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ABSTRACT 

The paper presents a comprehensive survey on International 

system for EEG (Electroencephalography) signal acquisition. 

The paper also explored various neuro-imaging techniques 

and EEG based neurological phenomenon applied for the 

development of BCI systems extremely useful for able bodied 

and disabled people. From the survey it is concluded that 

P300 signal are the most appropriate signal for classifying 

brain activity using EEG imaging technique. 

Keywords: EEG (Electro-Encephalogram), Interface, Brain-

Computer Interface, neurological phenomena, P300, brain 

imaging techniques.   

1. INTRODUCTION 

The growing research interest in brain signals has resulted in a 

number of EEG-based BCI systems [7] [8] [9] [10] [12]. 

These systems recognize different brain activity patterns and 

translate them into commands that a BCI system obeys. The 

input to these systems is the electrical activities of the brain 

which is recorded, as signals, from the scalp (brain surface) 

and within the cerebral cortex. The cerebral cortex is the 

outermost layer of the brain hemisphere. The cerebral cortex 

contains the gray matter that consists of neurons that are 

responsible for controlling the muscle activities and functions 

like thinking, memory or some other forms of information 

processing. An EEG based BCI system comprises of five 

consecutive modules: The Signal Acquisition, Signal 

Processing, Feature Extraction, Classification and Command 

Generation modules [21].  

This paper describes the categorization of BCI systems in 

Section II. The signal acquisition techniques and their 

characteristic and usefulness analysis are presented in Section 

III. 

The paper also presents the different imaging techniques that 

are used to record brain activities from the cortical area of the 

brain. Being a non-invasive technique the EEG is the most 

widely used imaging technique. Apart from this it is easy to 

use, it provides time resolution in milliseconds, and it can be 

used in controlling the various electrical devices effectively. 

These properties of EEG signals have made it easier to built 

EEG based BCI systems for disabled people.  

For EEG acquisition and recording, a standard naming and 

electrode positioning system called 10-20 International system 

is widely used. Alternatively, International Standard Data Sets 

are also available. 

Section III explains the 10-20 international system for 

acquiring EEG signals in non-invasive type of BCI systems. 

These imaging techniques produce patterns of brain activities 

which depict the specific features known as neurological 

phenomena. There are various types neurological 

phenomenon that can be generated and recorded from 

different locations of the cerebral cortex of the brain. In 

Section IV enlisted different EEG based neurological 

phenomenon. The discussion is concluded in Section V. 

2. CATEOGRIZATION OF BCI 

SYSTEMS 

The types of BCI systems can be categorized as depicted in 

Figure1 and explained as following:  

1. Invasive / Non-Invasive BCI System 

The Brain Computer Interface systems are broadly 

categorized as invasive and non-invasive. In invasive type of 

BCI system, microelectrodes are implanted into the skull of 

the user’s brain. It gives high resolution signal, high signal-to-

noise ratio but causes health problems. This reduces the use of 

invasive techniques during experimentation. There are various 

invasive techniques to record the brain’s activity e.g. 

Electrocorticography (ECoG). On the hand, the non-invasive 

type of BCI system involves the recording of the brain 

electrical activity by means of placing the electrodes on the 

scalp. It gives low resolution signal with high signal-to-noise 

ratio. But these systems are easy to use and cheaper. There are 

various non-invasive techniques like Electroencephalography 

(EEG). So, EEG-based BCI systems are being widely used 

[16] [19]. 

2. Synchronous / Asynchronous BCI System 

The synchronous type of BCI system is cue based which 

means the user produces particular mental states by doing 

certain mental task in a predetermined time period. Here the 

control is system-initiated. Whereas the asynchronous type of 

BCI system is un-cue based. Here, the user is free to initiate 

any particular mental task which is considered as control 

signal. So, the control is user-initiated, not system-initiated 

[16] [19]. 

3. Universal / Individual BCI System 

In universal BCI systems, the EEG data is collected from 

various users to find features and classification method which 

is suitable for every user. In individual BCI system the EEG 

data is collected from individual user keeping in mind that no 

two individuals are same. So, every BCI system is different 

Therefore, this type of BCI system is different with different 

users [16] [19]. 
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INVASIVE / NON- 

INVASIVE

 

Figure1: Types of BCI Systems 

4. Offline / Online BCI System 

In offline BCI system the EEG signals are recorded as in 

online BCI using more electrodes. These recorded EEG 

signals are stored and used later to develop the BCI systems 

or for actual BCI research.  Where, the online BCI systems 

are the actual real-time working systems which provide 

feedback for the user. This is not possible in the offline BCIs 

systems [16] [19]. 

