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Abstract 

This paper presents a new optimized and systematic bi-level approach for the optimal 

robust allocation and design of Power System Stabilizers (PSS) in order to enhance 

system stability and damping of low frequency oscillation (LFO) modes in the multi-

machine systems. The proposed approach provides full ranked optimal conditions for the 

PSS allocation which provide complete controllability of the system. The proposed 

technique is based on the use of controllability gramian and participation factor. 

Moreover, this study proposes a new linear power system model for optimal PSSs design 

which can consider both local and inter-area modes of the system that the proposed 

linear model is called Expanded Single-Machine Infinite-Bus (ESMIB) system. The tuning 

problem of stabilizer parameters is formulated as an optimization problem which is 

solved by Cuckoo Optimization Algorithm (COA). The eigenvalues based objective 

function involving damping ratio and damping factor of LFO modes are considered for 

the PSSs design problem. The stabilization performance of the designed PSSs has been 

verified in two case study standard models (3 and 10 Machines). The simulation results 

show that the proposed model can be considered as an efficient tool in optimal allocation 

and design of PSS in the multi machine environment. 
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1. Introduction 

Power systems are complex non-linear and often exhibit low-frequency 

electromechanical oscillations due to insufficient damping caused by adverse operating 

conditions. Low frequency oscillations (LFOs) refer to the angle oscillations of the 

generator rotor after a disturbance. The oscillations that occur between a single generator 

or a single power plant and the rest of the power system are called local oscillations which 

oscillate in a frequency range of 0.8-2 Hz. Inter-area oscillations, ranging 0.2-0.8 Hz, 

appear from two or more groups of generators in different areas, swinging against each 

other. Usually, these oscillations occur in the power systems connected via weak power 

transmission lines. In power systems under stress, damping of LFO is generally low. 

Therefore, supplementary stabilizers are used to damp these oscillations. In most power 

systems, local oscillations are often damped well due to installing local PSS while inter-

area oscillations are often weakly damped, because the input control signals used in these 

PSSs are local signals and do not often have good controllability over some of the critical 

inter-area modes. Small amplitude power oscillations are having low frequency often 

persisted for long periods of time. In some cases, this leads to a limitation on the amount 

of the power to be transmitted via transmission lines. The PSSs are auxiliary control 

devices installed on synchronous generators and provide control signals to enhance the 

system damping and extend power transfer via transmission lines [1, 2]. With the increase 
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of the scale and complexity of the interconnected power systems, the problems on the 

various potential power swings, which have the important impact on the system stability 

and security operation [3-5].  

The first step in designing such a controller is to find its optimum location. Though, 

there is a common perception that the application of PSS is almost mandatory required on 

all generators in the modern power network. Conventional power system stabilizer, as a 

lead-lag compensator with two categories of single input and dual inputs, is mainly 

designed based on using a linear model and considering one operating point. In general, 

the PSS problem can be divided into two major categories: 1) optimal allocation and 2) 

optimal design. Several methods to determine the best location for PSS installation have 

been studied [6-9] including sequential methods such as outlined in [10] taking into 

account the presence of PSSs that were already installed. The sequential placement does 

not always determine the best multiple PSS placements because the placement order can 

affect the results. Other methods require eigenvalue calculations after PSS installation at 

each generator. Also, the optimal design of PSSs is frequently adjusted by optimization 

algorithms such as PSO [11], genetic algorithm [12], simulated annealing [13], chaotic 

algorithm [14], bacteria foraging [15] and other tuning algorithms such as H∞ [16], 

sequential linear programming [17] and LMI technique [18]. In the second group, neural 

networks [19], wavelet based neural network controllers [20], neuro-fuzzy controller [21] 

and fuzzy logic controllers [22] are used as adaptive power system stabilizers. However, 

allocation and design of PSS are reported in previous literature, but coordinately optimal 

allocation and design of PSS is not reported in current literature. To fill-out this gap, this 

paper proposes an integrated bi-level method for optimal placement and design of PSS 

that provides full controllability of the system. The proposed technique is based on the use 

of controllability gramian and participation factor to characterize large power system and 

extended to optimal placement of PSS in power systems. The main idea is to select the 

controllers corresponding to the minimum energy needed to control the most significant 

modes of the system. Moreover, a new model based on a linear model of the dominant 

generator has been proposed for designing of the PSS in which both local and inter-area 

mode oscillations have been considered. The proposed linear model is called Expanded-

Single-Machine-Infinite-Bus (ESMIB) system. As a result, this paper has been shown that 

the damping performance of the designed PSS based on the proposed model has been 

improved in comparison with the designed PSS based on the SMIB model. In the 

application of the proposed method, the paper utilized the IEEE 9-bus test system [23] for 

investigating the proposed approach in details and New England test System for 

validating the proposed approach [24]. 

