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Abstract: - The growing global energy demand and 

environmental concerns associated with fossil fuels have 

accelerated the adoption of renewable energy sources, especially 

solar photovoltaic (PV) systems. Grid-connected PV systems are 

widely preferred due to their ability to integrate seamlessly with 

existing power networks. However, their performance is affected 

by issues such as fluctuating solar irradiance, inefficient power 

extraction, and poor power quality. This thesis presents the 

design and control of a grid-connected solar PV system using an 

advanced Maximum Power Point Tracking (MPPT) technique 

and power quality enhancement methods. A comprehensive 

mathematical model of the PV array, DC-DC converter, and 

grid-connected inverter is developed and simulated in 

MATLAB/Simulink. The proposed intelligent MPPT algorithm 

improves tracking speed and minimizes oscillations compared to 

conventional methods like Perturb and Observe (P&O) and 

Incremental Conductance. To address power quality concerns, a 

grid-synchronized inverter with suitable filtering techniques is 

implemented to reduce harmonic distortion, voltage fluctuations, 

and poor power factor. Simulation results demonstrate improved 

MPPT efficiency, reduced Total Harmonic Distortion (THD), 

and enhanced voltage and current stability. This work offers an 

efficient solution for reliable grid integration of solar PV 

systems, supporting sustainable energy development. 

Keywords: Solar Photovoltaic (PV) System; Maximum Power Point Tracking (MPPT); Grid-Connected 

Inverter; Power Quality Improvement; Total Harmonic Distortion (THD). 

1. Introduction 

The increasing demand for clean and sustainable energy has accelerated the deployment of solar 

photovoltaic (PV) systems in modern power networks. Grid-connected PV systems have gained significant 

attention due to their ability to supply renewable energy directly to the utility grid, thereby reducing 

dependence on conventional fossil fuel-based generation. However, the integration of solar PV into the grid 

introduces several technical challenges, including variability in solar irradiance, reduced conversion 

efficiency, and degradation of power quality. One of the primary challenges in PV systems is the efficient 

extraction of maximum available power under varying environmental conditions. Maximum Power Point 

Tracking (MPPT) techniques are widely used to optimize the operating point of the PV array. Conventional 

MPPT methods such as Perturb and Observe (P&O) and Incremental Conductance (INC) are simple to 

implement but suffer from steady-state oscillations and reduced tracking accuracy under rapidly changing 

irradiance conditions. Therefore, advanced MPPT techniques based on intelligent algorithms have been 
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developed to improve tracking efficiency and dynamic response. In addition to energy extraction, 

maintaining power quality is a critical requirement in grid-connected systems. The interfacing of PV 

systems through power electronic converters can introduce harmonics, voltage fluctuations, and poor power 

factor, which affect grid stability and performance. To address these issues, appropriate control strategies 

and filtering techniques must be employed to ensure compliance with grid standards.  

This paper focuses on the design and control of a grid-connected solar PV system incorporating an 

advanced MPPT algorithm and power quality improvement techniques. The proposed system utilizes a DC-

DC converter for MPPT implementation and a voltage source inverter (VSI) for grid interfacing. Advanced 

control methods are applied to enhance power extraction, minimize harmonic distortion, and maintain 

stable grid operation. The effectiveness of the proposed approach is validated through MATLAB/Simulink 

simulation, demonstrating improved efficiency, reduced total harmonic distortion (THD), and enhanced 

overall system performance. 
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The development of grid-connected solar photovoltaic (PV) systems has been extensively studied in recent 

years due to the growing demand for renewable energy and the need to reduce carbon emissions. One of 

the key areas of research focuses on maximizing the efficiency of PV systems through effective maximum 

power point tracking (MPPT) techniques. Conventional methods such as Perturb and Observe (P&O) and 

Incremental Conductance have been widely adopted because of their simplicity and ease of 

implementation. However, several studies report that these techniques suffer from steady-state oscillations 

and reduced accuracy under rapidly varying atmospheric conditions, which limits their overall 

performance. To address these limitations, researchers have proposed advanced MPPT techniques based on 

intelligent and optimization approaches. Methods such as fuzzy logic control, artificial neural networks, 

and hybrid algorithms have demonstrated improved tracking speed and higher efficiency compared to 

traditional techniques. These approaches are particularly effective under dynamic irradiance conditions, 

where rapid adaptation is required to maintain operation at the maximum power point. Despite these 
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improvements, the complexity of implementation and computational requirements remain challenges for 

practical deployment. 

In addition to efficient power extraction, the integration of PV systems into the utility grid introduces 

significant power quality concerns. The use of power electronic converters, particularly voltage source 

inverters, can lead to harmonic distortion, voltage fluctuations, and poor power factor if not properly 

controlled. To mitigate these issues, various control strategies and filtering techniques have been proposed. 

