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Prediction of landslide displacement series by

the support vector machine

ABSTRACT

With the country economy developing and enlargement of rock and soil
engineering, the langslide problems lead to more and more recognition by people.
Landslide has become serious geological hazardousness in our living and production
after earthquake volcano that complex mechanism, influence many factors: on the base
of landslide destruction mode, transmutation evolution process of complex levity. It is
very difficult to establish precise mathematic model to simulate landslide stability and
to establish prediction simulation to predict time and dimension evolution. The
suggestion and advance of intelligent rock mechanics provide the landslide
prediction with a new track. With the support vector machine (SVM) and the genetic
algorithm (GA) being combined, it has better adaptability for the question that is
difficult to be described by mathematic model and has also widely recent advances.
The evolution SVM consists and the landslide displacement is predict with the the
genetic algorithm and the support vector machine combined, in the basis of people
beor. The primary tasks are stated as followed:

(1) The parameters of the support vector machine are searched speedily and the
representational samples are speedily constituted, such as the core function and
punishing parameters, which makés use of the best characteristic, for example, little
samples, high dimensions, nonlinearity, and make use of the improved genetic
algorithm.

(2) The predicting module of the visiual and predicting landslide system is exploit
vet++ developed tool with the theory of the support vector machines and the genetic
algorithm.

(3) With the monitoring displacement data of Bachimen of Fujian and Longtan of
Guangxi analysed thoroughly, the studying samples are consited according the
corresponding displacement data.lt is that the landslide displacement model of the one
factor time series are established, and the displacement of the Bachimen landslid are

predicted. The studying samples are consisted with NN for the same data, the prediction
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is carried out, the result is compared with the support vector machine.

(4) The displacement data 1s related with the the rainfall and the level of
underground water analysed thorouly, as to the greatly influence to the landshde
evolution by the rainfall and the underground water. It is that the landslide displacement
model of the many factors time series is established that are made up of the rainfall, the
level of the underground water and the landslhide displacement. The data of landslide

displacement are predicted that are compared with the measured data.

Key words: time series; the theory of the statistic studying; prediction of landslide displacement; the

support vector machine
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b SEBIRH T MR ENE, BEREEREN I RETERT,
ff %A FEIRIE VC KNS BN FEPIRBNERAK, T RE
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7E A B /MY (Structural Risk Minimization) E[l SRM #EN. FitZE X H g%
T A R A R BT SR A IR R B R PR R TR S H RS B A HE T T S B A BRI S
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. Fig2.2 Linear separating hyperplanes for the separable case
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(x,,v,hi=1..,nxeR, yei+1-1}, HE

y|(w-x)}+bl-120,i=1,..,n (2.9)

PR HERETF 2w, FHRERASNFEIwE &N, HEEMH 29 Hig
éww%&Wﬁ%ﬁﬁmﬁ%ﬁﬁ%EmemrWW%#ﬁﬁﬁﬁﬁﬁ%ﬁﬁn

147 K8 BB R SE PR ERCEN #ES BE IR R, XEZFFEIKNZOEBE
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flx,w,b)=sgn{(w-x)+b} (sgnOAFSEE) M VC EWHETHMR

 h<min(R? 42| N)+1 (2.10)

RSP BN VC SRR, M SIS R B MEAE T e 3
R RO 2.

FI P Lagrang FRAL 77V AT LUE b B0t 49 26 T ) B 464k, SLXH8 IR, BDEE24
oA

Sy, = (2.11a)
Mea >0,i=1,.n (2.11b)

