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Abstract : This paper presents a method to reduce harmonic 
components in voltage-sourced circuits utilizing IGBT switches 
and diodes using the PWM technique and also presents a 
technique to improve the power quality, using a single pair of 
IGBTs (level-1 or stage-1). This model was developed in 
Simulink using the designed circuitry, which can be used for 
improving the power quality. The simulation results are 
obtained by performing the simulations in the MATLAB-
Simulink environment.The simulation results demonstrate the 
efficacy of the method developed for harmonic suppression in 
power electronics-based systems, which can greatly improve 
the power quality.The work can also be extended to a 2-level 
and a 3-level inverter for an improvised versions for future 
works.  

Index Terms: Elimination, Breakers, Current, Voltage, 
Control, Simulation, Total Harmonic Deduction, Power 
Semiconductor Devices, Suppression, Power Quality, 
Harmonics, Distortion, Level, PWM, IGBT. 

I.  INTRODUCTION

The control of any device or equipment using electronic 
means in today’s digital world finds many applications, 
which necessitates improvement in power quality. This 
world of innovations relies deeply on the seamless and 
continued access to electrical force or energy. Today’s 
world is truly empowered to work at its busy pace by the 
availability of power commercially. Our homes and 
workplaces have seen the deep penetration of modern 
innovations and with the rise in electronic trade and 
commerce, the manner in which we interface with the world 
is constantly changing. A fundamental element in a modern 
and inclusively advancing nation is electric vitality. The 
proper quality of force, energy, or power can guarantee the 
ideal use of electric power. Since the power usage is 
relative, unwavering supply quality with flexibility of 
procedure is quite important [1–10].  

In general, power is  different from other commodities–it 
is created far away from where it will be used, it is 
transferred to the framework with the yield of many 
different generators, and it finally reaches the place where it 
is to be used through transformers in kilometers through 
overhead and conceivably underground cables. In privatized, 
commercial electrical businesses,various associations or 
companies own, supervise, and maintain the system 

resources.  It is quite difficult to assure the quality and 
nature of the power that is transferred at the place and 
purpose of utilization.. Moreover, substandard power can 
neither be taken back from the store network nor rejected by 
the client or the end-user [11–20].  

As mentioned, electrical power is a key element for 
development in any nation. Without electricity, the whole 
world will plunge into darkness, with the country’s economy 
falling drastically – after all, every working device requires 
electricity. The world, therefore, should grateful to Thomas 
Alva Edison and Benjamin Franklin, Who discovered this 
great wonder, a thing of great importance today [21-30].  

Harmonic spikes have various undesirable consequences 
for an appropriation framework of electrical distribution 
networks. They are of two types: short-term effects and 
long-term effects. Short-term effects are generally easily 
recognized, identified by over-the-top voltage mutilation. 
On the other hand, expanded resistive loss or voltage stress 
can normally identify long-term (also long-haul) effects, 
which frequently go undetected . Likewise, the consonant 
streams created by non-straight loads can associate 
destructively with a wide variety of electrical power 
equipment, mostly capacitors, transformers, engines, and 
generators, causing additional, overheating, loss and over-
burdening [31–40].  

The development of harmonic currents causes 
interference in telephone cables and lines. Standards to 
depict a practical structure for harmonic surge control have 
been created to offset the adverse impacts of harmonic 
surges on power quality. The goal is to ensure consistent –
state harmonic limits that are considered acceptable by both 
electric utilities and their clients [41–50]. 

Distortion of harmonics within a power or force 
appropriation systems can be suppressed by implementing 
two methodologies: latent/passive and dynamic/passive and 
dynamic/active fueling. The passive type of sifting/filter by 
far remains the easiest and popular solution to address the 
problem of mutation encountered in harmonics. Since the 
use of detached components – which, over the years, have 
created an abnormal state of modernity – does not react 
precisely to the progression of electrical energy transmission 
frameworks, they have been modified to allow the 
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sidestepping or even by passing of certain consonant 
frequencies..  [1–25]. 

