36 % 4 &K
2021 £ 8 H

T AR 5 M H
REMOTE SENSING TECHNOLOGY AND APPLICATION

Vol.36  No.4
Aug.2021

5] A # 3 :Du Yankai,Gong Lixia,Li Qiang, ez al. Earthquake Induced Building Damage Assessment on SAR Multi-
texture Feature Fusion[J].Remote Sensing Technology and Application, 2021, 36(4) : 865-872.[ £t WF JF , 381N £ , 2=

5L AE T 2 SO AL YRR IS SAR R EIR & 5T fF

DOI1:10.11873/j.issn.1004-0323.2021.4.0865

ET 2y ESIEMaENE

BARECT ] R AR5 R, 2021,36(4) :865-872. ]

J& SAR B &

BRE G E RRE

AT, W, F

(BB AARAREG EHRE, LT

BWE .4 xILBETFE(SAR) R

% B

L REA
100085)

(%

AR AEI M A VLA SARBIGE P E SR8 EEREHR

M BIRIEAE P RAET TEAFA . A3 SAR B P 5138 2 A SRS AR $ AR e R B R BAK, B4k 4
TETAWFE A Bl —FETFTIRSSNUSARBL SR BEF S, EF ik, ZHhFLATAEL
FH RELEESE BHIFAAEX Gabor ERK BRIRT 26F X HAFIELZE MELT RS> T T3

T % Ye s AEh i 5 16 Y gk b
i’&){aﬁff’ iR T Z A R A AU,

, 8 3T R AL AR AR \5’%;%?&51% Mg EIRAE B, A 2016 5 B AR K
URITERPOEE

ik 79.85% , 180 38 13 S 4 08 R B 2R A BT

ﬁ%ﬁ%%%ﬁ%iﬁﬁﬁ%ﬂﬁﬁﬁ%&%ﬁﬁﬁ%ﬁﬁé&m%ﬁﬂ%@E%m EZE

2 B8 Pk IR I,

X # O WEBEBIE AN SAR;,

hE 42 S .P237; TP79 NERFRE A
1 3 =

AT AR, B BB B R B AN W R R o B R
AL T I (SAR) SEAF HE 4 K 90 i P o A A
LBl N T AR DX SR A DR 0 (Y R O A
HPEAG SR, T RS TE SAR B 9 RRAE (R
BB L, SLPr I v B T 22 SO AIE 72 4R B {5
BLTCATIE 5, TR B85 R A IR A5 ) T % 15 e e

H T SAR B8 B {8 35 22 509§ B 24 2
AR PG A A A I 5 5 s R R0l £ RO A g vk o
T SAR EE 19 Z I M1 F {5 BARBUE 5L 15 B A8
FE N ANE ARz N . e, R TS ) o6 R
ARG AR AR T 428 4 & SAR AR R H Y
A I e WA O R — S I TR
i Ji SAR AR b AR TL AR 5 K9 %) 752 7 2 SR )

Y #5 B #8 : 2020-05-19; 81T H #3:2021-06-15

% I AFAE s Ry AT
X EHE.1004-0323(2021)04-0865-08

FrAG I 7 5 2 58 AT H AR BEAS M RE () ALOS-2
PALSAR %4 , 5 T S0 38UARRE 32 543 1 AH OGP %
B = FAT B AT AR AT I, AR5 S b 3 A Ei i B
PRICEE H A 53 0y WA B0 Ry 57 m () B | L 4R JOKS
FEIR#) 87.2% o I Z B A SAR £ 40 £ B i) 72
AFUYAT BALAE e {2 B T DUERAS A R
P, (A5 RGBT S o T EAR AR R S SAR £
it L 2 B A SAR 4 TE By 4R B, Ak B RS AR
[ IN=1

K FH B A SAR B R BGE F &Y E BN
FIEAREZ Hodp 3 T SAR 5 e BEAFRAE ) AL
FRAE 14 15 248 Uy v 2 N o 22 i R R O ik
X T SAR G i 155 2 5T, SO ARAE AR AL
T SRR T Ry Y ST S H AR AE 4 AT R S
= S mT D B 6 SR ) R s PR

