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Abstract: The advancement of computer technology facilitates 
in the field of medical science for the analysis of complex Diseases 
related to the neurology. These technologies named as BCI (brain 
computer interface). The BCI is open area of research for 
physically challenge people such as paralyzed and amputees. The 
current technology of computer interface interest in EEG 
(electroencephalographic) for the analysis of signals for the 
predication of nervous system. The current trends of brain 
computer interface focus on process signal of EEG for the sense 
of human body behaviors and movement of nervous system, motor 
imagery and various senses. The gathered signal by the EEG is 
very noisy and predication and recognition of the motor imagery 
is typical. The minimization of noise upgrades the predication 
procedure and examination of signal behaviors. For the analysis 
of behaviors system utilized soft computing processing approach, 
for example, neural system, optimization techniques. The 
component extraction and feature selection are also major issue 
in motor imagery analysis for critical and complex disorder of 
human brain system. 
 

Keywords: BCI, EEG, Classification, Soft Computing, Feature 
Extraction.  

I. INTRODUCTION 

Brain computer interface provides platform for the analysis of 

human physical and kinetics behaviors analysis. Motor 

imagery based  is a very effective communication 

technique for human being with motor disabilities. Motor 

Imagery ( ) is a mental work wherein the subject imagines 

that he is processing a particular motor action like as a hand or 

foot movement without otherwise processing it in reality [2].  

Electroencephalogram ( ) signals are used as inputs to 

 systems [3].  signals are feature extracted in order to 

overcome the contaminations of noise and artifacts in them 

[4]. Soft computing approaches [5] are then used in the 

categorization of different brain patterns got upon performing 

different motor imagery tasks. A  system measures brain 

activity and translates it into control signals. These control 

signals can be used to generate new updated technologies. 

Human being with motor disabilities require augmentative 
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technologies corresponding to basic paths of 

communications. Those who are completely paralyzed, or 

locked-in, can't utilize conventional augmentative 

technologies, since some proportion of muscle control is 

required. The prompt objective of a  framework is to 

furnish these users with essential capabilities abilities, so they 

can explore their needs to caregivers or even work word 

handling programs or neuropores theses. It is obvious that a 

 system could update their quality of life, while at the 

same time decrease the cost of intensive care. Although some 

noninvasive technologies give a higher spatial resolution, the 

 has proved to be the most famous technique due to direct 

measures of neural activity, inexpensiveness, and portability 

for clinical use [3].  measures electrical brain activity 

caused by the flow of electric currents during synaptic 

excitations of neuronal dendrites, especially in the cortex, but 

also in the deep brain structures. The electric signals are 

recorded by placing electrodes on the scalp [3].  signals 

have been used to control devices like as wheelchairs [18] and 

communication aid systems [19]. During the recent decade, 

 techniques have also become a promising technique in 

controlling assistive and rehabilitation devices [20].  

signals could facilitate a pathway from the brain to several 

external devices outcoming in brain-controlled assistive 

devices for disabled human beings and brain-controlled 

rehabilitation devices for patients with strokes and other 

neurological deficits [21,25]. The soft computing algorithms 

play an important role in classification of  classification. 

The classification process categories the signal group and 

easily decode the behaviors of human brain. The feature 

extraction and selection are also major challenge in motor 

imagery  signals. For the extraction of highlights utilized 

different transform function, for example,  work 

and numerous others work. The remaining of paper introduce 

as in . Related work. In . Discuss 

the feature extraction and selection. In  discuss 

the comparative table of  classification, . 

discuss the result and performance analysis and finally discuss 

the conclusion and future scope. 

II. RELATED WORK 

In this section discuss the related work in the area of motor 

imagery  classification. The several researchers used 

several techniques for the extraction and classification. Some 

algorithms and methods describe here. Yu Zhang Et al. [1] 

they present an inadequate Bayesian technique by misusing 

Laplace priors, to be specific, , for  

classification. A scanty discriminant vector is found out with a 

Laplace earlier in a various leveled style under a Bayesian 

proof system.  
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All necessary model parameters are naturally assessed from 

preparing information without the need of . The results 

exhibit that the  calculation yields better by and 

large portrayal execution for , especially 

for little size ideas.  

Leonard J. Trejo Et al. [2] Their results recommend a few 

significant ramifications for future  investigations of 

mental exhaustion. To begin with, as others have discovered, 

 characterization calculations advantage incredibly by 

being both individualized and delicate to different sensors and 

recurrence groups. The improvement of less difficult and 

progressively broad models, which apply to an expansive 

arrangement of subjects, will require impressive extra 

research. At long last, some sort of saliency examination, for 

example, their maps of ghostly highlights, is significant so as 

to figure out which crucial parts of the  yield the most 

precise expectations.  

Haider Raza al. [3] The talked about strategy tends to the 

issue of choosing a suitable subject-explicit operational 

recurrence groups for removing separating  highlights. It 

is performed to be equipped for taking in subject-explicit 

examples from the high-dimensional  estimations and 

yields generally high arrangement exactness’s. The results 

obviously bolster the end that band choice significantly 

affects the exhibition of a channel bank CSP based BCI.  

Jeong-Hwan Lim al. [4] They presented a cross breed mental 

spelling framework which forestalls extra composing of 

 to address errors. So as to distinguish 

grammatical errors, at the same time uses both  signals 

captured from the occipital territory and the level eye-stare 

course data extricated from a minimal effort webcam-based 

eye tracker. In their online tests directed with 10 sound 

members, at any rate 16.6 mistakes could be forestalled, from 

the outcomes, affirming that the discussed method could 

sufficiently overhaul the show of the  - based mental 

spelling framework.  

Laura Acqualagna Et al. [5] they performed that the quality 

transform presented in common surfaces by the 

 of the 

 could be estimated by 

EEG. The talked about test configuration let us gather various 

ages a request for size higher than past P3-based plans, in a 

similar timespan. The outcomes of the neural evaluation 

altogether related with the  estimations of the conduct 

appraisal. Considering the trait of the visual framework which 

sees individuals having distinctive affectability to the 

upgrades, this plan could be additionally improved picking 

subject-explicit incitement frequencies, expanding the 

quantity of the evaluated quality levels, and checking the 

degree of the alpha cadence during the trial. 

Dilshad Begum Et al. [6] wavelet-based feature extraction is 

incorporated with Adaptive Neuro-Fuzzy Interface System 

classifier and various clustering and training algorithms got 

compared. The Neuro-Fuzzy classifier provides the 

information about the link between input features and the 

relationship with corresponding classes, adopting data 

clustering logic to form well-separable groups. The SGM and 

LM algorithms optimize the network to reduce the 

classification error, and it is seen that the SGM gives better 

classification outcomes.  

James J. S. Norton Et al. [7] they present a delicate, foldable 

assortment of cathodes in open, fractal work geometries that 

can mount legitimately and constantly on the perplexing 

surface topology of the auricle and the mastoid, to give 

high-loyalty and long haul catch of electroencephalograms in 

manners that keep away from any huge warm, electrical, or 

mechanical stacking of the skin. Exploratory and 

computational investigations set up the essential pieces of the 

twisting and extending mechanics that empower this sort of 

cozy combination on the exceptionally unpredictable and 

finished surfaces of the auricle.  

Feifei Qi Et al. [8] The difficulties are controlling the 

intricacy of the learning calculation to lighten the scourge of 

dimensionality and achieving computational productivity to 

encourage online apps, . The created calculation 

can all the while enhance spatial and high-request transient 

channels in an eigenvalue decay system and in this manner be 

actualized profoundly productively. In the characterization 

module, an arched improvement calculation for scanty Fisher 

straight discriminant investigation is examined for 

synchronous component choice and grouping of the 

commonly high-dimensional spatio-transiently sifted signals.  

Minho Kim Et al. [9] The created half and half interface is 

assessed through objective pointing and choice examinations. 

Eye development is deciphered as cursor development and 

noninvasive  chooses a cursor point with  choice 

affirmation plans. Utilizing Fitts' law, the talked about 

interface plot is contrasted and other interface plans, for 

example, mouse, eye following abide time, and eye following 

console.  

Oana Diana Eva Et al. [10] The inspiration driving the 

quantitative research is to balance classifier all together with 

consider which of them has most significant paces of request. 

Using power horrendous thickness on the  got 

in  Imagery Dataset they have 

analyzed if desynchronizations perform up in the repeat band 

. The classifiers  and  applied on 

feature vector were used to choose the course of action 

bungles for every one of the six arrangements of cathodes. 

The outcomes of portrayal botches change from subject to 

subject. The differentiations among classifiers as  and 

 are close to nothing and reasonable results were 

accomplished considering the enormous database. The used 

procedure showed the best execution for the  classifier. 

Chi Zhang Et al. [11] The transform of discrete wavelet 

changes and ICA, wavelet-ICA, was used to isolate antiquity 

segments. The antique parts were then naturally distinguished 

utilizing from the earlier curio data, which was procured 

ahead of time. Consequently, signal reproduction without 

curio segments was performed to acquire antique free flag. 

