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Optimization of fractional PI controller parameters for enhanced induction motor speed
control via indirect field-oriented control

Introduction. Induction Motors (IM) possess advantages such as stability, reliability, and ease of control, making them suitable for many
purposes; the literature elucidates control methodologies for IM drives, primarily focusing on scalar and vector control techniques; the
conventional method utilized in manufacturing is scalar control, which unfortunately demonstrates optimal performance solely in steady-
state conditions. The absence of significant instantaneous torque control restricts flux and dissociated torque, resulting in subpar dynamic
responsiveness. Indirect Field Oriented Control (IFOC) for IM drives has proven beneficial for various industrial applications, particularly
electric vehicle propulsion. The primary advantages of this approach include the decoupling of torque and flux characteristics and its
straightforward implementation. The novelty of the work consists of a proposal for a driving cycle model for testing the control system of
electric vehicles in Mosul City (Iraq), and using a Complex Fractional Order Proportional Integral (CFOPI) controller to control IMs via
IFOC strategies, the Artificial Bee Colony (ABC) algorithm was applied, which is considered to be highly efficient in finding the values of
controllers. Purpose. Improvement IFOC techniques for the regulation of IM speed. Methods. Using the ABC algorithm in tuning the two
unigque CFOPI controller, and a Real Fractional Order Proportional Integral (RFOPI) controller, to regulate the speed of a three-phase IM
via IFOC techniques. Results. The CFOPI controller outperforms the RFOPI controller in obtaining the best performance in controlling the
IM. Practical value. The CFOPI controller demonstrates superiority over the RFOPI controller, as evidenced by the lower integral time
absolute error in motor speed tracking during the driving cycle 2.1004 for the CFOPI controller compared to 2.1538 for the RFOPI
controller. References 27, tables 5, figures 4.

Key words: complex fractional order proportional integral controller, real fractional order proportional integral controller,
artificial bee colony algorithm, indirect field oriented control.

Bcemyn. Acunxponni osueynu (AZ]) maiomv maxi nepesacu, K cmaOLIbHICMb, HAOIHICMb [ J€2KIiCmb KepyéaHHs, wjo podoums ix
npudamuumu 015 6aeamvox yineu, Jimepamypa NOSICHIOE MEmooonozii KepyeanHs npueooamu AJl, 20108HUM YUHOM 30CepPeOICYIOUUCH HA
Memooax CKanAPHO20 Ma 6eKMOPHO20 KePYBAHHSA, 36UHAUHUL MEMOO, AKULL BUKOPUCINOGYEMbCA Y GUPOOHUYMEI, — e CKANAPHE KepyBaHHs,
SIKe, Ha JHCAb, OEMOHCIMPYE ONMUMATILHY NPOOYKIMUGHICIb Jie 8 CIAYIOHAPHUX YMOBAX. BiocymHicmb 3HaUHO20 MUMMEBO20 KOHMPOIO
KPYIMHO20 MOMEHTTY 00MedHCye NOMIK i OUCOYTTIOBAHULL KDYIMHULL MOMEH, W0 NPU3B0OUNb 00 HU3bKOI OuHamiunoi yymausocmi. Henpave
none-opicnmosane xepysants (IFOC) onsa npusodie AJ], 0ogeno c8oio kopucmo O PISHOMAHIMHUX HPOMUCTIOBUX 3ACINOCY8AHb, 30KpeMa
ons 0guzynia enekmpomodinie. OcnogHi nepesazu Ybo2o NiOX00y GKIOYAIONb GIOOKPEMACHHS XAPAKMEPUCUK KPYIMHO20 MOMEHNY ma
nomoxy ma iioeo npame enposaodicenns. Hoeusna pobomu nonseac 6 nponozuyii mooeni yukny 600iHHA ONSL MECMy8aHHs CUCIEMU
Kepyeanns enexmpomobinamu 6 micmi Mocyn (Ipak), i euxopucmanns KOHmMponepa KOMHIEKCHO20 OpobO8020 NOPAOKY NPONOPYIHO20
inmezpany (CFOPI) ona xepysanna A/ 3a donomoecoro cmpameeiti IFOC, 6y10 3acmoco8ano aneopumm wmyyHoi O0H#COTUHOL KOIOHIT
(ABC), saxuii e66axcacmvcs UCOKOeeKMUHUM 'y HOWLYKY 3HAueHb Konmponepie. Mema. Yoockouanenns memoouxu IFOC ona
peaymosanns wieuokocmi AJ]. Memoou. Buxopucmanna ancopummy ABC ons nanawmyeanns 08ox yuikanenux xonmponepie CFOPI ma
KOHMpOAepa peaibHo2o 0poboeoco nopsoky nponopyitinoeo inmeepany (RFOPI) ona pezymosanns weuokocmi mpugpasnozo AJ] 3a
donomoecoro  memooie IFOC. Pesynemamu. Koumponep CFOPI nepesepuye xomwmponep RFOPI 6 ompumanni  Hauikpaujoi
npooykmuerocmi 6 ynpasninni A/l Hpakmuyuna yinnicms. Konmponep CFOPI demoncmpye nepesazy nao koumponepom RFOPI, npo wo
CIOUUMb MeHwd abCOMOMHA NOXUOKA [HMEeSPanbHO20 Yacy y i0CmedceHHi weuokocmi osueyHa nio uac yuxkiy pyxy 2.1004 ona
xonmponepa CFOPI nopisusano 3 2.1538 ons konmponepa RFOPI. bi6n. 27, Tabn. 5, puc. 4.

