International journal of application or innovation
in and

Ijaiem.com/Mar 2025/ Volume 14/Issue 1/Article No-1/192-196
ISSN: 2319-4847

IoT-Based Smart Automation and Monitoring for Aeroponic Farming

Systems

T.Anusha 1, T.Mounika 2, A.Deepti 3, C.Satheesh 4, K. Srinath 5, P. Ashiya 6
1 Research Supervisor, Assistant Professor, Dept. of ECE, ALTS, Ananthapuramu.
2,3,4,5,6, UG Scholar, Dept. of ECE, ALTS, Ananthapuramu.
Article Info

Received: 22-02-2025 Revised: 22 -03-2025 Accepted: 08-04-2025 Published:19/04/2025

ABSTRACT

The Internet of Things (1oT) has revolutionized modern farming by enabling automated aeroponic systems that optimize plant
growth through real-time monitoring and control. Aeroponics is a soil-free cultivation method where plants grow in an air
or mist environment. loT-enabled aeroponic farms utilize sensors and actuators to regulate key environmental parameters such
as temperature, humidity, lighting, and nutrient delivery. This automation reduces manual labor, minimizes resource wastage,
and enhances crop yield. The system can autonomously adjust conditions and send alerts in case of irregularities, ensuring
optimal plant health. In this study, an automated aeroponic system was implemented for maize cultivation, demonstrating
increased efficiency and reduced operational costs. The findings highlight the potential of loT-driven aeroponics in sustainable
agriculture by improving productivity while conserving resources. This technology-driven approach could transform modern
farming, making it more efficient, scalable, and environmentally friendly.
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amount of water and nutrients required, minimizing waste and
maximizing yield.

I. INTRODUCTION

With the growing need for sustainable and -efficient

agricultural practices, advanced farming techniques like  Furthermore, loT-enabled aeroponics systems enhance

aeroponics integrated with Internet of Things (1oT) technology
are revolutionizing modern agriculture. Aeroponics is a soilless
cultivation method where plant roots are suspended in an air or
mist environment, receiving essential nutrients directly through
a fine spray. This technique significantly reduces water
consumption, enhances oxygenation, and accelerates plant
growth compared to traditional soil-based farming.

0T integration in aeroponic systems introduces real- time
monitoring, automation, and data-driven decision- making.
loT-enabled sensors continuously track key environmental
parameters such as temperature, humidity, nutrient
concentration, pH levels, and light intensity. These sensors
communicate with a centralized control system, which
processes the data and dynamically adjusts conditions through
actuators, ensuring optimal plant growth. Additionally,
automated nutrient delivery systems and misting mechanisms
regulate the precise

efficiency by incorporating cloud-based analytics, remote
monitoring, and Al-driven predictive maintenance. Farmers
receive instant alerts through mobile applications in case of
system irregularities, enabling proactive interventions and
reducing labor- intensive monitoring. The implementation of
such smart farming technologies not only improves crop yield
and quality but also reduces resource wastage and operational
costs, making agriculture more sustainable and scalable.

This paper presents the design and implementation of an loT-
based automated aeroponics system, highlighting its benefits
in precision agriculture, resource efficiency, and sustainable
farming. By using real-time monitoring and control of key
environmental factors, the system enhances crop Vyield,
reduces manual labor, and supports the future of smart
farming.
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I1. EXISTING METHOD

Agriculture has advanced over centuries, yet traditional soil-
based farming and hydroponics remain dominant methods for crop
production. While both approaches have supported food demands,
they face significant limitations in the context of climate change,
resource scarcity, and population growth. Soil-based farming, though
well-established, suffers from high water consumption due to runoff
and evaporation, soil degradation from continuous cultivation and
chemical use, inconsistent nutrient delivery affecting plant growth,
and increased pest and disease risks due to soil-borne pathogens.

Hydroponics emerged to overcome some of these issues by
delivering nutrient-rich water directly to plant roots, resulting in
faster growth and better nutrient control. However, hydroponic
systems are heavily dependent on constant water circulation, making
them vulnerable to mechanical and power failures. Additionally,
prolonged root exposure to water can cause diseases like root rot, and
the systems often demand high energy use for pumps and cooling,
leading to increased operational costs.

