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Multichannel weight fusion and wavelet decomposition
method for detecting epileptic spines
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Abstract: The automated detection of spikes in electroencephalogram is currently a prominent area of research, with significant
implications for epilepsy diagnosis. There are primarily two types of existing detection methods: signal analysis and machine learning.
The former is sensitive to outliers, while the robusiness of the latter’ s algorithms to different data has not been fully verified.
Additionally, traditional spike detection methods based on single-channel EEG are susceptible to artifact interference. In response to the
limitations of existing algorithms and considering the electrophysiological characteristics of spikes, we propose a spike detection algorithm
based on multi-channel data weight fusion and wavelet decomposition. Firstly, a multi-channel weight fusion method is designed using
amplitude and waveform trends as feature values to enhance single-channel data according to the discharge characteristics of epileptic
spikes. Secondly, the algorithm introduces wavelet decomposition to effectively extract local features from the signal and enhance its
ability to detect signals with mutation characteristics. Finally, clinical EEG data collected from epileptic patients verify that the algorithm
can achieve accurate detection of interictal spikes at a diagnostic accuracy rate exceeding 92.3%. Compared with traditional single-
channel EEG spike detection methods, this approach offers advantages such as high accuracy and simple calculation, making it an
effective technology for interictal spike detection in epilepsy.

Keywords : EEG ; multi-channel weight fusion; wavelet decomposition; modal maxima; spike wave detection

Wk H . 2024-03-11 Received Date; 2024-03-11
w FEATH 2022 P2V F AR FERE A FE IR 557 A 50 H (2022-189-181) | Ff [ B2 B 23 B v 22 CHFHIBF 9T ( XK2023XXC002 ) %5 B 5 0



5510 3]

25308 T ASCEL 3 R/ N e B SRS T 15 - 25 -

0 35l

il

SR A2 — TN T B A I R A SR TR
I 28 0 14 TR, A P AR 28 R GEAL TR IR, LA
FRF I A F iz gl IR R R R, R H
H AR DN A A ™ B R T A A
et R , 2 ERKLAT 5 000 T7 N FBAT WU , % 73 B 7R
AR BRI RGP, S AR L, B AR
HW o ROE o KR B w3 A% Mk o A
(electroencephalogram , EEG ) J&—Fi AN 75 B3 1312 A i
PR L REAR ORI 15 B B A5 5 WU F AR JF B R Y
I ) RS () G B8 R WF 8 BCHE R W, 7E AR 0K & A1
SOITEIAT A7 0 25 A0 P S v, B R 00 s R85 LL 491y
SR B B 80% , IR AE EEG Th Ry SE R IIE A
AR DR A FIING ST B WA, IR - B8 A A R
FH L IBOR A o (8 e AN 9, ) I 7 k43 A AL G 1Y
PR B BRI NI B 1 € SCTE I IR EAF R 22 5+
B 35 10 Sl ) T, B AT TR — kA i [ 7 R
S, DU, T SCORE BRI AE Dy B AR I B SEFR
P I R B2 brpr ARG 1« A A1 2 IR H
WA TTARIC  (HIX K B EBUCAAT 55 4 A TAE A
ek TE R AR, RS B8 EEG #5 Bl B 3
AN SCH R,

TR IR 1 e 2 BRI BT AR 2E
AR R DL R AE TR AR 5 S
ST RS Oy v, AR 5 2 R BT LAy N
I8, —FEFME S A AT ) 7 2 DS 31 30 45 A R 42 % g
PEAT AT, ERAE T 2 FH G RE A% W L IX 2015 5 4 A Y
S T SEERTO i, XDk 457 B T 3Nk
PO G RIS, AT 8 BRI A W00 5k | P A AR S0 T )
BRPIBAG T AP ARSI A 2R, A7 125 5 X i e
BER T R LG PR R, ERTER S A
W O A A TR R AT 20 M, SCHR[ 8 ] 52 2 1 —Fh &y
SR A 6 22 57 D0 B2 D k| 308 3 6 R 1) S 8 o
A5 B AT 5 R s A0 20 A TR, SR 5 A s A8 A1 178 2
S DN 2 7 V3R BT A I ), HETE A 23235 B 90%
Db (HR R A X 8 . SCHR[ 9 )4 T —Fh & 00
RSt 7 12 ok Ak B i vBL A5 5, i o 5 B 55— A4S 40
555 , RO E Lt B B 55 4 AR IS 12 R (B
T B E, S5 IR R A | 32275 12 RE A8 £ SBUBIE 1)
SARIE BT 23 52 BV HE B BOR B im0 T, 3k
SEMLERAE 2 AL Jang ORI T — R4 £
AW EREAS T R A Rl I 8] J7 471 R i 4 ORI
TR T 28 0 238 18 DN RO R A DN 7 72, 37 1%
ARG I A 4 e, (H2 TE 1 o LA LB B, Anh-Dao

