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ABSTRACT: Creating a control strategy for an integrating process is challenging, and it gets considerably more challenging when
dead time is included. Because it can derive the controller within the framework of a proportional-integral-derivative controller
(PID), internal model control (IMC) is fascinating when developing control methods. The performance of a controller has been
observed to improve with the addition of a filter, and several researchers have suggested PID with filter. An extensive review of
modern IMC-PID controllers for three-phase induction motor speed control is included in this paper. Several PID forms for the
same process are generated by the filter postulation in IMC, which is explored. Many standard performance indices are used to
measure performance. The IMC filter topologies used in IMC-PID tuning for different integrating processes, such as tuning relations
and time delay approximations, are summarised in this article.
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1. Introduction

An induction motor's speed regulation has been a significant problem ever since French physicist Frangois Arago discovered it in
1824. The induction motor is composed of two separate components: the rotor, also known as the armature core windings, which
rotate, and the stator, which is stationary. An electric machine that runs on alternating current and generates torque through excitation
is called an induction motor (Singh and Choudhuri, 2002). Because the stator core windings rotate around a fixed point, the torque
is produced by an electromagnetic induction from the magnetic flux (Zhu et al., 2005).

The most widely used electrical device in contemporary industries is the induction motor. Because of its many benefits, it has become
so well-liked. High efficiency, low cost, good self-starting, simplified design, lack of collecting brooms, and minimal inertia are
some of the many benefits. It has many benefits, but it also has very few drawbacks. One of the drawbacks of induction motors is
that they are not naturally able to operate at varied speeds, and their mathematical model is complicated, multivariable, and nonlinear
(Chan, 2007). Industrial process control techniques have advanced significantly during the last few decades.

Many control techniques have been researched, including fuzzy control, neural control, and adaptive control (ZL, 2004). The most
well-known of them is the proportional integral derivative (PID) controller, which is in widespread usage due to its straightforward
design and reliable operation under a variety of operating circumstances. Sadly, because many industrial facilities frequently struggle
with issues like high orders, time delays, and nonlinearities, it has been very challenging to appropriately tune the gains of PID
controllers. (Chih-Cheng Kao and others, 2006).

Many heuristic approaches have been put out over time for PID controller tuning. The first approach made use of Ziegler and Nichols'
(2004) classical tuning criteria. Generally speaking, many industrial plants find it challenging to use the Ziegler-Nichols formula to
determine optimal or nearly optimal PID parameters (Ang et al., 2005). Adding new features to PID controllers is therefore quite
desirable in order to expand their capabilities. Numerous Artificial Intelligence (Al) techniques have been used to make a variety of
plants' controllers perform better while maintaining their fundamental traits. For the correct tuning of PID controller settings,
artificial intelligence (Al) techniques including neural networks, fuzzy systems, and neuro-fuzzy logic have been widely used
(Rujisak et al., 2008).

Induction motor simulation and dynamic modelling are important for both businesses and academia because of the widespread use
of induction motors in a variety of industrial sectors (Sengamalai et al., 2022). The steady-state and dynamic studies of an induction
motor are difficult. Dynamic modelling has the benefit of helping to comprehend asyn chronous motor behaviour in dynamic mode.
Time, torque, and speed are among the mechanical equations utilised in dynamic modelling. The differential voltages, flux
connections, and currents between the revolving rotor and static stator can also be simulated using dynamic modelling (Sengamalai
et al., 2022). An induction motor is usually driven by an inverter equipped with a speed sensor. This speed sensor could, however,
increase investment costs and decrease system reliability. It is also difficult to implement. To get around this problem, a number of
studies employ induction motors with speed sensorless drives. A good transient specification for six-phase drives is provided by Pl
and PID controllers, which typically supply fuzzy controllers, which depend on the class of intelligent controller (Gregor et al., 2008;
Zhao et al., 2003; Akpama and Anih, 2015; Vukosavic et al., 2005; Rinkevi} ciene et al., 2023).
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Due to its ease of use and adjustment, cheap cost and power consumption, and adequate performance without the need for
sophisticated methodologies, complexity, or computing, PID controllers are essential to the industry (Maghfiroh et al., 2020).
Furthermore, the controller's tuning parameters may be based on neural networks (Naung et al., 2019), fuzzy logic control (Ozturk
and Celik, 2012; Manuel et al., 2023), or various metaheuristic algorithms (Rodriguez-Molina et al., 2019; Braik et al., 2022) that
enhance the system response sufficiently. To increase system reactions, a speed control system is cascaded with the PID controller
(Saravanan et al., 2025). Unwanted responses in the operational characteristics are caused by any changes in the system parameters.
PID controllers help lower error and are used in electric vehicle (EV) systems (Baidya et al., 2023). The feedback system's
configuration is continuously measured in the system response and contrasted with a reference signal. (Saravanan et al., 2025) The
controller minimises the inaccuracy caused by the speed signal discrepancy. In addition to increasing the sensitivity of the closed-
loop reactions, the PID controller also controls and meets the necessary criteria and lessens the effect of disturbances on the system
output. According to Saravanan et al. (2025), the system response eventually approaches the expected value as a result of the
successive steps of speed measurement and controller tuning.

