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Abstract: Landslides often occur in deep river valleys with high altitudes in remote regions in southwest China. In the process of

emergency rescue, there are some difficulties, such as difficulty in arrival of personnel, difficulty in ground investigation and
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monitoring, and great damage caused by sustained deformation. In this paper, we use interferometric synthetic aperture radar to carry
out real-time monitoring of a landslide mass and study deformation characteristics using the emergency monitoring of Baige
Landslide in Jiangda County of Tibet Autonomous Region and Aniangzhai Landslide in Danba County of Sichuan Province as
examples. Through the real-time deformation map in the monitoring area obtained by S-SAR-I, we have identified the ranges of
strong deformation regions. Through the cumulative apparent deformation, deformation velocity and deformation acceleration of
each monitoring point, we have monitored the whole deformation law of each deformation area in real time and judged the
deformation evolution stage of each deformation area. In addition, we have successfully identified and forecasted the local sliding
failures in each deformation area. The slope radar can carry out non-contact all-weather real-time monitoring of sudden major
geological disasters. This method not only captures the deformation characteristics of the disaster in real time, but also ensures the
safety of the monitoring personnel. This approach has great significance for the future emergency monitoring and early warning and
forecast of sudden geological disasters.

Key words: Baige Landslide; Aniangzhai Landslide; Interferometric Synthetic Aperture Radar; freeze-thaw; constant velocity
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Table 3 Characteristics of each deformation zone
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Fig. 10 Cumulative deformation 3D distribution map of Aniangzhai Landslide



2024 4(1)

I3 R TR A FE R R A M T BN 2 I ) BT 159

TR Z 5, b V8 Y 3 R 52 1) A Jml g oo ] sk 55 ,
BREFTIEER 1.6 mIEKE 2.6 m, ZIE 4
RN, AR IR LR 24 X AR T 3 B
/N 5 =B BB RRSE B i MR R T R, e K R
A H 2.6 miG K ZE 3.5 m, 281 2 R AE B B
B, ARSI AR T 4 2 DX AR T 3 38 Pk TR
R TR 3 R o DA T XG4 X)) 2% T A (0 it
1~10, 13, 61~63) A, & 12 A T X450 5 B4R
EHERE ., BRERETH 10 HE 16 HWYHEZ
Wrodl /N, FE A ] AR ORI 11 mm//Nf; 17
H 2 J5 B3R B W38 K, 7F e A a], 5 R AR Y H Rk
18 mm/NiE, FZR A 17 H LUF 20 7 JLIKGR
R, /NG )T AKASE gk, Jar 7Kkl kil T DXy o
PR, SECT XAk

5 i
Y e M DX 1) 2 2 M R o K & A TR

FRBERA, TRERMA

FIRBERIE B KM BN A

1000

6H25H20:00 7H2H02:00 7TH8H08 :00 7H14H14:00 7H20H20::00
Bw Ay

11 X (ERFEMREREK) &MNa R0 EE RS-
1] B 2%
Fig. 11 Cumulative apparent deformation-time curve of

each target pixel in the Il area

20 Sz s-3 2 2N BN AR RS E A
15 r
10 \
L ‘ |
= Ml v 1l |
E s (M ‘
E | ) ‘\ l \ {
g 0 /1 TEI
| 1
s 1Al
| ‘ il ﬂ il
-10 “| ‘ | "‘;H‘
i 1
o5 / ]
» 7H12H04:40 7H14H12:40 7H16H20:40 7H19H4:40 7H21H12:40
EREN
12 | X (BT&BRX) Liff &0 =20 70 & -0 (8] i

& (7 B 10 B 00:00 Z 23 H 12:00)
Fig. 12 Deformation rate-time curve of each target pixel in
the | area (July 10th, 00:00 to July 23rd, 12:00)

R4 X, HLAKH W A AL | W3- V-5
IIRFFAE o A X X 2 5 A MM K M Jo 9 B A
[BugEal R e (DN A Ll Bos:/R 7] S B NS K< SE ARl
PRIME K3 AT BE Rk AR AR I R B B N B
S5 IR, i 38 Ik REAE O BT AR UG If A5 35T
JE& 24 /N AN T B A 00, B DR T M0 A B )22 4
SCRESE I Il 9 E A

