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71 72 —

B(z) :=bz" +byz "+-4b, 2", b eR,

C(z):= l+clz71+czz72+'~-+cncz7"" , ¢, eR,
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ZIXRZHE a,,b, ¢, d; T f; RIS, BB
W, ,n,,n, 0, Fn, S8 RIERAEF MR, A
A(z)y(t)= (1+a1z71+a2272+---+annz7"“)y(t)=
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2) H | R 22 W 3073 & 48 (AR-OEMA
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%)

A()y(= 2+,

F(z) C(z)
4) B FIE R 2 | BUEW s R4 (AR-

OEARMA £ 4¢t), Bl [ [B] 9 Box-Jenkins £ 4% ( AR-
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(CARARMA #%¢) , Bl 7 #2525 | 01 3 3 P34 &
4t (EEARMA £5;) .
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Fig. 1 A pseudo-linear-parameter system
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ized Extended Stochastic Gradient algorithm, AM-MI-
GESG F.ik%) :

H)=d(-1)+ [Y(1,0)-®"(1,0)d1-1)],

mﬂzakn+%€¢E@J% (26)
E(p,0)=Y(p,0)-®"(p,1)8(1-1), (27)
r()=r(t=1)+ | @(p1) |, (28)
Y(p,t)=[y(t),y(t=1) -, y(t=p+1)]", (29)
D(p.0)= (1) @(1=1) . 0(=p+ D], (30)
2, ()= @l (D)F(1)+¢p" (1) B(1) (31)
w(t)=y(t)~¢,(1)a(t)~x,(1), (32)
8(1)=y(1)-@" () d1)=w(t)-¢r(1)0,(1),  (33)
e()=[g!(1) @1 (1), " (1) @0 (1) ], (34)
e, ()= [=y(t=1),=y(t=2) -, =y(t-n,) 1", (35)
@.()=[-x,(1-1),~x,(1-2) ,=++,=x,(t-n,) 1", (36)
@.(1)=[=w(1=1) = (1=2) =, = (t-n,),
ﬁ(t—l),ﬁ(t—z),---,ﬁ(t—nd)}", (37)
ar)
9(1)= {m ) (38)
o(t)
0,(1)

AM-MI-GESG # % (26)—(38) i1 5 2 B
.

1) MR A =1, 4 B B K E p, B B
L, 8SBAG9E 9(0)=1,/p,, WH r(0)=1,
x,(1)=1/py,0(i)=1/py,0(i)=1/p,,i<0,p,=10°.

2) SREIMEE v (0) F (1) , g BAFE B 1 i
(1), = (35)—(37) FI(34) M A5 B e, (1),
@.(1) @, (1) Fil (1), 3% (29)—(30) Hy s HE Ty
i Y (p, o) MRS B & (p,0).

3) M=t (27)—(28) HH 5 H i E(p, o) Fl
r(t).

4) MR (26) RIS T 9.

5) MR (38) (9 9(e) it ae) f (1) ,0(t) Fl
0,(1) 3R (31)—(33) 8 x, (1), (0) F1 0(1).

6) W e<L,e B8N 1 5356 2) 4, WG S
Beftiit i S(L) G5t



17150 241 225 210, IRBIERR 2015,7(4) 1289312

Journal of Nanjing University of Information Science and Technology : Natural Science Edition,2015,7(4) :289-312 295

AM-MI-GESG BB SRR R an i 3
R
( i) )
'
WAL =1, B, I
{
TAEIECHE () FI (1)
e, 60,060
WY (p, )T D (p, 1)
!
'H'%E(p s t)*[]r([)

!

WHES (1), V18 (1), () F10(0)

t:=t+1

@

YIS A9 (L)
!

T

3 AM-MI-GESG st A S8R
Fig. 3  The flowchart of the AM-MI-GESG algorithm
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Fig. 4 The flowchart of the AM-RGELS algorithm
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at)=y(1) g (Da(t-1)-g (O t-1) ' (D B(-1), (112)
0(1)=7(0) =" (1) H1), (113)
2(0)= @l (DF(1)+" (1) 0(1) (114)
£,(1)= @u()F (1) + (1) O(1) (115)

70 =y()+[y(1=1) ,y(1=2) ;= ,y(1=n,) 1&(1) +

[=5,(t=1) ,=5,(1=2) -+, =3,(t=n,) (1) , (116)
&)= () +[p(1=1) ,p(1-2) -+, p(1=n,) ]6(1)+

(- (1-1) ,=h(1=2) -+ ,~p(t-n,) Jd(1) , (117)
e()=L[on(t) ,n(t) . (1) ]", (118)
e.(0)=[e(0), e (1)]", (119)
e ()= [=y(t=1),=y(t=2) -, =y(t-n,) 1", (120)
@.(1)=[-2(1=1) ,=2(1=2) -+, =2(t-n,) ", (121)
@, ()= [=5,(1=1) ,=5,(1=2) ,+,=5,(1=n,) ]", (122)
@ ()= [-2,(1=1) ,=5,(1=2) -+, ~£,(1-n,) ", (123)
@.(0)=[-w(1=1) ;=0 (1=2) -, = (1-n,) ", (124)

o,()=[0(t=1) ,6(t=2) -, 6(t-n,) ", (125)
do)=[a"(0) . f(1),0"()]", (126)
0,()="[&"(1),d"(1)]". (127)

T F LSRRG Z 5 BRI
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F-AM-MISG 553 5 B R -

1) WA 1= 1, B E BB p, B0
KB L, &S8R 9(0)=[4"(0),F(0),
0'(0)1"=1,/p,,0,(0)=1,,, /p,, EH r,(0)=1,
r2(0)= l,ﬁ(i)z I/Po’w(i)z I/Po’ﬁ(i)z 1/Po,
(D)= 1/po,2,(0)= 1/po,(i)=1,/py,i=0,-1,-2,
---,l—max[na,nf,n(,nd},p0=106.

2) SRAEVIEE y (1) Rl (1) KR (120) —
(125) K93 @, (1), @, (1), @, (1), @, (1), @, (1) Fl
@, (1) YRR (119) H3E @, (), gt (112) 755
(1), R (110)—( 111 H 3 3 FUME 75 i 45 W (p,
1) FIHERRE SRS D, (p,1).

3) M (106) F1(107)HH E,(p o) F1 ry(1).

4) it (105) RSB 6,(1).

5) WK (127) 19 8, (0) Fhiggih e (o) Fnd (o) 4R
Pk (116)—(117) F 8 5,(0) A1 b, (1), A =X
(118) Hg3 (1) , X (108) F1(109) 443 HE BLIE I
iy Y (p,0) FERUS AR d(p,1).

6) itz (103)—(104) 355 E,(p,0) Fl r,(0).

7) it (102) B S EAb i 9(r).

8) M (126) 1 d(e) gzt a(1) (1) FO(1).
AL (113)—(115) H5 0(0) ,2(0) 1 2,(1).

) U 1<t BAN 1 BERIEE 2) 2, ARSI AT i
TR, A BRAT B HE i (L) 0, (L).

