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Abstract— Uninterruptable power supplies (UPS) are widely used to supply critical loads and provide reliable and high quality energy to 
the load. Inverter is the main component of UPS. In this majority of power utilities are non linear loads, so there is a possibility of 
generation of harmonics. This paper presents a survey of different topologies, control strategies and modulation techniques used by UPS. 
The multilevel concept is used to decrease the harmonic distortion in the output waveform without decreasing the inverter power output. 
This paper presents the most important topologies like diode-clamped inverter (neutral- point clamped), capacitor-clamped (flying 
capacitor), and cascaded multilevel with separate dc sources. This paper also presents the most relevant control and modulation method 
that is selective harmonic elimination. Here, in the existing literature, all the methods, which are already available for harmonic elimination 
in UPSs, are discussed and the best suited method is found out that is with low total harmonic distortion and with less computational time 
and the future work how it can be extended. 

Index Terms— Harmonics, Modulation Techniques, Multilevel Inverter, Non Linear Loads, Selective Harmonic Elimination, Total Harmonic   
Distortion, UPS 

——————————      —————————— 

1 INTRODUCTION                                                                     
N today’s modern world, all industries pay great attention 
to different energy conservation programs and green initia-
tives. Hence, efficient electrical energy usage is becoming 

more of a concern, than in the past and electrical energy costs 
play an important role in the day-to-day business operations. 
In the recent times, since we are making use of a lot of Semi-
conductor devices, the technologies related to power electron-
ics have drastically developed for different modern applica-
tions, such as uninterruptible power supply (UPS) systems, 
lighting and adjustable speed drivers (ASD). Non-sinusoidal 
current owing to non-linear loads causes a non-sinusoidal 
voltage. The usage of these equipments draws non-sinusoidal 
current and hence results in the harmonic distortion. Nowa-
days, the input stage of active electronic power converters is 
responsible for most of the harmonic distortions. The Power 
Quality (PQ) in power systems is significantly reduced by the 
Harmonic distortion due to non-linear power electronic 
equipments. In these days, PQ has become an important factor 
in differentiating between successful utilities in the power sys-
tems. In order to mitigate the undesirable effects of harmonics 
on PQ, various techniques such as the application of harmonic 
filters, modification of electric circuit configurations, the 
choice of transformer connections and the use of higher-pulse 
converters, have been proposed. Active power filters were 
developed for harmonic compensation and power factor cor-
rection[1].Although UPS devices are economical, flexible and 

 
 

 energy efficient, they may degrade power quality by creating 
harmonic currents and consuming excessive reactive power 
[2].Harmonics causes malfunctioning of electrical/electronic 
parts, overheating of neutral wires, transformer heating, and 
malfunctioning of power factor correction capacitors, power 
generation and transmission losses, disruption of protection, 
control and communication networks as well as customer 
loads.[3] 

Harmonics is the main issue with inverters especially with 
those inverters used in the Uninterrupted Power Supplies 
(UPS). Though the sinusoidal and space vector types of PWM 
(SPWM & SVPWM) used in inverters help reduce harmonics 
they incur high switching losses. Therefore the selective har-
monic elimination is nowadays coming up as an alternative for 
SPWM and SVPWM. In square wave inverters usually with 
single pulse scheme all the odd harmonics are present. Howev-
er with SVPWM and SPWM techniques the harmonics are elim-
inated up to the switching frequency. In selective harmonics 
elimination only the lower order harmonics typically the 5th 7th 
11th and the 13th order harmonics are selectively eliminated in 
the process of the inverter operation itself. In addition, after the 
lower order harmonics are eliminated the higher order harmon-
ics can be easily eliminated using passive filters. Implementa-
tion of selective harmonic elimination involves the finding of 
the appropriate switching instants by solving a set of transcen-
dental trigonometric equations. The number of equations and 
the variables in the equations increase with the number of har-
monics to be eliminated. 

