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 ABSTRACT: 

In this work, a novel technique based on second order sequence filter and proportional resonant 

controller is proposed for control of universal active power filter integrated with PV array system 

(UAPF-PV). Using a second order sequence filter and sampling it at zero crossing of instant of 

the load voltage, the active component of distorted load current is estimated which is further used 

to generate reference signal for shunt active filter. The proposed method has good accuracy in 

extracting fundamental active component of distorted and unbalanced load currents with reduced 

mathematical computations. Along with power quality improvement, the system also generates 

clean energy through the PV array system integrated to its DC-bus. The UAPF-PV system 

integrates benefits of power quality improvement and distributed generation. The system 

performance is experimentally evaluated on an experimental prototype in the laboratory under a 

variety of disturbance conditions such as PCC voltage fall/rise, load unbalancing and variation in 

solar irradiation. 
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I.INTRODUCTION 

There has been an ever increasing 

focus on installation of renewable energy 

sources such as solar photovoltaic (PV) and 

wind energy systems with the grid. This has 

been facilitated due to development of 

reliable and efficient power converters, 

improved efficiency of PV panels and 

decreasing costs of manufacturing. 

However, with the increasing penetration of 

renewable energy sources, which are 

intermittent sources of energy, fluctuations 

in voltage at the point of common coupling 

(PCC), have also increased. This is 

particularly common in low voltage  

 

distribution systems. Another major 

issue faced in modern distribution systems, 

is the extensive use of nonlinear power 

electronic systems, which draw highly 

distorted currents. These distorted currents 

cause voltage distortion at PCC depending 

upon the magnitude of current and grid 

impedance. These loads also cause losses in 

feeders and distribution transformers. 

Moreover, these loads themselves are 

sensitive to PCC voltage dip/rise, which 

causes frequent tripping and increased 

maintenance costs. Hence, the major 

requirement of modern distribution system 
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is the integration of renewable energy 

systems along with power quality 

improvement. In order to improve power 

quality, various improved quality devices 

based on power factor correction (PFC), 

have been researched upon and developed. 

However, these are mainly suitable at low 

and medium power levels and are only cost 

effective when developing a completely new 

system.  

Custom power devices such as 

distribution static compensator 

(DSTATCOM), dynamic voltage restorer 

(DVR) and unified power quality 

conditioner (UPQC) which is also known as 

unified active power filter (UAPF), are used 

as retrofit solution for power quality 

improvement in large scale industrial 

systems. An integration of solar PV array 

along with custom power devices, provides 

dual solution of power quality improvement 

along with solar energy. A solar PV 

integrated distribution static compensator 

(PV-DSTATCOM) has been proposed. This 

system has dual role of generation of power 

from renewable sources along with 

compensation of load current harmonics 

generated due to nonlinear loads. A single 

phase multi-functional solar energy 

conversion system has been proposed. This 

system has combined clean energy 

generation and active filtering functionality 

for a single phase distribution system. A 

variable DC-link voltage grid interfaced 

converter for three phase supply systems has 

been proposed. This system apart from 

combining clean energy generation and 

active filtering has an adjustable DC link 

voltage. The DC-link voltage is adjusted 

based on voltage at point of common 

coupling (PCC), which leads to an improved 

efficiency and good harmonic compensation 

of load current. While most of the research 

on integration of clean energy systems with 

active filtering, has been done on shunt 

compensated systems, recently there has 

been research into integration of distributed 

generation capability along with universal 

active power filters. The shunt active power 

filter has a disadvantage that it requires 

reactive power to regulate the voltage at the 

PCC. Hence, the requirement of voltage 

regulation and maintaining unity power 

factor (UPF) for grid current cannot be met 

simultaneously by the shunt active filter. 

The solar integrated universal active power 

filter (UAPF-PV) system regulates load 

voltage apart from injecting/drawing the 

grid current at UPF.  

A (UAPF) along with PV 

integration, has been proposed. The UAPF 

system provides both voltage and current 

quality improvement as it has both shunt and 

series active power filters. Accurate and fast 

reference signal estimation for the shunt and 

series active filter, is critical for improved 

operation of PV-UAPF under various 

dynamic conditions commonly encountered 

in distribution system. An extraction of 

fundamental component of distorted signal 

is a major task in reference signal 

generation. The conventional techniques 

employed for the control of active filters, 

includes techniques known as p-q and d-q 

theories. However, these techniques require 

multiple transformations and their dynamic 
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performance deteriorates during load 

unbalanced conditions. Some of advanced 

techniques for extraction of fundamental 

component, include techniques based on 

least mean square technique (LMS), 

adaptive notch filter (ANF). These 

techniques are inherently single phase 

techniques and require at least two such 

structures along with mathematical 

operations to extract fundamental positive 

sequence components. In, a damped SOGI 

technique has been proposed for the 

reference signal generation for a PV system. 