To tune PID controllers in closed loop systems, the traditional way employs the Cohen-Coon and Ziegler-Nichols method (Joseph
& Olaiya, 2017; Celik & Ozturk, 2018). The usual approaches for higher-order dynamics take longer, but the tuning time is always
as short as possible (Ang et al., 2005). Recently, the researcher used stochastic search techniques and metaheuristic approaches,
which are excellent at exploring a large solution space, to better tune PID controller gains (Purnama et al., 2019; Kushwah & Patra,
2014; Ekinci et al., 2020). Examining earlier research on the design and implementation of an Internal Model Control Based
Proportional Integral Derivative Controller for three-phase induction motor speed control is the main goal of the current project.

2. Fundamental Theory
2.1 Three-phase induction motor

Converting electrical energy into mechanical energy is what an induction motor does. The fundamentals of three-phase induction
motor functioning are as follows: ns = 120 f/p, or synchronous speed rotation of the magnetic field, occurs when the motor's stator
receives three-phase AC power. where p is the number of magnetic poles, f is frequency (hertz (Hz)), and ns is synchronous speed
(meter/second (m/s)). The rotor conductor is subjected to the revolving magnetic field. Therefore, using the equation e = 4,44 fn ¢,
the electromotive force (emf) on the rotor will be generated. where f'is frequency (Hz), n is the number of windings, ¢ is flux (Wb),
and e is electromotive force (joule/coulomb (j/c)). Current (i) results from the rotor winding's tight loop. Force (f) is produced on the
rotor by the current within the magnetic field (Nurhayati, 2013).

2.2 PID Controller

To produce a stable output, a PID controller can repair errors. The PID system maintains objects (output) at the set value (SV), and
the current value (PV) of the detected item is the value. In the same value, PID regulates both of them (Sumiati Ruzita, 2009).
Deviation E is then used to refer to the difference between SV and PV. It will then force the object to return to its set value (SV) by
giving the actuator manipulates value (MV).

2.3. Mathematical Description of IMC

The IMC block diagram and its equivalent conventional feedback structure are shown in Figure 1, 2 respectively. According to
IMC design procedure, the model of the plant can be factorized as shown in Eq. (1).

G*(s) = Gp(5)G-p(s) @ p

where G.p*(s) is a portion of the model contains the non-minimum phase and right half poles, G-p*(s)contains the stable
poles.
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Figure 1: Schematic representation of IMC

Figure 2: Conventional feedback control scheme.

3. Reviews

The adaptive neural network technology was developed by Al-Mahasneh and colleagues in 2025 for the direct online speed
regulation of a three-phase induction motor. We demonstrate the use of an online adaptive general regression neural network
(OAGRNN) for a direct online speed controller for a three-phase induction motor. To keep the induction motor running at its rated
speed throughout a range of load conditions and in real time, the speed error and its derivative are continuously recorded and returned
to the OAGRNN controller. In order to instantly generate the proper frequency and voltage for the induction motor, the OAGRNN
controller sends the control signal to the inverter. Interestingly, the OAGRNN controller displayed outstanding performance without
requiring a learning mode; it was able to track the desired motor speed and begin operations from the beginning. A three-phase
induction motor setup has been created to demonstrate OAGRNN's strong capacity for tracking the motor's target speed under a
range of load torque conditions. The MATLAB simulation and the experimental setting are the two stages in which the performance
of OAGRNN is investigated. Comparing the OAGRNN's performance to that of the proportional integral (PI) controller further
reveals its exceptional capability and superiority for online changes pertaining to the speed regulation of the three-phase induction
motor.

Ekim et al. (2024) designed and modelled a proportional derivative controller for controlling the speed of a three-phase induction
motor. Motor speed control performance was examined using the scalar control methodology. Research was done on proportional-
integral (PI) and proportional derivative (PD) controllers for the controller method. MATLAB (Simulink) software is used to present
the simulation results. The presence of high peaks, overshoots, and rise time further indicates that the P1 controller performed badly,
according to an analysis of the Pl and PD performance. Nonetheless, the results produced by the PD controller were satisfactory. In
contrast to the unstable PI controller, which had an overshoot of almost 96% and a steady state error of 1.22, the PD controller
demonstrated superior performance with a 1.01 s settling time and a steady state error of 1.0.

