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Fig. 2 Distribution of earthquake damaged buildings in Nepal
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Fig.6  Extraction results of buildings damaged by L’ Aquila

earthquake based on correlation change detection

(2) AR AA I F AR IT ¥ . AHALE Bl
TEENANER, AT AR A A S i
(BEER, 2017). Tto %% (2000) 43#r 1 HLRRHT S
SAR MG H X S5 T2 R, KK
IR, HAR TR, R T T SAR &
1GAH T 1 A2 ALKz I 77 15 o Matsuoka Fl Yamazaki
(2000) WA Kocaeli HiFZ i /5 ERS/SAR B4 UESE
TREFEXIESGH A E—EROCR, it MHE
FEAE— RN RE )T Z N %07 % (Yonezawa
Fl Takeuchi, 2001; Hoffmann, 2007; X|=4& &¢,
2010), HARBEARMIGERAEZE, HAT M=
5 K& HLH#J JAXA  (Japan Aerospace Exploration
Agency) FFHARBUY AR T IS A9 ALOS-2 £ dis, R
FHAH 4 28 A A I ) 5k S BB T 5 XA [+ e 7
FERERYE R Wk, 2016). {HESAR K
R PRSI T B AFAE — IR E, B3 78 SAR
B RA TR R R B2, Q] A %50 50 B H 4 A
EQIIEESENESAR7/Eint- & EPSP Rt oy sl i A
FEMR L (ZE5 55, 2017).

BRI, Yonezawa %5 (2002) Zg4 75 JEAH
SATE, WSS TR S SR EF RN
P, Arciniegas 55 (2007) Z3Hr TR FERLE K/
S-SR R, KU, RHERE
R, AT R EGEU)N, S AR B B R
bR, A (2018) FIFH SAR EIME Y S
FRAESEAT ARG, o 2 SO AR S T 25, 12
th T 2 ORI 800 o B ARG I O i, R
SR T A H R R A S B

BEH SAR {523 18] 73 B AR 42 T+ 5 KR b 21
BEORBY R, SAR G rhn] A1) T A 4R AiF B ok i
B, PRI T SAR B AR A A I 7 v A 25 ok
(e

3.3 HFERE@

M2 R F B DI 5 A e AR A, SR
i I 1 TR I PR N S T AR AN () O R A A
B DR IRGEMR] . ASUARGIHLE] R AR
FAF ], A SCH L OC T B P A B &
s B R b I A, BIORE, f71E
1) P S R IAE DL N LA

(1) V1 000 A B ASCR AN T AR N 25 oK
Bt i B R RN W AR, TELIs AT BRI
KT TR BT, W R 20204, fEHLETT
) TR E 80 M (FEMENI, 2013), R/ AR
YU o 1) T DX RNE B, — 9 ik 55 4 LA 2
W Je g EE AR T R R R . R R R
RO AR A T AL BRI S B A AR B, B,
KO b 5 3 A YRR —E R B ORGE TN R
FEHE MR . BB BE, TR T SEER ) R AL,
E 2 A% 4 ) P T B s Ia) L b A Ak B
5 R H AL FAKE B RE AR BE M L) 2
b 5 N7 2 B B R 2K o

(2) HuR= GG 5 B AL IR0 5 AN BB T e 1 2Bt
MM SREETE TR o BURY BE, KR SR IGE SR E
BI5, FAG I 2T B R e N T H e,
N T H ot T N R, IRRREE
W R bR i 580 N, e DUTE K As [ RO
Bl REABMIER (GRHER 45, 2009). BETiH5E
BLAr 261 07 B AR TEHOR EAS BRI iy ek, {H
SEER MG TR B . ROR R DTk e SREA
TRk, TEEUR 207 b, BOEEUR N 426
5 B FZ BT AL, R Y23
BEME (52, H AT R AR T ) R R B S R
W5T, S TR ZE-HRZE MR FHE B
5, R T HBIOUERN RN E, HETE
S EN S AR R AR b, A SRS R
TIE R U] Py ) 2 34 5 2 N R AN 223 50K, Oy
BARAEEN, AARLHETRIZEL S
SRR R A SR 5],

(3) Z U5 S5 HEAE IRl e A e, Bt
GG BRI AR . &R AR L RS E
Je e B o] A AT R BT £ 1 22 5 X ) SR AR B
SR HT [R5 B 22 B5F AH 3 AR T J A% 1Y 2 25 W i
(3K &, 2002) o 22 5 BRI 18 IS R 8 2
I /E sy PR, 265 m TS /SAR BMG I AE 1 R



2R A T [ MR IV 2 0 A RSB, T BUIR K a Hair 1927

T, A RRE A B AP U B A T RO S (R
TERI 25, 2018) o B HLAY AL S IN J5 34 18 (UM
[ P e SRR R, X R AR IO L R AR
RICHSR, TR RRCE b e LA 2 #5202 A oK
KA, R BB ARR T e, A TR I A 2 J
PGS e 23 17 Al i gy B — 1 Tt 21 22 4L e 1
PRI BT A 4R i 9 1 AR BURE Ty (9 2T B

4 BRI S R AN HI

Bl 2 [ 4y HR | ) e . m ok
Oy PRI IR TR R kA RS, Ras H—1&vk
R AR PR L R (BRZE 48, 2016), RJEIRIN
B B SR BCH B E R B REE T BORRIE . FESK
B2 TAE T, FRATIA Ry 32 S8 A sl i 1 1
HLFZ R 2 8 AR T BAE DL R LS e B R Oy T E
TTHRER, DUITTA A ofe T3 A 3 JRR S s o7 222 ) 7
R

(1) BEF U2 2 IO e AL U . Hb i
JEARBRZAF S, i B X Aok A 1S B
[ i R E R T E S EENEE, HEA
T MR 2= S HR, T H WA AR
14 1o PR R NI G R AR e 4 Sy 1B AIL T 31
R R AR S, 5 38 42 i G b 8RR AE A
P, SCEIE BB - R R E Y B AR B Ak
fiff DAL G2 B0 43 BT 7 % R RR R 2 GA AN 4 1 kL
SR FE B R A Zh PRI, R AR R E
EA S ER AT Kb A e e A 0] LT

(2) FETFEAEFR AL Z I E P E T . AN
[FIZEAY A (] 6 3 SR A v e 2 i 5 S AR ], P
[Fi] 22 5% S5 A 2 SR AR B e AT 2k b, R HE A [ A X
HEGUARAEN, e mE BRI A MER S (FRA
A5, 20105 2R, 2018). Mt &EEHEFL
A, T2 RAEIERHN ZRIRE T
A ARG A 5 A 00 5 1R T R R N A M L AR
TEAT 2 18 SR UG AT B 43 B v 118l A Al 2 22 J il 752
IVESY NP S EE-8

(3) BT =G0 E 5 s P A B 18 R
i 7 R A5 ) 1 T i e B Y P RE T
B, BB B, AR A G R AT PR b R A
P ) Ab BEAE 7, 3 R A A B R —
bR A &, WEER 5T, S
WA IR R, RG4S it A
BA, BABIRGAIECR . KREETFEEMN

