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Identification of Continuous State-space
Model Parameters for a Class of

MIMO Systems: A Frequency Domain
Approach

LU Xing-Ju!  ZHENG Zhi-Qiang®

Abstract In parameter identification of continuous-time state-
space model, one of the difficulties is obtaining the derivative
values of system states. To resolve this problem, we propose a
discrete Fourier transform of the system inputs, states, and out-
puts sequences. As a result, a complex domain linear regression
equation is derived. Then, different forms of the solution for
the least-squares regression equation are presented. For the case
study of a multiple-input multiple-output (MIMO) state-space
model of an aircraft, orthogonal multi-sine signals are designed
to excite all system input channels, thus, all model parameters
can be identified simultaneously so as to enhance the efficiency
of identification. Simulations show the effectiveness of the pro-
posed method and accuracy of the results.
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Table 1

domain least-square algorithms

Comparison of results with different frequency

LS algorithm Ajon Bion

—0.0161 —3.8292 —1.0548 —32.0137 10.1047

LS_Re —0.0003 —0.7514 0.9272 —0.0020 —0.1613
—0.0004 —4.1575 —1.3190 —0.1572 —14.1069

0.0009 —0.0693 1.0046 0.0579 0.0139

—0.0175 —3.7048 —1.0633 —32.1205 10.0944

—0.0002 —0.7543 0.9274 0.0005 —0.1609

LS Im

0.0026 —4.3783 —1.3070 0.0307 —14.0746

0.0019 —0.1118 1.0048 0.0929 0.0298

—0.0165 —3.7773 —1.0591 —32.0588 10.1050

LS. EAM —0.0002 —0.7523 0.9273 —0.0012 —0.1613
0.0002 —4.2252 —1.3142 —0.0985 —14.1047

0.0010 —0.0655 1.0036 0.0544 0.0161
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S}

& —9,
e
5 0
o
=
-2 L ; : ]
0 10 20 30 40 50
2
g —
5 0
(=%
5
-2 | . . . -
0 10 20 30 40 50
5
o —4]
3
2 0
<
3
-5 i i i i
0 10 20 30 40 50
Z % ——>]
<)
= 9
L
k=
7 220
0 10 20 30 40 50
10
% -r
g 20 v
5
s -10f :
w2
2% 10 20 30 40 50
0
on
3 =20
L
5 40
w2
-60
0 10 20 30 40 50
Time /s

K8 3-2-1-1 ZHWABIN KRG
Fig.8 Multiple 3-2-1-1 inputs and system response

5 £

1) R IR 5 R 2 T B A 1 DAy A () i 2 R o
B TR T SRAR (A TR X

2) FEMARAR W, LI ] R GRS [ B 1R 2 4
vh AT RS IS8R 77 5, s =3, TR
SETTE, A BRI T Midsdn e = ROR R SA.

8) AL 77 T LU GBS R 4,
FRIGRITE AR TR R B I B2
R

4) X MIMO KI5 2 RS, R 2 A A
SRUHR, LATE S8 TE 3415 5 I X RGBT AT A T
i, KRG T BRI,



152 H | 1k

F {4 42 %

0.02
0.01 I
é O
m
0 1 C o 2 I8 'y
-0.01 . i
0 1 2 3 4 5 7
5
0 N ] o
. &
E -5
“tof @ .
a
B3 7 8 9 10 11 12 13
1
§ O ‘f e L J ,J o '7‘
= ?
) i i i i i i
12 13 14 15 16 17 18 19
1
0.5f
A
g OF n A A A " o
m
-0.5}4
-1 i i ;P i

1819 20 20 22 23 24 25
N-th parameter

@ Multi-sine 3-2-1-1
K9 MIMO R4S HH NG RIIRZE K ELE X
Fig.9 Error and confidence interval of identification results
for a MIMO system

References

1 Jategaonkar R V. Flight Vehicle System Identification (A
Time Domain Methodology). Reston: American Institute of
Aeronautics and Astronautics, 2006.

2 Pintelon R, Schoukens J. System Identification: A Frequency
Domain Approach (2nd Edition). New York: Wiley-IEEE
Press, 2012.

3 Marelli D, Fu M Y. Exact identification of continuous-time
systems from sampled data. In: Proceedings of 2007 IEEE
International Conference on Acoustics, Speech and Signal
Processing. Honolulu, HI: IEEE, 2007. I1I-757—I111-760

4 Li You-Feng, Su Hong-Ye, Chu Jian. Overview on subspace
model identification methods. Journal of Chemical Industry
and Engineering (China), 2006, 57(3): 473—479
(BHA, RN, #EAE. TR R RIT IR SR, A 2R, 2006,
57(3): 473—479)

5 Van Overschee P, De Moor B L. Subspace Identification
for Linear Systems: Theory, Implementation, Applications.
Dordrecht: Kluwer Academic Publishers, 1996.

