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ABSTRACT 
The focus of this paper is a FACTS device known as the 

Unified Power Flow Controller (UPFC). With its unique 

capability to control simultaneously real and reactive 

power flows on a transmission line as well as to regulate 

voltage at the bus where it is connected, this device creates 

a tremendous quality impact on power system stability. 

These features become even more significant knowing that 

the UPFC can allow loading of the transmission lines close 

to their thermal limits, forcing the power to flow through 

the desired paths. This will give the power system 

operators much needed flexibility in order to satisfy the 

demands that the deregulated power system will impose.  

Here, we have used a Genetic Algorithm (GA) to 

determine the operating point of UPFC for simultaneous 

solution of static security and dynamic stability problems. 

The algorithm acts directly on the control parameters of 

UPFC and gives us the new optimal operating points of 

UPFC which when used helps in our objective of 

oscillation damping and improving the power system static 

security and dynamic stability performance. 

The most cost-effective way to estimate the effect the 

UPFC has on a specific power system operation is to 

simulate that system together with the UPFC by using one 

of the existing simulations packages like MATLAB & 

SIMULINK used here. 

 

Keywords—FACTS, UPFC, SSSC, STATCOM. 

I.  INTRODUCTION  

The electrical power system is the composition of 

three blocks such as generation system, transmission system 

and distribution system. For the reliability of whole power 

system, the generation system must produce a sufficient power 

to fulfill customer’s demand, transmission systems must 

transmit bulk power over long distances without overloading 

or disturbing system stability and distribution systems must 

deliver electrical power to every customer’s premises from 

bulk power systems. Distribution system situated at the end of 

power system and is connected to the consumers directly, so 

the quality of the power mainly depends on distribution 

system. Previously the major focus for power system 

reliability was on generation of power and transmission of 

power only as these more capital cost is involved. In addition 

their insufficiency can cause widespread disastrous 

consequences for both society and its environment. But 

present time distribution systems have started to receive more 

attention for reliability assessment. 

 

The very fast growth in the electrical energy use, 

demand for low cost energy, has gradually led to the 

development of generating station remotely situated from the 

load. In generating stations include hydroelectric stations, 

which use sites with higher heads and sufficient water flows; 

fossil fuel generating stations located close to coal mines; 

geothermal stations and tidal-power plants and nuclear power 

plants purposely built very far from urban centre. The 

generation power at very far locations necessitates the use of 

transmission system to connect generation station to load 

centre. To increase power system reliability, multiple lines 

that connect load side to several generation systems, interlink 

utilities, and build the complex interconnected electrical 

transmission network system. These electrical network 

systems now exist on all the continents. 

The FACTS devices regulate the AC transmission, 

increasing the power flow in particular lines and improving 

stability of power system. The potential of these devices is 

based on the flexibility of controlling the power flow and the 

ability of connecting networks that are not interconnected, 

giving the possibility of trading energy between distant 

consumers. Flexible Alternating Current Transmission System 

(FACTS) is static equipment used for the AC transmission of 

electrical energy. It enhances power transfer capability. 

FACTS are generally a power electronic based device. The 

FACTS devices are divided into three groups, dependent on 

their switching technology: mechanically switched, thyristor 

fast switched, using IGBTs. FACTS, such as the phase 

shifting transformer (PST) and the static VAR compensator 

(SVC) are well used in power system. Developments in power 
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electronics and control have increases the application range of 

FACTS devices. The additional flexibility and controllability 

increase reliability of supply. FACTS damped oscillations 

especially in the power system. 

 

 

II. UPFC BASIC OPERATION 

 

(a). INTRODUCTION OF UPFC 

The UPFC was proposed by L. Gyugyi in 1991.  It is 

most complicated FACTS devices in a power system now a 

day. It can independently control of real and reactive power 

flow in transmission lines. It increases flexibility, reliability 

and economic operation of power system and also improve 

loading. 

