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Prediction of displacement time series based on support vector
machines-Markov chain
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Abstract: A new displacement time series predicting model was proposed by combining the support vector machines and Markov
Chain, named as support vector machines-Markov chain (SVM-MC) model. Through studying the measured displacements, SVM
optimized by particle swarm was used to dynamically forecast the trend of macro development. Markov chain was applied to
compute state transition probability matrix. By classifying system state and calculating absolute error and relative error between
measured values and SVM fitting values, the predicting results are improved. The model was used to predict displacement time series
of a high slope of a permanent shiplock. The engineering case studies indicate that the model is scientific and reliable; and there is
engineering practical value for displacement time series predicting.
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Table1 Measured and fitting values of SVM

W SO SVM LA daxiiiz AENRZE S ik
/mm /mm /mm /% R
11 15.39 15.64 -0.25 -1.62 S2
12 19.19 18.65 0.54 2.81 S4
13 18.69 18.78 -0.09 -0.48 S2
14 21.69 22.71 -1.02 -4.70 S1
15 23.69 2432 -0.63 -2.66 S1
16 25.76 2642 -0.66 -2.56 S1
17 28.39 27.68 0.71 2.50 S4
18 28.69 28.52 0.17 0.59 S3
19 29.92 2945 0.47 1.57 S3
20 30.33 2942 0.91 3.00 S4
21 30.51 30.15 0.36 1.18 S3
22 31.70 31.03 0.67 2.11 54
23 32.21 31.52 0.69 2.14 54
24 31.28 31.12 0.16 0.51 S3
25 29.97 29.14 0.83 2.77 S4
26 31.08 30.99 0.09 0.29 S3
27 3148 31.54 -0.06 -0.19 S2
28 33.25 33.05 0.20 0.60 S3
29 32.50 32.98 -0.48 -1.48 S2
30 32.63 32.74 -0.11 -0.34 S2
31 32.46 32.25 0.21 0.65 S3
32 34.09 34.92 1.17 343 S4
33 33.33 33.65 -0.32 -0.96 S2
34 33.97 34.02 -0.05 -0.15 S2
35 34.76 34.25 0.51 1.47 S3
36 34.76 34.99 -0.23 -0.66 S2
37 32.90 35.02 -2.12 -6.44 S1
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34 S2 4 0.333 0.333 0.167 0.167
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(4) RN BN A TSN T

MERAFE 38 AN SIS, 25 1 AN
K, AN 38 AN IR, e K2
SIREAS, PRUE T B3 U FI0 A4 FH S R A 25
M, BT SVM-MC X5 39~41 LT T 33
BEh, HELRILE 4. hEAH, SVM-MC
TR 5 ST S0, R ZER, TR %
SVM f TR K¢ .



948 ESI . 2010 4
R4 (B FFSIEE BN B [5] PLATT J C. Sequential minimal optimization: A fast
Table4 Comparison between measured value and
predicted value of displacements algorithm for training support vector machines[R].
Sl SVM SVM  SVM-MC SVM-MC Cambridge: MIT Press, 1998.
o MM e fomar N ‘ o ‘
TR AR PWIORE s B, A, KT RSB ML
38 34.60 35.95 3902 3452 0.254 FH: 77 R% iR, 2007
39 35.78 36.98 -3.354 35.50 0.783 [7] ﬁ% ﬁ’ ffa?Tlili, iUEE, % %Eﬁ#‘ﬁé\iﬁ?)ﬂﬂﬂ"l PSO-
40 34.53 36.86 -6.748 34.87 -0.985 N . NP )
41 33.99 37.04 -8.973 35.02 -3.030 SVM BALT]. 4 )5 TRAAR, 2009, 2803 2):
3699—3704.
4 éjlj: i}g} XU Fei, XU Wei-ya, LIU Kang, et al. Forecasting of rock
mechanical bechviors based on PSO-SVM model[J].
AN == T, /e \ TSI G ,
i e SR LA S 2 ) KB A AT 7k Chinese Journal of Rock Mechanics and Engineering,
H v IS R TR S BN - T A
ﬁﬁ;%ﬁ/ J{i Té;) Jas\ii\[/?cigﬁiﬁgf;?ﬁ 2009, 28(Supp.2): 3699—3704.
VA - o - IR =) LN ; . "
{) ’E%ih ‘ o \ j - n . 8] #HH:%, RPW, fIH%, % PSO-RBFNN % 5
R T4 AR ) SRR R A T (e . SRS ) J
_— . , et TR AR LRI R T R a5t
ST, I8 PP R 2 WL A FERARE, PRI B 2R AR
WINTS % s e LT St S T4 2%, 2008, 29(2): 995—1000.
BER AR 2 1m0 7 A% I e B O e sl A, A ' ' '
ﬁﬁ%—% T{ﬁ% Hﬂ_}—\%—?ﬁ‘{mu E,(J *%F\; i I%’z@?@ﬂﬁé Eﬁ , _\LZ LIANG Gui-lan, XU Wei-ya, HE Yu-zhi, et al. Study and
R AT SR AT, TN RS R s 2 — [ S 3 [ B L application of PSO-RBFNN model to nonlinear time
FERIAT TR IR, EMI RS oMt A A — 2 I series forecasting for geotechnical engineering[J]. Rock
I and Seil Mechanics, 2008, 29(2): 995 —1000.
[9] ZEEY. HT PSO-SVM gk i ALY (1 I [

2 % 3 MR

(11 BREDL, PLAME. FET PR LK K D /R A R P
(7). PFEHLTRE S5, 2006, (6): 225—226, 232.
CHEN lJi-guang, ZHU Ling-de. Markov model for the
deformation forecast based on artificial neural network[J].
Computer Engineering and Application, 2006, (6): 225
—226, 232.

21 Xz, L, BCE. ARG (8] 51 xK
RIS ) EEAUFIA ) B RE B AT S )). &+
FE244H, 2004, 26(1): 57—61.

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

[3] VAPNIK V N. The nature of statistical learning theory[M].

New York: Springer-Verlag, 1995.
[4] EEM, skAE T BEGHRA GE RO M) dbat: i
K2 it 2000.

[10]

(11]

[12]

AFTRT]. 55712, 2007, 28(6): 1176—1180.
JIANG An-nan. Forecasting nonlinear time series of
surrounding rock deformations of underground cavern
based on PSO-SVM]J]. Rock and Soil Mechanics, 2007,
28(6): 1176—1180.

TR, K, xRS, ARSI FE B0 K APSO-
WLSSVM 5 4 J2 R HIWEFE[0]. 5 + TREA# 3R, 2009,
31(3):313—318.

XU Wei-ya, XU Fei, LIU Da-wen. Study and application
of displacement time series forecast based on
APSO-WLSSVM[J]. Chinese Journal of Geotechnical
Engineering, 2009, 31(3): 313—318.

My, Aoeth. BN REM). Jbxt H EEaE
Hi AL, 2000.

AR DS, AEEAR. T B R W] IR R IR T R
T, T AR, 2006, 20(4): 82—84, 93.

ZHANG Fu-min, CUI Gui-lin. The settlement prediction
of foundation pit based on gray Markov chain model[J].

Soil Engineering and Foundation, 2006, 20(4): 82— 84,
93.



