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&ua Classification of EEG Signals Based on Pattern Recognition Approach (j)sizs Casil)

2017 % [7] Frontiers in Computational Neuroscience dlas 8 e

Hafeez Ullah Amin, Wajid Mumtaz, Ahmad Rauf Subhani, Mohamad Naufal (sislll
dann Sl ledg ML A alas Gl jlsd (ams aladiuls Mohamad Saad and Aamir Saced Malik
P VIS Caailly dadledl Gllee 8 aiall Lilaidl) culSs PCA 4 lsd ie 2la) Jiles



Features Extraction

Discrete Wavelet

Sub-Bands Relative

> Decomposition > E ] i
. nergy Calculation
EEG P Coefficients gy 2
Signals g 4
Lo
=
4.
g o
i
Optimum Standardized 2 E
EEG Features set Features set E w
Classes . ()
E . - Features | Features
Classifiers € Selection Normalization

EEG JI <Ll iy clawd) 7 )33y #5ie abia (1-2)J<al

: b LS bl calsy

Ajed) algall (0-3.90) 235 die il EDlalea il (1_2)Jsaal

Clagsifier Accuracy Sensitivity Specificity AUC Precizsion Kappa
(%) (%) (%) (%) Statistic
KMN, k=23 98.21 0i5.88 99,63 088 9. 64 0.96
ZWM, RBF g949.11 0949 28 98.93 (.99 98.93 0.97
MLE N=25 9714 9648 o783 0.58 97.85 0.94
Maive 80.63 88.24 90.77 0.94 91.07 0.78
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FERPIN| e\.@.«ﬂ (3.90_7.81)JJ)3 Jie olall EDlalas C\_‘atu (2_2)49&;3\
Classifier Accuracy Sensitivity Specificity AUC Precision Kappa

(%) (%) (%) (%a) statistic
ENM, k=3 B82.560 80.95 B4.21 (.85 BS 0.584
SV, RBF BE.G7 8783 B35.48 (.85 BS 0.87
MLE N=5 BY.17 BLL.B3 B8.52 0.90 BH.33 (.59
Maive 78.33 rr4z2 .31 0.79 BO 0.r7

:BCIs = ddaiall EEG-MI ciiiail GGaasd) alail) zigai 2-2-2

Ass & g [8] A Deep Learning MI-EEG Classification Model for BCIs gz caaill
.2018 26th European Signal Processing Conference (EUSIPCO)

Hauke Dose, Jakob S. a5 celghse daalag chlainall & duall daslal)l e sl (e (528 o8
dal (e Gaall aladl) il alasils Moller, Sadasivan Puthusserypady and Helle K. Iversen
Lalaidl (S5 CSP alasily IS s il alasiaedy Igaliy & Loall cillay A€ 5al) DAl s
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Classification

I
H

Temporal convulutionl [Spatial convolution |

CNN 4] Auealad) ! (2-2) <l

t b LS il calSy

10| Page



Calial dagl Capieanl Algal) Al s (3-2)Jsaal

predicted
L R 0 F | recall
L 16 00 42 | 0672
T| R 5 120 61 | 0594
2| o 28 46 51 | 0.741
F 39 16 96 0.687
precision | 0.799 0786 0531  0.683

F o8] 2a 1pals 0 Al Allag R el ally L somadl al 35 (e i JSI 8011 siidl) (s

railiudaly (Gaend) aladl) clSud Ao addiny Aal) edasl o jsall BCT allai 3-2-2

A Motor-Imagery BCI System Based on Deep Learning Networks and Its (jlgie Caall
2018 sle & IntechOpen 4aw & L& [9] Applications
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EEG-Based Brain-Computer Interfaces Using Motor-Imagery: Techniques ()sizs Caaill
2019 ole i Sensors dlas & ébe [10] and Challenges

Natasha Padfield, Jaime Zabalza, Huimin Zhao, ValentinMasero and Jinchang (sl @
tciailly Cilead) 7 hatuls A6V dalled) dlee 3 V) laladd) e Jgacicly Ren
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Motor Imagery EEG Signal Recognition Using Deep Convolution Neural (jsizs Caall
2021 & Frontiers in Neuroscience dlas 4 il [11] Network

