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Abstract

Several modulation schemes are used to operate power electronics devices MOSFETSs and IGBTSs in power converters and are also utilized
to reduce the influence of Total Harmonic Distortion (THD) in the output voltage of these inverters. Selective Harmonic Elimination (SHE)
and Sinusoidal Pulse Width Modulation (SPWM) are the most popular techniques used in this regard. Number of notches and modulation
index (m) are the important parameters used to design both techniques. Total Harmonic Distortion is utilized as a standard to measure the
signal quality for both schemes. This paper discusses a comparison study of using SHE and SPWM techniques in full bridge inverter.
MATLAB and PSIM tools are used to estimate and verify the performance of both techniques and the results are obtained experimentally.
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1. Introduction

Recently, due to the fast development in the power electronics tech-
nology, power converters such as DC-to-DC or DC-to-AC become
the most significant devices in the high and medium power appli-
cation [1], [2]. DC-to-AC power inverters can be categorized into a
half-bridge inverter, full-bridge inverter, and multilevel inverter.
The main function of the power inverters is to invert the DC power
source from the renewable sources such as solar energy or storage
cells to AC voltage source [3]. Practically, the output waveform of
the inverters is a discontinuous signal and contains unwanted har-
monics. However, by using filter with the inverter, the output wave-
form becomes good quality and closer to a sinusoidal waveform.
Total Harmonic Distortion (THD) is an important parameter utilize
to measure the quality of the inverters signal [4]. Therefore, the in-
verter output signal is of high quality when it contains less harmonic
distortion. To reduce the effect of harmonics on the inverter signal,
there are several schemes used such as SPWM, and SHE tech-
niques. These methods depend on the applications and the switch-
ing frequencies to produce a high-quality waveform with less THD,
the first important step is selecting the suitable modulation tech-
nique. SPWM works with high switching frequency and is a popu-
lar scheme utilized in industrial applications to produce a good
quality signal however it leads to switches losses [5]. However, Se-
lective Harmonic Elimination (SHE) which works with low switch-
ing frequency is an appropriate technique in medium and high-
power application among modulation schemes. PSIM and
MATLAB tools are used to examine and evaluate the influence of
both techniques SHE and SPWM on the THD using a unipolar in-
verter and the result is validated experimentally.

2. Sinusoidal pulse width modulation

Sinusoidal Pulse Width Modulation provides a control signal for
power switches IGBTs and MOSFETs. SPWM can be generated by
comparing two signals; a carrier signal fc (triangular) and reference
signal fr (sinusoidal) as shown in Figure 1. The modulation index
(m) consider the most significant parameter utilized to design
SPWM. The magnitude of the fundamental component can be con-
trolled by changing the value of the modulation index in the range
from 0 to 1 [6], [7]. The ratio of the magnitude of the reference
signal (Vr) to the magnitude of the carrier signal (V) is used to ob-
tain the value of the modulation index [8].
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Fig. 1: PWM Signal Generating.

The frequency value of the sinusoidal signal uses to determine the
output frequency of the inverter. However, the frequency of the car-
rier signal uses to determine the switching frequency of the PWM
signal also it uses to determine the number of notch per half cycle
as given below:
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n, = (2)

Where: np is the pulses in a half cycle.
SPWM technique can apply in two ways with a single-phase H-
bridge inverter; unipolar and bipolar topology.

2.1. SPWM for bipolar inverter

For this topology, SPWM is generated by matching sinusoidal sig-
nal with a triangular signal as presented in Figure 2. The output
voltage shape of this inverter between +Vdc and -Vdc as shown in
Figure 3. Hence, this kind of inverter defined as two-level in-
verter.[9], [10].
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Fig. 2: Comparative between Two Signals and Switching Gate Signals of
Bipolar SPWM.
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Fig. 3: Output Voltage Signal of SPWM Bipolar Inverter.
2.2. SPWM for unipolar inverter

In this topology, the SPWM is produced by comparing two sinus-
oidal signals as a reference have the same frequency, magnitude,
but delayed 180° with a high-frequency triangular signal as shown
in Figure 4. This kind of inverter called three-level inverter because
the output voltage waveform changes between +Vdc, 0, -Vdc as
shown in Figure 5 [11]. Because of more level is lowest THD, the
output of the unipolar inverter is a higher quality than the bipolar
inverter [12-14].
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Fig. 4: Comparative Signals of Unipolar SPWM and Switching Gate Sig-
nals.
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Fig. 5: Output Voltage Signal of SPWM Unipolar Inverter.

