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Abstract:In this paper the proposed system is to maximize power production from a PV module linked to the grid by 

using a modified P&O MPPT approach. Incorporate a boost converter and three-level inverter into the design of a 

photovoltaic system. After that, an inverter with low transient harmonic distortion (THD) transforms the DC power 

produced by the PV module into alternating current (AC) and supplies it to the load using a control algorithm and 

modulation methods SPWM. The voltage and current provided to the load, as well as the load's THD.  
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Introduction 

There is an ever-increasing need for electricity. 

Because conventional force age is a non-renewable 

energy source, the customary age framework is not 

adequate to meet the desire. In order to supply this 

need, sustainable power source assets such as solar 

power, wind power, and so on are being sought. 

These assets are complementary and hence do not 

require the purchase of fuel. The sun's energy is now 

widely used to generate electricity all around the 

globe. The sun's rays can be found all over the world, 

free of cost and media, no fluid is required to use the 

fuel, and there is a limitless supply of resources.The 

various nations made use of their solar-powered 

capability to meet the growing need. To address the 

present energy crisis, one must develop an efficient 

method for removing force from incoming solar 

radiation. The size of the force transformation 

components has been dramatically reduced during the 

last several years. Engineers and architects have been 

able to design little yet stunning structures that can 

withstand the great attention they get. These 

frameworks, on the other hand, are constrained by 

their higher thickness of force. The trend has 

established itself toward the use of multiple-input 

converter units capable of dealing with voltage 

variations. Un any event, because to the high cost of 

development and the ineffectiveness of the 

frameworks, they can hardly compete in real markets 

as a primary source of force generation. 

A solar cell-based photovoltaic (PV) module is used 

to generate electricity from the sun (SC). Doping of Si 

and Ge material is used to create a SC. Sunlight hits 

the solar panel (SP) and the photons find and build up 

a photograph current from the energy structure beams. 

The SP now resembles a current source because of 

this. The maximum power point tracking (MPPT) 

approaches are used to get the most out of the SC. 

Using these methods is because the sun's radiance 

varies in different ways. The search for the most 

effective way to harness the full potential of SP 

continues today. In the sphere of sustainable power 

source assets, these measures increase SP productivity 

[3], [8]. The inverter is used to convert the SP power 

to AC power so that it may be sent to the utility grid. 

Various modulation approaches are used to alter the 

control of the inverter in order to reduce THD yield. 

SPWM (sinusoidal pulse width modulation) and 

SVPWM are two of the most important techniques. 

1. Working of Solar Cell 

Using the sun's rays, a solar cell generates energy. All 

of the material in this solar cell has been doped to 

make it more efficient. When the sun's rays contact a 

solar cell, the cell's photons get additional energy. 

Photons migrate from the valence band to the 

conduction band using this energy. Because of the 

migration of photons, a cell's current begins flowing 

in the opposite direction of normal. A solar cell is 

used as a regulated power source. 
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Figure 1.Working of solar cell 

 

The essential concept of a solar cell's operation is 

shown in figure1. The positions of photons and 

electrons are shown in the image, as well as the flow 

of electron and hole pairs. Our load and solar cell 

begin generating current as soon as we link them 

together. 

2. Solar Cell Modelling 

The SP single unit is SC. At the point when the 

quantity of SC is associated then the SP is created. 

The arrangement of SC in SP is both in parallel and 

series. This model is otherwise called as single diode 

model of SC. Among the two resistancesfirst is 

arranged in serieswhile the next is arranged in parallel 

with the current source. 

 

Figure 2.solar cell— 

Single diode modelDiagram of a single-diode solar 

cell is shown in figure 2. The output current of a solar 

cell is measured by I, while its output voltage is 

measured by V. 
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Where  

IphPhoto current 

I0Saturation current (Dark) 

eValue of the electric charge (1.6×10-19 C) 

KBoltzmann’s constant (=1.38×10-23) 

Fcell factor 

TcTemperature 

TrReference value of cell temperature  

VdVoltageof Diode 

RshShunt resistance 

RsResistance in Series 

IoαSaturation current of Cell 

VocVoltagein Open circuit 

μscCoefficient of Temperature 

VSolar cellvoltage at Output 

Isolar cellcurrent at Output 

GIrradiation of Sun in kw/m2 

The conditions given above [1], [2] and [3] indicated 

the scientific modeling of SC. From this it is obvious 

that the SC yield is completely relying on the sun light 

and temperature. On the off chance if the irradiation 

varies along with temperature the voltage output as 

well as the current of SC will fluctuate. The yield of 

SP is likewise relying on the parallel and series 

arrangement of the cells. As per the analysis it is 

obvious that current rely on series resistance value [7]. 

