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Abstract

Brain computer interface (BCI) is an interdisciplinary subject involving neuroscience,
engineering and computer science. It provides a control and communication means that does not
involve normal nerves or muscles for the interaction between the active brain and other external
devices. BCI technology has far-reaching significance and broad application prospects. It not
only breaks the traditional boundaries of human-computer interaction, but also brings more
convenient, efficient and personalized interactive experience for human beings. At the same time,
it has also made remarkable achievements in the wide application of medical treatment,
education, entertainment, military and other fields and in promoting the development of related
disciplines. In BCI system, motor imagery (M) is widely used in the design of active BCI. This
system uses specific signal acquisition equipment to collect the electroencephalogram (EEG)
generated by individuals during MI in real time. Then, BCI technology is used to preprocess,
extract features and classify the collected signals to identify the individual's motion intention.
These motion intentions are then transformed into control commands that can be recognized by
the external device, so as to realize the control of the external device. The main task of BCI
technology is to convert the collected EEG signal into a series of commands that can be
recognized by external devices, but it still faces some challenges in practical application, such as
large individual differences and the accuracy of classification needs to be improved, which can
not meet the needs of practical application.

Based on the existing BCI technology, this paper analyzes the characteristics of EEG
signals, and proposes a multi-scale feature fusion CNN-LSTM network (MFFCL) combined
with the method of dividing filter banks. This architecture can be used for feature extraction and
recognition of multi class EEG signals based on moving images. Compared with other
classification methods, it has higher classification accuracy and faster processing speed.

In the use of EEG preprocessing, most of the MI-EEG algorithms based on deep learning do

not divide the EEG signal or divide it into wider frequency bands, and the wider frequency bands



can not make full use of the different characteristics of multiple sub-bands in the EEG signal,
resulting in poor performance of the EEG classification model. To solve this problem, this paper
refers to the theory that filter bank common spatial pattern (FBCSP) divides and processes the
frequency bands separately, and proposes a new division method. The framework of the
experiment is as follows:

Firstly, the input EEG signal is analyzed by independent component analysis to filter out a
variety of artifact signals and noise interference, and then the preprocessed signal is processed by
frequency division. The selection of frequency band is similar to the window sliding mode in
sliding time window. Finally, several new data sets with different information are obtained. Next,
a multi-scale CNN-LSTM structure is designed according to the proposed framework. The full
connection layer in the network integrates all feature information. Its multi-scale is mainly
reflected in the multi-scale of the data frequency range and the cascade structure of different
scales. In this study, overlapping filter banks are used to divide the frequency band of EEG
signals, and combined with cascaded CNN-LSTM network to realize the fusion of spatial
characteristics, temporal characteristics and frequency characteristics. This paper proves that
MFFCL can effectively separate the discriminant features in multi frequency components, and
accurately extract the temporal and spatial features from EEG data. At the same time, the
small-scale structure of the network has strong adaptability to small-scale EEG data, which
makes it possible to be applied to real-time multi class brain computer interface system. In the
EEG classification experiment, compared with other network structures, the average accuracy of
MFFCL on 1V-2a and IV-2b was 88.4% and 88.7%, respectively, and the average accuracy on
self-built data set was 82.2%, which achieved the highest classification accuracy. MFFCL is an
effective end-to-end brain electrolytic code model, which has high classification accuracy and
reduces the use of parameters and computing resources. This proves its practicability in feature
extraction and classification in MI-BCI research.

Key words: Brain computer interface; Motor imagery; Feature extraction; Deep learning
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TR TT AR, RYCIX e T R T SCRAE(E AR, IR FE AR B B R AE 1) G

Rl L1153/ & s I SR ¥ & = 2 Y e HE RN T ER RS s'e - 2 R a7 Sl TR NTTE 3 e
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TR 57 SIS I R R B S0 R B AL 2% 2 I R R b 28 50 B ARG 7
EAFE RO 7R RS o0 MK e 2R SR
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R e B T T A TN 45 R 5 SEPr bR 2 TR M 22 57, e LR 2R ) 1 2k
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1 BEHUERE FF# (Stochastic Gradient Descent, SGD) :

BEATLRE B2 T B R BH R T PR S — A4k, Rz O AR R I I A Wik AR BB A 2
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3.1.2 BCI Competition IV Dataset 11B #iEEE

