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Abstract: Maximum power point tracking(MPPT) is a very important technique which is employed in photovoltaic systems to
extract maximum available power from the Photovoltaic panels under varying operating conditions. This paper presents a
comparative study of different MPPT techniques, including traditional methods like Perturb and Observe (P&O), Incremental
Conductance (Inc Con), Constant voltage method, as well as intelligent methods like Fibonacci algorithm-based search MPPT
and Particle Swarm Optimization (PSO) Technique. The advantages and disadvantages of each technique are discussed in detail,
along with their suitability for different applications.

The paper concludes by highlighting the limitations of existing techniques and proposing a problem statement for developing a
novel MPPT technique that addresses these limitations. Traditional MPPT techniques like Perturb and Observe , Incremental
Conductance, and constant voltage method are straightforward to deploy and computationally economical. However, they can
encounter issues such as being trapped in local maxima and exhibiting slower tracking rates during swift changes in irradiance.
Intelligent MPPT techniques, such as Fibonacci algorithm-based search MPPT, and Particle Swarm Optimization (PSO)
Technique are more adaptable to complex operating conditions and have faster tracking speeds, but they are also more
computationally complex and expensive to implement.

The limitations of existing MPPT techniques include sensitivity to partial shading conditions, limited efficiency under dynamic
irradiance conditions, and the requirement for accurate system parameters. To address these limitations, a novel MPPT
technique should be developed that is efficient under partial shading and dynamic irradiance conditions, robust to inaccurate
system parameters, and has low computational complexity and implementation cost.

L. INTRODUCTION
Maximum power point tracking(MPPT) is a crucial technique which is employed in photovoltaic(PV) systems to extract maximum
power available from the PV panels under varying operating conditions, such as fluctuating solar temperature & solar irradiance
levels.
MPPT algorithms are essential in photovoltaic(PV) systems so as to maximize the power output from solar panels by adjusting
consistently the operating point to the maximum power point (MPP)despite changing environmental conditions. MPPT is a
technique employed to optimize energy harvesting from PV modules.
The primary objective across all MPPT controllers is to maintain a condition where the alteration in power concerning voltage on
the P-Characteristic curve remains negligible.
This is achieved through continual monitoring of the PV module's output voltage and current, coupled with adjustments to the duty
cycle of the converter to align source impedance with the load. When this impedance matching is achieved, the MPPT accurate
tracking of the Maximum Power Point (MPP) is ensured.
Employing solar tracking methods offers benefits by enhancing the power output and efficiency of photovoltaic systems. One
significant hurdle encountered in MPPT systems arises during voltage tracking and the necessary adjustment of duty cycle to
optimize the maximum power extraction from the Photovoltaic system.

1. TYPES OF MAXIMUM POWER POINT TRACKING (MPPT)TECHNIQUES
Maximum power point tracking( MPPT) techniques are broadly categorized into two main classes: traditional and intelligent.
Traditional Maximum power point tracking MPPT Techniques
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A. Perturb and Observe Method
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Figurel. P&O Algorithm

The Perturb and Observe technique gained popularity due to its ease of implementation in electronic circuits. It operates by
iteratively adjusting specific parameters until it reaches the Maximum Power Point(MPP) of a solar photovoltaic panel. Essentially,
this keeps tweaking variables and observing the resulting power output, comparing it to previous values to determine if adjustments
are needed to approach the MPP. However, while P&O is simple to implement, traditional methods can sometimes suffer from
issues like oscillations around the MPP and slow response times.

To address these limitations, a modified P&O approach has been developed. This enhanced version focuses on a specific portion of
the power curve, typically about 10%, rather than considering the entire curve. By narrowing down the search space, this modified
algorithm can more efficiently find the MPP, reducing oscillations and improving response time. Additionally, incorporating a
digital signal processor (DSP) based controller further enhances the successfulness of the method.

1) Advantages

Simplicity: The Perturb and Observe algorithm is easy to put it into practice, making it accessible even to engineers or hobbyists
with less experience.

Real-time Performance: It operates in real-time and will adjust the operating point of the photovoltaic(PV) system promptly in
response to environmental changing conditions.

Low Cost: Since it doesn't necessitate sophisticated hardware or significant computational resources, the P&O technique is more
cost-effective to implement.

Wide Applicability: This can be applied to types of various photovoltaic(PV) systems, including those with different configurations
and environmental conditions.
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Reliability: Despite its simplicity, the P&O method generally provides reliable performance under typical operating conditions.

