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Abstract: In order to improve the forecast precision of modified GM(1,1) model,a new parameter estimation formula based on ac-
cumulating method to modified GM(1,1) model is proposed.This new method reduces the calculation quantity and complexity be-
cause it avoids large numbers of matrix operations.The computation results show that accumulating method modified GM (1,1)
model has higher forecast precision than other GM(1,1) model.So the accumulating method modified GM(1,1) model can be
applied extensively.

Key words: modified GM(1,1) model;accumulating method ; parameter estimation

W OB A TRSHEZE GM(1, AR TN E, 1IN B AR F 4T3 8.3t GM(1, 1)AER ¢ R 3G AT4E, -8 T #6952 34
AR, B RSB T REGEEEH KT A2 AT F SR AN, BAEINE &S CM(1, 1) BEA B AR 3 69 TR
e —APEAR A S A FRERL

S s # Bk GM(1, )RR BoArsk; A dds it

DOI:10.3778/1.issn.1002-8331.2008.24.017 344+ :1002-8331(2008)24-0062-03  SCHEFR IS A v Sy J5 4 :No41

1 5% G, @) ) R x BB T 2 (k)=
R SR IR (0 R AR BRI B BT 55 A5 ,
TSI E T BT K R AEREE S, S RbRIE (i &
SRR ARAE T B T e B b 7 VR K
O RGBS,
AR AR A RS [ 0 — 7 i B bR e p

-1
eV Ge=4a ) k=23, =10 & C= 3.2 (k),D=

k=2

l\)‘»—‘

n

n-1 n-1
) E= 2 o k) = Y G )T R (1) B
k=2 k=2

™M

=~
)

W58, S E LA RRRENLE . B R e —fp o b K
T T FE T RV R SR R — R B 2 W CD-(n=DE , _ DF-CE 2)
HOR AR S AT AT R LR, (n-DF-C - (n-DF-C*

SO FRE S INHTEBGHE OO, DBURESHN 20, e %), RECEIREEE (), T8 ST
SR TS AR, R AR R R, . o
s . 2 E, X‘ /\é ?:/ ", P &y i s =
PR B R A i‘z?%i_m )U\ffﬁ it RGURHE IR S B, Id X, =x
Hyx, ST GMOL, DBRFRAHTEL GM(L, 1R, iR

0) U {x<u>(n)}’

2 GM(1, 1)BIRL S Fad ]

A (1)

01y P O gy gy (D="(D=c" (1), K& RIRAERIS
itx = 1), 2), 0, (—1 775 E ',J?" A1 1 N
oo e ! PEAE R R B ()= () AT IR R L M1, 1)
x i GMCLL 1B SO o,
x(O)(k)+azm(k)=b k=2,3,-+,n-1 (1) (0) )
oW . . . x (k)taz (k)=b, k=2,3,-,n
idx = (D (2),x (=) At x 23— (3)

A (1)

; ) # = ()

e R A Y LI E T S e

i=1

LN H @%E&*Iﬁﬁk@ﬂ'ﬁu( 863 )(the National High-Tech Research and Development Plan of China under Grant No.2005AA1 13150);
VZE TR A=A 41 (No.108-210602) o

PEF WA FECHE(1973-) , 22 AR, FEEWHE 7 0] R B Bl S BE SOV AR T(1981-) , 55, FEERF5 J7 1n) Krde AL B

WeRs F1491:2008-03-13  f&InT [118]:2008-04-18



o, AT B Bt GM(1, DA S 36 i 7 ik

2008,44(24) 63

Zx“”mm, (n=1)z" (k)]

I

(4)
ll)—;x (F)le, = (k)B, ]
ﬁ:-FPalzz,[zm(k)]z,,Blzz,z(l)(k),lD]|=(n—1)al—,BTo
HAST (D AFHER ) SEZ WA W TR AR
Dl=|D|+i[z(”(n)-z“’(k)f (5)
a,= ﬁ(IDI(HZx )= (=" (6)
)—z(l)(k)])(
A (n)xm(k)—xm(n)z ) (7)

3 BRUEH RO GM(1,1) R S 55 )

PR R — T T RO R AR HT R 2l AR AR
L BEBE S NHTABOE CM(1, DRI SH b, 4
Fi ST A,

XMER B IREL - B, ) on B r BRSO

z (r)xl: 2 2 (r-l)x‘ (8)

=1 =1 I=1

Jg=1,2,+

B =1 EH RRBGET X IR Y L B BB
BTSN
> =3 ) ®

k=1

> et (10)

