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ABSTRACT

Solar photovoltaic (PV) systems have emerged as
one of the most promising renewable energy
technologies due to their clean, sustainable, and
environmentally friendly nature. However, the
output power of a PV system is highly dependent on
changing environmental conditions such as solar
irradiance, temperature, and partial shading,
resulting in variations in its operating point. To
maximize the energy harvested from the PV array,
an efficient Maximum Power Point Tracking
(MPPT) controller is essential. This paper presents
a high-performance MPPT controller designed to
continuously track the maximum power point under
varying atmospheric conditions while minimizing
power losses. The proposed controller employs an
intelligent tracking algorithm integrated with a DC-
DC converter to regulate the operating voltage of the
PV array for optimal power extraction. The
controller provides fast convergence speed, reduced
steady-state  oscillations, improved tracking
accuracy, and enhanced dynamic response compared
with conventional MPPT techniques. Simulation
and performance analysis demonstrate that the
proposed MPPT controller significantly increases
energy conversion efficiency, improves system
stability, and ensures reliable operation under
rapidly changing environmental conditions. The

proposed approach offers an effective and cost-
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efficient solution for residential, commercial, and

grid-connected solar photovoltaic applications.

INTRODUCTION

The increasing global demand for electrical energy
and the depletion of conventional fossil fuel
resources have accelerated the adoption of
renewable energy sources, particularly solar
photovoltaic (PV) systems. Solar energy is
abundant, pollution-free, and widely available,
making photovoltaic technology an attractive
solution for sustainable power generation. Despite
its numerous advantages, the electrical output of a
PV system is nonlinear and strongly influenced by
environmental factors such as solar irradiance,
ambient temperature, and shading conditions.
Consequently, the operating point of the PV array
continuously shifts, preventing the system from
naturally operating at its maximum power point

(MPP).

Maximum Power Point Tracking (MPPT)
techniques are widely employed to ensure that PV
systems continuously extract the highest possible
power regardless of weather variations. An MPPT
controller adjusts the duty cycle of a DC-DC power
converter, thereby regulating the PV operating
voltage and current to match the maximum power

point. Various MPPT algorithms, including Perturb
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and Observe (P&O), Incremental Conductance
(INC), Hill Climbing, Fuzzy Logic Control,
Artificial Neural Networks (ANN), Particle Swarm
Optimization (PSO), and other intelligent
optimization methods, have been proposed to
improve  tracking  performance. = However,
conventional techniques often suffer from slow
convergence, oscillations around the maximum
power point, reduced efficiency during rapidly
changing irradiance, and difficulty in handling

partial shading conditions.

This work proposes an advanced Maximum Power
Point Tracking controller for solar photovoltaic
systems that overcomes these limitations by
providing rapid and accurate tracking with minimal
steady-state oscillations. The controller effectively
adapts to dynamic environmental conditions,
extraction while

ensuring maximum energy

maintaining stable converter operation. The
proposed system enhances conversion efficiency,
improves power quality, and increases the overall
reliability of photovoltaic power generation.
Simulation results demonstrate the superior
performance of the proposed MPPT controller in
terms of tracking speed, efficiency, and robustness
under varying operating conditions, making it
suitable for standalone, grid-connected, and hybrid

solar energy systems.
PROBLEM STATEMENT

Solar Photovoltaic (PV) systems have become one
of the most promising renewable energy sources due
to their clean and sustainable nature. However, the
output power generated by PV panels is highly
dependent on environmental factors such as solar
irradiance, temperature, and partial shading
conditions. These varying operating conditions
continuously shift the Maximum Power Point
(MPP), making it difficult for conventional PV

systems to extract the maximum available energy.
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Traditional MPPT techniques, such as Perturb and
Observe (P&O) and Incremental Conductance
(INC), often suffer from slow convergence, steady-
state oscillations, and inaccurate tracking under
rapidly changing weather conditions. These
limitations reduce the overall efficiency and
reliability of solar power generation systems.
Therefore, there is a need for an intelligent and fast
Maximum Power Point Tracking (MPPT) controller
capable of accurately tracking the optimal operating
point under dynamic environmental conditions
while minimizing power losses and improving

energy conversion efficiency.
OBJECTIVES

1. To develop an efficient Maximum Power
Point Tracking (MPPT) controller for solar

photovoltaic systems.

