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oSk e 72 Adeith, Big oE AdS ARdhE A8 B7-OWE A&ste] 5AE 2% 5 A
MBK-CNNell A gl At e Ao, £7]-0WN 54& 7tedos Adstn ¢ wa =Ry E4& o8
ato] MBK-LR-CWN-E St5A12 4= glh. 85 5, 8883 545 Scl7] AsiA &5 A% 2570 ddd d

o

1) A9 (Local region): A=2o]l F3t2 9Jx|o| 7|wtale] | EEG Y-S Fd Fd, N2 YeldleE RS 1dskAt
(& 5 #=x)(D. Zhang, L. Yao, X. Zhang, S. Wang, W. Chen, R. Boots, and B. Benatallah, "Cascade and
parallel convolutional recurrent neural networks on eeg-based intention recognition for brain computer
interface," in Proceedings of the aaai conference on artificial intelligence, vol. 32, no. 1, 2018.).

AY b FAAL W, 9} = dE FFAA AY co] A7 I AYAS Yk, Ay co] Ao R 4
84 63} o] Y cZ FA0E 3 M AU TAW AU RE goz HoHr},
[~k 6]

R = {Mi—4] < € and li—j) < &M,; =0}

iy
X

o714, M= M) (i, )dA a0l AdS Me o83 T Aolrh. t= A9 A7]& vehdt(= 6 3

). Agel F# AgY A% 1K= & o] =A" wheh 2el, A AY col o8 Debd 5 vt
o714, IFF Adolet o2 Fut A& dUrhls EavE T4 Ade A3 4S5 YEhds 9ast ve] A
XL Aol olskel A& ofvghal ofsf g = vt

BEG A2 S, oA Amd vpe} o], b5 o= el th, 7h kel tiuiet, zb Adol] gk A e A

L le)] «
sjert. puls) ahgl s A co] xedo] Yak fEG oy Ao PSR T o gy 2 gy

ol

2) MBK-LR-CNN] T-%: EEG A& x "o diste], d& #7]-OWe& A8afo] =844 73 o] Fupa 4l #3t

(b,c) - - -
0 = = P
AfE FES S AL

Jm
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[s=<k4 7]
FOO= pranch CNN(2®);0®:))
o714, 0% = mo)-owel sebrlEE debdc,

MBK-LR-CNN-& B - C 79l E7]-CNNe.& A=W | E7]-CNNS MBK-CNNe| E7]-CNN3} #& Fxolt}h. o, 37+
Ad 271e A9 Ruag g 5 9o

4
i
it
A
o
il
tlo
4
Lo
1>
oo
i)
L
-
)
ofy
ﬁ
=)

},

i
o
oo
QL
£
ot
2
i)
&
32
o)

3) MBK-LR-CNN®] }s5: MBK-LR-CNN-2 4=8}2] 99} 4=38h2] 103} o] Hos &= &3 wxl dEZI &48& 43}
3= St E U,

(55

1>

9]

(54
L, =AL+(1—A) ) Y L0

b=1le=1
[5H4 10]

exp( )

N
Lot ;ldy‘k - log—
B > exp(fr)

=il
DAY Au: 2 S g, A AGe $F ALY EF 2A Jlejstm, d¥ Ade w4 @e &
T B owEAdE £F 44 wRe dhel g 98 Spew dFan AAs%aA gk B g
Aqess] fistol, sH9l B Aol B HFH A% el stetele) F8AYP. Molchanov, A. Mallya, S.

Tyree, I. Frosio, and J. Kautz, "Importance estimation for neural network pruning," in Proceedings of

the IEEE/CVF Conference on Computer Vision and Pattern Recognition, 2019, pp. 11 264-11 272.)& A EZ
N )=
a= T M .