Vi R SR A £ SIS A BRI 20 B A S SR O
e SR Y R Ry ]

(4) B FEIRAE e nt b P R . B B,
52 12 JE b, 57 0T 2 o 30 1 PR 2R B T i Ak B K
AN, R AL i Bl I R R B T N S R R
(WIFE% %, 2009), 43 DEEGERE K, 2
FEEEAA . Ab PR S AR RE ) S2 IR R, kR
FARFRKE T EBIEAE L A B AR, SEag st
R E HbRE BN EPUE R U 5174, , g
HiRR I A A SRS A TR R RE PR RE

(5) RERIGYE ., witE PR 5]y
R — R AL A8 R TR . HRR K M R 5 ) 31 ]
BRI, U0 2008 A S0 R Hb R H ¢ XA R O
1077 km*, 75 2L 2 Ja Ik 1R v 20 AR RE T 26
X, HEH T DA R, K XA
FEZS LI, 52 M b RR U A R W (E9E,
2015) . "PENELEWFIERT R BER S A R PLSAR F
KPR, ZUEBEAEREBEHER, BT
i kA S R R Py PR AR, (RR A ] A HE R
AR, —EBE L2 T I M PR AL 5 R 2
e, WLWELBEELE . MRS HES
HA R m s T2 5dE, W RADARSAT-2
TEMERRAE (RS m, W5 125 km),
LR ST R4y FER R, T AR AR R N 2
Ko

5 45 i

2R W R bR N 2 TARIER, @ R AR
R A TR EIERENER, 46352 K
TR N S PR TAEA R, REMEYE Tt
. IR DL S LiDAR $2 AR 78 iR N 20 A i
FHBUIR, JCHRERFELSRBCP N, PUZ
AR RTAR R Al o R % s B A 5
18 B B4 BT 7 2 A R R 5 22 I AR S AR 0 AR 1k
R gy, MERG ULRH T A2 vk A L

1R o RO 2 18 R MR A R AR BRI,
A AR G R AE , Z W T S 8] 4 A RRAE
JUTRRE RN o 3 TAEGARIT I 5y KT 45 5
SyREE Rrp A MER RN, TR A A A
K IXT G Ry BTT Y Z2FRAE R IR Sl 1) R R
PR LM T [ % 5 43 AT -5 IR AR L 5 0 O v
KRR T RAE SRS PEA Y 35 . X T SAR
PG 5, AR SAR EMGE F0TAh LR T



1928 National Remote Sensing Bulletin

i RFER 2022,26(10)

DA X B S R AN, X T B A SR
FR B AR AL B | PR 3R B R A R IO e 4 b o
AR E Y AR 2 2, B e T
G REH Hbra A sh b fe i, & Bk a A
WrBltt 5 A

1 58 19 728 A AG: I 512 32 B AT X T () 28 U A5 R

A TR P i B AR B A R & S a2 B
WIEAKI L RS AFREFRENREE s
RSB PRMWAHEE B RG2S, T
o ik A 728 A A 7 9 B 7 73 i A T8 A RS AR A
B, BEAA RO SR FE VUG, N2 a A
P54 A G DN Y B R 225 ] e i A Xk G = T A2 A
R P9 A7 2505

PASE PR o ], Bk T R AR AE B 2
OPNASER - RL #ﬁﬁﬁ%&ﬁTﬂM& 7 I 5=
oL A A T e A A B R R L A BB A
L 5E BB EAR . 2 A8 B R fE ) 55
SRR, FEXTIE, MIRBESE TR KR . Z AL
S a0INCIL B2 I S S E 5 % N VA E I IR € L 5 R
If AR B B i R T R A LA 5 T 3 T e R
MR I R A I R R K SR

2 2% 31k (References)

Anders N S, Seijmonsbergen A C and Bouten W. 2013. Geomorpholog-
ical change detection using object-based feature extraction from
multi-temporal LiDAR data. IEEE Geoscience and Remote Sens-
ing Letters, 10(6): 1587-1591 [DOI: 10.1109/LGRS. 2013.
2262317]

Arciniegas G A, Bijker W, Kerle N and Tolpekin V A. 2007. Coher-
ence- and amplitude-based analysis of seismogenic damage in
Bam, Iran, using ENVISAT ASAR data. IEEE Transactions on
Geoscience and Remote Sensing, 45(6): 1571-1581 [DOI: 10.
1109/TGRS.2006.883149]

Baatz M and Schépe A. 1999. Object-oriented and Multi-scale image
analysis in Semantic networks//Proceedings of the 2nd Interna-
tional Symposium on Operationalization of Remote Sensing. En-
schede, ITC, AUG: 87-109

Bitelli G, Camassi R, Gusella L and Mognol A. 2004. Image change
detection on urban areas: the earthquake case//Proceedings of the
20th International Archives of the Photogrammetry, Remote Sens-
ing and Spatial Information Sciences. Istanbul, Turkey, 7(12):
692-697

Blaschke T. 2010. Object based image analysis for remote sensing. IS-
PRS Journal of Photogrammetry and Remote Sensing, 65(1): 2-16
[DOI: 10.1016/j.isprsjprs.2009.06.004]

Chen J B, Liu S X, Wang C Y, You S C and Wang Z W. 2013. Research
on urban water body extraction using knowledge-based decision
tree. Remote Sensing Information, 28(1): 29-33, 37 (M #Hz, X1
B, TR, JUIBE, TR 2013, 3T SR A3 T K AR
RO . B, 28(1): 29-33, 37) [DOL: 10.3969/j.issn.
1000-3177.2013.01.007]

Chen L Z, Shen X H, Wang H, Hong S Y and Jing F. 2016. Application
of high-resolution remote sensing technique to earthquake studies
in China. Acta Seismologica Sinica, 38(3): 333-344 (W3, Hi I
W, EHE, BB, FHRL. 2016. 5 [ 5 73 FE AR R ARLE H AT
FE R . im%? 2242, 38(3): 333-344) [DOI: 10.11939/jass.
2016.03.002]

Chen Q H. 2007. Research and realization of multi-sources remote
sensing data on object oriented. Wuhan: China University of Geo-

- 2007 T[] % 5 ) 2 P SRR » R AR
FEESH. rhba: T E L FUR)

Chen R, Guo X Y, Du J and Hu X. 2020. Monitoring of disturbance on

sciences (P43

ecological environment caused by earthquake and post-disaster re-
construction at Heye Village area of Jiuzhaigou using the high-res-
olution remote sensing imageries. Quaternary Sciences, 40(5):
1350-1358 (Wi, 416, FHAS, HILE . 2020, HuREH BT F Mk
Jo T A LV i S X AR AR PR B Sl B R I . B
B9, 40(5): 1350-1358) [DOIL: 10.11928/j. issn. 1001-7410.2020.
05.22]

Chen W F, Guo H M and Zhang Y. 2014. Fast acquisition and analyti-
cal processing system of earthquake disaster information in Sich-
uan Province. Journal of Catastrophology,29(2) : 116-122 (54
B, SRLLAG, TR 2014, U1 AE 0 RR G PR BRIt B R
45K FE 2R, 29(2):116-122) [DOI:10.3969/j.issn.1000-811X.2014.
02.023]

