46 % 5 4
2021 4F 4 A

WK% fFE R YW

Geomatics and Information Science of Wuhan University

Vol.46 No.4
Apr. 2021

XERS :1671-8860(2021)04-0510-10

DOI:10.13203/j.whugis20190321 %
%
m

Wt )25 2> B I 15 1) gl A 1R A - iy s TR Sk

FRED HHgK: HLE!
1 FRAEBIT KA TR V00 w8, 330013
2 RPURZEM 2B WAL :IX, 430079

O RN R M) UL BB B AT M R BT B AR A K e B RUE W B S L R B ST 3 R R R AL
8 F B AFRT B AT AR B A SRR BT R A AR SL R RO AR LR G L, AT T R B B A ROR R A AR &
MAFEfe A RE TR LRORIE, FRANAREFHLLFELAEZEFEREF M HRALAFRRLHE, LR
BiEEPRHIFRLMEE LRI SMEY By B EY kTR EGRER TR mcd 50 RxH®K
5 B3R ik R 8T —AER THENEARKREOIBEDIESAEARA KN ETEL X, LA
THREMUELSREABE AT EGN ERAKBIE, B E FIER AN, TRL LA, BRLFe
BAR A D AR B TR R B AT A . 2009 AR A R S b, BT A Sk K AT 00 B B A4 E
WIEARAHBE TSR EAMNAG Y FARREEAHS.2mm, KT $%EEFHALX6.7mm, L L& R LR, F

R ERAF U BARE B RS TR 0k, AR — T SR A
R W B A BRI AT R R K R S A E T

HESES P227 ERAR ARG A

oA K AR 4 N A AT R B
REGIME AR T H AL T, H AR A | 25 (6]
S5 T5 TR 2 — R B MU AR TR M AR Y A
Pb A TR A, DT I 2% A7 A %500 T 55 B
o AR R AT ST R A R A T
b 7= W HE ORI ) 5 R i R T S R A W
JZZ BN T fife AR A A HE LR S R M RR A AR
JEBAERE X

TEWTZ 280 b o AR R R I T (3 B
BB M BIR 1958 4F , Steketee B VK7 4 16
G ) 3 752 W7 20 S M F 5T L 5 Ok, Okada 7E
SV HTE S R SR AL b B T S Y 2
7 B AT AR R I 2 2 B b R TR A WL
il i B A AR Rk . FE T Okada #5E B R 4T Ml
e Wi 2 2 BRI, 5 R B T ST A Al 2k
AR R B R S I A A A R R g
& 5T B RLR SR 2 W (R T R i
(multiple peak particle swarm optimization, MP-
SO Z 4K % (Monte Carlo) Z i # Powell &
PRUOAE S Horh, Bl A Bk A P AR B ok
TR AR R B i EORTE  R S B AR

W5 B H#3: 2020-08-09

PR o 38R BA T  RAUL AR K R AR A TR B
B35 (particle swarm optimization, PSO) , 7&{# i
b R S0 2 R A B R 2 80
TR 5 o 52 ELCSGE B2 88 PSO 18 MPSO LA
R PSO MR 4 PSO, IR I % %% B2 1 {E 11
I3 2T Jry EB A N AH AT 20 R SR B i 2
B, T R AR H R ERA /N 1 AS A T g
S FEEE R AR B AR A5 T AR, 5
FERISE I & K FERT K . % 83| PSO 7E b
e JRTH G01 SalAH Xo T B R kA Rk B ALR
KERAREWR SHPERB, HESR R
W R AR FE I SR AR SR W 5T R
2SR PSO R .

PSOJ& TR g a A5 A2 5%, B 1995 4F th
Eberhart #ll Kennedy "' $& i A % , H 3 A 8 32 1§
WO HE R © g N T LE T 2 U, ) an LA
12 N A ST D A - L A SN R R
DA Ko W7 )2 2 B AR A X S U A R v
AR LT 5 TS T S s el A o (1Y
TN e A AR R AR AR B R
NV A B 5 A AR A

TIERE: [ 5 A RRF 54 (41874001, 41664001) ; VT4 H AR 34 (20202BABL204070) .
F—EHE  TIRWE M 2z, REEWRSE 5 ) Ry R Hb ) e R b I e il A PR . wleyang@163.com



5546 5 4 )

