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ABSTRACT: This project presents a three-phase grid-tied solar photovoltaic (PV) system with features for power 

quality correction. This system compensates for a number of power quality (PQ) problems, including harmonics, 

redundant reactive power, and load unbalancing, while transferring power produced by a solar PV array to feed linear 

and nonlinear loads. A three-phase voltage source converter (VSC) is used to transform the DC electricity produced by 

the PV array into AC. For the grid-tied solar PV system to transfer active power and reduce PQ issues, an effective 

control method is needed. 

 

The Perturb and Observe based maximum power point tracking (MPPT) algorithm is used to make efficient use of the 

solar PV array.  An IGBT-based VSC and DSP (dSPACE DS-1202) are used in the lab to build the experimental grid 

integrated PV system setup.  Using a laboratory prototype, the effectiveness of the AGMVC control mechanism is 

experimentally confirmed. 

 

This control method is contrasted with several traditional controllers, including instantaneous reactive power theory 

(IRPT) and synchronous reference frame theory (SRFT), as well as newly created weight-based controllers, such as 

normalised kernel least mean fourth-neural network (NKLMF-NN), least mean mixed norm (LMMN), and least mean 

square (LMS). AGMVC is compared to the control methods mentioned above using a number of variables, including 

fundamental weight convergence, steady state error, computational complexity, phase lock loop (PLL) requirement, 

and harmonic compensation capacity. The IEEE-519 standard is used to verify the system's performance. 

 

KEYWORDS: AGMVC - Maximum power point tracking - Power quality - Solar photovoltaic - Voltage source 

converter. 

 

I. INTRODUCTION 

 

1.1 GENERAL  

The centralized power grid is experiencing a substantial burden, during a time when electricity consumption is at its 

peak. Considerable losses in transmission and distribution lines reduce the grid’s efficiency. Power outages in the grid 

are caused by environmental (e.g., heavy rain or wind) and non-environmental (e.g., equipment failure) reasons. The 

large central power plants in India are generally based on fossil fuel, contributing around 1.026 billion tons of CO2 

released each year into the environment. Moreover, a large portion of the rural population in India has no access to a 

reliable power supply; which hampers the socio-economic development of the people in a particular geographic region. 

To address these issues, solutions in the form of renewable sources of energy are needed and our country has a vast 

potential to generate electricity from solar energy [01-04]. 

 

Solar photovoltaic cells, along with power electronics based converters, forms a solar energy conversion system. This 

system can be operated in grid connected or standalone modes, depending on the grid availability. Standalone solar PV 
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systems require battery storage, which increases its capital and maintenance costs. A grid interfaced solar PV system 

does not require battery storage, therefore these systems are more attractive. A solar PV array power at maximum 

rating can be extracted using a maximum power point tracking (MPPT) algorithm. Several MPPT algorithms, including 

incremental conductance (InC), Fuzzy logic control, hill climbing, perturb and observe (P&O), a numerical approach 

etc., have been documented in the literature. 

 

Two topologies are suggested for integrating solar PV array with the utility grid, namely single stage and double stage. 

In single stage, the PV array is directly connected at the DC link of the VSC without any intermediate stage. The 

advantage with a single stage system is that it provides improved efficiency; while the double stage system offers better 

stability. Moreover, with the increasing penetration of nonlinear loads, such as LED lights, battery chargers, electronic 

ballasts, adjustable speed drives, uninterrupted power supply etc., harmonics are being injected in the power 

distribution system.  

 

This could be possible with the introduction of fast, less complex and robust control techniques. Adaptive filters based 

control techniques are becoming more popular, because adaptive controllers use the information gathered in real time to 

modify their parameters and improve their performance in balanced and dynamic loading conditions. Several adaptive 

control techniques are reported in literature, these are, hyperbolic tangent function (HTF) based higher order adaptive 

control, least mean mixed norm, adaptive notch filter, adaptive enhanced phase lock loop, and multistage adaptive filter 

(MAF). The above mentioned literature reports PV system feeding active power as well as improving power quality, 

however limited features of active power filters are incorporated in the system. The proposed setup is a grid tied solar 

photovoltaic system (single stage). This system assists in reducing distribution losses and also provides ancillary 

services, such as harmonics mitigation, local generation of reactive power and balancing grid currents. Therefore, this 

system not only transfers active power to the grid/load, but also acts as a power quality compensator [05-06].  