2 UPS SYSTEM DESCRIPTION 
Uninterruptable power supply (UPS) systems are employed 

to supply the critical loads with continuous and high quality 
energy in facilities such as hospitals, data centers, and commu-
nication systems etc [4]. A high-performance UPS system 
should have a clean output voltage with low total harmonic 
distortion (THD) for linear and nonlinear loads, high efficiency, 
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great reliability and fast transient response for sudden changes 
[5]. The main components of the system are the diode rectifier, 
pulse width modulation (PWM) inverter, input/output filter, 
dc-link capacitor, battery charger and battery, battery on/off 
switch, and load transformer. The topology can operate in two 
different modes, namely, normal/charging and backup modes. 
In the normal /charging mode, the battery on/off switch is 
opened. Therefore, the ac mains supplies the load power 
throughout the PWM inverter and charges the battery at con-
stant current as well. In the backup mode, the ac mains is not 
available and the battery on/off switch is closed. Thus, the bat-
tery supplies the load power [6]. 

  There are three categories of UPS topology: Off-line UPS, 
Line interactive UPS and Online UPS. In off-line UPS, under 
normal mode, the power is supplied to the load and the battery 
is charged from the utility line and while in case of power fail-
ure, the battery supplies power to the load. The line-interactive 
UPS consist of two different possible topologies. One topology 
contains an inductor in series between the utility input and the 
load and a bilateral inverter in parallel with the load, acting as a 
backup for the utility line and interacting with the utility line 
when the energy is reversible. Although the other topology 
comprises two converters: one is in series with the utility source 
and the other is in parallel with the load. In online UPS, the util-
ity line supplies power to the load via the rectifier during the 
normal operation and whereas in case of disruption, the battery 
supplies power to the load by means of the inverter [7] . 

3 INVERTER TOPOLOGIES 
The most attractive features of multilevel inverters are as fol-
lows. 

1. They can generate output voltages with extremely 
low distortion and lower dv/dt. 

2. They draw input current with very low distortion. 
3. They generate smaller common-mode (CM) volt-

age, thus reducing the stress in the motor bearings. In addi-
tion, using sophisticated modulation methods, CM voltages 
can be eliminated. 

4. They can operate with a lower switching frequency. 
The three different major multilevel converter structures have 
been reported in the literature: cascaded H-bridges converter 
with separate dc sources, diode clamped (neutral-clamped), 
and flying capacitors (capacitor clamped).[8]. 
 
3.1 Diode-Clamped Inverter 

The most commonly used multilevel topology is the diode 
clamped inverter, in which the diode is used as the clamping 
device to clamp the dc bus voltage so as to achieve steps in the 
output voltage. Thus, the main concept of this inverter is to 
use diodes to limit the power devices voltage stress. The volt-
age over each capacitor and each switch is Vdc. An n level 
inverter needs (n-1) voltage sources, 2(n-1) switching devices 
and (n-1) (n-2) diodes. By increasing the number of voltage 
levels the quality of the output voltage is improved and the 
voltage waveform becomes closer to sinusoidal waveform. 
Figure.1 shows a three-level diode-clamped converter in 
which the dc bus consists of two capacitors, C1, C2. For dc bus 
voltage Vdc, the voltage across each capacitor is Vdc/2 and 

each device voltage stress will be limited to one capacitor volt-
age level Vdc/2 through clamping diodes. To explain how the 
staircase voltage is synthesized, the neutral point n is consid-
ered as the output phase voltage reference point. There are 
three switch combinations to synthesize three-level voltages 
across a and n. 

1. Voltage level Van= Vdc/2, turn on the switches S1andS2. 
2. Voltage level Van= 0, turn on the switches S2 and S1′. 
3. Voltage level Van= - Vdc/2 turn on the switches S1,S2′. 
 

 
 
Fig.1. Diode-Clamped Multilevel Inverter Circuit with Three-Level. 
 
3.2 Cascaded Multilevel Inverter 
The concept of this inverter is based on connecting H-bridge 
inverters in series to get a sinusoidal voltage output. The out-
put voltage is the sum of the voltage that is generated by each 
cell. The number of output voltage levels are 2n+1, where n is 
the number of cells. The switching angles can be chosen in 
such a way that the total harmonic distortion is minimized. 
One of the advantages of this type of multilevel inverter is that 
it needs less number of components comparative to the Diode 
clamped or the flying capacitor, so the price and the weight of 
the inverter is less than that of the two types. 

