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Combined Forecasting Model of Subgrade Settlement Based on LSTSVR
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Abstract: Due to the normal forecasting methods for subgrade settlement using observation data have different
applications and the predicting results has bigger volatility and lower accuracy. The Combined forecasting model of
subgrade settlement based on Least Square Twin Support Vector Regression ( LSTSVR) is proposed in this paper. Its
core is that the growth curves with the S-type characteristics are treated as single forecasting model according to the
basic settlement law of subgrade and characteristics of settlement curve. Considering prediction results of each
individual model as the least square support vector regression model input and the combined forecasting model of
subgrade settlement is constructed. The result of engineering practice shows that the proposed method has better
prediction accuracy and stability.

Keywords: subgrade settlement prediction; combination forecast model; least square twin support regression

: 2017 =07 -05

( E2015062) .
(1989—) ;
(1990—) .
(1970—) E-mail: zr_gh@ sina. com.



6 : LSTSVR 63
&
Ji(x)
=wx+b, f,(x)=w,x+b,
o o (1)
G(11) fi(x) =0
~ § 1’ o
fi(x) =0 €1
fi(x) —& =0 o
1 ° fi(x) =0 fi(x) -& =0
4 g o
(2) (%) =0
& f(x) =0
o fi(x) -8, =0
&
8-10
( least square
twin support vector regression LSTSVR) "~
Usher. Logistics+ Gompertz S 1
(1)
S L= Y= (Xw +eb) |+
C, 2
?” (Xw, +eb))-Y-ec | (3)
15-16
wl bl
aL T
=-X(Y-(Xw, +eb))) +
i pe= XY (Xw, veb))
C,X'((Xw, +eb,) -Y-eg)) (4)
1.1 ol
—_— - T —_—
ab, e (Y-(Xw, +eb))) +
17-18 . T
: Cie ((Xw, +eb)-Y-es) (5)
C
min (Y= (Xw, +eb,)) (Y= (X, +eb,)) +¢'¢ (4) . (5)
s.t.Y-(Xw +eb)=-eg -& (1 X'X+C XX X'e+C X'elrw,
C . . " . =
min%(Y—(sz+eb2))T(Y—(Xw2+eb2))+721]T1; eX+C e'X ee+C, ee [bl]
(6)
stLY-(Xw,+eb,)=-es, -7 (2) X'+¢, X" ¢, X"elry
:C,>0.C, >0 g >0.,>0 ¢ e'+C e" C ee]le




64

22

[:] C(1+6)(G'G) "G (1 +C,)Y +C,eye]

(7)
G= X e , (2)

[:] —(1+6)(G'6) ' G'[ (1 +C,)Y + Cyeel

(8)
(7) (8)
) = (i (x) +(x)) =
1 T 1
?(wl"'wz) x"’?(bl"‘bz) (9)
1.2
fi (%) =
ulTK(X x) +7, /> (%) =u2TK(X x) +y, K
(X %)

19-20 .

min%(Y—(K(X X)u, +ey,) ) (Y = (K(X X")u, +

Ch

e'}’l))"’?ff

s tY—(Y-(K(X Xu, +ey,)) = —eg, -&
(10)

min (¥ = (K(X X")u, +ey,))" (¥ = (K(X X')u, +

C
ey.)) +5m'n

s LY - (K(X X"u, +ey,) = —es, -7

(11)
C,>0.C, >0 e >0.,>0 ¢
& y
(10)
1
L= Y= (K(X X')u, +ey,) |*+
Cl T 2
7” (K(X X)u, +ey,) -Y-eg |
(12)

u, Y1

a‘%: CK(X X)) (Y= (K(X X" u, +ey,)) +
CK(X X ((K(X X")u, +ey,) -Y—-ee,)
(13)
a‘%: —e"(Y-(K(X X")u, +ey,)) + ”
C,e'((K(X X"Yu, +ey,) -Y-eg,)
(13) .(14)

K'K+C, K'K K'e+C K'e
e'K+C, e'K

wl
ee+C e'e [bl] )
K'+C, K" C K'e
e +C e C ee

H=K(X X")

Y

&€

(15)

“ =(1+C)(H'H) 'H'[(1+C)Y +C,ee]

Y1
(16)
H= K(XX") e .
(11)

) (14 ) (HH) TH[(1+C)Y + Cronel
Y2
(17)
(16) . (17)
fx) = () +A(2) =
S ) "K(X ) + 3y, +7)(18)
(16) (17) o
2 LSTSVR
2.1
“S” “S”

