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ABSTRACT 
This paper attempts an in-depth analysis of maximum power point tracking (MPPT) algorithm for a single-phase 

five-level PWM inverter connected PV system. The MPPT technique considered in proposed work is Perturb & 

Observe (P & O). The simulation carried out for PV array cascaded with boost converter. In this paper, five level 

inverter designs was discussed in detail, relevant waveforms are presented and analysis. From this analysis, it can be 

conducted that five level inverter offer low THD, lower switching frequency and high efficiency, but in past work 

three level inverter output waveform provides an High switching frequency. In future, we use renewable energy 

source instead of ac source. 
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INTRODUCTION 
Photovoltaic power generation is the world’s fastest growing high-tech in the 20th century. The increasing of the 

world energy demand, due to the modern industrial society and population growth, is motivating many investments 

in alternative energy solutions, in order to improve energy efficiency and power quality issues. The use of 

photovoltaic energy is considered to be a primary resource, because there are several countries located in tropical 

and temperate regions, where the direct solar density may reach up to 1000W/m. At present, photovoltaic (PV) 

generation is assuming increased importance as a renewable energy sources application because of distinctive 

advantages such as simplicity of allocation, high dependability, absence of fuel cost, low maintenance and lack of 

noise and wear due to the absence of moving parts. The cell conversion ranges vary from 12% of efficiency up to a 

maximum of 29% for very expensive units. In spite of those facts, there has been a trend in price decreasing for 

modern power electronics systems and photovoltaic cells, indicating good promises for new installations.  

 

However, the disadvantage is that photovoltaic generation is intermittent, depending upon weather conditions. Thus, 

MPPT makes the PV system providing its maximum power and that energy storage element is necessary to help get 

stable and reliable power from PV system for both loads and utility grid, and thus improve both steady and dynamic 

behaviors of the whole generation system.  

 

In the proposed work, one MPPT algorithms viz. Perturb and Observe (PO) analyzed and implemented for PV array. 

Thereafter, PV array connected to a boost converter to optimize the PV output and DC/AC inverter (five-level multi-

level) to convert the DC output voltage of the solar modules into the AC system. The results of MPPT algorithm 

responses compared for grid connected PV array. In addition, performance analysis of PV array with MPP tracking 

done in terms of voltage response, current response and power response using the input parameters, temperature and 

solar radiation obtained from reference data sheet. The proposed model, the entire components and control systems 

simulated under MATLAB/Simulink.  
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MPPT TECHNIQUES 
Tracking of the maximum power point of a photovoltaic array is usually an essential part of PV systems. In general, 

PV generation systems have two major problems; the conversion efficiency of electric power generation is low (in 

general less than 17%, especially under low irradiation conditions), and the amount of electric power generated by 

solar arrays changes continuously with weather conditions. Moreover, the solar cell (current – voltage) characteristic 

is nonlinear and varies with irradiation and temperature. There is a unique point on the I-V or PV curve of the solar 

array called MPP, at which the entire PV system (array, converter, etc.) operates with maximum efficiency and 

produces its maximum output power. The location of the MPP is not known, but can be located, either through 

calculation models, or by search algorithms. Therefore, MPPT techniques needed to maintain the PV array operating 

point at its MPP. The two most popular techniques for extracting power for PV system discussed in the next sub-

topic. 

 

Perturb and Observe  

Perturb and Observe (PO) method, also known as perturbation method, is the most commonly used MPPT algorithm 

in commercial PV products. This is essentially a “trial and error” method. The PV controller increases the reference 

for the inverter output power by a small amount, and then detects the actual output power. If the output power is 

indeed increased, it will increase again until the output power starts to decrease, at which the controller decreases the 

reference to avoid collapse of the PV output due to the non-linear PV characteristic. 

 

Although the PO algorithm is easy to implement, it has a number of problems, including PV system cannot always 

operate at the maximum power point due to the error process, and thus solar energy from the PV arrays not fully 

utilized. PV system may always operate in an oscillating mode even with a steady condition, leading to fluctuating 

inverter output.   

