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Wireless networked control system (WNCS) is made up of an actuator, sensor,
and controller that communicate through a wireless network rather than
typical point-to-point cable connections. Lower maintenance costs, greater
flexibility, and increased safety are the main WNCS advantages. So as a result,
it has attracted a lot of researchers. Nevertheless, time delays and packet losses
in wireless data transmission are classified as complicated problems, which
impair WNCS output accuracy and may influence the overall system stability.
Integer-order PI-PD (PI-PD) and fractional-order PI-PD (FOPI-FOPD)
controllers are suggested to reduce the impact of the control signal
transmission's time delay and improve system performance. MATLAB and
True-time simulators are utilized to simulate the WNCS, and ZigBee protocol
is used to transceiver the control signal between the controller and system
sides. rotary inverted pendulum (RIP) acted as the controller's objective. The
grey wolf optimization (GWO) method is used to evaluate the best controller

parameters. Xbee S2 modules are used to implement the signal transmission
process over ZigBee protocol. The FOPI-FOPD controller outperforms the
PI1-PD in the simulation and experimental results in decreasing the influence
of time delay on system stability.

This is an open access article under the CC BY-SA license.

©00

Corresponding Author:

Muhannad Ali Hassan

Department of Control and Systems Engineering, University of Technology
Al-Sana’a Street, Baghdad, Iraq

Email: cse.20.30@grad.uotechnology.edu.iq

1. INTRODUCTION

The development of sensor technology has enabled wireless communication techniques to be given not
only for office and home usage, but also for industrial uses such as manufacturing, industrial monitoring, and
control networks. Sensor nodes in wireless networked control system (WNCS) are linked to a physical mechanism
that gathers and wirelessly transmits data to the controller. The controller calculates control commands based on
sensor data and transmits them to the actuators of the system [1], [2]. WNCS systems provide several advantages
over typical wired network control systems, including extra versatility, a more straightforward setup, and reduced
total costs. It is also conceivable to employ WNCS when vibrations or chemicals influence the equipment [3].
However, wireless medium properties influence WNCS execution. The stability of the system may be harmed
when time delay increases, resulting in unreliable WNCS. As a result, a robust control system should be presented
to ensure dependable and achieve a high quality of service real-time performance [4], [5].

Many searches have been focused on minimizing the influence of time delay on system stability
during signal transmission over wireless networks. A state predictor-based output feedback controller was
presented to adjust delays of the network that change over time, and this study used the rotary inverted
pendulum (RIP) system as an object for the linear-quadratic regulator (LQR) controller to settle the pendulum
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in the upright direction. The outcomes have demonstrated that the pendulum rod maintained a steady state for
10 seconds without the compensator, but it stayed upright for 120 seconds after applying a compensator [6].
Another study proposed a fuzzy PID controller was implemented to regulate the DC motor. The comparing
results with the traditional PID shows that the fuzzy PID controller is more effective with a significant delay
through a wireless network [7]. PID and fractional order PID (FOPID) controllers were proposed to decrease
time delay impact of control signal transmission wirelessly. The efficient values for controller gains have been
estimated using a particle swarm optimization (PSO) algorithm. The controllers are deployed to control the
stepper motor via a wireless network. The researchers utilized MATLAB and true-time for simulating WNCS.
The results showed that the FOPID controller is better than PID controller in dealing with the time delay
effect [8]. Another research proposed a robust mixed H2/Hoo controller for the uncertain wireless network
system over packet loss and time delay effects. MATLAB LMI toolbox is utilized to determine the control
rule. The numerical example and simulation results confirmed the efficiency of the suggested strategy [9].
Finally, the fuzzy logic controller has been introduced to control the DC motor over Wi-Fi network using
MATLAB and true-time. PSO technique was used to adjust the controller parameters. The effectiveness of the
controller was assured through increasing network nodes by 33% without performance degradation [10].

