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Non-stationary time series prediction based on wavelet
decomposition and remanet GM (1, 1)-AR

ZHANG Hua, REN Ruo-en

(School of Economics & Management, Beihang University, Beijing 100191, China)

Abstract A non-stationary time series prediction method based on wavelet transform and remanet
GM(1,1)-AR was proposed. By wavelet decomposition and reconstruction, the non-stationary time se-
ries were decomposed into a low frequency signal and several high frequency signals. The high frequency
signals were predicted with auto-regression models, and the low frequency was predicted with remanet
GM(1,1). The prediction result of the original time series was the superimposition of the respective pre-
diction. This new method avoids the over-fitted for high frequency signals, and adequately fits the low
signal of the non-stationary time series, so better predicting performance can be obtained. Experiments

show the novel method is of higher accuracy in comparison with the traditional ones.

Keywords wavelet decomposition; non-stationary time series; remanet GM(1, 1) model; auto-regression;

prediction

1 5|8

I P2 23 1 RS AL BRI SMER I, 23 1 RGO AR ZERL. FESERR &, )75
IV RARTRRMAR LRy, RS Tor HE AR 2R 5 B an el AH BAE FIDR AL R e il (HAT LS ey
R R B AGARBNBEE M T 2RSS, B RN RSN B, EMUA A EENH
WS M HEAT MR R

HAT, EWNIMEE IR EREXN 3 7% R PR GBI ETAFSE, giitartre e A ey#HR 51
k. TG giTH A, BRONEMG e RSB TR, HAEREA R e ERYRIE, TERZ T
Thrr, FEARE T RAIRA, ERRERPIRD, XFEURZHFRMGTH o EMEIBUS AR AR, K
0 RGN RGE TR PR A RO, T T, B R %08 E A BT gar pim R 03],
WeFE HER: 2009-01-12
BB BXE AR EES QIR EHERI S (70821061)

YEB A kA (1978-), Zr, IWARMIRA, HLWFRA:, FEPFRIE: Heedn, BEFFII; A58 (1948-), 5, LA,

B, AR, EEOPRSU: BT AT, BTSSR, BN G A, B REE, S5, Rl
FATHE R BRI




5 634 sk, S HET/NBOMERMTRZEE GM(1,1)-AR fEFAam R 7575 1017

Xt FHERA B ER RS T A B, B TR EEAh, SRR T A el St TE] 41 A
BRI B HFREA TR, DL A er g S % e BRI LA O T AR ARV At ] 27 g 00 T 2,
S8R gk IE S /N R TR PR ] P A G R ), SHIRBSRG ¥ B VR e GMU(1,1) 3e4rR R FIRE S, A
SCEEH — BT/ NE MR ZE GM(1,1)-AR E’JEIF?%HT LA 7 3%, R e/ NE R B U SR
Py E S BRI R, XEe Bt EARSUE S A, e e s SR R, 8k i
Bl g, U\ﬁﬁ%mTﬂlF?%ﬁﬁlEﬂf?ﬂE’ﬁﬁ{ﬂJﬂ%F :

2 FUNRIER T A

2.1 THIE/NEEHE) Mallat Hik

Mallat AZS A& TT LS T T 23 B e th, 45 th T 15 50 A Rl 18 W 590k S B
Sk .
2.1.1 HMFEEE

AN co BRRENRFOMBRTBIRUG S, MRS M55 A

Cj+1 = HCJ, j+1 = Gd], j—O,].,"',J (1)

Het H F1G AR AGERS A sl IS s ¢ M1 4y SRR SEHER 20T Fi s
SRS T, BRI ESEASARIRE LMY, J R BRIMRREL. BERRERES co i
K dy,dy, - dy Fl ey

PRI FREE R R, (ERRIE o R LU AT (5 5 BRI BEDE, TG e HH AR B AR o0 1)
BERRH B (55 MR A BTILE AR, (228 Mallat SEPMRE 15 5 TR A ST G E
.
2.1.2 EMEE

Cj:H*Cj+1+G*Dj+17 j:J_]-aJ_2a"'70 (2>

Hrr, H* ML G* o35l H MG RIAEET KA (2) XNSMa 5 52T = T LU 515
Xt dy,dy, - dy Bl ey SABIHEATEM, 58] D1, Do, -+, Dy M Cy, H
X=Di1+Ds+--+D;+Cy (3)
HAr, Dy {dir, dia,- -}, Dy {dy,dye, -} R 1 BESE J BSIESEM; Cr: {c. e} N
% J BG5S EM. 78 Mallat BEAMRPAAF Z36{E, BI7ES A\ B3R5 A SRR < A — 12, DIE
PR BRI —RF, WMYRE B EaRRE.
2.2 REIIEWMM GM(1,1) REER
KRG RS E R IR T A5 Ao 7R, TR BPIRAS K R 3 A8 (Grey
dynamic model, GM)[6l.
B F 5 F— O R AR GM(1,1)
dX ™ (¢)

T aX® () =0 (4)

