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Abstract

In this paper, the problem of parameter identification for a class of linear systems with unknown
delay is studied. The identification problem includes the estimation of delay and system parame-
ters. Firstly, the estimation of delay and parameters is transformed into a nonlinear optimization
problem with forgetting factor, and the estimation of delay is obtained by Gauss-Newton method,
then the parameters of the system are estimated based on the least square method. The problem
of parameter identification takes the real circuit system as the research object and considers the
effect of delay and real noise sufficiently. Finally, by building an actual circuit system and taking
its input and state values as actual measurement data, the identification algorithm proposed in
this paper is used to identify the delay and system parameters. The results show that the linear
differential equation model with time delay is scientific and the method of identification is effec-
tive.
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TE F SRR FRIAE 2B 2 MVE 2 U b, AT B T RGOEAT 8 04T 5 31 Sl A w,
TR FE0T SRR, R X S TAR R AT N6 al . S8 R 50 R G S50 B80S 47 0l b AT o b, 2
A S KRG EM R T RSEPHR . REPHRE NI Tk isH R EE S, fEE
Hil RGBT 5 047 i RS 2 R ARG 5 BSR40 5T 12 R 1] [2] [3] [4].
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KT HERT 261 R GBS BN I 7T OIS — 22t F2[15]-[20]. Gawthrop [ 15]45 42 H—Fl FH A BRAL I8
PRI BOE T AE R 1R 7 V2, AHX PR O VAT AR AL B, BRI R AR 2 2480, 1 H Y R GAERT UK,
A REs AN T2 52 I AL R 22 o SCHR[ 16145 FH I A0 VA0 5 A ZE I I 230 70 R Gtk AT S 8090, Rl
BRI T RGSEAGTHAI G2 T W & . Sung [17]%5F ] Levenberg-Marquardt J5 755 A A0 &8 ZER HI
HAReR AL, AT R 2208 B ey, &t — P 2L (8] TR Z HE R 7% . Orlov [18]556 4 X IR A [a) & A%
il B AR MER AN IIE RS, RE—MBEENSHHHRSE, SEIUREE RN R ESHNAE
ZeH . Ren [19]5551 0] BRI B4 HA TR B2 () RN, R4, #43E tH 2800l vH i 22 IR B & R, 5]
N BEAR 0 AR DU AR S EA b T U s

EWT RS8R B SRR A B E AT IOE, HATIR DA R TR RE M A4 R, K
SORF LSRR LR RGN G, I S PR E S R e, R AR AR R G i N RR S i ke s
PUAERT Al THFI S BOHR . SLhREE 507 AR AN, AT BRAFAE R S M & R 2% I B e S AN R B
PRI AURE B AR e, T 1) S BR RGN R A F U RE S 3 — DA BB A S5 4 IR R AN S E R 7 VA
FofiltE . AT 55 2 BB FIA SO R B R REA M 56 3 WAEPHRTE; 540
i S HH R AR T2 bR R, DURUEHFR V1A 8.
2. EETIE
2.1. [a)EpRIR

PSR LRI (A ZE PR AT I R Gt

5(1) = Age(0)+ Ax(t—7) + Bu(1),
{"(f) =u(1)+&(t),

Hof () e R R RALEMMALER, £(1) R RRGTIRENES, u(t)eR . x(1)e R EIMF
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WSHUERE 0" =[4,,4,,B] -
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Vi =hdyx, + hAx,_, +hBu, =0"p(k,d), (2.3)

ey, eR", 0T eR™" p(k,d)= [hx,f,hx;d,hu; ]T e R*™",
BRI, ASCRIF TR IR UL Ay i — R S HOPRR S, B R AR (v, x, ). (k=1,2,---,N),
T RGEQIHIIER d MSHHELE 6, FRIEEER R HAZQ. DT HIEN T 7 .