Lgtiaty Sl ¢ Laall @bl e iyl Xiongliang Xiao and Yuee Fang lialll 2l
CHLEY) padiin) cildee & Y1 bladal) aadiu) Gus CNN LalalY) duguaal) clSual) alassuly
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: aladl)

Fast and Accurate Multiclass Inference for MI-BCIs Using Large Multiscale (g sl
Ogialll 56 .2018 &t IEEE (EUSIPCO) & &is Temporal and Spectral Features [21]
Cavigelli, Luca Michael Hersche, Tino Rellstab, Pasquale Davide Schiavone, Lukas
Ll el el o slaae YL lganaaty ¢ Leall il)ld) s¢)% Benini and Abbas Rahimi
i) g lab e lall chlay) ge Al Gl Cana dal (e SVM bl aca Al Caias Jpaiiiud

: g.N\

T T
- by }::.-b '1 g 'tb ll
xT :
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X sVM |—Y»
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SVM aladials Chsieaill il (4-2)Jsaa))

Mo. features 11352 11352
SVM kernel lincar rbf
Riemannian kemel N/A N/A
Spectral bands by—byq by —byn
Temporal windows T1-T11 T1-T11
Subject 1 86.83 B5.41
Subject 2 57.24 57.24
Subject 3 B6.45 B0.95
Subject 4 61.40 62.28
Subject 5 61.23 67.03
Subject 6 50.70 50.23
Subject 7 02.42 86.28
Subject 8 87.82 87.45
Subject 9 T9.17 B5.08
Avg. accuracy TRTOL159  T3ie34L145
Tasles 85001 Byl Lyl s A3lke o (5-2) Js2nd)
R Jsléall e Sl ol<a s Gl pud
L) )
78.6% 380 2 ) oSl Aigremall IS plasiud CNN EUSIPCO 2018 [1] A Deep Learning MI-EEG
) ) Classification Model for BCIs
i) 23 DS Gl Lland Aagall cilacdl
73.70% Fahall i djlaee bl 5B aladiad 5 ML IEEE (EUSIPCO) 2018 [2] Fast and Accurate Multiclass
; Lo . e Inference for MI-BClIs Using Large
Shlee bl o ol 05l Jl":‘;\”} wpull 24 Multiscale Temporal and Spectral
Aalelly dsliall d0g¥) dallaal) Features
70.3% A a5 cpnll leal LIS iy Hladi) i ol ML Sensors 2019 [3] EEG-Based Brain-Computer
i cael A s o o Interfaces Using Motor-Imagery:
> Sabael Al Apsh dogat e (0 e Techniques and Challenges
Cilbaal) At Cpe Joll g cial (Slg gk
~91% | bl A8 ey oSlg Alle 83 Aalyall s34 Culadl CNN Frontiers in 2021 [4] Motor Imagery EEG Signal
N o . Neuroscience Recognition Using Deep Convolution
13 8 (gAY ASEAly ccupull Ailead 2oy Neural Network
ULl Aol Aallas Zolany ol o 4l Ganl)
ag )
~92% | e il saclEy Tan S Chieat (ya) (3yscia DL Intech Open 2018 [5] A Motor-Imagery BCI System
o o Based on Deep Learning Networks and
Gl s daclie Its Applications
99.11% Crads S ALY Aalladd) pay oSlg Al d8s ML- Frontierg in 2017 [6] Classification of EEG Signals
) s o PCA- Computational Based on Pattern Recognition
e lgana ULl Baclly Lal S ] DWT Neuroscience Approach
il pan L (5% Ajline Silily 520l 7 i
Gaaall Culia ;.z:\).\ﬂ\
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Idling EEG (eyes closed)
Start of a trial
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OS5 ety cdaslaal) oY) (e Gan IS aBgag Joka e 2ay Alldg (Gpud) 2l 72-trials a1 cldg el
Chia JS dilaial) SlaaY) e (goan and IS Cuglidia (pand o nddl 138 3 Lags A cilild) Liand 38
[8— J o La35 dam o ST o padid mipall o alall pe clgple SIS miyall aladiad dal o
Zhaou) 48y e arp Lee 2350 ain 5 (e il Glaw Lol i 1agsg days SV 4HZ (ayes 282]Hz
30 gl el daleall oda cands Liag el 483 50l ) a5 13as a2l Glaill ape e claddl
el dlee s W) Jeaally (FBCSP &l aiall SIS daail
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Oalai) maen die G S dualal) el oy (3-6)Js2al

