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Abstract – Selective harmonic elimination (SHE-PWM) offers 

tight control of the harmonic spectrum of a given voltage and/or 

current waveform generated by a power electronics converter. 

Due to its formulation and focus on elimination of low-order 

harmonics, it is highly beneficial for high-power converters 

operating with low switching frequencies. Over the last decade, 

the application of SHE-PWM has been extended to multilevel 

converters. This paper provides a comprehensive review of the 

SHE-PWM modulation technique, aimed at its application to 

multilevel converters. 

Index Terms – pulse width modulation (PWM), selective 

harmonic elimination (SHE). 

1. INTRODUCTION 

The performance characteristics of inverter/rectifier 

conversion systems largely depend on the choice of the 

particular PWM technique [1], [2].PWM techniques can be 

broadly classified as carrier-based sinusoidal PWM(SPWM), 

space vector modulation (SVM) or SHE-PWM. Historically, 

SHE was proposed in the early 1960s, when it was found that 

low-order harmonics could be suppressed by adding several 

switching angles in a square wave voltage [3]. Years later [4], 

[5], the idea was extended using Fourier series to 

mathematically express the harmonic contents of a PWM 

waveform by a group of nonlinear and transcendental 

equations. Transitions were then calculated in such a way that 

the low-order harmonics are set to zero while keeping the 

fundamental at a predefined value. SHE-PWM demonstrates 

several characteristics including [1]: 

1) High performance with low ratio of switching frequency to 

fundamental frequency; 

2) High voltage gain and wide converter bandwidth; 

3) Smaller filtering requirements; 

4) Elimination of low-order harmonics, resulting in no 

harmonic interference such as resonance with external line 

filtering networks, typically employed in inverter power 

supplies; 

5) Low switching losses with tight control of harmonics and 

ability to leave triplen harmonics uncontrolled to take 

advantage of circuit topology in a three-phase system; 

6) Performance indices that can also be optimized for different 

quality aspects, such as voltage/current THD. 

2. CLASSIFICATION OF SHE - PWM FORMULATIONS 

 

Figure 1. Classification of SHE – PWM 

SHE-PWM is based on the Fourier series decomposition of the 

periodic PWM voltage waveform generated by a power 

electronics converter, as given by (1), and calculation of the 

switching angles (αi ) that eliminate/control the selected low 

order harmonics. 

 

There are several ways to define a given SHE-PWM problem, 

as illustrated in Figure. 1. The simplest formulation of the SHE-
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PWM problem for both two-level and multilevel waveforms 

assumes QW symmetrical waveforms. This greatly simplifies 

the formulation and solution process, since the dc component, 

even harmonics and the sine coefficients of odd harmonics are 

all equal to zero, resulting in the least number of equations 

requiring solution. 

3. MULTILEVEL INVERTER TOPOLOGIES 

Owing to the recent popularity and immense industrial usage 

of multilevel inverters, a lot of research is going on in the field 

of multilevel inverter topologies. All these topologies have 

various applications along with their inherent limitations. 

There are two methods of controlling multilevel inverters: 

 PWM Control (allows variations in output voltage) 

 Line Frequency Control (does not allow variation in 

output voltage) 

3.1 Cascaded H-Bridge Multilevel Inverters 

 They consist of switching devices and diodes arranged 

in an H-bridge configuration. 

 Changing the pattern of switches give different 

voltage levels. 

 The usual inverter uses separate DC sources but 

another topology using only single DC source is also 

available. 

 

Figure 2. Cascaded H-Bridge Multilevel Inverters 

Advantages: 

 We get same switching frequencies for all the 

switches. 

 Modular structure is easier to analyze. 

Disadvantages: 

 Separate DC sources are required. 

3.2 Diode Clamped Inverters 

 Diode clamped inverters are also known as neutral 

point inverters. 

 They aim at converting the DC source voltage into 

capacitor voltage. 

 For n levels, n-1 consecutive switches from a single 

phase must be turned on. 

 For n levels, n-1 capacitors are required. 

Advantages: 

 Low cost and less components due to less number of 

capacitors. 

 Can be operated on SDCS. 

Disadvantages: 

 For more than three levels, the charge balance gets 

disturbed. 

 Output voltage gets limited. 

3.3 Capacitor Clamped Inverters 

 Also known as flying capacitor inverters (because 

they float with respect to earth’s potential), they use 

capacitors as clamping devices instead of diodes. 

 The clamping capacitors have to be pre-charged 

before using them in the inverter. 

 Only one switch out of each pair has to be in the on 

state necessarily to ensure the balanced configuration. 

 There are redundant states of switches to guarantee 

balanced voltages in floating capacitors. 

Advantages: 

 Each branch can be analyzed independently. 

Disadvantages: 

Pre-charging capacitors is difficult. 