3. BRI
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3.1. HENHES
B R TR IR VCHE B Bk B
J, (H,d):%gezie“,
oot AR B k-m>d o o 1A K RAIOGIHER, &)
e = =0, p(k.d).
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K0, d LN kRIS THE 6, A1 d, 7T T SR F:

[é,j,c?k} =argminJ, (6,d),
0.d

M AEL Pk I RV E IR IR d FO Gl d DRI, YES 800, Tk R Ry IR A
0,(d)- & (1) F(k.d).

(
F(k,d)=g(k.d)Y" (k), 3.1)
)

AL I A

&
Te(d)=3 2 & (32)

T

Hhe, =y, -0 (d)p(k.d)=y, - F" (k,ﬁ)[l%" (k,a?ﬂ o(k.d).
I T ESR o 72745 55k ALRfETHE d, 7T el R SR F)
d, =argminJ, ().
d
AT DA A 0 B (3. 2) oM R & 2T m BB RO R — B0, O T H 85 IR S S Hs A5 R
FIsZme, InaETBEE R A RE R R, ACRINEER T 4 #(3.2) Wy BAT S R 1 10 HE D) R 4

- 1 1
Jﬁ(d):EZA’e,Le,H :EET(k,d)AE(k,d), (3.3)
i=0

Forb 4 BERT, 0<A<l, p RAENEST, (d) AKEIRRE, p<m.
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A =diag(A°1,, A1+, 2""1,), (3.4)
E" (kd)=[e.e .8, ) (3.5)
i Gauss-Newton SLyEENIERS I d 7 | 4n N Hyk%A4R:
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p = (Y (kd) Y (k,d)) X" (k.d)AE (k,d),
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ad od
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a4 H|i, -4 <e k=N, §3BHEREILE, AR DAMIFREQ. )T HZE0, W
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4. EEBRBNSHHHRA
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Figure 1. Delay circuit model
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Figure 2. Implementation process of delay voltage

2. JERTERERISEIETE

Figure 3. Experimental platform
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K EIRTTREFAL IR 2 (A

1 — 0 €
w(r)]_| GR w(r)], CR, (t=2)], |G (1)
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%(t)=Ax(t)+ Ax(t—7)+BU(1),x(1) e R*,U(t) e R. 4.2)

FMHFEE3 IR RG@ DB EER ¢ DU BAE, A AR RRE2) TS EHERE 4,
AR B, FRAEIE C v Cyv Rv Ry~ Ry AR, IR AT FLB RGBT L 2 i B

AT 8 MIET IR AAE 64 s PIIEIRAE 2000 HEHE, BIT =64, N =2000, RFENIFGHIEECD
K h=0032 . EMHERSZEZET2HME 10 WinANRRSMHE, Hd—HAiiAFRESME
(U x b (k =12, N ) FIIELE R Anls] 4 Fros, MIAFHIHT 500 MRZESE W 5 B, o7 LS BI7R et
DA JE A B e P A, DRI A S TR TR WL B4 {w, , x, | BEAT Savitzky-Golay H¥E I, A
% 3.1 BT S HRR.

)

k

Figure 4. A set of observed input and state values
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Figure 5. The first 500 state observations of the system (4.2)
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Table 1. Identification results and experimental errors of delay term and electronic component parameter values in circuit

model (4.1
%= 1. §IEE§)$§§!(4.l)EPEHﬂ‘Iiﬁ%EIEE%?C#%?MEE‘J?J%R%%&%EE@%%

DM e P S /s C,/uF C,/uF R/Q R,/Q R, /© R, /Q
1R 0.4498 740.1794 683.8233 410.7704 966.3211 523.3962 506.7010
PRE(%) 1.36 5.74 231 2.69 3.37 2.63 0.65
H2 W 0.4495 7473570 689.6497 417.0305 964.6346 519.4436 516.5465
RE(%) 1.42 6.77 1.48 426 3.54 1.85 1.28
%3 0.4467 749.8180 667.0266 415.2545 958.3749 516.2745 517.7267
RE(%) 2.04 7.12 4.71 3.81 4.16 123 1.52
B4 0.4603 7493177 666.6400 424.2695 961.4248 524.0130 520.6892
RE(%) 0.94 7.05 4.77 6.07 3.86 2.75 2.10
H5 0.4503 747.1706 688.7300 400.1934 967.0184 509.8189 521.2468
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Continued

