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Abstract: Objectives: Geological disasters in mountain areas are directly related to the construction and
operation effect of expressways. How to find and identify major potential hazard sources in advance and
take corresponding measures has become the focus and difficulty of highway route selection in mountainous
areas. Methods: Multilevel investigation and analysis of geological hazards in Xinchanggou section of
(G4216 expressway are carried out by using multi—technology, and the corresponding suggestions for route
optimization are given. First, multi-temporal high—precision optical remote sensing images are used to in-
terpret and analyze the hidden geological hazards within the planned route in the research process. Second,

small baseline subsets interferometric synthetic aperture radar (InSAR) are used to quantitatively detect and
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evaluate the surface deformation in the key areas affecting the route direction. Finally, the airborne light de-
tection and ranging (LiDAR) technology is used to conduct detailed exploration of areas with high risk of
geological hazards. Results: Optical remote sensing consensus identified 40 hidden geological hazards, 10 of
which have different degrees of threat to the construction of expressways. InNSAR technology was used to
detect a total of 13 hidden points of sliding bodies with obvious deformation, among which a giant de-
formed body was found on the left bank of Xinchanggou, which directly threatened the direction of the
planned route. On this basis, it was found that the middle part of the deformed body showed signs of pulling
cracks through the LiDAR technology and field investigation, and the upper part of the deformed body
showed ladder dislocation, and the deformation signs were obvious, which should be avoided. The results
show that the combination of the above means can detect the hidden dangers of geological disasters to the maxi-
mum extent at great speed. Conclusions: The safe circumvention scheme of expressway route is given,
which promotes the transformation of expressway route selection technology from extensive to refined. It is
of great reference significance and value to highway route selection.
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Table 1 Features of Optical Remote Sensing Interpretation of Geological Hazards in Mountainous Areas
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ity 7 4 KE/m  FEE/m 8 B PR A B
N s U TSR b, W R AR L PR e B, B 1T b v DL I R I A 3
NO4 A 103°2533"E  28°01'45"N )
TE PR R BT R IR T, R R B 2/ KR A L X A AT R A
o o TR0V e (A P AROIR: i % B T I T DL Y 3 3 1 ) R 0 1 L R R 4 ke
HO6 Mk 103°26'21"E 28°00'54"N 960 470
K2 N IL 28, A i K .
e o TR e A BEIARIR S % R T AT T UL T 0 R o ok R S S, K R
HO7 ¥ 103°26'25"E 28°00'37"N 800 690 )
NP N A
N o U TEIRBSEAR L R Y, L B B, B3 i b 0] UL IR ROIR VAR
NO8 AW 103°26'45"E 28°01'01"N ‘
TE PR A BRI R 5 R, R £ 7/ K R A GO T X i, A T A
U o T VR S M R R i O T AL VSR M 2% R I, BRI £ s K A
HI19 ¥  103°28'10"E  28°0041'N 2050 600 A
Mgl , AR KEm,
o e T W IS GRBE TN T 0 VS S SR 4 LR 2k i 7/ K I
H29 ¥ 103°28'50"E  27°57'41'N 600 1000 n
S SUNE TN AN
» N e FRIRGEAR b, 10 X HBIR BE R | 51 BB AR 16 1 AN R IX 5 SRR A
B30 /il 103°28'25"E 27°57'33'N 480 100 N i )
W22 S, P A U BRI 2/ K G O g5, A R
e 27° T U G ORE T BN T ALV S A S IRl 4 MR 2R Bk 7/ K R
H31 ¥ 103°28'51"E 900 700 N N
57'12"N [EESVNTE PN AN
" o e TR GG L, AR DX T B 0 18 AR SR T ORI X S 1 B AR
B32 ¥ 103°28'24"E 27°57'18'N 400 360 o ‘ ) N
22 5 0T ek, S A IR 2R B 7/ K e LR Oy s A R
o o 27° TSR b, IR B, L PR S 5 B B 1T b v DL 3 SR I A, 9 T
N39 A 103°28'53"E ) ] -
58'22"N DAL A HEC 461 4R 0 J5 =, R 4R % 72/ K/ L R A 07 3 DXl i, A PP 255 T
o o e TEIRIRFAR L Tk 52 3 T (LA 30k 18 s B , b 1T T D08 IR YA Al 3
N40 JeAR 103°30'10"E  27°57'57"N

