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ABSTRACT 
This paper presents analysis and improvement of power quality (voltage sag, swell and harmonics) performance 

of smart grid connected inverter used in distributed generation .The structure of the designed controller consists 

of outer power with harmonic control loop ,middle voltage control loop and inner current control power loop for 

real and reactive power control in dq reference frame .The developed controller controls the real and reactive 

power supplied by the DG(Distributed Generation) at the PCC(Power Controlled Converter). The controller is 

designed to deliver current at unity power factor at PCC. An increase in reactive power demand and harmonics 

at PCC due to change of load and grid impedance variation, would affect the system voltage at PCC. Renewable 

energy resources (RES) are being increasingly connected in distribution systems utilizing power electronic 

converters. This report presents a novel control strategy for achieving maximum benefits from these grid-

interfacing inverters 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. With such a control, the 

combination of grid-interfacing inverter and the 3-phase 4-wire linear/non-linear unbalanced load at point of 

common coupling appears as balanced linear load to the grid. This new control concept is demonstrated with 

extensive MATLAB/Simulink simulation studies and validated through digital signal processor-based. The 

comparisons have been made with the conventional SYPWM based PI controller employed for the same hybrid 

scheme with the proposed controller .The results clearly bring out suppleness of the proposed scheme. 

Keywords:  Power Quality, Renewable energy resources (RES), Proportional Integral Control, 

MATLAB/Simulink 
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I. INTRODUCTION 
In recent years there has been a growing 

interest in moving away from large centralized 

power generation towards distributed energy 

resources. Hybrid solar and wind energy generation 

presents several benefits for use as a distributed 

energy resource, especially as a peaking power 

source. In earlier days, one of the drawbacks in the 

solar energy sources is the need for energy storage 

for the system to be utilized for a significant 

percentage of the day. One way to overcome this 

disadvantages by utilizing the inverter and its 

controller circuits for PV based DG units during the 

day and night times for improving the reactive 

power compensation and harmonic elimination on 

its neigh boring DG units and the grid by proper 

exchange of reactive power between the sources. 

For this approach the existing developed linear 

controllers, proportional-integral controller (PI) and 

predictive control methods are more dominant in 

current error compensation[1]. But the conventional 

type PI controllers normally do not have appropriate 

compensation from the inverters for the grid 

connected applications. The existing predictive 

control algorithms are based on  deadbeat control in 

support of voltage source inverters for both power 

and voltage control, however this method is quite 

complicated and some digital predicative control 

strategies suffers from control delay and mainly 

controllers uses the dc link voltage as one of the 

control parameter but this method is not superior for 

PV based DG units without dc-dc converters. This 

has been eliminated in SVPWM based PI control 

But this controller is insensitive to system  
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parameters since the algorithm does not include the 

system model. The current and DC voltage 

regulators are used to transfer the PV power and 

synchronize the output inverter with grid this 

however results in power imbalance between the 

generated power and the load power due to grid 

impedance variation and can damage the capacitor 

and protective devices. A virtual inductor is 

included at the inverter output for real and reactive 

power decoupling and reactive power control with 

voltage droop characteristic as in. The online slope 

estimation algorithm  will  introduce time lag on 

dynamic variations[2],[3]. 

 

II. BLOCK SCHEMATIC OF THE 

PROPOSED HYBRID SCHEME 
The proposed model consists of a two 

different Distributed generating units (DG) 

comprises of PV array and wind power resource 

integrated to the grid through VSI and filter and 

control blocks as indicated in Fig. 1. the consumer 

loads are connected at PCC. The control block 

consists of abc - dqO conversion block and voltage, 

current and power  control blocks. Measuring 

instruments (voltage and current transformers are 

connected at the point of common  coupling) to 

measure the currents flow through the VSI, 

induction generator, grid, customer demand. The 

11.5Kw of PV array unit is integrated with grid 

through the VSI. A 2.5Kw of wind driven induction 

generator is connected to the grid at the point of 

common coupling. This two units are supply's the 

local load and the surplus power is injected to the 

grid simultaneously PV sourced VSI is used for 

reactive compensation at PCC for avoid the voltage 

swell and sag. In order for communication between 

measured units and DG control units through DSC, 

embedded kit is used[4],[5]. 

