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Abstract— Dynamic stability is considered a vital issue in 

modern power systems. In this work, a robust design is proposed 

for the stability improvement of grid-connected hydro-turbine 

generators using the adaptive concept-based Electro-Search 

optimizer (ESO). In this regard, we provide a dynamic stability 

analysis of a hydro-turbine generator located at the Aswan High 

Dam, where proportional integral-derivative power system 

stabilizer (PID-PSS) is examined for a single machine connected 

to the Egyptian power system (EPS). The PID controller is 

developed in the synchronized EPS to significantly mitigate low-

frequency oscillations due to various expected faults and 

undesirable operating conditions. Comprehensive simulation 

analysis is performed using Matlab/Simulink considering the 

synchronous machine rotor speed, mechanical and electrical 

output powers, field and terminal voltages. The operative 

performance of the introduced adaptive PID-PSS based ESO is 

assessed against the conventional system (i.e. without PSS) and 

system with standard PID-PSS under normal operating 

conditions where the effect of a 3-φ short-circuit fault is 

subjected at the grid bus. The findings prove that the proposed 

adaptive strategy can effectively maintain the dynamic stability 

of the main grid against fluctuations. 

 

Keywords— power system stabilizer, PID-PSS, low-frequency 

oscillations, hydro generators, power system stability, electro-

search algorithm, adaptive control. 

I. INTRODUCTION  

Power system stability could be practically preserved by 
conserving both frequency and voltage in the system at the 
intended level in the event of a loss of generation, transmission 
line interruption throughout a fault, or a rise in electrical 
energy consumption. Specifically, low-frequency fluctuations 
are formed in the power system as a result of ill lines and a 
shortage of reactive power support in large-scale power 
systems. If enough damping is not supplied in the power grid, 
these oscillations can persist and develop, affecting the 
stability of the power system [1], [2]. In this regard, a power 
system stabilizer (PSS) is a type of power system stabilizer 
that is commonly utilized in power systems to enhance 
transient and dynamic stability [3], [4]. Inappropriate power 
system oscillations can be exacerbated by power system 
disruptions with renewable energy sources [3]–[8]. 
Accordingly, effective solutions are required to maintaining 
these characteristics in order to ensure the stability of the 
system [9]. 

 

In practical situations, PSSs have long been acknowledged 
as a viable option for dampening low-frequency oscillations 
caused by power system disruptions or variations, such as load 
fluctuations, generation changes, and various power system 
transitions [10]. The transmission network of general power 
systems is a very complicated, non-linear network with low 
allowable frequency oscillations ranging from 0 to 2 Hz [11]. 
The PSS's main idea is to improve the power system's angular 
stability, which is accomplished by adding a dampening signal 
to the oscillation of the generator's synchronous machine rotor 
excitation. To address this issue, conventional PSSs are 
employed. Nevertheless, the power system's complexity is 
increasing day by day as a result of the inclusion of solar and 
wind power and massively linked interconnections. As a 
result, design approaches must yield adequate PSS 
performance throughout a wide variety of operating 
circumstances. As a result, robust control approaches provide 
more options for controller design than the traditional 
approaches [12]. 

In terms of installed worldwide capacity, hydropower, 
solar technology, and wind turbines are the three most 
promising and utilized renewable energy sources (RES). To 
meet the ongoing rise in power demand, the Egyptian 
electricity sector is concentrating on expanding the RES 
penetrations, with a target to achieve 20% of the total energy 
required for electricity generation by 2022 and 42% by 2035 
[13], [14]. Because of the intermittent and unpredictable 
nature of integrating RESs into electric grids, this approach 
will present numerous important problems, including power 
quality concerns, a lack of inertia, and frequency variations 
[15]–[19]. 

To ensure the stability of the power system, an adaptive 
proportional-integral-derivative (PID-PSS) controller design 
based ESO is introduced in this paper for a hydro-turbine 
generator (High Dam at Aswan, Egypt) connected to the EPS 
grid. Specifically, optimum gain settings of PID-PSS are 
optimally computed to mitigate various expected faults and 
undesirable operating conditions. An example for a single 
machine system (SM) is given to illustrate the effectiveness of 
the proposed controller, and simulation results are presented 
compared with the conventional system (no PSS) and system 
with classic PID-PSS. The proposed system is examined 
under two scenarios: (normal operation condition, and the 
effect of a 3- φ short circuit fault at the grid bus). The results 
show that the proposed adaptive PID-PSS is an effective 
solution to maintain the dynamic stability of the main grid. 



