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Channel Selection for EEG Signals Using Mutual
Information for Motor Imagery Classification

Mehdi Kamandar#, Esmat Rashedi, and Aeen Sanati Javan

Faculty of Electrical and Computer Engineering, Graduate University of advanced
technology, Kerman, Iran

Abstract: Brain-computer interface systems based on classification of the motor imageries (M) using
multi-channel EEG signal play a major role in the control of artificial limbs and machines by people
with disabilities. One of the main problems in classifying these signals to classifiy different Ml tasks is
the large number of channels. The large number of channels causes a lot of cost and hassle during the
measurement process, increasing computational load of the preprocessing, feature extraction, and
classification, difficulty of interpretation of results, and over-fitting of the classifier due to the limited
number and noisy training samples. Since, not all measured channels for classifying a particular M1 task
have useful information, it would be beneficial to select the relevant channels for classifying desired Ml
tasks. Channel selection methods are categorized into wrapper, filtered, hybrid, and embedded. In this
paper, a filtering method is used due to less computational cost and the independence of the classifier.
The criterion is very important in filtering methods. Criteria based on first- and second-order data
moments are less efficient for non-Gaussian classes. The proposed method uses mutual information
between candidate channels and class label as a comprehensive criterion and sequential forward
selection search strategy. One of the problems in using this criterion is the accurate estimation of mutual
information in the high dimensional spaces. The kpn entropy estimator is used to accurately estimate the
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mutual information in high dimensional space with limited number of training samples. The power of 2
Hz non overlapping sub-bands in the 8-30 Hz band and in 250 milliseconds non overlapping intervals in
half to two and a half seconds after the onset of MI are extracted as features for each channel. The
extracted features are reduced to 10 for each channel by combining the unsupervised L1-PCA and
supervised NWFE dimensionality reduction methods. The reported results show the ability of the
proposed method to select effective channels for classifying left and right hand and feet MI tasks. The
overall accuracy of the SVM classifier on test samples for two subjects labeled aa and al from the BCI
111 competition dataset is 94.87% and 96.51%, respectively, while the number of channels is reduced
from 118 to 7 channels.

Keywords: Brain Computer Interface, EEG Signals, Motor Imagery Classification, Channel Selection,

Mutual Information, kpn Entropy Estimation.

Sis sl (ICA) Jits sloadlse Jolo s (5,0 Y-
ssliiul gtz 5 basale S5 > 4 by e sba 510
Lawlodls
yo—ad olwlil coz> EEG sl JLXw gamatws
S BCI slaaslols o oy calises slaplasl 8 >
SLaJUS o) slass o, ey ol (il el Jsloe
Eeb La JUls ol sl .cwloads (5 uSo3lail
e 3500 JUSims Cod 5 (S0l (pogai e
G 9 (Sg ghl (Bl iy Sleslone
Slass jod> 53 Sy sl Vb dw b o SRl
Sl anaiws (gladsi 5 05 (D350l (slaaged
Slaei Caled)d 5 WS (o0 (Gnd (Boprand) (3510t
Sl— ojlw oo Jle—bo 1) sl s Lo JUIS ol
Lol plos  ols &S 1> S g (g
LMl gl azei o 5 00g—s Jlad oa i g S0l
et Lo JUIS Bis b sl by soiiens (gaiudios dihe
LS o yeas b o e Sledlbl b sla JUlS Lais 4 Jlad
sla gy ols Jrals 1) oM i ol olg5 oo Ha3 550
el 350 sl JUIS o) ogm Slace 51 JULS bl
e 5 00-dg ikl (S 6 kS (chomn @
e 5l Loty ol 0l o oo sunaiws a2
o o oadis S ol SlaJUIS (50 gaiin 9,50,
anai—ws (Bolai g Jlgto (JslS (s
gz o 0,504, 51 IV g [#] el e yo [0]aigs
Sne Lo i, il 5 mlonds soliwl JULS sl
Sl i ) amaiws S Cos s JUS L)
3 Slaloe )b (izm Loty cue Slosd
o Lel 51 ool b anaiws oo 95l 5l ol
S ygmn dudiwd 4 o sl JUS  Siwsly 9 ablate
csie gl JUlS Cas como o] Cote g ool
51 oolitwl L U (o soomins [A] a2 o 0 ool
LaJUlS oboj)l slame 5 (23,57 () LSl 1,8 o 565!
5,559, 51 V-] al e o il SVM aatus oo

