Journal of System Simulation

Volume 34 | Issue 11 Article 7

11-25-2022

Nonlinear System Identification Based on Combined Signal
Sources

Tian Zheng
1.College of Electrical and Information Engineering, Jiangsu University of Technology, Changzhou 213001,
China;, 769447368@qqg.com

Feng Li
1.College of Electrical and Information Engineering, Jiangsu University of Technology, Changzhou 213001,
China;, lifeng@jsut.edu.cn

Naibao He
1.College of Electrical and Information Engineering, Jiangsu University of Technology, Changzhou 213001,
China;

Ya Gu
2.College of Information, Mechanical and Electrical Engineering, Shanghai Normal University, Shanghai
201418, China;

Follow this and additional works at: https://dc-china-simulation.researchcommons.org/journal

Cf Part of the Artificial Intelligence and Robotics Commons, Computer Engineering Commons, Numerical
Analysis and Scientific Computing Commons, Operations Research, Systems Engineering and Industrial

Engineering Commons, and the Systems Science Commons

This Paper is brought to you for free and open access by Journal of System Simulation. It has been accepted for
inclusion in Journal of System Simulation by an authorized editor of Journal of System Simulation.


https://dc-china-simulation.researchcommons.org/journal
https://dc-china-simulation.researchcommons.org/journal/vol34
https://dc-china-simulation.researchcommons.org/journal/vol34/iss11
https://dc-china-simulation.researchcommons.org/journal/vol34/iss11/7
https://dc-china-simulation.researchcommons.org/journal?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol34%2Fiss11%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/143?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol34%2Fiss11%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/258?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol34%2Fiss11%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol34%2Fiss11%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol34%2Fiss11%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol34%2Fiss11%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol34%2Fiss11%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1435?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol34%2Fiss11%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages

Nonlinear System Identification Based on Combined Signal Sources

Abstract

Abstract: Aiming at the interference of noise in the nonlinear system, the identification modeling method
of the neuro-fuzzy Hammerstein output error nonlinear system is considered. The combined signal
sources are used to realize the parameter identification separation of the linear block and the nonlinear
block. The correlation analysis method and the recursive least square identification method based on
auxiliary model technique are derived to estimate the parameters of dynamic linear block and nonlinear
block, which can effectively suppress the interference of system output noise. Compared with least
square algorithm, polynomial model and multi-innovation method, the simulation results demonstrate that
the proposed approach has the advantages of fast convergence speed of parameter estimation, high
identification accuracy and small modeling error, which verifies the effectiveness of the proposed
approach.

Keywords
Hammerstein nonlinear system, identification modeling, combined signal sources, correlation analysis
method

Recommended Citation
Tian Zheng, Feng Li, Naibao He, Ya Gu. Nonlinear System Identification Based on Combined Signal
Sources|J]. Journal of System Simulation, 2022, 34(11): 2377-2385.

This paper is available in Journal of System Simulation: https://dc-china-simulation.researchcommons.org/journal/
vol34/iss11/7


https://dc-china-simulation.researchcommons.org/journal/vol34/iss11/7
https://dc-china-simulation.researchcommons.org/journal/vol34/iss11/7

Zheng et al.: Nonlinear System Identification Based on Combined Signal Sources

534 %5 11 10 ARG E¥Ho Vol. 34 No. 11

2022 4% 11 H Journal of System Simulation Nov. 2022

ETHEAETENERERGHR

9 * o =S
wER FET AR, RR?
(1. VCHFE TR BAE R TR, JLI8 %M 2130015 2. LR RS R SHUE TS, LiF 201418)

W At AW A% TR E 6 TR, BFR T — AP 240 Hammerstein # 17 2 XM A 469 22
AR IR IR Ty ik, F) U ER 55 IR FIAFE LRI 7) SRS R IR b7 5B, -7 T A
KDY EF I Y FET B IR IR ] = AR 7 S (71 5) L AL S Fr JE L MRS G R I, T ) 7
G R AE )T, HRERERN: BRI RER. SRAXEBEUR S5 85 540k, Rb6gH
EEA BB ISGR B, A S, AR EDNFRY, BIET PR ) Bk R Bk,
KE#iA . Hammerstein KM A%, #HiRE4E, AA5XE5R, MEREIITE

5255 TP273; TP391.9 kbR E: A LEHT: 1004-731X (2022) 11-2377-09
DOI: 10.16182/j.issn100473 1x joss.21-0589

Nonlinear System Identification Based on Combined Signal Sources
Zheng Tianl, Li Fengl*, He Naibaol, Gu Ya*

