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Forecasting slope displacements based on grey
least square support vector machines

MA Wen-tao
(College of Mathematics & Computer Engineering, Ningxia University, Yinchuan 750021, China)

Abstract: Based on the displacement sequence of slope, the stability of slope could be judged effectively by forecasting the
displacement of slope in the future. Through analyzing advantages and disadvantages of grey forecasting methods and least square
support vector machines(LSSVM) respectively , a new forecasting model of grey least square support vector machine was proposed.
The new model not only developed the advantages of accumulation generation of the grey forecasting method, weakened the effect of
stochastic-disturbing factors in original sequence and strengthened the regularity of data, but also used the quickly solving speed and
the excellent characteristics of least square support vector machines for nonlinear relationship and avoided the theoretical defects
existing in the grey forecasting model. At the same time, the genetic algorithms were used to optimize the parameters of new model.
At last, two engineering examples are given to testify the effectiveness of the grey least square support vector machine method to
forecast displacements of slope; the results show that the new model has higher precision.
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Table1 Monitoring displacements for landslide(crack #5)

Al Al Al ) )
/ mm / mm / mm / mm / mm

15 1.0 26 7.3 37 104 48 172 59 282
16 1.5 27 7.8 38 105 49 176 60  30.0
17 1.7 28 8.2 39 108 50 182 61  31.0
18 2.5 29 8.4 40 111 51 19.0 62 320
19 32 30 8.7 41 120 52 192 63  33.0
20 4.0 31 9.0 42 13.0 53 200 64 420
21 4.4 32 9.2 43 135 54 230 65 470
22 5.1 33 9.4 44 140 55 240 66 61.0
23 59 34 100 45 150 56 252

24 6.3 35 101 46 161 57  26.0

25 7.0 36 103 47 164 58 27.0
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Table 2 Comparison between forecasted and observed
displacements of Wolongsi landslide

IR LSSVM £ JK{f% LSSVM fi%
MOEECame MY g PR g A
i/ mm / mm s / mm wE / mm s

/% /% /%
62 32 329627 3.01 317687 072 31.8506 4.70
63 33 344916 4.52 318367 353 339532 2.89
64 42 36.0915 14.07 339119 1926 39.5415 5.85
65 47 377655 19.65 444532 542 49.0813 443
66 61 395172 3522 628454 3.03 604540 0.90
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Table 3 Monitoring displacements of Gushuwu
landslide(monitoring point #3)

e ] e ] e
/ mm / mm / mm / mm / mm

1.44 8 474 15 647 22 730 29 743
2.54 9 483 16 671 23 732 30 748
335 10 497 17 691 24 734 31 755
392 11 520 18 7.06 25 735 32 7.64
429 12 550 19 716 26 736 33 175
452 13 584 20 722 27 738

466 14 6.17 21 727 28 740
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Table 4 Comparison between forecasted and observed
displacements of Gushuwu landslide

IR LSSVM #i  Jr{f LSSVM 487}
wr T e Y g Y g
fmno SR g g
/% /% /%
29 743 8.5837 15.53 7.4281 0.03 7.4277 0.03
30 7.48 8.8218 17.94 7.4688 0.15 7.4722 0.10
31 7.55 9.0665 20.09 7.5423 0.10 7.5494 0.01
32 7.64 93180 21.96 7.6321 0.10 7.6384 0.02
33 775 9.5765 23.57 7.7406 0.12 7.7497 0.00

5 4 @

{3 RUBUR VA 2t | Ry IN G @ A 1o AL ] PR IS
% DL BRI AR MERR R i, SRR T K i)
AR SR 1) SR AL TN ARSI of 30 35 87 A% 30 AT ke 31T
W, FERANFEI PRSI PR HEAT T B8 S 4h,
ATCIEE TR A HR e B S 4. i
X AN 3 I TR AL O T SR W, AR ST
GM(1, )RRy - FORE R AR B A7 A I B B, 5
BTN S5 RAEAE L I 45 RAHZE AR, AR A B

WP TRESE R SRR PSR /N S
[ AU 5 T I 45 AR, X R T i
/N IS U AR 3 13 A B A T T
RBPFEAR, TUE R 2RI R IARZ L 1 8
AR SR H R 2 (00 de /N RS i) S AL T A 20—
J7 WUAHE T RT3« A8 B £t
IS T s an s T L, e TR, S
Jr R FE IS T SR ALK A2 PR R 5 fE
T, G T RT3 95 PSR A A K PG BB
FEPRE FEEEAL T GM(L BB LL K e fe /) —3fe

SCREF U, N i K Ia sese fik 17—
Tof i A58 S T 10 3 e R ER B 5 3 o

2 % L W

(11 AB/NG, AN, RRZLME, 4. M-SR A TR IR A

I [ R B VERSUT]. TRRHLB A4, 1999, 7(3): 279
—283.
HAO Xiao-yuan, HAO Xiao-hong, XIONG Hong-mmei, et al.
Research on landslide time forecast by the unstable time
series method[J]. Journal of Engineering Geology, 1999,
7(3):279—283.

21 Xk, W5, BUSOHE, A5, NIRRT il
PEAEPR[T). BBV R 2274, 1995, 17(3): 46 —49.
LIU Mu-yu, CHI Xiu-wen, WEI Wen-hui, et al. Time
series analysis method and its application to the
prediction of slope displacement[J]. Journal of Wuhan
University of Technology, 1995, 17(3): 46 —49.