The figure 3 presents the PV as well as the IV 

variations of SC. it is evident from the curve that the 

SP can operate as source of constant current at low 

voltage and can operates as source of constant voltage 

at low current. 

 

 
Figure 3 Solar cell P-V and I-V characteristics 

3.Requirement of MPPT Algorithm 

As we mentioned in the preceding chapter, solar cells 

have a relatively low efficiency. At the moment, 

though, the demand for power is rising at a breakneck 

pace. As a result, maximum power point tracking 

algorithms [5] play a significant role in maximising 

the output of solar cells and panels. We can improve 

the efficiency of solar panels without using these 

techniques. Because the amount of solar energy varies 

during the day, algorithms that monitor the maximum 
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amount of electricity produced by a solar panel are 

necessary. As a result of this nonlinearity, transferring 

power from the source to the load is very challenging. 

When the duty cycle of the boost converter is adjusted 

using maximum power tracking algorithms [4], [8], it 

maintains a constant output voltage. 

Maximizing power point tracking algorithms and 

boost converters play a major part in boosting the SP's 

efficiency and maintaining a consistent voltage 

throughout the load. Constant voltage is applied 

across the inverter if electricity is transformed from dc 

to ac using the boost converter attached to the load 

side. 

4. Various MPPT Algorithms  

For solar cells, a variety of maximum power point 

algorithms are now in use. In recent years, however, 

two approaches have become more popular: P&O 

(Perturb and observe) and IC (Incremental 

conductance). We've also included a couple methods 

that are less effective than P&O and IC. 

5. P&O Method  

To improve the efficiency of solar panels, the 

suggested system employs this technique. As a result 

of the low number of sensors needed to operate, this 

technology is frequently used[4],[5]. In this approach, 

the solar panel's voltage and current are used as 

inputs, and these two signals are used to determine the 

solar panel's power, which is then deduced using dip 

and dV.Then we find them
dP

dV
. The controlling of 

this method is depending upon the ratio 
dP

dV
. 

When the
dP

dV
is positive then algorithm increases the 

value of voltage. This algorithm increases the voltage 

towards maximum power point until the value of  

dP

dV
 is reaches to negative.  

Until the maximum power point is not achieved, this 

cycle is continued endlessly In places where the sun's 

energy output doesn't fluctuate much, this method is 

used. If the quantity of solar energy fluctuates rapidly 

and drastically, this algorithm's performance suffers 

greatly. 

When perturb and observe is used, there isn't a 

specific maximum power point, but it's near enough. 

6. Modified P & O method  

As shown in Figure 4.1, determining the I-V and P-V 

properties of a solar array is a simple process. The P-

V curve plainly takes the shape of a "hill" since it has 

a peak of highest power at the end (MPP). The two 

most extensively used MPPT algorithms, P&O and 

INC, are both based on the assumption that the 

power-voltage characteristic has an upper limit that 

may be likened to the summit of a mountain. Many 

new ways have been created in recent years as a 

result of this quality[1-6,11,13]. 

 

Figure 4.ClassicCurrent-Voltage(solid line) and 

Power-Voltage(dashed line) curves of a PhotoVoltaic 

array 

In continuous express, the working point of the P&O 

technique sways about the MPP due to irritation, 

rather than being constant. Rapidly shifting air 

conditions might also result in disappointment with 

MPPT. That's because this technique can't tell you 

how force changes due to bothersome variety or 

irradiance changes [1] affect your measurements. 