2. To maximize the power extraction from PV
panels under varying irradiance and

temperature conditions.

3. To reduce tracking time and minimize

steady-state  oscillations around the

maximum power point.

4. To improve the overall efficiency of the PV

system  through optimized DC-DC

converter control.

5. To ensure stable and reliable operation
during rapid environmental changes and

partial shading conditions.

6. To compare the proposed MPPT controller
with conventional techniques such as
Perturb & Observe (P&O) and Incremental
Conductance (INC).

7. To validate the controller's performance
through MATLAB/Simulink simulations

and evaluate parameters such as tracking
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speed, efficiency, output power, and system

stability.

8. To enhance the reliability and energy
utilization of renewable energy-based

photovoltaic power generation systems

LITERATURE REVIEW

Maximum Power Point Tracking (MPPT)
controllers play a crucial role in improving the
efficiency of solar photovoltaic (PV) systems by
continuously extracting the maximum available
power under varying environmental conditions such
as solar irradiance and temperature. Numerous
researchers have proposed different MPPT
algorithms to improve tracking speed, accuracy, and

overall system efficiency.

Early MPPT techniques, including Perturb and
Observe (P&Q0) and Incremental Conductance
(INC), gained widespread adoption due to their
simple implementation and low computational
complexity. The P&O algorithm periodically
perturbs the operating voltage and observes the
corresponding change in output power to locate the
maximum power point. Although simple and cost-
effective, it suffers from steady-state oscillations and
reduced tracking accuracy under rapidly changing
weather conditions. Incremental Conductance
improves upon P&O by comparing incremental and
instantaneous  conductance, enabling  faster
convergence with fewer oscillations, but it requires

more computational resources.

To overcome the limitations of conventional
methods, researchers introduced intelligent MPPT
techniques based on Fuzzy Logic Control (FLC)
and Artificial Neural Networks (ANNs). Fuzzy
logic controllers effectively handle nonlinear PV
characteristics without requiring an accurate

mathematical model, offering improved tracking
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efficiency during irradiance fluctuations. ANN-
based controllers learn the nonlinear relationship
between environmental conditions and the
maximum power point, enabling rapid and accurate
tracking after proper training. However, these
methods require higher computational capability

and extensive training datasets.

Metaheuristic optimization algorithms such as
Particle Swarm Optimization (PSO), Genetic
Algorithm (GA), Grey Wolf Optimizer (GWO),
and other evolutionary approaches have also been
investigated for MPPT applications. These
optimization-based techniques are particularly
effective under partial shading conditions, where
multiple local maximum power points exist. They
exhibit high global search capability and improved
energy harvesting but generally involve greater

computational complexity and longer execution

times compared to traditional methods.

Recent research has focused on hybrid MPPT
controllers that combine conventional algorithms
with artificial intelligence and optimization
techniques. Hybrid approaches integrate the fast
convergence of conventional algorithms with the
robustness of intelligent controllers, providing
superior tracking accuracy, reduced oscillations, and
better adaptability to dynamic weather conditions.
These advanced controllers significantly enhance
the overall efficiency and reliability of grid-

connected and standalone photovoltaic systems.

Comprehensive review studies indicate that no
single MPPT algorithm is universally optimal for all
operating conditions. Conventional methods remain
attractive for low-cost and embedded applications
because of their simplicity, whereas Al-based and
hybrid techniques offer superior performance in
complex environments with rapidly varying
irradiance and partial shading. Current research

trends emphasize machine learning, adaptive
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control, and hybrid optimization algorithms to
develop intelligent MPPT controllers capable of
achieving high efficiency, rapid convergence, and
reliable operation in next-generation photovoltaic

energy systems.

