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Abstract: This Paper deals with the implementation of
Harmonics distortion in distribution system by using the method
of hybrid of active filter and passive filters. The active filter is
used to reduce the distortion present in the output. Boost
converter is used to increase the voltage level. This boost
converter is connected to the inverter, which is designed by using
the MOSFET as a switch. In practical application the pulses for
the inverter is given by using the Arduino control. By using this
hybrid method, the total harmonics distortion is reduced to below
the acceptable limit. Simulation for this proposed method is done
by using the MATLAB simulink. Initially, fast fourier transform
may found to mitigate harmonics. But emerging technologies like
Arduino control is proved to simple and economical in carrying
out the same task effectively.

Index Terms: Harmonics, Arduino, THD, MATLAB.

Keywords: In Practical Application The Pulses For The
Inverter |'s Given By Using The Arduino Control.

I. INTRODUCTION

I n today’s world, our environment is prone to depend on

the supply from renewable energy to the maximum.
Renewable energy sources like solar, wind, fuel cell, etc are
commonly utilized in our country. Solar cells provide DC
output voltage which has to be converted to AC for
operating majority of our household and industria
appliances. Inverters come into role to convert DC supply to
AC. But the operation of semiconductor switches in the
buck-boost converter circuit causes harmonics in the
inverter output. In order to supply an undistorted AC power
to the appliances, harmonic suppression/ cancellation/
mitigation techniques are used. This paper aims to design a
voltage source inverter with minimal harmonics. Hybrid
harmonic mitigation technique which is a combination of
series active filter and shunt passive filter is used for
analyzing the factors indicating the level of harmonics in
AC output. While using the Active filters alone it provides
more complex control system. So, to get a better stability we
added hybrid filter of both passive filters and active filter.
By using this we can tune circuit the circuit at the fixed
frequency. We can eliminate the resonance issue and it is
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more reliable. In this project, a hybrid harmonic mitigator is
designed to analyze the PV supplied inverter system
performance in comparison to the traditional mitigation
methodologies.

1. GRID CONNECTED INVERTER

In this section, analysis of each unit of the power converter
circuit is made.Fig.1 display the converter topology that is
adopted. It describes that the buck-boost converter which
operates at high frequency of 20 KHz isfed with DC supply.
The output of this buck-boost converter is found to be a
rectified voltage in the form of sinusoidal wave with same
rms value as the grid voltage. This rectified voltage is then
fed to a swapping inverter having full-bridge polarity. The
swapping inverter operates at the grid frequency of 50 Hz.
Low frequency operation leads to low switching losses
together with reduced harmonic content. This major
advantage is exhibited by the proposed inverter topology.
Normally, the need of utilizing a step-up transformer
depends on the applied dc sourced input voltage. Fig.1
outlines the operation and the topology of buck-boost
converter[1]. In this literature, duty cycle, D is evaluated
regularly under the stated frequency levelwith the usage of
Pulse Width Modulation (PWM) technique for applying
switching pulsesto the inverter’s semiconductor switches.
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Fig.1 Topology of proposed converter circuit

The produced voltage waveform is compared with the
known 20 KHz triangular waveform. The generation of
required pulses for the buck-boost converter is obtained by
this comparison. The demanded sinusoidal wave is obtained
at the required grid frequency with the aggregation of
various signals which are used in converter applications
namely, harmonic cancellation. The rectified output is
obtained and is normally represented as dcox. Proper
synchronization of the inverter is made with the buck-boost
converter and grid voltage. When the output voltage of
buck-boost converter becomes zero or minimum at least, the
inverter’s switching pair gets changed. This results in the
swapping of polarity of the output voltage of inverter.
Finally, the required ac voltage is obtained at the output of
the proposed converter
circuit.

BUCK-BOOST DC SOURCE
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1. HARMONICSOFINVERTER CIRCUIT

According to the source, the inverter output current ‘s
harmonics are grouped as switching and low frequency
harmonics. While, the switching harmonics are related to
thePWMocircuits ofthe inverter circuit, lower frequency
harmonics occurrence is due to deficiencies in the inverter
output current’s control. To the maximum, filtration of
switching harmonics is carried out at the output of the
inverter itself. However, lower order harmonics are at
frequencies much closer to the fundamental freguency.
Thus, without the impairment of the fundamental current

waveform, it is very difficult to filter out these
harmonics.Within each inverter circuit, the crysta-
controlled clocks are totally independent. Hence,