The outcomes demonstrated that, utilizing this programmed 

online curio evacuation technique, there were measurably 

noteworthy enhancements of the characterization exactnesses 

in both two trials, to be specific, engine symbolism and 

feeling recognition. 

Younghak Shin Et al. [12] They create uproarious test flags 

by including a commotion talked about, for example, arbitrary 

 and scalp-recorded foundation clamor into the 

genuine engine symbolism-based . Utilizing the 

loud test signs and genuine online-trial dataset, they analyze 

the arrangement execution of the SVM and SRC.  
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Besides, they dissect the remarkable characterization 

component of the SRC. They saw that the SRC strategy gave 

better order exactness and commotion heartiness contrasted 

and the SVM technique. 

Huijuan Yang Et al. [13] This examination researches the 

utilization of  for the characterization of multi-class 

signals.  highlights are produced dependent 

on pair-wise projection networks, which covers different 

recurrence ranges. They talked about a  plot by 

obliging the reliance among recurrence groups. Examinations 

are directed on  rivalry  dataset  with  subjects. 

That work explores characterization of multi-class engine 

symbolism of  signals dependent on convolutional neural 

systems and increased  highlights. 

Ye Liu Et al. [14] In this investigation, a vigorous 

tensor-based technique is examined for a multiway 

discriminative subspace extraction from tensor-spoke to EEG 

information, which performs best in engine symbolism EEG 

arrangement without the earlier neurophysiologic information 

like channels setup and dynamic recurrence groups. Engine 

symbolism EEG designs in spatial-otherworldly worldly area 

are distinguished straightforwardly from the 

multidimensional EEG, which may give bits of knowledge to 

the hidden cortical action designs. 

Amirhossein S. Aghaei Et al. [15] This work discussed a 

standard strategy, called , for extraction of 

discriminant spatio-phantom  includes in . 

Techniques: Assuming a double arrangement issue, SCSSP 

utilizes a heteroscedastic network variate Gaussian model for 

the multiband  rhythms and looks for the spatio-phantom 

highlights whose fluctuation is augmented for one mind task 

and limited for the other assignment. There-fore,  can 

be considered as a spatio-unearthly speculation of the regular 

 algorithm. 

Luis F. Nicolas-Alonso Et al. [16] They talked about a 

preparing structure to address non-stationarity, just as handle 

ghastly, fleeting, and spatial attributes related with execution 

of engine errands. Stacked speculation is utilized to misuse 

the intensity of classifier gatherings for consolidating data 

originating from numerous talked about and diminishing the 

past vulnerability in . The yields of a few RLDA 

models are consolidated to represent worldly, spatial, and 

otherworldly data. The results calculation is called stacked 

RLDA. 

Noman Naseer Et al. [17] They examinations and think about 

the characterization correctnesses of six distinct classifiers for 

a two-class mental errand utilizing useful close infrared 

spectroscopy signals. The sign of the psychological math and 

rest undertakings from the prefrontal cortex area of the 

cerebrum for seven sound subjects were procured utilizing a 

multichannel consistent wave imaging framework.  

Hongfei Ji al. [18] This work introduces a standard technique 

for EEG examination for half and half BCI by thinking about 

the intuitive impact of the concurrent assignments and 

exhibits that it is useful to improve the order results for cross 

breed undertakings. It could assist with learning the 

distinction when at least two undertakings are executed at the 

same time instead of independently and acquire the 

multi-modular data of the distinction, including channel, time, 

and recurrence. Exploiting the uncovered multimodal data, 

some straightforward techniques for online BCI could be 

improved and get better results.  

Container Hu Et al. [19] The point of this exploration is to 

examine the recognition of a student's effect during the 

learning procedure. The creators have calculated the 

utilization of  to discover the connection b/w 

trademark mind movement and correspondent effect during 

the learning procedure on the valence measurement. The 

results are enc examined maturing: with consideration 

separated into  on every valence measurement, 

the most noteworthy  accomplished was  

for .  

Ye Liu Et al. [20] The principle inclusion channel gatherings 

and recurrence groups appended to engine symbolism were 

picked and could be treated as compelling guidelines for CSP. 

they assessed the adequacy of their examined calculation 

when contrasted and the first CSP and some other CSP-put 

together calculations with respect to three distinctive datasets 

recorded from differing populaces including the solid people 

and stroke patients. The results exhibited its unrivaled 

characterization execution. At long last, they might want to 

comment that  is albeit very appropriate to  

investigation a general structure that can be handily utilized in 

the other -based standards where spatial-unearthly 

channels should be developed.  

Rajdeep Chatterjee Et al. [21] work test the nature of list of 

capabilities got from Wavelet based Energy-entropy with 

scale's variety and wavelet type. Their engine symbolism of 

left-right hand development order issue has been 

contemplated. they have checked their examination with 

- ,  and . The 

classifiers execution for best wavelet disintegration level is 

examined utilizing assessment measurements, for example, 

exactness, F-measure and territory under ROC.  

Chea-Yau Kee Et al. [22] The work is to survey the 

sufficiency of Renyi entropy as feature extraction system for 

-based . Renyi entropy has been executed in  

structures of various settings using  contention 

educational assortments. The classification exactness of 

 entropy in all enlightening lists is benchmarked 

against , the top tier incorporates extraction technique. 

The examination coordinated on  Competition  Data 

Set  a play out that the characterization execution 

increments when various limited subject-explicit recurrence 

groups are utilized rather than a solitary band with wide 

recurrence go.  

Shiu Kumar Et al. [23] they present a profound learning 

schema for  grouping that utilizes versatile 

technique to decide the edge. The broadly utilized  

technique is utilized to extricate the fluctuation based  

highlights, which is then taken care of to the  for 

arrangement. Utilization of  has been broadly 

investigated for  arrangement and the best structure 

acquired is exhibited. The viability of the talked about system 

has been assessed utilizing dataset  an of the  

Competition .  

Zhaoyang Qiu Et al. [24] The adjusted  procedure was 

depicted to choose directs for  in . The 

conveyance depended of diverts in the cerebral cortex, a 

procedure for synchronous determination of different 

channels was actualized.  
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Test contemplates on two open  datasets showed that the 

improved  could successfully diminish the hour of 

calculation. The improved SFFS can likewise get higher 

grouping exactness than the .  

D. Hari Krishna Et al. [25] CC system has been utilized for 

highlights extraction from  signal and the last order was 

done dependent on casting a ballot technique which chooses 

the best classifier among the  utilized for 

characterization. their methodology was tried on open 

informational index  from  rivalry . The results 

demonstrated that their methodology outflanked previously 

existing methodologies with  improvement in kappa 

esteems.  

Bradley J. Edelman Et al. [26] They researched  

assignments that imitated complex controls of the hand that 

might be useful for achieving these undertakings. The results 

show that  errands including various directions of the 

correct hand can be classified with high precision and can be 

upgraded through  strategies. The fruitful combination of 

these errands into a s examined examination based  may 

help subjects for the self-regulation of mind states related with 

activities that can be valuable on an everyday premise. 

Yuliang Ma Et al. [27] they examined utilizing a molecule 

swarm streamlining calculation to advance the determination 

of both the piece and punishment parameters so as to improve 

the characterization execution of help vector machines. The 

presentation of the improved classifier was assessed with 

engine symbolism  flag as far as both arrangement and 

forecast. Outcomes perform that the streamlined classifier can 

essentially improve the characterization precision of engine 

symbolism  signals. 

Youngjoo Kim Et al. [28] The talked about calculation in that 

work utilizes a completely  so as to get the mu and 

beta rhythms from the nonlinear  signals. The removed 

highlights utilizing  that amplify the interclass 

fluctuations are characterized utilizing different arrangement 

calculations for the parcel of the right-and left-hand engine 

symbolism  obtained from the  database. 

Roberto Vega Et al. [29] The work intended to fill this hole. 

they initially examined the occasion related 

desynchronization to check the nearness of conspicuous 

power phantom changes related with the  task. From that 

point onward, they utilized the power ghostly thickness over 

frequencies and anodes as competitor includes in three 

two-fold characterization issues. At long last, they looked at 

the presentation of all sets of  talked about element 

determination strategies with f examined learning 

calculations. The mix of  with Radial Basis Kernel and 

the Fast Correlation Based Filter created the best outcomes.  

Pawel Andrzej Herman Et al. [30] The target of this work is 

accordingly to look at the relevance of  way to deal with 

the issue of EEG design detection. Specifically, the center is 

two-crease: the  that can powerfully manage between 

meeting just as inside meeting appearances of nonstationary 

unearthly  relates of  and the far reaching assessment 

of the talked about fluffy classifier in both disconnected and 

on-line  order contextual investigations. The on-line 

assessment of the -controlled continuous 

neurofeedback over numerous account meetings holds 

extraordinary significance for -based  innovation.  

