M % B & 2016F F£61% % 2829H: 3163 ~ 3171 é-\(q:*jr%) SRl
SCIENCE CHINA PRESS

B HOG DT e i B Y

AR, TA, KIF, HE, HRE
Jemt R Eky &, JLat 100871
* K& A, E-mail: zhaoyh@pku.edu.cn

2016-03-17 Wi, 2016-06-19 14 [a], 2016-06-20 257, 2016-09-18 M2 Tk 3

e ZBRAINEREHSEKRETE, BHRNEXMTKENETENRZ —. EXBEREXE L ANEFEN
BACH SR R e AKE E RN AR A VT B RS N R &, AU A R AR
£ 7201541 An5 A by W B AL E Sk, BT AR X T R R G AT R R RS AE Y. LB ELE
50 cm, EEH KL E AW AHEF T WA RME, BHEZHZLHTEN, ERIKES. 563 HHEE.
KERAEE R FERIIM R T ik, RANIET MV ER R ROLY B 5 T HHAFAE F AL, KA B AL 1 4
— AR F B, AT REFGEEE, KERRUERMA, FIHTEHBRELEAN AN T mALE L
B, REARWBER B QAE, BT NIAE LR, REETHEZEEA, BIiET o7k daRE. &% RE
BHMERGART, 27 EREHE., ALK, REZEGLELR. TRRRAREHBEEHEL, ARETH

H#HE.
Kkl

P BB R e X D — o b K E T 2. B
HKER s E KB, =W g msnib Tk
B A, XU R E R RS 2 aa R et W
IS A A A ) R = e D 39 5 b SO U ) A B K
FBZ—, JA/NFIE NP T R TR RS 2
it A [ T 2K % 2 W T 9. it 8 A T W ke v
$BE AR 1) b, 2 AT 0 At A O A = W A
W A EALER AR A [ Sh i 4if . TDREIA |
AR WAL R A B AR R
FEHE M7 A GPSHE AR . A LA R IA T I
(INSAR)HE AR | HEAR I 1 4.

P fih 25 2R FH A FI AR F B R A LR
JUR. A S 4 U 00 R S AR I
S AN A b, BT RE R IAR AR . A
fAT B . AN A2 KA AR, LIRS B T 35 0.2
mm. {E S A7 20 AR A PR, A R ) sl i

Sk, BNRIER, MARUHE, ¥, BERRERETE

AU &30, sl 5% (time domain renectometry,
TDR)J&:— i i 5 s 00 B AR 9. TDRE A B 76 1
ST R A )z N Al R R M A, PR
JEAE A SN, R R R . A 2 OGER
R B  S A i TR - kP A R 2 % W | BUR L LR L)
G0 B2 A St R A S, RIS AN R (5 S
(RN 23 (8143 A RO 2 P s s v, R B
PESEAE | BT R B LA A 4
SR 5 A E ik | CCDR AL AL A AL I i AR
WR RS, Je—FRe O AT A S R . R
HEURIORS 0 B F AR IR 3RO B L BB . =2 Ak AR A
TG %55 BB BE R 7 A . SR I ML 2%
NBEHEAT A Sh Pk W, HAT B RchEam . WERS &
SRR, IR T IR BRI L Ak TR,
A X 4 - R TR0 AT — 0K

X AR Oy e, 2k E i R4 (GPS) &

SURRER: BOKLT, BT, SR, S5 MBCAAR R i e T Y. B4R, 2016, 61: 3163-3171
Zhao Y H, Wang H, Zhang Q, et al. A study of landslide deformation field with digital correlation method (in Chinese). Chin Sci Bull, 2016, 61:

3163-3171, doi: 10.1360/N972016-00351

© 2016 (PIERIE) Atk

www.scichina.com  csb.scichina.com




4 % B B 2016F 108 H61% £28294

R TR 2 0 B bR SR A L, IR A 2
K. IR BRI AE 2 Hu T 52 Wi 5 DL RS R
e, B 22 FH T FOXH I B A R S0 At A )
FEELREAR, HEE R RN s, & lfLE
i R ) — b T R AL ) el ik
BHEAR, BRI L InSARTy 0] LAFRIN 31 2 K 18 2 11 b
AR Ak, %4 R T B R $R It L GPSH R ip 15 2 1) ==
()43 HE, 45 A TAg e R A B W o . s . B
T A B b 44 | b T 57 B 6 M B 0 ) W AR,
Je R 2 XK BE [ R, E AT InSARMRS FE AR T
GPSHY LIS R, H A .

