, 
Fallani FD, Navarro-Sune X. Surrogate-
based artifact removal from single-
channel EEG. IEEE transactions on 
neural systems and rehabilitation 
engineering. 2018 Jan 22;26(3):540-50.

[34] Chen Y, Zhao Q, Hu B, Li J, Jiang H, 
Lin W, Li Y, Zhou S, Peng H. A method 
of removing ocular artifacts from EEG 
using discrete wavelet transform and 
Kalman filtering. In2016 IEEE 
International Conference on 
Bioinformatics and Biomedicine (BIBM) 
2016 Dec 15 (pp. 1485-1492). IEEE.



Brain-Computer Interface

14

[35] Lins OG, Picton TW, Berg P, 
Scherg M. Ocular artifacts in recording 
EEGs and event-related potentials II: 
Source dipoles and source components. 
Brain topography. 1993 Sep;6(1):65-78.

[36] Minguillon J, Lopez-Gordo MA, 
Pelayo F. Trends in EEG-BCI for daily-
life: Requirements for artifact removal. 
Biomedical Signal Processing and 
Control. 2017 Jan 1;31:407-18.

[37] Shao SY, Shen KQ, Ong CJ, 
Wilder-Smith EP, Li XP. Automatic EEG 
artifact removal: a weighted support 
vector machine approach with error 
correction. IEEE Transactions on 
Biomedical Engineering. 2008 Oct 
3;56(2):336-44.

[38] Jiang X, Bian GB, Tian Z. Removal 
of artifacts from EEG signals: a review. 
Sensors. 2019 Jan;19(5):987.

[39] Jung TP, Humphries C, Lee TW, 
Makeig S, McKeown MJ, Iragui V, 
Sejnowski TJ. Extended ICA removes 
artifacts from electroencephalographic 
recordings. Advances in neural 
information processing systems. 1998 
Nov 30:894-900.

[40] Vigário RN. Extraction of ocular 
artefacts from EEG using independent 
component analysis. Electroencephalo-
graphy and clinical neurophysiology. 
1997 Sep 1;103(3):395-404.

[41] Barlow JS. Computerized clinical 
electroencephalography in perspective. 
IEEE Transactions on Biomedical 
Engineering. 1979 Jul(7):377-91.

[42] Verleger R. Valid identification of 
blink artefacts: are they larger than 50 μV 
in EEG records?. Electroencephalography 
and clinical Neurophysiology. 1993 Dec 
1;87(6):354-63.

[43] Jung TP, Makeig S, Humphries C, 
Lee TW, Mckeown MJ, Iragui V, 
Sejnowski TJ. Removing electro-
encephalographic artifacts by blind 

source separation. Psychophysiology. 
2000 Mar;37(2):163-78.

[44] Grouiller F, Vercueil L, Krainik A, 
Segebarth C, Kahane P, David O. A 
comparative study of different artefact 
removal algorithms for EEG signals 
acquired during functional MRI. 
Neuroimage. 2007 Oct 15;38(1):124-37.

[45] Makeig S, Bell AJ, Jung TP, 
Sejnowski TJ. Independent component 
analysis of electroencephalographic 
data. Advances in neural information 
processing systems. 1996 Dec 2:145-51.

[46] Chang CY, Hsu SH, 
Pion-Tonachini L, Jung TP. Evaluation 
of artifact subspace reconstruction for 
automatic EEG artifact removal. In2018 
40th Annual International Conference 
of the IEEE Engineering in Medicine 
and Biology Society (EMBC) 2018 Jul 18 
(pp. 1242-1245). IEEE.

[47] Mannan MM, Kamran MA, 
Jeong MY. Identification and removal of 
physiological artifacts from electro-
encephalogram signals: A review. Ieee 
Access. 2018 May 31;6:30630-52.

[48] Berg P, Scherg M. Dipole modelling 
of eye activity and its application to the 
removal of eye artefacts from the EEG 
and MEG. Clinical Physics and Physio-
logical Measurement. 1991;12(A):49.

[49] Gotman J, Ives JR, Gloor P. 
Frequency content of EEG and EMG at 
seizure onset: possibility of removal of 
EMG artefact by digital filtering. 
Electroencephalography and clinical 
neurophysiology. 1981 Dec 1;52(6): 
626-39.

[50] Kim SP. Preprocessing of eeg. 
InComputational EEG Analysis 2018 
(pp. 15-33). Springer, Singapore.

