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ABSTRACT Lack of communication causes problems for patients with neurodegenerative diseases, so the
need for alternative methods is required to convey their thoughts with caretakers, friends, and family
members. Brain–computer interface (BCI) is a device to control external devices by using mental thoughts
without any other muscle movements to improve the communication quality for the disabled individual
without any other help. The techniques of measuring electrical signal around the scalp during some activities
by using electrodes are called electroencephalogram (EEG). By combining these two technologies together
to form a brain–computer interaction, this helps the paralyzed individual to communicate with others to share
the thoughts. In this paper, we deal with the history of EEG, electrode placements with measurements, and
signal ranges, and also further discussed some of the prominent studies completed in designing BCI using
EEG. This helps the new researchers to know the EEG measurement and position completely and paved the
new way to create EEG-based interface research.

INDEX TERMS Electroencephalogram, spinal cord injury, locked in state, artificial neural network, brain
computer interface, support vector machine, linear discriminate analysis, power spectral density.

I. INTRODUCTION

The history of EEG started from 1875 by Richard Canton
fromLiverpool, he found the electrical activity in animals like
dog and rabbit’s cerebral position of the brain. In 1890 the
scientist named Adolf Beck noted the electrical action of the
brain by directly placing the electrodes on the brain surface
of the animals. From this study he identified and concluded
electrical activity in the brain causes continuous brain waves
for all the action performance. Using these waves he classi-
fied that different patterns were obtained for different tasks.
In 1912 the physiologist named Neminsky identified and
published the EEG based evoked potential for dog. Through
the continuous study, in 1914 Cybulski and Jelenska pho-
tographed the EEG signal with seizure while recording.
During 1924 German Psychiatrist named Hans Berger

first record the human EEG signal and paved the way to
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analyze the brain activity for human beings. Through this
new invention remarkable events were took placed in the
field of neurology, neuroscience and behaviors. In 1934 the
scientists Edgar andMatthews developed the EEG devices for
acquiring the EEG signals. In the same year the physiologist
Fisher and LowenBack identified spikes in EEG signal and
first EEG laboratory was opened at Boston for further study.

During the 1940 the biophysics professor fromNorthWest-
ern University named as Franklin Offiner developed an EEG
prototype model to detect the brain waves during the action.
In 1950 William Grey Walter developed EEG topography to
map the electrical activity around the scalp. This technique
gave path for Neurologist and researchers to identify the brain
signal records. During 1990 EEG signals collected from the
brain signals were converted to thoughts with the help of
Brain Computer Interface (BCI) and EEG [1]–[7]. By using
this method we can able to manage the devices like mouse,
wheelchair, keyboard and home appliances etc.
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II. ELECTRODE PLACEMENT AND POSITION

10-20 International electrode standards is followed to posi-
tion the electrodes for acquiring EEG signals from Nasion
to Inion and other measurements from one ear to the end
of the other ear (Normally from pre auricular or mastoid)
for all different subjects. 10-20 electrode system is nothing
but distance among neighboring electrodes are either 10% or
20% of the total front and back or right to left distance of the
scalp shown in fig.1.

FIGURE 1. 10-20 electrode placements with pre-auricular setup.

Electrode positions are classified in to six landmarks, they
are Frontal (F), Pre-frontal (Pf), Parietal (P), Temporal (T),
Central (C) and Occipital (O) represented in the fig.1. All
the odd number electrodes (FP1, F7, T3, T5, O1, C3, F3,
P3) are present in left side of the scalp at the intervals of
(5%, 10%, 10%, 10%, 5%, 20%, 25%, 25%) from midline
and even number electrodes are present in the right side of
the scalp at the intervals of (5%, 10%, 10%,10%, 10%, 25%,
20%, 25%) from the midline. The electrode position in the
midline (FPZ, FZ, CZ, PZ, and OZ) with interval of (10%,
20%, 20%, 10%, 10%) [8].

A. EEG POSITION MEASUREMENT STEPS

Step1: Take a measuring tape. Measure over from Nasion to
Inion and note down the length. This is shown in the fig.2

FIGURE 2. Nasion to inion measurement.

Step2:Mark 50% of the total length and named as Cz. This
is shown in the fig.3.