Sh T HET B GM (1, 1) BRI b 2200 R,
BRI (3) B 55— AN T AR N R ERE T ik R REE T
M E S ECHh r, BTSRRI ZSEOE 2 4,0 r —EARDT 2,

z (l)x(o (/c)+(z] z (l)z(l)(k):b] z ()

k=2 k=2 k=2
@) (0 S (2) (1)
k)+ k)=b,
1‘2:2‘ % )a‘;z' 2 (k)= =) (11)
(r)x(O)(k)+(ll 2 e )zm(k):bl "
k=2 k=2 k=2
imzm(k) _zm ~ . <1>x<m(k>
k=2 k=2 k=2
5 2) (D 52 " () (0) -
\ k) - - k - |a
X == s (k) Az:; Y =| i3 % (k) , a= Al
bl
- ()zm(k) ~ ()x(m(k)
k=2 k=2 k=2
TR DR R X a=Y S8 alfedieh «
a=X'Y # a=(X.X) X Y, (12)

SERRRY AR, — M X R AEAERY BT EARE =2,

HH Cramer 1500, fiffe SR AR V9T B R ) SRR -

4= IBl[z(zz l)x(o(k) zmz(z) (O)(k)] (13)
b] 17[2 (1) (0)(]13)2 (2) (])(k)—
|Bl| =2
7 1)(1)(k)2 x (k)] (14)
,H}EF”BJ:Z (1) 2 mzm(k) 2 (2)2 <1>z<1>(k)o
[ BRI (1) RBUEN SHER LA N
l;ﬁ[z(z)zm (0)(k) z(nz(z) (O)(k)] (15)
1 < ™ © < @ Wy
—IBI[; (k)% (k)
- ])Zl(k)z(Z)x(O)(k)] (16)
/E;EPIBlzz_‘ z(z)z(l)(k) 2(2)2 Z(I)(k)

2AR(13) (14 B ZE R e a3 A H B e b A (1) BAUL
HEHIZE o b 5 e, b, BIRR, AT E R T
S oML, DRI 2E S RS S GM (1, 1)
HIZH 2 )5 2, LUER H B4 B0 HESE R, i T E R

A1 B OM (1, DR AY 280 5 R S e it
GM(1, 1) BRI B4 2 (IR R -

|Bl |=|B|—2( )z( )(k> 2 (2) (])(k)

k=2

(17)

:Ill%—l[a—z x (/c) (n— 1)2( )xm(k)

z <1)x(0)( )_n+n (m(n)]

k=2

n-1
:]—[b+x(m(n)z zm(k)—z (n)z <2)x(0)(k)_
B = k=2

(18)

x(m(n) 2 <1>Z<1)(k)]
HEI] uﬁ(w)ﬁﬁ] HpY SRR T A5

n n-1
2(l)=2(1)+1 z(l)z(l)(k) Z(”Z“)(k)-'-z (n)

k=2 k=2 k=2 k=2

(19)

n-1

2(2)=2(2)+n Z(Z)Z(l)( ) Z()Zl(k)+z(l)z(l)(k)

k=2 k=2 k=2 k=2

(l)z(l)(k)_

<2 +1><2 . <k>+2 k)=

( 2 <z>+n>( Z <1>Z(1>(k)+z<1>(n)>:

2 (])2] (2) (l)(k)+z (])2 (])Z(l)(k)+z (Z)Z(])(k)+
k=2

k=2 k=2 k=2

5 (D 2 oS ) () W < )
Z z (k) 2 2 z (k)- (n)z -
k=2 k=2 k=2 k=2

nzmz(l)(k) nz (n)—
2



64 2008,44(24)

Computer Engineering and Applications THENL TR 5 A

n n-1

|B|—z mzm(k)+z (2)z<1><k)_ n*-3n (1)(n)

4
k=2 = 2

n n-1 n
I z <1>x<m(k>:2 (”xm)(k)+x(m(n), z (Z)x(O)(k)=
k=2 k=2 k=2
n-1 n
> o+ X ) TR (18) .(19).
k=2 k=2
4 B
DASCHR3 ] B0 2 LS 1), B ARG 7 x =
(2.874,3.278,3.337,339,3.679), i M 2 (6)=385,x, =x U
0)
(x"”(6))=(2.874,3.278,3.337,3.39,3.679,3.85), |
x'=(2.874,6.152,9.489,12.879,16.558,20.408 0)

2, '=(4.513,7.820 5,11.184,14.718 5, 18.483)