FARVEAE W12 2B B S SR IR T AR T R 511

8o SCHRL19]oR A AR 46 M ACEE SR s, I H 20 BL R
BE AT R A E oo SCHR[20 148 A g« S”
BB E MR, i w 1 K/IN B R BN P3G K, (75 6L
T B A Ja 35 5 A B 8 Bk DA Y L B A b E AT
SRR A B R OUE . SCERL22 )45 e A
i PR DA R AIE A 00 4 B B 42 Jm AT 4 R
R G CA RIS B 1748 %, i1
FIE N 2R R . A LR FIE T 2 EA
XFPSO By B, 2k 2 43 Be sl 48 & ALY PSO i
1T W7 2280

1 HESHRESHFRER

1.1 BERE

R W R S B R AR TE T A R B L =
HIHA RGBT o — R 55
2 BOR b 7% Wi )2 S 80 (Wi )2 280 o 7E Okada 5271
TR B — T 2 A R e T A5 A O A B
Wr )2 S Z B RECOC R

dys =G X m—+ e (1)

T, d o, A b WM (4 98 8 B3 5 G ROR R R AR
Y58 A8 i B A% R [ 5 m 7 W7 )23 B JLART 3 2
SR E KB TR BB A E A B
s, Hrh i s i AR R ) se LI A
W2

BE TV 57 B B0 70 4 A7 W7 )2 2 00 T B
HOE R IR S BN W )2 S Bk AR | 3R 8 i R
T8 SR A5 55 A0 W )2 S 800, (115 e L W 2 2 8 i A Al
1E A d 5 b 32 52 B I 09 T2 28 B00E d e fE
PUA o TEWIMNE AL R SRR AT A SO
S ARG YA N B pR OB R

(2)

Ao, o T HRAR 2 50 g WL B B R
12 NFHEEEHMEREFHER

Shi 5 Eberhart ™' 5] A w F J 3 B A E , AT
i 95 W, 45 B B9 PSO, 7E £ 4 23 ] 38 R i af
FIRA

Uijtr+1) — W+ Vyjy) +erere( Doy — Ii/mH_
212+ ( &y — Ty) (3)
ff,</+1):fzy(/>+7/zju—1> (4)

K, e R R 5 R R R S ] 5o AR
WL 0 B s e BRI K 52 [0, 1] A BE AL
B Ry BEAEE o K T B M R T )2 S U
B, pyo) R AR FTE R ERUG 15 B2
A W87 J2 2 B0 A U SR O A 0 B (R X (2) TH 3R AR

B 5 gy R R T AE (RS 15 BB 5
A2 2 B0 4 SR dR PG 3 1 JRE (B S e G #) — 2

oAl RSB RS ) 50,0 FoR 5 0k E

PR A 026 AW 2 S 80 . s (1)~
3 (4) R A 2 AR A S5 /DN 07 32 X 10 1) kL 5~ (Bl
JEZHm) it 25 R W R S0 (e
1.3 HFHEENHEEZ

70 5 1 AR B MIPSO A {33 PR i 84
(14 [] I A fi 5 s 8] Jag A /DN 65010 328 B 5% (A%
R 5 MR R S BRI A EW
PE ), DR A SR 2 R Bk 1 5 S 15 B0 00 2 80T e
ANIEE T2 R [\ MPSO 575 Z LR
[ Bk AT 1T 2D SR A R A2 2% BORR EERT Y
TR ARG 2 Ry B AR A

A S R SR S S 48 AR DX E] B 3 B,
T — BIX A B K o {8, (75K T]
RETE 42 Jay 5 6l A A7 48 % 5 SRR TR 58 — B IX ) 3%
BN ol R A O A e 2 B T i AT
K BT AR5 = B XA RO 2w, 845 R Bk
JE A VL 7R © A S S B LA 5R i0 B A
DU DR AN 23 B ARy 738 e A0 i o

SR, AR SR E 3K (D AR RKX
] (Y RIT 50 V0 BB ™ eREC, 1T eR Y T e R
B A R BN B R L DN R R T R
FAIEFE R R BN R (2)FEZ JF 1Y 455 X
(i) >R FH £ 1 o 85, i1 45 e S48 e, 48 2R 3 AR /N
PSR P s 2 3 2 4me A 5 (3) e Jm 526 1Y 58748 1K
B AR Bk A B Y AT R AR
LLBI7 1k 117 7 20 BT 75 45 28 B A Jmy 38 B G o o i
A B Jmy B e A L 2R =0 AT LAY B S T AP
S Ry B, 25 O 23 AR =20 A AR T 2
A o AR SCR FH TR B B e RO A 8 R A R R AR
T2 A0SR AT LAFE AR UE 42 R 1 2R A [R) s
Il /D 8 R I ) B e IR ORI R R A
F14) [ i 3080 2 o PR, DR IR 7E 48 R 1Y A [6] B B 4
Jey S5 AR A Jey 38 B DL AL 09 Lo B AN ], HL A 19 1
i 18 2 R Y R T AR A T R 5 R S 1Y A
B A R B R . A SOXE 28 8 PSO 1Y ALK B
:}ﬁiﬂ‘jt
M—it+1

