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ABSTRACT— A Power quality problem is an occurrence of nonstandard voltage, current or frequency that 

results in a failure or a misoperation of end user equipments. Utility distribution networks, sensitive industrial 

loads and critical commercial operations suffer from various types of outages and service interruptions which 

can cost significant financial losses. With the increase in load demand, the Renewable Energy Sources (RES) 

are increasingly connected in the distribution systems which utilizes power electronic Converters/Inverters. This 

paper presents a novel control strategy for achieving maximum benefits from these grid-interfacing inverters 

using the closed loop fuzzy logic control, when installed in 3-phase 4-wire distribution systems. The inverter is 

controlled to perform as a multi-function device by incorporating active power filter functionality. The inverter 

can thus be utilized as: 1) power converter to inject power generated from RES to the grid, and 2) shunt APF to 

compensate current unbalance, load current harmonics, load reactive power demand and load neutral current. 

All of these functions may be accomplished either individually or simultaneously. This new control concept is 

demonstrated with extensive MATLAB/Simulink. 

 
Index Terms—Active Power Filter (APF), Distributed Generation (DG), Distribution System, Grid 

Interconnection, Power Quality (PQ), Renewable Energy, Photo Voltaic (PV) System. 
 
I.INTRODUCTION 
Renewable energy systems such as PV, solar thermal electricity such as dish-stirling systems, and WT are 
appropriate solar and wind technologies that can be considered for electric power generation at the distribution 
system level. Other renewable energy technologies, such as the solar central receiver, hydro-electric generation, 
geothermal, and large wind farms are normally connected to the grid at the sub-transmission or transmission 
level because of the higher power capacities of these types of systems. Due to increasing air pollution, global 
warming concerns, diminishing fossil fuels and their increasing cost have made it necessary to look towards 
Renewable Energy Sources (RES) as a future energy solution. Renewable Energy Sources are increasingly 
integrated at the distribution level due to increase in load demand which utilize power electronic converters. Due 
to the extensive use of power electronic devices, disturbances occur on the electrical supply network. These 
disturbances are due to the use of non-linear devices. These will introduce harmonics in the power system 
thereby causing equipment overheating, damage devices, EMI related problems etc. Active Power Filters (APF) 
is extensively used to compensate the current harmonics and load unbalance. Power quality is one of the most 
important topics that electrical engineers have been noticed in recent years. Voltage sag is one of the problems 
related to power quality. This phenomenon happens continuously in transmission and distribution systems. 
During a voltage sag event, amplitude of the effective load voltage decrease from 0.9 of the nominal load 
voltage to 0.1 in very short time (less than one minute). Short circuit, transformer energizing, capacitor bank 
charging etc are causes of voltage sag. Voltage sag has been classified in 7 groups of A-G [1]. According to this 
classification most of voltage sags are companion with a phase angle jump (types C, D, F and G). Phase angle 
jump for power electronics systems such as ac-ac and ac-dc converters, motor drives etc is harmful [2]. 
Therefore, phase angle jump compensation is one of the voltage sag mitigation goals. 
Generally, current controlled voltage source inverters are used to interface the intermittent RES in distributed 
system. Recently, a few control strategies for grid connected inverters incorporating PQ solution have been 
proposed. In [3] an inverter operates as active inductor at a certain frequency to absorb the harmonic current. 
But the exact calculation of network inductance in real-time is difficult and may deteriorate the control 
performance. A similar approach in which a shunt active filter acts as active conductance to damp out the 
harmonics in distribution network is proposed in [4]. In [5], a control strategy for renewable interfacing inverter 
based on – theory is proposed. In this strategy both load and inverter current sensing is required to compensate 
the load current harmonics. Here, the main idea is the maximum utilization of inverter rating which is most of 
the time underutilized due to intermittent nature of RES. It is shown in this paper that the grid-interfacing 
inverter can effectively be utilized to perform following important functions: 1) transfer of active power 
harvested from the renewable resources (wind, solar, etc.); 2) load reactive power demand support; 3) current 
harmonics compensation at PCC; and 4) current unbalance and neutral current compensation in case of 3-phase 
4-wire system. Moreover, with adequate control of grid-interfacing inverter, all the four objectives can be 
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accomplished either individually or simultaneously. The PQ constraints at the PCC can therefore be strictly 
maintained within the utility standards without additional hardware cost. 
 Approximately 70 to 80% of all power quality related problems can be attributed to fault connections 
and/or wiring [2]. Power frequency disturbances, electromagnetic interference, transients, harmonics and low 
power factor are the other categories of PQ problems (shown in table 1) that are related to the supply and types 
of load [3]. 
Among these events, harmonics are the most dominant one. The effects of harmonics on PQ are specially 
described in [4]. According to the IEEE standard, harmonics in th epower system should be limited by two 
different methods; one is the limit of harmonic current that a user can inject into the utility system at the point of 
common coupling(PCC) and the other is the limit of harmonic voltage that the can supply to any customer at the 
PCC. DG interconnection standards are to be followed considering PQ, protection and stability issues [6]. 
 
