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Multi-innovation stochastic gradient identification method
DING Feng, XIAO De-yun, DING Tao
(Department of Automation, Tsinghua University, Beijing 100084, China)

Abstract: Multi-innovation stochastic gradient identification algorithm is one of the basic methods in the area of system
identification and parameter estimation. It can overcome the effect of bad data on parameter estimation, and has strong robust-
ness, and can track time- varying parameters because the discontinuous recursive computation was applied. By using a dimension
search, the multi-innovation stochastic gradient identification was derived via minimizing the criteria, and some derivation algo-
rithms from the multi-innovation stochastic gradient identification were given. The numeric simulation experiments indicated that

the proposed algorithm has good performance.
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1 5|3 (Introduction)

PROES EEEENHRRESEA  DRSY
BRI 4 ) BRI (B R WS
WgoER A5THRE EROHTEDT; HBARE
P AESHRITEE S 1 NEEE RS
F2MRIHAT ISR, B TEEHXLE, 2
AR BRI SHRE Rl iR RE K
AN ERBEH B, B2 /ARG S TR
AIFR® ;3 3 M REIHASER P RAG S TSR
AR, TES RS THBERIRT R 3
MR 2HABRTEYS 58/ R
B FREBBEEERE BRI HBE—H, XET%
A A TR SRR NSRS T A ENERK A8
N {5 SALERAN B 3E I 45 ) A

TESANRBMEHABRRTEYREZX(9]
BrEEERNE A BEELSH T EHERREE

iR H 391:2001 - 11 - O1; WA S0R H 3 :2002 - 11 -22.

BB RZBR . B FRA T EEER, 7T AR
X SEMAITHER. A XN EREANARGNE
AN BEE, NS LS S B PHAE N
REK KR MSEOHITEBAEIT, A U S H PR
B —8EE.
2 B 4r#4iR (System description)
# BT IR S BB R R ) AR

y(t) = ()0 + v(t). (1)
K, y(r) cRUARGHEN, 0 € R ARBHARKR
MBPAE,0(:) €E R HfERMAER, () ER'H
FHHEREYREFS .

KR(FRI LM S BER R A BHABE R S PR E
PR . EHSEER () TURERERE XN TX
£ AR(HI CAR)EEVR B R G

A()y(t) = B(u(e) + o(t).  (2)
Hed, u(e) € RVARGWA,A(2) 7 B(2) HhH$
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A(z) =1+ a1z + a2z + -+ + g, 27",

B(z) = bz + bz 2 + - + bnbz'"b.
é\
g = ['al,az,"‘,ana,bl,bz,'",bnb]T € R,
nAng+ np,
p(t) = [-y(t = 1),-, = y(t = ny),uls
-1),,u(t - n)]TE€ R".
KRBT AX(DHER.
3 B PR L (Multi-innovation identifi-
cation algorithm)
SEpEnngs—g0 2 2R iRE
AT AR BRI RIS, A& R g — Mk R
B, THANKBESSHEHREEN =M.
Rt =t-p+ 158 = ¢ B3k HEE,. S

y(2)
vy =| 70D lew,
Ly(t - p+ 1)
v(t) ]
V(p,t) = ”(tz_l) € R,
Lo(t - p + 1)
&(p,t)=[e(),p(t-1),,p(t-p+1)] € R™*P.
B (1) TR BERE TR
Y(p,t) = @T(p,t)0+V(p,t). (3)

EXEBEFS {t,,s = 0,1,2,---1 W2
0=t <t <ty <,
lgt] =1, -1t,_; < ®©.
A, RERXG) F ¢ 797
Y(p,t,) = ®"(p,1,)0 + V(p,1,). (4)
34 B AR B B A S RGEHHA T BB H A BRI
7 H— R AR R 0 Ak o U 5 R HE T Ok,
m, BN REMEXNEFEBERE L 2R
FAEME ML BT R L E B K BHRAREE, flinsc
[41AHAZHBPRFBE, XHREN T ERTE
FFF B AE 5 S R0, M BB IE X ey
Btk B B R W4T, B SE B R A B, AR
ARGt AR BRR S R BREE . T HF
FRETHEESERIMESSHEFREE.
1) B TREEBUBRE L .
BiReREA

18) = 1 V(p,e) 112 =

1 :
EVT(p,t,)V(P,t,) =% Il Y(p,t)-®"(p,t,)6 || 2.

