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Fig. 1 Integrated Space-Air-Ground Multi-source Monitoring System for Early Detection of Potential Geohazards

2.1 ETFHZFERBIM SAR iR REE B LS

R A 3 R R PR LS R A L A R
G SRR T R A AR KE A AT
FIAG VAL Y —Fh E Z AR TFB . 77 20 tih 4l
70 AL, Landsat (43 B % 30~80 m) ,SPOT (4
B 10~20 m) 5 48 o BRI TR 2R
Bl Hb ST O FE DN 4 A, 20 HE4D 80 AREAR, B
T2 5 AR 00 T T SRR b 5 9 S 4R, 20 it 4
90 4EfX LUJG , IKONOS (43 ## % 1. 0 m) . QuickBird
GrHER 0. 60 m) 45 = 4 HER I TR G812 H

F bR EBEN S W AT 6eE R RO B
23 ()43 R CR . T8 43 98 % fe = 2 World View-
374 0.3 m) DG 4 P A (B B BT IR E0E )
5 H5F T] 43 B3 (Planet 15 43 B %/ T3 AL 1) 3R A 19
AN 1 DT IR . 28 B AR A T K
T 0 N 32 T B — 1 1 S T R 1) 2 A
AH 22 B U5 1 52 6 0 BT R 5 AR S b T
PUIE A5 BT ) b 5T 9 58 A8 T 2 25 00 DU 5k 9
MR 2 T BO SRR AR AL, R T R A
O 27 3 AR 1 0 78 Ak SR A TR S i 3R AR, DT



960 R 2E 2 i -

f& BB 2 R 2019 4E 7 A

el Vs A 1 b BT K B R . 914N, 2016-09-28 i
YL 7K T3 A 2 A 8 35 I TRDHE 5 A 3 0 2L L 5 30
26 NFET- (I 2Ca)) . W 33k VR X Ml Adh vy 437 L AT B
PG B SZBR b T AR TR AR O 2k i G R
B E/R, INE 2 T LA H L 7E 2000 4F Y
AR L REREE B B AR T 4 L Bl S AR T
TR R L 23 [H] 3 R 3 1 KL B 2016 AR R
AT S TR e R 1) 0 R B L A T AL

(b) AT ERTAN RN B e 278 5

2 Wi VLN K 5 A T 3 e HL i 4 T O R R
Fig. 2 Sucun Landslide in Lishui, Zhejiang and

Optical Images Before Landslide Occurrence

Bl D7 i B AR BRI AN W B v DL T
B E BN 22 0000 F A B R AN BT L BRI
SBR[ [ B8 L K R R A L, A 28 A 4 R 3 T 52
IUT:— b 5B KA — U TR SR8 55, X Ml o
I W B LI IR N A R KO 4

InSAR $ AR HA 4 KA, 4 KW 8 6 0 Hl
J7LaS ) g B AR A LR AR ARG A 3
HL T T J R R 3t Joie 3 3 A 5 R R 2 L
Rl Je InSAR BAT 19 KV % 28 81 3 00N 22
AR PP i O I AR AR IR X R R R BE T
1996 4, B E % #H Fruneau 1 SCiEH T & Wi fL
IR 22 4y T W I i B R (differential InSAR,
DInSAR) 1] 45 %4 FH /1N 10 161 18 Bl 90 28 sl i
Jo A TR 2 B 26 JF J8 T DInSAR 76y 3
T S A T B T — s T Y, (AR
S BR R FH AR S R A AR B R Ll X, B R
InSAR 9 3 FROCR AT 32 3] JUAe) i 28 | i 25 25 AH
THR BN FEH R H LY B —E 1w R
AN, 0 DInSAR HGE Wl 7 B A 18] % A= /9 A8
XPIEAE  To i 4R B 9 IX ol i 35 T8 742 7 i ) 4 |
AT AR B0 X o IZ R A B 1 Ry IR BT e E

