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Abstract 
 
This work presents a dual optimal PI controller based on UPFC for the purpose of enhancing stability of small signals of a power system 

integrated with wind energy source. The parameters of controller are tuned by PSO-GWO algorithm. System responses have been ob-
tained with varying wind penetration to power system and for different operating conditions detail eigen value analysis is performed. The 
results predict that, variable wind power penetration deteriorates dynamic stability of power system and proposed UPFC controller can 
damp system oscillations much effectively ac compared to PSO and GWO optimized single PI controller 
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1. Introduction 

For a long time, dynamic stability of a power system has been a 
major issue challenging the way of operating the system.Due to 
inter connection power system network this issue has been more 
challenging subject to different disturbances and weak tie line 

inter connection between different power system networks.The 
modern power system network is becoming more complex after 
being integrated with renewable power sources. Different aspects 
have been addressed in literature regarding interconnection of 
wind power sources with conventional power source. In [1-4] the 
effect of wind energy on small signal stability of power system 
has been presented, where it has been predicted that varying wind 
generation has more detrimental effect on dynamic stability of 

power system. In this work the dynamic stability is attributed to 
low frequency power system oscillation. As per literature so many 
black outs the power systems are initiated by power system oscil-
lations.PSS has been used for decades to damp power systembut, 
the demerit of PSS lies on large change in voltage profile, not 
capable to meet sudden disturbances and operation in lead power 
factor.On the other hand, FACTS based PSS are becoming more 
popular due to several reasons like easy online tuning, flexibility 

in operation [5-10] but UPFC is most effective FACTS controller 
and has merits of both series and shunt connected FACTS control-
ler [11,12]. For dynamic stability study Heffron- Philipp’s transfer 
function model with UPFC has been very much popular as per 
researches [13].  PI controller is very simple,efficient and able to 
lead the system very quickly to zero steady state error so in this 
work UPFC based two parallel PI controllers are employed for 
dynamic stability enhancements of power system. The two parallel 
PI controllers are employed to alter modulation index and phase 

angle of series voltage source converter and shunt voltage source 

converter respectively, thereby it is mentioned as dual PI control-
ler in this article.  The next issue is efficient online tuning of 
UPFC based dualPI controller. The online optimization of control-
ler parameter requires an efficient optimization technique[14].In 

the recent years artificial intelligent based optimization technique 
have been used to tune UPFC controller parameter. These optimi-
zation techniques can be of swarm intelligence or evolutionally 
algorithm type like DE, PSO, DEPSO, GWO, adaptive PSO, DE-
GWO,GA-GSA etc [15-21]. PSO has so many merit points, but it 
may trap in local optima subject to a heavy constraint problem and 
GWO has very good balance between exploration and exploita-
tion. So the hybridization of PSO and GWO technique is imple-

mented here to tune controller parameter. 

2. Power System With UPFC 

The SMIB system is integrated from wind power source. The 
generator has been IEEE-ST1A type excitation system. Two volt-
age source converters (VSCs) which are constituted in the UPFC 

are connected in between the generator and the infinite bus. These 
two VSCs comprises of one series connected and the another is 
connected in shunt with the line. UPFC consists of four control 
actions which are modulation index of series VSC (mB), phase 
angle of series VSC (δB), modulation index of shunt VSC (mE) 
and phase angle of shunt VSC (δE). 
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Fig.1: SMIB system integrated with wind power generation 
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3. Dynamic Model Of The System Including 

Upfc 

3.1. Non-Linear Model 

The non-linear model of only SMIB system with UPFC can be 
presented as [13].  
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Balance of active power between the series VSC and shunt VSC is 
given as: 
 
       

      
                                                                       (6) 

 
Linear DynamicModel 
 
The non-linear model is linearized around initial operating condi-
tion for better analysis of small signal stability.Following are the 
equations  obtained after linearization [13].  
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4. Modelling of Wind Turbine 

Wind turbine characteristics can be concluded by the below equa-
tion of the power coefficient Cp. 
 

                      
       

        
                  (15) 

Where,λp is the ratio of tip speed and βprepresents the angle of 
blade pitch [9]. 
Further, λp is given by: 
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Where, Rb is the blade radiusand ωb is the angular blade speed. 