For close-loop speed control of an induction motor fed by a pulse width modulation voltage source inverter, Eko et al. (2020) used
a constant v/f scalar control. MATLAB/SIMULINK software is used to simulate the machine. Speed, electromagnetic torque, and
stator current responses are used to analyse the machine's transient performance. The findings of the simulation of a fuzzy logic
controller are contrasted with those of a traditional Pl controller. A fuzzy logic controller allows the machine to respond more
quickly.

Six-phase drive control was compared by the authors of (Rinkeviciene et al., 2023) using a hybrid PID fuzzy controller. The
parameters of this controller were established online and it is based on proportional, integral, and differential actions. The scientists
removed oscillations and overshoot from the system using an adaptive fuzzy logic approach, however when compared to the fuzzy
PID controller, the sliding mode controller was shown to have several advantages, including more resilience and a faster response
(Rinkeviciene and Mitkiene, 2024).

An ant colony optimisation (ACO) algorithm was suggested by Mahfoud et al. (2022) as a way to optimise the PID controller's gains
and efficiently control torque and speed in the doubly fed induction motor (DFIM). Through the use of MATLAB-Simulink, the
intelligent ACO-direct torque control (DTC) control was implemented, outperforming traditional DTCs in terms of speed, stability,
precision, and torque ripples.
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The PID controller's parameters were optimised and fine-tuned by Mahfoud et al. (2021) using a genetic algorithm (GA). Speed
overshoot mitigation, response time reduction, lowering the rate of total harmonic distortion (THD) in the stator and rotor currents,
and minimising the speed rejection time as well as the amplitude of torque and flux ripples in the DFIM were among the several
goals that this method sought to accomplish.

Brushless direct current (BLDC) motors are widely used in mechanical applications because of their small size, appropriate torque,
and efficiency (Alias, 2020). It is difficult to achieve the best performance and adjust the parameters for the highest force output
using a simple bespoke PID controller.

In order to handle non-linearity, parameter changes, and load fluctuations in the BLDC motor drive system, Mahmud et al. (2020)
implemented an adaptive PID controller that makes use of an extra feedback signal. According to the findings, adaptive PID
controllers can efficiently minimise parameter changes and are appropriate for dynamic movements.

For speed control, Premkumar et al. (2019) proposed a fuzzy-anti windup-PID (FAW-PID) controller that lessens the saturation
effect on the motor's speed response. The PI controller, the FAW-PID controller, and the recommended controller are among the
control system parameters for the induction motor that are measured and contrasted. Performance-wise, the FAW-PID controller
outperforms the others.

Three hybrid approaches for DTC of the dual star induction motor (DSIM) drive were compared by Boukhalfa et al. (2019). The
speed-regulated loop behaviour of the DSIM is enhanced by the use of fuzzy-PSO, GA-PSO, and proportional integral derivative-
particle swarm optimisation (PID-PSO). Fuzzy-PSO is therefore the ideal option. Fuzzy-PSO's main goals are to enhance rising time,
minimise high torque ripples, and prevent disruptions that affect drive performance.

For controlling the speed of an AC motor, an intelligent control algorithm based on a back-propagation neural network (BP-NN)
and a PID controller is suggested. The outcomes show how versatile, resilient, and capable the system is of intelligently controlling
the AC motor's speed (Liu and Bai, 2022). The smooth start of a three-phase induction motor could also be improved by using
additional meta-heuristic control techniques (Izci et al., 2022; Ekinci et al., 2021).

In the references (Rinkevil ciene et al., 2023; Rinkeviciene et al., 2021; Rinkeviciene et al., 2020), two fuzzy controllers with distinct
membership functions are compared. These controllers are based on per-unit membership functions as well as known input and
output values. Robust systems are produced by both fuzzy controllers. Classical P1 or PD controllers are typically used in conjunction
with fuzzy controllers. Fuzzy logic controllers' benefits and well-thought-out design demonstrate how adaptable and resilient drive
system control is to load fluctuations and parameter changes.

The first step of the study (Mohamed et al., 2019) involves gathering training data for the neural network (NN) using model-
predictive control (MPC). After the NN has been trained, it is utilised as a controller to monitor the induction motor's voltage. The
suggested method is still reliant on the MPC for data gathering, despite its positive outcomes in both dynamic and steady-state
responses. Furthermore, the NN weights cannot be adjusted online.

