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Study on Steady State Visual Evoked Potential Target Recognition
Based on Multivariate Empirical Mode Decomposition

SHAO Xing-han,LIN Ming-xing
( Shandong University ,Jinan 250061 , China)

Abstract; In the brain—computer interface (BCI) system, the accurate recognition of steady—state visual evoked potential ( SSVEP) is
significant in biomedical and other fields, and various artifacts affect the recognition accuracy. We propose a multiple synchronization
index based on multiple empirical mode decomposition ( MEMD-MSI). Firstly, the original signal is decomposed by white noise assisted
multiple MEMD. The first six intrinsic mode functions (IMF) components are extracted from each channel. A grid search method is
proposed to weigh the IMF components so as to eliminate the artifacts in the EEG signal and retain the effective information in the EEG
signal. The signal data of the six subjects are used to choose the weighting coefficient. Then,MSI is used to identify the reconstructed
signal. Besides,the signal data of 9 subjects are selected to compare the accuracy of the MEMD-MSI, MSI and multiple empirical mode
decomposition canonical correlation analysis (MEMD-CCA) in different time windows. The results show that the MEMD-MSI has the
highest accuracy among the three algorithms,and the accuracy reaches 95.24% when the time window size is 2 s. It is proved that the
proposed algorithm can effectively eliminate the artifacts with high accuracy.

Key words : brain — computer interface; steady state visual evoked potential; multiple empirical mode decomposition; intrinsic mode

function ; multiple synchronous index

0 351 &

fidi —#14% O 45 AR ( brain—computer interface , BCI) /4~
[Fi] T 0 1) AR — ol 28— JUIL PR g 4 ) X H R A i
2724 B % FL 1] ( electroencephalogram , EEG) {5 5, If
W I T SRR 2R A s s, b kT
o A M % %5 & B U ( steady state visual evoked
potential, SSVEP) 1) BCI RGeA7 % v W L i, TE 75 Il 2k

%5 5 #3:2020-03-14 &8 B #5:2020-07-15
EEWA : \ARAE SR (A 5528%5) T H (2017GGX30103)

S LA 4, 7E BCI &S B 2 R, SSVEP
S phy 7 4 W 5 00 38T % K Y AR 1 BEG 1E S,
SSVEP $525 H [F] 5 114 W58 0 00 2R S 348 g 091 2R 441
B, H LB SSVEP 5 FR R B 5 kA T R 4 B
(PSDA) "/ 5L RUK S 43 Hr (CCA) 7% (R TR 4R
E S R A G e A R DA, WL H D 8 25
WA SSVEP () L 51 %10 2 ] of o5 2% i 3 591

EBE B AR (1995-) 3B W50 BT DT 1) A - B O ARE B, B8R, 15 Gl IRPE 3 BRSO 1) S A ML e A R RE ARSI S5 2 6

PLESLSE A5



. 134 - HENEARS R

RN

SSVEP 142 BCI fff 5% i Y 2 2 (] i,

Huang %5 A\ & 644550 (EMD) ' EMD
AT DI A Ze MR- RR i 1] 3 301 il ol — R 41 AT P 3
BN 2R R (IMF) . [, EMID 2 gkt 2k
PR AR AR A I AT 55 SEAT 40 AT 2 A i AR
XIHHFEK: EMD 5 PSDA 454,78 3 s BT % T, iR
WIIFE B R A% T 1448 PSDA k| 17 129% M,
Tello 4 AXT k. T EMD-PSDA ,EMD-CCA ,EMD-MSI
SRR A TIORS B 5 05 B H 3¢, EMD -MSI 53k
AERAAOPERE ™, SR 7E kb BE £ 38 1 BRI, EMD
H R P A AE % 4538 18 IMF 435 70 50 AU 2 R |-
HE LA FE 0 ] ) 25 BRI SSVEP #1151 %, Rehman
GNBR I 2 A IS 73 fif (MEMD) |, H T 58 47 b
Xt 5 2238 18 {5 54 B IMF . Chen %8 K MEMD
i 1T SSVEP By i 42 i T MEMD-CCA %1%,
FERT I 3 s B, FLHERG R 22 L CCA k1 18.45%
FFUERA T X EEG #E 47 i Ab R ARG UL T8 5Lt 43
fift /NS R EMD EREN ) INVE SR T SA-
MEMD V3453 26 TE# % Je e 1T LLIA 3 91. 4% (4
s) AL T2 CCA B3, V-3 43 25 IE 1 2876 B> It
)7 125 RS 17 3.5% LA Y,