DA 4% A W Iy 32 AR SR P 224 Hh 8 4 dle a5
Jar FR MR DL ZR 1.

AR SCAE W 3 W U AF 5% ik Y kL, K AR R DU
Tty ek O P ) X6 H e W sk A R AU, KR
T — P LT RS K B R AE DT HC B T B B 1 37 5K
k. BRI R EAL IRAIHLAE G R S S A X Bh
A Y B A2 Sl BRI A, A5 2 e A P 8 A
%5, IR BT B S AL B BT gk 47 43 DL 3RS
fEE R I SRS s LR | AR ST AR
A St X e A XA RN VDR T B G W, 53 T
W 19057 7% 37 6 At 1) %) 28 AR RNV B Ok L 3% ik AR R
T T35 1 R e RN s R IRl U, LI Y L DN,
R 4 R L BRAE St w8, LI AR
I . B b By ik B PR RS, 4% RIS A TR AN T
1822 g (a2 gy 52T gy el RS
S5 AT W)

1 FET PG R BERFAIE VL AL Jj 123 5R MR 35 Aor
(2]

PR JE AR D e 2032 iy B A SRR B F 48 3
ROLEL, P IEURE M M5, RITHRATT 14 T4

F1 BERENEARGTE

Tablel Comparison of slope sliding monitoring methods

5o A AR ST E . A PN 5 B AH 5C R B0 AR
EANTRAIE LU E [F) 44 5. RS2 IR b ki —
A ZI R P, LUZ s L, PIE —H T
DCTC Y 3 A7 12 s K B R AE 1 RTAR S, e H bn R b
P A2 b Ji Bl 24> i, D03 5 R/ — 20 T IR
BCHY 5, THEARIgE] YA OC R 8. 4 R BT A /Y
AR Dt e, A 5 AR R RE A BT A 1Y
37 B PRiE HARER P B2 8 Q. JH TR
EGOPAEW I s

- > 5 (f-1)(g-9) "
L1235 (9-9)

S, RGP P T D 9 7 PR 1
P LA b X 9 0 ) — A £ 1 S [X
R PR AT R DE T, 1 0 A 4 0 it
Bl ELVACR e A5 TR R o ¥ IR 19 R 4 4 AR I
WX GASTE G L G R — IS, ST RS %
1%, ASTIGFR EARES, S EHL b B4 B3 AT
[ DX S AT 4 22 DS S, AT A5 30 4 | 5/ 5

ASTEAS B, BIAETE 33349,

2 BRI R4

EMADBEW YA F RIS T4 R, &R
110°35'42.4"E, 4 H130°58'03.9"N. 5% X Ky Fi A}
M2, A2 R IR100° £ 25°, & 10 5 2 ok sk
MIRMEMZE, BRI R, W2 EMH Y R
KAASEE, Ka3HA, r R0k 155°~160°
£ 75°~85°, 210°~225° /£ 60°~70°, 20°~40° /. 65°~70°.
RN IR M A S 2 i 405 m, FTZ i AR140 mLLF,
WA AR DA E SIS N R, S
20°. #AK400 m, $E700 m, SEYJEREELS m. B
VR U I 0% b A Y PR DL PR AR 2, BNV T A e DR

Wik SE R 5 R miﬁA‘ ;g ‘ﬁgim
GPSILI U R HAFIGPSIE S o Al A T
INSARI WL DR R TR G RUIK i i i
PO B ARLEGIE R R, TSRS A, LA B B i
(DI R I B R, TTIASEI S TR 1 i i
DRV VAT B B AT A1 % i T
HE R VA AT TG SR I fi T

