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Abstract 

This dissertation presents a comparative analysis of three modulation techniques, 

namely, Phase Disposition (PD), Phase Opposition Disposition (POD), and 

Alternative Phase Opposition Disposition (APOD) techniques. The three 

modulation renewable techniques discussed above are suitable in Cascaded 

Multilevel Inverter (CMI) for PV systems by using Perturb & Observe (P&O).It 

is useful in high-power applications. The system behaviour was examined, and 

the benefits and downsides of each technique were thoroughly described. Total 

Harmonic Distortion (THD) and RMS voltage were the key comparison metrics 

used in the investigation. A comprehensive P&O study was conducted on the 

basis of system stability. Utilizing the P&O MPPT Algorithm and 

MATLAB/Simulink, the effectiveness of three modulation approaches were 

examined and validated using MATLAB/Simulink. 

Keywords: Alternative phase opposition disposition, Multilevel inverter, Phase 

disposition, Phase opposition disposition, Total harmonic distortion.  
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1. Introduction 

In the modern era, Multilevel Inverter is an emerging system for low voltage and 

high power applications, where it synthesizes the sinusoidal voltage waveform 

smoothly. In comparing with the traditional two-level inverter MLI inverter possess 

more advantages, where most researchers started focusing towards the MLI. The 

major advantage of Multilevel Inverter it has fewer harmonics in its output voltage 

as well as in output current, in addition, MLI has low voltage stress on the power 

switches and low Electromagnetic Interference (EMI) [1, 2].There are three 

different categories for multilevel inverters: 1) diode-clamped multilevel inverters, 

2) flying capacitor multilevel inverters, and 3) cascaded multilevel inverters 

(CMLI). Cascaded Multilevel Inverter is further divided into two categories as 

Symmetrical and Asymmetrical system, where Symmetrical CMLI has 

symmetrical ratios DC sources and Asymmetrical has in the different ratios of DC 

sources depending upon required output level of voltage [3-5].This paper focuses 

mainly on Cascaded MLI with a symmetrical system for seven level output voltage. 

The performance analysis of seven-level inverter is performed with PWM 

techniques PD, POD and APOD. The main aim is to enhance the system stability 

to achieve better output voltage with less switching losses and to reduce the THD 

of the system [6]. The importance of choosing CMLI over Diode clamped and 

flying capacitor in this paper is due to the diode less and capacitor-less. In Fig. 1 

CMLI is designed with a PV system is shown. 

 

 

(a) (b) 

Fig. 1. Cascaded Multilevel Inverter with  

a PV system (a) and PV model system (b). 

Generally, The solar PV system has a nonlinear feature that is mostly influenced by 

factors like temperature and irradiation.Consequently, The solar PV system's power is 

similarly non-linear [7]. Due to their capacity to produce the most power, solar PV 

systems are attracting study attention, which means thatresearchers must regularly 

examine this issue.Therefore, more scientists are concentrating on ways to getmore 
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power out of the system.The module's maximum power tracking method (MPPT), 

which is based on the current and voltage that the solar panel can produce. [8-10]. 

Taking the effect of leakage current in P-N junction into account, a parallel 

resistance 𝑅𝑃  has been addition with the PV array [11, 12]. A current source is 

shown in parallel with a single diode in the equivalent circuit of the single-diode 

RS and RP in PV model. To create an accurate model, five unknown parameters 

must be determined [13]. Those five unknown parameters are the following: Photo 

current source (𝐼𝑝ℎ), Reverse saturation current (𝐼𝑟 ), Diode ideality factors (A), 

Series resistor (𝑅𝑆) and parallel rea sistor (𝑅𝑃) [14]. Comparing this model to the 

ideal PV model, significant and effective results have been obtained. The 

simulation is more accurate thanks to the RP cell model, but complexity increases 

because of the addition of parallel resistance. Basic expression for PV model as 

shown. The model of single diode 𝑅𝑆 and 𝑅𝑃 is displayed in Fig. 2. 