Harmonics are voltage (v) and current (i) frequency 
components that are embedded at the crest level of the 
normal sine v and i. The symphonious distortion in the 
waveform is mostly, because of significant increases of non-
straight loads and because of innovative progresses, e.g., the 
use of force electronics circuits and gadgets, in AC/DC 
transmission connections, or burdens in the control of force 
frameworks using power electronics or microchip 
controllers. Harmonic sources are categorized into three 
types of loads: household load, industry load, and 
controlling device [25–50].  

  Present-day electronic gadgets, served by power circulation 
circuits, possess some level of symphonious frequencies. 
Although the surge v and i do not generally create problems, 
the more pronounced  electrical power or energy drawn by 
the advanced gadgets or other non-straight loads, the more 
pronounced is the voltage mutilation level. Harmonic 
generation is related to a number of complications, such as 
malfunctioning of the equipment; breakers tripping 
suddenly; lights turning on and off suddenly; large neutral 
currents; heating up of conductors in the phase, loads, and 
transformers; UPS and transformers failing suddenly; low 
power factor; voltage and current surges; and depletion of 
system’s capacity [1-50]. 

Hence, the question now is how to prevent harmonics. To 
reduce the overall harmonic content in a device, circuit, 
equipment, or a part of the network. One efficient method is 
to select a device and follow a good installation practice. If 
for some reason the issues cannot be detected by these 
elementary measures, then two fundamental steps can be 
taken to strengthen the distribution framework to endure 
voltage or current surges or introducing a gadget to mitigate 
or eliminate the harmonics. There are numerous methods to 
lower voltage or currents surges; they can range from 
makeshift ones to even costly and elaborate ones. Some 
examples include incorporating latent symphonious 
channels, transformers that can confine or moderate 
consonants, harmonics suppression networks, and dynamic 
channel filtering mechanisms.  

The harmonic effect in a system’s voltage or current is 
always determined in terms of the total harmonic distortion 
(THD) factor and high- and low-level harmonic contents. 
Ideally, any industry application requires the load voltage or 
current to be free of harmonics or at the least be < 5% of the 
harmonics. Most studies have shown that the THD can be 
lessened by a number of methodologies. There are a number 
of structure arrangements that can be used to resolve or 
reduce the impact of supply quality issues, and it is an 
exceptionally dynamic area of development and 
improvement. In such a scenario, it is advisable for clients to 
know about the scope of arrangements available as well as 
the relative merits and costs. Some important techniques 
used to minimize sounds/surges in voltage or current are 
filters that are either passive or active in nature, separation 
transformers,surge-reducing transformers, surge-suppression 
systems, and so on. 

For this study, a large number of research papers were 
collected from various sources, studied at length, and a brief 
review was carried out. In-depth reviews were performed for 
power-quality improvement on active filters, active power 
filters, and active harmonic filters by Singh B., Al-Haddak, 
Chandra A., El-Habrouk M., Darwish M.K., Mehta P., and 
Akagi H. These review papers prove sufficient for first-time 
reviewers to understand the basic concepts of filter design, 
its deployment, and its further use. The principle of 
generation of signals for inverters and converters, which 
could be used in power systems for harmonic eradication, 
has been explained in details by D. G. Lipot A. A new 
concept of selective harmonic elimination scheme (SHES) 
for a three-phase voltage source inverter (VSI) was 
presented by Karthikeyan et al. based on concepts of the 
generation of opposite harmonic injection using the software 
package MATLAB.  

In most of the works performed by various authors or 
researchers discussed in the previous paragraphs [1–50], 
there were certain drawbacks, disadvantages, or failures, 
such as they developed the algorithms only for linear 
loads,but  higher harmonics could not be eliminated and the 
control algorithms were not efficient, only two to three 
stages of designs were used, noise was one of the important 
factors that could not be eliminated, the performance indices 
were low, very few worked on nonlinear loads, that too with 
respect to inductive and capacitive loadings, and so on. 

