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Abstract: The Photovoltaic (PV) module is the interface which converts light into electricity. This paper includes  

mathematical and simulation model for PV cells. The model is able to simulate both the P-V & I-V characteristics curves. 

One of the main challenge is harvesting power from a PV source is maximum power point tracking (MPPT). It is due to non 

linear behavior & characteristics of PV array. Proposed system consists of high gain boost converter feeding three level 

diode clamped inverter. 60W Solarex MSX60 PV panel is chosen for evaluating the developed model. 

Keywords:  PV Panel, MPPT, DC to DC Boost Converter, Perturb & Observe (P&O) Method, Diode Clamped 

Inverter, Total Harmonic Distortion (THD). 

 

I. INTRODUCTION 

The power demand is increasing day-by-day and the conventional sources are not enough to meet the 

power requirement. The generation of energy from the use of the non-renewable energy sources causes pollution 

problems and also these sources are diminishing day by day . 

After the search for the alternative ways, the solar photovoltaic (PV) system and wind power 

generation systems are found to be more advantageous compared to all different types of renewable energy 

sources for the desirable environmental and safety aspects. Among these two renewable sources, solar power 

systems attract more attention [1]. Solar energy sources has its own advantages like long life with little 

maintenance, high power capability per unit of weight and highly mobile. In the solar photovoltaic, solar cell is 

the basic element which converts the solar energy into the electrical energy. To form solar PV module there are 

combination of several solar cells need to be used.  

The output of solar cell depends on the weather conditions (temperature and irradiation), which are 

fluctuating in nature. Under normal operating conditions, each solar PV module offers unique maximum 

operating point. If solar PV module operates at that optimum operating point, can get maximum efficiency at the 

load. To achieve good efficiency from the solar PV system there is a need to extract maximum power from 

module. This can be achieved by placing MPPT methods. The solar energy comes from the sunlight in the form 

of solar irradiation and temperature. The energy conversion efficiency of solar PV array is very low and thus, 

the maximum power point tracking (MPPT) control technique is required to extract the maximum power from 

the solar PV array in order to increase the overall efficiency of the solar PV system [2][3]. Every photovoltaic 

solar cell has optimum operating point which is called maximum power point (MPP). This maximum power 

point can varies if there will be any variation in the cell temperature and irradiation level. MPPT tries to match 

the impedance of the module with the load/battery by changing the duty ratio of the DC to DC converter. In this 

paper 12V solar PV module is modeled with the help of mathematical equations in the MATLAB. For getting 

1KW power 16 PV modules are used in which 4×4 series-parallel combination. DC to DC boost converter has 

to be designed properly to attain high DC bus voltages. In this paper DC to DC boost converter is designed to 

achieve 𝑉𝑚𝑝𝑝  (Voltage at Maximum Power Point) calculated by P&O method. It is preceded by three level diode 

clamped inverter to achieve three phase AC output supply which is filtered by LC low pass filter. The output 

AC supply can be utilized for domestic applications. 

 

II. PV Panel Modelling 

A equivalent circuit of a solar cell is a current source in parallel with a diode and shunt resistance 

(𝑅𝑠ℎ ). Series resistance (𝑅𝑠) is considered in series with the load. The output of the current source is directly 

proportional to the solar energy (photons) that hits on the solar cell (photocurrent 𝐼𝑝ℎ ). 
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                   Fig.1(a) Circuit diagram of a PV cell[4] 

 

The PV cell output current can be defined as follow in equation.[4] 

𝐼 = 𝐼𝑝ℎ   𝑁𝑝 −  𝐼𝑑 − 𝐼𝑠ℎ                                                                         (1) 

𝐼𝑝ℎ = 𝐺𝑘   [𝐼𝑠𝑐 + 𝑘𝐼(𝑇𝑜𝑝 − 𝑇𝑟𝑒𝑓 )]                                                              (2) 

𝐼𝑑  =  [𝑒
(𝑉+𝐼𝑅𝑠)