PR ZE(%) 125 6.74 1.61 0.05 3.30 0.04 221
%6 0.4699 738.9344 683.6488 4312437 964.6696 537.8621 506.8381
RE (%) 3.05 5.56 2.34 7.81 3.53 5.46 0.62
%7 0.4835 748.1611 666.3721 420.9335 960.1822 534.6097 529.4820
PR 2 (%) 6.03 6.88 4.80 523 3.98 483 3.82
%8I 0.4488 736.2329 679.7386 408.2738 975.4522 528.9898 515.4247
PR ZE(%) 1.58 5.18 2.89 2.07 2.45 3.72 1.06
9 0.4445 747.9704 686.8672 398.2981 973.8660 521.5092 500.6972
REE(%) 2.52 6.85 1.88 0.43 2.61 226 1.82
10K 0.4547 756.1448 683.2641 423.6429 988.2481 505.2398 525.8043
PR ZE(%) 0.29 8.02 239 591 1.18 0.93 2.94
Nl 0.0123 5.9563 9.3444 10.4088 8.9636 9.7923 9.0216
FE 0.456 700 700 400 1000 510 510

6 K], L 3.1 AT AT HRSEIR 7 AT PLPGE IS SR LS LR SEIR 7 5 R 1 PSRRI,
B2 3.1 AT DAL & A DR A R 00 AERR I L R BRSO (4. D) rh A R R SE IR DL K R . FELBELAE .

5. &t

ARSI — A A I R G I ZE B T, 11 R S ER R, R TS 7 v R B B kA A . o
FBRRERES: R G AT B, 192 B HUS AL SR B/ 36 77 0 JE ) I (1) A v 1) R A A Sy AR 2K
Phfg /N A iA I8, BAE B bReR U 5l NS 1 #E1TH Gauss-Newton VAl T RGAER &, FFH
REEN ER A RES N RN ZRfhHE: &5, KRS EHHRTTEN B R T, (HRERE
B, %7 RT DATE B M A PR 0 R A E R AR AR r ) v S B R E T o S B, A SRR

E&ME

[ 2% H AR B3 4:(11971303, 11871330).

SE3CH
[1] Ljung, L. (2002) System Identification: Theory for the User. Tsinghua University Press, Beijing.

[2] Sk, BMz, HEN ETRARSGHEAR DC/DC BB FHEBSHPHRI]. FE BN TR, 2005,
25(10): 50-54.

[31 Astrom, K.J. and Eykhoff, P. (1971) System Identification—A Survey. Automatica, 7, 123-162.
https://doi.org/10.1016/0005-1098(71)90059-8

[4] 7B, s, SREPFRM. bRt E%oRsE R, 1988.
[5] ZR/NEE, skD6EK. 4 B RC SRS SHHHR ], B R R(A R EL), 2020, 56(5): 754-761.

[6] #ifE, FER, 2k, 22, RN, K TBMER/D ZRERN KA RARASESEYHR]. B TEAR%R,
2016, 31(17): 161-169.

[7] i, T2, TS, MR, sk, IvE. BTSRRI RAM RS B R, BMEAR, 2015, 39(5):
1198-1204.

(8] GKMME, MRiEZE, XIBIER, WSUIL. 2T WGER TRELL R R /R SIS ESAB A S HIRR[). ARG AL,

DOI: 10.12677/pm.2021.113046 355 S H


https://doi.org/10.12677/pm.2021.113046
https://doi.org/10.1016/0005-1098(71)90059-8

[10]

[11]

[12]

[13]

[18]

[19]

[20]

2014, 38(4): 44-50.

BRES, FAES. JRERMER BN RGN T RE[J]. 1520 RE, 1999, 29(4): 501-501.