L bl scE i 3 (104) FI(107) AT &
o)

r()=r(=1)+ () |7,

n()=r=1)+ | ¢,(1) | °,

MR T B A T A SISEE S — R
BB
2.4 ETFEEMNEHEESESN RIS E

ST R (70) F1(65) , B /ML R 51 1 )

BRI

Jxa>n=g[no>—¢%ﬂar,

Js(0,) =Y [w(j) - e.(j)0,]1%

j=1

Ui i AM-REGLS BFUR % Al F-AM-SG BEUR:
TERIHES: W S AR AL B HAR T, W] LIS 2
BRAAERL(70) F1(65) Z K inl f 9 F1 6, 193 T I8
PG e A A 3o+ B /N — € 55 s ( Filtering based Aux-
iliary Model Recursive Least Squares algorithm, F-AM-
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RLS 51%)

H)=d-D)+L() [3(0) - (1) d(1-1) ], (128)
L()=P(1=De() [ 1+ () P(=1)e(1) ]!, (129)
P(1)=[1,-L(t)¢'(t)]P(t-1), (130)
0,(1)=0,(t-1)+L (1) [@(1)-¢i(1)8,(1-1)], (131)
L(1)=P (=D, (1) [ 1+g.(1)P,(1-1)gg, (1) ], (132)

P()=[1,.,-L(t)e (t)]P,(1-1), (133)
w(0)=y(1) -l ()a(1-1)-@! () f(1=1) -

$'(1)0(1-1), (134)
2(0)= @ (D)f(1)+" (1) 0(1) (135)
o(1)=7,(0) =" (1) 1) =

70 —@i(1)a (1) —2,(1)=

y(1) =gy (D@(1) =2(1) -@n(1)8,(1),  (136)
2(1)= @iy ()f(1)+(1)0(1), (137)

() =y(0)+[y(e=1) ,y(1=2) -,y (t-n,) JE(1) +
[=5,(t=1) ,=,(1=2) -+, =3,(t=n,) 1d(1) , (138)

()= p(1)+[p(1=1) ,p(1=2) -, p(1=n,) ]&(1) +
[ (1=1) , = (1=2) -+, = (t=n,) 1d(1) , (139)

o)=L (1) ,u(t) b} ()], (140)
e.()=[-w(t-1) =0 (1-2) =, =i (t-n,),
ﬁ(t—l),ﬁ(t—z),---,ﬁ(t—nd)]"‘, (141)

e, ()=[=y(1=1) ,=y(t=2) -+, =y(t-n,) 1", (142)
@ (0= [~£(1=1),=£(1=2) -+, ~2(t=n,) ", (143)
@,/ (0= [=3,(t=1) ,=3,(1=2) -, =5,(t=n,) ", (144)
@, ()= [=5(1=1) ,=2,(1=2) -+, =%, (1=n,) ]", (145)
d)=[a"().f'(1),0' ()], (146)
0,()=[&"(1),d"()]" (147)

24510 T F-AM-RLS Sk b 45— 20 1)
TR (ng =n,+n4m,n: =ngtn +n,) S B flop
N, :=4(n, +n/+m)2+4(nc +n£,)2+2m( n+n,)+12n—2n,-1=

4(n,+n+m+n, +n,) *-8(n, +n+m) (n,+n,)+

2m(n,+n,)+12n-2n,—-1=

4n*-8( n,tntm+n +n,) (n+n,)+

8(n,+n,) +2m(n,+n,) +12n-2n,-1=

4n’-8(n,+n,)n+8(n, +n,) >+

2m(n,+n,)+12n-2n,—-1=

%2 F-AM-RLS HEMitHE

Table 1  The computational efficiency of the F-AM-RLS algorithm
A FikX BRI/ € IR/ €
) A== +L(1)e(1) e R/ ™ n,tngtm n,tngtm
e(1) :=3(1) " (1) I(1-1) eR n,tng4m n,tntm
L(1) L(1)=¢(t)/[1+¢" (1) (1) ] e R"/™ 2(n,*+n;+m) ngtngtm

;(t) ::P(l_l)é(t) < Ryt

(n,+n+m) 2 (n,+n+m=1) (n,+n+m)

P(t) P( [) - P([—l )—L( [)§'1'< l) c R(n”ﬂlj*m)x(nu+n/-+m)

(n,+n+m)? (n,4ntm)?

0.()  0,(1)=0,(1-1)+L,(1)e, (1) e R"*™ n.+n, i,
e, (1) 1= (1) -l (1)0,(1-1) eR n, +n, n4n,
L) L(0=£,(0/[1+e,(0E,(1) ] e R 2(n,+n,) n,4n,
£.(1) =P (t-1)¢, (1) e R"™d (n,+n,)? (n+ny) (ntn,=1)
P,(1)  P(1)=P,(1=1)-L,(1){,(1) e R (notny)? Cnon)?
w()  w()=y() =g ()a(t=1)~@ () f(1=1)=¢" (1) 8(1-1) eR n .
#(1) ()= el(Df(1)+¢"(1)B(1) R npbm -
o(t) 2(0)=y() -1 (1)a(1) -2(1) -¢n(1),(1) eR n,+n, tn, n,+n, 4+
() 2= @OF()+@r(1)0(1) eR - B
. S =y(D)+[y(1=1) - y(1=n,) JE(1) +
yj( g d n.tn, n +n,
[=3(1=1) -+, =5, (1=ny) 1d(1) R
30 (=) +[p(1=1) =, p(1-n,) 16(1) + o) s

[=¢(1=1) -, (t-n,) ]d(1) eR

2(n,+n+m) +2(n,+n,) 2+ 2(n,+n+m) > +2(n,+n,) 2+

PEE
m(n,+n,)+7n-n, m(n.+n,)+5n-n,—1
B flop %X N, :=4(n,+n;+m) 2+4(n,+ny) 2 +2m(n +ny) +12n-2n,-1
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4n’+8(n,+n,)’—(8n-2m) (n,+n,) +
12n-2n,-1.
AM-RGELS 5.3 5 F-AM-RLS kiR 2 2208
N,-N,=(4n>+8n)-[4n*+8(n +n,)* -
(8n-2m) (n,+n,)+12n-2n,-1] =
-8(n,+n,)*—4n+(8n-2m) (n,+n,) +2n,+1=
(8n—8n,~8n,~2m) (n,+n,) —4n+2n, +1=
(8nd+8n/+6m) (n,+n,)—4n+2n +1=
4(n,+n+m) (n,+n,) +(4n,+4n+2m) (n,+n,) -
4(n,+ntm+n,+n,)+2n,+1=
4( nu+nf+m) (n+n,~1)+
(4n,+4n+2m-4) (n +n,)+2n,+1.
i’[nﬁndal,na@nj/l B m=208,N,-N,=0,f
LA F-AM-RLS 5.9 [t AM-RGELS 53155 /)

2.5 BEFRENEBENSHER/N_FIHAE L
FEXTHEREAL(70) F1(65) , T A R Ge iy W
WEAE 1y () () :0<j<t} PR ZH B /N5
FE RGNS E N & 9 M 0, kT
SE SCFEFE BEERE @(p,0) Fl @, (p,1)  HEFRIE
P Y, (p,o) HEBES & W(p,0) F1 V(p,
1) 5350k
D(p,t) :=[e(1),p(1=1), - ,@(t-p+1) ] e R,
D,(p1) :=[e,(1) 0, (t=1) -0, (tp+1) ] e RV
Y (p,t):=[y t),y(t=1) -,y (t-p+1)]" eR’,
W(p,t):=[w(t) ,w(t-1) -, w(t-p+1)]" eR”,
V(p,t):=[v(t),v(t-1) - w(t—p+1) ] eR’,
I H =X (70) F1(65) 15305 B 7 7 -
Y (p,t)=®" (p,t) IH+V(p,t), (148)
W(p,t)=®(p,1)0,+V(p,t1). (149)
R AR R B T RO U U 10 22 0 B LR AR, B
YETU] RS A

J(9) 1=Z1 Y (p )= @' (p NI [Y,(p))- P (p,)I] =
Z [
ACRE =Zl [Wp)-@,(p )0, ] [Wp )~ ®,(p )0, ] =

Y(p.j)- @ (p,)d|?,

2 | W(p,j) —@,(p,)0, |
Q\EXT & 10, 17 B & ¥ R R AR
Y(p,t),®@(p,t),W(p,t) @ (p,t) 555 HHAL T
Y(p,t),d(p,t) ,W(p,0) Rl d,(p,0) W8, 5825
BN e thiit:

T, FAMESHARGENZ BTk

DING Feng, et al.Multi-innovation identification methods for linear-parameter systems.

RDX CEN I

J=1

‘Pn(p,j)&’f(p,j)] N Y b.(p

j=1 j=1

D(p j) D (p.))]