FIGURE 3. Cz placement.

Step3:Mark 10% up from Nasion and 10% from Inion and
named as Fpz and Oz. This is shown in the fig.4

FIGURE 4. Fpz and Oz placement.

Step4: From Fpz and Cz mark 20% on up and downside
and named as Fz and Pz. This is shown in the fig.5
Step5:Measure the total distance between left pre auricular

and right pre auricular of the ear to identify the total length.
This is shown in the fig.6
Step6: From the left pre auricular and right pre auricular

mark 10% from left to right and right to left and named as
T3 and T4. This is shown in the fig.7.
Step7: From the first track position, T3 to Cz and T4 to Cz

measure and mark 20% from left to right and right to left and
named as C3 and C4. This is shown in fig.8.
Step8: Mark 5% from Oz on both left and right side and

named as O1 and O2 and mark 5% from Fpz on both left and
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FIGURE 5. Fz and Pz placement.

FIGURE 6. Distance between left pre auricular and right pre auricular.

FIGURE 7. T3 and T4 placement.

FIGURE 8. C3 and C4 placement.

right side and named as Fp1 and Fp2. This is shown in the
fig.9
Step9: From the position Fp1 and Fp2 mark down 10% and

named as F7 and F8 and measure the total distance between
F7 to F8. This is shown in the fig.10.

FIGURE 9. O1,O2, Fp1 and Fp2 placement.

FIGURE 10. F7 and F8 placement.

Step10: From the step9 measure the half of the total dis-
tance between F7 and F8 and named as Fz. This measurement
is shown in fig.11.

FIGURE 11. Fz placement.

Step11: Next measure the distance between F7 to Fz and
F8 to Fz and mark half of the distance and named as F3 and
F4.To confirm the F3 and F4 position mark down 20% from
Fp1and Fp3, the intersected point F3 and F4 are present. This
cross measurements shows that marked positions are true
which is shown in the fig.12.

36382 VOLUME 7, 2019



X. Wan et al.: Review on EEG-Based BCI for Elderly Disabled

FIGURE 12. F3, F4 placement.

Step12: To confirm the marked position mark half distance
from total distance between Fp1 to O1 and Fp2 to O2, C3 and
C4 are present. This is shown in the fig.13.

FIGURE 13. C3, C4 placement confirmation.

Step13: From the position T3 and T4 mark down 10% and
named as T5 and T6 which is shown in fig.14.

FIGURE 14. T5, T6 placement.

Step14: From the Inion to Nasion measure and mark 10%
above and named as Oz. From Oz measure and mark 25%
above and named as Pz. To confirm the exact Pz position
measure the distance between T5 to T6 and mark the half
of the total distance. This cross measurements shows that
marked positions are true which is shown in the fig.15.
Step15: From the position T5 to Pz and T6 to Pz measure

and mark 25% and named as P3 and P4 position. This is
shown in fig.16.

FIGURE 15. Pz placement.

FIGURE 16. P3, P4 placement.

III. EEG RECORDING

During the EEG recording electrodes were placed separately
in the scalp by 10-20% international standards of the human
head using conductive gel or sometimes subjects were asked
to wear the electrode cap, its depend up on the research
shown in fig.17. Each and every electrode connected to a bio
amplifier for EEG recording. Now an activity performed by
the human was converted to electrical signal and pass through
the electrode and reaches the bio amplifier or differential
amplifier.

FIGURE 17. Electrode cap.
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Filters were designed inside the amplifier to filter both high
pass as well as low pass signals. Filtered amplified Signals
were enter in to the personal computer through serial port.
Signals from the brain activity were converted in to wave
forms on screen with the help of chart (eg.ADILabchart)
which is displayed in the personal computer or laptop. During
the signal acquisition EEG need sound proof room for its
recordings [8].

A. EEG SIGNAL RANGES AND BEHAVIORS

Normally EEG signals were differentiated into six cate-
gories depends upon the frequency levels shown in the
Table.1 [9]–[15] and fig.18. EEG analyzes the activities in
the form of waves. Using this wave pattern we can able to
analyze the brain disorder associated with the human beings.
By analyzing the signal variance, we can able to find some of
the brain oriented disorders like epilepsy, Strokes, neurode-
generative diseases, Sleep disorders, brain dysfunction etc.

