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Abstract: The brain-computer interface provides the brain with an information pathway to directly control external devices,
and can be divided into synchronous and asynchronous systems according to whether there is a synchronous trigger signal.
Synchronous BCI sets a synchronous trigger signal to force the human brain to communicate synchronously with the computer,
requiring the user to operate strictly in accordance with the synchronous signal sent by the computer, and constraining the
user to follow a fixed rhythm output command, thus limiting the user’s autonomy in controlling external devices, which is dif-
ficult to meet Control requirements in practical application scenarios. Compared with the synchronous BCI system, the asyn-

chronous BCI does not need to set a synchronous trigger signal , and can process and respond to EEG signals in real time.
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The asynchronous BCI enables the user to independently control the time for outputting instructions by detecting the user’ s

control state and idle state. Therefore, the asynchronous BCI system is completely controlled by the user, which is more natu-

ral and practical in terms of human-computer interaction. At present, the implementation methods of asynchronous BCI con-

trol state detection can be mainly divided into two categories, namely state switching switch detection and autonomous control

state detection. The asynchronous BCI system based on the detection of the state switching switch connects the state switching

switch with the BCI system to form a two-step hybrid system. When the user selects the set independent switch, a correspond-

ing switch signal will be generated, and the asynchronous BCI realizes the switching of the control state of the system by de-

tecting the switch signal. The asynchronous BCI system based on autonomous control state detection does not have an inde-

pendent state switching switch, but directly decodes the collected EEG signals, and analyzes whether there is an effective

component corresponding to the control signal, so as to realize state detection and switching. This paper summarizes the ba-

sic principles and key technologies of two asynchronous BCI systems, and discusses their future development trends, in order

to promote the in-depth research, development and application of asynchronous BCI technology.
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Fig. 1 Block diagram of asynchronous BCI system based on state switch
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Fig. 2 Schematic diagram of asynchronous BCI operation

based on state toggle switch detection
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Tab. 1 Performance evaluation metrics for asynchronous BCl
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Tab.2 Research method and performance analysis of asynchronous BCI based on state toggle switch
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Fig. 3 Block diagram of asynchronous BCI system based on EEG two-step autonomous detection
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Fig. 4 Block diagram of asynchronous BCI system based on EEG single-step autonomous detection
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single-step autonomous detection
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J& 23 1) A 5 3 A B R G P300 15 55 1 A7 iR
AR, SR JG T T — 3 A 5 o 4 ol A 5 1k
Tl a2
3.2 ETRHSEFRNNRTBCIRS

FET AL H RN 20 BCL RGN 7 2
YA F 4 RS () — 53 24, 12 A 5
B E H R TR AR BRI, DAY Z5 T A IX 325 TR
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SHMEZMERSESHEZ A%, U EECHFES
BV 38 3 AR E 2 2R 22 93 2 70 288 [ A 5 B4 1
ARSI AN il A 2, A 5 (b) R
FEZIS L MI-BCLRGEH , 5 & EXT MY 225y
2, An 55 R BE T ORI A A A s R (filter
bank CSP, FBCSP) 3k 7241 F AL R AR BUIRAS T
(9 MIAF 5 PEATRRAE S IR, A1) FH R I A2t 4000 o3 B
(regularized LDA ,RLDA) X2 B FFIEHA AT 5328, [F]
AP ST P AR AR U AZ 2 7 B, AR
5t SSVEP-BCI R ZE T, Han 25 A UK B 42 il 25
23 PRIAS 4 SSVEP 5 S AEA [RI3 T A£5 W LU FIAS ]
AL T BORH R A8 22 S, A1) P A T e R A e L 1 B
4 A0 (B (maximum signal-to-noise ratio and maxi-
mum phase-lock-value, MS-MP) [) 5225 B THRHIE
PR, 38 YN Gl i SVM A0 B R A B3 0E A T
PR AS KT IAN B ARAR N, Suefusa % AFEH
(1) 22 4 BRI SE 43 HT (mutiset CCA, MCCA) 5255
TR THIAR I A 4 it 1) SSVEP-BCI il A Al ]
A RUI PR SR 1l 2% 0 ABATTH 9 MCCA

