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Abstract - Nowadays, medical monitoring systems have become more advanced as it becomes a hot topic to be researched on.
One of the medical monitoring systems that we have seen much development is Brain Computer Interface (BCI) system which is
based on Electroencephalogram (EEG). BCI system provides the communication channel without utilizing muscle or nerve. Hence,
for the purpose of research in the future, an overall understanding about EEG and BCI system is needed. This paper is written to
review the EEG based BCI system. It is divided into three main parts which are basic concept of EEG, wearable EEG devices and BCI
system. The basic concepts of EEG are reviewed in term of basic brainwaves and EEG definition. The second part is reviewing the
EEG devices that are used to extract EEG data and being commercialized. The last part is a review on the BCI system which made
up mainly based on Signal Acquisition and Signal Processing. From this review paper, it will help for the understanding on each
EEG based BCI system component for the purpose of BCI research.
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1. INTRODUCTION

Nowadays, EEG technology has been developed for multiple areas of studies such as in medical, computer interfaces and even
in robotic field. EEG is one of the electrobiological measurements that applies in modern medical imaging technique [1].
Basically, EEG is a method to extract the human brainwaves information and apply it in any field of studies. EEG is a measuring
brainwaves technique where electrodes are positioned on user scalp. The signals are able to be detected as the result of
synchronized neuronal action within the brain [2]. As mentioned before, EEG is also used in robotic field as it is still necessary
to have and develop interfaces, as autonomous systems can cause awkward feeling to the user. The wearable EEG device has
been developed and being applied for the research purpose. In term of robotic field, the most popular research is on EEG
controlled mobile robot and applicable to a wheelchair that help people who lost their muscle control to be in charge of their
motion as much as possible [2]. In this case, a brain-computer interfaces need to be achieved and it can be done by having an
EEG technology. An EEG technology can be divided into two which are invasive and non-invasive. Recently, non-invasive
technique is growing in term of research. It is because the invasive technique involving planted an electrode in the brain but
non-invasive only measure from the head surface. Through the brainwaves, user can control or communicate with computer
system. The integration of brain and the computer is called Brain-Computer Interface (BCI).

BClin robotics field is a challenge as we need to create a system that has a direct communication and control between human
brain and physical device. Based on Kachenoura et al. [3], BCl is a relatively new field of research that has been growing rapidly
over the past 15 years. Asin 2017, it should be 24 years of BCI research growing rapidly [4][5][6]. For BCI, we focus on the EEG
as EEG specify for brain. According to Niedemeyer and da Silva [7] cited by Shamla etal. [8], to have an EEG biofeedback system
is it comes from the fact that brain is a very special biological structure in human that its functioning and processes are not
available for everyone to acknowledge. It is because researchers are encouraged by new understanding about how the brain
functioning as nowadays the technology of powerful low-cost computer equipment help in BCI studies. Besides that, by
growing recognition of the need of disable people, the BCI studies concentrate on new communication and control technology,
especially for those with severe neuromuscular disorders, such as amyotrophic lateral sclerosis, brainstem stroke and spinal
cord injury [6].

As for the purpose of brain controlled robot, the understanding of EEG concept is needed and from there the proper BCI system
can be developed so that its implementation to the robot can be achieved. In this paper, the concept of EEG will be reviewed
and summarized from previous research papers in term of brainwaves classification and the type of EEG method. Then, this
paper provides an overview about the commercialized EEG devices used for research purpose in term of their effectiveness for
BCI system. Last but not least, this paper is also providing a review for the BCI systems which will be discussed in term of brain
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activity analysis that include pre-processing, feature extraction and feature translation. The last part of this paper concludes
the idea of EEG usage for the purpose of controlling robot.

2. Electroencephalogram (EEG)

There are alot of research papers that discussed about the fundamental of EEG. First of all, the range of brainwaves signals need
to be known based on the previous research result. Hence, it can be a reference for us to know the typical signals detected by the
EEG on the head scalp. For medical purpose called electroencephalography, it is a medical imaging technique to read scalp
electrical activity generated by brain structures. According to Niedermeyer [7], EEG is defined as electrical activity of an
alternating type which is picked up by metal electrodes and conductive media for recording from the scalp surface. Based on
Binnie et al. [9], typical signals detected on the scalp are in the range of 20-150uV over a 0.5-60 Hz bandwith. As the signals vary,
both temporally and spatially, multiple channels are used with electrode positions based on the international 10-20 standard.
International Federation in Electroencephalography and Clinical Neurophysiology, in 1958, has adopted standardization for
electrode placement called 10-20 electrode placement system. Electrode positions are determined using internationally
standardized 10-20 systems due to recording spontaneous EEG [10]. This 10-20 systems of EEG electrodes are positioned as
shown in Figure 1.
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Fig -1: 10-20 electrode placement system [11]

According to a survey paper by Mantri [8], brain patterns form wave shapes that are commonly sinusoidal, measure from peak to
peak and normally range from 0.5 to 100 pV in amplitude. The EEG signal has been classified into several bands which are Alpha,
Beta, Delta, Theta and Gamma. Each of the signal being differentiated based on the frequency spectrum range. Malmivuo and
Plonsey [12], Sornmo and Laguna [13], have classified EEG brainwaves. It is summarized as in the table shown in Table 1.

Table -1: Sample Table format

Differences of brainwaves from the EEG signal
Alpha Waves | Frequency 8- | Measured from Awake person with Disappears with attention
13 Hz occipital region closed eyes
Beta Waves Frequency Detect over the Regard as normal and
13-30 Hz parietal and frontal dominant for people
lobes who anxious and have
their eyes open
Delta Waves Frequency Detectable in infants Indicative of cerebral
0.5-4 Hz and sleeping adults damage or brain
diseases
Theta Waves | Frequency 4- | Detectable from Occurs during Abnormal in awake adults but
8 Hz children and sleeping | drowsiness and in normal in children up to 13 years
adults certain stages of sleep | and in sleep
Gamma Frequency Related to state of
Waves >30 Hz active information
processing of the
cortex
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The measured activity by the electrode on the scalp is coming from the summation of the activity of hundreds of neurons on the
surrounding of the electrode. As the electrical is measured, the signal is called electroencephalogram or EEG [14]. These signals
are seen as brainwaves and being categorized in different frequency as a group of neurons fire more synchronously in the
measured signals. As it becomes stronger it become more synchronous to the firing frequency.