BT, TR, — AR BEAL SIS A& JYR i ALI]. BN EE, 2018, 128(1): 220-224.

Yue, D. and Han, Q.L. (2004) A Delay-Dependent Stability Criterion of Neutral Systems and Its Application to a Par-

tial Element Equivalent Circuit Model. IEEE Transactions on Circuits and Systems II: Express Briefs, 51, 685-689.
https://doi.org/10.1109/TCSII1.2004.837286

Han, W. and Liu, M. (2011) Stability and Bifurcation Analysis for a Discrete-Time Model of Lotka-Volterra Type with
Delay. Applied Mathematics and Computation, 217, 5449-5457. https://doi.org/10.1016/j.amc.2010.12.014

Bélair, J., Campbell, S.A. and van den Driessche, P. (1996) Frustration, Stability, and Delay-Induced Oscillations in a
Neural Network Model. SIAM Journal on Applied Mathematics, 56, 245-255.
https://doi.org/10.1137/S0036139994274526

Zhou, B., Li, Z.Y., Zheng, W.X. and Duan, G.R. (2012) Stabilization of Some Linear Systems with Both State and In-
put Delays. Systems & Control Letters, 61, 989-998. https://doi.org/10.1016/j.sysconle.2012.07.006

Gawthrop, P.J. and Nihtil, M.T. (1985) Identification of Time Delays Using a Polynomial Identification Method. Sys-
tems & Control Letters, 5,267-271. https://doi.org/10.1016/0167-6911(85)90020-9
Danilevich, E.V., Evstratov, A.R., Kukharenko, N.I., Ovcharenko, V.N. and Poplavskii, B.K. (2018) Identification of

Constant Parameters of Dynamic Systems by a Time-Frequency Method. Journal of Computer and Systems Sciences
International, 57, 495-504. https://doi.org/10.1134/S1064230718040068

Sung, S.W. and Lee, 1.B. (2013) Prediction Error Identification Method for Continuous-Time Processes with Time De-
lay. Industrial & Engineering Chemistry Research, 40, 5743-5751. https://doi.org/10.1021/ie0100636

Orlov, Y., Belkoura, L., Richard, J.P. and Dambrine, M. (2003) Adaptive Identification of Linear Time-Delay Systems.
International Journal of Robust and Nonlinear Control, 13, 857-872. https://doi.org/10.1002/rnc.850

Ren, X., Rad, A., Chan, P. and Lo, W.L. (2005) Online Identification of Continuous-Time Systems with Unknown
Time Delay. IEEE Transactions on Automatic Control, 50, 1418-1422. https://doi.org/10.1109/TAC.2005.854640

Dong, S., Liu, T. and Chen, F. (2015) Iterative Identification of Output Error Model with Time Delay. /FAC-PapersOnlLine,
48, 888-893. https://doi.org/10.1016/j.ifacol.2015.09.082

DOI: 10.12677/pm.2021.113046 356 S H


https://doi.org/10.12677/pm.2021.113046
https://doi.org/10.1109/TCSII.2004.837286
https://doi.org/10.1016/j.amc.2010.12.014
https://doi.org/10.1137/S0036139994274526
https://doi.org/10.1016/j.sysconle.2012.07.006
https://doi.org/10.1016/0167-6911(85)90020-9
https://doi.org/10.1134/S1064230718040068
https://doi.org/10.1021/ie0100636
https://doi.org/10.1002/rnc.850
https://doi.org/10.1109/TAC.2005.854640
https://doi.org/10.1016/j.ifacol.2015.09.082

	线性延时系统的参数辨识及其在电路模型中的应用
	摘  要
	关键词
	Parameter Identification of Linear Delay System and Its Application in Circuit Model
	Abstract
	Keywords
	1. 引言
	2. 准备工作
	2.1. 问题陈述
	2.2. 系统的离散化

	3. 参数辨识算法
	3.1. 算法的推导
	3.2. 算法总结

	4. 电路模型的参数辨识
	5. 结论
	基金项目
	参考文献

