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Abstract: The design and optimisation of a control device for tracking the decomposition of organic
material into fertiliser is the main goal of this research study. The system uses temperature, moisture, and
humidity sensors to control important variables in real-time with the goal of producing high-quality
fertiliser, accelerating decomposition, and using less energy. By integrating sensors, developing
algorithms, testing, and analysing theoretical data, the control unit is designed to improve agricultural
sustainability by offering an advanced tool for composting process monitoring and control
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L. INTRODUCTION

The search for sustainable agriculture methods is increasing as environmental concerns and resource efficiency have
increased in importance. The key component of this effort is optimising the processes involved in the creation of
fertilisers, specifically the compost's nutrient-rich breakdown of organic components. One of the core principles of
ecologically friendly agriculture is composting, which provides a sustainable and advantageous way to recycle organic
waste. On the other hand, precise monitoring and management of critical factors including temperature, moisture
content, and humidity levels are required to achieve optimal decomposition conditions during the composting process.
In response to this necessity, an important area of research is the development and optimization of an advanced control
unit designed specifically to monitor the process of breaking down organic material into fertilizer. Such a control device
has the potential to completely transform composting processes because it can track and modify environmental
variables in composting systems in real-time. This control unit attempts to offer ideal conditions for microbial activity
and decomposition efficiency by dynamically controlling critical variables through the integration of cutting-edge
sensors and intelligent control algorithms. By investigating the difficulties associated with creating and refining such a
control unit, the main goal of this study is to promote sustainable farming methods. By using a thorough methodology
that includes theoretical analysis, sensor integration, algorithm development, and experimental validation, this project
aims to design a dependable and efficient control system that might improve the composting process. Furthermore, this
research has ramifications that go beyond the development of technology, providing noteworthy advantages for the
environment and supporting the more general objectives of sustainable land management and resource conservation.
This research aims to significantly advance the fields of environmental management and sustainable agriculture by
elucidating the technical implementation, presenting empirical findings, and clarifying the theoretical underpinnings. It
will pave the way for innovation and scientific research that will lead to a more environmentally friendly future for
agriculture

II. LITERATURE REVIEW
Examining previous research on comparable systems that integrate controllers and sensors to monitor composting
processes is the first step in the literature review for the design of a control unit for a fertiliser decomposition unit. The
study aims to reveal important insights and knowledge gaps necessary for the construction of an efficient control unit
for optimising fertiliser decomposition by examining developments in sensor technologies, control algorithms, and
composting techniques.
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In Paper [1], In order to transform conventional composting, the paper proposes a Smart Composting System that
makes use of Internet of Things technology. It does this by combining sensors, control mechanisms, and cloud-based
monitoring. Composting as a Service (CaaS) uses Internet of Things-capable equipment to continuously monitor vital
parameters including moisture and temperature. Composting conditions are automatically adjusted by the system using
cloud-based analysis. A resource bin, an aquaponic system, and a grinding vessel are important parts. Real-time insights
are provided by an online dashboard. Its effectiveness in hastening the composting process and cutting pollutants is
validated by experiments. The technology has potential to improve composting efficiency and encourage sustainable
waste management in the residential, forestry, and agricultural sectors.

In Paper [2], in order to maximise the composting process, an author makes an automatic compost maker system
comprising sensors, microcontrollers, and actuators is designed and put into operation in this study. In order to maintain
ideal conditions during composting, the system keeps an eye on the temperature, humidity, and pH levels and uses
fuzzy logic processing to trigger actuators. The automated technique greatly speeds up the composting process in
comparison to conventional approaches, taking only 14 days instead of 33 days to complete. The system's capacity to
improve agricultural practices' efficiency and sustainability is demonstrated by how well it controls composting
variables.

In Paper [3], An innovative Smart Chopper and Monitoring System for composting organic home trash is presented in
this study. The system automatically converts organic waste into compost by utilising cutting-edge sensors and
microcontroller technology. It maximises the effectiveness and efficiency of the composting process by continuously
monitoring the temperature, humidity, and waste levels. Flexibility and dependability are ensured by the system's
provision of both automatic and manual operation modes. For user input and control, it also has features such an LCD
screen and a buzzer alarm. All things considered, this method is a major technological breakthrough in waste
management that offers a long-term solution for recycling organic waste.

In Paper [4], This study offers a thorough analysis of the body of research on smart waste receptacles, emphasising
recent developments and their uses in garbage management. It looks at many technologies and approaches used in smart
waste management systems, such as display units, communication interfaces, and sensor capabilities. In addition, the
study addresses the field's future directions and obstacles, highlighting how widespread smart technology adoption is
necessary to implement effective and sustainable waste management techniques. In the end, it emphasises how crucial it
is to incorporate clever solutions into waste management plans to create cleaner, healthier surroundings.The design of a
control unit for monitoring and optimising conditions in a fertiliser decomposition unit can be informed by learning
about sensor integration, data processing, and communication techniques through the study of smart waste bin
technologies.