The remainder of the paper is organized as follows: In 
Section II, we describe the EPS dynamic model and 
configuration. Section III introduces the general overview of 
oscillations that may appear in the power system. The Electro-
search optimizer is described in Section IV. The proposed 
PID-PSS controller is presented in Section V. The dynamic 
response simulation and discussions via Matlab/Simulink are 
given in Section VI. Finally, Section VII concludes the work. 

II. POWER SYSTEM MODEL CONFIGURATION 

Egypt owns two hydropower stations with an overall 
installed capacity of 2.65 GW [20]. In this study, a High Dam 
in Aswan was taken into consideration. It consists of 24 
turbines for electricity and irrigation each one equal 12 gates 
(turbines). Here, the proposed system consists of a single 
hydro-turbine generator with a power capacity equal to 200 
MW is connected to the EPS grid via a step-up transformer 
connected as delta-star(∆→ 𝑌), step-down transformer for the 
distribution system, Ac bus with 3-fixed loads (3 MW at 
distribution side, and 15 MW at the grid side. Fig. 1 shows the 
one-line system layout of the SM connected to the studied EPS 
grid.  

The behavior of power system dynamics is given by the 
following set of nonlinear equations, in addition, it can be 
demonstrated in state-space by the Heffron-Phillips model as 
described in [12], [21]: 
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which 𝛿 represents the angle of rotor, further, the 𝜔, 𝜔𝑜, 

𝑀 , and 𝐸𝑞
′  represent the angular and synchronous speed, 

inertia constant, and field flux emf in the transient state, 

respectively. Moreover, 𝑇𝑑𝑜
′  is considered the d-axis time 

constant of field circuit, 𝐸𝑓𝑑  represent the field voltage, as 

well as  𝑇𝐸  and 𝑘𝐸  are the time and gain constant of the 

voltage regulator, finally, 𝑉𝑟𝑒𝑓  represent the reference 

voltage. The k-constants of the model, i.e. from 𝑘1: 𝑘6 except 

𝑘3, are load-dependent. 

III. OSCILLATIONS IN POWER SYSTEM 

Electromechanical harmonic oscillations are considered 
an essential issue of a grid-connected electrical power 
structure. If these oscillations are not effectively managed, the 
power system will experience a partial or complete blackout. 
To ensure the secure and reliable operation of the power 
system, the stability target of the oscillations is a mandatory 
requirement. Hence, the oscillations frequency is ranged 
between 0.1 to 2 Hz and is classified according to the 
perturbation origin [22].  

In recent years, several occurrences of unexpected 
oscillations have been reported, involving inter-area modes in 
power systems in both research and experimental [11], [23]. 
These fluctuations have become a significant issue [24]–[28]. 
As a result, there has been a surge in interest in these kinds, as 
well as approaches for constant monitoring and control 
choices to stabilize them. 

IV. ELECTRO-SEARCH OPTIMIZER  

ESO was presented primarily by [29] considering orbiting 
electron motions in the context of molecular space. More 
details about this method for power system application were 
presented in [18]. In this study, ESO is implemented as an 
adaptive controller such as [15], [18], [29]–[32]. It has many 
benefits such as plain coding, ease to use, less computational 
time. In general,  its performance is remarkable and powerful, 
unaffected by the wide dimension issue, so it is a robust 
metaheuristics optimizer. The algorithmic details in the 
context of three stages are as follows: 

Stage 1: Atom spreading 

Stage 2: Transition for orbits  

Stage 3: Relocating the nuclei  

Based on the algorithmic steps, the ESO algorithm flowchart 
is shown in Fig. 2. 

 
Fig. 1. One-line diagram of single machine hydro generator system based adaptive PID-PSS connected to grid. 

 

Exciter and
AVR

∿

SG

Governor

+

+

-

Valve

Turbine

T. F
13.8 kv-220 kv

5 MW 
Load

3 MW 
Load

T. F
13.8 kv-400 v

10 MW 
Load

∿

No PSS PID-PSS
Adaptive 
PID-PSS



 

Fig. 2. Flowchart of  ESO optimizer.  