doddo —
e alys Ly ) BCHASL], 5 5t by claailols
OIS L bl s e slo i @,k 51 Gl
DS g ) bagetle 5 (egimas slaplasl J s
S > 2 WS Ao M olew 6lp (S5
Wil s S Sdy el (il 5,05l aile
Laaslols oyl 5o (6 ymie JUKms oy 30,0, 5 [V-¥]
Solus Jdsa ¥ EEG) pl Felliusly, =Sl slo JLS s
ol o YU e (6 iy S g (g eSolai]
lanll sl 5l ool wl Ly Jyomesboas Lo JUSs
oAt s (69, 09, SUl (g3l I St
e Al glacodlad sanains Wigd o (5 S oslull
Lol 5 s lsieas EEG (gla i 5l ool |
5 & 4535 o 3ae Jsb o BCI glaasbels s ol
5 s ot e gladg cale Lol cosl oo 428 S
w3l slatlly L) el ol s LS ol bl
Sile oo axlge

s s Sl oo 5l s EEG ol LS
Stz S bKw (n i i ALaEl g den S

O Sl )0 s Sz S L gz s
JESem eoloni L Jyorojgban 5 0ud glasel oo
2572 g 5o S 5 S pSo3l anl s (b o >lie
g B> plie Gl JLKw (o3ls o i 0 aS
ki Gl e ye ol Giolidl adg 4 JUSws
(oo slo il 5561 cavos ba JLKws ol 51 g yo
sboyild 50 (ASShe 5 ,4IVL) (—ilS 3 sla ilid
Sibelaz g (g LY chwgio S i @2 p0) S
5 Olalrsel (ol Grals slajlnl alox 5l 555 wlie
et S el o [¥asts g 4 S il
L A) &8 > jgai 5 &85, bl e joee 2k L )380L

1 Brain-Computer Interface
2 Electroencephalograph

OY ola ¥ o)kl VFeY JLe

&


http://dx.doi.org/10.61186/jsdp.20.3.61
http://jsdp.rcisp.ac.ir/article-1-1282-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-05]

[ DOI: 10.61186/jsdp.20.3.61]

Sl 5 y9u05 (S 3dsdimw na Joliiie csleMbl 3l o Slaiwl b EEG sl JuSaws sl JUUS bl

5o 03 )5_.4.: uj? 4.103.').0 adlais o C‘}A‘ U”‘ u‘y
Cdld Slojee U Jdoday 550 &5 > qws 4l
GelS S8 >yl 9,0 5 S A S layg)98
Lo JUI jo calizes ol )8 gl rals ol ool o
Oyge &8> 958 5l (G5UsS Sloy Jelgd g lanihn;
Sl czr oobaj slagiegin (S 0 =5
A 3y50 S > jeai b ba e (Sloj Jolgd g lawil
ool LY Yleilass § & e 0 o s ol
L5 slinps L 55,n TS sl b Jpana b
o Sley dolsd 5 5,0 Y LA Wl o Slisyen oo
YO Soe a4y &S > jgad £g,0 odlel 51 e 4l V O
ad)S sy Sliges en b Gligies L4l Y B
olseil o S sl Ol e Plas  F5g ol
Fmias glwlas Oledbl U Sley Jolgd g laail
0 ¥ sl b ol g oy Alis ol 5o il oo
o Sley Jolgd g 5,2 Ve LA L 0 Slages o
A SBYDO LD alols o Sliges o a4l VO G
Cwlodls uL?b.)‘ (ﬁ—ffs u\y.c L J;} &5)....’ )l o
3 el 3 — )l an s sadizl sl sle S
Gle S5 YL slaw as azgi b Lais g0 Cowd 4
o’ (NWFE)S s b g " (L1I-PCAYS s gy o
Sz Sre Vo oml il Neb e had (SRs Ve
Slale g et ;o Gl s e sla JUI bl
gl g o3l wl (ganaiws Sy i sla JUIS
b9,y g i Gl JUST oUlss oals 3,155 s
obsly a0 )90 DU > jead gilulaz o oleiiny
.\.\.Q:QGA

zo S eolgiing JUIS Gl g, day o jo
S9) JL..:[S UL—?L&J‘ CJL_AJ O g Cond 5O D9 o0
o Cmwd UUP )9..4; (GOdwd 4 Jay,o Lgl.molo
JR SRR VWP XY DRI PEv L g FRpoom
Cawloads ULU IQ)LP Cound

L JUU olil golesdeny (49, -V
Jolio wledb! 51 solasuw!