5. Imagery / Mental Task BCI System 

The imagery BCI systems are from the user’s point of view 

i.e. according to the kind of imagery task the users are 

required to perform like motor imagery. Mental tasks BCI 

system involves arithmetic task like visual counting task and 

visual task like Geometric figure rotation etc [16] [19]. 

6. Exogenous / Endogenous BCI System 

The Exogenous BCI systems are evoked that is dependent on 

stimulus which requires minimal training whereas the 

Endogenous BCI Systems are self-generated that is 

independent of stimulus for e.g. cursor control applications 

[16] [19]. 

3. NEURO IMAGING TECHNIQUES 

The brain also called the nervous system is a complex part of 

the human body. It controls the human body and performs 

various functions like cognition, perception, attention, 

memory and emotion. It consists of 100 billion neurons where 

each neuron is linked to approx. 10,000 more neurons. The 

neuron is the basic element of the brain which is electrically 

active. The main function of the neuron is to process the 

information. This activity of neuron is measurable by different 

techniques known as brain imaging techniques. These 

techniques are very useful in understanding the brain 

structure, functions, and behavior and biochemical actions of 

neurons. The neurological disorders like Alzheimer disease 

etc can also be detected using imaging techniques.        

There are number of brain imaging techniques which can be 

categorized as: structural or anatomy, functional or electro-

physiology and molecular. 

1. Structural or Anatomy neuro-imaging: to visualize the 

brain structure. 

a) X-ray: it is the first structural imaging invasive 

technique, developed in 1895. X-rays composed of 

photons are passed through the body or brain. The 

body organ’s tissue diverts and absorbs the 

photons and then these rays are passed on a silver 

halide film. When X-ray passes though the body 

organ it forms a single whole-image in which 

white color shows the solid structure e.g. bones as 

they obstruct maximum photons and grey color 

show fat, muscles and fluids and show black color 

for the areas containing air.  

b) Angiography: in this technique, a series of X-ray is 

done when a dye called radiopaque dye injected 

into the blood vessels of the brain. It is an invasive 

technique to visualize and detect the blood vessel 

blockage. When vessels outline on X-ray, shows 

white color. 

c) CT scan: CT means Computed Tomography that 

involves a series of X-rays that are passed through 

the head to obtain the different structural images 

from different angles. And these images are then 

printed on sensitive film. During a CT scan the 

patient is laid down on a table and a hollow ring 

circles around the patient’s head. This is a 

noninvasive technique that illustrate only about the 

structure of the brain, not the function. It detects 

and clearly verifies brain tumors, head injuries, 

strokes etc. 

d) Ultrasound: This is a noninvasive technique that 

uses high frequency sound waves to show the areas 

inside the body. Here, the sound waves enter the 

human body and spring back which produces the 

echoes. These echoes then produce image called 

sonogram. This technique was obsolete when 

applied on brain as it was determined that the skull 

drastically distorts the signals. But it is being 

widely used in the field of medicine science which 

deals with women’s diseases and medical 

conditions for e.g. the image of fetus in uterus and 

to detect the ovary tumors. 

e) MRI: Magnetic Resonance Imaging is a 

noninvasive technique which uses radio waves for 

detecting radio frequency signals produced in a 

powerful magnetic field. It is used to show the 

structure of the brain, not the function. MRI 

technique produces high quality 2D or 3D images 

of the patient’s body without using X-rays or any 

radioactive material [1] [3]. 

2. Functional neuro-imaging: used not only to visualize but 

also for imaging the functions of the brain. There are 

mainly two categories: hemodynamic or physiological 

and electro-magnetic technique or electrophysiological 

imaging technique. 