(5)
Rof X012 = o [XXT] FRMERE X MM B
HKH p, , WREEREETRRAY

6(t,) = 8(s,_,) - p grad J(8(1,1)) =

é(ts—l) + 'ul;¢(P, ts)[Y(P, ts) - QT(P, t,)é(ts_l)].

(6)
H ERRAR(S) , ARABEBEES KN
1
Po= T o(p, i) 12

# ERRARK(6), BB ERBIRELH SR BN
BB (V-MIP):

9( tx) =
o(p,1t,)

K+ T T2

[Y(P’ts)_éT(P’ts)a(ts—l)],

(7)

8(2)=0(s,_),t € T, =11, 1,1, 1+1,-+,1,-1}, (8)

@(p,t,) =lp(t,),p(t,-1),,p(t,-p+1)] € R™P,

(9)

Y(p,t,) =[y(s),y( - 1),,y(t,—-p+1)]" € RP.

. (10)

He, p AHBEKE,0(1) X 0 B9M43F,0(0) BRI
L&,

2) HEMI R E R (—).

ELNTL 9]
JO) = 1 V(p,t) 12 = Vi(p,t,)V(p,t,) =
| Y(p,t,) - @"(p,2,)0 |12 (11)

B 6 = 6(s,) £ J(0) = min, &

6 =0(1) =8(t,) + ®(p,t)p, (12)
IRARREREAAR 1o, , SER(2)RARL), 7153
J(8(1,)) =
I Y(p,t,) - ®(p,t,)(8(s,_1) + ‘I’(P,t;)#l,) Il 2.

2 J(8(1)) RF p, —BEIEONT, B

3J(4(s,))
T = 0,
m#H
Y(P’ts) - ¢T(P’ts)9(ts-l) -
¢T(P’ts)¢’(P’ts)iutl = 0’
RS

Y(P,t,) - QT(P’t.s)é(ts-l)
I ®(p,2) II2

b, =
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B ERARAR(12), BB R AREHERER
WRE() ~ (10).

3) HENREZ(Z).

HRBEHERAREERNRES Hrl0-12),
WA FHEH SR, SRINT .

BT 0(s,) REEAE, M ©7(p,1,)0(1,) B
HERBTR AR Y(p,t,) = ®T(p,1,)0(s,). 4
% 0(t,_),0(p,t,) M Y(p,t,), BAKRKMEN

Y(p,t,) = ®(p,t,)0(s,)
B, fE Y ] R B

1B = 3 18

U

iE  UERAMIJT BRI T 3CER( 11, 12] (B%) .

L SR BB | o(p,e) 12 2 0.
B, R TR (7)) AAEZIRFRF, BRY
FEZ—R: 4 | o(p,e) 12 = 08F,4 8(s,) =
8(e, ), BEER(T) A% W48 B kE—4
EEH ¢ > 0. APER(T) B3

&(p,t,)
B(zs) =9(t3_1) + 1+ “ ¢(P,t;) “2
®"(p,t,)0(s,_].

LIESR MR R R B, X THREN RS, B
BRABRSE TR/ Rk A S AT AR
EEWHTFTESE, MR/D RSN
(17t). M FREIRR, RERENAEE TR/
Tk S BMA TR SR ES BT B,
SEMTTHREFEASBTE . MELLEREER
Gk RFENLR G, B /D =ik WS BE R
(17t), BEMITREF ZBTE . ZHEPHRER
MR TR R R MRS E 7B/ 5.