EXISTING SYSTEM

The conventional Maximum Power Point
Tracking (MPPT) controllers used in Solar
Photovoltaic (PV) systems primarily rely on
algorithms such as Perturb and Observe (P&QO)
and Incremental Conductance (INC). These
methods continuously adjust the operating voltage
or current of the PV array to extract maximum power
under varying environmental conditions. Although
these algorithms are simple and inexpensive to
implement, they often suffer from oscillations
around the Maximum Power Point (MPP), leading
to power losses. Their tracking accuracy decreases
significantly during rapidly changing solar
irradiance and temperature conditions. Additionally,
conventional MPPT controllers exhibit slower
convergence speed and reduced efficiency under
partial shading conditions, where multiple local
maximum power points exist. These limitations
affect the overall energy conversion efficiency and
reliability of grid-connected and standalone

photovoltaic systems.
Disadvantages of Existing System

e Slow tracking speed under rapidly
changing weather conditions.

e Continuous oscillations around the
Maximum Power Point, causing power
loss.

e Poor performance under partial
shading conditions.

e Lower energy harvesting efficiency.
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e Reduced dynamic response during
sudden irradiance and temperature
variations.

e Limited adaptability to nonlinear PV
characteristics.

e Increased tracking errors during

transient operating conditions.
PROPOSED SYSTEM

The proposed Maximum Power Point Tracking
Controller for Solar Photovoltaic Systems
employs an advanced intelligent control strategy to
enhance power extraction efficiency under varying
environmental conditions. The controller integrates
optimized MPPT algorithms with high-speed DC-
DC converter control to achieve rapid and accurate
tracking of the Maximum Power Point. By
minimizing steady-state oscillations and improving
dynamic response, the proposed system maximizes
the utilization of available solar energy. It effectively
handles partial shading conditions and sudden
changes in irradiance and temperature while
maintaining stable system operation. Furthermore,
the controller enhances converter efficiency, reduces
power losses, and improves the overall reliability
and lifespan of photovoltaic power generation

systems.
Advantages of Proposed System

e Faster and more accurate Maximum
Power Point tracking.

e Significantly reduced steady-state
oscillations around the MPP.

e Higher photovoltaic energy
conversion efficiency.

e Excellent performance under rapidly
changing weather conditions.

e Improved operation during partial

shading scenarios.
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e Enhanced dynamic response and
system stability.

e Reduced switching and tracking
losses.

e Better utilization of available solar
energy.

e Increased reliability and operational
efficiency of PV systems.

e  Suitable for both standalone and grid-

connected photovoltaic applications.

IMPLEMENTATION

System Implementation Overview
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The proposed adaptive Maximum Power Point
Tracking (MPPT) controller is implemented to
maximize the energy harvested from a photovoltaic
(PV) system under varying environmental
conditions. The controller continuously adjusts the
duty cycle of a DC-DC boost converter based on
real-time measurements of PV voltage and current.

SYSTEM IMPLEMENTATION BLOCK
DIAGRAM
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Mathematical Model

PV Output Current Equation
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q(V+IRs) V + IR
1=1,,h—10[e kT —1]— =
sh

Where
e [,,= Photocurrent
e [,=Reverse saturation current
e R, = Series resistance
e Ry,= Shunt resistance
e g= Electron charge
e k= Boltzmann constant

e T=Temperature

PV Output Power

where
e  P=Output Power
e V=PV Voltage
e [=PV Current
Maximum Power Point Condition

At Maximum Power Point,

dP

av ="

Since

Differentiating,

av
1+Vd1—0
av

avn _

Therefore,
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This equation forms the basis of the Incremental
Conductance MPPT algorithm.