(i) Hemodynamic or Physiological Imaging 

Techniques: used to detect and measure the changes 

in brain metabolism. 

a) PET scan: Positron Emission Tomography is 

an invasive technique that uses radioactive 

material that is inhaled or injected into the 

blood vessels to produces 2D or 3D images of 

the brain area. The radioactive material 

comprises of oxygen, carbon, fluorine, nitrogen 

and glucose. This is injected into the blood 

vessels, with glucose and oxygen, it 

accumulates in brain areas that use it and are 

metabolically active. When this material splits, 

it produces neutrons and positrons. When a 

positron strikes a neutron, both are destroyed 

and Gamma rays are released which produces 

the image of the brain. This technique shows 
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the functional behavior of the brain as the 

radioactivity is related to brain activity. 

b) SPECT:  Single Photon Emission Computed 

Tomography imaging technique is similar to 

PET scan. Unlike PET, it uses radioisotopes 

which directly produce Gamma Rays. These 

isotopes have a longer life than those in PET. It 

is less expensive and more convenient for 

clinical use but it is less precise.  

c) fMRI: stands for Functional magnetic 

resonance imaging. It is a non-invasive 

physiological imaging technique that is used to 

measure the brain activity. fMRI detects 

changes in blood flow when the brain area 

consumes more oxygen i.e. brain is active for 

e.g. the brain is involved in mental, motor and 

cognitive tasks [1] [2]. 

(ii) Electro-Physiological or Electro-magnetic Imaging 

Techniques: used to detect and record the brain 

cell’s electrical activity directly. 

(a) EEG: means electroencephalography, a most 

commonly used noninvasive technique. Here 

the electrical brain activity is recorded by 

placing electrodes on the scalp. These caps can 

be wired or wireless. So EEG shows the 

images of electrical activity pattern formed 

from a large number of neurons in the brain.    

(b) MEG: means Magnetoencephalography that is 

used to measure the magnetic field formed by 

the brain’s electrical activity.  For detecting 

these magnetic fields highly sensitive external 

devices are used. The basic difference between 

EEG and MEG is shown in Table 1[22]: 

Table 1: Difference between EEG and MEG [22] 

EEG MEG 

Electrical Activity 

Measure 

Magnetic Activity 

Measure 

Sensitive to secondary 

current sources 

Sensitive to primary 

current sources 

Electric fields are less 

distorted 

Magnetic fields are less 

distorted 

Lower spatiotemporal 

resolution  

Higher spatiotemporal 

resolution 

Too bulky and 

expensive 

Less Expensive 

 

(c) ECoG: Electrocorticography is an invasive 

technique which is used to record or measure 

the brain electrical activity from inside the 

head by implanting electrodes directly on the 

skull, the exposed surface of brain’s cerebral 

cortex. ECoG have higher spatiotemporal 

resolution, high amplitude and low artifacts. 

(iii) Molecular Imaging Techniques: used to detect the 

biochemical activities of cells or molecules in 

human body or animals.  

The advantages and disadvantages are described in Table 2 

[4]. The brain imaging technique is a useful tool in the field of 

medical science. This enables the doctors and researchers to 

understand the structural, functional and molecular condition 

of the brain which involves detecting, recognizing, diagnosing 

and treating the diseases.  

Table 2: Brain Imaging Techniques [4] 

Technique Advantages Disadvantages 

X-ray Cheaper than 

other techniques  

Invasive, Uses 

ionizing radiation, 

harmful to body, Less 

amount of 

information 

Angiography Gives detailed 

information 

Invasive, Use X-rays 

CT scan Non-invasive, 

Short procedure 

Do not show 

functions of the 

organ, Uses x-rays 

Ultrasound Non-invasive,  

Less expensive 

Quick and 

painless 

Heavily operator-

dependent 

MRI Non-invasive, 

painless, No use 

of  X-rays or 

radioactive 

material  

Expensive, Do not 

show functions of the 

organ, Not applicable 

for the patients with 

metallic devices, like 

pacemakers. 

PET scan Shows brain 

functions  

Expensive, Invasive 

SPECT Less Expensive Invasive,  Limited 

resolution 

fMRI Non-invasive, 

Shows excellent 

resolution of 

brain activity 

Expensive, Lengthy 

procedure, Not 

applicable for the 

patients with metallic 

devices, like 

pacemakers 

EEG Non-invasive, 

Inexpensive 

No images, only 

brainwaves, Poor 

resolution 

MEG Non-invasive Expensive, Poor 

availability 

ECoG Good resolution Invasive 

 

3.1 Signal Acquisition using 10-20 

International System 

In non-invasive type EEG based BCI systems, the EEG 

signals are acquired by placing the electrodes directly on the 

scalp. A standard naming and electrode positioning design 

called 10-20 International system is available. In this design, 

“10” and “20” means that the distance between the contiguous 

electrodes placed on the skull is either 10% or 20% of the 

front-to-back or right-to-left total distance of the skull as 

depicted in Figure2. 

http://en.wikipedia.org/wiki/Cerebral_cortex
http://en.wikipedia.org/wiki/Cerebral_cortex
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Figure2: 10-20 International System 

Each position of electrode is represented as a letter to identify 

the lobe and a number to identify the hemisphere location.  