TABLE 1. EEG signal ranges and behaviors.

IV. ARTIFACTS

Artifacts are nothing but unwanted activities during signal
acquisition andmake the noisy signal or the signal acquisition
is not from the cerebral origin of the scalp area is called
artifact. Generally artifacts were classified into twomajor cat-
egories termed as physiologic and extra-physiologic artifacts.
Physiologic artifacts were raised from human body excluding
the brain and Extra-physiologic artifacts were raised from
outer surface of the body [16]–[21]. Some of the common
physiologic and extra-physiologic artifacts were added with
EEG signal during the acquisition, they are:

i. Bad electrode Position,
ii. Poor Ground Electrode
iii. Not clean properly
iv. Eye blink
v. Electrode impedance
vi. Equipment Problem

FIGURE 18. Different types of EEG waves.

vii. Power Line Interference
viii. Ocular Artifacts
ix. Cardiac Artifacts
x. The Muscle Disturbances

V. BACKGROUND STUDY

There were several studies related to EEG based BCI had
been developed to overcome the problem for disabled indi-
viduals. Some of them work carried out in this area were
listed below. Pascual et al. [42] designed BCI to operate
the upper-limb neuroprosthesis using non-invasive motor
imagery tasks. To identify the performance of the sys-
tem, single trail analysis was conducted for two tasks and
obtained the accuracy of 80% for the following tasks [22].
Reshmi and Amal [41] established wheelchair controller
using EEG signals for five motor imagery states using SVM
classifier with wavelet technique. The control signals are
passed towards ATMEGA 328 microcontroller to govern the
wheelchair movements [23]. Aznan and Yang [39] developed
BCI controller using common spatial pattern with Radial
Basis Function classifier. Obtained result was compared with
Fisher Linear Discriminant Analysis to analyze the bet-
ter classifier for motor imagery tasks to move the exter-
nal devices [24]. Kim et al. [40] created EEG controlled
wheelchair for five motor imagery tasks using common spa-
tial pattern with linear discriminant analysis to move the
wheelchair on the multi pathway [25]. Sarmiento et al. [38]
created EEG based automatic vowel recognition system for
amputated individuals using Support Vector Machine (SVM)
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and Power Spectral Density (PSD) and acquired the classifi-
cation precision of 84% to 94% [26].
Tan et al. [35] modeled BCI controller to determine the

familiar and unfamiliar Images using band power method
and Support Vector Machine (SVM) from seven subjects and
obtained the average accuracy of 70.71% [27]. Aydemir [37]
developed wheelchair system using modern feature extrac-
tion techniques with different classifiers and obtained the
classification accuracy of 69.08%. Compared with previous
experiment results, this study showed encouraged perfor-
mance with good accuracy [28]. Fan et al. [36] created EEG
based BCI for neuro-developmental disorder to determine
the Autism Spectrum Disorder using 14-channel EEG neuro-
headset. Seven different classifiers and obtained the 75%
accuracy for classifying emotional states and 80% accuracy
for mental tasks [29].
Pan et al. [34] developed EEG based BCI to detect the

emotions using SVM and Common Spatial pattern to recog-
nizing the emotional tasks like happiness and sadness from
six subjects. Extracted signals were applied using specific
frequency bands and fixed frequency bands. The study proves
that subject-specific frequency band performance was high
with average classification accuracy of 74.17% compared
with fixed frequency bands [30]. Smitha et al. [33] designed a
EEGbasedBCI to recognize the familiar and unfamiliar voice
using continuous wavelet transform and Linear Discriminant
Analysis for eight subjects and obtained classification accu-
racy of 72.2% for familiar and unfamiliar voices[31].
Huang et al. [31] developed EEG based wheelchair con-