II. SYSTEM DESCRIPTION 
 

 
Fig. 1. Schematic of proposed renewable based distributed generation system. 
 
The proposed system consists of RES connected to the dc-link of a grid-interfacing inverter as shown in Fig. 1. 
The voltage source inverter is a key element of a DG system as it interfaces the renewable energy source to the 
grid and delivers the generated power. The RES may be a DC source or an A source with rectifier coupled to dc-
link. Usually, the fuel cell and photovoltaic energy sources generate power at variable low dc voltage, while the 
variable speed wind turbines generate power at variable ac voltage. Thus, the power generated from these 
renewable sources needs power conditioning (i.e., dc/dc or ac/dc) before connecting on dc-link [6]–[8]. The dc-
capacitor decouples the RES from grid and also allows independent control of converters on either side of dc-
link. 
 
A. DC-Link Voltage and Power Control Operation 

Due to the intermittent nature of RES, the generated power is of variable nature. The dc-link plays an important 
role in transferring this variable power from renewable energy source to the grid. RES are represented as current 
sources connected to the dc-link of a grid-interfacing inverter. Fig. 2 shows the systematic representation of 
power transfer from the renewable energy resources to the grid via the dc-link. The current injected by 
renewable into dc-link at voltage level Vdc can be given as 
 

   (1) 
Where PRES is the power generated from RES. 
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Fig. 2. DC-Link equivalent diagram. 

 

The current flow on the other side of dc-link can be represented as, 

              (2) 
 
Where Pinv, PG and PLoss are total power available at grid-interfacing inverter side, active power supplied to the 
grid and inverter losses, respectively. If inverter losses are negligible then PRES= PG. 
 
B. Control of Grid Interfacing Inverter 
 

 
 

Fig. 3. Block diagram representation of grid-interfacing inverter control. 
 
The control diagram of grid- interfacing inverter for a 3-phase 4-wire system is shown in Fig. 3. The fourth leg 
of inverter is used to compensate the neutral current of load. The main aim of proposed approach is to regulate 
the power at PCC during: 
1) PRES = 0; 2) PRES < Total load power (PL) ; and 3) PRES > PL . While performing the power management 
operation, the inverter is actively controlled in such a way that it always draws/ supplies fundamental active 
power from/ to the grid. If the load connected to the PCC is non-linear or unbalanced or the combination of 
both, the given control approach also compensates the harmonics, unbalance, and neutral current. The duty ratio 
of inverter switches are varied in a power cycle such that the combination of load and inverter injected power 
appears as balanced resistive load to the grid. The regulation of dc-link voltage carries the information regarding 
the exchange of active power in between renewable source and grid. Thus the output of dc-link voltage regulator 
results in an active current (Im). The multiplication of active current component (Im).  With unity grid voltage 
vector templates (Ua,Ub, and Uc) generates the reference grid currents . The reference grid neutral 
current (I*n) is set to zero, being the instantaneous sum of balanced grid currents. The grid synchronizing angle 
(θ) obtained from phase locked loop (PLL) is used to generate unity vector template as [9]–[11] 
 

                  (3) 

              (4) 

     (5) 
 