III. WORKING

A control unit and power supply circuit for an electronic system are shown in the Fritzing diagram. The control unit,
which is based around a microcontroller (U3), analyses data obtained from a sensor (DHT1), most likely in order to
monitor humidity and temperature. It controls two outputs, potentially including a fan and water pump, based on this
input. In order to consistently power electronic components, the power supply circuit converts AC electricity from the
mains into regulated DC voltage. The 78XX voltage regulators provide reliable +5V and +12V outputs, while
components like the rectifier bridge and transformer convert and rectify the AC voltage into DC. Electronic circuits can
be seen and simulated with Fritzing, which helps with design and troubleshooting prior to actual implementation. By
enabling users to recognise and address possible problems early in the design process, this method promotes efficient
development.
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IV. ARCHITECTURE
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Fig.- Architecture of Control Unit of Fertilizer Decomposition Unit
A control unit and power supply circuit that are frequently used in electronic projects are shown in the Fritzing
schematic. Below is a thorough explanation of every element and how it works:

e The microcontroller (U3): It serves as the control unit's central component. Microcontrollers are
programmable integrated circuits that, depending on the programme that is loaded into them, may process
inputs, carry out commands, and regulate outputs. The microcontroller in this circuit creates control signals for
the outputs after reading input from the sensor (DHT1). The schematic does not identify the precise kind of
microcontroller that is being used, although it can be an Arduino or some comparable gadget.

e Sensor (DHT1): The DHT1 sensor, more precisely the DHT11 model, is a digital temperature and humidity
sensor. The microcontroller receives information from this sensor about the humidity and ambient
temperature. The microcontroller can then utilise this information to decide what to do or modify within the
system.

e  Output: Two outputs are available on the control unit, and each is connected to a different part.

e Fan: It's possible that a fan attached to this output is being used for cooling. In order to prevent overheating,
the microcontroller may cause the fan to turn on if the temperature rises above a predetermined level.
Water Pump: A water pump is probably attached to this output. If the humidity falls below a predetermined
level, the microcontroller may sense the need for irrigation or moisture replenishment and turn on the water
pump.

The circuit responsible for powering electronic components is the power supply circuit. It transforms the unregulated
AC voltage coming from the mains supply into regulated DC voltage levels. This is how it operates:

e Transformer: The transformer reduces the voltage from the main supply to a lower level. It is not depicted in
the picture but is usually present in a complete circuit.

e Rectifier Bridge: This device transforms pulsing DC voltage from AC voltage.
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e Voltage Regulators (78XX): Two 78XX voltage regulators are included in the circuit; one produces a
regulated +5V output, and the other a regulated +12V output. These voltage regulators make sure that the
microcontroller and other components receive a steady voltage that stays within a predetermined range.

When creating and modelling electronic circuits prior to actual building, Fritzing is a useful tool. Prior to
implementation, it enables users to verify the circuit's functionality, see how components are connected to one another,
and see any possible problems or enhancements.

V. FLOWCHART
Step I: Sensor Initialization and Power On
The control unit waits for the sensors to initialise when the power is turned on. By doing this, you can make sure that
before the monitoring process starts, every sensor that is attached to the system is prepared to give precise
measurements.

Step II: Keep an eye on the parameters
The control unit begins monitoring each of the following parameters separately as soon as the sensors have initialised:

e Aeration Condition: The amount of oxygen that is present in the environment is measured by the system. In a
fertiliser decomposition unit, proper aeration is essential to the breakdown process.

o  Humidity and Moisture Level: The control unit gauges the ambient humidity and moisture content.
Maintaining ideal circumstances for the decomposition process requires this information. Overly high or low
moisture levels might have an impact on how well decomposition proceeds.

o  Temperature: The temperature is another thing that the control unit keeps an eye on. The decomposition
process is greatly influenced by temperature because it affects the activity of the bacteria that break down
organic materials.

Step III: Watering Automatically The control unit automatically opens the water pipe if the moisture level recorded
by the sensor falls below a certain threshold, indicating inadequate moisture for the decomposition process. This makes
it possible to provide water to the composting materials in order to keep them at the proper moisture content.The
control unit shuts off the water pipe to stop overwatering when the moisture level reaches a certain amount, signifying
adequate moisture.

Step IV: Controlling the Temperature

The control unit automatically opens the water pipe if the temperature level recorded by the sensor increases above a
predetermined threshold, indicating overheating. After that, water is added to the composting materials to lower the
temperature and preserve the ideal conditions for decomposition.

This procedure aids in keeping the compost pile from overheating, which could hasten decomposition and cause
important nutrients to be lost.

Step IV: LCD Display

The control unit shows each parameter's current condition on the LCD display after monitoring all of the parameters
and making the required adjustments. The user can monitor the conditions inside the fertiliser decomposition unit and
make any necessary adjustments if needed, thanks to the real-time data this gives.In order to ensure ideal conditions for
the decomposition process and effective nutrient recycling, these procedures provide an organised way to monitor and
regulate important parameters in a fertiliser decomposition unit.
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Fig.- Flowchart of Control unit for Fertilizer Decomposer

VI. FUTURE TRENDS

Future developments in the field of fertiliser decomposition system control unit design are probably going to
concentrate on increasing the integration of Internet of Things (IoT) technology, automation, and sophisticated data
analytics. This can involve adding more sensors to track nutrient concentrations, pH levels, and gas emissions in order
to optimise and manage composting processes more precisely.

Moreover, predictive modelling and optimisation will be made possible by developments in artificial intelligence and
machine learning algorithms, which will increase agricultural waste management's sustainability and efficiency.
Furthermore, a greater focus on scalable and modular control unit designs could be necessary to handle different
composting quantities and operating needs.

VI. CONCLUSION
In summary, a major development in the fields of waste management and sustainable agriculture has been made with
the design and optimisation of a control unit for fertiliser breakdown. The suggested control unit facilitates proactive
management and real-time monitoring of composting processes by integrating sensors, including temperature, moisture,
and humidity sensors, with controllers. The paper presents research that shows how the control unit can improve
fertiliser decomposition efficiency and efficacy. The control unit optimises composting conditions, resulting in higher
decomposition rates and better fertiliser quality by dynamically modifying process parameters based on sensor data.
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