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Fig.]1 Predicted and actual displacement curves of momnitoring point 4, in Xintan
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Fig.2 Spectrum analysis of displacement-time series of point 4; in Xintan



* 674+ BERNEETREEHR 2001 4E
0.5 -2.80 l
00 | — EHH

290 -~ Wolf F i
0.5 oM BERF
295
10 [ - RBAH
e 15| — BRAHBRMEY g 3
E E ot
R 20 0
= F 310
2.5
=315 +
30T 320
35 F . L
3.25 ¥
4.0 . -3.30 . N
0 500 1000 600 700 800 900
B ¥ /d Bt [ /d
(a) XMEH (b) MMLH

B3 =AY MOIGPO3 B 5 {1 [y B ity 4% K% T it 4%
Fig.3 Predicted and actual displacement-time curves of the Three Gorges Proiect
shiplift slope at mornitoring point MO1GP03

REFARERKTRNEEARE—HFN, SLH
B TR A R Y KT RRK. BB —RREH
METTR, KEWRREHE S KLRFEE L.
4.2 ST RAMUBER SRS a0

=ik TREA MK B A LS HIE 140 m.
AEPRSERLENEENE, RATHBEXPA
BTFHKERE, FETTR2UN. £aB8t
MO1GPO3 fiBAFAHILK 99 m HEDE L, H
1*]U S ZE 1996 4E 4 H~1998 £ 7 B-{ BB B HE
thek 0 B A28 A iR (BK 10 B 3@ R.
ZHEL MR ATE, RENFBIICEE AT,
AR AR TR AR T B RN AV M T v 5] ) BBk A 4R
ZEEBMER. B -1 d, BB EFSIHIE
640 4, BLXZHBIEFSIHAT FFT ik, BIFY
A 7=320, Wl 4FR. Mm=3, r=2r", B
NESER T H B K Lyapunov 3§28 4, = 0.007 4 >
0. FHFAPMSIBEETER Wolf Fikstixmt Frif
T 200 LM FE. EEREHTRRRAHB i
L e R E 3R, BAERWK 2 Fiw.

AEHIRE, DNEERT RO Wolf
TiEmE, BHHEREERD . ZRHEM Lyapunov
FE¥1,=0.0074, AT BB KFUREE N T,= 14,
= 135(d).

5 & #

ALt E Lyapunov 85U &£ E Wolf 77

14
2 ﬁ
10 f \\
|\
w ® AN
& ! \
6 f \\
| \
f
4 f \ ;l \
F\
2 § \‘]
. !

0 02 04 06 080
L EY A 34sd
() -t (&) J& -k B i %
B4 =#FARHLRILIK MO1GPO3 B S AL B FF 5153 43 47
Fig.4 Spectrum analysis of displacement series at
monitoring point MO1GP03

2 ZAFKRHNELH MOIGPO3 NANB
RN RE(NERSE)
Table2 Comparison of calculated and actual
displacements of monitoring point

MO1GP03 mm
& fEl/d LM RME HXRE%
641 -3.2738 -3.2737 0.003
642 -3.2651 -3.2650 0.003
643 -3.2564 -3.2563 0.003
644 -3.24717 -3.2476 0.003
645 -3.2390 -3.2389 0.003
646 -3.2304 -3.2303 0.003
647 -3.2218 -3.2217 0.003
648 232133 -3.2132 0.003
649 -3.204 8 -3.2047 0.003




B20% %S5

PR, T Lyapunov SR BU B MBI B IS

* 675

AL RS, JFEMER B TIRIR A B
W, HEHBRE. XMTENERLERZETUE
BV FMERBITERMA T, ERFUTMRA:
() EHFERLERTIEEF: ) E/LERA
THHEMEEER, RAEBRBNTIESERRII(30%LL
T), BESEHE H BRI Lyapunov 153G (3) %
HiEHEE /D, HNELERE MARLSTHE
Lyapunov 5 F A 5 EHZE @0 Wolf TEF r, 6 1)
EH), FEREMITE, MUBEAERT. @)
% B R T el Rk b 08 F A2 AL B TR R
o SCREITIE T B8 3 B A TR e B R AT,
XEBBMTE FHEAEXN. XRTRELE
ZRMBR, FRTH—PHR, T—FPHTETHE
Rl KB EIE R A A H R SR E R

8 X XK

1 Packard N H. Geometry from a time series [J]. Phys. Rev. Lett., 1980,
45(9): 712~116

2 KRG, B W GRERAKER R = WA MR e
SERMEAD. BRENESTRFM, 2000, 193): 261~264

3 E0UE VRERRBIRPEBSHRHERLEN £57%
5T R¥M, 2000, 19(3): 265~269

4

12

15

Jong Hyun Kim, John Stringer. Applied Chaos [M]. New York: John
Wiley and Sons Inc., 1992

IR ¥ B RASEBANEAM). K. PEBEFERNE
#. 1995

Takens F. Determing strang attractors in turbulence{J]. Lecture notes
in Math, 1981, (898): 366~381

Albano A M, Muench J, Schwartz C, et al. Singular-value decomposi-
tion and the Grassberger-Procaccia algorithm([J]. Phys. Rev. A, 1988,
(38): 301 7~3026

Fraser A M. Information and entropy in strange attractors[J]. [EEE
Trans. Inform. Thoery, 1989, 35(2): 245~262

Wales D J. Calculating the rate of loss of information from chaotic
time series by forecasting[J]. Nature, 1991, 350(6318): 485~~488
Rosenstein M T, Collins J J, De luca C J. A practical method for
calculating largest Lyapunov exponents from small data sets[J].
PhysicaD, 1993, (65): 117~134

B&R. R A FTEME TR H TR D).
BB ROUKR @ KE, 2000

Wolf A, Swift J B, Swiraey H L, et ai Ietermining Lyapunov
exponents tom a time series(J] PiysicaD, 1985, (16): 285~317
JaesE. % B wER BR-FERSEMEHERER AR
W A]. BRKEER, 1996, 5(4): 60~67

ApK, KA ETHZAEHMIEEBEND. &1H%,

2000, 21(3): 205~208

PREDICTION OF SLOPE DISPLACEMENT BY
USING LYAPUNOV EXPONENT IMPROVED TECHNIQUE

Chen Yifeng', LuJinhu?, Zhou Chuangbing'

(*School of Water Conservancy and Hydropower Engineering, Wuhan University,
(institute of Applied Mathematics, The Chinese Academy of Sciences.,

Wuhan_ 430072 China)

Beijing 100080 China)

Abstract An improved Lyapunov exponent algorithm for small data sets is introduced. This method is not only
reliable to small data sets, but also of less computation amount and easy to handle. On the basis of the
characteristic analysis of slope displacement time series, the largest Lyapunov exponent is obtained. Moreover, the
slope displacement is predicted by using one-dimension mode. The improved method is more reliable than
existing ones. The slope displacement prediction is made for the Three Gorges Project shiplift slope and Xintan

slope slide, and the results are satisfied.
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