KEBWHEIZFRFR 1445 28 20084 6 H

Journal of Tianjin Institute of Urban Construction Vol.14 No.2 Jun. 2008

TARTE

E Tk 8RB R B TR

EN
(RIS F b @RI IIsEks, Kt 300384)

BE.: #aiddTREHEY GM(1,1) 5EATRG—H—ahkETMEER pGM (1,1) e9 3L K
W E B AR AR | IR T A AR A B T 20k B X 2R IR KA A 0 ] o TR FRAR , A8 R
A MATLAB %45 7 R & 24T A2 T ERE A, FRIEN, & & TN AL A £ I TR

P B A 0 5 R

X O A WG KERGER; BT RIWAE

FESHES: Pe42.22

WPE— R E R HARKE. K TR R
i 5 R ARRUE [P IUHE e XA B TR
Jite T AT AR K A IVE R , i B TR RS MIE 5 &
R EEEWHIZER. A%, Bk
SR TRERPIEEAIE A IR A L. TR
RIEASH M, LARTE AR M i P4 5 T
HIRKMAH 2. R, 256 Wi B, i i it
BRI AL RS AR AL, FHERS A BB RN 7 90 RV A
ST E RETR , © R A T 5 0 %) B 5 v A
kA oM.

T R R AE T R R A JERE |, e
RFAEAN WP AT RS S A AN S P BERE, IF
ZEFEE A3 UGN, Yo AR T A A R R
(B HE TN ) — 1 T2 RL. WFoE 2B, U0 58] 4 4
BF, 25 i B8 Ay 3 R X R ARAS Tl R ) T 4
R AT T A, TR R R AR
AR T (AN 0k ) AE A B RS, FE
TEOL T K AT S B A BRIk, BT, A
738 % K AR GM (1, 1) (grey model , f&iFR
GM ) #EATASTE T , & 2 X S A5 21 1) Ji 4 B AL AR
fb e T B hnAbFE (accumulating generation operator,
fai R AGO) 5t 2y AbFH (inverse accumulating genera-
tion operator, fAj AR IAGO) , i ASFe- % FH B 0 B 1k
$odha 79 B R S b B B R T AR Y
HIEMSEZ AT RE 2 s A8 e, DR R A AR
ROE YA AR R 5 500 515 58 10 K R 3R 17 1
ORI SEBGE O GM (1, 1) BRIy N

WimBHA: 2007-12-13; f&iTHHA: 2008-03-11

XHEAFRIRED: A

XEHE: 1006-6853(2008)02-0114-04

pGM (1, 1) #57 (parameter grey model ), 3 FHiZ %)
PEAT T SR ARV S A TR T

1 AR EREE

1.1 GM(1,1)#&H

TRAS B G FPEINN , AEAT AL BRI 2 7 — S U
305 Pl 12 R 5 305 Bl A Y005 A IR et , 4
WL B IR (3 B, il ot S B i 2 T
SRS (AR | SRR -4 B LR o R
FE9 B2 . 4% 2 2 50 1 28 32 3 S R o 1A
ZTARAEI , Hit , 75 R 2006 R 5 Ho W gE |
W 75 3 (B R — RE G L B B B L B
% BELIER I IR (IR 2 K RO K , ok
TR 3 L o R 0, 3k R ST BT R 2 IR (o
H,

ot TV B ISR, A S A 1 S Y L
LB JEERA (0 RS ] 1) 2 1o O B, 753580 B0
B BN RS . FEARIEZE S | R A
T SRS B 9 O SRAR IR (00 7 7
9 850, DT A A5 D6 5 90 e 49, 5 e IR € 7
MBS TR 4 A T RGE 5 , BT A5 437
BHEEY,