st 4 slaz (JUI Clsl gl olg 2o )L

s 4 gl s Ay il sl 0505 sl JULS

&

2 L1-Prinicipal Component Analysis
3 Nonparametric Weighted Feature Extraction

OY by ¥ o,k VFeY L

Cwloads oolaiul as 1o sla JUIS Gl cys (6,28
e So s ks sl po Le JUB (b)) lns
dieeS sl 5l oo ) daains iy @l b b e
6o les ol o e sl IV 5,5 K L 5
Olaz dlooly pgd g s 4l o slagles o
Jod S8 o5 (el digai b b ] e 2o 4z
B o sla JUIS § o8 (390! (slrasges sloas
Hlzo e la JUIS a0 g ol L@QT eSS
RO S5 JUR e

So gl s e s U olil e dlie () 4o
O S (Slwle [l Jdoa 2 l8 o,
C9 S pdmoeldie 5 dmaiws jl o Sie sle JUlS
Sl 5500 sla JUIS blate cledsl .casloads oolal
375295 9 el Jleme S lymedn SLS > y9-ai
oslaz_ul 9 y—ny ul_>w‘ g;”ﬁ—:"’ AJL@P & T
SleMbl jlss 5l oolaiwl OMS i 1 (S5 wlons
olass L YU ace slalad o T 3806 cpeasss ¢ hliie
" (MRMR) 59381 aieS- bl )| aicion (5,500 Las
Alas y o o Jlie Sledbl lawgie oS cawl ool &3l
GrSoill Cuz i a ]y b Shy chr G il
33 09290 (55938 5 L Sy (99— Lad s (e
Jolie aledlbl pass [N Y]wiS o ooliinl o S5
CBS dgazme (Ljgel diges dlaad b JISCul slo pite yu
LU, pae MRMR [Lxe S cuils anly> (6 g0
Lol o aige sl b Soo3

a5 Cewloads solawl Jlaie Sledlbl 5l allas ol jo
a3 gl ol o ailS Gl L o3 bLs )|
kpn (s ,61 S el L s 51 Joliie oledlbl
e w35 5,8 LKPN e [Y] colonss solil
36 PE8 et dadigel Sluws 0 CHleSS 8
R uLw-’ |) (_gol.ef......._'

Ll glaghy, @l e ol ddlse 5l (S
Lo Sy oS n 5l ol Oljpal I b s e
PG Y LAY B (=, VYW L A) a/p zlasl olgs
M‘uj)})j_@)‘nm@)&aé)?wm

1 Maximum Relevance-Minimum Redundancy


http://dx.doi.org/10.61186/jsdp.20.3.61
http://jsdp.rcisp.ac.ir/article-1-1282-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-05]

[ DOI: 10.61186/jsdp.20.3.61]

aS Cwload ool )JIS_...J 6l_b).u!.~o Oy J_ul.a...a
sl b Syo3 bl pac MRMR las JSios el
3 eoleiian (B9, 4 el (V) adasly aile juo 4
ol alons ooliil JUS Sl sl 1(6,X) lana

Wadgh (9]

K
I(c, %) = H(x) — H(clx) = H(x) _ZP" H(xle) )

el aws sy x g9l Hxle) o (g9, H(x) oS
adayly ol b cesllaains slass K g pli aws Jlaz>! Py
o 955 aess 4 Jolite SLedbl  ass

D9 o iy ya3 (F) alaly Gollae og,0] 09 o
H(x) = —E{log f (x)} )

sl gyl e X x5 (X) 5 o, el B} oS
el () adaly & yg0a o] oles

A = —%Z log f(x®) )

Sl N g pli (—i590] Abges Sy Jlo,mx@D as
Jros @5)3-3] eSS (salinn "';‘*“‘gs‘i’}%] Sladiges
3 Lep] e sl 05-8in Lo f (D) e
ol aylan (p F S5 K S el L (e

Lol (#) alayly illas 45 598 0

P(xe B(x®, k) = f

k
Cfdx=g @)
B(x(W k)

Jels Bx(i)}S).o O caSopl (g 5 S>eS B(x®, k) a5
o9 el o8 Lbacwl ol alaan o 5 Soo 5 K
bld gy x® ool ;o f(X)