2) Limitations

Oscillations: Under swiftly shifting irradiance conditions, the P&O method may induce oscillations around the MPP, potentially
resulting in energy losses and diminishing system efficiency.

Accuracy: It may not precisely track the MPP under partial shading conditions or non-linear temperature variations, which can
impact the overall energy yield of the photovoltaic system.

Dependency on Perturbation Step Size: The effectiveness of the algorithm is influenced by the selection of the perturbation step size.
An inappropriate step size could result in slower tracking or increased oscillations.

Sensitivity to Noise: The algorithm's performance can be affected by noise in sensor measurements or other sources, potentially
leading to suboptimal operation.

Efficiency Losses: Due to its heuristic nature, the Perturb & Observe(P&O) method may not always achieve global maximum
power point(MPP), resulting in some efficiency losses compared to more advanced MPPT algorithms under certain conditions.
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Figure 2: Pv/sVV & P v/s | for P&O Algorithm

B. Incremental Conductance (Inc Cond) Method

Another method, known as Incremental Conductance (IC), will offer a different approach to maximizing solar panel efficiency. The
Incremental Conductance (IC) method modifies the terminal voltage of the photovoltaic panel by referencing the voltage associated
with the MPP. It achieves by scrutinizing slope of the power curve and implementing adjustments accordingly. This approach
proves effective as it dynamically monitors alterations in the power curve, ensuring efficiency is upheld, and ceasing adjustments
once the MPP is attained.

1) Advantages

Improved Tracking Accuracy: The Incremental Conductance (IC) method offers enhanced tracking precision compared to the P&O
method, particularly in scenarios of swiftly fluctuating environmental conditions and partial shading.

Faster Convergence: It achieves faster convergence to the maximum power point compared to the Perturb & Observe (P&O)
method, minimizing the duration spent operating away from the optimal power point and maximizing energy capture.

Adaptability to Variations: The algorithm is more adaptable to variations in solar irradiance and temperature, allowing for better
performance in dynamic weather conditions.

Reduced Oscillations: Inc Cond typically exhibits fewer oscillations around the MPP, leading to smoother operation and potentially
higher overall system efficiency.
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Enhanced Efficiency: By dynamically adjusting the operating point based on changes in both voltage and current, the Incremental
Conductance method can help maximize energy extraction from the photovoltaic panels.

2) Limitations:

Complexity: Unlike the simple setup of the Perturb & Observe method, implementing the Incremental Conductance algorithm is
more complex, requiring additional computational resources and hardware.

Sensitivity to Model Parameters: Its performance is sensitive to the accuracy of the photovoltaic model parameters, requiring precise
calibration for optimal operation.

Potential for Overshoot: In certain conditions, the Incremental Conductance method may exhibit overshoot or undershoot behavior
around the MPP, which can lead to transient inefficiencies.

Higher Cost: Due to its increased complexity, implementing the Incremental Conductance method may entail higher costs in terms
of hardware and development effort compared to simpler MPPT algorithms.

Not Universally Applicable: While generally effective, the performance of the Inc Cond method can vary depending on specific
system configurations and environmental factors, limiting its universal

applicability.
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Figure 3: The Incremental Conductance (1C) method Algorithm
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Figure 4: P v/s VV & P v/s | for Incremental Conductance method

C. Constant voltage MPPT Method

The Constant voltage MPPT method or technique involves regulating the voltage of a solar panel according to the ambient
temperature in its surroundings. This adjustment is made to optimize the panel's performance and it shows that it operates at its
Maximum Power Point. Simplicity and minimal hardware requirements, making it cost-effective to implement are one of the
advantages of this method. This method automatically modifies the reference voltage to accommodate changes in environmental
conditions, ensuring that the panel operates efficiently regardless of temperature variations.

Among the various methods to achieve Maximum power point, constant voltage (CV) and constant current CI) techniques are
considered the simplest and quickest. These techniques work on the premise of a linear correlation between the voltage (or current)
at maximum power of the module and its open-circuit voltage (or short-circuit current). These methods operate under the
assumption of a linear relationship between the voltage (or current) of the module at maximum power and its open-circuit voltage
(or short-circuit current). However, limitation of these methods is they assume constant environmental conditions, which may not
always hold true, leading to suboptimal performance.

Improved versions of these techniques incorporate online tracking algorithms, which continuously monitor open-circuit voltages
and short-circuit currents to adjust parameters in real-time. This enhances the accuracy of the MPPT process, which ensures that the
solar photovoltaic (PV) panel operates closer to the true MPP under varying environmental conditions.