troller for two states using LABVIEW to enhance the qual-
ity of disabled patients and obtained the accuracy of 60%
and 70% for motor imagery tasks like right and left [32].
Mohammadi and Mosavi [28] modeled the wheelchair for
the disabled person to overcome the communication prob-
lem using Filter Bank Common Spatial Pattern with Naive
Bayesian classifier and Mutual Information (MI) algorithm
to translate the human thoughts to control signals [33].
Rajesh and Mantur [30] proposed automatic controlled
wheelchair for quadriplegia and locked in state patients using
EEG and EOG methods. Deep learning network method
was used to categories the tasks and obtained the accuracy
of 99% for one task [34]. AlQattan and Sepulveda [32]
developed EEG based BCI to recognize the American Sign
Language for speech disabled using SVM and LDA with
Entropy method to determine the accuracy of the system and
obtained the accuracy of 75% through the assist of the brain
signals [35]. Liu et al. [29] developed realistic rehabilitative
device with EEG technique and motor imagery tasks for ALS
and SCI patients using Power Spectral Density and linear
discriminate analysis and obtained the classification accuracy
of 0.67±0.07 [36].
Nguyen et.al. [25] created EEG supported audio speller

using energy features and Support Vector Machine for three
states and obtained the accuracy of 93.8% with average
spelling rate of five letters per minute [37]. Han and Im [22]

designed EEG-based brain-computer interface system for real
time communication for disabled person and obtained the
accuracy of 87.5% for female subjects using support vector
machine, linear discriminant analysis and Riemannian geom-
etry[38]. Pelayo et.al. [27] created robotic arm for disabled
individual using steady state visual evoked potential method
to control the servo motors directions to control the device
and obtained the classification accuracy of 85.56% to get
better the lifestyle[39].

Pinheiro et al. [23] modeled intelligent wheelchair using
motor imagery tasks for 106 subjects using mean features
with recurrent neural network and obtained the accuracy
of 74.96% for patients with Cerebrovascular Accident [40].
Dehzangi and Farooq [26] designed Brain Computer Inter-
face for patients in Intensive Care Unit affected with locked
in state using Power Spectral Density Analysis and Canoni-
cal Correlation Analysis with Steady State Visually Evoked
potential and obtained the accuracy 98.7% for ten sub-
jects [41]. Choi et al. [24] patterned auditory stimuli-based
BCI system to identify the sleepiness using frequency-band
optimization algorithms and common spatial pattern and
obtain the performance accuracy of 68.07% and 71.8%
respectively [42]. Junwei et al. [43] proposed wheelchair
control for four subjects using Radial Basis Function with
band power methods to perform online study and obtained
the classification accuracy of 92.50% [43].

VI. CONCLUSION

As per the background study we confirm that EEG was the
most excellent tool tomeasure the brain reflections. By insert-
ing electrodes on the scalp the neurologist and researchers can
able to find the brain activity in terms of wave patterns. For
measuring the EEG signal it required the following things

i. Electrode leads or electrode cap
ii. Conductive Gel
iii. Sound Proof Room
iv. Bio Amplifier with Filters
v. Personal Computer or Laptop
vi. Lab Chart or some other chart for visualizing the EEG

signals during Acquisition
vii. Trained or Untrained Subjects
viii. Other required things depends upon the study
To avoid the unknowing mistakes of the equipment one
should connect the equipment by placing electrodes on scalp
of the subject and without subject and observe the reading.
If both signals for same tasks are different confirm that
equipment is working properly. Through this study, we have
discussed the electrode position with measurement details,
EEG wave patterns and its ranges and some of the works
carried out from past five years in the field of EEG based
BCI. So this paper will give basic ideas to use the EEG
based study for the beginners. From this study we concluded
that EEG requires less training and practice. Through the
proper training we can able to achieve good result using this
technique.
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VII. FUTURE PLAN

As per the schedule of funding agency, In future we are
planned to design the Brain Computer Interface for disabled
individuals using EEG techniques.

REFERENCES

[1] E. B. Swartz, ‘‘The advantages of digital over analog recording tech-
niques,’’ Electroencephalogr. Clin. Neurophysiol., vol. 106, no. 2,
pp. 113–117, 1998.

[2] A. Coenen, F. Edward, and O. Zayachkivska, ‘‘Adolf beck: A forgotten
pioneer in electroencephalography,’’ J. Hist. Neurosci., vol. 23, no. 3,
pp. 276–286, 2014.

[3] N. Pravdich-Neminsky, ‘‘Ein versuch der registrierung der elektrischen
gehirnerscheinungen,’’ Zentralblattf Physiologie, vol. 27, pp. 951–960,
Aug. 1913.