 

II. PROPOSED SYSTEM 

 

BLOCK DIAGRAM 

 
 

Fig 1; Block diagram of proposed system 

 

It consist of a Voltage source converter fed from a PWM controller. The PWM controller is received input from MPPT. 

Adaptive generalized maximum Versoria criterion (AGMVC) algorithm is used to tune the PWM controller. The 

AGMVC is a powerful algorithm which will give better output from the PWM controller to energise the voltage source 

converter. The PV array is connected to Grid through a VSC. Non-linear loads are considered in the proposed system 

[07-12]. The AGMVC can adjust the firing pulse to the VSC and can mitigate the power quality issues at the earliest. 

Block of the proposed system is shown in figure 1. 

 

 

 

 

http://www.ijmrset.com/


International Journal of Multidisciplinary Research in Science, Engineering and Technology (IJMRSET) 

                                     | ISSN: 2582-7219 | www.ijmrset.com | Impact Factor: 8.206| | Monthly Peer Reviewed & Refereed Journal | 

                    || Volume 8, Special Issue 2, November 2025 ||  

                                        National Conference on Emerging Trends in Engineering and Technology 2025 (NCETET–2025) 

                     Organized by 

                           Mookambigai College of Engineering, Keeranur, Tamil Nadu, India 

IJMRSET© 2025                                                      | DOI: 10.15680/IJMRSET.2025.0811605 |                                                      32 

 

 

 

MPPT Algorithm 

 

 
 

Fig 2; Flow chart of MPPT 

 

An MPPT (Maximum Power Point Tracking) algorithm is a control system used in solar power and other renewable 

energy systems to ensure the device operates at its maximum possible power output. It does this by continuously 

adjusting the load to find the point where the voltage and current are optimized to produce the highest power under 

changing conditions like sunlight intensity and temperature. Common algorithms include Perturb and Observe (P&O) 

and Incremental Conductance (IC), which are popular for their simplicity and effectiveness, but more advanced 

methods like artificial neural networks (ANNs) are also used. The flow chart for the MPPT is shown in figure 3. 

 

Circuit Diagram of Voltage Source Converter 

 

 
 

Fig 3; VSC with Isolation Transformer 

 

Voltage source converter generates A.C voltage from D.C voltage. A single phase full wave bridge converter consists 

of 4 valves, namely valve-1, valve-2, valve-3 and valve-4 and each valve consists of a turn-off device T, and diode D, 
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connected in series with each other. On the D.C side, as the voltage is unipolar, it is supported by a capacitor. The 

capacitor is used to handle the current that accompanies the switching sequence of the converter valve and shifts in 

phase angle of the switching valves without change in D.C voltage and two ac connection points A and B. The circuit 

diagram of VSC is shown in figure 5. 

 

Conversion of AC voltage to D.C voltage is possible by changing the turn-ON and turn-OFF sequence of valves. In one 

cycle the single phase full wave bridge operates in four different operating modes as given below, 

1. T1 and T4 ON, T2 and T3 OFF ( Inverter) 

2. T1 and T4 ON, T2 and T3 OFF (Rectifier) 

3. T1 and T4 OFF, T2 and T3 ON (Inverter) 

4. T1 and T4 OFF, T2 and T3 ON (Rectifier) 

 

From the 1st operating mode time ta to tb with the turn-off devices T1 and T4 ON and T2 and T3 off, VAB is positive and 

current iAB is negative. Here power flow is from D.C to A.C. Hence inversion action takes place. In 2nd operating mode 

time tb to tc, the current iab is positive and flows through  diodes D1 and with power flow A.C to D.C. Hence, it acts as a 

rectifier. Similarly 3rd and 4th operating modes are conducted. 