(1. College of Electrical and Information Engineering, Jiangsu University of Technology, Changzhou 213001, China;
2. College of Information, Mechanical and Electrical Engineering, Shanghai Normal University, Shanghai 201418, China)

Abstract: Aiming at the interference of noise in the nonlinear system, the identification modeling method
of the neuro-fuzzy Hammerstein output error nonlinear system is considered. The combined signal
sources are used to realize the parameter identification separation of the linear block and the nonlinear
block. The correlation analysis method and the recursive least square identification method based on
auxiliary model technique are derived to estimate the parameters of dynamic linear block and nonlinear
block, which can effectively suppress the interference of system output noise. Compared with least square
algorithm, polynomial model and multi-innovation method, the simulation results demonstrate that the
proposed approach has the advantages of fast convergence speed of parameter estimation, high
identification accuracy and small modeling error, which verifies the effectiveness of the proposed
approach.

Keywords: Hammerstein nonlinear system; identification modeling; combined signal sources; correlation

analysis method

5| SRR, RSB R, AR,
A E i R R AL I, %) T Hammerstein
Hammerstein S0 JSAHEEEHINIIE i 2 enmingi oo, Mpssht50ms 405
TFARML, SEUE RN A A TR m i ege i 7 A R B, 1
PORSALALH, RIS R, e
PABGAPN R WTUSRE—RIAEE o i o b A LR R

ks HIH: 2021-06-25 EEHIE: 2021-08-20

R&H: EXAREEE4(62003151); L7508 HAREHE4(BK20191035); &M diRHE 11 £1(CI20220065)
W—AEF: FRA995-), T, Wik, W57 AR . E-mail: 769447368@qq.com

BWEE . ZU8(1987-), F5, 1L, BIBER, W77 moABERIEN R 2 R Lk 3 AL . E-mail: lifeng@jsut.edu.cn

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 11, Art. 7

H34EE 11
2022 F 11

REZHEARAG T Hammerstein R S4, WHE
BRREP ESHAEC FaiaEl b
TV IR 0 S g R e M B B R 2 1 A 1) 2
WA B FER, ] 4 3 /s 3Rkl Stk
AR BRI R R R A S0

T, RSEAA 2B SE T
P, Bk, R -H0F 1) Hammerstein JE46 1%
RGERAELER L SCHR17]88H T HER /N — 3k
HRRE R T s AR 2R M RGO AL . BT kLT
PEBHIAR, STHR1817%5 18 1 2V AR Lt t 1= 2%
RS HHER S, SCHR[191K Hammerstein &
Gior N2 TR, SR T M2 BN
WEIE . fEHEZ M2 i Hammerstein 45 14
ZRGET, R I 3 A AT B e IR A IE ARG i
B AT S KT A A A S A0, SCRR[21738
oty B A 2R 38 A e /N ek A e T b TR AN R AR A
. CHR[22)R A 2R B AR 2 A&
Hammerstein 2| 5 [FHIE P 2GS H. L
RITESIRA T 20071 E4U-A Hammerstein R4t
PFEZe i, 2 AR MBI & 2 AU el
RIS RH, WX EA U,

X FIA Hammerstein JEZ8 1% RS S50
W, #H T ETHE XG5 Hammerstein
R EIRLIE RGN RS EHHR T .
SEBR AR o, Hammerstein A58 ) o (8] 42 & v
TVEMEE 1 PR, & s ES AR L R A Z)
AL G PR SEIAME—. ST R W]
T EAE ST Hammerstein A7 1 A& JE e
PR LA S H BHR, £ 7 515

RGTE AR

Journal of System Simulation

Vol. 34 No. 11
Nov. 2022

SEEES . EZESE EHAT, N u i
H W7 22 R A S SN u AR (8] AR & v A ) BB T
ZE R AR HOC R, BRI AR A B 7 22 B
BT LLH B 7 Z R BORAE, A T
Hammerstein F8 {1 o (B4R & v Joykll ) i, $2
H S EHRR T UG T 2 NP3 OF)
F Z 365 5 AN UK A B R, SEILE
AR RIS B A R MR 1) 2 B8, AR % ik
A5 5 F A N LE R SR R S o ik At o
AALMBERKZH OWRIEREIE 5 14 N\
R, R A B AY B 4 H AR Hammerstein
RETHIAT A, HES T 50 BIBAY % HE /)
TR S AR S

HAT, EANAMIEFN Rt T B TR 2T )
Hammerstein BB BHR, 738 I pP 20 p 5260 Mzl
S SIPLPTE SR, R IR R R S A A
I T AR S SR AN 2 M AR R S B SR AR, 7R
Bt — P RS B INES BIREGSH, &R
Eo ik PENESE, BN T HRRIE M, JFE
SO T HERRE BE o AR SCHR H PR BRI T 1,
MGG S T F SIS ) 25
LB S H 7 BHHR, PRI R EA KIS
FORAI, AR T PRI R, a7
PR

1 fMEBH Hammerstein IEL 14 RS

2% F& Hammerstein i H 1% 72 JE LR AR Y, AR
BRI 1 Fis.