Chen X L and Xie G L. Quick evaluation and decision making for
earthquake disaster by airborne remote sensing. Journal of Natu-
ral Disasters, 5(3): 29-34 (BRZEIE, W) Hk. 1996. fiii 25 18 B 1 5%
PRI 5RO . FARICE I, 5(3): 29-34)

Chini M, Bignami C, Stramondo S and Pierdicca N. 2008. Uplift and
subsidence due to the 26 December 2004 Indonesian earthquake
detected by SAR data. International Journal of Remote Sensing,
29(13): 3891-3910 [DOI: 10.1080/01431160701871112]

Chini M, Cinti F R and Stramondo S. 2011. Co-seismic surface effects
from very high resolution panchromatic images: the case of the
2005 Kashmir (Pakistan) earthquake. Natural Hazards and Earth
System Sciences, 11(3): 931-943 [DOI: 10.5194/nhess-11-931-
2011]

Dell’Acqua F, Bignami C, Chini M, Lisini G, Polli D A and Stramondo
S. 2011. Earthquake damages rapid mapping by satellite remote
sensing data: L'Aquila April 6th, 2009 event. IEEE Journal of Se-
lected Topics in Applied Earth Observations and Remote Sensing,
4(4): 935-943 [DOI: 10.1109/JSTARS.2011.2162721]

Dekker R J. 2011. High-resolution radar damage assessment after the
earthquake in Haiti on 12 January 2010. IEEE Journal of Selected



2R A T [ MR IV 2 0 A RSB, T BUIR K a Hair 1929

Topics in Applied Earth Observations & Remote Sensing, 4(4):
960-970.[ DOI:10.1109/JSTARS.2011.2164516]

Dong L G and Shan J. 2013. A comprehensive review of earthquake-in-
duced building damage detection with remote sensing techniques.
ISPRS Journal of Photogrammetry and Remote Sensing, 84: 85-
99 [DOTI: 10.1016/j.isprsjprs.2013.06.011]

Dou A X, Ma Z J, Huang W L, Wang X Q and Yuan X X. 2013. Auto-
matic identification approach of building damages caused by
earthquake based on airborne LiDAR and multispectral imagery.
Remote Sensing Information, 28(4): 103-109 (EEE, 5, ¥
SCHE, ERETT, 3=/ 2013, ZEFHLEL LIDAR A 615 EIR Y
AFYREFE A SR . ®E(E A, 28(4): 103-109) [DOL: 10.
3969/j.issn.1000-3177.2013.04.018]

Editorial Department of Satellite Application. 2014. The application of
remote sensing develops in depth. Satellite Application, (6): 1 ({1V
B FH AR . 2014, 30 FH I AR AR . RN H, (6): 1)

Fan Y D and Wu W. 2016. The successful launch of “Gaofen-4" has
helped the cause of disaster prevention and mitigation . Disaster
Reduction in China, (2):48-49 (Jii—, % . 2016. “# 73 /U5
S 55 1S By 3 B Akl P [ B K, (2):48-49) [DOL: 10.
3969/j.issn.1002-4549.2016.03.010]

Forestier G, Puissant A, Wemmert C and Gangarski P. 2012. Knowl-
edge-based region labeling for remote sensing image interpreta-
tion. Computers, Environment and Urban Systems, 36(5): 470-
480 [DOI: 10.1016/j.compenvurbsys.2012.01.003]

Gamba P and Casciati F. 1998. GIS and image understanding for near-
real-time earthquake damage assessment: remote sensing and GIS
for hazards. Photogrammetric Engineering and Remote Sensing,
64(10): 987-994[DOI:10.1117/1.482668]

Gamba P, Dell’ Acqua F and Odasso L. 2007. Object-oriented building
damage analysis in VHR optical satellite images of the 2004 tsu-
nami over Kalutara, Sri Lanka//2007 Urban Remote Sensing Joint
Event. Paris: IEEE: 1-5 [DOI: 10.1109/URS.2007.371787]

Gong L X, Li Q, Zhang J F, Zeng Q M, Liu M Z and Li C L. 2013. Ob-
ject-oriented detection of earthquake building damages. Earth-
quake, 33(2): 109-114 (BN, Z= ik, 5K = &, 4B, XA,
e . 2013, T A GA D R e H ARG TN 7 v . M, 33(2):
109-114) [DOI: 10.3969/j.issn.1000-3274.2013.02.014]

Goodenough D G, Goldberg M, Plunkett G and Zelek J. 1987. An ex-
pert system for remote sensing. IEEE Transactions on Geoscience
and Remote Sensing, GE-25(3): 349-359 [DOI: 10.1109/TGRS.
1987.289805]

Grant L B, Mueller K J, Gath E M, Cheng H, Edwards R L, Munro R
and Kennedy G L. 1999. Late Quaternary uplift and earthquake
potential of the San Joaquin Hills, Southern Los Angeles Basin,
California. Geology, 27(11): 1031-1034 [DOI: 10.1130/0091-7613
(1999)027<1031:LQUAEP>2.3.CO;2]

Guida R, Todice A and Riccio D. 2010. Monitoring of collapsed built-
up areas with high resolution SAR images//2010 IEEE Interna-
tional Geoscience and Remote Sensing Symposium. Honolulu:

IEEE: 2422-2425 [DOI: 10.1109/IGARSS.2010.5650083]

Guo HD, Liu L' Y and Fan X T. 2011.Study of earth observation for di-
saster reduction in Wenchuan and Yushu earthquakes. Geological
Journal of China Universities, 17(1):12 (3R4E 4, X K =, 3Ll
. 2011 XF HU-BEA FH T B0 AN A AR K PRI . AL
T 2F4R, 17(1):12) [DOI:10.3969/].issn.1006-7493.2011.01.001]

Guo H D, Lu L L and Ma J W. 2009. An improved auto matic detec-
tion method for earthquake-collapsed buildings rom ADS40 im-
age. Chinese Science Bulletin, 54(17): 2581-2585: 3303-3307 (5§
HETR, FEBRBE, ThE SC. 2009, — b BCIE ) i U 5 B 7 )&
E S A BRI i BHAE A, 54(17): 2581-2585)[DOL: 10.
1007/511434-009-0461-3]

Guo H D, Wang X Y, Li X W, Liu G, Zhang L and Yan S Y. 2010.
Yushu earthquake synergic analysis using multimodal SAR datas-
ets. Chinese Science Bulletin, 55(31): 3499-3503 (¥81E %5, T .0
U, 2500k, XU, Sk, AT 55 . 2010, 280 SAR EAA = )
6] 53 7 . Bh2# 58 4R, 55(13): 1195-1199)[DOI: 10.1007/s11434-
010-0292-2]

Hagi T and Sun Y H. 1988. Earthquake and city. Recent Developments
in World Seismology, (7): 39-40 (FKJFL 2L 4L, K 4E . 1988, Hb i
5k . PR E B A, (7): 39-40)[DOIL: CNKI:SUN:GJIZT.0.
1988-07-013]