- (b,e) B.C
WBk-LR-Oel ereig O lue i gn ga, sun ad dsww &4 gz LOka g%,

Pdolchanoy 5] =gl maw, stelee] Fade 89 15 setest 98 ds 92 el &4 Aol
2 Aelsv) oy o4 113 590 129 ol AskE 5 Arh,

A4, 0" gge see s dergn O 10 =08 8" Yhew 0oz wE AL vehar.

b A 9] o 5}04 =2 A zr=(importance values) {1, ZolA T wmresl-tp percentil
)= o) 2 shAf. ol gste], bA 9 dgelA AEiE x99 M3t 7,5 uS 3 137 ol A
hein=
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o n ) >
3h9l did e o) & g (d) ( 100 Mz ggol whal, k9] tjgF ded A 5
( _ ). 5. ¢
9 Weduith thg 4 Utk Aje] AMEE Feof MBK-LR-OWe| #7]-0We] Alge g 100 o
Zol B},
ERED

A. dolg Al A

B oahgol A%S #rety] 998 BCI Competition IV dataset 2a® High Gamma DatasetS AR&3stott. % 71X

dolE e s 2es S5 2R A% Hrtel T2 AgHE 33 dolg et

BCI Competition IV dataset 2a & 47} 29 &5 AN (2L, g, &, d)d oigh EEG Als2 4
ol Qlth. EEG Alsx= 9o 14E IAAE didom 2270 HFelA mE A AE dolE(dXd,
250Hz) &= SN om e S FH(0.5Hz-100Hz) 7} A& ATk, I @AE dolg AL 2708 Adoz 4
Hol 3, ZF AL 2889 AE(EH =T 7272 FAAE ] Ak, A HAl AL szgely, T A A
AL Hrlgolth. A% doleAl A2 C. Brunner 59 =% (C. Brunner, R. Leeb, G. Muller-Putz, A.
Schlogl, and G. Pfurtscheller, "Bci competition 2008-graz data set a," Institute for Knowledge
Discovery (Laboratory of Brain-Computer Interfaces), Graz University of Technology, vol. 16, pp. 1-6,
2008. )¢l 4 g1g 4= Urt.

High Gamma Dataset< 47}#] Zg|2eo] &5 (0248, &, o F2Dol sk EEG A5 2 FAE gle
o, g5 ZFdx 25 EF Ae #Hrkd AF ALgEE dolgAlelt. 144 AR vIdAE giygem
128202 EEG A&7} wg] Asd WE #HolE(d AW, 500Hz)Z 7]=% vk, o] HlolE|Ae T3 EEG AES

g ah=d HA3E EEG A7 dolA AAEA7] wlEel, high ganma HY 2R E HARE FE357] A st
g apE dlolE Al 13709 rune® A E =Y ol 9F 1040709 Alxeolth. A WAl 11709 run (F 830709
Alr)e 9ol AREE AL whAEE 27H€] run(eF 160709] A=) 7ol AREETE. o] dHolgAlel gk AT
e R. T. Schirrmeister 59 =% (R. T. Schirrmeister, J. T. Springenberg, L. D. J. Fiederer, M.
Glasstetter, K. Eggensperger, M. Tangermann, F. Hutter, W. Burgard, and T. Ball, "Deep learning with

convolutional neural networks for eeg decoding and visualization," Human brain mapping, vol. 38, no.
11, pp. 5391-5420, 2017.)°lA 2el7}sslc),

B. dlo]E] e

High Gamma Dataset®] Z4-9-, ©lo]E{A AIZt=te] A A7 YA extreme high amplitude recording
artifact7} LH A|Z=E dolgAdA ALsdet. 128719 Ad F, 5 HZ(motor cortex)S Y A=
44780 ANk Aestglon] | BEG A& 500Hzol A 128Hz2 @] 8 Z3tlth. High ganma thel-S 8317 93,
Aotat Wl kel Ul 16-38Hzi= 16-125Hz% diAl&kSich,

BCI Competition IV dataset 2a¢} High Gamma Dataset XE5of oidted, ¥ 3¢ Y EEG 3=

=
exponential moving average window®} decay factor of 0.999% A}&3le] FF=3FEJTHR. T. Schirrmeister
59 = #F2). 7 A&rit}, cue ol 0.5F25H cue o|F 4x7bA 9 E3E EEG AE 7t AREE QAT