FE L AT B ) B [ 9 AR 2 % 7F DInSAR Y
Fenh I, &k R I T 2 R )P 51 InSAR HR
A48 K AT A T V5 I A N 2R A T A
SqueeSAR FE ik #8753k 5 o 4 5 A L IE 0
TR BRI 22 I A 7 38 5080 4 b 4 R A FRUE BE
SFEREPE 1 R AR T S E AR I AR A A S AT
BT+ S AF 52 DX 355 b 2% T A8 S 3 380 32 A [] ) 51
TEARAR B, BENE HUAS T K 2 B 28 22 K 9 1 % 28
G

R (LKA E LTI T T In-
SAR #y 4 [ 3 [ Hb B 9 % B B % AL G AR
L HEDEE InSAR FH b 5T 9 3 19 3 W00 5
ARG rm R TR EHEL, B 32
2017 A P I Sk A8 T S5 it N A Ak A P L B T
T B InSAR TR W45 5. B 3 W] L)
A A InSAR AR U 1 35 B A8 i m]
38 S s At b P 90 ke 300 L o o 0 T T T 38
AN T A 1 £ RORN Bl A T AR B0 L S 1 R e
PEVEHNR AL T BT B, JUHJE 2017 AR LUK
AN 07 2 3% 1 5 %F 2017 4F 058 B 5 B A 9 Bk
2018 AF- VG J8K AR VK I AT S W Bk A R AT A A F
g gE R B F InSAR 35 R RE S A R
T YR A T I A, G R T AR 22 12 il 78
T LA 8 33 R R A T A I £ 5 Ry B TR
SRR K BRAL T 1F 75 9% 15 W 18 A5 TV 1 U ok e AR R it
TAEE AR T B

R

(a) L EL T B

(b) TLHHT B AR TE InSAR
J AR A L W % SR

3 PRI S B 3 KL InSAR Wil 45
(1 3(b) H BB A k)
Fig. 3 Wulipai Landslide in Danba and the InSAR
Monitoring Results (Fig. 3(b) is Provided
by Wuhan University)

2.2 ETHE LIDAR 1T AHLATHAMI MR R E
(=¥ RESS
LiDAR i o 5 58 22 28 060 & G2 F OG0 il i
AL RE % 422 3R BRI DX 38 1) = 2 3R v A A . L



5 A4 B T I

Vi OSRAF T R4S - — R 1Y A b R 9 B A R AU g ) 961

# LIDAR SR T 0720 i RS LS R4,
SHEHOCH AL R = ARBO B A L G2 18R
PO %% 4% . ML LIDAR {3 A % 32 it 25 4> 3t
TR A E Y MR M 318 [R) IR 5 22 ok
R 5 75 b TET AR B o ) 008 D B A A R b 3R A
Bl BRI S TR 1) s R AR AR B R L Bk
P 0 3 5T 9 B R I 4R T R T B, 2017-
08-08 . JLE Vi b 5% i JUZE M0 5t X5 M & A, 77 A
TECTAb M BT R S X G, S T AL
FE V) b R X1 Ml BT 9 B AR R T BIL IR
B RO R AN &5 3 PR AO6 A B Sk FEAT LR
LiDAR $U] b 5t % 3 B A8 i) il 3 k5, 181 4 25
IR TS B . M 4Ca) AT DL Y JLZE A 5%
DXABL B 5 % 3 3k 5 52 M 4 AR A% O 2 S AR RT
N 8+ 8 JUFE I b £ 77 AR 1Y [) 5 b BT R
FOEXA P T K FE R R T, A Li-
DAR $4i 2 B M 95 . 3 R Hi 5 H 3k 15 Al
(digital surface model, DSM) ] ¥ & }h & 3] /i 8
3 T R S AN O BUA (I 4 (b)) (il 2 i I
TR Ve A i HE R R DA B A58 R 1 72 2R A 5 4 L X
BEHRJE i 25 By AR LUK E I RS R . i
LiDAR 2% BRAL YL « A2 0 A B2 1 DSML. 2 fif
Wi AR Z T 0 & Tl LA 0 0 b M FR A 2 6
Jeist . AT A ROH B B UCE X — Rk D RE 2
il 32 AR BE LAY

e

% 4 (a) Xﬂ‘)l>7

Jii () DSM #5784
B4 JUFEWE X HLE LIDAR fif R 45 31

Fig.4 Interpretation Results in Jiuzhaigou
from Airborne LiDAR

BE& JC BB A B 5 AR #E A JE A HL AT
HEAT R B CHEK 80 B 2 AT 2 40 52 ) R s )