Hoffmann J. 2007. Mapping damage during the Bam (Iran) earthquake
using interferometric coherence. International Journal of Remote
Sensing, 28(6): 1199-1216 [DOI: 10.1080/01431160600928567]

Hu GJ,Li S Z and Hu H'Y. 2009. A data transmission system of earth
observation satellite and the design of satellite earth link. Remote
Sensing Information, 1:66-69,74 (% [E %=, Z=Ht 58, #176  . 2009
— Xl b L T A RSO £ i R e B R M B T R R
K., 1: 66-69,74)[DOI: 10.3969/j.issn.1000-3177.2009.01.013]

Huyck C K, Adams B J, Cho S, Chung H C and Eguchi R T. 2005. To-
wards rapid citywide damage mapping using neighborhood edge
dissimilarities in very high-resolution optical satellite imagery—
application to the 2003 Bam, Iran, earthquake. Earthquake Spec-
tra, 21(S1): 255-266 [DOI: 10.1193/1.2101907]

Ishii M, Goto T, Sugiyama T, Saji H and Abe K. 2002. Detection of
earthquake damaged areas from aerial photographs by using color
and edge information//Proceedings of the Sth Asian Conference
on Computer Vision. Melbourne, Australia: 23-25

Ito Y, Hosokawa M, Lee H and Liu J G. 2000. Extraction of damaged
regions using SAR data and neural networks//Proceeding of 19th
International Society for Photogrammetry and Remote Sensing
(ISPRS) Conference. Amsterdam: 156-163

Jin D J. 2012. Methods of extracting building damage from high reso-
lution SAR image. Beijing: Institute of Earthquake Forecasting
(A 2012, 50 HER SARSAGEE SIMY i T (5 S AR IO i
FE . AbaT: v E R SR R A ST AT

Kohiyama M and Yamazaki F. 2005. Damage detection for 2003 Bam,
Iran, earthquake using Terra-ASTER satellite imagery. Earth-
quake Spectra, 21(S1): 267-274 [DOI: 10.1193/1.2098947]

Li D R. 2009. Intelligent earth observation systems and earthquake re-
lief. Science of Surveying and Mapping, 34(1): 8-10 (2= {~ .



1930 National Remote Sensing Bulletin

ERCGEIR 2022,26(10)

2009. X H WM 55 LR KK . 22 B2, 34(1): 8-10) [DOL: 10.
3771/j.issn.1009-2307.2009.01.001]

Li D R, Wang M, Shen X and Dong Z P. 2017. From earth observation
satellite to earth observation brain. Geomatics and Information
Science of Wuhan University, 42(2): 143-149 (Z5fli{~, £ %, Ik
Jok, RS . 2017, DKl UL T A 800l U0 A . B IR A2
(5 B R ), 42(2): 143-149) [DOI: 10.13203/j. whu-
2is20160526]

Li PJ, Xu H Q, Liu S A and Guo J C. 2009. Urban building damage
detection from very high resolution imagery using one-class SVM
and spatial relations//2009 IEEE International Geoscience and Re-
mote Sensing Symposium. Cape Town: IEEE: V-112-V-114 [DOI:
10.1109/IGARSS.2009.5417719]

Li Q, Zhang J F, Gong L X, Xue T F and Jiang H B. 2018. Extraction
of earthquake-collapsed buildings based on correlation change de-
tection of multi-texture features in SAR images. Journal of Re-
mote Sensing, 22(S1): 128-138 (=i, 1kt &, FBMiH, M5 €,
Frkd . 2018, SAR EI G4y PR AE AR DCAZ fLAS I Y52 5 L5
PLH . B EEIR, 22(S1): 128-138) [DOI: 10.11834/jr5.20187185]

Li Q. 2018. Study on key technology of earthquake emergency using
multi-mode remote sensing data. Harbin: Institute of Engineering
Mechanics, China Earthquake Administration (Z=3# . 2018, Z 45
FIE AR M e B 2 SCHER R BITSE . I /R T E ke )R T
VAE20IEND)

Li Q, Zhang J F and Luo Y. 2019. Recognition of earthquake-induced
landslide and spatial distribution patterns triggered by the Jiu-
zhaigou earthquake in August 8, 2017. JOURNAL OF REMOTE
SENSING, 23(4):11 (%, 535t k, %% . 2019. 2017 4"8.8" JL
FEW AL I A Sl A (R AR . G IS, 2019, 23(4):
11) [DOI:10.11834/jrs.20197345]

Li Q, Gong L X and Zhang J F. 2019. A correlation change detection
method integrating PCA and multi- texture features of SAR image
for building damage detection. European Journal of Remote Sens-
ing, 52(1): 435-447 [DOI: 10.1080/22797254.2019.1630322]

Li Q, Jiao Q S and Zhang J F. 2016. Research on building extraction of
earthquake damage of ground LiDAR point cloud based on object-
oriented. Science Technology and Engineering, 16(19): 244-249
(ZEui, AEILHS, SRR . 2016, T HUIBOE R BB A M =00k
L 3 A S AR U 9T . Bl R 5 TR, 16(19): 244-
249) [DOL: 10.3969/.issn.1671-1815.2016.19.042]

Li Q and Zhang J F. 2013. Extraction of building information from
high resolution images based on CART decision tree. Earthquake,
33(2): 96-102 (2558, 75 % . 2013, KT CART s bt H2 1 s 43
R G AR E SIE . 1R, 33(2): 96-102) [DOL: 10.3969/
j.issn.1000-3274.2013.02.012]

Li S J and Liu M. 2018. Application of satellite remote sensing in
emergency monitoring of major earthquake disaster in China.
City and Disaster Reduction, (4): 7-10 (2% %5, XI#H . 2018. TLAL
TR TR [ R R MR I N2 M I P L T S, (4):
7-10)[DOL: CNKI:SUN:CSJZ.0.2018-04-003]

Liu J H. 2003. A method study on automatic recognition and classifica-

tion of earthquake-caused building damage in cities using remote
Sensing. Beijing: Institute of Geology, China Earthquake Admin-
istrator (WIFRAT . 2003, ) 32 B A AT I Ty SR8 75 A9
S5 43 TS . AL v [ AR Jey b BRI

Liu Y H, Qu CY, Shan X J, Song X G, Zhang G F and Zhang G H.
2010. Application of SAR data to damage identification of the
Wenchuan earthquake. Acta Seismologica Sinica, 32(2): 214-223
R4, JE e, BB, AR/NNI, S5, 3K % . 2010. SAR
TR FMRAE TN R R FE P AN . R ~A 4R, 32(2): 214-
223)[DOI: 10.3969/j.issn.0253-3782.2010.02.009]

Mathieu B, Oustaloup A and Lanusse P. 1996. Third generation
CRONE control: generalized template and curvilinear template//
Symposium on Control Optimization and Supervision. IEEE,
Lille: 149-155.