6 McKelvey T, Akcay H, Ljung L. Subspace-based multivari-
able system identification from frequency response data.
IEEE Transactions on Automatic Control, 1996, 41(7):
960—979

7 Houtzager I, van Wingerden J, Verhaegen M. Recursive
predictor-based subspace identification with application to
the real-time closed-loop tracking of flutter. IEEE Transac-
tions on Control Systems Technology, 2012, 20(4): 934—949

10

11

12

13

14

15

16

17

18

19

20

21

Verhaegen M, Dewilde P. Subspace model identification Part
1. The output-error state-space model identification class of
algorithms. International Journal of Control, 1992, 56(5):
1187—1210

Verhaegen M, Dewilde P. Subspace model identification Part
2. Analysis of the elementary output-error state-space model
identification algorithm. International Journal of Control,
1992, 56(5): 1211—1241

Verhaegen M. Identification of the deterministic part of
MIMO state space models given in innovations form from
input-output data. Automatica, 1994, 30(1): 61—74

Van Overschee P, De Moor B. N4SID: subspace algorithms
for the identification of combined deterministic-stochastic
systems. Automatica, 1994, 30(1): 75—93

Larimore W E. Canonical variate analysis in identification,
filtering, and adaptive control. In: Proceedings of the 29th
IEEE Conference on Decision and Control. Honolulu, HI:
IEEE, 1990. 596—604

Tischler M B, Remple R K [Author], Zhang Yi-Zhe, Zuo
Jun-Yi [Translator]. Aircraft and Rotorcraft System Identi-
fication — Engineering Methods with Flight Test Examples.
Beijing: Aviation Industry Press, 2012.

(Tischler M B, Remple R K [3], 5kWG¥, 455k [#]. WA
BHLRGHR: TRINERTATIRI 6. dbnt: i Dol st
2012.)

Klein V. Maximum Likelihood Method for Estimating Air-
plane Stability and Control Parameters from Flight Data in
the Frequency Domain. NASA Technical Paper 1637, 1980.

Morelli E A. Real-time parameter estimation in the fre-
quency domain. Journal of Guidance, Control, and Dynam-
ics, 2000, 23(5): 812—818

Tischler M B. System identification methods for aircraft
flight control development and validation. Advances in Air-
craft Flight Control. London: Taylor & Francis, 1995. 35—69

Haverkamp B R J, Chou C T, Verhaegen M, Johansson R.
Identification of continuous-time MIMO state space models
from sampled data, in the presence of process and measure-
ment noise. In: Proceedings of the 35th IEEE Conference on
Decision and Control. Kobe: IEEE, 1996. 1539—1544

Sinha N K. Identification of continuous-time systems from
samples of input-output data: an introduction. Sadhana,
2000, 25(2): 75—83

Rao G P, Unbehauen H. Identification of continuous-time
systems. IEE Proceedings — Control Theory and Applica-
tions, 2006, 153(2): 185—220

Olofsson B, Sornmo O, Robertsson A, Johansson R.
Continuous-time gray-box identification of mechanical sys-
tems using subspace-based identification methods. In: Pro-
ceedings of the 2014 IEEE/ASME International Confer-
ence on Advanced Intelligent Mechatronics (AIM). Besacon:
IEEE, 2014. 327—-333

Ding Feng. System Identification: New Theory and Methods.
Beijing: Science Press, 2013.
(T8 Rgeylbne. dbat: B2 HREE, 2013.)



134 BN R MIMO REUHELSLIRAS 7 B (14 2 Eo Uiy i

153

22 Mei Chang-Lin, Wang Ning. Modern Regression Analysis.
Beijing: Science Press, 2012.
(MK, L. AR T IT . Jbat: BhEdihct, 2012.)

23 McGrail A K. OnBoard Parameter Identification for a Small
UAV [Ph.D. dissertation]. West Virginia University, USA,
2012.

24 Wu Mi-Xia, Liu Chun-Ling. Multivariate Statistical Analy-
sis. Beijing: Science Press, 2014.
(RWE, R, ook, et BREEhRgE, 2014.)

25 Wang Gui-Song, Shi Jian-Hong, Yin Su-Ju, Wu Mi-Xia. In-
troduction to Linear Model. Beijing: Science Press, 2004.
(ERERS, sighar, Frasg, RWHE. Vi gle. Jbat: Beehi
41, 2004.)

26 Morelli E A. Flight-test experiment design for characteriz-
ing stability and control of hypersonic vehicles. Journal of
Guidance, Control, and Dynamics, 2009, 32(3): 949—959

27 Morelli E A. Flight test maneuvers for efficient aerodynamic
modeling. Journal of Aircraft, 2012, 49(6): 1857—1867

28 Russell R S. Non-linear F-16 simulation using Simulink and
Matlab. Technique Paper, University of Minnesota, 2003.

29 Phillips K, Gururajan S, Campa G, Seanor B, Gu Y, Mer-
ceruio Z, Napolitano M R. Nonlinear aircraft model identi-
fication and validation for a fault-tolerant flight control sys-
tem. In: Proceedings of the 2010 ATAA Atmospheric Flight
Mechanics Conference. Toronto, Canada: AIAA, 2010.

g EPT RO TR A e i A, RIS
] R kAT #1550, E-mail: luxingju@163.com

(LU Xing-Ju Ph.D. candidate at the College of Mechatronic
Engineering and Automation, National University of Defense
Technology. His research interest covers aircraft guidance and
control.)

MER FERTRHEC AN DRSS A E B R, TR |
AT SR, MLEs AP ASOBAS 1R

E-mail: zqzheng@nudt.edu.cn

(ZHENG Zhi-Qiang Professor at the College of Mechatronic
Engineering and Automation, National University of Defense
Technology. His research interest covers aircraft guidance and
control, and robot control. Corresponding author of this paper.)