TR IA S GNSS, RAETHAE I W I T-BeAH
FE, HER s A T A 2 5 Rt S R 1) AR i
BUERE F bR I 3 S PR A 7 TR IR T 1) BB —
Ao, MAIESEPR AR, i T 345 XY
AR5 1 R 2 22 e H LR ALY, AN HAT GE—1
ARG E 1, PRI JC K 18 2o 5 s 00 A R ) B
h H bR SR i A% o B DLREE i R AR e
- ) I AR I AR ] ot 2 v 2 4 e
PREGASIERHAE, (H 00k 5 HAb M I T BEEA T S Pl
AR AE BN L HT

6 %t

TEI o A Bl b, SR I B iA e B R %
R T S T IO e W, A 2 i 3 TR R A
ARG B AL BRI AR A Al L, AR LA R LA
ZEVE AR FH AR :

(XTI “11.037 Pk W B 5% B8 AR TT Je o
8 RN 2 I, K1 ARTE XA N 206 T [ B A
HEFEWIME LS, 25D 55 10 B2 T AAR T e A AE 20 9]
7 49.7 mm, 75.8 mm; 7EHEZEWIME S LT PRIR
BB AR T, 72 A8 T 3 K 43 5 36 1.88 mm/h,
139mmh. H11 H10HZE 11 H 11 H,KI XE
BT 14 WACK AR 3 AR (E, K1 X EHf R
T LR B S 7 I R AR A R R, T3 R R
W 235 5 55 At 0 0 = B W I 25 RS AR W) 45, Tl TR
TR L AT J5 29 30 4340, K1 X A ERK
TR, i TN D1 D) 3BERS .

(2) X6 P EXL o 4 258 oty v e &2 3% AR T e Sl 1 32
KGR A i o T DX 24 1K) i A8 T2 43R
AT I B VR T L 0T AL VR S AR £ 5 A R A 1] = A
BB, AR R S 8 el N- PR K i AR,
R & e KA ST 54 1.6 m, 2.6 m Fl 3.5 m,
T DX (i 5% 1 3 X)) 7 47 252 56 o R T ) 728 T 3 6
WY A [), R 252 5 3% TR G S ) e R 3k 32 4 il
35 11 mm/Z/NEE AT 18 mm// NG

(3) 38 1 300 % T ik AR A SE ) 5 = TR AR I ]



160 DURRS S e (1)

WU 5 R A A B B A A AR A SR A A
DX, 38 1t 250 A 1) SRR dE-Inp fe] £k AR TR
RN ] Y AR T R -k ] phh £, AT S A
B R IR SR AR AR TE X R A T R, 4%
AR DX A i) AR ST AL i B o

(4) T3 7 TR 07 2 M, AR Sy 3000 540 23
B, T S Bk B AR A3 A I DX Je Sl 94 5
RIS TR ol e A RS A - 1]
2 AR AR I R 2, P25 G HA ) T Be gt R,
Ay 7 2 6 S0 ) ) e SABTE RIS 4 ke SR A (16
oS H, 1R T R R R R P M R N
I BOR BIA 1 T Bz —

References

Deng G S, Zheng W M, Yang G H, etal., 2011. GPS monitoring of
the Jiaju landslide in Danba, Sichuan[J]. Sedimentary Geology and
Tethyan Geology, 31 (2) : 99 — 104 (in Chinese with English
abstract).

Fan X, Xu Q, Gianvito S, et al., Failure mechanism and kinematics of
the deadly June 24th 2017 Xinmo landslide, Maoxian, Sichuan,
China[J]. Landslides, 2017, 14 (3) : 2129-2146.

Fan X, Xu Q, Alonso—Rodriguez A, et al., Successive land sliding and
damming of the Jinsha River in eastern Tibet, China: prime
investigation,  early warning, and emergency response[J].
Landslides, 2019, 16 (5) 1003-1020.

