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 ABSTRACT 
In this paper proposes a SPWM control strategy fifteen 

level cascaded H- bridge multi level inverter. This 

method introduce sine wave is compared with the 

triangular carrier wave with different phase relationship. 

The carrier based Phase disposition PDPWM, 

PODPWM, APODPWM have been analyzed in this 

paper. The PWM control strategy method for multi level 

inverter to reduce the total harmonics distortion in the 

output waveform. The simulation is done by matlab / 

simulink environment. 

Keywords 

 PWM, SPWM, PDPWM, PODPWM, APODPWM 

1. INTRODUCTION 

In recent years multi level inverters are used high power 

and high voltage applications. Multilevel inverter output 

voltage produce a staircase output waveform, this 

waveform look like a sinusoidal waveform. The 

multilevel inverter output voltage having less number of 

harmonics compare to the conventional bipolar inverter 

output voltage. If the multilevel inverter output increase 

to N level, the harmonics reduced to the output voltage 

value to zero. The multi level inverters are mainly 

classified as Diode clamped, Flying capacitor inverter 

and cascaded multi level inverter. The cascaded 

multilevel control method is very easy when compare to 

other multilevel inverter because it doesn’t require any 

clamping diode and flying capacitor [5]. 

 

There are two PWM methods mainly used in multilevel 

inverter control strategy. One is fundamental switching 

frequency and another one is high switching frequency. 

For high switching frequency classified as space vector 

PWM, Selective Harmonics Elimination PWM and 

SPWM. Among these PWM methods SPWM is the most 

used for the multilevel inverter, because it has very 

simple and easy to implemented. In this paper present 

SPWM method with the different carrier based 

disposition PDPWM, PODPWM and APODPWM has 

been analyzed [3]. 

 

 

 

 

 

 

2. CASCADED MULTILEVEL 

INVERTER TOPOLOGY 

A cascaded multilevel inverter made up of from series 

connected single full bridge inverter, each with their own 

isolated dc bus. This multilevel inverter can generate 

almost sinusoidal waveform voltage from several 

separate dc sources, which may be obtained from solar 

cells, fuel cells ,batteries, ultra capacitors, etc. this type 

of converter does not need any transformer or clamping 

diodes or flying capacitors [11].  

Each level can generate three different voltage outputs 

+Vdc, 0 and –Vdc by connecting the dc sources to the ac 

output side by different combinations of the four 

switches. The output voltage of an M-level inverter is the 

sum of all the individual inverter outputs. Each of the H-

bridge’s active devices switches only at the fundamental 

frequency, and each H-bridge unit generates a quasi-

square waveform by phase-shifting its positive and 

negative phase legs switching timings. Further, each 

switching device always conducts for 180˚ (or half cycle) 

regardless of the pulse width of the quasi-square wave so 

that this switching method results in equalizing the 

current stress in each active device [7].  

This topology of inverter is suitable for high voltage and 

high power inversion because of its ability of synthesize 

waveforms with better harmonic spectrum and low 

switching frequency. Figure 1 shows the power circuit of 

an eleven level cascaded inverter composed of five full 

bridge inverters connected in series on each phase [5]. 

 

Fig.1: Power circuit of a cascaded eleven level 

inverter 

Considering the simplicity of the circuit and advantages, 

Cascaded H-bridge topology is chosen for the presented 
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work. A multilevel inverter has four main advantages 

over the conventional bipolar inverter. First, the voltage 

stress on each switch is decreased due to series 

connection of the switches. Therefore, the rated voltage 

and consequently the total power of the inverter could be 

safely increased. Second, the rate of change of voltage 

(dV/dt) is decreased due to the lower voltage swing of 

each switching cycle. Third, harmonic distortion is 

reduced due to more output levels. Fourth, lower acoustic 

noise and electromagnetic interference (EMI) is obtained. 

3. MODELLING OF CASCADED H-

BRIDGE INVERTER 

For each full bridge inverter the output voltage is 

given by  

0 1 2( )i dc i iV V S S    (1) 

And the input dc current is 

1 2( )dci a i iI I S S    (2) 

Where, 

(a)      i =1…7 (number of full bridge inverters 

employed) for the 15 level type. 

(b)      Ia is the output current of the cascaded inverter. 

(c)       S1i and S2i are the upper switch of each full bridge 

inverter. 

Now the output voltage of each phase of the multilevel 

cascaded inverter is given by: 

0 0n iV V         i = 1, 2....n  (3) 

4. CARRIER BASED DISPOSITION 

PWM METHOD 

This work is done utilizing the simplicity of multi carrier 

sine PWM. This is explained in the following paragraph. 