A3 AFRRE, e A7) (7} F42 Ao] HopdS WAt ey, wek (U YR IW, gy
o] Aol T2 AEE FAE & Q7] "W I Yol FolE & dnk. wEkA, S8l Ad AeTr A
o glolE Al (el BCI Competition IV dataset 2a)ell= €=22= @A#sta, A A47 2 dolg (o High

Gamma Dataset)ol= €=3 & Hgs= RS A},
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A ekah= WhH L vlx] 7] (batch size) 60 ©]-83te] 500 epochs &<t d5E AT, 53 wal AZzy]|o] HI

0.92 A==, v vl A& Ffole waf ki
ERy &4 HA3E7] YaiA Adam SEIVIOIAE ALEEAT. THE

2 %7133k 5L 300 epochs ©] %o 73S (decay rate) 0.1 H-&3}F3iT}.

ANZE o, AZFEA Folojo dFelulEE Xavier uniform 2713 7P o] &3dle] Z7|FHAL, THE

F5X A4 (weight coefficients)E EE E7]-CNNoj| 53 75X S Hojslr] 9l dd3 ges =

N a® = LVb A — ! .V b,c N
718tE) vk, =, MBK-CNNOJ 79 B 2 MBK-LR-CNN9] #H& B- C 2 z718k2 4 9l

o fo

MBK-LR-CNN®] #|¢] Ael whAo) A= n=60%2 xgaigict,

Arat= WS PyTorchE &3] FAE Ao 3719 GeForce RIX 3090% ©]-&3to] 5% Act.

Ay BR meEse g% vmsh Adshs el 7 adel e AA 49

1) BCI Competition IV dataset 2a% o] &3 BF A% v

¥ 2= 7 #E)= Aots= WHI Shallow ConvNet(R. T. Schirrmeister, J. T. Springenberg, L. D. J.
Fiederer, M. Glasstetter, K. Eggensperger, M. Tangermann, F. Hutter, W. Burgard, and T. Ball, "Deep
learning with convolutional neural networks for eeg decoding and visualization," Human brain mapping,
vol. 38, no. 11, pp. 5391-5420, 2017.), Deep ConvNet(R. T. Schirrmeister, J. T. Springenberg, L. D. J.
Fiederer, M. Glasstetter, K. Eggensperger, M. Tangermann, F. Hutter, W. Burgard, and T. Ball, "Deep
learning with convolutional neural networks for eeg decoding and visualization," Human brain mapping,
vol. 38, no. 11, pp. 5391-5420, 2017.), MCNN(S. U. Amin, M. Alsulaiman, G. Muhammad, M. A. Mekhtiche,
and M. S. Hossain, "Deep learning for eeg motor imagery classification based on multi-layer cnns
feature fusion," Future Generation computer systems, vol. 101, pp. 542-554, 2019.), MBEEGNet(G. A.
Altuwaijri  and G. Muhammad, "A multibranch of convolutional neural network models for
electroencephalogram-based motor imagery classification," Biosensors, vol. 12, no. 1, p. 22, 2022.)
ATCNet (H. Altaheri, G. Muhammad, and M. Alsulaiman, "Physics—inform attention temporal convolutional
network for eeg-based motor imagery classification," IEEE Transactions on Industrial Informatics,
2022.), MAtt(Y.-T. Pan, J.-L. Chou, and C.-S. Wei, "Matt: A manifold attention network for eeg
decoding," arXiv preprint arXiv:2210.01986, 2022.), EEG Conformer(Y. Song, Q. Zheng, B. Liu, and X.
Gao, "Eeg conformer: Convolutional transformer for eeg decoding and visualization," IEEE Transactions
on Neural Systems and Rehabilitation Engineering, 2022.), FBC-MV-CNN(Z. Fan, X. Xi, Y. Gao, T. Wang,
F. Fang, M. Houston, Y. Zhang, L. Li, and Z. Lu, "Joint filter-band-combination and multi-view cnn for
electroencephalogram decoding," IEEE Transactions on Neural Systems and Rehabilitation Engineering,
2023.)5 BCI Competition IV dataset 2aZ ©]&3slo] A% H713 A23= Yehar o},

