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Abstract- Current agriculture faces a multitude of issues
— limited seasons, excessive pesticide use, sustainability
concerns in organic farming, high carbon footprint, and
inconsistent produce quality. Traditional methods,
restricted by seasons and harming the environment with
pesticides, are struggling to keep up with a changing
world. This paper proposes a groundbreaking solution: an
automated hydroponic farm system. Unlike traditional
methods, this system allows year-round, pesticide-free
production through advanced growing stations using a
precise nutrient delivery technique (NFT). To create
perfect growing conditions, a Greenhouse Climate
Control System with various sensors regulates factors like
temperature, humidity, and light. Additionally, a Central
Console acts as the brain of the system, connecting
everything and monitoring the entire farm. By
automating these processes, this hydroponic system aims
to revolutionize agriculture, offering a sustainable,
efficient, and high-quality alternative.
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L INTRODUCTION

Traditional farming methods, while essential, face
hurdles in ensuring consistent, sustainable food production.
Dependence on suitable soil and unpredictable weather
conditions often restricts year-round cultivation, and
managing pests and diseases frequently necessitates
environmentally harmful pesticides. Organic farming, a
welcome alternative that eliminates pesticides, often
encounters limitations like lower yields and seasonal
constraints, impacting affordability. Hydroponics offers a
promising solution to these challenges. This innovative
technique cultivates plants in a controlled environment with
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precise nutrient delivery, enabling year-round production
without pesticides.

Hydroponics is a method of growing plants without soil.
Plants are fed a nutrient-rich water solution instead, often
with their roots suspended in air or an inert medium like
rockwool. This allows for precise control over water,
nutrients, and light, potentially leading to higher yields, less
water usage, and reduced reliance on pesticides. It's a popular
technique for growing vegetables, herbs, and even some fruits
indoors or in greenhouses.

Building upon the promise of hydroponics, the proposed
solution introduces automated hydroponics. This approach
leverages technology to optimize plant growth and overcome
the limitations of traditional farming.

» The Prototype for the Automated Hydroponic Farm
System is Comprised of Three Key Components:

e Greenhouse Climate Control System:

This system utilizes various sensors (temperature,
humidity, light intensity, UV) to regulate the environment
within the greenhouse, creating ideal growing conditions for
the plants.

e Growing Stations:

Employing the Nutrient Film Technique (NFT), our
Growing Stations are self-contained units housing plant life.
Each station features a reservoir for the nutrient solution and
a Nutrient Management Unit (NMU) that constantly monitors
and adjusts pH and nutrient levels, ensuring optimal
conditions for plant growth.

e Central Console:

This central console acts as the central hub of the
system, connecting and overseeing all aspects of the farm,
including growing stations, sensors, and equipment.
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This innovative approach enables year-round, pesticide-
free crop production, addresses limitations in traditional
farming methods, and contributes to eco-conscious, high-
quality food production.

This concept resolves critical issues in modern
agriculture by offering a sustainable, efficient, and
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environmentally conscious alternative to conventional
farming. By addressing the challenges of seasonality,
pesticide use, sustainability in organic farming, the carbon
footprint of the food industry, and inconsistent food quality,
the hydroponic system aims to revolutionize the way we
produce food while fostering a healthier and more sustainable
future.

Table 1 Traditional Farming Vs. Hydroponic Farming Approach

Metric Traditional Farming Approach Hydroponic Farming Approach
Growing Relies on soil for plant growth, limited by Grows plants in a controlled environment without
environment weather and location. soil, allowing for year-round production anywhere.
Resource Uses large amounts of water and land, can Uses significantly less water, eliminates the need
management require pesticides and herbicides. for soil and reduces reliance on pesticides.
Production Yields can fluctuate based on weather Offers potentially higher and more consistent

conditions, limited to specific growing seasons.

yields due to controlled conditions.

II. LITERATURE SURVEY

The ever-growing global population demands
innovative and sustainable solutions for food production [1].
Traditional agriculture struggles with limitations imposed by
seasons, dependence on suitable soil quality, and
vulnerability to pests and diseases [1, 4]. These factors
contribute to inconsistent yields and environmental concerns
[1]. Hydroponics, a technique for cultivating plants in a
controlled environment using nutrient-rich water solutions,
emerges as a promising alternative [1, 4]. This method offers
year-round production, minimizes reliance on seasonal
variations, and reduces water usage compared to traditional
methods [1, 3, 4].

