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ABSTRACT 
 

This paper studies the transient stability improvement of inter-area power system. The mathematical 
model of UPFC is present in this paper.In this paper, UPFC is modeled as an ideal series voltage 
source with an ideal shunt current source that is incorporated into the model of power system. In this 
study a UPFC-based Fuzzy-PI controller is proposed and designed to damp generator oscillations. 
Genetic Algorithm is used for the best choicest of input parameters of controller.  
KEY WORDS: Flexible AC Transmission System, UPFC, Inter-Area Oscillation, Wide Area 

Control, Optimization Approach, Genetic Algorithm, Fuzzy Logic Program. 
 

INTRODUCTION 
 

Development  of  power  systems,  especially  the more  important  to  control  the  power  flow  along  
the transmission line leads to using of various  types  of  FACTS  devices  like  static  compensator 
(STATCOM),  unified power flow controller (UPFC),  thyristor controlled  static compensator  (TCSC), etc. in 
order to  improvie  voltage  and  angle stability  and  reduce  electromechanical  oscillations  in interconnected 
power systems [ (Fouad  A.A. and  V.  Vittal, 1992),( Hassan Barati, etal. 2009),(M. Nomozian, et.al, 1997),(N. 
G. Hingorani and L. Gyugyi, 2000)]. Amongst  the  several  FACTS  devices  studied  for  power system 
stabilization,  STATCOM and UPFC can supply  the most effective   performance  in  damping  of  low  
frequency multimodal  oscillations  in  multimachine  power  systems. As utilities increase power exchanges 
over a fixed network, inter  - area oscillations are more likely to occur, even under nominal operating conditions. 
For many years power system stabilizers(PSSs)  have  been  used as one  of the  most  common  controls to 
damp out oscillations and to offset the negative damping of the automatic  voltage  regulators[M. Nomozian, 
et.al, 1997].  The  major  function  of  PSS  is  to applying  a  modulating  signal  acting  through  the  excitation 
system  to  add  rotor oscillation  damping. Even  though power system  stabilizer  is  the  main  damping  
control,  during  some operating  conditions, However this  device  may  not  produce  enough damping 
especially  to  inter-area mode  and  so,  there  is an increasing interest in using FACTS devices like 
IPFC,STSTCOM,TCSC and UPFC to damp of  these oscillations better. One of FACTS device that has been 
implemented in damping of power system oscillation is IPFC [(Jun Zhang, and Akihiko Yokoyama,2000),( 
Kazemi, A.; Karimi, E, 2006)]. In these researches many techniques based on PI, PID, are presented and 
analyzed. studies have shown that UPFC due to both series-parallel connection to system, can be effective more 
than other FACTS device in damping oscillation .UPFC has been studied in damping oscillation based on 
conventional PI [Pavella, M. and  P.G.  Murthy, 1994],and Fuzzy-PI with no optimization method [Zhengyu 
Huang, et al. , 2000].but in this paper the fuzzy-PI based Genetic Algorithm is presented and analyzed. In this 
study using genetic algorithm, the best input parameters of PI-Fuzzy controller have been calculated and so 
these results of GA are applied to UPFC controller to damp oscillation. 
 

MODELLING OF UNIFIED POWER FLOW CONTROLLER (UPFC)  
 

The UPFC can provide simultaneous control of all basic power system parameters (transmission 
voltage, impedance and phase angle). In multiple control objectives hhe controller can fulfill functions of 
reactive shunt compensation, series compensation and phase shifting [Moris,S and et al.,. 2003].From a 
functional perspective, the objectives are met by applying a DC capacitor, shunt connected transformer and 
voltage source converter in parallel branch and dc capacitor, voltage source convertor and series injected 
transformer in the series branch.The two voltage source converters are so called ”back to back” AC to DC 
voltage source converters operated from a common DC link capacitor, Figure 1. The shunt converter used in 
order to provide active power demand of the series converter through the common DC link. Shunt converter can 
also generate or absorb reactive power, if it is desired, and thereby provides independent shunt reactive 
compensation for the line. Series converter provides the main function of the UPFC by adding a voltage with 
controllable magnitude and phase angle in series with the line, Figure 2. The reactance xs describes the 
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reactance seen from terminals of the series transformer and is equal to (in p.u. base on system voltage and base 
power): 

 
1 

              

where xk represents the series transformer reactance, rmax the maximum per unit value of injected 
voltage magnitude, SB the system base power, and SS is the nominal rating power of the series converter. 