 

 
Fig  1 Functional Block Diagram of Proposed Model 

 

III. MODELING OF 3ɸ SELF EXCITED 

INDUCTION GENERATOR 
The d-q axes equivalent circuits of an induction 

generator (IG) in synchronously rotating reference 

frame are shown in Fig. 2. The complete dynamic 

equations of IG, taking saturation into account, in 

synchronously rotating reference frame[6]. 

 

Fig.2-Equivalent circuit of lG - d-q model (a) d-axis 
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(b) q-axis 

These are represented in matrix form as follows 

 
Where, 

Rs = Per-phase stator resistance 

Rr = Per-phase rotor resistance referred to stator 

iqs = Stator q-axis current, ids = Stator d-axis 

current iqr = Rotor q-axis current, idr = Rotor d-axis 

current Yqs= Stator q-axis voltage, Yds= Stator d-

axis voltage Yqr= Rotor q-axis voltage, Ydr= Rotor 

d-axis voltage ωe = Arbitrary reference frame speed 

ωr = Rotor speed in rad/sec 

λqs = Flux linkages of stator in q -axis λds = Flux 

linkages of stator in d- axis λqr = Flux linkages of 

rotor in q-axis λdr = Flux linkages of rotor in d-axis 

LIs = Stator Leakage reactance 

Llr = Rotor Leakage reactance 

Lm= Magnetizing inductance of inductance 

generator 

The injected active and reactive power components, 

p and q, can be represented in terms of the d- and q-

axis component of the supply voltage at the PCC 

and the injected currents as follows 

 

The voltage and current reference values are 

obtained through general power equation (6). 

However with this conventional control the dynamic 

response is poor as the variation of filter capacitance 

& grid impedance  occurring du to change in load 

cannot meet satisfactorily [7]. 

 
To compensate for this filter-capacitor current 

component and the inductor current references are 

calculated by adding a simple feed-forward 

compensation term as follows in this proposed 

model. 

 
 

Where Z is the equivalent impedance of filter 

capacitance and grid impedance. Incorporating this 

change in the proposed model helps in achieving a 

good dynamic response than the existing schemes

 
Fig3. Voltage control current control 

 
Fig. 4. Dynamic load model for power references 
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Fig. 5. Block diagram of dynamic load model with inverter model 

 

IV. CONTROLLER FUNCTION 
Fast load voltage regulation is a necessary 

requirement in a power distribution system 

particularly in feeders serving voltage-sensitive 

loads and Distributed Generating units  with 

renewable energy source. One of the main objectives 

of the voltage controller is to achieve fast and 

accurate generation of the reactive current reference 

for regulating the voltage at PCC. To achieve this 

objective, the principle of voltage sag and swell 

mitigations along with harmonic reduction of DG 

sourced voltage source inverters are to inject a 

current into the PCC in order to keep the load 

voltage at its rated value. Using the  voltage-oriented  

control, the active and reactive power injection can 

be controlled  via  a  current-controlled  VSI.  To  

achieve    the objective the required control for 

operation of i) grid- connected mode ii) islanding 

mode. In the grid connected mode, both DGs are 

utilized for supplying pre-specified power to 

minimize the power import from the grid[7],[8]. 

 

V. POWER CONTROL LOOP 

 
With this arrangement, the dynamics of the 

system changes rapidly in the case of instantaneous 

load varying situations. A flexible control strategy is 

required to be developed to handle this dynamics. 

The proposed multilevel controller comprises of 

power control loop (external level control), voltage 

control loop (middle level control) and inner or 

current control loop. Outer loop creates reference for 

inner loop as indicated in Fig. 6. All blocks make 

use of control variables that are possible to be 

locally measured 

 
Fig 6.Proposed power control loops. 

