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On the applicability of PID control to nonlinear second-order systems
Miroslav Krstic

Proportional-integral-derivative (PID)
controllers, which react to the regulated
signal’s present, past and predicted future
behavior, are popular, for two reasons.
First, they are model-free and require
minimal background and preliminary
effort from the user. Second, they pos-
sess the capability—albeit limited—of
shaping the system’s both transient and
asymptotic performance.

The great popularity of PID con-
trollers goes hand in hand with their
widespreadmisuse.With only onedegree
of freedom to influence asymptotic per-
formance (the I part), PID controllers
are capable of only the rejection of con-
stant disturbances and tracking of con-
stant commands. With only two degrees
of freedom for shaping the system’s tran-
sients (the PD part), PID controllers are
sufficiently general only for systems that
have up to two states, namely second-
order systems.

Zhao and Guo [1] from the Chinese
Academy of Sciences provide a highly
valuable paper for both the control prac-
titioner and for the theorist, by develop-
ing a detailed analysis of applying PID
control to general second-order systems.
They note that fully actuated mechani-
cal systems, modeled by Newton’s sec-
ond law, are second-order and, therefore,
the rigorous focus of their work comes
with little sacrifice in terms of relevance.

InTheorem 1, the authors prove that,
if the proportional gain is larger than an
‘anti-stiffness’ function of the plant, and
the derivative gain is larger than an ‘anti-

damping’ function of the plant, then the
integral gain can be chosen sufficiently
small, but positive, so that global out-
put regulation is achieved.Thegeneral re-
sult of Theorem 1 is both specialized in
Proposition 1 andCorollary 1 and further
generalized in Theorem 2 but in the ab-
sence of the I-term for plants for which
the setpoint is an equilibrium.

The results are strong and their proofs
are not elementary. The most general
results are proved using Lyapunov-like
techniques, including those by LaSalle
and Yoshizawa, as well as by eigenvalue-
based techniques. For the case in which
the I-action is not needed, a theorem
based on the Markus-Yanabe Jacobian-
based conjecture is employed in the
proof.

The authors provide conditions on
the PID gains such that global regula-
tion is guaranteed independently of the
output setpoint. Such results are highly
valuable for the practitioner by giving
large ranges of ‘safe’ controller param-
eters. However, as the authors indicate
in the introduction, from the early days
of PID control, there has, additionally,
been interest in providing recipes to
the user for not only safe choices, but
the best choices of the three parame-
ters.TheZiegler-Nichols procedure is the
best-known recipe, but also known to
exhibit interior transients while asymp-
totically rejecting constant disturbances.
Mostof theninemethods listedby the au-
thors aredevelopedbasedon the assump-
tion of linearity of the plant.

The only method known to us in
which the parameter optimization is con-
ducted regardless of the plant’s linearity
or nonlinearity, or event the plant’s di-
mension, is the extremum-seeking (ES)
method in [2]. This method views the
system’s response as amap from the three
gains into a functional of the system’s
response over a time interval of inter-
est. For linear systems, ES matches or
beats the best performance attainable by
linearity-based methods. An alternative
to deterministic ES [2] is the stochas-
tic ES method in [3]. Hence, the pa-
pers [2,3] can be viewed as companion
references for the practical user of the
results in the highlighted paper. How-
ever, the user should be aware that,
for nonlinear plants, optimal parame-
ter choices will be dependent on the
plant’s initial condition and the setpoint
value.
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