DWp ] .

p j)éjT(p,]) c R(IL4+ILJ4+IYL)X(I1/“+IL}+IYL) ,

P, <t)_ 2‘17(10,])45 (p,j) € R (et X (netn ,)

J”'JﬁL.TEﬁ%JC?% :

P (1)=P(1=1)+@(p,1) D (p,1),

P ()=P'(t-1)+® (p,0) D (p,t1).
SRR IR/ N RRFE MG I HL A
:k:l_glfiz

(A+BC) '=A"'-A"'B(I+CA"'B) 'CA™',
A LA BIHFRRRL (70) F1(65) S8 w3 O F1 6, 1Y
LT UE I AT B A 258 B /N /jﬁ;%{z*i(lrﬂterlng
based Auxiliary Model Muli-Innovation Least Squares
algorithm , F-AM-MILS 2.45) .
H1)= -1 +L(1) [¥(p,1) @ (p,)d1-1) ], (150)
L()=P(1-1)@(p,1)[ I+

@T(P,t)P(t—Al)‘i’(p,t)Tl, (151)
P(1)=[1,-L(t)®'(p,1) 1P(1~1), (152)
0,(1)=0,(1=1)+L,(1)[W(p,1)-

D.(p,0)0,(1-1)7, (153)
L()=P,(t-1)®,(p,0) [+

@)(p,)P,(1-1) @, (p,1) ], (154)
P()=[1,,, -L()®,(p,0)1P,(1-1), (155)
Y(p,0)=[9,(1),5,(t=1) -, 5(t=p+1) 1", (156)
D(p.0)= () .1=1) . e(=p+ D], (157)
W(p,0)=[w(t),w(t—1),@(t-p+1)]", (158)

D, (p,0)=[o,(1),,(1=1) -+, @,(1=p+1) ], (159)

w(1)=y(1) - (1)a(1-1) @' (1) f(1-1) -

$'(1)0(1-1), (160)
0(1)=7(0)—-@" (1) H1), (161)
2(0)= @ (DF(1)+" (1) 0(1) (162)
2,(1)= o) f(1) +; (1) B(1) (163)

F0)=y () +[y(1=1) ,y(1=2) =+ ,y(t=n,) (1) +
[=5,(t=1) ,=,(t=2) =+, =3,(t=n,) 1d(1) , (164)

()= d(1)+[p(1=1) ,p(1-2) -, p(1=n,) ]E(1) +
[~ (t=1) ,=h(1=2) -+ ,~p(t—n,) Jd(1) , (165)
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()= [ey(1) (1) . (1)]",

@, ()= [-0(1=1) = (1=2) -, (1-n,)
ﬁ(t—l),ﬁ(t—z),---,ﬁ(t—nd)]", (167)

e, ()= [=y(t=1),=y(t=2) -, =y(t-n,) 1", (168)

e.(0)=[-2(1=1),-2(1=2) =+, =2(t-n,) ]", (169)

@, ()= [=5,(1=1) ,=5,(1=2) ,+,=3,(¢=n,) ", (170)

(166)

@, ()= [=2,(1=1) ,=2,(1=2) -, =& (1=n) 1", (171)
do)=[a"(0) . f(1),0"(0)]", (172)
0.()=[&"(t),d"(1)]" (173)

3 ETEESHEHMEISHEPHATIE

F IR (63) Mk 1 — KM EE A 3]
B ARG, HEUT
¢ (t)
A(z)y(1)= e )
Horp g6 As e ) I
BRG(174) WS EEBRZN, f/hN Bk
P 2R AR EOR, Ho B it K. SRR T3 AR
K AM-RGELS B.36AH bt , A8 F5E 1 W00 B30 08 %
P14 %S B RS ARL 128 # i /N — 3 (F-AM-RLS) Bk iy 1+
A TR, (H AR B 2 BR Y. T R B U
UG, WIS TR o3 it 1) BE AT LG 3 B0 A
UG 14 22 3 S8 BB AL B 3 T B 780 it 114 326
WD IR I TR 1 228 B /N R
SR AR R R T AR i 1) a3 HE SR /N TR A
F-AM-RLS S35 9 153 2 08 /N (S 48 [ 28 55 1% )
AR

3.1 ETFHEESBAPHNER
A SCHR )R 5 oo (¢) FIAH GRS w ()

D(z)
C(z2)

v(t), (174)

(18 !
o) =20 e (100,
D(z
w(1) —%vw S0, (D). (175)
R (174) LI
y(1)= [1-A(z) Ty(0) #2(0) +10(1)
=¢}j(t)a+x(t)+w(t) (176)

=, (1) at+e (1) f+e' (1) 0+, (1)0,+v(1). (177)
A PRBRIG & T 4 D TEEME ¢ (1) ,0,(1),
d()F e, (1), Hrh @ (1) Fl (1) 2 H B AL £
TR, 0, (0) Fll @0, (1) FE AT K415 B 1 43
LI R 28, 58 SCINF

@,(1) =) (1),¢'(t)]"eR

o (1) :=[, (1) ,@,(1) ] e RT™™,

PO E AR ST
0,:=[a",0"]"eR"™"
0,:=[f,0,]" eR""".

BT Bk X, (177) /LU
y(1)=¢3(1) 0,+¢;(1) 05 +0(1).

SIAPIASH [H) A% £
v2(1) 1=y (1) =5 (1) 0,
y3(1) =y (1) ~3(1) 0.

G5 (178) W] LIP3 A~ B I R 5
v2(1)= @, (1) 0,+v(1) (179)
yi(1)=¢5(1) @5 +v(t). (180)

A (179) F(180) Hyo3-fiftfe Wy HFRAL AL, 4n &l 6 FrR.

Y(O=£3(1)0,+¢5(1)0,+0(1)

THEAEE 0 THEREIEL

| ¥,()=(0)0,+(1) Ty 0=F00,+0() ‘

0,

(178)

K6 BRI 5 BrRE Y i) o o 45 4

Fig. 6 The hierarchical structure of the identification model

3.2 ETHEBESHOREILEEHRER
ARG ALY (179) A1 (180) , 5 SL I A4 1 U
PREL:

1[9’2“) 902(75)02] )

Js(0,) :=
J(05) ::*[Y3<z)_¢;(t>03]2~
B 0,(1) : [ at) e R™™Hl @,(1) ::{{(t) } e
0(1) 0.(1)

a f
R 6, (] e R0 =) | R

TEMSZ ¢ BOAG T i GRs BE 18 3R, /0N A o U] i K
Jo(0,) 1 J1o(0;) AT LATRE] T FBHEC R -

L rad[ J,(8,(1-1) )=

0,(1)=0,(1-1)-

ry(1)
@,(1)
02('5 1)+ (1 )[yz(t> ¢2(t)02(t 1)]=
92(t—1)+zz(<t))[y(t)-w.?(t)l)a—
@ (1)8,(1-1) 1, (181)
n()=rn(=D+ | e1) | %, rn(0)=1,  (182)
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0,(1)=0,(1-1) ——grad [1,0(8:(1-1) ) =

r3(t)
P @s(t) oA
03(t_1>+r1(t) [y3(t)—go3(t)03(t—l) 1=
33(5_1)+i3(<tl)) [y(t)_ﬂag(t)oz_
ey (1)0,(1-1) ], (183)
()= ry(t=1) + || @y(1) || °. (184)

F(I81) —(184) A7 ¥4 3% 1 2R HI S 41w 1 0,
0, , RS I o, (1) 53 B HA T 0:(0-1)
0,(1=1) 1 o, () 15 522 AT B
e(1) :=y(1) =1(1)B,(1=1) ~}(1)B;(1-1) R,
AT ARG B Al S8 & 0, 1 0, (YL THRIRL S
B BE AL BB JF 5 75 ( model Decomposition based
Stochastic Gradient algorithm,D-SG #%%) .