Here, radius and angular speed of the blade are considered to be 
23.5m and 3.14rad/s respectively. 
Power generated by wind turbine is given as: 
 

                
                                                             (17) 

 
Where ρa and As are density of air and swept blade area respec-
tively. Fig.2 represents the characteristics curve of power generat-
ed by the wind turbine when consideringρa=1.25kg/m3 and 
As=1735m2. Fig.3 shows the model of wind power generator in 
transfer function form. By the transfer function model, we come to 
conclusion that the power generator system is given in Eq-18 as: 
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Fig.2: Curve forpower generated by wind turbine versus speed of wind 
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Fig.3: Transfer function model of wind generator system 

5. Small Signal Model of Single Machine Sys-

tem Including Upfc 

The Heffron Philips transfer function model of single machine 
power system including UPFC is shown in Fig.4 [13].The ‘K’ 
constants of this model are calculated with reference to initial 
operating condition and system parameters[13]. Here [∆U] is the 
input vector, [Kvu], [Kqu], [Kcu], [Kpu] are the governing parame-
ters of the model where [ΔU] = [ΔmEΔδEΔmBΔδB]T Input vectors 

are given by , 
 
[Kpu] = [KpeKpδeKpbKpδb],            [Kvu] = [ KveKvδeKvbKvδb], 
[Kqu] = [ KqeKqδeKqbKqδb],           [Kcu] = [ KceKcδeKcbKcδb] 
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Fig.4: Modified Heffron-Phillips model including UPFC 

6. Proposed Cascaded PI with Dual Damping 

Controller Structure 

Initially the PI controller puts the system into zero steady state 
error and it also yields very fast response. For damping oscilla-
tions, mB and δE are best suitable UPFC actions [19].Both these 
actions are simultaneously applied in the parallel PI controller as 

depicted in Fig. 5. In this controller Kdp1 and Kdp2 are the pa-
rameters of modulation index of series VSC of UPFC. So on Kdp3 
and Kdp4 are parameters of shunt VSC of UPFC. The input to 
controller is speed deviation of generator and output is the control-
ler actions to be performed. 
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Fig.5: The dual PI controller 

7. Objective Fuction 

To damp oscillations in power system ITAE based objective func-
tion is considered in this work [14] and the speed deviation signal 
Δω has been considered for input to controller. J is the objective 
functiongivenas : 
 

        
    

 
                                                                        (19) 

 
   The problem is minimizing J subject to the constraints of gains 
and time constants of controller. The gains range has been chosen 
from 1 to 100 and time constants from 0.01 to 1. 

 

8. Pso Algorithm Overview 
 
PSO optimization is very useful technique used to optimize com-
plicated numerical functions in multi dimensions. It’s very simple 
and easy to code. This algorithm allows the number of particles to 

move in multi dimensions and during the course of searching the 
velocity of each particle is updated[20]. 

9. Grey Wolf Optimizer (Gwo) 

The Grey wolf technique indicates the behavior of a self-
organized system. This technique is recently published, it is a 

swarm intelligence type multiobjective algorithm. This technique 
has been aped by the way Grey Wolves run down their prey [15]. 
The alphas make hunting decisions. The betas help the alphas in 
decision making and other activities. Then come the omegas, low-
est ranking.  
When the hunting process begins, they encircle the prey, which is 
mathematically formulated as: 
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Here, t indicates current iteration,  

   and    value can be considered by Eq-22 and 23 as 
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For initializing the hunting process, it is assumed that α , β and δ 
wolves know the exact position of prey and the current position of 
these wolves are updated by the following equations:  
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To find the best location of prey, an average value of current posi-
tion of α, β and δ wolves is taken as: 
 

        
              

 
                        (26)  

10. Hybrid Pso-Gwo Technique 

PSO technique has several merit points like simple, robust to vari-
ation in parameter and easy to implement. But it has its demerits 
also. One of the demerits known is that itgetstrapped in local op-
tima subjected to application of optimization problem that is high-
ly constrained. To nullify the demerits of PSO, GWO comes to 
action. Having a better balance in exploration and exploitation 

GWOavoids getting trapped in local optima. 
Hence PSO and GWO are combining approached for better opti-
mization results. The steps for PSO-GWO techniques are present-
ed below and flow chart is given Fig.6. 