4. OTHER TOPOLOGIES 

Numerous other topologies have been proposed which aim at 

combining the benefits of these basic topologies or removing 

their disadvantages. Few of the relatively popular ones are 

mentioned: 

 Generalized P2-cell Multilevel Inverter 

Abbreviated as GMLI, this cell has the capability to self- 

balance, which the previous topologies lacked. This comes 

really handy while delivering active power. GMLI has two 

voltage level cells. Each contains two pairs of diodes and 

http://engineering.electrical-equipment.org/tag/multilevel-inverter
http://engineering.electrical-equipment.org/tag/output-voltage
http://engineering.electrical-equipment.org/tag/clamped-inverters
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switches and one capacitor in each cell. All these cells are 

connected in a triangle. 

 Reversing Voltage Multilevel Inverter 

RVMLI is a relatively less popular topology. It first gives only 

half wave by sending only positive value and then by using a 

converter, it changes it into negative value half way through to 

give out a complete sine wave. 

 Modular Multilevel Inverter 

Modular multilevel is a new topology and as its name suggests, 

its design strategy involves modules. Modular approach has 

been accepted as an easier and better approach by many 

schools. Every module consists of half bridge. 

Which of the topologies is the best depends, upon place where 

you use it and you requirements. There are many types of 

multi-level inverters, designed according to different 

applications and their uses. 

5. CLASSIFICATION OF SHE - PWM ALGORITHMS 

AND SOLVING TECHNIQUES 

The various algorithms and solving techniques for obtaining 

the optimal and/or multiple sets of solutions for a range of 

SHE-PWM is shown in the figure 3. 

 

Figure 3. Classification of SHE-PWM algorithms and solving 

techniques. 

 

Figure 4 Generalized three-level SHE PWM waveform 

6. CONCLUSION 

The selective harmonic eliminated PWM technique is 

reviewed. SHE-PWM is a very promising approach for future 

advanced power conversion systems, and there is a wide range 

of research opportunities across different aspects that should be 

investigated to improve its features and practicality. 

REFERENCES 

[1] P. N. Enjeti, P. D. Ziogas, and J. F. Lindsay, “Programmed PWM 
techniques to eliminate harmonics: A critical evaluation,” IEEE Trans. 

Ind. Appl., vol. 26, no. 2, pp. 302–316, Mar./Apr. 1990. 

[2] T. A. Lipo and D. G. Holmes, Pulse-Width Modulation for Power 
Converters Principles and Practice. Piscataway, NJ, USA: IEEE Press, 

2003. 

[3] F. G. Turnbull, “Selected harmonic reduction in static dc-ac inverters,” 
IEEE Trans. Commun. Electron., vol. CE-83, no. 73, pp. 374–378, Jul. 

1964. 

[4] H. S. Patel and R. G. Hoft, “Generalized techniques of harmonic 
elimination and voltage control in thyristor inverters: Part I—harmonic 

elimination,” IEEE Trans. Ind. Appl., vol. IA-9, no. 3, pp. 310–317, 

May/Jun. 1973. 
[5] H. S. Patel and R. G. Hoft, “Generalized techniques of harmonic 

elimination and voltage control in thyristor inverters: Part II—voltage 

control techniques,” IEEE Trans. Ind. Appl., vol. IA-10, no. 5, pp. 666–
673, 

[6] P. Vignesh, T. Jayakumar, “DSP Based Wireless Reflectance Pulse 

Oximeter for Photoplethysmograms” International Journal of Science 
and Research (IJSR), vol. 3 Issue 11, November 2014, pp.534 – 537. 

[7] T. Jayakumar, “Automation on PLC Furnace System Using Labview” 

International Journal of Electronics & Communication Technology, 
IJECT Vol. 4, Issue 1, Jan - March 2013, pp. 317 – 320. 

[8] P. Vignesh, T. Jayakumar, “Implementation Of An Automatic 

Defribillator For Cardiac Patients” International Journal of Advanced and 

Innovative Research (2278-7844) / # 206 / Volume 4 Issue 2, pp. 206 – 

209. 

[9] Karthic P.T, T.Jayakumar ,  K.Tamilselvan, “ Feautre Extraction For 
Human Identifiction using Finger And Palm Images” International 

Journal Of Technology & Engineering Research (IJOTER) Volume (4), 

Issue (1), January - June- 2016 (e) 0980-9589 (p) 0980-9589x 
[10] K.Tamilselvan,  R.Krishnaraj,  P.Sukumar,  T.Jayakumar, “Security 

Method for Human Finger and Palm Images Identification” International 

Journal of Emerging Technologies in Engineering Research (IJETER) 
Volume 4, Issue 6, June (2016) pp. 77 -80 

Author 

T.Jayakumar received his B.E degree in Electronics and 
Instrumentation Engineering from Erode sengunthar 

Engineering College, Anna University- Chennai, in the year 
2009 and M.E degree in Control and Instrumentation from 

University departments, Anna University of Technology-

Coimbatore in the year 2011. Currently he is working as 

Assistant Professor in Nandha Engineering College 

(Autonomous), Perundurai. His field of interest includes Multilevel Inverter, 

Power quality, Solar Energy Conversion System. 


