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Abstract: A method called Variational Modal Decomposition-Adaptive Entropy Threshold
(VMD-AET) is proposed aiming at solving the problem that the electroencephalographic (EEG)
signal in pre-seizure contains motion artifacts, which affects the prediction of epilepsy. Firstly,
eight simulated motion states in the laboratory environment are designed in order to analyze the
variation rule of EEG signals under different motion states. Secondly, the variational modal
function (VMF) of different frequency band is obtained by VMD, and the components are solved
and sorted by energy entropy. Finally, different entropy thresholds are used to remove the
artifacts in the moving state and the optimal threshold is obtained by comparison, and the EEG
signals without motion artifact are obtained. The motion artifact can be removed effectively by
VMD-AET method via the software Matlab. Experiment results show that motion artifacts in

each motion state can be removed effectively, and the artifact removal rate and signal-to-noise
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ratio reach their maximum during running. The motion artifacts in the EEG signals of epileptic

patients are effectively removed. The artifact removal rate of EEG signals of the patients in pre-

seizure is 5. 54% ., and the signal-to-noise ratio increases to 10. 35 dB. By comparing our method

with the independent component algorithm (ICA) and the empirical mode decomposition (EMD)

threshold value method, the VMD-AET method’s artifact removal rate and signal-to-noise ratio

are improved by 1.47% and 3. 36 dB, respectively, which is suitable for the preprocessing of

portable EEG system.

Keywords: epilepsy; electroencephalogram; motion artifact; variational modal decomposition;

adaptive entropy threshold

SR 2 ARG 1 28 00 5% & Tk S R S B TR
A L BE A5 04 12 Pk e . H AT E YRR LB E 38
900 Ji iy s HLAFAFEA 2 40 J5 BB gt i 2
BN 2B KB . BRI T LA 25
MFRIEAFIRIT AL ZAA 30 Y0 A [ 4 50 5 5 A
TCIEBEIA A A7 A 25 0 B I AT B8 AR L v R R 2
P R B AT AR . 38 Y B
HEAT 4 B TR0 A7 R S OIR 58 SR R AR R 15

SR B A K WG Fp R ) A A, HES W S T
I3 AR FCI A S U AT . 30T R TR e A el
55 RV MBUR, 3 2R FHE A BNARIR & F il
HLA 5 XU A2 0 i e A S AR
s IR RS 5 PR A MR L 0 L 45 P
B R A 0 FL A 5 M Y R AR O Y ARk
i 4% 2 P 1 A 1 B RS NG SRR R
4y ) 2R A AR Lo A AR AR A L e T IR
RPN 0] e (T PN EE D N A /NI K (O
e 485 2 i R 38 £ © B R0 6 40 Emotiv 23 A
FF & B EPOCH Jo 2 il B 4™, R H ER 7K Bl L S0 g
14 A>3 38 14 i B A5 5 R A L I S AL T AL o AR A
i (4 187 FH 3R T 2 - 6 o 3k il E 40 AT 1 17 28 18
I A S iR R R A S A B R R B T
Bt o A5 5 0 ] A e Nl T 4 R % R A
HRTBE . R A R A B i LS S P B TR
UG B I H AR B A S Sk B A RS B, S
T AR 1932 B O 3l . H 1) 2 T IR 2 A
R T A i 14 9 BRI o A R A 0T 14 i £ S T
NI Wt O = N 1SR SRS W A 0 R s N R g el
HL A 532 3 PRy 30 1) 7 e 1k T o b

H Rl %ot i i [ CEEG) Hhis 30 Bl il 25 B 32 28 %
MBS o s8R % W 7 ¥ st s 4y B
(ICA)M O LR 1 43 43 B CCCAD T | 28 15 458 5 43
fift CEMD) " RIS AR DE i 0, ek (11 ] H 4
Informax ICA J7 kb4 & U5 20 55 38 1 W 22 4 ik 3

http: // zkxb. xjtu. edu. cn

FE A FhAT A R R B A M IR I L R G pR BOR 3 (K]
kTR X R iz s Pk s SCERC 12 19A iz 3l th
W EA AL B A A CCA Jrik sl 24
Y A S 3 T A AU ) i 3 L AR K IR I 1Y 3B B
PRl o3 B0, AR K &2 AN JS A5 5.

BT ICACCA %7 KA FH T £ i I i 15
S AT LR AR S R = WA A, RIS A R T
S WA E, SCERC17 2R EMD 454 1CA B ik,
A AR TCA J7 2% 25 Oh 306 1) 11 i I 22 3 18 9 e 3]
FATEE HJE BT EMD 5 vk A7 76 B0™ H Y A TR
BMRL SRS &8 H RS 5 58™E
Moy R . SCHER L1345 & 4 L& 5 8 L 4y ik (EE-
MD) \CCA Fpl 57 ) 5 43 B (TVA) J5 ¥, fig i B 4
Hi B LA PR 52 AR 9% 1 35 1 1 R o ik
W 2 LATE R B2 i Bk h A sh L BRI
thiz.