HuKH, Zhang X P, LuoH, etal, 2020.Investigation of the “6.17”
Debris Flow Chain at the Meilong Catchment of Danba County,
China[J]. Mountain Research, 38 (6) : 945 — 951 (in Chinese with
English abstract).

Jiang L B, Yang K, Che L, 2020. Monitoring of 3D deformation of
target by ground-based synthetic aperture radar[J]. Bulletin of
Surveying and Mapping, (3) : 35 — 38 (in Chinese with English
abstract).

Liu B, Ge D Q, Zhang L, et al., 2016. Application of Monitoring
Stability after Landslide Based on Ground-Based InSAR[J]. Journal of
Geodesy and Geodynamics, 36 (8) : 674 — 677 (in Chinese with
English abstract).

Lin DC, Ma HT, Song B H, 2016. Application of slope radar in
emergency rescue of landslide[J]. Journal of Safety Science and
Technology, 12 (Suppl) : 284 — 289 (in Chinese with English
abstract).

LiRR, YangZ, YuB, 2017. Slope Deformation Monitoring of Open
Pit Coal Mine by GIS Integrated GB-InSAR [J]. Bulletin of Surveying
and Mapping, (5) :26 — 30 (in Chinese with English abstract).

Liu G X, Zhang B, Zhang R, etal., 2019. Monitoring Dynamics of
Hailuogou Glacier and the Secondary Landslide Disasters Based on
Combination of Satellite SAR and Ground-Based SAR[J]. Geomatics
and Information Science of Wuhan University, 44 (7) : 980 — 995 (in

Chinese with English abstract).

LuHY, LiWL, XuQ, etal, 2019.Early Detection of Landslides in
the Upstream and Downstream Areas of the Baige Landslide, the
Jinsha River Based on Optical Remote Sensing and InSAR
Technologies[J]. Geomatics and Information Science of Wuhan
University, 44 (9) : 1342 — 1354 (in Chinese with English abstract).

Li Q, Zhang J F, 2019. Investigation on earthquake-induced landslide in
Jiuzhaigou using fully polarimetric GF-3 SAR images[J]. Journal of
Remote Sensing, 23 (5) : 883-891.

LiXY, LeiTJ, Chen WJ, etal., 2020. Deformation Monitoring and
Application of Dam Slope Based on Ground-based Radar
Interferometry [J]. Journal of Anhui Agricultural Sciences, 48 (9) :
221 — 225 (in Chinese with English abstract).

Luo Y, Song H, Wang R, et al, 2014. Arc FMCW SAR and
applications in ground monitoring[J]. IEEE Transactions on
Geoscience and Remote Sensing, 52 (9) : 5989 — 5998.

Qiu Z W, YueJP, Wang X Q, 2014. Application of Ground-based
Radar System IBIS-L to Dam Deformation Analysis[J]. Journal of
Yangtze River Scientific Research Institute, 31 (10D : 104 — 107 (in
Chinese with English abstract).

Wang N Q, Zeng SW, WuW]J, etal, 1999. A Study on Forecasting
Method of The Comprehensive Analysis of Macroscopic Signs of
Landslide[J]. Journal of Gansu Sciences, 11 (1) : 34 — 38 (in
Chinese with English abstract).

Wang SQ, XulJ, 2006. New Method to Monitor and Forecast Landslide
Disaster in Short-term[J]. Journal of China Three Gorges University
(Natural Sciences), 28 (5) : 385 — 388 (in Chinese with English
abstract).

Xu Q, Huang R Q, LiX Z, 2004. Research Progress in Time Forecast
and Prediction of Landslides[J]. Advance in Earth sciences, 19 (3) :
478 — 483 (in Chinese with English abstract).

Xue Y, Hu D, Guo K, etal., 2007. Displacement Forecast of Slope
Deformation Based on A New Type of Bionic and Intelligent
Method[J]. Computing Techniques for Geophysical and Geochemical
Exploration, 29 (5) :446 — 449 (in Chinese with English abstract).

