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Abstract

The objective of this contribution is to study how to
tune PID controllers with respect to classical step-
response specifications using iterative feedback tuning.
Typically the closed-loop response is improved consid-
erably using only six to nine closed-loop experiments.

1 Introduction

Many specifications for controller design can be ex-
pressed in terms of performance measures. Typically
the most critical performance measure is minimized
with respect to constraints on the other ones. For lin-
ear plants and a general controller structure this can be
addressed with convex optimization as in [2]. A very
attractive way of doing this is to use Iterative Feed-
back Tuning (IFT), e.g. [3, 6, 5]. An advantage of
this method is that no model is needed. Instead a se-
ries of online closed loop experiments are performed to
compute the gradient of the performance measure with
respect to the controller parameters. IFT has recently
been extended to consider also constrained optimiza-
tion problems using Interior Point (IP) methods, [4].
So far only one constraint has been considered. The
aim of this work is to show that it is only marginally
more difficult to consider several constraints. In fact,
we will consider constraints at each sampling instant
for both the control signal and the measurement sig-
nal, i.e. envelope constraints. These specifications can
easily be related to classical step-response specifications
such as rise time, overshoot, and settling time. Hence
the method can be used at different levels of sophisti-
cation.

2 Performance Specifications

Consider a plant described by the transfer function
G(q) and controlled by a controller C(g; p) where p €
R™ is a design parameter and ¢ is the forward shift
operator. The objective is to control y;, which is the
measured output, with the control signal ug. Define
y(p) = [yk(P)=1,. .~ € RN and similar for the control
signal. Among the specifications that will be used in
this paper are slight modifications of the classical step

Ya
]
/I\ ip% Smax
4‘: Smin
U [4
. |
ts

Figure 1: Step-response specification.

response specifications as defined in [2], see Figure 1.
These specification are special cases of general enve-
lope constraints on the step-response, with limits sp,ax
and Spn, as also can be seen in Figure 1. There might
be many controllers, i.e parameter values p, that will
meet the above specifications. Among all these con-
trollers it could be desirable to choose one that has a
steady state control error equal to zero. This could e.g.
be accomplished by introducing a performance measure
such as
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where 7 is the reference value and a4 is a weighting
function used to trade off for what time values to make
the control error small. Typically, one would like the
control error to be small for & > t,. Minimizing the
performance measure with respect to the envelope spec-
ifications would now yield a controller meeting the en-
velope specifications with “minimal control error”. Of
course there are many more specifications that are rele-
vant and which will fit into the above problem class. For
example it might be desirable to keep the control signal
and its rate of change below certain values because of
limitations in the actuator. This can be formalized as

Umin S u S Umax) A'U/min S A’U, S Auma,x

where Aup = up — up_1 and where < denotes com-
ponent wise inequality. Also the performance measure
can be extended in order to penalize, e.g. changes in u:
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Here [y is a weighting function, which define where a
rapid change in the control signal is not desired. All
the above specifications can be summarized in the op-
timization problem

minimize J(u(p),y(p))
subject to Spin < ¥y

where H is a matrix of zeros and + 1’s.

3 Example

In this section it will be shown how the proposed algo-
rithm works on a experimental system, the double-tank
process similar to the one described in [1]. The process
is controlled with a PID controller given by

Ki q—].
u(p)—K(br—y+q_l(r—y)—Kd2q_1y)

where p = [K, b K; K4T. The performance mea-
sure that is used in this example is (1) with oy = k>.
The constraints imposed can be seen in Figure 3.
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Figure 2: Convergence of the controller parameters

To produce the gradients for the optimization algorithm
IFT is used. In the case of a two degree freedom con-
troller three experiments must be performed to pro-
duce the gradient, see [5]. The first experiment is a
step response with a load disturbance at 350 s. In the
second and third experiment the reference and mea-
surement signal from the first experiment is feed to the
process as input load disturbances. The optimization
was done with the builtin MATLAB optimization func-
tion fmincon. As can be seen in Figure 2 the parame-
ters of the controller converge after only two iterations.
In Figure 3 the closed-loop step response in shown for
the initial and final tuning. As can be seen the ini-
tial parameters produce a step response that is outside
both the constraints for the control and measurement
signal, whereas the final response lies well within the
constraints.
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Figure 3: The closed-loop step response and load distur-
bance with constraints. Dashed line: Initial tun-
ing. Solid line: optimal tuning. Upper: Mea-
surement signal. Lower: Control signal.

4 Conclusions

In this contribution it has been shown that the classical
step response specifications can be formalized as con-
straints in an optimization problem. The optimization
problem is solved using IFT to produce the gradients
of the performance measure and constraints. The im-
provement of the step-response is substantial in only
a few iterations. Typically three experiments are per-
formed in each iteration.
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