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ABSTRACT 

 This paper presents sequential switching hybrid-modulation strategies for cascaded 

multilevel inverters and comparison of two hybrid pulse width modulation techniques. The 

main characteristics of these modulations are the reduction of switching losses with good 

harmonic performance, balanced power loss dissipation among the devices with in a cell. The 

feasibility of these hybrid modulations are verified Matlab/SImulink software and simulation 

results are presented. 
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INTRODUCTION 

 With the advancement of power electronics and emergence of new multilevel 

converter topologies, it is possible to work at voltage levels beyond the classic semiconductor 

limits. The multilevel converters achieve high-voltage switching by means of a series of 

voltage steps, each of which lies within the ratings of the individual power devices. Among 

the multilevel Converters [1-4], the cascaded H-bridge topology (CHB) is particularly 

attractive in high-voltage applications, because it requires the least number of components to 

synthesize the same number of voltage levels.  

Multilevel inverter (MLI) has some special features: high-voltage capability with 

voltage limited devices, low harmonic distortion, reduced switching losses, increased 

efficiency and good electromagnetic compatibility. Various MLI structures are reported in the 

literature and the cascaded multilevel inverter (CMLI) appears to be superior to other at high-

power rating because of its modular nature of modulation, control and protection 

requirements of each full bridge inverter (FBI). Many new modulation techniques have been 

developed to cater the growing number of MLI topologies. Many new modulations have been 

developed to cater the growing number of MLI topologies. They are aimed at generating a 

stepped switched waveform that best approximates an arbitrary reference signal with 

adjustable amplitude, frequency, and phase fundamental component that is usually a sinusoid 

in steady state. 

 Most of the modulation methods developed for MLI is based on multiple-carrier 

arrangements with pulse width modulation (PWM). The carriers can be arranged with vertical 

shifts (phase disposition, phase opposition disposition, and alternative phase opposition 

disposition (APOD) PWM), or with horizontal displacements (phase- shifted carrier (PSC) 
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PWM). Hybrid modulation is to improve the performance of the MLI. Zaragoza et al. have 

proposed hybrid modulation for the neutral point clamped converter to control low-frequency 

voltage oscillations, which fails the power-loss reduction. To reduce the switching loss of 

multilevel sinusoidal-modulation (MSPWM) schemes with low computational overhead. 

Also, it covers the methodology for equal power dissipation among the power devices, and 

the power modules. 

 
 

Fig. 1. Schematic diagram of the inverter topology used to verify the proposed hybrid 

modulations 

II. REVIEW OF MSPWM SCHEMES 

  

A. PWM Techniques  for CHB Inverter 

The most popular PWM techniques for CHB inverter are 1. Phase Shifted Carrier 

PWM (PSCPWM), 2. Level Shifted Carrier PWM (LSCPWM)  

Case-1:- Phase Shifted Carrier PWM (PSCPWM) 

 Fig 2 shows the Phase shifted carrier pulse width modulation. In general, a multilevel 

inverter with m voltage levels requires (m–1) triangular carriers. In the phase shifted 

multicarrier modulation, all the triangular carriers have the same frequency and the same 

peak-to-peak amplitude, but there is a phase shift between any two adjacent carrier waves, 

given by φcr = 360
0
 / (m – 1). The modulating signal is usually a three-phase sinusoidal wave 

with adjustable amplitude and frequency. The gate signals are generated by comparing the 

modulating wave with the carrier waves. 
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Fig 2: phase shifted carrier PWM 

It means for the five level inverter, four are triangular carriers are needed with a 90° 

phase displacement between any two adjacent carriers. In this case the phase displacement of 

Vcr1 = 0°, Vcr2 = 90°, Vcr1- = 180° and Vcr2- = 270°. 

Case-2:- Level Shifted Carrier PWM (LSCPWM)  

The Level shifted carrier pulse width modulation. An m-level Cascaded H-bridge 

inverter using level shifted modulation requires (m–1) triangular carriers, all having the same 

frequency and amplitude. The frequency modulation index is given by mf = fcr / fm, which 

remains the same as that for the phase-shifted modulation scheme. The multilevel converter 

with multilevel requires (m1) triangular carriers with same amplitude and frequency. The 

frequency modulation index „mf‟ which can be expressed as: 

 mf = fcr / fm                                        (1) 

where fm is modulating frequency and fcr are carrier waves frequency. The amplitude 

modulation index „ma‟ is defined by  

     ma = Vm / Vcr (m-1) for 0 ≤ ma ≤ 1                            (2) 

Where Vm is the peak value of the modulating wave and Vcr is the peak value of the each 

carrier wave [1]. The amplitude modulation index, ma is 1 and the frequency modulation 

index, mf is 6. The triggering circuit is designed based on the three phase sinusoidal 

modulation waves Va, Vb, and Vc. Three of the sine wave sources have been obtained with 

same amplitude and frequency but displaced 120° out of the phase with each others. For  

 

Fig 3: Alternative phase opposite disposition (APOD) 
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carriers wave sources block parameters, the time values of each carrier waves are set to [0 

1/600 1/300] while the outputs values are set according to the disposition of carrier waves. 

After comparing, the output signals of comparator are transmitted to the IGBTs. Fig 4 shows 

the waveforms based on level shifted multilevel modulations. Alternative phase opposite 

disposition (APOD) fig 3, where all carriers are alternatively in opposite disposition. where all 

carriers above zero reference are in phase but in opposition with those below the zero 

reference .  