To further improve efficiency, manual aeroponic systems were
developed, where plant roots are suspended in air and misted with
nutrient solutions. While this technique enhances oxygenation and
growth, manual systems require constant human monitoring and
adjustment of parameters like nutrient concentration, temperature,
and humidity. The heavy reliance on labor increases the chance of
human error and inconsistency, negatively impacting crop yield and
resource efficiency.

Semi-automated aeroponic systems introduced basic improvements,
such as timed misting cycles and simple sensors, to reduce manual
workload. However, these systems still operate on fixed schedules
without adapting to real-time changes, lack data analysis for
optimization, and often waste water and nutrients through
unnecessary misting. They also still require human intervention
during abnormalities, delaying corrective actions.

Given the persistent inefficiencies and limitations of traditional,
hydroponic, and semi-automated aeroponic systems, there is a clear
need for a more intelligent farming solution. To address this, the
study proposes the development of an loT-enabled automated
aeroponic

system. The proposed system will integrate real-time environmental
monitoring with 10T sensors, automate misting and nutrient delivery
through a central microcontroller based on live feedback, employ
predictive analytics and machine learning for optimization, and
enable remote management via cloud platforms. This approach is
expected to significantly enhance the efficiency, sustainability, and
scalability of aeroponic farming, leading the way towards smarter,
precision agriculture.
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Figure 1: Existing diagram.

II1. PROPOSED METHOD

To address the limitations of conventional and semi- automated
aeroponic farming systems, we propose a comprehensive loT-
enabled Smart Aeroponic Farming System. This system leverages
real-time environmental monitoring, intelligent automation, and
data-driven decision-making to create an optimized environment for
plant growth. By integrating loT technologies, cloud computing, and
Al-based analytics, the proposed method aims to maximize
efficiency, enhance crop yield, and promote sustainable agriculture
with minimal manual intervention.

A. System Architecture

The architecture of the proposed system is designed to support
seamless interaction between hardware, software, and cloud-based
platforms. The major components of this architecture are as follows:

10T Sensors - A network of environmental sensors is deployed to
monitor crucial parameters such as
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temperature, humidity, pH levels, nutrient concentration, and light
intensity. These sensors continuously collect real-time data from the
aeroponic environment, ensuring accurate and timely inputs for
system control.

Microcontroller and Actuators - A central processing unit, such as
an Arduino or Raspberry Pi, is responsible for processing sensor
data. It operates intelligent actuators including misting nozzles, water
and nutrient pumps, fans, and artificial lighting. The microcontroller
responds to sensor feedback and predefined thresholds by
automatically adjusting environmental conditions to ensure optimal
plant growth.

Cloud-Based Monitoring and Analytics - Sensor data is transmitted
securely to a cloud server where it is stored and analyzed. The cloud
platform provides real-time visualization dashboards, enabling users
to access historical trends, system status, and performance metrics
from any location. It also supports advanced analytics for pattern
recognition and long-term decision-making.

Automated Nutrient Delivery System - A dedicated unit is
integrated for dynamic nutrient mixing and misting, which
automatically adjusts the nutrient solution's composition based on
plant requirements and sensor readings. This ensures plants receive
the precise amount of nutrients at the correct intervals, reducing
waste and enhancing growth efficiency.

Mobile Application Integration - A user-friendly mobile
application allows farmers and operators to remotely monitor system
conditions, receive critical alerts, and manually override controls if
needed. The app enhances accessibility and system interaction, even
for users in remote areas.

B. Working Mechanism

The functionality of the proposed system follows a closed-
loop control and monitoring cycle, ensuring responsive and
adaptive farm management.

Real-Time Data Collection - Environmental data is collected
continuously by 10T sensors. These readings are instantly transmitted
to the cloud server and microcontroller for processing.
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Automated Control System - When sensor data indicates that
environmental parameters deviate from the predefined optimal
ranges, the microcontroller automatically activates actuators to bring
the system back to equilibrium. For example, if humidity levels drop,
the misting system is triggered; if temperature rises, cooling systems
are engaged.