T, X a, KT 5 kR R (E
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RSk E R ERT, bV ESREE, TURE-IZRENE
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FEEHEART S HERT, FTLATERM 2.9 FEIN—MLMINE 20, A

yil(w-x)+b]-1+& 20,i=1..,n L (@2.14)
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Ak 2.116 3K
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%M, BRI AR TEFHRINER.
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Fig2.3 The sketch map of map the training data nonlinearly into a higher.dimensional feature

space
A, FEB AR 22T P SR & A B ER B K (o) g AT DASE R —JE &R 3R
EHEN S, MitEEZRBIRERN, WA BRERE2.12H

Ole) = Zlaf —%;ajaj vy, K(x,x,) (2.16)
TIAH R BT 43 2R R B AR
£(x)= sgn[ia;‘ 7K (x,x, )+ b‘) (2.17)
XA HEL. _

MR, SRR BN R B e BT A AR R E e M IER A B R A T[]
T F|— B g R, EXATHEEsR (7 BRaEE. RN TEE
A LBV TF IR, M EFETANEEHE, TR R0
— N FFEE, WE 24 .

X MEIF AR ARZEBESERARNEE, B s R
BEH =R, 22U ZEE

Kx,x,)=[(x-x )+1} (2.18)

L]

PR EIME q BrE& I nKaE; “21EMEHRL (RBF)

[ ’x—-xr[f
K(x,x,)=exp] - —5"} (2.19)
o

P15 22y 5154 RBF AR EERX A&, TEF M ERFH O N — D3 EF
W) &, AR B AT 2 B B B 3l e i, AT LUR A Sigmoid eRET1E A WAL,
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K(x, X, ) = tanh(v(x, X, ) + c)

(2.20)

XX FHBIEHAMNRESET - TRENZEEMNE, BEETAEEZHE
FEZHEN, MEBEENFERRBEMETERRERN SRR,

= TR ek

ZE T

£l 5e i

X XEak

HHM¥ =&

Bl 2.4 XFmEVSHRER
Fig.4 The sketch map of SVM

2.3.2 H

X R BT ERA MR N A T RS A&, B

T B & Y SYM

g+ A8 L.

{x,.,y‘,},i=1,..h,n,x, € Rd,y, e REJm| &, H

HE X EHMZ&H®

iRz M A Lt R B &, Bl

SEMaKEP RS EEREL, XBEHRBEERERNTTERE

H

B S AR T

1

H B fx)=wx+b Bl & &K &

w-x +b-y, <&,

{y, -w-x;, —b<eg,

MER TR W BIE AT AERK ¢ TR

i=1,.,n (2.21)

JSI2d

MABTHE, EENTRAM . HEIAFBARENMR, 3INHBET
Ez0fE 20, MM 221 Bk

{yi.—-w-xt -b<e+é

=10 (2.22)
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& Ak K F AL L F-F mpital
th Ak B FR AR Ak — ||w” LN (6 +27), BB Co0 BHIRTRIHRE ¢ HAEA
ETIRNE, R FR T T LA B B T, ER

M

Z(a:. —a?):O, (2.23)

i=]

0<aq, 0: <C,i=1,...,

T, %f Lagrange B F a,,a; & XM BiRERH#

W(a,a‘)f—eg(a:+a) Zy,(a —~q, )—%Z(a -—aXa — Xx L X ) (2.24)

i, j=1

15 [E13 R £ N

fx)=(w-x)+5 =i(af: -a, Xxi x)+b (2.25)

1=l

SRR R R R, RE o, o B RANESRY 0, MfIxt
MERARREY AR, —BEERESALERNNMLE ErEE, MAKXE
BE NS REANIEE, RERAREH K(x, x) B8 2. 24, 2.25 HHIAFEBERA
o) S ERAE £ b I B A

