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Fig. 5 Diagrammatic sketch map of determining threshold of
salient features(Blaschke, 2010)

BB A 2= 6) M= (7) Fs

my a’%—ml a’% +0,0) \/(ml —m2)2+2A(0'%—0'%)
T= = (6)
1772
A:log(g—;x%) 7

o, ny My 535 C R C, PRI S5 B AR AR
H, BETYEN Tm SmyZI,

TR — 2B I, BRI IE S5 4L
PR by 2 BARAE, R FHSEaTHE AR Bl 5 ARAE %
PUNARAE R 4E . 2658 )2 A EIRE |, it
FETERFIE 5 T AREFAE A 41 A48 EE K R 5 A K AR
PUNFRHERLN AR o 55 7258 =B HI R I,
ZEGOGIBRRAE . JIRARAE A0S0 AR AE 7 T A
TR AE BN BE [ Sl 2 0 R AE B 00 £ 43 A
WMEIFIR,

R1 AERRMZE R FHER N £

Table 1 Feature rule sets of different objects at different levels
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Fig. 8 Three dimensional scene of earthquake-induced landslides
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Table 2 Accuracy analysis of landslide identification results
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Table 3 The efficiency comparison of different methods for land-

slide identification

25 PA/% UA/% OA/% Kappa

HEELTEN 98.5 95.4 94.8 0.827

4.2 RFIFEITM

SUVEIVESS TS ¥ YN LRSS RS R e )
Xt TR SRR BCH B, R A T L IRL
A, AT A S K07 B AT IR B R R, R
e A D A RRL R TN T H RS 3 ) O 0E T
WPCICE R, RE BA W R S
BRVEREA, PIEXS LA, BT mmX 4 A5
RT3 ISR B 1R (R3) o 18 HEL I P A [+ P
PO, T 1 G R SR SN T e — Y

ik RPEMEBVKm®  RURFCE  HEERE)min
— 4 GINTE,
T B f#ik
N T HHLf#F 62 {5-4570 CPU %
ks 4 GIAE, 4
EEFES i5-4570 CPU

5 WY AR R A

SR 5 A T ) 2 ) AR RRAE R T LR U A
RE WAL . SREE XK | By 9 R A AT
2% 51855 Lo DLUJUEE I = AR i [t T
ISTREH A B, MBI | MBSk 36 25 5 T o
A L A IR A R

M= T AR R R B SR Y, MRS
AR R O 2 I RHER IR B, R i
HREZIE ) S R O, A T AR A /Y
(I U e e 4 N A &I &7 ) B Ve S Z R
AR TR RR R, BT DR CA AR
SR, MUY i SR R A 72 T 7 rRs ) b, 9fE
g TR RS, NI . B IR
A FRBELENR, LN TSl
AR O 3 e A B M AL, 3 42 4l DG A R



792 Journal of Remote Sensing

#2019, 23(4)

o ARSCEPEER . PR BOEARR | Hm . B
AR 3 MRS FE 64 H 1 R VR b s A
T, JFJRE bR P A WO 2 (8] 43 A B I G i At
I o Y RE A SR T b TG Y R A R A3 S R R AR AR
JEAE T BRI (B A LAl X b 1 B — PR
—WRIRJE, WY PEARRRAE T b 2 A XK
TR AR AR TR S ) AR T S W 2R BT A
MILAEL . AL, &R Beds mas fh i
FEMHEAR, SRT8AE MR i SR HU SRl 1, Xk
ARG SR R, Hh FERLRE R A —
SEM XY, ek Rm RS g mmZ e, &
S W b F I A 1 2 A8 A5 o TR DR 1 1 20 4 B
WA S 257 L I (2012), BETHIE R R
BiHAR(GIS), HRAE1:50000 Fb 151 R HBIE [ v 0 45 2
Lo, LR AT AR (DEM), 23 [H]
SR N20 mx20 m, FEFIRIWDEM, F|MH
GISZS [ HTTIfe, R RG oA S8 il H AR
HUEBE . DR REAR R B | B ) AR SR H SR R
JEH T

RGE T HUTE R F 5 R W I as B o A e R
SR FH AR 5 18] B 1) 3 28 07 B & HUOE IR 743 Ry
5%, RIEW MR 50 KR W HIE N & 5 5
B, RHIGISHZS M1 GE T4 BT D e o A i s 7E b
TR T o B9 A A (1K19), & BB AZ W B 32 B 4%
A EY: % 439.8°—69.8°, i }2623—2935 m,
WA R A 14.8—44.3, HIEEIRE HF131—227 m,
i FRLRE B R 1.16—2.09F% 25 [AIFW Bl N o b i 3k
()23 0] o3 A 5 b BE . MR AR B A7 AE I
IEMRER, SHFEHRBEAERMHELR, 5
Yoy, BEEARREWIEH FRHXLAANHE ., R
FAE A IR (20 10) ) [ MB AR O e 125 S R, 13k
FEYE 1] 1 A 9 A7 155 10 32 b 7 005 1 4 R 7 24 4685 sl 1
FHRISZ , K FLUT G A 35 3 11 0007 5 < Wi 2 4
ST RN, K FE Y 1) 142 [R5 A 1 A —
SERRE [ 0T oh R W2 A BB KR . iAEAR
SRR, IE R & B WA A [R] 43 A 5 8 1) [ 7 G
., R AR AT X R R R I S A A
PR, [ B P R Az o e A A s

