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Abstract: This paper presents UPQC with various Boost 

converter device for reduce the receiving end voltage and sending 

end current ripples of existed conventional multi bus system. 

Unified Power Quality Conditioner (UPQC) is a dynamic FACT 

device transmission system. The UPQC configuration has the 

capabilities of these two devices, Voltage Regulators, Active 

Filters. It is noticed that the multi bus system with UPQC 

minimises the system losses. So UPQC increases the multi bus 

system performance. This paper also presents the suitable boost 

converter between PV system and UPQC capacitor to charge the 

capacitor.  Here principle of operation and its implementation of 

boost converters for multi bus system are presented. Three various 

types of boost converters those are High Step Up type Boost 

Converter (HSBC), Double Inductor type Boost Converter (DIBC) 

and Inter Connected Boost Converter (ICBC) are used for 

comparative analysis. The comparison is done in boost converter 

output voltage, input current and those ripples, also transmitting 

real power and reactive powers. With MATLAB/SIMULINK 

results, Inter Connected Boost Converter (ICBC) is selected as 

best converter device in between Photo voltaic system, capacitor of 

UPQC. 

 
Keywords : Multibus system, Boost Converters, Voltage Ripple, 

Current Ripple.  

I. CONFIGURATION & INTRODUCTION TO UPQC 

The main functional objective of electric utility is supply 

its customers/loads at a pure sinusoidal voltage of fairly 

constant amplitude and frequency without any distortions. 

The synchronous generators produce the electric power at 

very close to a pure sinusoidal signal with constant 

amplitude. The intension, implementation, and function of 

organizational and commercial power systems need several 

concepts to assist in the calculation of the dynamic system 

performance with transient conditions, reliability of system, 

stability, security and the capability to increase with 

production and also functional needs. 

Nomenclature 

HSBC High Step Up type Boost Converter 
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DIBC Double Inductor type Boost Converter 

ICBC Inter Connected Boost Converter 

UPQC Unified Power Quality Conditioner 

 

UPQC is mixing of both series type, shunt type active 

power filters and in between these a unique DC Capacitor 

link. These active type power filters have separate operations. 

Series type filters is operated at regulated voltage value to 

minimize also to separate the voltage variations and shunt 

type filters act as a regulated current value to reduce current 

variations. The functional operation diagram of the UPQC is 

given in the following Fig.1. 

 
Figure 1: Functional Operation diagram of UPQC 

II. CONVENTIONAL UPQC CONFIGURATION 

Operational picture of Conventional UPQC system is 

given in Fig.2. In this figure a capacitor is placed across 

UPQC. A large battery is used to charge the capacitor of 

UPQC. 

 
Figure 2: Operational Picture of Conventional UPQC 

Configuration 

III. PROPOSED BOOST CONVERTER FED UPQC 

SYSTEM 

Operational picture of proposed Boost Converter fed 

UPQC configuration diagram is given in Fig.3. Hence the   

converter between PV system and Capacitor matches the 

voltage of PV system with capacitor voltage of Unified 

Power Quality Conditioner (UPQC). 
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Figure 3: Operational picture of Proposed Boost Converter 

fed UPQC Configuration 

IV. IMPLEMENTATION OF PROPOSED BOOST 

CONVERTERS FED UPQC SYSTEM 

 
Figure 4: Implementation of HSBC/DIBC/ICBC fed UPQC 

System 

 

This section describes the incorporation of UPQC system 

with one of boost converters like High Step Up type Boost 

Converter (HSBC), Double Inductor type Boost Converter 

(DIBC), Inter Leaved Boost Convertors (ICBC). The aim of 

this section is to selection of suitable boost converter between 

PV System and DC unique capacitor of UPQC. 

Implementation of proposed system is given in the Fig.4. 

Receiving end voltage at PV is boosted using one of 

converters like HSBC/DIBC/ICBC. The capacitor of UPQC 

is charged by the output of HSBC/DIBC/ICBC. 

V. DESIGN WITH MATLAB/SIMULINK & RESULTS 

COMPARATIVE ANALYSIS 

The successive concepts show that HSBC/DIBC/ICBC 

based UPQC system and its implementation in 

MATLAB/SIMULINK. Their MATLAB/SIMULINK 

results are analyzed and compared. The comparison is done 

in terms of boost converter output voltage ripple, input 

current ripple, real and reactive powers delivered from UPQC 

based Boost converter to the receiving end. 

