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Abstract: Many of the Power Flow Controlling Devices are 

mostly used in the Transmission Lines in order to monitor the real 
as well as reactive power-flow variations. In this work provide an 
innovative power flow controlling device such as Distributed 
Power Flow Controller, this device also belongs to the FACTS 
family. This device is emerged from the Unified Power Flow 
Controller, there is a small differentiation between both these 
devices that is the common dc-link. In case of DPFC there is no 
existence of the dc link which connects both the converters. By 
design a DPFC device in MATLAB/Simulink to analyze the 
transmission line parameters. 

Keywords : electronics devices, Unified Power Flow Controller 
,Distributed power flow controller.  

I. INTRODUCTION 

 The increasing difficulty of the current power systems is 
largely due to the everyday change in the system arrangement 
in organize to meet the ever growing demand of electrical 
energy, through the development of installation of new units 
of generation, interconnectivity of the transmission lines, 
extra high voltage tie line etc. The combined controllers of 
FACTS and Power-Electronics are one of the most 
appropriate devices which are utilized in managing 
power-flow [1]-[2]. The series-compensated FACTS 
controller is known as UPFC which can be treated as one of 
the commanding Power Flow Controlling Devices which can 
be used to control the all parameters [3]. 

   
Figure 1. Conversion from UPFC-device to DPFC-device 

Enlarging the Unified-PFC into the innovative controller 
known as Distributed-PFC is ended by apart from the 
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common DC-link and series converter distribution as given 
away in Fig. 1.The new concept Distributed FACTS is 
employed in the series converter design. Here many number 
of low power rating converters are adopted as a replacement 
for a large 3-phase rated converter which results in low cost 
and increases the reliability [4]. 

 
Figure 2. DPFC configuration 

These are considered as the most important advantages of 
DPFC compared to UPFC. Figure 2 shows the configuration 
of Distributed-PFC consisting shunt along with series 
converters as in case of UPFC. In DPFC each-converter have 
their individual DC-capacitor that contributes necessary 
DC-voltage. 

II. DPFC PRINCIPLE 

Ac terminals of shunt-converter are connected with series 
converter via transmission line through which active power is 
interchanged. Power-theory of the non-sinusoidal 
components is adopted in this method. In Fourier analysis the 
non-sinusoidal current and voltage is articulated as 
summation of sinusoidal-functions in different frequencies by 
means of dissimilar amplitudes. This results in the true-power 
as shown in equation (1).  
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Where Ii ,Vi  are current as well as voltage at the 
ith-harmonic-frequency correspondingly, where as  i be the 

phase-angle among the current as well as voltage. DPFC 
mainly comprises of a many number of low power rating 
series-converters and also a 
shunt-converter is also utilized.  
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Here shunt-device is operated as the Static-compensator 
where as the series converter acts as a Distributed-FACTS 
controller [5]. Using the PWM (Pulse Width Modulation) 
technique inject the current into the shunt converter to 
organize reactive-power and also the voltage is injected into 
the series converter through a dc link  to monitor real-power 
variations in order to inject voltage into the series converter. 
There are many advantages regarding D-FACTS controller, 
the price of the apparatus gets minimized and the reliability of 
the system is improved [6]. By using a single bulky controller 
with high rating, there is an availability of using number of 
low rated controllers so this the cost the equipment may get 
reduced.  

Each and every Distributed-FACTS component is self 
employed and they are monitored tenuously by the PLC’s 
(power-line communications) or wireless communication. 
Since the unit does not need support of phase to ground 
isolation, it is capable of adopted at all voltage levels. During 
single module failure, the Distributed-FACTS redundancy 
offers an unremitting process, thus giving higher reliability 
compared to other FACTS devices [7]. 

 

                Figure 3. Block diagram of DPFC control 

III. DPFC CONTROL 

Fig. 3 shows the 3- types of controllers, namely series 
controller, shunt controller and central control. The 
constraints that are used in shunt in addition to series control 
is sustained by themselves sometimes is called a local 
controllers. By the side of the system’s level the central 

control regulates the DPFC functions [8]. 
3.1. Central Control 

Mainly in this control is adopted to produce the ref 
signals to other controllers. These are generated next to the 
fundamental-frequency.  Reactive current signal and voltage 
reference signal is provided for the shunt converter along with 
the series-converters respectively. At power system level, the 
central-control is used to minimize the systems oscillations, 
and also monitors the power-flows and also balances the 
components which are asymmetrical. 
3.2 . Series Control 

This control in adopted in DPFC in order to inject the 
voltages into the line when required. Here the voltage is 
inserted into the at the 3rd harmonic-frequency. Here Vector 
control principle used to maintain the voltage across 
capacitor. 
3.3 . Shunt Control 

In order to transfer the real-power, 3rd harmonic-current is 
inserted into the three phases of the transmission line with the 
help of the transformer which is connected to the AC 
terminals of the shunt-device. This is the main objective of 
this control technique. And also it maintains the constant 
voltage-levels across the dc-capacitor [9]. 

 

IV. COMPARISON OF PI AND FUZZY 

CONTROLLER 

Here fuzzy as well as PI controllers are utilized. The 
responses obtained by both the controllers are studied under 
this section. 
4.1. Proportional Integral Controller 

The controller is utilized; the DC link voltage is observed at 
normal intervals and is correlated with a ref value. Here an 
error signal can be generated which is handled in a PI 
controller as shown in figure below [10]-[11]. 

