A5 5 11
2020 4F 11 J

RV N - R

Geomatics and Information Science of Wuhan University

Vol.45 No.11
Nov. 2020

DOI:10.13203/j.whugis20200268 %ﬁg@

S

XEHS:1671-8860(2020)11-1697-10

HHs SAR BEARSEHF T AT B 13 i 4l
B ik

=EM

I g &

FER

1 E %A A RSB, st , 100012

H ERRTFERRABRD AREFR ARG T S o 5 F A, 1L 20 b Fe TR E o0 b R R AF 7 3R TR
HE IR AR A KB FE AT, WA S ILE T ik (synthetic aperture radar, SAR) 4 i FB 3 # & Y] 32 3% |
T T IR L TR ARSI AE T SRR a9 R T B, A A R A T AR E B R TR AR ALAE 4 AT ) BT T R R e TR
ME A A RET FEOHBER, ATERDREH RN B, RN AL EHE B L LN KRG
THAZ G e L SAR B 23, 02BN A EANE BFEX BEALZNHEE RETEATFEIHBEERE
T AR G AR IR TR k. b A AT O B IR 5k A B A8 TRAR AT AU £ 4 B M AR E T Y
ik -] B RS AR AR R A RAR KX G K A AR R T ik BB A R TRAE R AR R R R A 2R A
Yo beik A FL Ty kG ST — AP A AR R B SR TR S B R e M TR AR . R A AN I E R A

FRCBR TR b o T TRAR O ok SRR, TR & R EA
KRR AL T PR B R TR R TR TR H  SAR

RESERS . P237 XEIRREG:A

T 3P 7 R AR W 3 L S K FE BR DA
YO E R AR R R i B E N R T
AT 2R o R DG 2 5 76 W 3 108 Jr 1T B
181V 2 5 R 5 i RN B 2 A 5 R, X B Ak
Bl 1 BN B T A A T U R 1
PEH T 5 AL sTmk Y . — s BT 6 T
Syl M R TR SR U AR o R M AT T
o AR TR 2 20 18] 2B AR B 25 3 (where) |
8 2 KRB (how) (A 4 B 25 1 (when) 3X 3
AN SR R

TE 8124 DL b 34 In) R 22 i, T/ 26 0 190 0
i 3 W S S AT X 4. T 2 dE S gE ]
B & A= P A O Bk nE | T R e g e i L T
S FUE G0 o R, XE T 52 B T 3 1 90 A ok
W, T 8 00 T I A U B UM DL R LAt R AR
Bi7 ) f I A AE 2, AR A DA AT A 45 A R A i R )
BRI REPERTIR I AHOCER T R B 255,
G fERAE N . 2R REE R R
RN AT LS A Bk o A TR 0O AR A
— € MR AT (0 A T AT R A AR T
NI el g 1 S i S B i g = 8

Y75 B 85 : 2020-05-31

HERB . FEE AL R (2017YFC0804603,2018YFC0808402)

KA, Hodr W BRI B8 23 1 (where) | AT BE T 3
2 RAAEE Chow ) 3X PR /4> ] il /) o] 22, B 22 2 1 X
T B 0 A 5 AT 4 B 25 3 (when) |, T 2 () &
B X Y A AR

AR S 53 ) D B U Ty vk R S TR O
3 WA D5 T R AT WIS, B A B A b S R B A
H 8 U, DL S HE G Y TR .

B B R Y K ) AR SRR R
A T S0 M N R T R B A B A O B R X
— ek ) AR ML AL AR R IR (syn-
thetic aperture radar, SAR) % A 7 ¥ 3 Wi I 1 7
OB R B TRk B R Y A LR
Y IR T A AL IR R OR 2257 T
Ji 3 3 3k PR I 1 AR 7 AR Ak SR IR E R X R A
A TEAR B AT LA KA A4 R 4 o dh gk A7
R T AR R K ) R A A M A e
22 TR M SAR H R X i b gk A7
JEAE P& Tl ik BT TR AR U TR
SR VR A AR (R T b SAR R 7E H
DA B TR]AS A, 9 B AT B DA B A B () — 2 )y
BELPE | 76 R FH 1l S SAR EAT T8 Bl 170 M 100 R 751 4 4y