Matsuoka M and Yamazaki F. 2000. Use of interferometric satellite
SAR for earthquake damage detection//Proceedings of 6th Interna-
tional Conference on Seismic Zonation. Earthquake Engineering
Research Institute: 103-108

Matsuoka M and Yamazaki F. 2004a. Use of SAR intensity imagery
for earthquake damage detection//Proceedings of the 2nd Interna-
tional Workshop on Remote Sensing for post-Disaster Response.
Newport Beach: IEEE: 7-8

Matsuoka M and Yamazaki F. 2004b. Use of satellite SAR intensity im-
agery for detecting building areas damaged due to earthquakes.
Earthquake Spectra, 20(3): 975-994 [DOI: 10.1193/1.1774182]

Matsuoka M and Yamazaki F. 2006. Use of SAR imagery for monitor-
ing areas damaged due to the 2006 Mid Java, Indonesia Earth-
quake//Proceedings of 4th International Workshop on Remote
Sensing for Disaster Response. Cambridge, UK :25-26

Miao L T. 1990. Research on earthquake emergency work. Recent De-
velopments in World Seismology, (11): 34-37 (& K H . 1990. 3¢
THUR L2 TARRIBIE . [P RN, (11): 34-37)

Mitomi H, Yamazaki F and Matsuoka M. 2001. Development of auto-
mated extraction method for building damage area based on maxi-
mum likelihood classifier//Proceedings of the 8th International
Conference on Structural Safety and Reliability. California: New-
port Beach, CA(US), Swets & Zeitlinge: 2430-2442

Miura H, Modorikawa S and Chen S H. 2012. Texture analysis of high-
resolution satellite images for damage detection in the 2010. Haiti
Earthquake .Journal of Jaee, 12(6): 2-20[DOI: 10.5610/jace.12.6 2]

Nie G Z, An J W and Deng Y. 2012. Advances in earthquake emergen-
cy disaster service. Seismology and Geology, 34(4): 782-791 (%
1R AR, B2, RORRL . 2012, HuRE R A AR 55 1 . MU MR,
34(4): 782-791) [DOI: 10.3969/j.issn.0253-4967.2012.04.020]

Peng L, Xu S N, Mei J J and Su F H. 2017. Earthquake-induced land-
slide recognition using high-resolution remote sensing images.
Journal of Remote Sensing, 21(4): 509-518 (:Z 4, & T, M4
B IRRIR. 2017, HUER I o PR IEGE RUUN . T IR,
21(4): 509-518) [DOI: 10.11834/jrs.20176176]

Rathje E M, Woo K S, Crawford M and Neuenschwander A. 2005.

Earthquake damage identification using multi-temporal high-reso-



2R A T [ MR IV 2 0 A RSB, T BUIR K a Hair 1931

lution optical satellite imagery//Proceedings. 2005 IEEE Interna-
tional Geoscience and Remote Sensing Symposium. Seoul: IEEE:
5045-5048 [DOI: 10.1109/IGARSS.2005.1526812]

Rensink R A. 2002. Change detection. Annual Review of Psychology,
53:245-277 [DOL: 10.1146/annurev.psych.53.100901.135125]
Ren F. 2017. Research on earthquake disaster assessment based on sat-
ellite remote sensing technology. Technical Information, 15(19):
8-10 ({04 . 2017. 4T T AL B AR Ry 9 F PRI ST . B
F PR, (19): 8-10)[DOI: 10.16661/j.cnki.1672-3791.2017.19.008]

Ridd M K and Liu J J. 1998. A comparison of four algorithms for
change detection in an urban environment. Remote Sensing of En-
vironment, 63(2): 95-100 [DOI: 10.1016/S0034-4257(97)00112-0]

Sakamoto M, Takasago Y, Uto K, Kakumoto S, Kosugi Y and Doihara
T. 2004. Automatic detection of damaged area of Iran earthquake
by high-resolution satellite imagery//2004 IEEE International
Geoscience and Remote Sensing Symposium (IGARSS). Anchor-
age: IEEE: 1418-1421 [DOI: 10.1109/IGARSS.2004.1368685]

Sato R, Soma K, Yajima Y, Yamaguchi Y and Yamada H. 2007. Classi-
fication of stricken residential houses by the Mid Niigata Prefec-
ture Earthquake based on POLSAR image analysis//2007 IEEE
International Geoscience and Remote Sensing Symposium. Barce-
lona: IEEE: 200-203 [DOI: 10.1109/IGARSS.2007.4422764]

Shao Y, Zhao Z M, Huang F X, Xiao Q, Wang Y X and Zhang F L.
2016. Precise emergency service system construction and demon-
stration through synergy observation of spaceborne, airborne, and
ground remote sensing. Journal of Remote Sensing, 20(6): 1485-
1490 (ABZ:, BB, BRI R, 13, £, BN . 2016, K3
Hb W3 [R) S % RS Y B 2 IR 55 PR R A R SRR, 20
(6): 1485-1490) [DOI: 10.11834/jrs.20166368]

Stefanov W L, Ramsey M S and Christensen P R. 2001. Monitoring ur-
ban land cover change: an expert system approach to land cover
classification of semiarid to arid urban centers. Remote Sensing
of Environment, 77(2): 173-185 [DOI: 10.1016/S0034-4257(01)
00204-8]

Stramondo S, Bignami C, Chini M, Pierdicca N and Tertulliani A.
2006. Satellite radar and optical remote sensing for earthquake
damage detection: results from different case studies. Internation-
al Journal of Remote Sensing, 27(20): 4433-4447 [DOI: 10.1080/
01431160600675895]

Stramondo S, Chini M, Salvi S, Bignami C, Zoffoli S and Boschi E.
2008. Ground deformation imagery of the May Sichuan earth-
quake. Eos Transactions American Geophysical Union, 89(37):
341-342 [DOI: 10.1029/2008E0370002]

Suchenwirth L, Forster M, Cierjacks A, Lang F and Kleinschmit B.
2012. Knowledge-based classification of remote sensing data for
the estimation of below- and above-ground organic carbon stocks
in riparian forests. Wetlands Ecology and Management, 20(2):
151-163 [DOI: 10.1007/s11273-012-9252-8]

Sui H G. 2013. On the challenge of real-time processing of remote

sensing data in disaster emergency response. Disaster Reduction
in China, 12X): 28-29 (FEVFRI . 2013. 15 7¢ 3 b7 20 1 128 R
S Ak BT I A4 Bk KL b ¢, 12X): 28-29) [DOT: CNKI:
SUN:ZGJI1.0.2013-24-011]

Sui H G, Feng W Q, Li W Z, Sun K M and Xu C. 2018. Review of
change detection methods for multi-temporal remote sensing im-
agery. Geomatics and Information Science of Wuhan University,
43(12): 1885-1898. ([ ¥ NI, ¥ S, Z&SC i, PNITF 8, %310 .
2018. Z I FHIB ESAR AL MR T B 2id . iU (5 B
Bl2£ [T, 43(12): 1885-1898., 43(12): 14)[ DOI: 10.13203/j. whu-
2is20180251]

Tan Q Q, Liu Q and Wang Z Y. 2013. Rapid production technology of
earthquake emergency thematic map based on high-resolution re-
mote sensing image//Satellite Navigation and Positioning and Bei-
dou System Application 2013—Beidou Brilliant China. China
Satellite Navigation and Positioning Association; China Disaster
Prevention Association (IFLPK 4>, XIUHE, T 59¢. 2013, B+ &4
R SR 1 A R I S P PR R VR R AR T S
fr 562 RGN 2013——R AL SER P E L E TR R
AL b2z, [ 9 T B B 23)