1) Advantages:

Simplicity: The Constant VVoltage MPPT method is simple to implement when compared to other Maximum power point tracking
(MPPT) algorithms, requiring less computational complexity & fewer hardware components.

Stability: It tends to provide stable operation under varying environmental conditions, as it maintains a constant voltage across the
PV array.

Cost-Effectiveness: Due to its simplicity, the Constant VVoltage method can be cost-effective to deploy, making it suitable for
applications with budget constraints.

Compatibility: This method can be compatible with various types of PV systems and configurations, allowing for widespread
adoption across different setups.

In certain situations, especially when the photovoltaic (PV) array maintains a steady voltage, the Constant VVoltage MPPT technique
can efficiently track the MPP without necessitating intricate algorithms.

2) Limitations:

Suboptimal Performance: The Constant Voltage method may not always achieve the highest power output compared to more
advanced MPPT techniques, especially under rapidly changing irradiance or temperature conditions.

Limited Efficiency: It might lead to energy losses under certain conditions, particularly when the PV array operates away from its
optimal voltage due to variations in irradiance or shading.
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Dependency on Operating Point: The efficacy of this approach primarily hinges on the initial operating point of the PV array,
potentially constraining its ability to adapt to dynamic shifts in environmental conditions.

Inflexibility: Constant VVoltage MPPT may lack the flexibility to adapt to the non-linear characteristics of PV modules or changes in
the system configuration, potentially limiting its overall efficiency.

Potential for Overheating: Maintaining a constant voltage across the PV array can sometimes lead to increased heat dissipation,
especially in high irradiance conditions, which may impact the longevity of the system components.
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Figure 5: Constant VVoltage MPPT method Algorithm
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D. Fibonacci algorithm-based search MPP

One approach to MPPT is using the Fibonacci algorithm. The Fibonacci search algorithm is a numerical optimization technique

based on the Fibonacci sequence is a sequence of numbers where each number is the sum of the two numbers preceding it. For

example, it starts with 0 and 1, and each subsequent number is the sum of previous two numbers. In this context of MPPT, the

Fibonacci search algorithm will be used to approach the maximum power point (MPP) iteratively.

Here's how it works:

1) Initialization: Start with two initial guesses for the maximum power point, P1 and P2, such that P1 < P2.

2) Calculate the Next Point: Calculate a new guess, P3, using the Fibonacci sequence. This is done by selecting a Fibonacci
number (n) and calculating the next point using the formula P3 = P1 + (Fib(n-1)/Fib(n)) * (P2 - P1), where Fib(n) represents the
nth Fibonacci number.

3) Evaluate Power: Measure the power output of the solar panel at point P3.

4) Update Points: Update points P1 and P2 based on the measured power output. If the output power at P3 is more than the output
power at P1, then set P1 = P3; otherwise, set P2 = P3.

5) Repeat: Until a termination condition is met steps 2-4 are repeated (e.g., reaching a predefined tolerance level or maximum
number of iterations).

The Fibonacci search algorithm converges towards the maximum power point in a logarithmic number of steps, making it efficient

for MPPT applications. The algorithm continually refines the operating point of the solar photovoltaic panel by utilizing measured

output power.

This iterative process aims which will ensure that the solar photovoltaic(PV) panel operates as much close as possible to its MPP,

even when environmental conditions fluctuate. It's crucial to acknowledge that while the Fibonacci algorithm serves as one method

for MPPT, various other algorithms exist, including P&O, Inc Cond, and HC, each with its own set of strengths and weaknesses.

Selecting the appropriate algorithm will depend on factors such as cost, system complexity, and performance criteria.
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1) Advantages:

Efficient Exploration: The Fibonacci algorithm-based search efficiently explores the search space by utilizing the Fibonacci
sequence to determine search points, allowing for a systematic approach to finding the maximum power point.

Global Optimization: This is capable of converging to global MPP, ensuring optimal power output from the photovoltaic system
under varying environmental conditions.

Simplicity: The algorithm is very simple to implement when compared to some other optimization techniques, requiring fewer
computational resources and less complex algorithms.

Adaptability: The Fibonacci algorithm-based search can adapt to changes in some environmental parameters such as temperature
and solar irradiance, ensuring effective MPPT in dynamic operating conditions.

Low Computational Overhead: It typically involves low computational overhead, making it suitable for implementation in resource-
constrained environments or embedded systems.