B XS R I EG TR L X L Bk
HIFAIE, t=12,n, X0 = X2

X xO SmosrE GM (1, 1) A IR ABLAE,

PEERIN: KB (1981—), 3, RHA, KA b B T A2,



KRBT RIZFHRFHR

sklkcRk: TR (o AR 1 i e L5 T - 115 -

KD A R GM (1, 1) B, X H i
=
PSP GM (1, 1) B M Rl
dx(l)

e +ax® =u (1)

ik B=(au)’ =(B'B)"'B"Y,
Yo =0 X5 Xm)'

i ] (©) ]
ot
2
@ 4 @
XotXy 4
B= 2

@ 4 @
Ko Xy

L 2 ]
ittt B )5, Koy iR (1) 15
. u, , U
><§311)=(>¢3’—5)e - (2)
)2((?31)2)2((21)_)2(%) t=12,--,n (3)

s 58 =58

VFL B MR GM (1, 1) ANl T R R Y
Bos it , SCHR[2)IER] T lal<2. {H52 3 lal AR JE AR
AN, ARXERESE 0.5, SR O A JR R R T I
BARR R, R AE H

$(0) &(1) &) —ak —a(k—
1— Xkry _ Xivy — Xi) e -¢€ aley _
W TR, Teren
1-e? =const (4)

1E|aj<0.5 I}, 3K (const) 7£ -64.87%~39.35%
], 48 K Z 08 79 A A 2 X ASTE L o)
A, X g 2 A BIF T A Y, 24 ]al>0.5 i,
GM (1, 1) & AE FAE A T Y.
1.2 pGM (1, 1)#%%8
B EIR AR T XO = {0 x5 X}, B
JPIIE—R SIMAE R X© ={x), X3, XD} KT
G pGM (1, 1) BRI 4k Rl
z(’t+l) = PXay T - p)x(t) (5)
K (5) H, KSEW AE R B=[a,u]". BUE Ik
FEMAUE p, A HE 5751
& ={=2y = 5y = Hw}
H/ N RAF RS E A E N
B=[au]" =(ATA)A'B

’ ’ el
A=| ‘@ TFy v TEm
1 1 .1

B=[x2,x?,. .. x0T
Xi2)1X3) " Xn)
RABRBHUT A (1), 15 H B B
u
a
i KO R, b Ky 1 SO R, T
DIAFIRE IR R s Xy , B
o =X
{)’\(((21) = (1_ ea)(y((g) _2) e = ),Z((al) - )A(((tl))
2 (7) BEE pGM (1, 1) B ELAG R A

1.3 HESHITE
TEHEST pGM (1, 1) BRI A (4 7 FRAg LR |, B

p°=0.5, ¥ GM (1, 1) BRI 7 @48, SRAFIKS 4L
PRME &° =[a°,u°]" A (R U, B A e X
X((Sll) =—4 prﬁll) +(1-p) X((i))] +tu=
—apX(,, —ax +U (8)

~ u, _
R = (53 - e s B

R
0 1
X((kil) = 1+ap
— NNy, TR TN, AR i A2
PR AR, HIRIX UL — PR AR 0 e P T A8, % T
—LURRIRY A, TESEPRd R AT A AT S o H PR
RS b T B B BRI , TR AL %,
5, (O NACTAEE A S, A5
z(’1+1) = PXespy T Q- p)xm (10)
HRAER p MR R (- S AT T 2 ] A
HXRZE (Z2)

u-ax?) (k=12,--.n-1) (9]

43
X
ot P 238 B S5 /N R . K T R S (A U

DTEER) GM (1, 1) fLBIFRSN pGM (1, 1) FEA.