3. Wearable EEG for Brain Computer Interfaces

Lately, an increasing number of products and product concepts on the market focusing on EEG can be seen. The commercialized
EEG products target on EEG acquisition in a more convenient way for non-invasive EEG method mainly using dry electrodes.
Non-invasive EEG technology has a great potential until this technology being commercialized as mentioned before. EEG is the
only one that uses sensors and mounting capabilities as it can be worn during locomotion. Theoretically, brainwaves cause an
electrical changes that can be detected and uses for computer interfaces when responding to any stimulation. According to
Casson et al. [10], a lot of EEG methods for computer interfaces purpose are still at research stage but the success of the signal
processing is depends on the physical unit of the EEG itself. For wearable EEG development, two research topics that being
overviewed are electrodes and power consumption. The commercialized EEG nowadays using dry electrodes which does not
need for a specific preparation of the subject such as injection of conductive jelly [10]. Based on Popescu et al. [15] cited by
Gargiulo et al. [16], the usage of conductive gel, as it loses it adhesion, will not increase the contact of impedance between
electrodes and scalp that causing a large reduction in signal-to-noise ratio. Besides that, shorts also might occur as sweats
smearing the conductive gel to the neighboring electrode. Depending on the application, the design of the EEG device may vary.
Current EEG device which being use for medical purpose requires time for preparation and may lead to unpleasant experience. It
is because the device involves gel-electrode application and a numbered of wired sensors that connects electrodes to computer
or main acquisition unit. However, based on research done by Saab et al. [17] which comparing dry and wet electrodes, the
classification accuracies for dry electrodes is 60.83% and classification accuracies for wet electrode is 63.88% . The value of dry
electrode is comparable to wet electrode but the fact is wet electrode classification accuracy is higher than dry electrode
classification accuracy. It is less comfortable to user but it brings the researcher to developing an EEG technology that
convenient, wireless and wearable. According to Mihajlovic et al. [18], issues of current EEG device lead to a progress on
developing a convenient to wear and wireless EEG device that can be utilized and encourage different brain related research
areas. Several researches have led to commercialize EEG device which are: Neurosky’s MindWave, Emotiv Epoc headset, g.tec
gSahara, and Quasar DSI 10/20. If we look at the Neurosky’s product, it has one-channel measurement platform with dry
electrodes. The electrode platform for Neurosky positioned at the forehead which allows for frontal recordings. The dry
electrode on the forehead is made of a stainless alloy. The data obtain from this product will be transmitted using Bluetooth. This
product market is targeting the low-end consumer market as the price is the lowest of all commercialized EEG devices [19]. The
Emotiv Epocis among one of EEG device that is used widely. The Emotiv Epoc headset has 14 channels around the head and it is
at the affordable cost. It is a versatile and flexible for research platform. Instead of Bluetooth, the data extracted is transmitted
through a proprietary radio link. The system allows for 12-hour continuous transmission. To get access to the raw EEG data,
more expensive license is needed to use Epoc as research purpose [20]. For Quasar DSI 10/20 headset, it comes with 21
channels. The data is transmitted wirelessly through the system which uses USB dongle. This device can continuously
transmitted data for 24 hour. This device focusing on achieving the highest quality but the price for this device is high [21]. Next
is g.tec’s g.Nautilus platform. This is a recently developed EEG device that allow for measuring data based on the 10-20 electrode
placement system. The data for this device is transmitted through radio link and this device can continuously operates for 8
hours without being charged [22]. To be precised, the commercialized EEG devices are summarized and compared as in Table 2.

Table -2: Commercialized EEG Devices

Neurosky’s | Emotiv Quasar g.tec’s
Mindwave | Epoc DSI g.Nautil
10/20 us
Bandwidth 3-100 Hz 0.2-45 0.02-120 | 0.1-40
Hz Hz Hz
Channel 1 14 12 32
Number
Bit Number 16 16 24
Coupling AC AC DC
Type of Dry Wet Dry Dry
electrodes
Transmissio | Wireless Wireless | Wireless | Wireless
n Medium (Bluetooth | (Proprie | (Propriet | (Proprie
) tary ary tary
device) device) device)
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4. Brain Computer Interface (BCI)

As mentioned before, Brain Computer Interface (BCI) is a new field of research that growing rapidly over past 15 years [3]. BCl is
animportantresearch thatis related to brain science, neural engineering, sleep studies and rehabilitation. BCl is to give user the
control and communication with the computer. This system idea come out with the hope to give opportunity to people with
disabilities able to use technologies by having BCI. BCI involves the usage of EEG, which recorded from the scalp or within the
brain for communication and control. EEG was introduced first by Hans Berger in 1929 [23]. As the EEG being introduced, it
gives researchers a hope that it might be able to be used for control and communication without using nerves or muscle.
Basically, BCI systems can be divided into signal acquisition, pre-processing, feature extraction and classification. The schematic
diagram can be seen as in Figure 2.