T DA I A O e, ML R B T A L X AT SRR

T M TR RSAIE 45, I S S A AR R AE AT T 40
SrFTe ES(a) Al LLE A 7E 4 40 9 W 1 T A8
DX, 43 S I Ol 2 3 R i 1Y HO6 . HO7 \H19 3
b R W B R K 1A B R AR AR P Ho ek
AR A X 3k 1 B HOT , 120 A v s 3 AR i
R s T ik — 32 mm/a, SRR AR s 7E Wi i B

AREIBEN T — 126 mm, FiifHEs XY 28 #2580,
T A5 3 AR FBI7E — 20~— 10 mm/a 2 [ 28 4k, 3% 5
2 18 B A 1) W SRR T S R s WA
TV 78 o 2 4 3¢ W O 1 e AR A - 20 BROIR A T AR

AL —32~10 mm/a Z [0 24k . RS In-
SAR Y AE W 25 5wl g0, AR JE AR P s 3 B AUE



230

BOBR 22 4 (fF BB 2 O

2026 42 H

A5t Ko B A R A T X B /N A
JAM AR K BEIEAE RS T — 115 mm, ik
AR I T R Ay — 23 mm/a, S B R R AR i R A
—23~10 mm/a Z [0 22 fk , H H #i &b T 5] 42 P
MrBe. H: Pk, B35 Fis HPLE LIDAR BOAR X A2
JE AR P I 400 A8 RRAE BEAT IR A A 43 B . TRl
i, 45 4 2015—2019 4F Sentinel-1A [ B JE 28 s
W& % B0 (L 6) , 3T 3 10 4 R T8 A8 R A B
FEEPTTEED) I REAX | XEEX I,
WD E F 34 WAKEE £ . M4 B P InSAR
B AR AT 19 W D B B R 2R RRUE AR i i 5 40 A [
(E6(a)) KBl 4 ol 2 B e g 1 B A2 X |

28°03'N

28°02'N

103°25'E 103°26E
(a) Sentinel-1A Tl RBAE R

£ B 7 4 M S U E B R, 6 I 2 I TR R
B09.B10.B11.B12 . H13 . H14 5 H15, % X i &
FUE 25 8 7E — 98~20 mm 22 8] 25 4k , 8 4> X I 1%
TE A FEAE W 8, oA 1 S AR S7 19 78 R BR DX 4, &
KT 3 8 1 A% I 2 IX SR A8 R AR A K B AT Gk
—23.4 mm/a, RFIE AL &t 76 W B B R © 3k )
T —98 mm, 1 J5 X 3P AE RN R
Bl 7E — 15~—10 mm/a Z [A] A5 fk . 28 52 i I A
R IZ BN R S R B R B AR RR
FABCHERR Y, g 2k BT 25, 0F Hoih T 32 BRI
it A5 DR BRI R AR AR Dl T B AR o, R
BT AR, X5 InSAR W 45 A & .

103°25'E 103°26'E
(b) Sentinel-1 AT AR H R &

KI5 G4216 s 23 EH 7 1 BE InSAR THEUE 22 Wi il
Fig.5 Monitoring Map of InNSAR Rising Track Deformation of Xinchanggou Section of G4216 Expressway

103°25'E

103°26'E
(a) Sentinel-1A P 2 RTEAS B K

28°03'N

28°02N

103925
(b) Sentinel-1A P HUE AR H R &
BI6  GA216 fmyd 22 7 30 BE InS AR B LT A2 i ) 14
Fig. 6 Monitoring Map of InNSAR Descending Track Deformation of Xinchanggou Section of G4216 Expressway

103°26'E



%551 %5 2

BB DX PG S S BRI R 2 i R R % i e A Al 231

JE A8 XN A B 3 AL M BT ¢ AR XF Ok
V8 SR R A H19  H20 F1 H21, % X B8 48 &
e KRR AE 507 T 1 B H21 Ab |, 2% 3 Bk A ob i
& 7AE R K, e i il ik — 22 mm/a, REUE AE
AR W BER IR B T — 87 mm, J5 i X 4 B
AR B BRTE — 12 mm/a Ay o
B H19 oA — 5 Ky 18 e M U B KO A8
AN —18 mm/ a, RFIE A A — 68 mm.
B Ak H20 e KB A2 3 % — 17 mm/a, BB
SN — 64 mm. H AT 3 4L T I 4b T 18 A
& B B .