(31 CEENI, AREE, AR, A& USRI AR GO TR T,
& 1%, 2000, 21(3): 244—246
JIANG Gang, LIN Lu-sheng, LIU Zu-de, et al. Grey
forecasting model for slope displacement[J]. Rock and
Seil Mechanics, 2000, 21(3): 244—246, 251.

[4] MR, A8k EREL BRI L G ALY

RETM[I]. LT TREARKFEER, 2002, 21(6): 696
—698.
SUN Shi-guo, ZHU Guang-yi, WANG Si-jing. Grey
prediction of combined body deformation for open pit
slope and hillside[J]. Journal of Liaoning Technical
University, 2002, 21(6): 696—698.

[51 B, Mradld, sKRBUEE. JeT A IE N AR L R 2% i
PRI, ARG RIS SLRE, 2001, (12): 124—
129.

LU Jin-hu, CHEN Yi-feng, ZHANG Suo-chun. Slope



1674 b +

71

4 2010 4F

(6]

[7]

(8]

[10]

(11]

displacement forecast based on adaptive neural
network[J]. Systems Engineering-Theory and Practice,
2001, (12): 124—129.

XA, AR, s, AF T - R 2 R
G T SEIN PR IER U] A0 155 TREAR,
2004, 23(6): 1010—1014.

LIU Yong-jian, LI Zhang-ming, ZHANG lJian-long, et al.
Real time prediction method based on genetic algorithm
and neural network for deformation caused by deep
excavation[J]. Chinese Journal of Rock Mechanics and
Engineering, 2004, 23(6): 1010—1014.

Mz, TR, WS, IR AR 0 41k
RISZ Ry 1 A LUAE R RE B TNAT 2E ). &+
FE244H, 2004, 26(1): 57—61.

LIU Kai-yun, QIAO Chun-sheng, TENG Wen-yan.
Research on nonlinear time sequence intelligent mod el
construction and prediction of slope displacement by
using support vector machine algorithm[J]. Chinese
Journal of Geotechnical Engineering, 2004, 26(1): 57
—6l.

AP, TERE. ARG MRS I 1A e 4 TR0 (kAL —
SCREI UL SN[, 5 RN, 2003, 25(4):
468 —471.

ZHAO Hong-bo, FENG Xia-ting. Study an d application
of genetic-support vector machine for nonlinear
displacement time series forecasting[J]. Chinese Journal
of Geotechnical Engineering, 2003, 25(4): 468—471.
MBI BE, MK B AR T AL 5 K E A 28 2% 75
VAL, R SO S BT iR AR, 2006, 17(2): 74—T8.
LIU Ming-ui, YANG Yong-bo. Application of composite
gray neural network method for prediction of slope
displacement[J]. The Chinese Journal of Geological
Hazard and Control, 2006, 17(2): 74—78.

JETTHE. T A SR ) ALK H B B ()], &R
28 THEAR, 2006, 21(4): 410—413.

TANG Wan-mei. New forecasting model based on grey
support vector machine[J]. Journal of Systems
Engneering, 2006, 21(4): 410—413.

A SCRE, XS aR. JL 3L HR N 1R P 41 23 # 77 1%
R IFFE]. sQBBE R A2 R (SR 5 TR

[12]

[13]

[14]

[13]

[16]

[17]

[18]

[19]

ki), 2003, 27(3): 473—477.

FU Yixiang, LIU Zhi-qiang. Analytic method and
application about chaotic slope deformation destruction
Time series[J]. Journal of Wuhan University of
Technology (Transportation Science& Engineering),
2003, 27(3): 473—477.

SROCHE, TLAETT, SITIR. AT A U RS i A
HOk)]. ARG TR SEER, 2002, 22(8): 13,
ZHANG Da-hai, JIANG Shi-fang, SHI Kai-quan.
Theoretical defect of grey prediction formula and its
improvement[J]. System Engineering Theory and
Pratice, 2002, 22(8): 1 —3.

ARG, R P, T+ GM(L DAL A 1 A
TETRIRI]. T ICE SIABEORT, 2002, 13(4): 60 —63.
WU De-bin, XU Wei-ya. Forecasting of rock slop
displacement based on GM(1,1) optimization model[J].
Journal of Geological Hazards and Environment
Preservation, 2002, 13(4): 60—63.

VAPNIK V N. An overview of statistical learning
theory[J]. IEEE. Transactions on Neural Networks,
1999, 10(5): 988—999.

LSy, SCRF I BT VEAE B 20 28 b ity 3 HT (0],
017, 2005, 26(11): 1790—1792.

MA Wen-tao. Support vector machine for classification
and application of expansion soil[J]. Rock and Soil
Mechanics, 2005, 26(11): 1790—1792.

SUYKENS J A K, VANDEWALLE J. Least square
support vector machine classifiers[J]. Neural Processing
Letters, 1999, 9(3): 293 —300.

FANT, B SRR S AT
M]. VG2 VEZ2ACH A2 H iRAt, 2003: 1—16.
HERE. BaeE A ) WML dbat: B AR,
2000.

Voo, BRIGHT, VRS, JAIALAZ T RBF 22k 2%
JHEDY A E S TRESAR, 2005, 26(19 1) 1): 2282
—2287.

SHEN Qiang, CHEN Cong-xin, WANG Ren. Method to
forcast displacement slope based on RBF neural

network[J]. Chinese Journal of Rock Mechanics and

Engineering, 2005, 26(Supp.1): 2282—2287.