Subject_01 (72, 22, 750) (72, 22, 750)
Subject 02 (72, 22, 750) (72, 22, 750)
Subject 03 (72, 22, 750) (72, 22, 750)
Subject_04 (72, 22, 750) (72, 22, 750)
Subject 05 (72, 22, 750) (72, 22, 750)
Subject_06 (72, 22, 750) (72, 22, 750)
Subject_07 (72, 22, 750) (72, 22, 750)
Subject 08 (72, 22, 750) (72, 22, 750)
Subject_09 (72, 22, 750) (72, 22, 750)

e acd Glld aa o5 o(trials J 2o gl se cliall axe) Wl Joaall 8 minge o WS Civa JS 4
30% 5 cauyxll Loleal trials J) ase (e 70% 38§ 28 HLaa¥ly ol ddee P Caiea S trials J)
tseill dlee V) Jgaall (g chia JSU (72 trials) Jea) axe glllly HLady) dleal

il Llee DA Cia K trials J) 2xe (4-6)Jsaal)

wa
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Subject 01 (58, 22, 750) (58, 22, 750)
Subject 02 (58, 22, 750) (58, 22, 750)
Subject 03 (58, 22, 750) (58, 22, 750)
Subject 04 (58, 22, 750) (58, 22, 750)
Subject 05 (58, 22, 750) (58, 22, 750)
Subject 06 (58, 22, 750) (58, 22, 750)
Subject 07 (58, 22, 750) (58, 22, 750)
Subject 08 (58, 22, 750) (58, 22, 750)
Subject 09 (58, 22, 750) (58, 22, 750)



LAY dalee DA acill Dkee 3 _AY) Joanl) Ll

oaY) dlee P Civa S trials J) 2ae (5‘6)d}.\;§\

Subject 01 (14, 22, 750) (14,22, 750)
Subject 02 (14, 22, 750) (14, 22, 750)
Subject 03 (14, 22, 750) (14,22, 750)
Subject 04 (14, 22, 750) (14, 22, 750)
Subject 05 (14, 22, 750) (14,22, 750)
Subject 06 (14, 22, 750) (14,22, 750)
Subject 07 (14, 22, 750) (14,22, 750)
Subject 08 (14, 22, 750) (14,22, 750)
Subject 09 (14, 22, 750) (14,22, 750)

: CSP el Jac &l
183 e Chia [21] JSI Spatial Covariance (SISl cplil) 48 gheas Glusy agai dolally

EE'
C= —— —
trace( EE")

E 40nall :\:Dlaﬂ\ }atud\ Eoana i trace(EE’) jﬁ}i«aﬂ\ Jotia Jwa B’ 9 th\ﬂ\ 30| ) E &us
:Composite Covariance Matrix «Syall cplall ddshins clua o @lld 2a

o) Ciiall sl dghenn (0585 Wi o) Ciall CSyall (lal) disiana gag CL = 1—1421-1;‘1 Cli
Cr ==X Cri : Juis

kaaY) dolee (P 14-Trials aladiul &
:L‘;&\ ISl ppiiall (Sl bl 4 geae Jaugia (5Sig

C.=C+C,
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:Decompose the Covariance Matrix ¢plall ddgeias Jolat o @l daug
C.=U.AU!