Shallow ConvNet®} Deep ConvNet®] ®7F ZAi= AzrRIEo] FI/d A~ IAE=E o]gdte AAFAL
(https://github.com/robintibor/braindecode/). MAtte] ¥F A= At MW A~F=E o] 83te] WA}
A th(https://github.com/CECNL/MAtt). MCNN, MBEEGNet, EEG Conformer, FBC-MV-CNNe| -7 A¥= 7 &g
& Aeke =oAL ST ATNet o] 57 ZyeE ARl 3% 42 3z 2 gpddA] L3818
TH(https://github.com/Altaheri/EEG-ATCNet/) .

¥ 2014 B 4 glEo], MBK-CNNS 7F% =& Hy AT (82.67%)S DA, =3k, 1A} s4, s5, s6,

s79] 7Z4%-, MBK-CNNo] Ml duFEHUE ¥ 7 ASEE By,

932 oF A A7) FAS welsA &= Shallow ConvNet#} Deep ConvNetoll Blushd | th3 th 3} v
°ofE AY A7IE AREEE MBK-ONW2 F @ &4 2AE sdste] H ASEE 8.58%9F 10.84% 7NA3H3
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o}.

gz oE Ad A7) BAE Ads7] Y8l AR o AY A715S A3k MBEEGNetol] B]aahd, MBK-CNN
< FoF GddE 8ot e Aw S B, AdtsleE S 3AEE A 7S HH A
7] wWiiel, MHEAJ] A siAe Ha d5S 2 XY £ vk, A NF MBK-CWe| 33}
AErel ¥F AA(std. 9.3D)F PR HolEE o]&s] AY AVIES AP MBEEGNeto] XEF HAM(std.
9.55)x 1t} 2},

MBK-LR-CNN2 F7bH o2 33t vgdE 284 o= MBK-CW thH] Ha Jg=g 0
s4, s6, s79 79, MBK-LR-CNN-> 3% 20l vehd RE dug]F FolA 7 22 27 A8=s 2459

7F4 7] (dimension reduction technique, t-SNE)& o]&3%, EA WHEHAS HAF7]
2]
(e}

of thgh A8 A3ts =AIRH

2) High Gamma Dataset= ©]&3t BF A% v

E 3(= 8 FIF)v Arst= #HH Shallow ConvNet, Deep ConvNet, MBEEGNet, ATCNet2] ¥# AlsS High
Gamma DatasetS o] &3}o] Frtst A2 Jehitt.

Shallow ConvNet, Deep ConvNet, ATCNet2] 7/ AT T/ 4 FZEof 7Hkste] EAE I, MBEEGNet 9] #
7 Ade daugFe] Agtd =AY, ATCNet o] 729, stold I g7l 250H2E 7] o2 AA
E917] W&ol 44-channel EEG 2155 250Hz% The- AZ e sloly FEtvEE 2 8sg).

% 3o YElE, MBK-ONN2 7HE =2 &7 A% (96.24%0) 5 2Askith. IR} s2, s6, s7, s8s, s9, s13¢]

[e)
7% MBK-CNNo] Hlal &ig]EHT} 2o Bi HIES wo),

>
[
(%
4, o

2ih)

MBK-LR-CNN& 27 A%S O FAAAAN 96.70%2 7FF & BF AILE I, s4, s6, s10, s12,
sI4E A93t =E g Ao A MBK-LR-CNNS 71d =& 27 AIw & GAdsgit.

Il 82 ZU = TS HoF7] H3 &5 ™ (confusion matrix)S EA|SFL AT},

3) o Y Eale a3 74

o 9 239 45 F 235 A5l fske], MBK-ONNS @ t1S(0-38Hz) A& & o] &3t S5AIH
t}. st& 2 As H7F= BCI Competition IV dataset 223 ©]-&3F3itt. 343 HuE 9Jsle], H7]-CNN| 7H
ol Ad A7)E MBK-CNN 2A AA3o 2z UEYA9 &3 (capacity of network)S FA3H3iT).