Xu Q, Zeng Y P,

Characteristics of Creep Landslide and Early-Warning Prediction

2009. Research on Acceleration Variation

Indicator of Critical Sliding[J]. Chinese Journal of Rock Mechanics
and Engineering, 28 (6) : 1099 — 1106 (in Chinese with English
abstract).

Xing C, Han X Q, Zhou X, etal., 2014. Application of GB-SAR to
Dam Monitoring[J]. Journal of Yangtze River Scientific Research
Institute, 31 (7) : 128 — 134 (in Chinese with English abstract).

XuQ, LiWL, Dong XJ, etal, 2017. The Xinmocun landslide on
June 24, 2017 in Maoxian, Sichuan: characteristics and failure
mechanism[J]. Chinese Journal of Rock Mechanics and Engineering,
36 (11) :2612 —2628 (in Chinese with English abstract).

XuQ, Zheng G, LiWL, etal., 2018. Study on successive landslide

damming events of Jinsha River in Baige Village on October
11 and November 3, 2018[J]. Journal of Engineering Geology,
26 (6) :1534— 1551 (in Chinese with English abstract).
Xu Q, Dong XJ, Li WL, 2019. Integrated Space-Air Ground Early


https://doi.org/10.3969/j.issn.1009-3850.2011.02.014
https://doi.org/10.3969/j.issn.1009-3850.2011.02.014
https://doi.org/10.16089/j.cnki.1008-2786.000570
https://doi.org/10.3969/j.issn.0517-6611.2020.09.061
https://doi.org/10.1109/TGRS.2014.2325905
https://doi.org/10.1109/TGRS.2014.2325905
https://doi.org/10.3969/j.issn.1001-5485.2014.10.015
https://doi.org/10.3969/j.issn.1001-5485.2014.10.015
https://doi.org/10.3969/j.issn.1004-0366.1999.01.009
https://doi.org/10.3321/j.issn:1001-8166.2004.03.021
https://doi.org/10.3969/j.issn.1001-1749.2007.05.017
https://doi.org/10.3969/j.issn.1001-1749.2007.05.017
https://doi.org/10.3321/j.issn:1000-6915.2009.06.003
https://doi.org/10.3321/j.issn:1000-6915.2009.06.003
https://doi.org/10.3969/j.issn.1001-5485.2014.07.025
https://doi.org/10.3969/j.issn.1001-5485.2014.07.025
https://doi.org/10.13722/j.cnki.jrme.2017.0855
https://doi.org/10.13544/j.cnki.jeg.2018-406

2024 4(1)

I3 R TR A FE R R A M T BN 2 I ) BT 161

Detection, Monitoring Warning System for Potential Catastrophic
Geohazards[J].
University, 44 (7) :957 — 966 (in Chinese with English abstract).

Geomatics and Information Science of Wuhan

Yin Y P, 2004. Initial study on the hazard-relief strategy of geological
hazard in China[J]. The Chinese Journal of Geological Hazard and
Control, (2) :4—11 (in Chinese with English abstract).

Zhang Q Z, Zheng WM, LiuY P, etal., 2010. An application of GPS
monitoring: A case study of the Yakaze landslide in Suopo village,
Danba, Sichuan[J]. Sedimentary Geology and Tethyan Geology,
30 (1) : 111 - 114 (in Chinese with English abstract).

Zhang HY, ZhouK Q, Song Y T, etal., 2017. A New Methodology
of Landslide Hazard Mapping by Kernel Density Estimation and Value-
at-Risk Measurement in Heifangtai Area, Gansu Province of
China[J]. Journal of Yangtze River Scientific Research Institute,
34 (12) :33—37 (in Chinese with English abstract).

Zhang H Q, He W X, Zhao B, et al., 2021. Analysis of Field
Investigation and Monitoring of "6. 17" Meilong Valley Debris Flow-
Aniangzhai Landslide Disaster Chain in Danba County, Sichuan
Province[J]. Science Technology and Engineering, 21 (29) : 12481 —
12489 (in Chinese with English abstract).