Neutral networks (NN) are employed as a speed estimator in numerous other applications (Pimkumwong and Wang, 2018). In the
industrial sector, the proportional integral derivative (P1D) controller is widely used to control linear systems. However, it may not
be as useful when dealing with nonlinear behaviour. Through optimisation methods, researchers have incorporated artificial
intelligence to improve the performance of PID controllers, especially when it comes to doubly fed induction motors.

Even without knowing the plant transfer function, the authors of Gregor et al. (2008) created a Pl fuzzy controller with gain
scheduling and self-tuning based on the step response of a weight belt feeder.

For use in three-phase induction motor speed controllers, Idoko et al. (2017) designed a proportional integral derivative controller
tuning mechanism. In-depth instructions on how to use the MatLab program to effectively search for the best PID controller
parameters inside a mechanism system are provided. The suggested method has better qualities, such as less computing work, steady
convergence characteristics, and ease of implementation. It is challenging to design the speed controller for three-phase induction
motors due to their intricate mathematical modelling. Here, a software PID tuning mechanism was created that can be utilised to
determine the ideal PID control parameters under fully loaded settings as well as the starting PID parameters under typical operating
conditions. The parameters of the suggested PID controller tuning mechanism will be automatically adjusted within these ranges.
The performance of the suggested tuning mechanism for the PID controller was demonstrated by modelling a three-phase
asynchronous motor in MATLAB, obtaining the transfer function with the software, and designing a controller using PID. The
results of the models and simulations demonstrate the suggested controller's potential for high efficiency.

Ansar et al. (2016) use INFOU SCADA to compare and establish the real-time effects of PID tuning on the three-phase induction
motor and PQM 11 to track changes in frequency, current, voltage, and power. The curve was shown on INFOU SCADA and motor
data was displayed from PQM I after the PID determination was adjusted using a trial-and-error method. The study's findings
demonstrate the significant impact that PID controllers have on induction motors. Controlling P, I, and D together can enhance the
offset level and time rise. When the SV value was set to 1500 rpm and the PID value was setto P = 1, | = 10, and D = 0, the motor
response showed on the INFOU SCADA visual was good, and the PV time to obtain SV was sufficiently quick at 11 seconds. Motor
data recorded on the PQM panel, however, indicated that the motor was operating at its optimal speed and did not surpass the motor
capacity indicated on its name plate. The corresponding values for frequency, current, voltage, and active power were 50 Hz, 1
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Ampere, 151 V, and 0.06 kW. The INFOU SCADA graphic displays the impact of PID tuning on the 3-phase induction motor's
speed, while the PQM I1 panel with the three-phase induction motor and the INFOU SCADA display the other variables.

Ziegler and Nichols (1942) created closed-loop controller tuning guidelines in 1942. This method just needs a few process variables,
such oscillation period and controller gain. According to Yuwana and Seborg (1982), this method is not the best for integrating and
unstable systems since it forces the process into minimal stability.

In the 1950s, Cohen and Coon (1953) developed an open-loop reaction curve method for calculating PID variables, which has
attracted a lot of interest from a range of industries. One drawback of this approach is that it requires the experimental test to be
conducted in open-loop mode, and no control measures are implemented in the event of unforeseen disturbances (Yuwana and
Seborg, 1982). The information gathered from these two approaches is used to compute the PID variables for First Order Process
with Dead Time (FOPDT).

The first comprehensive IMC-based PID tuning guidelines were presented by Rivera et al. (1986). These guidelines use a single
tuning parameter to provide the trade-off between the servo and regulatory responses. The IMC filter time constant, also known as
the closed-loop time constant, offers a practical tuning method to strike a balance between the closed-loop system's resilience and
speed (Lee et al., 1998).

By approximating the integrating process to a UFOPDT, Lee et al. (2000) initially presented the IMC-PID controller for integrating
processes with dead time. An IMC-based approach for integrating processes with dead time has been developed by Lee et al. (2006)
and Arbogast et al. (2007). This approach can be used to other types of processes as well. With this approach, a controller with a
PID-like structure enhanced by a filter is produced. Based on an optimal IMC filter, Shamsuzzoha and Lee (2007) developed a PID
controller and offered analytical recommendations for choosing tuning parameters.

The tuning criteria for an integrating process with dead time have been determined by Shamsuzzoha et al. (2008) utilising a lead/lag
filter as an IMC filter and a pure PID controller. Higher-order IMC filters have been employed by a number of researchers to enhance
regulatory performance (Shamsuzzoha and M. Lee, 2008; Rao et al., 2011; Rao and Sree, 2010).