B. Hybrid pulse width modulation  

The comparison is give in between the Alternate phase opposition disposition and the 

Phase shifted carrier PWM methods. The wave structures as follows. 

 

Fig.4 Hybrid Alternate phase opposition disposition technique 

  

Fig.4 Shows the Hybrid Alternate phase opposition disposition  which contains the 

two carrier waves each are level shifted by the amplitude of carrier wave and the half wave. 

 
 

Fig 5: Hybrid Phase shifted Carrier pulse width modulation technique. 

Fig.5 shows the Hybrid Phase shifted PWM two carrier waves each are phase shifted by 

90
0
. 
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III. SEQUENTIAL SWITCHING HYBRID MODULATION 

A. Basic Principle of This Modulation 

  

Fig 6: Block diagram of  five level base modulation Hybrid PSC 

Hybrid modulation is the combination of fundamental frequency modulation (FPWM) and 

MSPWM for each inverter cell operation, so that the output inherits the features of switching-

loss reduction. In this modulation technique, the four switches of each inverter module are 

operated at two different frequencies; two being commutated at FPWM, while the other two 

switches are modulated at MSPWM, therefore MPWM, therefore the resultant switching 

patterns are the same as those obtained with MSPWM. Fig. 6 shows the switching scheme for 

Hybrid PSC. 

B. Proposed Modified Hybrid Modulation 

 

Fig 7: Scheme of proposed sequential switching hybrid modulation. 

Fig. 7 shows the sequential switching hybrid modulation scheme. In this scheme for first 

half cycle of reference wave form the gate pulse is given to top switch and inverse of gating 

pulse is given to bottom switch of same leg. In the next half cycle the gating pulse is given to 

bottom switch and inverse of gating pulse is given to bottom switch. With this technique over 

two cycles the turn on and turn off equal. 
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C. Hybrid-Modulation Controller 

HMC combines SSP, FPWM, and MSPWM that produces SSHM pulses. It is designed by 
using a simple combinational logic and the functions for a five-level HPWM are expressed as 

S1=ABC    +A‟B S5=ABD‟  +A‟B 

S2=AB‟C   +A‟B‟ S6=AB‟D  +A‟B‟ 

S3=A‟B‟C‟+AB‟ S7=A‟B‟D +AB‟ 

S4=A‟BC   +AB S8=A‟BD  +AB 

where A is an SSP, B is an FPWM, C is an MSPWM for cell-I and D is an MSPWM for 

cell-II. each gate pulse is composed of both FPWM and MSPWM. If SSP A = 1, then S1, S2, 

S1’, and S2‟ are operated with MSPWM, while S3, S4, S3’, and S4 are operated at FPWM. If 

SSP A = 0, then S1, S2, S1’, and S2’ are operated at FPWM, while S3, S4, S3’, and S4’ are 

operated with MSPWM. Since A is a sequential signal, the average switching frequency 

amongst the four switches is equalized. Voltage stress and current stress of power switches in 

each cell is inherently equalized with this modulation. 

IV. MATLAB/SIMULINK MODELING 

 
 

Fig 8: Simulink block diagram  

Fig. 8 shows the Matlab/Simulink model of proposed modified hybrid modulation of single 

phase cascaded multilevel inverter. It consists of eight switches in the form of two H-Bridge 

cells. 
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Fig 9: Simulation diagram of 5-level base modulator of HAPOD. 

  

 

Fig 10: Simulation diagram of 5-level base modulator of HPSC 

 Fig. 9 & 10 shows the simulation diagram of 5-level base modulator of HAPOD and 

HPSC in which it is a combination of fundamental frequency modulation and multilevel 

sinusoidal-modulation for each inverter cell operation 



INTERNATIONAL JOURNAL OF ADVANCED SCIENTIFIC RESEARCH AND TECHNOLOGY                                          

ISSUE 2, VOLUME 3 (JUNE- 2012)                                                                                                                ISSN: 2249-9954 
 

 Page 272 
 

 

Fig 11: Hybrid switching pulses. 

Fig. 11 shows the gating pulses of Hybrid pulses of eight switches. From the figure it is 

clear that over four cycles the on time and off time of each switch is equal.  

 

Fig.12 5-level phase HAPOD voltage waveform 

 

Fig.13 5-level phase HPSC output voltage waveform 

Fig. 12 and 13 shows the multilevel phase voltages of HAPOD and HPSC. The phase 

voltage consists of five levels. 
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Fig. 14 FFT analysis of phase voltage 

Fig. 14 shows the FFT analyses of phase voltage. From the figure it is clear that the total 

THD is 27 %. The lower order harmonics are shifted to higher order by using the pulse width 

modulation technique. 

 

Fig.15 Harmonic measures of SSHM techniques of THD 

 Fig.15 shows the comparison of THD analysis of SSHM technique applied to the 

HAPOD and HPSC. Among them these two similar to each other. But HAPOD is 

exponentially decaying and HPSC is oscillating across the HAPOD.   

V. CONCLUSION 

Cascaded H-bridge multilevel inverter is popular in multilevel inverter family. Out of 

various PWM techniques Level shifted carrier APOD gives good harmonic performance. This 

paper presents sequential switching hybrid-modulation strategies for cascaded multilevel 

inverters. The main characteristics of these modulations are the reduction of switching losses 

with good harmonic performance, balanced power loss dissipation among the devices with in 

a leg. Finally the proposed technique is simulation results are compared and presented. 
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