/' A l et
u(k) v(k) | bz 4z 4th, 2 | x(h) Y (k)
— —() > b o )
\ . . 1+ alz" +azz’2+- .. +anuz’”u N
O—Q
pr A AL R B EhAS LM R

K1 Hammerstein % iR 2 LM RS

Fig. 1 Hammerstein output error nonlinear system

http: // www.china-simulation.com
*2378 ¢

https://dc-china-simulation.researchcommons.org/journal/vol34/iss11/7
DOI: 10.16182/j.issn1004731x.joss.21-0589



Zheng et al.: Nonlinear System Identification Based on Combined Signal Sources

H34EE 1L
2022 4F 11 A

R RSP0 B9 Hammerstein BB A Sy

v(k) = f(u(k)) )
_8@
Yy == o v(k)te(k) @

X O NESIELRMIERL u() M yk) N AR
AL k B ZI NI s v(k) NERAS AR PRI
Mg, AMEATTNAEE; Az)=l+aqz'+
az 2 +-ta, 27 Rl B(z)=bz ' +byz 7+ 4b, 27"
NN JERHET LI, o M b, L AERER )
ZH; n, Mo, RERIIBY IR e(h) HEBES .
ST EESEN ¢, #37 Hammerstein R4t
SRl R T S5
- > G-y <

s.t. (k) = f (u(k)) 3)

n Ig’(z)A
k)y=—=v(k k
(k) i )V( )+ e(k)

E=

z
A N, e N e o A E
KAWE 2 PR Esh AR R &
A AR L AR

RIEE T
HHU= =

K2 Fpe ORI 45 4
Fig. 2 Structure of neuro-fuzzy model

PN

=

PR BRI AR T (1) 3RO A

(k) = f (u(k)) = Z¢j (u(k))w, “)
(k) =¢,)

exp(————5——

X g, (u(h) = .
J N N —c.)
Zexp(_W)

T S P R U e, b, i T 2R SRR PR B )

)

., W

R, & ETHEAE S ALY RGN

Vol. 34 No. 11
Nov. 2022

B w, BN AOALE s N RO U £

2 ETAHAKXGBSHER LB
Hammerstein JE£8 14 R G #HR

FIFH A& 15 5 550 Hammerstein 15284 [ AJ
HERMEA S G U5 5 ) . Bt & 5 5
R RIEEAN 0 3L A B HEHHIE 5 u, (k) MFEHLE
Fou, (k) L, 5 ICARXT R A ARG PR R ) i H Dy
v, (k) 1 v,(k) » Hammerstein % 4t ¥ % tH 73 531 4
y (k) Ay, (k)

B 1. X Hammerstein 26 R4, iR
WMANE SR DEES, WAFEFEE DL, MRLLT
K AL

R, (t)=bR (7),7€Z %)
Xt R, (1) = E0(u(k — 1)) TR BRI u(k)
AR A AN o] AR & v(k) B B P 5 22 ek, ALY
R,(7) = E(u(k)u(k — 7)) Bt 2% N\ u(k) B H W7 %
R, b, L

UEBH : FEASIELR MR u (k) RO RIS AT AR
v(k) BT 22 BREUN

R, (t)=E((k)u(k - 1)) (6)

FRA B AL A B MR 15, 2 (6) I B W 77 22
BRI AT LLEE

R, (v) = E(ECu(k) (u(k — )| u(k))) (7)
H = (7) T 15
R, (v) = E(v(K)E (u(k — 1) |u(k))) (3)

HI SCHR[24] AT 40, /] 20 B 15 5 1) R 1 0] 22
E(u(k —7)] u(k)) T 2

E(u(k—7)|u(k)) = a(r)u(k) )
XF: a(r)=R,(r)/ R, (0) -

R ()M (9) T 157

R, (7) = a(0)E(v(k)u(k)) (10)
AR & u(k) W B Y7 2 5O
R () =E(u(ku(k-1)), VreZ (11)

A0S, "5
R (r)=E(E (u(kyu(k —7)|u(k))) =
a(7)E (u(k)u(k)) (12)

http: // www.china-simulation.com

* 2379«

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 11, Art. 7

H34EE 11
2022 F 11

Fhaom=a2)rE

B E(v(ku(k))
R, (7) _—E(u(k)u(k))R”(T) (13)
A E(v(k)u(k)) bl 7 B
%jﬂamﬁ,ﬂjﬁﬁ&my
bR (t),T€Z -
.

