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B E mEknoz ?}5;}‘ ZR RS R R Abstract Microseismic monitoring is widely used in the
%- N

= analysis of engineering disasters such as mines and
IAERE,S % E A I AR . . L
EIRRESH BB RS BRI TR tunnels, all of which are based on microseismic source

2

MW AR MEERETAAERAM G ST parameters. The calculation of microseismic source
P S P $ HE R A ST 2 spectrum is the basis of source parameter calculation.
W, — R RAAAM LT R KBRS T AR Once the source spectrum is determined, most of the
Bt AR R A X TELIIRERMEERETHE source parameters can be calculated accordingly.

However, research into the calculation process and method
AR T R RIS SRR T B R of microseismic source spectra is limited. Therefore, we

HEHAOEAT S ok R BEAIRF LEMRE investigated the basic steps and methods of microseismic
£ 1 o e A source spectrum calculation in detail. This includes four
155 03 5 R AR I I R AR A R A main steps: waveform processing and source location;
WOANEBETR MEZSAEOIEEINE R 155K signal spectrum calculation; signal spectrum correction and
. L v 4t o source spectrum determination. Slgnal.pro?essmg mvol.ves
o A 2] B 2 B KRR RAT Jo St o removing the instrument response, filtering and arrival
EAAK R ETESTFAGERMEZr T3k, &6 picking with localisation to provide basic parameters for
. N subsequent calculations.  Signal spectrum calculation
IR G W kA 5w kA ALE @45 LT involves not only common methods such as the discrete
BB FER, TAORE S AL 3, ERiEH LT Fourier transform, but also the lag-window spectral
. technique and multi-taper methods. Signal spectrum

o o = S
P TR e KR EAA, AR R AT S R e correction involves geometric spreading, site effects, and
FHERTNS. L TPHESHTELR A HREER attenuation, which are all influenced by multiple and
, . complex factors. Source spectrum determination initially
WO Yon PR T T TR @ &R requires the theoretical source spectrum model to be

TAHEREH T ERBELAEL H A ERAKTE determined, followed by the selection of the objective
o o function and fitting method. This study briefly analyses the
B Bl R A A TARME BN 6 AL AR AR

impact of these factors on the calculation of the

IRREGL TR ERLER SRR LI microseismic source spectrum and suggests possible future
N " B R research directions. These results can be used as a
KB  EREMENRM;ER AR reference for calculating the source spectrum, thereby

establishing a foundation for calculating source parameters
and ultimately  providing theoretical support for

TESES P35 standardising and normalising engineering microseismic
XHEARIDAD A monitoring and the quantitative warning of engineering
X disasters.
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0 51 &

b TR GO I B AR 0 B 0 T 125 T Ok TR
TR, o T R IR b RE e Ae 10 B (AW R ey
IR 2 T B o A R, B OR 4 3l 1 K R
RN, R OR M 7R 2 ) B il B 1A &R o 7E 20 HiE
QR TSR TR DR A BRI PR Y
BT R AR b 72 7 0 R W T A e 388 ¥ A T G ok
(Li et al., 2024) . S5 W5 P 5 AR AL 5 - TR
GUR A3 ) WS ARSI 2 R B R LK
LU 3R T By K B A A R R 2 4 i I (Ma
et al., 2019; Sun et al., 2025; Zhao et al., 2022a,
b)), A KT AESR IR (Liu et al., 2022) ,CO2 1+
(Zhao et al., 2025) %5 ik Z U, IF AT T R AF A9 AL
R R TR W ) B A PR R T AR A (A Y T
AN T T b RE 2 4 A 7 AR UL X 4 A M K
A —EER, XS FEUEHA T % BT,
PRI A % 10 P 408k o 5 T R B X P 5

