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Abstract 

Due to climate change, it has become important to shift from conventional 

generation sources to new renewable energy production. Power systems are 
becoming more susceptible to issues with low inertia as a result of increased rates 

of reliance on renewable energy sources (RESs). Fractional order has recently 
attracted a lot of interest and investigation. As a result, dynamic systems and 

controllers with fractional order (FO) are becoming more popular. The 

responsiveness and stability of the load frequency control (LFC) system are 
enhanced in this article using FO controllers. The performance of the proposed 

fractional order proportional-integral-derivative (FOPID) controller is compared 
against the conventional proportional-integral-derivative (PID) controller. The 

optimal gain values of the two controllers will be optimized utilizing the marine 
predator optimization algorithm (MPA), and a performance comparison was 

carried out with several objective functions. After comparing the settling times, 
overshoot, undershoot, oscillation of frequency deviation, and tie-line power of the 

single and dual-area hybrid power systems (SAHPS & DAHPS), it is 

possible to conclude that, in the occurrence of load disturbance changes and the 
widespread use of RESs, the suggested FOPID controller performs more 

effectively and is more robust than the conventional controller. It minimized 
the ISE after 32 iteration with 83.73%, IAE with 75%, ITSE with 93.77%, and ITAE 

with 83.58% compare to the PID controller at load variation. 
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1. Introduction 

1.1. Overview 

The world’s governments have set high goals for the replacement of conventional fossil fuel sources 

with renewable energy sources (RESs) as a result of climate change [1]. In recent years, enormous wind 

Nomenclature 

Δf1        Frequency deviation of the area 1 

Δf2        Frequency deviation of the area 2 

Di        Damping factor of  two area  

Hi        Inertia constant of  two area 

Ri        Droop constant of two area 

Bi        Frequency bias value of two area 

ΔPH, ΔPRth, ΔPPV, ΔPW   Power generations of hydro, thermal, PV and wind plant 

ΔPtie     Tie-line power flow between the two-area 

Tgh        Speed governor time constant of hydro turbine 

Trh            Transient droop time constant of hydro turbine speed governor 

Trs         Speed governor reset time of the hydro turbine 

TW            Nominal string time of water in penstock 

Tr           Time constant of reheater steam turbine 

Tsg        Governor time constant of thermal plan 

Kr             Gain of reheater steam turbine 

TWT, TPV       Time constant of wind and PV 

KWT, KPV       Gain of wind and PV 

KP, Ki, Kd        Proportional, integral and differential gains for PID controller 

LFC             load frequency control 

MPA           Marine Predator Algorithm 

λ , µ           Fractional order of  integration and  differentiation operator 

IAE             Integral-absolute error 

ISE              Integral-squared error 

ITAE           Integral-time absolute error 

ITSE           Integral time-squared error 
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and solar (PV) power plants have been put into operation [2]. However, RESs have a weak inertial 

response because of their structural design that is dependent on power electronics. Power networks are 

susceptible to frequency fluctuations because renewable energy sources (RESs) are intermittent. These 

fluctuations can have severe consequences, such as a complete or partial power system shutdown [3]. 

Furthermore, variations in the required load and the generation power mismatches between loading and 

generation cause fluctuation of frequency and variations in tie power from their specified parameters. 

As a result, load frequency control (LFC) has emerged as a critical component for ensuring the reliable 

and secure operation of electrical networks [4]. The LFC is vital for ensuring the equilibrium of both 

isolated and linked power systems during fluctuations in load and RESs variations. In power systems, 

frequency regulation often involves two distinct control loops. The first loop is modeled by the principal 

control loop, which controls the speed governor. However, the power system’s changes cannot be 

contained or overcome by the primary control loop. The secondary control loop, on which the second 

loop is built, primarily aids in managing frequency changes and fluctuations in linked power throughout 

the various electrical network zones [5, 6]. 

