
International Journal of Scientific Engineering and Science 
Volume 7, Issue 5, pp. 40-43, 2023. ISSN (Online): 2456-7361 

 

 

40 

http://ijses.com/ 

All rights reserved 

Optimization of MPPT and UPF in Grid Connected 

PV System 
 

Sandeep kumar1*, V.K. Giri2** 
1,2Electrical Engineering Department, Madan Mohan Malaviya University of Technology. Gorakhpur (U.P). INDIA 273010 

 
Abstract— AN inverter is used in photovoltaic (PV) systems to convert the direct current (DC) electricity generated by solar panels to AC 

electricity. It’s used to power homes and businesses or fed back into the electricity grid. The inverter in this article designed to be more efficient 

and reliable by using a nonlinear control strategy. This approach considers the non-linear characteristics of the PV system and the switching 

functions of the inverter, which can impact the system's overall performance if left unaddressed. By using this strategy, the inverter can track the 

maximum power by maximum power point tracking (MPPT) generated by the PV system regardless of changing the control strategy implemented 

in the developed inverter enables it to adjust to various atmospheric conditions and regulate the active and reactive power output without requiring 

any supplementary equipment which seems to be unity power factor (UPF). This inverter is a single-stage three-phase grid-connected photovoltaic 

inverter [8], meaning that it can convert DC power generated by solar panels into AC power with high efficiency and directly supply it to the 

electrical grid. The control approach guarantees that the inverter always functions at optimal levels, thereby delivering the highest possible power 

output. In summary, this article presents a new approach to designing an inverter for PV systems that uses a nonlinear control strategy to improve 

efficiency and reliability [3]. 

 

Keywords— Active and reactive power control, DC-AC conversion, energy efficiency, grid inverter, MPP tracking, nonlinear control, PV system, 

renewable energy, energy. 

 

I. INTRODUCTION  

Renewable energy sources such as solar, wind, and fuel cells 

have gained significant importance due to the deregulation of 

electricity markets and the need to reduce greenhouse gas 

emissions[5]. Solar energy is particularly valuable as it is free, 

abundant, and pollution-free. Recent advancements have made 

photovoltaic (PV) systems more reliable and efficient, 

especially for distributed generation (DG) in low and medium 

voltage power systems. Introducing distributed energy 

resources into interconnected grids is an essential solution to 

meet rising electricity demands, and research is underway to 

develop smart grids. Photovoltaic converters are essential for 

converting the direct current (DC) voltage produced by PV 

panels into alternating current (AC) voltage that can be used to 

power electrical loads or feed the grid. The most common 

approach for handling the DC voltage range generated by the 

PV array is the two-stage power conversion configuration. This 

setup involves a DC- DC power converter that uses maximum 

power point tracking (MPPT) algorithms to optimize the power 

output of the PV panels, and a DC-AC power converter that 

converts the DC voltage to AC voltage suitable for use with the 

electrical grid or local loads. Various MPP algorithms, such as 

Incremental Conductance (INC), Perturb and Observe (P&O)[3], 

and have been developed to improve the accuracy and speed of 

the MPPT process. Researchers have also focused on 

improving the efficiency and reliability of single-phase PV 

systems, which are commonly used in low-power applications. 

These systems can provide grid support and comply with grid 

standards in countries that require PV systems to remain 

connected to the grid during a grid fault. Overall, photovoltaic 

converters are crucial for harnessing the power of solar energy 

and converting it into usable electrical energy. The development 

of new control strategies and converter designs is essential for  

 

 

 

improving the efficiency, reliability, and overall performance 

of PV systems. 

PV systems are known for their non-linear behavior, which 

is caused by the unique properties of PV cells and the switching 

functions of inverters. As a result, researchers have explored 

various advanced nonlinear control techniques for grid- 

connected PV systems, including backstopping control, sliding 

control, and feedback linearization. The majority of these 

studies have focused on the two-stage topology for both three-

phase and single- phase systems. achieving maximum power 

point tracking (MPPT) of the solar array, third achieving unity 

power factor (UPF) for the grid connection, and last tightly 

regulating the DC-bus voltage. The proposed controller is 

designed using the backstepping technique based on a large-

signal nonlinear model of the entire system. The effectiveness 

of the controller is demonstrated through a analysis and 

simulation results, which show that the objectives are achieved 

even under changing climatic conditions, such as temperature 

and radiation. 