Some quantities which affect real and reactive power flow 

in the line: 

 line impedance,  

 voltage magnitudes at the terminals of the line 

 power angle, 

If a UPFC is operated in the automatic control mode (i.e. 

to maintain a pre-specified power flow between two power 

system buses, the sending and the receiving buses, and to 

regulate the sending end voltage at the specific value) the 

UPFC sending end is transformed into a PV bus while the 

receiving end is transformed into a PQ bus, and conventional 

load flow (LF) program can be performed. This method is 

simple and easy to implement but it will only work if real and 

reactive power flows and the sending bus voltage magnitude 

are controlled simultaneously. It should be also mentioned that 

there is no need for an iterative procedure used in to compute 

UPFC control parameters. They can be computed directly after 

the conventional LF solution is found. 

 

Fig1.  UPFC using two “back-to-back” VSCs with a common 

dc-terminal Capacitor 

 

(b). BASICS OF VOLTAGE SOURCE CONVERTERS AND 

PULSE   WIDTH MODULATION TECHNIQUE 

 
 

Fig:2. Three phase voltage sourced converter 

 

Varying the angle of the converters output voltage 

according to the AC system voltage that controls the real 

power flow between UPFC converter and the AC system. If 

the converter output voltage is adjusted as to lead the AC 

voltage real power started to flow from DC to AC side. And 

on other hand if converter output voltage lag the AC system 

voltage, it reverse the real power flow from AC to DC side. 

GTOs perform convertor operation while the 

rectification is done by diodes. Same leg two switches cannot 

be operating on stage at the same time. Adjusting magnitude 

of the converter output voltage adjust the reactive power flow 

between the converter and AC system. The UPFC converter 

generates and absorbs reactive power according to the 

magnitude of output voltage of convertor with respect to the 

AC system voltage.  

The output voltage of converter can be adjusted by 

applying control techniques. Pulse Width Modulation (PWM) 

techniques is one of them. The harmonic content is very low. 

Large number of switching per cycle causes greater converter 

losses. So PWM techniques are not practical for high voltage 

applications. But some developments in power electronic 

switches will allow PWM technique. Due to their simplicity 

many authors have used PWM control techniques in their 

UPFC studies. So the same technique will be used in this 

project. 

 

A sinusoidal PWM technique is introduced to turn on 

and to turn off signals for GTOs. It generated reference signal 

vr of amplitude Ar and a sawtooth carrier waveform vc of 

amplitude Ac as shown in Fig.4.3 (b).  The sawtooth 

waveform frequency set as which GTOs are switched. 

Consider a phase-leg as shown in Fig. (a). 

In this case 
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vr>vc results in a turn on signal for the device one and gate 

turn off signal for the device 4 

and 

vr<vc results in a turn off signal for the device one and gate 

turn on signal for the device 4 

 

 (a) A phase leg of PWM converter 

 
(b) PWM Waveform 

Fig 3. PWM Converter 

 

The fundamental frequency of the converter output 

voltage is determined by the frequency of the reference signal. 

Controlling the amplitude of the reference signal we adjust the 

width of the pulses. The ratio of Ar to Ac called amplitude 

modulation index. 

 
For m≤1 the peak magnitude of the fundamental 

frequency component of the converter output voltage can be 

expressed as 

 

                                              

III. GENETIC ALGORITHM 

 

Genetic algorithms are the search algorithm based on 

the mechanics of natural selection and natural genetics.  There 

is a string structures which randomized information exchange 

create a search algorithm. And it is combining to the survival 

of fittest. Generation by generation, a new creatures is formed 

using some good quality of old. Randomization in GA is not 

easy. In this past information used improved the next 

generation. 

 

Genetic algorithms are developed by John Holland, his 

teammate, and his student of the University of Michigan. The 

main objectives are below: 

 

(1) study the adaptive technique of natural systems  

 

(2) Formulate systems software that consist main 

processes of natural systems. 

The approach has led to important discoveries in both 

natural and artificial system science. The main purpose of 

genetic algorithms is to relate strongly, the efficiency and 

adequacy for survival in different conditions. The implications 

of robustness for artificial systems are manifold. Artificial 

system should be more tough and rough and less expensive. 

Adaptation in the system is good then performance is 

improved. The software and hardware should be robust, 

efficient, and flexible. Biological systems have important 

Features that they can self-repair, self-guidance, and re-

production, whereas it is not any other artificial systems. 

 

(d) WORKING PRINCIPLES 

  GAs exactly performed in Holland, in mid sixties. 