 

1.2.  Literature Review 

The PID controller is well-known and often utilized. Due to their ease of 

implementation, ease of parameter adjustment, and widespread use in power system 

control applications. This controller is frequently employed to lessen steady-state error, 

boost stability, and attenuate system oscillations [7, 8]. Since the power of the integral 

or derivative in these controllers is one, these controllers are of integer order (IO). LFC 

systems primarily employ straightforward PI controllers and I controllers, whose 

parameters are typically set using conventional control theory or attempt and error 

methods. Although the I controller has zero stable-state frequency variation, its 

dynamic performance is weak. In a linked network electric system, the fundamental 

approaches to controller design are ineffective for achieving high dynamic flexibility 

under various load change situations and disruptions. Many methods, including robust 

control, have been presented by authors to support system frequency stability [9, 10, 

11].  Variable architecture control [12, 13], and optimizing a proportional-integral-

derivative (PID) controller using several techniques [14, 15, 16]. In [15], the authors 

determined the PID controller’s ideal gains for enhancing the system’s frequency using 

a genetic algorithm (GA). The two-degree-of-freedom (2DOF)-PID controller’s 

parameters were optimized in [17] using teaching-learning optimization. In [18], to 

determine the ideal PID controller values, the bacterial foraging optimizer (BFO) was 

used. To determine the PID controllers’ ideal settings, numerous methods were 

employed, such as the grey wolf optimizer (GWO) [19], Jaya approach [20], 

equilibrium optimization algorithm (EOA) [21], and the linear-quadratic-Gaussian 

technique [22].  Several control theories have been employed to determine the values 

of LFC in connected electrical networks. PID controller values have been developed 

in [23] using the stability boundary locus (SBL) technique. Additionally, it has been 

applied in [24] to improve the LFC of the micro grid at different communication time 

delays. Moreover, PI values are optimized via Harris Hawks optimization (HHO) in 

[25]. These controllers are straightforward fixes, but they are unable to completely 

reduce the disturbances in the electrical network system. Fractional order control has 
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become a very effective algorithm for systems operating in unpredictable 

environments in recent years. 

 

1.3. Contributions 

The contributions made in the current article can be summed up as follows: 

• A proposal for FOPID is introduced in this article for LFC in SAHPS & 

DAHPS, with the controller equipped in every region for reducing the 

frequency and interchange power variations. 

• In this proposal, five parameters must be improved to attain the best FOPID 

performance, and an optimization technique called MPA is utilized to obtain 

the ideal gains of the suggested controller settings. 

• The efficacy, robustness, and dominance of the proposed FOPID-based MPA 

over the traditional PID are examined in relation to load disturbances, 

parameter uncertainties, and strong penetration of RESs effects. 

2.  MATHEMATICAL MODEL REPRESENTATION 

Load frequency regulation in power systems has been a significant problem during disturbances in 

load demand and reliance on RESs. In this section, various PS models are constructed and studied to 

assess the performance of the study proposal.  Among those are SAHPS and DAHPS, in each of the two 

cases of study incorporating the effect of RESs. In the event of unfavorable circumstances, like changes 

in parameters and load uncertainties, the control unit monitors the system frequency and tied power 

perversion and attempts to return the system to its normal operating state. Fig. 1 and Fig. 2 depict the 

schematic models of SAHPS and DAHPS, respectively, for the proposed system. The theoretical values 

for the suggested system SAHPS & DAHPS are listed in Appendix A [26,27,28] at the bottom of the 

paper. 

2.1.  MODELLING OF SAHPS 

The tested SAHPS is composed of a reheat thermal generation, a hydropower 

generation, and RESs consisting of a photovoltaic PV solar plant and a wind plant. 

The transfer function of individual blocks in each power plant unit is explained as 

follows: 

Thermal Plant 

                                                     𝐺𝑡ℎ𝑅
(𝑠)

=
𝑠𝐾𝑟𝑇𝑟 + 1

𝑠𝑇𝑟 + 1
                                                                      (1) 

                                                      𝐺𝑡ℎ𝐺
(𝑠)

=
1

𝑠𝑇𝑖 + 1
                                                                           (2) 
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where, 𝐺𝑡ℎ𝑅
(𝑠) refers to governor turbine, and 𝐺𝑡ℎ𝐺

(𝑠) refers to reheat turbine of the 

thermal power plant 

Hydraulic Plant 

                                                          𝐺ℎ𝑦𝐺
(𝑠)

=
1

𝑠𝑇𝑔ℎ + 1
                                                                       (3) 

                                                         𝐺ℎ𝑦𝐷
(𝑠)

=
𝑠𝑇𝑟𝑠 + 1

𝑠𝑇𝑟ℎ + 1
                                                                       (4) 

                                                     𝐺ℎ𝑦𝑃
(𝑠)

=
−𝑠𝑇𝑤 + 1

0.5𝑠𝑇𝑤 + 1
                                                                   (5) 

where, 𝐺ℎ𝑦𝐺
(𝑠) refers to governor turbine,𝐺ℎ𝑦𝐷

(𝑠) refers to drop compensation, and 

𝐺ℎ𝑦𝑃
(𝑠) refers to penstock turbine of the hydro power plant. 