ZSCEEH T —FB 5L F MEMD 5 MSI 45619
SSVEP HAR IR 5IH 3L (MEMD - MSI) . #5 2R 4 51| i
EEG {55 #£17 MEMD fii4b P, 15 3| — R 5] £ T IMF
gyt , WARTRIA IMF 435 A9 (%9 EEG 155, Rl M
FAFRILTR L 1 T RSO A IMF 5 07 X IF
I MSL X EA(E SR FEARIEE T F MEMD-
MSI MSI A 2 MEMD-CCA 4.3 47 T HER R 19t
UL R R AT B T AR A 2R R

1 B &
1.1 ZTEBEEXHHE

MEMD [ DL[R] 2543 iff 2038 38 {5 5, -4 B % 5
ZAR G HES) 43t IME 435 H A4S 30 38 40 L
{4 TMF 420 A 530 [R) EL LA 4 [A) A9 000 R IR 40 8
—Nn BIEMNZITES o) = {x,(1) ,501),,
x, (1)} AESHEKEN T ,MEMD & L40F .

SR FH I BRI R 3 50 R AR L AE (- 1) dEBR T B
VEFE K A A S8 5 0 SRR S 4R AR A n ZE 25 (8114 7 1)

[ 4

36‘:{Sl;’slzf""’sf;}’k:1’29.“’K (1)
Forr, g X 5 1w 1] 45 ¢ 7 16] £
0 =16,,6,,.,6, | (2)

(1) TR TR T p' (1) W
A p(1) R4 SRR BRI 20 ¢ i e [1,77
T FH 25 76 4 0 58 B AR [0 (1) ]I

KAZoetus e’ (1) | IFHR I o lE (5 5 7E Bk 25
] K A7 1] 1) g F A 28 2 i 24 4

m(1) = ¢ e (3)

W B (58 (0) k% m(e) , 75 0 2095 43
(1)

A(0) = (1) = m() )

Rty d(¢) BYJEPELATR LS 25 1 IMF, 42k d(e)
L0 IMF R ZRY 8 x (1) = 2(1) —d(e) 1ER
B ALG S, S d() R AGS, =R
MITEBE I M B BT d(¢) i R E 200 R
15 1L 2RI AL n 3B B ) 2 00055 A R

x(t):Zdi(z) +r(t) (5)
Hrp, g J2& x (1) BAEE 3 B IMF 205 14K
d(t) 5 r(e) 39FR x (1) B IMF B MAE
1.2 E-F MSI # SSVEP iR 3l

MSI 53 02 5k B A 828 3 1Y, B IE 52 [ CCA |
MEC %555 HA T Ar itk ag ™"

Bi&X e R ( Hillilix P RHE5) Fom H A
1L~ 1Y EEG B , B 38 i R A S P AN 1
WZEZES Y.

[ sin(2mf,t) ]
cos(2mf,t)

sin(2mNf.1)
Lcos(2mNf,t) |

(6)
Horpr, NORTSOR, SCR T BN =2, f, 2R RO
X, Y PHRE R 225 v Al 5 B o AL 9 b RS T

SEAHSCHERE C
Lo 1o
—XX' —XY
M M
C-= | | (7)
L T L T
aYX Yy

o, M IR REE SR
MR CTPI S X5 Y B A G 5 AR A G
PE, N T BRI AR SCHME  SRELT LAR A2 AR e
R=UCU" =
waw C” —(1/2>C12C22—(1/2)
|:sz -(172) CZI C“ -(1/2) IN o :l (8)
WA AL, A, SRR R AR, 4R )5
(9) HEFIH—ALRHAELH
A A,
i A T w(R)

i=1

= (9)



52 3]

P =N+ 2N, SKJE LR IALE 5 2 0 A
R

S=1+ :llog(P) (10)
SAEMTEREIFE 0 ] 1 Z 1], SE# K, UL 4L (5
5 (R A AF PR

PRk, TR Z BB NES 5812
G5 Y, ZHEMFELIEE RIGEE m RS, ,
Sy, S, o SIRHE LAY B AR 2 LU 45

T=miaxSi,i=],2,---,K (11)
1.3 E-TF CCA #J SSVEP 25l

BEX e R™ (HEExP XML 52%FS
Y ,an5(6) ,CCA Bk FH— X LA w e R" Fl v
e R" SR IEA A v =w' X 5y =0"Y Z A
Kttt A, N (12) iR .