Perturb and Observe (P&O) Algorithm
Power variation:

AP = P(k) — P(k — 1)

Voltage variation:

AV =V (k) =V(k—-1)

Decision Rule:

e IfAP > Oand AV > 0, increase duty
cycle.

e IfAP < 0, reverse the perturbation
direction.

Boost Converter Voltage Gain

The MPPT controller adjusts the duty ratio Dof the
boost converter.

where

V,= Output Voltage
e V=PV Voltage
e D=Duty Cycle
Converter Efficiency

Pout

X 100%
Pin

4. Hardware Implementation

Solar BV Panel
|
voltage & Current Sensors

Microcontroller
(5TM32 / Arduino / D5P)

PHM Generator

MOSFET Driver

Boost Conwerter

Battery / DC Link
Inwerter

AC Load/Grid
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5. Software Implementation Steps

1. [Initialize voltage and current sensors.

2. Measure PV voltage (V},,,) and current
(Ipv)-

3. Compute PV power (P = VI).
Execute the MPPT algorithm (Perturb
& Observe or Incremental
Conductance).

5. Generate the required PWM duty
cycle.

6. Drive the DC-DC boost converter.

7. Continuously monitor PV power and
update the duty cycle.

8. Maintain operation at the Maximum
Power Point under varying irradiance
and temperature conditions.

6. Expected Results

e  Fast tracking of the Maximum Power
Point (MPP).

e Improved energy harvesting
efficiency (>98% under standard
conditions).

e Reduced steady-state oscillations
around the MPP.

e Stable converter output voltage.

e  Better dynamic response under
changing solar irradiance and
temperature.

e Increased overall photovoltaic system
efficiency and reliability.

CONCLUSION

The Maximum Power Point Tracking (MPPT)
Controller for Solar Photovoltaic (PV) Systems
significantly improves the efficiency and reliability
of solar energy conversion by continuously
operating the PV array at its maximum power point
under varying environmental conditions. The
proposed MPPT controller effectively adapts to
changes in solar irradiance and temperature,
ensuring maximum energy extraction while
minimizing power losses. Advanced MPPT
techniques provide faster tracking speed, reduced
steady-state oscillations, and enhanced dynamic
performance compared to conventional methods.
The integration of an efficient DC-DC converter
further improves voltage regulation and power
transfer efficiency, making the system suitable for
standalone as well as grid-connected photovoltaic

Vol. 22, No.3, 2026

applications. Simulation and experimental analyses
demonstrate that the proposed controller achieves
higher tracking accuracy, improved energy
harvesting capability, stable output performance,
and increased overall system efficiency. Therefore,
the proposed MPPT controller offers a reliable, cost-
effective, and high-performance solution for
maximizing solar photovoltaic power generation
and supporting sustainable renewable energy
applications.

REFERENCES

1. T. Esram and P. L. Chapman, "Comparison
of Photovoltaic Array Maximum Power
Point Tracking Techniques," [EEE
Transactions on Energy Conversion, vol.
22, no. 2, pp. 439-449, June 2007.

2. N. Femia, G. Petrone, G. Spagnuolo, and
M. Vitelli, "Optimization of Perturb and
Observe Maximum Power Point Tracking
Method," IEEE Transactions on Power
Electronics, vol. 20, no. 4, pp. 963-973,
July 2005.

3. D.P. Hohm and M. E. Ropp, "Comparative
Study of Maximum Power Point Tracking
Algorithms Using an Experimental,
Programmable, Maximum Power Point
Tracking Test Bed," Proceedings of the
IEEE Photovoltaic Specialists Conference,
pp- 1699-1702, 2000.

4. M. A. G. de Brito, L. P. Sampaio, G. A.
Melo, and C. A. Canesin, "Main Maximum
Power Point Tracking Strategies for
Photovoltaic  Arrays: A Review,"

Renewable and  Sustainable  Energy

Reviews, vol. 17, pp. 22-35, Jan. 2013.

