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Abstract: The power system network is currently extremely overloaded as a result of the ongoing rise in power consumption. 

Additionally, due to financial and other constraints, new electricity lines cannot be installed in place of the current ones. Only with 

the cooperation of the power system community can the control system community run and manage the power system’s network 

using the current lines. To improve the power system’s performance in terms of stability and control, the control system community 

has been investing in and applying novel control techniques to the power system network over the past fifty years. This study 

proposes a hybrid control approach for the power system network installed with the Unified Power Flow Controller (UPFC) 

employing switching and non-switching control strategies, following the works of the control system community. 

MATLAB/SIMULINK platforms are used to test the suggested controllers, and the results are compared to get the relevant 

conclusion. 
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1. Introduction 
It is now very difficult for the power system and control system community to stabilize power system 

oscillations and minimize overshoots of state variables such as rotor angle and rotor speed deviations. Electrical 

experts have been studying this area in great detail during the last few decades. Because of this, the power system 

sector has been using tools like flexible AC transmission control (FACTS) based on Power System Stabilizers (PSS) 

and unified power flow controllers (UPFC). For the Power system network, hybrid control techniques like 

coordinating and switching between UPFC control inputs are used to address the aforementioned issues. The outcomes 

are compared to determine which control strategies perform best. Ban H. Alajrash & Mohamed Salem et al. [1], explain 

the effective utilization of power electronics, control strategies, and artificial intelligence integration to enhance the 

performance of FACTS devices. The authors Alok Kumar Mohanty & Amar Kumar Barik et al. in [2] have justified 

that the power system stability can be improved using FACTS devices. The power system network can be controlled 

effectively using FACTS devices, as the paper informs [3]. M. P. Donsion &, J.A. Gufemes et al. [4], detailed the 

benefits of utilizing FACTS devices in electrical power systems to improve the power quality. J.G. Singh & S.N. Singh 

et al. [5] informed that placing FACTS controllers is important in improving the power system stability.    
A switched system is a dynamical system that consists of a finite number of subsystems and a logical rule that 

orchestrates switching between these subsystems. These subsystems are usually described mathematically by a 

collection of indexed differential or difference equations. Hybrid or switching systems, commonly found in control 

theory which are characterized by a combination of both continuous and discrete systems have created an enormous 
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growth of interest in dynamic systems. The performance of these systems can be realized by switching between 

relatively two simple linear time invariant (LTI) systems with different control techniques. 
In summary, the above literature survey indicates that utilizing the FACTS devices has been the best option for 

improving and controlling power system stability. Further to choose the FACTS device, the following literature survey 

is conducted: 
 D. Murali & Dr. M. Rajaram et al., [6] compared all the FACTS devices concerning the power system stability 

enhancement with and without the presence of UPFC in the system in the event of a major disturbance and the 

experimental results conclude that the performance of UPFC for power system stability improvement is compared 

with the other FACTS devices such as SVC, TCSC, and SSSC respectively. To evaluate the power quality problems, 

various FACTS controllers are compared by Budi Srinivasa rao and G. Sreenivasan et. al, [7]. Arthit Sode Yome & 

Nadarajah Mithulanantha et al,.[8] compared various FACTS devices for exclusive loadability enhancement for the 

appropriate choice of FACTS device, and the results show that the UPFC FACTS provides better performance 

compared to all other   FACTS devices to all loading conditions. 
 One of the FACTS devices that may regulate power sys- tem parameters, including phase angle, line 

impedance, and terminal voltage, is the UPFC. As a result, it can be applied to both power system stabilizing control 

and power flow management. A linearized Phillips Heffron model with UPFC installed for single machine infinite bus 

(SMIB) in a power system was presented by Wang et al. [9]. Recently, researchers have been using various control 

strategies to select UPFC control inputs for a wide range of loading situations, including modulating indices, phase 

angles of series and shunt inverters (mB, mE, δB, and δE), and more. The particle swarm optimization (PSO) technique 

was proposed by H. Shayeghi et al. [10], who concluded that the most robust controller could be obtained for δE. 

