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Abstract 
  
Power quality is an important part in ensuring the established process of 

power systems in the scenario of bulky instability and faults. In order to 

achieve a stable system, a simple structure and robust characteristics, the 

Distributed Power Flow Controller (DPFC) has been one among most of 
extensively used facts controller in the Power systems. The Multi-Level 

Inverter (MLI) converter finds a way between DC source and transformer of 

DPFC. This work deals with the modeling and simulation of MLI based 
DPFC. This effort deals with simulation of 14 Bus System (14BS) with 5-

level and 14BS with 7 level DPFC. The outcomes of injected voltages are 

compared in terms of TH Distortion, real and reactive power. The outcome 
represents the superior performance of 14 BS systems with 7 level DPFC. 

This work recommends 7L MLI based DPFC for 14BS. For the proposed 

system using converter at DC side of the Fourteen bus line model with 

BOOST and REBOOST converter are simulated and the dynamic reaction 
shows that REBOOST converter diminishes voltage ripples at outside of dc 

converter and gives better performance compare with BOOST converter. 
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1 Introduction 

 
GaidiNing proposed a distributed FACTS controller design and 

consideration for transient characteristics [1]. Martins explained the control 

of DPFC s with active power from homo polar line current [2]. DPFC 
Performance on system, its behavior under balance fault condition was 

specified by Kumar [3]. Zhihai elucidated a case study which uses the 

KEPCO UPFC model [4]. Intended for damping of power oscillation, 
utilizing DPFC was clearly explained by Sjoerd [5]. Yuan proposed a novel 

FACTS component DPFC [6].A new concept (i.e.) Distributed FACTS 

meant for realizing control of grid power flow in power electronics was 
developed by Divan and De Haan [7].  Impact of DPFC for improving power 

quality that is dependent on synchronous reference frame method was 

elucidated by A. Jamshidi [8]. Siva Kumar analyzed DPFC performance 

under different load conditions [9]. In the case of shunt converter failure, 
Yuan proposed a method of controlling DPFC [10]. Intended for power 

oscillation damping, Haan explained the utilizing of DPFC [11].  

The five and seven multi-level inverter which are placed after the DC 
power supply and their output voltages are based on their switching 

sequences[12]. This paper focuses on voltages and harmonic content in the 

output voltages with both multi-level inverter and comparing both 
performances. Hence best multi-level inverter is obtained [13]. At the DC 

Side of converter, task for improving the voltage level usually is done by 

making use of boost converter and whereas reboost converter intention is to 

build up more voltage across output terminals [14]. The above literature does 
not deal with MLI based DPFC and at DC side normally used boost 

converter to build up and maintain DC voltage. This work proposes seven 

level inverter based DPFC intended for upgrading power quality and further 
it is compared with five level systems in terms of the output voltage across 

the inverter and improvement in the magnitude of the current injection with 

less harmonics and provide a pure sinusoidal output. Performance of the 

system can be improved interms of output voltage of DC converter and 
reduce the output voltage ripples.The proposed work replaces BOOST with 

REBOOST converter at DC side of the converter. With this replacement, 

there is improvement in the output voltages and also reduction of voltage 
ripples. This work recommends on MLI with REBOOST converter for DPFC 

system. Over all DPFC performance can be improved at different stages by 

using MLI and REBOOST concept. 
This paper is organized as follows. In this Section, the introduction about 

DPFC is presented.  In Section 2, the evolution of novel D- FACT Device is 

presented. In Section 3, the analytical part of DPFC power exchange 

components and mathematical modeling of series converters are described. In 
Section 4, the theory and switching sequence table of 5 and 7 level converter 

are presented.  
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In Section 5, the simulated results of DPFC with 5 and 7 level converter 

are presented and also the concept of reboost converter at the DC side of 

converter is presented. In Section 6, the comprehensive conclusions of the 
article are presented.   

 

2 Distributed Power Flow Controller 
 

Block-diagram of DPFC is illustrated in Figure.1The DPFC modeling 

contains two types of modeling namely the first one is converter modeling 
and the second one is network modeling. To ensure that the single stage 

series arrangement converter model to be well-suited with the three-phase 

network model, the system is modeled as 3 single-phase networks each with 
phase shift of 120◦. The proposed strategy basically depends on power theory 

of non-sinusoidal components. A non-sinusoidal voltage and current are 

shown as the sum of sinusoidal functions in different frequencies with 
distinctive amplitudes according to Fourier analysis. DPFC is controlled by 

the following three patterns of controlling.  

1. Central control scheme  

2. Shunt control scheme  
3. Series control scheme 

The main control provides reference signals for DPFC. Depending on 

DPFC application point of view like power flow control, damping the power 
oscillation at low frequency and balancing the asymmetrical components, its 

control function changes as per the specification. According to the system 

requirements, the main control delivers corresponding reference voltage 

signals and reactive reference current signals for both of the converters. 
Entire reference signals generated by the central control are dependent on the 

fundamental frequency components. Every series converter consists its own 

specific series control scheme. The controller here also sustains the DC 
voltage of capacitor of every converter with the help of 3

rd 
harmonic 

components, rather than not only producing series voltage at fundamental 

frequency which is essential by the central control.  