The contribution of this work is summarizing the design and implementation of an optimized two
closed-loop controllers over a wireless network for the RIP system. The pendulum and arm angles should be
controlled simultaneously by a single input multiple output (SIMO) design approach, which is considered one
of the complex control systems. Moreover, the complication of this design, an optimization technique is applied
to find the appropriate wireless networked controller’s parameters. Additionally, proposing a robust controller
has the capability to reduce the time delay effects on the system stability, which is considered one of the main
WNCS design challenges. FOPI-FOPD and PI-PD are used in this study to control the RIP nonlinear model
wirelessly. IEEE 802.15.4 standard has been considered to demonstrate the wireless connection of WNCS. RIP
system utilized as a controller’s target. MATLAB and true-time were used to obtain the simulation results.
Also, in the experimental results, two nodes of ZigBee devices have been used to send the control signal from
the controller to the actuator and receive the feedback signal from the sensor. The first ZigBee node has been
connected to PC4, which has the controller. Another ZigBee has been linked to the PC,, which has RIP system.
GWO technique has been utilized to tune the controller’s parameters to control the system wirelessly.

2. WIRELESS NETWORKED SYSTEM
2.1. Wireless networked control system

The general structure of WNCS is represented in Figure 1 [11]. The sensor node is responsible for
plant behavior monitoring in WNCS. Then, the reference node will receive data wirelessly to evaluate the
sensor data [12], [13]. The control signal is delivered to the actuator based on the feedback signal to adjust its
stability preceding failure. The time delay can occur when the signal is transmitted from the controller to the
actuator in the feed-forward loop and the signal is transferred from the sensor to the controller in the feedback
loop [14]. The total time delay (7;,:q;) can be formulated as (1).

Teotal = Tea T Tsc 1)

When (7 .4, 75.) IS represented sequentially, the controller to actuator time delay and sensor to controller
time delay.

Sensor

[ Tsc Wireless Network Tea ]

©

Reference Node

Figure 1. General structure of WNCS

2.2. RIP system outline
Since, the model of the RIP system is an underactuated, highly nonlinear, unstable, uncertain, and,
multivariable system. Therefore, it is a good instance of a SIMO system architecture. RIP system has two
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degrees of freedom (2-DOF), the rotatable arm, and the rotatable pendulum rod. The arm is regulated directly,
while the pendulum rod is indirectly controlled [15]. Figure 2 illustrates the diagram of the RIP system. The
axis of the rotating arm is connected to an actuated rotary motor system. Lr is the arm length, Jr represents the
inertia, and the g represents the arm angle. The end of the arm is attached to the pendulum rod. Lp is the overall
length of the pendulum, whereas Lp/2 is the distance from the rod's center of mass. The inertia around the
pendulum's mass center is Jp. The pendulum’s angle is 6, equal to zero when the pendulum in the upright
direction and increases as the arm rotates [16]. The control objective is to maintain the vertical position of the
pendulum rod [17]. The controller determines an appropriate force to apply to the arm, and then torque is
generated by rotating the arm right and left to keep the rod in a vertical position. RIP is represented by the
following equation using the Lagrangian theory [18], [19].

(J, + myLr?)é + m, L, (%”) sin ()62 — my,L, (%p) cos(8) 6 =T — By (2

imp (%”)2 6— myL, (%”) cos(0)8 —my,g (%p) sinf =0 3)

3
The torque T is given as,

V- KgKm#

T = nungK.K; — == 4

The physical parameters of the RIP system are shown in Table 1. Solving the (2)-(4) and consideration
of the parameters' values of Table 1, a state space model can be formulated as:
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Figure 2. Schematic diagram of RIP system [5]

Table 1. Physical parameters of RIP

Parameters Description Value
K, Motor torque constant 0.0077
K, SRV02 system gear ratio 70
K, Back EMF constant 0.0077
R, Armature resistance 2.6
ng Gearbox efficiency 0.90
Nim Motor efficiency 0.69

B Viscous damping coefficient 0.0040

J Moment of inertia at the load 0.0033

m Mass of pendulum 0.1250

L, Arm length 0.2150

L,/2 Length to pendulum’s center of mass ~ 0.1675
g Gravitational constant 9.81
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2.3. Wireless network protocol

ZigBee technology works on an open global standard based on IEEE 802.15.4. ZigBee networking
component circuits with sensors represent contemporary categories for wireless low power consumption
network communication techniques with several technological features such as low complexity, high
effectiveness and reliability [20]. It supports a simple and easy connection between point-to-point and point-
to-multipoint [21]. The operating frequency of the ZigBee protocol is 2.4 GHz, 926 MHz and 868 MHz. ZigBee
supports a transmission bit rate is 250 Kbps and can communicate over a distance of 10 to 100 meters.
Figure 3 shows the XBee S; module, which supports the ZigBee protocol and Funduino USB adapter [22].