HEFE 1 Al UG 5 8] 5 B 45 SR,
TE B by AFAE RGO T, AR ) v (] AN ] ) AR
v(k) B H. P 77 Z B R, (v) W AT DL g N A2 =
u(k) B AT Z R B R, () RACES, RV T i AA
AR B e A, AT SR B A AR 2R M AR R AN B
BRI S H 7 SRR

SCHRT A3 B S R B SR A R NS T
SFATIEE E (u(k — 1) |u(k)) W 2 E(u(k —7) |u(k)) =
a(tyuk) , HF a(r)=R,(r)/R,(0). {FLFENH
H, SRR 2 BE 5 RO S B AN 52
W59, IEZE S5, BMANGE SR EE S
FHHME S B35 5)I, 2 E B 1 X Hammerstein
RGN A AR LR M LA B A5 2k M B 2 B0t 4T
SRR, R T PR AR . TESEPRN A A, iR
NG S ANHEN] 3 BIE S, TN HE N2
—RBENLE T, AT DR SCRR[28-29TH 75 2
#HiH Hammerstein 2454,
2.1 FIEFLREFERSHHER

H _ER TR, 4 R G RENGE 5 i

{55 u, (k) I, Hammerstein L2614 R 48 10450 H N
A(k)y, (k) = B(k)v, (k)tA(k)e(k) (14)

i IR

k== ank-i)+Y by (k- j)+
ni:l =1 (15)
D ae(k—i)+e(k)

RAS)HILTRLLu, (k —7) , FHHFEHCEENEE:
R, (=-3aR, -+ bR, (- )+

i eu

iﬁR (r-D+R, (?) (16)

RGTE AR

Journal of System Simulation

Vol. 34 No. 11
Nov. 2022

FE 46 M 2 RO\ ASHIK, T
HR, (2)=0. FELk, 7T
R, (©)=-YaR, (t-)+Y bR, (=)
) " (17)
W | RS, T
R, ()=-aR, (t-))+ bR, (c-))(18)

KX b, =b, b,

TIPSR AW A B A R M B 8,
WwWr=12,-P(P=n,+n), H

6 =Ry (yy')" (19)

KX 6=[a,a,.bb, 1, R=[R, (),

R}’l“l (1)’ o ’R}’ll‘l (P)] ’

V/ =

-R, (0) -R, () -R, (2 -+ -R,(P-1)
0 -R, (0) -R, D -R, (P-2)
0 0 0 . —R, (P-n,)

R, (0) R D R (2 R, (P-1)
0 R, (0) R, (D R, (P=2)
0 0 0 R, (P-n,)

i%%%%%&mpéiﬂmmﬁﬁn
}Mﬂ:%iMWMFﬂ%ﬁﬁ&Aﬂﬂ&@%

BN S HIN PRI T

N USSR w (k) FH (k)
By RYEBIRZHG
WIgEtk: =P (P=n, +n,)

for k=1 to N (N N —#HHiI{5 S H&)
A w0, (k) Ay, (k) THEE R, () FIR, (7)
R« R, (1), ¥y < R (DR, (7)
AR (1) T 5T 6,

end

2 AR RIS IR
FTRENUE 5 BN A w, (k) 1y, (k)

A O

http: // www.china-simulation.com

* 2380 ¢

https://dc-china-simulation.researchcommons.org/journal/vol34/iss11/7

DOI: 10.16182/j.issn1004731x.joss.21-0589



Zheng et al.: Nonlinear System Identification Based on Combined Signal Sources

H34EE 1L
2022 4F 11 A

R FH il B R 3t B /N — TV E R IR R A AR 2 M A
PBHL ok T R FOEPUE T BRI
Hits ¢ MITESE o, » FEAR R F1E S 10 i B A 2R 5 1 o
N T IRFSR A B AL W,

RAEA(1), "1

B (k) = [, (k) = D ¢y (w, (k) w, (20)
i3 2 A4
_B)<
Yy (k)= 10) ;@ (10, (k) w; + (k) 21)
58 U B A B
x(k) =" (k)6, (k) (22)
A

p(k) =[-x(k = 1)+, —xCk —n,), 4 (u,(k - 1)),
sy (uy (k=1)), ¢ (u, (k = 2)),
""¢N(”2(k_2))""’¢1(u2(k_nb))s