PV solar plant 

Temperature and sunshine intensity determine how much electricity may be generated 

from photovoltaic cells at any one time [29,30]. The first-order transfer function of PV 

is given below [31] : 

                                        𝐺𝑃𝑉(𝑠) =
𝐾𝑃𝑉

𝑇𝑃𝑉𝑠 + 1
                                                                  (6) 

where, 𝐾𝑃𝑉 denote the PV gain, while 𝑇𝑃𝑉 denote PV time constant. 

Wind plant 

The mechanical power production of a wind turbine (WT) system is highly variable 

because wind speed is intermittent. The WT dynamic response model can be 

demonstrated using a first-order transfer function, as seen in [32]: 

                                 𝐺𝑊𝑇(𝑠) =
𝐾𝑊𝑇

𝑇𝑊𝑇𝑠 + 1
                                                                (7) 
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Figure 1: Model of studied SAHPS [28]. 

 

2.2.  MODELLING OF DAHPS 

  The LFC model on which the test has been executed is a DAHPS. The model includes 

a thermal and a hydro generation with RESs for each area. Through a tie line that 

connects the dual areas, electricity can flow between the connected areas. For a dual 

area system, the area control error for region 1 (ACE1) and region 2 (ACE2) is given 

by 
                                       𝐴𝐶𝐸1 = 𝛥𝑃𝑡𝑖𝑒,1 + 𝐵1 𝛥𝑓1                                                            (8) 

                                        𝐴𝐶𝐸2 = −𝛥𝑃𝑡𝑖𝑒,2 + 𝐵1 𝛥𝑓2                                                          (9) 

where, 𝛥𝑃𝑡𝑖𝑒,1, and 𝛥𝑃𝑡𝑖𝑒,2 are the tie-line for region 1 and region 2, respectively. while 

(𝐵1), and (𝐵2) are the frequency bias coefficient for region 1 and region 2, 

respectively.(𝐵1), and (𝐵2) are given by 

                                     𝐵1 = 𝐷1   +
1

𝑅1
                                                                    (10) 

                                      𝐵2 = 𝐷2  +
1

𝑅2
                                                                    (11) 
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Figure 2: Model of studied DAHPS [28]. 

 

2.3.  Proposed FOPID Controller 

  Many power system research proposals use integer control methods for linear 

frequency control (LFC) in the literature. The PID has been utilized extensively in the 

literature to address problems with frequency stability. The PID structure’s transfer 

function is shown as follows [27,28]: 

                                        C(S) =
𝑌(𝑆)

𝑅(𝑆)

= 𝐾p  +
𝐾𝑖

𝑆
+ 𝐾d𝑆                                                        (12)        

where the principal gains for the integral, proportional, and derivative components are, 

respectively, 𝐾𝑖, 𝐾𝑝, and 𝐾𝑑. Furthermore, the unique fractional order FO/PID structure 

is obtained by combining the advantages of the PID scheme and the FO calculus. The 

transfer function mentioned below can be used to represent this FO/PID controller 

[27,28]: 
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C(S) =
𝑌(𝑆)

𝑅(𝑆)
= 𝐾p   +

𝐾𝑖

𝑆𝜆
+ 𝐾d𝑆µ                                                       (13) 

where, 𝜆 and 𝜇 denote to the exponential terms for the integral, and derivative factors, 

respectively. 