[4] L. F. Haas, ‘‘Hans berger (1873-1941), richard caton (1842-1926), and
electroencephalography,’’ J. Neurol., Neurosurgery Psychiatry., vol. 74,
no. 1, p. 9, 2003.

[5] D. Millet, ‘‘The origins of EEG,’’ in Proc. Int. Soc. Hist. Neurosci. (ISHN),
2002.

[6] S. Bozinovski,M. Sestakov, and L. Bozinovska, ‘‘Using EEG alpha rhythm
to control a mobile robot,’’ in Proc. IEEE Annu. Conf. Med. Biol. Soc.,
Aug. 1988, pp. 1515–1516.

[7] S. Bozinovski, ‘‘Mobile robot trajectory control: From fixed rails to direct
bioelectric control,’’ in Proc. IEEE Workshop Intell. Motion Control,
May 1990, pp. 63–67.

[8] M. Teplan, ‘‘Fundamentals of EEG measurement,’’ Meas. Sci. Technol.,
vol. 2, no. 2, pp. 1–11, 2002.

[9] E. ElifKirmizi-Alsana et al., ‘‘Comparative analysis of event-related poten-
tials during Go/NoGo and CPT: Decomposition of electrophysiologi-
cal markers of response inhibition and sustained attention,’’ Brain Res.,
vol. 1104, no. 1, pp. 114–128, 2006.

[10] J. Frohlich et al., ‘‘A quantitative electrophysiological biomarker of dupli-
cation 15q11.2-q13.1 syndrome,’’ PLOS One, vol. 5, pp. 1–18, May 2016.

[11] M. A. Kisley and Z. M. Cornwell, ‘‘Gamma and beta neural activity
evoked during a sensory gating paradigm: Effects of auditory, somatosen-
sory and cross-modal stimulation,’’ Clin. Neurophysiol., vol. 117, no. 11,
pp. 2549–2563, Aug. 2006.

[12] N. Kanayama and O. Atsushi, ‘‘Crossmodal effect with rubber hand
illusion and gamma-band activity,’’ Psychophysiology, vol. 44, no. 3,
pp. 392–402, May 2007.

[13] H. Gastaut, ‘‘Electrocorticographic study of the reactivity of rolandic
rhythm,’’ Revue Neurologique, vol. 87, no. 2, pp. 176-182, 1952.

[14] L. M. Obermana, E. M. Hubbard, J. P. McCleery, E. L. Altschuler,
V. S. Ramachandrana, and J. A. Pineda, ‘‘EEG evidence for mirror neuron
dysfunction in autism spectrum disorders,’’Cogn. Brain Res., vol. 24, no. 2,
pp. 190–198, Jul. 2005.

[15] [Online]. Available: http://www.measurement.sk/2002/S2/Teplan.pdf
[16] W. Barry and G. M. Jones, ‘‘Influence of eye lid movement upon electro-

oculographic recording of vertical eye movements,’’ Aerosp. Med., vol. 36,
pp. 855–888, Sep. 1965.

[17] M. Iwasakia et al., ‘‘Effects of eyelid closure, blinks, and eye move-
ments on the electroencephalogram,’’ Clin. Neurophysiol., vol. 116, no. 4,
pp. 878–885, 2005.

[18] O. G. Lins, T. W. Picton, P. Berg, and M. Scherg, ‘‘Ocular artifacts in
EEG and event-related potentials I: Scalp topography,’’ Brain Topography,
vol. 6, no. 1, pp. 51–63, 1993.

[19] A. S. Keren, S. Yuval-Greenberg, and L. Y. Deouell , ‘‘Saccadic spike
potentials in gamma-band EEG: Characterization, detection and suppres-
sion,’’ NeuroImage, vol. 49, no. 3, pp. 2248–2263, Feb. 2010.

[20] S. Yuval-Greenberg, O. Tomer, A. S. Keren, I. Nelken, and L. Y. Deouell,
‘‘Transient Induced Gamma-Band Response in EEG as a Manifestation of
Miniature Saccades,’’ Neuron, vol. 58, no. 3, pp. 429–441, 2008.