"'3¢N(u2(k_nb))]T
(23)
b, Wi»++,b w1

m,

24)

02 :[al"“’ann’blwl"“’ble"“’

@21, 22)#%
¥, (k) = x(k) + e(k) = @" ()0, (k) + e(k) ~ (25)
FRYEGH BB HER ) EAR, 2 Lo, (k) F1 8, 5)
A kI ZI R E BB S H A &, #ar
BN .
x,(ky=g@," (k)8, (k) (26)
e
@, (k) =[-x,(k=1),+-,—x,(k —n,),
¢ (uy (k =1))s--, 4y (u, (k =1)),
¢ (uy(k =2)),+, hy (u, (k = 2)),--,
&, (k= n,)), -, By (uy (k=m, D] (27)
0, =la,,.a, bW, b,

b v?/l,---,bnwa]T (28)

V@) FRD B (S B i g, () O T,
6 NN S 6, (O THE, ik

x(k)=¢" (k)0 (29)

TE KB, Gk) 2 T, DRI AR/ o T 5
KT AFE RN

R, & ETHEAE S ALY RGN

Vol. 34 No. 11
Nov. 2022

J16,]=Y [ 5, ()-4" 08| (30)

AT LAS B M 0 S H{E G,
0,(k) = 0,(k =1)+ L(k)Ly, (k) — §" ()6, (k —1)]

(€2Y)
L(k) = Af(k —De(k) i (32)
1+ (k)P(k—De(k)
P(k) =[1-L(k)p(k)]1P(k 1) (33)
P(k) =[-x(k =1),---,=xCk —n,), (u(k - 1)),
. 'a¢N (uz (k - 1))a ¢1 (”2 (k - 2))7
"'=¢N(“2(k_2))="'s¢1(”2(k_nb))a
s (uy (k= )] (34)
éz =la,,a,,,a, ,bw,bw,, -, bwy, -,
bn,, w]’bnb W2,---,bnh V,{}N]T (35)

WG, , 456 2.1 TR BRI S5
6, UM AR R B HL W, , 1=1,2--,N .
EL MRS HH R AP BRI
BN BENLE SN uak), FiHh ya(k)
e ARERVERIR 2% 6,
- AN wo ()RR TR A ¢l o
- (k) < ¢, F gy
. for k=1 to N (N NFEHLIE 5 H=)
SE U B (k)R 05(k), HHEZN(22)THE (k)
GBI EERLEAR, 2 L e, (k) F1 6, (k)
i RE)~(35), HEIFERG,

end
3 K

N T BAESR M TR R, BT
Hammerstein JE£5 P 5 4512

o) [2—cos(Gu(hk)) —exp(u(hk)), u(k) <3.15
=15, w(k)>3.15

= Y T R N

0.6z7"
k =
YR =08

s SRR B L

5. = |—vate®] 1600,
-\ var[y(k) —e(k)]

8] & 2028l iR =N
5=l -6)/la]

(k) + e(k)

http: // www.china-simulation.com

* 2381 »

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 11, Art. 7

H34EE 11
2022 F 11

ARG, HEAESUEH 5 000 MEE N 0
B3 1) M5 5 A0 5 000 MEIX [AI[0, 5] F355) 4
i (FIBEALAE 5 2 k-

510, WRYE EERNET B  H E, E
T 2.1 F5HE S A M 43 BT (correlation analysis,
CAHHRLHIART . F3 ME 4 4H TR
W% L (signal noise ratio, SNR) T, iz F$2 H 7%k
TSRS E o F1 b 1IS5R, B 5 4
TR TR RN 3l (least square, LS)IZ)
DL SHAS TR ZE 22 X TG 2 FhgEiiy
ETTCLAS A O M ATV e AR R 1 9 R
Hammerstein EZ M RGNS MBI 2L,
MERF R T 20.47%H, 2 FhOTEER 2 5 5 N
o BEARRAE LLIR N, B2 B AT AT LAAERR )
HHR 2B S5 H R 2Z 2R Re i T A2 e

