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 The unified power quality conditioner (UPQC) is acustom power device, which 
mitigates voltage and current-relatedPQ issues in the power distribution systems. It is 

realized using two voltage source inverters connected back to back with a common dc 

link capacitor. One VSI acts as a shunt active power filter and other one as a series 
active power filter. The inverters are implemented preferably in PWM mode.This paper 

focuses on the   construct of a Single phase two wire UPQCwhich uses two H-bridge 

topology (2 level)i.e., 8 MOSFET switches. Here PIC 16F877A microcontroller is used 
to generate PWM switching signals for the switches. The optocoupler MCT2E is used 

as a driver for the switches. 
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INTRODUCTION 

 

 Power Quality is defined as the physical 

characteristics of theelectrical supply provided under 

normal operating conditions that do not disrupt or 

disturb the customer‟s processes.The quality of 

power supply implies basically voltage quality and 

supply reliability. Voltage quality problems relates to 

any failure of equipment due to deviations of the line 

voltage from its nominal characteristics, and the 

supply reliability is characterized by its adequacy 

(ability to supply the load), security (ability to 

withstand sudden disturbances such as system faults) 

and availability (focusing especially on long 

interruptions). Therefore, a power quality problem 

exists if any voltage, current or frequency deviation 

results in a failure or in a bad operation of customer‟s 

equipment. 

 The proliferation of microelectronics processors 

in a wide range of equipments, from home VCRs and 

digitalclocks to automated industrial assembly lines 

and hospital diagnostics systems, has increased the 

vulnerability of such equipment to power quality 

problems. 

 Between the different technical options available 

to improve power quality, active power filters have 

proved tobe an important alternative to compensate 

for current and voltage disturbances in power 

distribution systems. 

 The active power filter is controlled to 

draw/supply the a compensating current if from/to 

the load to cancel out the current harmonics on AC 

side and reactive power flow from/to the source there 

by making the source current in phase with source 

voltage. 

 The UPQC is one of the custom power device 

installed in power distribution systems which has 

capability of improving power quality at the point of 

installation. The main function of UPQC is to 

mitigate the disturbance that affects the performance 

of the critical load. It is realized by the integration 

oftwo voltage source inverters connected back to 

back with a common dc link capacitor. One VSI acts 

as a shunt active power filter and other one as a 

series active power filter. 

 The main purpose of a series active power filter 

is that it has the capability of voltage 

flicker/imbalance compensation as well as voltage 

regulation and harmonic compensation at the utility 

consumer Point of Coupling(PCC).Thus, it maintains 

balanced, distortion free nominalvoltage at the load.  

 The shunt active power filter is used to 

compensate load reactive power, harmonics and 

balance the load currents thereby making the source 

current balanced and distortion free with unity power 

factor. Also, it regulates the DC ink voltage between 

both active filters. 
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UPQC Circuit configuration: 

 The system under consideration for single phase, 

two wire distribution system is shown in Fig. 1.The 

UPQC is connected before the load to make the 

source and the load voltage free from any distortions. 

At the same time, the reactive current drawn from the 

source should be such thatthe currents at source side 

would be in phase with utility voltages. 

 The Unified Power Quality Conditioner (UPQC) 

is one of the best solutions to compensate both 

current- and voltage-related problems 

simultaneously. The UPQC, carried out by using two 

VSIs, one VSI acts as the shunt APFand the other as 

the series APF.  The dc link of both active filters is 

connected to a common dc link capacitor. The series 

filter is connected between the supply and load 

terminals using a single phase transformer. 

 
Fig. 1: 1P2W UPQC: two H-bridge configuration 

(eight switches). 

 

 The shunt inverter in UPQC is controlled in 

current control mode. It injects the current in order to 

cancel the harmonics generated by the load. The 

injected is governed by the equation, 

ish = is − il  
Where, 

ish - Shunt inverter current 

is- Reference source current 

il-Load current 

 Additionally, the shunt inverter maintains the dc 

link voltage at a reference value. 

 The series inverter is controlled in voltage 

control mode. It generates a voltage and injects in 

series with the line to achieve a sinusoidal and free 

from distortion. The injected voltage is represented 

by the equation, 

vsr = vl − vs  
Where, 

vsr -Series inverter injected voltage 

vl-Reference load voltage 

vs-Source voltage 

 

Hardware block diagram: 

 A single phase UPQC with Two H-bridge 

topology i.e., 8 MOSFETs is implemented in 

hardware. 