Figure 3. XBee S,wireless transceiver and USB adapter

3. CONTROLLER SYSTEM DESIGN
3.1. Control method

This work uses PI-PD and FOPI-FOPD controllers to control the RIP system. PI-PD is a 2-DOF theory
achieved by a mathematical model. It has accomplished outstanding closed-loop performance in unstable and
integrated systems [23]. As shown in Figure 4, the PI-PD controller comprises Pl and PD portions. PD is
applied for internal feedback to shift plant poles to appropriate locations, whereas Pl is used for the external
loop to regulate the plant following PD block action. In addition, PI-PD provides additional parameter
adjustment options, hence establishing a flexible control architecture. From Figure 4, PD and Pl may be
represented consecutively as Cpp(s) and Cpi(s), as follows [24], [25]:

Cpp(S) = Kr + Kq(s) (7
Cri($) = Kp + 5 = 2 ®)
From (7)-(8), the control signal (U), which acts on the plant, can be written as:
U=(Ke + %) = (Kf + Kq(s)) )
D
R + + ¥+ Y
Cor(S) [—> Gp(S) >

Fy

Cen(S)

Figure 4. PI-PD control system
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FOPI-FOPD and PI-PD controllers have the same strategy. But the fractional order controller contains
fractional derivative and fractional integral components. Additionally to Kp, K;, Ky, and Kg, there are two more
performance-enhancing parameters (order of differentiator, order of integrator) that give the controller an
additional degree of freedom [26], [27]. The mathematical representation of FOPI and FOPD can be
written as [28], [29]:

Cop(S) = K; + Kys* 0<p<1 (10)

Cor($) = Kp + 5 0<Ac<1 (11)
from (10)-(11), the control signal (U) which acts on the plant can be written as:

U=(Kp + 27) — (Kr + Kygs™) (12)

the previously described FOPI-FOPD will behave as a PI-PD controller when u=1, A=1 [30]. FOPI-FOPD
controller gain should be fine-tuned for optimum performance and stability of the system [31], [32]. This
research utilizes the grey wolf optimizer (GWQO) method to determine the optimal parameters for reducing
errors and achieving robust stability [33], [34]. The integral time absolute error (ITAE) criterion was
implemented as a cost function.

ITAE = [ t|e(t) | dt (13)

3.2. SIMO system design

RIP system is an excellent example of designing a SIMO system methodology. The two loops of
FOPI-FOPD and PI-PD controllers are intended to stabilizing the RIP according to the SIMO structure
technique shown in Figure 5 [35]. This design aims to simultaneously control the rotor arm and the pendulum
rod [36]. The SIMO structure of the RIP system necessitates the designing of two different control units. The
first one regulates the arm, whereas the second handles the pendulum simultaneously [37], [38]. The control
signal which acts on the RIP system can be written as:

Kil Ki2
U=[(Kp: + ST) - (Kf1 + Kd15“1)] - [(KPZ + SW) - (KfZ + Kdzspz)] (14)
FOPI/PD |«
O
Arm + d
Setpoint {
CEEN @“ °
Pendulum
Setpoint FOPI/PD

Figure 5. RIP SIMO controller structure

3.3. Optimization algorithm

Grey wolves’ optimization algorithm approach proposed by Mirjalili et al. [39] distinguishes the four
classes of grey wolves. Alpha (a) is the first class, which is responsible for decision-making and group
leadership. The second class is a beta wolf (B) which advises the alpha. Delta wolf () is the third class, which
provides information to the other classes. The last class is omega wolf (®) [40]. There are three hunting
simulation operations, prey searching, prey encircling, and prey attacking [41]. GWO has been applied to
obtain the controller's parameters' best values in the WNCS. The formulation of the wolves' movement can be
expressed as:
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D, = |¢1.X; —X|, Dg = |C;. X5 —X| =Ds = |C5.X5 — X]| (15)
X, = Xg— A1 (Dg), X, = X5 — A, - (Dg), X3 — X5 — A3 - (Ds) (16)
X(t+1) =2t 17

3

3.4. Proposed Simulation and experimental structure

The block diagram of the WNCS using MATLAB and True-time simulator is illustrated in Figure 6.
The FOPI-FOPD and PI-PD controllers are applied on the RIP to simultaneously control the arm and pendulum
rod. The control and sensor signals are transmitted wirelessly. Time delay might occur in the arrival of the data
packet when it is shared between the controller, actuator, and sensor. These delays may be led to the unaccepted
performance of the WNCS. This necessitates designing a control system capable of reducing the effects of time
delay. This study presents research on minimizing the effect of time delay on wireless network management
via designing an optimal and robust controller.