T2 1 AR R B B M QR AT a3 B B
FIWIFFE LA S L Rl P65 50 i wF . G v 1 U
WEFE A RUR 2 B, 70 W e R IR B HIL A AR A, Ok
figp e S b T v 8 B A e ol T e R A A AR E
S [r) 8, 3 75 T [ N i 22 %% (Feng et al., 2022; Hu
et al., 2023 ; Zhao et al., 2022a, b) I FE P K& T
PR T e o W9 7R S5 B TR HRA T RAFRCR . JE
fft FE 5 BEVE AT ST 0 H 2 4R AT RE R R S 4L
e AL B 5 5k R IEALE] B I 45 BUSE (Chen e
al., 2024 ; Zhao et al., 2023 ; FE [ =%, 2011 ) , X L&
TAESR T ORS8O HE s M n] S MR B S e AR
JE . FIROESR TR BOR B 4 ER S TR R {H
XF TR R PR T R S O ik Y O A A5 B
F G 1 AL, A SR vt B A A . TR R DR Y
TR0 S R RN ) L AR AE R IR S R
AR AT LA, TH 5 o8 iR I, AR IR 2 B0 T R
JIMTAR T . 52 U8 2 B0 R e 0 oy A% 2 T 5 &
KEERER, & 217 a8 A8 € M 23 B 19 & Al ( Dai
et al., 2017).

JEE T RR IS 1RO BB AR S R AR MR —
B, (B0 I B % RAE A PR B RO 25 5 TS R
SRR A A B X,

(1) R 2 57 R AR IR R Rl # 7E T
KGR, TR R YR RARTE AR AR s M= A K
FUBE 1) S Bk rp A% R, R X R T 25 44 B0 [ 72 , 15 4 R
B O ECTH 2 B A TR TR AR AR X N RUEE

e TR AL, AN TR TR S5 A Tk A 5 ))
S5 BRR A4 B 0 R 0T K ML RR A S SR
BAR(EZAF RILEJLBZE) , R A5 5 1 IR 4
w (EERILHEULA ) .

(2) B Kot 5 i iy 22 57 MR R uli o A )
1z, HLE A FIE PR g Sr 7R 6 W, 0 R IR o 4
AT, R 2 s 0 52 R 3l 91 4 00 Y 3 1]
B ), xo tes 00 DX IR A 4 5 TR (R B 0 v LB
LR O F AR LR TR = 20 R R RO A A —
SE R R 5 TR T A% % 2o AR A I 2 T Il A X TR 4%
S, 3 G 14 A 4 AR B O S 0% T DB L RR o
AN S WOR MR I TR 2 AL T TR, & R S
2% R BT 005 e HL Iz IR T 3 52 Bl

RO B 26 5 22 T BUM SR B2 B UM 22 5+
o RO i /D 0 o 2 X O A 5 A A PR
G AR 5 R Oy 1 AT R B T
T SRATAE G B2 AL TR I 1 s BT JE R T

24 7 Dl 2 R 118 T B AR [ A0 ol B A
(9 B Bl AR BE Xk T A I R AR R A T [ 7 A
TEZ T T T 50 1 S 55, A [ 14 5 ol B A 22 1)
WHERZERER, AR F 2 TR S0 5
SFRe 22 5 R Ik 10 A5 LA b X OR R O RR IR i 5
WSR2 B 2% it E el fE & B &
PR AN il AR 7 3 B R AN AR 24 45 TR, AT 5 2L
ANTRIBIETEN 53 o 28 Ge it 3 i 45 2R 22 SR OR. X AR
S RO I AR R R E B IEAL B
T AR LR AFEENRERSHOA LS %S
WEFE, DR AT 0 B8 53 A 7 U505 T 5 0 7 v 1 S I
2R, R PR 4 A T AR G B AT A A

H T B R A SCER A b TR R AR U
TR AR P A G B D R M7 3k R R {5 o A B
5 RRUUE AL MG TS U A IE AR YR A E A 4
PNEZRERELD) , Hd T HNIPRP EET LR
5 ik, 112 e 1 kA 28 ROk 7 T 0
Wi e JR& T 11 . 58 35 19 353 A5 SR A O 36 4 A7 B TR
RIS MR IR S BOT A MR E R A T SR, B
F T A LR R G Z 0] A 255, i LA
GEE A I E A T B S A

1 (s S A PR 5 i for

Pl f5 o A P55 R R 02 A AR IR 3T AR Y
FEAP IR H P RGR A5 5 A0 B 32 SR 4 25 430w i
U8 AN I 7 S A 2SR o R T B AL
FELAE m B R AT BB A8 LS I AR B A5 5, R B
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Fig.1 Basic flow of source spectrum calculation