The solar PV output current equation, 

𝐼 = 𝐼𝑝𝑣- (𝐼𝑑+𝐼𝑝)        (1) 

where, 

𝐼𝑝 = 
𝑉𝑑

𝑅𝑝
=>𝐼𝑝 = 

𝑉𝑝𝑣 + 𝐼𝑝𝑣 .  𝑅𝑠

𝑅𝑝
       (2) 

Equation indicates the I-V characteristic, Eq. (3) 

𝐼 = 𝐼𝑝𝑣- 𝐼0[exp (
𝑉𝑝𝑣 + 𝐼𝑝𝑣 .  𝑅𝑠

𝑉𝑡
) - 1] -

𝑉𝑝𝑣 + 𝐼𝑝𝑣 .  𝑅𝑠

𝑅𝑝
     (3) 

where 𝑉𝑝𝑣⬚
are the diode voltage, correspondingly𝐼𝑝𝑣 diode current and 𝑉𝑡is thermal 

voltage.The MPPT approach is the most effective, according to the literature, for 

calculating the maximum power that can be used when solar PV systems are present. 

Power will remain constant under normal circumstances.Although it is simple to use 

electricity from the solar PV system, doing so in real time is not practical. To track 

maximum power, the Perturb and Observe (P&O) method was employed [15]. The 

following is how this paper is structured: Section 2 Discussion on PD, POD, and 

APOD PWM Techniques, Section 3 explanation on MPPT Algorithm Perturb and 

Observe for PV Systems, In Section 4 Simulation Results by comparing with PD, 

POD and APOD PWM Techniques, Finally, Section 5 gives Conclusion. 

2. Analysis for PD, POD and APOD 

2.1. Phase disposition 

In Phase Disposition, all the carrier wave will in the same phase, for seven-level 

inverter there will be six carrier waveforms. In this carrier, waveform will be in the 

same phase and reference wave form will be in 120° phase shift. There will be (n-

1) carrier waveform [16].The reckoning for magnitude of Modulation Index is 

𝑚𝑎𝑝 = 2𝐴𝑚/(𝑚 − 1)𝐴𝑐 
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Fig. 2. Phase Disposition modulation technique. 

When the reference is bigger than both of the carrier waveforms, the converter 

is switched to + Vdc / 2.When the reference exceeds the lower carrier waveform 

but falls short of the upper carrier waveform, the converter is turned to zero. The 

converter is switched to -Vdc / 2 when any carrier waveform is smaller than the 

reference. Figure 2 depicts the pulses used in the PD modulation approach. 

2.2.  Phase opposition disposition 

The carrier wave forms above the origin are in phase in POD, while those below 

the origin are 180° out of phase. It also has (n-1) carrier with 'n' DC sources as PD 

[17]. Figure 3 depicts the POD pulse. 

 

Fig. 3. Phase Opposition Disposition modulation technique. 

The reference signal will be greater than the converter's two below-described 

carrier waveforms when it is switched to +Vdc/2.When the converter is set to 0, the 

reference waveform is larger than the lower carrier waveform, while the higher 

carrier waveform is smaller. When the converter is set to -Vdc/2, the carrier 

waveforms are larger than the reference waveform. 
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2.3. Alternative phase opposition disposition 

In this Modulation method, the following three carrier waveforms will be present 

above the zero level. The carrier will be 180 degrees out of phase with carrier 2 and 

carrier 3, and it will appear to carrier 1 with a different amplitude [18]. 

When switching, the carrier waveform will be less than reference when it is 

+Vdc/2.The reference is lower than the top carrier waveform and higher than all 

other carriers when operating for +Vdc/4.The reference for 0 is larger than the 

lower carrier waveform and less than the two uppermost carrier waveforms. The 

reference is greater than the lowest carrier waveform and less than all other 

carriers when the switch is running at -Vdc/4, and it is less than all carrier 

waveforms when the switch is operating at -Vdc/2. Figure 4 displays the 

switching pulses for APOD. 