The major contributions of this paper are summarized as below: 

 Considering simultaneously PSS allocation and tuning in the multi-machine 

system. 

 Proposing a new robust bi-level model for PSS planning problem. 

 Developing a new linear model relies on ESMIB system to consider both local and 

inter-area oscillation modes. 

 Applying integrated full ranked optimal conditions for the PSS planning problem 

based on controllability gramian and participation factor. 

 Formulation the proposed model as Mixed Integer Non-Linear Programming 

(MINLP) and performing a new optimization algorithm namely cuckoo 

optimization algorithm in order to adjust the PSS parameters.  

 Implementation the proposed model on the two diverse multi-machine systems to 

demonstrate the effectiveness and applicability of the presented approach. 

The paper is organized as follows: Section 2 explains the theory and PSS allocation 

concepts; design of PSS is explained in Section 3; discusses the numerical results in 

Section 4 and Section 5 shows the conclusions. 
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2. Theory and Allocation of PSS 

The theoretical formulation of the proposed architecture for PSS allocation is 

illustrated in this section. The methodology consists of system analysis based on 

combined small signal and transient stability property of the power system. First, the 

small signal stability based architecture is demonstrated. 

 

2.1. Problem Formulation and Theoretical Analysis 

Consider a system described in state-space form by: 

 
                                                         (1) 

We assume that equation (1) is controllable and observable. The transient 

controllability function of a continuous-time linear system is defined as: 

                  (2) 

The transient controllability function is given by: 

                                               (3) 

                                             (4) 

                                                 (5) 

A necessary and sufficient condition of controllability of the system on the interval [0, 

𝜏] for any   is ranked [𝐵, 𝐴𝐵, 𝐴𝑛−1𝐵] = 𝑛. Controllability is characterized by the 

following conditions, 𝜂∈ℜ𝑛. Since the controllability means the set of all attainable 

vectors 𝑥∈ℜ𝑛 corresponding to all possible choices of control u is the whole space ℜ𝑛 

and the only vector orthogonal to the whole space is the zero vector. The following matrix 

is called the controllability gramian for the system. 

                                         (6) 

Considering system (1) is fully controllable on [0, T] if and only if rank Wc=n, then the 

quadratic form can be written as: 

                   (7) 

                                                      (8) 

                                                              (9) 

Also, for controlling the system, controllability matrix is positive definite 

solution, obtained at time t=T, of the following differential Lyapunov equations [20]. 

                          (10) 

If the system in equation (1) is asymptotically stable around the origin, Lc is finite. 

When  ,  is obtained as the unique positive definite 

solution of the following Lyapunov equation. 

=0                                                 (11) 

Since the controllability matrix Wc depends on the control input matrix B, the control 

energy can be affected by properly choosing this control input matrix. From equations (1) 

to (11), it is suggested that in order to minimize the control input energy 𝑢(𝜏) is 

proportional to therefore, we have to minimize  or equivalently to 

maximize  in the sense of given matrix norm. The most appropriate generator for PSS 

placement is the one that provides maximum energy which corresponds to the trace of 

Wc. The energy index can be represented as: 

                                                       (12) 

The index 𝐸𝑖 can be calculated for each generator and the generator corresponding to 

the maximum value of the index is the most suitable one for placing the PSS. Further 

from equation (12) generator participation can be developed for that current scenario as 

                                                       (13) 



International Journal of Control and Automation 

Vol.10, No.9 (2017) 

 

 

70   Copyright ⓒ 2017 SERSC Australia 

2.2. Model Reduction for Larger Power System 

For larger power system, a reduced model has to be developed so that we can analyze 

the optimal placement scenarios. Consider a linear system given by equation (1), which is 

assumed to be asymptotically stable, both stable and detectable. It can be said that there 

exists a regular transformation matrix P such that: 

                                                                (14) 

 
                                                         (15) 

Matrix P can be obtained by performing Cholesky decomposition of controllability 

gramian matrix ( ). Then, balance system gramian can be obtained as follows: 

                                                          (16) 

Based on equation(16) computation of singular value decomposition for factorizing as 

follows: 

,i.e                                             (17) 

That is a unitary matrix (i.e., ) and  and are 

the Hankel singular values (HSV), i.e. the square roots of the eigenvalues . 