085 —SNR=5.15%

0.84 — SNR=10.85%

0.83 - SERRAE

0.82

0.81

S 0.80 o

0.79

0.78

0.77

0.76
0.75

0 1000 2000 3000 4000 5000
FEA%LH
3 RMEIRSH o MASTHE

Fig. 3 Estimation of parameter « of linear block

—
0.64 A A 0
-~ SERME

0.63
0.62
0.61
= 0.60
0.59
0.58
0.57
0.56
0.55

0 1000 2000 3000 4000 5000
FEAEH

K4 ZePERERZHE b M THE

Fig. 4 Estimation of parameter b of linear block

RGTE AR

Journal of System Simulation

Vol. 34 No. 11
Nov. 2022

——CA
----1LS

0.10
‘° 005!
0 -

1000 2000 3000 4000 5000
FEA%H
(a) 6,=5.15%

—CA
----1LS

0.10
S 005‘
0 —— o

1000 2000 3000 4000 5000
FEAHH
(b) 6,=10.85%

0.10
——CA

----18

“ 0.05

P i T
. Sevao o P

1000 2000 3000 4000 5000
FEAZH

(€) 3,=20.47%

0.10
———CA
----18
= 0.05
o 1 ‘ - ‘ -
1000 2000 3000 4000 5000

FEAHH
(d) 0,=30.58%
I NEIE = S AR B 2

Fig. 5 Parameter estimation error of dynamic linear block
under different noise signal ratio

%528, A 5000 ASFEHLE S 0% A e 2
AR R IR S8, BESHS, =0.963,

http: // www.china-simulation.com
© 2382

https://dc-china-simulation.researchcommons.org/journal/vol34/iss11/7
DOI: 10.16182/j.issn1004731x.joss.21-0589



Zheng et al.: Nonlinear System Identification Based on Combined Signal Sources

H34EE 1L
2022 4F 11 A

p=10RA1=0.01, WEIHREFILEATLIER 15 4
RO . B 6 4t T IR MR LA 25 5, 38
77 1% % (mean square error, MSE) 4 2.298 6x10*,

357
3.0t
25t
20t
-
15t
ot [ L
— R
0.5} - ARSCAT R T
/= LR
0~ ] 2 3 4 5

u

K6 ARG 45 2R
Fig. 6 Fitting results of the nonlinear block

N T IR tH i J7 VR A 2t R0 AR [R] )
N s i s 12T 2 I aUB A i JE e 1
B

v(k) = pu(k)+ pu’ (k) +...+ pu’ (k)
X p NETABEMKSE: r N2 AR
B

F 1 R T ET ZHECH A FB RS )
77 % 7 (MSE) Al % K 46 X % 7 (maximum  absolute
error, MAE). AJPAEH: RN 11 i,
BT E N KA R Z T, E IR R AT
I E 6 B2 W i MA S iR 772 AR
AR E RN L AT DU s AR SO IR T Re s 5
UERINE R i e | AR =

® 1 AXFHRINEMZ BGE N MSE M1 MAE U

Table 1 Comparison of MSE and MAE of proposed method
and polynomial method

WARES Bir i MSE MAE
9 1.8x107 1.1655
10 7.9x107* 0.8125
EAYF WS
g 1 4.6x10°* 04165
12 3.7%x107° 1.398 7
ATk 2.298 6x107* 0.227 4

R, & ETHEAE S ALY RGN

Vol. 34 No. 11
Nov. 2022

N T BAE S R S H T TR A R,
B 200 ANBENLE S1EAMIRAE S, K SCHR30-31]
$2 th 77 LR AR ST 7772 T Hammerstein &
GeTil, S5 RE 7 Fros. AW 7 R LUE
SCHR 7 R BE S B R BR B Hammerstein JF
LNE R G SEBRA o

107
9
8
7
3 6
z
= Of
3 — SKhrff
e KT
2 . NEUPRES
kY CHR[31] 7%
0 50 100 150 200
FEAZH

K7 3 Mo ik 45 R E
Fig. 7 Comparison of the output results of the three methods

AR )7 AR o AR A VR IR T A A
T ERBEM A, 5 Hammerstein #5284 it MR
Hammerstein A HATE G HHR . B EUE L e i
FRFFAE . HAR B IEEMERRR S, &A1 N
R, fFEibrdr=d e, g ke
FEIE AR AN T G I, DR AR SCHE () AR A v 2 R
TR RGN T

4 25t

AR 7T H G A E 5 UF Hammerstein £
HiRZE IR LM RGP B SR U5k FIH —
HHE 5 FFENLAE 5 AR A A G S IR T
Hammerstein 540 #f S AL PRI AN B 45 26 M A
WSHHERI 8, A Both i 2 8l i
T AR —PB By, BT kM5 5 B N\ i i,
MR AR A 73 BT At T e AR R 28, A 25 )
TR T RS P, BT RENLE SR
HEE, SR R EEAG T S B AL 0

http: // www.china-simulation.com

* 2383 .