6 6
(1) (1 (1)
k —
X_% SRR _{56.719 -5 ]
2 i(z)zil)(k) _i(z) 135.319 -20
k=2 k=2
i (1) (0)
- k
v 2w )_[—17.534}
& o, | L5116
- Tx (k)
k=2
a] i [-0.0427
=X, YZ:{ }
b, 3.0229
ATy
2, (£)-0.042 72" (£)=3.022.9
BT
dle) )
004272, ()=3.0229
B (6)=x, (6)=20.408 0, 154} a0 37 B L :
b —a, (k=) b ! -
x )= () ="0e " 2 201,001 907 70,793 9
a, a

1 1

A (1) A (0)

4 k=1,2,3,4,5, 1 _L 1Bl B RS S By, (k)=

A (1)

=2 h-1) B k=2,3,4,5 6,75

A (0)

x, =(2.8746,3.213 8,3.354,3.500 3,3.654 8,3.821 3)
RUIIH T 3 AR A K iR 22 :

(461 50)
%% 3k :

[1] Bucker H P.High-resolution cross—sensor beamforming for a uni-
form line array[J].Journal of Acoustical Society of America,1978,63
(2):420-424.

Wilson J H.Applications of inverse beamforming theory[J].Journal
of Acoustical Society of America,1995,98(6):3250-3261.

Nuttall A H,Wilson J H.Estimation of the acoustic field direction—

[2

—

13

[t}

ality by use of planar and volumetric arrays via the Fourier inte—
gral method[J].Journal of Acoustical Society of America, 1991,90
(4):2004-2019.

[4] van Trees H L.Optimum array processing:part IV of detection,es—

timation , and modulation theory[M].[S.].]: Joho Wiley & Sons Inc,

A1 P R iRIE

o GM(1,1) Bk GM(1,1) HiY
T A0 B ) BRI 5 () %)

1 2874 2874 0 2.874 0 2.874 0

2 3278 3236 1402 3212 2013 3214 1959

33337 3355 0524 3353 0.467 3354 0509

4 3390 3482 2705 3499 3.232 3500 3.253

5 3679 3614 1778 3653 0.707 3655 0.658

6 3.850 3813 0.957 3821 0.745
JARiRE 1778 0.957 0.745
TFHRE 1.602 1.475 1.425

I3 1], SR AR S GM (1, 1) BRAY J5 i iR 22
FIP- 343 25 o BB e GM (1, DAERIA GM (1, 1FERIHEL/N,
1 H. 3 AR BB St CM (1, DRI IR FZ R/,
TS o B P B v, AR L

5 4

SO BRSBTS CM(1, BRI SE i,
T HI ST AR, AR T HIHER S50 % & .
B(E 0, SR OB A RS B T SN e —FME
AR R FH ) LAY

5% ik -

[1] HHEE, AR R, 2805 AR R ARl B2 H R M AL B¢ B R AR

#t,2005:163-172.

XA, m5Ete. 2 | P R E R B IS IR IT )] R4 TREEIE 55K

,1998,20(1):38-43.

[3] Yeh Jing Feng,Lu Hung Ching.On some of the basic features of
GM(1,1) model(1)[J].The Journal of Grey System,1996,8(1):19-36.

[4] Wu J H,Lau Chi Ren.A study to improve GM(1,1) via heuristic
method[J]. The Journal of Grey System,1998,10(3):183-192.

[S] EFEHE, BRTT RBUL GM(2, DR IR ST TT)). R T
S HAR,2006,28(4) :542-544.

[6] EBKIE, RICTT AR GM(L, DA RS TR 552
#,2001,21(5):92-96.

[7] ZEfR0%, 30 FE TG Newton—Cores 23K GM( 1, 1)#FIfY
RS BT 12 5 R ()] RS AR 5 920, 2004, 24(10) :
122-126.

(8] W% , sMH. B S HEIM] ALt B iRk, 1999 52-65.

2

2002:718-721.

[5] Kay S M.Modern spectral estimation:theory and application|[M].
[S.1.]: Prentice Hall,1988:106-118.

[6] Haug A J,Jacyna G M.Theory and analytical performance evalua—
tion of generalized correlation beamformers[J].IEEE Journal of O-
ceanic Engineering,2000,25(3):314-330.

[7] Carter G C.Results of an independent analysis of the inverse
beamforming for use in the advanced processor build process|J].
Letters to the Editor of Acoustical Society of America,2000,107
(6):3564-3567.

8] Nuttall A H,Wilson J H.Adaptive beamforming at very low fre—

quencies in spatially coherent,cluttered noise environments with
low signal-to—noise ratio and finite—averaging times[J].Journal of

Acoustical Society of America,2000,108(5):2256-2265.