 
FIGURE 1 Implementation of the UPFC by Back-to-Back Voltage Source Converters 

 
The UPFC injection model is derived enabling three parameters to be simultaneously controlled 

[Dizdarevic, 2001]. They are namely the shunt reactive power,Qconv1, and the magnitude, r, and the angle, γ, of 
injected series voltage Vse. Figure 2 shows the circuit representation of a UPFC, where the series connected 
voltage source is modeled by an ideal series voltage which is controllable in magnitude and phase, and the shunt 
converter is modeled as an ideal shunt current source.  

 

2 

 

 
FIGURE 2 The UPFC Electric Circuit Arrangement 

 
In Figure 2, where It indicates the current in phase with V i and Iq is the current in quadrature with V i. 
In Figure 3 the voltage source V se is replaced by the current source Iinj = −jbs Vse in parallel with Xs.  

 
FIGURE 3 Transformed Series Voltage Source 

 
The active power provided by the shunt current source can be given from :(in all of this paper , shunt 

converter named as convert 1 and series converter named as convert 2 ) 
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3 

If we suppose that, the UPFC losses are zero, and then follow equation can be implemented: 

 
4 

The apparent power supplied by the series voltage source converter is calculated using follow equation: 

 

 
 
5 

Active and reactive power supplied by Converter 2 are explained by  

 

6 
 
 
7 

With Substitution of (3) and (6) into (4) gives 

 
8 

So the current of the shunt source is then calculated by 

 

 
9 

From Figure 3 the bus current injections can be written as 

 

10 
 
 
11 

             Where   

 

 
 
12 

Substituting (9) and (12) into (10) and (11) gives 

 

 
13 

 
14 

where Iq is an independently controlled variable, that indicating a shunt reactive source. Based on (13) 
and (14), the current injection model can be presented as in Figure 4. Besides the expressions for current bus 
injection, due to the control purposes, it is very useful to have expressions for power flow from both sides of the 
UPFC injection model defined.  

 
 

FIGURE 4 UPFC Current Injection Model 
At the UPFC shunt side, the active and reactive power flow are given as 
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15 
 
16 

whereas at the series side they are 

 

17 
 
18 

 
As can be seen from previous equations, the UPFC current injection model is defined by the constant 

series branch susceptance, bs, which is included in the system bus admittance matrix, and the bus current 
injections, Ii and Ij . If there is a control objective to be achieved, the bus current injection is modified through 
changes of the UPFC control parameters r, γ and Iq. In the case of power flow control, i.e. the third control 
variable, Iq, is inactive, so the UPFC performs the function of the series compensation, the control objective is to 
maintain the power of controlled line at the expected value. That means the UPFC should operate in the 
automatic power flow control mode keeping the active and reactive line power flow at the specified values Pref 
and Qref . The control objective can be achieved by linearizing the line power flow equations, (17) and (18), 
around an operating point [L.Gyugyi, et al.,2001,(Xi Yixin, et al.,2000)]. Figure 5 shows the general form of the 
UPFC control system used in this dissertation. The linearization results with the Control Strategy block in 
Figure 5. The outputs of the block are the changes of the control variables ∆r and ∆γ, given by 

 

19 
 
 
 
20 

where ∆P = Pref −P and ∆Q = Qref −Q are the inputs in the block. In this thesis it is assumed that the 
third control variable Iq is inactive, so the UPFC performs the function of the series compensation. Kγ and Kr are 
the proportional parts and Tγ and Tr are the integral time constants of the UPFC PI controllers. Cdamp-γ and Cdamp-r 
are the signals from the UPFC damping controllers, explained in detail in [Prechanon Kumkratug, 2009]. 

 
FIGURE 5 General Form of the UPFC Control System 

 
Operation of the UPFC demands proper power rating of the series and shunt branches. The rating 

should enable the UPFC to archive pre-defined power low objective. The algorithm starts with definition of the 
series transformer short circuit reactance, xk, and the system base power, SB. Then, the iprimary estimation is 
given for the series converter rating power, SS, and the maximum magnitude of the injected series voltage, tmax. 
In the next step can be determined the effective reactance of the UPFC seen from the terminals of the series 
transformer, (xS). 

