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Abstract

Landslide usually refers to the geological structure displacement change phenomenon that the soil
block on the slope moves downward along the fragile zone of the slope under the action of its own
weight due to rainfall erosion, ponding immersion, ground vibration and human activities. Landslide
is a common and harmful geological disaster that can not be underestimated. It affects human so-
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cial and economic development, personal and property safety, and threatens the core interests of
the people. In order to reduce the loss caused by landslide disaster and improve the protection
ability of slope, it is necessary to monitor the slope and obtain the dynamic geological law of slope.
This paper comprehensively expounds the latest progress of landslide monitoring in China in re-
cent years, such as InSAR technology, three-dimensional laser scanning technology, remote sens-
ing technology, GPS technology, GIS technology, close range photogrammetry technology, natural
potential method, etc., obtains and analyzes the geological information of landslide disaster, and
puts forward an informative, professional and systematic monitoring and prevention system model,
which can effectively guide the landslide monitoring work, and combined with my study and theo-
retical research in recent years, this paper puts forward the prospect of the breakthrough direc-
tion of technology in the future, and provides relevant literature reference and basis for continuously
improving the monitoring and early warning capacity of sudden landslide disaster at present and
even in the future.
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WO R R R E, HEEE K. 20134E 1 H, =Rk IRE, B2 800 X,
HERUARIZ) 40 x 10* m®, i X SV 41 60 Z A1 55 )R 5%, 46 NGBXE[1]. 2019 4E 7 A, HtMIE AN
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[ 98 F RIS T T B e O LR 73R, R H
2. IMHEZERRR IR
2.1. InNSAR FAR

& AL T IA T I (interferometric synthetic aperture radar, INSAR) R & ik T AR, =HiT 30
SRR IR FR R 1) — THUHIT (14 i A B0 A, B AR B A I 1) 5 e O, S BRI T T U5 R AR L
FE 2] R A EA B BRI B B R B AR AL 22, W] DA S s it 2 = 4k (8] iR A B S AU INAR A, T2
AT ke, JERUIRE « W MIEWESh . KUES) . UK)1E 5l Bk 7R AR T 45 i 2 7748 (1 1 25 70 M )
[2]e XFRXTEA, HATTLUEHR] 1974 4, % 1991 £ ERS AN TIE, E# InSAR £iRIE
B 3]

LB Ry e mkE B A4 RAG R RE A0, BT DG T DR BB 3 B 7 3 o 3 O il , {2 D-InSAR it
FAFAEE — Lo, ERPBOAMBUES). 2R AR PUBRFEERE, B e iR
FEMNEE. MEDERHNEEE, PR ERAPASEHRE, XS SBMNEESBENES, o
[ o Aok i, FERAE T NE A, FFE D-InSAR FA H 5T A2 T (1) fa il [4] .

INSAR J& — M L3 A RRIEEAR, BRlE T & AU FEEEARMF BN ERAR[4]. ZH AR TR
SRR DX 5 2 0T DSOS B B L AL S, AR iR B AT DA S e I X b o (05 K B MRS R AS, A
AL ARG [X 5 4% A% [ PR B o ISR [F) — B I X 9 PN B A B EAHSE AR 1 SAR B #E47
SALHEAHe, DASRAGHIN X A BUR A IS B . AT RIS A IRPUE L. ZCRIE T
HEPIETPIEB]. 260007, EHENFIURE ANk —, SR RE T

pint = g flat + ptopo + pdef + patmo + pnoise
A, pflat Jy7KFHRAL, ptopo st EARAL(FT HIRIKEZHIEAE B), edef MR IEA S RIMAL, patmo
RRSIEBAANL,  pnoise NMLIIE 7S 5| L FIARAL[S]. “FHUARD. . HOTEARDL . MR AR KASARAL AT LAZ:
BR[5]. F NS ZIMRIZAAANL, MEAR T TR BT BRI RN T, O BRIk 22 9 T HR
(D-InSAR). FHJLfX R 1 frR:

A1

Figure 1. Geometric relation of differential interferometry [5]
1L EZNFiTME X E5]