éxt)=égt-1>+¢*[)eu>, (185)
(1)
e(1)=y(1) -, (1)0,(1=1)-@3(1) @ (1=1),  (186)
n(D)=r(t=1)+ | ¢, (1) |2, (187)
93(t)=a3(t—1)+¢3(t)e(t), (188)
rs(1)
n(D)=r(t=1)+ | @y(0) |2, (189)
2(0)= @l (DF(1) +" (1) 0(1) (190)
w(0)=y(1) -l (1)a(1)-£(1), (191)
2(1)=y(1) =@y (1) 0,(1) —@3(1)B(1) (192)
%ur{zgﬂ, @UF[Z:H, (193)

o,(1)=[~y(1=1) ,~y(1=2) ;= ,~y(t=n,) 1", (194)
@.()=[-2(1=1) ,=2(1=2) -, ~2(1-n,) ", (195)
e.(0)=[=w(1=1) =0 (1=2) -, = (1-n,) ,

o(1-1),0(t=2) -, 0(t-n,) 1", (196)
0,(1)= [‘fm] , 0y(1)= {Afm } (197)
0(t) 0.(1)

D-SG . 4:(185)—(197) Wit ALK .

1) WG B E SRR 2, 4 1=1, 85
BT 6,(0)=1,,,/p,,0,(0)= 1, /po, &
Fr,(0)=1,r(0)= 1,8(=i)= 1/p,, 0 (=i)= 1/p,,
o(-1)=1/p,,1=0,1,2, -
po=10°.

2) SR EAE y () R p (1), R (194)—

"max[nu’nf’ncand]’

T F LSRRG Z 5 BRI
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(196) ¥ 115 B i i ¢, (1), @, (1) Fl @, (1),
(193) f3 (5 B i ¢, (1) Fll @,(1).

3) R (186) FHEEH A e (1), AR (187) 155
r, (1), R (185) RIH S T 4 0,(1).

4) IR (189) #55 ry (1), =X (188) il 3 244
i 0,(1).

5) M (197) i 6,(o) st a (o) f1 0(e) , A
2 (197) B9 0,(0) FEILF (o) 1 9, (1) =K (190) —
(192) 35 £ (1) ;w0 (1) 1 6(1).

6) H# 0,(¢) F1 0,(t—1),0,(¢) F1 0,(t-1) %
10,(1)=0,(1=1) || + | 6;(1)-0,(1=1) | <e,%5
T B SHN 0,(0) 1 0, (0) , 750 ¢ 390 1 %
B 2) 2, AkSEIEA T30 T

SE12 [RETT LABIAGERS I T A RISk
(s S BE e (188) AT(189) 13 Hy
n()=An(t=1)+ | @(1) |*, 0<A<I,
n()=ar(t=1)+ [ @y(1) |2, r,(0)= 1.
3.3 ETHEESMEES T MY EHIEE

W23 B RN, L F D-SG Bk (185) —
(197) K ZGek i y (1) A5 BT ¢, () F @y (1) P
JE S MR TR Y (po)  HERUS BRI &, (p 1)
il @y(p,1) :
Y(p,t):=[y(t),y(t=1),---,y(t-p+1)]" R,
D,(pt) :=[(1) ,,(t-1) -+, (t-p+1) ] e R
D, (p,t):=[@(1) @ (1=1) - @ (t=p+1) ] e RW"77
PERTN v

e(1)=y(1)-g3(1)0,(1-1)-@3(1)B,(1-1) e R
3 L )

Y1) (1)B(-1)-A()B(-1)
y(i=D) - (t-DB0-1) @ (-DB(-1)

r(0)=1,

E(pp):=

YD) (tp D81 -ApDAG-D)
Y(p,1)-@(p.)B(1-D)-d(p,)B(1-1) R’ (198)
RS BT SE R B 0, 0, (1 T RRL )i 1Y
%3 B BE HLBR B B ( model Decomposition based

Multi-Innovation Stochastic Gradient algorithm , D-MISG

k)

A A 452 9
0,()=0,(1-1) + ()
rz“)

E(p,0)=Y(p,t)-®y(p,1)0,(1—1)-

E(p,t), (199)
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D}(p,0)0,(1-1), (200)
r()=r(t=1)+ || Dy(p,t) | %, (201)
) ) @,(p,
0,(1)=0,(1-1)+ r((pt)t)E(p,t), (202)
r(t)=rs(t=1)+ || Dy(p,1) | 7, (203)
Y(p,t)=[y(t),y(t=1),,y(t-p+1)]",  (204)

D,(p,t)= [@2“) o, (1=1) -+, (1—p+1) ], (205)
@,(p,0)=[@;(1) ,:(1=1) =+, @, (1-p+1) ], (206)

PO @.(1)
2 = ’ ’ 3 = a s 207
(1) [(m] (1) L.m] (207)
()=l (D)f(1)+" (1) 0(1), (208)
w(t)=y(t)—,(1)a(1)-x(1), (209)
2(0)=y(1)-gp(1)0,(1) -@(1) (1) (210)

e, ()= [=y(t=1),=y(t=2) -, ~y(t=n,) 1", (211)
@.()=[-2(1=1) ,-2(1-2) =, —2(1-n,) 1", (212)
@, ()= [=w(1=1) ,=w(1=2) =, ~b(t-n,) ,

p(t=1),0(1=2) =, 0(t-n,) 1", (213)
0,(1)= [‘f(t)] , 0.(t)= {{(t) } (214)
o(t) 0.(t)

13 SRl R LR B B E R SR
FIAB A e 1 2258 BB PLAS B 3, 258 B
BEALAS B2 530 Je AE W SIGH FE ANT  2 [) 4 39 ) 47
B/ SRR e T P T 22 i THIRL BB LA
FER e 1A AU GE . 5 (201) F1(203) B]
LI H
nM)=A -+ et |2, 0<A<l, r,(0)=1,

r()=A r(t=1)+ [ @s(0) |7, r5(0)= 1.

3.4 ETFREENRESESN - RIHIEE
ARIEH LR (179) F1(180) , 4 SLRIHL /M fk

JIN TR T PR K

t

Ju(0,) : = z Ly, () _50;(].)02]2,

j=1
t

J2(05) = = z Ly:(j) - 40;'(].)03]2-

5 MR8 M fre /N S FE R AL TR 23 M 1Y)
BEALAS 2 B3 1 i 4 2, B R 9 oK S8 T LA AR
B, TS RIBE (178) 2 5m) i 0, F16, HIL T
TRt 1 2o 4 B /N — e B 1 (model Decomposition
based Recursive Least Squares algorithm ,D-RLS %) .
0,(1)=0,(t-1)+L,(t)e(t), (215)

e(1)=y(1)-@5(1)0,(1-1) -1 (1) B,(1=1),  (216)
Ly(1)=P,(1-1)¢,(1) [ 1+ (1) P,(1=1) (1) ], (217)
Py()=[1,,,~L(t)gi(1) IP,(1-1), (218)
0,(1)=05(1-1)+L,(t)e(t), (219)
Ly(1)=P,(1-1)g,(1) [ 1+)(1) P,(1--D)gpy(1) 17", (220)

Py(1)= (1., .., ~L()@}(1) 1Py(1=1), (221)
2(0)=@l(O)f(1)+$" (1) B(1), (222)
w(1)=y(1) =g (1)a(1)—2(1), (223)
0(1)=y(1) =@y(1)8,(1) ~(1) B5(1) =
w(1)-gi(1)8,(1), (224)
e(1)= j’f;;] L el)= [:iﬂ (225)

@, ()= [=y(1=1) ,=y(1=2) -, ~y(1-n,) 1", (226)
@.(0)=[-2(t=1) ,=2(1=2) -+, —2(1-n,) 1", (227)
@, ()= [ (1=1) ,=w(1-2) =+, (t-n,)

p(t=1) ,0(1=2) =, 0(t-n,) 1", (228)
b,(1)= ['f(t)] , (%(t):{f(t) } (229)
o(t) 0.(1)

