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Introduction

Solar energy has become a cornerstone of sustainable power solutions worldwide. Whether powering a tiny off �grid 

cabin, a remote sensor network, or an entire village, efficient solar charge controllers are essential for maximizing 

battery life and system reliability. Among the most popular technologies for this purpose is Maximum Power Point 

Tracking (MPPT), which continually adjusts the load to extract the maximum possible power from a solar array. For 

hobbyists, researchers, and small �scale professionals, the Arduino platform offers an accessible and flexible way to 

build custom MPPT charge controllers. In this article we dive deep into the Arduino MPPT solar charge 

controller version 3.0.42, exploring its architecture, components, firmware, and practical deployment scenarios.

Whether you’re a seasoned developer or just starting out, you’ll find detailed guidance, code snippets, and

troubleshooting tips that will help you build a robust, high �performance MPPT system.

What is MPPT and Why It Matters

Maximum Power Point Tracking is a technique used to ensure a solar panel operates at its optimal voltage and

current, producing the maximum possible power output. Solar panels have a nonlinear I �V curve; their power output

peaks at a specific point that shifts with temperature, irradiance, and panel health. An MPPT controller continuously

monitors the panel’s voltage and current, adjusting the load (or battery) connection to keep the system at that peak

power point. Compared to simpler PWM controllers, MPPT can improve energy harvest by 20–40% in many

installations, which translates into faster battery charging and lower overall system cost.

Why Choose Arduino?

Arduino boards are renowned for their low cost, ease of use, and extensive community support. They provide a

powerful microcontroller core, a simple programming environment, and a wealth of libraries that simplify sensor

integration, PWM control, and serial communication. For MPPT projects, the Arduino’s analog inputs, PWM

outputs, and digital I/O pins make it an ideal platform to prototype and iterate quickly. Moreover, the open �source

nature of the firmware means you can tweak the algorithm, add new features, or integrate with IoT platforms

without vendor lock �in.

Overview of Version 3.0.42

The Arduino MPPT solar charge controller version 3.0.42represents a mature iteration of the open �source

firmware and hardware design. Key enhancements in this release include:

•  Improved efficiency: Updated MPPT algorithm reduces overshoot and hysteresis.

•  Enhanced sensor calibration: Built �in routines for accurate voltage and current measurement.

•  Modular firmware architecture: Easier to extend with additional modules such as wireless telemetry.

•  Stability fixes: Bug patches for edge �case handling under low light and high temperature.

•  Documentation update: Comprehensive build instructions and example projects.

These refinements make version 3.0.42 a solid foundation for both educational projects and small �scale commercial

deployments.



Hardware Requirements

Below is a list of components you’ll need to assemble the MPPT controller. All parts are readily available from

major electronics distributors.

•  Arduino board (Uno, Mega, or Leonardo – recommended: Mega for extra I/O).

•  DC �DC buck converter module (e.g., LM2596 or MP1584) with adjustable output.

•  High �current MOSFET (e.g., IRF540N) for battery switching.

•  Voltage divider network (precision resistors, 10 /k:’�Fò���ö³©).

•  Current sensor (Hall �effect or shunt resistor + op �amp).

•  Battery pack (Li �ion, Li �FePO4, or lead �acid depending on application).

•  Solar panel array (matching voltage and current ratings).

•  Heat sinks and mounting hardware.

•  Optional: OLED display, real �time clock, SD card module for logging.

Choosing the Right Solar Panel

When selecting a panel for your MPPT controller, consider the following:

1.  Open �circuit voltage (Voc): Must be below the input voltage range of the buck converter.

2.  Maximum power voltage (Vmp): Should match the MPPT algorithm’s target range.

3.  Current rating: Ensure the current sensor and MOSFET can handle peak currents.

4.  Temperature coefficient: Lower negative coefficients improve performance in hot climates.

Circuit Diagram and Wiring

The core of the MPPT controller is the voltage/current measurement circuit and the power �switching module. Below

is a textual description of the wiring:

1.  Solar Panel !’ Voltage Divider !’ Arduino Analog Pin A0. Use a precision resistor network to scale the panel 

voltage into the 0–5 /V range.

2.  Solar Panel !’ Current Sensor !’ Arduino Analog Pin A1. If using a shunt resistor, amplify the voltage drop with 

an op �amp before feeding it to the Arduino.