MAZ B F R LA LR A R
A
Ar = — pdef
47z(p

A, Ar Y PTESR RO F AR S LOS MITEAME R, A AFBWAK[5].
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2.2. ZHRSRHEHAR

BEEROCEARII AR R, =4EHOERREOR[6] QUSSR R ZIBOAR) A T, B4 18 S5 A
Wot, BRI, IR GRS s AL E R, ST LUB#HIE] 20 e 60 40— &
FOCHRCREE . AL T — B =465 BRAAER, CRAEEIR. mEE. T2 ENGE
S BRI R RFHE X —B, BOHET U 2 LA EELTOR, BB LA Z
K, I 2 T B D59 7]

A AR LRI eSS, e A A P B G B I B I p 25, DLORAIE T AR N B3 i) 2 4,
WA R A TEC X S . (HR = 4EBOLHMBARIR A AL — 28, fInfER =X, BARIZER
FEIX 5T QAT T BRI A e, BRAS EZ FEOR IR, 2 A EORZE 2 A AR O BC &5
i, RIS AE, ENECRICT . A5 2R X A AR, SBEE B RR
FNEIE T ZEARAEN R ETI L, WS AR, ERBOR IR AL A% & A 1A
K, VAT AR A S, i EATIR, Bt 5) S B P) IKE 143E plt ig = 4k AR ) 2%
"8l

ZYEROCH BN A RSO BA g i, 7w R AR, SREGE N4 1
FEAS R MG R [8]. 2R Rl RIS A AR PR AN BTSN, S5 S e i (R —4E 1R, %
JEEROLAR R R . I = 4EBOC SRR B AR AT m Bl R R, A AL Wi 2 A =4k
PRI = AN X i = B AT 0 AT, SRR 200 71 SO P oA P R A5 U2, T B e i i K
TR AR BB PSR M5 ¢ 35 BOR N R EEILAL, A g I DX 8k, A et o ok 35 T 2% 1
Bt JE BT A BV A SIS 5, TS S EAT S WA I . BRI 2 P

Figure 2. Geological disaster monitoring technology flow based on 3D laser scanning technology [8]

B 2. BT Z@HHEERORR R R E MR AR RZ(8]
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EE N BRI SRR — ] IR IAOR SR se A AR R SR A AR A
Rt 1% BEIE W R AE SRR RN AT, %8 P iR oy SRR K2 R AR B 0, 00 90 B 81 00 S 36 PR R Al 12
i BT R AT, B e B BE AT TSR AL B, B AR R e 4, SR A AL R O MR s (R
PRI B AR R R MG R IR 22), e R s AT 702K

2.3. BRAFEAR

BRSNS W PRI ER 773 WESA B SRR S R SR M B EAN ], 2R i WL e
PERRAEFR IR AT 2 [ AR S e 3 BV LR, P LR e D TR A S U A%
— RINVSHRIES, RERIPET . REIREOR T SR A ok, AT LUEIE 20 40 70 4EAGEE
] Fg el o TR PR PR BCR S TS o s I ad e, AW E N R a2 4, KRR
i PP AR R S S AR, TR SR B PG . SCE. HASEE G IR
AT, BIEAE 20 tH4D 80 SEACTTIE TR IBISEORIIBT FT[9]. 3 EEA B AL LRt A AR K
WK TT, B A PR R B AT AL S A AT BRI At D . 22 JE L4, (RIEREH
U HL. R, R AN s, ATECR, e WL DAL TANER TR R
TR R, AR R FR AT, EmERME. RIMLARE, SEATHEREARN 2k
MERGPE. TIRRE A MO R B 2 S A R AT BRI R, O 2 N T 3t
Jo 5 A5 o

R KR AR — R AT R R, B 3 T AR SR M IS AR [10]. A% SE A ST HOR MERTE )N,
XS R M A A g8, T H N TR, N B BEAR G 0 3 BRI S S . o A R
AT B W] UM 2 o R el S L o A M O 00 X (b 3, AT R 4TI g
JAE R, BATEmIEEN . ERAEEAL, HRBEEORE SR, FIIsi KUz
RS L FRAIG

BB RS AT LR 9 T P M AN S B — D T SR BLA), TH0A 7 BE 2 TT T2  DR AR SRS X 1
TG, BN ST, MREET AR SE S B IR EE . ARFERT TR A C 4 w] DAREL I
FRRFERRE MR, 45 & TR LRa A el R HAMEZE R, RECBIWEX 7. BhAh, HZ.
AR A th R AR R RR S [10] o — MR UL, XA T ZRFE T AN, A REsIloe 4 18 stk
ZHORIE 7 B4 & HAL AR R R EAR TR, XA AT ZR & T ISE, 4 BE 58 MR 4 1 I

2.4. GPS AR

AFREN R Gi(Global Positioning System, GPS)&—Ff L it sk T0E JJE it 1) v i FE o 2k Fi S i)
SENL R G, A A ERAT AR Hh 7 LA K G b 25 ) 0 B 0 412 (AL v A 1) R B B L 2247300 P SR ff (B )M SR [ 1]
A GPS AUE H AR I S A I 3%, ELAERS . WIS AT . At . AUER &5 7 AR A B AR [11].