 
Figure 1: Block-diagram of DPFC 
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Series converters in transmission lines inject a regulated voltage at 

fundamental frequency thereby they subsequently control the power flow in 

the lines. Compensation of the reactive power, supplying active power that is 
required by the series converter is possible with the shunt converter which is 

connected between the line and the ground. DC link which connects series 

converter and shunt converter in a normal UPFC delivers the active power to 

the lines that is exchanged between the converters via the AC network. The 
time average active power canbe expressed in terms of mathematical 

equation, which is given in equation 1where the integral of every cross 

product of terms with distinguished frequencies is 0. 

                (1) 

In equation 1.1 „n‟ represents the harmonic frequency order, the angle 

between n
th
 harmonic current and voltage is ɸn. Isolation of 

activepowers at different frequencies from eachother is made without the 
influence of voltage or current in single frequency component with the 

others. Since Y-Δ transformers easily filter third harmonics they are chosen 

for exchange of active power. 

 

3 Problem Formulation 
 

 Fourteen Bus System is modelled by means of Simulink. The equations 

from (2) to (5) were used for calculating the real power and reactive power. 

                          (2) 

                         (3) 

It is required to enhance the voltage profile of the buses. To improve the 
voltage 5L and &7L based DPFCs are included in FBS. 

Application of KVL to series converter primary is as given below 

               (4) 

IZ                        (5) 
The real power and reactive power are calculated from the  equations (6) and 

(7). 

               (6) 

               (7) 

The Mathematical modeling for series-converter is expressed in equations (8) 

to (10) 

                                       (8) 

               (9) 

            (10) 
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4 Multilevel Inverter 
 
The proposed work deals with comparison of 5 level and 7 level inverters 

for DPFC system. Here cascaded multilevel inverter is considered with a 

separated DC source. 
The output of MLI is as follows given in equations (11) and (12) 

V0  =  Sum of Vn sin(nωt)                       (11) 

THD  =  Vh / V1              (12) 

Switching Table for five level inverter is shown in Table-1. There are 
nine-modes of operation defined. 

 
Table-1: Switching table of five level inverter system 

V/S S1 S2 S3 S4 S5 S6 S7 S8 

+V1 1 1 0 0 0 0 0 0 

+V2 1 1 0 0 1 1 0 0 

0 0 0 0 0 0 0 0 0 

-V1 0 0 1 1 0 0 0 0 
-V2 0 0 1 1 0 0 1 1 

Switching table for seven-level inverter system is shown in Table-2. 

There are seven-modes of operation defined. 

 
Table-2: Switching table of seven level inverter system 

Voltage 

Level 

S1 S2 S3 S4 S5 S6 S7 S8 

-3Vdc 0 0 1 1 0 0 0 0 
-2Vdc 0 0 1 1 1 1 0 0 

-1Vdc 0 0 0 0 0 0 1 1 

0 0 0 0 0 0 0 0 0 
+1Vdc 0 0 0 0 1 1 0 0 

+2Vdc 1 1 0 0 0 0 1 1 

+3Vdc 1 1 0 0 0 0 0 0 
 

5 Simulation Results 
 

Figure 2 to Figure 9 gives full details about simulation of DPFC using 5 

level inverter and the output across bus 10. THD value of the injected output 
voltage with 5 level inverter is also measured. Figure 2 outlines the Circuit 

diagram of 14-bus system with five level DPFC.Each line of FBS is 

characterized as a series arrangement of R and L. Every load of FBS is 

characterized as a shunt-arrangement of R and L .Figure 3 outlines the 
Voltage measured at bus-10.  The value of voltage is 7000V.Figure 4 outlines 

the Voltage measured across five level inverter. The value of voltage across 

5level inverter is 190V.  Figure 5 outlines the Current measured through five-
level inverter.  
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The value of Current through five-level inverter is 3A. Figure 6 outlines 

the Current TH Distortion of 5L DPFC and its value is 7.37%. Figure 7 

outlines the RMS voltage measured at bus-10. The value of RMS voltage is 
5000V. Figure 8 outlines the Real power measured at bus-10of 5L DPFC. 

The value of real power is 4.5 * 10
5
W. Figure 9 outlines the Reactive power 

measured at bus-10of 5L DPFC. The value of reactive power is 2.9 * 
10

4
VAR. 

 
Figure 2: Circuit diagram of 14-bus system with 5L-DPFC 

 

 
Figure 3: Voltage at bus-10 of 5L-DPFC 
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Fig 4: Output-voltage of F.L.I 

 

 
Fig 5: Current waveform 

 

 
Fig 6: Current TH-DISTORTION of 5L-DPFC 
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Fig 7: RMS voltage at bus-10of 5L-DPFC 

 
Fig8:Real power at bus-10of 5L-DPFC 

 
Fig 9: Reactive power at bus-10of 5L-DPFC 

 