                                                         (18) 

Forming balanced realization Sb of the system transformation can be found as follows: 

                                              (19) 

                              (20) 

Where, is comprised of first k row of   and is comprised of first k columns of . 

The error between original system and the reduced order system satisfies the 

following equations: 

                                      (21) 

                                          (22) 

The reduced order system can be presented as: 

 
                                                    (23) 

 

2.3. Procedure for Optimal Placement of Power System Stabilizer  

The procedure for optimal PSS allocation as well as participation of generators can be 

designed as follows.  

 Step1: First develop a linearized model of the power grid based on (14) to (23).  

 Step2: Calculate the controllability gramian Wc without controller from (3) for that 

specific scenario and time duration. Then, calculate the Ei and PIi for all generators 

from (12). Select the generator with maximum Ei for placement of PSS with 

nominal values. 

 Step3: Tune the PSS based on the proposed methodology (discussed in section 3) 

for the generator where the PSS is placed.  

 Step4: From energy participation index PIi, updates the controller coefficient 

matrix B using (6) for the other generators.  

 Step5: Calculate the controllability gramian Wc with a controller from (6) and 

utilizing the control signal U generated based on the selected and tuned PSS.  

Overall approach here consists of adding PSSs that will provide additional input 

control signals with the goal of increasing robustness with respect to disturbances while 

taking into account the influence of all existing controllers in the whole power system. So 

that, the problem of choosing optimal placement of controllers to prevent power system 

from oscillations. This methodology should be continued for each perturbation scenario. 

From each of the control inputs it can be finalized that the proposed architecture provides 

improved controllability index and the participation factor. Finally, as the placement of 

PSS, the index converges to a specific value that provides full controllability. 
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3. PSS Design Based on Proposed New Linear Model 

It would be desirable to create a linear model to analyze the equipments in the power 

system accurately. For this reason, it is difficult to create a precise model with all details. 

The depth of the system analysis depends on the size of the power system in question, and 

the accuracy of the model must be compromised to some degree. Local mode oscillations 

have been known to occur at the generator connected to the system with tie-lines that are 

weak in the case of the infinite bus model. However, the inter-area mode occurs in a very 

large system of interconnected, multi-machine systems, thereby, it is difficult to perform a 

detailed analysis [25]. The PSSs are very effective controllers in the enhancement of the 

damping of LFOs, since PSS can increase damping torque for inter-area modes by 

introducing extra signals into the excitation controllers already provided with generators. 

The flowchart of the proposed approach for optimal PSS allocation and design is 

demonstrated in Figure 1. In practical applications, there are different kinds of power 

plants connected to the network such as renewable power generation and controllable 

units. Hence, LFOs have different frequencies. For this reason, while PSSs is being 

designed, it is necessary to consider the effects of the rest of the power system. As a 

result, it is essential to have a model for designing PSSs as simple as the SMIB system 

and as exact as the multi-machine power system. The proposed expanded model is shown 

in Figure 2. 

 

3.2. Expanded Single Machine Infinite Bus Systems (ESMIB) 

To have a precise and complete linear model of the power system, it is necessary to 

model all the power system components or the impacts of the rest of the network by one 

or several inputs. Consider the multi-machine power system, the impacts of different 

generators on the ith generator are applied by K1ij to K6ij(i- j), but for example as 

displayed in Figure 3 all effects and counteracts transmit to the 1rd generator (the 

dominant generator) that has been connected to the power network. Therefore, the impacts 

of the rest of the power system can be modeled by measuring variables of the 

transmission line like the active and reactive powers or the magnitude and angle of the 

voltage of the determined bus. In the SMIB system, the magnitude and angle of the 

infinite bus are supposed to be constant. Furthermore, from a practical point of view, the 

magnitude and angle of bus voltage that has been attached to the 1rd generator via 

transmission lines oscillate to the effects of power system oscillations. 

The infinite bus represents the Thevenin equivalent of a large interconnected power 

system. The nonlinear equations that describe the generator and excitation system have 

been represented as follows: 

                                                               (24) 

                                                 (25) 

)                         (26) 

                                     (27) 

Equations (24) to (27) can be linearized for small oscillation around an operating 

condition as follows.  

