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Two novel identification methods for rational models — Compound
iterative algorithm and flexible least squares algorithm

CHEN Jing"t, ZHU Quan-min®

(1. School of Science, Jiangnan University, Wuxi 214122, China; 2. Department of Engineering Design and
Mathematics, University of the West of England, Bristol BS16 1QY, U.K.)

Abstract: This study proposes two identification methods for nonlinear rational models. The first is the compound
iterative algorithm which is based on the hierarchical technique, which transforms the rational model into two sub-models
whose parameters are estimated iteratively using the particle swarm optimization algorithm and intelligent multi-step-
length algorithm, respectively. Thus, it has less computational efforts and higher estimation accuracy when compared
with the traditional identification methods. Then, a flexible recursive least squares algorithm is proposed which turns
the rational model into a time-varying model, thus it does not require the knowledge of the structure of the denominator
model, and can update the parameters with new collected data. Simulation results show the effectiveness of the proposed
algorithms.
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(20 B R

DA B ¥ u(t) = 0,y(t) = 0,t < 0,0(0) =
1/105, 51 = [1,1,...,1)T € R™.

)EF—NEEMIEE S, 2t =1,

3) RAEH NI B () Fy(t).

HFEBRRE T (O(1), ..., 00t —1),0(t)).

5) th 2 (26) EHSEATHI0(¢).

6) 4t < L, MWHIDER3) 45,43 24T H i —
HBHE0(1),...,0(L).

X FAUE )RR, A LR 3FME

DA = 0, R FE [ ()T (¢)] 2 BT 5 1), BER AR
i 20 (26) ToiF Kk 2 UE. TR RE, H 45 2% iR (25)
AL, R T R AR A B T RN,
WIS TE i K fi 7 FR i (S HMH).

)4 £ 0, 2 RGNS BB BRI, BRI
BUNHIAUE 2 2 500 22, B b 2248 1 BURS 2/ B IE
AL U SR BR T, BB IAUE p.

3) M — oo i, &R 2 bR B LT R S 0 R
ANHRAEH, BEET S EO R A8 A AR FE AR, R R, AR AR
R26)AT51,0(L) = (L —1) = ... =6(1) = 6(0).

E11 RN CREEES T RS SH
AR BB 1 T, RILEA SR R GE M 43 B b(t) 218 4%
WHITETE. 25 RS 7 BRIk, Hor BEEE#E C,
DU FE S e g/ — e S R RO AR A B OR B,
I ] DA VR A B R R 1R 2R G5 1 2 3 (i SR 40 2K R
B AL ME— PR AR A, MR S R e 22 20 Kbk
ARV A HER T 75 0, 25 8 A L7 BRI AR &
BRY%). TR, AT DUAR AR AN [7] 1 175 T2 8 AN [/ ) BV

E12 GRS/ IR PR I S 4
HUNF RT3 PR B IR A AR R S
YA, HAR — MR R, R, Rt HE i /N —
T LI BN TR AR EEN T B,

4 fHiEHF
4.1 REYHREZXL
RN A FRAT Y

y@%:a@u;jZEm%@—1y+wm

0 = [a’laa’27 bl; b2]T - [03,07, 17 1}T’




5 Xk R

E37%

64 ECE

¥ = [a1, as, bs]" =[0.3,0.7,1]".
BN {u(t)}y W RSB RNF. T7ERNLINFFESEE
SoA{v)}R¥MERNEF. FTE RN = 0102 [ EH B

PSS, T BN IR L = 100 4 4 A0 5 45,
K A% 4t /) T 1% AR V2 (least  squares  iterative
algorithm, LS) A1 SCHR [16] Fr$ic i i 22 42 e /s —
e 1% X7 (bias compensation least squares iterative
algorithm, BCLS), Z ¥ fli iHE i i+ 26 = ||9% —
I /|9 BEEARIREL kA 25 R 1 .