253K (10) thEyAUH p & 0.5 B, pGM (1, 1) 2
RUGRAs R GM (1, 1) BiAL, ik GM (1, 1) BiALE
PGM (1, 1) #E7 flg— AN,

Wi E fAEA p BEET pGM (1, 1) BiRIAYEHE. p
M 0.01 JFIf , FFIKIBHE 0.01, #i pGM (1, 1) Al
B ARUCK XTI S IR X R 25, HE] p=0.99
g1k X g A AT LA AR B /N S B AL
XFiR2E R HXF R ) p A (B A IRAERRD |, SR IEHRK
(10) F 37 FH N Y TR AL AR,

(11)

Xcancha( n) =




- 116 -

2 FEYTI 5 SL 61

21 IREEES
WAL A =0 PR DM 3, i M T AR 1,21
10° m?. =Wk FEE KR, Z XKL EIK ZE 175 m
fe PRI FR S0, T AR R AR T Ot A R ik
B, ERGIE 5~15m LA BERE, S5 )S 2%
— T B RO P R R A5, A Aoy ) 530 ) G
M. AR E G, o W B ER, 5 RN
KA B WA 2t T 1A FE it P
BRI S AT K A B8 SGHIE.

R A DG B B B}, e T2 275 U 2R 9
1 (Qcd-pl)  HEFH (Qpl) HEFZAL AL, M ¥ef Trh—
s KA S T T, BBET SR, BF3dksMm 25°
L, T 20 ~ 4° . W7 AL A ook B T b
SRS+ Je i, B BERR, HL55 5 RS, W £
LRI I, R W H R RS

KiZWHEIZFRFIR 20084 145 2

LA AR R T, SR IV A A A1
I TSR A A B, T — AR RIS A 75 2L
— AN K SR B AR, (RN 2 U E R R M 2 B
U7X 22 =3 T AR5 W B A T & S k. an i & A v
P, Byt i E A A i S0 A, OB B
U TR AR A TR K A S K o, P S SR
MR AR
22 IRBRSHNER K LG

TR AR, AR iR GM (1, 1)
Fl pGM (1, 1) F550, 455 74T MATLABI (4
REWINAT gm_1_1m 5 pgm_ 1 1.m. XPHMET
(1) 3 SO RE 2 PTAR S 4 A0 SRR B 41, 38 e Bt ik
B A5 BB BAE AU, IR X R A T A
FHE.

U X T G I T I X I Y GCZK (7) &L
M GCZK (15) HhifLkA T B4, £ 2007 — 01/09 1Y
KRR TR T 81 L 3% 1.

T 1 BEEKEACENE mm
A1)/ A 1 2 3 4 5 6 7 8 9
- GCZK (7) 32.9 304 30.2 28.5 274 26.3 255 25.1 239
A
GCZK (15) 493 48.3 474 46.7 459 44.0 43.6 2.4 39.2

A SRAS R AR WIE X 5 X WA A
Z B IR B AR AR 2243512 0.008 5 5 0.013 7.
GCZK (7)#J a = - 0.035552, GCZK (15) 1 a =
- 0.026 342, ¥ L WMALA . GCZK(7) 5
GCZK (15) BiEFL pGM BETRUAR XF 1 i AL 5351
0.33 5 0.48, XL AAHX 1R 2R 0.007 3 5 0.012 1.
PR Y (RRG BTG (2 T AR PTG MR 22 285K, M L2 T

PGM 570 (A B B . AR A AR R, AR LA
WK T T, 3% 5 SEBR AR AR . 52
IME ARG ES T3 2.