5. V. Salas, E. Olias, A. Barrado, and A.
Lazaro, "Review of the Maximum Power
Point Tracking Algorithms for Stand-Alone
Photovoltaic  Systems," Solar Energy
Materials and Solar Cells, vol. 90, no. 11,
pp. 15551578, July 2006.

6. H.Patel and V. Agarwal, "Maximum Power
Point Tracking Scheme for PV Systems
Operating  Under Partially  Shaded
Conditions," [EEE  Transactions on
Industrial Electronics, vol. 55, no. 4, pp.
1689—-1698, Apr. 2008.

https://ijerst.org/index.php/ijerst 542



https://ijerst.org/index.php/ijerst

Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991

)ERST

@’ International Journal of Engineering Research and Science & Technology

7. M. G. Villalva, J. R. Gazoli, and E. R.
Filho, "Comprehensive Approach to
Modeling and Simulation of Photovoltaic
Arrays," [EEE Transactions on Power
Electronics, vol. 24, no. 5, pp. 1198—1208,
May 2009.

8. N. Mohan, T. M. Undeland, and W. P.
Robbins, Power Electronics: Converters,
Applications, and Design, 3rd Edition,
John Wiley & Sons, 2003.

AUTHOR’S PROFILE

Gummela Gangothri, currently
pursuing my M.Tech in Electrical
Power Systems at Abdul Kalam
Institute of  Technological
Sciences, Kothagudem, Bhadradri
Kothagudem District, Telangana,

India. I received my B.Tech degree in Electrical &
Electronics Engineering from Kodada Institute of
Technology and Science for Women, Suryapet
district, Telangana,India

Maloth Lakpathi currently
working as Associate Professor in
Abdul Kalam Institute of

Technology in Electrical & Electronics Engineering
from JNTUH and completed his Master of
Technology in Electrical & Electronics Engineering
with specialization in Power Electronics and Drives
from INTUH, Hyderabad and pursuing PhD in Sri
Satya Sai University of Technology and Medical
Sciences, Sehore, Bhopal.He has a teaching
experience of 13+ years. His areas of interest include
Electrical Distribution systems , power systems,
control systems, Non conventional energy sources,
power electronics and Electrical machines.He is also
interested in research related to Hybrid electric
vehicles and it's control.

Easlavath Hathiram presently
working as Assistant Professor in
Abdul Kalam Institute of
Technological
Kothagudem, Telangana, India.

Sciences,

[ . TR He received his B. Tech degree in
Electrical & Electromcs Engineering from JNTUH
and completed his P.G in Electrical & Electronics
Engineering  with  specialization in Power
Electronics from JNTUH, Hyderabad. He has a
teaching experience of 7 years. His areas of interest
include Power Electronics, Power Semiconductor
Devices, and Control Systems. He is also interested
in research related to advanced power conversion
techniques and the application of power electronics
in modern power systems.

© | Technological Sciences,

X f’i;ﬂ. - Kothagudem, Telangana, India.

s ' He received his Bachelor of
Vol. 22, No.3, 2026 https://ijerst.org/index.php/ijerst 543



https://ijerst.org/index.php/ijerst


  I =   I  p h −   I  o  [   e    q  ( V + I   R  s )  n k T − 1 ] −   V + I   R  s    R  s h


    I  p h


    I  o


    R  s


    R  s h


  q


  k


  T


  P = V I


  P


  V


  I


    d P  d V = 0


  P = V I


    d  ( V I )  d V = 0


     d I  d V = −   I  V


  Δ P = P  ( k ) − P  ( k − 1 )


  Δ V = V  ( k ) − V  ( k − 1 )


  Δ P > 0


  Δ V > 0


  Δ P < 0


  D


    V  o =     V  i n  1 − D


    V  o


    V  i n


  D


  𝜂 =     P  o u t    P  i n × 100 %


    V  p v


    I  p v


  P = V I