Tambey et al. [11] showed that control inputs δE and δB offer strong performance in comparison to the other damping 

controllers by using the phase compensation control technique. After using a real-coded genetic algorithm 

optimization technique, A. K. Baliarsingh et al. [12] found that, out of the four options, damping control mB performs 

marginally better. The robust TCSC (thyristor-controlled series compensator) controller for power system oscillation 

damping enhancement was designed by Kwang et al. [13] using the LQG technique, and their simulation results 

demonstrated the controller’s efficacy in damping power system oscillations. Amir et al. [14] developed a UPFC 

auxiliary stabilizer employing the LQG control approach, and many simulations were used to assess the method’s 

efficacy and validity. The power system oscillation damping under disturbances has improved, according to the results. 

Uncoordinated PSS and FACTS device control, however, could result in unstable interactions. Numerous studies have 

attempted to coordinate PSSs and FACTS damping controllers to enhance overall system performance, yielding results 

that outperform those of uncoordinated PSS and FACTS-based damping controllers [15-17]. While the linearized 

power system model serves as the foundation for some of these techniques, others are based on complicated nonlinear 

simulation [18]. Generally speaking, decentralized output feedback control with feedback signals accessible at the site 

of each controlled device is the most advantageous for the ease of practical controller installation. 
An overall summary of the above literature review suggests that any single optimized controller may not 

provide better performance in today’s complex power system due to its dynamic range of operation. Hence, in this 

paper, hybrid control methods are proposed for UPFC in the power system to improve the performance in terms of 

control and stability. 

2. Linearized Power System Model Installed with UPFC 
In 1995, Westinghouse’s L. Gyugyi introduced the UPFC concept in a power system network. One of the most 

complete FACTS devices is the UPFC, which allows for separate management of both active and reactive power as 

well as controlled bus voltage. For the current studies, a single machine infinite bus (SMIB) system is taken into 

consideration. Thevenin’s equivalent of the transmission network outside the machine can be used to reduce a machine 

that is connected to a large system via a transmission line to an SMIB system. The synchronous machine in the LTI 

model of the power system under study is connected to an infinite bus bar via a transmission line, and it is depicted as 

a Its state space formulation can be expressed as follows [19-24]: Its state space formulation can be expressed as 

follows [20]:  
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Figure. 1. Block Diagram of SMIB installed with UPFC 
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3. Proposed Hybrid Control Techniques 
This section explains the design of hybrid control techniques in the following cases: Case I: Optimized feedback 

Linear Quadratic Regulator (LQR) control techniques are designed for the individual UPFC control Inputs of 

modulating index and phase angle of series and shunt inverter (mE, δE, mB & δB). Table 1 shows the control 

techniques: 

TABLE I 
CASE 1: CONTROL TECHNIQUES 

UPFC Control Inputs Gain Matrix K 

mE KmE 

δE KδE 

mB KmB 

δB KδB 

Case 2: Individual UPFC control inputs of case 1 are coordinated with Power System Stabilizer (PSS), and the 

results are compared between coordinated & uncoordinated UPFC control inputs. Table 2 shows the control 

techniques: 
TABLE II 

CASE 2: CONTROL TECHNIQUES 
UPFC Control Inputs Gain Matrix K 
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PSS+mE KPSS +KmE 

PSS+δE KPSS +KδE 

PSS+mB KPSS +KmB 

PSS+δB KPSS +KδB 

Case 3: Switching between individual UPFC control inputs with coordinated and uncoordinated PSS control 

inputs are experimented with modified switching control algorithms. Table 3, shows the control techniques: 
TABLE III 

CASE 3: CONTROL TECHNIQUES 
UPFC Control Inputs Gain Matrix K 

Switch mE /mB Switch KmE /KmB 

Switch δE /mB Switch KδE /KmB 

Switch δE /δB Switch KδE /KδB 

Switch δE /mE Switch KδE /KmE 

Switch δB/mB Switch KδB /KmB 

 
The switching model is represented by, 

          x˙ = Aσ(t)x(t)                                                                                          (1) 

Where, the switching signal σ(t) indicates: If, σ(t) = 1, then x˙ = A1x(t);    

Or else, x˙ = A2x(t); 

4. Simulation Results and Discussions 
In addition to providing a thorough discussion, this part summarizes the research findings. Figures, graphs, tables, 

and other easily comprehensible formats can be used to convey results. 