The letters ‘F’, ‘T’, ‘C’, ‘P’ and ‘O’ are known as Frontal, 

Temporal, Central, Parietal and Occipital lobes as shown in 

Figure3. The function of each lobe is defined in Table3. Here 

‘C’ is merely used for identification purpose and “Cz’ of ‘Z’ 

depicts zero, an electrode placed on the midline.  

Table3: Functions of Letter Electrode 

Electrode 

Position 

(depicted by 

letter) 

Function 

C3 To stimulate the primary motor 

cortex and to activate muscles on 

the right side of the body 

C4 To activate muscles on the left side 

of the body 

CPz To stimulate SSEP activity in 

primary sensory cortex and to 

activate lower boundary activity 

CP3 To stimulate SSEP activity in 

primary sensory cortex and to 

activate upper boundary activity 

Cp4 To activate left upper boundary 

activity 

FPz Used as a reference electrode in 

SSEPs 

 

The letters ‘A1’ and ‘A2’ are two pre-auricular notches which 

are frontal to the ear location and posterior to the hair as at the 

top of a sideburn. The letter ‘FP’ is Prefrontal point on the 

skull. In Figure2 the even numbers 2,4,6,8 and odd numbers 

1,3,5,7 are referred to an electrode positions on the right and 

left hemisphere respectively. There are also two more 

anatomy points: the Nasion, point between the forehead and 

the nose and another is the Inion, lowest point from the back 

of the head (indicated as prominent bump) on the skull.  

FRONTAL 
POLE (FP)

FRONTAL (F)

CENTRAL (C)

PARIETAL (P)

TEM
PORAL 
(T)

TE
M

PO
RA

L 
(T

)

LEFT 
HEMISPHERE 

(ODD 
NUMBERS)

RIGHT 
HEMISPHERE 

(EVEN 
NUMBERS)

OCCIPITAL 
(O)

 
Figure3: Brain Lobes 

Calculating the Electrode Positioning 

The electrode positions in 10-20 International system are 

calculated as depicted in Figure4 and explained as following: 

The first step is to calculate Cz i.e. reference electrode. 

Firstly, measure the z-line means a line started from the 

Nasion, bridge of the nose to the Inion, base of the skull. This 

distance is measured in centimeters. Let’s say the distance 

measured is 32 cm. Now divide the z-line by half i.e. 16 cm. 

Secondly, obtain c-line means distance from the left pre-

auricular notch to a point at the right pre-auricular notch. 

Measure the distance let’s say distance is 34cm. Divide the c-

line by half i.e. 17cm. Finally, to obtain Cz i.e. reference 

electrode, mark a line at the half way point of the c-line say 

17cm that transacts the half way point of the z-line. Therefore, 

Cz is the reference electrode obtained by the intersection of 

the half way point of c-line and z-line. 

The second step is to obtain the placement positions of other 

electrodes. Divide the c-line into 10% or 20% segments for 

e.g. 10% of 34 = 3.4 cm and with respect to the reference 

electrode Cz, obtain the other positions on c-line laterally in 

3.4 cm increments. Also locate FPz electrode 10% posterior to 

the Nasion. 

Similarly, the z-line (Nasion to Inion) is divided into 20% 

segments for e.g. Motor Evoked Potential signals are located 

as C3, 20% to the left of reference electrode so 20% of 32 = 

6.8 cm [17]. 

LEFT 
HEMISPHERE 

(ODD 
NUMBERS)

RIGHT 
HEMISPHERE 

(EVEN 
NUMBERS)

Cz C4C3

20% (6.8 cm)

20% (6.8 cm)

10% (3.2 cm)

10% (3.2 cm)
CP3

CPz
CP4

10% (3.2 cm)

10% (3.2 cm)

Z-LINE DISTANCE 
(32 cm)

C-LINE DISTANCE 
(34 cm)

 

Figure4: Electrode Position Calculations 
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The signal acquisition using 10-20 international system is 

illustrated in Table4. The characteristic and usefulness of 

various BCI systems are compared. The characteristics are 

electrode placement, sampling rate, filtering range, and 

feature extraction and classification methods.   