p(x,y) = EL&yT] =

VE[xx' JE[yy" ]
E[w,XY'w ]
E[w XX'w JE[wYY' w ]
Hrp p FRMHLREL

it CCA 53k W LGCR I X 584 Y, Z R0
KK ZRE p, o MHAFEA R H AR £ (13) iR
Sl

fo=masp(f), f=fiifas Sy (13)
1.4 E-TF MEMD HJ SSVEP iR 5|

Wi 1, AR R 2238 18 BEG {55 809 18 18 Y =5
Wr MR 2004 MEMD 4B 5 | 45 38 38 115 5 28 bk
3R 2 A IMF 43, 32 XA IMF A9 af R 61 T
X G, 0 BE H 538 Y IMF , 88 S5 ) P DA% 5 28 0 i 45
A A , e Jr AR B EH A EEG 75 . LAY
#H EEG 155> Wil MSI 5 CCA i+ H 52%1(5
Y WEZEFR S A KA R p

‘ﬁ”ﬁ%f'ﬁl‘ ‘ﬁﬂ;”er'ﬁZ‘ \ Wi \ \ w2 \ \ ...... \ \ Siin

\ l [

(12)

MEMD

I

[EREEIE S2R0
FETERE S

MSI

T=maxS$,,i=12,-,K

B 1 MEMD-MSI 742

AP BT 2 on R i i i) SSVEP H RIS - 135 -
HIFESH .
X=w, xIMF, + @, x IMF, + - + @, x IMF,

(14)
Hi o, w,, -, 0, FNED IMF 252 IBEREL

2 KIS
2.1 RERBES

2SR FHE 1 K4 i WL DI 9E 4169 SSVEP 4L
PEFED AR BEEL T 15 44 3238 10 o e 5 45 | 23t
F IR 5 HE S /R #% 70 cm 2,

Jixi B, B9 2 A Synamps2 & 4t ( Neuroscan 23 &) )
FAER, 9 /Nl (Pz, PO5, PO3, POz, PO4, P06, O1 ,
Oz,02) P BT A E R 10-20 RGEbriE, REESFE N
250 Hz, HIFO0 0 [10:0.2: 117, LK 223
HTEAEANBE 2 WK, MR R 5 Bl A
RIS — B H] , DAk G DR 5 S ) B8 0 55, 3 3ot 52
IARIE T 2 40 15x6x9x1 250 Wi {5 5%, Hid
6 #4521 I B FH K 0 12 48 & A9 IMF 43 i, Hax 9
3% AR 1 B 4 R XF e MEMD - MSI, MEMD —
CCA ,MSI } FBCCA B3 1y HEwft:

2.2 B IMF HiEi%

B2 il T 228 S, Y L {55 248 MEMD 47 fift
J& , POz 3B I T 6 4~ IMF 234 (192 R 3% | )i EEG
MEMD %3 # 4 11 4~ IMF, IMF, , IMF, , IMF, ------ Xif b
AR 0 ~ 7. 81 Hz (14 fiki HL 3% 2, T SC e i) SR 000 R 3
FA[10:0.2. 117, 8 R ERTIUA IMF 43 &

0.15
Lﬁ%o. 10
0.05
0. 00 -
0 20 40 60 80 100 120
/M2
0.15
|af
Eo. 10
0. 05
0. 00
0 20 40 60 80 100 120
P /He,
0.45
12 0. 30
=
¥o1s
0. 00 o -
0 20 40 60 80 100 120
P /Hz,
1z 0- 50
==
0. 25
0. 00
0 20 40 60 80 100 120
M /Mz
1.6
= 1.2
0.8
IS
0.4
0-0g 20 40 60 80 100 120

S /He



<136 - HEPLH AR &R

RN

0.45
2. 30
1
%om

0. 00
0 20 40 60 80 100 120
A /Hz
B2 POzifif IMF % %) i
60 — . "
50¢ -
A i

;EI- 401

=30}

® 20t
10 . ﬂ ﬂ

0

Imﬂ Im? IWw Imﬂ
B3 v/ IMF > S8 EH 5 (REBREIFEREL)
& 3 B IMF 43 14353l 28 MST 33075 Ak 385 1)
WBIERAR . RIT 5, IMF, 5 IMF, A s B4,

Il IMF, 5 IMF, 43t e i 2 8 HAE B2, 8
T o, 0, RKENI1,

WNERH 0, 5 o, PSR ERE, J0E 5]
$900:0.2:0.6],[0:0.2:1], % 146 #52ikH %K
T 8 R FH A 1 R VA AR B I 45

MEFAUBEN, Yo, 0, 7395 0.2,1 i, &
M5 54 & e BRI HERA R A5 S0 E o .