synchronization of the output current harmonics related to
the PWM is made with the clock circuits within the inverter
controller itself and is totally uncorrelated. Since the
harmonic distortion which arise in each inverter is
uncorrelated, this way of arrangement offers a recognized
power quality benefit and thus cancellation will take placein
multiple inverters systems. But harmonics which arise due
to the current controller’s performance will have a
differentbehaviour. Normally, at a particular time, when a
current reference waveform is produced within the inverter
circuit, this specifies the magnitude and power factor of the
output current in accordance with the active and reactive
power generation requirements.In each inverter, the current
reference waveform must be synchronized to the common
network voltage waveform for a grid connected system. This
leads to high degree of correlation of harmonics produced
by individual converters since any low order harmonics
resulting from controller deficiencies will aso be
synchronized to the common network voltage. This makes
the lower order harmonics from each inverter to be additive.
Usually, it is the grid-connected inverter which drivesthe
current against the supply voltage and impedance and these
are not fixed quantities as well. The performance of the grid
connected inverter is verymuch dependent on the operating
conditions of the grid. Hence, the control of current injection
into the grid network is very difficult than the control of
supply current to fixed loads such as motor windings or
isolated consumer load systems. The fidelity of output
current waveform is reliably dependent on the current
control loop’s tuning impact.But the changes in the
characteristics of grid supply mean that it is not possible to
achieve an optimally tuned output current loop at al times
[2]. Normally, tuning of the inverter output current is
madewith the adjustment of controller settings while
monitoring the low order harmonics. A large number of
harmonics can be reduced and total harmonic distortion
(THD) can be minimized using the trial and error method.
While tuning the circuit, a point is normally reached where
further tuning does not produce any further improvement in
THD. But with proper adjustments in the controller tuning
process, however, it is possible to ater which harmonics are
suppressed while maintaining the total harmonic distortion
reasonably constant [3-9]. This is mainly because of the
interaction between the dynamics of the controller and
supply together with line inductance. The block diagram
shown in fig.2 depicts the overall picture of the system used.
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Fig.2 Block Diagram of the system

V. SIMULATIONRESULTS

MATLAB simulation is used for the anaysis of effect of
harmonics on the inverter performance.
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Fig. 3 Inverter without harmonic suppression circuit

Fig. 4 Inverter with harmonic suppression circuit

The simulation circuits shown in fig. 3 and 4 are used for
comparative analysis of harmonics influence in the inverter
circuit. Fig. 3 and 4 depicts the inverter circuit which
investigates the inverter output without and with harmonics
suppression components respectively. On simulating with
circuit in fig. 3, the obtained buck-boost converter output of
the circuit is picturized in fig. 5. The chopper voltage
reaches 1.8V as an impulse and starts to decrease
exponentially in slow pace.
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Fig. 5 Buck-Boost converter output without harmonic
compensation
On simulating circuit in fig. 4, the inverter output which
is a square wave with the voltage amplitude of 1.8V initially
is obtained as shown in fig. 6. The total harmonic distortion
value of theinverter output is found to be 0.595.
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Fig. 6 Inverter output without har monic compensation

Fig. 4 depicts the inverter circuit with the harmonic
suppression circuit combining both active and passive
filters. The effect of harmonics gets reduced with the
indication of THD value to be -23.1. Fig. 7 shows the buck-
boost converter output whose voltage amplitude is around
8V. Finally, fig. 8 clearly picturizes the complete effect of
filter application where the filtered output with a voltage
amplitude of 22V is obtained as shown.

Voltage (V)
IS

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
Time (sec)
Fig. 7 Buck-Boost converter output with harmonic
compensation
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Fig. 8 Inverter output without harmonic compensation

V. HARDWARE IMPLEMENTATION

The hardware system of the project setup is shown in
fig.9. Arduino controller is used to mitigate the hybrid
harmonics impact in the inverter system. The setup is made
using the electrical circuit as shown in fig. 1 with the
inclusion of Arduino control to deliver the switching pulses
to the MOSFET switches. Tuning effect influences the
harmonics generation and with fine tuning of the controller
gain and time constant, the harmonics level is suppressed
highly from 0.6 to -22.5. This is amost equivaent to the
simulation results obtained usng MATLAB. Thus, Arduino
control is proved to be effective in mitigating the hybrid
harmonics.

Fig. 9 Hardwar e setup

VI. CONCLUSION

In this paper, the role of utilization of Arduino control
technique in mitigating the hybrid harmonics in DC/AC
inverter has been investigated.The harmonics will be
suppressed by using the hybrid technique i.e., with the
combination of series active filter andshunt passive
filter.Simulation work has been done by using the
MATLAB software. Also, the hardware setup is
implemented to verify the simulated results in redlity. The
results are found to be satisfiable in mitigating the
harmonics impact in the inverter circuit and aso, the
proposed system used in this work is found to be cheap and
robust.
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