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Abstract
Complex fractional-order (CFO) transfer functions, being more generalized versions
of their real-order counterparts, lend greater flexibility to system modeling. Due to
the absence of commercial complex-order fractance elements, the implementation
of CFO models is challenging. To alleviate this issue, a constrained optimization
approach that meets the targeted frequency responses is proposed for the rational
approximation of CFO systems. The technique generates stable, minimum-phase, and
real-valued coefficients based approximants, which are not always feasible for the
curve-fitting approach reported in the literature. Stability and performance studies of
the CFO proportional-integral-derivative (CFOPID) controllers for the Podlubny’s,
the internal model control, and the El-Khazali’s forms are considered to demonstrate
the feasibility of the proposed technique. Simulation results highlight that, for a prac-
tically reasonable order, all the designs achieve good agreement with the theoretical
characteristics. Performance comparisons with the CFOPID controller approximants
determined by the Oustaloup’s CFO differentiator based substitution method justify
the proposed approach.

Keywords Complex fractional-order system (primary) · Complex fractional-order
PID controller · Approximation · Constrained optimization · Differential evolution

B Norbert Herencsar
herencsn@vut.cz

Shibendu Mahata
shibendu.mahata@bcrec.ac.in

Guido Maione
guido.maione@poliba.it

1 Department of Electrical Engineering, Dr. B. C. Roy Engineering College, Durgapur, West
Bengal 713206, India

2 Department of Telecommunications, Faculty of Electrical Engineering and Communication,
Brno University of Technology, Technicka 12, 616 00 Brno, Czechia

3 Department of Electrical and Information Engineering, Polytechnic University of Bari, Via E.
Orabona, 4, 70125 Bari, Italy

123

http://crossmark.crossref.org/dialog/?doi=10.1007/s13540-023-00168-x&domain=pdf
http://orcid.org/0000-0002-8197-6413
http://orcid.org/0000-0002-9504-2275
http://orcid.org/0000-0003-0993-8030

	Optimal approximation of analog PID controllers of complex fractional-order
	Abstract