Knwouosi crosa: mponopuiiiHo-iHTerpajbHuii KOHTPOJEP KOMILUIEKCHOIO JPO0OBOro MOPSIKY, MPONopuiiiHo-iHTerpajbHuii
KOHTPOJIep AiliCHOr0 Ap060BOro NOPSIAKY, AATOPUTM IITYYHOI 0K0JHHOI KOJIOHII, HenpsMe 110J1e-0Pi€HTOBaHe KePYBAaHHS.

Introduction. Induction motors (IM) have
advantageous characteristics like robustness, reliability, and
ease of control, and are used in many different types of
applications [1, 2]. These applications electric and hybrid
vehicles, the literature clarified control methodologies for
IM drives, predominantly encompassing scalar and vector
control approaches [3, 4]. The lack of significant
instantaneous torque control inhibits flux and dissociated
torque, leading to suboptimal dynamic responsiveness [5].
In contrast, Field Oriented Control (FOC) regulates the
frequency, amplitude, and instantaneous location of the
flow linkage vectors of current and voltage [6, 7].
Therefore, it is effective for each stability and enhanced
dynamic performance [8, 9]. The two fundamental groups
of FOC methods are direct and indirect operations, defined
by Blaschke in 1972 and Hasse in 1968, respectively [10].

The aim of the paper is using Indirect Field Oriented
Control (IFOC) strategies for speed control of IM and
decision the mathematical model of the system. Proposal
for a driving cycle model for testing the control system of
electric vehicles in Mosul City, Iraq. Applying the
Artificial Bee Colony (ABC) algorithm to identify optimal
certain elements for fractional order PI controllers.

Review of the literature. The authors compared the
complex fractional order PI controller against the real
fractional order PI controller to control the speed of the