Machine Learning and Predictive Analytics - The system
incorporates Al and machine learning models to analyze historical data
and plant growth patterns. These insights are used to predict future
conditions and optimize the timing and quantity of nutrient delivery,
misting frequency, and lighting duration for different crop types and
growth stages.

Remote Monitoring and Alert System -Users receive instant
notifications and alerts through the mobile application or web
dashboard in the event of anomalies, such as sensor malfunctions,
abnormal temperature fluctuations, or low nutrient levels. This
enables proactive maintenance and minimizes the risk of crop loss.

The proposed loT-enabled Smart Aeroponic Farming System
significantly advances current aeroponic farming techniques by
introducing intelligent automation, real- time decision-making, and
user-friendly remote access. It minimizes the need for manual labor,
reduces resource wastage, and creates a controlled environment
conducive to high-yield, sustainable plant growth. Compared to
traditional or partially automated systems, this approach offers
superior scalability, adaptability, and precision— making it a viable
solution for modern agricultural challenges.
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Figure 2: Block diagram.
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IV. RESULTS AND DISCUSSION

The proposed loT-enabled Smart Aeroponic Farming System
was implemented and tested under controlled conditions to evaluate
its effectiveness in real-time monitoring, automated control, and
resource optimization. The results demonstrate significant
improvements in crop growth rate, water efficiency, and nutrient
utilization compared to traditional methods.

A\. System Performance Evaluation

Real-Time Monitoring Accuracy — The 10T sensors provided high-
precision data on environmental parameters, with an average
deviation of less than 2% compared to reference instruments.
Automated Control Efficiency — The automated system
successfully adjusted misting and nutrient delivery based on sensor
feedback, reducing human intervention by 85%.

Water and Resource Conservation — The system achieved a 40%
reduction in water usage compared to traditional hydroponics and a
70% reduction compared to soil-based farming.

Crop Growth Rate - The implementation of dynamic
environmental adjustments resulted in a 30% increase in plant growth
rate and improved overall yield.

B. Comparative Analysis
A comparison between manual aeroponic systems and the proposed
loT-enabled system is presented in Table 1.

Table 1: Comparison of Manual and loT-Enabled Aeroponics.

Parameter Manual l0T-Enabled
Aeroponics Aeroponics

Monitoring Manual Real-time loT-
observations based sensors

Nutrient Fixed schedule Dynamic based

Delivery on sensor data

Water Moderate 40% lower

Consumption

Labor High 85% reduced

Requirement

Yield Standard 30% higher

Improvement

Remote No Yes (Mobile App)

Access

Ijaiem.com/Mar 2025/ Volume 14/Issue 1/Article No-1/192-196

ISSN: 2319-4847

C. Discussion

The findings indicate that loT integration significantly enhances
aeroponic farming efficiency by enabling data- driven decision-
making, remote accessibility, and resource optimization. The
reduction in manual labor and precise environmental control make
this approach scalable and sustainable for modern agriculture.

Furthermore, predictive analytics using machine learning models can
further optimize nutrient cycles, improving plant health and yield.
Future work can focus on integrating Al-based disease detection and
blockchain technology for secure data management in smart farming.
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Figure 2: Graph Analysis of Crop yield Over Time.

V. CONCLUSION

The integration of 10T technology in aeroponic farming presents
a sustainable, efficient, and scalable solution for modern agriculture.
This study demonstrated how real-time monitoring, automated
control, and predictive analytics can optimize plant growth while
significantly reducing water and resource consumption. The proposed
loT-enabled aeroponics system outperforms traditional manual
methods by enhancing precision, reducing labor dependency, and
improving crop yield.

By utilizing sensor-based environmental monitoring and cloud-
based data analytics, farmers can make data- driven decisions to
enhance productivity. The system’s
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ability to automatically adjust nutrient delivery and environmental
conditions ensures optimal plant health while minimizing resource
wastage. Additionally, remote monitoring capabilities provide
convenience and proactive issue resolution.

Future advancements could involve Al-based disease detection,
blockchain for data security, and further automation enhancements to
make smart aeroponics more adaptable for large-scale farming. This
research lays the foundation for a more resilient and technology-
driven agricultural system that can address global food security
challenges.
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