 

 
 
Fig.2. Single Phase Structures Of Cascaded Inverter (A) 3-Level, (B) 5-
Level 
 
Figure.2 shows the power circuit for one phase leg of a three-
level and five-level cascaded inverter. In a 3-level cascaded 
inverter each single-phase full-bridge inverter generates three 
voltages at the output: +Vdc, 0, -Vdc (zero, positive dc voltage, 
and negative dc voltage). This is made possible by connecting 
the capacitors. The resulting output ac voltage swings from -
Vdc to +Vdc with three levels, -2Vdc to+2Vdc. 
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3.3 Capacitor Clamped Inverter 
The structure of this inverter is similar to that of the diode 
clamped inverter except that instead of using clamping di-
odes, the inverter uses capacitors in their place. The flying 
capacitor involves series connection of capacitor clamped 
switching cells. This topology has a ladder structure of dc side 
capacitors, where the voltage on each capacitor differs from 
that of the next capacitor. The voltage increment between two 
adjacent capacitor legs gives the size of the voltage steps in the 
output waveform.fig shows single phase n-level configuration 
of capacitor clamped inverter. An n-level inverter will require 
a total of (n-1)×(n-2)/2 clamping capacitors per phase leg in 
addition to (n-1) main dc bus capacitors. The voltage levels 
and the arrangements of the flying capacitors in the FCMLI 
structure assures that the voltage stress across each main de-
vice is same and is equal to Vdc/(n-1), for an n-level inverter. 
The voltage synthesis in a five-level capacitor-clamped con-
verter has more flexibility than a diode clamped converter. 
 

 
Fig.3. Capacitor-Clamped Multilevel Inverter Circuit Topologies with 3-
Level Inverter 

4 CLASSIFICATION OF CONTROL STRATEGIES 
The main aim of the modulation strategy of multilevel invert-
ers is to synthesize the output voltage as close as possible to 
the sinusoidal waveform. Many modulation techniques have 
been developed for harmonic reduction and switching loss 
minimization [9]. The modulation methods used in multilevel 
inverters can be classified according to switching frequency, as 
shown in Fig.4.  
 

 
Fig. 4. Classification of multilevel modulation methods 

Among these modulation methods, Selective Harmonic 
Elimination is being discussed here. 

 
Selective Harmonic Elimination (SHE) is an off-line (precal-

culated) non carrier based PWM technique. In this method the 
basic square-wave output is "chopped" a number of times, 

which are obtained by proper off-line calculations [8]    
Figure.4 shows a generalized quarter-wave symmetric 

stepped voltage waveform synthesized by a (2m+1) -level in-
verter, where m is the number of switching angles. By apply-
ing Fourier series analysis, the amplitude of any odd nth har-
monic of the stepped waveform can be expressed as (4), 
whereas the amplitudes of all even harmonics are zero.  

Where Vk is the Kth level of dc voltage, n is an odd har-
monic order, m is the number of switching angles, and ak is 
the the switching angle. where a1 to am must satisfy 

a1 < a2 < a3<…….< am-1< am< π/2 
To minimize harmonic distortion and to achieve adjustable 

amplitude of the fundamental component, up to m-1 harmon-
ic contents can be removed from the voltage waveform. In 
general, the most significant low-frequency harmonics are 
chosen for elimination by properly selecting angles among 
different level inverters, and high-frequency harmonic com-
ponents can be readily removed by using additional filter cir-
cuits. To keep the number of eliminated harmonics at a con-
stant level, all switching angles must be less than π/2. 
 

 
Fig.4. Generalized Stepped - Voltage Waveform 

 

5 A LITERATURE SURVEY REGARDING WITH 
SELECTIVE HARMONIC ELIMINATION IN UPS 

      Several literary works related to alleviation of harmonics 
are available in the literature. A few most recent research works 
in this topic are reviewed in this section. 