In this paper,will try to address some will try to address of 
the above-mentioned drawbacks  [1–50], and the effects of 
harmonics on the various types of devices will be studied in 
brief, a thorough analysis will be made, and new algorithms 
will be developed to suppress the harmonics, which will be 
verified through effective simulation results in the 
MATLAB–Simulink environment, along with the 
development of some hardware implementation to 
substantiate the research problem undertaken. 

One typical issue in electrical,electronics,mechatronic, 
instrumentation, and computer-based systems has been 
maintaining the THD at below 5% level. When power 
sources are introduced into a circuit,  it draws bended 
waveforms that contain some unwanted waveforms, which 
occurs due to the presence of direct and indirect loads. 
These sounds can impede the working of other electronic 
frameworks.   

Consequently,it is important to quanity the aggregate 
impact of such sounds. Complete harmonic distortion 
provides data about the symphonious substance in a sign 
with respect to the key segment. Harmonic distortion levels 
in power systems are commonly measured as THD it can be 
defined as the ratio of total harmonics to the value at 
fundamental frequency [15].  

It is mathematically represented as  

1
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where Vn is the RMS voltage of the nth harmonic and n = 1 is 
the fundamental frequency [1–25]. 
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TABLE I. 
FORMULAS FOR COMPUTING THE HARMONIC PARAMETERS

Harmonic order n = fn/f1 = GXC/XL f1 = fundamental 
frequency 

Quality factor Q = nXL/R = XC/(nR) 
ω = 2πf1 = angular 
frequency 

Bandwidth B = fn/Q fn = tuning frequency 

Reactive power at f1 QC = (V2/XC)·n2/(n2 – 1) 
n = harmonic order = 
(fn/f1) 

Active power 
at f1(losses) 

P ≈ (QC/Q)·n/(n2 – 1) 
V = nominal line–line 
voltage 
XL = inductor reactance 
at 
fundamental frequency 
= Lω 

 where 

XC = capacitor 
reactance at 
fundamental frequency 
= 1/(Cω) 

It is quite important to discuss the consequences of 
harmonics in power electrical devices, with one major effect 
of power system harmonics being that the current in a 
system which increases. This  happens particularly for the 
third harmonic, generating a sharp increase in the zero 
sequence current and consequently increasing the current in 
the neutral conductor. This fact needs to be taken into 
consideration when designing an electric system that can 
serve nonlinear loads. Along with the increased line current, 
different parts of the electrical equipment can undergo 
damage due to the effects of harmonics on power systems. 
Harmonics have been experienced by electrical systems 
since a long time, starting from when the first AC generator 
went online more than a century back. Harmonics, which is 
very important in supplying smooth power to devices, were 
however very minor and had no detrimental effects back 
then; however, currently, with the rapid development of 
industrialization, it has to be given due consideration [26–
50]. 

   This study has been sectioned as follows. A background 
introduction with respect to the work done  is presented in 
the Introduction section 1. Review of the single-stage 
inverter is presented in section 2. Development of the 
Simulink model is presented in section 3. Selection of the 
simulation parameters is presented in section 4. Running of 
the developed Simulink models, i.e., the process of 
simulation, as well as observation of the results is presented 
in section 5. In section 6, a discussion on the simulated 
results is presented, along with comments on the reduction 
of THD in the work considered. Conclusions are presented 
in section 7, followed by the acknowledgments in section 8 
and a brief list of references used in the research paper in the 
reference section models. 

II. REVIEW OF THE SINGLE-STAGE INVERTER

In this section, single-phase circuits, i.e., inverters, are 
designed in such a way that maximum harmonic contents 
can be reduced using single-stage, double-stage, or triple-

stage half-bridge–full-bridge inverters so that the harmonic 
contents are reduced when the load is switched on and off. 
However, as per the context, we have used only a single-
phase inverter, i.e., one stage only.  