Two control signals are presented in Figure 6. The first U presents the control signal generated by the
controller on the controller side, which is introduced in equation (14). The other U presents the control signal
transmitted over a wireless network to the plant side with a time delay. At the plant side, the system output
signal denotes by Y and at the controller side, ¥ represents the time delay affected system output signal after
the feedback loop during transmission.

The experimental block diagram is designed using a MATLAB simulator, as shown in Figure 7. Two
PC is used to implement WNCS, the first PC contains the controller side, and the second PC contains the RIP
system side. Two Xbee S; modules, which support ZigBee protocol, have been utilized as coordinator and
router. XCTU software has been used to configure the two ZigBee to make point-to-point network connections.
The first node is set as a coordinator, connected with PCy, and the second node is designated as a router
associated with PC,. These nodes are connected with USB adapters and PCs through USB serial ports.

disturbance
FOPLFOPD\PLPD Truetime wireless
network
TR o
j g il 1 u I ¥
il = 1:2 Da u 0 i=Ac+ Ba
12 D
Arm setpoint 1 y=CreDu —*
I ‘?wu .‘ 9
j.\F Trietime sendar 1 Truetime receiver Rotary inverted pendulum system
L 1 1.2 -
: [ ‘ b
N T Trustime recerver Tastims sender presm—
Pendulum setpoint FOPLEGFDPLTD
controller side plant side

Figure 6. Block diagram of WNCS using MATLAB and true-time simulator
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Data  COMI4 COM3  Daa m 4

Serial Receivel Serial Send 2
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9600
8nane,1 Bnone.1
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Figure 7. WNCS experimental block diagram
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In the implementation of WNCS, as shown in Figure 8, the MATLAB Simulink runs for the two PCs
simultaneously. The control signal is transmitted from the serial sent to the coordinator node through the USB
serial port. The router node is received the control signal from the coordinator, which is sent to the RIP system
from the serial received through the USB serial port. The coordinator node sends and receives the control and
feedback signal. The router node receives the control signal from the coordinator and then sends the feedback
signal, on which the controller depends to improve system performance. 20 meters is considered as a distance
between the two PCs.

Controller side

Control signal

response

node + Adapter node + Adapter

Figure 8. Implementation the WNCS

4. RESULTS AND DISCUSSION

This study has applied multiple time delay durations to the simulation and experiment WNCS. For
each time delay, the system response and ITAE are considered in comparing the performances of the two
controllers. As described previously, RIP system is a SIMO design methodology example. The pendulum
should stay in the vertical position corresponding to the arm's stability. In the case of an unbalanced pendulum,
the controller creates an appropriate control signal to produce a rotating movement that maintains the vertical
position of the pendulum rod. When a time delay occurs while transmitting the control signal, the system
actuator doesn't completely receive the supplied signal from the controller. This causes a number of
disturbances in the system, and when time delays increase, the system may become unstable. The proposed
controllers were applied to the RIP to regulate the pendulum rod's upright position. A unit step was provided
as a reference input for both controllers at the arm. The same parameters are utilized for both controllers for a
fair comparison, including extra fractional order controller parameters (u and X) to improve the system
performance when time delay happens. Figure 9 illustrates the simulation and experimental results of the
control signal for both controllers, which were transmitted over a wireless network.

Figures 10(a) and 10(b) illustrate the time response of the pendulum and the arm angles when applied
the two controllers over a wireless network without time delay. In Figures 11(a)-11(d) the results showed that
the fractional order controller is better than the integer order controller by minimizing the time delay impact
produces over the wireless network. The improving ratio of the error of using the FOPI-FOPD controller
without time delay is 38.135%, and with 10ms time delay is 41.457%, but after applying 15ms delay, the
system goes to an unstable state when using the PI1-PD controller, whereas the system stability achieved within
two seconds when applying the FOPI-FOPD controller. From Figures 11(a)-11(d), we can notice that the
proposed controller could handle time delays that occur through sending and receiving the signal over a
wireless network, leading to more reliability for WNCS. Table 2 states the influence of increasing the time
delay on the ITAE in both the FOPI-FOPD and PI-PD controllers for simulation and experiment cases.