Usher -~ Gompertz Logistics



6 : LSTSVR 65
1,
Usher 2. 3.
k
S(1) = — (19) :
(1 +ae ™)« o
S( 1) t ikvasb.c 1
Gompertz
_ae-b a b c d
S(t) =ke ™™ (20)
Usher 5.5590  -3.9067 5.6292 -5.2187
S(1) ! NN Logistic 6.1583  -4.7323  6.2051 ~5.5293
o Gompertz  6.3039 3.9047  6.3465 3.2549
Logistic
k 2
S( t) :1 —bt (21)
tae Usher Logistics
/
S( 1) t vkvab No. / / / /
cm
o cm % cm %
2.2 1 5.35 5.5590 -3.9067 5.6292  -5.2187
LSTSVR.3 Logistics 2 5.88 6.1583 -4.7323 6.2051  -5.5293
3 6. 56 6.3039 3.9047 6.3465 3.2549
\ Usher Gompertz o
4 7.48 6.999 2 6.4282  7.0282 6.001 2
5 7.82 7.6306 2.4221 7.6540 2.1229
LSTSVR 6 8. 05 7.9754 0.9271 7.9968 0.661 4
LSTSVR . 7 8.38 8.1905 2.2608 8.2105 2.0227
ISTSVR 8 8.59 8.6772 -1.0156 8.6915  -1.1821
9 8.84 9.0932 -2.8643 9.0973  -2.9103
10 9.01 9.2409 -2.5629 9.2394  -2.5464
° 11 9.18 9.4438 -2.8735 9.4324  -2.7499
2 o 12 9.81 9.7359  0.7554 9.7046 1.0744
13 10.04 9.9770  0.6274 9.9225 1.1699
14 10.06 10.0198  0.3999 9.9604 0.989 9
15 10.11  10.1745 —0.6382 10.0951 0.1472
3
Gompertz
/
No. / / / /
cm
cm % cm %
, LSTSVR 1 5.35 5.6878 -6.3139 5.4012  -0.9570
2 5.88 6.2218 -5.8124 5.7834 1.6428
3 6.56 6.3518 3.1736  6.5345 0.388 7
4 7.48 6.9780  6.7119 7.5548  —1.0000
3 LSTSVR 5 7.82 7.5595 3.3.3312 7.7408 1.0127
6 8.05 7.8854  2.0452 8.0310 0.236 0
_ NH K095 + 520 7 8.38 8.0927 3.4282 8.4605  —0.960 6
30 %0 5001 — 08 09 8 8.59 8.5763 0.1599 8.5769 0.1525
( Yo 9 8. 84 9.0107 -1.9309 8.8189 0.2386
~2002 -12-14) 15 10 9.01 9.1711 -1.7880 9.0689  -0.6537
Usher. Logistic  Gompertz 11 9.18 9.3979 -2.3735 9.2299  -0.5435
1 4 12 9.81 9.7407  0.7069 9.7712 0.3955
13 10.04  10.0423  -0.0234 9.9989 0. 409 3
o 14 10.06  10.0981 -0.3784 10.1009  —0.4065
Usher. Logistic ~ Gompertz 15 10.11  10.3066 —1.9443 10.1378  —0.2749




66 22
2. 3 o
1. 6428% Usher
6. 4282 % - Logistics 6.0012% Gomp-—
ertz 6.7119%
0.4093% Usher 0.7554% - o
Logistic 1. 0744 Gompertz
1. 9443 %
. 1 Usher
3 I 2008 29( 11): 2973 -2976.
2
J. 2016 25 (2) :52 -56.
3 J. 2016
(5):68 -74.
: 4 4 J.
2015(1):1-3.
5 J.
2015 23(3) :78 -80.
° 6
J. 2016 14(8):93 -95.
7 J.
2014 23(9) :48 -51.
8
I 2016(2) : 1 -4.
9
I 2015 40 (6) :264 -270
10 LS -SVM RBF
J.
3 4 2016 36( 1) : 66 —68.
11 ARUN KM GOPAL M Least Squares Twin Support Vector Ma—
chines for Pattern Classification ]  Expert Systems with Appli-
cations 2009 4(36) : 7535 —7543.
12 . LS - WTSVM
J. 2014 38 (1) :48 -55.
13 I
2014 50(23): 140 —144.
14
J. 2014 31(5) :288 —292.
15
4 4 J. 2014 42 (5) 1998 -1003.
16 . LSTWVM
I . 2015 26 (4) :764 -770.
4 17
J. 2016 45(4) :432 -436.
18
S ] 2016 44(2): 146 - 149.
19 YANGLX YANGSY ZHANG R et al. Sparse Least Square
Support Vector Machine Via Coupled Compressive Pruning J .
Neuro Computing 2014 344(6191) : 1492 - 1496.
° 20

. 2016( 18) : 28 - 32.

( )