Brain Activities " Signal Acouisition
v
Signal Processing
Preprocessing Feature Classification
Extraction
Y
Applications

Fig -2: Basic BCI system

For the BCI system, there are several classifications that can be made. The classification made based on Transmission Medium,
Target Users, Sensor Placement, Number of Channels, Training Time, Target Activity and Neurological Phenomena. The stated
classification to characterize the systems is based on the comprehensive survey by Mason etal. [5]. Transmission Medium is the
transmission method used for transmitting the EEG data to the system. The transmitting method can be wireless and wired
transmission. The target user means the user thatis expected to use the technology. Some studies even using animal as the target
user. The target user also considering the patient or disable people who have no voluntary muscle control. Sensor placementis
divided into invasive and non-invasive. Generally, invasive EEG signals have a lower signal-to-noise ratio which indicates more
noise than the signal transmitted [24]. However, it is still preferable to be used by human. Number of channels characterize the
system is number of electrode channels to be used for certain applications. For the BCI system, training may be required to fully
control their brain activities. But, there are studies which indicate that training time might be less or eliminated as done by
Cheng et al. [25]. For target activities, it indicates the activities that people wish to do by having this BCI technologies.
Neurological phenomena refer to the brain activities which being produced and featured for BCI system. Review on several
articles are being summarized according to the BCI classification, as shown in Table 3.

Table -3: BCI Systems Classification

Classification Characteristics | Reviewed Research Paper

Transmission | Wired [26][27][28][29][30]
Medium

Wireless [25][311[32][33][34]

Target Users Normal people [25][35][36][32][37][34]

Patient [26][30][36]
Animal [27]128][31]
Number of 1,2,0r3 [25]126][27]1[29][30][35][
Channels Channel 39][36]
More than 3 [31][32][33][38][34]
Channel
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Training Time | Required [26][28][30][35]1[33][38][
34]
Not Required [25][27][29]
Target Controlling
Activity
Devices (TV, [25][29][35][33]
Mobile Phones,
Computer)
Virtual Reality [34]
Purpose
Wheel Chair for | [36]
Personal
Mobility
Neurological Cell Firing Rate | [39][28]
Phenomena - Imagined
Movement
- Cognitive Task
Frequency [30][36][32][34]
Rhythm
brainwaves
ERD or ERS [26]
P300 response | [40]
SSVEP response | [25][29]
to visual
stimulus

Based on the research papers reviewed for BCI Classification, the system used by the researchers’ mostly featuring wearable and
wireless EEG system for physiological signal monitoring. Cited by Lin et al. [41], an online BCI that detected and classified Steady-
state visual Evoked Potential (SSVEP) had been developed which using 2 active electrodes. It is based on wireless transmitter
and the average transfer rate was 27.15 bits/min [25]. Besides that, WLAN was used by Obeid et al. [31] for transmitted data
analysis system and data acquisition circuit to the host computer. A wireless multi-channel system for EEG measurement in
operational settings was developed by Matthews et al. [32]. The system is more towards wireless EEG system instead of a
complete BCI system. Furthermore, Cincotti et al. [33] has developed several softwares and hardware to control EEG based
signal by using vibrotactile feedback and the system is wireless by utilizing Bluetooth.

Basically, the idea of BCl is involving signal acquisition, preprocessing, feature extraction and classification as mentioned before.
However, we need to understand about the suitable Brain Signals thatare used to develop BCI system. The brain signals used for
BCI system development is P300, Steady-state Visual Evoked Potential (SSVEP), and Event-related desynchronyzation
(ERD)/Event-related synchronization (ERS). P300 is a positive deflection that occurs randomly by a desired target stimulus from
non-target stimuli. The stimuli can be touch, visual and auditory [42][43]. The P300-based BCI frameworks utilize the event that
induce the P300 brain signals in EEG. Such frameworks mostly are being utilized as spelling devices, as various characters to be
chosen and can improve the communication speed of the BCI [44]. Besides that, SSVEP occurs as an increase in EEG activity at
the stimulus frequency which is evoked by a stimulus modulated at a fixed frequency [45][29]. The SSVEP is based on numbers
of frequency components and often recorded by noninvasive EEG [46]. ERD/ERS is induced by having a mental task for example
mental arithmetic and motor imagery [47]. One of the characteristic of ERD/ERS in term of it measurement is that it is withina
predefined frequency relative to the power of the same EEG derivations [48]. Basically, P300 and SSVEP are BCI signals that
depend on external stimulation while ERD/ERS is independent towards the external stimulation. The dependency towards
external stimulation can be called as exogenous or synchronous BCI while the independency towards external stimulation can be
called as endogenous or asynchronous BCI. As from the research papers reviewed, we can differentiate and compare between
the brain signals which are P300, SSVEP and ERD/ERS. As asynchronous BCI signal does not required external stimulation, the
user only need to focus their attention solely to BCI system purpose. However, synchronous BCI signals performance is vary
between users and training is needed for this signal. Besides that, asynchronous BClI signal accuracy is lower than synchronous
BClI signal. Furthermore, synchronous BCI signal is more stable and not require training or require minimal training. As from the
reviewed research papers the comparison between three signals can be summarized as in Table 4.
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Table -4: Comparison between Brain Signals

Comparison between Brain Signals
Brain Signals P300 SSVEP ERD/ERS
Stimulation Required Required Not
Required
Accuracy High High Low
Training Not Required Not Need
Requirement Required training
Reviewed [42][49] [45][29][50] [51]
Paper

As the suitable brain signal has been determined, in order to develop a BCI system, it is necessary to have an EEG signal
acquisition as mentioned before. For signal processing, it involves preprocessing, feature extraction and classification. As for
signal acquisition, itis related to Electrode-Tissue Interface (ETI) which is between dry electrodes and wet electrodes. In clinical
applications, the EEG electrode used which is silver/silver-chloride (Ag/AgCl), is in contact with the head scalp through
electrolyte gel. The electrolyte gel, is the bridges for the ionic current flow and the electron flow in the electrode. The electrolyte
gel also increase the adhesion between the electrode and the scalp [52]. Nowadays, the commercialized EEG devices mostly used
dry electrodes. Without the electrolyte gel as dry electrodes is being used, the transition of ionic currents from tissue to electrode
electron become more complex. [t requires more stabilization time and it is more towards noise and disturbances [53]. From the
signal acquisition, the acquired signal need to be pre-processed as we need to eliminate the noise or other unnecessary artifacts
such as electromyogram (EMG), electrooculogram (EOG) and electrocardiogram (ECG). Then, the signal extraction will take place
and the classifier will translates those extracted features into desired output.