Several studies have explored the development of
automated hydroponic systems that leverage the Internet of
Things (loT) for real-time monitoring and control [2, 3].
These systems utilize various sensors to track critical
parameters like temperature, humidity, pH, and nutrient
levels within the growing environment [2, 3]. The collected
data is then used to automate processes such as irrigation and

nutrient delivery, optimizing plant growth and resource
utilization [2, 3]. However, existing research often focuses on
specific aspects of automation or employs simpler setups [2,
3]

This research builds upon existing knowledge by
proposing a novel and comprehensive automated hydroponic
system. Our system incorporates a robust Greenhouse
Climate Control System for precise environmental regulation,
ensuring optimal growing conditions. We utilize advanced
Growing Stations employing the Nutrient Film Technique
(NFT) for efficient and targeted nutrient delivery directly to
plant roots. Finally, a Central Console acts as the brain of the
system, connecting all components, monitoring critical
parameters, and automating processes for optimal efficiency
and resource management. This comprehensive approach
aims to address the limitations of traditional agriculture,
contribute to a more sustainable future of food production,
and potentially enhance crop yield and quality.

II1. FUNCTIONAL BLOCK DIAGRAM
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Fig 1 Functional Block Diagram of Automated Hydroponic Farm System
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» Continuously Monitoring Conditions:

Various sensors constantly gather data on factors
affecting plant growth, like temperature, humidity, and light
levels.

» Smart Processing & Decision Making:

A central unit (Microcontrollers) analyses the sensor
readings. It calculates actions based on pre-set parameters,
like turning on grow lights when light intensity drops below
a certain level.

» Taking Automated Actions:

Based on the processed data, the system takes corrective
actions to maintain optimal conditions. This might involve
switching on/off lights, pumps for nutrient solutions, etc.

» Remote Monitoring & Control:

The system can transmit sensor data to a cloud platform.
This allows for remote monitoring of the greenhouse
environment from anywhere.

IV. ALGORITHMIC APPROACH

The system leverages an ESP32 microcontroller within
the Greenhouse Climate Control System to monitor and
regulate environmental parameters like temperature,
humidity, light intensity, and UV radiation using various
sensors [DHT11, LTR390, BH1750]. A separate Arduino
board manages each Growing Station's Nutrient Management
Unit (NMU), monitoring nutrient levels (pH and EC) and
adjusting water pumps to optimize nutrient delivery for plant
growth. This distributed control system ensures precise
environmental and nutrient management for optimal plant
growth.

A. Algorithm for Greenhouse Climate Control

e Start

e Input:

e Sensor readings: Temperature, Humidity, Light Intensity,
UV Index.

e Processing:
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> Initialization:

e Connect all sensors (DHT11, BH1750, LTR390 to the
ESP32 board.

e Create a datastream on Blynk Cloud to store sensor
values.

e Include necessary libraries for sensor communication
(e.g., DHT library for DHT11).

» Data Acquisition:

Continuously read sensor values:

Temperature and Humidity from DHT11 sensor.
Light Intensity from BH1750 sensor.

UV Index from LTR390 sensor.

» Data Visualization:
Send sensor readings to Blynk Cloud and display them
on a pre-designed dashboard.

» Light Control:

o Define minimum and maximum light intensity thresholds
for the specific plant species.

Compare measured light intensity with the thresholds:

If light intensity < minimum threshold:

Turn on grow lights using the relay module.

If minimum threshold < light intensity < maximum
threshold:

Maintain current light state (lights likely on or off).

o [f light intensity > maximum threshold:

e Consider dimming or turning off grow lights.

» Output: Actuation Signals:

e Control Grow Lights (On/Off/Dim) based on light
intensity.

e Sensor data displayed on Blynk Cloud dashboard.

e End

Fig 2 Greenhouse Climate Control
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» Description of Components:

o DHTII Temperature and Humidity Sensor

Fig 3 DHT11 Sensor

The DHT11 sensor is a low-cost and easy-to-use device
that measures temperature and humidity within the
greenhouse, providing vital data for optimal plant growth
control.

e BHI750 Light Intensity Sensor

N

Fig 4 BH1750 Sensor
The BH1750 sensor acts as the system's eyes, detecting
light intensity within the greenhouse to ensure proper light
conditions for plant growth.

e [LTR390 UV Sensor

Fig 5 LTR390 Sensor
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The LTR390 sensor acts as the greenhouse's UV
watchdog, monitoring ultraviolet light levels to prevent harm

to plants from excessive sun exposure.