4. EEG BASED NEUROLOGICAL 

PHENOMENON 

The neurological phenomenon are the control signals in BCI 

systems that represents the specific features of the brain 

activity recorded from the cortical area of the brain as 

depicted in Figure5. The brain also called the central nervous 

system consists of three main parts: cerebellum, cerebrum and 

spinal cord. The first part is cerebellum, the largest part of 

brain behind the brain stem and below the cerebral cortex or 

cerebrum. It has two hemispheres like cerebrum. It is also 

known as “little brain” which receives the information from, 

nerves, ear, and eyes and organizes this complex brain 

information. The main functions of cerebellum include the 

coordination and control of muscle movements, thus 

responsible for maintaining balance and equilibrium [19] [20]. 

The second part is cerebrum, the largest part of the brain 

divided into two hemispheres: left and right hemisphere. The 

outer layer of cerebrum is called cerebral cortex (grey matter) 

consists of an array of neurons and inner layer i.e. white 

matter beneath of grey matter, consists of axons that are 

connected to different parts of grey matter. The cerebrum is 

divided into four lobes: Temporal, Occipital, Parietal and 

Frontal Lobes. The function of each lobe is described in 

Table5 [18] and function of the cortical areas of the brain is 

described in Table6 [18] [19]. 

Brain Lobes

Frontal Lobe
Parietal 

Lobe

Occipital Lobe (SSVEP, 

VEP)
Broca’s Area

Temporal 

Lobe

Brain Stem

Cerebellum

Wernicke’s 

area

Primary 

Motor 

Cortex 

(MRP)

Primary Sensory 

Cortex (Mu and Beta 

wave)

Primary Visual Cortex 

(P300)
Primary Auditory Cortex 

Association 

Cortex

Primary 

Cortex

Posterior Parietal 

Cortex (CT)

  

Figure5: Cortical Area of the Brain 

The basic structural difference between cerebellum and 

cerebrum is the numbers of grey matter layers. Cerebellum 

has only 3 layers and cerebrum has 6 layers of neuronal cells 

in its cortex. 

The third part is brainstem, the lower region that forms the 

base of the brain. It connects the cerebrum i.e. cerebral cortex 

through the white matter to the spinal cord. The main 

functions of brainstem are to control the blood pressure and 

circulation, breathing, digestion, heart rate, sleep etc [20]. 

 

 

 

  Table 5: Functions of Brain Lobes [18]  

Lobes Function 

Occipital  Vision e.g. Object and Pattern Recognition 

Parietal  Somatosensory information e.g. kinesthesis 

and body awareness, Association and 

Attention, orientation, recognition, stimuli 

Frontal  Higher order functions e.g. Memory and 

Emotions,  planning, thinking, worrying, 

reasoning, planning, emotions, speech, and 

movements 

Temporal   Speech center/ Auditory processing center, 

memory, speech, auditory stimuli, and 

perception and recognition 

 

Table6: Functions of the cortical areas of the brain [18] 

[19] 

Brain Parts Function 

Broca’s Area Speech centre responsible for 

speech production and 

articulation 

Wernicke’s Area Language Compression 

Primary Visual 

Cortex 

Processing of complex visual 

information e.g. P300 

Primary sensory 

Cortex 

Receives tactile information 

from the body e.g. MRP 

Primary Motor 

Cortex 

Initiation of voluntary 

movement (MRP) 

Prefrontal 

Cortex 

Problem solving, emotion, 

complex thought 

Association 

Cortex 

Handles the Complex auditory 

information 

Auditory Cortex Detection of sound quality, 

loudness tone 

 

An electroencephalography (EEG) is an electro-neurological 

noninvasive brain imaging technique which is used to record 

the electrical activity of the brain. The EEG is first recorded 

by Hans Berger in 1924.  This electrical activity is generated 

by billions of neurons. The combined electrical activity of 

millions of neurons i.e. EEG can be measured by placing 

electrodes on the scalp. The EEG signals are measured in 

microvolt (µV) of approx. amplitude 10-500 µV and 

frequency from 0 to 40 Hz. 

The neurological phenomenon of EEG signal is classified into 

three categories [19]: 

a. Rhythmic brain activity 

b. Event-related potentials (ERPs) 

c. Event-related de-synchronization (ERD) and event-

related synchronization (ERS). 
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a. Rhythmic brain activity 

The EEG signal is further categorized into, depending on the 

frequency ranges, Delta (δ), Theta (θ), Alpha (α), Mu (µ), 

Beta (β) and Gamma (γ) as shown in Figure6. The other 

properties of these brain waves are described in Table7 [18]. 