         (28) 

                 (29) 

                                       (30) 

R                                     (31) 
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                                              (32) 

                             (33) 

                          (34) 

                               (35) 

 

COA

 

Figure 1. Overall Architecture for PSS Placement and Tuning 
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Figure 2. The Expanded-Single-Machine-Normal-Bus System 

 

Figure 3. Block Diagram of the ESMIB System 

Therefore, if equations (28) to (30) are substituted into equations (24) to (27) and then 

acquired equations are linearized, block diagram of the ESMIB is obtained (Figure 3). 

Comparison between Figure 2 and Figure 3 approves that DVj and Dhj substituted the rest 

of the power system which are not modeled in the SMIB system. It means that any kinds 

of oscillations with different frequencies can be applied to these inputs and then PSSs can 

be designed regarding the all impacts of the power system. To acquire the constants of the 

ESMIB system equations (28) to (30) should be linearized around a certain operating 

point. Therefore, constants , , , , , , , , ,  and  are as follows: 

        (36) 

                                                         (37) 

                                         (38) 

          (39) 

                                                     (40) 

                           (41) 

                          (42) 

                                                         (43) 
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         (44) 

                                                         (45) 

                                                   (46) 

          (47) 

The linearized model of ESMBI system that has been linearized around the certain 

operating point is given as follows: 

                                                      (48) 

             (49) 

                   (50) 

    (51) 

 

3.3. Designing of PSS 

In this section, after proposing the ESMIB model for tuning PSSs parameters in the 

multi-machine power system, it is time to design the parameters of installed PSS of the 

dominant generator with the ESMIB model. After that, the parameters of the PSS1 are 

designed by the SMIB model again to analyze and compare the results with the results 

which have been obtained by the ESMIB model. The block diagram of the PSS1 which is 

used for G1 is shown in Figure 4. 

 

 

Figure 4. Determination of the Parameters of the PSS1 of the Linear Model 
of G1 in IEEE 9-Bus Test System 

In this study, Cuckoo optimization algorithm (COA) has been employed to search for 

the optimal PSS1 parameters. The COA is inspired by the life of a bird family, called 

Cuckoo [26]. Special lifestyle of these birds and their characteristics in egg laying and 

breeding has been the basic motivation for development of this new evolutionary 

optimization algorithm. Similar to other evolutionary methods, the COA starts with an 

initial population. The cuckoo population, in different societies, is in two types: matures 

cuckoos and eggs. The effort to survive among cuckoos constitutes the basis of the COA. 

The survived cuckoo societies immigrate to a better environment and start reproducing 

and laying eggs. When moving toward the goal point, the cuckoos do not fly all the way 
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to the destination habitat. They only fly a part of the way and also have a deviation. This 

movement and migration of cuckoos are clearly shown in Figure 5. Cuckoos’ survival 

effort hopefully converges to a state that there is only one cuckoo society all with the 

same profit values. 

 

 

Figure 5. Immigration of a Sample Cuckoo Toward Goal Habitat 

The objective function that has been used in this paper is demonstrated in equation 

(52). This robust approach can be obtained by solving equation (52). Where J1=d 3, J2 = 

d 3 and  = tsim which tsim, d 3, d 3, and k are the simulation time, angular velocity 

deviation, terminal voltage deviation, and weighting parameter (in this case 1= 7 and 2= 

3) respectively. Therefore, the design problem can be formulated as the following 

optimization problem: 

                         (52) 

s.t. 0.15 = <  = <  = 15                                       (53) 

0.05 = <  = <  = 12                                          (54) 

3 = <k <  = 120                                                (55) 
 

4. Simulation and Results 
 

4.1. Case Study 1 

First, a three-machine test power system (the IEEE 9-bus standard system, Figure 6) is 

used in this study for comprehending how the proposed method performs in details [25]. 

 

4.2. Results and discussions of Case 1 

Numbers of scenarios created for perturbation are listed in Table 1. Results of 

controllability gramians computed for each scenario in case 1 are demonstrated in Figure 

7. From Figure 7, it can be seen that the choice of the generator G1 leads to the maximum 

value of the trace of Wc (Ei) for all scenarios and therefore, in general, it means energy 

illustrates the gramians calculated after placing PSS in the IEEE 9-bus system. In 

particular for gramians, results show a significant increase in value of the trace, which 

means that the energy needed to drive controllable state variables, has decreased further 

for generator 1 and thus controller placement is justified. Thus, the controllable state 

variables are less if we place controller at generator G1. Figure 8 illustrates the gramian 

after placing and tuning the PSS at G1 in the case1. It can be seen that the average values 

of PI on the generator got lower. Even though the generator models are equivalent in 

nature, this gives the criteria for PSS placement. Once the placement group is identified, 

then individual generator for PSS placement can be extracted. Further tuning of PSS and 
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subsequent placement of PSS on other generators is continued until a full rank gramian is 

reached. 