Preprocessing of the EEG signals involving referencing of the recorded signals, band-pass filtering the signals, resampling the
signals, signal epoching or segmentation and selection of the clean EEG segments [18]. The simplest way for removing the
artifacts during preprocessing is the band-pass filtering which is suitable to eliminate line noise and other frequency-specific
noise such as body movement. Referencing method is required due to the difficulty to find the ‘Neutral’ EEG position and all
electrodes are located over regions on the head to record the brain activity. For this scenario, potential difference need to be
measured between two random electrodes hence referencing method is needed. For band-pass filtering, the filter characteristic
will be different based on the frequency range and the signal analysis. For example, it can be as the use of high-pass filtering for
event-related potential (ERP) studies or italso can be specific frequency band filtering used in spectral analysis which can be 8-
13 Hz filtering for alpha waves activity. However, by filtering method, the useful data of EEG signals might be the same as
artifacts so it might be removed from the EEG data [54]. The way for the data to be processed cannot be determined based on the
frequency range of filters only. Hence, it is necessary to choose the filter implementation properly. The feature extraction is
needed as BCI system significantly need to differentiate the classes for the feature that is extracted. According to the survey
paper by Bashashati etal. [55], extracting EEG features and EEG feature interpretation involves algorithm that involving different
techniques and tools and it is based on the Neuromechanism. Toolboxes that exist for feature extraction will be used for
developing application implementations. The most use toolbox for feature extraction are EGGLAB [56] and OpenVibe [57]. The
algorithms are based on spatio-temporal linear or nonlinear signal processing methods, the usage of averaging methods and
supervised or non-supervised classification algorithms. Besides that, graph theory algorithm also being introduced for the
purpose of brain network study [59]. Based on Luzheng et al. [2], EEG feature extraction for robotic purpose (mobile robot) can
be divided into two main categories which are features in time domain and features in frequency domain. Features in time
domain is amplitudes of event-evoked potentials, and features in frequency domain is frequency power spectra of EEG signals.
Those features are estimated using Welch’s periodogram algorithm which is for estimating signal at different frequencies, and
this is an approach to spectral density estimation or other estimation algorithms [60]. Classifier will be used to translate the
feature extracted into output command. The basic classifiers used for translating feature extracted are nearest neighbour, linear
discriminant analysis (LDA), neural network (NN) and support vector machine (SVM). LDA and SVM can be categorized as linear
classifier that use linear function to differentiate the classes. The classifiers called Nearest Neighbour involved assigning a
feature vector to a class according to its nearest neigbours. Neural Networks (NN) is one of the most used classifiers for BCI
research. It is for producing artificial neuron for producing a nonlinear decision boundaries. The purpose of LDA is to
differentiate the classes of the data based on the hyperplanes. For data generated from each class, LDA algorithm will creates
models of the probability density functions, then a new data point is classified by determining the probability density function
whose value is larger than others. This classifier will assume that each of the class probability density functions can be modeled
as a normal density, and that the normal density functions for all classes have the same covariance. The resulting LDA decision
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boundaries between classes is linear. According to Fukunaga, cited by Lotte Fabien et al. [61], LDA will use the hyperplanes to
diffrentiate the data into different classes. The advantage of using this technique is that this technique is low computational
requirement, easier to be used and basically able to come out with good results. The disadvantage of using LDA is it gives a poor
result on complex nonlinear EEG data. Itis according to Garcia et al. [62] that Fourier analysis for SVM gives a better result when
the classes are assumed to be linearly separable because each feature component is considered independently in the LDA based
classifier. One of the successful BCI research that apply LDA classifier is P300 classifier [63]. Just like LDA, SVM too uses
hyperplane to identify classes but it maximizes the margins to increase the generalization capabilities by maximizing
performance and minimizing the complexity. SVM also have no concern to the curse-of-dimensionality [64]. As SVM still
produces linear decision functions, it is linear to feature space than input space. According to Cover’s Theorem, the linear
decision function is expected to perform well because of the high dimensionality of feature space [65]. According to Garretetal.
[66], SVM is a very useful classifier as SVM has solid algorithm foundation and able to find optimal decision fumction for a set of
training data. Nearest Neighbor classifiers is a classifier thatits algorithm assign a feature vector to a class based on to its nearest
neigbor. Two types of Nearest Neigbor classifier are K Nearest Neighbors and Mahalanobis distance. K Nearest Neighbors for BCI
system is usually obtained by using metric distance. It can estimates any function which produce nonlinear decision boundaries,
for example the reseach done by Blankertz [67]. K Nearest Neighbor is known for their high sensitivity to the curse-of-
dimensionality [68]. Mahalanobis distance is an algorithm by assuming a Gaussian distributing for each class prototype.
Mahalanobis distance is suitable for multilclass or asynchronous BCI systems [69]. NN is often used to develop nonlinear
classification boundaries. Itis the BCI classifier that often used in most BCI researches. Itis because, based on Garret [66], NN is
robust for choosing parameter values and its similarity to other nonlinear regression methods. For NN classifier, Multilayer
Perceptron (MLP) is the most widely used NN for BCI system. MLP is based on multiple layers of neurons which are input layer,
possible several hidden layer and an outputlayer. MLP can estimate any continous function when MLP is composed with enough
layer. Itis very flexible to adopt variety of problems because it can classify any number of classes. Instead of its flexibility, based
on Balakrishnan and Puthusserypady [70] this classifier is sensitive with noise and non-stationary data as EEG. However, MLP
mostly used NN classifier for BCI system such as synchronous, asynchronous, multiclass or binary BCI system. If the BCl is being
implemented for the robotics purpose, the mostly used classifier is LDA, SVM and NN. Main advantages of LDA is that it is less
computational complexity hence it is easier to be applied. This advantage lead to the numerous developments of brain-controlled
robot by using LDA as classifier. NN has the advantage to minimize error in classifying training data but need a lot of
configurations and parameter set up. Meanwhile, SVM does need many configurations and parameter set up and it is good for
small training data gained and as mentioned before, it maximizes generalization capabilities. The problem of the brain signals is
thatitis not constant over time. Hence the robustness of all BCI system is not statisfying. To improve the robustness, Millan et al.
[71] proposed a research direction which is the online adaptation of classifier during its utilization of brain signals.
Summarization of reviewed classifier based on multiple research papers is summarized in Table 5.