In this technique, the fundamental active 

component of load current in each phase has 

been extracted using damped SOGI filter. In, 

an adaptive filter is used control of a single 

stage three phase UAPF. However, the 

filters used, are inherently single phase 

filters and consequently used two adaptive 

filters along with mathematical operations 

for implementing in three phase system. 

Another class of filters, which are inherently 

three phase filters and can extract 

fundamental positive sequence components 

directly are based on sequence filters, 

complex filters etc. Other advanced 

techniques for extraction of fundamental 

active component include, techniques based 

on adaptive linear element (ADALINE) and 

wavelet transforms. Though they have good 

accuracy, there is trade-off due to higher 

computational burden. In this work, a novel 

control technique is proposed for control of 

UAPF-PV, which is based on proportional 

resonant control for series active filter and 

second order sequence filter based control 

for the shunt active filter. The second order 

sequence filter estimates fundamental 

positive sequence component of distorted 

load currents. The fundamental positive 

sequence components are sampled at 

appropriate instant to extract the magnitude 

of fundamental active component of load 

current. These are then used to generate 

reference signals for the operation of the 

shunt active filter. This technique has 

improved precision in extracting active 

component of distorted load current with 

good dynamic performance. The series 

active filter regulates the load voltage under 

PCC voltage dip and rise by introducing 

necessary required voltage in series with 

PCC voltage.  

The major focus and advantages of 

this research work, are summarized as 

follows. • A multifunctional topology which 
integrates clean energy generation along 

with power quality improvement.  

• It protects sensitive loads from 
PCC voltage dip/rise along with 

compensating nonlinear current drawn by 

the load.  

• Use of second order sequence filter, 

which is inherently a three phase filter along 

with zero cross detection technique gives 

improved accuracy in extraction of load 

current active component of all three phases 

with a single sample and hold operation.  

• Dynamic and steady state 

performances of UAPF-PV system are 

evaluated under conditions such as dip/rise 

in PCC voltage, unbalanced load removal 

and variation in solar irradiation intensity. 

The PV-UAPF system performance is 
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evaluated through simulation in Matlab-

Simulink software.  

The performance is also experimentally 

validated on a laboratory prototype. The 

system performance is validated under 

steady state conditions to check its 

compliance with the IEEE-519 standard. 

This prototype is then subjected to various 

dynamic conditions such as voltage 

sags/swells, solar irradiation and load 

unbalance to evaluate its performance under 

dynamic conditions. 

II. CLASSIFICATION OF POWER 

QUALITY PROBLEMS 

This IEEE defined power quality 

disturbances shown in this paper have been 

organized into seven categories based on 

wave shape: 

1. Transients. 

2. Interruptions. 

3. Sag / under voltage. 

4. Swell / Overvoltage. 

5. Waveform distortion. 

6. Voltage fluctuations. 

7. Frequency variations. 

.  

III. SYSTEM DESIGN 

There are two main system 

configurations – stand-alone and grid-

connected. As its name implies, the stand-

alone PV system operates independently of 

any other power supply and it usually 

supplies electricity to a dedicated load or 

loads. It may include a storage facility (e.g. 

battery bank) to allow electricity to be 

provided during the night or at times of poor 

sunlight levels. Stand-alone systems are also 

often referred to as autonomous systems 

since their operation is independent of other 

power sources. By contrast, the grid-

connected PV system operates in parallel 

with the conventional electricity distribution 

system. It can be used to feed electricity into 

the grid distribution system or to power 

loads which can also be fed from the grid. 

It is also possible to add one or more 

alternative power supplies (e.g. diesel 

generator, wind turbine) to the system to 

meet some of the load requirements. These 

systems are then known as ‘hybrid’ systems. 

 Hybrid systems can be used in both 

stand-alone and grid-connected applications 

but are more common in the former because, 

provided the power supplies have been 

chosen to be complementary, they allow 

reduction of the storage requirement without 

increased loss of load probability. Figures 

below illustrate the schematic diagrams of 

the three main system types. 

 
Figure 2.12. Schematic diagram of a stand-

alone photovoltaic system. 

IV. MATLAB & SIMULATION 

RESULTS: 

The performance of three phase double stage 

UAPF-PV system is simulated in 

Matlab/Simulink software. The solver used 

for the system, is discrete solver with 
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minimum step size of 1e
-6

. The system is 

tested under various dynamic conditions 

such as load balance, irradiation variation, 

voltage sag/swell etc.  