Fig. 4. Alternative phase opposition disposition modulation technique. 

3. MPPT Algorithm (Perturb and Observant) 

The P&O algorithm also goes by the name "hill-climbing", however, based on how 

the method was implemented, both titles applied to the same algorithm. The power 

converter's duty cycle is perturbed by the hill-climbing technique, and P&O aids in 

the DC link operating voltage perturbation between the PV array and the power 

converter [19].Modifying the duty cycle of the power converter in the hill-climbing 

scenario entails changing the voltage of the DC link between the PV array and the 

power converter, so identical names are mentioned in both techniques. The next 

perturbation size is determined using both approaches based on the previous 

perturbation's sign and the previous power increment's sign. When power is 

increasing on the left and voltage is increasing on the right at the same time, power 

is increasing on the right. 

The size of the perturbation grows in the same direction as the rise in power. 

When power is reduced, the size of the disturbance invariably moves in the other 

direction. The P&O algorithm's primary operational feature is implemented in this 

publication. Figure 5 depicts the P&O algorithm's flowchart. 
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Fig. 5. Flowchart P&O algorithm.  

Table 1. Description of 250W PV unit. 

Parameter in solar panel  Datasheet  

Open circuit voltage(𝐕𝐨𝐜), [V] 37.80 

Short circuit current(𝐈𝐬𝐜), [A] 8.80 

Maximum peak over voltage(𝐕𝐩𝐨), [V] 30.60 

Maximum peak over current(𝐈𝐩𝐨), [A] 8.20 

Maximum power rating in watts (𝐏𝐌), [W] 250 

Series cell 60 

4.  Simulation Results 

In Fig. 6, P & O MPPT algorithm is shown which is designed for a solar PV system, 

where it is designed with a flow chart. Each H-Bridge will be connected with a 1kw 

panel with a total of 3 kW input power. Cascaded Multilevel Inverter by utilizing 

PD, POD, APOD techniques are designed with MATLAB/Simulink.  

Fig. 6. Modelling of P&O. 
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The output voltage of PD, POD, APOD are same, and it is displayed in Fig. 7. 

The output voltage is 475 V, and the current is 1.8 A. In detail, Vrms voltage and. 

 

Fig. 7.The output voltage of APOD techniques. 

THD (FFT) analysis for CMLI are shown in Figs. 8, 9, and 10. The Vrms for 

Phase Disposition (PD) technique is 315.3V, Phase Opposition Disposition (POD) 

technique is 312.1 V and for Alternative Phase Opposition Disposition (APOD) 

technique is 318.6 V.  

 

Fig. 8. THD for PD technique. 

 

Fig. 9. THD for POD technique. 

The THD (%) for APOD is low compared to PD and POD, were APOD has 

1.44%, PD has 2.74 % and POD has 2.61 % 
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Fig. 10. THD for APOD technique. 

Table 2 shows the effectiveness of modulation techniques with modulation index. 

The Comparison of Total harmonics distortion for the various modulation techniques 

vs. Modulation index as shown in Fig. 11.  

Table 2.Comparision of modulation techniques with Modulation index. 

Modulation 

Index (M) 

% of THD in PD 

technique 

% of THD in POD 

technique 

% of THD in APOD 

technique 

0.7 5.32 7.29 5.77 

0.8 5.05 6.65 4.59 

0.9 4.96 5.38 2.36 

1 2.74 2.61 1.44 

 

Fig. 11. Comparison of Th.D. vs. Modulation index 

5.  Conclusion 

In this paper, three modulation techniques PD, POD, and APOD are discussed, and 

comparative analysis is done by utilizing renewable energy source (PV system). The 

system is designed for seven level CMI. Perturb &Observant MPPT algorithm is 

modelled and implemented for comparison analysis.  It is found that APOD modulation 

technique has low THD (%) compared to PD and POD. In future, this technique can be 

applied for a grid connected system by using various MPPT algorithms. 
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