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Today, there is a growing utilization of fractional order systems in the
modeling of various phenomena. Furthermore, the capabilities and
performance of fractional order controllers in the analysis and design
of fractional order systems are of interest to many researchers. In the
present research, the most important toolboxes developed for
analyzing and designing fractional-order systems were introduced
and their capabilities and performance in the analysis and design of
fractional order controllers compared. In this regard, the basic
features and capabilities of the four different toolboxes were
examined. The advantages and disadvantages of each were listed.
Then, with the help of three toolboxes, the performance of two
fractional-order proportional, integral, and derivative (FOPID)
controllers optimized with a meta-heuristic algorithm to stabilize the
synchronous generator voltage regulation system and brushless DC
motor were simulated. The simulation results showed that the
performances of these toolboxes depend to a large extent on their
employed algorithms. Thus, the results of Fractional-order Transfer
Function (FOTF) and Fractional-order Modelling and Control
(FOMCON) toolboxes were very similar and non-integer (NINTEGER)
toolbox results were significantly different.
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EXTENDED ABSTRACT

Introduction

The capabilities and performance of fractional order controllers in the analysis and
design of fractional order systems are of interest to many researchers. Fractional differential
calculus was first proposed by Leibniz in 1695 AD [1]. But the rapid growth of this branch
of mathematics science has only occurred in the last few decades [2]. The results obtained
from this development in the field of control engineering are substantial and have led to the
creation of a new branch in this science called fractional control systems. Stability of
fractional order systems, [7] identification and modeling of fractional order devices, [8]
design of fractional order proportional-integral-derivative controller (FOPID), [9] analysis
of fractional order nonlinear systems [10], and the like have resulted in the proliferation of
the field of control science [11]. Accordingly, several tools based on MATLAB software have
been developed to check stability, analyze the time and frequency domain, use state space
concepts, and create several middleware programs for specific applications [10].

However, the following important questions need to be addressed: among the existing
tool boxes, which one has more capabilities? Which one is more accessible? Which is more
convenient to operate? And most importantly, in response to a single simulation in the
field of linear and fractional order controller analysis, how similar are their answers?
Therefore, in the present article, firstly, four toolboxes: CRONE, FOMCON, NINTEGER,
FOTE, which have more calculation facilities for fractional order systems, were
investigated. Then, after a brief description of the capabilities of these toolboxes, their
advantages and disadvantages are presented.

Methodology

Different definitions have been presented for the derivation of fractional order, and
the Riemann-Liouville definition in the form of equation (1) is more general and the
simplest structure.

@y L[4
(M oDt (t)_l"(m—a)[dtj

Where MeN, m-1<a<m,and r() indicate Euler's gamma function. As shown in [12],

based on the above equation, four toolboxes, NINTEGER, FOTE, FOXCON, and CRONE, can be
introduced as the most complete and accessible fractional toolboxes. The non-integer
control toolbox was introduced at the Lisbon University of Technology and is freely
downloadable from the internet [14]. The NINTEGER is developed for designing the
fractional order controllers in both time and frequency domains. Although it includes
approximately 30 methods to perform fractional order operator approximations (generally
in the time domain) and three systems identification methods, it does not support multi-
input multi-output systems. By INTEGER, fractional order PID controllers and all three types
of CRONE controllers could be implemented in time and frequency domains [15].

The first edition of CRONE, which was presented at the end of the 20th century by the
CRONE research group in Bordeaux, France, is a set of functions ready to use the basic
principles of the theory related to fractional differential calculus and related mathematical
concepts [16]. This toolbox consists of 3 main modules, each focusing on a specific
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application topic. The maths module contains several algorithms for calculus-related
calculations of fractional order. The system identification module includes algorithms for
time and frequency domain system identification. And finally, the control system design
module benefits from fractional order differential principles to organize the design of
exponential control systems [17].

The Fractional Order Transfer Function (FOTF) toolbox was first introduced in 2009 by
Chen et al. [18]. Initially, this toolbox was presented to investigate single-input-single-output
fractional-order systems. However, its new edition includes the ability to work with multi-
input-multi-output fractional order linear systems. Furthermore, it is in harmony with the
object-oriented programming method, and it is possible to convert FOTF classes to FOSS
and vice versa. The Fractional Order Control and Modeling Toolbox (FOMCON) was
presented by Tepljakov etal. [18] in 2011. The main core of this program uses the algorithms
of three toolboxes, INTEGER, CRONE, and FOTE, in such a way that the main functions of
these three toolboxes are preserved, and a shell in the form of a graphical interface placed
on them based on the features of MATLAB GUI capabilities.

Two different systems have been used to evaluate the performance of the FOPID
controller simulation toolboxes. At first, the synchronous generator automatic voltage
regulator system (AVR) was considered, where a FOPID controller optimized with the
cuckoo search algorithm was used to control the output voltage [20]. In the second step, the
optimized FOPID controller with the particle swarm algorithm (PSO) method for the DC
motor speed control system was considered [21]. In all toolboxes, the estimation order of
the controllers was set to n=6. In addition, the estimation frequency range selected was
between 0.001 and 1000. Figures (1) and (2) show the AVR and DC motor Systems
simulation files in Simulink environment, respectively.
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Figure 1. AVR systems Simulink representation in the presence of FOPID controller
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Figure 2. DC motor systems Simulink representation in the presence of FOPID controller

The response of the tracking error on the AVR and DC motor systems for FOPID
controllers in the presence of the three mentioned toolboxes can be seen in Figures 3 and 4.

Figure 3. Tracking error of AVR systems with toolboxes
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Figure 4. Tracking error of DC motor systems with toolboxes
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Conclusion

In this paper, the most important toolboxes developed for analyzing and designing
fractional-order systems were introduced. Moreover, their capabilities and performance in
the analysis and design of fractional order controllers were compared with each other. In
this regard, the basic features and capabilities of the four different toolboxes were examined,
and the advantages and disadvantages of each were listed. Then, with the help of three
toolboxes, the performance of two fractional-order proportional, integral, and derivative
(FOPID) controllers optimized with a meta-heuristic algorithm to stabilize the synchronous
generator voltage regulation system and brushless DC motor were simulated. The
simulation results showed that the performances of these toolboxes depend to a large extent
on their employed algorithms. Thus, that the results of fractional-order Transfer function
(FOTF) and fractional-order modelling and control (FOMCON) toolboxes were very similar
and the non-integer (NINTEGER) toolbox results significantly different.
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