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Abstract

The efficiency of solar photovoltaic (PV) systems is highly dependent on environmental conditions such
as solar irradiance and ambient temperature. Because PV modules exhibit non-linear voltage-current (I-
V) characteristics, extracting the maximum available power requires active electronic tracking. This paper
presents a comprehensive study of Maximum Power Point Tracking (MPPT) systems, focusing on the
integration of a DC-DC boost converter controlled by advanced tracking algorithms. A comparative
analysis of the Perturb and Observe (P&O) and Incremental Conductance (INC) methods is discussed to
evaluate their tracking speed, steady-state oscillations, and overall efficiency under varying weather
conditions.
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1. Introduction

Solar energy is one of the most abundant and sustainable renewable energy sources available. However,
the energy conversion efficiency of standard PV panels is relatively low, typically ranging from 15% to
20%. Furthermore, the output power fluctuates significantly due to the non-linear relationship between
voltage and current, which shifts continuously with changing solar insolation and temperature.

To ensure the PV system operates at its peak efficiency at all times, an MPPT controller is placed between
the PV array and the load (or grid inverter). The MPPT system continuously adjusts the electrical operating
point of the modules to match the Maximum Power Point (MPP) on the P-V curve. This paper explores
the theoretical framework of PV modeling, the design of the power electronic interface, and the logic
behind standard tracking algorithms.

2. Mathematical Modeling of the PV Cell
A solar cell can be modeled as a current source in parallel with a diode, along with series and shunt
resistances to account for internal losses. The output current I of the PV cell is defined by the following
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I {ph} = Photocurrent (generated by solar insolation)

I s = Diode reverse saturation current

e V= Output voltage of the cell

e = Electron charge (1.602 \times 10"{-19} C)

e k =Boltzmann's constant (1.381 \times 10"{-23} J/K)

e T =Cell temperature in Kelvin

e A =Diode ideality factor

e R sand R {sh} = Series and shunt resistances respectively

The performance of the panel is often evaluated using the Fill Factor (FF), which measures the
"squareness" of the I-V curve:
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Where V_{mp} and I {mp} are the voltage and current at maximum power, V_{oc} is the open-circuit
voltage, and I {sc} is the short-circuit current.

3. The Role of the DC-DC Converter

To track the MPP, the impedance of the load must be dynamically matched to the internal impedance of
the PV source. This is achieved using a DC-DC converter (such as a Buck, Boost, or Buck-Boost
converter).

For grid-tied or battery-charging applications, a Boost Converter is commonly used to step up the PV
voltage. The MPPT controller achieves impedance matching by varying the duty cycle (D) of the high-
frequency switching element (usually a MOSFET or IGBT) inside the converter. Ensuring proper
switchgear and protection mechanisms (like fast-acting fuses or overvoltage relays) at this converter stage
is critical to protect the downstream components from voltage spikes during rapid irradiance changes.

Project Diagram

Solar Panel
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4. MPPT Control Algorithms

Several algorithms exist to adjust the duty cycle of the converter. The two most prominent are:

4.1 Perturb and Observe (P&O)

The P&O algorithm operates by periodically perturbing (adjusting) the terminal voltage of the PV panel

and comparing the current power output with the previous power output.

e If\Delta P> 0, the perturbation moved the operating point closer to the MPP, so the next perturbation
continues in the same direction.

e [If\Delta P < 0, the operating point moved away from the MPP, so the direction of perturbation is
reversed.

While simple to implement, P&O suffers from continuous oscillations around the MPP during steady-state

weather conditions.

4.2 Incremental Conductance (INC)

The INC method relies on the fact that the slope of the P-V curve is zero at the MPP (dp dv = 0). It

compares the instantaneous conductance (I/V) to the incremental conductance (Delta I\Delta V).

e At MPP:Delta I/DeltaV = -1/V

e Left of MPP:Delta I\DeltaV >I/'V

e Right of MPP:Delta I/DeltaV< -I/'V

This method stops perturbing once the MPP is reached, eliminating steady-state oscillations, though it

requires more complex control logic.

5. Methodology and Results

(Author's Note: In this section, you will detail your specific project work. Describe whether you simulated
the system in MATLAB/Simulink or built a hardware prototype using a microcontroller like an
Arduino/ESP32.)

Parameters to highlight in your results:

e The time it takes for the algorithm to locate the MPP from a cold start.

e The system's response to a sudden step-change in solar irradiance (e.g., a cloud passing over).

e The voltage and current waveforms at the input and output of the DC-DC converter.

6. Conclusion

The implementation of an MPPT system is essential for maximizing the economic and operational viability
of solar PV installations. The comparative theoretical analysis indicates that while the P&O algorithm
offers simplicity and ease of programming, the Incremental Conductance method provides superior
stability under rapidly changing environmental conditions. By effectively coupling the PV array to a
suitably designed DC-DC converter, the system can continuously extract maximum power, thereby
improving the overall energy yield.
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