Zheng G, XuQ, JuY Z, etal., 2018. The Pusacun Rock Avalanche on
August 28, 2017 in Zhangjia-wan Nayongxian, Gui zhou:
Characteristics and Failure Mechanism[J]. Journal of Engineering
Geology, 26 (1) :223 — 240 (in Chinese with English abstract).

Zheng WM, Deng GS, LiuYP, etal., 2008. GPS monitoring on the
representative landslides in Danba, Sichuan[J]. Sedimentary Geology
and Tethyan Geology, 28 (3) : 30 — 34 (in Chinese with English
abstract).

Zheng X T, Yang XL, MaHT, etal., 2018. Integrated Ground-Based
SAR Interferometry, Terrestrial Laser Scanner, and Corner Reflector
Deformation Experiments [J]. Sensors (Basel, Switzerland), 18 (12) :

4401.

Bt e 32222 3R

MEAL, WA, B, &, 2011 U EE RS GPS I
WEs 5 o b (0. TR SR S b g, 31 (2) 199 — 104.

YL, KBRS, B8, &, 2020 SFEEMIEE “6.177 RARK
FREA (0], (M2 E 4%, 38 (6) :945-951.

W, MYl, EM, 2020, G AL E AN B AR = 4E AR
B L] Iz ek, (3D :35-38.

X, BORR, BkE, &, 2016 MU E A TN B R E T ok
JERRE VAL R SR 0], Kl & 5 R B 715, 36 (8) 1674~
677.

WEA, DG, REZ, 2016, BT IE LR N S RIRT S
PR (90, o | 22 4222 7= L2 R, 12 (SuppD) - 284 —289.
I, WRE, &1, 2017. GB-InSAR 4 1% GIS {55 KA L 48

JE W (3], M 2z5@ 4k, (5) :26 - 30.

XIEFE, sk, K, %%, 2019, BtA T2 SAR fiHh3E SAR [ 12
VUK N 75 A8 40 B U A 1 3 9 55 M [0 iR DOR 2 2R (5 8
REERRD L 44 (7) 1980 —995.

B, ZEN5, VFSR, %, 2019. e FIEIK Y InSAR 45 & W&
MNSE Mﬁ‘r’%iﬁ R BN (1], RBCR ¥ %4 (5 &
BIZERRD 44 (9) @ 1342 — 1354

AR, ?K,Jy:, 2019. &5 =5 TR &4k SAR i
A (V] A, 23 (5) ¢ 883-891.

FHFE, HHRA, %i%{, &, 2020, £ T HERE AW E R A
VY A 10 30 35 A A% W 0 e IS P L), 22 RO R 2, 48 (9) 1221 —
225.

IEAG, EF, EEE, 2014 #HETE X R4 IBIS-L 78 K4S K
e R (3. KR B Bedle, 31 (10) : 104 - 107.

E&Z, WEMG, REL, %, 1999 WY W R LA 0 b Tk
JPERE A (] HR R 2240, 11 (1) 234 =38,

FERMER, HRIEZE, 2006, T4 5 H I M T I D0 T & A 0 A LD,
SRR CHAAFIEAD L, 28 (5) :385—388.

VR, A, 2252, 2004 W3 1] 500 RO 0 R (0], 4
ERRLF R, 19 (3) 1478 —483.

BEVR, PR, ERE, 4%, 2007, 5 TR AL A B RE O VA K AR Y
A F# Fiiil [J]. %W&%Jrﬁ%bk 29 (5) :446—449.

VFoR, AT, 2009. FL A I AR RE a0 B I ad B AR AL REAE R I
TSR ). S5 A J1% 5 TR, 28 (6) 11099 — 1106.
T, A, RS, &, 2014, M A AL AR K I I B

WL (], KT R B Be i, 31 (7) 1128 — 134.

VRS, ZENR, EALE, &, 2017 VUK B SR EUH B S
TES SENUHRIVIE 7 L] 6 7155 TRE 2, 36 (11D :2612—
2628.

VEoR, 6, ZENSK, &, 2018.2018 £E 10 A A1 11 H &L Ak
VA U0 -3 E BE VT AR A B g 0] AR b T 4R, 26 (6
1534 — 1551.