     Wells et al. [10] have proposed a modulation-based tech-
nique for generating pulse waveforms with selective harmonic 
elimination (SHE). Modulation index cannot be set exactly Is the 
drawback of this method.  Ghennam, T. and Darwish, M. [11] 
have proposed a hybrid parallel active filter/offline UPS system 
for computer loads.  Saied, B.M., Alias, Q.M. and AL-soufy, A.S 
[12] have investigated neural network and fuzzy logic-based SHE 
PWM technique. Here, the neural network (NN)-based fuzzy 
rules were affected by any interference problem.  

       Dahidah, M.S.A. and Agelidis, V.G. [13] have proposed a 
generalized formulation for SHE-PWM control, suitable for high 
voltage high-power cascaded multilevel voltage source converter 
(VSC). 

       Du et al. [14] have presented a reduced switching-
frequency active-harmonic-elimination method. Jagdish Kumar, 
Biswarup Das, and Pramod Agarwal [15] have proposed New-
ton-Raphson method that produces all possible solution sets 
when they exist. The advantages are it can produce all possible 
solution sets for any numbers of multilevel inverter without 
much computational burden, speed,of convergence is fast etc. 
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      Faiz, J. and Shahgholian, G. [16] and Faiz, J. and Shahg-
holian, G. [17] have proposed a control system and multiple fil-
ters for three phase PWM inverter connected to nonlinear load. 
Here,  when the inverter level varies, the filter order gets changed 
is the drawback of multiple  filters. A neural and neuro-fuzzy 
controller for enhancing the transient response and flexibility of 
the inverters of UPS to a variety of loads has been presented by 
Bhoopal, N. and Madhav, G.V. [18]. As well, Du et al. [19] have 
presented a cascaded H-bridge multilevel inverter that has been 
implemented using only a single dc power source and capacitors.  

    Salam, Z. [20] has proposed a HEPWM scheme for voltage 
source inverters (VSI) based on the curve fittings of certain poly-
nomial functions. For controlling the modulation index of VSC, 
Nayeripour et al. [21] and Al-Othman, A.K.and Al-Mekhaizim, 
H.A. [22] have proposed a fuzzy linear regression model for 
computing the optimal solution set of switching angles. Howev-
er, the fuzzy regression model is only applicable for linear opti-
mization problem. 

Zainal Salam and N.Bahari [23] have proposed an approach 
to use Differential Evolution search method to determine the 
switching angles of SHE-PWM. It has been shown that the meth-
od can accurately compute the SHE-PWM switching angles 
without having to make “correct” guesses on the initial values of 
the switching angles. Reza Salehithe et al. [24] have applied 
SHEPWM switching approach to multilevel inverters in order to 
eliminate the low order harmonics in a broad variety of modula-
tion indexes. However, the harmful harmonics such as the fifth 
order harmonic still remain in the output waveform 

      Azab, M. [25] has proposed PSO-based SHE technique for 
controlling PWM inverter. However, it is difficult for adapting 
undefined switching angles using the proposed PSO-based har-
monic elimination technique. Merry Gaisa, J. and Rajaram, 
M.[26] have proposed a technique that has utilized the fuzzy log-
ic and artificial neural network for the optimal selection of switch-
ing angles. In the neural network-based controller, the training 
dataset is necessary for analyzing the load variation of UPS. 
However, the training dataset generation is one of the complicat-
ed processes. Antony Albert, A.V., Rajasekaran, V. and 
Selvaperumal, S.  [27] have proposed a technique, which elimi-
nates the harmonics by generating negative harmonics with 
switching angles calculated for selective harmonic elimination 
method. However, the SHE method was in competent in produc-
ing optimal switching angle.  

    Pandi Perumal, M. and Nanjudapan, D. [28] have present-
ed an optimal solution for eliminating pre-specified order of 
harmonics of a multilevel inverter.  