For an n-level inverter, n-1 carriers with the same 

frequency fc and the same amplitude Ac are disposed 

such that the bands they occupy are contiguous. The 

reference waveform has maximum amplitude Am, a 

frequency fm, and its zero centered in the middle of the 

carrier set. The reference is continuously compared with 

each of the carrier signals. If the reference is greater than 

a carrier signal, then the IGBT corresponding to that 

carrier is switched on and if the reference is less than a 

carrier signal, then the IGBT corresponding to that 

carrier is switched off [3]. 

Carrier based disposition PWM methods were first 

proposed by Carrara et al[2]. Previous works on PWM 

techniques shows that disposition technique for diode 

clamped and PSCPWM for cascaded inverter five rises to 

same harmonic profile for the same number of total 

switch transition. Hence these techniques can be 

efficiently applied for Diode Clamped and Cascaded 

Multilevel Inverter. The phases of carrier signals are 

rearranged to produce three main disposition techniques 

known as PD, POD and APOD [2]. 

Carrier Disposition method arrange N-1 carrier 

waveform of same amplitude and frequency in 

continuous bands to fully occupy the linear modulation 

range of the inverter. The reference or modulating wave 

is positioned at the center of the carrier set, and 

continuously compared with the carriers to obtain the 

necessary gating pulses [3]. 

In multilevel inverters, the amplitude modulation index 

(ma) is the ratio of reference amplitude (Am) to carrier 

amplitude (Ac). 

/ ( 1)a m cm A m A    (4) 

The frequency ratio (mf) is ratio of carrier frequency (fc) 

to reference frequency (fm). 

/f c mm f f    (5) 

4.1 Phase Disposition Modulation Method 

(PDPWM) 

In phase disposition method all the carriers have the 

same frequency and amplitude. Moreover all the N-1 

carriers are in phase with each other. It is based on a 

comparison of a sinusoidal reference waveform with 

vertically shifted carrier waveform as shown in figure 2. 

This method uses    N – 1 carrier signals to generate N 

level inverter output voltage [3]. All the carrier signals 

have the same amplitude, same frequency and are in 

phase [7]. In this method fourteen triangular carrier wave 

have compared with the one sinusoidal reference wave.  

 

Fig. 2: Phase Disposition Modulation 
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4.2 Phase Opposition Disposition PWM 

(PODPWM) 

In Phase Opposition Disposition (POD), the carrier 

signal above the zero axis all the carrier wave have same 

frequency, same amplitude and in phase each other. But 

the below the zero axis all the carrier wave have same 

frequency, same amplitude and in phase but all carrier 

wave have phase shifted 180 degree compare to the 

above zero axis carrier waveform [3]. 

 

Fig. 3: Phase Opposition Disposition 

4.3 Alternate Phase Opposition 

Disposition PWM (APODPWM) 

In Alternate Phase Opposition Disposition PWM 

(APOD), every carrier waveform is out phase with its 

neighboring carrier wave by 180 degree as shown in 

figure 4. All the carrier waveform have same frequency, 

same amplitude and but compare one carrier waveform to 

neighbor carrier waveform is phase shifted 180 degree. 

Odd carrier waveforms are in phase but compare to even 

carrier waveform are out of phase shift 180 degree in odd 

carrier waveform [3]. 

 

Fig. 4: Alternate Phase Opposition Disposition 

5. SIMULATION 

The fifteen level cascaded H bridge multi level inverter is 

simulated in matlab / simulink environment. The various 

method of the carrier based disposition analysis and gets 

the output waveform in the fifteen level inverter. SPWM 

generation circuit contains fourteen carrier wave and one 

reference sine wave, then compared signal is given to the 

corresponds IGBTS to the multilevel inverter. 

 

Fig. 5: Simulation Diagram of Fifteen Level Inverter 
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Fig .6: SPWM generator circuit for fifteen level 

inverter 

 

Fig. 7: Fifteen level inverter output voltage 

Table 1 

% THD for different PWM 

MI PD POD APOD 

0.5 20.12 22.13 24.86 

0.6 17.54 19.13 22.78 

0.7 15.12 17.39 18. 37 

0.8 13.89 16.94 17.14 

0.9 8.41 10.76 12.14 

 

6. CONCLUSION 

The SPWM control strategy method for the fifteen level 

cascaded H bridge multi level inverter has been presented 

in this paper. The carrier based disposition of PDPWM, 

PODPWM, APODPWM method have simulated and 

results have been tabulated. The PDPWM method has 

given the better results for all modulation indexes. The 

simulation of fifteen level cascaded H bridge multi level 

has been designed and simulated as MATLAB / Simulink 

environment. The different kinds of modulation index 

and load have simulated in the simulation but better 

results are tabulated in this paper. 
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