IGBTs and diode blocks are used in the construction of 
multistage models. IGBTs are very powerful switching 
devices that can be used for full harmonic suppression to 
obtain a smoothened output free of harmonics. After 
designing a proper filter and placing it at the output of the 
inverter, the harmonics-free waveforms can be observed. 
Finally, FFT analysis is carried out using the FFT 
commands and the “powergui” tools available in the 
MATLAB–Simulink window. The design is performed in 
one stage only, i.e., using a single pair of IGBTs.  

IGBT and diodes are used to design the voltage source 
converter, which are controlled in the OL fashion using the 
discrete PWM generator. In this context, it is to be noted 
that the IGBT is a modified version of a gate turn-off (GTO) 
switch or a metal oxide silicon field effect transistor 
(MOSFET). In these devices, the forward voltages of the 
models are not considered as they do not have any role to 
play. The harmonic elimination system consists of only 1-φ 
models, i.e., a one is a half-bridge (single stage), and finally 
the performance criteria are evaluated for the single-phase 
case.   

III. DEVELOPMENT OF THE SIMULINK MODEL

The Simulink model can be constructed using certain 
blocks available in the Simulink modeling library: thyristor 
bridges,DC sources, transformers,inductive loads,gain 
blocks,multiplexers,FWDs,scopes,scinks,output sources, 
comparators,pulse generators, and connectors Once the 
circuit is designed, all of the blocks have to be pulled from 
the Simulink library into the model and a file has to be 
developed. In addition, various toolboxes, such as the 
control system toolbox, the sim-power-systems toolbox, and 
signal processing toolboxes available in the Simulink, 
library are used. Scopes are connected at the outputs and 
inputs to observe the different waveforms. Note that each 
leg of an inverter consists of a pair of IGBTs.  

Our design is used in parallel combination as it a well-
known fact that when harmonic filters are connected in 
parallel, they yield excellent harmonic reduction in the 
output voltage. In the Simulink model shown, the single-
phase circuit uses the same DC voltage (Vdc = 100V), carrier 
frequency (1 kHz), and modulation index (m = 0.9) for 
obtaining improvement in power quality. When developing 
the Simulink model, numerous parameters require to be set 
in the various blocks. In addition, to help detect voltage and 
currrent waveforms, scopes are connected at requisite 
points. 
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Figure 1. Simulink models for the one-stage harmonic 
reduction systems 

The output signals are seen in the scope connected to 
stage-1, which shows that there is a drastic improvement in 
the harmonic-level suppression. An RLC filter stage is 
designed in such a way that its anti-harmonic signals are 
produced for the suppression of harmonic devices, which are 
produced due to the inverter actions, to obtain smooth output 
waveforms and to further improve the power quality. 
Outputs are observed for RL-, LC-, R-, and L-type filters 
also at the output of the load. In above Fig 1. The modeling 
design is performed in one stage only, viz., using a 1-φ, half-
bridge inverter with one pair.  

IV. SELECTION OF THE SIMULATION PARAMETERS IN
SIMULINK 

Before one can run the developed Simulink model, there 
are numerous parameters that need to be set in the different 
blocks used during its development; these parameters have 
been reproduced in the figures shown below. On selection of 
a desired block, it is double-clicked, following which the 
simulation parameters are entered and then saved. 

V. SIMULATION PROCESS DEVELOPEMNT 

    After the Simulink model is run for the requisite 
simulation time, two waveforms are observed: one at the 
output of the inverter, which is affected by harmonic 
content, and the other at the output of the filter combined 
with the load, which is harmonic free. From the simulation 
results, it can be seen how the harmonics are removed to a 
great extent, as observed from the difference between before 
and after the incorporation of the harmonic filter. This 
shows the effectiveness of the method demonstrated in this 
section as to how to improve the power quality and obtain 
smoothened outputs at the receiving ends. Note that 
wherever switches come, the next immediate output will be 
the harmonics. Hence, this can be eliminated using 
multistage leg inverters; this will be further discussed in our 
future work. In the current research work however, only the 
preliminary stage, i.e., the one stage, is used for rectification 
of the harmonics generated as well as for improving the 
power quality.   