3.  Arduino PWM Pin (e.g., D9) !’ Gate of MOSFET. The MOSFET controls the connection between the panel 

and the buck converter.

4.  Buck Converter Output !’ Battery. The converter steps down the panel voltage to a suitable battery charging 

voltage.

5.  Optional: OLED Display !’ I2C pins (SDA/SCL). For real �time status display.

6.  Optional: SD Card Module !’ SPI pins. For data logging.

Always double �check polarity, secure connections, and verify that the MOSFET’s drain �source voltage rating exceeds

the panel’s open �circuit voltage.

Software Architecture

The firmware for version 3.0.42 is organized into several modules that can be compiled and uploaded via the

Arduino IDE. The main components are:

•  MPPT core algorithm: Implements the Perturb &amp; Observe (P&O) strategy.

•  ADC calibration routines: Linearizes voltage and current readings.

•  PWM control module: Generates the duty cycle to the MOSFET.

•  Battery management: Monitors voltage, temperature, and charge state.



•  Serial interface: Allows real �time monitoring and configuration.

•  Optional peripherals: OLED, SD card, RTC, and wireless modules.

All modules are written in C++ and adhere to the Arduino framework. The code is modular, making it easy to drop

in new features or replace components.

Installing the Firmware

Follow these steps to get the firmware up and running on your Arduino board:

1.  Download the source: Clone or download the arduino-mppt-controller-3.0.42 repository from GitHub.

2.  Open the Arduino IDE: Ensure you have the latest version installed.

3.  Install dependencies: The firmware relies on the Adafruit_SSD1306 and Adafruit_GFX libraries for OLED 

support. Install them via Sketch !’ Include Library !’ Manage Libraries.

4.  Load the sketch: Open MPPT_Controller.ino in the IDE.

5.  Select board and port: Go to Tools !’ Board and choose your Arduino model. Then select the correct serial 

port.

6.  Upload: Click the upload button. The IDE will compile and flash the firmware to the board.

7.  Verify: Open the Serial Monitor (baud rate 115200) to see real �time diagnostics.

Configuration Parameters

The firmware contains a config.h header where you can tweak parameters such as:

•  Voltage and current scaling factors.

•  MPPT step size and hysteresis.

•  Battery voltage thresholds (charge/discharge).

•  Temperature compensation.

Adjust these values to match your specific hardware and battery chemistry.

MPPT Algorithm Explained

Version 3.0.42 uses the Perturb &amp; Observe (P&O) algorithm, a popular choice for its simplicity and reliability.

The algorithm operates in discrete time steps:

1.  Measure power: Calculate instantaneous power P = V × I from the panel.

2.  Compare with previous step: If power increased, continue perturbing in the same direction; if it decreased, 

reverse direction.

3.  Adjust duty cycle: Modify the PWM duty cycle by a fixed step size (e.g., 1%).

4.  Repeat: Loop continuously to track the moving maximum power point.

To reduce oscillations, the firmware implements a hysteresis bufferthat only triggers a new perturbation if the

power difference exceeds a threshold. This keeps the system stable under fluctuating sunlight.

Calibration and Testing

Proper calibration ensures accurate voltage and current readings, which are critical for safe and efficient operation.

Voltage Calibration

1.  Connect a known voltage source to the panel input. Use a precision power supply.

2.  Measure the Arduino analog reading. Record the ADC value.

3.  Calculate scaling factor: Scale = (Known Voltage) / (ADC Reading × 5 /V / 1023).



4.  Update config.h: Set VOLTAGE_SCALE = Scale.

Current Calibration

1.  Pass a known current through the shunt resistor. Use a calibrated resistor and a current source.

2.  Measure the voltage drop. Record the ADC reading.

3.  Compute current scaling: Current = (Voltage Drop) / (Shunt Resistance).

4.  Adjust the firmware accordingly.

Functional Test

1.  Power the controller with a test solar panel.

2.  Observe the OLED display or Serial Monitor. Check that voltage, current, and power values update smoothly.

3.  Verify battery charging behavior. Use a multimeter to confirm the battery voltage rises within safe limits.

4.  Stress test: Vary light intensity (e.g., using a dimmer or shade) and ensure the controller tracks the MPPT 

point accurately.

Common Issues and Troubleshooting

Even with a well �designed system, real �world deployments can hit snags. Below are typical problems and their

solutions.
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