The actual dc-link voltage (Vdc) is sensed and passed through a first-order low pass filter (LPF) to eliminate the 
presence of switching ripples on the dc-link voltage and in the generated reference current signals. The 
difference of this filtered dc-link voltage and reference dc-link voltage (V*

dc) is given to a discrete- PI regulator 
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to maintain a constant dc-link voltage under varying generation and load conditions. The dc-link voltage error 
Vdceer(n) at nth sampling instant is given as:  
 

    (6) 
 
The output of discrete-PI regulator at th sampling instant is expressed as 
  

  (7) 
Where KPVdc = 10 and KIVdc = 0.05 are proportional and integral gains of dc-voltage regulator. The instantaneous 
values of reference three phase grid currents are computed as 
 

      (8) 

      (9) 

       (10) 
The neutral current, present if any, due to the loads connected to the neutral conductor should be compensated 
by forth leg of grid-interfacing inverter and thus should not be drawn from the grid. In other words, the 
reference current for the grid neutral current is considered as zero and can be expressed as 
 

             (11)    
The reference grid currents ( I*a, I*b,I*c and I*n) are compared with actual grid currents ( Ia, Ib,Ic and In) to 
compute the current errors as 

     (12) 

     (13) 

     (14) 

     (15) 
These current errors are given to hysteresis current controller. The hysteresis controller then generates the 
switching pulses (P1 to P8) for the gate drives of grid-interfacing inverter. The average model of 4-leg inverter 
can be obtained by the following state space equations 
 

     (16) 

     (17) 

     (18) 

     (19) 

   (20) 
 
Where VInva, VInvb, VInvc and VInvn are the three-phase ac switching voltages generated on the output terminal of 
inverter. 
These inverter output voltages can be modeled in terms of instantaneous dc bus voltage and switching pulses of 
the inverter as 
 

     (21) 

     (22) 

     (23) 

     (24) 
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Similarly the charging currents VInvad, VInvbd, VInvcd and Vinvnd on dc bus due to the each leg of inverter 
can be expressed as 
 

     (25) 

    (26) 

    (27) 

    (28) 
 
The switching pattern of each IGBT inside inverter can be formulated on the basis of error between actual and 
reference current of inverter, which can be explained as: 
 
If IInva < (I*Inva-hb), then upper switch S1will be OFF (P1 =0) and lower switch S4 will be ON (P4=1) in the phase 
“a” leg of inverter. 
If IInva > (I*Inva-hb), then upper switch S1 will be ON (P1 =1) and lower switch S4 will be OFF (P4=0) in the phase 
“a” leg of inverter Where hb is the width of hysteresis band. On the same principle, the switching pulses for the 
other remaining three legs can be derived. 
 
III.RENEWABLE ENERGY RESOURCES 
Renewable energy resources are the ones that are persistently available and renewing itself with the time. 
Industrialization and increasing world population has remarked the use of renewable energy resources. Solar 
power, wind power, biomass, tide power, wave power, geothermal power is known ones.  
 
A) Solar Power 
Solar panels are the medium to convert solar power into the electrical power. Solar panels can convert the 
energy directly or heat the water with the induced energy. PV (Photo-voltaic) cells are made up from 
semiconductor structures as in the computer technologies. Sun beam is absorbed with this material and electrons 
are emitted from the atoms that they are bounded. This release activates a current. Photovoltaic is known as the 
process between beam absorbed and the electricity induced. With a common principle and individual 
components, solar power is converted into the electric power.  Solar batteries are produced by waffling p-n 
semiconductors. A current-volt characteristic of the PV in the darkness is very similar to that of diot. Under 
beam, electron flow and current occurs. In closed-loop, PV current passes through the external load. While in 
open-loop, the current completes the circuit through the p-n diode structure [4].  Solar batteries can be 
represented with an equivalent circuit of a current source, a resistor and a diot in parallel, and an external load-
resistor [5], as seen in Figure 4. 

 
Fig. 4. Equivalent circuit of solar battery 
 
It is possible to insert AC-DC converter, charger, accumulator, extra power source, and controller depending on 
the design differences in operational and functional specifications [6]. Solar system could be categorized into 
two types:  Line-independent systems: These are established in absence of line electricity to provide electricity. 
Since the current in these systems are DC and it must be also available overnight, energy is stored in 
accumulators, DC-Batteries. In case of AC Supply requirements for the appliances, it is possible to use DC-AC 
inverter [6].  Line-dependent systems: These systems do not need DC Batteries, since the energy is served to the 
demand with the help of an inverter. Line electricity is being switched in use in case of insufficient sun beam 
[6].  
 