[21] M. C. Epstein, ‘‘Introduction to EEG and evoked potentials,’’ J. Neurosci.
Res., p. 358, 1983.

[22] C.-H. Han and C.-H. Im, ‘‘EEG-based brain-computer interface for real-
time communication of patients in completely locked-in state,’’ in Proc.
IEEE Int. Conf. Brain-Comput. Interface, Jan. 2018, pp. 1–2.

[23] O. R. Pinheiro, L. R. G. Alves, and J. R. D. Souza, ‘‘EEG signals classifi-
cation: Motor imagery for driving an intelligent wheelchair,’’ IEEE Latin
Amer. Trans., vol. 16, no. 1, pp. 254–259, Jan. 2018.

[24] S.-I. Choi, G.-Y. Choi, H.-T. Lee, H.-J. Hwang, and J. Shin, ‘‘Classification
of mental arithmetic and resting-state based on Ear-EEG,’’ in Proc. IEEE-
Int. Conf. Brain-Comput. Interface (BCI), Jan. 2018, pp. 1–4.

[25] T.-H. Nguyen, D.-L. Yang, and W.-Y. Chung, ‘‘A high-rate BCI speller
based on eye-closed EEG signal,’’ IEEE Access, vol. 6, pp. 33995–34003,
2018.

[26] O. Dehzangi and M. Farooq, ‘‘Wearable brain computer interface (BCI) to
assist communication in the intensive care unit (ICU),’’ in Proc. IEEE Int.
Conf. Consum. Electron. (ICCE), Jan. 2018, pp. 1–4.

[27] P. Pelayo, H.Murthy, andK. George, ‘‘Brain-computer interface controlled
robotic arm to improve quality of life,’’ in Proc. IEEE Int. Conf. Healthcare
Inform. (ICHI), Jun. 2018, pp. 399–405.

[28] M. Mohammadi and M. R. Mosavi, ‘‘Improving the efficiency of an
EEG-based brain computer interface using filter bank common spatial
pattern,’’ in Proc. IEEE Int. Conf. Knowl.-Based Eng. Innov., Dec. 2017,
pp. 0878–0882.

[29] D. Liu, W. Chen, K. Lee, Z. Pei, and R. J. Millàn, ‘‘An EEG-based brain-
computer interface for gait training,’’ in Proc. IEEE Conf. Chin. Control

Decis. Conf., May 2017, pp. 6755–6760.
[30] A. Rajesh and M. Mantur, ‘‘Eyeball gesture controlled automatic

wheelchair using deep learning,’’ in Proc. IEEE Region Humanitarian

Technol. Conf., Dec. 2017, pp. 387–391.
[31] C.-K. Huang, Z.-W. Wang, G.-W. Chen, and C.-Y. Yang, ‘‘Development of

a smart wheelchair with dual functions: Real-time control and automated
guide,’’ in Proc. 2nd Int. Conf. Control Robot. Eng. (ICCRE), Apr. 2017,
pp. 73–76.

[32] D. AlQattan and F. Sepulveda, ‘‘Towards sign language recognition using
EEG-based motor imagery brain computer interface,’’ in Proc. 5th Int.

Winter Conf. Brain-Comput. Interface (BCI), Jan. 2017, pp. 5–8.
[33] K. G. Smitha, A. P. Vinod, and K. Mahesh, ‘‘Voice familiarity detection

using EEG-based brain-computer interface,’’ inProc. IEEE Int. Conf. Syst.,
Man, (SMC), Oct. 2016, Art. no. 001631.

[34] J. Pan, Y. Li, and J. Wang, ‘‘An EEG-based brain-computer interface
for emotion recognition,’’ in Proc. IEEE Int. Joint Conf. Neural Netw.

(IJCNN), Jul. 2016, pp. 2063–2067.
[35] Z. E. Tan, K. G. Smitha, and A. P. Vinod, ‘‘Detection of familiar and

unfamiliar images using EEG-based brain-computer interface,’’ in Proc.
IEEE Int. Conf. Syst., Man, Cybern., Oct. 2015, pp. 3152–3157.

[36] J. Fan et al., ‘‘A Step towards EEG-based brain computer interface for
autism intervention,’’ in Proc. Int. Conf. IEEE Eng. Med. Biol. Soc.,
Aug. 2015, pp. 3767–3770.

