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Abstract: The motor imagery brain-computer interface has always been the focus of scholars. But traditional system
cannot accurately extract significant signals and has low classification accuracy. To overcome such difficulty, a new
Transformer model was proposed based on the auto-encoder (AE). The filter bank common spatial pattern (FBCSP) was
used to extract the features of multiple frequency bands, and the AE was exploited to obtain the dimensionality-reduced
feature matrix. Finally, it considered the influence of the global signal features by the position encoding of the Transfor-
mer model and considered the internal correlation of the feature matrix by using the multi-head self-attention mechanism.
By comparison with the traditional K-nearest neighbors (KNN) system based on linear discriminant analysis (LDA), the
experimental results validates that the classification effect of AE+Transformer model is better than that of LDA+KNN
system. It shows that the improved algorithm is suitable for the binary classification of motor imagery.
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\ﬁé X& 5 &5
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El6 RFERGH D IHETR
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0.828 6
0.80}

0.771 4
0.75F 0.7429 H
0.70 H

K7 ARFRSH Kappa R%

it 6 A 7 LA Y, 7E BCI 3848 2003
R, Transformer #5284 15 31| 1) 43 2R E R R A
89.29%, LUIRIZEZ6F T KNN Hkdgm 1 2.15 4
B4 mi. [ I Transformer #2741 Kappa RN
0.785 7, tb KNN HikfEm 17 0.042 8, Al
Transformer 15 1 B /4 25 AL T KNN 83k, T
Transformer 1555 P 38 45 74 52 2% B 460w B DAS 1
il AE Xt 43t FBCSP Si% (R AE ) & 3k 4T %
YERbEE . ) LU R REEAT BE 4E 1) LDA+KNN R4,
AR HER R AE T 2.86 AN 4355, Kappa
AW T 0.057 2. 4R KW EEG 5550
KRR, FBFgEFEIEBRERE R BN
2, WA R5.

2.3.2 Fl-score 7 #7

Fl-score 158 43 5P FAtbRifE, AT LUBILER 1
SRIF I RIRE % (precision) FIH FIZE (recall),
ENIIE & EES

precision = TPT-:)FP (16)
recall = TP (17)
TP +FN
| F1-score 9
F1 - score = 2 x Precision x recall (18)

precision + recall

BeE3 1 AT, precision 19555 A& 75 Fr A Tl
WA TE A A A S B B IE A IE R LU A5 recall 19
S A A S o B B i 1 TR AR o T A TE 2K
[ ELA; Fl-score 1555 & precision 1 recall [#i
FI-F 250, HAB I A[0,1]. 72 3 B precision F1 recall
IME RS, Fl-score BEEENT 1, ARFRAZAIAY 114 AE bk
. 4 ARSI Fl-score WK 8 FlT7R,

oo gy
90
0.90 0.888 9
089 0.880 6
0881 8676
0.87 }
0.86 |
0.85 |
0.84 = <

& &

R e
\)0?‘ %ﬁ\% %Q%
< N
K

8 4 NARYiM Fl-score

ME 8 FTLAE H, IIABR4ERIER RSt 5 4G
RGAE Fl-score JT A T ERBIHEF o[RS XFT-0
NFRL4EHN) LDA+KNN 702K 240K, Fl-score
N 0.880 6, LLIFIFEIIN AE F%4EfY) Transformer 5
KT 0.028 5, %l ACC Ui#] T AE+Transformer
FRRG R IR 7 R .

[@] B K5 Transformer % 4t 5 2+ CNN [
Transformer £ BEATXTLE, 455 W& 3.

Z& 3 CNN + Transformer 5 Transformer 3 tt

ACC Kappa  Fl-score  Z1THI[E]/s
CNN+Transformer 88.57% 0.771 4 0.887 3 32.1102
Transformer 89.29% 0.7857 0.888 9 21.244 1

XTEL R I, CNN AR 2 AT ALE R 40 H A 30
BEAT RS RFAE B, (BRI N 05 SRR 2 [
T E 2R, T S EEIRERE T % BRIk 4,
HH T CNN [{477EfE Transformer P25 T2 44, 1
ISR RS RIS AT IN [A] . PRIk, AN SCERIE
P4 RRHEEAT 7038, AT LUR 48 RGN is A7 I
i), $emEEenttE, RS BRA T REM S
FRUER
2.3.3 ROC #£&4= AUC 5#7

% H BRAERFE (ROC, receiver operating
characteristic) i1 £¢ & H b — 7r ) KRB PEREIL 95
Hiikz—, HAEPHZE (TPR, true positive rate)
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FEFH % (FPR, false positive rate) fJiH&E N

R:L (19)
TP +FN

R:l (20)
FP+TN

ARG —IAHWANN, — 2B AEE RS
PIFEAS, 73— i R H RN EA BN IE R
IR . BEMEER tHoR 2/ INMEF IR, KT
B FRFEA A IESS, /N TAZ A P A A 47
Ho IHEBAFEAR TPR {EA FPR {H, H2:IMhzk.
£ ROC HhZElrh, BEANALBR SRR AL FR A X R
FPR {8, Z\ALARIENT R TPR A BEA4HR FPR K,
MR PMESE T S2 PR Bk 2 s PhA-HR TPRBKR,
T2 7 P00 T2 A SRR IR 2R R %

& A (AUC, area under the curve) 1EN
RS HbsEL —, HSEFi2 ROC 4 N HIH
B HAEECN[0,1]7. 24 AUC HME ORISR 1
I, ROC Hi £k M okl o, RIBCR e
1T 5(0,1)

AFEELZH ROC 4t & 9 firs - WA ROC
M kE, ROC WM&k iEimAbrihi i 07
(0,1) &5, W5tk et ar B APt AE +
Transformer H.32: 9 8 B 44 fe A I R e o Rtz
Ab, AUC 8K UL 7 KBS VEREBRR . AR ST
AE + Transformer H L) AUC {HAMELLAER T
KNN R 4G4 T 0.02~0.03, ifi Ak CNN +
Transformer 5753 E T 0.02. K, JLig2& M ROC
& p e X b, @2l AUC BEm € =
G3HT, ARSCREIS R 3 AR ke, WA
BRI HRZ B R BEG 15 595K

10} e
09t —
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0.1 Transformer (AUC=0.94)
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W4 EEG 15 5 Rp R B4R AT PR 4, 8
Transformer ALK HAG I [ 475 ) EEG {8 SR iE
RN BE L, @dwmig5mE, L EEG
T HIRFE 2R 8 T RAEIZ AL 2 AT, ¥ BCI
TEIE 2003 HARIIVE N ArINEAR, R HEdE b FE T
BARIAT IR YN, HAEH FBCSP 7 B HURFIE A
[, f¢Ja3ET LDA+KNN 43251 AE+Transformer 4
AL [F] ISR 43 SRR 2% . Kappa REUKL
FHXT R ROC i Zext A [m S AL 5 347 Pt o A
SIGEE R AT U H, AR AE 5 Transformer
R S5 & NI E] EEG 15 5908, 5 LDA+KNN 4
AL, HERRIEE T 2.86 INH 4, Kappa 2532
BT 0.057 2. [FAEED) Fl-score {. ROC HhZkAl
AUC fE Bl 7 g R, WEgd
AE+Transformer 5 /E18 204 G 53 KL
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