B) Wind Power 
Wind turbines are used to convert the wind power into electric power. Electric generator inside the turbine 
converts the mechanical power into the electric power. Wind turbine systems are available ranging from 50W to 
2-3 MW. The energy production by wind turbines depends on the wind velocity acting on the turbine. Wind 
power is used to feed both energy production and consumption demand, and transmission lines in the rural 
areas.  Wind turbines can be classified with respect to the physical features (dimensions, axes, number of blade), 
generated power and so on. For example, wind turbines with respect to axis structure: horizontal rotor plane 
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located turbines, turbines with vertical or horizontal spinning directions with respect to the wind. Turbines with 
blade numbers: 3-blade, 2-blade and 1- blade turbines.  
On the other hand, power production capacity based classification has four subclasses [7].  
• Small Power Systems  
• Moderate Power Systems  
• Big Power Systems  
• Megawatt Turbines  
 
C) Design and Implementation of Domestic Solar-Wind Hybrid Energy System 
Hybrid systems are the ones that use more than one energy resources. Integration of systems (wind and solar) 
has more influence in terms of electric power production. Such systems are called as “hybrid systems”. Hybrid 
solar-wind applications are implemented in the field, where all-year energy is to be consumed without any 
chance for an interrupt. It is possible to have any combination of energy resources to supply the energy demand 
in the hybrid systems, Such as oil, solar and wind. This project is similar with solar power panel and wind 
turbine power. Differently, it is only an add-on in the system.  Photovoltaic solar panels and small wind turbines 
depend on climate and weather conditions. Therefore, neither solar nor wind power is sufficient alone. A 
number of renewable energy expert claims to have a satisfactory hybrid energy resource if both wind and solar 
power are integrated within a unique body.  In the summer time, when sun beams are strong enough, wind 
velocity is relatively small. In the winter time, when sunny days are relatively shorter, wind velocity is high on 
the contrast.  Efficiency of these renewable systems show also differences through the year. In other words, it is 
needed to support these two systems with each other to sustain the continuity of the energy production in the 
system. 

 
Fig. 5. Hybrid system 
In the realized system, a portion of the required energy for an ordinary home has been obtained from electricity 
that is obtained from the wind and solar power. Experimental setup for the domestic hybrid system consists of a 
low power wind turbine and two PV panel. Depending on the environmental conditions, required energy for the 
system can be supplied either separately from the wind or solar systems or using these two resources at the same 
time is in show Fig 5. Control unit decides which source to use for charging the battery with respect to condition 
of the incoming energy as seen in Figure 6. 
 

 
Fig. 6. System block diagram 
Wind turbine first converts the kinetic energy to mechanical energy and then converts it to the electricity. The 
wind turbine in the system consists of tower, alternator, and speed converters (gear box), and propeller. And a 
picture of the constructed hybrid system is The kinetic energy of the wind is converted to the mechanical energy 
in the rotor. The rotor shaft speed, 1/18, is accelerated in the reduction gear and then transmitted to alternator. 
The electricity that comes from the alternator can be directly transmitted to DC receivers as well as it can be 
stored in the batteries.  
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IV. ABOUT FUZZY CONTROLLER 
Fig. 7 shows the internal structure of the control circuit. The control scheme consists of Fuzzy controller, 
limiter, and three phase sine wave generator for reference current generation and generation of switching 
signals. The peak value of reference currents is estimated by regulating the DC link voltage. The actual 
capacitor voltage is compared with a set reference value. The error signal is then processed through a Fuzzy 
controller, which contributes to zero steady error in tracking the reference current signal.  
A fuzzy controller converts a linguistic control strategy into an automatic control strategy, and fuzzy rules are 
constructed by expert experience or knowledge database. Firstly, input voltage Vdc and the input reference 
voltage Vdc-ref have been placed of the angular velocity to be the input variables of the fuzzy logic controller. 
Then the output variable of the fuzzy logic controller is presented by the control Current Imax. To convert these 
numerical variables into linguistic variables, the following seven fuzzy levels or sets are chosen as: NB 
(negative big), NM (negative medium), NS (negative small), ZE (zero), PS (positive small), PM (positive 
medium), and PB (positive big) as shown in Fig.8. 
The fuzzy controller is characterized as follows:  
1) Seven fuzzy sets for each input and output;  
2) Fuzzification using continuous universe of discourse;  
3) Implication using Mamdani's ‘min’ operator;  
4) De-fuzzification using the ‘centroid’ method. 