[37] O. Aydemir, ‘‘Improving classification accuracy of EEG based brain com-
puter interface signals,’’ in Proc. IEEE Int. Conf. Signal Process. Commun.
Appl. Conf. (SIU), May 2015, pp. 176–179.

[38] L. C. Sarmiento, P. Lorenzana, C. J. Cortes, W. J. Arcos, J. A. Bacca, and
A. Tovar, ‘‘Brain computer interface (BCI) with EEG signals for automatic
vowel recognition based on articulation mode,’’ in Proc. IEEE Biosignals
Biorobotics Conf. (BRC), May 2014, pp. 1–4.

[39] N. K. N. Aznan and Y.-M. Yang, ‘‘Applying Kalman filter in EEG-based
brain computer interface for motor imagery classification,’’ in Proc. IEEE
Int. Conf. ICT Converg., Oct. 2013, pp. 688–690.

[40] K.-T. Kim, T. Carlson, and S.-W. Lee, ‘‘Design of a robotic wheelchair
with a motor imagery based brain-computer interface,’’ in Proc. IEEE Int.
Winter Workshop Brain-Comput. Interface, Feb. 2013, pp. 46–48.

[41] G. Reshmi and A. Amal, ‘‘Design of a BCI System for Piloting a
Wheelchair Using Five Class MI Based EEG,’’ in Proc. IEEE Int. Conf.

Adv. Comput. Commun., Aug. 2013, pp. 25–28.
[42] J. Pascual, F. Velasco-Élvarez, K.-R. Müller, and C. Vidaurre, ‘‘First study

towards linear control of an upper-limb neuroprosthesis with an EEG-
based brain-computer interface,’’ in Proc. Annu. Int. Conf. IEEE Eng. Med.
Biol. Soc., Sep. 2012, pp. 3269–3273.

[43] L. Junwei et al., ‘‘Brain computer interface For neurodegenerative person
using electroencephalogram,’’ IEEE Access, vol. 7, pp. 2439–2452, 2019.

XIN WAN received the Ph.D. degree in manage-
ment from the Huazhong University of Science
and Technology, Wuhan, China, where she cur-
rently holds a Postdoctoral position. Her research
interests include public finance and political econ-
omy. She has published several research papers in
scholarly journals in the above research areas and
has participated in several conferences.

36386 VOLUME 7, 2019



X. Wan et al.: Review on EEG-Based BCI for Elderly Disabled

KEZHONG ZHANG received the Ph.D. degree in
economy from Wuhan University, Wuhan, China.
He is currently a Professor with theHuazhongUni-
versity of Science and Technology. His research
interests include public finance, political econ-
omy, and labor economy. He has published many
research papers in scholarly journals in the above
research areas and has participated in several
conferences.

S. RAMKUMAR received the M.C.A. degree
from Karunya University, and the M.Phil. and
Ph.D. degrees from the Karpagam Academy of
Higher Education, Coimbatore, India. He had
eight years of excellence in teaching and five
years in research. He was an Assistant professor
with the PG Department of Computer Science,
Subramanya College of Arts and Science, Palani,
and the V.S.B Engineering College, Karur, Tamil
Nadu. He is currently an Assistant Professor with

theKalasalingamAcademy of Research and Education, Krishnankoil. He has
published several papers in referred journals and conferences. He got funded
projects in funding agencies, such as DST and CSIR. He has authored
the text book Java for Beginners and Magic Book for Quantitative Apti-

tude and Reasoning (Master the Tricks in 10 days). His research interests
include biosignal processing, artificial intelligence, human–computer inter-
face, brain–computer interface, andmachine vision. He is an Editorial Board
Member and a Reviewer for several journals in India and all over the country.
He received the gold, silver, and bronze medals in national and international
exhibitions for his research products on vision and human–computer inter-
faces. He has conducted many conferences, Faculty Development Program,
Training Program, seminars, and guest lecturers for faculty and students.
He acts as a Chair Person and a Keynote Speaker in several international
conferences. He has given hands on training on MATLAB for many students
and research scholar in national seminars and also he gave many training
programs for school teachers to update the latest technologies.