[51] Krishnaveni V, Jayaraman S, 
Anitha L, Ramadoss K. Removal of 
ocular artifacts from EEG using 
adaptive thresholding of wavelet 



15

A Brief Summary of EEG Artifact Handling
DOI: http://dx.doi.org/10.5772/intechopen.99127

coefficients. Journal of neural 
engineering. 2006 Nov 23;3(4):338.

[52] Zikov T, Bibian S, Dumont GA, 
Huzmezan M, Ries CR. A wavelet based 
de-noising technique for ocular artifact 
correction of the electroencephalogram. 
InProceedings of the Second Joint 24th 
Annual Conference and the Annual Fall 
Meeting of the Biomedical Engineering 
Society][Engineering in Medicine and 
Biology 2002 Oct 23 (Vol. 1, pp. 98-105).  
IEEE.

[53] da Cruz JR, Chicherov V, 
Herzog MH, Figueiredo P. An automatic 
pre-processing pipeline for EEG analysis 
(APP) based on robust statistics. 
Clinical Neurophysiology. 2018 Jul 
1;129(7):1427-37.

[54] Nolan H, Whelan R, Reilly RB. 
FASTER: fully automated statistical 
thresholding for EEG artifact rejection. 
Journal of neuroscience methods. 2010 
Sep 30;192(1):152-62.

[55] Delorme A, Makeig S. EEGLAB: an 
open source toolbox for analysis of 
single-trial EEG dynamics including 
independent component analysis. 
Journal of neuroscience methods. 2004 
Mar 15;134(1):9-21.

[56] Pedroni A, Bahreini A, Langer N. 
Automagic: Standardized preprocessing 
of big EEG data. NeuroImage. 2019 Oct 
15;200:460-73.

[57] Hatz F, Hardmeier M, Bousleiman H, 
Rüegg S, Schindler C, Fuhr P. Reliability 
of fully automated versus visually 
controlled pre-and post-processing of 
resting-state EEG. Clinical Neuro-
physiology. 2015 Feb 1;126(2):268-74.

[58] Bigdely-Shamlo N, Mullen T, 
Kothe C, Su KM, Robbins KA. The PREP 
pipeline: standardized preprocessing for 
large-scale EEG analysis. Frontiers in 
neuroinformatics. 2015 Jun 18;9:16.

[59] Mullen T. CleanLine EEGLAB 
plugin. San Diego, CA: Neuroimaging 

Informatics Toolsand Resources 
Clearinghouse (NITRC). 2012.

[60] Parra LC, Spence CD, Gerson AD, 
Sajda P. Recipes for the linear analysis of 
EEG. Neuroimage. 2005 Nov 1;28(2) 
:326-41.

[61] Winkler I, Haufe S, Tangermann M. 
Automatic classification of artifactual 
ICA-components for artifact removal in 
EEG signals. Behavioral and Brain 
Functions. 2011 Dec;7(1):1-5.

[62] Huster RJ, Debener S, Eichele T, 
Herrmann CS. Methods for simultaneous 
EEG-fMRI: an introductory review. 
Journal of Neuroscience. 2012 May 
2;32(18):6053-60.

[63] Vanni S, Warnking J, Dojat M, 
Delon-Martin C, Bullier J, Segebarth C. 
Sequence of pattern onset responses in 
the human visual areas: an fMRI 
constrained VEP source analysis. 
Neuroimage. 2004 Mar 1;21(3):801-17.

[64] Wibral M, Bledowski C, Kohler A, 
Singer W, Muckli L. The timing of 
feedback to early visual cortex in the 
perception of long-range apparent 
motion. Cerebral cortex. 2009 Jul 
1;19(7):1567-82.

[65] Wibral M, Bledowski C, Turi G. 
Integration of separately recorded EEG/
MEG and fMRI data. Simultaneous EEG 
and fMRI: recording, analysis, and 
application (Ullsperger M, Debener S, 
eds). 2010 May 28:209-34.

[66] de Munck JC, van Houdt PJ, 
Gonçalves SI, van Wegen E, 
Ossenblok PP. Novel artefact removal 
algorithms for co-registered EEG/fMRI 
based on selective averaging and 
subtraction. Neuroimage. 2013 Jan 
1;64:407-15.

[67] Debener S, Kranczioch C, 
Gutberlet I. EEG quality: origin and 
reduction of the EEG cardiac-related 
artefact. InEEG-fMRI 2009 (pp. 
135-151). Springer, Berlin, Heidelberg.



