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Abstract: The game Brain-Computer Interface (game-BCI) is a novel interactive mode that the user can control
and interact with the game directly by recognizing brain signals. It not only provides a new way of game
interaction for healthy people, but also provides a new way of rehabilitation for the disabled. Compared with
the other invasive BCIs, BCI based on scalp ElectroEncephaloGram (EEG) has a wider application prospects
because there are the advantages of non-invasiveness, high time resolution, low cost, and good portability. The
game-BCI technology based on scalp EEG is summarized and is divided into active, reactive, passive, and
hybrid paradigms according to control signal types. Then the control strategies and application scenarios of
different types of game BCI are introduced. The classification algorithms of EEG signals commonly used in
game BCI are compared and analyzed. Finally, the current problems and future development directions in this
filed are discussed.

Key words: Brain-Computer Interface (BCI); ElectroEncephaloGram (EEG); Activate BCI; Reactive BCI;
Passive BCI

ki F): 2021-11-255 eI EY): 2022-01-16; FRZ&HiRR: 2022-01-24

SEEEE: (T heaven@tju.edu.cn

HEWH: FRAHHFEREES(81925020), FERMFAHEER ;S (62122059), FK HARREHEE (81630051, 61976152), HIEEHhE4E
AT 6% T#2(2018QNRC001)

Foundation Items: The National Science Foundation for Distinguished Young Scholars (81925020), The National Science Foundation for
Excellent Young Scientists (62122059), The National Natural Science Foundation of China (81630051, 61976152), Young Elite Scientist
Sponsorship Program by CAST (2018 QNRC001)


http://radars.ie.ac.cn/CN/10.11999/JEIT211337

416 T

& B

B ok 54445

1 3518
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i FELAE 5 B SR AR R BCIER 2152 —, H
AT FH T A K06 Ty B IR AS 1 A5 5 32 22 i o 1]
(ElectroEncephaloGraphy, EEG). fiifé&(Magne-
toEncephaloGraphy, MEG). Ihgg M i3I 15
(functional Magnetic Resonance Imaging,
fMRI) M et 041 61 (functional Near — In-
fraRed Spectroscopy, fNIRS)%. AH bt HAt JLFF
Wi HLAS 5, 2 TSk B R I BCI(ElectroEncephal-
oGram-based BCI, EEG-based BCI) B Jf. i
L5117 55 =TI 5 N (AN R £ G /A S SN ol = G152
FRBCL = ZEK A (1 S 3 77 0
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R o B 5 e v R 1 = W0 S B T
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Beah 3R Hod E3 M- PLE 1 (active
BCI) F Z Lz 34 R (Motor-Imagery, MI){E 54
., &M EUN-HLEE D (reactive BCT)7E i x& AT
MR Z, FEEHE T O S 75 K B AL
(Steady-State Visual Evoked Potentials,
SSVEP) FI 441 26 FL AL P300M HL i« ASR]F- LA |
PR, i ah UMz 1 (passive BCT) N2 ilid A4/
PR S TR M I 52 RS #OIR S, AT SE I 5 4k
WAL H ., BHAT iz k2 H T RE6N
FrU0l o SANER IR G 2 R K IR A =L
[ (hybrid Brain-Computer Interface, hBCI)tH#%
L TAR 20k, =2 S uia 78 i — R AR
2.1 ETFEFXBCIAF T
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BCTYIZRER . B & D) ReFshs B & 7T R 5%
YU E BB, BAE20114E, Coyle®s A1
FMAMIF R T —3 5 Wik, HPEdER
Je T ) T Ia sk h 7 WA s), ISR 1
SRE/INT B AR A . AT ST 45 IR R W 2 kAR
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Fa M7 K AL (SSVEP) 245 24 il f 32 51—
AN 8] 58 SR (AR B R, AT LR K (K4 A0 e
B 2 A I 3 — > 5 ORI O 1) 2
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P LR B 1) 20 B ) A B B PRaB AR A . SEIR S
H RIS R T R, CFIIERR T T95%.
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VBIT . 20214F, Perez-ValeroZE NPHEH 7 —3KH
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FON15 Hz MR B DA e B e X 28, et bF
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M T 2 R R A R . BAELE R I H
AT ERSSVEP-BCLA S (13& F A 1 Bl i 72, R
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Iy AN ) SR AU MR 25 5 5 B 9% 55
KR AHLAE BRI 4 2%
2.2.2 P300