J. DENY received the B.E. degree in electronics
and communication engineering from Anna Uni-
versity, in 2010, theM.Tech. degree in digital com-
munication and networks from the Kalasalingam
Academy of Research and Education, in 2012, and
the Ph.D. degree in image processing and network
security from the Bharath Institute of Higher Edu-
cation and Research, in 2017. He is currently an
IEDC Coordinator/Associate Professor with the
Department of ECE, Kalasalingam Academy of

Research and Education. He has published more than 50 research papers in
various international conferences/international journals indexed in Scopus,
SCI, and Web of Science. His research interests include image processing,
network security, and innovation techniques in entrepreneurship. He was a
member of IAENG, IACSIT, SDIWC, IAEME, CSTA, ACM, ISEEE, and
IAAM. He has been serving as an Editorial and Reviewer Board Member of
more than 30 reputed journals.

G. EMAYAVARAMBAN received the B.E. and
M.E. degrees from Anna University, and the Ph.D.
degree in EEE from the Karpagam Academy
of Higher Education, Coimbatore, India. He has
four years of excellence in research. He is cur-
rently an Assistant Professor with the Karpagam
Academy of Higher Education. He has pub-
lished several papers in referred journals and con-
ferences. His research interests include power
electronics, biosignal processing, artificial intelli-

gence, human–computer interface, brain–computer interface, and machine
vision. He received the silver and bronze medals in national and international
exhibitions for his research.

M. SIVA RAMKUMAR was born in Coimbatore,
Tamil Nadu, India, in 1989. He received the
B.E. degree in electrical and electronics engineer-
ing from the Karpagam College of Engineering,
Coimbatore, in 2011, the M.E. degree in power
electronics and drives from the Sri Shakthi Insti-
tute of Engineering and Technology, Coimbatore,
in 2013, and the Ph.D. degree in electrical and elec-
tronics from the Karpagam Academy of Higher
Education, Coimbatore, in 2014, where he has

been an Assistant Professor with the Department of Electrical and Elec-
tronics Engineering, since 2013. He has organized various events, such as
technical symposiums, school outreach programs, workshop, and seminar
successfully at the national level. He has guided UG and PG projects.
He has published 52 journals in various international journals (Scopus) and
has also presented 38 papers in various international/national conferences.
Also, he has participated in 57 seminar/workshops/webinar organized by the
IEEE and others colleges/universities. He is a Life Member of ISTE, AMIE,
MIAEMP, and ISRD and a member of IRED, IAENG, IACSIT, WASET,
ORCID, ISID, IASTER, EAI, SESI, SDIWC, ICSES, and IEDRC. He is an
International Journal Reviewer/Editorial board Member in four Scopus and
29 UGC/EBSCO/Google Scholar indexed journals, an Assistant Editor in
international journal, a National Advisor for four international conferences,
and an International Editorial Advisory Board Member.

AHMED FAEQ HUSSEIN (M’16) received
the B.Sc. degree in electrical engineering from
Al-Mustansiriyah University, Iraq, in 1998,
theM.Sc. degree in computer engineering from the
University of Technology, Iraq, in 2004, and the
Ph.D. degree in computer and embedded sys-
tem engineering from Universiti Putra Malaysia,
in 2018. He was a Senior Engineer with the Med-
ical Department, Ministry of Health, Iraq, until
2009. He has been a Lecturer with the Bio-Medical

Engineering Department, Al-Nahrain University, since 2009. His research
interests include bio-medical signal processing and low-energy Bluetooth
communication and cloud-based application.

VOLUME 7, 2019 36387


	INTRODUCTION
	ELECTRODE PLACEMENT AND POSITION
	EEG POSITION MEASUREMENT STEPS

	EEG RECORDING
	EEG SIGNAL RANGES AND BEHAVIORS

	ARTIFACTS
	BACKGROUND STUDY
	CONCLUSION
	FUTURE PLAN
	REFERENCES
	Biographies
	XIN WAN
	KEZHONG ZHANG
	S. RAMKUMAR
	J. DENY
	G. EMAYAVARAMBAN
	M. SIVA RAMKUMAR
	AHMED FAEQ HUSSEIN