¥ 4% 9 Fx)o Y, MBK-CNNQ] it 7 Ao dd 93 A3 A o oS A3k 4
71 6.31% A =v. A} s3& AYs B PR BF AolA, tde tgE AE-$ MBK-CNNo| @ o
A= AR MBR-CONET ¥ 2 247 5= 2434

S

) A9 o Ad A7)e] &3 24

Aok e oE AY A9 ARG 2ASP] Astel, b AY A/ AR BR A5 BCI

Competition IV dataset 2aE ©]-&3to] H7hefaL Alotel= Wyt wluwstqley. 3 WA, 2= £7]-C\Wel| FH3
& v Ad A7ls Agsdt. 9d Ad AVIEE 25, 50, 100S . FrHHoE, AltEe gy
oE Ad Avlsh MR, uFu de] & Ad AV1E AEsta AFa g 22 Ad A7]E AE5hs

g oFE AY A7|% AT, 0-4Hz, 2-10Hz, 6-22Hz, 16-38Hzell tiste] 25, 25, 50, 100& AME-E.

o o]
5 AR ¥ a0 gdHe]

£ 5(5% 10 F2)elM &g 5 ko], @ A A7]E ARSshs MBK-CNNelM = 9] @A) 24 wA7F 2
ok A sl, s2, s4, s6, 57, s89] A, @d A A A T AL A7) 257 M =S EF Aee
B, A A7) 50 AFA s5lA TP w2 BF dee Blow, 71d A7) 1002 I @A s33F s9el A
M EE 2R Aes BT A7 FEeAY; R = An

E3], 9382 s4ox] FHA o]&A
(83.79%, S=25)¢} 7} e AT (75.21%, $,=100)¢] o] 8

iy

()]
(0]
=
o
oo

Agrsl= e o Ad A7l= AFA 2, sd, shellM 7MY w2 AFEE @AstaL, ddA} sl, s3, s6, 7,
s8, s9olA 7HE w2 AgErT ot v Ag=E STl et e A=t P w39t oled 2
3]

= 2
=AY Ar1e) 994 e BAzk Astels Wl o8 Basues ofn
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[0124] g 7)ol washd, Agkeks o
al

7d Hcies
3 el 2 A A7E AEsta

[0125] 5 AStsl= vT WY 7o) Bap 24
[0126] Adets te de A mdE AXsty] fste], s 47HA bvS WY FAE ol &stel B dee Hlal

By (i) 9HF EH%ﬂ% (iii) xifﬁrc“i 5

o
¥
o
%
=l
N
<l
A
=
2

S

D

m_u

[0127] AF A= ¥ o6(E 11 ZR)A FAdd &
= el

[0128] 6)

A7) YEted, B wA dEZY &4 gl F Tl
t}. BCI Competition IV dataset 2a5 o]&3d}o] st
12 %i of A=Ak, & 74 YERY %o, AdsE T

& g@siglon, Bt BF AREE 4458 PG

[0129] =23 wap dE"
< o|&3t MBK- CNN% st

o
B
1
o
oy ol
_@_

RO

of 1

or X
o°"

4

[0130] 7) A9 ddel w3 B4
[0131] Agtel= X9 Ao axE B43517] $18F, MBK-CNN, =] X&) 9] MBK-LR-CNN, X]¢ A& o] MBK-LR-
% ¥ 8(% 13 F=x)olA Holxo], MBK-LR-CNNe9| Hit A== Ao

Axe Ao Heo] WBKLR-CONSl F 2.8 AR S olnl gk},

[0132] 8) JBA B94 27 4% B

l

[0133] HAAE EF/ A Ut gk, Abste Lol H¥A 5HA EF AsS FAs] 98ke] leave-one-
subject-out (LOSO) 2102 AL Agstgirt. L0SOE 3 B Jx = A@Ae] dolE S g
of Abgetar, & A HolHE o]&ste] oS kst Wolth. o F % gyt HAHge BE
A7 HrkE w7k R E. e gga 5y54 E5 AT ¥uE 93ke] Shallow ConvNet, Deep
ConvNet, ATCNet, Al¢tsle WS S5AIZTH.