X =0.2 x IMF, + IMF, + IMF, + IMF, (15)
2.3 MRS

XF T IMF 1 i 2, 1% SCHRI T 6 44 32 10 & 19 £ i
B, AERMHAL 9 220 HF M8l &, mE T
MEMD-MSI, MSI, MEMD - CCA 7£ A [5] B % T (1) 1
A, I ETYEE 0.8 s B 2 s, MR 0.4 s, Frd
SR o3 S R A B B 3 4 i & 1 43 B, R TE
1 3 B RS S 43 BRI LB Sy B 1 23 1) TR 531 o
6 IR YU HE A 25 B (R 0 S — Y g Y
5 TOXT T R gofe T WS 48 1 25 S5 ) 1o 25 vk

A1 R ZRE#HZIMF ,IMF,#imREAHK 0, , o,

IMF, B IR o,
0 0.2 0.4 0.6 0.8 1
0 62.29 62.54 62.96 64.48 66.41 65.82
IMF, 0.2 61.20 63.38 64.14 65.66 65.32 66. 84
ES ) 0.4 63.05 63.89 65.66 65.40 65.74 66. 67
0.6 64.48 64.73 65.99 65.49 65.32 65.74

2.4 BEXMIEEERRNZIM

N T P MEMD -MST 2 5105 2 (9 2 i, K H 4y
515 MSI Fl MEMD—-CCA 7 AS ] i % T 147 v iff 2
FIXE L, anp 4 FNEE S TR

100

95 |

90 |

85

80 |

HERIF /%

B

—7— MSI :
v s "
A4 ARRFNET MEMD-MSI 5 MSI 5 ka9 f# &

KT PEAG 2 ) MEMD -MSI 8. %578 SSVEP H
PRAT R B HE B ME . A L B S MST DL &
MEMD-CCA #47 LL#, R 2 Fiw

£ SSVEP H AR v | I 8 /ot 43 K58k
WER R mAR A, 3 2 T, =R Rk A A R
B %5 15 % 1% K, MEMD —MSI 7EATA] i 7 T B v 1 5%
) T MSI J2 MEMD-CCA &3, HAHE X T 465

60 |

100

T T T T
ol - % _
90 F -" . |
85

80 | S
’ 7
- b I.: d
L
70+
65 | §

HEHI /%

--O- MEMD-MST| T
ol ~ MEMD-CCA -
. - ) . .
0.8 1.2 16 2.0
I E /s

5 KR ET MEMD-MSI 5
MEMD-CCA 3 i 84 /e # &
K2 RFRE T A kA R A

N ST
Bt /s
MSI MEMD-CCA  MEMD-MSI
0.8 61.69 65.60 66.89
1.2 79.12 78.99 80.91
1.6 88.81 88.52 89.33
2.0 93.21 92.24 95.24

W gh W2 e g 5 v FEAT AT B B R A p <0.05, H
TERT R 2 s B, FUMERGRIA S T 95.24% . S5 R%M



52 3]

AR5 I T Zn & WA R 4 09 SSVEP BARTRBIANST - 137 -

MEMD- MSI & Z & JF 7 MSI & 3 09 5 1, H
MEMD - MSI ) ¥ 8¢ {i. F MEMD - CCA, 7£ 3 F
SSVEP ) BCI A& WA BEEMSHMNE,

3 S&RIE

AT FH S NP 2% 1108 75 i Bl 1) MEMID 5 i >k
XTEAF S #ATAE R, X EAE 5 1T MEMD &35 | %
B IMF A[a] 522 ok A9 SSVEP H b4 35 51 1
RASEAR I, 20T T A3 1 IMF 4, JF ok
FH MRS A ZRIEFR BN T 44 53 5 IR B, 55 )5 K 2
#Ef MEMD J7 ik 5 MSI 7 ik M 45 & )F 5 MSI,
MEMD-CCA k#4755 e, SE5HIER , MEMD -MSI
PR TS0 SSVEP {5 S A Sk i A R (H L
A BT =R B LA B SR A AR R B $E T [ K
MEMD-MSI iz H 2| SCBF A BCL R4h 2 T —2 1
SR

SE 3k

[1] CHAUDHARY U, BIRBAUMER N, RAMOS-MURGUIA-
LDAY A. Brain—computer interfaces for communication and
rehabilitation[ J | . Nature Reviews Neurology,2016,12(9) :
513-525.