2) Limitations:

Convergence Speed: The Fibonacci algorithm-based search may converge more slowly compared to some other optimization
techniques, especially in scenarios with large search spaces or complex system configurations.

Sensitivity to Initial Parameters: Its performance can be sensitive to the selection of initial parameters and search ranges, requiring
careful tuning for optimal results in different PV system setups.

Potential for Suboptimal Solutions: In certain cases, the algorithm may converge to suboptimal solutions or local maxima/minima
rather than the global maximum power point, leading to reduced MPPT efficiency.

Limited Scalability: The scalability of the algorithm may be limited when applied to large-scale PV systems with numerous modules,
as the computational complexity may increase significantly.

Lack of Robustness: The Fibonacci algorithm-based search may struggle to handle noisy or uncertain environmental data, affecting
its robustness and reliability in real-world applications.
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Figure 7: Fibonacci algorithm-based search MPPT Algorithm
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Presently, the dominant Maximum power point tracking algorithms demands lighting conditions mainly consist of Particle Swarm
Optimization and Genetic Algorithms. Among these, Particle Swarm Optimization is particularly favoured due to its efficient
ability to find solutions quickly & it’s simplicity. However, traditional PSO methods may encounter premature convergence issues
during the search process, especially in scenarios with multiple output power peaks from the PV array. Additionally, the
performance of PSO tends to decline as the search progresses.

To address these challenges, a novel approach combining the concept of Natural Selection with traditional MPPT algorithms has
been proposed. This technique seeks to improve the effectiveness of PSO in discovering optimal solutions by substituting the
velocity and position of less successful particles with those of better-performing ones during each iteration. This strategy effectively
prevents premature convergence and improves the overall search speed and accuracy.
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In the PSO algorithm, each particle in the N-dimensional search space seeks to optimize a specific function using its fitness value
and velocity vector to determine its flight direction and distance. Moreover, individual particles retain information about their best-
known position as well as the overall best position discovered by the entire group.

The updated formulas for position and velocity incorporate factors such as inertia weight (w), positive learning factors (c1 and c2),
and random numbers (r1 and r2).

1) Advantages:

Global Optimization: PSO excels in finding the global maximum power point (MPP) by iteratively adjusting parameters, and
leveraging the collective intelligence of particles within the swarm.

Adaptability: It can adapt to changes in environmental conditions, such as varying irradiance levels & temperatures, enabling
efficient tracking of the MPP under dynamic operating conditions.

Fast Convergence: PSO typically converges to the optimal solution relatively quickly, leading to faster tracking of the MPP
compared to some traditional methods.

Parallelism: Particle Swarm Optimization (PSO) is inherently parallelizable, which allows efficient implementation on parallel
computing platforms, which can accelerate the optimization process, especially for large-scale Photovoltaic systems.

Robustness: PSO exhibits resilience against getting stuck in local optimal solutions and demonstrates effectiveness in dealing with
non-linear and non-convex optimization challenges. This makes PSO suitable for various MPPT scenarios, expanding its usability
significantly.

2) Limitations:

Parameter Sensitivity: PSO performance can be sensitive to its control parameters, such as acceleration coefficients and inertia
weight, which will require fine-tuning for optimal operation in different environments.

Premature Convergence: In certain situations, PSO may prematurely converge to suboptimal solutions, particularly in complex or
noisy search spaces, leading to reduced tracking accuracy.

Computational Overhead: Implementing PSO may require significant computational resources, especially for systems with large
numbers of particles or complex fitness functions, potentially increasing the computational overhead.

Memory Requirement: The memory requirement of PSO scales with the number of particles in the swarm, which can become
prohibitive for systems with a large number of PV modules or when memory resources are limited.

Lack of Determinism: PSO lacks determinism due to its stochastic nature, making it difficult to guarantee the same solution across
multiple runs, which may pose challenges for reproducibility and reliability in some applications.
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1. CONCLUSIONS

This review paper examines five distinct MPPT methods, namely conventional, intelligent, optimization, and hybrid approaches.
Conventional methods are effective in optimal power tracking under full sunshine but struggle with partial shading scenarios.
optimization and Intelligent methods offer superior global MPP tracking under partial shading, albeit with increased complexity and
cost. Despite their advantages, these methods which are advanced are generally much more expensive than conventional ones, such
as P&O, which remains widely used in industry MPPT controller designs. However, conventional methods exhibit slower response
times and less stability compared to optimization, intelligent, and hybrid techniques. This study offers valuable insights which will
select the most suitable MPPT technique based on priorities & specific requirements.
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