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A seizure prediction method based on EEG multi-feature fusion
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Abstract: Epilepsy seizures can cause great physical and mental trauma to patients, and accurate prediction of epileptic
seizures can assist doctors in treating patients in time. In order to accurately predict seizures, this paper proposes
a seizure prediction method that integrates electroencephalogram(EEG) features and multichannel EEG interaction
features. Firstly, the multi-scale symbolic alignment transfer entropy is proposed to analyze the multi-channel EEG signal
interaction information, generate the synchronization matrix, and screen the important EEG channels related to seizures
by significance analysis to reduce the interference of unnecessary features to the classification. Then, the power spectral
density energy diagram (PSDED), which characterizes the EEG signal, and the synchronization matrix diagram (SMD),
which describes the interaction characteristics of brain channels, are generated for the EEG signals after screening the
channels. The two feature maps are fused, and the deep convolutional neural network (DCNN) is used to classify and
identify the EEG signals of epilepsy patients, which improves the learning ability and generalization ability, and the
classification accuracy can reach 96.825 %. Finally, a prediction evaluation system is used on the basis of classification
to evaluate the seizure prediction performance, and the prediction sensitivity reaches 96.66 % and the false detection rate
can reach 0.03/h when the seizure prediction range (SPH) is 10 minutes and the seizure onset period (SOP) is 10 minutes.
When the SPH is 30 minutes and the SOP is 10 minutes, the prediction sensitivity reaches 93.17 % and the false detection
rate can reach 0.05/h. Compared with the results of existing studies, the proposed method has better prediction sensitivity
and lower false detection rate.
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TR E]. AH B, SOP A B KK, DL R 8 35 1 £ 18, B
DL £ SPH 4K, SOP A A% ST FH I Pl PEA 2
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wE KA
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7 SPHFISOPE X
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T VR 4y S e, B R 2 B9S2 56 45 Sk B PSDED
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A 4.3 % H13.5 % 38 5, B A . ARLAE AR TR AT
RAE BRI % 35, 45 A B IE R ik IS 10

PSDED J7 ¥, fE SR #EM Z A T W& g m, LR
TE KA T FROIRAS I e 26 2 B 35 $2 0. M Tl T 0
i% J5 ) PSDED 5 SMD fi &, 45 & DCNN I 25 5 1 1
B A3 2 73— D IR T, R AE ) 1A £ 98.2 %0, K
YERT T3k 3 95.4 %0, A RT TLIK 3 95.1 %, VLK KA 1
N 98.6 Yo. i I8 Fik A J5 1 77 V2 AE R K AE B K TR
Tt I BAEME LAX 73 PR AR A CRAE AT 30 min. &
YE T 10 min) 75 28K FE Tt

R2 BURBEFATE %o
Hik interictal preictal T preictal IT seizure & A ERf 2
PSDED+DCNN 98.1 92.5 92.6 96.9 95.0
SMD+DCNN 96.2 88.2 89.1 97.1 92.6
OPSDED+DCNN 98.3 93.1 94.8 97.4 95.9

OPSDED+SMD+DCNN  98.2 95.4 95.1 98.6 96.8
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B 53 7:3 BN R A AR, — N0 A R J 31
AT FARRTI S B A 300, s f8 3 /0 3R DL L
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10 min i}, R H PSDED J5 7% 45 & 1R & 36 FA 1 4 4 2%
(I 56 YRR H A 47 YT R Eh, BT DA SR ik
B 7 83.7 %, iRy F A F| 1 0.17/h. 1M £E 8 1E i i 5
() PSDED 77 ¥ () Fil I AU M 42 v $1) 93.63 o, 1R 4G
T F%2]0.09/h.
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%3 PSDED+DCNNE%:ET SPH = 10 min, SOP = 10 min BFMZE R