3164



BRI E Al 5 T S T A5 B

Q__25 50 75100m

2z

B 1 (2R () RNE I 5 e 2
Figurel (Color online) The contour map of the Woshaxi landslide
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Figure2 (Color online) The sectional view of the Woshaxi landslide

3165



4 % B B 2016F 108 H61% £28294

Bl 3 (PZERUR )RR LB M ISR MR . SEZR TS5 PR SRR R S 3
Figure3 (Color online) The original image captured by camera. Regions blow solid line are the landslide and secondary landslide
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Figure4 (Color online) The original image captured by camera. (a) Reference image (obtained in April 21); (b) target image (obtained in May 23)
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Figure5 Thedisplacement fields of landslide. (a) u field; (b) v field
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Figure6 The displacement of the Woshaxi landslide in 4-5, 2015. (a) Vector field of displacement, (b) contour map of displacement
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A study of landdlide defor mation field with digital correlation
method

ZHAO YongHong, WANG Hang, ZHANG Qiong, XIE YuQing & YANG JiaYing

Department of Geophysics, Peking University, Beijing 100871, China

Landslides are one of the main geological disasters that persist in the reservoir after the completion and dynamic water
storage of the Three Gorges Dam, and it is a threat to the safety of the residents along the river and shipping. The
increase of landslides around the reservoir is affected by the yearly cycle of impoundment and flood water discharged
from the dam, and precipitation, etc. Hence, monitoring the reservoir accurately and timely is one of the essential means
for preventing disasters like landslide in the Three Gorges. In this work, we apply the photogrammetry method to the
field of landslide monitoring on the basis of previous methods. We develop a solving method of landslide displacement
field based on the image gray feature matching. First, image capture equipment like camera, vidicon is utilized to
photograph the dynamic and static fields or movement process so as to obtain the time series images. Then kinematic
variables like position, velocity, acceleration and deformation variables like displacement and strain are calculated by
analyzing the images with digital correlation method. The essential idea of the image gray feature matching method is
based on the viewpoint of statistics. Images in this method are treated as two-dimensional signals for searching
corresponding match between signals by using correlation method. We can match two images around the same site
before and after the landslide and obtain the displacement of this point. The Woshaxi landslide of Zigui County, Hubei
Province is chosen as the study object, and we obtain the displacement field over time and the displacement vector of the
landslide. The overall displacement is up to 50 cm, and the value and direction of regional displacement of the landslide
surface are not completely the same. The overall landslide surface move rightward in the horizontal direction, and dlid
downward to the river in the direction vertical to the flow direction of the river. The vertical displacement is relatively
larger in comparison with the horizontal displacement. Therefore, landslide movement is a non-uniform and non-rigid
body motion. By integrated use of the speckle method, gray feature search and other related serial methods, we succeed
in dealing with landslide problems like small deformation relationship and large displacement movement. As a new
observation method, this method also solves problems, such as the registration of collected images and the peering of
gray level. We calculate the variation and direction of displacements of all points on the landslide and obtain the
distribution map of the landdlide displacement. The error in the indoor calibration test was within the acceptable range,
which verified the validity of this method. The measuring method of the landslide displacement field proposed in this
work possesses advantages of whole field, non-contact and flexible monitoring range like the traditional photogrammetry,
as well as other advantages such as large deformation measuring range, good adaptability of environment, etc. Compared
with the traditional point measurement method, this method may not only obtain displacement data of more landslide
points, but also monitor the global deformation of the landslide and observe and predict the whole movement behavior of
the landslide. This method bounds the observation range to every specific landslide, has higher displacement resolution,
and is unconstrained by weather condition, attitude angle and flight cycle relative to the photogrammetry based on
satellite images. More importantly, the cost of data acquisition is relatively low in this method. We can set up cameras at
landslide points and realize unattended data acquisition and analysis, i.e., autonomic monitoring and early warning of
landslide displacement. Consequently, this method has a good application prospect.

Three Gorges, Woshaxi landslide, correlation calculation, displacement field, image gray feature matching
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