(𝑛𝑉𝑡𝐶𝑁𝑠) − 1]𝐼𝑠𝑁𝑝                                                                    (3) 

𝐼𝑠ℎ =
𝑉+𝐼𝑅𝑠

𝑅𝑠ℎ
                                                                              (4) 

Where;  
𝐺𝑘= Solar irradiance ratio, 𝑉𝑡= Thermal Voltage(V),  𝑘= Boltzmann's Constant(1.38e-23), 𝑇𝑜𝑝= Cell Operating 

Temperature in ℃, 𝑇𝑟𝑒𝑓  = Cell Temperature at 25℃,  𝐼𝑟𝑠= Shunt Current(A), V= Output Voltage from the PV 

Panel(V), 𝑛= Diode Ideality Factor(1.36), 𝑁𝑠= Number of Panel in Series,  𝐶= Number of Cells in a PV 

Panel(36), 𝑁𝑝=Number of Panel in Parallel,  𝐼𝑠= Diode Reversed Saturation Current(A) 

 

I-V & P-V characteristic of the solar cell for a different ambient irradiation „G‟ and fixed cell temperature „T‟ is 

shown in Fig 1 (b) Fig 1 (c) respectively.  

 

  
                       Fig.1(b) P-V characteristics of  PV panel                                            Fig.1(c) I-V characteristics of PV panel  

 

III. MPPT Methods 

In the solar PV system, the efficiency is very low because of solar PV module provides very low efficiency. The 

method which is used to increase the efficiency of the solar PV system by tracing the maximum power point, 

such a method is called maximum power point tracking (MPPT)[3][4][6]. Some methods are as below: 

 Perturb & observe method 

 Incremental conductance 

 Fraction open circuit voltage 

 Fractional short circuit current  

 Fuzzy logic control 

 Neural network 

Among all the methods P&O method is widely used because of its simplicity for implementation. 
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A. Perturb and observe method: 

P&O method is most common method of MPPT. In P&O method, the MPPT algorithm is based on the 

calculation of the PV output power and the power change by sampling both the PV current and voltage [6]. The 

most basic purpose of the P&O algorithm, it adjust the operating voltage of photovoltaic solar system and 

observe whether the output power of the system is increase or decrease. If it observes that the output voltage is 

increase, the algorithm will continues to adjust the output voltage in the same direction. If it observes that the 

output voltage is decrease, the algorithm adjusts the output voltage in the opposite direction. 

Flow chart for P&O method is shown in fig.2[10] 

 

 
Fig.2 Flow chart of P&O Method  

 

B. Boost converter: A boost converter is a DC to DC converter with an output voltage greater than the source 

voltage. A boost converter is sometimes called a step-up converter since it steps up the source voltage. Since 

power (P = VI) must be conserved, the output current is lower than the source current. In this paper boost 

converter is used to boost output voltage of PV panel array to 𝑉𝑚𝑝𝑝 . Also upto 𝑉𝑚𝑝𝑝  increase in voltage will not 

cause decrease in current hence maximum power is obtained from PV panel. Following are the equations for 

design consideration of boost converter[5][8]. 

𝐿 = 𝑉𝑖𝑛  ×  
𝑉𝑜𝑢𝑡 −𝑉𝑖𝑛

∆𝐼𝐿×𝑓𝑠×𝑉𝑜𝑢𝑡
                                                                   (5) 

𝐷 = 1−
𝑉𝑖𝑛

𝑉𝑜𝑢𝑡
                                                                           (6) 

Where; 𝑉𝑖𝑛  = Typical Input Voltage,  𝑉𝑜𝑢𝑡 = Desired Output Voltage,  𝑓𝑠  = Minimum Switching Frequency of the 

Converter, ∆𝐼𝐿 = Estimated Inductor Ripple Current, D= Duty Cycle.  