 

A. EXTERNAL LEVEL CONTROL 

The external level power control is 

developed is responsible for determining the active 

and reactive power exchange between the PV system 

and the utility grid. The proposed external level 

control scheme is designed for performing 

simultaneously three major control objectives, oneis 

active power control mode (P-CM) and the voltage 

control mode (Q-CM) and reduce the harmonic at 

PCC . In this paper voltage mode control is 

employed. In this mode, the current reactive power 

value is measured at point (qm) m this value of qm 

is compared with qi and error value is fed to the PI 

control for error minimization and the output of this 

controller gives dq voltage reference value (Vid *, 

Viq *J ) . These variables are fed to the voltage 

controller for generation of current reference. The 

change of reactive power requirement with respect 

to change of grid impedance value and local loads 

results in voltage drop across the filter and  this  

drop  may  affect  the  system  time  response   and 

performance. This drawback is nullified in proposed 

controller by adding Z*ie . 

 

VI. VOLTAGE & CURRENT CONTROL 
This voltage control loop is developed This 

is achieved by varying the modulation of the reactive 

component of output current and magnitude of the 

voltage vector at the PCC. The inverter terminal 

voltage Vi is calculated and the compare to Vi An 

error signal is produced and then fed to a PI 

controller. The instantaneous values of the three-

phase ac bus voltages in the dq reference frame 

permits to design a simpler control system than 

using abc components. The current control loop 
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developed by following the voltage control loop and 

this loop controls the real and reactive power 

independently and good response of the system 

dynamics and harmonics are ensured due to the 

inclusion of system modelling and inclusion of 

instantaneous grid impedance variation due to load 

variation. 

 

B. OPERATION THEORY OF PROPOSED 

CONTROLLER 

This paper focuses on the control of 

reactive power form maintaining the rated voltage at 

PCC. The principles of voltage swell and sag 

mitigation during the change of local  or grid 

impedance variation is identified by measuring the 

value of reactive power flow at PCC (qm). This 

amount of reactive power requirement is compared 

with the reactive power from the inverter (qi) and 

the error is used by the controller to balance the 

present reactive power requirement at PCC for 

voltage swell and sag. The conventional controllers 

mostly concentrate on voltage sag and interruption 

but the proposed controller also compensates the 

voltage swell by absorbing the Var during this 

period real power supplied by the inverter is affected 

by small value absorbing and reduce the values by 

extracting the harmonics but the power factor is 

maintained unity at PCC. 

 

VII. SIMULATION RESULTS 
In order to verify the proposed control 

approach to achieve multi-objectives for grid 

interfaced DG systems connected to a 3-phase 4-

wire network, an extensive simulation study is 

carried out using MATLAB/Simulink. A 4-leg 

current controlled voltage source inverter is actively 

controlled to achieve balanced sinusoidal grid 

currents at unity power factor (UPF) despite of 

highly unbalanced nonlinear load at PCC under 

varying renewable generating conditions. A RES 

with variable output power is connected on the dc-

link of grid-interfacing inverter. An unbalanced 3-

phase 4-wire nonlinear load, whose unbalance, 

harmonics, and reactive power need to be 

compensated, is connected on PCC. 

 

 
Fig 7 MATLAB Model of base circuit 
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Fig 8 MATLAB Model of Wind generation circuit. 

 

The waveforms of grid voltage, grid 

currents, unbalanced load current and inverter 

currents are shown in Fig.9. The corresponding 

active-reactive powers of grid , load and inverter are 

shown in fig 10. Positive values of grid active- 

reactive powers and inverter active-reactive powers 

imply that these powers flow from grid side towards 

PCC and from inverter towards PCC, respectively. 