Fractional-order process models have been controlled by integer-order controllers since the 1990s. Fractional-order controllers are
being used by process engineers as process control technology aims for increased precision. There has been little prior work on
fractional order controller design using IMC PID. Maamar and Rachid (2014) and Ranganayakulu et al. (2021, 2017; 2020) have
created fractional order PID using the IMC technique for non-integer order systems and integer order processes, respectively.
These techniques use a fractional order filter as an |IMC filter to derive fractional order PID.
In general, the authors have attempted to improve the controller's performance by using various dead time estimations and IMC
filters. Consequently, various types of PID controllers are produced, including traditional PID,

4. CONCLUSION

The IMC-PID design for three phase induction motors was thoroughly examined in the paper. Numerous options for estimating the
kind and sequence of an IMC filter are examined. Researchers' different dead time approximation types are presented. Numerous
examples from the body of current literature are taken into account and looked at. Performance has been discovered to be affected
by a number of parameters, including the dead time approximation, the form of PID, the type of IMC filter, and the order of the IMC
filter.

REFERENCES

Akpama,E.J.; Anih, L.U. Modelling and Simulation of Multiphase Induction Machine. Int. J. Eng. Innov. Res. 2015, 4, 2277-5668.

Alias, A. “Overview of brushless DC motor: Construction and application,” International Journal for Technological Research in
Engineering, vol. 7, no. 8, pp. 6669-6675, 2020.

Al-Mahasneh, A.J., Samer Z. Salah2, Jasim A. Ghaebl, Mohammed Baniyounisl (2025). Developing an algorithm for the adaptive
neural network for direct online speed control of the three-phase induction motor, International Journal of Electrical and Computer
Engineering (IJECE) p 1499 Vol. 15, No. 2, April 2025, pp. 1499~1510 ISSN: 2088-8708, DOI: 10.11591/ijece.v15i2.pp1499-1510

Ang, K. H., Chong, G. & Li, Y. PID control system analysis, design, and technology. IEEE Trans. Control Syst. Technol. 13 (4),
559-576 (2005).

www.ijeais.org/ijeais
41



International Journal of Engineering and Information Systems (IJEAIS)
ISSN: 2643-640X
Vol. 9 Issue 7 July - 2025, Pages: 37-45

Ansar S., Indar, C. G., 3 Nurhayati (2016). PID IMPLEMENTATION ON REAL TIME 3-PHASE INDUCTION MOTOR
CONTROLLING AND MONITORING, Journal of Theoretical and Applied Information Technology 31st July 2016. VVol.89. No.2

Arbogast J. E. and. Cooper, D. J ‘‘Extension of IMC tuning correlations for non-self regulating (integrating) processes,”’ ISA Trans.,
vol. 46, no. 3,

Baidya, D., Dhopte, S. & Bhattacharjee, M. Sensing system assisted novel PID controller for efficient speed control of DC motors
in electric vehicles. IEEE Sens. Lett. 7 (1), 1-4 (2023).

Boukhalfa, G., Belkacem, S., Chikhi,A. and Benaggoune, S. “Genetic algorithm and particle swarm optimization tuned fuzzy PID
controller on direct torque control of dual star induction motor,” Journal of Central South University, vol. 26, no. 7, pp. 18861896,
Jul. 2019, doi: 10.1007/s11771-019-4142-3

Braik, M., Hammouri, A., Atwan, J., Al-Betar, M. A. & Awadallah, M. A. White Shark Optimizer: A novel bio-inspired meta
heuristic algorithm for global optimization problems. Knowledge-Based Systems, 243, p.108457. (2022).

C.N. Rao, A. S. Rao, and R. P. Sree, ‘‘Design of pid controllers for pure integrator systems with time delay,”” Int. J. Appl. Sci. Eng.,
vol. 9, no. 4,

Celik, E. & Ozturk, N. First application of symbiotic organisms search algorithm to off-line optimization of Pl parameters for DSP
based DC motor drives. Neural Comput. Appl. 30, 1689-1699 (2018).

Chan, C.C. The State of the Art of Electric,Hybrid, and Fuel Cell Vehicles. in Proceedings of the IEEE 2007.

Chih-Cheng Kao, C.-W.C., Rong-Fong Fung, The self tuning PID control in a slider—crank mechanism system by applying particle
swarm optimization approach. Mechatonics, 2006. 16(8): p. 513-522.

Cohen G. H., ‘“‘Theoretical consideration of retacded control,”” Trans. ASME, vol. 75, pp. 857-834, 1953

D. E. Rivera, M. Morari, and S. Skogestad, ‘‘Internal model control: PID controller design,”” Ind. Eng. Chem. Process Design
Develop., vol. 25, no. 1, pp. 252-265, Jan. 1986.