Table 2. ITAE with and without time delay

WNCS ITAE without delay  ITAE with 10 ms delay  ITAE with 15 ms delay
Simulation FOPI-FOPD 0.2203 0.2258 0.2287
Experiment FOPI-FOPD 0.2289 0.2332 0.2515
Simulation PI-PD 0.3561 0.3857 2.6291
Experiment PI-PD 0.3677 0.3959 2.8870
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Figure 10. Simulation and experiment results of WNCS (a) pendulum angle and (b) arm angle
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Figure 11. Simulation and experiment results of WNCS with time delay: (a) pendulum angle with 10 ms time
delay, (b) pendulum angle with 15 ms time delay, (c) arm angle with 10 ms time delay, and (d) arm angle
with 15 ms time delay

5. CONCLUSION

Reducing the effect of the time delay during the transmission of the control signal is essential to
maintaining the system's stability to be controlled wirelessly, which leads to more reliability for the WNCS. In
this work, two controllers have been applied to the RIP over a wireless network to reduce the time delay effect
on the system performance. A time delay of 0 to 15 seconds is considered at the time delay effect cancellation
test. The simulation results proved that the FOPI-FOPD controller is more effective than the PI-PD controller
in handling the influence of time delay on system stabilization. Validation of the results was accomplished
experimentally, and verified the simulation stats. Also, FOPI-FOPD is superior to the PI-PD controller in
decreasing the oscillation of the arm and pendulum rod, which occurs due to time delay.

REFERENCES

[1] A.W. Al-Dabbagh and T. Chen, “Design considerations for wireless networked control systems,” IEEE Transactions on Industrial
Electronics, vol. 63, no. 9, pp. 5547-5557, Sep. 2016, doi: 10.1109/T1E.2016.2564950.

[2]  P.Park, S. Coleri Ergen, C. Fischione, C. Lu, and K. H. Johansson, “Wireless network design for control systems: a survey,” IEEE
Communications Surveys & Tutorials, vol. 20, no. 2, pp. 978-1013, 2018, doi: 10.1109/COMST.2017.2780114.

[3] C. Portillo, J. Martinez-Bauset, and V. Pla, “Modelling of S-MAC for Heterogeneous WSN,” in 2018 9th IFIP International
Conference on New Technologies, Mobility and Security (NTMS), Feb. 2018, pp. 1-6, doi: 10.1109/NTMS.2018.8328705.

[4] V. C. Gungor and G. P. Hancke, “Industrial wireless sensor networks: Challenges, design principles, and technical approaches,”
IEEE Transactions on Industrial Electronics, vol. 56, no. 10, pp. 4258-4265, Oct. 2009, doi: 10.1109/TIE.2009.2015754.

Int J Pow Elec & Dri Syst, Vol. 14, No. 2, June 2023: 852-862



Int J Pow Elec & Dri Syst ISSN: 2088-8694 a 861

[5]
[6]

[71

(8]

[9]

[10]
[11]
[12]
[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]
[22]
[23]
[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

A.J. Humaidi, S. K. Kadhim, M. E. Sadiq, S. J. Abbas, A. Q. Al-Dujaili, and A. R. Ajel, “Design of optimal sliding mode control
of pam-actuated hanging mass,” ICIC Express Letters, vol. 16, no. 11, pp. 1193-1204, 2022, doi: 10.24507/icicel.16.11.1193.

H. C. Yi, C. J. An, and J. Y. Choi, “Compensation of time-varying delay in networked control system over Wi-Fi network,”
International Journal of Computers, Communications and Control, vol. 12, no. 3, pp. 415-428, 2017, doi:
10.15837/ijccc.2017.3.2617.

J. Ma, K. Liu, S. Sun, and G. Yang, “Design and simulation of large delay wireless network control system,” in 2018 Eighth
International Conference on Instrumentation & Measurement, Computer, Communication and Control (IMCCC), Jul. 2018, pp.
217-220, doi: 10.1109/IMCCC.2018.00053.

R. Abdul-Hussain and O. A. Awad, “Studying the effect of sampling time and network load on wireless networked control systems,”
Journal of Al-Qadisiyah for Computer Science and Mathematics, vol. 11, no. 3, pp. 3142, 2019, [Online]. Available:
http://qu.edu.ig/journalcm/index.php/journalcm/article/view/604%0Ahttps://qu.edu.ig/journalcm/index.php/journalcm/article/dow
nload/604/451.