o T 5 48 (A1 BB L 7 V6 T B 0 Ve SR R — AU Y R P R I SR T
FRTTERE, EER, WEATXHRNENFENHR, BFEEEESHECEN
SRR, BMAET K. REX BN ENEEN TN £ SR E B
g AR T RIE, ERSEECHELFESE S, SEIGERER
1. AT LA SEHL L R B B K, G RR BRI B
AR RRE R B E ETaRRNAEE BN EERR. Wk, THRAENT
G EEEAEERERER, YA ARBRAN, BERKNAE: HK,
YEHBNE AR ARTRFERTARNEREE, SEEAT, FhEE
RS FIEEN A0 EE . SRR LT R I VI 5505 5 R A R T B R Y
FEHE, FERAE R A S G AR H T 8 B R AR 5 HE TR
KEREEN A ERNEERARIRER: BEHESERAETTHE, #
BE AR AR, B RERETHE, BREE BRI ENSRME. R
L F ) B B 4 S ARG R, AT BUKBRAN WS, — R RFTIBI Bk
(chunking algorithm), B—REFIEHEEE . HE TESEENTEMRE
FEHNEERBET: REENBFREPNES Y T AED RS, TE
st THRRE AT 3 BRI BALE S TAEREA, BB B aS BA G
A, i ELE S TAERE A5 07 v 2 B — N2 B tH B A 1) )

Ny T He7E BT R R R R R BT, BEGEE NS AEE, HE
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B B KRB HRFARAE, WNERERMNERTSEA, ELRME.
Osuna 55 A 1% H B2 B BVE M RS K AR ST RF ) BALR — B Rilie) SR 4518 o —
EONBMI AL R, BERETHEEMAKMEERTE, HRENERMS s
RSP HRRTHENER, ELETME Chunking BRI, T LUk AL
BEXRLREZIA L ). XFEREEE 10 A RER P, SEsp e
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IBFEIEEIE R LT 100n £4, BEEXTENERKAILH, REn] LLEH] 130~
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W ERERE T P R EYT MRS LR R, BRAMER LA, BEEERY]
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WERLRE IR Si0, 8, SOEFEATEBEM. REYH—HE (&
B RE 15.7~1375), UUEBAE, ¥ MRESE KN 3%~25%, {HEEXRE
BT BN, BFELHRE. MBRMSIRER 91~144n’/g, FKMEE

BEE, RIESHEEL
THT P 76 LR BT A A URL

. RBERHEARRY, EREBARERAT, BRBEEH
ARl T B E Y TR E R ATREYE, BiERS X

e HEK AR 1. 7~3. 4, REBEFBERASIE, LUK G KEEE 5~6 Y,
FEE B EKNERR, WE WM FRIRET A . AR T, Sk tREE 16~
16 B, FEDHEAFMED FKIFE.

K FEK . K FIRL T K35 8 iR ER S R K . ai%?ﬁi 167~566mg/L,
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R ARESTTIE, Wvh R B U A 1K AL ST KA F .

4.3 TFESEH)

4.3.1 {88 /\RI] 2 S8 pmd7 45N = 35451

BIBEE/N\R] 2 SEE PM47 KR S RABIEW T RS, EHE 2001 4F 8
Al 2002 4 11 BWER R BEREIIREER, /o EFEN TR R KB THE.
ERE=FHE 34 BiafEInE, #T¥EIBE: BT C=290.625, %R
WEABRBEIZRY SEEETFo=341, ¥FREBM«. o'WMFT 4.2 FiR, BIUX
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F A KR AL L ¥ TAZKY)
#4.1 \RIT2# B pnd7 JE =
Tabled4. 1 The pm47 monitoring data of Bachimen No.2 slideslope

& 2001 4 2002 4F

AH 8. 30 9. 30 10. 30 11.40 12. 30 .30  2.29 1. 30 4. 30 5. 40 6.30 7.30 8.3
f e/ m .3 18 25 36. 6 39.7 33.9 36. 9 39. 4 45. 2 70 76. 5 76.8  B88.6
F 2002 4E 2003 £E

aH 9,30 10. 30 11. 30 12. 30 1. 30 2. 28 3. 30 4. 30 5. 30 6. 10
B/, a9 B7.9 90. 8 92. 3 92.3 88.7 88. 7 Bl.] 91, | 92, 1