 

5. a. HSBC based UPQC System & MATLAB/SIMULINK 

Implementation 

High Step Up type Boost Converter is modeled at 

MATLAB/SIMULINK its circuit is given in Fig.5.a.1. This 

High Step Up type Boost Converter is incorporated in UPQC 

system, its MATLAB/SIMULINK implementation of HSBC 

based UPQC system is given in Fig.5.a.2. 

 

 

 
Figure 5.a. High Step Up type Boost Converter modeled 

Circuit 

 

 
Fig.5.a.2. UPQC with High Step Up type Boost Converter 

MATLAB/SIMULINK Circuit 

 

The input current ripple of HSBC is given in Fig.5.a.3 and 

its maximum value is 18 Amperes. The receiving end voltage 

of HSBC is given in Fig 5.a.4 and its shows the value is 400 

Volts. The receiving end ripple value of voltage of HSBC is 

given in Fig.5.a.5 and it has a maximum value of 425 Volts. 

Real power delivered from HSBC based UPQC system is 

given in Fig.5.a.6 and its value is 3*105 Watts. Reactive 

power delivered from HSBC based UPQC system is given in 

Fig.5.a.7 and its value is 6*105 VAR. The enhancement in 

real and reactive powers is because of the adding voltage by 

High Step Up type Boost Converter in UPQC based system. 

 

 
Fig.5.a.3. Input Current Ripple in HSBC 

 

 
Fig.5.a.4. Receiving end Voltage at HSBC 

 

 
Fig.5.a.5. Receiving end Voltage in HSBC 
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Fig.5.a.6 Real Power of Receiving End at HSBC based 

UPQC 

 

 
Fig.5.a.7. Reactive Power of Receiving End at HSBC 

based UPQC 

 

5. b. DIBC based UPQC System & MATLAB/SIMULINK 

Implementation 

Double Inductor type Boost Converter is modeled at 

MATLAB/SIMULINK its circuit is given in Fig.5.b.1. This 

Double Inductor type Boost Converter is incorporated with 

UPQC system and its MATLAB/SIMULINK 

Implementation of DIBC based UPQC system is given in 

Fig.5.b.2. 

 

 
Fig.5.b.1. Double Inductor type Boost Converter modeled 

circuit 

 

 
Fig.5.b.2. UPQC with Double Inductor type Boost Converter 

MATLAB/SIMULINK circuit 

 

DIBC produces the required voltage to charge the capacitor. 

Simulation results are shown in the following figures. The 

input current ripple of DIBC is given in Fig.5.b.3 and its 

maximum value is 19.5 Amps.  The receiving end voltage of 

DIBC is given in Fig.5.b.4 and its shows the value is 750 

Volts. Receiving end ripple voltage DIBC is given in 

Fig.5.b.5. The real power delivered from DIBC based UPQC 

system is given in Fig.5.b.6 and its value is 3.7*105 Watts. 

The reactive power delivered from DIBC based UPQC 

system is given in Fig.5.b.7 and its value is 6.9*105VAR. 

 

 
Fig.5.b.3. Input Current Ripple of DIBC 

 

 
Fig.5.b.4. Receiving end Voltage of DIBC 

 

 
Fig.5.b.5. Receiving end Voltage of DIBC 

 

 
Fig.5.b.6. Real Power at Receiving End of DIBC based 

UPQC 

 

 
Fig.5.b.7. Reactive Power at Receiving End of DIBC based 

UPQC 

 

5. c. ICBC based UPQC System SIMULINK Implementation 

The Inter Connected Boost Converter (ICBC) fed UPQC 

system is simulated in SIMULINK/MATLAB. Here the 

voltage required for capacitor is supplied from Inter 

Connected Boost Converter (ICBC) with PV. Simulation 

results are analyzed in the following sections. ICBC modeled 

system is given in Fig.5.c.1. The UPQC with Inter Connected 

Boost Converter (ICBC) based system is given in Fig.5.c.2. 