3. Objective Function and Tunning Process 

In this paper, the ideal gains in the suggested and conventional controllers are found 

using the MPA. The optimization process’s function must keep the frequency deviations’ 

minimal values constant in case of a single area (𝛥𝑓1), while in case of a dual area (𝛥𝑓1) 

of region 1 and (𝛥𝑓2) in region 2 additionally to reduced parameters of the tied power 
(𝛥𝑃𝑡𝑖𝑒).The proposed optimization procedure employs the integral-squared error (ISE), 

integral time-squared error (ITSE), integral absolute error (IAE), and integral time 

absolute error (ITAE), four commonly used techniques for estimating errors. Based on 

the intended constraints and requirements, the effectiveness and supremacy of the 

suggested controller and the conventional controller are evaluated using the four 

techniques. They are shown as follows: For DAHPS: - 

𝐼𝑆𝐸 = ∫ (
𝑡𝑠

0

(𝛥𝑓1)2 + (𝛥𝑓2)2 + (𝛥𝑃𝑡𝑖𝑒)2) 𝑑𝑡                                                    (14) 

𝐼𝑇𝑆𝐸 = ∫ (
𝑡𝑠

0

(𝛥𝑓1)2 + (𝛥𝑓2)2 + (𝛥𝑃𝑡𝑖𝑒)2) 𝑡. 𝑑𝑡                                               (15) 

𝐼𝐴𝐸 = ∫ (
𝑡𝑠

0

𝑎𝑏𝑠(𝛥𝑓1) + abs(𝛥𝑓2) + 𝑎𝑏𝑠(𝛥𝑃𝑡𝑖𝑒)) 𝑑𝑡                                       (16) 

𝐼𝑇𝐴𝐸 = ∫ (
𝑡𝑠

0

𝑎𝑏𝑠(𝛥𝑓1) + 𝑎𝑏𝑠(𝛥𝑓2) + 𝑎𝑏𝑠(𝛥𝑃𝑡𝑖𝑒)) 𝑡. 𝑑𝑡                                  (17) 

The results of the restricted evaluation of the efficiency indicator are the optimal values 

for PID controller gains. The controller gains’ lower and upper bounds are the 

limitations. The following is an expression of the optimization issue: 

𝐾𝑃
𝑚𝑖𝑛 ≤ 𝐾𝑃 ≤ 𝐾𝑃

𝑚𝑎𝑥

𝐾𝑖
𝑚𝑖𝑛 ≤ 𝐾𝑖 ≤ 𝐾𝑖

𝑚𝑎𝑥

𝐾𝑑
𝑚𝑖𝑛 ≤ 𝐾𝑑 ≤ 𝐾𝑑

𝑚𝑎𝑥

                                                                     (18) 

The optimal values for FOPID controller gains. The following is an expression of the optimization issue: 

𝐾𝑃
𝑚𝑖𝑛 ≤ 𝐾𝑃1 , 𝐾𝑃2𝑃 ≤ 𝐾𝑃

𝑚𝑎𝑥

𝐾𝑖
𝑚𝑖𝑛 ≤ 𝐾𝑖1 , 𝐾𝑖2𝑃 ≤ 𝐾𝑖

𝑚𝑎𝑥

𝐾𝑑
𝑚𝑖𝑛 ≤ 𝐾𝑑1, 𝐾𝑑2 ≤ 𝐾𝑑

𝑚𝑎𝑥

𝜆𝑚𝑖𝑛 ≤ 𝜆1, 𝜆2 ≤ 𝜆𝑚𝑎𝑥

𝜇𝑚𝑖𝑛 ≤ 𝜇1, 𝜇2 ≤ 𝜇𝑚𝑎𝑥

                                                                (19) 

Where the limitations for various adjusted controllers are contained within the specified 

upper bounds as max and lower parameters of control gains as min. The smallest 

parameters of control gains (𝐾𝑖
𝑚𝑖𝑛 , and 𝐾𝑑

𝑚𝑖𝑛 ) are at zero values, and their maximum 



 

(ASWJST / Volume 4, issue 4/ December 2024)                                                                               P a g e   59 

 

 

 

(ASWJST 2021/ printed ISSN: 2735-3087 and on-line ISSN: 2735-3095)        https://journals.aswu.edu.eg/stjournal 

(𝐾𝑖
𝑚𝑎𝑥, and 𝐾𝑃

𝑚𝑎𝑥) values are adjusted at 5. Whereas (𝜆𝑚𝑖𝑛, and 𝜇𝑚𝑖𝑛) are set at zeros, and 

(𝜆𝑚𝑎𝑥, and 𝜇𝑚𝑎𝑥) are utilized at the value of 1. For SAHPS and DAHPS cases, Tables 1 

and 2 list the optimal gain parameters of the proposed FOPID and PID controller utilizing 

the MPA technique.  Additionally,Table 3 shows the objective function values through the 

use of the two different controllers, PID and FOPID, in the cases of ISE, IAE, ITSE, and 

ITAE. 