FE—EE LR SO RRN, R 3 8 T 9 W R T B9 T . qinhn@chinasafety.ac.cn



1698 ) G == T

fi B F 2 R 2020 4£ 11 H

Br o7 WA A T IR AZ 480 i T B SAR M
TS Hi £ v B v Tk N Rt 22 A LA i BE SAR
LR RN DI NS4 CN 7 R d BRI B/INE 8 d BB 7 N i
R, MR I AR SR S R AL R R
Mo SAR X —“H By 7T Be i AR B b 22611
BEXS L (] A, 30 5 T 6 AR R B SAR T SR
(9 70 A RV 5T, AR SO I T — o 1 AR 98 R A
AN T 32l T TR PR 3T A A R A A 3
J7 i, VL RORE RE JEE DR A BIORY LAR O7 8 ,
SEERLE WY A B PR A E R R SR A T AT RE

1 MIEHREMEAE

TR E R AR G D L O I 1 7 A
B R AR AR B B, R B - 1]ty £ —
e 2 22 10 W0 U A8 TR W Bt S AR TR B B A i
AT B B, B 2 M i I O B A = B BT,
K1 s o AR = A By BEHL A2 JE At (8] i 28 19
REREAE AR WA AL Y, J0 R 8 T i A
AR B Bem i 2R R AR R 2 AN W O, B
B B, AR 2 il 2k 3T T B8, TR Al 20 4 A i A
HR ) A T - N [ i R R AT B TR A o
AT e

— F

EAL
RURYI
BT
VB
DB

‘/'I(')FZ

SR IBI B

t t} t; t; s
IR 1)
A1 A0 30 B I A8 T - ] Fe 471 it £k
Fig. 1 Typical Slope Failure Deformation and Time

Series Curve
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Fig. 2 Diagram of Deformation Velocity Threshold

Updating Optimization
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Fig. 4 Point Cloud Deformation Velocity and Time

Series Curve
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Fig. 5 Single Point Deformation Velocity and Time
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Fig. 6 Deformation Velocity and Time Series Curves of Different Periods
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Fig. 8 Deformation Velocity Reciprocal and Time Series

Curve in the Same Coordinate Scale
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Analysis Method of Landslide Early Warning and Prediction Supported by
Ground-Based SAR Technology

QIN Hongnan' MA Haitao' YU Zhengxing'
1 China Academy of Safety Science and Technology, Beijing 100012, China

Abstract: Objectives: Landslide early warning and prediction is the key and difficult problem in landslide
dynamic disaster research. The timeliness and accuracy of early warning are two key indicators to evaluate
the effect of landslide early warning and prediction. Methods: Remote sensing monitoring is an important
technology for landslide disaster prevention and control. Ground-based SAR (synthetic aperture radar)
provides an advanced technology for remote sensing monitoring of landslides in short distance, and pro-
vides a wealth of data sources for accurate positioning of landslides, delineating the scale of landslides, ana-
lysing and judging the risk of landslides and predicting the time of landslides. Based on the classic
three-stage theory of slope deformation evolution, we adopt the monitoring data of ground-based SAR,
which has the characteristics of near real-time, coverage monitoring area and surface deformation informa-
tion. Combined with the characteristics of the short period, high density and surface coverage of slope moni-
toring data, a dual index landslide early warning method based on deformation speed and deformation area
1s proposed. According to the negative correlation between deformation velocity time series curve and slope
stability, we put forward the processing methods of velocity inversion, de-limit and unequal period smooth
processing, and establish the landslide prediction model with fast convergence of stability. Results: The
landslide early warning method with double indexes of deformation velocity and deformation area can effec-
tively improve the accuracy rate of landslide warning, and then the accuracy of landslide prediction can be
effectively improved by taking the reciprocal of velocity, removing the limit value and unequal period
smoothing treatment. Different periods of data processing methods have their own applicability, short pro-
cessing cycle processing data curve, the prediction of landslide occurrence time is more accurate, the predic-
tion of landslide occurrence time is late, long processing cycle is opposite. Conclusions: Through the field
practice and application of the open pit slope, it shows that the early warning and prediction method has
strong practicality and accurate prediction results.

Key words: stability fast convergence method; landslide; early warning; prediction;ground-based SAR
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