P 3002 5 4 K ki 52 1) /M 25 5 0 Sk, 78
B UG 300ms 22 A7 B — AN IE [ A, S
TG TR, 24 2 TAmsE R
%, P300f5 5 EARMEE . A T8t Pl
GREEMRSA, IF HER T RUSE AN W] LA T 5L sk ik
PR & o AH T 22 B0 X 0t 32 SR i 1 R 5%
=, MP300K A R, 1Z380xk R A Tl e
XA AT R R, TR TIES R, LT
FOMXT D

19884F, FarwellZE N2FIHP300IF & T FH/F
PE RS, AR ANBCIEEER Y —. XfhfH
21 0 B A B R RS I 2R, 9 Wi20094F
FinkeZ5E NPT R FIHTHL ARSI “MindGame”
WK (1 R HEALE28 x 18I A% |, #f (i ik v
MM KT S . A S5 H IR ik T
ZE R, SR R AT IE RN 65.9%. 2021
FE, LigE ABURRH T —3KP300-BCLH# 4% 1 7 1
“MindGomoku” . WK 4, WFREE KT
KuA R 45 a 7 BRI 5 BCILR S
B, BB — R TR R Dok e, B
5% 68 R Th 3EAT e R, LI P IER RN
90.7%. LA BMBIRFERANDE, WA
B, AP MNESIRF P ERZHM, RIGES
2L TR B T 6. 3 I I S I AT AR RE —
ANABRR, FEIZAARRAL, RGHALERBIR EBR—A
PR S

H A0 58 30 B4R P 300-B C LIl A%k 22 #R1E Wi
e BE R R, LR A il I 4 A R LS R,
AR B % 5 LA E NI BT R ) . 20004F,

Bayliss® N\ P2IE TUORAIFAEIF K 17—tk &
52 5% i H Sk #8078 %% (Head-Mounted Dis-
play, HMD )M 77 i) % 12 ] & 76 K8 0 855 b 2 3,
Z 5FH NI e T W m A R R DR IR,
A FEUE ] T BCLS Hoe &2 Bk & 45 & ] Re it

zi BRTIR, HARP300 C RN -1 145
SREWIENZ —, HH T AEW RN AR Tk
LIRSS R R IE, SRR DEFETP300
R 7 B AR A T R (H R HAT To 7R IR RN RE
AERTE R I, FEARRA G R KN T
2.2.3 HEER

RS0 AN 5] R 7 A AN F R R, SR
BCIHERSSVEP, P3004k, HFFEASIERI T iz5)
GG 5 75 K HLAL (motion-onset Visual Evoked
Potential, mVEP)HMIEE T4 A1 i1 iR 52 75 & FLA7
(code modulated Visual Evoked Potentials,
cVEP)SEH A, BRI & HAy e FH T — L8
XﬁBCI E'j [33,34] .

mVEP & Hiz ) jEesE &=, AT ot
AL SE TS R BLAL, 8 BABOR B BRAE A R 1
MALBRANZ R, HAE S 5EMWIER ST IR
20194 —THF 7L, BeveridgeZE AP PEmVEP
YRy — Ml OT R 7 — 3D K, I
k2 5 AT TR EHIBCR . HmVEPHE
NG5 LA s ERHER “virtual environ-
ment shooter” . zi & KYFAK “ball drop path
estimation” FIZZNZEIERK “bowling” , LA_EI
W mVEPE Ky — 2 il 45 5 558 i Th 72 il K 2 4
WA o

cVEP 2 — M AU B s 77 2, & IF4ESS-
VEP JSHE LA SRR N Kk, T e AR O BE AL — 32k )
FEHVHEAT KR X APk m] DLy R $es:, fg
5 I — & FEFE AR L SSVEP 1] M4 57 R 1) 7]
B, 20164, Riechmann®s APUE—TAT5H, K
M VEPAS 5 K42 1 348 P 5 55 b i AW HT S

