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 

Abstract: In this paper the power compensation for power 

system during faults in distribution line is described. The proposed 

system is designed by using the series and shunt APF based 

hysteresis control scheme to compensate harmonic distortion and 

control the system stability. Moreover, the system can be 

compensated the current as well as voltage simultaneously by 

using Unified Power Quality Controller (UPQC). Voltage Source 

Inverters (VSI) are connected in both the series and shunt. The 

main feeder is used to injecting power to these inverters using 

transformer and VSI compensate the imperfection line such as 

sag, interruption, swell, voltage unbalance. DC link voltage of the 

system is maintained at series and shunt operation. The proposed 

system is verified successfully and tested using 

MATLAB/Simulink. 
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I. INTRODUCTION 

The electricity demand is increasing with today world. 

Power quality improvements are essential factor in power 

system and the power quality issues can be voltage below the 

nominal value (sag), the voltage above nominal value (swell), 

unbalanced voltage [1]. The enhancement of nonlinear load 

affects the power system and caused to power quality 

diminution. In power system and electricity grids the quality 

of power problems occurred like sag, distortion, harmonics in 

supply power as well as load energy. Photo -Voltaic (PV) and 

Fuel cell are sources to maintain dc link voltage and the 

quality problems in power can be reduced [2].  In the steel 

industries the non linear loads i.e especially furnaces are 

decreasing the power quality such as harmonics, fluctuations 

in power and power loss that also affect the other loads. To 

control the harmonics the UPQC is used in this furnace 

application in steel industries [3]. The UPQC is to improve 

the quality of power and its way along with sending and 

receiving ends voltage. In this the receiving end voltage is 

regulated using the feedback controllers certainly. The 

controller’s performance are compared and verified that are 

fuzzy logic controller, proportional controller, and 

proportional resonant [4]. In power electronics distribution 

area and industries are suffered by problems in quality of 

power according to their devices. To mitigate those issues in 

system the active filter power conditioning equipment and 

interfaced in series and parallel [5]. In the Static compensator 
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(STATCOM) with multilevel inverter (MLI) is used for bus 

voltage improvement and the reactive power. In the 

improvement of low voltage and disturbances in energy, the 

power based device dynamic voltage restorer (DVR) [6]. The 

voltage improvement of DVR and distributed STATCOM (D- 

STATCOM) are compared with the results [7]. In micro grids, 

the model predictive controller is used to enrichment of the 

power quality using D-STATCOM as well as UPQC [8]. The 

particle swarm optimization (PSO) is achieved to power 

compensation using model predictive controller to distributed 

generators.  The harmonic reduction in system is done by 

using PSO and Kalman filter [9-10]. The converters and 

model predictive controller are used to UPQC for energy 

compensation. 3 phases UPQC the Control strategy of pulse 

width modulation (PWM) with fuzzy sliding mode is used. 

This control is achieved in terms of load unbalance, 

harmonics in current, and distortion voltage. The three phase 

locked loop is used with the series filter to control the issues 

power quality that in load and source side. The distortions in 

the current and voltage have an effect on industrial and 

household appliances. In [11] FLC controller based UPQC is 

achieving diminution in power quality issues.  

The design of MC-UPQC based topology for compensating 

the voltage that falls below a nominal voltage or supply 

voltage that means sag is presented in this paper. The APF 

based hysteresis controller (HC) is utilized for both series and 

shunt integrations control. APF based HC is designed for 

series as well as shunt converter for providing the control 

signals to the both converters (which are connected in series 

and shunt). Series LC filter and shunt LC filter for each 

converter in the system respectively as the configuration of 

back to back conversion system.  The series connection of 

VSI converter is interfaced with the converter in shunt 

connection due to the merits of power factor correction (PFC) 

as well as the reduction in the DC link voltage requirement. 

Also the capacitor voltage stress can be reduced in the way of 

using split range of capacitor. The system is verified in 

MATLAB/Simulink. 

II.  PROPOSED SYSTEM  

This paper proposed the APF based hysteresis controller of 

MC-UPQC the quality improvement in power for the high 

transmission and distribution systems. Under the fault 

condition and issues which are occurring at power systems, 

the MC-UPQC system is analyzed. For the purpose of system 

control, the APF combination of both shunt and series are 

used.  
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In this system the regulation of current profile is done by 

using the shunt connected converter where as the voltage 

regulated by series converter. At the non linear load, the 

compensating converters are controlled by APF with HC. The 

resulting control signals are injected for the system 

performance and steady state supply.  