N anie ) el il colall dalas 2y clld aen «eigendecompose matrix ) R Cc ¢
.eigenvalue 4uly 4.8, eigenvector

:White Transformation Matrix _auy) Jeaill ddgins Claa A A
P=+i'u!
Identity Matrix 4aalsll ddgeadll 58 PCCP” Glisiadll (yn Jualad eigenvalues J) ad (s<s Cun
ftally el ) ebas cpaiall DISE Spatial Matrix qedpall (e 4lSal) 4 ghiaal) luas oy @lld 2ay
S, = PC, P
S, = PC,P'
:Projection Matrix ceia (<1 40l ddgonddl Llas Glaa a0 e ddshine Cluas 2 biaasg
S = B4 B
S, = BA,. B

Al W Gua Slae iy (Klg eigenvalues JI ad Gl Sty ST ddghaall (o S 258 Cun
FO5S) dlay chiua JS eigenvalues Aolall sl ddghias S A G ( DS A (gae La (S
M+ir=1
Aaalgl) Adgieaall o T Gus
tW Lblewy) dighas Clus 2 haly
W =(B'P)

Sl Cuny AV e Laasal sy cpiia Gn Goill dida) S laaill 53 el Jens JSA 13y
. eigenvalues J) ad o 2l AY) dilie Cia )

Y1 IS e OSP il Buala dee sl (5S35
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Algorithm 1 CSP Algorithm
Input: a set of I preprocessed EEG trials X; with known class

Y: € {1,2}.

Output: W projection matrix

1: for i =1 to I do

Px, = Cov(X;) {Compute Sample Covariance ma-

trix }

3. end for

4 P; = A(Px.,Y: = 1) {Arithmetic mean of covariance
matrices for class 1}

5: Py = A(Px,.Y; = 2) {Arithmetic mean of covariance
matrices for class 2}

6 (P1+P2) '"P, = WD,W7 {Eigenvalue decomposi-
tion}

7: return W

I

1Y) Aabeall DA (e oyl wlilad Feature Vector J) Glaa 2y i aayg

var(Z,)

fp = log(—5——2—
32" var(Z)

2m hadl g 1o iy p Agad) (o sl IS 8 @liadl s ) Var(Zp) sede Gas

2m ladl Jims 1 hall (o el sl BS poana 1) Yo Var(Zi) s Lo

E dla) ¢ Ll clily e digiadl el gudai 2m * N alaV L W distead) Lal 058 (Vs
S e 7 il 06 @l 200 2m * T ala¥1 @3 Z ddshaall Lo Jean @llig N * T alal) il

1)

Z=W*E
Cua lghiualy Cuadll agty S Trial 4ue JSIFeatures Glew e Hlhe S =djall m)a G5 Cua
A g 2 Al 3 Giia (S0 14 (e ) Aogusie e 28 e Blie b lly HLasY) by Us Ll
glad oy sl IS of a3l g al) b e IS0 el Y1 Jpnl) i am g (S 5
Dby sl Cpe 3Sa Jiass ( Parameters )ad 4 (e g lad o1 Shadl Jiad 2 Al 6 die IS cilend)
a o g led JS) Lalidd) AS ) elae) dal (e SVM Caiadl Ji (e Ll ales el 532

.eigenvalues disparity iia JSI 4512l adll dad gl Cas b yLial
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Right
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Right