BFE O RS RERK/h BUNEUEMEPSEN/%  iRKFFDR/hTY kS TINEURIE PSEN /% SBIE LR K % FDR /h !
Chb01 7 40 85.8 0.18 100 0.05
Chb02 3 40 333 0 66.6 0
Chb03 6 40 83.3 0.18 100 0.18
Chb05 5 40 80 0 100 0.08
Chb09 4 40 100 0.9 100 0
Chb10 6 40 83.3 0.09 83.3 0.09
Chb13 5 40 100 0.12 100 0.12
Chb18 6 40 100 0.19 100 0.19
Chb20 5 40 80 0 80 0
Chb21 4 40 75 0.21 100 0
Chb23 5 40 100 0 100 0

&t 56 440 83.7 0.17 93.63 0.09

#4 HICEFMASFERDCNNEAE T SPH = 10 min, SOP = 10 min BYFUIEZE

BE O RS WK /h BBUEPEPSEN/ % iR FDR/hTY ik S WINURYE PSEN/ % BB IR R FDR/h !
Chb01 7 40 85.8 0.18 100 0
Chb02 3 40 100 0 100 0
Chb03 6 40 83.3 0.1 100 0.18
Chb05 5 40 80 0 100 0
Chb09 4 40 100 0.9 100 0
Chb10 6 40 83.3 0.09 83.3 0.09
Chb13 5 40 100 0.06 100 0.12
Chb18 6 40 100 0.11 100 0.19
Chb20 5 40 80 0 80 0
Chb21 4 40 100 0.09 100 0
Chb23 5 40 100 0 100 0

it 56 440 92.03 0.07 96.66 0.03

#5 HEEFAS1EHDCNNEAE T SPH = 30 min, SOP = 10 min B9TNEE

BE O RS WERK/h BISUEMEPSEN/ % iR FDR/hTY ik S PRI E PSEN/ % IBIE LR FDR/h !
Chb01 7 40 85.8 0.15 100 0.08
Chb02 3 40 333 0 66.6 0
Chb03 6 40 83.3 0.12 100 0.10
Chb05 5 40 80 0 100 0.08
Chb09 4 40 100 0.7 100 0
Chb10 6 40 83.3 0.13 83.3 0.09
Chb13 5 40 100 0.1 100 0.09
Chb18 6 40 100 0.2 100 0.14
Chb20 5 40 100 0 100 0
Chb21 4 40 75 0.12 75 0
Chb23 5 40 100 0 100 0

At 56 440 85.71 0.13 93.63 0.05

i% J& 1) PSEN A4 96.66 %, i 5 % 4 0.03/ h, J Wt i 28
ok R 7 12 S5 4 A S A R YOI 1 e

2 SPH = 30min, SOP = 10 min I, 45 $ 4%
5 Ffr7~. PSDED 5 SMD it & J5 45 & DCNN Tl () 77
Y, T T8 0 F A B TIO 56 Y HH AT 48 X T
R Th, BT AU M B 3 T 85.71 %o, IRAEL R IA B T
0.13/ h; 171 /£ 38 18 577 1% J5 () PSDED J5 2 75 7 1l 45 Jak

PEFE 393,17 %o, WA H T 4 £10.05/h

M EEG H #i& B 4 AE 3 )32 F T TR0
PE. AR SCORE BE T 07 346 380 T8 R 5 % DA SCRRAE B Rl
D5 25 00 43 SRR T R 1) 07 0 38 1 S 43 2R
D R 2 B T i U B0k, AR EAT IR TE R 4 5, W B
fr L 42 RS 43 RV SR I T PUREAE; 2) a8 i R AE
KRl &, 454 7 BEG RE =28 1h I RFAIE DL K I8 38 A 15
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B HRFAE, WA A BEAR I T EEG HFAE, BE 4F
HAARIL T A FPRZS T (1 EEG RHE.
224 TFRRIMEREHLE

Xif B [ B 3 F CHB-MIT 040 48 i 5509, tn % 6
B 7. At STk [21] 3 € SPH R 0, 1fi SOP 1 78 N
50 min, F R IR 5 50 min PR A7 ) S Th

TR — VK. SCHk [7] % 52 SPH AN 0, A % (& SOP, 54
SCR 0 2R Si A B 22 0. 5 bR B 75 25 S SPH
(175 35, A S D0 559 SOP I (] 23 /b - HoAth 1
FE, X BE A R T S B PR R IR b S A ), B
7537 B (0 TN AR RN AR (R A 3R, B A TR
DR & AE e