Z54y Sentinel-1A F+ B P AH B4R (19 SBAS-
InSAR 73 #7485 5%, W 5% X LA 12 4 b ot o 35 s i
AEAE W]t M T8 AR A 57 T30 S 08 A2 A LR )
b J5T ¢ % e T [ AR O ) M TR R B

o, 8 7(a) 2k 2014—2019 4E Sentinel-1A J+
BRI X R 1 8 330 2 R ML T H AR A VB C I

20|'.
0 .‘QB
20
000
é 40 ." \ \.
I A, e
% wf ‘ttga“w
6
-100 F $&aa
,120_-_._-14 cehA==B =e@p==C ".
7140 L L L L L 1 L L 1 L
PSPPI SO IS
TSI IS ST
S S S N N N AN N\
T PTFTHTHT TS &P

K7 iR

B A2 H R AR AL E Bk H &, B 7(b) 2 2015—2019
4F Sentinel-1A [ 80 £ 85 X 1 7 87 37 18 A7 17 M T
Hir s D EF WP B E O G K . 8
HOE OLT 38 A TR SRR AR A R BUE A
SR DL W 3 A G Bl A B, R A B AR Y
AT X 33 AR ) F o MR B — 2 R BUAE T . i
K7 R LLUE 1, 8 3 10 A2 A R 00 B O] 28 i 34
JLFE—3n, R EERR LAAE - E L7 &
M5 Ze PR AR Ab A W By ok 2
T AR Y 4, 3R I R OE b T I Y 22 18
IR B o FEM B BRI KR BEREZ A S B
ik E] —126 mm, R AAR MR EEZ ST
BARMFEm ,B.C.D.E. F & REIE A &5
S 4 —108 mm ., — 80 mm ., — 63 mm.— 54 mm .
—35mm. AW, G LR LR RTH
FE L, UL AC R H RTAL T8 & R R i iz s b,
(R W= G

olao-o-%-a
T4 o oo
2:::" -0

\‘l\ \\‘

%3
£

SAARIN ]
(b) Brhmia A1 7 MR AE AR 2k

LI AT AT A i 2R 2]

Fig.7 Deformation Curves of Typical Characteristic Points of Geological Disasters in Xinchanggou

23 LIDARBAEARXRREREBRBHANLIRANGE

RESH

R T A GA216 48 & i B b 5T 0 3 A
BLARARIE AR B, AT o o0 0K b BT 9 35 X 2 i
] K 7 B it TR 52 S L. AR A i SCOR) A
1505 HE R 2 38 G R Sl 1 SBAS-InSAR #
AR AT 08 T AR S 3 A R X I8, 3 G B ) e
% B R 5 K B AR T AR P UEAT HLER LIDAR 78 JE 4F
TS M o AU FHALER LIDAR A | i3 2 WK i
A 82 R AR B, X B 2 BT LRI AE T e R
() DEM, ¥ 4 H 4K O 55 T 4 Bk =2 F 19 4% #h 1L
PRS0 FVR I R ARG 0 o H &1 8 rh il LAV A M R
PP T T AR PR RIRIE R iR
K #1200 m, 5629 750 m, KL 1 350 1 m?, &
W R 75, O B RV AR T AR AR A
A 3R I B R IR b TR 3 B AE 15°~307, B AR

B, Mo TR B B 40°~60", B Ak b wi & F , A Y
AR VA FIDDAR TR, b 22 A+ B0 0 v HL A B S 1Y
I AR AL, S 2R A e AR TR 4 B e, H o A
AP 8 /R o HH a b5 ¢ 4b 7 38 3 U8 Bk 4l b
A HLE LIDAR 5245 WL 5¢ 52 90 Ry 1 &5 BE 3R, 45 9
FE 25 70~100 cm A 4§, 4 {1 4 B 24 600~800 m,
TUSE T8 AR, A A7 DL o il Sk 5 b Ab B4 5%
LY 2R S R | 55 B 24 80 em, ZE K JE 45 700 m;
d A B4 B F AT S, B AR D B 2 45°, R
AR H L, F7 2L T8 B 24 70 em, K2 700 m, MABE
A T AN B ) A0 A2 il A0 5T 2 B A 1)
PhVARH I o Bk 2 XU L XRS5 A2 45
B, — B 3z B 5w ZUHE 8, kW 5y & A= Hb R
PRI, A1) A 2 v 7 1 B AR DX 3, 7 o N B A
) B A6 3t F o, 07 T LA 6 b 8 R BORH B A9 3 PR
5 1