3. Selective harmonic elimination

Selective Harmonic Elimination scheme works on the low switch-
ing frequency and depends on the number of pulses in the output
voltage signal to mitigate unwanted odd harmonics. By identifying
the positions and durations of switching angles of these notches,
undesired odd harmonics can be canceled totally from the output
voltage signal of the inverter. SHE is a mathematical technique used
to eliminate odd harmonics of 3rd, 5th, 7th, etc. from the output
voltage signal of the inverter which is full bridge or multilevel in-
verter [15], [16]. SHE technique has the ability to mitigate the effect
of switching losses and the current ripples [17], [18]. One of the
numerical methods such as Genetic Algorithm or Newton-Raphson
is used to determine a number of nonlinear equations in order to
compute unknown switching angles (ay, a5, ....., ay) as shown in
Figure 6 [19-21]. Due to the symmetrical waveform, even harmon-
ics do not appear in the inverter output signal. The output waveform
of the full-bridge inverter is produced by the following Fourier se-
ries equation.

Vour(wt) = X532, Vpsin(nwt) (3)

Where: n is the order of odd harmonic, V,, is the magnitude of the
harmonics order, which can be given by:

vV, = %Z{Ll(—l)k“cos(nak) 4)
Where: N is the number of the switching angles per quarter, Vgc is
the amplitude of DC source, oy is switching angles, conditioned

by the following:

a1<a2<~--<aN<§ (5)
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Fig. 6: The Output Signal of the Unipolar Inverter.

Because of half-wave symmetry of the inverter output signal, the
number of the eliminated low order odd harmonics are dependent
on the number of switching angles per quarter cycle. For example,
if the number of switching angles equals N, therefore, can be elim-
inated N-1 of the odd harmonics. The nonlinear equations of SHE
scheme can be obtained as the follows:

V1=U

(6)
V,=0,n=357,..

Where: U is the desired of the fundamental voltage.

The undesired odd harmonics can be removed by making its ampli-
tude equal to zero, V,, = 0. For instance: assuming the number of
switching angles (N=3), therefore two low order odd harmonics can
be eliminated such as 5™, 7. Triplen harmonics such as 3rd, 9th,
15th, etc. can be canceled automatically by line to line voltage in
the three phase electrical system [22]-[24]. The SHE equations
which are used to compute three unknown angles (o, a,, and az)
are given as:

cos(ay) — cos(ay) + cos(az) = mg

cos(5a4) — cos(5a;) + cos(5a3) =0 (7)
cos(7a;) — cos(7a,) + cos(7a3) =0

Where: m is the modulation index, m = :—; 0<m<1)

By varying the modulation index in the range from 0 to 1, the am-
plitude of the fundamental component can be controlled.

4. Simulation and experimental results

Comparison of two modulation schemes; Selective Harmonic Elim-
ination and Sinusoidal Pulse Width Modulation. PSIM and
MATLAB simulation tools have been used to evaluate both meth-
ods on a unipolar full bridge inverter using the following condi-
tions:

Vdc=24v

Fundamental frequency =50Hz
Switching frequency = 1kHz

4.1. Simulation results of SPWM scheme

Unipolar H-bridge inverter has been applied to examine the perfor-
mance both techniques. In the SPWM technique, 1kHz is used as
switching frequency to operate the IGBTs. The number of notches
per half cycle is calculated by (2).

f. 1000
n, = == ——= 20 pulses
P g 50 p

Figure 7 and Figure 8 depicted the output voltage signal and the
harmonic spectrum analysis respectively.
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Fig. 7: Output Voltage Signal of the Unipolar Inverter.
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Fig. 8: FFT Analysis of SPWM Unipolar Inverter at M=1.0.