    Also, Venkatramanan, C.B., Jayakumar, K.S. and Yuvara-
ni, B. [29] have proposed SHE-PWM control for cascaded voltage 
source multilevel inverter based on genetic algorithm (GA) opti-
mization. There was no absolute assurance that the GA will find 
the global optimum solution. Mitali Shrivastava, Varsha Singh 
and Swapnajit Pattnaik [30]have proposed to solve selective 
harmonics elimination problem in PWM inverters using artificial 
neural network. Ayoub Kavousi  et al.[31] have proposed the bee 
algorithm for SHE in multilvel inverter and found that results 
show accuracy and ability of bee algorithm for convergence ob-
jectives. Also, solutions have near probability to attain global 
minimum for 1, 2, 5, and 10 times runs and this probability is 
higher than the same runs for genetic algorithm (GA). Suman 

Debnath and Rup Narayan Ray [32] have proposed genetic al-
gorithm and particle swarm optimization (PSO) are used for 
THD minimization in Cascaded H-Bridge Multilevel Inverter.it is 
observed that GA technique provides superior performance 
compared to PSO as far as the minimization of THD is concerned.  

Merry Geisa and M. Rajaram [33] have proposed hybrid 
technique utilises an iterative technique and fuzzy logic for the 
optimal selection of switching angles. Comparison result has 
proved that the proposed method was capable of achieving better 
performance and reduced computational time. Prashanth L Go-
pal and F.T Josh [34] have proposed the performance of cascad-
ed multilevel inverter based computation of switching angle us-
ing Genetic Algorithm as well as conventional Newton Raphson 
approach and a significant improvement in harmonic profile is 
achieved in the GA based approach. Rupali Mohanty, 
Sthitaprajna Rath and Surya Prasad Mishra [35] have proposed 
a comparative study of harmonic elimination in cascade multi-
level inverter using particle swarm optimization (PSO) and genet-
ic algorithm for 11 level cascaded H bridge and found that PSO 
has better THD.  

    Ali Ajami, Mohammad Reza Jannati Oskuee, and Ata Ol-
lah Mokhberdoran, [36] have proposed an the imperialist com-
petitive algorithm (ICA) to determine the optimum switching 
angles of a 9-level inverter and also to exert the SHE-PWM prob-
lem with larger number of switching angles, Simulation and ex-
perimental results are provided for a 9-level inverter to confirm 
the accuracy of suggested method.  Also to develop the sufficien-
cy of the SHE to all range of modulation index a DC-DC convert-
er is used to control the input DC voltage of the inverter which 
improves the SHE effectiveness on eliminating the undesired 
harmonics. B.Srava and B.Seshur [37] have proposed a adaptive 
hybrid technique that is it uses the fuzzy and artificial neural 
network in selecting switching angle. 

6 SUMMARY 
The total harmonic distortion (THD) and computational time for 
different methods like particle swarm optimization (PSO), genetic 
algorithm (GA), Bee Algorithm (BA), artificial neural network 
(ANN), fuzzy logic (FL), ANN and FL, enhanced hybrid tech-
nique (fuzzy logic and iteration technique)(FL+Iter.) are noted 
from literature for selective harmonic elimination in 7 level in-
verter and are listed below in Table 1 and a comparison chart is 
plotted in fig 5. 

 
TABLE 1 

THD AND COMPUTATIONAL TIME OBTAINED BY DIFFERENT METHODS 

  THD% Comp. 
Time 

PSO 3.7257 1.880862 

GA 3.7764 0.0049 

BA 8.99 1.035 

ANN 4.2373 0.2021 

FL 1.8468 0.0795 

ANN+FL 2.0713 12.724 

FL+Iter. 1.0157 0.039475 
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FL+Iter. 1.0157 0.039475 

 
 

 
 

Fig.5. Comparison of different methodologies 
In the above Table 1 , it is found that the enhanced hybrid tech-
nique is  best suited with low THD and less computational time. 
 

7 CONCLUSION 

This paper has provided a brief summary of UPS, multilevel 
inverter circuit topologies and their control strategies especially 
selective harmonic elimination. A survey of several technical 
literature concerned with selective harmonic elimination in UPS 
with different methodology and according to literature it is found 
that the enhanced hybrid technique is best suited in reduction of 
total harmonic reduction with less computational time compared 
to that of other methodology .In future the work may be 
extended such that the applied methodology gives solution with 
less computational time, thus making it fit to be used in real time 
where the modulations indices (MI) may vary frequently and for 
every new MI we need to calculate a new set of switching 
instants. 
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