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Fig. 1. Architecture of processing epileptic EEG by EVMD.
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Fig. 2. The curves of the center frequency with the number
of iterations under different K values.
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Fig. 3. The curve of mean value(+ SD) of RCMDE com-
puted from VMF.
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Table 1.  The p values of RCMDE computed from VMF.

VMF1 VMEF2 VMF3 VMF4

plH 117 x 10% 238 x 102 442 x 102 7.50 x 103

2  EVMD 5 VMD 2545 8] e
Table 2. Comparison of experimental result between
EVMD and VMD.

fatR HEBIE /% RELE /% Fe5rBE /%
EMVD 92.54 93.22 91.86
VMD 89.49 87.56 88.12

3.3 NELER

T B S 430 3750 Xof i A I i, %
P Be A1 3750 X AR g kP 0 g P 08 B, e iR
LA TAL R, JPRAS RN BN P 4R RCMDE
FEAEIE A SVM HEATHEE 23038, SVM 24 FH 4k A%
PRI, 38 1 AR R P AR 280 e R 0.52, I
BE AT 10 K 5 P38 IR UEIZ I, K F HER B
R R 5 B X S AR AR R R e e Rk AT
FE i, g5 4 s, BB 4 AT 10 IR 5 A8
S UE S50 1P AR T | AR AR S B i ]
ik 92.54%, 93.22%, 91.86%.

KT HAASSCHRE K EVMD 5k 558 VMD
TE AL R - VB0 A WA 5 S AR PR = 4026
FRRPERE, ARSI T EVMD Hfs s VMD,
HARAAR, EEMATIR, X LS50 45 5 n
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Fig. 4. The line chart of the results by 5-fold cross valida-

tion for 10 times.
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% 3 9N, RTLAAR A SO i PERE A T A 512

R3O RSO SHAT AN T

Table 3. Comparison between proposed method
and previously published methods.
HEHR e ; R R
_‘ FIE S o
71 EMD , e LSSVM , 84,
SCRK[7) R Ssv 90, 84, 87
SCER[S) TQWT  Bif  LSSVM 83'8864 2?46’
SCHR[19] MFDFA £ @0 SVM  92.5,92.7, 92.2
CHR[200 EWT  RPS, CTM LSSVM 88,92, 90
A  EVMD RCMDE gym 9322, 9186,
92.54
4 # %
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Abstract

Epilepsy is an extensive nervous system disease nowadays. Electroencephalogram (EEG) can capture the
abnormal discharge of nerves in the brain duration of seizure and provide a non-invasive way to identify
epileptogenic sites in the brain. In order to distinguish between focal epilepsy EEG signal and non-focal epilepsy
EEG signal, in this paper we propose an automated epileptic EEG detection method based on the elastic
variational mode decomposition (EVMD). The proposed EVMD algorithm is a method of analyzing the signals
and also a processing method in time-frequency domain, in which the elastic net regression is used to
reconstruct a constrained variational model in variational mode decomposition (VMD). Used in the VMD
algorithm is the Tikhonov regularization that is also statistically called ridge regression as a solution of
recovering the unknown signal and assessing the bandwidth of a mode, namely the variational equation
constructed by VMD only has L2 norm. However, the ridge regression cannot select variables when the equation
has multiple variables. Another regression method, called lasso regression, only has L1 norm and can select a
more accurate model from multiple variables, but it has worse performance when variables have group effect or
co-linearity. The elastic net regression has advantages of ridge regression and lasso regression, in other word, the
variational equation constructed by EVMD has both L1 regularization item and L2 regularization item, so in
this paper we propose the EVMD by elastic net regression. In addition, in this paper the EVMD is used to
distinguish between focal epilepsy EEG signal and non-focal epilepsy EEG signal. Firstly, the original EEG
signals are divided into several sub-signals where the test signals are divided into sub-signals with shorter
durations by time series and a reasonable time overlap is kept between successive sub-signals. After that each
sub-signal is decomposed into intrinsic mode functions by using the EVMD. Furthermore, the refined composite
multiscale dispersion entropy (RCMDE) as feature is extracted from each intrinsic mode function where a
Student’s t-test is used to assess the statistical differences between RCMDEs extracted from focal and non-focal
EEG signals respectively. Finally, the support vector machine (SVM) is used to classify their features. For an
epilepsy EEG signalspublic data set, the final experimental results show that the performance indices of
accuracy, sensitivity, and specificity can reach 92.54%, 93.22% and 91.86% respectively.

Keywords: elastic variational mode decomposition, refined composite multiscale dispersion entropy, epileptic

electroencephalogram
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