 
Figure 4. Block diagram of PI controller 

4.2. Comparision of PI and Fuzzy Logic Controller 

(FLC) 

The following are some the advantages of fuzzy- logic 
controllers when compared with the proportional integral (PI) 
controllers,  
  perfect mathematical model is not  mandatory 

  Fuzzy controllers can handle the inputs which are 
unknown. 

 Fuzzy controllers have enough capability to work with 
non-linearities. 

Fuzzy-inference systems are applied in numerous 
applications namely computer-vision techniques, control-data 
categorization etc. Mainly the FIS are classified into two 
types they are as follows; 
 Mamdani-techique and 

 Sugeno-techique 
Among both the methods, Mamdani' technique is adopted 
frequently when compared to sugeno method and also this 
method   gives more accurate results when compared with PI 
controller.  
The sampling time of this method is very low so due to this 
reason we are not adapting this method for real time 
applications. Block diagram of fuzzy-logic controller is given 
away in Fig.4. 
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 The control-action that is carried out by fuzzy-logic 
controller is determined by evaluating the linguistic rules.     
The different components of a fuzzy control 
system are fuzzification, rule base, defuzzification, and 
inference mechanisms. 
 

 
Figure 5. Block diagram of Fuzzy controller 

Under fuzzification procedure the crisp-values are 
transformed to fuzzy-values. Where as in de-fuzzification 
procedure fuzzy-values are changed to crisp-values. Rule 
base consists of different rules which are applied to solve a 
problem. Inference mechanism mainly consists of two 
techniques such as mamdani and sugeno techniques by 
considering these two techniques we will solve a problem 
[12]-[13]. 

V. SIMULATION RESULTS 

Simulation is carried out in MAATLAB/SIMULINK 
software. Here mainly we are analyzing two situations they 
are steady-state in addition to step-response conditions. In 
first case using series control we are inserting a voltage 
-vector with d-axis and q-axis components, namely 
Vse,d,ref=0.30V and Vse,q,ref=−0.10V. The responses of 
DPFC under the steady-state are shown in figures 6(a), 6(b), 
6(c) where only the waveforms of one phase are shown for 
clarity. When a fault occurs on a power system a third 
harmonic current component is produced in order to eliminate 
the third frequency component by using a shunt converter we 
are introducing another third frequency component in the 
negative direction now both of the harmonics currents gets 
cancelled out then the fault can be easily rectified. 
Fig 6(a) represents the 3rd harmonic current, subsequent to 
nullify the component of harmonic current by use of shunt 
converter the results are shown in fig.6(c). It is observed that 
fig 7.(a) step-change of a series converter ref-voltage is shows 
real as well as the reactive power variation and Direct Current 
voltage is alleviate previously and after the step changes. fig.7 
(b) and 7(c) are power from the voltages and currents which 
are measured.     

 
                                      Time (sec) 

       (a) 

 
Time (sec) 

          (b) 

 
Time (sec) 

          (c)  
Figure 6. Steady-state operation of DPFC (a) line- current (b) 

voltage of series converter (c) bus voltage magnitude and 
current 
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Time (sec) 

(c) 
 

 

 
Time (sec)                                          

                  (d) 

  
 
Figure 7. Step-response of DPFC: (a) ref voltages (b) series- 

Converter voltage (c) line-current (d) active & reactive powers 
(e) bus voltage and current of PI controller 

The data is measured in 3 phases but only 1- phase data is 
progressed in computer system using MATLAB software. A 
LPF (low-pass filter) with 50-Hz cut-off frequency filters the 
measured data containing harmonic distortion in order to 
examine the current along with voltage at 
fundamental-frequency. 
This filter causes a 1.5 cycle delay of calculated voltage and 
current to the real values thus cause of delay of measured 
real-power in addition to reactive-power. Fig.7.(d) shows the 
series-converter  injecting real-power along with 
reactive-power at fundamental- frequency. The receiving end 
side waveforms are represented in fig.7 (e). 
 

 
Time (sec) 
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Time (sec) 

(b) 
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                                 (c) 
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                               Time (sec) 
                                     (d) 

 
                               Time (sec) 
                                     (d) 
Figure 8. Step-response of the DPFC: (a) ref voltages (b) series 
converter voltage (c) line current (d) active & reactive powers 

(e) bus voltage and current of Fuzzy controller 
      Above fig.8 (a), 8(b), 8(c), 8(d), 8(e) demonstrate the step 
response of the DPFC using fuzzy logic controller. Here the 
delay of measured active and reactive power is reduced 
compared to PI controller. 

VI. CONCLUSION 

In this work a new PFCD from FACTS Family called DPFC 
was presented. Here using Fuzzy Logic Controllers instead of 
using Conventional Proportional Integral (PI) Controllers, 
these Fuzzy Controllers gives better response and we get 
accurate results compared with conventional PI Controllers. 
Fuzzy Controllers control the real-Power, Reactive-Power; 
bus Voltages along with bus currents. The D-FACTS concept 
is operated in the DPFC resulting in cost reduction and high 
reliability compared to UPFC.  
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