I~

SRR A B REAE 43 ) 5 E AR 2 S H(E 5 A
YIGREEAS BB (5 5 Z [R]  AH DG R B Ry s itk
A A A A U A REAE BRI S i
T £/3259 SVM (multi-class SVM, M-SVM) X $2 B f1Y
FRAOEHEAT 40 26 0 7E1Z 25 5% 2 P300-BCI & 4t ',
Krumpe 25 A FH 34 ¥ 46 5 350~800 ms A4 H br Al
Ak B AR D) 3R 5% 5% FEAE R o3 JRRE, L B Ak B
B 5 10 22 43 FA A AR, S 300 ] Bsf e 42 T AR 285
il H AR A IS5 1) 2
3.3 ETHTEHREKRNNES BCIEBET X
R A B HPRASKI A 528 BC R G0 nT %
X AR S AT RS . (Al A AT S
() 52 2 MR RS 52 M A% 8 10 R AE R U T e LA
BIX 43 BCI R G (4 RS s il &, AR AT
BRI FPR, P2 AR R 2 0 AR BUA 4R &, DU AR T
RGN EEARYERE o B 0T R AL 19 45 28 DL R i
AR5 A R, A G 58 DUREAE $2 BORN 43288 X fik
HL(E 5 AT T X R B, JF T T AR 1) S A
Bio QR 3 R, X AH G 20 BCIRESE J ik Al fig

3T A EBHPRESAY S BCIIE 7 ik AL RE 7 A

Tab.3  Asynchronous BCI research method and performance analysis based on autonomous control state detection

SCHR ARy SRt FRAE R BUS FRAE 2 FPR TPR  ITR/(bits/min)  ACC/%
[60] 2016 MI WREE TS T oW 91.4 79%
FEF eI AR 2H pY 3Las A
56] 2016  MI o LDA
[56] Bistik
[19] 2019 MI Rt sh S R Al LDA 8.4% A 26.4%A 70.35%
[61] 2020 MI Fhas Rk SWLDA 0.52A 89.2
[53] 2013 SSVEP FESE /N AT EIERES 10.9% 89.3
AN AH S A3 HT -+ 22 7)N
54] 2015 SSVEP g SVM 18.3% 61.2 1.38
[54] YA K
[58] 2018 SSVEP ZAE MR % SVM 91.08
S NS AN PN
57] 2019 SSVEP SVM 15 52.3 90
571 2019 BRI 5226 57
[4] 2021 SSVEP  WZs¥fi 26 N DL Ak 0.61 A 106.3 97.2
BT 3 R ) AR 2 ) .
55] 2008  P300 o - C L% 0.71 A 20.0
1551 e T S BIRFL
[59] 2016  P300 )R i o i SVM
[62] 2022  P300 BRI W 4% 35.54 89.36
. FlAANZE D3 Y Fisher
T 3% 8% iE F‘Iﬂn s *
[63] 2022  P300 ZES RS e 40 94 62.8 78.47
[64] 2022  P300 RUBE 28 [l Hrids W] A 2 22 W 2% 95 96.83

T AP R n AT HEL, SCHR P IF R 25 T 25

;775 AR FPR A TPR Y 5457 535124 FPs/min  TPs/min, AAR{H: 1) R
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PEAT T RIS AT R4S
4 EFEANRXBRIBCINEZREHER

4.1 KERBFE

S5 BCI 1 1 o 512 B 34 420 40 T 2328 52 AN W 1) %
25 PR R ) 2 B D e B A T A, OGRS D) e
A it A B o7 B R] 10 B A 7 s
M 52 2 P A A i B B i Bl A R T) . PR R
LRSI PEAFAEAR R [, Zhang %5 AR T H 9%
24 0 8 ) ) R 75 R A7 45 B A AR DG T B S R
TR S B R e [0 A B[R] TG i A & . Yang 55
DU SRe FH B 23 X5y 4 R s, 3 2o 2 B [ 7 1) 2 I R i
T DUmH XURS: PR 36 A G 1 ke X 55240 SSVEP-BCI
HEAT AR, X 40 BARSM IS SEIL T o AE i 8 LU S A
F5 B R I BRI N I 4 fis 7 2
ik i B 1 R R B e S 2D BCT SR R A K
Wiz
4.2 BESEXES)HE