IM via the IFOC technique. The results showed that the
Complex Fractional Order Proportional Integral (CFOPI)
controller improved the Real Fractional Order
Proportional Integral (RFOPI) controller by achieving a
minimal error between the reference and actual speeds.
Nevertheless, the controller variables were found by using
trial and error [11]. The research presented here
differentiates between the two different RFOPI speed
controllers (FOPI and FO[PI]) of the IM drive. The results
show the superiority of the FO[PI] controller compared to
the FOPI and integer order PI under identical stability
boundary constraints [12]. This study elucidates the use of
Particle Swarm Optimization (PSO), Teaching Learning
Based Optimization (TLBO) and Jaya optimization
algorithms for the calibration of PI and RFOPI controllers
employed in the IM driving model with comparison of the
results from the aforementioned optimization. This
indicates that Jaya yields superior reduction outcomes
compared to the other two strategies [13]. An intelligent
hybrid control system for scalar IM control use ANFIS
optimization [14]. This study confirms the efficacy as
well as the upside of a CFOPI model for ascertaining the
parameters of a PID controller that manages the common
rail tension in the injection system of a compressed fossil
fuel engine. Parameters are derived by PSO process that
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integrates a cost factor evaluating effectiveness and
reliability metrics [15]. A review of previous work in the
field indicates that a few researchers have used CFOPI
controllers to control IMs via IFOC strategies. Those who
have investigated this type of controller utilized the trial
and error method to ascertain optimal parameter values.
Materials and methods. The control architecture of
IFOC (Fig. 1) is a vector control method widely accepted in
high performance drive vehicles. The theory fundamentally
relies on decoupling flux and torque by regulating the stator
current component [16, 17]. The components of the control
circuit in Fig. 1 are next [2, 18]: R, is the rotor resistance,
L, is the rotor self-inductance, T, is the electromagnetic
torque, p is the number of pole pairs, L, is the
magnetizing inductance, y,, is the rotor flux, @ is the
angular frequency, /.. is the IM current, iy i, are the
rotating currents in d-g axis; , is the IM angular speed.
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Fig. 1.The control architecture of IFOC of IM
Types of FOPI controllers. FOPI controllers are
extensively utilized in various control projects to attain
accurate system efficiency [19]. The bulk of the
controllers possess real and complex components with
fractional order integrals [20].
The general CFOPI controller is represented as [21, 22]:
1\&tIB
Gc(s)zKp+K[-[—j ,
s

(1

where K, is the proportional value; K; is the integral
value; a, f are the non integer number (fractional values);
s is the fractional operator.

The complex integrator can be written as:
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If the complex operator is applied to a real input it
will result in a complex response. So, in practice, it is
realized by extracting the real part. The transfer function
of CFOPI controller denoted as [23]:

] ) o

According to (1), when the real and imaginary parts
are fractional values, the transfer function of the fractional
controller has a real and imaginary form, as expressed as:

a
CFOPI(s)=K , +K; (l) -cos[ﬂln(l)j . (6
K s
The transfer function of RFOPI controller is:
1 (04
RFOPI(s)zKp—irKi(—j . 7
K

According to (1), when the imaginary component is
null, the transfer function of the fractional controller has a
real style, as articulated in the subsequent equation:

ABC algorithm is engineered to mimic the actions of
wild bees to get best solutions for constrained scenarios. The
core ABC idea comprises 3 categories of bees: worker bees,
spectator bees and spy bees. 50 % of the swarm consists of
hired bees, while the other 50 % consists of observation bees.
Just one artificial hired bee is supposed to exist for each food
source [24]. The quantity of worker bees in the group
correlates with the food sources in proximity to the hive.
Foraging bees access their food supply and thereafter return
to the hive to perform a dance in this area. The employed bee
that has forsaken its food reserve metamorphoses into a scout
and starts the search for a fresh source of food. Scouts
methodically investigate their environment to identify a
novel food source, driven by personal motivation,
environmental indicators, or serendipity. Onlooker bees stay
within the hive and assess which kind of food to utilize
depending on the knowledge supplied by forager bees [25].
Table 1 explains the parameters of ABC algorithm.

Table 1
Selection of the settings for the ABC algorithm
Parameters Values

No. of bees and limit 15 and 30
No. of food sources Round (no. of bees/2)
Population size and iteration number 15 and 15
Range of Kp and K| 0<Kp<200 and 0<K;<200
Range of real and imagina
part%)f CFO-PI controﬁer Y Oasl and 0=l