Ekim, C. A., Akwukwaegbu, I. O., Ubom, E. A., Ukommi, U. S., Jude kennedy, C. O., and Joe-Uzuegbu, C. K. “Design and Modeling
of a Proportional Derivative Controller for a Three-Phase Induction Motor Speed”, Nigerian Journal of Technology, 2024; 43(2),
pp. 338 — 344; https://doi.org/10.4314/njt.v43i2.17

Ekinci, S., lzci, D. & Hekimoglu, B. June. PID speed control of DC motor using Harris hawks optimization algorithm. In 2020
International conference on electrical, communication, and computer engineering (ICECCE) (pp. 1-6). IEEE. (2020)

Ekinci, S., Izci, D. and Kayri, M. “An effective controller design approach for magnetic levitation system using novel improved
manta ray foraging optimization,” Arabian Journal for Science and Engineering, vol. 47, no. 8, pp. 9673-9694, Nov. 2021, doi:
10.1007/s13369-021-06321-z.

Eko J. Akpama, Emmanuel. E.Effiong, Iwara. E. Omini, Raymond. U. Ezenwosu (2020) Scalar Control Dynamic Simulation of
Induction Motor Using Simulink, International Journal of Engineering Research And Management (IJJERM) ISSN: 2349- 2058,
Volume-07, Issue-10, October 2020

Gregor, R.; Barrero, F.; Toral, S.; Duran, M. Realization of an asynchronous six-phase induction motor drive test-rig. Renew. Energy
Power Qual. J. 2008, 1, 101-105. [CrossRef]

Gregor, R.; Barrero, F.; Toral, S.; Duran, M. Realization of an asynchronous six-phase induction motor drive test-rig. Renew. Energy
Power Qual. J. 2008, 1, 101-105. [CrossRef]

Idokol Alfred A., lliya. T. Thuku2, S. Y. Musa3, Chinda Amos4 (2017). Design of Tuning Mechanism of PID Controller for
Application in three Phase Induction Motor Speed Control, International Journal of Advanced Engineering Research and Science
(NAERS) https://dx.doi.org/10.22161/ijaers.4.11.21 [Vol-4, Issue-11, Nov- 2017] ISSN: 2349-6495(P) | 2456-1908(0)

Izci, D., Ekinci, S., Budak, C. and Gider, V “PID controller design for DFIG-based wind turbine via reptile search algorithm,” 2022
Global Energy Conference (GEC), Batman, Turkey, 2022, pp. 154-158, doi: 10.1109/gec55014.2022.9986617.

www.ijeais.org/ijeais
42



International Journal of Engineering and Information Systems (IJEAIS)
ISSN: 2643-640X
Vol. 9 Issue 7 July - 2025, Pages: 37-45

Joseph, E. A. & Olaiya, O. O. Cohen-Coon PID tuning method; a better option to Ziegler Nichols-PID tuning method. Eng. Res. 2
(11), 141-145 (2017).

Kushwah, M. & Patra, A. Tuning PID controller for speed control of DC motor using soft computing techniques-A review. Adv.
Electron. Electr. Eng. 4 (2), 141-148 (2014).

Lee, Y. S. Park, and M. Lee, ““‘Consider the generalized IMC-PID method for PID controller tuning of time-delay processes,”’
Hydrocarbon Process, vol. 85, no. 1, p. 87, Jul. 2006.

Lee, Y., S.Park, M. Lee, and C. Brosilow, ‘‘PID controller tuning for desired closed-loop responses for Si/SO systems,”” AIChE J.,
vol. 44, no. 1,

Lee, Y., J. Lee, and S. Park, ‘‘PID controller tuning for integrating and unstable processes with time delay,”” Chem. Eng. Sci.,
vol. 55, no. 17,

Maamar, B. and Rachid, M ‘‘IMC-PID-fractional-order-filter con- trollers design for integer order systems,”” ISA Trans., vol.
53, no. 5,

Maghfiroh, H., Nizam, M. & Praptodiyono, S. PID optimal control to reduce energy consumption in DC-drive system. Int J Pow
Elec &Dri Syst ISSN, 2088(8694), p.2165. (2020).

Mahfoud, S., Derouich, A., EL Ouanjli, N., EL Mahfoud, M., and Taoussi, M. “A new strategy-based PID controller optimized
by genetic algorithm for DTC of the doubly fed induction motor,” Systems, vol. 9, no. 2, p. 37, 2021, doi: 10.3390/systems9020037

Mahfoud,S., Derouich,A., El Ouanjli,N., Quynh,N.V., and Mossa, M.A. “A new hybrid ant colony optimization-based PID of the
direct torque control for a doubly fed induction motor,” World Electric Vehicle Journal, vol. 13, no. 5, p. 78, Apr. 2022, doi:
10.3390/wevj13050078.

