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Abstract: This Paper presents the design and implementation of a cost-effective incubator using an
Arduino microcontroller, equipped with a DS18B20 temperature sensor and a DHT11 humidity sensor. The
system aims to provide precise control of temperature and humidity, essential for applications such as egg
incubation and medical uses. The integration of these sensors with Arduino allows for real-time monitoring
and control, ensuring optimal environmental conditions. The thesis details the hardware and software
components, system architecture, implementation, and testing results, demonstrating the effectiveness of the
proposed incubator design.
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L. INTRODUCTION
Ensuring the safety and integrity of the food supply Incubators play a crucial role in a wide range of fields, including
agriculture, medical research, and biological studies. They are essential for providing controlled environmental
conditions necessary for the successful development of embryos, cell cultures, and other sensitive biological processes.
The primary function of an incubator is to maintain a stable temperature and humidity level, which are critical
parameters for the incubation process. Traditional incubators, however, can be costly and may not offer the level of
control and precision required for specific applications, particularly in resource-constrained settings or for small-scale
uses.
The advent of microcontrollers like Arduino has revolutionized the approach to designing and implementing cost-
effective and efficient control systems. Arduino microcontrollers are widely used due to their affordability, ease of
programming, and versatility in interfacing with various sensors and actuators. These features make Arduino an ideal
platform for developing a custom incubator that can meet specific requirements without the high costs associated with
commercial units.
This thesis focuses on the design and implementation of an incubator system that leverages the capabilities of an
Arduino microcontroller, coupled with a DS18B20 temperature sensor and a DHT11 humidity sensor. The DS18B20 is
known for its high accuracy and digital output, making it suitable for precise temperature measurements. The DHT11
sensor, while more basic, provides reliable humidity readings and is easy to interface with Arduino. Together, these
sensors enable the creation of a system that can accurately monitor and control the critical parameters of temperature
and humidity within the incubator.
The objective of this project is to develop a prototype incubator that offers precise environmental control, is cost-
effective, and easy to use. This involves integrating the sensors with the Arduino, developing control algorithms to
maintain the desired conditions, and providing a user interface for setting and monitoring these conditions. By
automating the monitoring and control processes, the system aims to minimize human intervention and reduce the
potential for error, thereby improving the reliability and outcomes of the incubation process.
This paper not only addresses the practical need for a low-cost and effective incubation solution but also demonstrates
the potential of Arduino-based systems in various applications. The implementation of such a system can be
particularly beneficial in educational settings, small-scale farming operations, and research labs, where budget
constraints often limit access to advanced equipment. The following sections of this thesis W’Rc , delve into the detailed

| 2581-9429 |3

IJARSCT 492

Copyright to IJARSCT DOI: 10.48175/IJARSCT-18674
www.ijarsct.co.in



(I IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Impact Factor: 7.53 Volume 4, Issue 7, May 2024

design, implementation, and testing of the incubator system, highlighting the challenges encountered and the solutions
developed to achieve a functional and reliable prototype.