From the simulation result of SPWM method, most of undesired
harmonics have appeared and the higher harmonics magnitude also
have appeared around the multiples of the switching frequency with
THD =53.19%.

4.2. Simulation results of SHE technique

Because of the symmetry of SHE signals, only switching angles at
a quarter cycle has been used to remove low order odd harmonics.
In this case, the number of pulses per quarter cycle assumed five-
pulses. The switching frequency of SHE technique is given as:

fr
np——

i 5 pulses

The switching frequency in SHE technique,
f. = 5x50 = 250Hz

Five SHE equations have been applied to compute five unknown
angles position. The optimal solution of these angles is utilized to
mitigate four odd harmonics of 37, 5 7t 9™ Newton-Raphson
scheme has been applied by the Matlab program to determine these
switching angles. The best result of these angles has achieved at
m=1 as is listed in Table 1. The output waveform of the unipolar
inverter and the harmonic spectrum analysis is shown in Figure 9
and Figure 10 respectively. It is observed that all undesired harmon-
ics have been canceled from the output waveform with THD
=48.39%.

Table 1: The Solution of Five Unknown Switching Angles

S €10 al o2 a3 a4 as
gles
Degree 20.3455 31.1286 41.5084 61.5168 64.4158
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Fig. 9: Output Voltage Signal of SHE Unipolar Inverter.
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Fig. 10: FFT Analysis of SHE Unipolar Inverter at M=1.0.

From the simulation results, SHE modulation technique can work
by the low switching frequency with the lowest THD and highest
fundamental voltage amplitude. However, SPWM modulation tech-
nique works by highest switching frequency and the highest number
of pulses per half cycle that leads to more switches losses with in-
creasing THD.

The simulation results have validated experimentally using a full-
bridge unipolar inverter. The PWM signal for both techniques has
been generated by the Arduino Uno board. RIGOL DS1054 oscil-
loscope has been used to view the practical results for both methods.
The harmonic spectrum analysis and the output voltage waveform
for SHE modulation scheme is illustrated in Figure 11. While Fig-
ure 12 shows the practical results of SPWM modulation technique.
It can be observed that the experimental results are in complete
agreement with the simulation results almost identical in shape and
values.
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Fig. 12: Harmonics Spectrum Analysis for SPWM.

5. Conclusion

Comparison of the influence two modulation techniques, SHE and
SPWM on the THD for unipolar full-bridge inverter have been val-
idated and evaluated by simulation and experimentally. Minimum
THD is the best quality output signal. The switches gate signal has
been generated by the Arduino Uno board. Selective Harmonic
Elimination works with low switching frequency and least switch-
ing pulses. SHE technique is the common modulation scheme used
for power inverter to eliminate the odd harmonics with the lowest
switches losses. In this paper, SHE method has achieved the lowest
THD and the highest fundamental voltage amplitude than when
compared with the similar results by SPWM method.

Acknowledgment

Financial assistance for this research by the IIUM research Man-
agement Center (RMC) via RIGS Grant No. RIDS 15-147-0147 and
RMC RIGS 16-067-0231 are highly acknowledged.

References

[1] Aboadla, E. H. E., Khan, S., Habaebi, M. H., Gunawan, T., Hamidah,
B. A., & Tohtayong, M. (2016, December). Selective harmonics
elimination technique in single phase unipolar h-bridge inverter.
In Research and Development (SCOReD), 2016 IEEE Student Con-
ference on (pp. 1-4). IEEE.
https://doi.org/10.1109/SCORED.2016.7810057.

[2] L. Li, D. Czarkowski, Y. Liu, and P. Pillay, “Multilevel selective
harmonic elimination PWM technique in series-connected voltage
inverters,” IEEE Trans. Ind. Appl., vol. 36, no. 1, pp. 160-170, 2000.
https://doi.org/10.1109/28.821811.