E T ZEARNREFE, TR A &, e ok 2 5o B A T — L s TRE )
RERE WA 2 b 2%, VIR AR TR WS At J2 e b — . GPS MUk St R AR R, BARIZI AR MK A RS 1
IRGF, (AT ERS A BT, TE@Sas IR Z AR IHIX , TURAF S VRS X 38, 5%
WY M. EILR B, BT B S HALRIEIAR, Bl GIS. L EIERIARLYE, R seBlN i X
.

ZHA I 7K GPS M R A B TE A DX sk, 00 4 R v B ORI TR S ) A
XA S AT EATE GPS M, @R IERE A E M E . ARE IS, TR I 15 R
ALLTo M0 0 R PR A 8 T AR I I A SR N R e, R R EE S GPS M. X JEiEid—
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ZANMIARE, 5eHC GPS HRRAE . ARBE, FR@ I IIAE S ARAL, RO T3 5 3 Il [12] o %F
T GPS Hud (r ab 8, R WU B mos FE I GPS 20 M i, IR o tn SRAd A — A R s PR, 49 ) At
RIAFAE— 8 BRI, RG2S ZE AN 5, 2o m i ORI o X208 70 5 22 5 0 1 =y
M FIRERR R, XTETT DURFH Z R B, XFaeRR 2, vl DUREGE i K T i 2 Bl B S 504 N iR 22
[13].

2.5. GIS HAR

HiHEAE K & i (Geographic Information System, f&iFR GIS) & LUREE . il EHE. ERMririhEk®
15 25 6] HUER AN AT SR HIEER S A FHUE B RS, & — Bl A A A B & 2= TR B 1 R [14] . LA
I AEA N, HER T —EmE T BN SR G R EE RS, EiEmFET, "L
XTEE AT AT — AN Re A, G0 B ARSI AR AT T LI b B B e P e e AR
JER o

AR IE H G T U R AR X, S T R A, T DA G TS W T SR R M v B
WA B2 GIS Wl T HEEEX, RE 5 BISHHE N E LM, TERZEEMEREEE. R EdE,
X HRI A AR MR A M . Ol R E A S8 5 B SE M A M EM AR RS E—, 2S8uak
e Az, AR, Rk, 7E GIS FAR A B IR FE 0 A e AN o] 208 11 il

MR RARZ, £ GIS HARK X LK FONTE S, v DLREIFCON R, X h]
DURSIRIBSE . /K ESE . B GIS X TR 4, TLOERE M m . @R, RRESL,
WL GIS 2 h 5 R HUE X (8] 5 ¥ 3 0 A Ok R o i 3 5 R PR P 4 b S B R T S A o
b (R i DR P9 S [ AR IX i) phy 4 TR A B DA DX TR TR AR« VB RS (L km® IB IR, IR I2 2 IR
SRS, WEAREAT AR, SE RO 9 B R PR [15].

26. ITRBEMERAR

SR B B B M R 1 7k, SR B B AR AR e AN RS AL AL B I S
AR[16]0 ZFA MR A TR BE B3 i, RIS I — MO F efd . IR P EHR [16].
AT CAZE AR A5 IR 8] P SR & X Skt s R 200 5 2., RIS & TR X TAE . AR Rar bl
R JLAE 40 SR, S AN I E R E N Laussedate KB, FE )R R Hb % 2 i,
JERIE AR “HRRNEZ R .