 

III. SIMULATION DIAGRAM 

 
 

Fig 4; Simulation diagram of proposed system 

 

The simulation diagram of the proposed system is shown in the diagram. It has a PV array with converter and 

connected to the grid through isolator. The non-linear loads are connected with the grid. Two conditions were checked 

(i) Isolator in open condition (ii) Isolator in closed condition. 
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PV – Array Sub-System 

 
 

Fig 5; PV array  

 

The PV array which is connected number of PV panels in series-parallel combination and connected to grid through 

inverter. 

 

Voltage Source Converter sub-system 

 

 
 

Fig 6; Circuit diagram of VSC 

 

Filter sub-system 

 

 
 

Fig 7; Filter Circuit 
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Conversion of d-q parameters; sub-System 

 

 
 

Fig 8; Simulation Sub-system for d-q parameters 

 

3.1 SIMULATION OUTPUT 

 

Simulation Output - Isolator open condition 

 

 

 

Fig 9: Output of the proposed system when Isolator is opened 

 

The proposed system is analysed with non-linear loads. There are 2 condition verified in this system. 

1. When the isolator is closed; that is the non-linear loads are included in the total circuit diagram. Generally power 

quality issues are originated when the non-linear loads are included. The objective of this experiment is to remove the 

power quality issues when switch is closed that is the non-linear loads are connected in the circuit. 

2. When the isolator is opened; During this condition, the non-linear loads disconnected from the circuit. Therefore 

there will not be any power quality issue during this condition. 

The output of the proposed system compared in both  connections. 
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Simulation Output - Isolator closed condition 

 

 

 

Fig 10: Output of the proposed system when Isolator is closed 

 

The output taken during the isolator is closed, that is connected. The output received in this condition is similar to the 

previous case. 

 

3.2 Simulation Output - Gate Pulse to MOSFET 

 

 

 

Fig 11: Gate Pulse to the Converter 

 

 The converter is triggered by the gate pulses as shown in the figure. PWM pulses are used to turn on the devices. 

The AGMVC algorithm is used to drive the PWM pulses. 
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IV. CONCLUSION 

 

 In this project, a 3-phase grid tied solar PV system is designed and realized. This system operates to feed active 

power to the linear/nonlinear loads with power quality compensation features viz., harmonics, immoderate reactive 

power and unbalancing. These features of a solar PV system are performed with a 3-phase voltage source converter 

(VSC). An adaptive generalized maximum Versoria criterion (AGMVC) based control technique is developed to 

achieve multifunctional capability of VSC in the solar PV system. The control approach is designed for the converter in 

such a way that the PV system can perform active power transfer along with power quality compensation. The 

performance of AGMVC controller is realized in both simulation and experimentally. Results with solar PV system 

controlled using the proposed control technique demonstrate effective results in reducing the THD percentage of the 

grid current 3.7% experimentally, whereas the load current THD percentage is 24.1%.  

 

 The AGMVC control technique has also been tested for unbalanced load conditions. During unbalanced load 

current, the grid current has been observed balanced and sinusoidal due to the controller action. The performance of the 

AGMVC control approach has been compared with SRFT, IRPT, LMS, LMMN and NKLMF-NN in terms of weight 

convergence, error (between actual and estimated load currents), PLL requirements, computational time and harmonics 

compensation. The AGMVC controller for the solar PV system has demonstrated improved performance over other 

mentioned controllers in the majority of the features evaluated. 

 

REFERENCES 

 

[1] H. Kanchev, F. Colas, V. Lazarov, and B. Francois, “Emission reduction and economical optimization of an urban 

microgrid operation including dispatched PV-based active generators,” IEEE Transactions on Sustain-able Energy, vol. 

5, no. 4, pp. 1397–1405, Oct. 2014. 

[2] D. Debnath and K. Chatterjee, “Two-stage solar photovoltaic-based stand-alone scheme having battery as energy 

storage element for rural deployment,” IEEE Transactions on Industrial Electronics, vol. 62, no. 7, pp. 4148–4157, Jul. 

2015. 