Left

Right

Left

Right

Right

Right

Left

Left
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-0.63386252

-0.46031142

-0.81433577

-0.49800234

-0.83847945

-0.46747498

-0.6097307

-0.49715712

-0.69913471

-0.80487633

-0.60709086

-0.4165459

-0.44646995

-0.48715347

-0.52507941

-0.59174741

-0.6783247

-0.4259923

-0.84470931

-0.58463948

-0.58041659

-0.56258133

-0.69633517

-0.82600267

-0.66649288

-0.37479723

-0.47874772

-0.47004327

-0.65171328

-0.66022204

-0.43957236

-0.72766534

-0.58218032

-0.66801062

-0.68547813

-0.60529492

-0.46859214

-0.45266683

-0.59468554

-0.88623495

-0.61613687

-0.71216974

-0.60875002

-0.74753555

-0.56306801

—-0.92037657

-0.34654206

-0.73478028

-0.5447112

-0.79653195

-0.58684383

-0.4667868

-0.5481088

-1.18752325

-1.16636258

-0.84938083



Left -0.42131325 -0.46745384 —-0.71046938 -1.06880602

Left -0.39698411  -0.38019298  -0.90302612  -1.24096672
Right ~0.98579123  —0.80225596  -0.34339024  -0.5444363
Left ~0.38146675 -0.40310075  -1.00575561  -1.04297841
Left -0.48356764  —0.28865603  -0.93439894  -1.38911375
Right -0.70581857  —0.95359095 -0.4927347  -0.43145945
Left -0.52597409  -0.60681256  -0.68079538  -0.60852828
Right ~0.70005692 ~0.7417939 -0.50233781  -0.5160565
Right ~0.7765274 -0.66482377  -0.54290452  -0.48165904
Left -0.53766059  —0.40171607 -0.7667761  —0.84645277
Right -0.77161612  -0.76714043  -0.48974828  -0.47355874
Right -0.65711879  -0.70513964  -0.40399087  -0.72555778
Right -0.76847652  —0.67426085  -0.51445896  -0.50584958

:Classification iaill 5-6

b e datlll ISl dlls Caiess ddee Ladl a6 A ladl CULEY) Ge Claaly cilad] (adlatud e
A pes Al Ciiaa e JLEaY! adgs ML AV) bt cliiasy ol Ll olls 3 slae¥) 5 ccLay)
o 1333 L) i e LAY it B AT e g Lol i 3 6 ) o5 S SVM
.lilull Preprocessing 4l dallas ddae (o (Sly Chieaall
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(Linear, RBF) ciiadl gy Jany Al d2ykall o Kernal slsil) (s 53 g Ciuaall alasiad 23 Cua
V) IS e Canpl) il e Ciioael) 482 il sl

5-fold Cross Validation Result

Accuracy

Subject

t ) il o LY ddes i Ll Cheatll 28 il cilS

5-fold test Cross Validation Result

Accuracy

Subject

oadd U9 LRV bl Caeatl) 383 (19-6)JSal
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-1.0: Left Hand Class
1.0: Right Hand Class

: b LS (28) Laae alllly jLad¥) dddee b Trials JS! ciiaall 2 A o alall aa

[1. 1.-1. 1.-1. 1.-1. 1.-1. 1. 1. 1.-1.-1.-1.-1.-1. 1.-1.-1. 1.-1. 1. 1.-1. 1. 1. 1]

:87% (1) cavall L 92% (1) Chiall 48 of (i Gum s IS Aoy el S Joanll Pa G

ol )A)n.dﬂ\aq.“ )umwu\.eau.m 7- 6dj.\;‘\

1.0
Accuracy

Macro Avg

Weighted Avg

0.87

0.89

0.89

0.93

0.89

0.89

0.90

0.89

0.89

0.89

14

28

28

28

(31T eamgy (V) U<y cane Alaal) w31 (oAl Eanill Jid (e auiial) Jadadall (yim pmias

|>'1

T; T
* by -x-;'b: S -f-'bil
vk .
.x- ! XT:I' 5 ‘fT]
SN, |~ bas loopl S laa |
XTI 1 Ti 1
—— b S 'flEi
Ti1 -
X X T . _fTu
by 842 OSP4

SVM

dxa A3l 4 sA) Gl U (g aotial) Lakadial) (20-6) IS
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25 Al Eanly Eand) 13a b e Jgamal) 5 3 G G V) Jpanll DA (o Alaall o ollh e,

