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A reduced-dimension identification algorithm for systems with unknown
structures: Variable elimination algorithm
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Abstract: This study proposes a reduced-dimension identification algorithm for systems with unknown structures. By
using the kernel method, the unknown structure systems are approximated by a Volterra model with a high-dimension.
To avoid high-order matrix inverse and eigenvalue calculations, a variable elimination algorithm is developed, which
decomposes the high-dimension model into two sub-models. The theoretical analysis shows that the variable elimination
algorithm has a faster convergence rate than that of the traditional gradient descent algorithm. In addition, an Aitken
method is introduced to increase the convergence rates and to make the algorithm be robust to the step-size. The simulation
results verify the effectiveness of the algorithm.
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gét‘_)

D3 hagu(t —iult—5) + o). ()

i=1 j—1
BT Ry ARy 0 ROAH R SN B w(t — d)u(t — j),
NI R G AEEL, hy j F by, AT E— N2 40h, ; R
N EX RGNS & RS B E e(t) A

9 = [h1)~..7hnah171,-..,hn7n}’r (= Rn ;&L,
() = [u(t —1),...,ult —n),u*(t —1),...,

n2+3n

w(t—-n)"e R = .
Sof T 45 F4) R 50 R £ 4t Volterra #8Y (R B Fo A 12 8
TR, KA RGsh AR IT, (22 S S 54
BRI T A SCH B R G, R AN S B 4E L
2 EDIZH T n WIEK W K. B, 4n =
10, RGN HCN 65, 24 n =100, ZGiHE)9 5 150.
ZG0 (1) T LAEAL NI H B )4 A
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1) 1% 4 5 /> — 3 537 (traditional least squares, T-
LS).




LEM RS R G IEE PR IR T R

Tl EHE 173

% 13 % &b F
XM BB TS 4n & 0 K 3, 13 2 2 R 87
N
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(13)
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TESE kX, 35 1A S H0n & 0, RIS THE R
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Horb dT(L)[YF (L) — B4 (L)05 ] okl B J7 16, REHf
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AR B 2 AR BB AT DA AL
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(16) I 45
J(g(B571),0571) < J(OF 1,057,
20 (13) A1 (14) 7115 0, At A
0% = 057" + 4@ (L)Pi(L)[Y (L) —
2
)\max[gpg(L)Pl (L)diQ(L)] .
HoA B 05 [ D5 (L) Py (L)[Y (L) — Do(L)05 1]
TR EAE A 3, D KARIERE 3h & 38 f R 5. (R kT 75
J(g(0%),05) < J(g(0571),0571).
WA kRSB 08 d12 (16) K43, 4 T 25 2

ST

¢2(L>él2€71]7

0<y<

J(g(0%),0%) = J(6%,05).
v |1
J(OF,05) < J(OF 057,

AR B9 3 e Skt O
3 HEWBEMEEE

S G B S R 0 DA A Y 2
VEMEAT LUABE, 340 HT IS S 7T 47 1.
3.1 3FEALER

BB EE. BEH X EES
BT 160 8, AR A B KK

J(01,02) = ||Y (L) — ®1(L)0; — ¢2(L)02||2.
e G5 B P 4 5 M1 B 0, N 0, T 1 — AN A,
FE B BE B34S AU T, LR 13 B R A
BI(L)®, (L) T(L)P>(L)
B (L)P1(L) BL(L)P(L)|
TR P 35 S 4 s 0, [ 5 — A 0, 4
b B, BT BRI SV Ry

Quie = 45{(11)451(”7

Hun BH#H N

QT-GD =

o
Quie = B5(L)P,(L).
HHHEFE IR FT 15, Amax [P] (L) D5 (L)] < Amax|Q1-0] H.
Aninl®@] (L)Bi(L)] > Amin[Qr-o]. B, PR T 945
SR R ) S A1 R 2
TT.GD 2 THIE-

6 EIE M AN RAEHATREYE S, HAE B
J B 2K AR BN T4 G B B2 D V45 S5 R R 1 2 A 4,
DAL, 386 B SR WSSO T < AR T A% G B AR
1M, 15 B I VEAFAEAE BAG T AFE— B AR e,
FAE S R Hh R AR (R USSR B TG A T LA

HH X (13) AT %0, 28 Bl 259 1018 B RN
Qve :dsg(L)Pl(L)PE(L)QE(L) =
P;(L)Pi(L)P2(L). (17)
NI T AR B R MM Gk B SEAE B AR 5%
PREUR DR R, R IHIE A 5] 3

S8 X T— Ao HUERE
A— A A ’
Ay Agp
HIHRE N

Al — H,, H,
H,, H,,

Hrp
Hy=A7) +Aj A1 5(Asp—
A2,1A1_,1A1,2)_1A2,1A1_&7

Hi;=-A 1A 5(Ass— Ay AT A1),
H;, =—(Ass — A2,1A1_&A1,2)71A2,1A1_jv
H;; = (As — A2,1Ai%A1,2)_1
SIFB2 X AXFRIEE R FE A, A ECN
Ta, W AL A
TA=Tp 1.