Mahmud, M., Motakabber, S.M.A., Zahirul Alam,A.H.M. and Nordin, A.N. “Adaptive PID controller using for speed control of
the BLDC motor,” in 2020 IEEE International Conference on Semiconductor Electronics (ICSE), Jul. 2020, pp. 168-171, doi:
10.1109/icse49846.2020.9166883.

Manuel, N. L., Inanc, N. & Luy, M. Control and performance analyses of a DC motor using optimized PIDs and fuzzy logic
controller. Results in Control and Optimization, 13, p.100306. (2023).

Mohamed, 1.S., Rovetta, S., Do, T. D., Dragicevic, T. and Diab, A. A. Z. “A neural-network-based model predictive control of
three-phase inverter with an output LC filter,” IEEE Access, vol. 7, pp. 124737-124749, 2019, doi: 10.1109/access.2019.2938220.

Naung, Y., Anatolii, S. & Lin, Y. H. January. Speed control of DC motor by using neural network parameter tuner for PI-controller.
In 2019 IEEE Conference of Russian Young Researchers in Electrical and Electronic Engineering (EIConRus) (pp. 2152-2156).
IEEE. (2019).

Nurhayati, “Study Pengontrolan Motor Induksi 3 Fasa menggunakan PID berbasis INFOU”, Skripsi Universitas Halu Oleo, 2013.

Ozturk, N. & Celik, E. Speed control of permanent magnet synchronous motors using fuzzy controller based on genetic algorithms.
Int. J. Electr. Power Energy Syst. 43 (1), 889-898 (2012).

Pimkumwong, J.N and Wang, M.-S. “Online speed estimation using artificial neural network for speed sensorless direct torque
control of induction motor based on constant V/F control technique,” Energies, vol. 11, no. 8, p. 2176, Aug. 2018, doi:
10.3390/en11082176.

Premkumar, K. Thamizhselvan, T., Priya, M.V. Carter, S.B.R. and Sivakumar, L.P. “Fuzzy anti-windup PID controlled induction
motor,” International Journal of Engineering and Advanced Technology, vol. 9, no. 1, pp. 184-189, Oct. 2019, doi:
10.35940/ijeat.a1113.109119.

Purnama, H. S., Sutikno, T., Alavandar, S. & Subrata, A. C. October. Intelligent control strategies for tuning PID of speed control
of DC motor-a review. In 2019 IEEE Conference on Energy Conversion (CENCON) (pp. 24-30). IEEE. (2019).

www.ijeais.org/ijeais
43



International Journal of Engineering and Information Systems (IJEAIS)
ISSN: 2643-640X
Vol. 9 Issue 7 July - 2025, Pages: 37-45

Ranganayakulu, R. Seshagiri Rao,A., and Uday Bhaskar Babu,G. ‘“Analyt- ical design of fractional IMC filter—PID control strategy
for performance enhancement of cascade control systems,’” Int. J. Syst. Sci., vol. 51, no. 10,pp. 1699-1713, Jul. 2020, doi:
10.1080/00207721.2020.1773571.

Ranganayakulu, R. Uday Bhaskar Babu, G. and Seshagiri Rao, A. ‘‘Fractional filter IMC-PID controller design for second order
plus time delay processes,”” Cogent Eng., vol. 4, no. 1, Jan. 2017, Art. no. 1366888.

Ranganayakulu, R., Rao, A. S. and Babu, G. U. B. “‘Improved fractional filter IMC-PID controller design for enhanced
performance of integrating plus time delay processes,”” Indian Chem. Engineer, vol. 62, no. 2,pp. 184-201, Apr. 2020, doi:
10.1080/00194506.2019.1656553.

Rao C. V. N. and Sree, R. P. ““IMC based controller design for integrating systems with time delay,”” Indian Chem. Engineer,
vol. 52, no. 3,

Rao, C. N, . Rao, , and Sree, R. P. ““Design of pid controllers for pure integrator systems with time delay,”” Int. J. Appl. Sci. Eng.,
vol. 9, no. 4,

Rinkevi” ciene, R.; Mitkien" e, B.; Udris, D. Modelling and Comparison PID Fuzzy Controllers for Six-phase Drive. In Proceedings
of the 2023 IEEE Open Conference of Electrical, Electronic and Information Sciences (eStream), Vilnius, Lithuania, 27 April 2023;
pp. 1-5.