 

 

Figure 6. IEEE 9-Bus Test System (Case1) 

Table 1. Scenarios Crated for 9-Bus System and 39-Bus System 

Scenarios 
Description 

9-bus 39-bus 

1 Without any disturbance Without any disturbance 

2 Trip in line 4-5 Trip in line 4-14 

3 Trip in line8-9 Increase all Loads by 5% 

4 Increase all Loads by 10% 
Increase all Loads by 5% 

and Trip in line 4-14 

5 
Increase all Loads by 10% 

and Trip in line 4-5 

Increase all Loads by 20% 

and Trip in line 4-14 

 

The dynamic response of the rotor angle deviation, angular velocity deviation and 

terminal voltage deviation are shown in Figure 9, Figure 10 and Figure11. It is clearly 

seen that the PSS1 which has been designed by the ESMIB model for all states is 

improved and enhanced the electromechanical damping characteristics of G1. Also, 

Figure 12 shows the system dominant eigenvalues for case1 which clear that the 

oscillations of the system are damped appropriately by implementing proposed approach 

to PSS allocation and design in G1. 

In this case, the PSSs parameter tuning problem is formulated as an optimization 

problem and COA is used to seek for optimal parameters. An eigenvalue based objective 

function reflecting the combination of damping factor and damping ratio is optimized for 

various operating conditions. The obtained results confirm the robustness and superiority 

of the proposed stabilizer in providing good damping characteristic to system oscillations 

over a wide range of loading conditions.  
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4.3. Case Study 2 

Secondly, a 10-machine test power system (the IEEE 39-bus standard system, Figure 

13) is used for validating the proposed method in a larger power system [27]. 

 

 

Figure 7. Controllability Gramians Corresponding to Control Inputs for 
Different Scenarios after PSS Allocation in Case 1 

 

Figure 8. Average Value of for All Machines after PSS Allocation in Case1 

Table 2. The Optimized Parameters of the PSS1 in Case1 

Parameter SMIB ESMIB 

T1 = T2 7.732 3.895 

T3 = T4 6.431 3.274 

k 68.125 88.347 
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Figure 9. System Response with and without PSS at Stable Operating 
Points in IEEE 9-bus Test System 

 

Figure 10. The Dynamic Responses of Angular Velocity Deviation (Pu) 

 

Figure 11. The Dynamic Responses of Terminal Voltage Deviation (Pu) 
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Figure 12. System Dominant Eigenvalues in IEEE 9-Bus Test System 

 

Figure 13. IEEE 39-Bus Test System (Case2) 

4.4. Results and Discussions of Case 2 

For validating the performance of the proposed approach, another nonlinear simulation 

has been performed. As shown in Figure 13, IEEE 39-bus standard system has been used 

for this reason. The proposed approach has been utilized for determining the dominant 

generator in this system (as a result G4 has been chosen for supplying PSS) and the 

proposed linear model has been used for determining the parameters of the PSS4.Results 

for gramians depicts that the value of trace of controllability gramians is maximized when 

we consider G4 as a control input. That means energy required to drive state variable 

would be minimized if we place controller at G4. Results of controllability gramians 

computed in case 2 for each scenario are demonstrated in Figure 14. Again, the indexes 

are computed after placing PSS at G4.  
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Figure 14. Controllability Gramians Corresponding to Control Inputs for 
Different Scenarios after PSS Allocation in Case 2 

 