7 4.2 pmd7 REERFREENK . o'H
Table 4.2 The support vectors and a. o fll of the pm47 motoring point

e a a
| 0 821.75
2 0 753.50
3 0 236.50
4 531.25 0
S 0 531.25
6 236.75 0
7 0 236.7
8 193.25 0
9 0 193.25
10 25.75 0
I 0 025.75

# 4.3 BAHE STRRERIRT L

Table 4.3 The comparison of measured and predicted displacements

b 1) ok BiE AxiE HANREEDD
02.12.30 92.3 90.88 1.42 1.53
03.1.30 92.3 91.42 0.88 0.95
03.2.28 88.7 91.42 2.72 3.06
03.3.30 88.7 90.13 1.43 1.61
03.4.30 91.1 90.13 0.97 1.06
03.5.30 91.1 90.99 0.1 0.12
03.6.30 92.1 90.95 1.15 1.25

o TR T
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B 4.1 (B TMEFRMENXFR L

Figure 4.1 The comparison of measured and predicted displacements

4.3.2 o34 620. 01 Maim) &5 3L 151

WRIE TR 620.01 B S ENHIEW T RAR, EE 2002 £ 1 A3 2003
£ 6 AP SIBIERNEISEE, FHNEAITBREERNSEIE. ERE=F
% 3.4 FIRMEIHRE, #IT¥N83 EBIET C=456.1250, BRHEEL
A RY, ZEHETF =52, XFAEBM . « "WE 4.5 Fix, BAXKFHE
FURE. RER TR RBYBNREEY, ZRE=F0HE 3.5 i AlRE, #
TR, BRTNEGRMRAERITIER, NELEEENER, WX 4.6 iF,
sk RELR B4 B 4.2 BT |

% 4.4 7620 01 AR SRR
Table4.4 The 620.01 monitoring point data of Longtan

o 2002 &

HH 1. 19 2.1 313 4. 13 5. 20 6. 15 7.13 8, 13 g, 13 10.13 11.19  12.14
i/ 0 10.37 \0. 16 23.992 27.9%¢  34.30 ALOR 5601 62.64 69, 87 68,60 71.96
o 2003 £

AA 1.1t 2.28 4.3 5.9 6.5 7.6 8 10 Q. 14 10.13 11. 12 12,5

B/ 73. 43 71. 44 87,93 69,12 69, 82 74. 26 72.92 72,63 72.39 76. 35 7%, 34
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FAb K F AL Foa¥ TALEH
#£ 4.5 620. 01 MEMZFHFHEMANK o, o™
Table 4.5 The support vectors and o. o ff of the 620.01 motoring point

L

78 a o
1 0 116.8029

57.0092 0
34.8066 0
8.3237 0
3.1788 0
0

0

0

4.939
1.8692
6.6763

O =~ & Wi o W N

2% 4.6 HESWAMERXI

Table4.6 The comparison of measured and predicted displacements

Bt ] e FAlE 2EXIRE MHMIRE (B
03.7.6 73.26 71.52 174 2.37
03.8.10 72.92 72.95 0.02 0.03
03.9.14 72.63 © 71.26 1.37 1.88

03.10.13 72.39 69.61 2.78 3.84
03.11.12 76.35 72.89 3.46 4.53
03.12.5 . 79.34 73.88 5.45 6.87

F 4.7 M ENESETRMER X
Table4.7 The comparison of measured and predicted displacements by NN

B 18] B TE xR E FAxTiRE(HES)

03.7.6 73.26 70. 63 2. 63 3. 59
03.8.10 72.92 73.94 1. 02 1. 40
03.9.14 72.63 69. 36 3.27 4.50
03.10.13 72.39 68. 24 4. 15 5. 73
03.11.12 76.35 71. 57 4.78 6. 26
03.12.5 79.34 71. 46 7. 88 9. 93

R 47 AWEREARERELETES, TRIRERDE, BRI
€. BAE. BRE, AHRE. WK 46 MF 4.7 TUER, EXFHRE
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Figure 4.2 The comparison of measured and predicted displacements