Table -5: Classifier Used in BCI

Classifier Used in BCI
Classifier Description Characteristics Reviewed Paper
Linear Use hyperplanes to - Low computational requirement [62][63][72]
Discriminant separate the data - Easier to be used

Analysis (LDA)

representing the different
classes

- Give a poor result on complex nonlinear

EEG data

Support Vector
Machines (SVM)

Finds a decision
hyperplanes by maximizing
the margin between the
different classes.

Good generalization
No concern to the curse-of-dimensionality

[64] [65] [73]

based on to its nearest
neigbor

Sensitive to the curse-of-dimensionality

Neural Network | Developing nonlinear - Nonlinear classifier [66] [74]
(NN) decision boundary - Sensitive with noise and non-stationary
data
- Need many parameters
Nearest Algorithm assigning a - Estimate function that produce nonlinear [67][69]
Neighbour feature vector to a class decision boundaries
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Based on the reviewed research papers, we can obtain information which will help as a guide to determine the two important
aspects for good BCI system which are the brain signal to utilize and the data classifier. The framework of Figure 3 shows basic
BCI system that can be developed based on our reviewed information.
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5. CONCLUSION

This paper has reviewed about the EEG technology in term of its concept, its design for commerecialization and its application
for BCI system. Nowadays, EEG mostly used for BCI system and BCI system also used by researchers for the purpose of
controlling robot. BCI is a communication and control channel that does not based on brain’s normal output. Besides that, there
are several brainwaves that can be differentiated based on frequency which are Alpha, Beta, Delta, Gamma and Theta. As
research on EEG grows, commercialized EEG device has been developed. Wearable EEG devices face a lot of difficulties in
research as it need to be user friendly and able to implement for BCI purpose. EEG is mostly used for BCI system and basically
the BCI system involved Signal Acquisition, Signal Processing (Preprocessing, Feature Extraction and Classification) and
Application. Signal Acquisition involve understanding of signals which are P300, ERD/ERS and SSVEP. Before analysis of EEG,
the data undergo preprocessing. Then, the data will undergo Feature Extraction to differentiate the feature based on class and
it will be transformed into output command during Classification. EEG devices nowadays can be improved and extended
beyond its current practice use. In future, it is expected that with EEG devices technologies, BCI system will gives further
understanding for the complexity of the brain activity.

© 2019,IRJET | ImpactFactorvalue:7.211 | 1S09001:2008 Certified Journal | Page 1024




‘// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 06 Issue: 05 | May 2019 www.irjet.net p-ISSN: 2395-0072

REFERENCES

[1] M. Teplan, “Fundamentals of EEG Measurement,” Meas. Sci. Rev., vol. 2, no. 2, 2002, pp. 1-11.

[21 L.Luzheng, B, Xin-an, F., and Yili, “EEG-Based Brain-Controlled Mobile Robots: A Survey,” IEEE Trans. Human-machine
Syst,, vol. 43, no. 2, 2013, pp. 161-176.

[3] A.Kachenoura, L. Albera, L. Senhadji, and P. Comon, “ICA: A potential tool for BCI systems,” IEEE Signal Process. Mag., vol.
25,no.1, 2008, pp. 57-68.

[4 N.Birbaumer and L. G. Cohen, “Brain-computer interfaces: communication and restoration of movement in paralysis,” J.
Physiol., vol. 579, no. 3, 2007, pp. 621-36.

[5] S.G. Mason, A. Bashashati, M. Fatourechi, K. F. Navarro, and G. E. Birch, "A comprehensive survey of brain interface
technology designs,"Annals of Biomedical Engineering, vol. 35, no. 2. 2007.

[6]1 J. R. Wolpaw, N. Birbaumer, D. ]. McFarland, G. Pfurtscheller, and T. M. Vaughan, “Brain-computer interfaces for
communication and control.,” Clin. Neurophysiol., vol. 113, no. 6, 2002, pp. 767-91.

[71 E.Niedermeyer and F. Lopez de Silva, Electroencephalography: basic principles, clinical applications, and related fields, 5th
ed. Lippincott Williams & Wilkins, 2005.

[8] S.Mantri, V. Dukare, S. Yeole, D. Patil, and V. M. Wadhai, “A Survey : Fundamental of EEG,” Int. ]. Adv. Res. Comput. Sci.
Manag. Stud., vol. 1, no. 4, 2013, pp. 83-89.

[9] T.H.Binnie, C.D., Rowan, A. ], & Gutter, A manual of electroencephalographic technology, 6th ed. CUP Archive, 1982.

[10] A.].Casson, S.]. M. Smith, ]. S. Duncan, and E. Rodriguez-villegas, “Wearable EEG: what is it, why is it needed and what does
it entail?,” Annual International Conference of the IEEE Engineering in Medicine and Biology Society, pp. 5867-5870

[11] J. R. Knott, “Regarding the American Electroencephalographic Society guidelines for standard electrode position
nomenclature: a commentary on the proposal to change the 10-20 electrode designators,” J. Clin. Neurophysiol,, vol. 10, no.
1,1993, pp. 123-128.