Driving cycle for Mosul City (Iraq). Definition of a
driving cycle collection of data points illustrating vehicle
speed in relation to time. Several driving cycles are
employed globally for homologation, including the FTP-75
in the USA, the NEDC in Europe, and the J10-15 in Japan
[26]. These cycles frequently encompass additional sub
phases designed to illustrate low and high speed sequences
or various driving environments such as urban, rural or
freeway settings [27]. The proposed driving model was
used to test the best type of fractional PI controllers and
find the most efficient controller for tracking the required
speeds of Mosul City’s driving cycle. The proposed driving
cycle includes reversing the electric vehicle’s speed. The
characteristics of the Mosul driving cycle the test duration
is 12 min (Fig. 2). The load of 7.46 kW is kept constant
during the driving cycle’s execution and consists of the
following durations as detailed in Table 2.
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cycle

Table 2

Clarify the features of the driving cycle test for a control system
in an electric vehicle

Duration, Speed case, Duration, Speed case,
min rpm min rpm
Decrease speed
[0-1] Turn off speed [7-8] (breaking mode)
[1432-0]
Increase speed
[1-2] [0-286] [8-9] Turn off speed
Reverse speed
[2-3] Constant at 286 [9-10] direction [0-238]
Increase speed Decrease speed
[3-4] [286-716] [10-11] [238-0]
[4-5] Constant at 716 | [11-12] Turn off speed
Increase speed
[5-6] [716-1432]
[6-7] | Constant at 1432

Simulation and results. This section shows the
simulation method for controlling the speed of an electric
vehicle using a three-phase IM, which parameters are
shown in Table 3.

Table 3
Parameters of the IM

Parameters Value
Rated power P, HP 10
Voltage V, V 400
Frequency f, Hz 50
Angular speed @,, rpm 1440
Stator resistance R, Q 0.7384
Stator self-inductance L, mH 3.045
Rotor resistance R,, Q 0.7402
Rotor self-inductance L,, mH 3.045
Magnetizing inductance L,,, H 0.1241
Inertia J, kg-m’ 0.0343
Friction factor F, N-m-s 0.000503
Number of pole pairs p 2

It implements an IFOC technique with the proposed
FOPI controller types. For an electric vehicle was
developed to examine the different kinds of FOPI
controllers by using performance Integral Time Absolute
Error (ITAE) index:

t
ITAE = j t-|error(t)di]. (8)
0

The performance index showed that the CFOPI
controller outperformed the RFOPI controller in obtaining
the best results in tracking the driving cycle signal with
the slightest error. Table 4 shows the parameters of all
FOPI types by tuning ABC algorithm and identify the
optimal variant, reflecting the characteristics of the

roadways in Mosul (Iraq).

Table 4
Tuning the all types of FOPI controller using ABC algorithm

Controller types Transfer function ITAE
1 0.982+0.587
CFOPI 62.928+200- (fj 2.1004
s
1 0.9
RFOPI 59.724+198.565-(—] 2.1538
s

Figure 3 shows the IM characteristics, when Mosul
driving cycle is applied to the IM using the CFOPI
controller by tuning parameters ABC algorithm.
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Fig. 3. The driving cycle response of the IM using the CFOPI
controller: a — driving cycle reference; b — driving cycle of rotor
speed IM; ¢ — electromagnetic torque response

The different kinds of fractional controllers were
evaluated using specific reference speeds (for lower-speed
and high speed ranges) to facilitate a comparison among
controllers. Table 5 indicates that the CFOPI controller
surpassed the RFOPI controller, and Fig. 4 illustrates the
time response for each reference speed.

Table 5
Comparison of fractional controllers at different reference
speeds in terms of the time characteristics of the speed response

Electrical Engineering & Electromechanics, 2025, no. 1

Types of Speed Overshoot, Peak Settling Steady
FOPI reference, o time, | . state
% time, s o
controller rpm s error, %
250 8 0.012| 0.13 0
750 5.6 0.016 | 0.717 0
RFOPI 1200 5.67 0.024| 0.95 0
1440 6.18 0.068| 0.98 0
250 7.6 0.012]| 0.12 0
750 4 0.016| 04 0
CFOPI 1200 3.66 0.024| 0.74 0
1440 3.95 0.074| 0.92 0
5
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values in both directions. And the other pattern is
different reference speed levels, where low and high
speeds were chosen in order to cover all cases of speed to
using the IM in electric vehicle and using the ABC
algorithm to find the parameters of the controllers through
the results of the simulation turns out the superiority the
CFOPI controller over the RFOPI controller, where the
lowest ITAE in tracking the motor speed for driving cycle
for the CFOPI controller is 2.1004, for the RFOPI
controller is 2.1538.