AR T IE F T fE R X s, AR R RS FE 5 BB e . UBIE I RANE %
52 90 PR BRI DX, RS P82 I i BB 2 T e o I8 e b FE AR LA IR s, TR 2 A A i R f
W T BT . TESERR TAEMRES, A 0 BRI I35 2425 R A AR I Fa e

RFEL AR E R AR SN S &, IR B 7 s 20, P AT 2X0) 0 00 DX Sk A7 e 5 M
W, FRAFEERG FE IR Fr 8 B0 B A 5o Al 00 DX 3 ) M U s kAT AL B, AR i s, AR e
PAVE AL B B UCHC P H A, 5 s ) DX el e 2 A A 2R i JE A R e 4, MRURESZ. DEM B, e JE
W A0 5 5 B 15 3 AR A B N [17] 3l v AT HE L AR TR 122 0RF ) B3 1A e 48 1) 2 oA % it DA R Aoy B AN T AR
A, SE RO M [17]

2.7. BRBALE

H SR 77X (Self-Potential , fiI ARk SP)AMKAS T4 S — R ERY) B 73, AT DS 73 M st T /KR £
KRB E DL . F AR AL E AR T LI A 225 AR B R AL 72, SRR e, B SR
A DOE I 7 R AT L 9 R B N (R AR A AR HHOR[18]0 R SERR AR SO, B SR L7
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FEFLBRIRAR L BN 51 L ) 2 FL YR S ph H A 22 36 B S R R Bk rRL e = A B AR F I S I I 25 S AR IR
[19].

RO BT 5, BT A2 T RO B I S B S S TR M E TS, &
MPBEAY EE . TIEPSKE. BRI ZRA S — e 2 Ll SR . X T2 2 1 )
ZIGTR, A RTINS NG, BPAR Rmp I E T =

K ESREALE, I8 I 5 AR B AR R B A, IR AT I . AR B AL R AR
HEZREA, 6T DL 4 0 B 5, [ R S R OKIEAT Belrt & = S EUR LT, TR
T2 I, 252 FLBR A I A R BE 2S5 1] LA s — i 2 b 2, B ) FRATT 2R 25 1 i+
AT A EHBEMBEA . KB EAIER, KA IREIY 82 S g & 1E FE A 72 B E AN B H
R HIEH#, CIE RIS IR, X8 =28 H AR . I I B Ok R AR i M 5 b HL 3 B 4R iR
1, TGO A T REE, AT SEE v 3k 4 ]

3. MR ARIRE
3.1 EABRIENAS

INSAR HiAR. Z4EMOLHHiHAR . BEHA. GPS HAR. GIS HAR. ITF-ER I EH AR E AR
AN BB TR H A0S F T BT . RS T B TSR 2 R T, A S
LA 8 2T BRI, SR b o 3R AT B v A 0 T A 00 X (o e S AR S U, T DARAT T 1%
SR A 0 W T 4 2 5 PRt 3 — DX A PR VR A

AR 7 L3 Fo e P35 5 %, FoATTAT IASE & R R i, FASE—HeAR M 3594
F— RIS, W H KA, BB RS IRCR20]. Bl4: % INSAR HARFIEREH ALY
AHEK, INSAR HiAR B RS . KEHVE. [ IZ MR A, TB R A WA 2 I, e A 7
SEBRF R BRI S, TR LA, AR HORSREE K, RS I R ok 2 I AR

Y 5 T A B AN I B b A R AR L, T LA AR A5/ I U £ A I FR R S TR
R M 3, A B R M T [21] o A UV SR 2 A, AN, I A SR — i T LA
I AR 24 Ve A RSB S BT, AT 5 SR I — b Al M A e R 0 1 s
Bik. FARIAEE 2 MBI AR, A HE Bh IR AT Ve ¢ = 1A 1 [21]

R ERT EP L DE SN RS GPS FL I EHA, MERETERARKAN AR, =ik}
PRSI RGMEBH EE[22]. B GPS RECERM R, BIE. B, . REARSR
R, ARSI E TR A 2R RN AP R R B, SR ek A [ B S 2R G5 o T A
S0 JRIS, VBRI 5 R A NI 2RI TR SRS, s E GPS AL TR SR G 03L R
1R 52
3.2. XE IS B AR TIRE 4

VU W 2 G AT L2 B 2 R R EE B, AR . HREA . SRR, BT
FRATTRE TV W 40 BT SR B AT AR T — R AU EE, HEROX ORI DR 22 1 T8, SRS L ks
RS, BT — B B BRI R A R RE N EE. X BE S E G
WA EARWTRER, K SE 520 S A5 AR N B AT R0, T SE IR SR VRN 5517 «

4, 48

1) ASON CAT (R TE A ¢ 5 W D43 BT 75V R L P AR TR R BRI T — D RERIER R4S, Bk T a4E
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