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Abstract

This paper presents a comparative analysis of the tuning procedures of the
control algorithms for a second-order time delayed control object model with
astatism with known parameters using the methods of maximal stability degree
with iterations and polynomial approach. For tuning the controller parameters
for the second-order time delayed control object model with astatism with known
parameters, a procedure using the maximal stability degree method with
iterations is developed. Analytical expressions for the controller tuning
parameters are obtained as nonlinear functions of the stability degree argument
and the known object parameters. The stability degree is varied, and these
functions are graphically constructed. Through iterative procedures along these
curves, sets of controller parameter values are selected for the same argument
value. Performance analysis and system robustness are established through
simulation, aiming to achieve the highest results. A control algorithm synthesis
procedure is developed using the modified polynomial method. To verify and
compare the obtained results, an example is studied based on the proposed
methods. The application of pole-zero method and parametric optimization are
performed, and system simulations are conducted on a computer to analyze
performance. The control object model parameters are varied within +50 % of
the nominal values, and system robustness is verified. The advantages of the
maximal stability degree method with reduced calculations and minimal time
and the modified polynomial method are highlighted, simplifying the controller
parameter tuning process for these object models.

Keywords: automatic system, control algorithm, controller tuning,

robustness, system performance, system response, transfer function, tuning


https://doi.org/10.1109/SIELMEN59038.2023.10290798

2023 International Conference on Electromechanical and Energy
Systems (SIELMEN)

1-13 October 2023, Craiova, Romania, eISBN 979-83-50315-24-0
methods, tuning parameters

References:

1. M. A. Abdelghany, Okasha Elnady Abdelrady and Ossama Ibrahim Shorouk,
"Optimum PID Controller with Fuzzy Self-Tuning for DC Servo Motor", Journal of
Robotics and Control (JRC), vol. 4, no. 4, pp. 500-508, 2023. Google Scholar

2. F. Dib, N. Benaya, K. Ben Meziane and I. Boumhidi, "Comparative Study of Optimal
Tuning PID Controller for Manipulator Robot", the Proceedings of the International
Conference on Smart City Applications SCA 2022: Innovations in Smart Cities
Applications, vol. 6, pp. 252-261, 6.03.2023. CrossRef Google Scholar

3. A. H. Sule, "Studies of PID Controller Tuning using Metaheuristic Techniques: A
Review", International Journal of Innovative Scientific & Engineering Technologies
Research, vol. 10, no. 4, pp. 44-63, 2022. Google Scholar

4. R. Dorf and R. Bishop, Modern Control Systems (in russian), Moskva:Laboratoria
Bazovyh Znanii, 2004, ISBN 5-93208-119-8. Google Scholar

5. I. Dumitrache, Control engineering (in romanian), Bucharest:Politehnica P, vol. 1,
2016. Google Scholar

6. D. P. Kim, Control engineering. T. 1. Liniar systems (in russian) M.: Fizmatlit, vol. 288,
2003, ISBN 5-9221-0379-2. Google Scholar

7. D. P. Kim and N. D. Dmitrieva, "Collection of problems for automatic control", Linear
systems (in russian). M.: FIZMATLIT, vol. 167, 2007, ISBN 978—-5-9221-0873-7.
Google Scholar

8. B. Izvoreanu and I. Fiodorov, "The Synthesis of Linear Regulators for Aperiodic
Objects with Time Delay According to the Maximal Stability Degree
Method", Preprints the Fourth IFAC Conference on System Structure and Control
Bucuresti: EdituraTehnica, pp. 449-454, 1997. CrossRef Google Scholar

9. B. Izvoreanu, I. Fiodorov and M. Pisarenco, "Comparative Analysis of Regulators
Tuning Methods to Models of Objects with Inertia"”, Buletinul Institutului Politehnic
din lasi Tomul L(LIV) Fasc. 5A Electrotehnica Energetica Electronica, pp. 63-68, 2004.
Google Scholar

10. B. Izvoreanu, I. Cojuhari, I. Fiodorov, D. Moraru and A. Secrieru, "Tuning the PID
Controller to the Model of Object with Inertia Second Order According to the
Maximum Stability Degree Method with Iteration", Annals of the University of
Craiova. Electrical Engineering series, no. 43, pp. 79-85, 2019. Google Scholar



https://scholar.google.com/scholar?as_q=Optimum+PID+Controller+with+Fuzzy+Self-Tuning+for+DC+Servo+Motor&as_occt=title&hl=en&as_sdt=0%2C31
https://doi.org/10.1007/978-3-031-26852-6_23
https://scholar.google.com/scholar?as_q=Comparative+Study+of+Optimal+Tuning+PID+Controller+for+Manipulator+Robot&as_occt=title&hl=en&as_sdt=0%2C31
https://scholar.google.com/scholar?as_q=Studies+of+PID+Controller+Tuning+using+Metaheuristic+Techniques%3A+A+Review&as_occt=title&hl=en&as_sdt=0%2C31
https://scholar.google.com/scholar?as_q=Modern+Control+Systems+%28in+russian%29&as_occt=title&hl=en&as_sdt=0%2C31
https://scholar.google.com/scholar?as_q=Control+engineering+%28in+romanian%29&as_occt=title&hl=en&as_sdt=0%2C31
https://scholar.google.com/scholar?as_q=Control+engineering.+T.+1.+Liniar+systems+%28in+russian%29+M.%3A+Fizmatlit&as_occt=title&hl=en&as_sdt=0%2C31
https://scholar.google.com/scholar?as_q=Collection+of+problems+for+automatic+control&as_occt=title&hl=en&as_sdt=0%2C31
https://doi.org/10.1016/S1474-6670(17)41216-X
https://scholar.google.com/scholar?as_q=The+Synthesis+of+Linear+Regulators+for+Aperiodic+Objects+with+Time+Delay+According+to+the+Maximal+Stability+Degree+Method&as_occt=title&hl=en&as_sdt=0%2C31
https://scholar.google.com/scholar?as_q=Comparative+Analysis+of+Regulators+Tuning+Methods+to+Models+of+Objects+with+Inertia&as_occt=title&hl=en&as_sdt=0%2C31
https://scholar.google.com/scholar?as_q=Tuning+the+PID+Controller+to+the+Model+of+Object+with+Inertia+Second+Order+According+to+the+Maximum+Stability+Degree+Method+with+Iteration&as_occt=title&hl=en&as_sdt=0%2C31

	References:

