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Abstract. Water control soil moisture AFM (Arduino): There are agricultural watering systems
on an automatic microcontroller or a simple system for monitoring the humidity that will switch
a small electric pump on when there is dry; it can be turned ON and then OFF itself, if
necessary, after measuring dry. Creates rooftop gardens for those who are out on travel. It
consists of a solenoid valve, water pump, Arduino board (waterdrop bracket), and soil moisture
sensor. To me, water conservation and plant growth live with monitoring that customers can
see.
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1 Introduction

Arduino Uno will monitor the soil moisture level and regulate the irrigation. When the
soil moisture sensor senses that moisture is low, then it will command Arduino to turn
on/off the water pump using the relay module. It has an LCD screen to view system-
off, soil humidity readings, and alarm messages. The system functions in both auto
and manual modes and detects a range of issues, such as sensor faults or if power is

lost. It conserves water, maintains healthy plants, and can reduce the cost of labor.

This summer, we came across the Hegnar Robotics plant irrigation system complexity
as a peak of creativity: self is a tool for never checking soil moisture manually in an
environmentally friendly manner (to be continued). Along with that, it is needed for
agriculture, farming, i.e., irrigation, and ecosystem maintenance, which help in the
water cycle, landscape, as well as soil formation. Nevertheless, the more conventional
approaches—manual and human audits of records—are lengthy as well as inefficient.
An Arduino Uno is used in this project to make an automated mechanism. The device
turns a water pump on or off when the soil has too little moisture. Need of the Project
The primary objective is to construct an automatic plant watering mechanism with the
use of automation that is cheaper and nicer. The automatic plant watering system
couldn't make it easier.
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1.1  Research Objectives

RO1: The first objective is to evaluate how automated irrigation systems, which in-
clude soil moisture sensors and microcontrollers, contribute to enhancing water effi-
ciency and reducing wastage in plant irrigation. This will involve measuring the im-
pact on water conservation and plant health across different environments, including
urban and rooftop gardens.

RO2: The second objective focuses on investigating the role of microcontroller-based
IoT technologies in optimizing irrigation systems. This research will explore how
real-time monitoring of soil moisture levels, facilitated by sensors and microcontrol-
lers, improves water management and supports sustainable agricultural practices.
RO3: The third objective aims to design and assess a cost-effective, eco-friendly irri-
gation system tailored for small-scale urban gardening. The system will be tested in
various environments, such as rooftop gardens, to make water-efficient irrigation
accessible to urban dwellers and encourage sustainable plant care.

RO4: The fourth objective is to examine the effectiveness of soil moisture sensors in
controlling irrigation based on plant needs. The goal is to explore how these sensors
optimize water usage while promoting plant growth by maintaining ideal moisture
levels.

ROS: The fifth objective investigates the user interaction with the irrigation system,
focusing on how users monitor, control, and interact with the data provided by soil
moisture sensors. This will include evaluating user interfaces to ensure ease of use,
which will allow customers to track water usage and plant health in real-time.

ROG6: The sixth objective seeks to understand the environmental impact and benefits
of adopting automated irrigation systems, particularly in urban areas with limited
space for gardening. The research will assess how these systems contribute to water
conservation, reduce the carbon footprint, and support local food production.

RO7: The seventh objective is to evaluate the long-term durability and sustainability
of the system’s components, including the solenoid valves, water pumps, sensors, and
microcontroller. The research will assess the reliability and environmental impact of
these components over multiple growing seasons.

2 Review Methodology

2.1 Automatic Crop Irrigation System

India, a land-based agriculture nation, has an objective to increase the productivity
and quality of agro-based products. This design will be an advanced step towards the
enhancement of the irrigation process. To serve this purpose, we are providing here an
automatic system at their doorbell that comes up with an LCD and messages on their
mobile through a moisture detection sensor. Farmers are especially poised to benefit
from this, as it will prevent the uneven flow of water and power, which is frequently
unavailable. It also keeps farmers informed by sending background information using
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the SIM900 Module. The low-budget system can be a breakthrough for society, lead-
ing to less human labor and an easy-going, cheaper solution for agriculture. [1]

2.2 Solar-Based Plant Irrigation System

In the last couple of years, solar energy has also gained some more popularity as a
renewable power resource that can be used in emergency lighting, water heaters,
thermal applications, and industrial purposes. It is cheap and, unlike hydroelectricity,
does not spark wars because the sun is a source of energy for all. This article presents
a solar-powered irrigation system. A cheap, time-based microcontroller-driven irriga-
tion system is created. The system tracks humidity, temperature, and soil moisture.
Using a new spin cell solar panel delivering 20 times the current of standard flat pan-
els, the pump has two different modes: automatic or GSM mode. [2]

2.3 Hydro Health Watering System

The waste in water consumption is then reduced when it comes to gardening or small-
scale farming via this automated plant watering system. A win it is, as it gets rid of
the manual processes that save human time. This list includes a CD pump motor, Ar-
duino Uno, a relay, and a soil moisture sensor. All these soil moisture readings are
processed in the code (back-end). The Fa moisture tester will report a failing result if
the moisture is below this threshold, and water needs to be added until it comes into
specification. This theory benefited the flora in large agricultural areas, farms, or gar-
dens, which could now grow to their full potential because people could water their
plants whenever they wished without concern for forgetfulness. [3]

2.4 IoT-Based Arduino Intelligent Irrigation System

The paper presents an automated irrigation system with water resources and intruder
detection as shown in Fig. 2. Soil moisture, pH value, and humidity are measured
using a sensor, which is finally displayed on the LCD. A PIR sensor will be used to
find intruding objects (i.e., birds) into the field and chase them away so that they do
not enter. In the situation of how much water remains in your land individually, you
can get an SMS or a webpage message directly, that is, communicationbetweenthe
farmer and the farm via a GSM module. This helps farmers from even remote areas to
avoid or decrease the requirement for manpower and time for field inspection.[4]

2.5 Smart irrigation system for container-grown plants

We successfully developed and used an irrigation control system that estimated
evapotranspiration of container-grown plants on a plant-by-plant basis with real-time
monitoring, watering only as needed. The system can be universally applied in a vari-
ety of field conditions due to the reliability and ease of operation of both sensors.
Tests on one-year-old Quercus rubra L. seedlings resulted in greater than 95% reduc-
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tions of both total irrigation and leachate rates for the computer-controlled treatment
over a manually controlled drip-irrigation treatment without compromising plant
growth. [5]

2.6 Integrated Building Management System (IBMS)

Empirical Example An example where social interaction graphs can be utilized in
practice is managing heterogeneous subsystems (e.g., multimedia settings, lighting)
within an intelligent workplace building, which has always remained elusive due to a
lack of interoperable factors [13]. It served as a distributed entity requiring some level
of interoperability and joint operation between multiple systems, composed of differ-
ent platforms and protocols within an intelligent building. Hence, there was a necessi-
ty for standardization required in an intelligent building over the proprietary solution
that can enable all these diverse subsystems to ‘talk with each other' and be interoper-
able regardless of which operating platform it is built upon. To overcome the interop-
erability issue, Web services technology has emerged as a candidate that can handle
the dynamics of an intelligent building. Here we describe an implementation of a
SOAP-based middleware for managing the execution and interaction with personal
user services. [60]

2.7 Intelligent Irrigation System Using Wireless Sensor Networks and Wireless

The irrigation system IoT uses in this: In the proposed is, the implementation of IOT,
where all information is then collected by sensors and sent to the microcontroller via
Arduino. The microcontroller's analog input will receive various parameters (which
can be determined separately at different locations), including humidity These two
together help us determine the water content/moisture. A preset value for the soil
moisture sensor is set in the microcontroller and the fencing. If it exceeds some
threshold value, water is irrigated automatically to the crops, which turns off once it
stops. The microcontroller sends this on the internet using an IoT network via a Wi-Fi
module ESP8266, which is connected to it. It improves automatic irrigation, enabling
switching ON/OFF of the water pump with data provided to the controller. This pro-
posed irrigation system is ready to go on LDR and read laser for getting the chloro-
phyll content and nitrogen. It is utilized in automatically watering fields to obtain all
the parameters of a field and water it with an automatic process without using manual
labor, thus this approach improves irrigation. [7]Sustainabilityin Agricultural Irriga-
tion and Eco-Friendly ManufacturingSuch implementation of sustainable practices in
irrigation and manufacturing is integrated into this project. Especially with the coming
of urbanization & agricultural lands decreasing, automated irrigation systems with
soil moisture sensors and microcontrollers, like Arduino, can save water, and also it
can lead to healthy plant growth, including urban & rooftop gardening. The project
additionally explores how additive manufacturing (AM) can be used to create sustain-
able, affordable irrigation parts while minimizing material waste and environmental
pollution. And they use IoT technologies for real time monitoring of water usage. The
aim is to foster a sustainable agriculture and innovative manufacturing approach to
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build efficient and eco-friendly irrigation systems.Eco-Friendly Irrigation Systems
and Their Environmental Impact through Additive ManufacturingAdditive manufac-
turing (AM) is the process of building from raw materials layer by layer according to
a computer-aided design (CAD) model. AM which was initially used on plastics and
metal powders, has expanded to materials such as latex, cement, graphite, and gra-
phene. This technology has advantages such as quick prototyping, higher productivi-
ty, and personalized product development. It lowers manufacturing costs, carbon di-
oxide emissions, and energy use. The final design is an iteration that is continuously
optimized through prototypes. Whether they are going to be an overheated mess or
fall over, complex designs will need support structures when they print, so you'll want
to help these structures break heat and be there to support. Material reuse: In 3D print-
ing, it refers to using recycled materials like plastics, etc. Techniques such as additive
manufacturing technology have the potential to reduce the carbon footprint of plastic
production.

3.Additive Manufacturing’s Development for Environmental Improve-
ment

Iso: Sustainable Agriculture: Learn About Eco-Friendly Irrigation Systems That Save
Water Using Soil Moisture Sensors Combined with the Power of Microcontrollers,
Such as Arduino. It aims to conserve as much water as possible in agriculture across
various spaces, including urban settings with rooftop landscapes. Additive
Manufacturing (AM), known as 3D printing, was utilized as a key technology for
producing Eco-friendly and energy-efficient irrigation components in the framework
of this project. AM reduces material waste, carbon footprint, and makes it possible to
manufacture customized, high-performance components, contributing to the overall
efficiency of a system. As part of the investigation, the results also highlight the
environmental benefits of AM in in the context of creating irrigation elements that
are more sustainable than traditional manufacturing. There are not so many studies in
this field yet.

3.1. Scrap Reduction in Eco-Friendly Irrigation Systems through Additive
Manufacturing

This project helps in reducing manufacturing scrap don’t by using Additive Manufac-
turing (AM) of green irrigation systems. Unlike traditional manufacturing methods,
where super ambient material is typically removed, AM accumulates components
layer upon layer using only the necessary material components.
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The method, meanwhile, gives rise to more sustainable production processes as it
minimizes scrap and material waste. AM results in effective use of resources, such as
the water pumps, valves, and sensors used in irrigation systems, leading to reduced
environmental impacts of the AM production process. Your work will contribute to a
project that aims to reduce the cost of irrigation components, make them
environmentally friendly,and make them more sustainable by reducing scrap at the
manufacturing level

3.2. Recycling and Use of Renewable Raw Materials in Eco-Friendly Irrigation
Systems

The greenside system is the first production of recycling and biomass raw materials
for green irrigation systems. AM would create components like water pumps, valves
or sensors and would greatly reduce the need for virgin materials and utilize recycled
plastics, bio-degradable materials (like plant-based plastics). Then, AM allows us to
build materials that are derived from renewable resources from our environment, so
they can be reclaimed and reused, minimizing impact to the environment even further.
Destruction to the earth is the project that uses recycled or renewable materials to
create irrigation components to supplement its broader goal of creating sustainable
and low-waste agricultural systems. This concept not only safeguards natural
resources, but also fuels a circular economy where resources are recycled and waste
is limited, and, sadly, it brings about

3.3. The Beneficial Effect of Additive Manufacturing on Pollution Control in
Eco-Friendly Irrigation Systems

The project specifically aims to understand how Additive Manufacturing (AM) ena-
bles pollution abatement in the sustainable manufacture of irrigation systems. AM
also requires less energy use and lower waste generation than traditional manufactur-
ing techniques. The automation of AM technology allows for a more precise lay-up of
as material, reducing production waste and the carbon footprint of the production
mechanisms. AM also ensures to minimize the waste using recyclable material and
bio-degradable parts. Local production of parts on demand takes it a step further and
minimizes long-distance transport, the single most egregious contributor to the logis-
tics’ carbon footprint. The project overall illustrates how AM could deliver not only
greater sustainability in irrigation systems but also restorative health to the soil.

4. Establishing a Sustainable Additive Manufacturing Automated Irrigation
Systems: Key Components

The objective of this project is to create a sustainable additive manufacturing (AM)
ecosystem for efficient automated irrigation systems that can minimize water in addi-
tion to supporting plant growth (more specifically, the data will be based on roof gar-
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dens). Additive manufacturing for high-performance irrigation system components
like solenoid valves, water pumps, and soil moisture sensors is the core element of
this ecosystem. The same is true for other techniques used during manufacturing;
combining these into the process of 3D printing makes the process very efficient,
requires much less material and energy than manufacturing. By using Arduino-based
microcontrollers, soil moisture levels can be monitored and controlled automatically
in real time, thus saving water. The use of renewable and recyclable materials in
their production further promotes an eco-friendly circular economy.

=
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Fig. 1.Establishing a Sustainable Additive Manufacturing Automated Irrigation Sys-
tem

5 Enhancing Sustainability Through Smart Plant Irrigation:
System Flow

A “I don’t know if it’s sustainable” — Sustainable smart plant irrigation systems.
These systems can help farms, with sensors and weather data, plus automated con-
trols, measure the amount of water their plants need at a given time. For instance,
smart systems can keep track of soil moisture, temperature, and environmental factors
that can modify watering times so that plants receive sufficient amounts of water
without wasting it. That saves on water, minimizes runoff, and boosts energy effi-
ciency. These can also be integrated with a smart house, allowing remote supervision
and management. They allow water-saving, which is of increasing importance to
actualize in view of global bottleneck, including whether the availability of fresh wa-
ter. System Flow The system integrates environmental data gathered by sensors and
processes this data.

6 Improving Environmental Sustainability Through Additive
Manufacturing in My Project

It is all pretty much common sense that AM makes an eco-friendly plant watering
system even more eco-friendly! Using AM technology, tailored irrigation parts can
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be created with little wastage of material and energy. By using this method, we can
design irrigation parts like a nozzle and connector more effectively by checking the
different surroundings of various plants. Additionally, AM is contributing towards a
greener manufacturing by minimizing carbon emissions when compared to non-AM.
Using embedded moisture sensors, for instance, or automated controllers that can be
configured directly into the components of the irrigation sytem1663778398171.
These new technologies and the like help conserve water by ensuring that the correct
amount of water is given to plants, helping to keep plants healthy and minimizing the
waste of water.

for
Agricultural
Water

Fig.2. The process flowsofenvironmental sustainability.

Table 1. Important areas of use where environmental sustainability can be improved

via additive manufacturing

S.No | Sustainable Description
Application
1 Creative sus- | As an example, generative design for life-cycle bio-
tainable design sustainable plant irrigation systems in eco-friendly sys-
tems aims to reduce material usage to decrease weight
and enhance efficiency. Not only does this method deliver
immediate environmental advantages, but it also improves
the efficiency of existing infrastructure. Use of 3D print-
ing allows irrigation elements to be designed and custom-
ized, spurring innovation that minimizes materials waste.
2 Achieving envi- | Generative design helps achieve environmental sustaina-
ronmental goals | bility by using fewer materials, lighter weight, and less
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water in irrigation systems. With 3D printing, parts are
created with sustainable processes, providing bespoke
irrigation to the individual needs of your plants, contrib-
uting to the conservation of the planet.

Minimizing the
potential for
overproduction

This helps mitigate overproduction risks in irrigation sys-
tems since it can run with faster printing speeds and flexi-
ble design changes. This means that complex custom irri-
gation parts can be produced with little resource waste so
that manufacturers make only what is needed, when it is
needed, and avoid both overproduction and waste in de-
liveries.

Reduce material
waste

Thermoplastics and 3D printing are a helpful combination
in terms of reducing material waste through the ability to
recycle components. This has led to an effective and envi-
ronmentally-friendly recycling-based method for produc-
ing irrigation systems for the plant. Also, the efforts for
metal recycling are augmenting making manufacturing
much more sustainable.

Reduced energy
consumption

In fact, 3D printing is known to save a significant amount
of energy in comparison to conventional manufacturing
processes, which is crucial in the manufacturing of irriga-
tion systems. Saving energy -- By reducing the energy
needed to produce the parts this tech saves energy in the
production of sustainable irrigation systems.

Material
cling

recy-

This can also be used towards sustainability in irrigation
system design, as many 3D printing materials can be re-
cycled after use. Metal and thermoplastic components, for
example, allow for the recycling and reuse of materials,
making plant irrigation parts manufacturing more cost-
effective and less harmful to the environment.

Sustainable
products

Plastic is actually made into biodegradable and sustainable
materials by printing imported irrigation systems via 3D
printing, which minimizes their impact on the environ-
ment. For instance, PLA non-toxic, biodegradable prod-
ucts can allow for to developmentofirrigation products
with a smaller ecological footprint.

Reduced tooling
requirements

It also does not require traditional tooling, which prevents
waste and lowers costs. The system is capable of design-
ing individual irrigation components, which can be manu-
factured without implementing any end-user specialized
implements and fixtures during the engineering design
phase, thus enhancing ecological sustainability.