Kai Keng Ang Et al. [31] they displayed three -based 

methodologies of utilizing  to recognize  for control 

and recovery: operant molding, AI and versatile. They 

surveyed works in the writing and found that most utilized the 

operant molding for control, and some applied it for recovery. 

This technique requires the subjects to experience a few 

meetings of figuring out how to control a particular  

cadence. Conversely, the  system just requires the subjects 

to experience one adjustment meeting to process a 

subject-explicit model for consequent meeting to-meeting 

move to online input meetings.  

Irene Sturm Et al. [32] They examined the use of  with 

 just because for  information examination. Through 

 the single-preliminary  choices are changed into 

heatmaps showing every datum point's importance for the 

result of the choice. They have given a feature of how  

can add a logical layer to the profoundly powerful strategy of 

 in the  space. their results play out that  

star vides profoundly nitty gritty records of significant data in 

high-dimensional  information that might be helpful in 

investigation situations where single preliminaries should be 

considered exclusively. 

Dalila Trad Et al. [33] The outcomes got perform that the 

 enables the most dependable highlights to be extricated 

from  and that the grouping rate acquired is higher and 

superior to utilizing the direct  approach as it were. They 

have examined the adjustments in recurrence and abundancy 

of the  from each subject taking an interest in their trial. 

Changes in recurrence circulation inside the groups of 

sensorimotor and rhythms shift starting with one individual 

then onto the next and advance emphatically after some time.  

Tao Zhang Et al. [34] The objective of the present 

investigation was to confirm the practicality of use of engine 

groupings including different appendages to  frameworks 

dependent on ). The progressions of  designs and the 

between impact between developments related with the 

creative mind of engine arrangements were additionally 

explored. The test, where sound subjects took part, 

included one engine arrangement with a solitary appendage 

and three sorts of engine groupings with a few limbs.  

Weibo Yi Et al. [35] The point of this examination was to talk 

about an improved component extraction strategy ology for 

programmed carefulness level identification of human mind 

so as to diminish bogus activating of  because of progress 

in mental readiness level.  based  measure is a 

valuable strategy for advancement of  channels. The 

results of grouping have played out the significance of gamma 

recurrence band in watchfulness level acknowledgment task 

utilizing  signals. The results of order indicate that the 

talked about approach of improved component extraction is 

helpful and ground-breaking strategy to recognize carefulness 

level utilizing  signals.  

R. Upadhyay Et al. [36] This examination talked about a 

strategy for assessing the client's expectation utilizing  

signals. The examined technique is equipped for segregating 

rest from different envisioned arm developments, including 

getting a handle on and elbow flexion. The highlights 

extricated from  signals are autoregressive model 

coefficients,  and waveform length. Bolster vector 

machine was utilized as a classifier, recognizing class names 

relating to rest and envisioned arm developments.  

 

 



International Journal of Recent Technology and Engineering (IJRTE)  
ISSN: 2277-3878 (Online), Volume-8 Issue-6, March 2020 

 

5239  

Retrieval Number: F7754038620/2020©BEIESP 
DOI:10.35940/ijrte.F7754.038620 
Journal Website: www.ijrte.org 
 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Mojgan Tavakolan Et al. [37] wavelet denoising calculation is 

talked about to lessen clamor from engine symbolism  

information and a  highlight picked technique is utilized 

to improve order precision. Usage results reparented the 

classification precision of the talked about strategy is 

fundamentally improved contrasted with the equivalent  

include determination technique without wavelet denoising. 

This result additionally surely showed that wavelet denoising 

calculation effectively decontaminated engine symbolism 

 information and made characterizing highlights 

increasingly unmistakable.  

Lei Sun Et al. [38] work presented another component 

execution strategy to force on   information, a system 

which consolidated a wavelet denoising calculation and a 

 highlight extraction technique. The results played out 

that, this new strategy made arrangement exactness higher; it 

extricated exceptional highlights for each subject, through the 

procedure of which they prevailing with regards to 

accomplishing much increasingly exact results. At long last, 

the talked about denoised and highlight choice strategy can 

get exceptional  task arrangement results.  

Yousef Rezaei Tabar Et al. [39] Current discourse 

correspondence examines are talked about, and diverse 

spelling standards and techniques are clarified. Discourse 

correspondence frameworks can give a colossal advantage to 

individuals with serious handicaps. Current spellers generally 

use ,  and engine symbolism ideal models to 

give correspondence. Signal preparing and  calculations 

for  signals have been improved broadly as of late. The 

order exhibitions of these strategies are close to worthy. In 

any case, planning a spelling worldview and graphical 

interface appropriate for the everyday life utilization of 

individuals with dis-capacities is as yet a test.  

H. Raza, H. Cecotti Et al. [40] they have talked about a cross 

breed classifier combi-country utilizing transudative and 

inductive classifiers to address the impact of covariate moves 

in non-stationary  signals related with engine symbolism 

recognition in the  signal. The talked about  strategy 

that has subject ward hyper-parameters gives a factually 

noteworthy better order precision over an absolutely 

inductive benchmark technique on the dataset-2B. Especially 

this learning approach gives an establishment to joining the 

transudative learning and inductive learning for  based 

.  

Monalisa Pal Et al. [41] they mean to choose the pertinent 

highlights from the component vector got by Power Spectrum 

Density estimation of the left/right engine symbolism signals. 

dataset  has been utilized as 

the talked about of crude  information. To accomplish 

this objective, they have utilized single-objective just as 

many-target adaptation of Differential Evolution which 

upgrades the classifier execution regarding five 

measurements acquired from the Confusion Matrix.  is 

utilized for wellness assessment of the picked include subset 

just as for grouping of mental states.  

Minmin Miao Et al. [42] This examination proposes to 

streamline spatial-recurrence transient examples for 

discriminative element extraction. Spatial improvement is 

actualized by channel choice and finding discriminative 

spatial channels adaptively on each time-recurrence section. 

A standard  criteria is intended for spatial channel 

advancement. At last, a weight dictated by the scanty 

coefficient is relegated for each chose  highlight and they 

talked about a  for grouping. 

Jing Luo Et al. [43] a standard consecutive forward element 

determination approach called  is examined. The  

technique underlined the significance of the examples that got 

misclassified while just seeking after high by and large 

characterization execution. In the  based 

characterization plot, the  information was first changed 

to recurrence area utilizing , which is then utilized as the 

up-and-comer set for further prejudicial component choice. 

The highlights are chosen individually in a boosting manner. 

Na Lu Et al. [44] A profound learning plan dependent on 

confined Boltzmann machine and FFT for engine symbolism 

order is structured right now. The presentation improvement 

has been checked to be measurably noteworthy with a 

p-esteem under 0.01., meeting to-meeting information move 

for a similar subject ends up being viable considerably under 

various information age instruments, while subject-to-subject 

exchange is wasteful. This examination has accordingly made 

certain enc talked about maturing endeavors for the utilization 

of profound learning in engine symbolism order, and their 

results can be of huge enthusiasm to the BCI people group.  

Yong-Jin Liu Et al. [45] they built up an institutionalized 

database of  film cuts and talked about an 

on-time -based feeling location construction for 

distinguishing an individual enthusiastic state through the 

investigation of cerebrum waves. The framework comprised 

of six modules: feeling elicitation,  information 

procurement, data preprocessing, highlight execution, feeling 

classification, and human machine interface. they directed a 

trial to approve the productivity and viability of the 

framework. These results showed a favorable position over 

the current best in class constant feeling identification 

frameworks from  flags as far as the exactness and the 

capacity to perceive a few comparable discrete feelings that 

are close in the valence-excitement facilitate space.  

Bor-Shing Lin Et al. [46] An engine symbolism depended 

 is a transcript that position the engine aim of the mind 

into a control request to taking care of outer machines with no 

muscles. The execution results exhibited that most  and 

affectability esteems for both right-and left-hand development 

symbolism were more than  and , individually, and 

the bit rate was around . In spite of the fact that 

the talked about  doesn't beat other engine symbolism 

, it very well may be kept up utilizing minimal number of 

 channels.  

Shuang Liang Et al. [47] work is to explore the impact of 

utilizing object-arranged developments in a virtual situation 

as visual direction on the tweak of sensorimotor  rhythms 

produced by hand . To improve the characterization 

exactness on , they further examined a calculation to 

consequently separate subject-explicit ideal recurrence and 

time groups for the segregation of  designs created by 

left-and right-hand .  

Junhua Li Et al. [48] a cover-based methodology 

incorporating TFM and CM to improve BCI execution. The 

TFM technique doesn't require the discriminative 

time-recurrence focuses to be concentrated together as the 

SFST strategy does. 
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 It can likewise accomplish great execution when 

discriminative highlights are dispersed. The presentation was 

additionally improved by consolidating TFM and CM, 

surpassing that of the triumphant strategies in the BCI rivalry 

datasets.  

