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ABSTRACT: This article introduces Grow Light Farming using IoT, an innovative technology
designed to help farmers and individuals to cultivate plants/crops using artificial lights with IoT
based technology irrespective of seasonal variations. The "Grow Light Farming" project introduces a
pioneering approach to indoor crop cultivation by integrating IoT technology with specialized grow
lights. This initiative aims to overcome the limitations of traditional agriculture, enabling farmers to
cultivate crops irrespective of seasonal variations and environmental constraints. In this paper, we
present an loT-based smart grow light farming system designed to optimize indoor plant growth
through precise control of environmental conditions. The system utilizes LED grow lights for
artificial illumination and incorporates three distinct modes of lighting control, which are accessible
and configurable via a mobile application powered by the Blynk IoT cloud platform. Temperature
and moisture levels are continuously monitored using DHT11 sensors and moisture sensors,
respectively. Additionally, a motor pump is employed to maintain optimal moisture levels by
automatically watering the plants when necessary. The system consists of various components
including ESP8266 module, diodes, relays, MOSFETs, voltage regulators, motor pump, and LEDs.
The integration of these components enables efficient plant care and growth management in indoor
farming environments. The paper outlines the system architecture, implementation details,
experimental setup, and results obtained from real-world testing. Furthermore, potential applications
and future research directions are discussed.

KEYWORDS: IoT, grow light farming, environmental monitoring, mobile app control, Blynk,
ESP8266, DHT11 sensor, moisture sensor

significantly impact crop yields and food
security worldwide (Ref. 11). To mitigate these
challenges, indoor farming techniques have
gained prominence, offering solutions such as

INTRODUCTION: The introduction to the
"Grow Light Farming" project sets the stage for
understanding the significance and context of the
endeavor, encompassing key challenges in

traditional agriculture, the emergence of indoor
farming techniques, and the potential of IoT
technology to revolutionize crop -cultivation
practices. Agriculture faces numerous challenges,
including seasonal variations, limited arable land,
and environmental constraints, which
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grow lights to supplement or replace natural
sunlight and enable year-round cultivation (Ref.
1). However, traditional indoor farming methods
encounter limitations related to resource
utilization, environmental control, and yield

optimization, necessitating innovative
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approaches for improvement (Ref. 11). In
response to these challenges, the "Grow Light
Farming" project leverages IoT technology to
create an intelligent and sustainable farming
system aimed at revolutionizing indoor crop
cultivation (Ref. 6). By integrating smart sensors
and automation, the initiative enables real-time
monitoring and remote management of key
environmental parameters such as light intensity,
temperature, humidity, and soil
providing a precise and adaptable growing
environment for crops (Ref. 11). This approach
is supported by a robust body of literature
exploring the role of LED lighting in urban
agriculture (Ref. 11), the design considerations
for LED-based plant growth chambers (Ref. 12),
and the application of IoT technology in smart
agriculture (Refs. 13, 14). The implementation of
the "Grow Light Farming" system involves
careful consideration of hardware and software
components, including the selection of IoT-
enabled grow lights, smart sensors, and a

moisture,

centralized IoT hub for data processing and
control (Ref. 16). Through a multi-faceted
approach, the project aims to optimize resource
utilization, enhance crop yields, and ensure
consistent quality, thus addressing the challenges
of traditional agriculture and setting the stage for
a more resilient and efficient approach to
meeting global food demands (Ref. 20). This
introduction provides a comprehensive overview
of the motivation, objectives, and significance of
the "Grow Light Farming" project, positioning it
within the broader context of agricultural
innovation and sustainability.

PROBLEM DEFINITION: The "Grow Light
Farming" project addresses
challenges faced by traditional

several key

agriculture,
particularly in the context of indoor -crop
cultivation. Conventional farming methods often
struggle to maintain consistent crop yields due

WWW.1jiemr.org

to seasonal variations, limited access to arable
land, and environmental constraints.
Additionally, the reliance on natural sunlight
limits the ability to cultivate crops year-round,
leading to fluctuations in supply and demand.
Indoor farming techniques, such as the use of
grow lights, have emerged as a solution to these
challenges; however, they still encounter issues
related to resource utilization, environmental
control, and yield optimization. Furthermore, the
lack of real-time monitoring and management
tools hinders the ability of farmers to respond
effectively to changing conditions and optimize
their cultivation practices. The "Grow Light
Farming" project aims to tackle these problems
by leveraging loT technology to create an
intelligent and sustainable farming system. By
integrating smart sensors and automation, the
project seeks to provide farmers with real-time
insights into key environmental parameters such
as light intensity, temperature, humidity, and
soil moisture. This data-driven approach enables
precise control over the growing environment,
ensuring that crops receive optimal conditions
for growth throughout their lifecycle.