The superiority of the CFOPI controller over the
RFOPI controller where the overshoot in speed the limit that
is considered one of the most. Important factor to speed
control where the controller was CFOPI (7.6 %) and RFOPI
(8 %) for reference speed 250 rpm; at reference speed
750 rpm (4 %) and (5.6 %), for 1200 rpm was (3.66 %) and
(5.67 %) and for 1440 rpm was (3.95 %) and (6.18 %)
respectively.

Acknowledgements. The authors would like to
sincerely thank the College of Engineering Department of
Electrical at the University of Mosul for the tremendous
help they provided during this work.

Conflict of interest. The authors declare that there
is no conflict of interest.

REFERENCES
1. Alitasb G.K. Integer PI, fractional PI and fractional PI data trained
ANFIS speed controllers for indirect field oriented control of induction
motor. Heliyon, 2024, vol. 10, no. 18, art. no. e37822. doi:
https://doi.org/10.1016/j.heliyon.2024.e37822.

1200
1000 &

——Speed Ref. []

2. Nemouchi B., Rezgui S.E., Benalla H., Nebti K. Fractional-based
iterative learning-optimal model predictive control of speed induction
motor regulation for electric vehicles application. Electrical Engineering
&  Electromechanics, 2024, mno. 5, pp. 14-19.  doi:
https://doi.org/10.20998/2074-272X.2024.5.02.

3. Adamczyk M., Orlowska-Kowalska T. Postfault Direct Field-
Oriented Control of Induction Motor Drive Using Adaptive Virtual
Current Sensor. /[EEE Transactions on Industrial Electronics, 2022, vol.
69, no. 4, pp. 3418-3427. doi: https://doi.org/10.1109/TTE.2021.3075863.
4. Adigintla S, Aware M.V. Robust Fractional Order Speed
Controllers for Induction Motor Under Parameter Variations and Low
Speed Operating Regions. /[EEE Transactions on Circuits and Systems
1I: Express Briefs, 2023, vol. 70, no. 3, pp. 1119-1123. doi:

https:/doi.org/10.1109/TCSII1.2022.3220526.

el ~———CFO-PI
800 ——RFO-PI _[]
600 H M
Wuw
400
200 f
0
t,s
0 0.2 0.4 0.6 08 1
16002 1PM
pra—
/A X
1400
1200 —Speed Ref.
——CFO-PI
1000 - ——RFO-PI
800 [ 1
600 [ i

400
200 J

0

200 - LS

0 02 04 06 03 1
Fig. 4. Speed response of IM by CFOPI and RFOPI controllers
for speed references:

a—250 rpm; b—750 rpm; ¢ — 1200 rpm; d — 1440 rpm

Conclusions. IFOC strategy that uses 2 types of
fractional controllers was used to control the speed of the
three-phase IM via the voltage source inverter circuit,
where the firing signal is generated using the hysteresis
current method. It is comparative between the proposed
controllers using the proposed driving cycle for the city of
Mosul (Iraq), which includes several levels of speed

5. Ndiaye A., German R., Bouscayrol A., Gaetani-Liseo M., Venet P.,
Castex E. Impact of the User Charging Practice on the Battery Aging in an
Electric Vehicle. IEEE Transactions on Vehicular Technology, 2024, vol.
73, no. 4, pp. 4578-4588. doi: https://doi.org/10.1109/TVT.2024.3356116.
6. Adigintla S., Aware M.V., Bingi K., Das S. Novel Complex
Fractional Order Speed Controller for IM Drive Under Varying
Operating Conditions With Enhanced Robustness. /EEE Transactions
on Industrial Electronics, 2024, vol. 71, no. 8, pp. 8438-8447. doi:
https://doi.org/10.1109/TIE.2023.3314864.