BCI Competition IV Dataset 1B #AEE W ERA W MIES (EFAAT) M9 4Z
52 [ i L PR A 02 PR R AR I R, 0K 9 442K AR TE IR B I R B R4 1K)
e b, SR RS E . NS B 2Ok E T C3. CZ. CAX=AHMR, BAND
KT ZAERBIER . BLHh, N T IR RLE 5 (EOG)TE KMt 473 3 A8 G IR0k -1 i H
SR, IERE T IRBEES DR T B E W R RS IS
o WIS U B PLSE SO i L P P R e, A2 il 120 M. e =4
e HA L B AR B L B R e, B iE R 160 Nalle. AR TIZSI AR
MR, Bt b RB— AT MbR L. MW El—B 70 =0 SR 5K
2 1R8N, XA ERRC SR L E IZ 3 B R AT S CER R A F e~ A FHaE
BAR R — R B TSRl . ISR R RIURA) 1.25 M [a], ysicis & feft
—ANIHIIE S, EREJE 3 2 7 BN RITIE s AR R, R UscHE 30 AH ¢ 1 i e 258 - B S
A Bl 1.5 AP R I 1]t S0 35 TR

3.1.3 BEBUESE

I AE 5 BRI T A A RARMAMR A BLEJZ i e BRI B2 f bl 9 AR
RIVRNREE T ZRG AN KING B2 S22 N B2 100 v B 5 92 LA B A 1 22 1) o3
e 0% YA e 00 P S LRI AN T AL v B 3 2l TR P AR U it T AR B A A o i
AR AR AN KN BB IR =, IR B /M 2T hE 8. X PR IRER R I T
KIGE SR B 5, B ZRA A ERE N XS A2 SRR AR B, Hiluln 5



AR, FFAEH T HE N RN R T7 08 #5805 R
HUESD, /& BCIWFFCh i i WA AR 22 705 . EEG I8 AR S ORI AR HE G 3T, HELRK
T H RN HARIE 2238 rE B B B IR AR DASRAS RAFIME 5, X b VAR B .
41030,
EEG {5 THIRE R AW 3-3 Piux, ekl IEAEHI S . 5 5BORE . BT
e 45 B R AT DU 20 AL e ORI LA S 08 LIRSS, B S TBOR A S Dk F AR Al A 2]
HIR S (5 5 BEATIORAIDER,  LAE 5 SR AL BEA 734t o A H00 B e e 8 R TR 4
FIBME S W55, DT SEEHLAT A BRI X Le 3 . FEARE 2 — Ak st
B8, AR AT B A [ bR 10-20 [ bR 64 T AR S, DL OR— AT AT LU
AR HES T B 3-4 PR RSB, (B R iE S E S AR G St S Sk e H
B, b, FRATIESAE BRI 2 I N E RS E IR 3 HE R AT FRLA 5 Sk B 2 1) ) B
FISEIGER . e 2R 2 BB e H Ry 8 {5 T8 HCE e LA tons RCRAE sl R L R R (B 2B, 4
A KR BB R A DA S SRR S T R - SRR S R S BE 2R 5 BCI
Competition IV Dataset 1A #H[A], {HSCEHEAT FIFR R AT 7 vr it . fEBITIRIE, BF
e TR E BT IR SRS Y X —BOCT R, iliRAR AR S, BER BN R B
F iR LARR 2R BV, 4s G I — MERIE IR Z IR E B R E LS5, 4s FEHTE
AR EAER .

=il oo

p00000 ..
4 m\
Ca) HLYE I ) 25 (o) HUBI RN £

K 3-3 ik s R



& © ©
YoeeeeE®Y
DOOEOOOE®
PEOOOOOOE®
SREEISSICIOID
‘DGNDGNDGNDGMD
£ €9 ¢5)

©oeo®

K 3-4 [EFr 10-20 [HFRFHL 64 3 HHRIA

7 ZARRAE 22 B3 27 B2 RINERES S T ARG SIERE, Hh i 2ilE
RN, A IR B IER A AERIT . LT IEHT S A 1S58 i B I3RS
TR S E NG R, B B2 AR SE 56 AT P A LA IN T30 D8 2R AR T
NS 58 50 3 BEAT PR RN TR K38 2 AR S r e R AR 506, I RIS — R RRRSESS
TG 6 53k 288 RAESS, RENTTSIS WA — M KRB MR ERE 1. N T b
SR rP B I ANR R 7S ) T4, A8 5 RS R € U RE B il ==, B BR il == A 3-5
IV

