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Abstract—This paper presents a novel control technique on four leg inverter with which the
distribution grid is interconnected with the domestic houses. Most of the houses in the distribution side
possess inverter for the usage of Electricity. With the advancement in Solar & wind, it will become easy to
see houses, often with solar & a small Wind power system. The excess power generated can be exchanged
with the Electricity Board for providing uninterruptible power supply. During this exchange there may
be a deterioration in the quality of power, most often the grid current gets affected with a large harmonic
distortion, and also there exists unbalanced grid currents. Thus, it is necessary to provide uninterruptible
power supply with good quality of power. In spite of several controllers, the proposed augmented
controller has its own reliability & quick response with Overall Harmonic Compensation (OHC)
technique which relies on DSP based filter. This Augmented based control technique with OHC is
demonstrated extensively with MATLAB/Simulink simulation.

Keyword-Current controller, Distributed Generation, Distribution system, Grid interconnection, Power Quality,
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I. INTRODUCTION

A Grid connected system allows us to get an uninterruptable power supply when the sun shines, water runs, or
the wind is blowing. Any excess energy that is produced is fed back into the grid. When there is Scarce
Renewable energy, electricity from the grid supplies the needs, eliminating the expense of electricity. The power
providers allow net metering [1], an arrangement where excess electricity generated by a grid connected system
turns back the electricity meter as it fed back into the grid. It is necessary to know about this interconnection to
electric grid, which includes (i) Equipment required for the connection to the grid (ii) State and community
codes (iii) Requirements from power provider.

It is necessary to have some additional equipment called balance of the system in order to safely transmit
electricity to the loads. As per the power providers the system must include safety and power quality
components [2]. These components include Switches to disconnect the system from the grid in the event of a
power surge or power failure and power conditioning unit to ensure that the power exactly matches the voltage
and frequency of the electricity flowing through the grid. The Institute of Electrical and Electronics Engineers
(IEEE) have written a standard IEEE 1547-2003 which provides technical requirements and tests for grid
connected operation. Moreover the Underwriters Laboratories (UL) have developed UL1741 to certify inverters,
Converters, charge controllers and output controllers for power producing stand-alone and grid connected
system [3]. UL1741 verifies that inverter complies with IEEE 1547 for grid connected applications.

One of the most important objectives of the electric utility is to supply Sinusoidal voltage with constant
magnitude [4]. Maintaining this Sinusoidal supply voltage is not easy because in the distribution side, balanced
load, unbalanced load, linear load, nonlinear load have their own effects on the distribution lines which make
the deviation from sinusoidal voltage [5]. Another important objective of the electric utility is to supply
uninterruptible green energy to the distribution side customers. This can be accomplished by interconnecting
Renewable energy sources such as solar and wind. One of the most common problems while connecting this
power from solar, wind to the grid is on the Interfacing unit [6]. Since the interfacing unit undergoes power
electronic components it generates harmonics and deteriorates the quality of power with Grid current
deterioration and load current unbalance.

Conventional solutions such as Active filters, Passive filters for reducing harmonic problems are ineffective [7-
8]. In addition IEC 61000 and IEEE 519 have become restricted. In this paper Hybrid filtering (OHC) &
augmented current control techniques are incorporated to overcome this mitigation problems.

This paper is arranged as follows. Section Il describes the system under consideration. Section Il describes the
controller for grid interfacing inverter. Section IV presents the Simulation study, Section V concludes the Paper.
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1. SYSTEM DESCRIPTION

Consider the system having Renewable energy source such as solar, wind in the distribution side of consumer.
The generated power is utilized and stored in the Battery of the receivers in distribution system. This excess
power can be fed to the grid with the help of grid interfacing unit. The Distribution side Consumer utilizes the
power from Electric utility as well as from their own Renewable energy source generation. Thus the consumers
possess Bidirectional power flow and bidirectional metering [9-10]. The solar can be directly fed to the battery
whereas the power generated from wind must undergo power conditioning before connecting to the battery and
Grid as shown in Fig 1 and 2.

Fig.1. Schematic diagram of system description
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Fig.2. RES at distribution system

HHILLHYBRID FILTERS WITH OHC TECHNIQUE

The overall harmonic compensation (OHC) aims to provide as harmonic reference current, the entire
harmonic spectrum present in the load current except the fundamental frequency [11], which is to be supplied by
the utility. The OHC relies on overall harmonic detection method as in Fig.3. Therefore the main function of
harmonic detection block is to filter out the fundamental frequency. This can be achieved as follows. In
Stationary abc-frame by tuning Notch filters [12-13] the unwanted fundamental component are removed. This
may be prone to the phase delay/deviation if not carefully designed and implemented causing improper
harmonic compensation. In synchronous fundamental dqg frame by using high pass filter the dc component
aliasing the fundamental frequency are eliminated. The instantaneous power theory can also be used for the
removal of fundamental component. Thus as per the detection, the harmonic compensation signal is generated
using DSP toolbox.
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Fig.3 lllustration of generation of harmonic reference current using overall harmonic compensation method (OHC)

A. Mathematical model
The mathematical model relies on the one line diagram of distribution system as shown in the Fig.4. The voltage
and the current reference have to be generated for generating the pulses for the interfacing unit.

