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ABSTRACT 
In this paper study of DPFC FACTS devices have been done and investigation being done to know the impact of 
DPFC and there utilization for different conditions in power systems. A detailed over view is done, to realize the 
different conditions of DPFC alongwith genetic controller in power system. The impact on the system is then studied 
with genetic algorithm based DPFC. 
 
INTRODUCTION 
The electrical power system serves to deliver electrical energy to consumers.  An electrical power system deals 
with electrical generation, transmission, distribution and consumption.  In a traditional power system, the 
electrical energy is generated by centralized power plants and flows to customers through the transmission and 
distribution network.  The rate of the transported electrical energy within the lines of the power system is 
referred to as ‘Power Flow’ to be more specific, it is the active and reactive power that flows in the transmission 
lines. 
During  the last   few  years,  the operation  of power  
systems  has  changed  due  to growing consumption, 
the development of new technology, the behavior of 
the electricity market  and the  development of 
renewable energies.  In addition to existing changes, in 
the future, new devices, such as electrical vehicles, 
distributed generation and smart grid concepts, will be 
employed in the power system. Figure 1-1 shows the 
representation of a future power system, where the 
clouds in  
the figure indicate the mentioned developments.  
According to the time line, these developments are 
happening in the sequence from bottom to top of 
Figure 1-1. 

Figure1-1: Simplediagram ofanelectricpowersystemandscenariotrends 
 
The above-mentioned developments and growth will 
have a great impact on the power system, especially 
on power flow. Conventionally, the power flow in 
power systems has a fixed direction; it always flows 
from the point of generation through the transmission 
network to the distribution network.  In these systems, 
changes in power flow are scheduled based on hours, 
not more frequently. However, due to the trends 
listed above, newer systems with greater capabilities 
are already being put to use; power flow can be 
bidirectional and variations can occur in minutes or 
even seconds.Fig 1-2 illustrates the impact of these 
new trends on thepowerflow. 

Figure1-2: Relation chart of the trend sand their impact on the power flow 
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When DG units in one area feed loads in other areas, there will be reverse power flow from the distribution to the 
transmission side.  Second, the output energy of renewable sources depends on weather conditions.  With the 
increasing percentage of renewable energy sources in use, a large amount of power has to be controlled to 
enable the power system to quickly switch between the renewable sources and stand-by power generation.  
Therefore, stand-by power, which can be provided by near-by power plants or energy storages, should be 
available when renewable energy is insufficient to supply the load. This leads to an increased need for power flow 
control methods. 
Growing demand and aging of network makes it desirable to better control the power flow in power transmission 
systems. FACTS devices, especially UPFC, provide a fast, smooth control of power system parameters. However, for 
cost and reliability reasons, the application is limited. 
Unified Power Flow Controller (UPFC) is the most power 
full FACTS device currently. It can instantaneously control 
all parameters in a power network, such as line impedance, 
power angle, and voltage magnitude [1] [2]. The simplified 
diagram of UPFC is illustrated in Fig.1.3. However, such 
solid state power flow controllers are not widely applied 
because of the following reasons: the high cost due to the 
high voltage isolation, high power rating and the relative 
low reliability. The reliability of UPFC depends on the 
power electronics. A single component failure will cause 
the whole system shut down. 

Figure1-3: Simplified representation of a conventional UPFC 
 
For a lower cost and higher reliability, the distributed FACTS is invented by Prof. Deepak Divan. Distributed FACTS 
device (D-FACTS) is the concept to use multiple low-power converters attached to the transmission line by single 
turn transformers [3]. The concept brings several 
advantages compared to conventional FACTS devices, 
such as lower cost, easy for the maintenance and 
installation, and increasing the system reliability (one 
device failure will not lead to the entire system shut 
down). Currently, the presented D-FACTS device is the 
Distributed Static Series Compensator (DSSC), shown 
in Fig.1.4, which acts like a controlled variable 
conductor. Since the DSSC has no power source, it can 
only adjust the line impedance, and is not as powerful 
as UPFC. 