|

R

[0134]

0135]  E 15t E el o Axdel HE &5 A% 2R 29 A4 PN Adsy] 9% 55wt

=
[0136] T 158 Fzsd, &%
2 A4 (processor) B/ S 3
A B A %b&v@ olF= 2t WA T Aol Uy

A

L
3y
2 o2 AL

T = T
ojsE L vk, wEA, AFE A= &5 Y 2F 2P A

H 45 9l AFE Zo}‘?(]*‘: PC(Personal Computer), A1® (server),

phone), 2WlE 9}X|(smart watch) & XFE F ). oJslollA, && A &7 228 A4 WY

R0y, A VAt FEHE W&ol #dtode 1 FAH] VAE AR g,

, 85 dlelEl7F E5HT(S110). g5 dlolH
AE AL, USB Wl&2E] et 73 AH
Al wE AFE S FE Jrt.

HolE & o] F& HAE 4l

9 5 Ao gen, 7 8

o
ot
44 =
oft
o

vo_)L

o

[0137]

44 2 o
ot %

[0138] A2 F3Eh(S120). old, 3¢ dld2 vE AR

[ez]
hl l
He fed Hd= Aot AdE 5 dn. o, AB-OW o]

= 10
_13 m1>
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[0139]
[0140]

[0141]

W

S160 &A1=

=

A Aoz ZF ®7]-CWe HEi e, 7HER] A
=i}

I DEEEN

3 %1

dylo|Er} = HTH(S160).

i
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w
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=
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=

2 A4 (processor)
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ol ol Ayl FAE st=dol A 84, &X
of 74 849 HFoR FPdE F vk, dE E AAlEollA AW Fx 2 74 84, d8 &
z2AM, ZEZY, ALU(Arithmetic Logic Unit), EV]Eé A& Z2ZAAM(Digital Signal Processor), wu}o]
Z7FE, FPA(Field Programmable array), PLU(Programmable Logic Unit), WO RZIZZAMA T W
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F == st o] EE°1]°1 ofFF Aol AE FAT 5 drk. ES, HE FAE LZEoje Ho &
gete], diolHE A2, A%, 2%, Az € AT F= v}, olse HE fstd, M7 FA= st A
|5 = Ao AWE AT AT, AT Ve HokdA e AAs 7Rl A=, A" AAVF B e A
2] @4 (Processing Element) Z/HE: E4: £33 Ay 845 ¥ = 9SS 4 5 Y. A2 59, AY
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(Collectively) A ZAE WRL & vk, £ZES ] B/E= HolH=, A FAol osto] a4 = A A
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Amplitude
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Frequency

x(b) € ]RCXT

.

Temporal Convolution }

Band-dependent kernel size 1 x §),
Stride 1 x 1
Maxnorm ||W||2 =2

RA0XCX(T=Sp+1)
.

Spatial Convolution
Kenrel size € X 1

Stride 1 X 1
Maxnorm ||W||z =7

wa; x(T—8p+1)

[ Square ]
!
[ Batch Normalization ]
v
Average Pooling
Pool size 1 X 75
Stride 1 x 15

RO I—(T'Sl';'”}ﬂl

[ Log ]
.
[ Dropout (p = 0.5) ]
v
Fully Connected
Maxnorm ||w||, = 0.5

f® e R¥
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(a) BCI Competition IV dataset 2a

® 500
OB D eeo
ERONE
000
000 O©@¢

Fz
FC3 '] FC1 FCz | FC2 | FC4
c3 c3 Cl Cz G2 c4 cé
CP3 | CP1 CPz | CP2 | CP4
Pl Pz F2
POz
FFCShFFC3hFFC 1hy FFCIWFFCAR|FFCENY
FC3 | FC3 | FC1 | FCz | FC2 | FC4 | FC6
FCCShFCCIRFCC Lh] FCCIWFCCAMFCCaR]
[8.] 3 [ &} c2 4 C6
CCPSCCPIRCCP L CCPYCCPARCCPah]
CPS | CP3 | CP1 | CPz | CP2 | CP4 | CP6
(CPPShCPP3LJCPP 1L (CPP2L|CPPALJCPPah