Table7: Properties of Brain Waves 

Brain 

Wave 

Frequen

cy 

Range 

(Hz) 

Amplitu

de (µV) 

Activity Brain 

Location 

Delta Less 

than 4Hz 

More 

than 30 

 during 

sleeping 

Central 

cerebrum 

and 

parietal 

lobes 

Theta 4-8 Hz More 

than 20 

during 

sleepines

s or 

tiredness 

frontal, 

parietal and 

temporal 

regions 

Alpha 8-14 Hz Between 

30 to 50 

during 

relaxatio

n mode 

like 

closed 

eyes 

occipital 

and parietal 

regions 

Mu 10-12 

Hz 

More 

than 50 

during 

performi

ng 

moveme

nts 

motor and 

somatosens

ory 

cortex 

Beta 14-30 

Hz 

Between 

5 to 30 

during 

intensive 

work or 

thinking 

parietal and 

frontal 

regions 

of the scalp 

Gam

ma 

More 

than 30 

Hz 

More 

than 50 

during 

recogniti

on of 

images, 

sounds 

or 

objects 

sensory 

stimulation 

 

b. Event-related potentials (ERPs) 

Any potential change in the EEG signal that occurs due to a 

stimulus or an event is referred to as an Event-related 

potential (ERPs). But it is very hard to know about the nature 

of signal as the changes are very small. The solution is to 

average the EEG signals over many repetitions which will 

take out “random” fluctuations that are not stimulus-locked. 

Event-related potentials can be classified into exogenous ERP 

and endogenous ERP as discussed in Table8. 

 

Delta 

Theta

Alpha

Mu

Beta

Gamma

 

Figure6: Brain Waves [18] 

c. Event-related potentials (ERPs) 

Any potential change in the EEG signal that occurs due to a 

stimulus or an event is referred to as an Event-related 

potential (ERPs). But it is very hard to know about the nature 

of signal as the changes are very small. The solution is to 

average the EEG signals over many repetitions which will 

take out “random” fluctuations that are not stimulus-locked. 

Event-related potentials can be classified into exogenous ERP 

and endogenous ERP as discussed in Table8. 

Table8: Exogenous and Endogenous ERP 

Exogenous ERP Endogenous ERP 

Occur up to 100 ms, 

after the stimulus begins 

Occur 100 ms 

onwards 

Depend on physical 

processes like loudness, 

intensity, temperature. 

Depend on 

psychological and 

behavioral processes 

like related to an 

event. 

 

The Event potential (EPs) is a subset of the ERPs. The most 

suitable example of ERP is P300.  This signal is positive 

deflection about 300 ms after the occurrence of stimulus. This 

amplitude gives information about how the person is 

categorizing the stimuli. The various BCI applications have 

been developed that assist the disabled people like providing 

them means of communication such as Thought Translation 

Device [23]. Also, the P300-based BCI is developed for 

motor-impaired patient, which handled real time applications 

like the motion of a cursor on a graphical interface [24]. The 

reliability and the performance of P300-based BCI system is 

also tested [25]. A P300-based event related potential (ERP) 

BCI system is designed for the application of word speller. 

The system directly classifies EEG using ensemble learning, 

the boosting of weak classifiers. The proposed technique 

greatly outperforms the supervised classification models [26]. 

Thus, a P300 based BCI systems are more useful for the 

disabled people to control devices using only thoughts like 

wheelchair control, mouse cursor control, etc. Other useful 

applications include areas like military, medical, 
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entertainment like video gaming, virtual reality and robotic 

control. 

c. Event-related de-synchronization (ERD) and 

Event-related synchronization (ERS) 

The Event-related de-synchronization (ERD) is amplitude 

attenuation and Event-related synchronization (ERS) is an 

amplitude enhancement of a certain EEG rhythm. To measure 

an ERS or ERD, the power of a certain frequency band (for 

example, 8-12 Hz) is calculated before and after certain 

“event” over a number of EEG trials. The events can be 

placed externally like light stimulus or internally like finger 

movement. The power is basically the averaged over a 

number of trials of EEG signal which calculated in percentage 

relative to the power of the reference interval [18] [19].  

The reference interval is defined, for example, as 1 second 

interval between 4.5 and 3.5 seconds before the event (i.e. 

during the rest). The ERS is the power increase (in percents) 

and the ERD is the power decrease relative to the reference 

interval (which is defined as 100 %). To keep the power at the 

reference interval at the resting level, the interval between two 

consecutive Events should be random and not shorter than a 

few seconds.  