 

 
Fig.5.c.1. Inter Connected Boost Converter modeled 

circuit 
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Fig.5.c.2. UPQC with Inter Connected Boost Converter 

 

The input current ripple of ICBC based UPQC 

configuration is given in Fig.5.c.3 and its maximum value is 

23.5Amps.  Receiving end voltage of ICBC based UPQC is 

given in Fig.5.c.4 and its shows the value 1100 Volts. 

Receiving end ripple voltage of ICBC based UPQC is given 

in Fig.5.c.5 and its peak value is 1100 Volts.  The real power 

delivered from ICBC based UPQC is given in Fig.5.c.6 and 

its value is 4*105 Watts. The reactive power delivered from 

ICBC based UPQC is given in Fig.5.c.7 and its value is 

7.5*105 VAR. The increase in value at 0.2 seconds is due to 

increase in load. The increase in value at 0.3seconds is due to 

the adding of voltage. 

 

 
Fig.5.c.3. Input Current Ripple of ICBC 

 

 
Fig.5.c.4. Receiving end Voltage of ICBC 

 

 
Fig.5.c.5. Receiving end Voltage of ICBC 

 
Fig.5.c.6. Real Power of Receiving End of ICBC based 

UPQC 

 
Fig.5.c.7. Reactive Power of Receiving End at ICBC based 

UPQC 

 

Comparison of real and reactive powers with High Step Up 

type Boost Converter (HSBC), Double Inductor type Boost 

Converter (DIBC) and Inter Connected Boost Converter 

(ICBC) are given in the following Table - 5.a. The receiving 

end real power in Inter Connected Boost Converter (ICBC) 

based system is 0.039 Mega Watts more than Double 

Inductor type Boost Converter (DIBC) based system and 

0.096MW more than High Step Up type Boost Converter 

(HSBC) based UPQC system. The receiving end reactive 

power in Inter Connected Boost Converter (ICBC) based 

system is 0.087 Mega Volta Ampere Reactive more than 

Double Inductor type Boost Converter (DIBC) based system 

and 0.123 Mega Volta Ampere Reactive more than UPQC 

based system. Real power, Reactive powers are high with 

Inter Connected Boost Converter (ICBC) based UPQC 

system. 

Comparison of converter receiving end voltage ripple, 

input current ripple are given in Table - 5.b. Vor represents 

ripple content in the receiving end voltage of converter and 

IIr represents ripple content in the sending current of 

converter. The receiving end voltage ripple in ICBC based 

system is 17 Volts less than compared to DIBC based system 

and 22 Volts less than HSBC based UPQC system. The 

sending end current ripple in ICBC system is 0.5Amperes 

less than compared to DIBC based system and 1.6 Amperes 

less than HSBC based UPQC system. Ripple voltage and 

ripple current are minimum with ICBC based UPQC system. 

 

Table - 5.a Comparison of Real and Reactive powers with 

HSBC, DIBC and ICBC systems 

UPQC 

REAL 

POWER 

(MEGA 

WATTS) 

REACTIVE 

POWER 

(MEGA VOLT 

AMPERE 

REACTIVE) 

UPQC WITH 

HSBC 
0.367 0.602 

UPQC WITH 

DIBC 
0.364 0.638 

UPQC WITH 

ICBC 
0.403 0.725 
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Table - 5.b Comparison of Converter Output Voltage Ripple 

and Input Current Ripple with HSBC, DIBC and ICBC 

system 

UPQC VOr IIr 

HSBC 30 VOLTS 2.2 Amperes 

DIBC 25 VOLTS 1.1 Amperes 

ICBC 8 VOLTS 0.6 Amperes 

VI. CONCLUSION 

This work has reviewed various converters for UPQC 

systems. HSBC, DIBC and ICBC controlled UPQC systems 

are designed and modeled at MATLAB/SIMULINK; the 

results are had been given. The simulation results indicate 

that Inter Connected Boost Converter (ICBC) fed UPQC 

system produces voltage ripple of 8V and current ripple of 

0.6A. 

 Real power, Reactive powers delivered at receiving end 

are increased by 9.95% with respect to DIBC based UPQC 

system and 24% with respect to HSBC system. Therefore 

Inter Connected Boost Converter (ICBC) based UPQC is 

preferred to other systems to enhance power quality issue. 

Disadvantage with Double Inductor type Boost Converter 

(DIBC) and Inter Connected Boost Converters (ICBC) is that 

their hardware count is doubled. 
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