[3] L. Zhang, K. Sun, Y. W. Li, X. N. Lu, and J. Q. Zhao, “A distributed power control of series-connected module-

integrated inverters for PV grid-tied applications,” IEEE Transactions on Power Electronics, vol. 33, no. 9, pp. 7698–
7707, Sep. 2018. 

[4] D. C. Huynh and M. W. Dunnigan, “Development and comparison of an improved incremental conductance 

algorithm for tracking the MPP of a solar PV panel,” IEEE Transactions on Sustainable Energy, vol. 7, no. 4, pp. 1421–
1429, Oct. 2016. 

[5] S. Madichetty, D. Pullaguram, and S. Mishra, “A standalone BLDC based solar air cooler with MPP tracking for 

improved efficiency,” CSEE Journal of Power and Energy Systems, vol. 5, no. 1, pp. 111–119, Mar. 2019 A. Bag, B. 

Subudhi, and P. K. Ray, “A combined reinforcement learning and sliding mode control scheme for grid integration of a 

PV system,” CSEE Journal of Power and Energy Systems, vol. 5, no. 4, pp. 498–506, Dec. 2019. 

[7] R. A. Mastromauro, M. Liserre, and A. Dell’Aquila, “Single-phase grid-connected photovoltaic systems with power 

quality conditioner functionality,” in 2007 European Conference on Power Electronics and Applications, Aalborg, 

Denmark, 2007, pp. 1–11. 

[8] B. Singh and C. Jain, “A decoupled adaptive noise detection based control approach for a grid supportive SPV 

system,” IEEE Transactions on Industry Applications, vol. 53, no. 5, pp. 4894–4902, Sep./Oct. 2017.  

[9] F. Gonzalez-Espin, I. Patrao, E. Figueres, and G. Garcera, “An adaptive digital control technique for improved 

performance of grid connected inverters,” IEEE Transactions on Industrial Informatics, vol. 9, no. 2, pp. 708–718, May 

2013. 

[10] A. K. Singh, I. Hussain, and B. Singh, “Double-stage three-phase grid-integrated solar PV system with fast zero 

attracting normalized least mean fourth based adaptive control,” IEEE Transactions on Industrial Electronics, vol. 65, 

no. 5, pp. 3921–3931, May 2018. 

[11] M. Rezkallah, S. K. Sharma, A. Chandra, B. Singh, and D. R. Rousse, “Lyapunov function and sliding mode 

control approach for the solar-PV grid interface system,” IEEE Transactions on Industrial Electronics, vol. 64, no. 1, 

pp. 785–795, Jan. 2017. 

[12] M. I. F. Banuelos, B. Ali, C. Villanueva, and M. P. Cortes, “Passivity-based control for a photovoltaic inverter 

with power factor correction and night operation,” IEEE Latin America Transactions, vol. 14, no. 8,pp. 3569–3574, 

Aug. 2016. 

http://www.ijmrset.com/


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

                     

 

 

 

 

INTERNATIONAL JOURNAL OF 

MULTIDISCIPLINARY RESEARCH 
IN SCIENCE, ENGINEERING AND TECHNOLOGY 

 
 
 

| Mobile No: +91-6381907438 | Whatsapp: +91-6381907438 | ijmrset@gmail.com | 

www.ijmrset.com 

mailto:ijmrset@gmail.com
http://www.ijmrset.com/

	Grid Tied Solar PV System with Power Quality Enhancement using Adaptive Generalized Maximum Versoria Criterion
	Ramya. S1, Muthuveerappan. S2
	Second Year / Master of Engineering in Power System, Department of Electrical and Electronics Engineering, J.J. College of Engineering and Technology, Tiruchirappalli, Tamil Nadu, India1
	ramyadhivya60@gmail.com
	Assistant Professor, Department of Electrical and Electronics Engineering, J.J. College of Engineering and Technology, Tiruchirappalli, Tamil Nadu, India2
	ABSTRACT: This project presents a three-phase grid-tied solar photovoltaic (PV) system with features for power quality correction. This system compensates for a number of power quality (PQ) problems, including harmonics, redundant reactive power, and ...
	1.1 GENERAL