Load flows are analyzed by variation the angle γ between 0o and 360o in steps of 10o, with the 
magnitude r kept fixed at its upper value rmax. Such rotational change of the UPFC parameter influences active 
and reactive power flows in the power system. The largest impact is obtained to the power flowing though the 
line with UPFC installed. The control objective is to maintain the active and reactive power flow whose 
prescribed values should be achieved within the UPFC steady state operation. Then, the power flow algorithm is 
performed to check whether the pre-defined objective is achieved satisfactory with estimated parameters. If the 
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load flow requirements are not satisfied at any operating points, it is necessary to go one step back, estimate 
again SS and tmax, and perform new rotational change of the UPFC within the power flow procedure. 
This loop is performed until the load flow requirements are completely fulfilled. In addition, the active, reactive 
and apparent powers of the series converter are calculated for each step change in the angle γ. 

With the power flow requirements fulfilled and the series converter powers calculated, it has to be 
checked whether the maximum value of the series converter apparent power max Sconv2, is larger than the 
initially estimated power Ss. If max Sconv2 is not larger than the power SS, it is necessary to check whether the 
power SS is at an acceptable minimum level. If not, the value of SS is reduced and the loop starts again. The 
acceptable minimum is achieved when two consecutive iterations do not differ more than the pre-established 
tolerance. When the power SS is minimized, the load flow procedure is performed with smaller step of rotational 
change of the angle γ(10), in order to get maximum absolute value of the series/shunt converter active power, 
max |Pconv1|. The value given by max |Pconv1| is considered to be minimum criterion for dimensioning shunt 
converter rating power, whereas the power SS represents series converter rating power as a function of the 
maximum magnitude tmax. 
 

  GENETIC ALGORITHM OPTIMIZATION APPROCH 
 

GA is a search method based on the natural selection and genetics. GA is computationally simple yet 
powerful and it is not limited by assumptions about the search space. The most important goal of optimization 
should be improvement. Although GA cannot guarantee that the solution will converge to the optimum, it tries 
to find the optimum, that is, it works for the improvement. The GA is basically an evolutionary algorithm, 
analogous to a part of the physical world. GA is a stochastic optimization technique introduced by [Goldberg, 
D.E.,1989]. Binary and floating-point representations are used to implement GA, for the sake of comparison. In 
the binary implementation, each element of a string (or chromosome) vector was coded using the same number 
of bits and each occupied its own fixed position. The minimization process in the binary representation used is 
characterized by the following. 

The implemented GA starts by randomly generating an initial population of possible solutions. For each 
solution a value of power generation units is chosen between 0 and a maximum limit, fixed by the planner on the 
ground of economical and technical justifications; then, a different size of parameters input of UPFC controller are 
randomly chosen until the best damping of low frequency oscillation obtained. At this point, the objective function 
is evaluated verifying all the technical constraints. In Figure 6 the block diagram of optimization problem has been 
shown. Parameters used for the GA with binary representation include in Table 1. 
 

TABLE 1 Parameters Used for the GA 
Parameters Value  
Population size 30 
String length 10 bits 
for the first preferred string 40% 
Reproduction rate for the second preferred string 30% 
The third preferred string 20% 
Crossover rate from exp (0.10) to exp (0.86) 
Mutation rate exp (0.500) to exp (0.005) 
Maximum number of  generations 1500 

 
FIGURE 6 Flowchart of the Genetic Algorithm 
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SIMULATION AND RESULTS 
 

The two-area power system presented in [H.F.Wang' 1999], shown in Figure 7 is considered in this 
study. The system has a UPFC installed between bus-7 and bus-8. It is considered that a 3-phase symmetrical 
short-circuit fault of 200 mill-seconds duration occurs at bus-3. The system is simulated in Matlab/Simulink 
environment and the corresponding graphs are shown in Figure 8 and Figure 9. It is inferred that without a 
UPFC, the oscillations in generator rotor angle of Area-1 (Generator 1 and Generator 2) and Area-2 (Generator 
3 and Generator 4) increase and the settling time for the oscillations is found to be high. However, it  can be 
seen  that with a UPFC,  the oscillations  in generator  rotor angle of Area-1and Area-2 decrease  and  the  
settling  time  for  the oscillations  is found to be slightly low. Hence, the transient stability of the two-area 
power system is improved with UPFC. 