 

V. ADAPTIVE PID POWER SYSTEM STABILIZER MODEL  

In this research, a linearized model of an SM tied to the 

grid, as displayed in Fig. 1, was considered for the stability 

analysis. A PSS is a device that enriches the performance of 

dynamic and transient stability of the power system. PSS acts 

as an additional supplementary device linked with the 

automatic voltage regulator (AVR) or the exciter to develop 

the stability constraints of this system [33].  

Due to simple implementation and robust performance, the 

PID controller is suggested to be a tuning-based PSS and 

widely used as feedback control [34]. The configuration of the 

controller, i.e., PSS deemed in this work, is exhibited in Fig. 

3. It involves a washout block as well as a PID controller tied 

in series with it. Where,  𝑇𝑤  represents a time constant, in 

addition, 𝐾𝑃 , 𝐾𝑖  and 𝐾𝐷 represent the proportional, integral, 

and derivative controller gains, respectively, and calculated in 

this study adaptively using ESO optimizer. The value of the 

washout block can be range between 1 to 20 seconds. The use 

of a proportional controller has the benefits of eliminating the 

rising time and steady-state inaccuracy. However, it will 

eventually increase overshoot. As a result, the system 

structure became insecure. 

The PID stabilizer input signal is represented by the rotor 

speed, i.e., ∆𝑊𝑟 as shown in Fig. 3. Limits on power system 

stabilizer output are set to minimize the fluctuation degree of 

generator terminal voltage through transient situations. 

Positive and negative limitations of 0.15 p.u. and -0.15 p.u., 

respectively, are used to assure the stabilizer's greatest 

contribution. 

The configuration of the synchronized damping controller 

for a closed-loop structure system and mathematical 

representations model of PID as well as PSS controller is 

given below: 

𝑈𝑃𝐼𝐷 = 𝐾𝑃 +
𝐾𝑖

𝑠
+ 𝐾𝐷 . 𝑠                                                           (2) 

𝑉𝑠𝑡𝑎𝑏 = 𝐾𝑃𝑆𝑆

𝑇𝑤𝑠

(1 + 𝑇𝑤𝑠)
∆𝑊𝑟(𝑠)                                             (3) 

Where, 𝐾𝑃𝑆𝑆 symbolizes stabilizer gain as well as 𝑇𝑤  is 

labeled as the time constant of signal wash out. 

Fig. 3. Block diagram of adaptive PID-PSS using ESO optimizer.  

 

The suggested ESO algorithm was used for the PID 
design-based PSS, it fed only from the speed deviation signal 
as a guide to tune the PID controller gains as shown in Fig. 3. 
The desired objective function (𝐻𝑓) is a function of the on-

time value of ∆𝑊𝑟, and it is based on the Integral Square Error 
(ISE) which is considered as a cost function and is given by: 

𝐻𝑓 = ∫(∆𝑊𝑟)
2

∞

0

𝑑𝑡                                                                      (4) 

Where ∆𝑊𝑟 represents the rotor speed deviation of the 
generator. 

VI. VALIDATION AND SIMULATION  

The efficacy of synchronized damping controllers was 

examined and contrasted under 3- φ short-circuit fault 

conditions at the grid side through the Simulink library. The 

findings of the Hydro turbine generator in case of the proposed 

adaptive control strategy,  conventional system (no PSS), and 

system with the PID-PSS are evaluated by Simulink library 

setting beneath numerous fault conditions with the help of 

fixed 3 MW load tied to it as well as 15 MW load connected 

at bus 3. The 200 MW hydro generator is tied through a step-

up transformer (13.8 → 220) KV to the EPS, and also linked 

via a step-down transformer (∆→ 𝑌)  (13.8 → 0.4) KV  as 

shown in Fig. 1. The terminal and field voltages, rotor speed, 

and output electric power𝑃𝑒, mechanical output power𝑃𝑚, are 

stated by proposed two scenarios. 