4 ZFMBPRBEEMNLFE (Some special
forms of multi-innovation identification)

R B BV R R G-,
KT EREREHABREHRRET) ~ (10)
B REERBREH B XREHRA % (V-
MIGP) :

- 9(ts—l) II 2

(Y(p,t,) -

8(s,) =
a1, 1>+‘D(” ”[Y<p )= 8%(p,1)8(1,_D],
() = 9(t)

t €T, = {t,,86+1,,8, -1},

r(q,t) = tr [®(q,t)D"(q,t,)], g =p,
@(p,t,) =

lo(t), p(t,-1),,9(t,-p+1)] € R™P,
He, ¢ HicilKERBBEEKE . H— S k
7 25 AR B 25 8 B REL AR BE BHAE B (V-MISG) :

9(ts) =
0t + B2 ¥, 1) - 075,000, )],
8(t) = 8(s,),

t €T, = {t,8, + 1,0, - 11,

Shete -l

®(p’ts) = [¢(ts),§0(ts—1),"

Y(p,t,) = [y(e,),y(t,=1),>,y(t,—p+1)]T.
O xR ¢ = 185, A V-MIGP B &5 3|

R X BEHHHE L (MIGP)
9 ( t) =

0=+ ZB ¥ (p, - 07(p, )0(-1)],

r(ts) = “ @(S,ts) “2 =

e(t-p+1)],

r(g,t) = r [®(q,)D"(q,)], ¢ = p,

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

Y(p,t) = [y(2),y(e-1),,y(t-p+D]I".
iCIZKE ¢ = p i ,MIGP BEBILASH EBE
AR (MP).

@ YR ¢ = 18, A\ V-MISG B 5:53

L B REYLEE BEBHAE B (MISG) :

8(t) =

8(t-1) + (p t)

[(Y(p,)-0"(p,1)8(:-1)],

r(t) = ’Z_: |l (e - i)l =

r(t-1) + ()2, r(0) =1,
&(p,t) = [p(t),p(t =1),,p(t - p+1)],
Y(p,t)=[y(t),y(¢-1),,y(t-p+D]".
Q@ YUFHEKE p = 18, N\ V-MIGP Bi:458 3
AR AR X HIRAE(V-GP) :

B(1,) = b1, 1>+J”(—)—[y<z> G100,
0(t)=0(s,), t € T,=1t,,t,+1,

-1
f(got) = S ot -2, ¢
i=0

Witz KE g = p = 18, V-GPEERBUHTEER
B R BHARIE(V-P).

@ YFHEKE p = 1 8, V-MISG B %783
75 34X 18] FR P AL BE BER I B: (V-SG)

st s+1_1} ’
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9(%) = 9(ts 1)+ (t)[y(t) ¢T(t)9(t AR
() =8(,), t € T,=1t,,t,+1,

r(t,) = lego(t -2,

®’:‘é:§1’tl‘llﬁz =k,p = 16y, A\ V-MIGP &
EARAEEREET L BRERE(E-GP):

B(e)=8(t—k) + ;ﬁ(eé%[y(n_g&(t)a(t_k)],

Mgy = S lgle— 1% g p =1,
BCik) = 8((i - k) + M[y(ik) -
PGB - DR,

8(e) = 8(Gi - k),
t€ 1= {0 -Dk,G-Dk+1,

s+l"” ’

2 I

r(q,ik) = S | ik —j) 112, ¢ = 1.
XOiZKEE ¢ = p = 1 B}, E-GP BB AFER
R BHAA B (E-P).

® M&E® s = k,p = 1K, A\ V-MISGE
E?&@J%iﬁﬁﬁllﬁl‘ﬁm%ﬁ#ﬁﬂﬁ&m SG):

B(e)=0(1-k) + () - ()8 (k) ],
(D=2 1 ele=D) 17 = r(e=D+ | o) 11,
r(0) = ro > 0.

@ LBty = k(s =1,2,--) B, A
V-MIGPE B RS R AR EH BT LBEHR
R £ (E-MIGP)

(1) =0(:- k)+¢(” 12

[Y(p t)-@T(p,t)8(e—k)],
r(g,t) =tr [@(q,t)fDT(q,t)] =
Slet-0l% g

_ @(p,t)=[p(t),p(t-1),

Y(p,t)=ly(e),y(t-1),
7

8(ik) = 8(Gi - k) +M[Y(

O"(p, ik )b ((i - l)k)],
8(t) = 8((i - DK,
t €T =10 - Dk, - Dk + 1,
&(p,ik) = [p(ik),p(ik-1),