EE TR - [ HhE s #5815 098 0 S 9N 25 M RHIE B BT 3 AR RHIF Al 55 & T 9% B 35 B (ZDJ2018— 14),

EZ @A UEITF(1995—

WIRAEE : 2200 (1981—), Zo, WIALALBR A, RIBF 5 5, E 2 S50 40 B8 SAR (G AL AR & ik

E-mail: xiaolongzhul900@hotmail.com

) e T L W A, E AR IRGE F TS A SY . E-mail: du_yankai@163.com

)TE R AR B RN B vk 5 8 O T B E R



866 &K

R 5

36 &

HH SAR BRI BUR FH BN EEAR T M Z —,
15 7% 3 QU AR B R GE T o3 B b w5 TR O K
A BE(GLCM) |, i A7 K B 17 B 5 IR B 5K bl
L (MRF) | Jry # — {4 X (LBP) Lk K Gabor i
WAL ZRCFHRAET GLCM A LU BLERAE 4 Hr
iR BUE FE &Y s E B, B, Poli
R GLCM J5 HIE B T 3% F 24> U R 1E 42
HURCRE HE B — () SCHRRRAE 32 BUSCR 4 Gong 45195
FALNRE G WKk G SAR A%, R85 & #5194
JEE B, SR 4 A — B 8CH G5 T R AE N 8 A B SC BE
GETHERAE , 43 50058 14 SVM  KNN | RF 4325 2% 12 S
FHF YA B R A 8] 80% VL I BR A T
A0 T E B 5 RadarSat-2 3048 f1 4R H A 2
Je B ALOS—1 504l A7 52 56, 38 i i Ak o3 it s i 2
U IEDEAN R LA, 45 R o AR A B
AL B AR BE n 3k 8 74.39% LI b5 Ge FE LT
SRR SR FH BEBL AR AR 23 25 4% SR B 2015 4F 2 A
IR Z ) RE S TerraSAR-X T2 K4 v el 50 9 i 4t
S5 B, SCH0 45 BRI R A S0 B RRAE v Y 3 R (E
FbR U 22 45 S ROV AG S0 RO R4 ik T
BAFREAE B2 TR J7 3% T AR A SO BN 8 A
5% HoAth SO ARFAE 53 7 7 ik 1 22 B> . Sun 467
K 5 F g 38R AE 19 J7 35 O BE B 7 B . GLCM .
RILBP .GMRF ., Gabor JiE i #§ ) X} £ # Hb 52 (1) 75
Y E BT, 45 R 2 I TR B O A
GLCM ., Gabor JE % #% 1 RILBP [ £ 31 45 4 $2 By
BAAE, AXEFEEFYE LRI ER. B
o1 BT £ B S B AR AR B 2, R S AT R AE Al A P
W, 7 38 MUCRFAE TUAY | DT 3 AT 2 RO %

BE X A B A, D) 2016 4F H A g A HRR S 1)
ALOS-2 PALSAR 14 0 848 U6, R K BE B
.GLCM LBP Gabor g i @ 4 Fh SCH R AE 52 U7
xR E E Y E B AT SR, OF SR 3 A A
BT, FE R TE RS BE 19 [] B 3 B0 e A T0 A8 e &2 4495,
SEIA R 2 SCHRARRAE AR B Rl G 8 A Bl AL R bR
A7 43 2], DT 3K —F fie £ 1 22 S BRARRAE 43 28
O i A 3 SR A5 B s A R U SAR 52
B REERE

2 R *E

S 56 3 P A A R AR B S BRURRAIE S B
50r2 B 1R e 48 OS2 BT A7 RS A 5 e T P 41
SCue, S 1 E LT 4 R SR AR T ik 23 i) R B

AR FELE, SHA 502 MRE R BT %
P A% BB 45 R AEAT TR L s SEE 2 7R S 1 Ry R A
BRI O o BT I 2 SU PR E R LA
B BIL AR bR 23 26 19 O 1k R AT W R F A BRI
B e T8 A P A S 56 4 R 7 3 T 4R BORY 22 B SO
AEBEAT 70 Hr 28, AT A 72 3 S0 9 40 FRRR AR
R PRI, S T R IE T AR 55 [

¥

SARFE{% vy )
i g | | R e
m
4 I I
M i

| sarasimi |
% K RS JaR— Gabor
| O iR it S
iE
e | [
Jig
51 B

i
il K BESRIE

E1 MRAEREER
Fig.1 Flow chart of research method
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after earthquake
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Fig.5 The classification accuracy of the fused features in

different dimensions
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Fig.6 Damage building information extraction result
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Table 3 The extraction accuracy based on all texture

features
. LR €T .
R E A e gy St UA/%
55 8166 14 299 22 465 36.35
EN R 5782 55179 60 961 90.52
Mt 13 948 69478 83426 —
PA/% 58.55 79.42 — 75.93

x4 ETERSAMBEHESYEFIRIEESH

Table 4 The extraction accuracy of multi-texture feature
based on PCA
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Table 5 The efficiency and accuracy of classification are

compared based on two methods
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Earthquake Induced Building Damage Assessment on SAR
Multi—texture Feature Fusion

Du Yankai, Gong Lixia, L1 Qiang,Zhan Sen,Zhang Jingfa
(National Institute of Natural Hazards, Beijing 100085, China)

Abstract: Synthetic Aperture Radar (SAR) plays an important role in building collapse assessment after earth-
quake with its all-weather observation capability and rich texture information in SAR images. In order to solve
the problems of multi—texture features of collapsed buildings in SAR images, such as low utilization rate and re-
dundant feature information, a multi-texture feature classification method based on Principal Component Analy-
sis (PCA) is proposed. This method extracts 26 kinds of texture feature information based on gray-level histo-
gram, gray level co—occurrence matrix, Local Binary Pattern (LBP) and Gabor filters, constructs principal
component variable for multi-dimensional feature selection and dimension reduction fusion, and extracts col-
lapse information of buildings through Random Forest classification algorithm. Taking the Kumamoto earth-
quake in Japan in 2016 as an example to verify the effectiveness of this method, the results show that the extrac-
tion accuracy is up to 79.85%, the identification efficiency of collapsed buildings is improved, and the classifica-
tion results are superior to each texture feature extraction method and multi-texture feature combination extrac-
tion method, which can be used for the rapid extraction of earthquake damage information of buildings.

Key words: Earthquake;Building damage assessment;SAR;Multi—texture feature;Principal component analysis