R®1 BRNIRMBEMER/NDZRSHMEIT
7:—/‘722 k‘ ay Ao bg (5 / %
2 033093 063447 089576  10.09941
10 033093 0.63447 089576  10.09941
LS 20 033093 063447 089576  10.09941
30 033093 063447  0.89576  10.09941
2 032298 065501 093761 695212
10 030131 067892 096646  3.15300
BCLS 59 030131 067892 096646  3.15300
30 030131 067892 096646  3.15300
true values 0.30000 0.700 00 1.000 00
1) ) F ki 5 1% AR & 575 (particle  swarm

N PR 28
[(PSO-C-1,1 = 50), (PSO-C-2,1 = 100)]. ¢ = 1.6,
co = 1.4962,w = 0.7298, 71 (k) = ro(k) = rand/k.
SHAHHE . ESE U R EMIZ HHREs = [0k
O] — [0; 03)11/ 1|6 O] | BEIEAR VR HE b F 45 SR i
27N, R 2R R BHEAUR G BIERE 7l A
AR 5> A5 BER S350 FoRLF 08k 2, U8
Hi i, AE HCAH R T AR K
*x2 NTHERBREEZESHMET
"HYE kB o as by by 5/ %

10 0.15879 1.02057 1.12860 1.65653 47.01448
psO-c-1 20 042396 0.44767 1.12860 1.65653 45.17861
30 0.29273 0.71368 0.96493 1.07619 5.31034
40 0.29926 0.69973 0.97406 1.02975 2.45779

optimization compound, PSO-C) ## i

10 0.31829 0.76153 0.99691 0.98986 4.05031
PSO-c.2 20 027602 0.61164 0.99691 0.98986 5.73799
30 0.28645 0.64725 0.99691 0.98986 3.45437
40 0.29324 0.67086 0.99691 0.98986 1.97595

0.30000 0.70000 1.00000 1.00000

2) M RE 2 20 KB FE IS AR & IR B I
(intelligent multi-step-length gradient iterative, [-M-GI)
HERAE BB A (I-M-GI-1,d = 0.05,1 = 50),
(I-M-GI-2, d = 0.15,1 = 10), (I-M-GI-3, d = 0.15,
I = 50)]. ZH M THE. KB ENZmRRE
§ = [l6% — 0]/)|6]| BEEAR R HCE AL 45 H 0 3 T
7. 1R 3], 2D ACIXC A (1 R /NS A B A B i

true values

FEHFRAOR, KX 8] 5 DR 2 % 2 (120 K e n
PRZ B SR 3L

®3 HREZLKBEEINESIHREESHET
ﬁ?ﬁ: k) ai (e} b1 b2 6 / %

2 035658 0.99753 1.95209 1.95519 86.05474
10 0.34885 0.94518 1.75377 1.76957 68.84747
IEM-GI-1 54 033761 087739 1.50913 1.53970 47.55119
30 032553 0.81267 129065 1.33166 28.38156

2 035479 098486 1.87254 1.88078 79.27129
10 0.33278 0.85061 137804 141577 3627732
IEM-GI-2 54 030929 073562 1.05702 1.09432 7.23450
30 030202 070399 1.00658 1.01339 0.969 85

2 035477 098475 1.85587 1.86519 77.88762
10 0.32784 0.82451 1.28712 132890 283178l
EM-GI3 50 030446 071443 1.01587 1.03825 274411
30 030065 0.69823 1.00331 0.99709 0.29869

0.30000 0.70000 1.00000 1.00000

F2MEK IR B e 2 DKM RIS R
SRR AR e RURE i, 1 2 R R BV O Tl A2 A
(1), Bt AR vk U 638 120 Kt 8 AR 500 02 i
WAL SR T R s AR VR BV R T L Sl IR R
RZ, A AH e . BRIk, PR IER 7 B S i fe e
PE, 75 Z 7 5 2 (R T4

1 ~FR3ULH: 1) i 22 fME B /N 3k ARV AN
TR A IEREEREIRIF B I FRR AR, T e/ —3fik
RRIE T 75 R8s 22 A2, R R0OR 2 o 22 1Y), R
R RS T 2= R, HHRR AR 2 2REEAL; 2)
TRAIEARIERT 0 BESE 1 U S50 by TR 2% 1F (3L T
PAFER by A, T A% 5 b5 /N — Sfe Bl 22 3 /> — 3¢
BERE B IS450, = 1.