[12] J.Malmivuo and R. Pionsey, Bioelectromagnetism: principles and applications of bioelectric and biomagnetic fields. Oxford
University Press, 1995.

[13] L.Soérnmo and P. Laguna, Bioelectrical signal processing in cardiac and neurological applications, 8th ed. Academic Press,
2005.

[14] D. Cohen, B.N. Cuffin, K. Yunokuchi, R. Maniewski, C. Purcell, G.R. Cosgrove, ]. Ives, ].G. Kennedy and D.L. Schomer, “MEG
versus EEG localization test using implanted sources in the human brain,” Ann. Neurol,, vol. 28, no. 6, 1990, pp. 811-817.

[15] F.Popescuy, S. Fazli, Y. Badower, B. Blankertz, and K. R. Miiller, “Single trial classification of motor imagination using 6 dry
EEG electrodes,” PLoS One, vol. 2, no. 7, 2007, pp. 1-5.

[16] G. Gargiulo, P. Bifulco, R. A. Calvo, M. Cesarelli, C. Jin, and A. Van Schaik, “A mobile EEG system with dry electrodes,” IEEE-
BIOCAS Biomed. Circuits Syst. Conf. 2008, pp. 273-276.

[17] ].Saab, “Simultaneous EEG recordings with dry and wet electrodes in motor-imagery,” 5th International Brain-Computer
Interface Conference (BCI 2011), 2011, pp. 312-315.

[18] V.Mihajlovic, B. Grundlehner, R. Vullers, and J. Penders, “Wearable, wireless EEG solutions in daily life applications: What
are we missing?,” IEEE ]. Biomed. Heal. Informatics, vol. 19, no. 1, 2015, pp. 6-21.

[19] Neurosky, “NeuroSky Mindwave,” 2017. [Online]. Available: http://store.neurosky.com/pages/mindwave. [Accessed: 05-
Mar-2017].

[20] EMOTIV Inc., “EMOTIV Epoc,” 2017. [Online]. Available: https://www.emotiv.com/epoc/. [Accessed: 05-Mar-2017].

[21] Quasar, “EEG:DSI 10/20,” 2017. [Online]. Available: http://www.quasarusa.com/products_dsi.htm. [Accessed: 10-Mar-
2017].

[22] G.TEC MEDICAL ENGINEERING, “Discover Our Wireless EEG Solutions,” 2017. [Online]. Available:
http://www.gtec.at/Products/Hardware-and-Accessories/g.Nautilus-Specs-Features. [Accessed: 09-Mar-2017].

[23] M. Tudor, L. Tudor and K.I. Tudor, “Hans Berger (1873-1941)--the history of electroencephalography,” 2017. [Online].
Available: https://www.ncbi.nlm.nih.gov/pubmed/16334737. [Accessed: 05-Mar-2017].

[24] T. Falkner, A. Abedi, M. Hayes, and ]. Paul, “Improving the signal to noise ratio of event-related EEG signals in high risk
newborns,” 25th Bienn. Symp. Commun. QBSC 2010, pp. 28-31.

[25] M. Cheng, X. Gao, S. Gao, and D. Xu, “Design and implementation of a brain-computer interface with high transfer rates,”
IEEE Trans. Biomed. Eng,, vol. 49, no. 10, 2002, pp. 1181-1186.

[26] G.R.Miiller, C. Neuper, and G. Pfurtscheller, “Implementation of a telemonitoring system for the control of an EEG-based
brain-computer interface,” IEEE Trans. Neural Syst. Rehabil. Eng., vol. 11, no. 1, 2003, pp. 54-59.

[27] M. Sun, M. Mickle, W. Liang, Q. Liu, and R.]. Sclabassi, “Data communication between brain implants and computer,” IEEE
Trans. Neural Syst. Rehabil. Eng., vol. 11, no. 2, 2003, pp. 189-192.

[28] D. M. Taylor, S. I. Helms Tillery, and A. B. Schwartz, “Information conveyed through brain-control: Cursor versus robot,”
IEEE Trans. Neural Syst. Rehabil. Eng., vol. 11, no. 2, 2003, pp. 195-199.

[29] X. Gao, D. Xu, M. Cheng, and S. Gao, “A BCI-based environmental controller for the motion-disabled,” IEEE Trans. Neural
Syst. Rehabil. Eng., vol. 11, no. 2, 2003, pp. 137-140.

© 2019,IRJET | ImpactFactorvalue:7.211 | 1S09001:2008 Certified Journal | Page 1025



‘// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 06 Issue: 05 | May 2019 www.irjet.net p-ISSN: 2395-0072

[30] G. Pfurtscheller, G. R. Miiller, ]. Pfurtscheller, H. J. Gerner, and R. Rupp, “Thought’ - Control of functional electrical
stimulation to restore hand grasp in a patient with tetraplegia,” Neurosci. Lett, vol. 351, no. 1, 2003, pp. 33-36.

[31] L. Obeid, M. A. L. Nicolelis, and P. D. Wolf, “A multichannel telemetry system for single unit neural recordings,” ]. Neurosci.
Methods, vol. 133, no. 1-2, 2004, pp. 33-38.

[32] R. Matthews, N.]. McDonald, H. Anumula, J. Woodward, P. ]. Turner, M. A. Steindorf, K. Chang and ]. M. Pendleton, “Novel
hybrid bioelectrodes for ambulatory zero-prep EEG measurements using multi-channel wireless EEG system,” Found.
Augment. Cogn., 2007, pp. 137-146.

[33] F.Cincotti, L. Kauhanen, F. Aloise, T. Palomaki, N. Caporusso, P. Jylanki, D. Mattia, F. Babiloni, G. Vanacker, M. Nuttin, M. G.
Marciani and J. R. Millan, “Vibrotactile feedback for brain-computer interface operation,” Comput. Intell. Neurosci., 2007.