II. GRID CONNECTED PHOTOVOLTAIC UNITS 

 
Fig. 1: Units Of Grid Connected PV System 
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A: Photo Voltaic Array: 

Photovoltaic (PV) arrays demonstrate nonlinear behavior 

that varies according to changes in temperature and irradiation 

levels. Various models of PV cells have been described in the 

article for the purpose of MPP tracking (MPPT). Various 

models of solar cells have been developed to accurately estimate 

the maximum power point of the PV array under varying 

conditions of temperature and irradiation. These models 

comprise the single- diode model, empirical model, artificial 

neural network models, and fuzzy logic models, among others. 

The objective of these models is to improve the performance of 

the PV array by optimizing its operation under different 

operating conditions. 

The I-V characteristics are described by mathematical 

equations as follows: 

𝐼 = 𝐼𝑝− 𝐼𝑑 − 𝑉𝑑 /𝑅𝑝 (1) 

𝑉𝑑 = 𝐼𝑅𝑠 + 𝑉 (2) 

𝐼𝑑 = 𝐼0 [𝑒𝑥𝑝 (𝑞𝑉𝑑 /𝐴𝐾𝑇) − 1] (3) 

𝐼𝑝 = [𝐼𝑠𝑐 + 𝐾𝑙 (𝑇 – 𝑇𝑟 )]𝜆 (4) 

The current and voltage characteristics of a photovoltaic 

system can be represented using equations. These equations 

take into account the photocurrent (Ip), average current through 

the diode (Id), and voltage of the photo voltaic cell (Vd) which 

are average. The (I0) is denoted reverse saturation current at the 

reference temperature (Tr), and A refer to the diode ideal factor. 

T represents temperature of PV array in absolute scale (Ko), K 

= 1.38×10^-23J/Ko, where K is value of Boltzmann constant, 

Isc is the short circuit current at the reference (Tr) and radiation, 

Kl is the temperature coefficient of short circuit current, and λ 

is denoted for solar radiation while q is the charge of electron 

 
Fig. 2: Equivalent Circuit of Photovoltaic 

B: Maximum Power Point Tracking Algorithm: 

MPP Tracking (MPPT) to optimize the act of a solar PV 

system under changing atmospheric conditions. Specifically, 

the Incremental Conductance algorithm is being used due to 

its proven effectiveness in tracking the Maximum Power 

Point (MPPT) and generating a reference voltage that ensures 

maximum power output, regardless of variations in the 

environment. 

III. PRESENTATION AND MODELING OF SYSTEM 

Presentation and modeling of a grid-connected photo voltaic 

system involves defining the components and parameters of the 

system and developing a model that describes the behavior of 

the system under different operating conditions. The main 

components of a grid-connected PV system include a photo 

voltaic panel, a converter, a DC-AC inverter, also various grid. 

the photo voltaic array is made up of solar cells and generates 

DC power that is dependent on the solar irradiance and 

temperature. The DC-DC converter adjusts the voltage of the 

photo voltaic array to the level required by the inverter. The 

DC-AC inverter converts the DC power from the PV array to 

AC power that is synchronized with the grid and feeds it into 

the grid. The grid provides a load for the system and may also 

supply power to the system when needed. 

To model the behavior of the grid-connected PV system, 

various parameters such as the solar irradiance, temperature, and 

load conditions must be considered. Mathematical models can be 

developed to describe the behavior of each component of the 

system. These models can then be combined to form a 

comprehensive model of the entire system. the system analysis 

can provide insights into the system's behavior under various 

operating conditions and guide the optimization of the design of 

its components by help of simulations tools as MATLAB or 

PSCAD. 

 
Fig. 3: 1ϕ Grid connected PV System 

 

A 1ϕ connected photovoltaic (PV) system as illustrated in 

Figure 3. The system comprises a PV array, and input capacitor 

(Ci), a boost DC-DC converter that increases the array voltage 

and achieves MPP tracking, a direct current link capacitor 

(Cdc), unity power factor maintaining by the inverter which 

having four semiconductors for change DC to AC power, an 

isolation transformer and filter inductor (Lg) are also included 

in the system along with the inverter. 