Active power filters, multilevel inverters, and advanced pulse width modulation (PWM) techniques have 

been shown to significantly reduce total harmonic distortion and improve voltage regulation. 

2.  System Architecture 

 

 
Fig.1: The design and control of a grid-connected solar photovoltaic (PV) system integrated 

 

The presented system architecture illustrates the design and control of a grid-connected solar photovoltaic 

(PV) system integrated with an advanced Maximum Power Point Tracking (MPPT) technique and power 

quality improvement mechanisms. The architecture is structured into power generation, power conversion, 

control, and grid integration stages, ensuring efficient and reliable operation under varying environmental 

conditions. The system begins with the PV array, which converts solar energy into direct current (DC) 

electricity. The output of the PV array, represented by voltage (VpvV_{pv}Vpv) and current (IpvI_{pv}Ipv

), is highly dependent on solar irradiance and temperature. Due to this variability, operating the PV array at 

its maximum power point is essential for maximizing energy extraction. To achieve this, an advanced 

MPPT controller is employed. Unlike conventional techniques such as Perturb and Observe (P&O), the 

proposed intelligent control algorithm provides faster convergence, reduced steady-state oscillations, and 

improved tracking accuracy under rapidly changing environmental conditions. The MPPT controller 

processes the PV voltage and current signals and generates an appropriate duty cycle (DDD) for the DC–

DC converter. The DC–DC boost converter plays a crucial role in stepping up the variable PV voltage to a 

higher, stable DC level suitable for inverter operation. It also acts as an interface between the PV array and 

the DC link. The switching operation of the converter is controlled by the MPPT algorithm to ensure 

optimal power transfer. A DC link capacitor (CdcC_{dc}Cdc) is connected at the output of the boost 

converter to stabilize the DC voltage (VdcV_{dc}Vdc) and reduce ripple components. This capacitor 

ensures a smooth and constant input supply to the inverter, which is critical for maintaining stable AC 

output. The grid-connected inverter, typically a Voltage Source Inverter (VSI), converts DC power into 

alternating current (AC) power. The inverter is controlled using an advanced inverter control strategy that 

includes grid synchronization, current control, and voltage regulation. A Phase-Locked Loop (PLL) is used 
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to synchronize the inverter output with the grid voltage in terms of frequency and phase angle. The inverter 

controller also ensures that the DC link voltage follows a reference value (Vdc∗V_{dc}^*Vdc∗) and 

regulates active and reactive power flow. 

To address power quality concerns, an AC filter (RLC or LCL filter) is incorporated at the inverter output. 

This filter significantly reduces harmonic distortions generated by high-frequency switching of the inverter. 

It ensures that the injected current into the grid is sinusoidal and complies with standards such as IEEE 519, 

thereby improving Total Harmonic Distortion (THD) and overall power quality. Finally, the conditioned 

AC power is delivered to the utility grid. The system ensures proper voltage (VgV_gVg) and frequency 

matching, enabling seamless integration with the grid. The overall architecture not only maximizes energy 

harvesting through advanced MPPT but also enhances grid performance by maintaining high power 

quality, stability, and reliability. Thus, the proposed system provides an efficient, intelligent, and 

sustainable solution for modern grid-connected solar PV applications. 

3. MATLab Simulink  

 
Fig.2: MATLab Simulink Model 

 

Figure 2 illustrates the MATLAB/Simulink model of a grid-connected solar PV system incorporating an 

advanced MPPT algorithm and power quality improvement techniques. The model is organized into power 

generation, conversion, control, and grid integration subsystems, clearly showing both power flow and 

control signal interactions. The system begins with the PV array block, which generates DC power based 

on solar irradiance and temperature. The output current (IpvI_{pv}Ipv) and voltage are continuously 

monitored and fed to the Advanced MPPT controller. This controller employs an intelligent algorithm 

(such as AI-based or adaptive control) to determine the optimal duty cycle (DDD) required to extract 

maximum power from the PV array under varying environmental conditions. The MPPT output drives the 

DC–DC boost converter, which steps up the PV voltage to a higher DC level (VdcV_{dc}Vdc). The boost 

converter ensures proper impedance matching between the PV array and the load while maintaining 

maximum power operation. The DC output is then smoothed using a DC link capacitor, ensuring a stable 

voltage supply to the inverter stage. 