MR K e iR, LA Wl GCZK (7) |
GCZK (15) 7K F-Rifs 1, LR A X H ph £ an ]
1-2 iR,

F2 LNESHE . FRER mm
A TE)/ A 1 2 3 4 5 6 7 8 9 10 11 12
s | 3290 | 3040 | 3020 | 28.50 | 27.40 | 2630 | 2550 | 25.10 | 23.90
GCZK(7) GM 3290 | 30.65 | 29.58 | 2854 | 2755 | 2658 | 25.66 | 2476 | 23.89 | 23.06 | 2225 | 21.48
- pGM | 3290 | 3047 | 2947 | 2839 | 2740 | 2645 | 2553 | 2464 | 2379 | 2296 | 22.17 | 21.40
V.
JEfE | 4930 | 4830 | 47.40 | 46.70 | 4590 | 44.00 | 43.60 | 4240 | 39.20
GCZK(15) GM 4930 | 4891 | 47.64 | 4640 | 4520 | 44.02 | 4288 | 41.76 | 40.68 | 39.62 | 3859 | 37.60
pGM | 4930 | 4889 | 47.62 | 4638 | 4518 | 44.00 | 42.86 | 41.74 | 40.66 | 39.60 | 3857 | 37.57
34 — 50 —
s JUAR Hod w JEU G A
2 —o—GMHE AL H I . . —o— GMBR
£ 30r —o—pGMAEL T Fi1] £ 46 s —o—PGMEAL Fit i
~ ~
j%; 28} ﬁ% 44
£ 26 ﬁ 42
X X,
Y T 40
22+ 38
20 1 1 1 1 36 1 1 1 1 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
I 17/ )] I 17/ ]
B 1 %57l GCZK (7) /K Ffrfs hsk B2 $hFlL GCZK (15) K FArfs sk




KRBT RIZFHRFHR

sklkcRk: TR (o AR 1 i e L5 T - 117 -

3 & iF

FIFIK B R G ISR, g7 T ISR TE 1
GM (1, 1) fRY, %R 3 2007-10/12 191
BASTE e AT T 1.
(1) HAGH AR kAR L, | KA
ARG PLETEPEM TN, A0 H1TE 52 1 5 AR T i R
2R UL R AUE, R S0 | T LUt Sr
RS T F0 , DRI AT — 7 B S R .
(2) JR A0 72 255 PR AT LA v e 0000 g 30 45
Je — BRI B AT i, Sy TR TR EREE
RFEIGPFRERT IR AL E B AF S, DT B s A0 A Y 1Y)
. EAERH GM (1, 1) #BHUF pGM (1, 1) Ak
MEAT TS AA T, 4 S N ) B AN B 2, — A
AN 3 AEUE N L
(3) T R A8 22 498 RS AR S50 2548 gl T LA
N AR TR , T — R R A S AR — e 2%
TSR WM ERZ, —BENER K
AEARAE, TN S 2 A B LS AT AR M SRR AT

SO K IR AR S S DU , AN BT B BEOET GM (1, 1)
PR A g TODRG .

SE Lk

[1] 2%, s, TRERMFEAE (M. R Eb
FiRF it 1994.

[2] XBHRIp. KTWL KIS (M].
Hi AL, 2002.

(3] % NI, A&, RIAHFE, 55, 3R T2 09 K 0 TR A
W [J]. H4S12#,2000, 21 (3) - 244-251.

[4] R HEDW, A4e. il ras g ay e it
[EHN B0 437 [3] . A A 1235 TSR, 2006, 25
(1) :2795-2 800.

[5] X, FRE, e E . KO RS0 &I A
[M]. 2 h. bt Bl ik, 1999:102-155.

[6] kI, KOS A B ARE 4 Hr FHum A i i
F[J]. £ TR, 2003,17(3) : 54-57.

[7] FEE, THEAM. Kl MATLAB6.O[ M |. Jbxt. ik
K2EH At , 2002,

B AR

(%dk: AHA)

Grey System Theory Model Based Landslide Deformation Forecasting

ZHANG Qiao-yi
(Architectural Design and Research Institute, TIUC, Tianjin 300384, China)

Abstract :

The basic content and modelling process of both the GM (1,1) gray model and the pGM (1,1) weight based one-

order-one-dimensional gray prediction model were discussed in detail. These two models were applied successfully to do

horizonal shift monitoring and forecasting of a landslide in Three Gorges area. In order to get easy application in practice,

these gray system theory forecasting programs were written in MATLAB. It has been proved by practice that the gray predic-

tion model is of much more application value in landslide prediction.

Key words: landslide; grey system theory model; prediction program; short-term deformation forecasting