[34] C.T.Lin, L.W. Ko, J. C. Chiou, J. R. Duann, R.S. Huang, S. F. Liang, T. W. Chiu and T. P. Jung, “Noninvasive Neural Prostheses
Using Mobile and Wireless EEG,” Proc. IEEE, vol. 96, no. 7, 2008, pp. 1167-1183.

[35] C.Vidaurre, R. Cabeza, R. Scherer, and G. Pfurtscheller, “A fully on-line adaptive BCI,” IEEE Trans. Biomed. Eng., vol. 10870,
no. 6, 2005, pp. 1049-1050.

[36] R.Leeb, D.Friedman, G.R. Miiller-Putz, R. Scherer, M. Slater, and G. Pfurtscheller, “Self-paced (asynchronous) BCI control of
a wheelchair in virtual environments: A case study with a tetraplegic,” Comput. Intell. Neurosci., 2007.

[37] C.S.L.Tsuj,].Q.Gan, and S.]. Roberts, “A self-paced brain - Computer interface for controlling a robot simulator: An online
eventlabelling paradigm and an extended Kalman filter based algorithm for online training,” Med. Biol. Eng. Comput., vol.
47, no. 3, 2009, pp. 257-265.

[38] M.Fatourechi, G. E. Birch, and R. K. Ward, “A self-paced brain interface system that uses movement related potentials and
changes in the power of brain rhythms,” ]. Comput. Neurosci., vol. 23, no. 1, 2007, pp. 21-37.

[39] L.R.Hochberg et al., “Neuronal ensemble control of prosthetic devices by a human with tetraplegia,” Nature, vol. 442, no.
7099, 2006, pp. 164-71.

[40] N.Xu, X. Gao, B. Hong, X. Miao, S. Gao, and F. Yang, “BCI competition 2003 - Data set IIb: Enhancing P300 wave detection
using ICA-based subspace projections for BCl applications,” IEEE Trans. Biomed. Eng., vol. 51, no. 6,2004, pp. 1067-1072.

[41] C. Lin, L. Ko, M. Chang, and ]. Duann, “Review of Wireless and Wearable Electroencephalogram Systems and Brain-
Computer Interfaces - A Mini-Review,” Gerontology, vol. 56, 2010, pp. 112-119.

[42] E. Donchin, K. M. Spencer, and R. Wijesinghe, “The Mental Prosthesis : Assessing the Speed of a P300 - Based Brain -
Computer Interface,” IEEE Trans. Rehabil. Eng., vol. 8, no. 2, 2000, pp. 174-179.

[43] L. Bi, N. Luo, and X. A. Fan, “A brain-computer interface in the context of a head up display system,” ICME International
Conference on Complex Medical Engineering, 2012, pp. 241-244.

[44] D.].Krusienski, E. W. Sellers, F. Cabestaing, S. Bayoudh, D. ]. McFarland, T. M. Vaughan and ]. R. Wolpaw, “A comparison of
classification techniques for the P300 Speller,” J. Neural Eng., vol. 3, no. 4, 2006, pp. 299-305.

[45] E. E. Sutter, “The brain response interface: communication through visually-induced electrical brain responses,” ].
Microcomput. Appl,, vol. 15, no. 1, 1992, pp. 31-45.

[46] Z.Lin, C.Zhang, W. Wu, and X. Gao, “Frequency recognition based on canonical correlation analysis for SSVEP-Based BCls,”
IEEE Trans. Biomed. Eng., vol. 54, no. 6, 2007, pp. 1172-1176.

[47] G.Pfurtschellerand F. H. Lopes, “Event-related EEG / MEG synchronization and desynchronization : basic principles,” Clin.
Neurophysiol, vol. 110, 1999, pp. 1842-1857.

[48] G.Pfurtscheller, “Functional brain imaging based on ERD/ERS,” Vision Res., vol. 41, no. 10-11, 2001, pp. 1257-1260.

[49] H.Zhang, C. Guan, and C. Wang, “Asynchronous P300-based brain-computer interfaces: a computational approach with
statistical models,” IEEE Trans. Biomed. Eng., vol. 55, no. 6, 2008, pp. 1754-63.

[50] H.Gollee, 1. Volosyak, A.]. McLachlan, K. ]. Hunt, and A. Graser, “An SSVEP-based brain computer interface for the control of
functional electrical stimulation,” IEEE Trans. Biomed. Eng., vol. 57, no. 8, 2010, pp. 1847-1855.

[51] V.A.Bento, ]. P. Cunha and F. M. Silva, “Towards a Human-Robot Interface Based on the Electrical Activity of the Brain,” in
2008 IEEE-Ras International Conference on Humanoid Robots (Humanoids 2008), 2008, pp. 85-90..

[52] J. G. Webster, "Medical Instrumentation: Application and Design", 4th ed. New York, USA: John Wiley & Sons, 2010.

[53] ASearle and L Kirkup, “A direct comparison of wet, dry and insulating bioelectric recording electrodes,” Physiol. Meas., vol.
21, no. 2, 2000, pp. 271-283.

[54] G.A.Rousselet, “Does filtering preclude us from studying ERP time-courses?,” Front. Psychol,, vol. 3, no. 5, 2012, pp. 1-9.

[55] A. Bashashati, M. Fatourechi, R. K. Ward, and G. E. Birch, “A survey of signal processing algorithms in brain-computer
interfaces based on electrical brain signals,” Neural Eng., vol. 32, no. 3, 2007, pp. 32-57.

[56] A. Delorme and S. Makeig, “EEGLAB: An open source toolbox for analysis of single-trial EEG dynamics including
independent component analysis,” ]. Neurosci. Methods, vol. 134, no. 1, 2004, pp. 9-21.