FER 1 AIG] FE 2 A H R S S R AR B, TE BT,
NFEREN, T4 = &(L), Py = Po(L).
AR 512 1, AT 453
Q]?—%}D =
<1 )
o3 [BIBy — PV, (BT D) BT, !
Hro(i = 1,2,3) /&t D1 F Do L B I, A fif %
VE. S B2 T (BB, — Bld, (BTH,) BB, !
5 (@1, — BIB, (BTD,) BT B,] (5T H k2%,
=k (17) T %0
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B, (L){I — D1 (L)[®,(L)®1 (L) D1 (L)}P(L) =
I, — BID (PP, DD,

TVE = TQV}—Z = TQ;EI.
HIT Qv 2 Qrgp M— X M FHE R, BN H

TQ;El < TT-GD-

TVE & TT-GD-
E7  EAKREF B EN LIRS R YR

GLE B R RO TR ah = 4 R G S B R
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FAFE, BAEAR B 2R AR RS AR . R, AR
TTH RSSO TR G P R SO
3.2 fEREE
W P Gk FE S I HE IR BT DA S Y 26
FEHNER TR S H
O = fT-GD(ékq) =

O+ (L)Y (L) — (L)1), (18)
0F = fue(0:7") =
0F ' + 7@ (L)L) — Bi(L)OF ], (19)

05 = fue(057) =
057" + @I (L)PL(L)[Y (L) — B5(L)05 ).
(20)

P TH S50 v 0 Altken I3 J7 3206 3 il 850355
PR B0 43 AT I, T AR 4 N S i

)BT frop(Op_1) B fyg(651) 75 8 A 3k AR 3
FE PR AN, A% Gk FE 0 A AR Byl 90T LR
Aitken I VAT .

2) R B M HE R 5 1L B S A AR a5 AR
T 170 B 28 1) B YR (L), B AR AR fras (05 )
FE R & ARG . SR [24] AT S0, iR B8R
Aitken J7 1555 33 B R 7 v PR AR B R A I, B3 T
Aitken HIIHE B3 BT B R 7922 TR

3) iy 3C ik [24] 7T &0, 7E A frop(Be_1) A0
Fye (B571) s o 72 ep T DUAE 208 38 K, ook 5 vk
IR SRS, BRI F Aitken 138 J5 , % G086 B A1 AR
BH BN KR G 0 7 8 v BRI R

FBK). DR, B A Sl Zvk i R & 0, 14k
H/INTF 0o, 0T LA [ o 38 G SR AR v 7 38 R v o SR
REHEAE.
4 fHESHT
Bl 3RS SO A B T L.
RBSAIEAR B9 21 A AR U SR FE, 25 e

TR
10
y(t) = 0.9%u(t — i) +v(t),
=0

6, = [0.9°,0.9',0.92,0.9%,0.9%]",

0 = [0.9°,0.9%,0.97,0.9%,0.9%,0.9']".
{w(t)} R¥MENE. T EN? = 0102 A F (S,
BN {u(t)} 720 R BME N E . 7 228 L R S5
5. R AL Gi b B S (T-GD) B 9K J7 9% (HIE)
AR B 2292 (VE) X Bl B R R AT B S 500h 11
MR RZEn = ||6% — 6]|/]0]| BEIEAR T EL kAL
SERWE VAR TR, 23 MEVESHGR Z M M,
H St () an 2 2 i

0.20
— T-GD
0.15 ~ e
= 0.10¢
0.05}
0
0 2 4 6 8

1 S¥IREFEL T HHELZ

x1 SEMETRMETRE

k 91 92 03 94 95

Os

07 0s ) 010 011 n/ %

2 092656 0.83137 0.74235 0.664 65 0.60409

0.89532 0.80242 0.72497 0.652 66

4 0.99183
T-GD
6

0.99818 0.90149 0.80797 0.73100 0.65703

8 0.99881 0.90209 0.80851 0.73161 0.65745

0.56909
0.589 80
0.59089
0.59096

0.47741 0.40090 0.37406 0.33468 0.30009 9.09131

0.52610 0.47058 0.42749 0.37996 0.34664 0.83562

0.53063 0.47767 0.43303 0.38486 0.35189 0.28737

0.53106 0.47837 0.43357 0.38536 0.35244 0.30831

2 097998 0.88141 0.78577 0.71237 0.64320

4 0.99843
HIE

0.90162 0.80799 0.73121 0.65717

6 0.99887 0.90215 0.80855 0.73167 0.65749

8 0.99888 0.90216 0.80856 0.73168 0.65750

0.58588
0.59088
0.59097
0.59097

0.52220 0.46680 0.42312 0.37632 0.34797 2.149 66

0.53092 0.47818 0.43338 0.38520 0.35238 0.30005

0.53110 0.47844 0.43362 0.38541 0.35250 0.31147

0.53111 0.47845 0.43363 0.38542 0.35251 0.31186

2 0.98625 0.88904 0.80288 0.72797 0.64812

4 0.99371
VE

0.89796 0.81211 0.73598 0.65491

6 099379 0.89806 0.81221 0.73608 0.65498

8 099379 0.89806 0.81221 0.73608 0.65499

0.586 60
0.586 68
0.586 68
0.586 68

0.52480 0.47508 0.42842 0.38155 0.34654 0.63852

0.52535 0.47624 0.42948 0.38240 0.34765 0.37099

0.52536 0.47626 0.42950 0.38241 0.34767 0.37090

0.52536 0.47626 0.42950 0.38241 0.34767 0.37090

true values  1.00000 0.90000 0.81000 0.72900 0.656 10

0.59049

0.53144 0.47830 0.43047 0.38742 0.34868
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