[3] T. Taufik and M. Mccarty, “Optimization of Operating Parameters
in a Unipolar PWM Inverter,” in IEEE Applied Power Electronics
Colloquium  (IAPEC)  Optimization, 2011, pp. 57-62.
https://doi.org/10.1109/IAPEC.2011.5779845.

[4] C.Voltages et al., “Multilevel Inverter Modulation Schemes to Elim-
inate,” IEEE Trans. Ind. Appl., vol. 36, no. 6, pp. 1645-1653, 2000.
https://doi.org/10.1109/28.887217.

[5] J. Sabarad, “Comparative Analysis of SVPWM and SPWM Tech-
niques for Multilevel Inveter,” 2015 Int. Conf. Power Adv. Control
Eng., pp. 232-237, 2015.

[6] A.P.H.H.R. Jatin A. Patel, “DESIGN OF SINUSOIDAL PULSE
WIDTH MODULATION INVERTER,” Int. J. Technol. Res. Eng.,
vol. 2, no. 8, pp. 1446-1452, 2015.

[7] A.Hernandez, R. Tapia, O. Aguilar, and A. Garcia, “Comparison of
SVPWM and SPWM Techniques for Back to Back Converters in
PSCAD,” World Congr. Eng. Comput. Sci. 2013, vol. I, pp. 23-25,
2013.

[8] Aboadla, E. H. E., Khan, S., Habaebi, M. H., Gunawan, T., Hamidah,
B. A., & Yaacob, M. B. (2016, January). Effect of modulation index
of pulse width modulation inverter on Total Harmonic Distortion for
Sinusoidal. In Intelligent Systems Engineering (ICISE), 2016



https://doi.org/10.1109/SCORED.2016.7810057
https://doi.org/10.1109/28.821811
https://doi.org/10.1109/IAPEC.2011.5779845
https://doi.org/10.1109/28.887217

6630

International Journal of Engineering & Technology

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

International Conference on (pp. 192-196). IEEE.
https://doi.org/10.1109/INTELSE.2016.7475119.

J. Soomro, “Design and Analysis of Single Phase Voltage Source
Inverter Using Unipolar and Bipolar Pulse Width Modulation Tech-
niques,” in International Conference on Advances in Electrical,
Electronic and System Engineering, 2016, pp. 14-16.
https://doi.org/10.1109/ICAEES.2016.7888052.

K. Chen, S. Ji, and L. Zhang, “Two-level three-phase voltage source
inverter fed low-power AC induction motor based on unipolar pulse-
width modulation method,” IET Power Electron., vol. 9, pp. 435-
440, 2016. https://doi.org/10.1049/iet-pel.2015.0231.

C. R. T. LAKSHMIPRASANNA, “A Comparative Study of Com-
bined Unipolar and Bipolar PWM with the SVPWM for the Power
Quality Improvement,” Int. J. Sci. Eng. Technol. Res., vol. 04, no. 13,
pp. 2440-2445, 2015.

V. Sunde and Z. Ben, “Spectral calculation of the output voltage of
an inverter with unipolar pulse width modulation,” MIPRO 2010, pp.
127-131, 2010.

M. Z. Aihsan; R. B. Ali; J. H. Leong, “Design and Implementation
of Single-Phase Modified SHEPWM Unipolar Inverter,” in 2015
IEEE Conference on Energy Conversion (CENCON), 2015, pp. 337—
342.

A. S. Mohamad, “A New Cascaded Multilevel Inverter Topology
with Minimum Number of Conducting Switches,” 2014 IEEE Innov.
Smart Grid Technol. - Asia (ISGT ASIA) A, pp. 164-169, 2014.
https://doi.org/10.1109/ISGT-Asia.2014.6873783.

C. Buccella, C. Cecati, M. G. Cimoroni, and K. Razi, “Analytical
method for pattern generation in five-level cascaded H-bridge in-
verter using selective harmonic elimination,” IEEE Trans. Ind. Elec-
tron, vol. 61, no. 11, pp. 5811-5819, 2014
https://doi.org/10.1109/TIE.2014.2308163.