42 FMERNZRPHAEE
H 4.1 T B A A R IS AR SRR R

y(t) = ar()y(t — 1) + az(t)u(t — 1) + v(t),

0(t) = [ax(t), az(t)]" = [0 . 7]

true values

b(t) =1+ u*(t—1),

P(t) = [y(t —1),ult —1)]".

MK u(t) = sin ( = ) ()} B HE. Ty
ZNo? = 0102 M EME AT T ENIEREL =
100 ZH 04, AH B M, 100 H S 400(1), . . ., 0(100) 75 2
PR,

IR 8 B 5 M HE g /) 3R BV (filtering
flexible recursive least squares, F-F-RLS) #f il R4 S
H(p = 0.1). ZEA5THE S f AL THE L e 2 18]
AR IR ZE 2> A E L B2 s, BILR, Y RS9 S
NG B T M HE B D SR EVE I S A



% 14 Mhodh S AEBAIBRME A T A — RAOBRE EHR DA 65
THAE BEAR o R R B B SE i S 80l B’ 2 R W, Al it 0.4
B ) BE AT TS 202 )
0.4 0 et

_ 0 20 40 60 80 100

< 02 t/s

S BN :

0 20 40 60 80 100 S 05 V\/\MN
t/s S
0

a,(1)
=
SRR

0 20 40 60 80 100

t/s
E1 S¥EITHE ¢ T#hsk (F-F-RLS) (1)
1.0 -
+ estimated output
0] true output
——  estimated error
0.5
0 ©
-0.5
0 20 40 60 80 100
t/s

2 T BB REIRET WL (1)

BE— 25, B 5205 R B 5208 4y ) B0 3
AR O MR P () A 1 (20 40 ), 45 B &5 R AN T 3 ~
5. B3~ 85 3 B, 3 iy ol i 7 S B AT
SR P BB A . 3 P B SR R B 0 HORERT Wk 4 FoR
(THEHLE B Intel(R) Core(TM) i5-7 220U: 2.50 GHz,
2.71 GHz; RAM: 8.0 GB; Windows 10). 3 4 % i, F-F-
RLS 525 2 /0, #ER 0 ; H 02 I-M-GI-3 5
5 TSR R OR FER I 2 1) & PSO-C-2 592

0 10 20 30 40

E 3 BEIRE KL T{LHZ (PSO-C-2)

1.5

1.0

0.5

0 10 20 30 40
k

E 4 SHIRESMETILERZ -M-GI-3)

0 20 40 60 80 100
5 SEITHE TLHI%E (F-F-RLS) (2)

T4 STEEMERN

Hik PSO-C-2  I-M-GI-3 F-F-RLS
t/s 23.520 20.331 1.288
5 4 @
BT 2% I A AR, AR SR R SR IR
h RTINS AR, R

IR I F AT B Stk 5 MR ) e /s —
FIEAIEHFRIL S H, Xt 70 BERE Y 73 Jy) s DAL 11
AV B 2 0 KB REIRAREE I, 2 T 20 5 AN B
SEE AR, TR O i B A TR, TSR
Kb 3E—20, il B R 2 kg 2 0 1 i, 7870 A
REB B AE L R 24, SR T 2k T SRk 4 i
N TIRIHFRSVE. CA BRI AL Y I A8 2 B
BRGE, M 5T R 22 A0 2 H0R 22 I 40 K BR E O
N RIRZE T BA R IBUE: 25 18 A AR,
SHORZE 7T BCBOR IR 22, 73 BB N AUE. 1%
FARE R G S B RANT, B RIFHIHHRECR.

AR AT B R K R 5 3%, S
HEA (KRS B4 1R AN B2 i SR A3 1 AR AL LA,
BE— B AT URAZ TR B R AR AR ek R G Ll Y
e R GRS AN W PR AR R SR B R B
WA 4.
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