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Deformation monitoring of earth-rock dams based on three-dimensional laser
scanning technology

1,2 .1
WANG Ju”“, ZHANG Cheng-cai
(1. College of Water Conservancy & Environmental Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Zhengzhou

Municipal Water Affairs Bureau, Zhengzhou 450006, China)

Abstract: The conventional method for deformation monitoring of earth-rock dams based on a single point cannot acquire
enough information. It doesn’t consider the position and the relationship between points. It cannot accurately monitor the real
and three-dimensional deformations of the earth-rock dams. Owing to their complex structure and non-rigid character, the
earth-rock dams exhibit irregular deformation when subjected to external force. So a new method for dam deformation
monitoring based on three-dimensional laser scanning point cloud data is proposed. First, the absolute orientation is
implemented for the point cloud data series collected at different time, allowing that the post-possessing can be performed in a
unified coordinate system. Then, the cross-section point cloud data series at the same location collected at different time are
compared and analyzed to figure out the dam deformation and displacement in horizontal and vertical directions. Jiangang
Reservoir in Zhengzhou City is chosen to verify the accuracy and efficiency of the proposed dam deformation monitoring
method. The experimental results show that the proposed method is highly accurate and real-time, and can meet the
requirements of dam deformation analysis.
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Fig. 1 The technical route
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Fig. 2 Sectional contours of scattered clouds

P A 2 7] TSR R R BREAE T ] v 8RR AL



12 # £ %,

Mz p THREE 5P g« P E RS T
YEHOCHRUITR S M2 EHE AL TR, maH
P YY), BFRRIUS = p 7°F I E B AR
RN LTS AT RER, DRMORP i E ViR TT
) 22 A5 S-S BR AR T T Ey R Esy MY p AL By R Ey 2 18]
(1) A ] R A A B R i 2%

eI E R X-Z P IECT 1 E LR Y g
SLJRIEBAAAR R o T ST HGEL A S A AT o B s R
g1, 76X, Z JiEHAT =4, KL AU S ek
YRS RS, SRR A s R R R Y,
THBE A D IR R

CD Aiff o 50 T i, ) T 5 B 22 R 0% 1 40 )
MR TEAG O, AL [F) I 3 vt 35 K CR LRI, 51
TR D AN REARMERA S TS B, DA AR 5 B
TR U o 35 R 1R ) T

(2) MR¥E YRR &S R AN HR 7

TP H AL AP E, LRSS0 Y 7y Pk
R p, o

(3 WHRAPE = p, NI RSP E 1E
R, E=n-pq (nNEVENE, p NEE &, ¢ A
P E NI RD, &> 0 R RBURAE I E /2], £=0
I E b, E <O E A,

(4) S p TR p,» KW p, 7L E LA
PRANAR IS L, 7855 — b PO =0 Y i p, s AP
T B A A

(5) % p, 5Vl E RN a(x,y,z), W

X, —X V=Y z,—z N
e AT AT ol p,
z —Z,
Pi Pi

Yoo =X Vo, TV
5P E A s AR KR o

(ORI -1 E PRI (1 s . RIR P IR(4),
(5), 192 E /B A5 H o

TELE— AR & [R]— ] T A7 B0 R — i A =
B BUT A B AE B AR AR S AT R b o)
Brs U A2 AR FH VR 2% 1R 28 TR) 1 22 R B S A A i A8
AT AR TE o PN I TR B8 x AP 4% 4k 23 n) oA
& F(y,2) 5G(y,z), WAFIMLL: ¥ J 4461
BA

[ [F.9 -Gl 2)1dy

avgD, =42 - o (D

FTHIZE Z 7 1 V4425 4 iy
[ IF/(r.2) -Gl (r,2)1dz

avgD, =<4 - v (2)

X, a, b A Y HHES, H b>a, ¢, d N ZJ7N
PR, H d>co XA 0] 16 aveD, , avgD,

6. TSRO ORI LA U T 2347
BEATGE T, WURE TRIBOK PE AL Y 7 1) (AL TE
AT Z J5 AR
3 MEE5 S

3.1 REXIFEREEIERSE

H T BGUEA ST iR M E R PR R, Ik
PEABMN TR S 7K T R IEAT AR5, RIS M T X &4
6 km, HEEAGIUE LI, BUE A R KR
MUE L e iR A PR TR b BRSOk
FOE L. REEBINK 265 m, K4 K 460 m, KL
& 34.10m, WA 3.

3 KN LEHIE
Fig. 3 Planar structure of dam
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Table 2 Standard deviations of control points (mm)
P o, o, o,
Cl 0.5 0.9 0.8
C2 0.8 1.0 0.9
C3 1.1 0.8 1.0
c4 0.7 0.9 0.7
C5 0.9 0.7 0.6
C6 1.1 0.9 1.1
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Table 4 Comparative analysis of point of 3DLS and total station

. (m)
RMSE M AAbR R 2 [l [P L3 38 7 722, — S5 4
N e} #] # #3 # s "
Je ¥ 7 ZE#4E 2 mm.
=0 MERREHBSEE TLX1 -0.0009 0.0013 -0.0002 0.0007 —0.0006 0.0005
Table 2 Parameters of coordinate conversion TLY1 0.0004 -0.0002 0.0011 0 -0.0003 -0.0002
. TLZ1 -0.0001 0.0003 -0.0004 0.0007 0.0008 0.0009
Hif o ® y t t, t,  RMSE
Hi /) /) I(°) /m /m /m /mm TLX2 -0.0007 0.0008 -0.0011 0.0005 -0.0004 0.0006
31 TLY2 -0.0003 -0.0007 -0.0005 0.0003 -0.0009 -0.0007
—0.715 -0.703 46.886 940.42431806.883190.9741 2
12 H TLZ2 0.0002 0.0004 -0.0008 0.0006 0.0006 0.0007
145% 0.842 1.598 —-86.778950.44701881.943790.9258 2 TLX3 0.0012 0.0008 -0.0005 0.0011 -0.0007 0.001
6 H TLY3 -0.0005 0.0012 -0.0012 0.002 -0.001 0.0008
-0.389 0.275 73.613 946.32671864.437690.9554 2
3H TLZ3 0.001 0.0007 -0.0005 0.0004 -0.0001 0.0007
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Table 3 Comparative analysis of feature point data of different

1A {D']

sequences (m)

)f—i% #1 #2 #3 #4 #5 #6

X1 943.86691003.93011065.72041124.51511165.35471206.5112
Y1 947.4552 948.1336 950.5531 951.9546 953.2497 958.6645
Z1 994775 97.6960 96.4250 97.3729 99.4726 101.5016
X2 943.86701003.93001065.72041124.51491165.35471206.5114
Y2 947.4738 948.1568 950.5792 951.9837 953.2773 958.6823
72 994774 97.6950 964262 97.3630 99.4726 101.5013
X3 943.86681003.93001065.72051124.51511165.35471206.5113
Y3 947.4748 948.1596 950.5845 951.9885 953.2806 958.6856
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Fig. 5 Sectional view of dam
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Fig. 6 Dam deformation analysis in Y direction
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Fig. 7 Dam deformation analysis in Z direction
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