7 3 %1 D-RLS 59 (215)—(229) &40 Wit
B (n:=n,+m+n+n,+n,) SFER S flop B0H
N, I=4(na+m)2+4(nf+np+nd)2+8n=
4n*-8(n,+m) ( n+n,+n,) +8n.
AM-RGELS 3%k 5 D-RLS Bkt A &z 2R
N,-N;= (4n”+8n) —[4n2—8(nu+m) (ny+n, +n,)+8n] =
8(n,+m) (ns+n +n,)>0.
[At, D-RLS 5.3k b AM-RGELS 8.3k 1158 & /]\. 24
n,=n,=m=n,=n,=10 [, N, =10 400 flops, N, =
N,=N; 4800
TN, 10400
46. 15% , %t T 3% 1] F, D-RLS 9% It AM-RGELS
BT AR T2 46%.
3.5 ETHBESBNSHER/N_FIHREZX
fH% D-MISG Bk 5 (199)—(214) , B F
D-RLS 5.9 (215)—(229) , ¥ Rkt y (1) G
16 0, (1) il oy (1) 3 JE R BV L i ik Y (o) M
BUE BHIE @, (p,0) Bl @, (p,0) KhREEHE
e(1)=y(1)=@3(1)B,(1=1)-@3(1)8,(1-1) eR
PR )
E(p.)=Y(p,t)~i(p,)8(1=1)~B|(p,1)8,(1-1) eR’,

5 600 flops, N, =N, =4 800 flops,
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%3 D-RLS EXMitEE
Table 3  The computational efficiency of the D-RLS algorithm

AL Fika eIk HK vk
0,(1) 0,(1)=0,(1-1)+L,(t)e(t) e R"™ n,+m ng+m

e(1)=95(1) =5 (1) 8,(1=1) -} (1) 8,(1-1) eR n
Ly(1) Ly()=5,(0) /[ 1+@3()L(1) ] e R'a™ 2(n,+m) n,+m

£(1) =P, (1=1) g,(1) e R (n,+m)? (n,+m) (n,+m=1)
Py(1) Py(1)=P,(1=1)-Ly(1){5(1) e RUatm*tngtm) (n,+m)? (n,+m)?
2)3( t) 93( t)= 93( t—=1)+L;(t)e(t) e R "a netn,tn, ngtn,+n,
Li(1) Ly(0=G(0/L G302 ] <R 2wyt +n,) nynn

) &(1) :=Py(1-1) @5(1) e R (ny+n,+n,)? (ngtn, +n,=1) (nytn, +n,)
Py(1) Py(1)=Py(1—-1)=Ly(1) {5 (1) e ROy (nppnging) (ng+n, +ny)? (ny+n,+n,)?
2(1) ()= @l (F(1)+¢"(1)8(1) eR ng+m npm=1
w(t) w(1)=y(1)~g (1)d(t)-2(1) eR n, n,+1
o(t) o(1)=w(1)-¢,(1)8,(1) eR n.tng notng
Rk 2(n,+m)>+2(nptn tn,) 450 2(n,+m) *+2(ngtn, 4ny) 2430
2 flop %t Ny :=4(n,+m)>+4(n+n,+n,)>+8n

A AR B TS i 0, A 0, Y SE TR i Y
% B /N —Fe B ¥ (model Decomposition based
Multi-Innovation Least Squares algorithm, D-MILS &
%)

0,(1)=0,(1-1)+P,(1)®D,(p ) E(p,t), (230)
E(p,0))=Y(p,t)-®y(p,1)0,(1-1)-

D}(p,1)6;(1-1), (231)
Py (1)=P;'(1-1) +@,(p,1) D3 (p,1) (232)
0.(1)=0,(1-1)+P,(1) D,(p,)E(p,t), (233)
P} (1)=P;' (1=1) +@y(p,1) Di(p,1) (234)
Y(p,t)=[y(t),y(t=1),--,y(t=p+1)]",  (235)
D,(p,1)=[e,(1) ,0,(1=1) -+ ,0,(1—p+1) ], (236)
Dy(p.1)=[@y(1) ,@;(1=1) -+, @y (1=p+1) ], (237)
(1) [‘;((:))] Mt)z[:i:] (238)
2(0)= @ (DF()+" (1) 0(1) (239)
w(0)=y(1) -l (1)a(1)-2(1), (240)
8(0)=y(1)=@a(1)0,(1) —3 (1) B,(1) =

(1) -gn(1)8,(1), (241)

o,(1)=[~y(1=1) ,~y(1=2) -, ~y(t-n,) ", (242)
@.(1)=[=2(1=1) ,=2(1=2) -, ~2(1-n,) ", (243)
@, ()= [=w(1=1) ,=w(1=2) -, =i (t-n,)

p(t=1),0(1=2) -, 0(t-n,)]", (244)

éz<t>=[‘f“>], ém{f“)}. (245)
0(t) 0.(1)

S TR TR A R A i
PSR, S B T o B 25 R 4
B TR T HHE L, 38 T3 IR,

4 ETREENIBESHEIATIE

%8 (63) iR B — RO MES R A 1013 1 2
FIIRGE, EHUE

A(z)y(t)=?7<<:)>0+g§2v(t), (246)
Hirp & A o A .

Ry — N R 3 B UL I 4 g
FEAFNPEFAL Y St R T 25 7 U8 0 1) 2 i Bl
MRS B BERA T  J8 T U8 U (%) 20 i 22 8 JE B ML 5
FEPUR T8 I 1 o ek T e /N IR FEUAE |
ST UEE 0 43 22 0 B i /D e BRiR L K R
ZHREE 2 (5 BB i AR 3 45 O FEAUL R Ay
fift ik
4.1 ETRENSHBIRIER

FKHIF(64)—(70) 1y SCAE S 1S 8% 9
PURLHY (70) FI(65) UNF -

y (1) =g (1) a+e (1) O+ (1) f+v(1)=

L) () 1]+l f+o(r) . (247)

0
w(t)=¢l(1)0,+v(1). (248)
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SR es(1)=95(1) —@y()F(1=1), (256)
Jf [Ej‘ 2” ?_f " . (0= 5,0 -l (257)
SR 4 r5<t>:r5<t—1>+||A¢,<t> I, (258)
ei(1) :=Ley(1) .y (1) ]" eR™™, 0.(1)=0,(1-1)+ ()eé(t), (259)

0, (1) =[ 3, (1=1) =y, (1- 2>,---,—y,-<t—nu>1“eR"u el

@, (1) :=[=x,(1=1) ,=x,(1=2) ,-+,~x,(1-n,) ] " € RY. es(l)=ﬁ)(l)—¢n(t)A0n(t—1), (260)
ST B ERS A BS (0 RGERI (247)  re(D=reG=D+ [, (0) 17 (261)

SRR TR S T SEImE 9,5 w()=y(1) e (1)d(1-1)-g! (1) f(1-1) -

5 28 o e AR 6 &' (1)0(1-1), (262)
ya(0) =y, ()~ (DS, 2(0)= @ (DF(1) +¢"(1)0(1) (263)
rs(0) =30 i) D, 8= 5,0 gL a() (1) =

W (247) AT LM T 91 BA R T R 5 - S
S yu()=pl(6) o(t) (249) y(ii—soyfwa(ii—x(f)—so,,(t)on(w, (264)
S, : ys(t)=gol}»(t)f+v(t). (250) @(l):¢x/'(t)f(l)+¢_/'(t>0(l)’ (265)

2 (249) —(250) F1(248 ) #4 G 1T 3 T 2 1) 73 ik B

WL B E T RENTA S I9=a",0']",
FRO [ .d"]"

4.2 ETIREBSHERENEEHAE X
AR AL 2 (249) —(250) A1 (248) , 5E L
=ANEN R KL

Ju(9) 1= Ty (-l 97T,

Ju(f) ::?[Ysu) _¢I/'(t)f]2,

Jis(0,) = Tu(n=¢l(10,1*

&&u)::[;x;] SR F(1)H1 0. (1) =[;x§ I

R SRt 9= [Z] SHI6,= [;] EREZ ¢ A

o D8 48, OR i A AR, B/
J(9) , 1 () R T,5(8,) , TR EIHER S B i 9,
S0, B 5L T8 I B9 53 i BE HLAS B Bk (Filtering
based Decomposition Stochastic Gradient algorithm,
F-D-SG 5.1%)

X0

H)=d(1- 1)+ (>e4() (251)
64(5)=9A”4(7«)_¢4(t)1?(t_1), (252)
7.0 =5(1) =@ ()F(1=1), (253)
(== | @i(1) 1|2, (254)
FO=F=1)+ f >)e5<> (255)