The strengths of the EEG signal are [19]: 

1. EEG can measure amplitude 

2. EEG has very high temporal resolution (typically 2 

ms) i.e. high time resolution (in milliseconds) 

3. Speed of processing 

4. EEG signals can be used in many ways: ERP, 

Frequency, Time/Frequency 

5. EEG can provide spatial information 

Therefore, EEG is best suited to hypotheses about time and 

frequency. And due to following reasons EEG based BCI 

systems are extremely useful for disabled people.  

1. It is a noninvasive 

2. Simple and convenient to use 

3. More precise [18] 

The previously discussed exogenous (evoked) and 

endogenous (self-generated) neurological phenomenon has 

found vehement used in a variety of EEG neuro-imaging 

techniques. Table9 below interrelate the various neurological 

phenomenon of EEG neuro-imaging technique from the 

various cortical areas of the brain and the type of BCI system.  

5. CONCLUSION AND FUTURE SCOPE 

The majority of non-invasive type of BCI systems relies on a 

common and popular neuro-imaging technique known as 

electroencephalography (EEG). This paper critically analyzes 

the varied neurological phenomenon of EEG signals used in 

developing BCI systems. The well-known and most popular 

type of EEG’s neurological phenomenon is P300. The P300 is 

endogenous ERP which seen only when the person is actively 

keeping track of the stimulus so it also gives information 

about what they are paying attention to, which makes it useful 

for BCI applications [18]. Based on the discussion in section 

IV, it is concluded that the P300 ERP signal is most suitable 

signal for BCI systems.  

The future research shall be directed towards developing P300 

based BCI system to provide enhanced services to able bodied 

and disabled persons. Here the acquisition of the P300 signals 

is beyond the scope. So, the international standard data sets 

will be used for the research that is freely available.   

The aim of the future research will be to develop a system to 

translate the brain signal into a device control command to 

assist the unblessed physically and mentally challenged 

persons. The brain signal to command translation is a 

challenging task as it requires the discovery of knowledge 

embedded in EEG signals, and classify an unknown signal 

into a discovered signal class that the said system will 

interpret into a device control signal. 

 

 

Table4: Signal Acquisition using 10-20 International System 

S.

No

. 

Electrodes 

Sampling 

Rate/ 

Sampling 

Frequency 

(Digitized) 

Filtering 

Frequency 

Range 

Feature Extraction 

Method 
Classifier Research Work Year 

Re

f 

1 F3,Fz,F4,Fc1
,Fc2, 

C3,Cz,C4,Cp

1,Cp2,Pz,P3,
P4,Po3,Po4 

 128 Hz  50 Hz  Stationary CSP 
method 

 Support Vector 
Machine 

classifier with a 

Radial Basis 
Function (RBF) 

kernel 

An adaptive feature 
extractor is developed to 

classify time-varying 

electroencephalographic 
(EEG) signals 

2006 5 

2  (F3, F7, 

C3A, C1, 
C3, C5, T3, 

C3P, P3, T5, 

F4, F8, C4A, 
C2, 

C4, C6, T4, 
C4P, P4, T6, 

FPZ, FZ, 

FCZ, CZ, 
CZP, PZ and 

OZ) 

250 Hz  0.1-100 Hz  Genetic algorithm 

with 
Mahalanobis linear 

distance (MLD) 

classifier was applied 
for feature evaluation 

 GA-MLD, 

Decision 
tree classifier 

(DTC), and 

Support vector 
machine (SVM) 

 proposed brain-computer 

interface (BCI) provided a 
new practical multi-

dimensional method by 

noninvasive EEG signal 
associated with human 

natural behavior, which 
does not need long-term 

training 

2009 7 

3  16 active 

electrodes 

256 Hz  1-49 Hz  discrete wavelet  Support Vector 

Machine 

 EEG features susceptible 

of being used for mental 

2007 6 
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applied over 

the scalp 

according 

to the 10-20 

international 
electrode 

positioning 

system 

transform (DWT) (SVM) state classification can 

appear   

4  FP1, FP2, 

F3, F4, T7, 

T8, C3, C2, 
C4, 

CP3, CP4, 

P3, P2, P4 
and OZ 

 samples in 1 

second of 

recording 
were 

extracted 

after each 
stimulus 

onset 

 Segments 

of data 

were 
filtered 

using the 

moving 
average 

technique 

and 
decimated 

by a factor 

of 16 

 The resulting 

data segments for 

each channel selected 
were concatenated, 

creating a single 

feature vector for the 
next stage 

 Stepwise 

Linear 

Discriminant 
Analysis 

(SWLDA) 

