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ABSTRACT
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The application of fossil fuels like coal, oil and gas gives enormous
environmental impact and hazardous effects to the earth. Hence, renewable
energy has become the most tremendously friendly method to generate
electricity without pollution and emissions. Inverter is a power electronics
device which is used to convert Direct Current (DC) into Alternating Current
(AC). The conventional inverter no longer fulfills the requirement of
reducing harmonic distortions, plus it causes global warming and greenhouse
effect. For increasing the efficiency and reliability of the system, the PV
inverter becomes a vital part in the conversion of DC to AC output.
This research thus presents a single phase photovoltaic inverter controlled
with sinusoidal pulse-width-modulation (SPWM) and low pass filter
connection between the inverter and the utility grid to reduce the harmonics
resulted due to intermittent nature of the renewable energy sources. Unipolar
and Bipolar switching scheme are applied to control the magnitude and
frequency of output voltage and result of both unipolar and bipolar are
compared. The simulation of the proposed technique is executed by using
Matlab/Simulink.
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1.

INTRODUCTION
Nowadays, there has been a rapid growth in electrical energy usage which also results in increasing
the production of renewable energy. Currently, there are various applications of energy sources but
unfortunately, most of the sources of energy obtained from common fossil fuels that resulting in global
emission and greenhouse effect [1-3]. Renewable energy is generated from replenished natural sources and
can be transformed to electricity through the conversion technologies such as solar and wind turbine.
However, this method is yet to be in the process of acquiring high market penetration level and technological
advancement.
The use of different renewable energy as an energy source currently have developed involvement of
distributed generation but the output power from these RE sources is unsteady [4]. Therefore, the most
tremendous way to acquire the stability is by implementing the power electronics interface system such as a
modern inverter system [5, 6]. For increasing the efficiency and reliability of the utility grid, the smart
inverter becomes a vital part of the distributed generation interface [7, 8]. Typically, the inverter often
assigned for converting input of DC voltage to an output of AC voltage and function as an interface in the
middle of the renewable energy and the utility grid [9, 10]. However, the injected harmonic of the output
current and effectiveness of the inverter are the vital issues [11]. To reduce the power quality interruption
from the system, different types of inverter structure have been implemented [12, 13]. The IGBT is
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implemented in the conversion of DC to AC output [14, 15]. This work is organized in the following
sections. In Section 2, the proposed system configuration is outlined. The simulation part is explained in
Section 3. In addition, the analysis performance of the two switching schemes are compared in Section 4.
A discussion on the obtained results have been presented in Section 5, while Section 6 is the conclusion of
the current work.

2.

PROPOSED SYSTEM CONFIGURATION
The basic block diagram of the proposed system is illustrated in Figure 1.

Figure 1. Block diagram of proposed model

2.1. PV Source
The main input power for the inverter is the power produced by the solar panel. The use of DC-DC
converter is preferred to cater the problem of the fluctuation encountered to stabilize the voltage.
The frequency used for this circuit is set to be 50Hz.
2.2. IGBT Full H-Bridge Inverter
The number of semiconductor used are based on the configuration of the inverter either half bridge
or full bridge [16]. Due to the implementation of full bridge configuration, it contains of four IGBTs.
The IGBT gate are generated by the means of SWPM pulses.
2.3. SPWM Generator
The SPWM generator will produce pulses for Sinusoidal Pulse Width Modulation switching
scheme.
2.4. Filter and Load Circuit
The IGBTs will generate some harmonic component at the output hence, this filter circuit will filter
the harmonic content. Resistor will be the load for this circuit.

3.

