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Abstract-To develop and operate an IoT-based Smart Greenhouse Monitoring and Control System, first install environmental
sensors such as DHT22 for temperature and humidity, soil moisture probes, and LDRs for light intensity inside the greenhouse to
continuously collect data on growing conditions. Connect these sensors to a microcontroller like Arduino Uno and integrate a WiFi
module such as ESP8266 or NodeMCU to enable real-time wireless data transmission to an IoT cloud platform for remote
monitoring and storage. Once data is available online, analyze it through dashboards or mobile apps to observe trends and make
informed decisions. When environmental parameters deviate from optimal levels, the system should automatically trigger
actuators—such as fans, sprinklers, or grow lights—to maintain ideal conditions. Throughout the cultivation cycle, data logging
and analysis help identify patterns for predictive control and resource optimization, reducing manual intervention and improving
crop yield and quality. The system should be operated continuously to maintain stability and can be enhanced over time by adding
Al algorithms for predictive adjustments, renewable power sources for sustainability, and scalability to hydroponic or commercial

setups, ensuring consistent productivity and energy-efficient farming year-round.

Keywords- IoT-based smart greenhouse, environmental sensors (temperature, humidity, soil moisture, light), DHT22, LDR,
microcontroller (Arduino Uno), WiFi module (ESP8266, NodeMCU), real-time monitoring, cloud platform, data analysis,
dashboards, automation, actuators (fans, sprinklers, grow lights), predictive control, data logging, resource optimization, Al

integration, sustainable farming, precision agriculture, energy efficiency, crop yield improvement.

CHAPTER 1
INTRODUCTION

Importance of Project

The importance of an IoT-based smart greenhouse
monitoring and control system lies in its ability to
revolutionize agricultural practices by enabling precise,

Overview o efficient, and sustainable crop management. It addresses
The IoT-based smart greenhouse monitoring and control critical challenges in traditional farming such as

system is an innovative technological solution designed to
optimize environmental conditions within greenhouses
through real-time data collection, analysis, and automated
control. By integrating sensors, microcontrollers, IoT
connectivity, and user interfaces, this system ensures
efficient resource utilization and maximizes crop yields,
supporting sustainable agricultural practices.

unpredictable weather, resource wastage, labour intensity,
and suboptimal growing conditions, thereby enhancing
food security and agricultural productivity.

Key aspects of its importance include:

Optimized Resource Use: By continuously monitoring
environmental parameters and automating irrigation,
ventilation, and lighting, the system significantly reduces
water and energy waste, promoting sustainable agriculture.
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Improved Crop Yield and Quality: Maintaining ideal
conditions for plant growth ensures healthier crops with
higher yields, reducing crop losses due to adverse climate
or human error.

Remote Accessibility: IoT connectivity permits real-time
monitoring and control from anywhere, empowering
farmers to respond promptly to environmental changes and
system alerts.

Labor Efficiency: Automation reduces the need for
constant manual intervention, saving time and labour costs
while enabling focus on other critical tasks.

Data-Driven Decisions: Historical data logging allows for
trend analysis and predictive insights, supporting smarter
farming practices and better crop management strategies.
Environmental Sustainability: The system helps mitigate
issues like soil degradation and pesticide overuse by
fostering  controlled and  optimized cultivation
environments.

Scope of the Project

Precision Agriculture: The system enables fine-tuned
control of environmental factors, maximizing plant health
and productivity through adaptive management of
temperature, humidity, soil moisture, and light.

Remote Monitoring and Management: Farmers can manage
greenhouses remotely via IoT platforms, increasing
accessibility and allowing real-time interventions
regardless of location.

Scalability: The technology can be scaled up from small
experimental setups to large industrial greenhouses,
supporting diverse crops and climates.

Automated Resource Management: Scope includes
automated irrigation, ventilation, shading, and lighting
systems, reducing human dependency and resource waste.
Integration with Advanced Technologies: Future scope
involves combining IoT with Al/machine learning for
predictive analytics, blockchain for supply chain
transparency, and renewable energy for sustainability.

Data Analytics and Decision Support: Continuous data
collection paves the way for big data analytics, enabling
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optimized crop cycles, early disease detection, and adaptive
cultivation strategies.

Educational and Research Applications: The system serves
as a versatile platform for agricultural research, allowing
experimentation with new farming methods and plant
varieties under controlled conditions.

Primary Objectives

Continuous Monitoring of Critical Parameters: The system
senses and tracks key environmental variables inside the
greenhouse such as temperature, humidity, soil moisture,
and light intensity.

Automated Environmental Control: Based on sensor inputs
and preset threshold values, the system automatically
controls actuators such as fans, water pumps, and shading
devices (e.g., motorized shades) to maintain optimal
growing conditions.

Remote Data Transmission and Access: Sensor data is
transmitted via IoT modules (e.g., ESP8266) to cloud
platforms, enabling farmers to remotely monitor
greenhouse status and control devices through mobile apps
or web interfaces.

Resource Optimization: The automation aims to reduce
water wastage and energy consumption by providing
irrigation and ventilation only as needed, promoting
sustainable agriculture practices.

Improved Crop Health and Yield: By maintaining stable
and ideal environmental conditions, the system helps
enhance plant growth, leading to higher quality and
quantity of crop production.

Background and Motivation

The development of IoT-based greenhouses has been
fuelled by the need to address global challenges such as
population growth, shrinking arable land, climate change,
and the demand for sustainable food production. The
background and motivation for these systems originate
from advances in sensor technology, wireless
communication, cloud computing, and
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automation, which collectively have facilitated the
realization of intelligent, remote, and highly efficient
greenhouse management solutions.

CHAPTER 2
LITERATURE SURVEY

"An IoT Based Greenhouse Remote Monitoring System for
Sustainable Agriculture" by L.Sharmaetal.

