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Since last decade, the reliability of power at consumer point is mainly 

effected due to sudden changes of loads, variations in the system 

parameters and finally, due to complexity of the system. Generally, 

power quality is defined as the variations in the voltage, frequency and 

current. For compensating these problems a new strategy of FACTS 

controller called as Distributed Power Flow Controller is proposed in 

this paper. In order to get the better result the control circuit of DPFC is 

designed with ANN and Fuzzy Controllers.  
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Introduction:- 
By considering the transmission of electrical energy frame creating stations to shopper focuses, the term power 

quality is utilized to gauge the flawlessness of power and the lattices capacity to supply a reasonable sinusoidal 

wave shape [1]. At purchaser point the solid power is only, how the transmission line parameters, for example, 

voltage, current and others are influenced and veered off from their genuine values because of event of aggravations 

[2]. 

 

Generally, flexible ac transmission system gives the good solution for power quality improvement [3]. Facts 

controllers are classified into four types, i.e Shunt, Series, Series-Series and Series-Shunt controllers. There is 

general accord that the future power grid tends to be smart and mindful, furthermore, statically controllable and 

energy efficient.  

 

Working Architecture of DPFC:- 

Like, UPFC controller, DPFC is also one of the type in series–shunt converter of FACTS converter. But, in case of 

DPFC DC-Link capacitor between series-shunt converters is separated, figure 1 shows the construction and 

architecture of DPFC. In case of DPFC the active power is exchanged between two converters with the help of 

transmission line.  
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Figure 1:- Working Construction of Distributed Power Flow Controller. 

 

Dpfc Control Circuit:- 

Basically, the control circuit for DPFC is spitted into three parts such as, central controller, shunt and series 

controllers [7].  
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Figure 2:-DPFC Shunt Converter Control Diagram 

 

Series Controller:- 

In series controller a PWM generator is used to control the series converter. The PWM technique reference signal is 

obtained by comparing the DC-Link voltage and its reference values. In this generic park’s transformation (single 

phase) is also implemented [9]. The control structure for series controller of DPFC is as shown in figure 3. 
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Figure 3:- DPFC Series Converter Control Diagram. 
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Parallel Controller:- 

Figure 4 shows the control structure for DPFC shunt converter. This converter consists of two parts i.e one for 

injecting third order harmonic to the transmission system and second one basic fundamental controller for 

controlling current harmonics [10]. The PWM technique reference signal is obtained by comparing the DC-Link 

voltage and its reference signal from the central controller of DPFC. In this generic park’s transformation (single 

phase) is also implemented. 
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Figure 4:- Control Structure for DPFC Shunt Converter 

 

Artificial Neural Network:- 

The architecture of neural network is shown in figure 5. In this case the number of inputs for neural network is two 

inputs such as error and rate of change of error. Each input is divided into 5 membership values named as {MP, SP, 

Z, SN, MN}. The rules which is used for designing the ANN is obtained with the help of if-then statements. And a 

new feedforward network is chosen. After train the feed forward network, the simulation block will generate with 

the help of ‘gensim’ command.  

 
Figure 5:- Architecture of Artificial Neural Network. 
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Fuzzy Controller:- 
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Figure 6:- Fuzzy Mamdani System Configuration 

 

The architecture for fuzzy controller is shown in figure 6. In order to get the better compensation as compared with 

PI controller a Mamdani based fuzzy controller s proposed in this paper. The given fuzzy inference system is a two 

input model, generally, it is taken one of the input as error between Vdc and Vdcref and the second input is rate of 

change of error. Each input consists of fuzzy set with membership values of {MP, SP, Z, SN, MN}. And it consists 

total number of rules as 25. After that a centroid method is used for converting fuzzy set into normal crisp value.  

 

Simulation Diagram And Results:- 
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Figure 7:- DPFC Experimental Structure. 

The proposed is system as shown in figure 7, is tested under different fault conditions using Fuzzy and Ann 

controller is tested using Matlab/Simulink. In this paper the fault is applied between the times 500ms to 1100ms. 

 
Figure 8:- Load Voltage of SMIB system under fault without DPFC 

Above figure 8 shows the simulation result for output load voltage under 3-ᴓ fault without DPFC controller. During 

this fault period the output voltage is reduced (sag condition) to 35% of the rated value. 
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Figure 9:- Load Current of SMIB system under fault without DPFC 

Above figure 9 shows the simulation result for output load Current under 3-ᴓ fault without DPFC controller. During 

this fault period the output current is raised (swell condition) to 35% of the rated value. 

 

 
Figure 10:- Load Voltage of SMIB system under fault with DPFC 

Above figure 10 shows the simulation result for output load voltage under 3-ᴓ fault with DPFC controller. The 

voltage sag which is occurred during fault condition is compensated successfully with DPFC series converters. 

 

 
Figure 11:- Load Current of SMIB system under fault with DPFC. 
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Above figure 11 shows the simulation result for output load Current under 3-ᴓ fault with DPFC controller. The 

current swell which is occurred during fault condition is compensated successfully with DPFC series & shunt 

converters. 

 
Figure 12:- Active and Reactive Power of Transmission system with DPFC during fault 

 

The flawless desired voltages and harmonic free currents are displayed in the results which demonstrates the 

capability of the proposed device. The total harmonic distortion factor for this system is verified by using fast Fourier 

transform analysis. THD value for a system is 12.36% and it is reduced by using DPFC controller.  

 
Figure 13:- FFT analysis for load voltage without DPFC 

   

 
Figure 14:- FFT analysis for load voltage with DPFC 
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Figure 15:- FFT analysis for load voltage with Fuzzy based DPFC. 

 

 
Figure 16:-FFT analysis for load voltage with Neuro based DPFC 

 

Simulated results were obtained for the system using series-shunt converter system with Neuro & Fuzzy Controller. 

And the THD content amounting to 2.87% as shown in figure 15 & 16, which is well inside the limits of IEEE 519 

standards. 

 

Table 1:- Comparison Of THD Values 

S.NO Name THD value 

1 Load voltage without DPFC 12.36% 

2 Load voltage with DPFC(PI) 3.88% 

3 Load voltage with DPFC(Fuzzy) 3.65% 

4 Load voltage with DPFC(ANN) 2.87% 

 

Conclusion:- 
The new concept of FACTS controller called DPFC is successfully implemented for improving power quality. For 

obtaining better harmonic distortion and Power Quality this paper is extended with both Fuzzy and ANN controllers. 

i.e the DPFC series and shunt controllers are controlled with FUZZY and ANN controllers instead of conventional 

PI controller. And from the simulation results, we conclude that ANN based DPFC controller provides the better 

harmonic distortion factor as compared with Fuzzy and PI controller. 
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