232 R 2 2 BB )

2026 42 H

28°02'N

28°01'N

v

103°25'E

" 103°27E

8 Ak PHLER LIDAR f# 345 R
Fig. 8 Results of Airborne LiDAR Interpretation of Deformable P

3 BREKTERMAEULDN

R 3R i SO G4216 268 3 ¥ B M o K 3 /Y
TE A A S 2R BT, IR R B 2k Z 2 U T A
A B s B, i B BE IR R 3 S R 9 UK ek K
IKASE BRSO 3 A R R R AR, LB GE 1 IR A T
— AR R W BB AR s 9 B
N A o i T T A R ORE X RS E TR
i) ARSI, 375 A R 3k A I Y 3 Bl XA AR A
A S 2 MR AR, L X KR 3t ) 2 4 i O™
o TR AL K 2k, AN 9 i s B4 L A R Z
2l i LAl b PEAT AV N RS, O HLLL A B GE U7 50l
i B, AN ALGETT T I A B Bl R v A
2R SN TG EL T M 5 OCE B AR RN R
B b AT 1A N Y 22 A B Sk . AR 4R InSAR
A 45 2 W 7 b R R K B T 3R R X AR
JLTFTI A o AR He T 505 48, LR K 205 48
A 0 5 AL B — B I 4 5 4 A OGN
LIRS

E T AT ORI OCHR 1] B g 21 21
b S5 BAATLS G4216 2655 3 18 B itk A7 E i B 42
25 SR A, Z R IR TE DO R b B 3 Dy B
T HR TS DO AR AR 3 T 9 DL % AR 5°~35°,
2B VY A R SRR AR R L R D
IR ik B B S, B el YA AR A2 KO R
AR o R R S A A IR P e ik T R I B
A e, RHER TR 2 AL B R AE (K 8 a b
o) FREMERL 2%, e A RUE A SO KT %

Z B i BB R Rl A T A R OR K i T 4
b B[] A AR TAE N B A i O, T DL TR
T b ) 3K ) RS AT HE A . R R
Hb X, K 22 B0 IR A T NI 5 E A 88
NEI B &= W Sl VAN ST R o
g N THEA T TR N S L, 28 Kis HDk
50k R E . InSAR R (LIDAR HCR 9 & A
ST 400 e AN U A AT b O T AR
Pk | e VA

B9 G4216 L Hidmin BRI L ik = 4 RoR B K
Fig. 9 3D Image Diagram of G4216 Xinchanggou Section

4 &

SRS A S AN NN TP 6 S
XoF T M 2 O TR A M B R T R A A AR e Y
N AR A K B BB OCR . A Gl SR



%551 %5 2

BB DX PG S S BRI R 2 i R R % i e A Al 233

I 22 i SRR R By T e ol DX B R R A
VA M 1 B I Uk I B8 38 5 oK, Hovh 2L 11 TR
GE P OGS 0] 0, B b B 9 oG A 1 5 R
g5 A Bvivki| T PR R N3 13 | KL I i
G A B 2 B R 1S, Ay DX R R el i
PO T A S ER CHE R L R B . BT
REELUWT .

1)) FH 22 B A e b Ot 2% 1 IS AR 38 2ot b
TE b 550 R S 335 AR AT R0 A R 22 B o R
ENEZ BRI E, TR S Ik E &,
XN A6 A R K e . PRI, R 22 B A
KE BB USSR K ERR
B, TR ¢ LB R A8 B P A KN X R A
RN B A RN SR L AR, LR
AW —E W BG5BT e % 3
KA E AR 9 52 DX 38 1) 52 1 G 3 AR U 8508
Pt o LUK, A 38 G AR T b 5t 1 R A
AEAE— 22 10 Jag B, B R a2 TE 285 1) M I ¢ 5 4L
BIHE J1 BEAT , WOAS B 58 4 T ] — S T A fE B TR
Xof 1R A % S RN TR A R L D I
AR

2) InSAR B J7 A5 T2 3000 47 AR AT 4 K fie 4
REF 8RR AR A AR IS A 6 K b X HE AT
KFW A, RN K ERIEE R A%, R
A 308 G AN WY S 1% b B 9 3 AR A K, AR R R
KK ERBN EELEARFE ., {HInSAR
BT A B R R B AN RE 4 T A AT AL
T A K AR S A 55 I X R R
A2 AR TR 1 Hb 5T O N B U RE T . D A R
T AR K B AR W B 1 i X, 25 5 3O M T B
G, AN TR 6 M T K e AR R AT R AR . R
7 B 22 Y SO A AR A5 A, T B 20 B AE A DT
HEAT RS 3 B U