 A reference voltage and current signals are 

obtained from PT and CT. These sinusoidal signals 

are converted into square wave signals using the 

comparator LM358.The converted signals are fed 

into the microcontroller pins 39 and 40 as the 

reference signals for the generating PWM signals. 

A schematic block diagram is depicted below. 

 

 
 

 The signal is generated within the 

microcontroller. These signals are fed into the AND 

gate IC7408. Then, it is input to the MOSFET drivers 

to provide a safety catch as well as the ability to keep 

the MOSFETS active when they are high. Finally, it 

passes into the MOSFETS of the H-bridge and draws 

power from the voltage supply through the filter to 

generate the appropriate output signal. 

 The major components used in this hardware are 

 PIC16F877A 

 MOSFET IRF540 

 Transformers (12-0-12)V, (6-0-6)V 

 Voltage regulator 7805. 

 Optocoupler MC2TE 

 AND IC7408 

 

H-bridge: 

 An H-bridge is a circuit which enables a voltage 

to be put across a load in either direction. It consists 

of four switches, typically MOSFETs, and load 

configured in the shape of an „H‟. By controlling 

which switches are closed at any given moment, the 

voltage across the load can be either positive, 

negative for a 2 level PWM signal. 

 

Power MOSFETs: 

 Power MOSFETs are the key elements of high 

frequency power systems such as high-density power 

Supplies.Here an N-channel MOSFET IRF840 is 

used.Athigh voltages MOSFETs still have their 

limitations. The intrinsic characteristicsof the 

MOSFET produce a large on-resistance which 

increases excessively when the devices' breakdown 

voltage is raised. Therefore, the power MOSFET is 

only useful up to voltage ratings of 500V and so is 

restricted to low voltageapplications or in two-

transistor forward converters and bridge circuits 

operatingoff-line. This makes it more attractive to 

use the bipolar powertransistor at the expense of 

worse high frequency performance. 

 

PIC controller: 

 In order to use the H-bridge properly, there are 

four MOSFETs that need to be controlled. This can 
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be done either with analog circuits or a 

microcontroller. In this case, the microcontroller is 

chosen over the analog system for several reasons.  

 First, it would be simpler to adapt.The second 

advantage of using a microcontroller is that it can 

allow for easy feedback to control the power flowing 

through the load. It is also possible to change the 

duty cycle based on whether or not the load requires 

additional power or is being oversupplied. Here, PIC 

16F877A is used. 

 The microcontroller is tasked with generating 

the four control signals that the MOSFET drivers 

use. 

 They are two 50Hz square waves, each at 180 

phase angels of each other, and two 2-level pulse 

width modulation signals operating at a switching 

frequency of 10 kHz also at 180 phase angels of each 

other. 

 The algorithm to generate PWM signals is 

described below: 

 Configure PortD and PortC as input and 

output pins 

 Initialize  the duty cycle  & PWM module. 

 Start the PWM module and set the duty 

cycle. 

 When PortD.F0 becomes zero then delay is 

set in milliseconds.  

 When it becomes one, again the delay is 

executed. 

 Then a delay is given to slow the pace and 

checks if PortD.F0 is zero again. 

 

PWM controller: 

 The heart of a switching power supply is its 

switch control circuit (controller). One of the key 

objectives in designing a controller for the power 

converter is to obtain tight output voltage regulation 

under different line and load conditions. The switch 

control signal (PWM), controls the state (on or off) 

of the switch. PWM is the method of choice to 

control modern power electronics circuits.  

 The basic idea is to control the duty cycle of a 

switch such that a load sees a controllable average 

voltage. To achieve this, the switching frequency 

(repetition frequency for the PWM signal) is chosen 

high enough that the load cannot follow the 

individual switching events and they appear just a 

blur to the load, which reacts only to the average 

state of the switch.With pulse-width modulation 

control, the regulation of output voltage is achieved 

by varying the duty cycle of the switch, keeping the 

frequency of operation constant. Duty cycle refers to 

the ratio of the period for which the power 

semiconductor is kept ON to the cycle period. 

 

Gate driver circuit: 

 In our circuit four MOSFET is used connecting 

in series at each leg of H bridge. Four MOSFET is 

used to increase the current rating of circuit.As 

microcontroller output is in maximum 5V which is 

direct to MOSFET gate but MOSFET is not active 

until 12V that why we need MOSFET driver for our 

circuit. 

 As MOSFET is very heat sensitive so for 

cooling purpose we used four heat sinks at four lags 

of H-bridge inverter. The drain of the MOSFET is 

mounted to heat sink. The output of the inverter is 

then passed to the transformer. The output is taken 

from the two lower MOSFETs drain as upper 

MOSFET source is connected to the drain of lower 

MOSFET. 