4.3.3 M 63002 LM 5 S04

RIBI- TGN 630.02 A S I AR TR, EH 2000 <5 12 A # 2003
£ 5 ARMASABEREIRES, FRNEATRIERANZE. HERE=ZE
% 3.4 FIRKESRE, #iT¥I8%8: TIETF C=23750, ERFEFEM
REEY, ZRERATF =31, XFREBMNa. « 'WE 45 fin, BUIFHRR
R, AR FRBRYIESELY, ERE=ZE/NE 3.5 e, #1T
Vg, BRITNERMGAEHTIE, HELEHRENER, MERI6FR, &
SIREM LB 42 iR

4.8 B 630, 02 M A M9E
Table4.8 The 630.02 monitoring point data of Longtan

I ————
ag 2001 2002

iy 14. 10 1.6 2. 3,13 4.13 5. 20 6, 13 7.13 4. 13 9.13 10. 13 11.19 12. 14
{8/ vm 0 ta. 47 10.36  23.92 27,99  34.90 4108  56.0] 62.84  69.87 68.69 7196  74.43
T —

f 2003

HH L1t 2. 28 4.4 5.9 6.5 1.8 8. 10 8, 14 (0. 13 11, 12 12,5

{5/ 73, 48 67. 93 69.12 649,82 7426 72.62 72.92 7239  76.35 79.34  81.53
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AR A K A8 Fo¥ ALY
& 4.9 630. 02 BIRIRSTR M BEHENK ., o'E
Table 4.9 The support vectors and a. o {H of the 630.02 motoring point

Fa a a

] 0 2.375
2 0 2.375
3 582.250 0

4 0 582.250
5 0 134.50
6 134.50 0

7 56.125 0

8 0 56.125
9 0 137.25

F 410 ERESMREAIXEL

Tab!ed4. 10 The comparison of measured and predicted displacements

e ——

H5t /] A R {E M SR FXIRE(HS)

03.6.5 73.26  67.93 5. 33 7.27

03.7.6 72.92 69. 12 3. 81 5. 22
03.8.10 72.63 69. 82 2. 81 3, 87
03.9.14 72.39 73. 26 0. 87 1. 20
03.10.13 76.35 72. 92 3. 43 4. 49
03.11.12 79.34 72. 63 6. 71 8. 45
03.12.5 81.53 74. 59 6. 94 8. 52

% 4. 11 A0 2k B I WAE 55 TR AR B
Table4.11 The comparison of measured and predicted displacements by NN

e 1] A T #ZXiRE  HAMREED)
03.6.5 73.26 72.46 0.97 1.32
03.7.6 72.92 72.09 1.34 1.84
03.8.10 72.63 71.80 1.63 2.24
03.9.14 72.39 71.38 2.05 2.83
03.10.13 76.35 72.46 0.97 1.27
03.11.12 79.34 76.26 2.83 3.56
03.12.5 81.53 78.29 4.86 5.96

B AR 2ex05 WM, BEDSE 62001 A 63002 MM A, MNBEE
KECh—A BEABEES OB EREAZA, XTUHE s
MR BT . R RSB R R, R4S B ST R ) B2 5148
B ISP ST R, AT — R R AT . ST 45 i A U] PR 5 2 )

-52 -
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Fik, FEREHRIAMBZANXR, TEEMSEAREIFFIEE, HAE
I ENLE R ER R SR AR A MG, MARMUMEME, HEHLMEMNE
EIFHIT A

MEAEMBFE “E¥N” NRR, FXEEZHMENEMCEN, 53F
AENHETHE, BHRXHRAR, XERIBHLMBIMETLEBRARIRE.
HTXFRENEEREMNEREM, N TELNES, XT “U%3” 1R,
HRALSFE CRFUFANRETEN, IFABIFAEEEBIIEN
B X THEEIHANHEME T UEIMPRIFEER, SKFERABYLTLURRE
IFRISAMR. R 411 AMENSEHAEFENERHITES, FRRERZE,
PR Z(RMAME . WI{E . EXRE HXRE. MR 410 xR 411 "[RLES,
REAL S RE R BTG R A .