 
Figure1-4: Distributed Static Series Compensator (DSSC) [3] 

This paper introduces a new concept of distributed power flow controller (DPFC) using genetic algorithm that 
combines conventional series and shunt devices. The DPFC gives the possibility of control all system parameters, 
such as line impedance and power angle. At the same time, it provides higher reliability and lower cost. 
GENETIC ALGORITHM 
Genetic algorithm is a mathematical model of natural evolution for searching of optimal solutions. In engineering 
many problems are faced where it is not possible to find exact solution from given data and relations hence an 
optimization technique is needed the genetic algorithm helps in quickly searching the solution even in very large 
domain. 
The basic of genetic algorithm is based on the rule of survival of the fittest, here the initial arbitrarily selected 
values of variables is evolved and promoted on the basis of their survival on fitness function, and the evolution is 
performed by selection, crossover and mutation as happened with natural process.  
The algorithm is required following preprocessing:  
1. Define the limits of variable. 
2. Convert the variable to binary string. 
3. Form a fitness function which minimize when solution found.  
The evolution usually starts from a population of randomly generated individuals and happens in generations. In 
each generation, the fitness of every individual in the population is evaluated, multiple individuals are 
stochastically selected from the current population (based on their fitness), and modified (recombined and 
possibly randomly mutated) to form a new population. The new population is then used in the next iteration of the 
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algorithm. Commonly, the algorithm terminates when either a maximum number of generations has-been 
produced, or a satisfactory fitness level has been reached for the population. If the algorithm has terminated due 
to a maximum number of generations, a satisfactory solution may or may not have been reached. The fitness 
function is defined over the genetic representation and measures the quality of the represented solution. The 
fitness function is always problem dependent. If the variables values not evolving towards solution in may be 
directed to local minima to avoid such conditions a mutation (random variation in variables binary string) could be 
performed generally mutation is performed after 100 to 1000Crossovers.  
Simple generational genetic algorithm procedure: 
1. Choose the initial population of individuals. 
2. Evaluate the fitness of each individual in that population. 
3. Repeat on this generation until termination (time limit), sufficient. 
 
DISTRIBUTED POWER FLOW CONTROLLER (DPFC) 
In this section, DPFC topology andoperating principle are introduced. 
DPFCTopology: 
By introducing  the two  approaches  outlined  in the previous section  (elimination  of the common  DC link  and  
distribution  of the series converter)  into  the UPFC,  the DPFC is achieved.Similar as the UPFC, the DPFC consists of 
shunt and series connected converters.The shunt converter is similar as a STATCOM, while the series converter 
employs the DSSC concept, which is to use multiple single-phase converters instead of one three-phase converter.  
Each converter within the DPFC is independent and has its own DC capacitor to provide the required DC voltage.  
The configuration of the DPFC is shown in Figure 3-1. 

 

F 

 

 

 

 

 

Figure 3-1:  DPFC configuration 

 
As shown,  besides the key components  - shunt  and  series converters,  a DPFC  also requires a high  pass filter  
that is shunt  connected  to the other  side of the transmission line and a Y-∆ transformer on each side of the line. 
The unique control capability of the UPFC is given by the back-to-back connection between the shunt and series 
converters, which allows the active power to freely exchange. To ensure the DPFC has the same control capability 
as the UPFC, a method that allows active power exchange between converters with an eliminated DC link is 
required. 
DPFC Operating Principle: 
Active power exchange with eliminated DC link: 
According to the Fourier  analysis,  non-sinusoidal voltage  and current  can be expressed  as  the sum  of sinusoidal  
functions  in different  frequencies with  different amplitudes.   The active power resulting fromthis non-sinusoidal 
voltage andcurrent is defined as the mean value of the product of voltage and current.  Since the integrals of all 
the cross product of terms with different frequencies are zero, the active power can beexpressed by: 

 
 