 
Figure 1.  Perturb & Observe Flowchart 

 

SINGLE PHASE FIVE LEVEL PWM INVERTER  

A single-phase five-level PWM inverter whose output voltage has five values: zero, half and full supply dc voltage 

levels (positive and negative, respectively), so called a five level single phase PWM inverter. Single-phase inverters 

adopt the full-bridge type using approximation sinusoidal modulation technique as the power circuits. The output 

voltage of them has three values: zero, positive and negative supply dc voltage levels. Therefore, the harmonic 

components of their output voltage are determined by the carrier frequency and switching functions. Moreover, the 

harmonic reduction of them is limited to a certain degree 
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Figure below shows a configuration of the proposed single-phase five level PWM inverter. One switching element 

and four diodes added in the conventional full-bridge inverter are connected to the center-tap of dc power supply. 

Proper switching control of the auxiliary switch can generate half level of dc supply voltage. The proposed single-

phase five-level PWM inverter various steps of operation. 

 

 

 
Figure 2. Configuration of the proposed Single-phase Five Level PWM Inverter 

 

Output Voltage According to the switch On-Off condition 

 

Table 1.Output Voltage According to the Switch On-Off condition 

On Switches Node A 

Voltage 

Node B 

Voltage 

Output 

Voltage 

(VAB - Vo) 

Q1,Q4 Vd 0 +Vd 

Q5,Q4 Vd/2 0 +Vd/2 

(Q3,.Q4) OR 

(Q1,Q2) 

0(Vd) 0(Vd) 0 

Q2,Q5 0 Vd/2 -Vd/2 

Q2,Q3 0 Vd -Vd 

 

In this state Vo = -Vd 

                          io = Negative (-) 

Figure Operational states according to the switch on off conditions and the direction of load current. (a) State 1: Vo=  

Vd , io = (+). (b) State 2: Vo=   Vd, io = (-). (c) State 3: Vo   =-Vd
2⁄  , io = (+). (d) State 4: Vo  = -Vd

2⁄ , io  = (-). (e) State 

5: Vo  = 0, io  = (+). (f) State 6: Vo  = 0, io = (-). (g) State 7: Vo  = -Vd
2⁄ , io = (+). (h) State 8: Vo = -Vd

2⁄ , io = (-). (i) 

State 9: Vo = -Vd , io = (+). (j) State 10: Vo = -Vd, io = (-). Operational states of the conventional inverter are shown 

in Fig.4.2 (a), (b), (e), (f), (i), and (j) in sequence, and additional states in the proposed inverter synthesizing half 

level of dc bus voltage are shown in Fig.2 (c), (d), (g), and (h). The additional switch Q5 must be properly switched 

considering the direction of load current. Basic principle of the proposed switching strategy is to generate gate 

signals by comparing the reference signal with the two carrier waves having same frequency and in phase, but 

different offset voltages. Largely, there are two switching methods according to the output voltage levels. If the 

required output voltage for a certain load can be produced using only the half of dc bus voltage, only the lower 

carrier wave is compared with the reference signal the lower dc bus voltage is used to generate the output voltage. 

Namely, the modulation index is equal or less than 0.5, the behavior of proposed inverter is similar to the 

conventional full-bridge three-level PWM inverter, and the distribution of harmonic components in output voltage is 

similar to that of the conventional inverter having the values of two times the modulation index. The mentioned 

above is the first operational mode. On the other hand, if the required output voltage is increased beyond the 

modulation index 0.5, it comes into the second mode using the upper bank of capacitor. In this case, the switching 
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function produced by upper carrier wave is prior to that of the lower. According to the amplitude of the voltage 

reference, the operational interval of each mode varies within a certain period. The modes are separated as 

 

Mode A: 0 < wt ≤ θ1,       θ2 < wt < π  

Mode B: θ1 < wt ≤ θ2 

Mode C: π < wt ≤ θ3,       θ4< wt < 2π 

Mode D: θ3< wt ≤ θ4            (1) 