 

A. Scenario 1: system examine under its normal operation 

(no faults)  

 

In Figs. 4 and 5, the parameters of the proposed system 

consist of rotor angle, followed by rotor angle deviation, as 

well as field voltage were analyzed in its normal operating 

condition (not faults). It is observed that without the PSS (the 

traditional one), the system takes more than 10 seconds to 

restore stability, but with the adaptive PID-PSS based ESO, it 

takes just 1 second. Furthermore, because the major goal of 

PSS is to offer additional damping in the system to minimize 

electromagnetic oscillations, the overshoot is decreased, 

indicating that the machine can quickly achieve a stable 

condition. Consequently, the adaptive concept with PSS plays 

a big role to improve the overall system response through the 

simulation period. 
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B. Scenario 2: under the effect of a 3- φ short-circuit fault at 

the grid side 

 

In this case, the system performance is examined under the 

effect of a 3-φ fault subjected at the grid bus 3. The fault 

starting at 40.1 s and persisted in the system for 0.1 s. The 

synchronous system behavior under the 3-φ fault condition is 

displayed in Fig. 6. It can be noted that the system is stabilized 

after the fault is eliminated by 1 second, and the settling time 

of the system was mimicked with the suggested adaptive PID-

PSS based ESO as compared to the conventional system and 

classic one. Finally, Integrating the PID-PSS controller 

provides a cost-effective solution for electromechanical 

oscillation damping while also improving the overall system 

dynamic stability. 

 
(a) 

 
(b) 

 
(c) 

Fig. 4. System dynamic responses in case of normal operations 

without any faults: (a) 𝑃𝑚, (b) ∆𝑊𝑟, and (c) 𝑉𝑓. 

 

 
(a) 

 
(b) 

Fig. 5. System dynamic responses in case of normal operations 

without any faults: (a) 𝑃𝑒, and (b) 𝑉𝑡. 

 

 



 

 

 

 

 

 

 

 

 

 

VII. CONCLUSION 

A hydro-turbine generator with a 200 MW output power 

that was established in High Dam, Aswan, Egypt has been 

taken as a case study in this paper. The main objective is to 

examine the power system operation with/without fault 

scenarios and how the expected low-frequency oscillation can 

be effectively damped between generators utilized in the 

power system out. To cover these issues, in this paper, we 

proposed the adaptive concept for PID-PSS using ESO 

optimizer to greatly enhance the dynamic stability of general 

power systems interconnected to hydro-turbine generators. 

Accordingly, we tested the stability of a given system for a 

single hydro turbine-generator connected to the grid via a step-

up transformer and connected to a low voltage system via a 

step-down transformer(∆→ 𝑌) . A comparison between the 

conventional system (no PSS), with standard PID-PSS, and 

the proposed adaptive PID-PSS based ESO has been 

demonstrated under the effect of a 3-φ short circuit fault 

subjected at the grid bus and also validated with its normal 

operation. The dynamic performance of the suggested 

adaptive controller has been evaluated to the conventional 

system without PSS and classic PID-PSS to demonstrate its 

superiority in suppressing the undesirable oscillations caused 

by sudden failure and rapid changes in the system condition. 

The effectiveness of the introduced PID-PSS in an adaptive 

manner is proven compared to the conventional and classic 

ones. Accordingly, we can claim that the introduced adaptive 

strategy for (PID-PSS) with the help of optimizers can 

maintain the dynamic stability of the main grid.   
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(d) 

Fig. 6. System dynamic responses in case of a 3-φ short-circuit fault 
at the grid : (a) ∆𝑊𝑟, b) 𝑉𝑓, (c) 𝑉𝑡, and (d) 𝑃𝑒.  

 



REFERENCES 

[1] A. A. Vittal, Vijay., McCalley, James D., Anderson, Paul M., 
Fouad, Power system control and stability. John Wiley & Sons, 

2020. 

[2] P. Kundur, Power System Stability and Control. McGraw-Hill 
1994. 

[3] A. K. Patra, S. K. Mohapatra, and S. K. Barik, “Coordinated Design 

of SVC based Power System Stabilizer using Pattern Search 
Algorithm,” in Proceedings of the 2020 International Conference 

on Renewable Energy Integration into Smart Grids: A 

Multidisciplinary Approach to Technology Modelling and 
Simulation, ICREISG 2020, Feb. 2020, pp. 202–207. 

[4] J. Renedo, A. Garcia-Cerrada, and L. Rouco, “Reactive-Power 

Coordination in VSC-HVDC Multi-Terminal Systems for 
Transient Stability Improvement,” IEEE Trans. Power Syst., vol. 

32, no. 5, pp. 3758–3767, Sep. 2017. 

[5] E. S. Ali, R. A. El-Sehiemy, A. A. A. El-Ela, K. Mahmoud, M. 
Lehtonen, and M. M. F. Darwish, “An Effective Bi-Stage Method 

for Renewable Energy Sources Integration into Unbalanced 

Distribution Systems Considering Uncertainty,” Processes, vol. 9, 
no. 3, p. 471, Mar. 2021. 