 
WhereVi and Ii are the voltage and current at the ith harmonic frequency respectively, and φi is the corresponding 
angle between the voltage and current.  Above equation shows that the active powers at different frequencies are 
independent from each other and the voltage or current at one frequency has no influence on the active power at 
other frequencies. The independence of the active power at different frequencies gives the possibility that a 
converter without a power source can generate active power at one frequency and absorb this power from other 
frequencies. 
By applying this method to the DPFC, the shunt converter can absorb active power from the grid at the 
fundamental frequency and inject the power back at a harmonic frequency.  This harmonic active power flows 
through a transmission line equipped with series converters.  According to the amount of required  active power at 
the fundamental frequency,  the DPFC  series converters  generate  a  voltage  at  the harmonic  frequency, thereby  
absorbing  the active  power from harmonic  components.   Neglecting losses, the active power generated at the 
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fundamental frequency is equal to the power absorbed at the harmonic frequency.  For a better understanding, 
Figure 3-2 indicates how the active power is exchanged between the 
shunt and the series converters in the DPFC system.The  high-pass 
filter within the DPFC  blocks the fundamental frequency components 
and  allows the  harmonic  components  to pass,  thereby  providing  a 
return path for the harmonic  components. The shunt and series 
converters, the high pass filter and the ground form a closed loop for 
the harmonic current. 
Using third harmonic components: 

 
 
 

Figure 3.2: Active power exchange between DPFC Converters  
 

The 3rd harmonic in each phase is identical, which 
means they are ‘zero-sequence’ components.  
Because the zero-sequence harmonic can be naturally 
blocked by Y-∆ trans- formers and these are widely 
incorporated in power systems (as a means of 
changing voltage), there is no extra filter required to 
prevent harmonic leakage. a high-pass filter is 
required  to make a closed loop for the harmonic 
current  and  the cutoff frequency of this filter is 
approximately the fundamental frequency. 
DPFC Control: 
To control multiple converters, a DPFC consists of 
three types of controllers:   central control, shunt 
control and series control, as shown in Figure 3-3. 

Figure3-3: DPFC c o n t r o l  block diagram 
 

The shunt and series control are localized controllers and are responsible for maintaining their own converters’ 
parameters.   The central control takes care of the DPFC functions at the power system level.  The function of each 
controller is listed: 

Central control:   The central control generates the reference signals for both the shunt and series converters of 
the DPFC.  Its control function depends on the 
specifics of the DPFC application at the power 
system level, such as power flow control, low 
frequency power oscillation damping and 
balancing of asymmetrical components.  
According to the system requirements, the 
central control gives corresponding voltage 
reference signals for the series converters and 
reactive current signal for the shunt converter.   
All the reference signals generated by the 
central control concern the fundamental 
frequency components. 

Series control:  Each series converter has its 
own series control. The  controller is used to  maintain  the capacitor  DC voltage  of its  own converter,  by using 
3rd harmonic  frequency  components,  in addition  to generating  series voltage  at the fundamental frequency as 
required by the central control. Shunt  control:   The  objective  of the shunt  control  is to inject  a  constant  3rd 
harmonic  current  into  the line to supply  active  power  for the series converters. At the same  time,  it maintains  
the capacitor  DC voltage  of the shunt  converter at a constant  value by  absorbing  active  power from the grid at 
the fundamental frequency and injecting the required reactive current at the fundamental frequency into the 
grid. 
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RESULTS AND ANALYSIS OF DPFC 
Simulated Model  
For the validation of the proposed algorithm we simulated the algorithm using MATLAB Simulink, the simulated 
model analyzes the impact of voltage fluctuation with and without DPFC with proposed method. The Model of 
simulated network contains a 500KV power source which supplies the power to a 100 MVA load through a 500km. 
long transmission line, for controlling five SSSC (20MVA) controllers are placed at some intervals of line and a 
STATCOM of 100MVA is placed near the source. The system shown below and the performance of the proposed 
system is measured for the switching load.  