7. Alsammak A.N.B., Al-Kaoaz H.N.A. Design of a fuzzy distance
relay taking into consideration the impact of using a unified power flow
controller. Eastern-European Journal of Enterprise Technologies, 2023,
vol. 2, no. 5 (122), pp. 6-19. doi: https://doi.org/10.15587/1729-
4061.2023.277343.

8. Altamura A., Lino P., Maione G., Kapetina M., Rapaic M.R., Jelicic
Z.D. On PID Controllers for a Complex-Order Fractional Model of an
Automotive Injection System. /FAC-PapersOnLine, 2024, vol. 58, no.
12, pp. 119-124. doi: https:/doi.org/10.1016/j.ifacol.2024.08.177.

9. Alsammak A.N.B., Ghanim A.S. Performance Enhancement and
Assessment of the Dual Stator Induction Motor. Przeglgd
Elektrotechniczny, 2023,  no. 10, pp. 171-177.  doi:
https://doi.org/10.15199/48.2023.10.33.

10. Blaschke F. The Principle of Field Orientation as Applied to the
NEW Transvector Closed-Loop System for Rotating-Field Machines.
Siemens Review, 1972, vol. 34, no. 3, pp. 217-220.

6

Electrical Engineering & Electromechanics, 2025, no. 1



11. Gomes R.R., Pugliese L.F., Silva W.W.A.G., Sousa C.V., Rezende
G.M., Rodor F.F. Speed Control with Indirect Field Orientation for Low
Power Three-Phase Induction Machine with Squirrel Cage Rotor.
Machines, 2021, wvol. 9, no. 12, art. no. 320. doi:
https://doi.org/10.3390/machines9120320.

12. Kumar D.M., Mudaliar H.K., Cirrincione M., Mehta U., Pucci M.
Design of a Fractional Order PI (FOPI) for the Speed Control of a High-
Performance Electrical Drive with an Induction Motor. 2018 2l1st
International Conference on Electrical Machines and Systems (ICEMS),
pp. 1198-1202. doi: https://doi.org/10.23919/ICEMS.2018.8549407.

13. Raj A., Khan Y.A., Verma V. Comparative Evaluation of PSO,
TLBO, and JAYA based Adaptive PI and FOPI Controllers for
Vector Controlled Induction Motor Drive. 2021 I[EEE 4th
International ~ Conference  on  Computing, — Power  and
Communication  Technologies (GUCON), pp. 1-6. doi:
https://doi.org/10.1109/GUCON50781.2021.9573705.

14. Mohammed H.A., Alsammak A.N.B. An Intelligent Hybrid Control
System using ANFIS-Optimization for Scalar Control of an Induction
Motor. Journal Européen Des Systemes Automatisés, 2023, vol. 56, no.
S, pp. 857-862. doi: https://doi.org/10.18280/jesa.560516.

15. Sayed S., Elmenshawy M., Elmenshawy M., Bader Q., Igbal A.
Comparison of Direct Torque Control and Indirect Field-Oriented
Control for Three-Phase Induction Machine. Lecture Notes in Electrical
Engineering, 2021, vol. 723 LNEE, pp. 131-141. doi:
https://doi.org/10.1007/978-981-33-4080-0_13.

16. Wang H., Yang Y., Ge X., Zuo Y., Yue Y., Li S. PLL- and FLL-
Based Speed Estimation Schemes for Speed-Sensorless Control of
Induction Motor Drives: Review and New Attempts. /EEE Transactions
on Power Electronics, 2022, vol. 37, no. 3, pp. 3334-3356. doi:
https://doi.org/10.1109/TPEL.2021.3117697.

17. Abed K., Zine HK.E. Intelligent fuzzy back-stepping observer
design based induction motor robust nonlinear sensorless control.
Electrical Engineering & Electromechanics, 2024, no. 2, pp. 10-15. doi:
https:/doi.org/10.20998/2074-272X.2024.2.02.