IMPLEMENTATION: The implementation of
the "Grow Light Farming" project involves the
integration of IoT technology, smart sensors,
and automation systems within indoor farming
facilities. Firstly, IoT-enabled grow lights are
strategically installed to provide the necessary
light spectrum for plant growth, supplementing
or even replacing natural sunlight. These grow
lights are equipped with sensors to monitor light
intensity and spectrum, ensuring that crops
receive the optimal lighting conditions for
photosynthesis and growth. Additionally, smart
sensors are deployed throughout the growing
environment to monitor key parameters such as
temperature, humidity, and soil moisture. These
sensors continuously collect data and transmit it
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to a central IoT hub, which serves as the brain of
the system. The IoT hub utilizes algorithms to
analyze the incoming data and make real-time
adjustments to the environmental conditions
based on predefined parameters and crop
requirements. Farmers can remotely access the
10T hub through a user-friendly interface using a
Blink app, allowing them to monitor the status
of their crops in real-time and make informed
decisions about cultivation practices. This
implementation not only ensures consistent crop
yields but also enhances sustainability by
reducing water consumption, minimizing energy
usage, and mitigating environmental impacts
associated with traditional agriculture.

DESIGN AND DEVELOPMENT: The design
of grow light farming project allows us to
cultivate a plant that is capable to grow under
artificial lighting using real-time monitoring
through IoT. The moisture level of soil and
temperature level of the room can be monitored
through the mobile using Blink app. The code is
dumped into the Node MCU for adjusting the
light intensities which are required for the
different stages of the plant growth like
seedling, growing and flowering/fruiting stages.
The components involved in this grow light
farming include ESP8266, voltage regulators,
transformer, moisture sensor, temperature
sensor, capacitors, resistors, relay module, RGB
LED, MOSFET driver, pump,

batteries(5v).

water

PROCEDURE FOLLOWED: At the core of
our "Grow Light Farming" project lies the Node
MCU, which functions as the primary control
unit. This critical component processes inputs
from various sensors and governs the operation
of output devices accordingly. Embedded within
the Node MCU 1is a

specifically designed to

sophisticated code

modulate  light
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intensities based on the developmental stage of
the plant, ensuring optimal growth conditions.
The integration of the Blynk mobile application
enhances the system's functionality by enabling
users to monitor soil moisture and temperature
levels in real-time from remote locations, thus
providing comprehensive oversight throughout
the plant growth cycle. To accommodate the
electrical needs of this system, a transformer is
employed to reduce the standard supply voltage
from 220V to a more manageable 12V. This
stepped-down voltage powers the LEDs and
operates the relays, sensors, and additional
circuit components, which require a lower
voltage of 5V. The necessary 5V supply is
obtained through a voltage regulator, ensuring
the stable operation of these components. Both
the 12V and 5V supplies are converted from AC
to DC using a diode bridge rectifier, a critical
step for the functioning of the electronic
circuitry. Following rectification, a capacitor
filters out any remaining ripples in the DC
voltage, thereby providing a smooth and stable
power supply essential for the seamless
operation of the circuit's components. The
system's relay module plays a pivotal role in
water management, activating a water pump in
response to data from the moisture sensor.
Should the soil's moisture level fall below a
threshold value of 10, the relay triggers the
pump, ensuring the plants are adequately
watered. Additionally, a MOSFET driver is
utilized to adjust the LED light intensities, a
process that involves altering voltage levels to
change the current draw and, consequently, the
light output. This is based on the principle that
light intensity is directly proportional to the
current flowing through the LEDs. This system
not only facilitates meticulous environmental
control and monitoring but also offers a user-
friendly interface through the Blynk app,

Vol 13 Issue 04, Apr 2024

ISSN 2456 - 5083

Page | 56



International Journal for Innovative

€ngineering and Management Research

PEER REVIEWED OPEN ACCESS INTERNATIONAL JOURNAL

catering to the nuanced needs of modern
agriculture.

BLOCK DIAGRAM:

Node MCU (ESP8266): This microcontroller
board is chosen for its capability to connect to
Wi-Fi networks,

applications. Its processing power enables it to

making it ideal for IoT

gather data from sensors, process it, and control
actuators based on  predefined logic.
Additionally, it hosts the firmware necessary to
communicate with the Blynk server, facilitating
remote access and control via the internet.