Tomowski D, Klonus S, Ehlers M, Michel U and Reinartz P. 2010.
Change visualization through a texture-based analysis approach
for disaster applications//ISPRS Proceedings, Seiten 1-6. IS-
PRSCommission VII Symposium. Vienna, Austria: 263-268

Tong L H, Cheng L, Li M C, Chen Y M, Wang Y F and Zhang W.
2013. Extraction of building contours and corners from terrestrial
LiDAR data. Journal of Image and Graphics, 18(7): 876-883 (7
FLAR, BROE, WA, BRARTY], EK, 5k5. 2013, M LIDAR
Bl bl U BRI A AR b [ R R B AR, 18(7): 876-
883) [DOI: 10.11834/jig.20130718]

Turker M and San B T. 2004. Detection of collapsed buildings caused
by the 1999 Izmit, turkey earthquake through digital analysis of
post-event aerial photographs. International Journal of Remote
Sensing, 25(21): 4701-4714 [DOI: 10.1080/01431160410001709976]

Tzeng Y C, Chiu S H, Chen D and Chen K S. 2007. Change detections
from SAR images for damage estimation based on a spatial chaot-
ic model//2007 IEEE International Geoscience and Remote Sens-
ing Symposium. Barcelona: IEEE: 1926-1930 [DOI: 10.1109/
IGARSS.2007.4423203]

Vu T T, Matsuoka M and Yamazaki F. 2005. Preliminary results in de-
velopment of an object-based image analysis method for earth-
quake damage assessment //3rd International Workshop on Re-
mote Sensing for Post-Disaster Response. Chiba, Japan: 128

Wang C, Zhang Y S, Wang X and Yu Y. 2020.Remote sensing image
change detection method based on deep neural networks. Journal
of Zhejiang University (Engineering Science), 54(11):2138-2148
(CEM TRoCA, B0, T08 . 2020 JE TR EE 2 5] (38 158

ARSI 7 7 WIHT R 2 4R (T4 RR)54(11): 2138-2148)[DOI: 10.

3785/j.issn.1008-973X.2020.11.009]



1932 National Remote Sensing Bulletin

i RFER 2022,26(10)

Wang D X. 2016. The reform of disaster management system in Japan:
in view of the aftermath of "March 11 East Japan earthquake.
Nankai Journal (Philosophy Literature and Social Science Edition),
(6): 86-92 (F B . 2016. H A5 F & HAA Gl ke - 0F 5%
“3 AR HACKHER T A . T AR T A 2 FE R, (6):
86-92)

Wang L T, Wang S X and Zhou Y.2010. Urgent monitoring and analy-
sis on Yushu Earthquake using remote sensing. Journal of Remote
Sensing, (5):1053—1066 (Em% IM%‘? JAZ . 2010, 51 T
b 72 A T N 2 I AT R A, (5):1053-1066) [DOL:
CNKI:SUN:YGXB.0.2010-05-018]

Wang H L and Bai R Z. 1992. Monitoring ground temperature anoma-
lies in earthquake areas with meteorological satellites: a case study
of two earthquakes in Datong, Shanxi Province. Remote Sensing
Information, (2):6-7 (74, H B . G TR N HbRR (X Hh
TS LA LL P R R R R 1) . 3 L, 1992(2):6-7)

Wang L. 1988. Discussion on regional crustal stability in Yingkou area
from the structural interpretation of remote sensing images. Land
Resources, (4):74-82 (LT . 1988. M i& B % A #4) 15 f# PR 118
B X X b e e M . B, (4):74-82)

Wang M, Wang J, Jiang Y and Ma X B. 2010. The earthquake survey
of geological hazards and spatial analysis in Wenchuan County.
Journal of Geo-information Science, (4):480-486 (L4&, L%, 1L
S5 2010, 01| AR 5 9 5 3 SRR S 5 s TRV RFAE A3 AT . R A
BBl 22 224, (4): 480-486) [DOI: CNKI: SUN: DQXX. 0.2010-
04-007]

Wang S. 2015. Research on Earthquake Induced Landsides Extraction
from Multi-source Remote Sensing Data in the Wenchuan. China
University of Geosciences (Beijing) (5§ . 2015. 3T £ JF 12 &%
B B 01 H R R AR B R T L ALt v I R
(&[#79)]

Wang T L and Jin Y Q. 2012. Post-earthquake building damage assess-
ment using multi-mutual information from pre-event optical im-
age and postevent SAR image. IEEE Geoscience and Remote
Sensing Letters, 9(3):452-456[DO1:10.1109/LGRS.2011.2170657]

Wang X Q,Dou A X and Wang L. 2015.RS-based assessment of seis-
mic intensity of the 2013 Lushan, Sichuan, China Ms7.0 earth-
quake. Chinese Journal of Geophysics, 58(1):163-171 (?ﬂ?éi,
SEEZE, THe. 2015, 2013 4F U 1T 1 7.0 S it 72 £ 3 Rk b
fili . MERFI2EAR, 58(1):163-171)[ DOI: 10.6038/cjg20150114]

Wang Y, Wang X Q, Dou A X, Sun S M and Fu C. 2012. Object-orient-
ed remote sensing data classification method application in earth-
quake damage rapid extraction. Recent Developments in World
Seismology. (6):1-5 (T2, FHET, 5528 . 2012, [ 8] X 4 i &
IR IEAE R F PR R B A N L E PR R B, (6):1-5)
[DOI: 10.3969/j.issn.0253-4975.2012.06.288]

Wang X Q, Dou A X, Sun G Q, Ding X, Wang L and Yuan X X. 2013.
Intensity assessment of the 2010 Yushu M7.1 earthquake based
on synthetic seismic damage index. Earthquake, 33(2): 1-10 (L%

W, S, INET, T, T, 2/ME. 2013, BT LR E IR
B A b AR B R R RPN AF 5 . HhAR, 33(2): 1-10) [DOL: 10.
3969/j.issn.1000-3274.2013.02.001]

Wei Y M, Li J N, Chen Y and Gao J F. 2021. Research on optical re-
mote sensing characteristics of coseismic surface rupture of differ-
ent types of seismogenic faults. Quaternary Sciences, 41(6): 1513-
1531 (BLK W], 2280 M, BRE, B R 2021, AR AL R R )2
1y ] 5 b 26 T SO~ SRR AR R 9 . 48 U2 F ST, 41(6): 1513-
1531)[DOI:10.11928/j.issn.1001-7410.2021.06.01]

Wen X, Zhou B and Yan C H. 2014. Building damage detection based
on object-oriented classification method--a case study in Yushu
earthquake. Seismological and Geomagnetic Observation and Re-
search, 35(5/6): 134-143 (3CH, JEDR, Tal 16 . 2014. 3853255
TEAE SR T AR I (% 107 FH (LA A0 b 722 Sy f81). b o i 7 0
M5 8F 55, 35(5/6): 134-143) [DOIL: 10.3969/j. issn. 1003-3246.
2014.05/06.025]