The simulated results showed in Figure 10 to Figure 19 gives full details 
about application of 7 level inverter in DPFC system. Figure 10 outlines the 

simulation Circuit diagram of 14-bus system with seven level DPFC.Figure 

11givesoutlines of the Voltage measured at bus-10.  Here the value of 
voltage is improved to value of 8000V. Figure 12gives about usage of Boost 

converter and the DC side of converter to maintain required DC value using 

theBoost converter circuit diagram with seven-level inverter. Figure 13 gives 
outlines of the Voltage measured across 7 level inverter.  
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The value of voltage across 7 level inverter is 220V.  Figure 14 outlines 

the Current measured through 7 level inverter. The value of Current through 

7-level inverter is 6A.Figure 15 outlines the Current TH Distortion of 7L 
DPFC and its value is 4.98%. Figure 16 outlines the RMS voltage at bus-10. 

The value of RMS voltage is 5800V. Figure 18 outlines the Real power at 

bus-10of 7L- DPFC. The value of real power is 5.9 * 10
5
W.Figure 19 

outlines the Reactive power at bus-10of 7L- DPFC. The value of reactive 
power is 3.6 * 10

4
VAR. 

 
Fig 10: Circuit diagram of 14-bus system with  7L DPFC 

 
Fig 11: Voltage at bus-10 of 7L DPFC 
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Fig 12: Circuit diagram of Boost converter with of 7L  MLI 

 
Fig 13: Voltage across 7L MLI 

 
Fig 14: Current waveform 
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Fig 15: Current TH-Distortion of 7L-DPFC 

 
Fig 16: RMS voltage at bus-10of 7L-DPFC 

 

 
Fig 17: Real power at bus-10of 7L-DPFC 

 

 
Fig 18: Reactive power at bus-10of 7L-DPFC 
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Comparing five and seven level MLI s by observing from Figure 3 and 

Figure 11 voltages at bus 10 by using 7 level inverter in DPFC there is an 

increase in the value of voltage from 7000 V to 8000 V and output voltage 
across in each level of inverter at 7 level MLI produce more output voltage 

when compared to 5level MLI which is shown in Figure 4 and Figure 13 i.e 

from 190 to 220 Similarlymagnitude of current also improved by using 7 
level MLI and  current TH Distortion is given in table-3. By using 7 level 

inverter, TH Distortion is reduced from 7.37% to 4.98%. Figure 20 depicts 

the Bar chart Comparison of 5 and 7 level current TH-Distortion. 
 

Table-3: Comparison of five and seven level current TH-Distortion 

14-Bus DP-FC Current TH-DISTORTION (%) 

5-Level 7.37 

7-Level   4.98 

  

 
Figure 19: Barchart Comparison of five and seven level current TH-Distortion 

 

The multi-level inverter shown in figure 12 used BOOST converter at 

DC side.In place BOOST converter REBOOST converter is placed which is 
shown in figure 20  for reducing the ripples produced by  BOOST converter 

.Comparison of Output Voltage, Voltage ripple, Real power & Reactive 

Power between BOOST and REBOOST converters is given in table-4. By 

using RE-BOOST, real-power is increased from 0.5872MW to 0.6220MW; 
reactive power is enhanced from0.0363MVAR to 0.0382MVAR; output-

voltage is enhanced from 2050V to 2480V; output-voltage-ripple is reduced 

from 40V to 28V. Hence there is overall improved performance using 
REBOOST converter in place of BOOST converter. 
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Fig 20: Circuit diagram of Re boost converter with multilevel inverter 

 

 
Fig 21: Output voltage of Re boost converter with multilevel inverter 

 

 
Fig 22: Voltage ripple of Re boost converter with multilevel inverter 

 

Table 4 : Comparison of Output Voltage, Voltage ripple, Real power & Reactive 
Power 

Type of 

converter 

R (MW) Q(MVAR) Output 

Voltage(v)  

Vor (v) 

BOOST 0.5872 0.0363 2050 40 

RE BOOST 0.6220 0.0382 2480 28 
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6 Conclusions 

 
Fourteen bus system with 5 level DPFC and Fourteen  bus system with 7 

level DPFC are designed, analyzed and simulated using MATLAB 

SIMULINK. The outcomes in terms of real power, reactive power and THD 
are compared. By using 7-level inverter, TH-Distortion is reduced from 

7.37% to 4.98%. Hence, the outcome represents that the fourteen bus system 

with 7 level DPFC is superior to Fourteen bus system with 5 level DPFC.  

The benefits of proposed system are improved voltage profile and reduced 
TH-Distortion. By using RE-BOOST, real-power is increased from 

0.5872MW to 0.6220MW; reactive power is enhanced from0.0363MVAR to 

0.0382MVAR; output-voltage is enhanced from 2050V to 2480V; output-
voltage-ripple is reduced from 40V to 28V.The outcome represents that the 

„output voltage ripple‟ is diminished using RE BOOST converter. Hence, 

REBOOSTconverter is superior to BOOST converter. This work can be 
extended for simulation of higher level bus system with MLI.  
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