W Ab o SCHRL T4 ] rb 2 — ol 56 T 25 25 O 305 B A
fR) 13 0T 08 A S BN A A Ol ) A B, mOAR I
T A 25 Oh 70 AR AR 4 T 32 1T DA At U A 2 PR 3
BLA3 o fHJE: X T — S i B iz g, 9] A Sk 2552 3 ph
oA RO Fe B BT — s i R PR

AR SR Y — B AR A RS A3 i A A
fHik (VMD-AET) (4 iz 2 th s i1 50 77 . I H
VMD 4 it A5 %80 5 ik EMD J5 25 47 78 0 2 1R & 5 3
M EEG {55 i 2 19 [n) 25, ] LA - Jb S 30001 3 43
B BT A N A 5 R S0 B &2 R (2 B £
T8 25 B 5 A FH 38 K — B B 1 00 4500k 4 1E AT A K
PERIRE . KA SO 1R S ICA- R H 72 \EMD- B {H 1%
(1 2 O R AT H A, BIE T AR SO i A 0

1 VMD-AET J5 % % Briz s Dyl

1.1 VMD FiE[EIE
VMD JriE & —F 3 3@ N 58 4 3 3 1) 8 35
ARGy FE S A B e, B AT LU G AR S A R 3




72 [ . ]

P

R

Eird i 56 %

PR . VMD A3 fiff A5 48 2 FIOR At A2 bl LA
T V7l D TRC A S 28 B i A O R R BR A 9
SEPAR S WU R 3 L e A R B IR AR A R
3T . VMD ik AR USRI T 4 T 2 4
JE v R R R 1) B[] 1 B 0 S A M S DT 2R A5
REZOENGE RN HER - POR o YR A IR E R
1 5 yE Ml 7 EMD J5 2 47 75 dii 11 2800 FIARE 285 73 R
B . VMD J5 25 (9 4% 0 S5 AR A4 22 AR %
ARGy IR HOR R AR
e A oy R R IR A T S B
Nk Ay TR A O B R AR 1 AT R A 5
ORI e N U [ R et I G 5 74
ZYRGEAN R B A B 285 2 R0 45 T JRUIR A5 5 AH I 3R 3k
X
ming, ., { E | 2,LCo 4 3/mt) % u, (2) Je " || %}

K
St D we = f (D
KA (D51 A Lagrange L5 1 A ¥ 2l
AR 43 0] 2 A8 Oy AR 24 AR 4y ) B, A5 BB T La-
grange KK N
L({uk}${wk}9/1) =

012 H(? +$) * uk(t)]e
ROEDIWRG!
k

2

+

2

L (0D — D)
k

(2)
2o Ry ZURAETH RV R R A 5 0T M R 1 T
. FIHASE 7 16 T T (ADMMD % 1% 58 12 45 45 1
FE B IR S B A0 FEL O A5 R AR 4 L A A5 RS 3 B o
DT I8 T 1T Lagrange BN 8R4 . % 5
PAERIG I w v FIA I FIE AT

Flw) — Dlailw) +A(w)/2

~

ik , 3
1+ 2a(w— )’ )

wi M (w) =

w | LAtZH(w) |%dw

wit = JJOu 4)

L uf ™ (@) [Pdw
0

@) = () + 7 ([ — Djui (@) (5)
p

AT ey MR AR il AR S 0 A R LR R
wi (@) i () f () A () 43 IR R A w," ' (1)
wi () f @ MO PEFT I AE

VMD J7 L AE R gk o B v R e /R 20 8 A3l
5 JRE 1A S AR T AU R A 0 B4 R T B SR A 1
JEEAL T 1ICA J7 ik, Ui T IE € M. 25 b it

http: // zkxb. xjtu. edu. cn

W VMD J7 3 78 5l 4 85 24 0 Rl 2% 0 1 2
BRI LA 5 38 B Dh I oK
1.2 VMD-AET 7%

AR LM ) I 2 D7 B B G S AE S R iR F
T S A AR AR T T B A T A 52 K,
A RE AR DU AR A AN R R R R
R AR S R RRAE . T2 sh il S A A
FERE o> A b 25 S M DRI oA S fil B R 2R AT
K. AR AYTTHE T

X5 (O #EFT VMD 53 fif

F@O =D u (6)

=
X (O N kA VMF 434K 2 VMD 434 (1
e
VMF Jp i) fig i
E, = > [w® |’ )

t

VMF R &% i SRE i Y e iy

K
P, =E./ > E, (8)
k=1
A VME 73 1) RE 240
le :_Pklgpk (9)

1 BE B E AT A A I RE B L B RE

10 B A
0
—10E

500 ilbid
0
~500 1 1 1 1 I 1
0 10 20 30 40 50 60

B 1)/ s
B 1 3 FeRE T etk &

Fig. 1 Time-domain signal diagram under three states
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Fig. 3 EEG signals of a subject in sedentary and eight

motion states
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Fig. 4 Spectrum of a subject in the state of left and right

head-turning
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Fig. 10 Comparison of the proposed method with ICA-
threshold and EMD-threshold methods in motion
artifacts removal from EEG signals of epileptic

patients
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