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Abstract: Spike in strong-motion record is a common type of abnormal waveform. However, their generation mechanism remains
unclear and requires the accumulation of large datasets for further study, making spike identification highly significant. This study
proposes a preprocessing method based on adaptive waveform scaling to extract and enhance amplitude variation features,
combined with time-scale discrimination criteria, thereby reducing the impact of amplitude differences on manual annotation
accuracy. In addition, a novel feature representation approach is introduced, in which one-dimensional data are transformed into
feature vectors by normalizing the cumulative distribution of sampling amplitudes, enabling the spatial distribution characteristics of
strong-motion records to be represented. Using a highly imbalanced dataset, multiple machine learning models were trained, and
cases of misclassification were analyzed. Furthermore, LightGBM-SVM stacking algorithm optimized with Bayesian optimization

is adopted to achieve the recognition of spike waveforms, achieving a Matthews correlation coefficient (MCC) exceeding 86% on
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the test set. The results show that the proposed spike discrimination criterion achieved satisfactory performance, confirming its

stability and generalizability. The method can serve as an auxiliary tool for spike waveform screening in data quality assessment and

provide technical support for further investigations into the generation mechanism of spike waveforms.
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Darfield , 7 F % 2010-09-04  M,7.0 97
El Mayor-Cucapah, # 7G4 2010-08-04  M,7.2 78
TR, BA 2003-09-26  M,7.1 67
R, H A 2003-09-26 M, 8.0 165
prkl, HA 2004-09-05  Myy,7.4 49
P, H A 2004-11-29 My, 7.1 67
s, E 2008-05-12 MS8.0 150
HTEM, HA 2008-06-14  My,7.2 99
=ik, HA 2011-03-11 M, 7.7 51
=ik, HA 2011-03-11 M,y 7.4 31
=Rliwp, HA 2011-03-11  M,9.0 128
B, B A 2011-04-07 My, 7.1 212
=R, HA 2012-12-07  My,7.3 131
Fol, 2013-04-20  M.7.0 49
fEA, AR 2016-04-16  M,7.3 136
&, HA 2016-11-22 My, 7.4 60
8, A4 2021-02-13  My,7.3 230

ta&, B A 2022-03-16 My, 7.4 292
Pazarcik, +H-H 2023-02-06 M,7.6 43
Elbistan, + HH 2023-02-06  M,7.8 113
s, HA 2024-01-16  M,7.5 139

M, BA 2008-09-11 My, 7.1 12

=Kk, HA 2011-03-09  Myy.7.3 23

i, A4 2013-10-26 My, 7.1 23

JLIE N, 2017-08-08 M.7.0 10
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Fig.2 Acceleration waveforms and waveform details of the three-component strong-motion records at station 51JZZ from the

2017 M,7.0 Jiuzhaigou Earthquake
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Fig.7 Spike amplitude variation of 062WIX station NS-direction strong-motion record from the 2008 Wenchuan M 8.0 Earth-

quake
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Fig.10 Jerk image (a), acceleration waveform (b) and accel-
eration waveform at the highlighted interval in jerk
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3 Mlawsr M AE SR = B C 5 AR M TR
o1l T B L

3.1 LightGBM-SVM HJR 5k # HE & 4% B Stacking
ABESE R A 27 r i i Bl SR N 2k T 7 Fb
BL A% 27 A R 55 R AR B, &0 DLt 3 O fk iy
SVM S ARULE 73 R UERG % F1 3 80 A 0] 56 Je B 4
#r M X R % (Matthews Correlation Coefficient,
MCC) J5 T ¥ 3 B fe 4 ; LightGBM # ALk 2 . 7E
I il b BE— 2D R T PR SR R B L X LightGBM
5 SVM i 17 HE & (Stacking) , 45 5 8 7% 1% 4 A5
R XT IF ZE R AR 1 45 1) o o 5 0 2 4 T, HAAE
— KA IEREE FFERENRARR K5,
W R 2 5 I A A i ok ST RHE B VR S B TR 4R
X HEZRIR M REHEAT i — 2B T B EIE
LightGBM (Light Gradient Boosting Machine)
2 — B L T P SRR Y o A R R THRE S, B A
B 1 %505 B A (Chen er al., 2023). B R H
T Gradient-based One-Side Sampling (GOSS) \Ex-
clusive Feature Bundling (EFB) £ A i £ J¢ 14 B
o 5 5 R I RE A D2 e B AN B AR A, DA i R
Y2 2o 7 JF O 15 o B M ) B 5 s A9 R AR 4 47 4
B, U A FEAE 4E B B T I 2 R T B AR N AE T
B IEAh LightGBM 2K FH Leaf-Wis #4472 5 58, it
— A T TR A A o B R A S L ORI A
J5 W7 1 Ok 0 43 0 AR ROl T T e A AR
B2 1 R IR 2 B0, X S R (8 A B R (B BRSO
HA R4 ny & 0k, 76 40 3R B0 B B0 48 i
B R R AR B R AR ) T AE T R B O
% F 1) i Ml (Support Vector Machine, i %
SVM) 2 —Ffrig HI T 43 S F R H 43 B 1 W B 2 >
A (Kim ez al., 2020; Pakniat ez al., 2025).SVM HJ
Pt AR A R — A U0 0 - T KA TR 26 500 1Y
FEA T ] 8 b 3 15 I 45 R Al A - T 99 000 1) 1) B, LA
I A A A E B PR R L B A SVM B R 4F Y
A L A RS A AN AS B (Y B O O e KAk
2 [] [] B ke PR TE 40 28 1 R DL B BE A /N 3 Y
BV, I B AL ] T A 2R R 2 A R
DUk 35 4 4k (Bayesian Optimization) J& — i F
TOLAL B A bR B 42 R Ak 7 s B R — R A
SRR 38 kA H bR ek A AR BT A 5 2D HE W O
PEFE T — A5 ) BB R fe U 45 R 1 i 9 50, AT
B 58 U LT S B AL, & B o 2] B 8