Rinkevi” ciene, R.; Mitkien" e, B.; Udris, D. Modelling and Comparison PID Fuzzy Controllers for Six-phase Drive. In Proceedings
of the 2023 IEEE Open Conference of Electrical, Electronic and Information Sciences (eStream), Vilnius, Lithuania, 27 April 2023;
pp. 1-5. [CrossRef]

Rinkeviciene, R.; Mitkiene, B. Design and Analysis Models with PID and PID Fuzzy Controllers for Six-Phase Drive. World Electr.
Veh. J. 2024, 15, 164. https://doi.org/ 10.3390/wevj15040164

Rinkeviciene, R.; Mitkiene, B.; Udris, D. Design and Comparison of Fuzzy Controllers for Six-phase Drive. In Proceedings of the
2020 IEEE Open Conference of Electrical, Electronic and Information Sciences, eStream 2020, Vilnius, Lithuania, 30 April 2020;
pp. 1-5. [CrossRef

Rinkeviciene, R.; Mitkiene, B.; Udris, D. Modelling of Six-Phase Electric Drive with Pl and PD Fuzzy Controllers. In Proceedings
of the 2021 IEEE Open Conference of Electrical, Electronic and Information Sciences, eStream 2021, Vilnius, Lithuania, 22 April
2021.

Rodriguez-Molina, A., Villarreal-Cervantes, M. G. & Aldape-Pérez, M. An adaptive control study for the DC motor using meta
heuristic algorithms. Soft. Comput. 23, 889-906 (2019).

Rujisak Muangsong, D.K., Anak Khantachawana, Panadda Niranatlumpong, A particle swarm optimization approach for optimal
design of PID controller for position control using Shape Memory Alloys in Electrical Engineering / Electronics, Computer,
Telecommunication and Information Technology2008, IEEE: Krabi Thailand.

Saravanan,G., Pazhanimuthu , C.& Palanichamy Naveen (2025). Performance improvement of DC motor control system using PID
controller with Kookaburra and Red Panda optimization algorithm, Scientific Reports | (2025) 15:20021 |
https://doi.org/10.1038/s41598-025-87607-2

Shamsuzzoha, M. and M. Lee, ‘‘PID controller design for integrating processes with time delay,”” Korean J. Chem. Eng., vol.
25, no. 4,

Shamsuzzoha, M., and M. Lee, ‘‘IMC-PID controller design for improved disturbance rejection of time-delayed processes,’” Ind.
Eng. Chem. Res., vol. 46, no. 7, pp. 2077-2091, Mar. 2007

Shamsuzzoha, M., and M. Lee, ‘‘Analytical design of enhanced PID filter controller for integrating and first order unstable processes
with time delay,”” Chem. Eng. Sci., vol. 63, no. 10, pp. 2717-2731, May 2008.

Singh, B. and G. Choudhuri, Fuzzy Logic Based Speed Controllers For Vector Controlled Induction Motor Drive IETE Journal of
Research 2002. 48: p. 6. International Journal of Advanced Engineering Research and Science (IJAERS)
https://dx.doi.org/10.22161/ijaers.4.11.21

www.ijeais.org/ijeais
44


http://dx.doi.org/10.1080/00207721.2020.1773571
http://dx.doi.org/10.1080/00194506.2019.1656553

International Journal of Engineering and Information Systems (IJEAIS)

ISSN: 2643-640X

Vol. 9 Issue 7 July - 2025, Pages: 37-45

Sumiati ruzita, “Analisis Penggunaan Motor DC menggunakan Logika PID dengan Mikrokontroller ATMega 8535, Jurnal Teknik
Mesin, Vol. 6 No.2, 2009.

Vukosavic, S.; Jones, M.; Levi, E.; Varga, J. Rotor flux-oriented control of a symmetrical six-phase induction machine. Electr. Power
Syst. Res. 2005, 75, 142-152. [CrossRef]

Yuwana, M., and D. E. Seborg, ‘“A new method for on-line controller tuning,”” AIChE J., vol. 28, no. 3, pp. 434-440, May 1982

Zhao, Y.; Collins, E. Fuzzy PI control design for an industrial weigh belt feeder. IEEE Trans. Fuzzy Syst. 2003, 11, 311-319.
[CrossRef]

Zhu Z. Q., Y.P., D. Howe, S. Iwasaki, R. Deodhar, and A. Pride, Analysis of Electromagnetic Performance of Flux-Switching
Permanent-Magnet Machines by Nonlinear Adaptive Lumped Parameter Magnetic Circuit Model. IEEE TRANSACTIONS ON

MAGNETICS, 2005. 41(11): p. 11.

Ziegler J. G. and N. B. Nichols, ‘‘Optimum settings for automatic controllers,”’ J. Fluids Eng., vol. 64, no. 8, pp. 759-765, Nov.
1942.

ZL, G., A particle swarm optimization approach for optimum design of PID controller in AVR system. IEEE Trans Energy Convers,
2004. 19: p. 91-384.

www.ijeais.org/ijeais
45