 

                                Table 1: Gains values of two controllers for SAHPS by using MPA 

 

                               Table 2: Gains values of two controllers for DAHPS by using MPA 

 

 

3.1. The Principle Operation of Marine Predator Algorithm (MPA) 

  The freshly built MPA optimizer serves as the foundation for the suggested design procedure. 

The MPA is applied to ideal establish the different variables of the FOPID and PID controllers. 

The MPA is a contemporary method inspired by the efficient movements of marine predators while 

they search for prey. One wonderful feature of MPA is that both predators and prey are regarded as 

search members [33]. The common methods for determining the predator’s movement strategy are 

Levy and Brownian based movements [33]. The prey-to-predator speed ratio is a crucial factor in 

the MPA algorithm, transitioning the optimization process between phases. The primary steps in the 

MPA workflow, which is displayed in Fig. 3, are as follows: 

 1) Initialization process: Two models of mathematics are built: the Elite and the Prey. 

The Prey model uses variable random places that are uniformly dispersed over the proposed area.  

Meanwhile, the placement vector with the preferable fitness function is iterated by Elite 

mathematical modeling. 

 2) Phase no.1 (the first one-third of the repetitions): In this instance, the predator remains still 

while the prey moves utilizing the Brownian method. Wherein,  the prey use equations to update 

their positions according to the following relations (20) and (21) [33]: 

𝑆i = 𝑅B × (𝐸𝑙𝑖𝑡𝑒i − 𝑅B × 𝑍i), 𝑖 = 1,2, … , 𝑛                                             (20) 

𝑍i = 𝑍i + 0.5𝑅 × 𝑆i                                                                   (21) 

where 𝑆𝑖 represents step size, whereas 𝑅𝐵 symbolizes the Brownian motion vector, and 

𝑅 is random number vector among [0,1]. 
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3) Phase no.2 (the second one third of repetitions): Wherein the prey uses Levy’s motion and the 

predator utilizes Brown’s motion. Two subsections, the first of which uses (22) and   the second of 

which uses (23), depict the population at this point. On the other hand, the following positions are updated in 

the second subsection using (24) and (25): In [34], the MPA’s concepts and its operation are presented using 

mathematical models: 

   

𝑆i = 𝑅L × (𝐸𝑙𝑖𝑡𝑒i − 𝑅L × 𝑍i), 𝑖 = 1,2, . . . , 𝑛/2                                        (22) 

𝑍i = 𝑍i + 0.5𝑅 × 𝑆i                                                                   (23) 

where, 𝑅𝐿 is the indiscriminate value according to Lévy’s motion distribution. 

𝑆i = 𝑅B × (𝑅B × 𝐸𝑙𝑖𝑡𝑒i − 𝑍i), 𝑖 = 1,2, . . . , 𝑛/2                                         (24) 

𝑍i = 𝐸𝑙𝑖𝑡𝑒i + 0.5𝐶𝐹 × 𝑆i                                                           (25) 

where, 

𝐶𝐹 = (1 −
𝑡

𝑡max

)
2

𝑡

𝑡max
                                                                (26) 

where,𝐶𝐹  is step size of predator, whereas 𝑡  and 𝑡max  are the current and maximum 

values for repetitions. 

4) Phase no.3 (l a s t  one-third of the repetitions): in this stage, Levy’s motion is used by the 

Predator, and (27) and (28) [29] are used to update the Prey. 