Figure 15. Average Value of for All Machines after PSS Allocation in Case 2 

Figure 15 illustrates the gramian after placing and tuning the PSS at G4 in the case 2. It 

can be seen that the proposed method provides substantial damping to the system. After 

finding the dominant generator in the multi-machine power system for supplying the PSS 

via eigenvalue analysis, the PSS has been designed based on the proposed extended linear 

model of the dominant generator regarding the oscillation modes of power system (local 

and inter-area modes). Figure 16 clearly depicts that installation and designing PSS based 

on the proposed approach and linear power system model in the IEEE 39-bus system. It is 

a very effective way to better damp low-frequency oscillations and leads to enhanced 

electromechanical damping traits of the system. As a result, it can be concluded that the 

proposed method can apply to any large power systems. After determining the parameters 

of the PSS1 by the proposed ESMIB model, in this section for understanding the 

performance of the ESMIB model, the parameters of the PSS1 are designed by the SMIB 

model. All conditions are at the same of the ESMIB model. The optimized parameters of 

case 2 are presented in Table 3. Typically, for different operating conditions, the root 
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locus of the system for changing the time delay within the specified limits of the first and 

second scenarios is shown in Figure 17. According to this Figure, it can be seen that the 

maximum delay in which the system is stable, is more in the first scenario than the other 

scenarios. This indicates that in the first scenario, the inter-area mode has more distance 

from instability point. 

 

 

Figure 16. System Response with and without PSS at Stable Operating 
Points in IEEE 39-Bus Test System 

 

Figure 17. The Root Locus in IEEE 39-Bus Test System with the Time Delay 
Variations 

Table 3. The Optimized Parameters of the PSS4 in Case2 

Parameter SMIB ESMIB 

T1 = T2 9. 243 4.575 

T3 = T4 8.663 4.684 

k 57.345 83.502 
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The convergence curves of applied COA based optimization algorithm and other 

conventional optimization algorithms such as Particle Swarm Optimization (PSO) and 

Genetic Algorithm (GA) have been illustrated in Figure 18. With respect to this figure, it 

is clear that the COA decreases over iterations faster those other algorithms. As regard to 

this figure it can be seen that the COA converges quickly compared to PSO and GA. 

Furthermore, computational time (CPU) of utilized algorithm is compared based on the 

average CPU time taken to converge the solution so that the average CPU for COA is 20 

seconds while the implementation times for PSO and GA are 43 and 58 seconds, 

respectively. The proposed optimization process is programmed via MATLAB software 

environment running on an Intel Xeon CPU E5-1620 3.6 GHz laptop with 8 GB RAM. 

The mentioned CPU time is the average of 20 executions of the computer code. 

 

 

Figure 18. Comparison Between Convergence Curves of Proposed COA and 
Other Conventional Algorithms 

Generally, the privileges and benefits of the proposed model can be concluded as 

follows:  

1. The architecture allows any feedback signal for optimal placement and thus 

inherently contributes towards optimal location without proper input/output signal. 

2. The architecture provides and iterative way to place and tune the PSS on all 

possible generators till the full controllability of the system is reached.  

3. This method provides the participation of the generator with and without PSS and 

thus provides a way for better controllability and tuning. 

4. The proposed model can consider both local and inter-area oscillations of the 

power network. Designed PSSs based on the proposed extended model improved 

damping performance of PSSs in comparison with SMIB model. 

5. The proposed model provides full rank controllability and thus the PSS placement 

is the most optimal. 
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5. Conclusions 

This paper proposed a new bi-level approach for optimal robust allocation of PSSs as 

well as a novel linear model (ESMIB) to design PSSs with regard to the local and inter-

area modes in order to damp power system oscillations. Allocation and design procedures 

of PSSs have been applied to the three machines (IEEE 9-bus) and the ten machines (New 

England test System) test Systems. Based on allocate, the controllability gramian and 

participation factor method has been introduced to identify dominant generators for 

installing PSSs. Among the eigenvalues identified, two dominant modes, low-frequency 

dominant mode have been focused and stabilized. Different disturbances like load 

deviations and short circuit were considered to evaluate the viability and the robustness of 

the proposed model. The proposed approach succeeded in determining the dominant 

generator with the ability to influence these modes by evaluating the participation factors 

to the low-frequency dominant and stability dominant modes. After finding the dominant 

generator, the PSS should be designed based on the linear model of this generator. The 

proposed objective function for PSS tuning is minimized by cuckoo optimization 

algorithm. The obtained results in both employed systems show that the system composed 

with the proposed controller can provide an excellent capability in fast damping of power 

oscillations and improve greatly the dynamic stability of the power system. Furthermore, 

the nonlinear simulation results illustrated that the designed PSSs based on ESMIB model 

were capable of guaranteeing the robust performance of the power system for a wide 

range of operating conditions and different disturbances. Finally, it can be said that the 

damping of the SMIB power system can be significantly enhanced with ESMIB model 

and the proposed procedure can be applied to any power systems. 
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