The Phase angle depends on the modulation index𝑀𝑎. The modulation index of the proposed five-level PWM 

inverter is defined as [5] 

Ma = 
AM

2Ac
                               (2) 

Modulation index = 
Peak value of reference signal

Peak value of carrier signal
 

Where AM is the peak value of voltage reference𝑉𝑟𝑒𝑓, and Ac is peak-to-peak value of carrier. When the modulation 

index is less than 0.5, the phase angle displacement is equal to  

θ1 = θ2 = 
π

2
, 

 θ3 =  θ4 = 
3π

2
                        (3) 

On the other hand, when the modulation index is greater than 0.5, the phase angle displacement is determined by 

θ1 = sin−1(
AC

AM
) 

θ2 = π - θ1 

θ3 = π + θ1 

θ4 = 2π - θ1                          (4) 

The control signals are generated by the signals CA and CB  come from the comparators, which compare the 

respective carrier signals with the voltage reference , the gate signals Q1– Q5are produced by the phase angle 

displacement. The switching functions of proposed inverter are then given by the use of logical AND, OR, NOT 

gates. 

 

Q1 = CA * P2 + CB * P4 + CB * P6 

Q2 = P4 + P5 + P6 

Q3 = CB * P2 + CB * P3 + CA * P5 

Q4 = P1 + P2 + P3  

Q5 = CB * P1 + CA *  CB * P2 + CB * P3 + CB * P4 + CB * CA * P5 + CB * P6          (5) 

The harmonic components of output voltages in the proposed and the conventional inverter will be presented in the 

following. From the two carrier waves and output voltage, the analysis of harmonic components in the proposed 
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inverter can be performed. The output voltage produced by comparisons of the reference signal and two carrier 

waves can be expressed as 

 

Vo(θ) = Ao+ ∑ (An cos nθ +  Bn sin nθ)∞
n=1          (6) 

If there are P pulses per a quarter periods, and it is an odd number, the coefficients Bn and AO would be a zero 

where an even number is. Therefore, the equation (6) can be rewritten as 

 

Vo(θ) = ∑ An cos nθ∞
n=1,3,…                 (7) 

An = - 
2Vdc

nπ
 ∑  ∑ [(−1)int

(i
2⁄ ) sin(nαm+i)]4

i=1
P
m=0              (8) 

 
Figure 3.  Switching patterns of the Proposed Single-Phase Five-Level PWM Inverter 
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MODELING AND SIMULATION RESULTS  
PV Array Circuitry 

 
Figure 4. Final PV Array Circuitry 

Fig. 4 depicts the circuitry model of PV array with considering shunt resistance and series resistance. Input to the 

temperature and insolation provided. In addition, provision of adding no. of cell and module provided. 

 

Figure 5. Simulink Model of Boost Converter 
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Figure 6. Simulink Model of Perturb & Observe 

 
Figure 7. Simulink Model of PV Array with Boost Converter & PO Algorithm 

 

Simulation Results 

 
Figure 8. Inverter output voltage with Boost Converter, PO Algorithm 
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Figure 9. PV Current response with Boost Converter, PO algorithm & Single-phase reduced Switch Count Five Level inverter 

 
Figure 10. PV Voltage response with Boost Converter, PO algorithm & Single-phase reduced Switch Count Five Level 

inverter 

 

 
Figure 11. PV Power response with Boost Converter, PO algorithm & Single-phase reduced Switch Count Five Level inverter 

 

CONCLUSION 
In the proposed paper, five-level with reduced switch count inverter is discussed in detail, relevant waveforms are 

presented and analyzed. Therefore two capacitors with equal capacitance rating are used. In Single-phase reduced 
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switch count five-level PWM Inverter utilizes two carrier signal and one reference signal to generate switching 

signal. By controlling the modulation index, the desired number of levels of the inverter’s output can be achieved. 

From this analysis, it can be concluded that five-level with reduced switch count PWM inverter offer’s low THD, 

lower switching frequency and higher efficiency. 
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