Let 1, be the current in grid with resistance Ry and I, be the load side current with the
resistance R_I.. liny is the current in the inverter. Vs are the source voltage. This model
undergoes abc to dg transformation which generates reference current and voltage as per
distribution line [14]. The generated current is utilized for OHC and the voltage for
augmented controller which ultimately generates pulses for the interfacing unit. The
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transformation is further demonstrated in clark’s Transformation which is utilized for the
mathematical modelling of system.
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Fig.4. Schematic block diagram of proposed system
At the Point of Common coupling,
il =iinv+ i2 (1)
. di
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di
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The abc to af0 transformation is done using clark transformation. This is done easily with abc to af0
transformation block in Simulink/MATLAB. The theoretical model is done as per the following equations
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The zero sequence power is represented as addltlonal power in the system.

Pz -Vziz O

Thus [Vo Vo Vgland[io ix g] are given to the controller to generate the pulses for the control
activity.

This clarks transformation is utilized by the augmented controller and it transfers o, B to d and q and finally it
uses the parks transformation of d,q to abc transformation. This incorporates the rapid and reliable control of
power and the interfacing unit. It also incorporates rapid disturbance rejection capability.

IV.AUGMENTED CONTROLLER

The equation set shown below forms the basic algorithm which is in discretized model. The output of
this module are the direct and quadrature average voltage references which are used together with two Pl
controllers, to calculate the average voltage references.

Uns(t)=Rig(t) + =21 {ia(t) i (61} - oLig(t) ®)

Uni(=Ria(t) +1 7 - Hia(t) —ia (teD}-oLigt+u(t) ©
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Fig.5. Structure of Augmented controller

Deviations between the load parameters used in the controller and those actually present are
compensated by the two PI controllers [15-16]. The dynamics which need to be handled by these PI controllers
are rather limited because they relate to parameter changes due to physical environment. Hence the gains can be
choosen relatively low. The discrete model uses four additional terms Rig(tk), Riq(ts), {ia(t) —ig (tk-1)} —
oLig(ty), {ig(tk) —iq (tk-1)} — oLig(tk)+ u(ty). of which the latter two are current difference equations.

Thus the input signals are discretized and transformed from o, B to d,q and finally resolving the pulses for
interfacing unit using appropriate transformation.

V. SIMULATION RESULTS & DISCUSSIONS

In order to verify the proposed control approach, an extensive Simulation study is carried out using
MATLAB/Simulink.The quality of power is maintained despite of highly unbalanced nonlinear load at Point of
common coupling. An unbalanced 3 phase 4 wire non linear load which is unbalanced and with harmonics
have to be compensated. The augmented current controller and the OHC plays a part in its
compensation.Initially the grid interfacing unit is not connected. At t=0.3 s the grid interfacing unit along with
OHC and Augmented current controller is connected. At this stage the profile of load current changes from
unbalanced non linear to sinusoidal current as shown in Fig 6. Moreover it can be noticed that the unbalanced
load current gets balanced fom the figure 6(b). As the interfacing unit also supplies the load neutral current, the
neutral current gets to be compensated after t=0.3 s as shown in Fig 7.

The Comparison of Various controllers and the Compensation details of proposed controller are displayed in
terms of THD in Table.1. The Notch filter plays a vital role in the compensation (OHC). The harmonics are
calculated using FFT analysis as shown in Fig. 8. The THD is calculated at t=0.05s, 0.1s, 0.15s, 0.2s, 0.25s, 0.3s
which possess large harmonics and the THD t=0.35s, 0.4s, 0.45s, 0.5s, 0.55s possess harmonics within the
specified limit.

(a)
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(b)

Fig.6. Simulation Results of (a) Grid current (b) Load current

Thus from the above results, it is portrayed that the interfacing unit can be effectively controlled using OHC and
Augmented controller when compared to other conventional controllers [17], hence compensating the current
unbalance and current harmonics. This enables the grid to supply sinusoidal and balanced power.

Neutral current
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Fig.7. Neutral current forced to reach zero after t=0.3s
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Fig.8.FFT analysis for THD calculation at t=0.05s & t=3.5s
TABLE 1. Total Harmonic Distortion of Grid current

S.No Control Techniques THD after
compensation

1. OHC 3.21%

2. PQ theory 3.29%

3. L4 theory 3.24%

4. SRF theory 3.32%

5. Direct current theory 4.42%

VI1.CONCLUSION

This paper has presented a novel control strategy based on OHC and Augmented current controller in
order to maintain the quality of power at the coupling point and to bring down the THD for the distribution
system comparatively. It has been shown that the interfacing unit is effectively utilized for maintaining the
quality of power. Extensive use of MATLAB/Simulink simulation validates the proposed controller. Moreover
the load neutral current is minimized from flowing into the grid. With this technique each consumer acts as
power conditioner and generator with improved THD level. The rapid disturbance rejection capability and
power controlling capability with high performance and reliable operation makes the controller superior than
other conventional controller. Finally reducing the current harmonic capability from 18.94% to 3.21% shows its
performance whose THD level is low compared to other conventional controllers.
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