(a) FET PR SR

(b) 7EL& HLE) L

K 4 MindGomokuif# ¥,
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BCIM 4477 LI & 7R 5T . AR TREERM
A, ME AR KNG 2 K ILTE 2 0&E H T X BCLHI 9w
i 77 e
2.3 ET#zhxBCIAYHR %I

B BCOLZ —Flis el & i A5 5, SRRl
NHIESE . 57 Wi 03, AR BRI &R
. NS 7 A —Fomsafigh =, B
PRENSREBERG A SCH K UF. BHEFE. o
ZANNNAZE . Hurwsh XBCIk 2 H T &
IRTT A

20144F, Friedrich® AP H —FIB 77 H HI%E
(PR i AR JE R S I AN AR ) I et E FIE )L
HIATERAVRIT o WExk B AR 1L AT AL A
By, R — R ok w2 R0 B AR S st . A
SERRA, PRE S AmtiE I R O TR BR 8 e b H
VRE JLEE REAR o 59— T0 R S BHF 7 R A i 5 ik
Ff1 2 B JE (Attention Deficit and Hyperactivity
Disorder, ADHD) )67, Munoz% NP H—3K
W3k “The Harvest Challenge” o Ji#k H#r 25 F
FH P AE B ALIR 5 o (1) BHAS L T o X R o, 7E
X R B Do K 1) S R R FRIGE )
PRSI RE I FISE I HARIIRE /0, AR AR AE Hoxf
S 5 I THAT RSN . WS R, n DA
FA kot 2 3 ) LB AT = 0 25

grbERrR, wish X BCIRT A T R )7 4
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DAFHTESCE B0 il AR 2 oRAs, e
PR e 0 4 G )R IR S DUERIE AR 2 4
%&5{[39]0
2.4 ETEEBCI BURs LT

TR EBCLZ 1 2 Ma U (WA i > A EBCTYE
A H —ANBCIVE A5 HAbAE Z ) 1950 X ) 4 1k
1), FHEC T Gt — R G 2 e B8 i b 56 Bty 2 1
HARMESSO 2, el i, IRABCIBEFE 1
X B ] T Bt g ol 1 AR, ISR TR AR
B — B S B ] . S )R A BCIH A
7, KIMERZEIGH T, IRABCIAMUIRHE 140
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20194, Wang% NSHEMIL SSVEPAH4LE &>
RS o PuiEak “Tetris” o WESHIRN, %
RS MIE SERH YA, BESSVEPE S
BERIYIENE . A 255 SR AT iR,
FHAS B — s R U I AR, 12l xR A v P A

5 IR G BCTH R M2 777 5

RN ANE S AR RS, RORIETE T U 3R 1) R vk
P, [RIZ S AR B T IX MRS T AT AT 1.

— BE B AL AL s ) 7 (s A IR B)
O LB H o« 20104F, Mith1 % A WFE JiE xR
“Bacteria Hunt” "8 o i A SSVEP 4
o ERENIIRED, BTN AR50 3 3K S iR
FA PRSP AR B, SEARTE 1 e 3 Hh A5 FH Py 7 b
- LB DL R A BAE . 20144F, Khongss
NBIFF KT —#5 3% “Mind Battle Field” o i%iif
XA FH AN TR 25 K- ) o, A A R B 8 N\ R 42
i, 38 A b F P R R AR AE A o, B0
BN Th 3R AE R X 7 Bk AN R IRAS , IF F iRy
AIEAE 34E Y X PR 58 Hh e 45 B bw o WSS R
], fE2 NME BRI T, HHET KINES
(R N 5% iz i AR 256 mT PSS R D Re
2.5 EBESSEEE