Y. Shi, J. Wang, X. Fang, Y. Huang, and S. Gu, “Robust mixed H2/Heo control for an uncertain wireless sensor network systems
with time delay and packet loss,” International Journal of Control, Automation and Systems, vol. 19, no. 1, pp. 88-100, Jan. 2021,
doi: 10.1007/s12555-018-0508-9.

I. A. A. Hasan and A. A. Osama, “An optimized fuzzy logic controller for wireless network control system using PSO,” Iraqi
Journal of Information and Communication Technology, vol. 5, no. 1, pp. 1-15, Apr. 2022, doi: 10.31987/ijict.5.1.180.

W. Zhang, J. Bae, and M. Tomizuka, “Modified preview control for a wireless tracking control system with packet loss,”
IEEE/ASME Transactions on Mechatronics, vol. 20, no. 1, pp. 299-307, Feb. 2015, doi: 10.1109/TMECH.2013.2297151.

V. A. Q. Nguyen and M. Yoo, “Packet loss compensation for control systems over industrial wireless sensor networks,”
International Journal of Distributed Sensor Networks, vol. 11, no. 8, p. 256757, Aug. 2015, doi: 10.1155/2015/256757.

M. J. Marie, G. A. Al-Suhail, and S. Al-Majeed, “Client-server based wireless networked control system,” in 2016 IEEE East-West
Design & Test Symposium (EWDTS), Oct. 2016, pp. 1-7, doi: 10.1109/EWDTS.2016.7807627.

Z. Wang and S. Fukushima, “Control strategy for networked control systems with time delay and packet dropout using linear matrix
inequalities,” EURASIP Journal on Wireless Communications and Networking, vol. 2020, no. 1, p. 42, Dec. 2020, doi:
10.1186/513638-019-1556-4.

D. H. Vu, S. Huang, and T. D. Tran, “Hierarchical robust fuzzy sliding mode control for a class of simo under-actuated systems
with mismatched uncertainties,” TELKOMNIKA (Telecommunication Computing Electronics and Control), vol. 17, no. 6, p. 3027,
Dec. 2019, doi: 10.12928/telkomnika.v17i6.13176.

Q. Inc., Rotary pendulum workbook. 2011.

M. A. Hasan, A. A. Oglah, and M. J. Marie, “Packet loss compensation over wireless networked using an optimized FOPI-FOPD
controller for nonlinear system,” Bulletin of Electrical Engineering and Informatics, vol. 11, no. 6, pp. 3176-3187, Dec. 2022, doi:
10.11591/eei.v11i6.4345.

V. Sirisha and A. S. Junghare, “A comparative study of controllers for stabilizing a rotary inverted pendulum,” International Journal
of Chaos, Control, Modelling and Simulation, vol. 3, no. 1/2, pp. 1-13, Jun. 2014, doi: 10.5121/ijccms.2014.3201.

M. Akhtaruzzaman and A. A. Shafie, “Modeling and control of a rotary inverted pendulum using various methods, comparative
assessment and result analysis,” in 2010 IEEE International Conference on Mechatronics and Automation, Aug. 2010, no. April
2014, pp. 1342-1347, doi: 10.1109/ICMA.2010.5589450.

Z. K. Hussein, H. J. Hadi, M. R. Abdul-Mutaleb, and Y. S. Mezaal, “Low cost smart weather station using Arduino and ZigBee,”
TELKOMNIKA (Telecommunication Computing Electronics and Control), vol. 18, no. 1, p. 282, Feb. 2020, doi:
10.12928/telkomnika.v18i1.12784.

Z. Jabbar and R. Kawitkar, “Implementation of smart home control by using low cost Arduino & Android design,” Int. J. Res.
Trends Innov., vol. 1, no. 2, p. 1, 2016, doi: 10.17148/IJARCCE.2016.5250.

T. Adiono, S. F. Anindya, S. Fuada, and M. Y. Fathany, “Curtain control systems development on mesh wireless network of the
smart home,” Bulletin of Electrical Engineering and Informatics, vol. 7, no. 4, pp. 615-625, Dec. 2018, doi: 10.11591/eei.v7i4.1199.
L. Kaya, “A PI-PD controller design for control of unstable and integrating processes,” ISA Transactions, vol. 42, no. 1, pp. 111—
121, Jan. 2003, doi: 10.1016/S0019-0578(07)60118-9.