VI. 1-φφ, HALF BRIDGE INVERTER WITH ONE PAIR
(WITH  SIMULINK DIAGRAM AND RESULTS) 

Figure 2. Simulink output display of the harmonic components waveform 
of the stage-1 inverter.  

Figure 3. Simulink output display of the harmonic components waveform 
of the stage-1 inverter, after the output is filtered. 

   A 1-φ, half-bridge inverter consists of only a pair of 
IGBTs in series, to which the inputs are given from the 
PWM generators (supplying pulses) and the Vdc voltage. In 
turn, the output of the 1-φ half-bridge is connected to an 
RLC filter bank, which suppresses the harmonic contents in 
the output supply voltage, as can be seen from scope 1. 
Since there are two IGBTs in series in a line, the output of 
the pulse generator is multiplied and given to two devices.  

Once the model is developed, the simulation is run for a 
specific period of time, which can be specified in the 
simulation time parameter section. The FFT analysis or the 
frequency spectrum can be demonstrated once the 
simulation is completed for the set specific simulation 
period. In the first case, the 1-φ, single-stage half-bridge 
inverter generates a bipolar voltage (−100 V or +100 V), and 
the harmonics occurs around the carrier frequency of fc = 1 
kHz with a maximum of 90% at fc. An FFT on the first-stage 
load output waveform is performed next, and it appears that 
the THD of the load current is around 10% for the half-
bridge inverter. 

Fig. 2 shows that before the introduction of the harmonic 
filter, as seen from the waveform, there were numerous 
harmonic contents (3, 5, 7….). Fig. 3 shows the pulse width 
modulated scheme for controlling the harmonics. Once the 
harmonic filter is implemented, the Simulink output display 
of the harmonic components’ waveform of the stage-1 
inverter, after the output is filtered, is shown in Fig.3. The 
figure shows that the design is perfect as most of the 
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harmonic contents are removed, the output is smoothened, 
and the power quality is improved tremendously, which can 
be proved by comparing the different parameters with 
respect to the IGBT designed circuit for the case considered.  

TABLE II. 
COMPARISON OF DIFFERENT PARAMETERS WITH RESPECT TO THE 

IGBT DESIGNED CIRCUIT FOR THE CASE CONSIDERED 

Type of harmonic elimination method 3-φ, 1-level inverter 
THD before harmonic suppression (load v) 0.1515  15.2 % 
THD after harmonic suppression (load v) 0.0175  1.75 % 
THD before harmonic suppression (load i) 0.1468  14.68 % 
THD after harmonic suppression (load i) 0.0123  1.23 % 
Power factor (before) 0.85 
Power factor (after) 0.9 

VII. CONCLUSIONS

This paper presented a simplified method of improving 
the power quality in power electronic circuits using a single 
pair of IGBTs. Models, which were developed in the 
Simulink environment, were run, and the results obtained 
were observed. Using the total harmonic deduction 
formulae, the THD for the output waveforms for the current 
and voltage was calculated, and the results obtained were 
tabulated in the form of a THD reduction table. These 
quantitative results proved that the PWM scheme worked 
successfully because the THD, which had 15.2% harmonic 
contents before the introduction of the harmonic filter,  saw 
a substantial  reduction in its harmonic contents of load 
voltage down to 1.75% after the introduction of the 
harmonic filter. Similarly, once the proposed algorithm was 
implemented, the THD of 14.68% harmonic contents of the 
load current before the introduction of the filter substantially 
reduced to 1.23% after the introduction of the filter. The 
results obtained from the MATLAB output THD waveform 
evidence this fact. The net power factor too improved from 
0.75 to 0.8.   
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