Internet Connection: The Node MCU
(ESP8266) connects to the internet, enabling
communication with the Blynk server and
allowing users to monitor and control the grow
light farming
internet access.
Blynk IoT Mobile Application: Blynk provides
a user-friendly interface for controlling and
monitoring the system. Through the mobile

system from anywhere with

application, users can view real-time sensor data
(such as
moisture levels),

temperature, humidity, and soil
and remotely control the
actuators (motor pump and grow lights) with just

a few taps on their smartphones.

Sensors:

DHT11 Sensor: This sensor measures
temperature and humidity levels in the
environment  where plants are  grown.

Monitoring these parameters is crucial for
maintaining optimal growing conditions and
preventing issues such as heat stress or fungal
growth.

Moisture Sensor: Soil moisture levels directly
impact plant health and growth. By measuring
soil moisture, the system can automate irrigation
to ensure plants receive the appropriate amount
of water,
overwatering.
Actuators:

preventing both under and
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Motor Relay and Motor Pump: The motor
relay, controlled by the Node MCU (ESP8266),
activates or deactivates the motor pump based
on soil moisture readings from the moisture
sensor. This automated irrigation system ensures
that plants receive water precisely when needed,
promoting healthy growth and conserving water

resources.
Internet
L J
P — e
DHT11
Sensor
Mabile i
Application Blynk Server N;sds Brgg:
(Blynk 1oT) f
e ——
Moisture
g Sensor

Motor
Relay

Motor Pump

Fig.1: Block Diagram of IoT based Grow Light
Farming

’ MOSFET }

_

Grow Lights

MOSFETs and Grow Lights: The Node MCU
(ESP8266) also controls MOSFETSs to regulate
power to the grow lights. By adjusting the
intensity and duration of light exposure, the
system can simulate natural daylight conditions,
promoting photosynthesis and enhancing plant
growth, especially in indoor or low-light
environments. In summary, this comprehensive
setup integrates advanced IoT technology with
smart sensors and actuators to create an efficient
and remotely accessible grow light farming
system. By
adjusting

continuously monitoring and

environmental ~ parameters, it
maximizes plant productivity and minimizes

resource waste.
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FLOWCHART: The process
encapsulates the operational sequence of an IoT-
based grow light farming system, designed to
optimize plant growth conditions through remote
monitoring and automated control. The initial

outlined

step involves establishing a connection to the
Blynk cloud service, a pivotal aspect enabling
remote access to the system for monitoring and
control purposes. Once connected, the system
checks and displays the WiFi mode, ensuring
seamless communication with the network,
which is essential for data transmission and
remote accessibility. Subsequently, the process
branches into three distinct paths, each catering
to specific functionalities crucial for indoor plant
cultivation. The first path focuses on temperature
monitoring, which entails gathering data from
the DHTI11 sensor capable of
measuring both temperature and humidity levels.
This data is then displayed, offering real-time
insights the environmental conditions
essential for plant growth. The second path

sensor, a

into

revolves around LED control, a critical aspect in

indoor farming setups where

lighting is often required.

supplemental
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Fig.2: Flowchart of IoT based Grow Light
Farming

Here, the system checks a timer to determine
whether it's time to toggle the LED switch,
indicating the activation or deactivation of the
grow lights. This functionality allows users to
customize lighting schedules based on plant
requirements, enhancing energy efficiency and
promoting optimal growth conditions. The third
path addresses moisture sensing and irrigation
control, essential for maintaining soil moisture
levels conducive to plant health. By reading data
from the moisture sensor, the system monitors
soil moisture content in real-time, displaying the
information for user monitoring. If the moisture
falls below a predefined threshold,
indicating dry soil conditions, the
activates the motor relay to initiate irrigation,
ensuring plants receive adequate water.

RESULTS AND DISCUSSIONS: Expanding
upon the initial outcomes and discussions of the

level
system

"Grow Light Farming" project, further insights
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reveal the depth of its impact on indoor
agriculture  through IoT The
integration of the Node MCU microcontroller as
the central processing facilitated a
sophisticated level of automation in controlling

innovation.
unit

environmental parameters critical to plant
growth, such as light, temperature, and moisture.

This automation, driven by real-time data

acquisition and analysis, enabled precise
adjustments to growing conditions, thus
promoting optimal plant development. The

project underscored the importance of accurate
environmental control in indoor farming,
demonstrating that even slight modifications in
light intensity or soil moisture could lead to
noticeable differences in plant health and yield.
The application of the Blynk mobile app for
environmental ~ monitoring  and
introduced a user-friendly interface that allowed
even those with minimal technical expertise to
effectively manage their indoor farming
operations. This democratization of technology

control

stands as a testament to the project's success in

making advanced agricultural technologies

accessible to a broader audience.