[6] M. Said et al., “Estimating Parameters of Photovoltaic Models 

Using Accurate Turbulent Flow of Water Optimizer,” Processes, 
vol. 9, no. 4, p. 627, Apr. 2021. 

[7] A. S. Abbas et al., “Optimal Harmonic Mitigation in Distribution 

Systems with Inverter Based Distributed Generation,” Appl. Sci., 
vol. 11, no. 2, p. 774, Jan. 2021. 

[8] A. Abaza, R. A. El-Sehiemy, K. Mahmoud, M. Lehtonen, and M. 

M. F. Darwish, “Optimal Estimation of Proton Exchange 
Membrane Fuel Cells Parameter Based on Coyote Optimization 

Algorithm,” Appl. Sci., vol. 11, no. 5, p. 2052, Feb. 2021. 

[9] A. Chatterjee, S. P. Ghoshal, and V. Mukherjee, “A comparative 
study of single input and dual input power system stabilizer by 

hybrid evolutionary programming,” in 2009 World Congress on 

Nature and Biologically Inspired Computing, NABIC, 2009, pp. 
1047–1052. 

[10] S. V. Kumbhar and V. P. Mohale, “Comparative Study of the Effect 

of Power System Stabilizer on a Single Machine Infinite Bus,” in 
Proceedings - International Conference on Smart Electronics and 

Communication, ICOSEC 2020, Sep. 2020, pp. 1288–1292. 

[11] R. L. Cresap and J. F. Hauer, “Emergence of a new swing mode in 
the western power system,” IEEE Trans. Power Appar. Syst., vol. 

PAS-100, no. 4, pp. 2037–2045, 1981. 

[12] A. S. V. V. Lakshmi, M. S. Kumar, and M. R. Raju, “Optimal 
Robust PID-PSS Design for Melioration of Power System Stability 

Using Search and Rescue Algorithm,” J. Control. Autom. Electr. 

Syst., vol. 32, no. 4, pp. 968–982, Apr. 2021. 
[13] EEHC, “‘Annual report 2018/2019,’” Egyptian Electricity Holding 

Company 2019. [Online] Available: 

http://www.moee.gov.eg/english_new/report.aspx. 
[14] NREA, “Annual report 2020,” New and Renewable Energy 

Authority, Cairo, Egypt., 2020. 
[15] H. Abubakr, T. H. Mohamed, M. M. Hussein, J. M. Guerrero, and 

G. Agundis-Tinajero, “Adaptive frequency regulation strategy in 

multi-area microgrids including renewable energy and electric 
vehicles supported by virtual inertia,” Int. J. Electr. Power Energy 

Syst., vol. 129, p. 106814, Jul. 2021. 

[16] T. H. Mohamed, H. Abubakr, M. A. M. Alamin, and A. M. Hassan, 
“Modified WCA-Based Adaptive Control Approach Using Balloon 

Effect: Electrical Systems Applications,” IEEE Access, vol. 8, pp. 

60877–60889, 2020. 
[17] J. Shair, H. Li, J. Hu, and X. Xie, “Power system stability issues, 

classifications and research prospects in the context of high-

penetration of renewables and power electronics,” Renew. Sustain. 

Energy Rev., vol. 145, p. 111111, Jul. 2021. 

[18] Y. A. Dahab, H. Abubakr, and T. H. Mohamed, “Adaptive load 

frequency control of power systems using electro-search 
optimization supported by the balloon effect,” IEEE Access, vol. 8, 

pp. 7408–7422, 2020. 
[19] T. H. Mohamed, H. Abubakr, M. M. Hussein, and G. S. Salman, 

“Adaptive Load Frequency Control in Power Systems Using 

Optimization Techniques,” in AI and Learning Systems - Industrial 
Applications and Future Directions, IntechOpen, 2021. 

[20] N. Ravichandran, H. H. Fayek, and E. Rusu, “Emerging Floating 

Photovoltaic System—Case Studies High Dam and Aswan 
Reservoir in Egypt,” Processes, vol. 9, no. 6, p. 1005, Jun. 2021. 