Ak B H 2 U8 BR T 0 R R I 4R S R L, B 4R
YOI R U A6 U] D e 303 B R R A 2
L1 AR R

ASC WD IO P9 A T S fol 7 AR B A A P A T i
(125 Bk (Bormann,, 2012 ) . T 103 1%y il 72 1% Jel s 22 O 4
B ZE A4 114 422 5t 72 A3, 7 224 7 o e 3 % 14 0 v
SR AR A (AR AL AR RE AR ), IO M0 v de
JHVBA A 805 6 200 v i R A 3 2 A% s 22 O e 2
T 5 fole 7 W N0 b 73—l D S sk R A e, A
2 Oy 1 P O TR X A S g 1) T AR ALY S LR
AT PR, 10 53¢ 1 Je AR sk w8 400 1) I 2l 40 2 2k
4, PRI s 2008 SR 8 19 AR 15 - 2 A A Wi 7 1) A6
1, R R S B A5 5 S £ S 8 T DURF L SR Y
155 3 B LAASC A8 Wi 7 R R 5 BEAL IE (Havskov and
Ottemdller, 2010) , {8445 Wi J7 b8 40 AT LA AR T~ 54K
5 A A 2 AR G I S . 2 K 2 TN B AT 2
PEFTAS A W O AL AE , EA A A B0 AT RARE AT 20 (R
Wiz, 2010) 40 (1) B 52 i s 90 B Ak 113 2 i)
IO Y- $H S TR DY, (2) 4802 0 7 A T 53 3 A v e 2
BETH B 8 AN R T 5 A R
1.2 FESEK

T R s DU PP R S AR AR RO R R, (A
PRAR S e R MR A T KB T IR, a0 & 5 |
PLG R AR S 2 7 AR RS I B )5 205 5
Fi b B DR A X 9 T R A7 B 5 9 B i i 2

AT g P SE 484, LU AT RE I8 J5U AR 15 9 19 A Sk T
B 52 e 20 I 45 0 v A, el 20 IR P R AR T 5
.

M RURE T A B AT IR 2R N2,
KSR B Bk oy T SEAT 22 308 e A0 A U . 48
UE R UE BR AR 5 N R S O I, FEGE T A
B T AR T LA 5 A UE R, a0 U A 5 &
L8 e S P AN I 1 1 NI SR N DB B
IR ( Infinite Impulse Response , JG PR i i [ ) #1 FIR
( Finite Impulse Response, 5 BR #f 38 mw L ) € % #5 ok
SEHL b AR AE S AL B dR ORI O T IR Y
Butterworth JE 4% , {5 1] fE 2% & B AH #% ( Scherbaum,
2001 ) , s 45 8 P 20 i AL & AR A A% L T 2R AT A
P8 IE 5 FF DLt mT AR A FIR 8 O 28 0k i 17 08 Uk
(Havskov and Ottemoller, 2010; K54, 2020),
HIE 2 T JR R 7% LR (Scherbaum, 2001) . BLAR
UEWTT IR R L, N 2 0 E T A e
A5 5 0 B 3 g (R 4E3L 4, 2013 ) Fl Kalman
& JE ( Baziw et al., 2004; Baziw and Weir-Jones,
2002 ) %5 T g8 T FURE 5 R AR 1Y IR T iR, DL RO
e AT R 00 R R A 1) /N I DB B ( Mousavi et al.,
2016) F1 £ B #5525 43 fi# J7 5 (Han and van der Baan,
2015) 4545,

T I 5 AR A MR P ) s AN [ T 1 B T
FHFE A6 24 b 15 A7 0 I8 e O 125, 0 H P A AN [
T3 A e s, Sl A B/ DB TS N I O T AR R 3
JICF i 22 . 002 A Sl 2R M AH 7 512 A8 21 I A A fig
B, UE I IR 7 2 SR FH LA R P AR 7 1) D OB e, B0 D
W Je 1 TEAE A D A% SR T, B8 I8 A ROCR S A A FR
(), FEANBE S8 KBS R BUGR MR 5, I e A
TR M I R e I, 0 2 S P RE A L | AR A S
WY o, 0 AR A AR VF I e R T A A PR BT R AR R
#H B AR R e TR S b T AR
1.3 FEHRERRE

| I 47 AN R R E AL AT R AR S A )
FOLR. AR TR R PRI N, — Ty v 2 i F R S A
RO BE W) 3282 %5 AR 3 5 55— Jr T 2 I J2& 58 IR
RLVT5 A T SRS B, 5 L 45 R W 3 TS 2
MEE A5 R I T3 20 TR ) M 1

