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Guest Editorial
New Developments and Applications in
Performance Limitation of Feedback Control

inning with the work of Bode in the 1940s on logarithmic
sitivity integrals, for open-loop stable single-input-single-
tput feedback systems. Bode’s work has had a lasting impact
h Indeed. classical irol desian f i g1 the theory and practice of control, and has been extended to
heor.y. '.”d eed, Chgsrfl(t:r? COE ro dehS|gn re(tquekn y uset ?Or?fultivariable systems, open-loop unstable processes, and other
shaping ideas, which, though In at hocway, t00k account ot 4 ia s of the integrals such as Poisson sensitivity integrals, dis-
the need to balance various conflicting requirements, including, . .0 onq sampled-data systems, etc. As a common feature

the constra_ints dictated by Bode gain-!oh_ase relation. I\/l()dwarks in this area seek to address such issues as: 1) what and
control design make; use of more sophisticated taols that a"%’w certain system characteristics may inherently constrain the
more complex situations to be handled, but these tools run

danger of obscuring insight otherwise useful for design. Perf Erformance achievable; 2) what and how conflicting perfor-

e . . 1)ance objectives may necessitate design tradeoffs; 3) what are
mance limitation studies serve as an adjunct to modern con I

tools. Thev hel trol svstem desi . fundamental performance limits? Recently, there has been
001s. They Nelp a control system designer spemfy_reasona expansion of interest in both new perspectives on these areas,
goals, and understand the inherent limits of a design and

nterolay bet flicting desi X ts. Th q d understandings of more general problem classes, leading to
Interplay between contlicting design requirements. The undea,, asyits and understandings for nonlinear systems, the influ-

ft.an.dlng of F:Ie rformarlf:e Illmlltatlo\r;;tLh?ﬁ promlsestFo be Off' nce of peak or average power constraints on actuation, tracking
finsic as wetl as practical value. Wi Is perspective, we el multiple sinusoids, more general control settings, and ap-

that it is both useful arjd tlmely to gather the contemporary Ifcations of performance analysis in practical designs. The 10
search developments in this area of long history and yet cont

) italit ticles that comprise this special issue contribute to the under-
uing vitaiity. “ o tanding of these problems, and address the performance limi-
What do we mean by “performance limitations of feedba

: . . tions in the following aspects:
control?” What is the importance of this area? What new desi imitati gasp ¢ | trol f i
contributions has the area brought to the theory and practice® 9€s/9n limitations o general - control - configuration

of control engineering? To answer these questions, we describe (Frgud?nbelig, Hollgt, Miclidl_eton, afnd Toochir;:la); . d
a philosophy of feedback control that we think is valuable optimal tracking and regulation performance (Su, Qiu, an

in practical applications. This philosophy is based in part Chen; Jemma and Davison; Goodwin, Salgado, and Yuz;

on our observations that: 1) it is rare, in practical control C_hen, Ha_ra, and Chen);

applications to complicated systems, that control design is a’ d|sc_re_te-t|me a_nd sampled-data systems (Jemma and
single cycle of modelling, performance specification, controller DaV|_S|on; Schmid and Zhang);

synthesis and implementation, but instead an iterative process of nonlinear syst'ems (Lau, Mlddleton, and Braslavsky;
multiple iterations by its engineering nature; 2) in engineering Perez, Gpodwm, and Seron);

of systems that include control loops, it is important that a mechanical sys_tems and process cor_ltrol (Havre and Sko-
control engineer be able to rapidly, but approximately, assess gestad; lwasaki, Hara, and.Yar.nauchl);

and predict the consequences of decisions in the system design pgrformance anaIyS|s_ apphcatlon_s (Freudenberg, HO"(.)t’
and, consequently, make judicious modifications and revisions Middleton, and Toochinda; Iwasak|,.Hara, and Yamauchi).
on the design. The purpose of this Special Issue, therefore, jd '€S€ results are rather representative of the current state
to facilitate the understanding, and provide benchmarks afgPerformance limitation studies, which we commend to your

guidelines useful for this process. We are primarily interested{i2ding-
obtaining rapid, controller-independent limits on the achievable

. o be

HIS special section is devoted to an area of research t gﬁ
studies the fundamental limitation and tradeoff of feed-

back control, a subject deeply rooted in the classical feedb

feedback control performance, and understanding the tradeoffs JE CHEN, Guest Editor
between various control attributes such as disturbance rejection, Department of Electrical Engineering
transient response, robustness, and noise reduction. University of California
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