Hosk, FRRAISEC o A b i A
a= ()" = (57B) " BTY ®)
=

M

—% (az(l) (1) + 2 (2))
_1 (a:(l) (2) + 21 (3)) 1

ool
Il
o

|5 (V=D >)
e, 20 () RS o () BRI B 20 (1) — 525, o) (). SRR (4) AERHRIREACY:
o ()= (s >—§)ea<t vy (6)



1018 Ao TREI® S LK % 30%

B (6) B FTAHAH R A TEMIARL R Y-

W (k+1)= (x(l) (1) — g) e 4 g (7)
HI, TS A5 (1 Tl AR Ay
7Ok +1) =20 (k+1) -2V (k) (8)

JA GM(L,1) JiBsr iR (7) HIAS BB AR B R, AR s RS L, AIXRE T4 ¢ (k) =
{20 (k) =3O (k) } FEESL GM(1, 1) B {BHERL (7) SUB I FAREFFUN AR BT, ik 2ROk 7]
%%ﬁﬁﬁﬁ', 24 SE X R E A T AL P (78] ﬁ)ﬁéj’fﬁﬁjﬁﬂﬁ}, BB F TR 275 (AO)’ qéo), SRR PR
Sy BT, GM(1, 1) OB, IR d TRy )

7D (k+1) = <x(0) (1) — 9) ety b5y <q§0> (1) — b—l) emarky
b ! " b “ (9)
2ot (o) () 2 e 2
Hor: Mk >i b, 0 (k—i)=1; 2 k <i W, 6 (k—i) =0, Xy (9) ABIIGERIR T (8) IERBUEI
AR EIF AR X O gRE X©.
2.3 EF Mallat ZEHEE GM(1,1)-AR Fill5

IR E SR Mallat S50, X3V [ FHIHEA 700 15 B, AR5 X EATURIm A5 1R o B, i
JE56 P 4 B T 45 SR o ARARURT BB I0i 25 SR & n. TOAEZE 4 &T 1 frs

RS A H?ﬂziﬁ GM(L,1) Filll |_*
Itk NS |
Al 5 2

Tﬁ'?iﬁf%)’akH AR B |_4

1 #T Mallat FEERE GM(1,1)-AR FRESR

2 XA{w1, 22, on} AREBRPERAEFRNR S, 3 HREAT 3/ MR, R0 5 125 SR
(6] 5153524 T B, A

X=D1+Ds+---+D;+Cy (10)

HA, Dy {d11,d12, - din}s D2{da1,daa, -+ dan}s - Dy{ds1,dsa,--,dsn} N 1,2, -, J BEM
SEMEM; Cy{csi,cr2, -, con} HE J BEESHER. F:

vy =dig+dog+-+digt+cgr, 1<ESN (11)
FHEH {tii < M} WA x; {8, BN k& ZLUSHPIRSE, WFEERE Tayr, B
Tk = CT1,M+1§ + C/l\Q,M-Hc + -+ C/Z\J,J\J-&-k’ + Cr Mk (12)

BT D1, Da, -+, Dy FIALUEVETREEF5, FJoAlEEsr AR(p) #AL, F5T (71,M+k7 dAz,MHc, N dAJ,MHc
PN, B T

1) %t D, . AR(p) B, HRIFEMEY d;; XERHEFEEMEH, KR 1<) <J, i< M,

2) Xt bR R T i T AR 5

3) BRI )5 A 1ER) AR(p) XF dj avrvr BEATHIM, 52 dj v WITBTIE dAj,M+k~

HFISRES O RRkiEs, LEAIESME, TERARE GM(1,1) X TR mim. AR
aREREE GM(1,1) JRE, HITR A S A S T

1) SHEBUES C (i), (i = 1,2,---, N) fE— Bz ol (i);

2) th CWV (i) EBARHMER B MY, RFSH a;

3) FEV R GM(1,1) B,

4) I8 (7) SRR K E TN S A AEE oV () B O (i);

5) % (8) RBEFEF O (i), (6 = 1,2, -, N) B OV (i); R TIMRS B ARk, AT 5%
LRI IR R AN AR I IR TR GM(1,1) B,



5 634 sk, S HET/NBOMERMTRZEE GM(1,1)-AR fEFAam R 7575 1019

R B R TR, BRI A O B .

3 Fm|sCe
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CRORE < 0. (321
BUife/ 7o HXFIRE B/ 5T HXFIRE B/ 5T HXFIRE
2001 8622 8557 0.0076 10583 -0.2275 8987 -0.0423
2002 9398 9403 -0.0005 12193 -0.2974 10384 -0.1049
2003 10542 10677 -0.0128 14047 —-0.3325 11785 -0.1179
2004 12336 12190 0.0119 16184 -0.3119 13036 —-0.0567
2005 14053 14015 0.0027 18645 —-0.3268 14165 -0.0080
2006 16165 16244 -0.0049 21481 —-0.3288 15333 0.0515
2007 18934 18901 0.0076 24748 -0.3071 16692 0.1184
RME 0.60% 30.46% 7.14%
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