Novel products

3D printing enables the manufacturing of specialized
irrigation components to suit individual plant needs. It
allows new irrigation systems like adjustable nozzles or
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special water usage methods to be developed in an effec-
tive yet resource-saving manner (Aishwarya)

10 Sustainable 3D printing facilitates the manufacturing of lightweight
manufacturing and resource-friendly components for green crop irriga-
tion systems. When using this technology, energy con-
sumption and material losses are significantly lower than
in traditional methods of producing parts for irrigation
systems, which also makes it more environmental-

ly friendly.
11 Eco-friendly Eco-friendly irrigation systems get redesigned through
solutions additive manufacturing. Innovativeness in both materials

and design can enable the production of highly industrial-
ized irrigation technology, which lowers material waste,
sustains plants' watering needs while reducing water use,
and reduces the overall footprint of plant care.

12 Eco-friendly Together with digital transformation, the supply chain of
supply chain the eco-friendly plant irrigation system can be optimized
with additive manufacturing. Your data and machine
learning models are used only when you need them..

7 Key Discoveries and Discussions

Proposed an Arduino-based automated plant irrigation system for this projectThere is
a new technology that can revolutionize how we irrigate our crops, and help plants
meet their needs. This is a big improvement in modern irrigation technology. Before
the implementation of this new method of plant irrigation, we used to water the crops
manually or require human audits of soil moisture. We spent much time and energy
on manual watering (over-watering or under-watering), as witnessed in the example
of warming weather. Instead of this method of plant irrigation, an automated system -
consisting of an Arduino Uno, soil moisture sensor, relay module, and water pump -
provides water to the plants when the required amount of water is reached. The core
part of the system is the soil moisture sensor, which will measure the moisture content
of the soil at all times. If the moisture level goes below a threshold you set before the
construction of the system because this means that the soil is too dry, the sensor will
send a message to the Arduino Uno, then the Arduino will activate the relay module,
which will power up the water pump and give the water to the plants. When the soil
moisture drops down to the ideal value, the system will automatically turn off the
pump, providing us with utility control, saving water, and avoiding overfertilization
and poisoning. The automatic system will ensure that the water is used to the maxi-
mum value, since there is much less waste of water compared to a traditional irriga-
tion method. The most important parts of this system is the use of automation as well
as manual: In this case, the entire irrigation process is automated, if the user puts the
device in auto mode. With a manual mode, the user can have complete control over
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the water pump, for flexibility - this is enables it to be very useful to estimate specific
watering needs, or for adapting the system to different conditions. This is especially
useful in agricultural fields, where depending on the crops need different amounts of
water are needed at specific times.. Furthermore, when compared with manually irri-
gating and monitoring plants, it also saves labour costs. Thus, the Arduino-based irri-
gation system will provide a complete, economical solution for managing plant water-
ing. It will automate irrigation, save water, provide real time monitoring, and adapt to
various needs, making it a perfect solution both in small-scale agricultural applica-
tions as well as in large-scale agricultural applications. By reducing the need for hu-
man intervention and water waste, the development of more sustainable agricultural
systems is just one step closer.

8 Future Scope

It has a soil moisture sensor that automatically finds out the level of water in the soil,
and automatically triggers the water pump to turn on or off depending on the thresh-
old of water (moisture) reached. It saves water as well as reduces human intervention
in irrigating plants. Taking Advantage of Automatic Control & Manual The irrigation
system has an automatic and manual mode. You can adjust watering according to the
reading of your soil’s moisture. And you can use the manual mode if you want to
control the pump yourself. This flexibility allows users to control irrigation effective-
ly. There is an LCD screen that offers real-time status, soil moisture levels, and any
alarm messages (like sensor malfunction or power failure). It will help users to moni-
tor the system performance easily. Finally, the system has sensor fault detection. This
will ensure reliable operation by notifying users of any problems. So, it makes the
system effective. Water Conservation Irrigation device turns on the water pump only
when necessary. This is a crucial advantage. It saves resources on watering. It also has
a cost-effective solution because the system saves labor by automating irrigation. It is
adaptable and easily designed according to needs and application (from small gardens
to large farms). It helps you save water and manage water effectively.

9 Conclusion

IoT An a is a smart and efficient way to perform smart agriculture. This smart system
is more efficient than most traditional irrigation systems, as it helps in water saving
and is an eco-friendly way of watering the garden without worrying about
overwatering plants and losing water due to evaporation. Several benefits are
associated with this method, ranging from water savings, high productivity, and a low
cost of labor to a clean environment. This has implications in many areas, including
better management of resources, improved food security, and a productivity increase
as well.l There are even fewer carbon footprints running. It requires large-scale
implementation to be used at its full potential, which comes with integrating it with
existing irrigation systems. Following continuous monitoring and evaluation to
improve system performance, the exploration of other industries can help to scale it
further.
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