) =y()+[y(1=1) ,y(1=2) ,--+,y(t-n,) Jé(1) +
[=5,(t=1) , =5 (1=2) ;- ,=3,(t=n,) Jd(1) , (266)

G ()=d(1)+[p(1=1) ,p(1-2) - ,p(1-n,) ]é(1) +
[ (1=1) = (1=2) -+ = (1=n,) Jd(1) , (267)

e (D=Ll (1)l ()], (268)
o, ()=[=w(1=1) ,=w(1=2) -, = (1-n,)
p(t=1),0(1=2) =, 0(t-n,) 1", (269)

~y(i=n,) 1", (270)
~#(t-n) ]", (271)

o, (1)=[-y(t=1),=y(1=2) -
@.(1)=[-2(1-1) ,=2(1=2) , -+,
e, ()= [=5,(t=1) ,=5,(t=2) ;- ,=3,(t-n,) ", (272)
@, (1= [=2(1=1) ,=2(1=2) -+, = (1=n,) ", (273)
R a(e) . é(1)
Mt)‘[é(z)]’ 0"(”_[&(0 '

1S 40 M AT AE S K B F-D-SC ik
(251)—(274) 1 e, (1) 5 es(1) ARSI, BN

e(1) :=5,(1) =@, (1) d1-1)-@l () F(1-1)
PRt (251) —(258) AT LASE 5 N

(274)

3(z>={9(t—1)+‘i‘(<:)>e<t>, (275)
e(1)=7,(0) =y (1) H(1=1) @y () F(1=1), (276)
r()=r,(t=1)+ [l @, (1) ||, (277)
Fy=Fa-1)+ 5(( )) (1), (278)
(D)= r5(=1)+ | @ () || . (279)

4.3 ETRENSEESHERIEEREX
WA 2 5 B ¥ g, B T F-D-SG 5 ik
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(259)—(279) , Wit 9,(0) FIMEFAIR 0 (1) 15 8
1Tt @, (1) , @, (1) AT @, (¢) 7 Sy 3k FELUE B it 17
Y, (p, o) FIHERR S [ 4 W (p, o), HERUS SR I
D,(p,t) , D p,) D, (p,t):
Y(p,t):=[5(0),5,(t=1),-,5(t-p+1) ] e R,
W(p,t) c=[w(e) ,w(t=1),,w(t-p+1)]" eR’,
D,(p.) =L (1) .a(t=1) - g (t=p+1) ] e R™™7
D,(p.0) =L@, (1) @, (1=1) -+, (1-p+1) ] e RV,
D,(p.1) =[e(1) g (1=1) - g (1p+1) ] e R"™7
fiRe o

e(1)= (1) -y(1) H1-1)-@l () f(1-1) R,

eo(1)=w(t) - (1)0,(t-1) eR
PR I LT ik

E(p,t):=

7D =@ () =1 =gl () F(1-1)
3(t=1) =g, (t=1) H(1=1) =@ (1= f(1-1)

3,(t=p+1) —@y (t=p+1) (1—1) =@l (1-p+ 1) f(1-1)
Y,(p,0)-®,(p,0)I1-1)-®(p,0)f(1-1) eR",
w(1)-¢n(1)8,(1-1)

E((p,t):= w(t‘l)‘s;l‘(.t—l)én(z—1)

W (1-p+1) —gr(1-p+1)8,(1-1)
W(p,t)-®,(p,0)8,(1-1) R,
A RS BIPHAS R i 9L T 0, 10 TR 4> i
238 EL BEHL AR B B3k ( Filtering based Decomposition
Multi-Innovation Stochastic Gradient algorithm, F-D-
MISG 3.1 -

A A qA;4 ’
d)=d(1-1)+ r((pt)t>E4(p,t), (280)
E(p,0)=Y/(p,t)-@,(p,1)d(1-1)-

@ (p,0)f(1-1), (281)
r()=r, (=) + || @,(1) || 2, (282)
“~ -, ér' ’

Fo=ja-1)+ 'r’((’;)t)mp,w, (283)
rs(0)=rs(=1)+ | @, (1) ||, (284)
. ) @ (p,

0.(1)=0,(1-1)+ :(£>t>E6<p,z>, (285)
E (p,t)=W(p,t)-@,(p,1)0,(1-1), (286)
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re(1)=ro(1=1)+ || @,(1) || 2, (287)
Y (p,)=[5(),5,(1=1) -, 5,(t-p+1) 1", (288)

D,(p,0)=[@,(1) ., (1=1) -+, @,(1=p+1) ], (289)
D,(p,0)=[@ (1) ., (1=1) @, (1p+1) ], (290)
v:wp,z):@(t),wgt—1>,~--,w<f—p+1>r, (291)
@,(p,0)=[@,(1) ,@,(1=1) =, 0,(1-p+1) ], (292)
w(0)=y(1) -l (1)a(1-1)-@! (1) f(1=1) -

S'(1)0(1-1), (293)
2(0) =@ (DF()+" (1) 0(1) (294)
8(1)=3,(1) =@l (1)d(1) ~%,(1)=

Y(1) =@ (1)@(1) =2(1) =i (1)0,(1),  (295)
£,(1)= @u()F (1) + (1) O(1) (296)

g)=y () +[y(1=1) ,y(1=2) ,---,y(t-n,) 1é(2) +
[=5,(t=1) ,=5,(t=2) -+, =3,(t=n,) 1d(1) , (297)

()= p(1)+[p(1=1) ,p(1-2) -, p(1=n,) ]&(1) +
[-¢(1-1) ,=h(1=2) -+, ~p(t-n,) Jd(1) , (298)

()= (1), r ()", (299)
@ ()= [=w(1=1) =@ (1=2) =+, (t-n,)
p(t=1) ,0(t=2) ,---,0(t-n,) 1", (300)

@ ()= [y(t=1),=y(t=2) -, ~y(t-n,) 1", (301)
@.()=[-2(1=1) ,~£(1-2) -+, ~£(1-n,) ", (302)
@, ()= [=5,(1=1) ,=5,(1=2) ,+,=5,(1=n,) ]", (303)
@ ()= [-2,(1=1) ,=5,(1=2) ,++,~£,(1-n,) ], (304)

) a(e) . é(t)

)= , 0.(1)=]|. )

(&) [0(5)] (& [d(t)]

4.4 ETFEBEHSMBEER/N_FHILE X

MR K (249) —(250) 1 (248) , 5E L
=EN PR

Jis(F) = ZT Lya()) -40:(])19]2,

(305)

t

Jo(f) = z Lys() _¢£(j)f]2a

Jis(0,) = Z [w() - ¢.()0,]"

5 HE B 4 e/ — e HH IR FIRE T F-D-SG 5.
12:(251) —(274) W94, 9 B i R A 5 AL
O, AT LIS BIBHA S Hum & 9, M 0, Y 5E T IE Y
B8 fif 2o 4 B /N — I B 1 (Filtering based Decompo-
sition Recursive Least Squares algorithm, F-D-RLS &
%)
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()= dt-1)+L,(t)e(t), (306)
e()=9,(1) =@l () I-1) =g ()F-1),  (307)
L()=P,(t-1)g,(1) [ 1+, (1) P, (-1, (1) 17", (308)

P(0)=[1,.,-L(1)gi(1) IP,(1-1), (309)
FO=fG-1)+L()e(1), (310)
L(1)=Py(1-1) g, (1) [ 1+g(1)P(1--Dgg, (1) I, (311)
Py(1)=[1,~Ly(t) gy (1) IPs(1=1) (312)

0,(1)=0,(1-1)+L, () [@(1)-¢L(1)8,(1-1) ], (313)
Ly(1)=Py(1-1) g, (1) [ 1+l (1) Ps(1-1) g, (1) 1", (314)