SINUSOIDAL PULSE WIDTH MODULATION
SPWM is developed by comparing the sinusoidal waveform as modulation waveform with the
triangular waveforms or (saw tooth waveform) as carrier waveform whose much higher frequency than the
modulation wave. SPWM generator showing a better accomplishment with the achievement of better
switching frequency, better resolution of SPWM waveforms and lesser harmonic distortion [17]. There are
two types of SPWM switching which are unipolar switching and bipolar switching. For this research,
both switching schemes will be implemented hence both result will be compared.
3.1. Simulation
To begin with, the proposed inverter for both schemes are simulated in Matlab/Simulink and the
results for both schemes are observed. Simulation is executed with discrete power and fixed at 0.1 sec sample
time. The simulation models of both SPWM unipolar and bipolar switching scheme are demonstrated in the
Figures 2 and 3.
3.2. Circuit Description
The proposed design is constructed based on two different switching techniques as follows:
3.2.1 Case 1: Unipolar Switching Scheme
The unipolar modulation normally requires two sinusoidal modulating waves vm and -vm which are
of same magnitude and frequency but 180˚ out of phase. The two modulating wave are compared with a
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common triangular carrier wave Vcr generating two gating signals Vg1 and Vg3. For unipolar switching
scheme, there are two legs whose G1 and G2 are on one leg while G3 and G4 are in another leg [18].
When the G1 turned on, the G2 is turned off and vice versa. The output voltage for unipolar switching can be
either –Vdc during negative half cycle, 0Vdc or +Vd during positive half cycle.
3.2.2 Case 2: Bipolar Switching Scheme
Nevertheless, for bipolar switching inverter, the switches are organized diagonally. The upper and
the lower switches in the same inverter leg work in a complementary manner with one switch turned on and
other turned off. Thus we need to consider only two independent gating signals vg1 and vg3 which are
generated by comparing sinusoidal modulating wave vm and triangular carrier wave vcr. It can be noticed
that when S1S4 is switched on, the S2S3 is switched off and vice versa [19]. The process of bipolar method
is the same as unipolar method, however only one sinusoidal signal is compared with triangular waveform
without inversing it.

Figure 2. SPWM unipolar switching scheme

Figure 3. SPWM bipolar switching scheme

4.

RESULT AND ANALYSIS
The proposed design is analysed from different aspects, according to the switching technique used.
A detailed comparison between the two applied switching techniques is as follows:
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4.1. Analysis of SPWM Output Waveform
The SPWM output waveform has been obtained based on two different switching schemes, namely,
unipolar and bibolar switching schemes.
4.1.1 Case 1: Unipolar Switching Scheme
Figure 4 exhibits SPWM Pulse Generator Circuit that use two sine wave signal (reference signal)
has 180˚ phase opposite to each other compared with triangular wave and produce switching pulses to the
IGBT [20-22].

Figure 4. Output waveform of SPWM unipolar

The PWM pulse generator block generates the four PWM pulses as illustrated in Figures 5 and 6.
Hence, these pulses are given to the gates of the IGBTs for turning on and off.

Figure 5. Pulse generated by IGBT G1 and G4

Figure 6. Pulse generated by IGBT G2 and G3

4.1.2 Case 2: Bipolar Switching Scheme
Figure 7 exhibits SPWM Pulse Generator Circuit generated by comparing one sinusoidal modulating
wave vm and triangular carrier wave vcr to produce switching pulses to the IGBT.
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Figure 7. Output waveform of SPWM bipolar

The PWM pulse generator block generates the two PWM pulses S1S4 and S2S3 as illustrate in
Figure 8. Hence, these pulses are given to the gates of the IGBTs for turning on and off.

Figure 8. Pulse generated by S1S4 and S2S3

4.2. Analysis of Output Voltage and Current
The output current and voltage waveforms are analysed as follows:
4.2.1 Case 1: Unipolar Switching Scheme
The output rms initiate that the rms voltage and current for unipolar scheme are 237.6V and 4.752A
respectively. The filtered AC output current and voltage produced by unipolar switching scheme acquired
from simulation are demonstrate in Figure 9 and 10.

Figure 9. Output current waveform
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Figure 10. Output voltage waveform

4.2.2 Case 2: Bipolar Switching Scheme
For bipolar, the output rms initiate that the rms voltage is 305.3V and the rms current is 6.107A
respectively. The filtered output current and voltage produced by bipolar switching scheme acquired from
simulation are demonstrated in Figure 11 and 12.

Figure 11. Output current waveform

Figure 12. Output voltage waveform

Based on the result acquired from both schemes, it can be observed that the unipolar switching
scheme produced more output current and voltage compared to the bipolar switching scheme.