630023 38 75 3 il < Y] ~— LM A TN

90 r
g .
‘:‘é 70
1 60 ' :
50 | e f —
] e —
30 . 4 —
20 b — -
10 V# , .
0

20014E12H10H 2002566 A10H 20024F12R10H 200346 H10H Rira]

M 4.3 ABTRENRRMENER RS

Figure 4.3 The comparison of measured and predicted displacements

HI L E=ATEEFE, TBRHETFLA:

(1) KA BT E, ATUBRANERXFREIEENETRE,
RET SRR BN AR A MAEE D .

(2) R#WS R R BYE, WA BRGS0 I SR A B T s sh I,
EFT AR ER R EAEE, AR TEARTAETLRM T RIFNER.

(3) BALEFR BV BTN EARRNTZ, B TENLRRE,
ANEE T RLENBHEFFMRY, CESTHRRAFSTEFHNRES @I,
AT H 2 I B FR BN NEERN LETRF ZHNA R .
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A FME L Foe ¥ T4 K

4.4 % B EIRALFBET B 5 e F

4. 4.1 L MA B FIIRN ZFR EHRIE
RIEREE/ AR AR, SEuR. L E RS HARRALE

WG, B TEEAFFIFRIEN

x£+ = f(x:'+l=xi+2 5"'!xi+p-1!yi+lﬂyi+2 5""yf+p—l’z=""ki = 1?23'"!”) (4 5)

KA f AT FRBAERR, x ABEEE, y AEWE, zHTRMEFF.

Bﬁ%ﬁéﬁﬁiﬂﬁiﬁbu, MR KA RIS, RER R T KA FEE —ERAHX
t, ACAWMT RIRETRET:

z=f(y) (4. 6)

B fAXBHENRER, y hEWR, z R TFKEET, BARRGHE.
e S R BT ) B R T KRR, MR BEAN s T /KR AT B
RAESBEE, EEBREUBNEEEABUMNILAA— M EA B2, BE
2 3] 45 B HIMEA AN . MEIRAROLERAN, EEAERFNER.

Margin=2/iw|

K 4. 4 KEATHER T RELDERL
Fig4.4 Linear separating hyperplanes for the separable case

MR B LR TR AT, M TEEZE TS ENH I ARBARENA
NENBREEBEE, THLE TUXHETROEEEN AR ARKM KA, B
RTBENEEEAR T KEEEFEEBRNEEREELEE R, RZ, HER
PR EHIENM T KA EE/BEANT 0.

MK 4. 10K 4.12 REETUEFHRK, EEEHEXNRREGLR, MBELE
KIBERRE M, RATLUECE 4.4 8 4.5 BEUNRTEHE. AR 4 107 LLE
ZIM 2001 4E7 A 29 HF| 2001 4 8 A 12 BN EMEIE 250mm, FIMBIES B FL
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R KM FO¥ LEEH