6 XL E A ERAI TN 14 RE

Hik FRHIESRIN SR TEURYEPSEN/%  BHMGRFDR/h™'  SPH  SOP
SCHR [21] power spectral density ratio SVM 98.68 0.05 0 50
SCHR [5] STFT spectral imanges CNN 89.1 0.09 5 30
SR [22] wavelet transform coefficients CNN 83.33 0.147 10 30
SCHiR [7] statistical moments, zero crossings, wavelet transform LSTM 99.63 0.03 0 60
A3 PSDED+SMD DCNN 96.66 0.03 10 10
AL PSDED+SMD DCNN 93.17 0.05 30 10

3 W

S P LS AR A 2 A T L R R R
VRTINS S, 29 T Sl 38 08 3 5 0 T I R T T30
W, %ok BB RS A MEREAT T VEAR I AT A 2 R
T2 AL B A 38 000 0k 24 55 I 10 S HEAT 40 7, R4
HUAE 5 1 1 2 B . 1T 19 909 [ b C3-P3 3
SR A3 B AR 1) 399 PR 38 Ak, A o Ay o 3 i
3, 30 T 2 0P ) T A% A A i 3, S R 1
142 T W, S 7 A & B 2 R IR L AR 09 i 28
At 41 P 9(b) FT 7%, 2 1F S 2. TE W 28 4.
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PE. T8-P8 T J& M [X., 55 5 WL R A2 5 B, 22 3R 30
DRRE A B8 RAZ 23 TR 4 R 1) C3-P3 I IE
TERAE AR A 2 /N T R A (R, B3 B AR 2 2R 236
SR ). AT 73R B O BB I AL A
[F) 210 58 LU T N 55, KB R AR 1 000 2 A i - 0 )
AU ()R A 1 B AR, SR [25] 38 e 8 43 5 ) AH T
TR T ST I R 2% ok CHB-MIT #5505 £ 98 I LL 23 A, Sz 56
8 G W R A JT R B XA DG A 5, T A XL T
I [X KA P DX A A 1 PRI, HL 28 55020 BT TS-P8 AH S 1
TEIRUR R AE B £ 18 55 38 3 tof <50 4 2 8 i R 3 T 1)
R i ARG B A PRIV A0 S0 AT, AR W] SRR i
ik B T DA SR B 4 (0 0 P g, IR T e AR B
BT Jo, SRR AT DUBE G b s A [R1RAS TR i H
&5 B2 e, DUE IR FE AR 2 I 26 ] LI 2R 5
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4 4 »

KN 2 REERF 5 A HE g AR s i 0] B3 KA
V) 1 B R A 1 4% 38 18 EEG [ 4 5 FE 10 A8 4K, 26 %
() 20 B e 0o 5k 3 1 2 A gk — 0 0 0k B2 % EEG Il
T8, 90 T TUAR BRFAE R T90I0 B2 R s e %R Ak
0 45 188 1 J5 1) i FRLAS 5 75 A2 i PSDED A B Al [
A0S P 1 SMID. 25 45 3 1 R 52 REAIE A AS [R] 38 1 [A) 45
S H BRHE, 77 AR R A RRAE L, A AR A B 4 2
% [ ResNet152+ Inception-v3 Fl Inception-ResNet-
v2 = > DCNN 5 8 4 48§15 21 1 RE AR E A7 DRz J5
PN G 220 A& 12 2 AT W A0 B 4, e 5 P &2
i softmax #4743 2. X VI ZRlf AR A, £ Tl R 4 h
HEAT MK, SR H T SPH A4 10 min, SOP >4 10 min ) %
E, I J 45 S T R IR B T 96.66 To, R A6 ik F
0.03/h; SPH >4 30 min, SOP >& 10 min ¥ % 72, % J& 4%
PRI AR A TE B T 93.17 Yo, 1A F K ) 0.05/h. T
DU FR 1 R R T VA AT I B AL I i FLI A Rl
FRAE ) 50025, 38 0 55 A R 510 A% 36 09 BVl i AR Ak
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