Ve, EHE, FRNE, 2019, 3T K-8 -H— v A0 5 Kb R R
e R LR 5 M T 0D, R S R (5 R
44 (7) :957 — 966.

BREKSF, 2004, [ M i 9 55 0 92 R D 25 BIF 7 (0. o [ 3 e
HpiiaEm, (2) 4-11.

TIEE, R, XI5, 2%, 2010. GPS FE T 3 W I A g B - DL
VU4 3 B N U 5 A ) (O] OB R4 b s, 30 (1)
111-114.

k25, AWl R, 2%, 2017 2 FH % FMCW Hi2E & Sl
FEIE R K IAE /"*«J‘J[J] KA R B B4R, 34 (12) :33-37.

W, TSCFE, B, 2, 2021 UISFELE “6.177 M RVATEA
Ti-F R ZETE R FERE I A A S W i D). B EAR S T
2,21 (29) : 12481 — 12489.

%B;“ﬁ, VPO, EaEEE, %%, 2018.2017 £ 8 H 28 H #/Hgu%E ik 5

BRI T A A R AE S 8 R B BE R A (). R M R
26 (1) :223-240.

FOIAE, BE AL, x5, 4%, 2008. P91 P EL B SR B GPS

W SR 7 L], DR S Re R T T, 28 (3D 30 - 34,

VAR L& M R


https://doi.org/10.3969/j.issn.1003-8035.2004.02.001
https://doi.org/10.3969/j.issn.1003-8035.2004.02.001
https://doi.org/10.11988/ckyyb.20160869
https://doi.org/10.3969/j.issn.1671-1815.2021.29.017
https://doi.org/10.13544/j.cnki.jeg.2018.01.023
https://doi.org/10.13544/j.cnki.jeg.2018.01.023
https://doi.org/10.3969/j.issn.1009-3850.2008.03.006
https://doi.org/10.3969/j.issn.1009-3850.2008.03.006
https://doi.org/10.3390/s18124401
https://doi.org/10.3969/j.issn.1009-3850.2011.02.014
https://doi.org/10.16089/j.cnki.1008-2786.000570
https://doi.org/10.3969/j.issn.0517-6611.2020.09.061
https://doi.org/10.3969/j.issn.1001-5485.2014.10.015
https://doi.org/10.3969/j.issn.1004-0366.1999.01.009
https://doi.org/10.3321/j.issn:1001-8166.2004.03.021
https://doi.org/10.3321/j.issn:1001-8166.2004.03.021
https://doi.org/10.3969/j.issn.1001-1749.2007.05.017
https://doi.org/10.3321/j.issn:1000-6915.2009.06.003
https://doi.org/10.3969/j.issn.1001-5485.2014.07.025
https://doi.org/10.13722/j.cnki.jrme.2017.0855
https://doi.org/10.13544/j.cnki.jeg.2018-406
https://doi.org/10.3969/j.issn.1003-8035.2004.02.001
https://doi.org/10.3969/j.issn.1003-8035.2004.02.001
https://doi.org/10.11988/ckyyb.20160869
https://doi.org/10.3969/j.issn.1671-1815.2021.29.017
https://doi.org/10.3969/j.issn.1671-1815.2021.29.017
https://doi.org/10.13544/j.cnki.jeg.2018.01.023
https://doi.org/10.3969/j.issn.1009-3850.2008.03.006

	0 引言
	1 边坡雷达（S-SAR）工作原理
	2 边坡雷达系统组成及数据处理流程
	2.1 边坡雷达系统组成与参数
	2.2 边坡雷达数据处理流程

	3 边坡雷达在西藏金沙江“11.03”白格滑坡残留体应急监测中的应用
	3.1 西藏金沙江“11.03”白格滑坡地质概况
	3.2 西藏“11.03”白格滑坡残留体应急监测分析

	4 边坡雷达在丹巴阿娘寨古滑坡复活体应急监测中的应用
	4.1 丹巴阿娘寨古滑坡地质概况
	4.2 丹巴阿娘寨古滑坡复活体应急监测分析

	5 讨论
	6 结论
	参考文献