The grid-connected inverter converts the DC voltage into AC power suitable for grid connection. It is 

controlled by a sophisticated inverter control subsystem, which includes a Phase-Locked Loop (PLL) and a 

dq-axis current control mechanism. The PLL synchronizes the inverter output with the grid by generating 

reference signals (sin⁡θ\sin \thetasinθ, cos⁡θ\cos \thetacosθ) based on grid voltage. The dq current 

controller regulates active and reactive power by controlling the direct (IdI_dId) and quadrature (IqI_qIq) 

current components. The PWM generation block produces switching signals for the inverter switches based 

on control inputs. These signals ensure accurate voltage and current waveform generation. To improve 

power quality, an LCL filter is connected at the inverter output. This filter effectively reduces high-

frequency harmonics caused by switching operations, ensuring that the injected current is nearly sinusoidal 
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and complies with grid standards. Finally, the filtered AC power is delivered to the utility grid, maintaining 

proper voltage (VgV_gVg), frequency, and phase synchronization. The model also distinguishes between 

power signals and control signals, enabling clear analysis and simulation of system performance. Overall, 

the Simulink model provides a comprehensive platform to analyze efficiency, MPPT performance, 

harmonic reduction, and grid synchronization, making it highly suitable for advanced research in solar PV 

systems. 

 

 

4. Results and Discussion 

 

 
Fig. 3: Grid voltage and Inverter Voltage 

 

 
Fig. 4: Inverter voltage and Current 

 
Fig. 5: Efficient power tracking using advanced MPPT 
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Fig. 6: Stable DC bus voltage 

 
Fig. 7: Proper grid synchronization (voltage & current in phase) 

 
Fig. 8: educed harmonic distortion 

The generated MATLAB graphs illustrate the performance of the proposed grid-connected solar PV system 

with advanced MPPT and power quality improvement. Each graph highlights a key aspect of system 

behavior and validates the effectiveness of the control strategies. This graph shows the comparison between 

the actual available PV power and the MPPT-tracked power over time. The tracked power closely follows 

the actual power curve with minimal deviation, indicating that the advanced MPPT algorithm operates with 

high efficiency. The reduced gap between the two curves demonstrates fast tracking capability and minimal 

steady-state oscillations, even under varying irradiance conditions. This confirms improved energy 

extraction compared to conventional methods.  

The DC link voltage graph represents the voltage across the DC bus capacitor. It remains nearly constant 

around the reference value with very small ripple. This stability is essential for proper inverter operation 

and ensures smooth power transfer from the DC side to the AC side. The minimal fluctuations indicate 

effective control of the DC–DC converter and proper sizing of the DC link capacitor. This graph shows the 
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grid voltage and inverter current waveforms. Both waveforms are sinusoidal and perfectly in phase with 

each other. This confirms that the inverter is properly synchronized with the grid using a Phase-Locked 

Loop (PLL). The in-phase relationship indicates that the system operates at unity power factor, ensuring 

efficient real power transfer to the grid without reactive power losses. The harmonic waveform 

demonstrates the output current after filtering. The waveform is smooth and nearly sinusoidal, with 

significantly reduced distortion. The presence of minor higher-frequency components represents residual 

harmonics, but they are well within acceptable limits. This confirms that the LCL filter and inverter control 

strategy effectively reduce Total Harmonic Distortion (THD), improving overall power quality. 

The performance of the proposed grid-connected solar PV system was evaluated using MATLAB/Simulink 

under varying operating conditions. The results demonstrate that the implemented advanced MPPT 

algorithm effectively tracks the maximum power point with high accuracy, even under rapidly changing 

irradiance levels. Compared to conventional techniques, the proposed method shows reduced oscillations 

around the maximum power point and improved steady-state performance, leading to higher energy 

extraction efficiency. The DC–DC converter successfully regulates the PV output and maintains a stable 

DC link voltage, which is essential for reliable inverter operation. The inverter output voltage and current 

waveforms are observed to be nearly sinusoidal, indicating effective control and proper modulation. Grid 

synchronization achieved through the phase-locked loop ensures accurate alignment of phase and 

frequency, enabling smooth power injection into the utility grid. 

Conclusion 

The design and control of a grid-connected solar PV system with advanced MPPT and power quality 

improvement have been successfully presented in this work. The proposed system integrates an efficient 

MPPT algorithm with a well-coordinated inverter control strategy to maximize energy extraction and 

ensure high-quality power delivery to the grid. The results indicate that the system effectively tracks the 

maximum power point, maintains a stable DC link voltage, and produces low-distortion output current 

through the use of an LCL filter. The coordinated operation of the DC–DC converter, inverter, and 

synchronization mechanism enhances overall system performance and reliability under varying 

environmental conditions. The reduction in harmonic distortion and improvement in power factor 

demonstrate the effectiveness of the proposed approach in meeting grid standards. Therefore, the developed 

system provides a reliable and efficient solution for modern grid-connected PV applications. 
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