18. Ghanim A.S., Alsammak A.N.B. Modelling and simulation of self-
excited induction generator driven by a wind turbine. Eastern-European
Journal of Enterprise Technologies, 2020, vol. 6, no. 8 (108), pp. 6-16.
doi: https://doi.org/10.15587/1729-4061.2020.213246.

19. Amieur T., Taibi D., Kahla S., Bechouat M., Sedraoui M. Tilt-
fractional order proportional integral derivative control for DC motor
using particle swarm optimization. Electrical Engineering &
Electromechanics, 2023, no. 2, pp- 14-19. doi:
https://doi.org/10.20998/2074-272X.2023.2.03.

20. Wang J., Du C,, Yan F., Duan X., Hua M., Xu H., Zhou Q. Energy
Management of a Plug-in Hybrid Electric Vehicle Using Bayesian

How to cite this article:

Optimization and Soft Actor-Critic Algorithm. /EEE Transactions on
Transportation Electrification, 2024, pp. 1-1. doi:
https://doi.org/10.1109/TTE.2024.3398046.

21. Warrier P., Shah P. Design of an Optimal Fractional Complex
Order PID Controller for Buck Converter. Journal of Robotics and
Control  (JRC), 2023, vol. 4, no. 3, pp. 243-262. doi:
https:/doi.org/10.18196/jrc.v4i3.17446.

22. Warrier P., Shah P. Fractional Order Control of Power Electronic
Converters in Industrial Drives and Renewable Energy Systems: A
Review. [EEE Access, 2021, vol. 9, pp. 58982-59009. doi:
https://doi.org/10.1109/ACCESS.2021.3073033.

23. Zellouma D., Bekakra Y., Benbouhenni H. Field-oriented control
based on parallel proportional-integral controllers of induction motor
drive. Energy Reports, 2023, vol. 9, pp. 4846-4860. doi:
https:/doi.org/10.1016/j.egyr.2023.04.008.

24. Wang K., Li X, Gao L., Li P., Sutherland J.W. A Discrete Atrtificial
Bee Colony Algorithm for Multiobjective Disassembly Line Balancing of
End-of-Life Products. /EEE Transactions on Cybernetics, 2022, vol. 52,
no. 8, pp. 7415-7426. doi: https:/doi.org/10.1109/TCYB.2020.3042896.
25. Yao G., Wu Y., Huang X., Ma Q., Du J. Clustering of Typical
Wind Power Scenarios Based on K-Means Clustering Algorithm and
Improved Artificial Bee Colony Algorithm. /EEE Access, 2022, vol. 10,
pp. 98752-98760. doi: https://doi.org/10.1109/ACCESS.2022.3203695.
26. Wang Z., Song C., Zhang L., Zhao Y., Liu P., Dorrell D.G. A Data-
Driven Method for Battery Charging Capacity Abnormality Diagnosis
in Electric Vehicle Applications. /[EEE Transactions on Transportation
Electrification, 2022, vol. 8, mno. 1, pp. 990-999. doi:
https://doi.org/10.1109/TTE.2021.3117841.

27. Da Silva D.C., Kefsi L., Sciarretta A. Closed-Form Expression to
Estimate the Hydrogen Consumption of a Fuel Cell Hybrid Electric
Vehicle. IEEE Transactions on Vehicular Technology, 2024, vol. 73, no.
4, pp. 4717-4728. doi: https:/doi.org/10.1109/TVT.2024.3350351.

Received 01.11.2024
Accepted 06.12.2024
Published 02.01.2025

LI Alnaib', MSc., Lecturer,

A.N. Alsammak', PhD, Professor,

!Electrical Engineering Department,

College of Engineering, University of Mosul, Iraq,

e-mail: ibrahim-85353@uomosul.edu.iq (Corresponding Author);
ahmed_alsammak@uomosul.edu.iq

Alnaib LI., Alsammak A.N. Optimization of fractional PI controller parameters for enhanced induction motor speed control via
indirect field-oriented control. Electrical Engineering & Electromechanics, 2025, no. 1, pp. 3-7. doi: https://doi.org/10.20998/2074-

272X.2025.1.01

Electrical Engineering & Electromechanics, 2025, no. 1