S 4 B L = N T sh R AT, T2
TEAE ) 4 H 34k 48 BOK B 3l 3 45 SO Jy 2]
3 O W S AU I A 25 o0 A S T IR (B R R
85, 2013 ), HoR ZE 5 3 A R AL A% o7 > IR B 2 ) 5
1 (Chen et al., 2024 ; Zhu et al., 2022b) Jr Be4EgE T
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ZWFFE AN T, I S RAF8CR . 5 o o S i
OB R —, R RN R E i A
WS B, 3k AL A 5 3 T 50 78 TR M I e A5 21 T2
RV F B NTHIGEE AL T5 s & L5 Wl R 3R 1 E A6 7F
WraE R IF T R BB, AR T 20 5 R
(Hu et al., 2024 ; {#EHR4E, 2024).

BAK b, 21T 3] A BORE AL B A R T
P, U H RIS P B 2 i 0L T, 43 s 2R A
SE A 23 B AR™ . O B I A B, 0 Y A R
LA ARAE M L5 5 R IRE 1. X T RR IR E AL, —
7 T, 7 M D 2R G0 5 T, IO 24 0 A A% S 14 A
FLL B w5 5K A O B A R da k(LR B A,
2010) , 45 ey 1 J 45 A A A 0 6 RE BE DA 4R R R A
SHERR L s 5 —J7 T, S A S U R, S
JEE LS R 2R 2 i % A 0 158 22 AL R HL BRI,
PEMIICAL R AL 53 %, 32 v iR e RS BE . 6 T U= 2
RF 3 IO E o B BIF 58 R R &S © &R 2, A S0k
A FEEER.

2 P

H R U A R R T B R A
DA 358 78 e 380 AT A 194 A0 3 A R AR RS TSR Y
WEDP B — . G B0 T W] DR R R O
-7 # ( Discrete Fourier Transform , DFT ) 2 35 3k 3 47
SIS B T DFT A7 78 45048 B A% 4003 it
i LI O v = R A N R AR B2
I .
2.1 BHEEMHZTHR

HI TR A5 5 (0 A7 it 0 20 BT = DA s BICR s 7
HEAT G T R ] DFT JE 47 45035 31 55, 3t 7%
FHE TR DET 5928 20 (56 T HIE B iF 18 W KT
5% ) (Stein and Wysession, 2003 ) .

F(k) =DFT{f(n)| =% if'(n)e—Jk/wa/w

(n=0,1,--,N-1) , (1)
KpLf(n) (n=0,1,2,+ N~ 1) 755 8] B R A 1)
BEUES ,F(m) (m=0,1,2,--- N 1) ik, [

DFT £ 53 B A 5 403 B 2 B ok 7 (5 Fn i 1Y
R E R M DFT S H Y F e 5 HnsE e &, &
T AR S ) O AR T D R R I T A R
BEA B 2350 ) AR AR (EL A S R e M R A
RSB HER P (Mendecki, 1997).

2.2 EREIEE
b T e DFT SH5A0S 1 R 2, 24 F AT

HEAT T — € Bk, Hoh Chael I Atkinson 452k 1 4
IR E MG Ak 11, SR AT T — B RE 3R 1 3% B AR (lag-
window spectral technique) 315 47 ii% ( Atkinson and
Mereu, 1992; Chael, 1987). Z F B EEZAH LT
LR

(D) BB 5 &, IFR A5 5 20 T B, LA 256
A SRAE RN — BURAG 5 B v gy A K], A A
M X A 50% 1) &

(2) X A Kl Bom 5% W42 3% %4, #F47 DFT
1 B — Bery s X, (f)

(3) X 4 — Bk 245 28 € 13

172

X(f) = {[ixfm] -T/<n-t>} L@

Hrp, T S8R K, B EK, n B H
8

(4) R HA o 550 (1) —Zmy e L.

FOf) =XN/L. .