M. M. Ozyetkin, C. Onat, and N. Tan, “PI-PD controller design for time delay systems via the weighted geometrical center method,”
Asian Journal of Control, vol. 22, no. 5, pp. 1811-1826, Sep. 2020, doi: 10.1002/asjc.2088.

N. Tan, “Computation of stabilizing PI-PD controllers,” International Journal of Control, Automation and Systems, vol. 7, no. 2,
pp. 175-184, Apr. 2009, doi: 10.1007/s12555-009-0203-y.

G. L. Raja and A. Ali, “New PI-PD controller design strategy for industrial unstable and integrating processes with dead time and
inverse response,” Journal of Control, Automation and Electrical Systems, vol. 32, no. 2, pp. 266-280, Apr. 2021, doi:
10.1007/s40313-020-00679-5.

M. M. Ozyetkin, “A simple tuning method of fractional order PIL-PDyu controllers for time delay systems,” ISA Transactions, vol.
74, pp. 77-87, Mar. 2018, doi: 10.1016/j.isatra.2018.01.021.

A. A. Oglah and M. M. Msallam, “Real-time implementation of fuzzy logic controller based on chicken swarm optimization for the
ball and plate system,” International Review of Applied Sciences and Engineering, vol. 13, no. 3, pp. 263-271, Oct. 2022, doi:
10.1556/1848.2021.00360.

K. Bingi, R. Ibrahim, M. N. Karsiti, and S. M. Hassan, “Fractional-order PI-PD control of real-time pressure process,” Progress in
Fractional Differentiation and Applications, vol. 6, no. 4, pp. 289-299, Oct. 2020, doi: 10.18576/pfda/060406.

Y. Ahmed, A. Hoballah, E. Hendawi, S. Al Otaibi, S. K. Elsayed, and N. 1. Elkalashy, “Fractional order PID controller adaptation
for PMSM drive using hybrid grey wolf optimization,” International Journal of Power Electronics and Drive Systems (IJPEDS),
vol. 12, no. 2, p. 745, Jun. 2021, doi: 10.11591/ijpeds.v12.i2.pp745-756.

B. K. Dakua and B. B. Pati, “PIA-PDp controller for suppression of limit cycle in fractional-order time delay system with
nonlinearities,” in 2021 1st Odisha International Conference on Electrical Power Engineering, Communication and Computing
Technology(ODICON), Jan. 2021, pp. 1-6, doi: 10.1109/0DICON50556.2021.9428971.

M. Peram, S. Mishra, M. Vemulapaty, B. Verma, and P. K. Padhy, “Optimal PI-PD and I-PD controller design using cuckoo search
algorithm,” in 2018 5th International Conference on Signal Processing and Integrated Networks (SPIN), Feb. 2018, pp. 643-646,
doi: 10.1109/SPIN.2018.8474214.

S. M. Mahdi, N. Q. Yousif, A. A. Oglah, M. E. Sadig, A. J. Humaidi, and A. T. Azar, “Adaptive synergetic motion control for
wearable knee-assistive system: a rehabilitation of disabled patients,” Actuators, vol. 11, no. 7, p. 176, Jun. 2022, doi:
10.3390/act11070176.

S. Y. Yousif and M. J. Mohamed, “Design of robust FOPI-FOPD controller for maglev system using particle swarm optimization,”
Engineering and Technology Journal, vol. 39, no. 4A, pp. 653-667, Apr. 2021, doi: 10.30684/etj.v39i4A.1956.

Time delay effect reduction on the wireless networked control system ... (Muhannad Ali Hasan)



862

a ISSN: 2088-8694

[35]

[36]

[37]

[38]

[39]

[40]

[41]

H. L. Ali and R. M. Naji, “Optimal and robust tuning of state feedback controller for rotary inverted pendulum,” Engineering and
Technology Journal, vol. 34, no. 15, pp. 2924-2939, 2016, doi: 10.30684/etj.34.15a.13.

S. Gopikrishnan, A. A. Kesarkar, and N. Selvaganesan, “Design of fractional controller for cart-pendulum SIMO system,” in 2012
IEEE International Conference on Advanced Communication Control and Computing Technologies (ICACCCT), Aug. 2012, pp.
170-174, doi: 10.1109/ICACCCT.2012.6320764.