𝑆i = 𝑅L × (𝑅L × 𝐸𝑙𝑖𝑡𝑒i − 𝑍i), 𝑖 = 1,2, . . . , 𝑛                                               (27) 

𝑍i = 𝐸𝑙𝑖𝑡𝑒i + 0.5𝐶𝐹 × 𝑆i                                                           (28) 

5) Finishing process: At the end of each repetition, the preferable position is retained in 

the Elite model, which presents the preferable position at the conclusion of each 

repetition. 
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Initialization  Process

Randomly produce positions and build the two models of 

mathematics, the Elite and the Prey

Begin with phase no.1

 (The first one-third of the iterations)

Update prey mathematical model utilizing equations (20), (21)

Are we in phase no.2?
 (The second one third of iterations)

No

Update the first subsection utilizing equations (22), (23), and

 the second subsection utilizing equations (24), (25)

Yes

Are we in phase no.3?
 ( Last one-third of the iterations)

Yes

Update prey mathematical model utilizing equations (27), (28)

No

Finishing process

Save the ultimate answer that has the best fitness function

Start

 

                         Figure 3: Flowchart for MPA 

4.  Examination of the simulation’s outcomes 

Using the chosen SAHPS & DAHPS models, the functionality of the proposed 

controller-based MPA is examined and assessed while taking various operational 

scenarios for RESs penetrations and load changes into account. In this study, to assess 

the scenarios, MATLAB/SIMULINK software is utilized. The MPA is created as a (.m 

file) and then interacted with the evaluated SAHPS and DAHPS models’ SIMULINK 



 

(ASWJST / Volume 4, issue 4/ December 2024)                                                                               P a g e   62 

 

 

 

(ASWJST 2021/ printed ISSN: 2735-3087 and on-line ISSN: 2735-3095)        https://journals.aswu.edu.eg/stjournal 

structure to run optimization procedures. Furthermore, the results of the simulation of 

the suggested controller are contrasted with those of the PID controller to validate its 

supremacy with regard to overshooting, undershooting, and settling time for variations 

in frequency, as well as linked power variability according to various cases of 

fluctuations in the various scenarios. To validate a proposed controller, six cases of study 

have been presented against load fluctuation, variations in frequency, as well as linked 

power variability as follows: 

4.1. Cases of SAHPS  

Case 1 

The first case tested the proposed control system performance against 10% stepping load change 

at the beginning time of the simulation.  The frequency deviation is depicted in Fig. 4.  The 

figure shows that the suggested controller offers a lower frequency deviation value than the classical 

PID controller. Moreover, Fig. 4 proves demonstrates the improved performance of the suggested 

controller at the instant of disturbance with a small settling time and minimal overshoot/undershoot 

contrast to PID controllers as listed in Table 4. 

 

Figure 4: The system’s dynamic response in case 1. 

 

Case 2 

The power system in this instance is examined in relation to a 10% step load change at the start 

of the simulation as well as the penetration of wind and photovoltaic power plants. As seen in Fig. 

5, the integration of PV and wind power plants is connected in the system at 20 s. The response 

of frequency variation is shown in Fig. 6. The proposed MPA-optimized FOPID controller has 

successfully regulated the frequency response under the effects of the penetration of PV and wind 
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generation plants, as shown in Fig. 6. Also, as shown in Table 3 and Table 4, the FOPID controller 

outperformed the previous control method by dampening overall system perversions and obtaining the 

lowest objective function minimization through the use of the MPA technique in the cases of ISE, 

IAE, ITSE, as well as ITAE to acceptable levels. 

 

Figure 5: Load and RESs profiles for case 2. 

 

Figure 6: The system’s dynamic response in case 2 
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Table 3: Performance assessment standards for the several case 

studies 

 

 

 

Table 4: Response parameters for the several case studies 
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4.2. Cases of DAHPS 

Case 3 

According to Fig. 7, in this instance, the interconnected two-area electrical network experiences 

two stepping-load disturbances, with 1% in region 1 and 1% in region 2 at times t = 20s and 

100s, respectively. The suggested LFC-based using the enhanced controller is contrasted with 

classical PID controllers in order to confirm its robustness. The frequency deviation and tied power 

response of the suggested system with the effect of the stepping load variations are illustrated in Fig. 

8. It is evident that, when compared to PID control, the FOPID controller performs more steadily and 

quickly in correcting frequency of the system and linked power aberrations. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Load profiles for case 3. 
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Figure 8: System dynamic response at case 3 

 

Case 4 

To confirm the sturdiness of the suggested FOPID controller, the electrical network in 

this instance is tested during applied and removed load penetration in region 1 at 30 sec, 

120 sec, and 210 sec, as indicated in Fig. 9a. The suggested controller can considerably 

increase the system’s stability of the frequency and the linked power deviation across 
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the dual area to less values than the traditional PID controller, as shown by Figs. 9b, 

Fig. 9c, and Fig. 9d. 