(

K 3-5 HLTLGE s = I
BRUbZ Ak, Yok B Yo e M era iR 1 b, BASLRRET A AS IR
S8 = R AR 0 2 LU B B B0 T3, #&Ja, FIM 0.5-100Hz f97 38 g ¢ & 5t



SR 3 (10 10 P AT DE RV BRI = (K T30, X — B0 R ER e s B Bl e Bl SRR N
HLE 5 R AL WA 3-6 Frar .

D e W T
B BA A A g Y
s NIt A P e

e e AT P AR RS = AV I e = PO S
T R I e i i e e =
e e N e e N N A

A T Mwwawwm

My

e R S AT AN e A e
= SV ]
e A A o st AN S AP AT it B oS

RS e
e P A

o 5 i 1\ A -
= R PR T et v R W Lty AT AL Ty gl
B [t g e P ] Yo A Ittt atod N Gl I
SRR Sl B A BRSNS NN AN AN S e A A A e A AP AR
s e

R S i

oy IS Ay WAL Ay By NN g " s g S b g A

Y v oo, P T T IS i S s v ST R
Ay vre) T oo

y NN Vo N e E

Sy e WiV 1 -
e T VY e e et

T Ly N S Ao MR o A AL s
12, om0 P o SN W_Mw.% N A Wy LA S i Y e S

15 16 17 18 19 20

K 3-6 FH R AR nT AL 0 AT

3.2 HEMTALE

SRR AR E BB % 20 GDF M 3X,  1i B d Bam AR OB % 500 CNT A% 2.
TORUESERG AT S, AR CNT A% 4 GDF A% IR IR T B R 50 )i 56
KA, JRIGOIE, EIE, FFEEmE], REEIREE B SR 2 S 2. GDF kA &dE K
BREUA A T — e A HE, B4R MATLAB 1) EEGLAB i (4T n] LAR 7 8 (L iU
WFR AR S, (HIRFE S IR MATLAB H AT HRE AN, VAT S i 75 K
DR L AR 5256 SR P A A S5 B T H R 3T Python 19 MNE T B9, 73 o i o 4 B 8
IfE BB SHEE EAIF 2R, BRI B TE e A R B . SERRER A 22
MEETCRER By 64 (518, NEEFRELIER AR 8, AR
otk 2 B B 2 AR ) 2 R AR

FEARRSEI T, ASCEI T NHATAESS B BOT IR G 4 2 B8 AR S 3 AR AR5 1)
i P PR, X R R AR AN S ) B A P S RS 4 AR . BRI,
X} Competition 1V Dataset 1A E#a 42, #HUCER R 2~65 FIEARAE %7 1E A FEA
X} Competition IV Dataset 11B ##54E, A SCATH FT AN 218 A 3 FPF 7 B0 1)k b Hdfs 1



AR, BUG =AM 3.5 B E] 7.5 B BUE (AR . 3T B BRI
FEUIR 2~6s (IR %5V M AFEAR

Y HAFEAE T EEG B Pl R, B T T SO AL F R B2k R AR e
(EOG) . LHKE (ECG) AWLEKE (EMG) M T4, 7F EEG 4Frf, PCA fJ LA
A I T A AR 4 A R AOE 2 I o 1 2 e A D A R A 4 Ay e T D ) = B 2 TR 7 R By
A, RS S T A R B0, (H PCA BB T 0 AL /A B
Sl Hx 5w R RBHR BUK, ANBE ST A BN S 5 AT EE S . 7E EEG AbERH,
WSS SHT (ICA) INZ A8 B Gt H 4l b 21 R sl ) I8 s 435K 43 185 H AN ) A5 508
i IS S BRZh. WUERIE ISR, Brithz 4h, ICA AN B T35 S 3T/ BB,
WHEA 2 P& M. ARSI H, FH ICA FFIK EEG 55 BME A HHoN a2 TR
AEH R WARIRIE A & 3-7 FiR. EBRATEIERE S nE 3-8 ff
N, FPLEAHBRZEHBOR, LB ICA LB S E 5 5 ke fFiE .