[21] F. P. Demello and C. Concordia, “Concepts of Synchronous 

Machine Stability as Affected by Excitation Control,” IEEE Trans. 
Power Appar. Syst., vol. PAS-88, no. 4, pp. 316–329, 1969. 

[22] P. Kundur, D. C. Lee, and H. M. Z. El-Din, “Power system 

stabilizers for thermal units: Analytical techniques and on-site 
validation,” IEEE Trans. Power Appar. Syst., vol. PAS-100, no. 1, 

pp. 81–95, 1981.. 

[23] P. Kundur, M. Klein, G. J. Rogers, and M. S. Zywno, “Application 
of power system stabilizers for enhancement of overall system 

stability,” IEEE Trans. Power Syst., vol. 4, no. 2, pp. 614–626, 

1989. 
[24] M. N. Ali, M. Soliman, K. Mahmoud, J. M. Guerrero, M. Lehtonen, 

and M. M. F. Darwish, “Resilient Design of Robust Multi-

Objectives PID Controllers for Automatic Voltage Regulators: D-
Decomposition Approach,” IEEE Access, vol. 9, pp. 106589–

106605, 2021. 

[25] D. Emara, M. Ezzat, A. Y. Abdelaziz, K. Mahmoud, M. Lehtonen, 
and M. M. F. Darwish, “Novel Control Strategy for Enhancing 

Microgrid Operation Connected to Photovoltaic Generation and 
Energy Storage Systems,” Electronics, vol. 10, no. 11, p. 1261, May 

2021. 

[26] M. Elsisi, M. Q. Tran, K. Mahmoud, Di. E. A. Mansour, M. 
Lehtonen, and M. M. F. Darwish, “Towards Secured Online 

Monitoring for Digitalized GIS against Cyber-Attacks Based on 

IoT and Machine Learning,” IEEE Access, vol. 9, pp. 78415–
78427, 2021. 

[27] M. Al-Gabalawy, K. Mahmoud, M. M. F. Darwish, J. A. Dawson, 

M. Lehtonen, and N. S. Hosny, “Reliable and Robust Observer for 
Simultaneously Estimating State-of-Charge and State-of-Health of 

LiFePO4 Batteries,” Appl. Sci., vol. 11, no. 8, p. 3609, Apr. 2021. 

[28] A. F. Bendary, A. Y. Abdelaziz, M. M. Ismail, K. Mahmoud, M. 
Lehtonen, and M. M. F. Darwish, “Proposed ANFIS Based 

Approach for Fault Tracking, Detection, Clearing and 

Rearrangement for Photovoltaic System,” Sensors, vol. 21, no. 7, p. 
2269, Mar. 2021. 

[29] A. Tabari and A. Ahmad, “A new optimization method: Electro-

Search algorithm,” Comput. Chem. Eng., vol. 103, pp. 1–11, Aug. 

2017. 

[30] H. Abubakr, T. H. Mohamed, M. M. Hussein, and G. Shabib, “ESO-

Based Self Tuning Frequency Control Design for Isolated 
Microgrid System,” in 2019 21st International Middle East Power 

Systems Conference, MEPCON 2019 - Proceedings, Dec. 2019, pp. 

589–593. 
[31] H. Abubakr, T. H. Mohamed, M. M. Hussein, and G. Shabib, 

“Adaptive Frequency Regulation in Interconnected Two Area 

Microgrid System,” in IEEE Conference on Power Electronics and 
Renewable Energy, CPERE 2019, Oct. 2019, pp. 284–289. 

[32] H. Abubakr, M. M. Hussein, and T. H. Mohamed, “Frequency 

stabilization of two area power system interconnected by AC/DC 
links using Jaya algorithm,” Int. J. Adv. Sci. Technol., vol. 29, no. 

1, 2020. 

[33] P. K. Ray, S. R. Paital, A. Mohanty, F. Y. S. Eddy, and H. B. Gooi, 
“A robust power system stabilizer for enhancement of stability in 

power system using adaptive fuzzy sliding mode control,” Appl. 

Soft Comput., vol. 73, pp. 471–481, Dec. 2018.  
[34] G. Kasilingam, G. Shankar Kasilingam, and J. Pasupuleti, “A 

Comparative Study of the Z-N, Adaptation Law and PSO Methods 

of Tuning the PID Controller of a Synchronous Machine,” Int. Rev. 
Model. Simulations, vol. 7, no. 6, pp. 918–926, 2014. 

 

 

 