After that many researchers contributed to this field. The 

working principle of SGA can be described as: 

 

(i) CODING 

Before a GA can run, a suitable coding of problem 

must be done. The solution to a problem represented by set of 

parameters. a string is formed by parameters.  Strings have 

binary codes. For example, if 10 bits are used to code each 

variable in a two-variable function optimization problem, 

chromosome would contain two genes, and consists of 20 

binary digits. 

 

(ii) FITNESS FUNCTION 

As pointed out earlier, GAs mimic the survival of the 

Fittest search process. Minimization problems are usually 

transformed in to maximization problems by suitable 

transformation. Fitness function taken from the objective 

function and then used in next genetic operations. Genetic 

operators require that the fitness function be nonnegative. if 

maximization problems is done, the fitness function same as 

the objective function. 

  

(iii) FITNESS FUNCTION 

As pointed out earlier, GAs mimic the survival of the 

Fittest search process. Minimization problems are usually 

transformed in to maximization problems by suitable 

transformation. Fitness function taken from the objective 

function and then used in next genetic operations. Genetic 

operators require that the fitness function be nonnegative. if 
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maximization problems is done, the fitness function same as 

the objective function. 

  

(iv) GA OPERATORS 

GA works with its own the population. In the initial 

population N randomly generated individuals N population is 

size. At every iteration of the algorithm, the fitness of each 

individual in the current population is calculated. Then 

population transformed in next iteration. Usually 

transformation is done in three stages: 

(1) Selection: here every individual mimic with a probability 

proportional to its relative fitness in the population. The 

original population is replaced by the population of N mimic 

individuals. 

(2) Crossover: crossover operator is applied with a probability 

pc, free of the individuals to whom it is applied in the next 

stage. Select two individuals and combined to produce two 

new individuals.  This is done by selecting at random a cutting 

point. Further they divided into two parts. This is called single 

point crossover as Fig 

(3) Mutation: here final process the mutation operator changes 

the values in a randomly selected location on an individual 

with a probability pm. Figure 5.6 shows the mutation 

operation. 

  

(v) CONVERGENCE 

 

If the GA has been correctly applied, the population 

will evaluate over successive stage so that the Fitness each 

generation increases towards the global optimum.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4. Single Point Crossover Operation 

 

 

 

 

 

 

 

Fig 5. Single Mutation Operation 

IV. FORMULATION OF PROBLEM & 

PROPOSED ALGORITHM UPFC MODEL 

 

Fig.6.1 shows n-bus UPFC power system, where a 

UPFC device is installed between bus-i and bus-j. 

 

 
Fig.6. n-Machine with UPFC installed 

 

A UPFC is based on back-to-back VSI arrangement. 

it comprises of an excitation transformer (SET) and its leakage 

reactance xSET, a step-down transformer (SDT) and its leakage 

reactance xSDT, and GTO based voltage source inverters 

(VSIs) and of a DC link capacitor, connected as shown in 

Fig.6.1. One inverter is series connected and the other is shunt 

connected, and these inverters are connected to each other by a 

common dc-link and through this real power can be exchanged 

between the series inverter and the shunt inverter output 

terminals 

The UPFC can be represented by two controllable 

voltage sources: v0(t)=V0sin(ωt+φ1), generated by the shunt 

connected VSI, behind the leakage reactance xSDT, and 

vγ(t)=Vγsin(ωt+φ2) generated by the series connected VSI, 

behind th e leakage reactance xSET (V0and Vγ are phasors) (see 

Fig. 6.2). In particular, for Pulse Width Modulation (PWM) 

VSIs, v0(t) and vγ(t) can be expressed as follows: v0(t)=m1 

VDCsin(ωt+ φ1) and vγ(t)=m2VDCsin(ωt+ φ2) respectively. 

 

Opportunely modifying V0and Vγ it is possible to 

regulate the voltages Viand Vj and so the line power flow. This 

regulation can be performed changing the modulation ratios 

m1 and m2 and the phase angles φ1 and φ2, which are the 

control parameters of UPFC. 
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 Fig7. n- Machine power system with UPFC installed 

 

(a) OBJECTIVE FUNCTION/FITNESS FUNCTION WITH   

CONTROL PARAMETERS 

 

From the above discussion we conclude that the 

objective functions defined below help regulates the voltages 

Vi and Vj and hence the line power flow 

 

 (Generated by the shunt connected 

VSI) 

 

(Generated by the series connected 

VSI) 

VDC : Voltage across the DC link. 