 non-invasive brain-

actuated wheelchair that 

relies on a P300 
neurophysiological 

protocol and automated 

navigation 

2009 8 

5  Fp1, Fp2, 
F7, F3, F4, 

F8, FT7, 

FC3, FC4, 
FT8, T7, C3, 

C4, T8, TP7, 
CP3, CP4, 

TP8, P7, P3, 

P4, P8, O1 
and O2 

 500 Hz  1 and 100 
Hz 

 Spectral power of 
EEG components 

divided in the 

frequency band, 
including delta, theta, 

alpha, beta and 
gamma. After 

computing sliding-

windowed STFT 
with a time constant, 

the average value of 

each EEG spectral 
band in time series 

data over 32 channels 

on the head have 
been derived 

 Support vector 
machine (SVM) 

 An approach to recognize 
the emotion responses 

during multimedia 

presentation using the 
electroencephalogram 

(EEG) signals is proposed. 

2008 9 

6  Ag-AgCl 

electrodes 

from 2 

scalp sites of 

C3 and C4 

 1000 Hz  0.3 and 60 

Hz 

FFT  Mahalanobis 

distance 

classifier  

 The EEG-based mouse 

system is developed to 

drive the cursor’s four-

direction movement and 

may provide a new 

communication and control 
option for patients with 

severe motor disabilities 

2010 10 

7  (FC1, FCz, 
FC2, C1, Cz 

C2, CP1, 

CPz and CP2 

 1200 Hz  0 and 60 
Hz 

 Wavelet 
Transform 

 LDA-based 
classifier 

 Developed BCI based on 
electroencephalography 

that enable people with 

severe disabilities to 
control a robot arm to 

assist them in a variety of 

tasks in their daily lives 

2010 11 

8  Fp1, Fp2, 
F3, F4, F7, 

F8, T3, T4, 
T5, T6, C3, 

C4, P3, P4, 

Fz, Cz, Pz 

 1000 Hz  8 Hz to 30 
Hz 

 Auto- regress (AR) 
spectrum estimation 

model 

Linear 
Discriminant 

Analysis (LDA) 
and 

Mahalanobis 

distance (DA) 

 The on-line voting method 
is adopted for feedback 

control strategy, and the 
voting results are used to 

control the cursor 

horizontal movement 

2009 12 

9  Ag-AgCl 
electrodes 

from 2 

scalp sites of 
C3 and C4 

 1000 Hz  0.05 to 200 
Hz 

 Autoregressive (AR) 
model & Auto-

Regressive with 

exogenous input 
(ARX) 

LDA  Parametric modeling 
strategies and spectral 

analysis are explored in 

conjunction with Linear 
Discriminant Analysis to 

facilitate an EEG based 

direct-brain interface for 
use by disabled people 

2002 13 

10  C3, C4, P3, 

P4, O1 and 
O2 

 250Hz  0.1-100Hz  Sum of Weighted 

Power Spectrum 

 Fisher’s linear 

discriminant 

 To analyze each 10Hz-

wide sub band’s 
contribution to 

classification between 

different mental tasks 

2005 14 
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Table9: EEG based Neurological Phenomenon 

S.No. 
Neurological 

Phenomenon 
Cortical Area of Brain 

Type of BCI 

System 
Ref 

1 ERP  sensorimotor cortices Non-invasive 5 

2  Event-related 

desynchronization (ERD) 

and post-movement 

event-related 

synchronization (ERS) 

ERD in both alpha and beta bands from 

10-30 Hz was observed over motor area 

contralateral to the hand moved. ERS was 

mainly observed in the beta band centered 

around 20 Hz 

over the contralateral motor area  

Online 7 

3  μ or β rhythms  sensorimotor area Real-time 

synchronous  

6 

4  P300 visually evoked 

potential 

 sensorimotor area Non-invasive 8 

5  alpha rhythm  sensorimotor area Non-invasive 9 

6  mu rhythm  sensorimotor cortex Non-invasive 10 

7 MRP  motor cortex of the brain Non-invasive/  

Mental Task 

BCI System 

11 

8  ERD/ERS  motor imagery  real-time BCI 

system 

12 

9  P300 visually evoked 

potential  

 sensorimotor area  real-time BCI 

system 

13 

10  Gamma EEG signals  sensorimotor area Mental Task 

BCI 

14 
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