’So(t_P"'l)] e Rnxp’
,Jf(t—P+1)]T€ RP’

Jik - 11,
’So(lk—P'f'l)]’

r(q,ik) = tr [D(q,ik)D"(q,ik)], ¢ = p,
Y(p,ik) = [y(ik),y(ik-1),-,y(ik—p+1)]".
MiCiZKE ¢ = p B, E-MIGP BB N5 (Ca)kR

ZH BB HHHRL(E-MIP).
® YEAREIRS ¢ = k B, A V-MISG B8 8%
EARIR 5T S REVU BEBHAR L (E-MISG) :
8(e) =

a(t—k) Q(P t)

[Y(p,)-@"(p,1)8(s-k)],

r(t) = r(t - 1) + ()2, r(0) =1,
D(p,t) = [p(t),p(t-1),,0(t-p+1)],
Y(p,t) = [y(e),y(t-1),,y(t-p+1)]I".
© #EMISGRIEFSIABRGHT A, BRLH
BB B HHAR B (MIFG) :
9(t) =

8(t-1) + ‘p(p t)

(Y(p,t)-®"(p,)8(:-1)],

r(e) = r\r(t - 1) + ()2,
0<Agl,r(0) =1,
@(p,t) = [p(t),p(t-1),,p(t-p+1)],
Y(p,t) = [y(e),y(t=1), -, y(t-p+1)]T.
© 7 EMISG BREFIIARGHT A , A%
ERERE SR SHEHNR R (E-MIFG):
9(t) =

0-k) + B2y(p,1)-0%(p, DB (1-D)],

r(e) = ar(e -1+ () |2,
0<Ai<l, r(0)=ry>0,

@(p,t) = Lo(t),p(t-1),,p(t—p+1)],
Y(p,t) = [y(t),y(t = 1),,9y(t —p + D]".
WA, MR ER e = L,LFHEEKE p = 16, V-
MIGP H 8B AT X BHRR 3 (GP) , V-MISG

FPHRA R BELEE B BHAR 2 (SG) .
5 {5EiR12(Simulation experiement)
Bl1 EEBRTIIRGE

A(z)y(e) = B(2)u(e) + v(2),

A(z) = 14+ a2 + azz'2 =

1-0.412z7' +0.309z72,

B(z) = biz7' + byz7% = 1.968z7! + 1.963z72,

6(t) =0 = [al,az’bl’bz]T’

o(t) = [yt -1), - y(t =2),ule -

D,ult -2)]%

fu(e)} RAZHERN T EREXTREYER
A, {o(e)! RASHEFEN S = 1. X
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MARFH. B} = 5,9 = 16, FIREBHE X
REBEMTENTRENSBARHIEE p = 1,
2,3,5 THIS B TR 2 6 BRI E s b2
ME 1) =5,9 = 16502 = 1.0%,8,, = 31.38% ) it
R, SEMITAEMNRERBE X R § = 110(s,) -
ol 7160 . \NE 1775, s BEESEH s R (FH
TEREMR) MBS, BB E p B AW/ .
MR, 2B BR TR A TFEMTHARE,
IR T S8 RESGE R, BN T B R
Bk E T BENEEE, MEHRERMITRK
SHRARN .

o U
0.8 \ el
\\-'- . = o~ =1
06| \\ P
w o ep=2 T~ -l
0.4} oLl TP T
N Tl ~
02 N o SR
p=5 -x_\_,_,\;_:,_:‘:’: e
05 100 200 300 400 500 600

s

B1 ARFHEKE p Tl 1 fiHRE
8 BEEA S M s ALtk
Fig. 1 & vs s with different p

6 4518 (Conclusions)

ATHRABRERENZSHEESN , SOTRE
FBRARR, BFERETIA—LSE IEEH
FR/h kPl T ARBEFAHRE
HRBERE K E GRS E R PRREE T N
B/ ZHREPHIMBUER, U R 28 BEHRE
WEFEKE p ARER ¢ BIZKE ¢ BEH
FAE IREXEHEERMAITRE ER, U RAT
EEXESE FSHMAITTRE ERB/PRIHAS
B X —BF ISR
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