Michael J. Larson Et al. [49] They intended to decide how 

frequently clinical human electrophysiology contemplates 

revealed test size computations and additionally the data 

important to figure precise example size estimations. These 

discoveries have suggestions for award applications and study 

structures since it is likely specialists are evaluating impacts 

dependent on patterns they subjectively distinguish in the 

writing, are depending on their own unpublished information 

for test size computations during the plan period of studies, or 

are not figuring test size counts by any means.  

A Geronimo Et al. [50] In this investigation, a heterogeneous 

gathering of patients with ALS partook in an examination on 

BCI dependent on the P300 occasion related potential and 

engine symbolism. results. The nearness of intellectual 

debilitation in these patients altogether decreased the nature 

of the control signals required to utilize these correspondence 

frameworks, in this way hindering exhibition, paying little 

heed to movement of physical side effects. A potential 

component for this misfortune in execution was a lessening in 

the sign to-clamor proportion of errand pertinent EEG band 

influence found in patients with intellectual disability. At long 

last, there was an inclination for more seasoned members to 

accomplish generally better execution with the P300 

framework.  

Lin Gao Et al. [51] They examined utilizing the  for 

highlight extraction and a multi-class  

with outrageous learning machine as base classifier for 

characterization, so as to group the  tests. 

A normal grouping precision of  was acquired for ten 

subjects, which extraordinarily outflanked ordinarily utilized 

methodologies. The results showed that the talked about 

strategy could viably improve the arrangement execution of 

multi-class engine symbolism works with high grouping 

exactness. 

Ridha Djemal Et al. [52] they study the extraction of 

highlights utilizing occasion related 

desynchronization/synchronization strategies to improve the 

order exactness for three-class . The 

characterization approach depends on joining the highlights 

of the stage and adequacy of the cerebrum signals utilizing 

 and  demonstrating of the remade stage space just as 

the adjustment of the  parameters. 

A.K. Das, S. Suresh Et al. [53] the  classifier is utilized 

to locate the ideal phantom channels by wiping out those 

recurrence groups that don't influence the arrangement 

execution. second level,  is utilized to dispense with 

those spatial channels which don't influence the exhibition. 

The presentation of  based spatio-unearthly plan has 

been assessed utilizing two freely accessible  rivalry 

informational collections and contrasted and other existing 

calculations like ,  and . The results 

show that the talked about methodology outflanks the  

technique by roughly  and different calculations 

like ,  by . Contrasted with an as of 

late examined calculation , it accomplishes an 

improvement of , yet is more straightforward in contrast 

with .  

Anindya Bijoy Das Et al. [54] a far-reaching examination of 

central and non-central electroencephalography is done in the 

exact mode decay and discrete wavelet change spaces. 

Various otherworldly entropy-based highlights, for example, 

the Shannon entropy, log-vitality entropy and  entropy 

are determined in the experimental mode disintegration and 

discrete wavelet change spaces and their viability in 

segregating the central and non-central  signals is 

examined. The electroencephalogram signals are acquired 

from a freely accessible electroencephalography database that 

comprises of  sign sets which contain more than of 

electroencephalogram information gathered from five 

epilepsy patients.  

Alessio Paolo Buccino Et al. [55] they revealed the exhibition 

of an  in segregating between a 

lot of engine assignments. In all possibilities, the cross-breed 

framework's precision was more than the subsystem 

dependent on an individual methodology's exactness. The 

principle downside of the half breed framework, be that as it 

may, is in the time required for setting up both the framework. 

An intriguing choice to handle this issue could be settling on 

 dry cathodes, which have been as of now applied in the 

 explore. At present, however,  innovation isn't as 

simple to-use as  one, yet convenient frameworks are as 

of now accessible.  

Syed Khairul Bashar Et al. [56] They talked about a half and 

half technique comprising of  and  to recognize 

left and right-hand fanciful developments from  signals. 

Investigations are completed utilizing the openly accessible 

benchmark  rivalry  Graz engine symbolism 

information base. The  ages are disintegrated into 

various  by applying . The most noteworthy 

mode is exposed to the brief timeframe Fourier change; the 

pinnacle of the size range is utilized as highlight speaking to 

the comparing age. The viability of the talked about 

component extraction plot is exhibited by instinctive, factual 

and graphical investigations.  

Omer Amer Falan Et al. [57] They present an alternate 

multi-class  signal handling method, to be specific 

picture portrayal of  descriptors and  

encoding for  sign's programmed classification. Right off 

the bat, the  signals are changed over into 

portrayal by utilizing spectrograms of , which are 

utilized to get the  pictures. At last got highlights are 

taken care of two  classifier as contribution for 

distinguishing variations from the norm from  signals. 

The characterized strategy was applied to epileptic and rest 

stages  datasets. The test results are promising on the two 

databases. 

D.J. McFarland Et al. [58] Enhancements in current  

recording innovation are required. Better sensors would be 

simpler to apply, increasingly agreeable for the client, and 

produce higher caliber and progressively stable sign. Albeit 

extensive exertion has been given to assessing classifiers 

utilizing open datasets, more consideration regarding ongoing 

sign preparing issues and to upgrading the commonly 

versatile communication between the cerebrum and the  

are basic for improving  performance. 
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Alireza Ghaemi Et al. [59] In this examination,  is 

utilized to consequently identify the powerful  directs in 

left-or right-hand order. To do this, from the outset, 

information is separated with a bandpass channel so as to 

diminish the measure of various sorts of consolidated clamor. 

The arrangement precision for distinguishing left-and 

right-hand developments were gotten up to  with the 

normal exactness of  in  unique subjects. These 

results affirm that  is equipped for finding pertinent 

directs in various people.  

Dongrui Wu Et al. [60] work characterizes two  channels 

for -based relapse issues in , which are reached out 

from the  channel for characterization, by utilizing fluffy 

sets. Exploratory results on -based reaction speed 

estimation from a huge scope study, which gathered  

meetings of supported consideration psychomotor carefulness 

task information from  subjects during a  time 

span, exhibit that the two talked about spatial channels can 

fundamentally build the  signal quality.  

Shang-Lin Wu Et al. [61] They talked about an inventive 

outfit technique with swarm-upgraded fluffy fundamental for 

a  acknowledgment task. The fluffy basic gives a powerful 

instrument to speaking to and handling the vulnerability of the 

yields of individual group individuals utilizing the idea of 

fluffy measures. Besides,  is utilized to refresh the 

certainty of the utilized classifiers. The test results got from a 

normal  task play out that the best characterization 

exactness is accomplished while applying the  

essential with  preparing in the combination stage. 

Moreover, the results show the possibility of executing the 

talked about framework progressively automated arm control.  

Jaeyoung Shin Et al. [62] They have given gauge examination 

results approving their open access dataset utilizing standard 

sign preparing strategies as a kind of perspective direction for 

a cross breed . The dataset was built up dependent on 

 as it is an investigation stage generally utilized in 

 inquire about field. The sign handling was finished 

utilizing the  tool kit and . They have dealt 

with the information as plainly as conceivable to encourage it 

for look into purposes.  

Rakesh Kumar Sinha Et al. [63] Jaya-based k-implies is 

applied to separate the list of capabilities into two 

fundamentally unrelated bunches and fire the fluffy guideline. 

The talked about classifier's presentation, Jaya-based  

utilizing  as preparing calculation and is fueled by , 

is contrasted and f examined distinctive  for arranging 

two class -based undertakings. they watched a shortening 

of calculation time per emphasis by on account of 

 as contrasted and the  procedure of preparing. 

-based element choosing capacity of the talked about 

classifier decreases calculation time as well as improves the 

precision by disposing of immaterial highlights. 

Xiaowei Li Et al. [64] The present examination estimated the 

information of the underlying gas stream more than  in 

a  long borehole with a distance across of in the 

research facility. A sum of arrangements of information 

were gotten. This information was fluffy and disorderly. 

Fisher's segregation technique had the option to change this 

spatial information, which were multidimensional because of 

the components impacting the , into a one-dimensional 

capacity and decide its basic worth. 

Teng Ma Et al. [65] Movement control is a significant 

application for frameworks. A solitary 

methodology  can't give a productive and common 

control procedure, however a cross breed  framework 

that joins at least two distinct undertakings can adequately 

conquer the disadvantages experienced in 

single-methodology  control. Approach. They built up 

another cross breed  framework by joining  and 

, meaning to understand the more effective  

development control of a cursor.  

Zhichuan Tang Et al. [66] they talked about another technique 

dependent on the profound  to perform include 

extraction and arrangement for signal. As indicated 

by the spatio-transient qualities of , a 

model is worked to group  undertakings. 

The outcomes exhibit that  can additionally improve 

order execution contrasted and other three regular techniques. 

The present investigation performs that the talked about 

technique is viable to arrange  and gives a viable strategy 

by non-obtrusive  signal in  applications. 

Yousef Rezaei Tabar Et al. [67] they intend to use significant 

learning methods to improve plan execution of  motor 

imagery signals. Right now, look into  and  to 

mastermind  Motor Imagery signals. Another type of 

info is acquainted with consolidate time, recurrence and area 

data extricated from  sign and it is utilized in  

having one  and one max-pooling layers. 

they likewise talked about another profound system by joining 

 and . Right now, includes that are separated in 

 are characterized through the profound system .  