L BCIRG T B TR S FER BA
0 AT DUBR A A4~ 15 22 Ak 37 588 A OGN K
FRAE , R 5225 BCL & G IR S ARG B2 1L T 22 11 4328
B DT s o S R A N S AU IR B R .
1 TR A 2 G A A o T 2 L R AR B
4 G - R e 3 1 e AR ) B T o — Y S i s
MRS, BILS20 BCI RS n] i o ek Ol &
SRR DIRICE 2 5 B 0 R AE ok R AR
FPR F-45 58 PSR [] , DA T2 2 R Gkt
4.3 RARGZHBEEME

FESEA BCLRGE R A 4G I 1153 A1 ]
[ 7 R FRT PR 2t 43 2885 (AR R R 1 B 3 P
2%, T EEGS 5B FRuE , P R BT A
WHOR A & & A AR, o T BUS B 4 19 40 283008
AITE S BCL R G h 5] A HE N2, kX REE
BRHATEASRE . Aydin 28 ATESL T P300 1Y 545
BCIH G| A T 3245 1R 5w, 4 1 P se g b 37 T[]
S B 1 1G5 7 81 O s B il i 4, AR 5328 BCI
TR REAS 2 b T 0
4.4 MAREFIFER

TE5 20 BCI R Ge A% G2 B FRAE B2 U7 v 4E LA
G R A 5 H 4 X 432 TR AR o 25 B 0k
fiE o BB VR 222 R R % H AR T HAG 2 2] AR

FRAERYRE T, 7T B 3h S AT 55 AH 5C 1% i H 4P Ak
OB T L SRR IE SR I % . Waytowich
S N A H — Fh % % B CNN (compact-CNN) X
SSVEP {5 5 AT R AE SR IO 7326, SRy S 20 R0
SR B AL T CCA™ Santamaria-vazquez KN
H T — Fh B T EEG-Inception #r 7Y 5 FH fh 28 ) 4%
(convolutional neural network , CNN) 1f 4 53 2 P300-
BCIAPRAS AT & , S0 T TR At ) S 20 4o >

5 BE

540 BCIAE iy — i B S 19 BCE X, A
TN TS . ASCK LT EEG 9 5 25 BCL
ARGy MRS VIIF B 52 BCI R G ML T
A P PRSI 1) 548 BCT RS TR DI
FEOCKTI 9 520 BCLR G, AHECT A GRS
I, T DL AR S AE BCT R GE Y5 il & R, FLARX
By AR ARSI, 3 RS YT 56
K 5245 BCI RS8N A ELREAR I FH P 1) 728 (R S
RSV, TN G T I SRS e, K
WHHAANEAELE X LS PR, FE, P
A BT AE P A B 2 RS R T SRS
REMEZE, AP mam, £ TAE
ARASKEI ) 525 BCI R S H 138 o R AE 20 i I LA
ST R R L TR A TA ) 2R G B
H PO e wl R A N @& T8-S RGN RIS
PRI T H P AU, SRR T A E AR
SUe . HREH T NS TREESNE S
A, 5T A R SRS 525 BCL RS
B EA S FPR, P2 AR 2 AR B 4, A
ML T R R PERE . PR IL, n ] 52 B 8
R AR FPR LA &5 Z i A 850R S SR 55 4 BCL R 4¢
Tl 9 R 2Pk . AR 7 20 BCLE DA G i R Ty
B R ERERCS R R G S N DL RS ATR
JE 27 2 0 45 Tk — 20 s U R MR DL e il
HHG Pkl . Bt 545 BCIE AR B & R, AR
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