When the annoyance (advance size) is Vstp, it affects 

the P&O method, as demonstrated in Fig. 4. With a 

zero-force contrast, MPP may be achieved. Even 

while a large Vstp may provide the best reaction, the 

following voltage at MPP, V'MPP, is quite different 

from the hypothetical one, VMPP, implying that 

there will be more movements. A smaller value of 

Vstp results in a slower MPPT, but less oscillations 

are seen as a result. The voltage used at MPP cannot 

match the imagined voltage because of the 

technological advances. A reduction in advancement 

size will not decrease movement. 
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Figure. 5. Flow-chart of the modified P&O MPPT 

algorithm 

7. IC Method 

Voltage and current from this solar panel are used as 

inputs. Then it find out the
dl

dV
and

dP

dV
. This method 

find out the incremental conductance 
dl

dV
by 

computing the sign of 
dP

dV
. Where the value of 

dP

dV

=0 then algorithms knows that the MPP is reached.  

There are no further calculations to be done, which 

results in a more accurate assessment of voltage at 

the maximum force point. When compared to other 

methods for locating the point of greatest force, this 

approach is rather satisfactory. When solar radiation 

levels are high, this method is also used. However, 

this approach is hampered by the fact that additional 

sensors are required to function properly. 

Since additional sensors are needed to function with 

the constant conductance technique, the cost of 

framework is increased [5], [6]. 

It suggests that the maximum force point-following 

strategy is less profitable financially. 

Methods such as the constant voltage approach, the 

constant current approach, and the parasitic capacitor 

approach are just a few. Using the constant voltage 

approach depends on the open-circuit voltage and the 

most powerful point of impact. This approach is 

seldom utilized since the regulating voltage for each 

sun-oriented cell is around 0.76 [8]. The open circuit 

and most severe force point following voltages are 

utilized instead. To put it another way, this method 

does not allow for the largest feasible force voltage. 

There is little difference between the steady current 

and the constant voltage methods. Open circuit 

voltage and the maximum force point current are 

used to monitor the force point. It is estimated that 

the ratio of the two currents is around 0.95 [8]. About 

95% of the maximal force is used in the cut-off and 

working currents. 

The final resort is to use a parasitic capacitor for the 

most critical force point. An updated version of the 

stable conductance scheme [5] has been developed 

using this method. Consideration of parasitic 

capacitor at high force point voltages improves 

steady conductance technique. As a result, the 

parasitic capacitor approach enhances the gradual 

conductance strategy's representation. 

8. SIMULATIONAND RESULTS 

Figure 6 depicts our proposed solution for a typical 

solar-powered enterprise on a roof using a GC PV 

model. The gadget comprises of a solar panel (Sun 

Power SPR-305-WHT), a DC to DC boosting 

dialogue, and a three-phase VSI coupled between the 

DC-link capacitance (which acts as a momentary 

power storing area to provide VS). It is common for 

the typical PV voltage to be 274 Vdc for 1000 W/m2 

solar irradiation, which is turned to 500 Vdc by a DC 

to DC boost converter and then to AC voltage 

through a step-up transformer. 

 
Figure 6.Diagram of three-level PV grid associated 

inverter [8] 

9.PV System Modeling 
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The modified two-diode modeling arrangement is 

shown in Fig. 6. as the electrical equivalent circuitry 

diagram for a photovoltaic cluster. Eq. 6.1 determines 

the solar array system's output current (IPV). The 

output voltage of the photovoltaic array is denoted by 

VPV, while the series and shunt resistances of the 

individual photovoltaic cells are denoted by Rs and 

Rsh. As you can see, Ns is the number of cells in a 

series and Np is the number of parallel cells. Iph 

current, flooding currents (Is1, Is2), series and shunt 

resistance, ideality two-diode factors (a1, a2) for the 

two-diode system are shown in Fig 7.

 
Figure 7 Equivalent circuit model of single-diode for 

PV array [9] 

where: 

 

9.1. Modeling for DC-DC Boost Converter 

DC-DC boost converter input and output connections 

are shown in Fig. 3. With the help of Eqs, it is 

possible to determine the DC-DC boost converter 

parameters. (2:5) [11-18]. 
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Figure 6.3 DC-DC boost converter 

 

 

9.2Filter for Power 

The UG user interface includes filtering algorithms to 

minimize the effects of harmonics produced by the 

inverter and surges caused by one of the UG [12]. 

Fig.6.4 illustrates the electrical power filter system 

unit that is incorporated in this essential model. It is a 

passive low-pass filter with three stages. The output 

of the three-phase VSI is connected to the filter. 