Rk R T M N T R A 1 15
BB AR —LE a] L

(1) S 3R 0 B AAH 2 %8 AN ] B E 40 431 3% 1) ~F-
B ECOR T IO E T BN SRR CE R
59 G F R LT AN Bl I [R] 28 4k ) |, Al LAAS 31 38
BB T E M. (H 2, 2R A T R AR AR, TR
LIXP S I TR 2 TR L GE R T 2 A T R
it Welch 5 i JVAR — B, #f 02 — Fl 2 Bt 3048
Ja sRAF R Ry i B HORAE— ARG A B AL 7 ik

(2) X F LREB R BURE 5, 5 7 15 20 1R
JiL, X I 2 3 o BRI /D 25 R0 2 M LUR B oF
7 RYVE T 5 24 2 a4 g — Be it Bodl S Es 2 i 1
T3 BERS, W) 23 2R A e AR A 1) 70 9 5%
2.3 ZHEIERE

ZHTE T E R T 1982 4 4% Thomson (1982)
M IF AR T RS G, B UGE TE R
ARG T A G M R | T 25 KM a3 B R 22 A )
(Bronez, 1992) ; J5 # Park 55 H] - #h 58 v ) 450385 Al
TR IER] T 2 55500k e B DFT BA7 2
Z 0t # (Lindberg and Park, 1987; Park et al.,
1987a, b). Z % 3% J7 i R M — 2HAH B 0E 52 1 % 2R A
R o3RI AGAF T I BT, R4S I 5 15 5 i
IR TR X 2 A 1 v A 245K A B 24 1 T AR R
FH % R 2 A £ 1E 7% % Ml Slepian % ( Slepian,
1978) . 7E A R ) 25 00 1, T LU ] 22 4 3% 08
B ERGRAR 5 HE.

WA —BKER N MBERS (i) (i=0,1,
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Fig.2 Microseismic signal and spectrum calculated
by different methods
(a) A truncated microseismic signal; (b) Comparison of spectra
calculated using DFT and multitaper method, where the yellow curve
represents the results calculated using DFT and the blue curve

represents the results calculated using multitaper method.
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Fig.3 Microseismic wave propagation process
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B M = B my JU AT P B AR Y ( Atkinson and
Mereu, 1992) . 52 W i o 9 K 22 /2 e R 25 3B
AU, BRI 0 AT LA Sy B0 988 1140 A% 4 g Bk T 4™ 1, 3 ol
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¥ 1/7° 20, PR IE % 1/r 32 ( Stein and Wysession,
2003) , BRI G (r) = 1/r, B RN BRI Y HL #2 Hh
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ZPINIR

Z =pc . (9)
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X B i, A — A AT I T X PR A Y 5E
FHAL B  Hrb A — AR O A S A B R AT
TR H I R/ SE R S, A dS, A& 4 firi.
AN B A FU T S S DU A R [ I ) P e dS,
I dS, 0 A RE F A0 SR 2 HH A A0, B O BE IR A
Py EE I S

H AN XERS 1, b 52 i 10 R 0 55 D B AT Y P O
HROE B L 5 IR G, 3t 52 A % B /DN (B /N B A St R
BRI, FLPR IR 2578 K, 7R B 7 A [m) A ot op oA
ENGILER7E: R T

e WL, 6 0 22 2 A 3 2 B 3, T
FIE T SR ART B AN R 2 B T A A, H
Xof L 5% Y A 4R 1 B AT S 2 A TR RN 5 B AR S
WIS R 4 72 A AR M AT 5 0, T AT ) 22
Y o200 ( Shearer, 2009) , {H 4147 HF 5N h F A b
6 uli 0L 2 A — 5E 19 3% H & ( Campillo et al.,
1985) . X FREIE A" 11 45 4 4+ TR P A e e il , 1%
JRRAT I 3 o Al LT 3R A O U R A S RN, AT

P 1 cl p 2 CZ
_PE —p :—>
s, ds, i
== () —
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Fig.4 Schematic of parallel wave propagation in two media
Light blue and light brown represent two types of media respectively,
blue arrows represent the direction of wave propagation, and

cylinders represent the area through which a unit area wave flows.
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(Borcherdt, 1970 ;Parolai et al., 2004 ) ; K 5 & H
] i L 12 {15 b T 3 2 1Y) R L S R R X 37 b e 3
AR PRIt 7 b 197 RT DS S K 5 A R Y
I {H 2k 5K 18 ( Lermo and Chavez-Garcia, 1993;
Nakamura, 1989) ; i 1ij iz 3 2 38 26 0 1] 22 &5 2 52 K
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