4.4 % EFE BT 8 FF T

4. 4.1 JE M B E FIX RN RIE

RERE/\RNARE . SEER. BLERFTHAESIRNRRLE
Y%, B e EFSRER

Xivp = f(xmsxm T IIPRTR JRER S ’“"ynp—lszs""xi =12,..,n) (4.5)
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Figure 4.6 The rainfall and displacement data of 2cx05.15 motoring point
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Table 4.10 The 05 monitoring data of Bachimen No.2 slideslope
? 2001 &
A d 7.1 7.22 7.29 BS§ g.12 419 9.2 9.9 9,16  9.23 9.30
1 ¥ /ram 0 0.05 L5  4.56 168 2022 2095 2413 2324 4.2 3704
M E/mm 186 4zs a2 117.6 1384 BT 1146 748 228 0 9l
P K /m i 36 1 1 4 5 4.5 4 ‘. 4
3 2001 £E
AH 10.7 1014 1021 10.28 1.4 1.1} 1,18 1.26 122 129 12.16
£ #/mm IR4  40.16 45.63 49,7 52.93 52.95 53.55 53.26 5487 53.9 54.04
FEFiR/mm 1472 ¢ 135 D 46 8 01 0 0 1.3 2.8
BT K 6 /m 6.7 3.6 4,4 4.3 4.2 4.5 5 4.4 4.9 AT 4.6
4. 11 BEAME 5 TR B R
fi} 6] ki UL TAl{E #IHRE  HAMNBREES)
2001.11.4 52.93 50.6591 2.2709 4,29
2001.11.11 52.95 51.7344 1.2156 2.29
2001.11.18 53.55 51.2732 2.2768 4.25
2001.11.25 53.26 50.7179 2.5421 4.77
2001.12.2 53.87 52.985 0.885 1.64
2001.12.9 53.90 52.1542 1,7458 3.23
2001.12.16 54.04 52.8631 1.1769 2.17

Table4.11 The comparison of measured and predicted displacements
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Table 4.12 The support vectors and a. « {8 of the 2cx05 motoring point

Fe a a
1 0.000 283.668
2 0.000 145.283
3 39.370 0.000
4 764.092 0.000
5 0.000 821.625
6 447.115 0.000
7 256.145 0.000
8 0.000 682.340
9 23.563 0.000
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Figure 4.8 The rainfall and displacement data of 2cx05 motoring point
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Table 4.12 The support vectors and a. « {8 of the 2cx05 motoring point

Fe a a
1 0.000 283.668
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3 39.370 0.000
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8 0.000 682.340
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92BN 4 R MR #AT
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Table 4.12 The {5 monitoring data of Bachimen No.2 slideslope

2 2001 %E 2002 £
B8 9,10 8.20 10.30 1.0 120 1130 12.10 12,20 12,30 110 .20
7 % /mm 7.85 9,41 1458 1864 19.24 19.77 20.38 19.22 19,22 21.£9
FEHB/mm 432 5.1 1653 281 0 105 3.1 828 L.’].*I 0 391
T KA/ o 1.1 9.4 3 8.1 8, 1 7.3 £.2 6.3 5.7 4.9
F 2002 4E

AH B 2.1 210 220 .1 312 320 3,2 410 416 4.30

& E/mm 21.59 21.39 22.95 2278 2394 24.14 27,61 30.51 3251 3343

B E/mm 6.2 104 07 49 07 542 50 40.3 39 736

MTF AL /m 4.5 ' 4.1 4 1.9 .9 . 4.3 4.6 .1 126

#*4.13 pnd7 RENATFRABENN e, a'H
Table 4.13 The support vectors and &, a f of the pm47 motoring point

L

e a a
1 0 130.3
2 1.6763 0
3 2.0605 0
4 4,055 0
5 22.0013 0
6 2.806 0
7 6.3812 0
8 27.5148 0
0 14.4272 0
10 56.6707 0

L =
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Table4.14 The comparison of measured and Eredicted diselacements
i 18] WS AE T {E KT iR E AXIRE(ES)
2002.2.10 21.39 19.99 1,40 6.56
2002.2.20 22.95 21.37 1.58 6.89
2002.3.1 22,78 23.39 0.61 2.68
2002.3.12 23.94 24.67 0.73 3.06
2002.3.20 24.14 24.36 0.22 0.92
2002.3.29 27.51 26.78 0.73 2.66
2002.4.10 30.51 28.94 1.57 5.14
2002.4.16 32.51 31.13 1.38 4.24
2002.4.30 33.43 31.29 2.14 6.40
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Figure 4.9 the rainfall and displacement data of 2¢x05 motoring point
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