 

 

 

Figure 9: System dynamic response at case 4. 
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Case 5: RESs disorders 

  In this case, the proposed system utilizing the MPA-based improved FOPID controller is 

examined according to extreme conditions of loading and RESs fluctuations. Here, the PV 

generation is connected to the tested system at period = 20s at area 2, the wind plant unit is connected 

at time = 80s at area 1, and a variation step-load of 1% at period = 50s at area 2 is connected 

as illustrated in Fig. 10a. It is evident from Fig. 10 that the proposed FOPID controller was 

successful in reducing the frequency variations in regions 1 and 2 to (𝛥𝑓1=0.004319 𝛥𝑓2, =0.009479), 

while quickly settling time in areas 1 and 2 to values (61.72, 57.14) compared to values (𝛥𝑓1=0.007457, 

𝛥𝑓2=0.01156) and values (73.56, 72.76) of PID controller. Thus, an improvement of (42.1, 18) % in 

frequency deviations and (16.1, 21.5) % in settling time is observed. The advantages of the FO integral 

are shown in this case, and the derivative indicates that the suggested controller can improve frequency 

deviations and settling time. 
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Figure 10: System dynamic response at case 5. 
             

Case 6: RESs disorders and system uncertainties. 

The endurance of the suggested FOPID controller is analyzed for the interrelated electrical 

system with instabilities in the system parameters. The power network under test is subjected to 

identical conditions as in instance 5, with a 45% decrease in system inertia and a corresponding 

percentage variation in other system metrics. This case has the purpose of validating the integrity 

of an electrical network system under various unpredictable scenarios. The dynamic responses of 

the system under study are depicted in Fig. 11 with respect to the frequency and linked power 

changes. It can be mentioned that the suggested FOPID controller outperformed the others in terms 

of linked power control and frequency limitations. 
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Figure 11: System dynamic response at case 6. 

 

5. Conclusions 

In this manuscript, the frequency regulation of the suggested single and dual-area hybrid 

electrical network system SAHPS & DAHPS has been examined using the classical PID 

and the proposed FOPID-based MPA technique under the influence of load change and 

renewable energy sources (RESs) fluctuations. Whereas, six different scenarios are 

applied to prove how well the performance of the suggested control strategy. The 

proposed FOPID controller employ MPA method to solve the LFC issue in the two tested 

SAHPS & DAHPS systems through a variety of cases, including applying different load 

variations like (step load and multiply load changes) and penetrating RESs. The 

simulation findings in this manuscript guarantee the reliability of the suggested FOPID 

controller-based MPA contrasted to the PID controller-based MPA in improving both 
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tested systems’ dynamic response characteristics in terms of settling times, undershoots, 

overshoots, and reduce values for performance indices of the objective function (ISE, 

ITSE, IAE, and ITAE) in various examined cases. For example, it is observed that the 

proposed technique was successful in reducing the frequency variations in regions 

1 and 2 of the DAHPS to 42.1%, and 18 % in frequency deviations beside 16.1%, and 

21.5 % in settling time values.  

Appendix A   

Power system’s basic parameters with (𝑖 ∈ {1,2}):- 

𝑅𝑖= 2.4 Hz/MW, 𝐵𝑖= 0.425 MW/Hz, 𝑇𝑠𝑔= 0.08 s, 𝑇𝑖= 0.3 s, 𝐾𝑟= 0.5, 𝑇𝑟= 10 s, 𝑇𝑔ℎ= 48.75 s, 𝑇𝑟ℎ= 0.513 

s, 𝑇𝑟𝑠= 5 s, 𝑇𝑤= 0.3 s, 𝐻𝑖= 0.0833 p.u.s, 𝐷𝑖= 0.00833 P.U/Hz, 𝑇𝑡𝑖𝑒= 0.086, , 𝑇𝑃𝑉= 1.3 s, 𝐾𝑃𝑉= 1, 𝑇𝑊𝑇= 1.5 
s, 𝐾𝑊𝑇= 1 
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