The active and reactive powers absorbed by the load 

are denoted by positive signs. Initially, the grid-

interfacing inverter is not connected to the network 

(i.e., the load power demand is totally supplied by 

the grid alone). Therefore, before time t=0.72 s, the 

grid current profile in Fig is identical to the load 

current profile  of Fig. At t=0.72 s, the grid-

interfacing inverter is connected to the network. At 

this instant the inverter starts injecting the current in 

such a way that the profile of grid current starts 

changing from unbalanced non linear to balanced 

sinusoidal current as shown in Fig.9 As the inverter 

also supplies the Initially, the grid-interfacing 

inverter is not connected to the network (i.e., the 

load power demand is totally supplied by the grid 

alone). Therefore, before time t=0.72s, the grid 

current profile in Fig. 9 is identical to the load 

current profile of Fig. At t=0.72s s, the grid-

interfacing inverter  is connected to the network. 

At this instant the inverter starts injecting 

the current in such a way that the profile of grid 

current starts changing from unbalanced non linear 

to balanced sinusoidal current as shown in Fig. As 

the inverter also supplies the load neutral current 

demand, the grid neutral current becomes zero after 

t=0.72 s. At t=0.72 s, the inverter starts injecting 

active power generated from RES . Since the 

generated power is more than the load power 

demand the additional power is  fed back to the grid. 

The negative sign of , after time 0.72 s suggests that 

the grid is now receiving power from RES. 

Moreover, the grid-interfacing inverter also supplies 

the load reactive power demand locally. Thus, once 

the inverter is in operation the grid only 

supplies/receives fundamental active power. At s, 

the active power from RES is increased to evaluate 

the performance of system under variable power 

generation from RES. 

This results in increased magnitude of 

inverter current. As the load power demand is 

considered as constant, this additional power 

generated from RES flows towards grid, which can 

be noticed from the increased magnitude of grid 

current as indicated by its profile. At s, the power 

available from RES is reduced. The corresponding 

change in the inverter and grid currents can be seen 

from Fig. 10. The active and reactive power flows 

between the inverter, load and grid during increase 

and decrease of energy generation from RES can be 

noticed from Fig.10. The dc-link voltage across the 

grid- interfacing inverter during different operating 

condition is maintained at constant level in order  to 

facilitate the active and reactive power flow. Thus 

from the simulation results, it is evident that the 

grid-interfacing inverter can be effectively used to 

compensate the load reactive power, current 

unbalance and current harmonics in addition to 

active power injection from RES. This enables the 

grid to supply/ receive sinusoidal and balanced 

power at UPF. 
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Fig.9 Wave form of voltage and current 

 

 
Fig.10 Wave form active-reactive powers of grid. 
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Fig 11.Waveform of inside Wind generation from generation terminal1. 

 

 
Fig 12 Waveform of inside Wind generation from generation terminal 1. 
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Fig 13 Waveform of inside Wind generation from generation terminal 2 

Fig 14 Waveform the real and reactive power Wind generation. 

 

The real and reactive power delivered by the DG 

source with proposed control during dynamic 

variation of grid power requirement .The real and 

reactive power flow between DG source and grid is 

shown in Fig. 10 give information for sudden 

change of real and reactive power requirement is 

compensated by conventional PI controller. 

 

VIII. CONCLUSION 
This report presents analysis and 

improvement of power quality (voltage sag, swell 

and harmonics) performance of smart grid 

connected inverter used in distributed generation. 

The  developed  controller  controls  the  real  and  

reactive power supplied by the DGs at the PCC. The 

controller is designed to deliver current at unity 

power factor at PCC. An increase in reactive power 

demand and harmonics at PCC due to change of 

load and grid impedance variation, would affect the 

system voltage at PCC. To study the dynamic 

behaviour of the proposed scheme, the state space 

model in dq reference frame has been developed for 

the entire hybrid scheme with the controller for 

validating the proposed with existing conventional 

SVPWM PI controller through simulation. The 

developed controller has been designed with outer 

power control loop, middle voltage control loop and 

inner current control loop. The performance of the  

developed controller model is evaluated through 

MA TLAB/Simpower platform .Simulation have 

been carried out and the results are presented for 

both varying local power demand and grid 

impedance variation to evaluate the performance the 

proposed controller. 
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