 
LC low pass power filter connected to the solar 

inverter's output terminals [12]. 
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Resonance frequency of a filter must be larger than or 

equal to 10% of the grid frequency to avoid 
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interference with the grid network. Equation 6.6 

states that the filter's inductance is equal to this: 

2

1

100*
f

g f

L
w C



 (6.7) 

 

9.3MPPT Controller 

This protocol modification for MPPT P&O is shown 

in Fig.6.5 [14-15]. By assessing fluctuations in power 

and voltage, as well as load importance relative to 

zero, this flow diagram shows how to keep track of 

the MPP throughout each sample period, allowing the 

PV array voltage to be excited and finding the MPP 

where Vpv is equal to Vmpp in the MPP as rapidly as 

possible. Photovoltaic array processes continue until 

the MPP is reached or the P value changes as a result 

of changes in solar radiation or environmental 

conditions.Vpv is reduced or accelerated in order for 

the algorithm to maintain track of the most recent 

MPP [14-16]. In comparison to the conventional 

P&O approach, this method allows for much more 

accurate monitoring of the MPP in rapidly changing 

atmospheric circumstances. The equation for the 

maximum power point is provided below. 

 

9.4 Grid-Connected Control System 

Using a PLL, the inverter may be synchronized with 

the grid and deliver the frequency and phase angle 

required by the grid voltage, even if the grid voltage 

is warped[18]. By creating DC electric voltage 

(Vdc)*, the voltage regulator delivers command 

current (Id)* to the current regulator. Current 

regulators are made up of PI controllers for both id 

and iq currents. The command current (Id)* is drawn 

through a voltage regulator and is comparable to the 

grid current (Id). 

The evaluated signal (ΔId) is analyzed via the PI 

controller for lessening the miscalculation and 

generating the adding-signal with the built-up voltage 

computing signal (Vd) in order to assess with ωL to 

develop (Vd)*. Additionally, the command current 

(Iq)* tends to zero in order to increase the inverter's 

power factor (PF) close to unity. The signal (ΔIq) is 

produced by using the PI controller to generate the 

adding signal with the produced voltage (Vq) as well 

as, ωL to generate (Vq)* command. The PI 

controllers' findings are examined utilising hysteresis 

bands in order to overcome the errors between the 

upper and lower limits. The dq0, for the 3-phase 

PWM, has been adjusted. 

 
Figure 8 Flowchart of the MPPT algorithm 

 

 
Figure 9: System configuration of PV GC system 

9.5Modelling Of PV Module 

 

Matlab software is used to model PV modules. In 

order to develop the PV module, Matlab'sSim power 
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system toolbox is used. An analogous diagram of a 

single solar cell is used in conjunction with parallel 

and series resistance values that we compute to attain 

the desired output voltage. 

 

 

 
Figure 10. I-V and P-V curve of solar module 

 
Figure 11. I-V and P-V curve of solar array 

 

Table 1 Parameters of PV module 

 

 
 

9.6ModellingOf ModifiedP&O MPPT   

 

 
Figure 12.Subsystem Proposed MPPT 
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Figure 13Modelling of Proposed MPPT 

9.7 Boost Converter Simulink Model  

 

 
Figure 14. Design of boost converter in SIMULINK 

 

 
Figure 15.SIMULINK model of proposed system  

10 Results  

 

 

Figure16. Input solar radiation 

 

 

 

 

 
Figure 17.Solar output voltage 

 

 
Figure 18. solar power generated 

 

 
Figure 19. Inverter output voltage 
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Figure 20.boost converter output voltage 

 

 
Figure 21.Power at grid 

 

 
 

Figure 22.  Phase a grid current 

 

 
Figure 23Duty cycle of boost converter 

 

 
Figure 24. Inverter output voltage. 

 

 
 

Table 6.2Results  at different Irradiance 
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Conclusion 

An inverter boost converter converts all the sun's rays 

into the most amount of power possible for SP while 

keeping the inverter's input voltage constant. The 

control signals for the three-stage inverter are then 

produced by two separate PWM techniques. Using an 

L-C type filter in between the inverter and the 

resistive load, harmonics may be reduced from the 

inverter's output. It was found that the SVPWM 

approach had a lower THD than the SPWM strategy 

when compared to both of the inverters' THD and the 

voltage of the filter's output at that time. 

It is so evident that SVPWM is a superior approach 

than sinusoidal SPWM pulse width modulation. 
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