[57] Y.Renard, F. Lotte, G. Gibert, M. Congedo, E. Maby, V. Delannoy, O. Bertrand and A. Lécuyer, “OpenViBE: An Open-Source
Software Platform to Design, Test, and Use Brain-Computer Interfaces in Real and Virtual Environments,” Presence
Teleoperators Virtual Environ., vol. 19, no. 1, 2010, pp- 35-53.

[58] R. K. W. Ali Bashashati, Mehrdad Fatourechi and and G. E. Birch, “A survey of signal processing algorithms in brain-
computer interfaces based on electrical brain signals,” J. Neural Eng., vol. 4, no. 2, 2007, pp. 1-68.

© 2019,IRJET | ImpactFactorvalue:7.211 | 1S09001:2008 Certified Journal | Page 1026



\// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
RJET Volume: 06 Issue: 05 | May 2019 www.irjet.net p-ISSN: 2395-0072

[59] E.Bullmore and O. Sporns, “Complex brain networks: graph theoretical analysis of structural and functional systems,” Nat.
Publ. Gr., vol. 10, no. 3, 2009, pp. 186-198.

[60] P.D.Welch, “The Use of Fast Fourier Transform for the Estimation of Power Spectra: A Method Based on Time Averaging
Over Short, Modified Periodograms,” IEEE Trans. Audio Electroacoust.,, vol. 15, no. 2, 1967, pp. 70-73.

[61] F.Lotte, M. Congedo, A. Lécuyer, F. Lamarche, and B. Arnaldji, “A Review of Classification Algorithms for EEG-based Brain -
Computer Interfaces,” J. Neural Eng., vol. 4, no. 2, 2007, pp. 24-48.

[62] G.N.Garcia, T. Ebrahimi, and]. M. Vesin, “Support vector EEG classification in the Fourier and time-frequency correlation
domains,” in International IEEE/EMBS Conference on Neural Engineering, NER, 2003, pp. 591-594.

[63] V.Bostanov, “BCI competition 2003 - Data sets Ib and IIb: Feature extraction from event-related brain potentials with the
continuous wavelet transform and the t-value scalogram,” IEEE Trans. Biomed. Eng., vol. 51, no. 6, 2004, pp. 1057-1061.

[64] A. Mammone, M. Turchi, and N. Cristianini, “Support vector machines,” Interface to libsvm Packag. e1071, vol. 1, no. 3,
2015, pp. 1-8.

[65] T. M. Cover, “Geometric and statistical properties of systems of linear in-equalities with applications in pattern
recognition,” IEEE Trans. Electron. Comput., vol. 14, no. 3, 1965, pp. 326.

[66] D.Garrett, D. A. Peterson, C. W. Anderson, and M. H. Thaut, “Comparison of linear, nonlinear, and feature selection methods
for EEG signal classification,” IEEE Trans. Neural Syst. Rehabil. Eng., vol. 11, no. 2, 2003, pp. 141-144.

[67] B.Blankertz, G. Curio, and K.-R. Miiller, “Classifying single trial EEG: Towards brain computer interfacing,” Adv. Neural Inf.
Process. Syst., vol. 1, 2002, pp. 157-164.

[68] ]J. H. Friedman, “On Bias, Variance, 0/1—Loss, and the Curse-of-Dimensionality,” Data Min. Knowl. Discov., vol. 1, no. 1,
1997, pp. 55-77.

[69] F.Cincotti, A.Scipione, A. Timperi, D. Mattia, M. G. Marciani, ]. Millan, S, Salinari, L. Bianchi, and F. Babiloni, “Comparison of
different feature classifiers for brain computer interfaces,” in International IEEE/EMBS Conference on Neural Engineering,
NER, 2003, pp. 645-647.

[70] D.Balakrishnan and S. Puthusserypady, “Multilayer perceptrons for the classification of brain computer interface data,”
Proc. IEEE 31st Annu. Northeast Bioeng. Conf. 2005, pp. 5-6.

[71] ]J. Del R. Millan, P.W. Ferrez, F. Galan, E. Lew, and R. Chavarriaga, “Non-Invasive Brain-Machine Interaction,” Int. ]. Pattern
Recognit. Artif. Intell,, vol. 22, no. 5, 2008, pp. 959-972.

[72] R.Ron-Angevin, F. Velasco-Alvarez, S. Sancha-Ros, and L. Da Silva-Sauer, “A two-class self-paced BCI to control a robot in
four directions,” IEEE Int. Conf. Rehabil. Robot, 2011, pp. 1-5.

[73] M. Gomez-Rodriguez, M. Grosse-Wentrup, J. Hill, A. Gharabaghi, B. Sché6lkopf, and J. Peters, “Towards brain-robot interfaces
in stroke rehabilitation,” IEEE Int. Conf. Rehabil. Robot., 2011.

[74] A. O. G. Barbosa, D. R. Achanccaray, and M. A. Meggiolaro, “Activation of a mobile robot through a brain computer
interface,” Proc. - IEEE Int. Conf. Robot. Autom, 2010, pp. 4815-4821.

BIOGRAPHIES

Muhammad Haziq Hasbulah
currently, a Msc. Student in
Universiti  Teknikal = Malaysia
Melaka (UTeM), Malaysia. His
current research interest is in
Modular Robotic.

Fairul Azni Jafar is currently a
lecturer at Universiti Teknikal
Malaysia Melaka, where he
conducted research in
Manufacturing Automation, Kansei
Robotics, and Mobile Robotics and
Vision.

© 2019,IRJET | ImpactFactorvalue:7.211 | 1S09001:2008 Certified Journal | Page 1027



‘,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
:’ii:]r.:f Volume: 06 Issue: 05 | May 2019 www.irjet.net p-ISSN: 2395-0072

Mohd Hisham Nordin is currently a
research fellow at London South
Bank Innovation Centre working
on Robotic and Automation project
for oil tank storage inspection.

© 2019,IRJET | ImpactFactorvalue:7.211 | 1S09001:2008 Certified Journal | Page 1028