@ 3-7 ﬁﬂﬁﬁmjﬁi‘c%’\%ﬁ?&%@

mw i I WM A
Ww a,n('p nw. M ’“v AT W “ﬁg\w" M’“A WM

i ol w«wwww
AR T .‘,,,\Mm I A WWWWWW
MW, -’ ”WWWMWWWM
\ o % i ,,..M\,\,w/mw ‘\-w‘MWM/-‘

««‘.4.{»\%«, A YW o"

o

CO~NOO B WN -
s e,
=5 r-?‘fs‘lf‘t
= l‘g‘

i LAl B . M 3
17 i I N \
19 5(- gm \i M H\M r ” it
i ﬁt 1 'M Mﬂ ‘q«l / wﬂMﬁ"{‘”‘r Ml »f W
21 w ~., W J\MM'/\WN‘{I /d ..mp wﬂ\ M\"’WW}”V\ Wit u‘WV X 4, \ iy y
22 pfsaaen i fiam v vgy] NSt AR, AT b NN f‘“‘i'v* M""N“'W“ \"'A"'L'/“’M""M“‘” i f faai

K 3-8 TiALE 5 RCR B



3.3 ESHSIMLE S

TEW AR H A S R (FBCSP) 2 HHAB E AR AR Tl K1) Angelika Graer %5 A\[¢7]
S th i) — AL T T s B Ry REE BT ITIE, 2 T7 RS IE i A8 2 AN 3L [F] 7 T B =X )
FRESR IR, 18— R i Y8 I A 34T 70 R TE B 2 BN 115 5 AR 31 Re 8 f R AL
BAAE 5 2 RIS A3 . 10, R an i B 5B I — @ IR AR AT o,
B 2 AL (U alpha. beta 55) o RAMIEL IS 5 8N — ML (5 SdiE . 3L
W, TERAMIB b, N CSP Sk R B Be s e KA B ZRAG 5 2 7 1 2 [ 6 D % . CSP J
R IAE S 17 250, FERMT SCRHEE R A, 193] — 2028 e . Bon, %
JF UGS S B L) CSP BT RS, 13 B ML IS MRFE 7] & o IXSOAEAE 0]
BT RIS S R S IE s R R B KNE R

FBCSP B [F] 43 B 22 A AEL K i B A5 5, AN 9 1) 538 348 SR G IS RIS B )
BE. XEITREEMRE, JUIE S G B A EA B o R, S s A
Y93 fift, FBCSP RENSLE — e R FE b i/ N P R Dl tof #4) SE R I BB A0 o 3 A2 (K] Ry e 7
AP 7RI o3 A AE R € AEL, T FBCSP W] DATEIX LeBii B b 87 B B P 5 () I B R

TR A A e R (FBCSP) ST B FHUE B, I F 22 430ty 1) 40 ol R AiE 2 48
M1 S PEREI FIAT 7775 . 7E FBCSP Hikirh, 156K F AR 5 B Jm IRk A5 40 i f (5 5 4y
i 18 2 M IRBL LA A [RI AR B BRI AIE J2 o AN [E B AR R BN E HIME B B RS R s o AT 7
ANFEIRETGEN, Bl piEE (8-14 Hz) F1 B 1iff (14-30 H2) St Siza) BB #
DIAHSCE ARG . Bk, EEEPUTE R T R AR ERL IS, E3)
iR RS KRB LRSI G . B, 8T 4540 AT DA 1t 55 O B 4] 5 45
LY, AT EE AERA HBAH SE AN 20 M7 I L85 8 S E IS SR AIE . JEId XS FBCSP J5ik 73 #r
KW, 25570 KA R R B B U RRE) H & (5 BRI ZR) R R e — N 3 2 s 2
FHERAMTTE. BRIz s, 28 M aE S S RENEIREEE, B4R
SECFEER KK AR, T LKA S S A O A A, AT R
MR T T B AE S E 2. JR1, CSP SN BEHs 1 R A I8 2 R K
b, ARG TRNIEEEE R HT s E SR M RE S, KNTE
AIBESRR, X 2R JE SRR E /R BUR



PLEAB AR SRR TS, AW RSB —FEHNE.
BERREE4A, BiA: https://d. book118. com/23716312216
2010012



https://d.book118.com/237163122162010012
https://d.book118.com/237163122162010012