 

(b) CONTROL PARAMETERS OF UPFC: 

 

Modifying the values of m1, m2, 1, 2 we can control or 

regulate the voltages generated by the series and shunt 

converters of UPFC, hence they can be called the control 

parameters of UPFC. 

m1      (modulation ratio of converter 1) 

m2      (modulation ratio of converter 2) 

φ1       (phase angle of converter 1) 

φ1       (phase angle of converter 2) 

 

(c) UPFC OPERATING POINT EVALUATION 

 

An n-bus power system is represented by its 

admittance matrix |Y| evaluated with respect to only the 

generation buses. This matrix changes when an UPFC is 

present. Indeed, let us define |V| as the vector of bus voltages, 

|I| as the vector of bus currents and Vi, Vj as UPFC line 

terminal voltages, the following relations can be written as: 

Assuming line without compensators or load.  Other buses as 

generator buses and i & j as load bus  

 

 

Now suppose power is injected into the system by the UPFC, 

so 

 

 
     

Since i & j are connected to 1 & n whereas there will 

be some current between yxy, x≠y buses therefore there will be 

some resulting current flowing 

 

Disconnecting the UPFC we have, 

       
Algebraic Manipulation gives: 

      
 

 

Now power flow: 

 

      
 

Power injected by the UPFC: 

 

 
 

      
 

      
 

       

       
 

Real Power can be given as 

 

 
 

 

Reactive power can be given as 
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Power flow equation can also be written as 

 

  
 

 
 

 (Load flow equation) 

 

(Security inequalities) 

 

 
 

Where d (.) is an index of power system stability 

 

(d) THE PROPOSED ALGORITHM 

 

For the solution we find an “acceptable” value 

around (V0*,Vγ*) that minimizes d(·), that represents a 

acceptable adjustment  between “optimal solution” and 

problem. The GA applied as below: 

 

(1) In the population of interest chromosomes illustration is 

required in GA. Every individual or chromosome is consisting 

a series of genes from a particular alphabet. Alphabet may be 

binary (0 and 1), , integers, symbols, floating point numbers 

and matrices. an individual have four floating point numbers, 

they shows the control quantities of UPFC(i.e. m1, 

m2, 1, 2). 

 

(2) Maximization or minimization of objective function takes 

place in GA. e of the objective function shows its fitness for 

each individual the value. The fitness d(·), is related to the 

electromechanical disturbances or oscillations caused by a 

fault certified in power system. Small oscillations show to a 

better fitness value.  

 

(3) A population consists of a set of individuals. To generate 

the initial population, from the V0*,Vγ* the basic values of 

control quantities (m1*, m2*, f1* and f2*) are determined. It is 

individual of initial population. So the fitness is determined 

for all individuals.  

 

(4) Crossover and mutation generates new generation. In the 

Crossover there is two individuals and generates two new 

individuals. On the other hand mutation changes one 

individual to generate a one new solution. Only mutation 

operator is introduced to all four control quantities of UPFC in 

the analyzed case. It is essentially to shift in the neighborhood 

of the basic value already calculated. For this select a range of 

values in which UPFC control quantities can be varied. 

 

(5) For the applies algorithm this point is important. After the 

creation of new population the fitness is determined for all 

new individuals. Accordingly new and old individuals are 

taking as their fitness. In this the best halves of all individuals 

are chosen to generate a new population.  

 

(6) The generally used stop criterion is denoting maximum 

number of generations. And other stop criterion is population 

convergence. The convergence to a single solution from all 

population forced by proposed algorithm. When all 

individuals close to the fitness of the best individual and then 

this is the end of the algorithm.  

(e) FLOW CHART OF THE PROPOSED ALGORITHM 

 
 

Fig 8. Flow chart of proposed algorithm 

 

V. RESULTS & DISCUSSIONS 

In this section we propose to carry our test on a 

Multi-Machine system without UPFC installed and hence we 

get the value of system parameters. 