Yi-Hung Liu Et al. [68] they address this basic issue by 

presenting the  and  

strategies to evaluate the fractal measurements (  and 

, separately) of the  signals from  patients. In 

addition, a Fisher model-based channel determination system 

is examined to naturally decide the best patient-subordinate 

channel design from  recording destinations. An  

information assortment worldview is intended to gather the 

 sign of resting state and the creative mind of three 

developments, including right hand getting a handle on ( ), 

left hand getting a handle on ( ), and left foot venturing 

( ). Five late-organize  patients without accepting any 

SMR preparing took an interest right now.  

Jyoti Singh Kirar Et al. [69] They talked about a standard 

three stage technique  which naturally decides a 

negligible arrangement of applicable terminals alongside their 

spatial area to accomplish upgraded execution to recognize 

engine symbolism errands for a given subject. The examined 

strategy used stationary division of cathodes dependent on 

their geographical areas and disposes of all terminals of a 

least pertinent mind locale at once. The talked about strategy 

either uses all anodes of a chose mind district or disposes of 

the considerable number of terminals of a not chose cerebrum 

area. It is conceivable that couple of the chose terminals may 

not be significant or repetitive and not many of the disposed 

of cathodes of the not chose district might be applicable to 

recognize two engine symbolism assignments.  Lijuan Duan 

Et al. [70] The  has been created as a powerful and 

exact characterization approach because of its profound 

structure and outrageous 

learning component.  
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An order framework for engine symbolism  signals is 

genius presented dependent on the  joined with a 

portion, thus called the .  is utilized to diminish 

the dimensionality of the data and  is acquainted with 

push the highlights from various classes.  

Yi-Hung Liu Et al. [71] they have talked about technique by 

joining the  highlight and Fisher measure-based 

channel determination procedure. In spite of the fact that the 

two separate techniques have just been utilized in the  

people group, the utilization of  and its blend with 

channel determination is standard for  patient’s engine 

symbolism arrangement. their results have exhibited that the 

talked about utilization of  is better than different 

highlights that have been utilized in past examinations 

including  patients, and can accomplish high exactness 

in any event, when there is just one channel.  

Yang Li Et al. [72] they examined a standard model called 

 to manage  feeling acknowledgment and gave an 

 feeling database called . In , two 

regularization terms, bunch scanty term and complex saving 

term, are brought into the straight relapse model. As saw from 

the analyses, they can profit by three folds: adaptively execute 

channel determination by utilizing scanty term; decrease 

overfitting for little database by utilizing complex installing; 

and mean-while learn increasingly discriminative anticipating 

space by utilizing direct relapse. they lead the investigation 

with forget about one meeting procedure.  

Yang Li Et al. [73] a standard programmed seizure discovery 

strategy dependent on the  systems and the  

encoding. In particular, the  systems are first used to 

get high-goals  pictures for include extraction. The 

significant transient time-recurrence data can help the 

discovery of  epileptic seizures. The grouping results by 

utilizing f talked about various  investigation techniques 

are given. It is examining that the arrangement exactness by 

the pre-owned strategy is preferable execution over that of the 

 and  techniques.  

Shalini Mahato Et al. [74] The investigation exhibited that 

 sign can be adequately utilized in segregating between 

 and sound people. Mix of direct and 

non-straight component or blend of non-direct highlights is 

additionally a viable method for expanding the precision of 

the classifier. Alongside alpha asymmetry, theta asymmetry 

can likewise be utilized for finding of melancholy.  

Aunnoy K Mutasim Et al. [75] they present a review how 

computational knowledge is utilized to find designs in mind 

signals. From their exploration they reason that, since  

signals are the outcomes of an exceptionally mind boggling 

non-straight and non-stationary stochastic organic procedure 

which contain a wide assortment of commotions both from 

inner and outer sources; along these lines, the utilization of 

computational knowledge is required at each progression of 

an -based  framework beginning from evacuating 

clamors through element extraction and determination lastly 

to grouping. What's more, the use of fitting computational 

insight essentially improves the end outcomes. 

Yu Zhang Et al. [76] They talked about a  reliant on 

procedure for engine symbolism  order. A broad test 

correlation with two open  datasets demonstrates that the 

 technique gives higher grouping exactness than 

those of the other contending calculations. The test results 

affirm that predominance of the talked about -based 

strategy for precise characterization of  related with 

engine symbolism in  applications.  

Yu Zhang Et al. [77] They at that point contrived a joint 

scanty advancement of channel groups and time windows 

with transient smoothness imperative to separate vigorous 

 includes under a perform various tasks learning system. 

A straight  classifier is prepared on the streamlined  

highlights to precisely distinguish the  errands. A trial 

study was actualized on three open  datasets to approve 

the viability of the TSGSP strategy in contrast with a few 

other contending strategies. The unrivaled precision of the 

exploratory results affirmed that the talked about calculation 

is a promising possibility for execution improvement of 

-based .  

Chien-Te Wu Et al. [78] they separated three kinds of relative 

 power highlights from various recurrence groups during 

the feeling task and resting state. They at that point contrasted 

execution and three AI classifiers: , 

customary , and quadratic discriminant investigation. 

The results from the underlying examinations utilizing the 

 classifier on 55 members played out that the member 

autonomous grouping exactness got by -  was higher 

for the  recorded during the positive feeling enlistment 

versus the resting state for a wide range of relative  

power. 

III. FEATURE EXTRACTION & SELECTION 

Feature extraction and selection is important phase of EEG 

classification. The EEG signals basically divided into 

different bands of signals. The extraction of features is very 

difficult process. The nature of signal of EEG discussed the 

forms of feature in EEG signal’s raw data. The data of signals 

divide in two modes of features extraction, time domain 

features and frequents domain features. Some feature 

extraction process describes here. 

Table-I: Frequency Decomposition of  with a 

sampling frequency. 
Seria
l No. 

Frequency 
bandwidt

h (Hz) 

Symbol Frequenc
y bands 

Decompositio
n levels 

1. 0-4  Theta A5 

2. 4-8  Delta D5 

3. 8-16  Alpha D4 

4. 16-32  Beta D3 

5. 32-64  Gama D2 

6. 64-128 - Noises D1 

 

IV. COMPARATIVE TABLE OF EEG 

CLASSIFICATION 

The classification accuracy is major factor of classification 

algorithms. In this section analysis comparative study of 

various calcification algorithms according to their accuracy 

and validation. 

For cognitive tasks: 
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Table-II: Relative wavelet energy categorization results for standard 5. 
   

 
 
 

 
 

 Precision 
 

 

Approximation 
coefficients  
(0 – 3.90 Hz) 

 98.31 96.98 99.73 0.97 99.74 0.95 

 99.21 99.38 98.93 0.98 98.94 0.96 

 97.24 96.58 97.93 0.97 97.96 0.93 

 89.53 88.34 90.87 0.93 91.17 0.77 

Detailed coefficients  
(3.90 – 7.81 Hz) 

 98.49 98.32 98.66 0.96 98.66 0.95 

 98.67 97.99 99.38 0.97 99.38 0.95 

 91.70 88.80 94.99 0.91 95.46 0.88 

 81.17 82.81 79.69 0.81 78.67 0.78 

For subject wise classification accuracy: 

Table-III: Relative wavelet energy categorization results for standard 5. 
 Approximation  

 
( ) 

Detailed  

 
( ) 

Subject         
1 93.75 97.24 97.57 96.71 94.28 97.56 96.75 95.71 

2 99.89 98.67 96.13 96.56 95.71 95.27 97.72 94.28 

3 97.18 95.78 96.15 96.81 95.71 94.72 95.27 90.00 

4 98.02 99.89 97.58 97.57 97.14 96.15 95.08 94.10 

5 98.02 97.18 96.15 96.13 90.00 91.42 97.14 91.42 

6 98.95 98.02 97.56 96.75 95.71 97.14 95.71 98.57 

7 94.28 99.89 95.27 97.72 94.28 95.71 95.71 95.71 

8 93.55 97.18 94.72 95.27 90.00 99.89 98.67 96.13 

Mean 96.95 98.02 96.15 95.08 94.10 97.18 95.78 96.15 

V. RESULT & PERFORMANCE 

Analysis of EEG classification of data used three methods 

EBL and PROPOSED. The methods of classification used the 

optimal feature selection of different bands of data and raw 

signal as input for the process of classification. The 

description of classification result discusses here. 