The major levels of electrical energy users like the service 

sector, industries and power generation units having the 

essential power quality issue. The mainly common problems 

occur in the power system like, Harmonics, Voltage 

variations, Brownouts, Interruptions Swells, Spikes, as 

voltage sags. The Power disturbances can harms the system 

operation and leads to the inability to meet the load demand. 

The issues are additional power factor, unbalanced voltage 

and current, sag, flickers, swell etc. But the factors that 

considered for these issues are such as improper wiring 

connection with the grounding, the presented harmonics in 

parameters and the overloaded circuits. 

A. Basic Configuration of UPQC 

The system of MC-UPQC comprises the two series 

converter integration with APF where the dc link capacitor is 

interfaced between them; shunt converter with APF filter for 

the establishment of system steady state. This method can 

enhances the power factor and also propagation of the 

harmonics in load current can be prevented. The Schematic 

design of MC-UPQC arrangement is shown in fig.1. 

 

Fig. 1. Schematic configuration of MC-UPQC 

B. Control Method 

An efficient Active Power Filter is evaluating and controls 

the power quality problems and harmonics distortion. The 

quality of  APF depends on three concerns are follows Power 

circuit configuration, method used to extract the harmonic 

content,  The modulation and control method used to 

implement the compensation scheme. 

A control algorithm for a three-phase filter represent by a 

series active power filter (SAPF) is proposed and it is 

represent in fig.2. The control target used provides high 

impedance for the harmonics while providing zero impedance 

for the fundamental. This strategy is achieved when the APF 

generates a voltage proportional to the source current 

harmonics. The main purpose of these converters can 

compensate the voltage disturbance in series at main supply or 

source side because of distribution line fault. It reduces the 

requirement of DC sources.  These converters are working as 

a controlled rectifier and from the main source the rectifier is 

powered. Similarly, during the supply injection, it can work as 

inverter from dc link to main supply.  

 

 

Fig. 2. Series APF based HC 

 In the distribution line an analysis of the shunt injection 

type active filter is located and it is shown in fig.3. Function of 

the shunt converter is to compensate the current related issues 

in the system.  Transformation of ABC to dq0 is done and the 

final transformation is again converted into ABC signal. The 

generated signal ABC is set point which is fed to PWM of 

hysteresis control band. Finally, the control signals for the 

shunt converter regulation are generated.  

 

 

 

Fig. 3. Shunt APF based hysteresis controller 

III. RESULT AND DISCUSSION 

The detailed three phase MC-UPQC topology model of 

APF filter with HC is explained briefly. By means of 

achieving the power compensation, the power generation 

stability and the HC controller used to provide the control 

signals to system for the power quality improvement. The 

results and compensated parameters are evaluated using 

MATLAB/Simulink.  
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To control the converters which are connected in series, 

and shunt the HC controller is used with a APF filter for the 

desired current production to compensate the system line. In 

series compensation, it consists of two series converter to 

compensate the voltage at both distribution lines. 

 

                        

Fig. 4. Simulink representation of the proposed MC-UPQC 

 Fig.5. shows the input waveform of sag voltage and 

current. The voltage and current values are 380V, and 

40amps. Input voltage is drop below 300V, and current is 

swell up to 50amps. Fig.6. &7 shows the injected voltage and 

current waveform of the proposed system. Fig.8 shows the 

compensated output voltage and current waveform of linear 

and non-linear load condition. 

 

Fig. 5. Faulty input voltage and current 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Injected voltage 

 

 

Fig. 7. Injected current 
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Fig. 8. Compensated output voltage and current 

IV. CONCLUSION 

 A design of 3 phases MC-UPQC system is planned with the 

system control method of APF based hysteresis controller. 

This system is controlled in various ability of compensating 

signal provision for both shunt and series converters during 

faults and issues. The control strategy presented in this paper 

leads to efficient system compensation when compared with 

existing method of control and the performance of the system 

is analyzed and investigated. The compensation of power is 

achieved easily in the various conditions with the balanced 

supply as well as sinusoidal signals for the three phase system. 

Here the error reduction is achieved using the control method 

of APF with hysteresis controller and the compensation 

efficiency is improved by HC.  
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