Fig.3: Circuit connection of IoT based Grow
Light Farming

User feedback highlighted the app's real-time
monitoring features as particularly beneficial,
offering insights into the daily and even hourly

WWWw.1jiemr.org

needs of their plants, which in turn led to more
responsive and informed farming practices.
Electrical efficiency emerged as another critical
area of focus in the project. The careful selection
and implementation of components such as the
transformer, diode bridge rectifier, and
capacitors ensured that the system not only met
the operational demands of the grow lights and
sensors but also did so with minimal energy
waste. This approach to energy management
aligns with global efforts to reduce electricity
consumption and greenhouse gas emissions,
making the "Grow Light Farming" project an
exemplar of environmentally responsible
technology  design. Water  management,
facilitated through the automated irrigation
system triggered by levels,
addressed one of the most pressing issues in

soil moisture
agriculture today: water scarcity. By ensuring

that water was only supplied when necessary,
and in the precise amounts needed.

N\

[ oPs Map Camera

radesh, India
k, Vuda Colony, Visakhapatanam,
, India

Fig.4: Implementation of IoT based Grow Light
Farming

However, the project is not without its
challenges and areas for improvement. User
interface (UI) optimization of the Blynk app to
enhance user engagement and ease of use,
scalability of the system to support larger or
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more complex farming operations, and further =
reduction in energy consumption through
improved component efficiency are identified as
key focus areas for future development. In
summary, the "Grow Light Farming" project,

Grow Lights

TEMP

through its innovative use of IoT technology, has
made significant strides in enhancing the
productivity and sustainability of indoor farming.
It has laid a solid foundation for future research

311°¢ g7

o 100 o 100

and development aimed at overcoming the
limitations of traditional agriculture, paving the
way for smarter, more efficient, and more
SEEDLING GROWTH FRUIT

sustainable food production methods.

Fig.6: Project interaction with mobile app Blynk
CONCLUSION: The "Grow Light Farming"
initiative represents a significant leap forward in
the field of controlled environment agriculture,
leveraging the cutting-edge capabilities of the
Internet of Things (IoT) to usher in a new era of
precision farming. At the heart of this project is
the innovative use of Node MCU as the central
processing unit, which, along with the tailored

Blynk mobile app, has revolutionized the way
environmental conditions are monitored and
adjusted, ensuring optimal plant growth. This
bespoke system, designed with sustainability in
mind, has proven effective in optimizing

Fig.5: Plants Growth using Iot based Grow Light
Farming

resource use, significantly reducing water and
energy  consumption through intelligent
automation and real-time data analytics. The
project has not only achieved its goal of
enhancing plant growth and productivity but has
also provided invaluable insights into the
potential of IoT technologies to transform
agriculture. The meticulous design and
implementation of the system's electrical
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components have set a benchmark for
operational  efficiency, showcasing  how
technology can be harnessed to address some of
the most pressing challenges in agriculture today,
such as resource conservation and sustainable
production. As we reflect on the successes and
lessons learned from the "Grow Light Farming"
project, it becomes clear that this is just the
beginning. The project lays a solid foundation
for future research and development in smart
agriculture, offering a scalable model that can be
adapted to various indoor farming setups. It
highlights the critical role of technological
innovation in achieving food security and
sustainability, providing a roadmap for future
initiatives aimed at making agriculture more
adaptive, resilient, and environmentally friendly.

FUTURE SCOPE: Indeed, the "Grow Light
Farming using IoT" project holds immense
potential to address pressing challenges such as
food scarcity and environmental degradation. By
leveraging advanced technology and sustainable
farming practices, this initiative offers a viable
solution to increase food production while
minimizing environmental impact. The efficient
use of resources, including water and land,
ensures optimal crop yields even in limited
spaces, making it possible to cultivate a
significant amount of produce in urban or
densely populated areas. Moreover, by utilizing
clean energy sources and reducing reliance on
traditional farming methods that contribute to
pollution and deforestation, "Grow Light
Farming using IoT" promotes environmentally
friendly crop production. In the face of rising
temperatures and environmental instability
caused by deforestation, this project provides a
ray of hope by offering a sustainable and
scalable approach to agriculture that can adapt to
changing climate conditions and contribute to
restoring balance to our ecosystems.
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