Table-IV: Comparative analysis of Accuracy using 

EBL(Ensembled Machine Learning) and PROPOSED with 

16-dimension and 8-dimension features. Here we all five 

signal bands: raw signal, delta signal, theta signal and beta 

single of electroencephalogram.  
Signa
l 

EBL PROPOSED 
16 DF 

(Dimensio

n Features) 

8 DF 

(Dimensio

n Features) 

16 DF 

(Dimensio

n Features) 

8 DF 

(Dimensio

n Features) 

Raw 89.6 90.9 94.6 95.5 

Delta 87.3 89.3 94.4 96.6 

Theta 90.4 92.2 96.5 97.0 

Alpha 86.2 89.6 93.3 94.2 

Beta 87.2 90.3 95.2 96.6 

Table-V: Comparative analysis of Precision using 

EBL(Ensembled Machine Learning) and PROPOSED with 

16-dimension and 8-dimension features. Here we all five 

signal bands: raw signal, delta signal, theta signal and beta 

single of electroencephalogram. 
Signa
l 

EBL PROPOSED 
16 DF 

(Dimensio

n Features)  

8 DF 

(Dimensio

n Features) 

16 DF 

(Dimensio

n Features) 

8 DF 

(Dimension 

Features) 

Raw 76.5 79.6 86.4 89.4 

Delta 77.4 80.2 85.4 91.3 

Theta 79.4 84.1 88.7 93.4 

Alpha 75.6 81.5 86.3 90.3 

Beta 80.4 84.6 90.7 93.7 

 

Table-VI: Comparative analysis of Sensitivity using 

EBL(Ensembled Machine Learning) and PROPOSED with 

16-dimension and 8-dimension features. Here we all five 

signal bands: raw signal, delta signal, theta signal and beta 

single of electroencephalogram. 
Signa
l 

EBL PROPOSED 
16 DF 8 DF 16 DF 8 DF 

(Dimensio

n Features) 

(Dimensio

n Features) 

(Dimensio

n Features) 

(Dimension 

Features) 

Raw 86.2 89.4 96.3 99.4 

Delta 87.4 90.2 95.1 97.5 

Theta 89.5 94.6 98.3 99.4 

Alpha 85.3 91.3 96.4 98.6 

Beta 90.4 94.4 99.6 99.5 

 

Table-VII: Comparative analysis of Specificity using 

EBL(Ensembled Machine Learning) and PROPOSED with 

16-dimension and 8-dimension features. Here we all five 

signal bands: raw signal, delta signal, theta signal and beta 

single of electroencephalogram. 
Signa
l 

EBL PROPOSED 
16DF 

(Dimensio

n Features)  

8 DF 

(Dimensio

n Features) 

16 DF 

(Dimensio

n Features) 

8 DF 

(Dimension 

Features) 

Raw 84.5 85.7 91.6 94.4 

Delta 81.6 87.4 95.4 97.6 

Theta 83.5 89.7 96.5 99.6 

Alpha 81.1 90.6 95.7 96.3 

Beta 85.6 87.6 91.2 99.6 

 

 
Fig. 1. Comparative analysis of Accuracy using 

EBL(Ensembled Machine Learning) and PROPOSED with 

16-dimension and 8-dimension features. Here we all five 

signal bands: raw signal, delta signal, theta signal and beta 

single of electroencephalogram.  
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Fig. 2. Comparative analysis of Precision using 

EBL(Ensembled Machine Learning) and PROPOSED with 

16-dimension and 8-dimension features. Here we all five 

signal bands: raw signal, delta signal, theta signal and beta 

single of electroencephalogram. 

 

 
Fig. 3. Comparative analysis of Sensitivity using 

EBL(Ensembled Machine Learning) and PROPOSED with 

16-dimension and 8-dimension features. Here we all five 

signal bands: raw signal, delta signal, theta signal and beta 

single of electroencephalogram. 

 
Fig. 4. Comparative analysis of Specificity using 

EBL(Ensembled Machine Learning) and PROPOSED with 

16-dimension and 8-dimension features. Here we all five 

signal bands: raw signal, delta signal, theta signal and beta 

single of electroencephalogram. 

 

VI. CONCLUSION & FUTURE SCOPE 

The motor imagery EEG signal classification is path of 

complex diseases analysis in medical science. Now a day’s 

various authors and researcher used soft computing technique 

for the categorization of EEG signals. The feature extraction 

and selection of features in EEG signal play an important role. 

The extraction of features depends the raw data’s behavior. 

The extraction of features decreases the raw information’s 

size of EEG signal. The soft computing umbrella provides 

various algorithms such as NN, SVM, KNN and many more. 

For the selection of features used optimization algorithms 

such as genetic algorithms, PSO, ACO and many more 

algorithms based on swarm-based intelligence. In this work 

present the review of classification algorithms on the basses 

of comparative study. This paper also focusses on the feature 

extraction methods based on the nature of signals. In future 

used hybrid optimization algorithms for the removal of noise 

and improve the performance of EEG signal classification. 

 

 
REFERENCES 
1. Yu Zhang, Guoxu Zhou, Jing Jin, Qibin Zhao, Xingyu Wang and Andrzej 

Cichocki “Sparse Bayesian Classification of EEG for Brain Computer 

Interface”, IEEE, 2015, Pp 1-13. 

2. Leonard J. Trejo, Karla Kubitz, Roman Rosipal, Rebekah L. Kochavi and 

Leslie D. Montgomery “EEG-Based Estimation and Classification of 

Mental Fatigue”, Psychology, 2015, Pp 572-589. 

3. Haider Raza, Hubert Cecotti and Girijesh Prasad “Optimising Frequency 

Band Selection with Forward-Addition and Backward-Elimination 

Algorithms in EEG-based Brain-Computer Interfaces”, IJCNN, 2015, 

Pp 1-8. 

4. Jeong-Hwan Lim, Jun-Hak Lee, Han-Jeong Hwang, Dong Hwan Kim, 

Chang-Hwan Im “Development of a hybrid mental spelling system 

combining SSVEP-based brain computer interface and webcam-based 

eye tracking” Biomedical Signal Processing and Control, 2015, Pp 

99-104. 

5. Laura Acqualagna, Sebastian Bosse, Anne K Porbadnigk, Gabriel Curio, 

Klaus-Robert Müller, Thomas Wiegand and Benjamin Blankertz 

“EEG-based classification of video quality perception using steady 

state visual evoked potentials (SSVEPs)”, J. Neural Eng., 2015, Pp 

1-17.  

6. Dilshad Begum, K. M. Ravikumar, James. Mathew and Sanjeev 

Kubakaddi “EEG Based Patient Monitoring System for Mental 

Alertness Using Adaptive Neuro-Fuzzy Approach”, Journal of Medical 

and Bioengineering, 2015, Pp 59-66. 

7. James J. S. Norton, Dong Sup Leeb, Jung Woo Leed, Woosik Lee, Ohjin 

Kwon and Phillip Won “Soft, curved electrode systems capable of 

integration on the auricle as a persistent brain computer interface”, 

PNAS Early Edition, 2015, Pp 1-6. 

8. Feifei Qi, Yuanqing Li and Wei Wu “RSTFC: A Novel Algorithm for 

Spatio-Temporal Filtering and Classification of Single-Trial EEG”, 

IEEE, 2015, Pp 3070-3082. 

9. Minho Kim, Byung Hyung Kim and Sungho Jo “Quantitative Evaluation 

of a Low-Cost Noninvasive Hybrid Interface Based on EEG and Eye 

Movement”, IEEE, 2015, Pp 159-168. 

10. Oana Diana Eva and Anca Mihaela Lazar “Comparison of Classifiers 

and Statistical Analysis for EEG Signals Used in Brain Computer 

Interface Motor Task Paradigm”, International Journal of Advanced 

Research in Artificial Intelligence, 2015, Pp 8-12. 

11. Chi Zhang, Li Tong, Ying Zeng, Jingfang Jiang, Haibing Bu, Bin Yan 

and Jianxin Li “Automatic Artifact Removal from 

Electroencephalogram Data Based on A Priori Artifact Information”, 

Hindawi Publishing Corporation, 2015, Pp 1-9. 

12. Younghak Shin, Seungchan Lee, MinkyuAhn, Hohyun Cho, Sung 

Chan Jun and Heung-No Lee “Noise Robustness Analysis of Sparse 

Representation based Classification Method for Non-stationary EEG 

Signal Classification”, IEEE, 2015, Pp 1-10. 

13. Huijuan Yang, SiavashSakhavi, Kai Keng Ang and Cuntai Guan “On 

the Use of Convolutional Neural Networks and Augmented CSP 

Features for Multi-class Motor Imagery of EEG Signals 

Classification”, IEEE, 2015, Pp 1-4. 

14. Ye Liu, Qibin Zhao and Liqing Zhang “Uncorrelated Multiway 

Discriminant Analysis for Motor Imagery EEG Classification”, 

International Journal of Neural Systems, 2015, Pp 1-14. 

15. Amirhossein S. Aghaei, Mohammad Shahin Mahanta and 

Konstantinos N. Plataniotis “Separable Common Spatio-Spectral 

Patterns for Motor Imagery BCI Systems”, IEEE, 2015, Pp 15-29. 