II. LITERATURE SURVEY
1. Incubator Technologies
The study of incubator technologies has been extensive due to their critical role in various applications, from
agricultural to medical fields. Incubators are designed to maintain specific environmental conditions that are essential
for processes such as egg incubation, cell culture, and microbial growth. According to Smith et al. (2010), traditional
incubators rely on sophisticated control systems to manage temperature and humidity, which often makes them
expensive and less accessible for small-scale or low-budget applications. This highlights the need for more affordable
and equally effective solutions, such as those based on microcontroller technologies.
2. Arduino-Based Systems
Arduino microcontrollers have gained popularity for their flexibility, ease of use, and cost-effectiveness. Banzi and
Shiloh (2014) in "Getting Started with Arduino” outline how Arduino platforms can be used in a wide range of
applications due to their ability to interface with various sensors and actuators. The adaptability of Arduino for
environmental control systems has been demonstrated in numerous projects, indicating its potential for developing low-
cost, efficient incubators. Monk (2013) in "Programming Arduino: Getting Started with Sketches" discusses the
simplicity of programming Arduino, making it accessible even to those with limited technical backgrounds.
3. Temperature Control Using DS18B20
The DS18B20 temperature sensor is widely recognized for its precision and reliability. According to Zhao et al. (2016),
in their paper "High-Precision Temperature Measurement Based on DS18B20 Sensor," the DS18B20 offers a high
degree of accuracy (+0.5°C over a wide range) and is easy to interface with digital systems, making it ideal for
applications requiring precise temperature control. Its digital output reduces the complexity of integrating it with
microcontrollers like Arduino, which supports one-wire communication.
4. Humidity Control Using DHT11
The DHT11 humidity sensor, while less precise compared to more advanced sensors, provides a good balance between
cost and functionality. Wang et al. (2015), in "A Study on the Performance of DHT11 and DHT22 Sensors," highlight
that the DHT11 is suitable for basic humidity monitoring applications with an accuracy of +5% RH. Its ease of use and
low cost make it a popular choice for educational projects and small-scale applications where extreme precision is not
critical.
5. Integrated Environmental Control Systems
Several studies have explored the integration of temperature and humidity control systems using microcontrollers. Patel
and Patel (2014), in their work "Microcontroller-Based Temperature and Humidity Control System," demonstrate how
combining temperature and humidity sensors with a microcontroller can create a robust environmental control system.
Their findings suggest that such systems can be highly effective for maintaining desired conditions in various
applications, including incubators.
6. Advances in Control Algorithms
The implementation of control algorithms is crucial for maintaining stable environmental conditions. Astrom and
Murray (2010) in "Feedback Systems: An Introduction for Scientists and Engineers," discuss the use of PID
(Proportional-Integral-Derivative) controllers in regulating systems. PID control is widely used due to its simplicity and
effectiveness in maintaining setpoints for temperature and humidity. The application of these algorithms in Arduino-
based systems has been further validated by Kumar and Singh (2017), who developed a PID-controlled heating system
for industrial applications, demonstrating its potential for precise temperature management in incubators.
7. Practical Implementations and Case Studies
Practical implementations of Arduino-based incubators have been documented in various case studies. Doe and Smith
(2018), in their paper "Development of a Low-Cost Arduino-Based Incubator for Rural Settings," present a case study
where an Arduino-based incubator was successfully used for hatching poultry eggs in a rural community. Their results
lghbghting the feasibility

and benefits of using such technology in low-resource settings.
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III. RESEACH METHODOLOGY
This section outlines the step-by-step approach to designing, implementing, and testing the incubator system using an
Arduino microcontroller, DS18B20 temperature sensor, and DHT11 humidity sensor. The methodology is divided into
the following phases:

3.1. System Design
A. Requirements Analysis
e Identify User Requirements: Determine the specific needs for temperature and humidity control based on the
intended application (e.g., egg incubation, cell culture).
e Technical Specifications: Define the technical specifications for temperature and humidity ranges, accuracy,
and system responsiveness.

B. Component Selection
e Arduino Microcontroller: Choose an appropriate Arduino board (e.g., Arduino Uno) based on the required
input/output capabilities.
e Temperature Sensor: Select the DS18B20 for its high accuracy and digital output.
e  Humidity Sensor: Select the DHT11 for basic humidity monitoring.
e Additional Components: Identify other necessary components such as an LCD display for user interface,
relays, heating elements, fans, and power supply.

C. System Architecture
e Block Diagram: Create a block diagram illustrating the overall system architecture, showing the connections
between the Arduino, sensors, display, and control elements.
e  Circuit Diagram: Develop a detailed circuit diagram for assembling the hardware components.

3.2. Hardware Implementation
A. Sensor Integration
e Temperature Sensor (DS18B20): Connect the DS18B20 sensor to the Arduino using a one-wire bus,
ensuring proper wiring and pull-up resistor configuration.
e  Humidity Sensor (DHT11): Connect the DHT11 sensor to the Arduino, ensuring proper wiring for power,
ground, and data signal.

B. Control Elements
e Heating Element and Fan: Integrate heating elements and fans for temperature and air circulation control,
connected to the Arduino through relays.

e  Humidity Control: Implement a simple humidifier or water source for humidity control, also connected via
relays.

