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ROMASEVYCH Y.O., LOVEIKIN V.S., LIASHKO A.P.
National University of Life and Environmental Sciences of Ukraine (Ukraine)

DEVELOPMENT A GENERAL CRITERION FOR PID-CONTROLLER TUNING

Abstract. In order to improve the performance of PID-controller, it should be properly tuned. In the
research, a new criterion has been proposed for adjusting the proportional, integral and derivative
coefficients of PID-controller terms. The criterion relates to the error of control, cost of control and duration
of the process. It may be used as a cost function in state-of-the-art techniques of PID-controllers tuning
which are based on the optimization approaches. Connection between proposed criterion and known single
criteria have been revealed.

Introduction.

Proportional-integral-derivative (PID) controllers are widely spread in many fields of industry. They
are used in electrical, heat, mechanical and other processes. Note, that in order to effectively exploit a PID-
controller it should be properly tuned. That problem has been attracting scientists for decades. It is still
important nowadays.

In the frame of the research, we will consider PID-controller, which is connected with its simplicity,
efficiency and extremely wide spreading.

Problem statement.

In order to reflect the PID-controller performance a lot of criteria have been developed. In the current
research, we will focus on the time-domain criteria, more specific — on the integral type criteria. Tuning a
PID-controller in relation to values of these criteria allows improve dynamical features of the PID-controller.
Thus, the selection of criterion for PID-controller tuning — is a very important problem, which influences the
tuned controller efficiency.

The main part of the research.

The main purpose of the thesis is to develop a novel criterion for purposes of PID-controllers tuning.
Note, that proposed in the research indicator (criterion) may be used for P-, PD- or Pl-controllers.

In order to achieve the stated purpose, the following objectives should be accomplished: 1) to carry out
an analysis of the integral criteria that are exploited in the controllers tuning procedures; 2) proposed
criterion which takes into account the values of error, control and settling time.

In many scientific researches, in order to tune coefficients of a PID-controller following values have
been used:

1) ITAE (Integral of Time multiplied by Absolute Error):

T
iae = _[t|e|dt, 1)
0

where e — the current error (difference of set point and controlled parameter values); t — time; T — settling
time;
2) IAE (Integral of Absolute Magnitude of the Error):
.
| e = I lefdt; (2)
0

3) ISE (Integral of the Square of the Error):
l e = ]'ezdt. ©)
4)  ITSE (Integral of Time multiplied by the Square of t(;1e Error):
s = _T[tezdt. (4)
Similar criteria may be designed for control estimati(())n. In order to do this in the formulas (1)-(4) the

character ,,6” should be substituted to the ,,u” (control or out-function of a PID-controller). In these cases, we
will obtain the following criteria: ITAC (Integral of Time multiplied by Absolute Control); IAC (Integral of
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Absolute Magnitude of the Control); ISC (Integral of the Square of the Control); ITSC (Integral of Time
multiplied by the Square of the Control).

As we have seen, there is no single value which takes into account the main features of the controller
performance. Such criterion may be presented as the IPTEC (Integral of Powered of Time multiplied by the
Error multiplied by the Control) value:

.
lprec z_‘.tr(\/e—z)g(\' Uzydt, (5)
0
where 7, ¢ and v — indexes of power of time, error and control.
Note, that the proposed value (5) is a quite general criterion for PID-controller tuning. Indeed, one can
state relations between IPTEC and known criteria. They are presented in Table 1.

Table 1. Relations between IPTEC and known criteria

Values of indexes 7, ¢ and v in IPTEC Criterion
T & \4
1 1 0 ITAE
0 1 0 IAE
0 2 0 ISE
1 2 0 ITSE
1 0 1 ITAC
0 0 1 IAC
0 0 2 ISC
1 0 2 ITSC
0 0 0 T

The further directions for investigation are connected with the study of influence the values of indexes
7, & and v to a performance of the tuned PID-controller.

Conclusion.

Developed criterion IPTEC naturally takes into account the cost of the error, control, and duration of
the controlling process. Thus, it is a general form of many known criteria. IPTEC may be used as a cost
function in state-of-the-art techniques of PID-controllers tuning which are based on the optimization
approaches.
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