 

 

 

 

 



International Journal of Recent Technology and Engineering (IJRTE)  
ISSN: 2277-3878 (Online), Volume-8 Issue-6, March 2020 

 

5245  

Retrieval Number: F7754038620/2020©BEIESP 
DOI:10.35940/ijrte.F7754.038620 
Journal Website: www.ijrte.org 
 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

16. Luis F. Nicolas-Alonso, Rebeca Corralejo, Javier Gomez-Pilar, Daniel 

Ãlvarez and Roberto Hornero “Adaptive Stacked Generalization for 

Multiclass Motor Imagery-based Brain Computer Interfaces”, IEEE, 

2015, Pp 1-11. 

17. Noman Naseer, Nauman Khalid Qureshi, Farzan Majeed Noori and 

Keum-Shik Hong “Analysis of Different Classification Techniques for 

Two-Class Functional Near-Infrared Spectroscopy-Based 

Brain-Computer Interface”, Hindawi Publishing Corporation, 2015, 

Pp 1-12. 

18. Hongfei Ji, Jie Li, Rongrong Lu, Rong Gu, Lei Cao and Xiaoliang 

Gong “EEG Classification for Hybrid Brain-Computer Interface Using 

a Tensor Based Multiclass Multimodal Analysis Scheme”, Hindawi 

Publishing Corporation, 2015, Pp 1-16. 

19. Bin Hu, Xiaowei Li, Shuting Sun and Martyn Ratcliffe “Attention 

Recognition in EEG-Based Affective Learning Research Using 

CFS+KNN Algorithm”, IEEE, 2016, Pp 1-9. 

20. Ye Liu, Hao Zhang, Min Chen and Liqing Zhang “A Boosting-Based 

Spatial-Spectral Model for Stroke Patientsâ€™ EEG Analysis in 

Rehabilitation Training”, IEEE, 2016, Pp 169-179. 

21. Rajdeep Chatterjee, Tathagata Bandyopadhyay and Debarshi Kumar 

Sanyal “Effects of Wavelets on Quality of Features in Motor-Imagery 

EEG Signal Classification”, IEEE, 2016, Pp 1-5. 

22. Chea-Yau Kee, S. G. Ponnambalam1 and Chu-Kiong Loo “Binary and 

multi-class motor imagery using Renyi entropy for feature extraction”, 

Neural Comput&Applic., 2016, Pp 1-12. 

23. Shiu Kumar, Alok Sharma, Kabir Mamun and TatsuhikoTsunoda “A 

Deep Learning Approach for Motor Imagery EEG Signal 

Classification”, Proceedings Asia-Pacific World Congress on 

Computer Science and Engineering, 2016, Pp 1-6. 

24. ZhaoyangQiu, Jing Jin, Hak-Keung Lam, Yu Zhang, Xingyu Wang 

and Andrzej Cichocki “Improved SFFS method for channel selection 

in motor imagery based BCI”, Neurocomputing, 2016, Pp 1-10. 

25. D.Hari Krishna, I.A.Pasha and T.SatyaSavithri “Classification of EEG 

Motor imagery multi class signals based on Cross Correlation”, 

Procedia Computer Science, 2016, Pp 490- 495. 

26. Bradley J. Edelman, Bryan Baxter and Bin He “EEG Source Imaging 

Enhances the Decoding of Complex Right-Hand Motor Imagery 

Tasks”, IEEE, 2016, Pp 4-14. 

27. Yuliang Ma, Xiaohui Ding, Qingshan She, Zhizeng Luo, Thomas 

Potter and Yingchun Zhang “Classification of Motor Imagery EEG 

Signals with Support Vector Machines and Particle Swarm 

Optimization”, Hindawi Publishing Corporation, 2016, Pp 1-9. 

28. Youngjoo Kim, Jiwoo Ryu, Ko Keun Kim, Clive C. Took, Danilo P. 

Mandic and Cheolsoo Park “Motor Imagery Classification Using Mu 

and Beta Rhythms of EEG with Strong Uncorrelating Transform Based 

Complex Common Spatial Patterns”, Hindawi Publishing 

Corporation, 2016, Pp 1-14. 

29. Roberto Vega, Touqir Sajed, Kory Wallace Mathewson, Kriti Khare, 

Patrick M. Pilarski, Russ Greiner, Gildardo Sanchez-Ante and Javier 

M. Antelis “Assessment of feature selection and classification methods 

for recognizing motor imagery tasks from electroencephalographic 

signals”, Artificial Intelligence Research, 2016, Pp 37-51. 

30. Pawel Andrzej Herman, Girijesh Prasad and Thomas Martin 

McGinnity “Designing an Interval Type-2 Fuzzy Logic System for 

Handling Uncertainty Effects in Brain-Computer Interface 

Classification of Motor Imagery Induced EEG Patterns”, TFS, 2016, 

Pp 1-14. 

31. Kai Keng Ang and Cuntai Guan “EEG-based Strategies to Detect 

Motor Imagery for Control and Rehabilitation”, IEEE, 2016, Pp 1-11. 

32. Irene Sturm, Sebastian Bach, Wojciech Samek and Klaus-Robert 

Muller “Interpretable Deep Neural Networks for Single-Trial EEG 

Classification”, arXiv, 2016, Pp 1-5. 

33. Dalila Trad, Tarik Al-Ani and Mohamed Jemni “Motor Imagery signal 

Classification for BCI System Using Empirical Mode 

DÃ©composition and Bandpower Feature Extraction”, IEEE, 2016, 

Pp 5-16. 

34. Tao Zhang, Tiejun Liu, Fali Li, Mengchen Li, Dongbo Liu, Rui Zhang, 

Hui He, Peiyang Li, Jinnan Gong, Cheng Luo, Dezhong Yao and Peng 

Xu “Structural and functional correlates of motor imagery BCI 

performance: Insights from the patterns of Fronto-Parietal Attention 

Network”, NeuroImage, 2016, Pp 2-35. 

35. Weibo Yi, Shuang Qiu, Kun Wang, Hongzhi Qi, Feng He, Peng Zhou, 

Lixin Zhang and Dong Ming “EEG oscillatory patterns and 

classification of sequential compound limb motor imagery”, Journal of 

Neuro Engineering and Rehabilitation, 2016, Pp 1-12. 

36. R. Upadhyay, P. K. Padhy and P. K. Kankar “Application Of 

S-Transform for Automated Detection of Vigilance Level Using EEG 

Signals”, Journal of Biological Systems, 2016, Pp 1-27. 

37. MojganTavakolan, Xinyi Yong, Xin Zhang and Carlo Menon 

“Classification Scheme for Arm Motor Imagery”, J. Med. Biol. Eng., 

2016, Pp 12-21. 

38. Lei Sun and Zu Ren Feng “classification of imagery motor eeg data 

with wavelet denoising and features selection”, Wavelet Analysis and 

Pattern Recognition, 2016, Pp 184-188. 

39. Yousef Rezaei Tabar and UgurHalici “Brain Computer Interfaces for 

Silent Speech”, Academia Europia, 2016, Pp 208-230. 

40. H. Raza, H. Cecotti and G. Prasad “A Combination of Transductive 

and Inductive Learning for Handling Non-Stationarities in Motor 

Imagery Classification”, 2016, Pp 763-770. 

41. Monalisa Pal and Sanghamitra Bandyopadhyay “Many-objective 

Feature Selection for Motor Imagery EEG Signals using Differential 

Evolution and Support Vector Machine”, IEEE, 2016, Pp 1-6. 

42. Minmin Miao, Hong Zeng, Aimin Wang, Changsen Zhao and Feixiang 

Liu “Discriminative spatial-frequency-temporal feature extraction and 

classification of motor imagery EEG: A Sparse Regression and 

Weighted Naive Bayesian Classifier-based approach”, Journal of 

Neuroscience Methods, 2016, Pp 2-34. 

43. Jing Luo, Zuren Feng, Jun Zhang and Na Lu “Dynamic frequency 

feature selection based approach for classification of motor imageries”, 

Computers in Biology and Medicine, 2016, Pp 2-27. 

44. Na Lu, Tengfei Li, Xiaodong Ren and Hongyu Miao “A Deep Learning 

Scheme for Motor Imagery Classification based on Restricted 

Boltzmann Machines”, IEEE, 2016, Pp 1-10. 

45. Yong-Jin Liu, Minjing Yu, Guozhen Zhao, Jinjing Song, Yan Ge and 

Yuanchun Shi “Real-Time Movie-Induced Discrete Emotion 

Recognition from EEG Signals”, IEEE, 2016, Pp 1-14. 

46. Bor-Shing Lin, Jeng-Shyang Pan, Tso-Yao Chu and Bor-Shyh Lin 

“Development of a Wearable Motor-Imagery-Based Brain Computer 

Interface”, J. Med. Syst., 2016, Pp 1-8. 

47. Shuang Liang, Kup-Sze Choi, Jing Qin, Wai-Man Pang, Qiong Wang 

and Pheng-Ann Heng “Improving the Discrimination of Hand Motor 

Imagery via Virtual Reality Based Visual Guidance”, Computer 

Methods and Programs in Biomedicine, 2016, Pp 1-23. 