Wu M C, Liu J and Cosgrove J. 2014. Modelling of Yingxiu - Beich-
uan fault zone based on refined DInSAR data of 2008 Wenchuan
earthquake. Tectonophysics, 630: 193-207 [DOI: 10.1016/j. tecto.
2014.05.024]

Wu H J, Guo M Z and Zhang J. 2006. Application of remote sensing
technology in the field of earthquake prevention and disaster re-
duction. Earthquake Engineering and Engineering Vibration, 26
(3):267-269 (M lf, SBHAER, 5K . 2006. 8 EHE AR TE B 728 T
SR R L MR T RS TR SN, 26(3):267-269)[ DOI:10.
3969/j.issn.1000-1301.2006.03.074]

Xing H L, Jiang T and Li W Y. 2005. Key problems on developing and
revising the urban emergency response plan of destructive earth-
quakes. Earthquake, 25(3): 115-122 (J i 2, ¥, 2= 2
2005. 3 T BRI P 4 R 0 20 TR 14 i ] A5 48 T R . R,
25(3): 115-122) [DOI: 10.3969/j.issn.1000-3274.2005.03.017]

Xu CJ,Lin DL and Wen Y M. 2010. Extract and Analysis Surface De-
formation Caused by Wenchuan Mw?7.9 Earthquake from InSAR
Data. Geomatics and Information Science of Wuhan University,
35(10): 1138-1142 (F A, MR, M7 % . 2010. FIH InSAR
By 0 DO bR IB AL G B IO 43 A7 . i DUR A R (R
Ji0), 35(10): 1138-1142)

Xu J H, Nie G Z and Liu W Q. 2010. Multiple and Heterogeneous
Earthquake Disaster Information Classification and Code. Journal
of Catastrophology, 25(B10): 286-290 (#xHIF, Bk Ak, XA K .
2010. Z ST TAF 4328 H 9w BIEsE . K E2#, 2010, 25(B10):
286-290)[ DOI:10.3969/.issn.1000-811X.2010.21.062]

Xue T F. 2017. Earthquake damaged buildings extraction from SAR
images using change detection technology based on multiple fea-
tures. Harbin: Institute of Engineering Mechanics, China Earth-
quake Administration (B¢ 1% K. 2017. T SAR 45 HEAS A AG
PO S AR T 5T . W KT T [ R R TR T 25T )

Xue T F, Zhang J F and Li Q. 2016. Extraction of earthquake damage

buildings from multi-source remote sensing data based on correla-



2R A T [ MR IV 2 0 A RSB, T BUIR K a Hair 1933

tion change detection and object-oriented classification tech-
niques. Acta Seismologica Sinica, 38(3): 496-505 (f¥ 5 &, 5Kk 5t
7;? ZE0R . 2016, BETAH OGS AR D 55 1 1) X 2 3 ZE BRI 2 U8
12 % PG R R AR BRI R 2 4, 38(3): 496-505) [DOL: 10.
11939/jass.2016.03.017]

Yang Z and Cheng J Y. 1993. Survey of earthquake disasters by air-

borne remote sensing in Nanchang and Gengma Area. Remote

Sensing for Land & Resources, 5(1): 17-22 (1 &%, #& K Wi . 1R
o ——Hk T3 7= I A A2 18 R A L R b PR IR, 1993, 5

(1):17-22)[DOI: 10.6046/gtzyyg.1993.01.04]

Ye X, Wang J and Qin Q M. 2016. Damaged building detection based
on GF-1 satellite remote sensing image: a case study for Nepal
Ms8.1 earthquake. Acta Seismologica Sinica, 38(3) : 477-485 (It
Wy, £42, ZHB]. 2016, 2T @70 — 5 TR B AR 1 519
e T ARSI 5T /K M_S8.1 Hb 7= A ] . i
AR, (3):477-485)[DOI:10.11939/jass.2016.03.015]

Yonezawa C and Takeuchi S. 2001. Decorrelation of SAR data by ur-

ban damages caused by the 1995 Hyogoken-Nanbu earthquake.
International Journal of Remote Sensing, 22(8): 1585-1600 [DOI:
10.10.1080/01431160118187]

Yonezawa C, Tomiyama N and Takeuchi S. 2002. Urban damage detec-
tion using decorrelation of SAR interferometric data//IEEE Inter-
national Geoscience and Remote Sensing Symposium. Toronto:
IEEE: 2051-2053 [DOI: 10.1109/IGARSS.2002.1026441]

You Z B. 2016. Analysis and reference of emergency response to Ku-
mamoto earthquake in Japan. Administrative Reform, (8):3 (i
K. 2016, A AE A Hb 72 N 2 0 773 BT B A1 M L AT R B
2016(8):3) [DOI: 10.3969/j.issn.1674-7453.2016.08.013]

Yuan X X, Wang X Q, Dou A X, Dong Y F, Wang L and Jin D J. 2012.
Terrestrial LIDAR-based 3D modeling analysis of surface rupture
caused by Yushu earthquake. Seismology and Geology, 34(1): 39-
46 (E/ME, TIEH, 2R, H277, T, &M%, 2012 5T
B TAT LiDAR B b 752 b 2 1 24 14 = 2k el 443 . b 72 B 5T
34(1): 39-46) [DOI: 10.3969/j.issn.0253-4967.2012.01.005]

Yusuf Y, Matsuoka M and Yamazaki F. 2001. Damage assessment after
2001 Gujarat earthquake using Landsat-7 satellite images. Journal
of the Indian Society of Remote Sensing, 29(1): 17-22 [DOI: 10.
1007/BF02989909]

Zhai W, Shen H F, Huang C L and Pei W S. 2016. Building earthquake
damage information extraction from a single post-earthquake Pol-
SAR image. Remote Sensing, 8(3): 171-185 [DOI: 10.3390/
rs8030171]

Zhai W. 2016. Acquisition of building seismic disaster information
based on single phase full polarization SAR image. Earthquake
Research In Shanxi, (1):19-22+45 (25 . 2016. 3T FLif A 4
b SARFUAR WY W8 F (7 SR I ILVEHLAE, (1):19-22+45)(
DOIL:CNKI:SUN:SXDZ.0.2016-01-006]

Zhang D C. 1993. Preliminary study on visual interpretation marks of
building damages caused by earthquakes on aerophotograph.