Hybrid PSO-GWO Technique 

PSO Operation 
i. Fitness function is evaluated 

ii. Pbest and Gbest are obtained individually and globally 

respectively. 
iii. Each swarm velocity is found out. 
iv. Updating Swarm position  
v. With objective function, fitness values are obtained for 

each particle. 
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vi. Selection of best solution is done for next iteration 

subjected to fitness values.  

GWO Operation 
vii. Initial population for GWO is considered as the final 

population with PSO.  
viii. Initializing of parameters, A, C and a. 

ix. Each search agent is allocated random position. 
x. Objective function returns the fitness values for Grey 

Wolves.  

xi. Position and parameters (A, C and a) are updated. 
xii. For further iteration, best function is chosen after 

comparing between the fitness functions.     
xiii. Values for Xα, Xβ, and Xδ are updated 
xiv. Repetition of Steps (ii) to (xiii) is done until the stopping 

criterion is satisfied. 
Finally, the optimal controller parameters are achieved 
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11. Result and Discusion 

The UPFC based dual PI controller is employed in this research to 
damp low frequency oscillations of variable wind power integrat-
ed power system to enhance dynamic stability of power system. 
The k-constants of transfer function model of SMIB system in-
cluding UPFC have been calculated subject to initial operating 
condition as presented in the appendix.Tuning the parameters of 
the dual PI controllers are done by PSO, GWO and PSO-GWO 

algorithms. Two different case studies have been presented in this 
work. In case-1, The generated output power of synchronous gen-
erator, Pg=0.9 pu and wind source output  
power Pw=0.1pu have been considered. In case-2, The generated 
output power of synchronous generator, Pg=0.8 pu and wind 
source output power Pw=0.4 pu, are considered, in which case the 
generator output power is decreased and wind source output pow-
er is raised to observe the oscillatory system response. The speed 
deviation and real output power deviation of generator for case-1 

is given in Fig.7 and Fig.8 respectively. Similarly speed deviation 
and real output power deviation of generator for case-2 is present-
ed in Fig.9 and Fig.10 respectively.  The Table-1 presents opti-
mized parameter and Table-2 presents system eigen values subject 

to heavy wind penetration. From system response and eigen value 
analysis it is observed that, PSO-GWO optimized UPFC dual PI 
controller damps system oscillations heavily as compared to PSO 

and GWO optimized PI controller.     
 

Table-1: Parameters for dual PI controller after optimization 

Dual PI controller parameters 

Algorithms Kdp1 Kdp2 Kdp3 Kdp4 

PSO 49.6276 0.1017 27.7806 0.1765 

GWO 27.1009 0.5071 42.0508 0.1979 

PSO-GWO 52.6423 0.6961 83.4817 0.4940 

 
Table-2: Eigen values of system with dual PI controller 

PSO (dual PI) GWO(dual 

PI) 

PSO-GWO NO CONTROL 
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  -1.6938 - 

3.6647i 
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        0           
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-99.8331           

  -2.1775 + 
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  -0.0000           

  -0.0000           
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  -0.5556 
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Fig.7: Speed deviation for case-I, Pw=0.1 pu 

 
Fig.8: Real power deviation for case-I, Pw=0.1pu 

 
Fig.9: Speed deviation for case-I, Pw=0.4 pu 

 
Fig.10: Real power deviation for case-I, Pw=0.1 pu 

 

12. Conclusion 

This work presents PSO-GWO optimized dual PI controller based 
on UPFC to damp low frequency oscillations of wind power inte-
grated power system. The power system oscillatory response has 
been examined with variable wind power generation with PSO, 

GWO, PSO-GWO optimized both single and dual PI controller. 
When it comes to damping the system oscillations, by observing 
the eigen values and response of the system, it can be concluded 
that the controller, proposed in the article, performs better as com-
pared to PSO, GWO optimized single PI controller thereby en-
hancing dynamic stability of power system.  
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