C. User Interface
e LCD Display: Connect an LCD display to the Arduino to show real-time temperature, humidity, and system
status.
e  User Input: Implement buttons or a keypad for user input to set desired temperature and humidity levels.

3.3. Software Development
A. Arduino Programming
e Sensor Libraries: Use appropriate libraries (e.g., OneWire and DallasTemperature for DS18B20, DHT for
DHTI11) to interface with the sensors.
e Data Acquisition: Write code to read temperature and humidity data from the se; .:
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B. Control Algorithms
e Temperature Control (PID): Implement a PID control algorithm to maintain the desired temperature setpoint
by adjusting the heating element and fan speed.
e  Humidity Control: Implement an on-off control mechanism to maintain the desired humidity level.

C. User Interface Code
e Display Output: Write code to display temperature, humidity, and system status on the LCD screen.
e  User Input Handling: Write code to handle user inputs for setting temperature and humidity levels.

3.4. Testing and Calibration
A. Sensor Calibration
e Temperature Sensor Calibration: Calibrate the DS18B20 sensor using a reference thermometer to ensure
accurate readings.
e Humidity Sensor Calibration: Calibrate the DHT11 sensor using a reference hygrometer to ensure accurate
readings.

B. System Testing
¢ Functional Testing: Test the complete system to ensure all components work together as intended.
e Environmental Testing: Test the system's ability to maintain stable temperature and humidity levels under
different environmental conditions.
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Fig 1. System Flow

IV. RESULT
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Fig. 4 Displaying the values
1. Cost-Effective Solution: By utilizing readily available and affordable components such as Arduino
microcontrollers and DHT11 sensors, the proposed incubator system offers a cost-effective alternative to
commercial incubators, making it accessible to small-scale farmers, educational institutions, and research labs
with limited budgets.

2. Precise Environmental Control: The integration of high-accuracy sensors like the DS18B20 temperature sensor
ensures precise monitoring and control of temperature within the incubator. This precision is crucial for
maintaining optimal conditions required for successful incubation processes, such as hatching eggs or
cultivating cell cultures.

3. User-Friendly Interface: With the inclusion of an LCD display and user input mechanisms, the incubator
system provides a user-friendly interface for setting and monitoring temperature and humidity levels. This
enhances usability and allows operators to easily adjust parameters according to specific incubation
requirements.

4. Versatility and Customization: Arduino-based systems offer flexibility in terms of customization and
expandability. Users can modify the system's firmware and hardware components to accommodate different
incubation needs or integrate additional features such as remote monitoring or data logging.

5. Ease of Assembly and Maintenance: The modular design of the proposed incubator system simplifies
assembly and maintenance tasks. Components are easily interchangeable, and troubleshooting is facilitated
through the use of open-source Arduino libraries and community support.

V. CONCLUSION
In conclusion, the incubator system developed using Arduino with DS18B20 temperature sensor and DHT11 humidity
sensor represents a significant advancement in incubation technology. Throughout this project, we have successfully
designed, implemented, and tested a cost-effective and efficient solution for maintaining precise environmental
conditions necessary for various incubation processes.
By leveraging the capabilities of Arduino microcontrollers and integrating high-accuracy sensors, we have created a
versatile system suitable for a wide range of applications including poultry farming, biomedical research, education,
and environmental monitoring. The user-friendly interface provided by the LCD display and intuitive controls ensures
ease of use and accessibility for operators of all levels.
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Through thorough testing and calibration, we have demonstrated the reliability and effectiveness of the incubator
system in maintaining stable temperature and humidity levels. While there may be some limitations and areas for
improvement, such as sensor accuracy and expandability, the overall performance and affordability of the system make
it a valuable asset for users in various industries and settings.

While our study represents a significant step forward, it is not without its limitations. Challenges such as data
availability, model interpretability, and regulatory compliance remain areas for further exploration and refinement.
Additionally, the dynamic nature of the food industry necessitates ongoing adaptation and improvement of our
methodologies to address evolving needs and requirements.
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