 
Figure 5.1. System configuration of UAPF-

PV System 

5.1.Simulated performance of UAPF-PV 

System under PCC Voltage Sag/Swell  

Fig.5.2 shows the performance of 

UAPF-PV under sags/swells in PCC 

voltages. The signals captured, are three 

phase PCC voltages vsabc, load voltages 

(vlabc), series compensator voltages (vSEabc), 

DC-link voltage (Vdc), grid currents (isabc), 

load currents (iLabc), shunt compensator 

currents (iSHabc), PV array power (Ppv) and 

PV array voltage (Vpv). The PV array 

irradiation is maintained constant at G = 

1000W/m
2
 . From t=0.65s to 0.7s, the PCC 

voltages dips to 0.7pu and between 0.75s to 

0.8s the PCC voltages rise to 1.3pu. It can be 

observed that under both these conditions 

the load voltages are regulated at its desired 

value. The grid currents are sinusoidal and 

the DC link voltage is also regulated at its 

preset value. There is rise in the grid current 

in voltage sag condition and a decrease in 

current during voltage swell condition in 

order to maintain power balance. 

 
Figure 5.2 Simulated Performance of UAPF-

PV under Sags and Swells in Voltages at the 

PCC 

5.2.Simulated performance of UAPF-PV 

System under Load Unbalance Condition  

The performance of UAPF-PV 

system under load unbalanced condition is 

given in Fig.5.3. The signals shown, are 

three phase PCC voltages vsabc, load voltages 

vlabc, DC-link voltage Vdc, grid currents isabc, 

load currents iLabc, shunt compensator 

currents iSHabc, PV array power Ppv and PV 

array voltage Vpv. The PV array irradiation 

is maintained constant at G = 1000W/m
2
 . 

At t=0.6s, the phase ’A’ load is removed. It 

can be observed that the DC-link voltage is 



 

Volume 10, Issue 11, Nov 2020                                ISSN 2457 – 0362 Page 56 

 

regulated at its desired voltage of 700 V. 

There is ripple present in DC-link voltage, 

which is due to double harmonic component 

present during unbalanced loading 

condition. The shunt compensator of UAPF-

PV system compensates for the unbalanced 

loading and it maintains the PCC currents 

balanced and sinusoidal within couple of 

cycles. 

 
Figure 5.3 Simulated performance of UAPF-

PV System under Load Unbalance 

Condition 

Simulated Performance of UAPF-

PVSystem at Irradiation Variation 

Condition  

The performance of UAPF-PV system 

under irradiation variation condition is 

presented in Fig.5.4 The signals shown, are 

three phase PCC voltages vsabc, load voltages 

vlabc, DClink voltage Vdc, grid currents isabc, 

load currents iLabc, shunt compensator 

currents iSHabc, PV array power Ppv and PV 

array voltage Vpv and irradiation intensity 

G(W/m
2 

). From t=0.6s to t=0.65s, the solar 

irradiation is varied from 1000W/m
2
 to 

500W/m
2
 . Due to reduction in the PV 

power generated, there is reduction in the 

current injected into the grid. The system 

DC-link voltage is regulated at its desired 

value of 700 V. 

 
Figure 5.4 Simulated Performance of UAPF-

PV System at Irradiation Variation 

Condition 
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CONCLUSION: 

The performance of a novel control 

technique for solar PV system with universal 

active filtering, has been evaluated. The 

fundamental positive sequence components 

of nonlinear load currents are extracted 

using a second order sequence filter along 

with a zero cross detection technique. The 

series active filter is controlled using a 

proportional resonant controller 

implemented in α − β domain along with 
feed forward component. The system 

performs satisfactorily under disturbances 

such as PCC voltage dip/rise, changes in 

solar radiation and load disturbances. Apart 

from improving power quality, the system 

also supplies power from a PV array into the 

grid. A comparison of the proposed control 

shows that the system has improved 

performance as compared to conventional 

control techniques with low computational 

burden. The system integrates distributed 

generation along with enhancing power 

quality of distribution system. 

FUTURE SCOPE 

This project is also further extended for the  

steady state performance of the system. The 

harmonic spectra and total harmonic 

distortion of the grid current and load 

current. It can be observed that while the 

load current total harmonic distortion (THD) 

is 28.61%, the grid current THD is 1.69% 

which is within the limits prescribed in the 

IEEE-519 standard. The system proposed is 

a double stage system, which can be 

typically used for rooftop PV system of 

large commercial buildings and households. 

The second order sequence filter used is 

inherently a three phase filter and directly 

gives the fundamental balanced positive 

sequence component of the unbalanced 

nonlinear load currents. The filters used are 

inherently single phase filters. Hence, two 

such adaptive filters are used along with 

mathematical operations to extract the 

fundamental positive component of the 

nonlinear load currents. As the system is a 

double stage PV system, the DC-link 

voltage is constant irrespective of 

fluctuations in MPP voltage of PV array, 

which varies with irradiation intensity. The 

DC-link voltage varies with the MPP 

voltage of PV array and as a consequence 

the system has to be designed considering 

this variation in DC-link voltage. The series 

controller is implemented using a 

proportional resonant controller in α−β 
frame and has reduced mathematical 

calculations involved as compared to PI 

controller in d-q domain. 
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