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 11, Art. 7

5534 %5 11 RGN EF R Vol. 34 No. 11
2022 4 11 Journal of System Simulation Nov. 2022

BEPE, FEULERAN b, SINAHENEIAYEAR, RSB
TR HE I /N —RE RS AR R MBI 240
i FCSEEG R, E10H H M S T4 ) Hammerstein
LIRS, RHENITERARE PR .

S 3R

[1] Li Feng, Jia Li, Peng Daogang, et al. Neuro-fuzzy Based
Identification Method for Hammerstein Output Error
Model with Colored Noise[J]. Neurocomputing
(S0925-2312), 2017, 244: 90-101.

[2] Lakhdar A, Yahya C. Modeling of a Distillation Column
Based on NARMAX and Hammerstein Models[J].
International Journal of Modeling, Simulation and
Scientific Computing (S1793-9623), 2017, 8(3):
227-240.

[3] Fouad Giri, Er-Wei Bai. Block-Oriented Nonlinear
System Identification[M]. Berlin Heidelberg:
Springer-Verlag, 2010.

[4] HEDAE, RiEE, FHFELE. Hammerstein-Wiener #57 f

/N Zafe ) B AL IR R L N T [D]. PR E e R,
2008, 25(3): 393-397.
Gui  Weihua, Song Haiying, Yang Chunhua.
Hammerstein-Wiener Model Identified by
Least-Squares-Support-Vector ~ Machine  and  Its
Application[J]. Control Theory and Applications, 2008,
25(3): 393-397.

[5] Raphael Q, Claudio G. MPC Relevant Identification
Method for Hammerstein and Wiener models[J]. Journal
of Process Control (S0959-1524), 2019, 80: 78-88.

[6] Vojislav F. Recursive Identification of Block-Oriented
Nonlinear Systems in the Presence of Outliers[J]. Journal
of Process Control (S0959-1524), 2019, 78: 1-12.

[7] Li Junhong, Zheng Weixing, Gu Juping, et al. A
Recursive Identification Algorithm for Wiener Nonlinear
Systems with Linear State-Space Subsystem[J]. Circuits
Systems and Signal Processing (S0278-081X), 2018,
37(6): 2347-2393.

[8] Qi Zhidong, Sun Qi, Ge Weiping, et al. Nonlinear
Modeling of PEMFC Based on Fractional Order
Subspace Identification[J]. Asian Journal of Control
(S1561-8625), 2020, 22(5): 1892-1900.

[9] Cheng C M, Dong X J, Peng Z K, et al. Kautz Basis
Expansion-based Hammerstein System Identification

through Separable Least Squares Method[J]. Mechanical

(10]

[11]

[12]

[14]

[16]

(19]

Systems and Signal Processing (S0888-3270), 2019, 121:

929-941.

[20]

Jeremy G, James W. Frequency Domain Estimation of
Parallel Hammerstein Systems Using Gaussian Process
Regression[J]. IFAC PapersOnLine (S2405-8963), 2018,
51(15): 1014-1019.

Lang Lijun, Chen Junru, Gao Jun, et al. Accelerating
Frequency Domain Dielectric Spectroscopy
Measurements on Insulation of Transformers Through
System Identification[J]. IET Science, Measurement &
Technology (S1751-8822), 2018, 12(2): 247-254.

Li Shurong, Ge Yulei, Shi Yuhuan. An Iterative Dynamic
Programming Optimization Based on Biorthogonal
Spatial-Temporal Hammerstein Modeling for the
Enhanced Oil Recovery of ASP Flooding[J]. Journal of
Process Control (S0959-1524), 2019, 73: 75-88.
Chidume C, Adamu A, Okereke L. Iterative Algorithms
for Solutions of Hammerstein Equations in Real Banach
Spaces[J]. Fixed Point Theory and Applications
(S1687-1820), 2020, 3: 567-572.

Chen Xinming, Chen Hanfu. Recursive Identification for
MIMO Hammerstein Systems[J]. IEEE Transactions on
Automatic Control (S0018-9286), 2011, 56(4): 895-902.
i, WRME, B, F ETHASKAESH
Hammerstein OF 8 #E R [J]. V095 B T %2 e 22 4k,
2019, 25(6): 66-72.

Li Feng, Xie Liangxu, Li Bo, et al. Combined Signals
Based on Identification Method of the Hammerstein OE
Model[J]. Journal of Jiangsu Institute of Technology,
2019, 25(6): 66-72.