IV. FLOW CHART 

Flow chart will help us understand well about method of 

MPPT and UPF in Grid Connected PV System. 

The control system for the 1ϕ grid-connected PV system 

begins with reading and measuring the solar radiation input. The 

input is then used to calculate the (I-V) characteristics of the PV 

module and determine the MPP of the photovoltaic module 

Next, the DC bus voltage is measured and regulated to ensure 

stable operation of the system. For unity power factor (PF) of 

the grid is also calculated and the inverter output is adjusted to 

achieve UPF in the grid. to achieve stable and optimal system 

performance, a feedback linearization control approach is 

applied. The stability of the closed-loop system is then checked 

and the system performance is monitored and adjusted based on 

feedback the robustness of the closed-loop system is then 
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evaluated, and the performance of the system is continuously 

monitored and fine-tuned based on feedback. 
 

 
Fig. 4: Flow Chart of Single-Phase Grid Connected PV System 

 
Ultimately, the control system successfully fulfills its goals 

of regulating the direct current bus voltage, achieving UPF in 

the grid, and ensuring stable operation of the system with MPP 

tracking of the PV module before stopping its operation. 

 

 
Fig.5: Architecture of Single-Phase Grid Connected       PV System Control 

V. METHODOLOGY 

1ϕ grid-connected photovoltaic (PV) system, consisting of 

a solar panel, a boost power converter, and a single-phase 

inverter which are connected to grid. The proposed control 

approach aims to achieve four main objectives, as like unity 

power factor (PF) in the grid second asymptotic stability of the 

closed- loop system, maximum power point (MPP) tracking of 

the PV module, and tight regulation of the DC bus voltage, to 

achieve these objectives, a nonlinear controller based on 

feedback linearization is developed using an averaged nonlinear 

model of the entire system. The developed controller is able to 

maintain the optimal operation of the system The model 

considers the nonlinear dynamics of the inverter also boost 

converter as well as the nonlinear characteristics of the PV panel. 

The proposed controller is shown to achieve its objectives 

through simulation result. 

 
 

 
Fig. 6: Simulink model of MPPT (incremental conductance) 

VI. TEST RESULTS AND DISCUSSION  

The Solar power generated varies within a certain range, 

which corresponds to the MPP of the curves associated with the 

given radiations. The DC bus voltage is regulated to a targeted 

level. A different figure displays the grid energy, where the 

current is sinusoidal and in sync with the voltage, indicating 

that the system has achieved UPF. The temperature of the 

system fluctuates while the radiation remains constant. 

Nonetheless, the developed controller facilitates sustained 

optimal operational parameters of the system, resulting in the 

maximum captured solar power values at the respective 

temperatures. Throughout the temperature changes, the 

regulation of the DC bus voltage is maintained at the targeted 

level through the proposed control system. The grid current and 

voltage are also illustrated, indicating that the current graph is 

sinusoidal and synchronized with the voltage level, reflecting 

the achievement of unity power factor 

 

 
Fig. 7: phase current and voltage grid 
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Fig. 8: Reactive and Active Power Grid 

 

 
Fig. 9: Voltage and Current Output Grid 

VII. CONCLUSION 

With the implementation of the proposed controller, the 

single-phase grid-connected PV system is capable of achieving 

maximum power point tracking (MPPT)and maintain unity 

power factor(UPF)under varying atmospheric conditions. Stable 

and efficient operation is ensured as the proposed controller 

effectively regulates the DC bus voltage to the aim value. 

Additionally, the system is capable of achieving maximum 

power point tracking, making it a highly efficient single- phase 

grid-connected photovoltaic system. The controller is effective 

in adapting to temperature changes, allowing the system to 

operate at optimal conditions and achieve maximum captured 

solar power. 

The outcome of the paper suggest that the proposed system 

and controller are effective for grid-connected photovoltaic 

applications. Specifically, the system has been able to regulate 

the DC bus voltage to the desired value, ensuring stable and 

efficient operation. These results showcase the potential of the 

proposed system and controller for practical implementation in 

the field of photovoltaic power generation. 
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