(b) High Gamma Dataset

=496
OQ10103 110070 ojojoqrrjojoqo
0121314151610 0]l21314]5161]0
7181911011 )12]13 718191011 12})13
011411501617} 18) 0 0141151161718} 0
O10(Q19§2012110 )0 0101191204211 010
ojojoj221o0101]o0 ojojoijz221o0q101]0

(a) R . Local region of  (b) RU18) . 10cal region of

channel 9 channel 18
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Ed9
Subject | MBK-CNN with single-band | MBK-CNN with multi-band
(0 — 38 Hz, 0 — 38 Hz, (0 — 4 Hz,2 — 10 Hz,
0 — 38 Hz, 0 — 38 Hz) 6 — 22 Hz,16 — 38 Hz)
Acc. (%) Kappa Acc. (%) Kappa
sl 83.12 0.7750 84.51 0.7935
s2 56.91 0.4255 65.52 0.5403
s3 94.93 0.9324 92.08 0.8944
s4 68.05 0.5741 84.20 0.7894
s5 72.67 0.6356 82.05 0.7606
s6 61.77 0.4903 68.33 0.5778
s7 81.53 0.7537 95.31 0.9375
s8 85.24 0.8032 87.36 0.8315
s9 82.99 0.7731 84.69 0.7958
average 76.36 0.6848 82.67 0.7690
p-value 0.0137* 0.0137* - -

Stars indicate statistically significant differences with respect to the proposed

multiband (p-value from one-sided Wilcoxon signed-rank test, % : p <
0.05, xx : p < 0.01).
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EH12
Subject MBK-CNN trained by MBK-CNN trained by
end-to-end cross entropy loss | amalgamated cross entropy loss
Acc. (%) Kappa Acc. (%) Kappa
sl 82.19 0.7625 84.51 0.7935
s2 53.33 0.3778 65.52 0.5403
s3 91.74 0.8898 92.08 0.8944
s4 78.47 0.7130 84.20 0.7894
85 74.55 0.6606 82.05 0.7606
s6 65.38 0.5384 68.33 0.5778
s7 9243 0.8991 95.31 0.9375
s8 83.47 0.7796 87.36 0.8315
89 82.64 0.7685 84.69 0.7958
average 78.24 0.7099 82.67 0.7690
p-value | 0.0020%* 0.0020%* B -

Stars indicate statistically significant differences with respect to the proposed
amalgamated cross entropy loss (p-value from one-sided Wilcoxon signed-rank
test, ® : p < 0.05, %% : p < 0.01).

EH13
Subject MBK-CNN MBK-LR-CNN MBK-LR-CNN
before selection after selection
Acc. (%) Kappa | Acc. (%) Kappa | Acc. (%) Kappa
sl 84.51 0.7935 85.35 0.8046 8542 0.8056
s2 65.52 0.5403 64.55 0.5273 65.38 0.5384
s3 92.08 0.8944 93.51 0.9134 92.50 0.9000
s4 84.20 0.7894 81.18 0.7491 84.41 0.7921
s5 82.05 0.7606 80.73 0.7431 80.42 0.7389
s6 68.33 0.5778 70.55 0.6074 72.36 0.6315
s7 95.31 0.9375 95.73 0.9431 96.04 0.9472
s8 87.36 0.8315 87.64 0.8352 86.81 0.8241
s9 84.69 0.7958 84.13 0.7884 84.65 0.7954
average 82.67 0.7690 82.60 0.7680 83.11 0.7748
p-value 0.2480 0.2129 0.2480 0.2129 - -

p-value from one-sided Wilcoxon signed-rank test for the differences to the

MBEK-LR-CNN after selection.
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