B. Algorithm for Growing Station: Nutrient Management
Unit

> Start
e Arduino:

» Input:
Sensor readings: pH and EC values.

» Processing:

e Initialization:

v Connect pH and EC sensors to the Arduino board.

v Include necessary libraries for sensor communication
(e.g., libraries specific to your pH and EC sensors).

e Data Acquisition: Continuously Read Sensor Values:

v pH value from pH sensor.
v EC value from EC sensor.
¢ Data Transmission:
Send the acquired pH and EC values to the ESP32 board
(e.g., using Serial communication).

> Output:
Sensor data (pH & EC) transmitted to ESP32 board.

e ESP32:

> Input:
Sensor data (pH & EC) received from Arduino.

» Processing:

¢ Data Reception:
Receive pH and EC values sent by the Arduino board.

o Data Storage:
Create datastreams on Blynk Cloud to store the received
pH and EC values.

e Data Visualization:
Send received pH and EC data to Blynk Cloud and
display them on a pre-designed dashboard.

e Nutrient Control:
Define desired pH and EC ranges for the specific plants.

» Compare Received pH and EC Values with the Desired
Ranges:

e If pH or EC falls outside the desired range:

Www.ijisrt.com 2409


https://doi.org/10.38124/ijisrt/IJISRT24MAY1685
http://www.ijisrt.com/

Volume 9, Issue 5, May — 2024 International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165 https://doi.org/10.38124/ijisrt/IJISRT24MAY 1685
e Activate the appropriate pump (acid/base for pH, nutrient » Output:
solution for EC) to adjust the levels (implementation on
ESP32 or separate control system). e Sensor data displayed on Blynk Cloud dashboard.
o If pH and EC are within desired ranges: Maintain current e Pump control signals (On/Off) based on pH and EC.
pump state (pumps likely off). e End

Fig 6 Growing Station (Nutrient Management Unit)

» Description of Components: e DF ROBOT Gravity lab grade analog -electrical
conductivity sensor (K = 10)
e pH SENSOR - DF ROBOT Gravity Analog pH Sensor for
Arduino:

Fig 8 Electrical Conductivity Sensor

Fig 7 pH Sensor This sensor directly measures the electrical conductivity

(EC) of the solution, a key indicator of dissolved nutrient
This compact sensor directly measures the acidity (pH) levels.
of the nutrient solution.
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V. RESULTS ANALYSIS

Fig 9 Setup of the Growing Station

Automated hydroponics offers a glimpse into a future of
fresh, year-round produce. This tech-driven system
overcomes limitations of traditional farming, thriving
anywhere with minimal environmental impact. The modular
design allows for easy scaling, while sensor data analysis
unlocks insights for future optimization. Compared to
traditional methods, hydroponics requires less land and water,
minimizes risks, and potentially yields more with less impact.
This isn't just a prototype, it's a stepping stone to a
revolutionary and sustainable future of food production.

VL CONCLUSION

This concept proposes an automated hydroponic farm
system that addresses the limitations of traditional
agriculture. Unlike traditional methods, this system utilizes
advanced technology to optimize plant growth and enable
year-round, pesticide-free production through a controlled
environment and precise nutrient delivery. The system
incorporates a Greenhouse Climate Control System for
precise environmental regulation, Growing Stations
employing the Nutrient Film Technique (NFT) for efficient
nutrient delivery, and a Central Console for system-wide
monitoring and control. This innovative approach has the
potential to revolutionize food production by promoting
sustainability, efficiency, and high-quality crop yields.
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FUTURE SCOPE

» The Proposed Automated Hydroponic Farm System holds
Immense Potential for Future Advancements.

o Integration of Artificial Intelligence (Al):

Machine learning algorithms can analyse sensor data
and historical trends to predict optimal environmental
conditions and nutrient requirements for specific crops,
further enhancing automation and efficiency.

e Advanced Robotics:

Incorporation of robots within the system could
automate tasks like planting, harvesting, and plant
maintenance, reducing manual labour and improving
operational efficiency.

e Vertical Farming Integration:

The modular design of the system could be adapted for
vertical farming applications, maximizing space utilization in
urban environments.

e Renewable Energy Integration:
Powering the system with renewable energy sources like
solar panels further enhances its environmental sustainability.

e Remote Monitoring and Management:

Development of a user-friendly mobile application
could allow for remote monitoring and control of the system,
facilitating easier management for large-scale operations.
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