48. Junhua Li, Yijun Wang, Liqing Zhang, Andrzej Cichocki and 

Tzyy-Ping Jung “Decoding EEG in Cognitive Tasks with 

Time-Frequency and Connectivity Masks”, IEEE, 2016, Pp 298-308. 

49. Michael J. Larson and Kaylie A. Carbine “Sample size calculations in 

human electrophysiology (EEG and ERP) studies: A systematic review 

and recommendations for increased rigor”, International Journal of 

Psychophysiology, 2016, Pp 1-9. 

50. A Geronimo, Z Simmons and S J Schiff “Performance predictors of 

brain–computer interfaces in patients with amyotrophic lateral 

sclerosis”, J. Neural Eng., 2016, Pp 1-11. 

51. Lin Gao, Wei Cheng, Jinhua Zhang and Jue Wang “EEG classification 

for motor imagery and resting state in BCI applications using 

multi-class Adaboost extreme learning machine”, Review of Scientific 

Instruments, 2016, Pp 1-8. 

52. Ridha Djemal, Ayad G. Bazyed, Kais Belwafi, SofienGannouni and 

Walid Kaaniche “Three-Class EEG-Based Motor Imagery 

Classification Using Phase-Space Reconstruction Technique”, Brain 

Sci., 2016, Pp 1-19. 

53. A.K. Das, S. Suresh and N. Sundararajan “A discriminative 

subject-specific spatio-spectral filter selection approach for EEG based 

motor-imagery task classification”, Expert Systems with Applications, 

2016, Pp 375-384. 

54. Anindya Bijoy Das and Mohammed Imamul Hassan Bhuiyan 

“Discrimination and classification of focal and non-focal EEG signals 

using entropy-based features in the EMD-DWT domain”, Biomedical 

Signal Processing and Control, 2016, Pp 11-21. 

55. Alessio Paolo Buccino, Hasan OnurKeles and Ahmet Omurtag 

“Hybrid EEG-fNIRS Asynchronous Brain- Computer Interface for 

Multiple Motor Tasks”, PLOS ONE, 2016, Pp 1-16. 

56. Syed Khairul Bashar and Mohammed Imamul Hassan Bhuiyan 

“Classiï¬•cation of motor imagery movements using multivariate 

empirical mode decomposition and short time Fourier transform based 

hybrid method”, Engineering Science and Technology, an 

International Journal, 2016, Pp 1-8. 

57. Omer Amer Falan, SiulySiuly, Varun Bajaj, Yanhui Guo, Abdulkadir 

Engr and Yanchun Zhang “Multi-category EEG signal classification 

developing Time-Frequency Texture Features based Fisher Vector 

encoding method”, Neurocomputing, 2016, Pp 1-24. 

58. D.J. McFarland and J.R. Wolpaw “EEG-Based Brain-Computer 

Interfaces”, CurrOpin Biomed 

Eng., 2017, Pp 194-200. 

 

 



Motor Imagery EEG Classification based on Machine Learning Algorithm 
 

5246  

Retrieval Number: F7754038620/2020©BEIESP 
DOI:10.35940/ijrte.F7754.038620 
Journal Website: www.ijrte.org 
 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

59. Alireza Ghaemi, EsmatRashedi, Ali Mohammad Pourrahimi, Mehdi 

Kamandar and FarhadRahdari “Automatic channel selection in EEG 

signals for classification of left- or right-hand movement in Brain 

Computer Interfaces using improved binary gravitation search 

algorithm”, Biomedical Signal Processing and Control, 2017, Pp 

109–118. 

60. Dongrui Wu, Jung-Tai King, Chun-Hsiang Chuang, Chin-Teng Lin 

and Tzyy-Ping Jung “Spatial Filtering for EEG-Based Regression 

Problems in Brain-Computer Interface (BCI)”, arXiv, 2017, Pp 1-25. 

61. Shang-Lin Wu, Tsung-Yu Hsieh, Yang-Yin Lin, -Ting Liu, Chih-Yu 

Chen, Chun-Hsiang Chuang and Chin-Teng Lin “Fuzzy Integral with 

Particle Swarm Optimization for a Motor-Imagery-Based Brain 

Computer Interface”, IEEE, 2017, Pp 1-8. 

62. Jaeyoung Shin, Alexander von Lhmann, Benjamin Blankertz, Do-Won 

Kim, JichaiJeong, Han-Jeong Hwang and Klaus-Robert Muller “Open 

Access Dataset for EEG+NIRS Single-Trial Classification”, IEEE, 

2017, Pp 1735-1745. 

63. Suraj, Rakesh Kumar Sinha and Subhojit Ghosh “Jaya Based ANFIS 

for Monitoring of Two Class Motor Imagery Task”, IEEE, 2017, Pp 

9273-9282. 

64. Xiaowei Li, Chenglin Jiang, Jun Tang, Yujia Chen, Dingding Yang 

and Zixian Chen “A Fisherâ€™s Criterion-Based Linear Discriminant 

Analysis for Predicting the Critical Values of Coal and Gas Outbursts 

Using the Initial Gas Flow in a Borehole”, Hindawi, 2017, Pp 1-12. 

65. Teng Ma, Hui Li, Lili Deng, Hao Yang, Xulin Lv, Peiyang Li, Fali Li, 

Rui Zhang, Tiejun Liu, Dezhong Yao and Peng Xu “The hybrid BCI 

system for movement control by combining motor imagery 

andÂ moving onset visual evoked potential”, J. Neural Eng., 2017, Pp 

1-14. 

66. Zhichuan Tang, Chao Li and ShouqianSu “Single-trial EEG 

classification of motor imagery using deep convolutional neural 

networks”, Optik 130, 2017, Pp 11-18. 

67. Yousef Rezaei Tabar and Ugur Halici “A novel deep learning 

approach for classification of EEG motor imagery signals”, J. Neural 

Eng., 2017, Pp 1-11. 

68. Yi-Hung Liu, Shiuan Huang and Yi-De Huang “Motor Imagery EEG 

Classification for Patients with Amyotrophic Lateral Sclerosis Using 

Fractal Dimension and Fisher’s Criterion-Based Channel Selection”, 

Sensors, 2017, Pp 1-22. 

69. Jyoti Singh Kirar and R.K. Agrawal “Composite kernel support vector 

machine-based performance enhancement of brain computer interface 

in conjunction with spatial filter”, Biomedical Signal Processing and 

Control, 2017, Pp 151-160. 

70. LijuanDuan, Menghu Bao, Song Cui, YuanhuaQiao and Jun Miao 

“Motor Imagery EEG Classification Based on Kernel Hierarchical 

Extreme Learning Machine”, Springer, 2017, Pp 1-8. 

71. Yi-Hung Liu, Shiuan Huang and Yi-De Huang “Motor Imagery EEG 

Classification for Patients with Amyotrophic Lateral Sclerosis Using 

Fractal Dimension and Fisherâ€™s Criterion-Based Channel 

Selection”, sensors, 2017, Pp 1-22. 

72. Yang Li, Wenming Zheng, Zhen Cui, Yuan Zong and Sheng Ge “EEG 

Emotion Recognition Based on Graph Regularized Sparse Linear 

Regression”, Neural Process Lett., 2018, Pp 1-17. 

73. Yang Li, Wei-Gang Cui, Hui Huang, Yu-Zhu Guo, Ke Lie and Tao 

Tanf “Epileptic Seizure Detection in EEG signals Using Sparse 

Multiscale Radial Basis Function Networks and the Fisher Vector 

Approach”, Knowledge-Based Systems, 2018, Pp 2-39. 

74. Shalini Mahato and Sanchita Paul “Detection of major depressive 

disorder using linear and non-linear features from EEG signals”, 

Microsystem Technologies, 2018, Pp 1-12. 

75. Aunnoy K Mutasim, Rayhan Sardar Tipu, M. Raihanul Bashar, Md. 

Kaful Islam and M. Ashraful Amin “Computational Intelligence for 

Pattern Recognition in EEG Signals”, Springer, 2018, Pp 291-320. 

76. Yu Zhang, Yu Wang, Guoxu Zhou, Jing Jin, Bei Wang and Xingyu 

Wang “Multi-kernel extreme learning machine for EEG classification 

in brain-computer interfaces”, Expert Systems with Applications, 

2018, Pp 302-310. 

77. Yu Zhang, Chang S. Nam, Guoxu Zhou, Jing Jin, Xingyu Wang and 

Andrzej Cichocki “Temporally Constrained Sparse Group Spatial 

Patterns for Motor Imagery BCI”, IEEE, 2018, Pp 1-11. 

78. Chien-Te Wu, Daniel G. Dillon, Hao-Chun Hsu, Shiuan Huang, Elyssa 

Barrick and Yi-Hung Liu “Depression Detection Using Relative EEG 

Power Induced by Emotionally Positive Images and a Conformal 

Kernel Support Vector Machine”, Appl. Sci., 2018, Pp 1-18. 

  