 
Fig.7.Conventional fuzzy controller 

 
Fig.8. Membership functions for Input, Change in input, Output. 
 
Fuzzification: the process of converting a numerical variable (real number) convert to a linguistic variable 
(fuzzy number) is called fuzzification. 
De-fuzzification: the rules of FLC generate required output in a linguistic variable (Fuzzy Number), according 
to real world requirements, linguistic variables have to be transformed to crisp output (Real number).  Database: 
the Database stores the definition of the membership Function required by fuzzyfier and de fuzzyfier.  
Rule Base: the elements of this rule base table are determined based on the theory that in the transient state, 
large errors need coarse control, which requires coarse in-put/output variables; in the steady state, small errors 
need fine control, which requires fine input/output variables. Based on this the elements of the rule table are 
obtained as shown in Table 1, with ‘Vdc’ and ‘Vdc-ref’ as inputs. 
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IV. MATLAB MODELEING AND SIMULATION RESULTS 
Here the simulation is carried out in two cases 1.Implementation of proposed converter using conventional PI 
controller. 2. Implementation of proposed converter using fuzzy logic controller 3. Implementation of proposed 
converter using hybrid fuzzy logic controller. 
 
Case 1: Implementation of proposed converter using   conventional PI controller with PV model. 

 
 
Fig.. 9 Matlab/Simulink Model of Proposed Power Circuit 
 
The power circuit as well as control system are modeled using Power System Block set and Simulink. 
Performance of proposed converter connected to a weak supply system is shown in  
 

 
Fig..10.  Simulation results for Un Balanced Non Linear Load using PI controller (a) Source current. (b) Load 
current. (c) Inverter injected current. 
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Fig..11. Simulation results power factor for Un balanced Non linear Load 
 
. 

 
Fig.12. THD for inverter using PI controller 
 
Case 2: Implementation of proposed converter using fuzzy logic controller: 

 
Fig:13  Simulation results for Un Balanced Non Linear Load using fuzzy controller (a) Source current. (b) Load 
current. (c) Inverter injected current 
 

 
Fig.14 THD for inverter using fuzzy controller 
 

Case 3: Implementation of proposed converter using Hybrid fuzzy logic controller: 
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Fig.15 THD for inverter using hybrid fuzzy controller 
 
V. CONCLUSION 
As conventional fossil-fuel energy sources diminish and the world’s environmental concern about acid 
deposition and global warming increases, renewable energy sources (solar, wind, tidal, and geothermal, etc.) are 
attracting more attention as alternative energy sources. Both PI controllers based and fuzzy logic controller VSI 
based shunt active power filter are implemented for harmonic and reactive power compensation of the non-
linear load. A circuit has been developed to simulate the fuzzy logic based and PI controller based shunt active 
power filter in MATLAB. It is found from simulation results that shunt active power filter improves power 
quality of the power system by eliminating harmonics and reactive current of the load current, which makes the 
load current sinusoidal and in phase with the source voltage. The performance of both the controllers has been 
studied and compared. A model has been developed in MATLAB SIMULINK and simulated to verify the 
results. The THD of the source current is below 5%, the harmonics limit imposed by IEEE standard. The 
simulation results show that the performance of converter system has been found to be satisfactory for 
improving the power quality at the consumer premises. By using conventional controller we get THD value is 
3.05%, but using the fuzzy logic controller THD value is 2.35% and using the hybrid fuzzy logic controller 
THD value is 1.72%. Finally Matlab/Simulink based model is developed and simulation results are presented. 
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