 Here, optocoupler MCT2E is used as a driver. 

The MCT2E opto-coupler provides the isolation 

betweenthe power MOSFET bridge and the PIC 

microcontroller.Especially isolates the upper group 

of power MOSFETs.Another function of this opto-

coupler is to provide amplifiedgate control signals to 

IRFP250 power MOSFETs. TheMCT2E opto-

coupler has gallium arsenide infra red LED 

andsilicon NPN phototransistor. The switching speed 

of this typeof opto-coupler is higher compared to the 

other type of optocouplers.This type of opto-coupler 

provides high voltageisolation. 

 

AND gate: 

 The AND gates serve three useful purposes for 

our circuit. It provides the compliment of PWM 

signal, it provides more dead time, and it can supply 

more current to the drivers than the 

microcontroller.Here,IC7408 is used. 

 

Experimental setup: 

 The system parameters used in simulation are as 

follows: 
 
Table : Simulation parameters. 

System quantities Values 

Supply voltage Vrms (ph-ph) 325V 

Supply frequency 50Hz 

DC link capacitor 200uF 

Carrier frequency 3000Hz 

 

 The simulink model using MATLAB of a three 

phase UPQC is depicted below.A three phase supply 

is used whereby reference voltage and currents are 

obtained. The gating signals for the series inverter 

and shunt inverter is obtained using PWM generator 

and id-iq method. RL is used as the load after a diode 

rectifier circuit. 
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Fig : Simulink model of a UPQC. 

 

 
 

Fig : PWM signals to the gate of IGBTs. 

 

 This device is being implemented in a hardware 

using single phase supply.  The various system 

parametersused are: 

 
Table : System parameters. 

System Quantities Values 

Supply voltage 230V 

Supply frequency 50Hz 

DC link capacitor 2200uF, 35V 

Switching frequency 10KHz 

Operating frequency of the Microcontroller 20MHz 

Rgs 470Ω 

Fluorescent choke 230V 

 

 The overall hardware development of the device 

is depicted below. 

 

 
 

The various waveforms obtained are as follows. 

The reference voltage and current which are of sine 

wave are obtained from PT and CT. 

 
Fig : Voltage and Current waveform. 

 These sine waveforms are converted into square 

waveform using opamp BA10358.This is 

implemented in Zero Detector Circuit. 

 
 

Fig : Reference signals to PIC controller. 

 

 The voltage and current square wave signals 

from BA10358 comparator is fed as the reference 

signals to the PIC controller pins 39 and 40.The PIC 

microcontroller generates 2 PWM signals from pins 

16 and 17 and square wave signals of 50Hz 

frequency from pins 19 and 20.  
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Fig : PWM output from PIC(pin 16). 

 

 
 

Fig : 50Hz signal from PIC(pin 19). 

 

 The output from PIC is fed into the AND gate to 

obtain complement of PWM signals from pins 

3,6,8and 11 

 

 
 

Fig : AND gate output(pin 8). 

 

 The signals from the AND gate is then fed into 

the optocoupler MCT2E which controls the 

switching signals to the gate of the MOSFET 

switches.The signals to the switches are depicted 

below. 

 

 
 

Fig : Gate pulses to MOSFETs 1 & 2. 

 

 
 

Fig : Gate pulses to MOSFETs 3 & 4. 

 

 
 

Fig : Gate pulses to MOSFETs 5 & 6. 

 



429                                                      N. Kumarasabapathy and P.S. Manoharan, 2015 

Australian Journal of Basic and Applied Sciences, 9(23) July 2015, Pages: 424-430 

 
 

Fig : Gate pulses to MOSFETs 7 & 8. 

 

 The ac signals fed into the shunt inverter as the 

input. It is converted into dc whereby a dc link 

capacitor is connected. This dc acts as the input for 

the series inverter which gets converted into ac 

output. These ac signals from the inverters are fed 

into the line. 

 Also inductive load is being used to create a lag 

between the voltage and current. To compensate the 

lagging, a potentiometer is used which varies from 0 

to 5V controlled by the PIC controller. 

 

Conclusion: 

 The UPQC device with 2 H-bridge circuit is 

realized in hardware. The gating signals for the 

MOSFET switches are a 2 level PWM. The future 

scope may be implementing a further higher level 

PWM from the microcontroller. Also, IGBT modules 

which is fast switching device and can handle high 

power than MOSFETs can be used. 
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