 

The waveforms have been generated for both the 

cases system without any fault and system with Single Line to 

Ground Fault (L-G Fault) respectively. 

 

Next is the Analysis of system with UPFC installed 

this also involves two approaches carrying the test for Multi-

Machine system with external control and L-G Fault & 

carrying out the test for Multi-Machine system with optimal 

parameter  and L-G Fault  
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Fig9. Multi Machine Power System without UPFC 

(a) V, P, Q MEASUREMENT 

 

 
 

Fig 10. Voltage (V) of unfaulted lines 

 

 

 
 

Fig 11. Real Power (P) of unfaulted lines 

 

 

 
 

Fig 12. Reactive Power(Q) of unfaulted lines 

 

 

 
 

Fig13. V lines with L-G Fault 

 

 
 

Fig14.  P lines with L-G Fault 
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Fig15. Q lines with L-G Fault 

 

 

(b) MULTIMACHINES POWER SYSTEM WITH UPFC 

WITH L-G FAULT 

 

 
Fig 16. Multimachine Power System with UPFC 

 

(c) OPTIMISATION OF UPFC 

 

From the analysis, we can say that the voltage that is 

injected by the UPFC depends on the modulation index and 

the phase values. Using the Genetic Algorithm and the 

objective functions we can optimize the shunt voltage and 

series voltages of the UPFC. Using the programme given in 

the Appendix which is written in MATLAB we can get the 

optimized results as: 

 

(d) SHUNT VOLTAGES 

 

 
 

Fig 17. Optimization of shunt voltage of UPFC 

 

Optimized value is 869.8184. 

 

 

(e) SERIES VOLTAGES 

 

 
 

Fig 18. Optimization of series voltage of UPFC 

 

(f) UPFC WAVEFORMS WITH OPTIMISED 

PARAMETERS 

 

The circuit shown here is a Multi-Machine Power 

System with UPFC installed in the power system with 

optimized parameters mode. The length o f the transmission 

line is 400 kms. The system is analyzed with S-L-G Fault and 

the corresponding waveforms are shown below. We have 

taken into account the optimal parameters of UPFC which we 

have got using Genetic Algorithm. 
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In the next step the plots of V line, P line & Q line is 

plotted utilizing the power system model with optimized 

parameters of UPFC. 

 

 
 

Fig 19. V lines with L-G Fault & optimized parameters 

 

 

 
 

Fig 20. P lines with L-G Fault & optimized parameters 

 

 
 

Fig 21. Q lines with L-G Fault & optimized parameters 

 

 

(g) ANALYSIS 

 

Voltage (V) Lines: 

 The voltage of the lines first reaches the peak of 1.4 

p.u. in both cases (external control & optimized control) and 

then continues to dip, in the case of external control the 

voltage dips even after 1 second up to 1.4 second and then 

attains the value of 1 p.u. The voltage again drops beginning 

5.2 second and oscillates till 7.5 second before attaining a 

steady value. 

In case of optimized control the voltage immediately 

after the fault dips but does not goes below 1 p.u. after 

oscillating till 1.4 seconds it attains steady value. The voltage 

in optimized control shows a drastic improvement over 

external control in the fact that the voltage oscillation in 

optimized control oscillations are above 1 p.u. against ranging 

between 0.86 & 0.9 p.u. in external control. 

 

Power (P) Lines: 

There is no marked difference in the power lines of 

External control & Optimized control except the fact that the 

Power lines are a smooth in optimized control i.e. show less 

oscillatory trend. 

 

 

Reactive Power (Q) lines 

In the optimal control curves the reactive power 

flows achieve steady values after 1.5 second. Hence 

oscillations in optimal control are less and damped. 

 

VI. CONCLUSION 

The UPFC with optimized control is far superior in 

performance i.e. for static security attained in form of peak 

values after the fault. After the occurrence of fault dynamic 

stability   takes time to damp the oscillations. This follows 

directly from analysis of waveforms for V line, P line & Q line 

for external control and optimized control of UPFC. 

The Genetic Algorithm hence proves to be a quite 

powerful tool in optimization of parameters required for 

optimal control of parameters of UPFC. 
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