(2] & W, EEMbR, EE 7. 3T SSVEP 1 R f4 i 1 % i bl
KT ARG T] A PLER 5 & R, 2017,27 (10) - 185 -
188.

(3] SKE-F BRI JET SSVEP MIMT/NE RGBT [ T].
fEBHAR 2018(3) :92-96.

[4] £ 5l FT SSVEP WR—HLE 1 RAEHEE SHE K
NTABFFE[D]. B & B ,2013.

[5] MULLER-PUTZ,GERNOT R,SCHERER R,et al. Steady—
state visual evoked potential ( SSVEP) —based communica-
tion; impact of harmonic frequency components|J]. Journal
of Neural Engineering,2005,2(4) :123-130.

[6] HWANG HJ,LIM J H,JUNG Y J,et al. Development of an
SSVEP-based BCI spelling system adopting a QWERTY -
style LED keyboard [ J]. Journal of Neuroscience Methods,
2012,208(1) :59-65.

[7] LIN Z,ZHANG C, WU W, et al. Frequency recognition
based on canonical correlation analysis for SSVEP - based

BCIs[ J]. IEEE Transactions on Biomedical Engineering,

(8]

[9]

[10]

[14]

2006,53(12) :2610-2614.

BB, PRSI, M. T CCA iy SSVEP H:AERTFY
(3] HHEPLEAR S K ,2015,25(5) :52-55.

DHILLONH S,RAJESH SINGLA,REKHI N S, et al. EOG
and EMG based virtual keyboard; a brain—computer interface
[ C]//1IEEE international conference on computer science &
information technology. Beijing : IEEE,2009 ;259-262.

LIN W,SHEN M W ,ZHANG G Q,et al. Artifacts removing
techniques on EEG waveforms[ J]. Chinese Journal of Ap-
plied Psychology,2004,10(3) :47-52.

XM, B T AR AL 15 A v L B i BL4E O R A
[D]. BUM BT B TR A% 2016.

TELLO R M G,MULLER S M T,BASTOS-FILHO T, et
al. Comparison of new techniques based on EMD for control
of a SSVEP-BCI| C]//IEEE international symposium on in-
dustrial electronics. Istanbul ; IEEE ,2014:992-997.
LOONEY D, MANDIC D P. Multiscale image fusion using
complex extensions of EMD[ J]. IEEE Transactions on Sig-
nal Processing,2009,57(4) :1626-1630.

REHMAN N, MANDIC D P. Multivariate empirical mode
decomposition[ J]. Proceedings Mathematical Physical & En-
gineering Sciences,2010,466(2117) :1291-1302.

CHEN Y F,ATAL K, XIE S Q,et al. A new multivariate
empirical mode decomposition method for improving the per-
formance of SSVEP-based brain - computer interface[ J].
Journal of Neural Engineering, 2017, 14 (4 ) :046028. 1 -
046028. 16.

P ies . FRAS AL B8 7 e F AL Y M ML 42 1 e AR Ak i F 5
[D]. B AL AR R ,2018.

HUANG N E,WU M L C,LONG S R, et al. A confidence
limit for the empirical mode decomposition and Hilbert spec-
tral analysis[ J]. Proceedings of the Royal Society A :Mathe-
matical ,
(2037) :2317-2345.

ZHANG Y, XU P,CHENG K, et al. Multivariate synchroni-

Physical and Engineering Sciences, 2003, 459

zation index for frequency recognition of SSVEP—-based brain
- computer interface[ J]. Journal of Neuroscience Methods,
2014 ,221 ( Complete ) ;32-40.

YUAN P, CHEN X, WANG Y, et al. Enhancing perform-
ances of SSVEP-based brain—computer interfaces via exploi-
ting inter —subject information [ J]. Journal of Neural Engi-

neering,,2015,12(4) :046006. 1-046006. 12.



	封面
	页 1
	页 2