VIS il iy cane dlaal

e A)kall Ciyn G Eandly ellY) Gindll g il 435l (8-6) sl

Accuracy in

Accuracy in

Accuracy in

Accuracy in

VNor | bastorssearch | basieresearch | TUIEN | UL
& “Linear” “RBF”
Subject01 90.47 +/- 5.11 88.88 +/- 6.22 86.83 85.41
Subject02 73.15 +/-9.45 75.98 +/- 10.78 57.24 57.24
Subject03 97.43 +/-2.10 97.39 +/-2.13 86.45 80.95
Subject04 82.72 +/- 8.31 80.18 +/- 8.03 61.40 62.28
Subject05 78.44 +/- 3.91 77.61 +/-1.30 61.23 67.03
Subject06 84.60 +/- 8.54 85.40 +/- 5.69 50.70 50.23
Subject07  79.24 % +/-9.77  81.05 +/- 7.53 92.42 86.28
Subject08  99.13+/-1.74 9826 +/-2.13 87.82 87.45
Subject09 84.42 +/- 5.98 85.36 +/- 4.36 79.17 85.98
Average 85.51 +/- 6.10 85.56 +/- 5.35 73.70 +/-15.9  73.65 +/- 14.5
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left hand

right hand

-12
] 12 - 10
8
6
13 4
2

predicted left predicted right

Confusion Matrix (xlal¥) ddsiaa (21-6)J<al

V) Gl julae o clyiahl ol i€y 48 saaal) 038 (g
89.2% ey A< Canieas 483 SVM Caeadll acl s

Call yuleag clfiahl i (9-6)Jsanl)

Precision Recall Specificity F1-Score
TP/(TP+FP) | TP/(TP+FN) | TN/(TN+FP) | 2 * (Precision * Recall) / (Precision + Recall)
92% 85% 92% 88%

:Simulation 38l 6-6

galin alatiad (e [22] e liall cligeg )l cuiilYl Juaie e 518laag daays zaliyy 8 RoboDK
Lkl g gy Ay adaglly HLEAY s plallly adall Gllb 3 Loy sl aojliia (ge pall A 5lSLadl)
(&AY) ikl e ahally [23] cugigll silaag ally Allis cilaie e Al
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5 ABB @l i Ly liide Bias 50 (e ST g0 @is15 500 (g ST o 45€a e RoboDK (g5t

.Universal Robots s Hwashi Robots § Motoman s Kuka s Fanuc

File Edit Program View Tools Utilities Connect Help X

HOR DS HY LI@ T AR & » 1 BEL2,CQ0F 0O &

BlSlaall dglee g8 ariieal) gmalil) dgaly (22-6) IS

Blc List Al Caiaall z)a 336 Lid ¢lly aesy RoboDK 4ius Python ¢ Juady! dilasy 43l Lidd
Aol b Laxie el gai el Ll daays o5 ladass AgheadS lgae Jalailly Tl da3lill £ j30) o8 0o
AN s i Al daso AN il Alpdall 350 1309 —1 dasdll 355 die Hlead) gas ai Lty |

5aal Lal Caigily 45 0.5 o aamgg ghall 5a¥) aga8 Aaal (e i) Juald dllin Cun Ciiadll o )

Gl 8 Adhie Aad 28 lasae Al Al ad g1 13y AV S JEY) e Gag &6 0.5

Ol A5a ) e A58 il

88|Page
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'ﬂwe Base

el g gL Ul i A5 (23-6) ISl

-

e

e

"

Dbl sa gl Qi) Juss ASya (24-6) <)
Aol dolee 4155 1305 ate Cillail (A al V) aiagll DA aga =3 IS die g phall eljalt 2ayg
cA8Y) al Y sl 5agally
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rlpial) (3N @ilisl) Aidlia 7-6

Al dna el Gl 8 Canlil dnsl @3 Labaddll o (8-6) bl Ajlaal) Jgan DA e Laadls -
Wy Sl dalleal illaad) o aae 2Ll sey @lldg i) 138 Lgl] Jeags S 88 ) Jemy
Sl et Caimally lgastt UL 5206 e adinall Conl pe 23all o alall pa Taslas 20)S0

Aallas dalee 3l 8 Cinill (05K gy ¢ Loall LAY &) dadlas dolany o o AY) Cinl
AaeLadll chLaY) dallas Gand PIA (e Gl 283 Cpand dal (e § Laall cla) Casials
.Spatial Features dsl<all Glewll Ao alaeYl