B9 IR[FIHIIE PR T b 5= i B 2w (8] 43 A
Fig. 9 Spatial distribution of earthquake-induced landslides under different topographic factors
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Recognition of earthquake-induced landslide and spatial distribution
patterns triggered by the Jiuzhaigou earthquake in August 8, 2017

LI Qiang"’, ZHANG Jingfa’, LUO Yi’, JIAO Qisong’

1. Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanics,
China Earthquake Administration, Harbin 150080, China;
2. Key Laboratory of Crustal Dynamics, Institute of Crustal Dynamics, China Earthquake Administration, Beijing 100085, China

Abstract: The Jiuzhaigou earthquake with the magnitude of 7.0 occurred in August 8, 2017 and resulted in a large number of landslides
near the panda sea area in Jiuzhaigou. These landslides caused road congestion and seriously affected the progress of earthquake emergency
rescue. The landslide caused by earthquake has wide distribution and large quantity. Given the urgency of the disaster and high resolution of
unmanned aerial vehicle (UAV) images, the traditional artificial visual interpretation model cannot meet the needs of earthquake emergency
response. Therefore, an automatic information identification method must be developed to identify the distribution range of landslide rapidly
and accurately.

On the basis of comprehensive analysis of the features of remote sensing images of landslide, an automatic information identification
model for object-oriented analysis was constructed. First, the remote sensing images were segmented at different scales to obtain different
levels of image objects depending on different types and scales of land objects. Then, SEath algorithm was used to construct feature rule set
automatically by the comprehensive utilization of the information of spectrum, texture, and shape of object at every level, and the distribu-
tion of earthquake-induced landslides was identified. Thereafter, the accuracy and efficiency of recognition were evaluated on the basis of
artificial visual interpretation. Finally, the spatial distribution features of landslide body in topographic factor and fracture distribution layer
were analyzed by statistical analysis.

Using the acquired aerial image data of UAV, the earthquake landslide near the panda sea area of Jiuzhaigou earthquake was identified.
The overall accuracy was 94.8%, and the Kappa coefficient was 0.827. The present method was twice as efficient as the artificial visual in-
terpretation method under the same configuration of computer.

The spatial distribution of landslide was positively related to slope and topographic relief but was negatively correlated with roughness.
No evident relationship was found between the spatial distribution of landslide mass and the topographic factors such as slope and gradient
of slope. Evident fault effects were observed in the distribution of landslide.

In this study, the object-oriented analysis method was developed to realize automatic identification of earthquake-induced landslide us-
ing UAV images. On the basis of the comprehensive utilization of spectrum, texture, and shape of image objects at each segmentation level,
an automatic construction method of feature rule set based on SEaTH algorithm was established, Finally, an automatic, efficient extraction of
earthquake-induced landslides was realized. Compared with the artificial visual interpretation method, the automatic method of object-ori-
ented analysis could effectively improve the efficiency and timeliness of disaster information identification after earthquake, which could
break the pattern of multiple interpretations and save time for earthquake emergency response.

The earthquake-induced landslide distribution features in elevation, slope, aspect, fault distance, and other factors were also analyzed.
The correlation between landslide and topographic factors was found. Overall, the earthquake-induced landslide in the study area is mainly
controlled by the Tazang fault. The spatial distribution rule can provide information support for landslide risk assessment, disaster investiga-
tion, prediction, and prevention.

Key words: Jiuzhaigou earthquake, unmanned aerial vehicle image, Object-oriented, landslide, earthquake emergency
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Hyperspectral image of Suguan Asea in Gansu Province, China

HEER 7 OHS-2C( B8 )IAETRT X018 ¥ 8 A 16 EFRAHREEN EuyireEe 4 28E®. OHsS-C( #E5—-3 ) AT RE-9°
TERF . SRS NFRAREEERLAEVFCENSC SSRATREE, RENNS M EFReEnTRAS  ANCEWATIE
R AWRGEE | DT 2019 48 8 BERE S EER. S8 OHS GETRESER 1 fTRSEERT 10 m, @PNET 150 km SN
WIS, M OHS AYGEDRIMASEERS 150 kmx 2500 km( B0 3757 km) , IIIEI‘]'IIISdEEH‘ﬂIIH‘"I HTFNER

limmmmmmwummmmhmmwmﬁxm 1} hyperspeciral
satellite on August 16, 2018 The features of sandy land, vegetation and road are cleatOHS-2C (Guiyang-1) hyperspectral satelile belongs
1o “Thuhai-1° satellite constellation, which is 8 commercial remote sensing micro-nano satelite constellation launched and operated by
Zhuhai Obit Asrospace Technology Co., Lid. The Planned conslellstion consivis of 34 different kinds of satellites. Al present, theee video
satellites and four hyperipectial satelites have been launched, and five sateliles are schaduled 1o be launched in Auguit 2019.Each OHS
hyperipectral satellite is equipped with a hyperspeciral camera with spatial resolution mose than 10 m and width mose than 150 km. The
maximum imaging range of & dngle OHS hyperspectral satelite is 150 kmx 2500 km (ie. 375,000 square kilometers). Four sateliites can
achieve global coverage swcanning once in about five days, and multiple visits can be made daily for specific areat. OHS hyperspectesl
salellite has & spectral resolution of 2.5 nm (400—1000 nm). It can tesl the subtle differences of spectral information, which can greatly
improve the ability of information acquisition in the research area. It has greal significance for quantitative analyss of remote sensing
information and more refined recognition of land features. It can be widely uied in agriculture, lorestry, water conservancy, emfronmental
protection and other fidds.
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