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

PI-CONTROLLER TUNING OPTIMIZATION

Abstract. In the thesis the optimization of PI-controller tuning procedure has been conducted. It based on
the proposed integral type criterion. The variation of criterion parameters has been investigated. The study
covered three benchmark transfer functions. Obtained results showed high quality of controlling with tuned PI-
controller.

Introduction.

Proportional-integral (PI) controllers are used in many fields of industry. Tuning of Pl-controller is a very
important issue, which has great influence on quantity indicators of automated technological processes. There
are hundreds of tuning techniques [1]. Among them optimization-based approaches allows finding the best (in a
sense) values of proportional and integral coefficients of PI-controller.

Problem statement.

One of the main elements in such optimization techniques is the criterion. Another point of the problem is
optimization method. It is used for calculation of optimal values of proportional and integral coefficients of Pl-
controller. Successful selection of the criterion and method provide effective tuning of a Pl-controller. Thus, its
further exploitation will be effective.

The main part of the research.

The main purpose of the thesis is to develop the technique of calculation of Pl-controller optimal
parameters, which is based on metaheuristic method.

In order to achieve the stated purpose the following objectives should be accomplished: 1) to justify the
optimization criterion for Pl-controller tuning; 2) to conduct calculation of PI-tuning for a set of benchmark
transfer functions.

One of the criteria which take into account the settling time, cost of error and control, may be presented in
the following form

lprec = T[tr(‘/e—ZT (‘/F)th’ 1)

where e — the current error (difference of set point and controlled parameter values); u — control (out-function of
Pl-controller); t —time; T — settling time; 7, ¢ and v — indexes of power of time, error and control.

In order to illustrate the advantages of proposed criterion the numerical experiments have been done. In
the experiments we have used three benchmark transfer functions (they are proposed by K.J. Astron and
T. Hagglund in the work [1]). The limits of the search domains for calculation of optimal values of Pl-controller
coefficients (table 1) have been stated as well.

Table 1. Conditions of the experiments

Search domain Benchmark transfer Values of indexes Number of
P | functions T € v | experiment

1 2 2 1
0..10 | 0..10 (s+1)* 2 |1 |2 2

2 2 1 3

1 2 2 4
0..10 | 0..10 (s+1)? 2 | 1 12 5

2 2 1 6

1 2 2 7
0.10 | 0.10 (1-0,1s)(s+1)3 2 1 2 8

2 2 1 9

For solving optimization problems ME-PSO [2] technique was used. The obtained results have been set in
the table 2. The smallest numbers in the table 2 are in bold.

Analysis on the data, that are set in the table 2, shows that adjusting =1, ¢=2 and v=2 leads to high
performance of control (in terms of overshoot). For the second and the third transfer functions found values of
coefficients for proportional and integral terms are almost equal. Although, the values of criterion (1) are
different. Thus, in the frame of the research performance of Pl-controller for cases 7=2, e=1, v=2 and =2, =2,
v=1is similar.

Table 2. Results of optimization of Pl-controller tuning



Number of | Coefficients IPTEC Overshoot, ISE* ISC**
. T, sec

experiment . | value % value value
1 1,36 0,63 1,04 5,30 0,00 0,92 6,50
2 2,05 | 0,95 2,27 4,62 4,90 0,70 7,75
3 4,52 2,55 0,32 3,66 29,3 0,50 15,66
4 0,31 0,22 3,99 9,50 0,00 3,18 6,95
5 0,65 | 0,34 15,57 5,28 2,10 2,19 5,62
6 0,64 | 0,34 6,40 5,33 1,90 2,20 5,63
7 0,59 0,31 3,30 5,79 1,00 2,34 5,73
8 0,64 | 0,33 16,42 5,40 1,80 2,24 5,67
9 0,64 | 0,33 6,74 5,42 1,70 2,24 5,68

-
* Integral of the Square of the Error (I, = Iezdt );
0

.
** Integral of the Square of the Control (I, = J.uzdt )-
0

Conclusion.

In the thesis the optimization of Pl-controller tuning has been carried out. Obtained results show high
efficiency of developed approach which is based on novel integral type criterion and metaheuristic optimization
technique. Quality indicators for three benchmark transfer functions reveal that tuned in such way Pl-controllers
might be exploited quite effectively.

Generalization of the developed approach for other plants (which are described with transfer functions of
higher orders) is the problem for further investigations.
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