3)FIFHALE LIDAR LA, X 52 M 2 382 46
P R S T Y K M BT K B R R AT T
MR AL, T A SR AN G2 18 R K InSAR H A
MIANJE o I LIDAR B2 AR 0T 25 375 b A8 4%, 25 BR
Hb A B S, BB S B KR A MR Rk
JE DEM. FIJ A= 15000 e R 2 550 b 10 A% A AT LA
15 28 W b B0 A BB 5 T U BRI AR Y R
fIE Chn M 26 24 5% PR B I REAR) Xt
HB I e 25 by A M 5T R T TE R R DX, X ey
ON B 5 B AR B B o (R T AL Li-
DAR 32 218 22 45 11 i B, B BA B o A 35 45 % b
J 9 F BEAT R A, PR, 6 T R A B X

BRI TR, F5 5 HAb 2 BB A LA, e &
FERFVECR IR, A RS & T 32 8O0 9 08 345 Fn fig
77, LA e TR R By 9 UK 1 g

4) 7 FH R G 4 38 B . InSAR \LIDAR 4§
AR 3 JRBE AR A Bl A, B AN E , AT DL e KRR
JEE b, B b 5T O B 0D Al HE A TR A
TAERF ], 2 GA216 1 3 2 8 7 18 B (i 1 46 T
EFRHE T B P AR . IR IR R T —
B L DX [ i 559 b 5 B 85 e R R L
W BT A — ARk A TR 2, A ol e o %
TE LR F AR MK AR )RS 40 Ak 5 A2, Ol 1l b K E 5
K X iR N R S R AR T R AR T B

Z £ x #

(1] VF5 . X b Be 9k 5 B A8 00 USRI AR DG Tl B A A S

BE[T] RBR % (fF BB, 2020, 45
(11): 1651-1659.
XU Qiang. Understanding and Consideration of Re-
lated Issues in Early Identification of Potential Geo-
hazards [J]. Geomatics and Information Science of
Wuhan University, 2020, 45(11): 1651-1659.

[2] SUN Q, ZHANG L, DING X L, et al. Slope De-
formation Prior to Zhouqu, China Landslide from In-
SAR Time Series Analysis [J]. Remote Sensing of
Environment, 2015, 156 45-57.

[3] DAIKR, LIZH, TOMAS R, et al. Monitoring
Activity at the Daguangbao Mega-I.andslide (China)
Using Sentinel-1 TOPS Time Series Interferometry
[J]. Remote Sensing of Environment, 2016, 186:
501-513.

[4] ZHANG Y, MENG X M, CHEN G, et al. Detec-
tion of Geohazards in the Bailong River Basin Using
Synthetic Aperture Radar Interferometry [J]. Land-
slides, 2016, 13(5): 1273-1284.

[5] s, 2R, HAEE, & WIEE S RENE

R SRR S5 R H LRI R (1] &0 e s
TAE% M, 2017, 36(11): 2612-2628.
XU Qiang, LI Weile, DONG Xiujun, et al. The
Xinmocun Landslide on June 24, 2017 in Maoxian,
Sichuan: Characteristics and Failure Mechanism[J].
Chinese Journal of Rock Mechanics and Engineering,
2017, 36(11): 2612-2628.

[6] INTRIERI E, RASPINI F, FUMAGALLI A, et
al. The Maoxian Landslide as Seen from Space: De-
tecting Precursors of Failure with Sentinel-1 Data
[J]. Landslides, 2018, 15(1): 123-133.

[7] DONG J, LIAO M S, XU Q, et al. Detection and
Displacement Characterization of Landslides Using

Multi-Temporal Satellite SAR Interferometry: A



234

BOBR 2 (R

ISR Y

2026 4£ 2 H

[10]

[14]

Case Study of Danba County in the Dadu River Basin
[J]. Engineering Geology, 2018, 240: 95-109.

R 2edlie, 00K, 108, 5. LB S InSAR &5
SRS CRINEE R S ol i 3 =9 R R AW
(], BRBCR 22 M (7 BB # M), 2019, 44(9) -
1342-1354.