 
Figure4.1: Diagram of Simulated model Developed  
using Simulink Matlab without Genetic algorithm 

 
 
 
 
 
 
 
 
 
 
 
 

Data Adapted in Implementation  
The model of dissertation work is shown above, data of various component taken for result evaluation of 500KV 
transmission line is as follows. 
Specification of each component based on its rating and its characteristics for power circuit to be done. Here also 
the components of above table are having their own specific parameters whose data is given below component by 
components.  
In this model actual length of transmission line is 500 km but it is having a SSSC controller after every 100 km. So 
five SSSC controller are distributed over the length of 500 km 
which are uniformly compensating the power line. SSSC 
controllers are realizing D-FACTS concept, of series distributed 
controller and compensating line parameters which effect the 
power flow in power line, theses distributed controller 
benefits the economy as they are smaller in size and ratings 
are also lower, due to uniform compensation by these power 
flow is smoother. SSSC and STATCOM specifications are 
mentioned below in Table4.1, this data are utilized for 
modelling of each controllers and of distributed transmission 
compensator of series and shunt controllers.  
Simulated Results of DPFC 
In the above figure 4.2, we have obtained results with the genetic algorithm approach to a distributed power flow 
network consisting of 5 SSSC and a STATCOM .the results are compared with the normal distributed power flow 
controller which does not have any monitor control but only have 5 
SSSC controller and a STATCOM 
The genetic algorithm is coded in such a way that the inputs from the 
fact devices are controlled and monitored due to their evaluation. 
The evaluation is done in such a way that the necessary voltage to be 
injected by FACT device is controlled at load ends which ultimately 
improves voltage regulation of the whole system 
The scope at the generator side measures the reactive power to be 
injected by the FACT in the form of voltage control. In the figure 
mentioned below it can be seen that there is an exponential rise in Q 
(reactive power) without genetic algorithm control, while with the 
genetic algorithm control there is an exponential decay in the 
reactive power. 

Figure 4.2: Diagram of Simulated model Developed 
using Simulink Matlab with Genetic algorithm 
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Figure 4.3: showing reactive power needed in the system in different control conditions 
 

This decline of reactive power decreases the injected voltage from 550 kv to 270 kv at load end as shown in figure 
4.4. 

 
Figure 4.4 Generated Voltage and Currents Plots of generator without and with proposed method, it shows the 
reduction in fluctuations during Load switching. 
The above figure expresses that the voltage to be injected is reduced from 490 kv to 290 kv which protects the 
system from achieving leading power factor and conclusively improves the voltage profile and regulation through 
STATCOM. Also power enhancement is achieved from the series FACT devices. The figure 4.5 expresses the 
verification to the results i.e when voltage reduces the current increases due to short-circuit but here in this case 
with decrease in voltage current also decreases decreasing reactive power compensation, the current reduces 
from 90 amp to 55 amps. 
Actuality of the model is that with the help of a total monitoring control of Vref of the FACT devices via genetic 
algorithm control at one common bus the injection of voltage is controlled and reduced. 

 
Figure 4.5 shows the current control at the load end 

 
This finally improves the voltage regulation and fluctuations in the system. 
The model approach can be stably used for the smart grids and electrical 
power stations. 
FFT Analysis and Total Harmonic Distortion Analysis 
The analysis is achieved through the power guide in the MATLAB. The 
signalwindowis displayed with 21 cycles and the harmonic distortion are 
computed to be 39.11 %. 

 
Figure 4.6FFTanalysis and total harmonic distortion analysis 

 
CONCLUSIONS 
A complete model for transient stability study of a power system was 
developed using Simulink.  It is basically a transfer function and block diagram 
representation of the system equations.  
The aim of proposed work is to use the genetic algorithm as centralized 
controller for the improvement of the performance of DPFC & the simulation 
results shows that the proposed algorithm works well and improves the load 
regulation from 10 % to 2.5 a. The proposed can be easily modified to work 
properly even with failure of one of the series converters.In this thesis to 
develop a new type of power flow controlling device that offers the same  
control  capability  as the UPFC,  at a reduced  cost and  with  increased reliability.  The new device, the so-called 
Distributed Power Flow Controller (DPFC), is a further development of the UPFC.   
The simulation results show that the DPFC is able to control the active and reactive power flows independently and 
that during operation, the DC voltages of the converters are well maintained. 
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