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Abstract; Robust H_ performance is studied for a class of second-order linear systems with
complex eigenvalues, especially the impact of imaginary part of complex eigenvalues on the H,
performance is studied. It is found that when the real part of the complex eigenvalues is fixed, the
impact of the imaginary part of the complex eigenvalues on the H_ performance becomes little
when the value of the imaginary part exceeds a threshold. Based on this observation, a fixed
proportional relation between the imaginary part and the real part of the complex eigenvalues is
found for a given system matrix under the framework of H_ performance. Referring to the
classical control theory of second-order systems in frequency domain, the relationship between the
selection ranges of damping ratio and the complex eigenvalue is further discussed in the framework
of H_ performance, in which a reasonable explanation on the selection ranges of damping ratio is
presented. This analysis procedure forms the time-frequency domain interaction synthesis method,
which provides a theoretical guidance for the selection and determination of the desired closed-loop
poles in the control theory based on the pole placement method.
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Table 1 Estimation of H_ norm(a=2,A=2)

v H iy A7 |-y HEL [l A 43 %

6 0. 626 0. 099 0.316 6.329

4 0. 626 0. 140 0. 447 4. 474

3 0. 626 0.174 0. 555 3. 604

2 0. 626 0.221 0.707 2.829
1.2 0. 626 0. 268 0. 857 2.334

1 0. 622 0.278 0. 894 2.237

0 0.501 0.251 1 2
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Table 2 Estimation of H_ norm(a=2,A=4)

v H By Ay  FEL [ A A%
6 0.313 0.043 0. 554 7.22
4 0.313 0. 055 0.707 5.658
3 0.313 0. 063 0.8 5

2.2 0.313 0. 069 0. 876 4. 566
2 0.311 0.070 0. 894 4. 474
1 0.291 0.071 0.97 4.124
0 0.251 0. 063 1 4
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Table 3 Optimal proportion value and damping ratio of the
imaginary part and the real part corresponding to
H_ norm when the real part is fixed

a  H_PERET BFHMERBE S ILGIE B

1 0.55 0.8762
2 0.6 0.857 4
4 0.75 0.8

6 0.84 0.7657
10 0.86 0.7582
20 0.96 0.7214
100 0.99 0.7107
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Table 4 Estimation of H_ norm(a=2,v=2)

A H, UE y A~ |-y
0.1 12.51 6. 247

1 1.251 0. 560

2 0. 626 0.221

3 0.417 0.116

5 0. 245 0. 046
10 0.114 0.011
20 0. 054 0. 003
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Table 5 Estimation of H_ norm(a=2,v=4)

A H_ {58y A" |-y
0.1 12. 51 3.127
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:,: N

4 én 1/6

BEXTIS I B RGN H, PERERIRE, SR &
SRR RIS T ARG IER X T H, 1
RERIVE T, Rl 298 T RGEHIEEHX T R 4
H PERERIMEH. MLl e R G0 H, 3h54E
RETP, ROUAY SR E HZ AR, R ERA
A S ) i L, 2 i P i 2 8 A A S R A
WCSBUREME , X0 R GEXT T AN ST P BA 1 A

AR, BT AT LU S R G001 PERE , HLansg i i
HPESFEAIERE  EX RGN T — MR TE. 54
SO B RGBS AT T LLBESE, A B TR
JEHS H, PEREZ 8] 1 S LE5C 2 IR R T 22 digs
il B FP B JE L i S B BB R #E 4T T 3HE ,
ki) H, PEREM 45 T — L5 s, i X 28
SR T BBHJE HEAE 0.4 ~ 0.8 Z [a] B HUE 45 1
TR, LA T R 2R G T A AR
il g B, AT LR I B H, PR RE 2 B 7 vk
it SV B P PR i, I IS S B 2545 0 A 56
B ae LR B BT R P RERLE.

SE Lk

[1] Zames G. Feedback and optimal sensitivity ; model reference
transformations, multiplicative seminorms, and approximate
inverses| J]. IEEE Transactions on Automatic Control 1981 ,
26(2):301 -320.

[2] Francis B,Zames G. On H_ -optimal sensitivity theory for
SISO feedback systems[ J]. IEEE Transactions on Automatic
Control 1984 ,29(1) ;9 - 16.

[3] Doyle]J C,Glover K. State-space solutions to standard H,
and H, control problems [ J]. IEEE Transactions on
Automatic Control 1989 ,34(8) :831 —847.

[4] Gahinet P. Explicit controller formulas for LMI-based H,
synthesis [ J]. Automatica 1996 ,32(7) :1007 —1014.

[5] M40 8B, B, BRI M ] Ut i R 2 R
11,1994,

(Xie Xue-shu, Zhong Yi-sheng. H, control theory [ M ].
Beijing : Tsinghua University Press,1994. )

[6] #HREMSEHBEERRIEMIM]. L. BB R
#1,2003.

(Huang Lin. Fundamentals of stability and robustness theory
[M]. Beijing : Science Press,2003. )

[7] Yang R N,Wang Y Z. Finite-time stability analysis and H
control for a class of nonlinear time-delay Hamiltonian
systems|[ J]. Automatica ,2013,49(2) :390 -401.

[8] MaYC,Lim C C,Li SN, et al. H-infinity control in
coherent wind measurement lidar signal processing [ J].
Circuits Systems and Signal Processing ,2018 ,37(7) :2824 -
2836.

[9] XM=, KRR, REE. BEHLE R T - S BOW RS R

[l H, (1], RAERZE 2 (HARELE ) 2014,
35(11) :1521 -1524.
(Xing Shuang-yun, Zhang Qing-ling, Zhu Bao-yan. Robust
finite-time H, control for stochastic singular T-S fuzzy
systems [ J]. Journal of Northeastern University ( Natural
Science) ,2014,35(11) :1521 - 1524.)

[10] Chilali M, Gahinet P. H-infinity with pole placement
constraints; an LMI approach [ J]. IEEE Transactions on
Automatic Control ;1996 ,41(3) ;358 —367.

[11] Sarjas A, Svecko R, Chowdhury A. An H_ modified robust
disturbance observer design for mechanical positioning
systems [ J |. International Journal of Control, Automation
and Systems ,2015,13(3) ;575 - 586.

[12] Iwasaki T,Skelton R E. All controllers for the general H,
control problem; LMI existence conditions and state space
formulas[ J]. Automatica ,1994,30(8) ;1307 - 1317.

(F#% 1227 ®)