 
FIGURE 7 Multi-Machine Power System 

 
FIGURE 8 Multi-Machine System with UPFC 

 

 

 
 

FIGURE 9 Parameters Setting in MATLB 
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The conventional PI block considered in this paper is depicted in Figure 10. 

 
FIGURE 10 Conventional PI Controllers in UPFC 

 
Fuzzy logic was developed by [Xi Yixin, et al.,2000] to address uncertainty and imprecision which 

widely exist in the engineering problems and it was first introduced for solving power system problems. Fuzzy 
set theory can be considered as a generation of the classical set theory. In classical set theory an element of the 
universe either belongs to or does not belong to the set. Thus the degree of associations of an element is crisp. In 
a fuzzy set theory the association of an element can be continuously varying. Mathematically, a fuzzy set is a 
mapping (known as membership function) from the universe of discourse to the closed interval [0, 1]. The 
membership function is usually designed by taking into consideration the requirement and constraints of the 
problem. Fuzzy logic implements human experiences and preferences via membership functions and fuzzy 
rules. Due to the use of fuzzy variables, the system can be made understandable to a non-expert operator. In this 
way, fuzzy logic can be used as a general methodology to incorporate knowledge, heuristics or theory into 
controllers and decision makers. The advantages of fuzzy set theory are more accurately represents the 
operational constraints of power systems, and fuzzified constraints are softer than traditional constraints. Fuzzy 
technique in power system problem in many investigations in various area such as optimization, planning, 
control, power market, power system stabilizer (PSS) planning, and etc,[( K. Phorang, et al., 2002),( Lo, 
K.L.and Laiq Khan, 2000),(Tamer Abdelazim, O. P. Malik, 2005)]. In order to using fuzzy logic program in this 
study, the inputs are described by the following linguistic variables: P (positive), NZ (near Zero), and N 
(negative).The output is described by five linguistic variables P (positive), PS (Positive small), NZ (near zero), 
NS (negative small), and N (negative). Gaussian functions are used as membership functions for both inputs, 
and triangular membership functions are used for output.  

A fuzzy controller structure is shown in Figure 11. The controller is placed between Pre-processing and 
post-processing blocks. PI-Fuzzy controller in UPFC is shown in Figure 12 

 
FIGURE 11 Fuzzy Controller Structure 

 

 
FIGURE 12 Fuzzy Logic PI Controller in UPFC 

 
A three-phase fault of' 200 ms duration is simulated at the middle of one of the line connecting Bus-7 

and Bus-8.Figures 13-16 present the local and inter-area mode of oscillations. These figures show the 
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comparison of the conventional and Fuzzy PI controller and the proposed controller. The performance of 
proposed method with improved GA is quite prominent in comparison to the PI controller. It is seen that the 
overshoots and the settling time are well controlled by the proposed controller.  

The system parameters in this study in p.u of the power network are set to P3=1.3 ،Q3=.15 ،P2=1.3   ،
Q2=.1 P1=4.412،, P4=1.5556, Q4= 0.2244. From these responses it is observed that the proposed controller 
performs significantly in damping inter-area oscillations. It is obvious that using fuzzy-PI controller of UPFC 
based on GA, the most damping of oscillations are obtained respect to PI conventional or PI-Fuzzy. 
 

 
 

FIGURE 13 Inter-Area Mode of Oscillation for ω 	–ω  
 

 
 
 

FIGURE 14 Local-Area Mode of Oscillation for ω 	 − ω  
 

 
 

FIGURE 15 Local-Area Mode of Oscillation for ω 	 − ω  
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FIGURE 16 Inter-Area Mode of Oscillation forω 	 − ω  
 
CONCLUSION  
 

As utilities increase power exchanges over a fixed network, inter  - area oscillations are more likely to 
happen, even under nominal operating conditions hence many research have studied the power system 
oscillation. Many techniques have proposed in order to mitigate the low frequency oscillation. In this paper, a 
nonlinear variable gain fuzzy PI controller for UPFC based combination of GA has been proposed.   

Genetic Algorithm approach, for the best section parameters of PI-Fuzzy controller of UPFC has been 
introduced.  The  simulation  results  show  that  the  adaptive  controller  can  damp  power oscillation more  
effective  than  the  conventional PI  controller  and  it  is  not  sensitive  to the  loading conditions and the 
changes in power system topology . 
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