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ABSTRACT

Brain computer interface (BCI) is an emerging technology where the user can establish direct communication between the
electrical device and himself without any physical exertion. The EEG signal is a noninvasive and low-cost method to
extract brain signal from subject. The EEG signal contains different types of information including motor sensory
information originating from the motor cortex region of the brain. Research and study have shown that motor cortex
generates signals similar to the signals generated during deliberate limb movements. Therefore, motor imagery (MI)
signals if extracted can be utilized to operate any electrical device establishing a BCI system. However, the EEG data can
contain lots of artifacts. This degrades the signal quality and also cause false positive command to the connected device.
Therefore, it is crucial to remove the artifacts from the EEG signal before classification. In this project, EEG data has been
collected from 12 subjects who are instructed to perform MI activity. The EEG signal is then processed and an efficient
artifact removal technique has been applied. The artifact removal method applies wavelet transform theorem and artifactual
probability mapping method to detect artifactual epochs and eliminate it from the signal. Useful features are then extracted
from the signal and artificial neural network (ANN) classifier is applied to it. The classification accuracy has been enhanced
by 15-16% on average after removal of artifacts from the EEG recordings for MI-BCI experiments. Afterwards,
performance evaluation such as finding signal to noise ratio has been done to evaluate the improvement in the signal after
noise removal.
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1. INTRODUCTION

1.1 Overview

A BCI- Brain Computer Interface is a promising field of great potential in controlling devices. Here, the brain activity of
a human being is detected by various available means and then converted into control signals of an electrical device like
prosthetics, computer, robots etc. [1]. The potential differences created by the cortical neurons of the cerebral cortex region
of brain are converted into control signals of machineries. The cortical neurons produce decision making signals of the
brain interpreting the surroundings through senses, consciousness and movement of the body. Therefore, valuable features
are drawn out of the brain activity signal and converted into commands understood by electrical devices. Such feature
extraction and its analyzation can be used for disease diagnosis, device control, as well as a rehabilitation tool for a patient
or a training tool of an athlete [1],[2].

There are different techniques available for recording brain activities. Among these techniques the use of EEG signal is
gradually gaining popularity for BCI applications because it is non-invasive, of low cost, has high temporal resolution,
very flexible and processing can be done in real time [3].
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EEG signals are formed from potential differences due brain activity in the cortical region. Noise introduced in the signal
will increase the potential difference. Artifacts or noises present in the EEG signal are detrimental to performance of the
system. Noises in EEG for MI BCI are generated from the non-cognitive region of the brain or from an electrical source
not related to the system [3], [4].

1.2 Background and Motivation

A multimodal cognitive simulation due to imagination of any kind of limb movement without an actual sensory input is
known as motor imagery (MI) or mental imagery. Ml is the mental state when an actual movement is rehearsed in mind.
The motor cortex region of the brain along with nearby areas such as the supplementary motor area (SMA), premotor
cortex (PMC), primary motor cortex (M1), posterior parietal regions etc. are active during actual movements of the limbs.
Research have shown similar activity occurs during Ml too. Furthermore, studies have proven that plastic change in motor
networks can be induced due to MI which in turn influences synaptic activity in spine [5] [6]. Therefore, regular practice
of MI can change physical structure of brain much like done during physical rehabilitation.

Artifact present in EEG creates difficulties in MI EEG classification. Wrong MI EEG classification can generate false
positive output. This decreases the robustness of the BCI system. It is vital to apply an efficient and robust artifact removal
method to process the EEG signal to increase the productivity of the output and form a competent BCI system.

Artifacts or noise present in the raw EEG signals provide hindrance in the accurate and efficient analysis of the signal as
well as in BCI training [7]. The shape of the actual bioelectric signal occurring due to motor imagery is changed. Artifacts
cause fluctuations of electrical activity in the signal. These fluctuations are not caused due to brain signals but rather for
electrical sources not related to the brain activity [8]. Therefore, it is important to identify the main causes and investigate
the effects of artifacts and the solutions for removing them. The artifacts can occur due to external causes such as muscle
movement, eye movement, nearby electrical devices etc. and bioelectrical signals such as surface electromyogram (SEMG),
electro-oculography (EOG), electrocardiogram (ECG) etc. In both spectral and temporal domains artefacts overlay the
actual EEG signal occurring due to brain activity. The neural activity is misinterpreted and this causes the BCI system
performance to decrease [8]. Therefore, it is important to identify the main causes and investigate the effects of artifacts
and the solutions for removing them. This project intends to study the methods of removing artifacts present in EEG signals
and study their outcomes to increase the accuracy of analyzing the EEG signals after artifact removal and translating the
signals into command receptive by electrical devices for M1 BCI.

Motor imagery based BCI (M1 BCI) can be used for many important tasks like movement of prosthetics with brain signal
commands, rehabilitation of patients who suffered from stroke or had a spinal injury, in sports for training the cognitive
performance for active and determined movements and so on. The prospect of using the MI BCI has immense potential to
bring significant change with ease of movement for people with disability. Not only in the medical sector but it can also
be used to train robots with artificial intelligence.

1.3 Objectives

The objectives of this project are to study about different artifacts found in Ml based EEG signals, identify an efficient
artifact removal method and study the effects of artifact removal on motor imagery dataset by analyzing BCI classification
performance.

2. LITERATURE REVIEW

Acrtifacts or noises present in the EEG signal are detrimental to performance of the system. Noises in EEG for MI BCI are
generated from the non-cognitive region of the brain or from an electrical source not related to the system [3], [4].

There are mainly two types of artifacts: endogenous and exogenous. Endogenous artifacts are also known as biological
artifacts which are generated from body movement and bioelectric signals such as eye blinking, muscular artifacts, cardiac
artifacts etc. Exogenous artifacts are also known as non-biological artifacts. They occur due to technical issues like wrong
electrode position, powerline frequency interference, thermal noise etc. Dry electrodes if used can introduce motion
artifacts in the signal [2], [9], [10].
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Figure 6. Alpha band power with and without artifact.

Figure 7. Beta band power with and without artifact.

Table | shows the improvement in M1 BCI classification accuracy after artifacts are removed from the artifactual EEG in
comparison with the improvement in EEG signal SNR for each of the ten subjects data considered for analysis.

There were few limitations identified in this project. The absolute accuracy is low due to number of channels available
were the nearest to the motor cortex but did not directly lie on the middle region of the head where the motor cortex is
located. Also, due to varying hair thickness of the volunteers, the quality of the EEG data varied from subject to subject.
All the subjects were introduced to the MI BCI for the first time through the data collection procedure. Therefore, BCI
illiteracy is also a factor of the varying quality of the raw EEG data, which resulted in lower accuracy performance than
expected. In addition, the number of subjects participating during data collection was low. Since, the sampling frequency
of the headset is only 128 Hz, the gamma band feature could not be used for classification. Also, many other features like
skewness, kurtosis etc. could be explored for classification. Other machine learning classification methods like support
vector machine (SVM), k-nearest neighbors algorithm (KNN), etc. were not explored. Finally, Artifact removal method
could not remove all types of artifacts. Hence, the average accuracy has not met the expected accuracy percentage.
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