Po(1)=[1,., L) e.(1) P,(1-1), (315)
w(0)=y(1) =@l (1)a(1-1) =@t () f(1=1) -
#'()0(1-1), (316)
2(0)= @i (DF(1)+" (1) 0(1) (317)
0(1)=3,(t) ~@y(1)a(1) (1) =
y(1) =g (a1 =2(1) =@ (1)8,(1),  (318)
2,(1)= @i (O)F (1) + (1) B(1) (319)

g0)=y () +[y(e=1) ,y(1=2) -,y (t-n,) Jé(1) +
[=5,(t=1) ,=,(t=2) -+, =3,(t=n,) 1d(1) , (320)

()= p()+[p(1=1) ,p(1-2) -+, p(1=n,) ]&(1) +
[ (1=1) , = (1=2) -+, = (t—n,) 1d(1) , (321)

e (=Lel (1), ()], (322)
@ ()= [=w(1=1) ,=w(1=2) -, (t-n,)
p(t=1) ,0(t=2) -+, 0(t-n,) ]", (323)

o ()=[~y(1=1),=y(1-2) -+, ~y(1-n,) ", (324)
e.(0)=[-2(1=1),=2(1=2) =+, =2(1-n,) ", (325)
e, (1)=[=3,(t=1) ,=5,(1=2) -+, =5,(t-n,) ", (326)
@, ()= -2,(1=1) ,=5,(1=2) ,+,~£,(1-n,) ]", (327)

S A IR

4.5 ETFEENSBETERN_RMIAE S
{57 F-D-MISG B #: (280)—(305) [ #fi 5, 3%
T F-D-RLS 9 (306)—(328) , ug e i 7,(¢) A
W I (1) A5 B @,(1) e, (1) Fl @, () 3R
MERLE B T Y (p, o) FEARE 75 [ 4 W (p,
0) U BAEEE @,(p,1) @, (p,1) F1 D, (p,1) K
e ) - -
e(1)=9,(1) @y (1) I t-1) @ ()f(1-1) eR,
eo()=1w (1)~ (1)0,(t-1) eR

Py R I

E(p.0) :=Y(p,0)~®,(p,0) }-1)-@(p,)f1-1) R,
E(p.0) :=W(p,0)-®,(p,)8,(1-1) eR’,
LS R HER S Em) & 9.f A1 0, 103 T U8 Y 43 fift
23 B 5/ — e B 1k ( Filtering based Decomposition
Multi-Innovation Least Squares algorithm, F-D-MILS 5
%)

) =d-1)+P, (1) D,(p,t)E(p,t), (329)
E(p,))=Y(p,0)-®,(p,)d(1-1)-

D (p,0)f(1-1), (330)
P (1)=P,'(1-1)+®,(p,0) ®|(p,1), (331)
F)=F=1)+P(0) @ (p,1)E(p,1), (332)
P ()= P (1=1)+@(p,0) Dy(p.1), (333)
0.(1)=0,(1—-1)+P () D, (p,)Es(p,1),  (334)
E(p,t)=W(p,0)-®.(p,1)0,(1-1), (335)
P (1)=P;' (1-1)+®,(p,0) D)(p,1), (336)
Y(p,t)=[5,0) ,9,(t=1) - ,5,(t=p+1) 1", (337)

@,(p,0)=[@,(1),¢,(1-1) =, @,(t-p+1) ], (338)

@ ,(p,0)=[@,(1),@,(t-1) @, (1-p+1) ], (339)
W(p,t)=[w(t) ,w(t=1),--,w(t-p+1)]1", (340)

&, (p,0)=[@,(1) ,@,(1=1) -+, @, (1=p+1) ], (341)
w(1)=y(1) - (1)@ (1-1)-g" (1) f(1-1) -

$'()0(1-1), (342)
()= ()f(1)+" (1) 0(1) (343)
8(1)=5,(1) =@y ()@ (1) ~%,(1)=

y() =g (D@1 -5(1)-gn(1)8,(1),  (344)
2,(1)= @i ()F (1) + (1) O(1) (345)

§0)=y()+[y(1=1) ,y(1=2) ,--+,y(t-n,) Jé(t) +
[=3,(1=1) ,=5,(t=2) ,-++,=3,(1=n,) 1d(1) , (346)

S()=d(1)+[Pp(1-1) ,p(1-2) - ,p(t—n,) é(1) +
[ (1=1) .= (1=2) - = (1=n,) Jd(1) , (347)

e (D= (1),df(1)]", (348)
o, ()=[=w(1=1) ,=w(1=2) -, = (1-n,)
p(t=1) ,0(t=2) ,---,0(t-n,) ]", (349)

@, (1)=[=y(1=1) ,=y(1-2) =+, =y(t-n,) 1", (350)
@.(1)=[=2(1=1),=2(1=2) , -+, ~£(1=n,) ]", (351)
e, (1)=[=9,(t=1) ,=5,(1=2) -+, =5,(t-=n,) ", (352)
@, ()= [=5,(1=1) ,=2,(1=2) -+, ~%,(1=n,) ]", (353)
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. a(r) . é(t)

Hi)=| . , 60.(0)=]. . 354
® 0(1) & [du)] S
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ST WA JET 5, BT
6T OV R 09 B L B LB B
3k NIV SR BB B % MO
YN N P2 N
BRI A DD e R LA AL
1@y 0= G 0 ),
AR 1D S 5002 1 1 57 8
RG50S DS R 22 F 0 2
RS AT RSCTARSIT, 1] S4 7 )
(0= Do),
ARG R,
1) (D) ZRHE S 8 R

0+

0+

_¢'(1)

A(z)y(1)= () O+v(1).

2) ()M iRE A RIH RS
o), 1

A(z)y(1)= (o) 0+C<z)v(t).

3) (fh) PES 0 HiR2ZEE B F RS
_¢' (1)

A(z)y(t)——F(z) 0+D(z)v(t).

4) (fh) L2 M iR 22 [ 1] )33 3o 2
EXR

_¢'(1), D(z)
A(z)y(t)= F(2) 0+C(z)v(t).
5) AR-Box-Jenkins &% ;
A= a0 +g ).

6) (fth) ZELPE T #EG 22 A M HME 371
ARG
D(z)

A(Z)y(t)=¢T(t)0+c<z)v(t)-

RSCHE Y B0 BT ) W S 7 R UL
g ZEHE— A ST ERAL

References
[ 1] T®H RZSEHUHEM] et RBl2FH it , 2013

DING Feng. System identification: New theory and

T F LSRRG Z 5 BRI

DING Feng, et al.Multi-innovation identification methods for linear-parameter systems.

methods[ M ].Beijing : Science Press,2013
T RGEHFRUNEMERE T [ M ] Jb et Bl
Rift,2014

DING Feng. System identification; Performance analysis

[2]

for identification methods [ M ]. Beijing: Science
Press,2014

T EIEE. Z T R GG 20 B BENLRR R BN
L] MR B TR A2l A AR, 2014,
6(1):1-16

DING Feng, WANG Feifei. Coupled multi-innovation sto-
chastic type

multivariate systems[ J].Journal of Nanjing University of

gradient identification  methods  for
Information Science and Technology: Natural Science
Edition,2014,6(1) :1-16

T EAEE TR 2 onth R I R AR R A
2 B ENLER BB L [T M (R B TR R
24 HARFIERR,2014,6(2) :97-112

DING Feng, WANG Feifei, WANG Xuehai.Partially Cou-
pled type

identification methods for multivariate pseudo-linear re-

multi-innovation  stochastic ~ gradient
gressive systems[ J|.Journal of Nanjing University of In-
formation Science and Technology: Natural Science Edi-
tion,2014,6(2) .97-112

TR SRR R R 2 i 2 RS
EZ =8 VR N RN PR PSR PN o = R SR/
20k ,2014,6(3) :193-210

DING Feng, WANG Feifei, WANG Xuehai. Coupled
multi-innovation identification methods for multivariable
output-error-like systems [ J ]. Journal of Nanjing
University of Information Science and Technology:
Natural Science Edition,2014,6(3) :193-210

T TEARAE TR 2R BT R IR R R G AR >
RS IR [T B U5 B TR R4 AR
Bl AR ,2014,6(4) :289-305

DING Feng, WANG Feifei, WANG Xuehai.Partially cou-
pled iterative identification methods for multivariable
equation error type systems[ J ].Journal of Nanjing Uni-
versity of Information Science and Technology: Natural
Science Edition,2014,6(4) :289-305