Kajal K, Utkal M, Vineet P, et al. Identification Scheme
for Fractional Hammerstein Models with the Delayed
Haar Wavelet[J]. IEEE-CAA Journal of Automatica
Sinica (S2329-9266), 2020, 7(3): 822-892.

Ding Feng, Wang Xuechai, Chen Qijia, et al. Recursive
Least Squares Parameter Estimation for a Class of
Output Nonlinear Systems Based on the Model
Decomposition[J].  Circuits Systems and Signal
Processing (S0278-081X), 2016, 35(9): 3323-3338.

Ding Jie, Chen Jiazhong, Lin Jinxing, et al. Particle
Filtering Based Parameter Estimation for Systems with
Output-error Type Model Structures[J]. Journal of the
Franklin Institute (S0016-0032), 2019, 36(10):
5521-5540.

Ding Feng. Hierarchical Multi-innovation Stochastic
Gradient Algorithm for Hammerstein Nonlinear System
Modeling[J].  Applied  Mathematical = Modelling
(S0307-904X), 2013, 37(4): 1694-1704.

Jia Li, Li Xunlong, Chui Minsen. The Identification of

http: // www.china-simulation.com

https://dc-china-simulation.researchcommons.org/journal/vol34/iss11/7

DOI: 10.16182/j.issn1004731x.joss.21-0589

* 2384 »



Zheng et al.: Nonlinear System Identification Based on Combined Signal Sources

334 BE 11 ) Vol. 34 No. 11
2022 4E 11 A KR, 55 HTHEAGE SEA ARG Nov. 2022
Neuro-fuzzy Based MIMO Hammerstein Model with 1597-1612.
Separable Input Signals[J]. Neurocomputing [27] Tang Yinggan, Li Zhonghui, Guan Xinping.
(S0925-2312), 2016, 174: 530-541. Identification of Nonlinear System Using Extreme
[21] Ding Feng, Shi Yang, Chen Tongwen. Auxiliary Learning Machine Based Hammerstein Model[J].
Model-Based Least-Squares Identification Methods for Communication in Nonlinear Science and Numerical
Hammerstein Output-Error System[J]. Systems and Simulation (S1007-5704), 2014, 19(9): 3171-3183.
Control Letters (S0167-6911), 2007, 56(5): 373-380. [28] Bai Erwei, Li Kang. Convergence of the Iterative
[22] Wang Dongqing, Ding Feng. Parameter Estimation Algorithm for a General Hammerstein System
Algorithms for Multivariable Hammerstein CARMA Identification[J]. Automatica (S0005-1098), 2010, 46:
Systems[J]. Information Sciences (S0020-0255), 2016, 1891-1896.
355/356: 237-248. [29] Chen Jing, Wang Xiuping. Identification of
[23] Lang Zigiang. On Identification of the Controlled Plants Hammerstein Systems with Continuous Nonlinearity[J].
Described by the Hammerstein Systems[J]. IEEE Information Processing Letters (S0020-0190), 2015, 115:
Transactions on Automatic Control (S0018-9286), 2002, 822-827.
39(3): 569-573. [30] Shen Qianyan, Ding Feng. Multi-innovation Parameter

[24]

[26]

Martin E, Lennart L. Linear Approximations of
Nonlinear FIR Systems for Separable Input Processes[J].
Automatica (S0005-1098), 2005, 41(3): 459-473.

Li Feng, Jia Li, Peng Daogang. Identification method of
neuro-fuzzy-based Hammerstein model with colored
noise[J]. IET Control Theory and Applications
(S1751-8644), 2017, 11(17): 3026-3037.

Wang Jeenshing, Chen Yenping. A Hammerstein
Recurrent Neurofuzzy Network with an Online Minimal
Realization Learning Algorithm[J]. IEEE Transactions

on Fuzzy Systems (S1063-6706), 2008, 16(6):

Estimation for
Based on the Key-term Separation[J].
(S2405-8963), 2015, 48(8):

Hammerstein MIMO  Output-error
Systems
IFAC-PapersOnLine
457-462.

Ding Feng, Wang Yanjiao, Dai Jiyang, et al. A
Recursive Least Squares Parameter Estimation
Algorithm for Output Nonlinear Autoregressive Systems
Using the Input-output Data Filtering[J]. Journal of the
(S0016-0032), 2017, 354(15):

Franklin Institute

6938-6955.

http: // www.china-simulation.com

* 2385 .

Published by Journal of System Simulation, 2022



	Nonlinear System Identification Based on Combined Signal Sources
	Nonlinear System Identification Based on Combined Signal Sources
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/HVWrQEXTC5/tmp.1688100843.pdf.IYZ27