Earthquake, (1): 26-30 (7 f8 A% . 1993. @R YR E M= A H

WANEAR BRI . HRE, (1): 26-30)

Zhang H Z, Wang Q, Zeng Q M and Jiao J. 2015. A novel approach to
building collapse detection from post-seismic polarimetric SAR
imagery by using optimization of polarimetric contrast enhance-
ment//2015 IEEE International Geoscience and Remote Sensing
Symposium (IGARSS). Milan: IEEE: 3270-3273 [DOI: 10.1109/
IGARSS.2015.7326516]

Zhang J F, Xie L L ang Tao X X. 2002. Change detection of remote
sensing image for earthquake damaged buildings and its applica-
tion in seismic disaster assessment. Journal of Natural Disasters,
11(2):59-64 (k3 4z, WHALSL, PIZLHT . 2002, SR 18 I F
BRI 5 R E DAL . AR K E R, 11(2):59-64) [DOL:
10.3969/j.issn.1004-4574.2002.02.010]

Zhang K X, Ye H L, Zhang H J and Yang S Y. 2019. Analysis on rock
slope failure and dynamic response induced by earthquake.Quater-
nary Sciences, 39(6): 1514-1523 (K B2 4%, MK, sk 1b7%, #i
Ha . 2019, HUREAF Ko oA UL SRR K Bl g v 137 23 A . 45 0 8
7%, 39(6): 1514-1523) [DOIL: 10.11928/j. issn. 1001-7410.2019.
06.18]

Zhang W'Y, Qin K, Zhang C C, Yang L N and Ma R F. 2007. On fea-
ture extraction from remote sensing image based on knowledge.
Geospatial Information, 5(1): 66-69 (3K CJT, Z& B, iKW A, BTN
I8, ThAE . 2007, BT A 8 R EH G RO BT . M
B A [ {5 B, 5(1): 66-69) [DOIL: 10.3969/.issn.1672-4623.2007.
01.024]

Zhang Y M. 2012. Object-Oriented Classification of Polarimetric SAR
Imagery Based on Polarimetricand Texture Features. Shandong
University of Science and Technology(5K i # . 2012. @l & #z1k
FISCHRFIE B SAR SAARIAI 0 X 50328 . I ARBHE )

Zhao F J and Zhang L. 2009. Object-oriented method for extracting
seismic disaster information using remote sensing images—a case
study of Wenchuan earthquake. Earthquake, 29(S1): 130-138 (i#X
FRZE, 5 . 2009. T 1] X 4 14 38 84 35 A5 BB IO i —— LRI
JIHLEZ R ] . 15, 29(S1): 130-138) [DOI: 10.3969/j.issn.1000-
3274.2009.21.018]

Zhao X Y, Hu K, Burns S F and Hu H T. 2019. Correction to: classifi-
cation and sudden departure mechanism of high-speed landslides
caused by the 2008 Wenchuan earthquake. Environmental Earth
Sciences, 78(10): 301 [DOL: 10.1007/s12665-019-8287-z]

Zhou C H, Du Y Y and Luo J C. 1996. A description model based on
knowledge for automatically recognizing water from Noaa/Avhrr.
Journal of Natural Disasters, 5(3): 100-108 (J& & &, ¥ = ¥, 3%
S . 1996. F£ T ALY AVHRR SEARIG /KU 1 Shir 7 ik S
HIRFSE . A RK E2FR, 5(3): 100-108)[DOL: CNKI:SUN:ZRZH.
0.1996-03-015]

Zhu B Q, Wei C J and Zhang Y Z. 1998. The quick extracting of earth-
quake disaster data by aerial remote sensing survey. Journal of
Natural Disasters, 7(1): 34-39 (AT, 2L, SKIHE . 1998. it
75 18 AR I (5 B DB R . [ AR TR FE 4R, 7(1): 34-39)
[DOI: CNKI:SUN:ZRZH.0.1998-01-005]



1934 National Remote Sensing Bulletin i & 523k 2022, 26(10)

Application and trend analysis of remote sensing technology for
earthquake emergency investigation

LI Qiang',GENG Dan’,ZHANG Jingfa', GONG Lixia'

1. National Institute of Natural Hazards Ministry of Emergency Management of the People’s Republic of China,
Beijing 100085, China;
2. Twenty First Century Aerospace Technology Co., Ltd, Beijing 100096, China

Abstract: Earthquakes are sudden natural disasters that cause great loss of human life and property. However, starting an emergency
response and carrying out rapid assessment of the disaster situation during the first few moments after an earthquake can effectively reduce
the damage caused by the earthquake. Space Earth Observation Technology plays an important role in earthquake emergency because of its
macro, fast, and wide coverage. With the continuous development of space earth observation technology and data processing technology,
scholars worldwide have conducted several in-depth research on the extraction of earthquake damage information in the remote sensing
emergency process. However, in actual emergency operations, a universal workflow does not exist. To promote in-depth and real operational
efficiency of remote sensing earthquake emergency work, the problems in remote sensing emergency work are analyzed, and the future
development trend of remote sensing earthquake emergency is put forward, so as to make the application of remote sensing technology in
earthquake prevention and disaster reduction efficient. The timeliness of remote sensing emergency to a certain extent affects the efficiency
and accuracy of decision-making that is vital in emergency assistance. At different stages of a disaster, the demand for remote sensing
images, such as spatial resolution and time resolution, varies. In view of the application of remote sensing technology in earthquake
emergency investigation, we analyze the application of remote sensing technology in the process of earthquake emergency by means of a
literature review. According to the classification of optical remote sensing image and SAR image, we analyze and introduce the methods of
earthquake damage information investigation using different type of remote sensing images, such as supervision classification, change
detection, and depth learning.

In the recognition of earthquake damage information, high-resolution optical remote sensing images usually only use their spectral
features, ignoring the application of spatial distribution features and geometric features. Traditional pixel based classification methods are
easy to contain salt and pepper effect in the classification results, so it is necessary to develop object-based multi feature knowledge driven
classification technology on this basis. Therefore, the method of combining object-oriented analysis and knowledge integration will become
the mainstream method of earthquake disaster extraction and evaluation in the future. For SAR images, the seismic damage evaluation of
single temporal SAR images mainly focuses on the average seismic damage evaluation in blocks, and there is less research on the imaging
mechanism, feature performance and information extraction of single buildings. After the earthquake, the earthquake damage targets are
complex and diverse. In order to fully realize the automatic extraction of earthquake damage targets based on remote sensing images, it still
needs the continuous improvement and development of the algorithm. Traditional change detection methods are mainly aimed at the same
type of sensors. The effective combination and interactive utilization of remote sensing image data from different sources is also the
development trend in the future. The characteristic information of earthquake damage targets with different degrees of earthquake damage in
remote sensing images is also different. The feature-based object-oriented change detection method can make full use of the feature
information of the image and effectively improve the accuracy of seismic damage identification. Therefore, the focus of multi temporal
image change detection is the effective application of spatial features in object level change detection.

We then summarize the existing problems and discuss the main difficulties faced by remote sensing earthquake emergency and the
solutions from three aspects. Combined with real-time orbit data and practical work, the paper analyzes the future development trend of
remote sensing technology in earthquake prevention and disaster reduction from the aspects of multi-technology combination of intelligent
disaster identification, multi-source data collaborative analysis, and development of agile satellite. Through this approach, we promote
remote sensing monitoring means to provide dynamic, real-time, and continuous space information emergency service, and improve the
rapid development of earthquake emergency work response, refinement, and business application. This research can provide a good
reference for the scientific research and business application of multi-source remote sensing technology in earthquake emergency
investigation, and give more efficient play to the applicability and level of remote sensing technology in earthquake prevention and disaster
reduction.

Key words: remote sensing, earthquake, emergency investigation, emergency special products, earthquake damage information extraction
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