Brain-Computer Interface

16

[68] Bonmassar G, Purdon PL, 
Jääskeläinen IP, Chiappa K, Solo V, 
Brown EN, Belliveau JW. Motion and 
ballistocardiogram artifact removal for 
interleaved recording of EEG and EPs 
during MRI. Neuroimage. 2002 Aug 
1;16(4):1127-41.

[69] Allen PJ, Josephs O, Turner R. A 
method for removing imaging artifact 
from continuous EEG recorded during 
functional MRI. Neuroimage. 2000 Aug 
1;12(2):230-9.

[70] Felblinger J, Slotboom J, Kreis R, 
Jung B, Boesch C. Restoration of 
electrophysiological signals distorted by 
inductive effects of magnetic field 
gradients during MR sequences. 
Magnetic Resonance in Medicine: An 
Official Journal of the International 
Society for Magnetic Resonance in 
Medicine. 1999 Apr;41(4):715-21.

[71] Debener S, Mullinger KJ, Niazy RK, 
Bowtell RW. Properties of the 
ballistocardiogram artefact as revealed 
by EEG recordings at 1.5, 3 and 7 T static 
magnetic field strength. International 
Journal of Psychophysiology. 2008 Mar 
1;67(3):189-99.

[72] Allen PJ, Polizzi G, Krakow K, 
Fish DR, Lemieux L. Identification of 
EEG events in the MR scanner: the 
problem of pulse artifact and a method 
for its subtraction. Neuroimage. 1998 
Oct 1;8(3):229-39.

[73] Ives JR, Warach S, Schmitt F, 
Edelman RR, Schomer DL. Monitoring 
the patient's EEG during echo planar 
MRI. Electroencephalography and 
clinical neurophysiology. 1993 Dec 
1;87(6):417-20.

[74] Marino M, Liu Q, Koudelka V, 
Porcaro C, Hlinka J, Wenderoth N, 
Mantini D. Adaptive optimal basis set 
for BCG artifact removal in 
simultaneous EEG-fMRI. Scientific 
reports. 2018 Jun 11;8(1):1-1.

[75] Malafeev A, Omlin X, Wierzbicka A, 
Wichniak A, Jernajczyk W, Riener R, 
Achermann P. Automatic artefact 
detection in single-channel sleep EEG 
recordings. Journal of sleep research. 
2019 Apr;28(2):e12679.

[76] McFarland DJ, Sarnacki WA, 
Vaughan TM, Wolpaw JR. Brain-
computer interface (BCI) operation: 
signal and noise during early training 
sessions. Clinical Neurophysiology. 2005 
Jan 1;116(1):56-62.

[77] Chen X, Liu A, Peng H, Ward RK. A 
preliminary study of muscular artifact 
cancellation in single-channel EEG. 
Sensors. 2014 Oct;14(10):18370-89.

[78] Chen X, Liu A, Chiang J, Wang ZJ, 
McKeown MJ, Ward RK. Removing 
muscle artifacts from EEG data: 
Multichannel or single-channel 
techniques?. IEEE Sensors Journal. 2015 
Dec 8;16(7):1986-97.

[79] Daly I, Nicolaou N, Nasuto SJ, 
Warwick K. Automated artifact removal 
from the electroencephalogram: a 
comparative study. Clinical EEG and 
neuroscience. 2013 Oct;44(4):291-306.

[80] Daly I, Scherer R, Billinger M, 
Müller-Putz G. FORCe: Fully online and 
automated artifact removal for brain-
computer interfacing. IEEE transactions 
on neural systems and rehabilitation 
engineering. 2014 Aug 13;23(5):725-36.

[81] Khatun S, Mahajan R, Morshed BI. 
Comparative study of wavelet-based 
unsupervised ocular artifact removal 
techniques for single-channel EEG data. 
IEEE journal of translational engineering 
in health and medicine. 2016 Mar 22; 
4:1-8.

[82] Sreeja SR, Sahay RR, Samanta D, 
Mitra P. Removal of eye blink artifacts 
from EEG signals using sparsity. IEEE 
journal of biomedical and health 
informatics. 2017 Nov 13;22(5):1362-72.



17

A Brief Summary of EEG Artifact Handling
DOI: http://dx.doi.org/10.5772/intechopen.99127

[83] Chang WD, Lim JH, Im CH. An 
unsupervised eye blink artifact detection 
method for real-time electroencephalo-
gram processing. Physiological 
measurement. 2016 Feb 19;37(3):401.

[84] Kothe CA, Jung TP, inventors. 
Artifact removal techniques with signal 
reconstruction. United States patent 
application US 14/895,440. 2016 Apr 28.