0.9 sin (== g ),0.5< A< 1

A
w= O.9*O.5M,O.05</1<0.5 (5)

M —1¢

0.5 cos X%),O<A<0.05



fi B F 2 R 2021 44 H

512 KK E e
A
Clz(cl,\_cle)XM_FCls (6)
{
€2 ="(Cs, — €3)X M + ¢y (7)

X))~ (D, e AR MR N T o) KB 4R
{EL5 S5 A 5 000000 0 RN [H - ¢, B9 W 5

v M—r+1
R 5 M R R A=

R R ER S e, BUE 2% SCEk[24 ], A
':F' o =c=1,c,=c,=2.05,

2 ANEEBEKRE

ARSCE R ME R, R AR DT

D& fE R 8 A1k 2 800 U
D] o 7 i Je 30 A5 8., Wl RE X TH) 352 O P8 B
R IXIH], i /7 DX 8] 2 [0,901]

2) J5 ) 43 BORLF BE ST, 77 AR TR A
R IFBEALI G 2500 5 5000

3Kz AE AW AUA K (D) #E 78
B AR =X (2) PR B AR Y G 0 B, 4R E ) 46
R 1 25 S A (5 4 SR e I

4) R 2 (5) ~ (7)) B w.cr.co, 8 3T 5
(3) A1 =X (4) AR T 58 58 & A kL 7 1 32 8 AL
R S RO Y A R

5) 4 W7 2 5 3k 3] {8 B AR R 3% AR R B (A 3¢
e R IEAR KK 200, F{E A 0.1 mm) .

6)# 35 BIHE S5 A U e s 49 R T A Y B
fife , BVWT 2 e 28, B AR 125 3R 4) o

AT

WIURZ K 5 )

HETEaT T
R

4R

B A il
Fig.1 Flowchart of the Proposed Algorithm
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Tab.1 Experiment Results of Basic PSO
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Tab.2 Experiment Results of the Proposed Algorithm
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Tab. 3 Parameter Values, Search Intervals and Inversion Results of the Simulation Earthquake Experiment
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Table 4 Search Intervals and Inversion Results for the 1.’Aquila Earthquake
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Particle Swarm Optimization Algorithm with Dynamic Inertia Factors for

Inversion of Fault Parameters

WANG Leyang' JIN Xibo® XU Guangyu'

1 Faculty of Geomatics, East China University of Technology, Nanchang 330013, China
2 School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, China

Abstract: Objectives: Inversion of seismic fault parameters using geodetic observation data is a hotspot in
geodetic inversion, and it is also the focus of studying the mechanism of earthquake occurrence. Aiming at
the low accuracy of particle swarm optimization (PSO) currently used in fault parameter inversion, this paper
analyzes the nonlinear characteristics of seismic fault parameter inversion and the characteristics of basic
PSO. Basic PSO is easy to fall into a local optimal solution in highly nonlinear problems, and the local opti-
mal solution and the global optimal solution may affect each other during the PSO solution process. This pa-
per proposed a new particle swarm algorithm for inversion of fault parameters to solve the local optimiza-
tion.Methods: In this paper, we adopted the strategy of segmentally and dynamically adjusting the parame-
ters, including the inertia factor that affects the particle velocity and the acceleration factors that affect the
local and global optimal solutions.Results: The proposed algorithm was applied to inverse the fault parame-
ters for the simulation earthquake and the I.”Aquila earthquake. The results of the simulation earthquake
show that the proposed algorithm is stable, and the inclination and sliding angle obtained by the proposed al-
gorithm are closer to the true value. The results of the L.” Aquila earthquake show that the root mean
squared error (RMSE) of surface observations and deformation variables obtained by the proposed algo-
rithm is 5.2 mm, which is better than 6.7 mm obtained by multi-peak particle swarm optimization (MPSO).
Conclusions: The experiment results show that the fault model obtained by the proposed algorithm is more
consistent with the true fracture condition, and the proposed algorithm has practical application value.

Key words: fault parameter inversion; particle swarm optimization (PSO); earthquake; nonlinear; dyna-

mic inertial factor
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