M. S. A. Dahidah, G. Konstantinou, and V. G. Agelidis, “A Review
of Multilevel Selective Harmonic Elimination PWM: Formulations,

Solving Algorithms, Implementation and Applications,” IEEE Trans.

Power Electron., vol. 30, no. 8, 2015.
https://doi.org/10.1109/TPEL.2014.2355226.

Aboadla, E. H. E., Khan, S., Habaebi, M. H., Gunawan, T., Hamidah,
B. A., & Tohtayong, M. (2016, July). Modulation Optimization Ef-
fect on Total Harmonic Distortion of Single Phase H-Bridge Inverter
Based Selective Harmonics Elimination Technique. In Computer
and Communication Engineering (ICCCE), 2016 International Con-
ference on (pp. 200-203). IEEE.

M. Srndovic, A. Zhetessov, T. Alizadeh, Y. L. Familiant, G. Grandi,
and A. Ruderman, “Simultaneous Selective Harmonic Elimination
and THD Minimization for a Single-Phase Multilevel Inverter with
Staircase Modulation,” IEEE Trans. Ind. Appl., vol. 54, no. 2, pp.
1532-1541, 2018. https://doi.org/10.1109/T1A.2017.2775178.

K. Ganesan, K. Barathi, P. Chandrasekar, and D. Balaji, “Selective
Harmonic Elimination of Cascaded Multilevel Inverter using BAT
algorithm,” Procedia Technol., vol. 21, pp. 651-657, 2015.
https://doi.org/10.1016/j.protcy.2015.10.078.

and Z. L. Sun Xiaofeng; BaochengWang, Yue Zhou; Wei Wang;
Huiyuan Du, “A Single DC Source Cascaded Seven-Level Tech-
niques,” IEEE Trans. Ind. Electron., vol. 63, no. 11, pp. 7184-7194,
2016. https://doi.org/10.1109/TIE.2016.2557317.

M. Ahmed, A. Sheir, and M. Orabi, “Real-Time Solution and Imple-
mentation of Selective Harmonic Elimination of Seven-Level Multi-
level Inverter,” IEEE J. Emerg. Sel. Top. Power Electron., vol. 5, no.
4, pp. 1700-1709, 2017.
https://doi.org/10.1109/JESTPE.2017.2746760.

N. F. S. H. Fathi and R. S. G. B. Gharehpetian, “Improved selective
harmonic elimination pulse-width modulation strategy in multilevel
inverters,” |ET Power Electron., vol. 5, no. August, pp. 1904-1911,
2012.

Aboadla, E. H., Aznan, K. A., Tohtayong, M., Khan, S., Hannan, M.
A., & Uddin, M. N. (2017, October). Low spikes and low harmonic
distortion multilevel inverter for induction motor implementation.
In Industry Applications Society Annual Meeting, 2017 IEEE (pp. 1-
7). IEEE. https://doi.org/10.1109/I1AS.2017.8101760.

K. Ganesan, K. Barathi, P. Chandrasekar, and D. Balaji, “Selective
Harmonic Elimination of Cascaded Multilevel Inverter using BAT
algorithm,” Procedia Technol., vol. 21, pp. 651-657, 2015.
https://doi.org/10.1016/j.protcy.2015.10.078.


https://doi.org/10.1109/INTELSE.2016.7475119
https://doi.org/10.1109/ICAEES.2016.7888052
https://doi.org/10.1049/iet-pel.2015.0231
https://doi.org/10.1109/ISGT-Asia.2014.6873783
https://doi.org/10.1109/TIE.2014.2308163
https://doi.org/10.1109/TPEL.2014.2355226
https://doi.org/10.1109/TIA.2017.2775178
https://doi.org/10.1016/j.protcy.2015.10.078
https://doi.org/10.1109/TIE.2016.2557317
https://doi.org/10.1109/JESTPE.2017.2746760
https://doi.org/10.1109/IAS.2017.8101760
https://doi.org/10.1016/j.protcy.2015.10.078