Abeall Gl 5208 b bl JalS plasial gl (gl @ilily sacl8 aladin) Wtise (Sedl o —
Real Time Recording gasd (s oo chLEY) sebil Slea plasial Ja o daad) 138 b daiial
Gaan) alaill DAA (e Lgdioats lind) Aalles Silee 8 (AT il alaiad Lad Kadll Gy
Sl el alasiad Lo oSadl) (o5 ¢ bl il e Jsaanll A grasll el
Al sanll LgiSarg 4S5 gy el 3j8ke U< ghAll ca)ss sl (40 Reinforcement Learning
Lt € ) g anyill Aadia iy by @l oKy A les 5L (s JAy) DA e
ST e i 8Ll dal o Ciiaall (e Wi€a 325 Lot 35a 5100 L Lgaladiad (e Liage
Jyskaig 213
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: @alal)
tCiiaall A (e als¥) 1Y Python daeyd) 43k RoboDK ) diy (b ghll dayy a5

from robolink import * # API to communicate with RoboDK
from robodk import *  # robodk robotics toolbox

from time import sleep

from pickle import load

import numpy as np

model = load(open('C:/Users/---------- /modelAndTestData/model.pkl', 'tb"))
with open('C:/Users/--------- /modelAndTestData/data.npz','tb") as f:
testData = np.load(f)
defto commond(data):
commands = []
for result in data:
if result < 0:
commands.append("left")
else:
commands.append("right")
return commands

ypred = model.predict(testData)

commands = to_commond(model.predict(testData).tolist())
print(commands)
def move to(robot,target ref,ang,R):
target 1= Mat(target ref)
pos_i=target i.Pos()
pos_i[0] = pos_i[0] + R*cos(ang)
pos i[1] =pos i[1] + R*sin(ang)
target i.setPos(pos_1)
# sleep(2)
robot.MoveL(target 1)
sleep(0.5)
robot.MoveL(target ref)

def robo_action(command,robot,target ref):
R =400
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if command == "right":

ang = 3*pi/2

move_to(robot,target ref,ang,R)
elif command == "left":

ang = p1/2

move_to(robot,target ref,ang,R)
else:

print("error in command")

RDK = Robolink()
robot = RDK.ItemUserPick('Select a robot', ITEM_TYPE ROBOT)
if not robot.Valid():

raise Exception('No robot selected or available')

target ref = robot.Pose()
pos_ref = target ref.Pos()

robot.MoveJ(target ref)
robot.setPoseFrame(robot.PoseFrame())
robot.setPoseTool(robot.PoseTool())
robot.setZoneData(10)
robot.setSpeed(100)

for com in commands:

print(com)

robo _action(command=com,robot=robot,target ref=target ref)
robot.MoveL(target ref)
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Abstract

The process of communication between the human brain and the computer is an
important matter in our time for various reasons, so that the person can issue
commands to electronic devices by reading the brain’s electrical signals and
translating them into software commands that the computer can understand and
interpret. The field where brain signals (EEG) are taken as input to this system and
translated into commands on a computer, where scientific research in the field of
artificial intelligence and machine learning, especially in the so-called brain-
computer interfaces, is no longer directed only to people with motor disabilities, but
has become directed to general use in order to improve Experience our use of
computers and human communication with the computer better.

Hence, in this study, EEG-MI data was used in order to classify those signals into
right hand movements and left hand movements, using multiple algorithms and
methods, including the Independent Component Analysis (ICA) algorithm in order
to filter these signals and remove the effects of Noise resulting from the effect of
some other vital signs such as muscle signals, heart, breathing, eye movement, etc.,
and then spatial filtering was used using the Common Spatial Pattern (CSP) filter,
and then extracted the features for the classification process using machine learning
algorithms based on Support Vector Machine (SVM), where the two classes were
separated and good results were obtained with accuracy 89.2%

Key Words: Electroencephalogram, Motor Imagery, Independent Component
Analysis, Machine Learning, Common Spatial Pattern, Support Vector Machine
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