—t

22 www .Kjdb.org

NS48 2018,36(12)

T By BB Y Jc e B AL 43 O B 55 i

/R, 54

L PIEIBRE R A AL B BB A A B TRERFSE R, Kt 300192

2. PEREARE - SUATFSE B, AL 5L 100083

WE P TR SNRERSE 2 [ N — R B AT SN R s 2RI A B 323 4
i E I, TS BRI 5 SR e f ) B HL . i A AR R A S 5 Tl B & A% i
BRAFAR S 2 B TR o AR SCIRI B 1 ik i B TS B IR AL T RO BT S s, A
TR 1T Y R ] R T i B PR A 3 AN T7 I Zad 1 IRAILE 1T AT TS BRAR , O R B2 T L2

P ASR & i & o
KEIR AL e o)

T 20 4F 2k, i AL 3% 1T (brain computer interface,
BCD) s i A WEFE IR FH A S . H 1973 4F Vidal '
DR R AL 113 — AR Dok IAILE: L ZEf ekl |
2 TR NG PR 5 A 45 4k 37 1) A ek 22 174) 5 3,
G HLAE A5 0 ) H S B At — b LR 42 1 i 1%
SIS, A B I8 B R A AR S A Y
Gy NS N A S I A B 0 S URA RS oy
RE R S A 28 00 53 55 Wi R ki 7% 3 1 J i 34 e oy
Wb R G 5 o R A D5, il (electro-
encephalogram, EEG) I TCA! A FH J7 (i (B2 ks AR B
SO RSO L RS s R R 5 . — sl
IR O RGeS TR A5 SRR A 1) 3 7
SR (1) o AR SO I 2T 1k v, 1 Jg A i #1422 11

Fili L2 A5 JE SR TE 20 T 20 A B0 AR S ik pIL A
HUREEE T E A IEA . 197748, Vidal"IF & THF

BT JET IR BB 1 R GEHE A
Fig. 1 System diagram of EEG-based non-invasive BCls

Ao G4 AH 5 LA (event—related potentials , ERPs) A% it
BLEE TR G, 38 28 1 A0 ) — R0 5 il B ) A () o 2 S B
TXF AFhEEHIFE A RS . 1988 4, Farwell £ Donchin®
P IFRIT T P300PFE & B AT HES K 6%6 B AT

Wk H I :2018-05-01 ;& [=1 H 11 :2018-05-22
FE4TH R A RFHFILE T H (61431007,61671424,61603416)

VEZ A < B NAI, BHERAF ST 5%, 50 1) A AL 11, B8 F{E 46 : chenxg@bme.cams.cn; F 3 GEIEVES ) , WF9E 01, BF95 5 o) R AL 11 A3 153

L F{E4H : wangyj@semi.ac.cn

SR FR/NRIL, 304 BEF I ra i T AL DO RFSE k(). B S48, 2018, 36(12): 22-30; doi: 10.3981/j.issn.1000-7857.2018.12.004



—t

RS S48 2018,36(12)

www.kjdb.org 23

TR 2 e b i - A A T 5 BEAIL AR LIS & P300
By s 20 22 90 AEARHT, Hh B T T IE Bl T A Y
AL 1T . Woplaw 2 IR FH P B 3R V835 mu 15 EEAY IR
(B, 38 52 w9 R R R 1) 2 1k 52 BB b 1 — 4R 451
Pfurtscheller 55744 i 1 1 T8t iz 2 5 A3 1Y FFAH G
£ IF# (event-related desynchronization, ERD) B9 i/l
&S, WERD BN 2SI R 7oA Tz g, 5
W TR T SRR DG HL A B i L 1 e Xl As 3 1
2P . 1992 4F, Sutter™ T & T —Fp 3L TP REHL
J¥ 5 U il (R AR 5 175 A FELZ (visual evoked potentials, VE-
Ps ) 5 A 137 5 141, 2% 28 GE A AL o 175 & v Al e — 4>
8x8 ML S BRI P LR T5 1) o 1999 4F, Birbau-
mer R 18 17 )2 B AV (slow cortical potentials , SCPs )
i B AR A 4 il e bR —4kiz gy, S T 44 O ELAE B A
(thought translation device, TTD ) %) SCFPFE IHLEE T .

21 AL J5 30 20 47, BlibL422 A 5 U et Jie
Z: 5 b BRI FUAR DGR 27 ) 0 50
RRIGIN, 3X — mUAE 2000 4F DR AZ U R 472 97 1 16
SRR TR LIET (K] 2) .

D200[1 2002 2004 2006 2(2!292010 2012 2014 2016

K2 LLEEGHIBCI R Sc4 , 7 Scopus G & |
2000—2017 4F K A8 SCH U
Fig. 2 Number of articles using the keywords “EEG” and
“BCI” published from 2000 to 2017
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Table 1  Taxonomy of EEG-based BCls
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Fig. 3 ERP-based visual and auditory BCI paradigms
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Fig. 4 Motor imagery—based BCI paradigms
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Fig. 5 Two hybrid paradigms based on ERP

and sensorimotor rhythms
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A review of non-invasive electroencephalogram-based
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Abstract The brain computer interface(BCI) is a new communication and control channel between the brain and the external world that

does not depend on the peripheral nerves and muscles, with a direct interaction between the brain and the external devices. Due to the

advantages such as the noninvasiveness, the ease—of—use, and the low cost, the electroencephalogram(EEG) is the most popular method for

current BCls. This paper first reviews the history of the EEG—based non—invasive BCls. Then, the focus is placed on the state—of-art of

researches in three main aspects, namely the taxonomy of the current BCls, the applications of the BCIs, and the challenges in developing

the BCls. Finally, a summary of future developments of the EEG-based BCI technology is given.

Keywords brain computer interface; electroencephalogram; no—invasive
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