P2 i, I A I DX B U B O
SAR B BT R BT T AR Y R 4
DSM ARAL AT L3 28 B0 3t A A &L 3% 59 b s B
A AR TR R 52 Cln b 3R R4 5% (BT AR LB 6 I 3K
BESE) L DL 22 BRI ) M B O E e L R T R AT
Hb 3% 0 A RS AR RS Ak AR Ak R S T 05
BN 7E 2017-06-24 7% BB B8 AN I 3 1 N Ak
1T AR, BT B R DX b A i A, BRI A O LA
o AR SRR AR — TJC T, 2017-06-25, 38 i TG
DML FR B B 05 X DSM B B J5 L % 900 B A
MAFE— A B KA AR, i DSM A% A i i
AR K 4,55 X 10° m®, 5 FE WK 4.5 X 10°
m’ A Y 7 IS GAFAE— FE K 40 m I PLRE Y
(B 5Ca)) X 3 BB ET 44 00 S B N B3 1Y) 2 4 4
B M O IR AT T B 2R R . 2017 4
JUZETH 8 « 8 MR I » £ 4 A 18] Py 1 FH 6 A HLAE A
Az ) =4 DSM, & BT 220 ik g v 7% 24 1L Fn ik
T Hb 9 B R (R 5 (b)) B A A% 10 B i - 4R
B G PUR BUOK ARG R IUT B 20 LR it
H JH AT 0L R T8 N AL A 2 A7 Hi T 3 e i R
SVEA T (AR | BT 52 S5 L K B b T
XF RPN EE T B,

(b) JUZEV) 88 M FEU R FL LI F B i
B 5 FIFH TG AHL DSM A5 #8550 F % B0
e LT B R W 3 R LI R IX
o 07 b T ¢ B i
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Integrated Space-Air-Ground Early Detection, Monitoring and
Warning System for Potential Catastrophic Geohazards

XU Qiang' DONG Xiujun' LI Weile'

1 State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology s Chengdu 610059, China

Abstract; In China, traditional methodology on early detection of natural terrain to landslides is challenging as
zones most prone to slope failure are usually inaccessible due to high location and dense vegetation. This can
lead to underestimation of potential landslide events to the degree of wrongly identifying unstable areas as sta-
ble. This paper provides a solution for these cases by proposing an integrated space-air-ground investigation
system that allows for the early detection, real-time prediction, and warning of catastrophic geohazards.
Firstly, high-resolution optical images and interferometric synthetic aperture radar (InSAR) data from satel-
lites are employed to obtain a global panorama of a region, highlighting these problematic locations; yet re-
sults are detailed enough to provide reliable estimates of deformations at particular points along time spans of
days and weeks. As consequence, it makes the compilation of long displacement time-histories feasible, con-
tributing to the understanding of long-term landslide-driving phenomena in regions where it has been underes-
timated. This is called the general investigation. Then, detailed assessments can be done through the deve-
lopment of unmanned aerial vehicles (UAV) for elaborating high-resolution relief maps and photogrammetric
representations based on both visual images and light laser detection and ranging (LLiIDAR) data. The system
finally allows for precise tagging of locations that warrant real-time site monitoring of displacements using
global navigation satellite system (GNSS) and crack gauges, validating expecting behavior of these critical,
but previously hidden hazardous locations. The overall approach makes it possible to establish a four-level
comprehensive early warning system, which meets the urgent needs of the country and promotes a practical
and operational application of such system in the field of geohazard prevention.

Key words: geohazard; early detection; monitoring and warning; space-air-ground investigation sys-

tem; InSAR; LiDAR

First author: XU Qiang, PhD, professor, specializes in the theories and methods of geological disaster prevention. E-mail:xq@ cdut. edu. cn
Foundation support: The National Innovation Research Group Science Fund, No. 41521002; the Major Scientific and Technological Fund
of Sichuan Natural Resources Department, No. KJ-2018-21; the Funds of Sichuan Science and Technology Support Plan, No.
2018S70339.