4.3. Analysis of Total Harmonic Distortion using FFT
The THD analysis is performed in order to determine the magnitude of harmonic component and
phase of the input signal as a function of time.
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4.3.1 Case 1: Unipolar Switching Scheme
Based on the simulation, the THD of the output voltage and current in unipolar is determined as
1.91% while the fundamental current and voltage are 6.754A and 337.7V respectively. Figure 13-16 show
the signal magnitude and the frequency spectrum of output current and voltage for unipolar switching scheme
in FFT analysis.

Figure 13. Signal magnitude of output current

Figure 14. Frequency spectrum of output current

Figure 15. Signal magnitude of output voltage
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Figure 16. Frequency spectrum of output voltage

4.3.2 Case 2: Bipolar Switching Scheme
As for the simulation of this scheme, the THD of the output voltage and current in bipolar is
determined as 2.50% while the fundamental current and voltage are 4.68A and 337.7V respectively.
Figures 17 and 18 show the signal magnitude and the frequency spectrum of output current for bipolar
scheme in FFT analysis.

Figure 17. The signal magnitude of the current in FFT analysis

Figure 18. The frequency spectrum of the output current
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Figures 19 and 20 show the signal magnitude and the frequency spectrum of output voltage for
bipolar scheme in FFT analysis.

Figure 19. The signal magnitude of voltage in FFT analysis

Figure 20. Frequency spectrum of the output voltage

Based on the result acquired from both scheme, it can be observed that the bipolar switching scheme
produced more harmonic distortion compared to the unipolar switching scheme. It can be concluded that the
unipolar switching scheme offered better performance in term of efficiency and lower THD as compared to
bipolar switching scheme.

5.

RESULTS DISCUSSION
The use of renewable energy still has many limitations and still face many technical difficulties.
The application of power electronics in renewable energy generation also lack of complete and efficient
procedure that tackles the existing problems [19, 25]. Due to the fluctuating nature of renewable energy
sources, there are many issues associated with that. For instance, the harmonics presence which has a severe
impact on the overall electrical power system. In this study, a single phase standalone inverter for
photovoltaic application has been designed. The main features of the designed inverter are that; it has been
controlled using two different schemes. Unipolar and bipolar switching schemes with a filter circuit to reduce
the presence of harmonics according to system standards. The proposed design has produced promising
results in term of response as well as harmonics reduction. The obtained results have been compared to those
published in [26], the current study produced very good results with minimal use of power electronics which
reflects on the overall cost. In term of technicality, the harmonics level has been reduced to be within the
standard (5%).
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6.

CONCLUSION
This work presented a single phase standalone inverter controlled with sinusoidal pulse-widthmodulation (SPWM) and low pass filter. It is connected between the inverter and the utility grid to reduce the
harmonics presence due to intermittent nature of the renewable energy sources. The research carried out two
case studies, which are: the first case study is related to unipolar switching scheme while the second case
study is lying on bipolar switching scheme. To sum it up, both schemes have been studied in depth and both
results are being compared. The design of the PV single phase inverter system and the development of
SPWM switching scheme were accomplished. The implementation of filter circuit to eliminate the harmonic
distortion in the system also achieved. Output voltage and output current for both schemes were analyzed.
Next, the THD analysis for both schemes have been performed by using FFT analysis. Based on both results
acquired from unipolar and bipolar switching scheme, the unipolar switching scheme gives better
performance than bipolar switching scheme. The reason is, unipolar switching scheme produced more output
current and output voltage. By analyzing the simulation work, the unipolar switching scheme produced a
better sinusoidal output waveform and less harmonic distortion compared to the bipolar switching scheme.
Although bipolar switching scheme have low power quality compared to unipolar scheme, its complex of
control is simple compared to unipolar scheme. The limitations in this research are the parasitic resistance of
LC filter is neglected and the input voltage from PV system is assumed to be constant without any ripple. As
for the single phase inverter, unipolar and bipolar switching scheme, further research can be accomplished
such as the soft switching inverters, single-phase UPS and single-phase induction motor drives. As part of
future work, the analysis of state space and FFT algorithm can be perform.
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