The following displays the different controller gains (K) of UPFC control inputs with and without coordinated 

PSS and switching matrices (S) for each of the three scenarios: 

KmB  =[
 

−0.8668  71.2779  −8.7704  −0.9770  ]
 

KδB    = [
 
2.3957   110.9214  −9.9935  −0.0023 ]

 

KmE = [
 
0.9062  337.1713  −14.3254  −0.4622] 

KδB =  [−0.711  1142.92  −37.911  −0.4622] 

KPSS+mB= [
−0.2501 −61.8383 2.3494 0.8588
−0.5956 −92.0354 2.3032 −0.4786

] 

 

KPSS+mB= [
𝟎. 𝟎𝟓𝟔𝟎 −𝟏. 𝟔𝟏𝟗𝟑 𝟎. 𝟐𝟏𝟎𝟒 𝟎. 𝟗𝟖𝟎𝟐
𝟎. 𝟗𝟎𝟕𝟗 𝟔𝟑. 𝟒𝟕𝟗𝟗 −𝟎. 𝟗𝟖𝟏𝟐 𝟎. 𝟎𝟎𝟎𝟑

] 
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KPSS+mB= [
0.2460 −76.6973 8.4305 0.9816
0.2983 110.6368 −4.0838 −0.0212

] 

 

S(mE/mB)= [

0.0000 0.0056 0.0001 0.0000
0.0056 −2.5449 0.1256 0.0101
0.0001 0.1256 −0.0026 −0.0001
0.0000 0.0101 −0.0001 0.0000

] 

 

S(mE/𝞭B)= [

0.0002 0.0747 −0.0012 0.0000
0.0747 5.5413 −0.3084 0.0010

−0.0012 −0.3084 0.0064 −0.000
0.0000 0.0010 −0.0000 0.0000

] 

 

The dynamic response of the state variable deviation in rotor speed ∆ω for the Case I & Case II are shown in 

Figures 2-3, and the Plots for Case III is depicted in Figures 3-4 (switching between two UPFC control inputs along 

with opti- mized feedback controller gains). Figure 5 represents the better visibility of the switching between mE/δB 

with the individual controllers of mE & δB. Table 4 shows the comparison of the proposed controllers with respect to 

the control system prominent parameters Peak Overshoot (MP) & Settling Time (Ts). 

 
              Figure. 2. Deviation in rotor speed Case I                   Figure. 3. Deviation in rotor speed Case II 
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Figure. 6. Deviation in rotor speed Case III with clarity of switching response 

TABLE IV 
COMPARISON OF PROPOSED CONTROL TECHNIQUES 

Case Control Inputs Strategy Peak Overshoot (Mp) Settling Time (Ts) 

I mE -4.5 8s 

I δB -14.5 1s 

I mB -6 8s 

II PSS+mE -4.5 6s 

II PSS+δB -10 1s 

II PSS+mB -5 3s 

III Switch mE /mB -0.28 2.8s 

III Switch mE /δB 0 0.9s 

5. Conclusion 
In this paper, hybrid control methods are proposed for power systems equipped with UPFC FACTS controllers 

to enhance the power system stability. The proposed controllers are experimented in three cases and the results are 

compared concerning Peak Overshoot (MP) & Settling time (Ts). In case 1, the controllers are designed with optimal 

LQR for all the individual UPFC control inputs (mE, δE, mB & δB) and the response of the state variable deviation 

in rotor speed (∆ω) is plotted. Case II experiments depict the response of ∆ω using coordinated control with Power 

System Stabilizer (PSS+mE, PSS+δB & PSS+mB). The switching control is implemented for the UPFC control inputs 

mE/mB & mE/δB in case III. In Summary, the experimental results (Figure 2 - 4 & Table 4) show that the coordinated 

control design of PSS with UPFC control inputs has better performance to MP & Ts compared to the uncoordinated 

UPFC control input, and the combination of coordinated design PSS+δB provides dynamic performance compared to 

all other combinations of coordinated and uncoordinated control design techniques. Further, the switching between 

two UPFC control input designs using the well-defined switching control law has robust performance compared to 

without switching control design combinations of coordinated and uncoordinated control UPFC inputs with PSS. 

Finally, the switching control combination of mE/δE has the excellent performance with respect to all the proposed 

hybrid control methods. 
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