SR T A A DAY | G v 5 B T AL
HURRAE SR A 4 ASE2Y, 02 TN T8 22 45 2847 7
Je, SLERASRRII 1% ARG RENS A A I A R, H
s T 32 245 RGO R AR H AR RLAY Do i) 4, 1%
JrFB A AE—E W RAE R, PIRIT IR E A, 1145
AP SFRERYE . F T 50 7T A AR T KA ps
ICAUIZRBE , S AR a7 5, HLY) T B AR A R . (HL7E
TR AT W R A 25 5 TR X ok A AR I 32 By
DIl S5 (0 T4 LU BURY, B S B R O IR SR R R 5 25 T AL
e BT SRS E B AR B bR DU O A
AR HATH S U EA 2 I, (FR R R
WORGp 28 S R B o, B B — 1A 3 SR L ] )i
MTPrA R USRS 0 R B, AT S5 Bk
FEOP UL Y R P AR RE M, PR, R R S Bk
HATAR H B b 11 S ARSI B AR R AR T
AL

ST LI TR, 32 TR T 20 3 2 A R /N
O3 BB BRI 05 AR e — R e T
IR P, A R AL A A IS A SR, I TG il 5 22 308 18
B, BRI AR R RE A BEAT /N 23 i 5 R TG O AR R
(ELRE (R L B, ANSCSE BT A AR [ 3L 5 Fo) 5 A 0
[RIFFEAR T35 AS . 5 BUA T iR A L, 42 Hh AR A
IRERT Ol + 90 HA 5 1 1, BE A 20R ] 2 1 E
EEG {5 B AT B A | [ I BE 68 R IR A s KL

1 EixFRE

SR IO ARG I A R R AN R 1 BT S e
T MATLAB ) EEGLAB T. HAL #4760 45 L B fh it 55 25
R Hhe FOUAh B 5 SR FH 35 T (1 R0 ip T S 1) R A
B AT BB G A, B JE X B R AT /0N o0 A 1
AR ARG DN 0%
1.1 ZEEHENNEE

X} 238 8 EE EATACE Al A B B TR T RE AL
2538 38 PO A R R, RIS AT BE 220 R AE R B
PRSI 5, FE TN B 15 5 RRIE 14 [ B , SCRB R AR £
YR TR E ARIE AR 22 0 T B A5 R B ] s
AT

SRR T30 R B R 2R A B 2 B R
T B 22 S th &2 2 e B AR IR R T 80, an iR
AT ARG O AE AR A SRR d 9 D T
IS A RE 2 LR e T X B B E

MEL BT RT LA H | — 2 AN [ 905 T e 34 s v
Pt 4 LB v B B R M B M S R e A, Sl T
B DL S LUAE 3 — 25 08, A Bt B AR
FARC BRI B S Pk B T 8 AN E— e FRE B



- 26 - LSRR R e o

38 &

EZubn e

AEH A

FBURE

HOEE R

P RIS I B AR 4
Fig. 1 The flow chart of spike detection algorithm
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Fig.2 Common spike wave shape
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Fig.3 Spike wave shape with unnormalized amplitude
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Fig.4 The shape of the spike wave after amplitude normalization
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Fig.5 Spike multi-channel distribution characteristics
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Fig. 6 Distribution of characteristic quantities of spiked and non-spiked samples before weight fusion

7350, 9 T DR Rl e B RO AT A 5 R A O
R E— 2P R T IS R 5 RS Y A - T B A
A IR R -5 B R B A P AP 7 Bes, ATRLR

H RS Rl T PSR X D 5 A e A X R R 2
HIA T HLRARTE,



- 28 - LSRR R e o

TR 5 AR P R AE AR AIE

—
05} m—F 53

(=]

0 20 40 60 80
TREAFAE/ LV
(a) BUE L J5 RUE- 5 AR R A (H T
(a)Amplitude characteristics of spiked and
non-spiked samples after weight fusion

100 120

ERRE
o, TR 5 AR () B T AR A
09 f I i
08l —3 ¥

0 10 20 30 40 50
WRARFE/ WV
(b) A ERLE 5 BRI 5 AR R R AR TARAE
(b)Waveform characteristics of spiked and non-spiked
samples after weight fusion

Bl 7 BCERG RS AR BRI R AR IE A 20 A7 4]

Fig.7 The distribution of characteristic quantities of spiked and non-spiked samples after weight fusion
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Fig. 8 Multi-channel data is fused into single-channel data process diagram
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Fig. 11  The approximate coefficients and detail coefficients after wavelet decomposition
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Fig. 13 Modulus maximum column of wavelet decomposition
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