T, EHEWR R 2RI IR KRG By 20
BT [T ] i a5 B DR R ol AR B
JiR,2014,6(5) :385-404

DING Feng, WANG Yanjiao.

innovation identification methods for multivariable equa-

Hierarchical —multi-
tion-error-like type systems[ J].Journal of Nanjing Uni-
versity of Information Science and Technology: Natural
Science Edition,2014,6(5) :385-404

TH, B MRS S M RGN T[] s
S TR A4 FIAARH IR, 2014,6(6) :481-504
DING Feng, MA Xingyun. Identification methods for ca-
nonical state space systems [ J ].Journal of Nanjing Uni-
versity of Information Science and Technology: Natural
Science Edition,2014,6(6) :481-504

THE, B S AR B2 A N RGN £
BRI )] MR B TR 4l AR B



17150 241 225 210, IRBIERR 2015,7(4) 1289312

Journal of Nanjing University of Information Science and Technology : Natural Science Edition,2015,7(4) :289-312

MR ,2015,7(1) :1-23

DING Feng, MAO Yawen. Multi-innovation identification
methods for input nonlinear equation-error autoregressive
systems[ J ].Journal of Nanjing University of Information
Science and Technology ; Natural Science Edition,2015,7
(1):1-23

TR BRI A AR R T R IR 2E R 2 BB
WITE [T ] a5 B TR R 2 4l AR B2 B
2015,7(2) :97-124

DING Feng, CHEN Huibo. Multi-innovation identification
methods for input nonlinear equation-error systems [ J].
Journal of Nanjing University of Information Science and
Technology : Natural Science Edition,2015,7(2) :97-124
TR WA AR AR L U AR R 2 2 R G A AR/
TIRBERITELT ] M RUE B TRER A AR BE
A ,2015,7(3) :193-213

DING Feng,CHEN Qijia.Recursive least squares identifi-
cation methods for output nonlinear equation-error type
systems.Journal of Nanjing University of Information Sci-
ence and Technology: Natural Science Edition, 2015, 7
(3):193-213

Ding F,Liu X P, Liu G.Identification methods for Ham-
merstein nonlinear systems| J ].Digital Signal Processing,
2011,21(2) :215-238

Ding F,Liu X G,Chu J.Gradient based and least squares
based iterative algorithms for Hammerstein systems using
the hierarchical identification principle [ J ].IET Control
Theory and Applications,2013,7(2) :176-184

Liu M M, Xiao Y S,Ding R F.lterative identification al-
gorithm for Wiener nonlinear systems using the Newton
method[ J ]. Applied Mathematical Modelling, 2013, 37
(9) :6584-6591.

Wang D Q, Ding F.Hierarchical least squares estimation
algorithm for Hammerstein-Wiener systems [ J ]. IEEE
Signal Processing Letters,2012,19(12) ;825-828

Ding F, Chen T.Identification of Hammerstein nonlinear
ARMAX systems [ J |. Automatica, 2005, 41 ( 9):
1479-1489

Ding F, Shi Y, Chen T. Gradient-based identification
methods for Hammerstein nonlinear ARMAX models[ J ].
Nonlinear Dynamics,2006,45(1/2) :31-43

Ding F, Shi Y, Chen T. Auxiliary model based least-
squares identification methods for Hammerstein output-
error systems [ J].Systems and Control Letters, 2007, 56
(5):373-380

Mao Y W, Ding F. Multi-innovation stochastic gradient
identification for Hammerstein controlled autoregressive
autoregressive systems based on the filtering technique
[ J].Nonlinear Dynamics,2015,79(3) :1745-1755

Ding F,Ma ] X, Xiao Y S.Newton iterative identification
for a class of output nonlinear systems with moving
average noises[ J].Nonlinear Dynamics,2013,74(1/2) :
21-30

Wang D Q, Ding F. Least squares based and gradient

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

311

based iterative identification for Wiener nonlinear systems
[ J].Signal Processing,2011,91(5) ;:1182-1189

Wang D Q,Ding F.Extended stochastic gradient identifi-
cation algorithms for Hammerstein-Wiener ARMAX  sys-
tems[ J |.Computers and Mathematics with Applications,
2008,56(12) :3157-3164

Hu P P, Ding F, Shen J. Auxiliary model based least
squares parameter estimation algorithm for feedback non-
linear systems using the hierarchical identification princi-
ple[ J].Journal of the Franklin Institute ; Engineering and
Applied Mathematics,2013,350( 10) ,3248-3259

Hu P P, Ding F.Multistage least squares based iterative
estimation for feedback nonlinear systems with moving
average noises using the hierarchical identification princi-
ple[ J].Nonlinear Dynamics,2013,73(1/2) ,583-592
Ding F,Wang Y J,Ding J.Recursive least squares param-
eter identification for systems with colored noise using the
filtering technique and the auxiliary model [ J ]. Digital
Signal Processing,2015,37.100-108

Ding F, Chen T. Combined parameter and output
estimation of dual-rate systems using an auxiliary model
[J].Automatica,2004,40( 10) :1739-1748

Ding F, Chen T.Parameter estimation of dual-rate sto-
chastic systems by using an output error method [ J].
IEEE Transactions on Automatic Control,2005,50(9) :
1436-1441

Ding F,Chen T.lIdentification of dual-rate systems based
on finite impulse response models [ J ]. International
Journal of Adaptive Control and Signal Processing,2004,
18(7) :589-598

Chen J, Ding F. Modified stochastic gradient algorithms
with fast convergence rates[ J].Journal of Vibration and
Control ,2011,17(9) :1281-1286

Ding J,Shi Y, Wang H G, Ding F.A modified stochastic
gradient based parameter estimation algorithm for dual-
rate sampled-data systems[ J ].Digital Signal Processing,
2010,20(4) :1238-1247

Ding F,Chen T.Performance analysis of multi-innovation
gradient type identification methods [ J ]. Automatica,
2007,43(1) :1-14

Ding F. Several multi-innovation identification methods
[ J].Digital Signal Processing,2010,20(4) :1027-1039
Golub G H,Van Loan C F.Matrix Computations[ M ] ,3rd
Ed.Baltimore ,MD : Johns Hopkins University Press, 1996
Ding F, Liu X P, Liu G. Multi-innovation least squares
identification for system modeling[ J].IEEE Transactions
on Systems, Man, and Cybernetics, Part B: Cybernetics,
2010,40(3) :767-778

Ding F,Liu G,Liu X P.Parameter estimation with scarce
measurements| J |. Automatica,2011,47(8) :1646-1655
Ding F.Hierarchical multi-innovation stochastic gradient
algorithm for Hammerstein nonlinear system modeling
[J]. Applied Mathematical Modelling, 2013, 37 (4) .
1694-1704



T F LSRRG Z 5 BRI

312 DING Feng, et al.Multi-innovation identification methods for linear-parameter systems.

Multi-innovation identification methods for linear-parameter systems
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1 School of Internet of Things Engineering, Jiangnan University, Wuxi 214122
2 Control Science and Engineering Research Center,Jiangnan University, Wuxi 214122
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Abstract Systems have two categories, one is linear and the other is nonlinear.The linear systems have uniform de-
scriptions and the nonlinear systems have countless categories and have no uniform descriptions. The linear-
parameter systems are a special class of nonlinear systems and are linear on the parameter space.For pseudo-linear-
parameter systems, this paper studies and presents the auxiliary model based multi-innovation ( MI) identification
methods, the data filtering based auxiliary model MI identification methods,the model decomposition based auxiliary
model MI identification methods,and the filtering based decomposition MI identification methods.Finally, the com-
putational efficiency,the computational steps and the flowcharts of several typical identification algorithms are dis-
cussed.

Key words parameter estimation ;recursive identification ; gradient search ;least squares; filtering; decomposition;
auxiliary model identification idea; multi-innovation identification theory; hierarchical identification principle;

pseudo-linear regressive model ; pseudo-linear system ;linear-parameter system