 

IV. MULTILEVEL DIODE CLAMPED INVERTER 

Inverter is a DC to AC converter that provides output with desired voltage and frequency. In two level 

inverter output voltage waveform is produced by using pulse width modulation (PWM) with two voltage levels. 

This causes the output voltage and current to be distorted and the THD of the voltage is poor. In three level 

inverter output voltage and current is much more sinusoidal and the THD is better. 

Advantages of multilevel inverter over two level inverter  

 Lower THD in output voltage 

 Reduced switching Stresses on devices  

 Higher voltage levels are produced 

 Applicable for high voltage applications 

 Since 
𝑑𝑣

𝑑𝑡
 is low the EMI from system is low 

 Lower switching frequency can be used in and hence reduction in switching losses 
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Three different topologies have been projected for multilevel converters: Diode clamped converter; Flying 

capacitor converter (Capacitor Clamped); and lastly cascaded converter. Several modulation and control 

strategies have been developed or being used for multilevel converters including the following: Multilevel 

sinusoidal pulse width modulation (PWM), multilevel selective harmonic elimination, and space-vector 

modulation (SVM)[7].  

In this paper Diode clamped three level has been used as it offers several advantages over other topologies. 

Multilevel sinusoidal pulse width modulation is used for gating control of three level diode clamped inverter.  

Diode clamped inverter is advantageous as no charging circuit is required as required in the case of flying 

capacitor topology. Also number of switches are less which results into less switching losses.  

Low pass LC filter is used to  filter hormonics in output voltage of inverter. The LC filter is a second order 

filter. Since the L filter achieves low attenuation of the inverter switching components, a shunt element is 

needed to further attenuate the switching frequency components. This shunt component must be selected to 

produce low reactance at the switching frequency. But within the control frequency range, this element must 

present a high magnitude impedance. A capacitor is used as the shunt element. The resonant frequency is 

calculated from [9]. 

𝑓 =
1 

2𝜋 𝐿𝐶
                                                                             (7) 

 

V. SIMULATION RESULTS 

 

A. MPPT using P&O Method 

 
Fig.3 Vmpp using P&O Method 

 

This results show 𝑽𝒎𝒑𝒑 =  𝟔𝟗 𝑽𝒐𝒍𝒕𝒔 for irradiance 𝑮 =  𝟏𝟎𝟎𝟎 𝑾
𝒎𝟐

. Similar results are obtained for  𝑮 =  𝟖𝟎𝟎 𝑾
𝒎𝟐

 ,

𝑽𝒎𝒑𝒑 =  𝟔𝟔.𝟓 𝑽𝒐𝒍𝒕𝒔,  & 𝑮 =  𝟒𝟎𝟎 𝑾
𝒎𝟐

 , 𝑽𝒎𝒑𝒑 =  𝟔𝟐.𝟖 𝑽𝒐𝒍𝒕𝒔.  

B.Boost converter: Boost converter will boost output voltage to 𝑉𝑚𝑝𝑝 to get maximum power as shown in fig 4.  

 

 
Fig.4 Boost Converter Voltages for Different Irradiances     
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C. Three Level Diode Clamped Inverter: 

This voltage further boost to constant DC voltage which is fed to inverter to get three phase AC 

output voltage. Inverter is preceded by low pass filter to obtain low THD value in output voltages as 

shown in fig.5. THD analysis of line voltage is shown in fig. 6 

 

 
Fig.5 Inverter Output Voltages (with filter) 

 

 
Fig.6 THD analysis of line voltage of 3 level diode clamped inverter with Low pass LC filter 

 

VI. CONCLUSION 

This paper presents the complete Simulation of standalone PV system using P&O MPPT 

method in Matlab/Simulink. Using MPPT method maximum power can be drawn from PV panel. 

Using boost converter DC voltage is boost to 𝑉𝑚𝑝𝑝  which is fed to three level diode clamped inverter 

with low pass LC filter to get 3 phase AC supply with minimum THD value. This system can be 

employed for domestic applications.    
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