WEAKBCIEREH IERA R . R HIREERN RS
fiis, RAEVEREHBCIEEEIEE . B EEE
MRAE M BAE 5 & EE, A B A
fE,  JETN A FAE S EAT X 7o b0 i i Y
Wi-FLEE N Rm g N ESHA RS ARSI,
BT HAS 57407 AR, W HAS S EA R
(225, FESCBRIS 23 il G XS B ) 4 KL

LFHABCIEEL MEEXATE, MUESES
() 7= A — f P BE A5 AN [R] ) 8032 3)) 715 4 (Sensory
Motor Rhythm, SMR), R[I#% i [X 45 i€ SE D 2 1
T B PEAC,  RLH 2 TR ARHAE ( H BO T 48 Rz BlaR
ATorEE, @Y, MIELE TR (Com-
mon Spatial Pattern, CSP) & 2y & Bk g s 4l
7= (A A (Filter Bank Common Spatial Pattern,
FBCSP) NSMR A 2 BURFAIE ) 2, 2 5 ) FH e 14 1)
553 #H7 (Linear Discriminant Analysis, LDA). 3£
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FE[A EHL(Support Vector Machines, SVM). K{H
B4R (K-Nearest Neighbor, KNN). b Ul H-
73945 (Naive Bayesian Classifier, NBC)%{& G Al
AR, TRINGEMNELRE . G
)RR b, AR HISEMI-EEGE
5 1 v 24 FE S A R P A% Gt 3 AR AT A ek
B, BT RGMAR . BESHEE ] 5RES
Ut JE LR 22 2 0 2y, SRR o SRR E R AT
FHESRBCP IR . Six e R0, HATIRE % 2]
I3 BT LI S BB R EREAT 7025, ] b
MIEEEAE T B AT 5 210 S R IE, I 58 iR
N i BB U oy KA R H B A S e A
ERPNZARE YT, I T MI-BCIFI 4 251

KB ABCIEZLL SSVEP, P3004E, X%
{5 5 72 7> A0 W 5 AT Bl TOAL 3 (465 Pk
FEL UEW . ML i E), HREE EkRS
1R TR 5 DU =i (5 5 I E etk . SSVEP 4>
FBEEARARE & 75 ZINGEAE T 75 N E I ZRAi el
SRR EEM S . B IR Bk F AR S
K593 HT (Task-Related Component Analysis,
TRCA) K& H B v, (AN E 355 7 75 I 2R 1)
CCAUUE B, X FBEER B A A8 ke 1)l
SRR AR, IR RS A A S, Re
HUAS BT B R . o 57y = B HE )
HAE % 7 BT (Power Spectral Density Analysis,
PSDA). HtMHH %7 HT (Canonical Correlation
Analysis, CCA)E 8%, XBFEPRALRATE
AR R VR HERR A, H SR IR R
FEXT A I i i L UK . P3004y R VA A5 5
TR G B MRS A RN T 2 A5 B I A 5
%, AR 7S RAE B AR A AR L EE 2R M ) 0 43
LDA K HBH VL. CFFmESEEE. ET%
()45 S PR A ) 3 A 4 UL ) 1 A5 S UL (Diiserimi-
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7= #5953 #7 (Spatial-Temporal Discriminant Ana-
lysis, STDA) MM 57k . AL T AR 045 B
P&, BT (AME B B A B2 2 (B 45 B RN
Ffpid Bk, BRNE BUAS AU B ROER .

ez ABCLZ il A K B A5 5, SRVFASH P
FRURS ARG 2R AS o R FH G F AN 6] 1544 T RE 1Y)
ECAE R IX 73 AN R G 39 55 RAS , IF X SRR AE 4R AR
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AN BARATRERT BO) B35 R SE DU 345 51 10
AN TAE R BOIR AT 202K

BCI7r REVEIL R K SEBAR, AFRAEEK
BCI4r KFVEE W IREEGHE & R, (58 HAR
SNBSS, 0 RAER R E LI HAT
& Ge i) 43 S BELE E R B CII B R A T L1
IPRACR, (R RBCHEARZ Il A il 3 25K “ 5
EFL R, MEINE, TCINZREVEE R 2
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