LU Huiyan, LI Weile, XU Qiang, et al. Early De-
tection of Landslides in the Upstream and Down-
stream Areas of the Baige Landslide, the Jinsha
River Based on Optical Remote Sensing and InSAR
Technologies[J]. Geomatics and Information Science
of Wuhan University, 2019, 44(9): 1342-1354.
BRI, VPR, RS, 4L RELE U BUR AR T
Sl R S s L] RO 2R (R B ARE D
2019, 44(7): 1043-1053.

LI Weile, XU Qiang, LU Huiyan, et al. Tracking
the Deformation History of Large-Scale Rocky
Landslides and Its Enlightenment [J]. Geomatics
and Information Science of Wuhan University,
2019, 44(7): 1043-1053.

DONG J, LIAO M S, XU Q, et al. Detection and
Displacement Characterization of Landslides Using
Multi-temporal Satellite SAR Interferometry: A
Case Study of Danba County in the Dadu River Basin
[J]. Engineering Geology, 2018, 240: 95-109.
XIEM W, HUANG J X, WANG L W, etal. Early
Landslide Detection Based on D-InSAR Technique
at the Wudongde Hydropower Reservoir[J]. Envi-
ronmental Earth Sciences, 2016, 75(8): 717.

sk BEWIAE CEN LA ST T 51 InSAR 43
BT B4 P 31 Ly DX 38 48 5 B A AL 200 U —— LA |
FHE I [T]. RBK = 4R (5 B AR# R L 2018,
43(12):2039-2049.

ZHANG Lu, LIAO Mingsheng, DONG lJie, et al.
Early Dectection of Landslide Hazards in Mountain-
ous Areas of West China Using Time Series SAR
Inter - ferometry—A Case Study of Danba, Sichuan
[J]. Geomatics and Information Science of Wuhan
University,2018,43(12) :2039-2049.

B, sk, g, AR OB TR Ik R
Wk 59 (M. dbat: Bl iat, 2017.
LIAO Mingsheng, ZHANG Lu, SHI Xuguo, et al.
Remote Sensing Monitoring Method and Practice of
Landslide Deformation Radar[ M ]. Beijing: Science
Press, 2017.

ZRE . T LIDAR AR B 5 4% 5T 9035 X 1
PP D] BB R (B30, 2012.
LI Xianju. Study on Landslide Identification in Com~-
plex Geological Environment Area Based on LiDAR
Technology[D]. Wuhan: China University of Geo-

[15]

[19]

[20]

[22]

[23]

[24]

sciences(Wuhan), 2012.
BOOTH A M, ROERING J J, PERRON J T.
Automated Landslide Mapping Using Spectral
Analysis and High-Resolution Topographic Data:
Puget Sound Lowlands, Washington, and Portland
Hills, Oregon [J]. Geomorphology, 2009, 109
(3/4):132-147.

CATANI F, CASAGLI N, ERMINI L, et al.
Landslide Hazard and Risk Mapping at Catchment
Scale in the Arno River Basin [J]. Landslides,
2005, 2(4): 329-342.

GLENN N F, STREUTKER D R, CHADWICK
D J, et al. Analysis of LIDAR-Derived Topographic
Information for Characterizing and Differentiating
Landslide Morphology and Activity [ J ] . Geo-
morphology, 2006, 73(1/2): 131-148.
HANEBERG W C, COLE W F, KASALI G.
High-Resolution LiDAR-Based Landslide Hazard
Mapping and Modeling, UCSF Parnassus Campus,
San Francisco, USA [J]. Bulletin of Engineering
Geology and the Environment, 2009, 68 (2) :
263-276.

KASAI M, IKEDA M, ASAHINA T, et al. Li-
DAR-Derived DEM Evaluation of Deep—Seated
Landslides in a Steep and Rocky Region of Japan
[J]. Geomorphology, 2009, 113(1/2): 57-69.
MCKEAN J, ROERING ]J.

Detection and Surface Morphology Mapping Using

Objective Landslide

High-Resolution Airborne Laser Altimetry[J]. Geo-
morphology, 2004, 57(3/4): 331-351.
METTERNICHT G, HURNI L, GOGU R. Re-
mote Sensing of Landslides: An Analysis of the Po-
tential Contribution to Geo-Spatial Systems for
Hazard Assessment in Mountainous Environments
[1].
(2/3): 284-303.

SCHULZ W H. Landslide Susceptibility Revealed

Remote Sensing of Environment, 2005, 98

by LiDAR Imagery and Historical Records, Seattle,
Washington [ J].
(1/2): 67-87.