A. Ghaliba and A. Oglah, “Design and implementation of a fuzzy logic controller for inverted pendulum system based on
evolutionary optimization algorithms,” Engineering and Technology Journal, vol. 38, no. 3A, pp. 361-374, Mar. 2020, doi:
10.30684/etj.v38i3A.400.

F. Peker and 1. Kaya, “Identification and real time control of an inverted pendulum using PI-PD controller,” in 2017 21st
International Conference on System Theory, Control and Computing (ICSTCC), Oct. 2017, pp. 771-776, doi:
10.1109/ICSTCC.2017.8107130.

S. Mirjalili, S. M. Mirjalili, and A. Lewis, “Grey wolf optimizer,” Advances in Engineering Software, vol. 69, pp. 46-61, Mar.
2014, doi: 10.1016/j.advengsoft.2013.12.007.

H. Al-Khazraji, “Optimal design of a proportional-derivative state feedback controller based on meta-heuristic optimization for a
quarter car suspension system,” Mathematical Modelling of Engineering Problems, vol. 9, no. 2, pp. 437-442, Apr. 2022, doi:
10.18280/mmep.090219.

A. H. Sule, A. S. Mokhtar, J. J. Bin Jamian, A. Khidrani, and R. M. Larik, “Optimal tuning of proportional integral controller for
fixed-speed wind turbine using grey Wolf optimizer,” International Journal of Electrical and Computer Engineering, vol. 10,
no. 5, pp. 5251-5261, 2020, doi: 10.11591/1JECE.V1015.PP5251-5261.

BIOGRAPHIES OF AUTHORS

Muhannad Ali Hasan Bl 2 received a B.Sc. degree in Control and System
Engineering from the University of Technology, Baghdad, Irag in 2004 and 2008
respectively. Currently, he is studying M.Sc. in control and systems engineering department
at University of Technology, Irag. He is interested in wireless network control system study
and research. He can be contacted at email: cse.20.30@grad.uotechnology.edu.iq.

Ahmed Alaa Oglah F:4 B8  received his B.Sc. and M.Sc. degrees in Control engineering

\ from Al-Rasheed College of Engineering and Science, University of Technology, Iraqg, in

1998 and 2004, respectively. He received his Ph.D. from the University of Basrah in 2015

: : with a specialization in control and computers. He is presently the assistant professor of the
computer engineering branch at the Control and Systems Engineering Department at the

’ University of Technology. His field of interests includes intelligent control systems,

— nonlinear control systems, robotics, computer networks, image processing, digital systems
design, real-time systems, and optimization techniques. He can be contacted at email:
o3

d Ahmed.A.Oglah@uotechnology.edu.ig.
d_ A

Mehdi Jelo Marie = E:J B8 ©was born in Baghdad, Iraq in 1970. He received his Bachelor's
(1993), Master's (2004) Degrees from University of Technology (Iraq) and Ph. D. from the

- ™ University of Basrah (2014). He has been a lecturer of Control Theory I, 1I, Electrical
‘ 4 Networks, Advanced Electronics and Soft Computing Techniques (2014-2017) at the Al-
&~ Nahrain University, Department of Computer Engineering. He is currently a Senior Engineer

at Al-Zawraa State Company, Ministry of Industry and Minerals (Iraq). He has achieved over
11 Journal articles and 9 conference papers in the field of control engineering and systems.

> v He can be contacted at email: mehdijelo@gmail.com.

Int J Pow Elec & Dri Syst, Vol. 14, No. 2, June 2023: 852-862


mailto:Ahmed.A.Oglah@uotechnology.edu.iq
https://orcid.org/0000-0001-9655-2085
https://scholar.google.com/citations?user=zykepuIAAAAJ&hl=en&authuser=1
https://www.scopus.com/authid/detail.uri?authorId=57913537000
https://www.webofscience.com/wos/author/record/32297802
https://orcid.org/0000-0002-7692-7908
https://scholar.google.com/citations?user=mZlBa0IAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57212607046
https://www.webofscience.com/wos/author/record/AEW-7387-2022
https://orcid.org/0000-0002-2474-1781
https://scholar.google.com/citations?user=5-34CIQAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57214042549
https://www.webofscience.com/wos/author/record/32406276