R2 BNRFIELIESH AUEERRRSH
Table 2 The main parameters, optimization range and opti-

mal parameters of each machine learning model

etk
R 2% B R
H 8 S5 2 H -
S R TN A [5, 100] 12
LightGBM PRI A [10, 1000] 947
23] R [0.01, 0.5] 0.3
I Ak 2k [1, 1000] 72
SVM
RBF # R 3 1) 251 [-5, 1] ~1.09
R AT [64, 128] 116
DNN
FUEZ S SE [0.1, 0.5] 0.124
A1 JE % [1, 19] 1
KNN
AE {Uniform, Distance} Uniform
& U B R (16, 64] 17
BB R [3, 7] 6
CNN
YLt iR (16, 64] 40
23] B [0.001, 0.01] 0.009
1) Ak [0.001, 1] 0.945

‘ . {Liblinear, Sag,
LR SR i 2 2 Sag
Newton-Cg, Lbigs}

JEST T e 7Y {L1, L2} L2

NB RRE ¥4 [1E-9, 1E-6] 6E-9

K UL i AR Ak i O R AT S 8k 2 54k
) 32 B2 BUE S [ DL s S 8 3k 2 o

H T I 67 R AS B 4R 28 i AN 1 5, 7R DI SRt
R 2 PRS2 A I MCC ARy DL 7 0 1k
$8 #» (Chicco and Jurman, 2020).MCC & — Fl & H
TP Z o K e b oy S an M RE R F5 b, BRI 7R 26
AN S A A 0T AR A A AN A T PR AG L B
FT AR IEEI(TP) (E B (TN) & IE

i (FP) F i A (FND |, Ho b3 A =

N TP X TN — FP X FN
(TP +FP)(TP+ FN)(TN + FP)(TN + FN)

(2)
X} Light GBM 5 SVM (1 15 35 51 2 4] 78 45 0 #r
R, PR R AL IE AR T B R IR B D i
A PRI AR SR e 3R AR LA SRy o A 2] A% LK
LightGBM 5 SVM fE Jy 3 #55 21 #4 2 HE B (Stack-
ing) B AL | ME B R — Fb R 42 2R ) kLl o
fil A 22 A B R A T 5 S R R T A A T aE
(Long ez al., 2025). H H A& i #2 2 : Lk LightGBM
5 SVM 1y 1500 &5 5 A8 b A U 2R — A B it
TR TR | P T2 R TR T B R 4 T 4 AR
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Table 3 Confusion matrices of machine learning models for

the test set

T TP TN FP FN
LightGBM 32 577 3 1
SVM 32 576 3 2
DNN 31 576 4 2
CNN 32 576 3 2
LR 32 572 3 6
NB 30 558 5 20
KNN 26 576 9 2
Stacking 33 575 2 3
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Table 4 Statistical description of the recognition performance

of each machine learning model for records with

spike (MCC)

A7 WE bz RAME S ROk M
DNN 0.882 0.050 0.800 0.946 0.879
LR 0.856 0.032 0.808 0.921 0.857
SVM 0.901 0.035 0.846 0.946 0.899
LightGBM 0.901 0.059 0.779 0.951 0.925
KNN 0.829 0.041 0.756 0.889 0.835
CNN 0.838 0.058 0.707 0.898 0.851
NB 0.648 0.034 0.592 0.713 0.638

Stacking 0.925 0.036 0.866 0.965 0.931

—
<

1.0 T 1.0 T T

\—L 10.5F 10.51 1
1 1L10.0 S . L 10,0 l 1
0 100 200 0 100 200 0 100 200
Kb A X (a5 Rk o A X ) 5 Kb i X185
FI13 B UG IR RE AR Ak 1) B m] R AL IR 1R
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Fig.14 Scatter plots of spike amplitude variation for Fig.13c,
scatter plots of spike amplitude variation before spike

duration correction (a) and after correction (b)
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Table 5 Confusion matrices of machine learning models for

the test set

] TP TN FP FN
LightGBM 12 65 2 1
SVM 12 65 2 1
DNN 12 66 2 0
CNN 12 65 2 1
LR 12 65 2 3
NB 11 64 3 2
KNN 12 65 2 1
Stacking 12 65 2 1
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Fig.15 Spike amplitude variation characteristics scatter plot

of misidentified positive and negative sample (a, b)

and their feature vector visualization images (c, d)
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