VANDEN E M, POESEN J, VERSTRAETEN
G, et al. Use of LiIDAR-Derived Images for Map-
ping Old Landslides Under Forest [J]. Earth Sur-
2007, 32 (5) :

Engineering Geology, 2007, 89

face Processes and Landforms,
754-769.

Vo, ERE, ZRhK. BT R-Z-h— kb E
R 5T 9 e R S M i (T ], sk
FrE (R B RARD L 2019, 44(7) 2 957-966.

XU Qiang, DONG Xiujun, LI Weile. Integrated

Space-Air-Ground Early Detection, Monitoring and



%551 %5 2

BB DX PG S S BRI R 2 i R R % i e A Al

235

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Warning System for Potential Catastrophic Geo-
hazards [J].
Wuhan University, 2019, 44(7): 957-966.
AR TR BE RS MM 2. b
a0 EPGE AR AL, 2011,

ZHUO Baoxi.
Application of Geology Engineering [M]. 2nd ed.
Beijing: China Railway Publishing House, 2011.
GAGON H. Remote Sensing of Landslides Hazards
on Quick Clays of Eastern Canada[ C]//The 10th In-

ternational Symposium of Remote Sensing of Enviro-

Geomatics and Information Science of

Remote Sensing Interpretation &

ment, Environmental Research Institute of Michigan,
Ann Arbor,USA,1975.

MCDONALD H C,GRUBBS R S. Landsat Imagery
Analysis: An Aid for Predicting Landslide Prone
Highway Construction [C]//NASA
EarthResource Symposium, Houston, Texas, USA,
1975.

SAUCHYN D J, TRENCH N R. Landsat Applied
to Landslide Mapping [J]. Photogrammetric Engi-

Areas for

neering and Remote Sensing, 1978, 44 (6)
735-741.

STEPHENS P R. Use of Satellite Data to Map
Landslide [C]//The 9th Asian Conference on Re-
mote Sensing, Bangkok, Thailand, 1988 .

NICHOL J E, SHAKER A, WONG M S. Applica-
tion of High-Resolution Stereo Satellite Images to
Detailed Landslide Hazard Assessment [J]. Geo-
morphology, 2006, 76(1/2): 68-75.
BERARDINO P, FORNARO G, LANARI R, et
al. A New Algorithm for Surface Deformation Moni-
toring Based on Small Baseline Differential SAR

Interferograms [ J ] . IEEE Transactions on Geo-

[32]

[33]

[34]

[36]

[37]

science and Remote Sensing, 2002, 40(11) : 2375~
2383.

ZHANG Y J, FATTAHI H, AMELUNG F.
Small Baseline InNSAR Time Series Analysis: Un-
wrapping Error Correction and Noise Reduction[J].
Computers & Geosciences, 2019, 133: 104331.

X EFE, BRom, BUN4D, SF . InSAR S5
[M]. dbat: B, 2019.

LIU Guoxiang, CHEN Qiang, LUO Xiaojun, et
al. Principle and Application of InNSAR[M]. Bei-
jing: Science Press, 2019.

REAE 2R B InSAR AR W Oy % 5 i 5
PERELT]. M2 %44 ,2017,46 (10): 1717-1733.
ZHU Jianjun, LI Zhiwei, HU Jun. Research Prog-
ress and Methods of InSAR for Deformation Moni-
toring[J]. Acta Geodaetica et Cartographica Sinica,
2017,46(10):1717-1733.

WG, B, 2T, G S 1B TR TR
SR BUIR SR T]. R ER(ER
BEEERR) L 2023, 48(12): 1897-1913.

DONG Xiujun, DENG Bo, YUAN Feiyun, et al.
Application of Aerial Remote Sensing in Geological
Hazards: Current Situation and Prospects[J]. Geo-
matics and Information Science of Wuhan Universi-
ty, 2023, 48(12): 1897-1913.

LIXJ, CHENG X W, CHEN W T, et al. Identifi-
cation of Forested Landslides Using LiDAR Data,
Object-Based Image Analysis, and Machine Learning
Algorithms [J]. Remote Sensing, 2015, 7 (8) :
9705-9726.

GORUM T. Landslide Recognition and Mapping in
a Mixed Forest Environment from Airborne LiDAR
Datal J]. Engineering Geology, 2019, 258: 105155.