A k
Oy =~ \4
&) = ey )
ook L x® G o> al sl e(i) & o d &S
— (2e(D)*ases 30 g ulslen S S03
(0) adasly 0 (V) o3l b .cawslB(x @, k) CaSee il

gy oo ol (M) alayl) & yg0 4y pedT

N
H(x) = log(N) — log(k) +d + %Z log(e(i)) N
=1

Ly oSoe a8l (n eS8 e Lo JUIS 5 aieS
Al el La JUL dan o dweS gl 4 cod
L Soyehbb b Sl ©)goa s (nl (ress
YU ans b (slad o 53 dgamme o550l (sladiges Slas
ol ol az g5 BB Guiblys 9 bl s g lebs L
LLsJas 1, 6,50 Soslw by las cawle (5)lgi0
wlosls j13 axgi 5 g0 il ails Uas pl L oe>
= e glejls s g0 a1y b ylre (pl (g8 oo
slajbre 5 (FoSTn o G fle a2l 2) Soee koS
Aol aile s aeS la> (Vb slagy S L ks e
S Sz el Lo lrs sl 0,5 (gasatis b > bl
p9o 5 Jsl Ao Slaplos sz Ll g )ls (6 S
=S 259 L sloaiws gl a8 s osls
U3Y S IR L SOy~ I S UPP P W) (I UL SOWOE SL2Y
I¥local ol )5 aslys o (aii opl @b, cga Sledlbl
5 saizl el sla 555 Jlite Sledbl L
LS, (€) baws oz 5 olsesil s3eb sla S
eSSl L oSome YL G5 Su D0 055
DVY] il oas 03,51 (V) alal, jo LLs,| ol ol
PE(x) < ((H(e) = I(c,x)) M)

1(c,x) 5¢ 558 H(C) 3 aieS sla> PP (x) oS
a2 e olis Wb alal, ol 5 € oy e Sl
DMLl o G aeS sl 6l VL GlS So
e Sl (o Sarciy b a5 o)l sgg lie
slos el il ol onlpls 9o S
5 S by yeS i SlaJUS sy s aeS
il 5SS T Vb s
Loaiws ais8 Geesd & L3 1(6, %) (o035 I
soisel ladiged ol b as el Vb sy slad S o
esie Lo U St 5 Sl sl Sgamme
G Sl 51 St cul o sl 55l (95 cmo
Y] el sty oslasl () alal ;) MRMR
lzd:l(x- ) —#dz_f zd: I(x;,x) (V)
ALY T dd=1) b

i=1 j=i+1

)I 0l C‘)Ml ‘5&;).15 ol..\:.'{ d 9 r:‘l ‘;)43 X as
Jsl @, le oY) alayl, jo ol Ol 0300 sl JUIS
9 e OS> jeai b la S5y bl e lawgie
L la gz )0 29290 (Sgi8l lawgie pgs & )le
LLSIYL ole gilo acin b asles oo (5 5051l

Sgg0 g8l g diion Haide &S > jaai b o S

OV 2be ¥ o kel VFeY Lo

&



http://dx.doi.org/10.61186/jsdp.20.3.61
http://jsdp.rcisp.ac.ir/article-1-1282-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-05]

[ DOI: 10.61186/jsdp.20.3.61]

Sz g Jolie oledbl jloslanul b JUIS bl

5o idg by ol o5l g, oy olsul Jlge

sadtive Sl A Gy Jgene gl (68 sl b,
Ll Qs glp patin Cone 4 oww, b g JUI

3 =Y
Sg—s oo odnl i (V) S 0 a5 4555 \lon
b e g Sl 5l G EEG oo sla JiSns
5 i sla 55 Bl g il &
el 2l o ls g Sl 5l sl ol gel
OlS > o038 « N (EOG) iz LS > 5l L5

olS >« T(ECG)eLs b,s ¢ T (EMG)azale

Ak 45 By o

sl LIS o5 g s Faglas

EEG

Sl 5 y9u05 (S 3dsdimw na Joliiie csleMbl 3l o Slaiwl b EEG sl JuSaws sl JUUS bl

L o sle JGE
'

S-{@}

- ond (g mFajlodl gla, UL §

'

1 Teux) ooy

as 2l i e

B oy g S L3 Gl ams ja caos a

e adlal

s il gl UL acgasma

9y 3l ool b JUIS bl glawes ylogas 1() - JSub)

Jlie wledb! o Soiw golidin
(Figure 1): Block digram of proposed channel selection
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(Figure 2): A segment of channel C3 of subject G and it’s
enhanced by band pass filtering and ICA.
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(Figure 3): Scatter plot of two extracted featues by a) L1-

PCA, b) L1-PCA+NWEFE for training Samples and c) L1-
PCA + NWFE for testing samples of subject E.
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(Table 1): Overall accuracy of LDA, QDA, k-NN, and SVM
for left and right hand movement imagination sing all of the

59 channels.
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(Table 2): Overall Accuracy for 4 subjects from the first data

set by using channels selected by the proposed method and
the features extracted by FB-MAP-CSP [20].
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selected by the prposed method for subject al from the
second data set. (S represents Channels in the above row).
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