This work presents an loT-enabled greenhouse system
using Arduino and ESP8266 modules for real-time
monitoring of temperature, humidity, and soil moisture,
with cloud data upload and remote-control capabilities. It
focuses on sustainable farming improvements through
automation and precise environmental control.

"l[oT-Based Greenhouse Monitoring and Control System"
by R. Kumar, P. Singh The authors develop a system that
integrates multiple sensors with Arduino and ThingSpeak
cloud service. It automates irrigation and ventilation based
on sensor thresholds, providing mobile app access for
farmers to monitor conditions remotely. The paper
emphasizes water conservation and crop yield
enhancement.

"Smart Greenhouse Monitoring and Controlling Based on
IoT" by S. Gupta et al. This research incorporates [oT
protocols and cloud analytics to manage greenhouse
parameters with intelligent actuator control. The system
also supports data logging for long-term analysis and uses
predictive  algorithms to optimize environmental
adjustments

"A Comprehensive loT-Driven Greenhouse Monitoring
System" by J. Morais et al.

Describes a scalable framework combining sensor
networks, [oT communication, and a user-friendly interface
for real-time visualization and control. The authors address
challenges like sensor calibration and network reliability in
remote locations.

"loT-Based Monitoring and Control for Optimized Plant
Growth" by A. Singh, R. Verma

Highlights the use of machine learning for predictive
climate control in smart greenhouses, analyzing historical
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environmental data to improve automation accuracy and
reduce resource waste.

CHAPTER 3
SYSTEM ARCHITECTURE
Block Diagram
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Fig.3.1.1 Block Diagram of IoT Based Greenhouse
Monitoring and Control System

Block Diagram Description:

This block diagram represents an IoT-based Smart
Greenhouse Monitoring and Control System built using
NodeMCU (ESP8266) for control and wireless
communication. Here’s a short explanation of each block:
DHTI11 Sensor — Measures temperature and humidity
inside the greenhouse. Based on this data, the system
controls devices like the fan when temperature exceeds the
set limit.

Soil Moisture Sensor — Monitors the moisture level in the
soil. When the soil becomes dry, the system automatically
turns ON the water pump for irrigation.

LDR (Light Sensor) — Detects the intensity of light. If the
light level is low, the system switches ON the grow light to
support plant growth.
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Flame Sensor — Detects fire or abnormal heat conditions.
When triggered, it activates the buzzer and sends alerts
through the IoT system.

NodeMCU (ESP8266) — Acts as the main controller and
Wi-Fi module. It collects data from sensors, processes it,
and controls output devices like fan, pump, lights, and
buzzer.

Water Pump — Used for automatic irrigation. It is activated
when soil moisture falls below the threshold level.

Fan / Exhaust Fan — Maintains proper temperature and air
circulation inside the greenhouse.

Grow Light (LED) — Provides artificial light when natural
light is insufficient.

Buzzer — Gives alert in case of emergency conditions like
fire or extreme temperature.

IoT Platform (Cloud) — Displays real-time data received
from NodeMCU and allows remote monitoring and control.

PC / Mobile — Used by the user to monitor system data and
control devices remotely through the IoT platform.
Circuit Diagram:

K0T BASED GREENHOUSE MONITORING AND CONTROL SYSTEM

NedabC U
o

Fig.3.3.1 Circuit Diagram of IoT Based Greenhouse
Monitoring and Control System

Circuit Diagram Description:

Controller: NodeMCU (ESP8266)
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Sensors: DHT11 (temperature & humidity), Soil Moisture
Sensor

Actuators: Relay Module (4-channel) controlling Water
Pump, Fan, and Light/Bulb

Communication: Built-in Wi-Fi (ESP8266) connected to
IoT Cloud (Blynk Platform)

Power Supply: USB 5V for NodeMCU, external 5V/12V
supply for relay and actuators

Function: Collects environmental data (temperature,
humidity, soil moisture), processes it using NodeMCU, and
automatically controls devices like pump, fan, and light.
The data is sent to the IoT cloud for real-time monitoring
and remote control via mobile app.

Flow Chart:
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Fig.3.5.1 Flow Chart of IoT Based Greenhouse Monitoring
and Control System

CHAPTER 4 HARDWARE DESCRIPTION
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Microcontroller (NodeMCU / ESP8266):

The NodeMCU (ESP8266) serves as the brain of the
system. It interfaces with sensors to read environmental
data and processes this data to control actuators like pump,
fan, and lights. It has built-in Wi-Fi, making it highly
suitable for IoT applications without requiring any external
communication module.

Power Options:

It can be powered using a USB cable connected to a
computer or adapter.

It can also be powered using an external power supply (5V
via Vin pin).

Pin Details:

Digital Pins: Used to connect and control sensors and
devices like relays, LEDs, etc.

Analog Pin (A0): Used to read analog sensor values (e.g.,
soil moisture sensor).

PWM Pins: Most GPIO pins support PWM for controlling
devices like motor speed or LED brightness.

Fig 4.1.1: NodeMCU / ESP8266
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Table 4.1.1: NodeMCU / ESP8266 Specifications

Features Specifications

Microcontroller ESP8266 (Tensilica
Xtensa LX106)

Operating voltage 3.3V

Digital I/O pins 11-13 GPIO pins

Analog input pins 1 (A0)

Flash memory 4MB

Clock speed 80 MHz / 160 MHz

Wi-Fi Built-in (802.11 b/g/n)

Power supply USB (5V) or external
(5V)

Sensors

Temperature and Humidity Sensor (DHT11/DHT22):
These sensors measure both temperature and relative
humidity inside the greenhouse. The DHTI11 is cost-
effective with moderate accuracy, while the DHT22
provides higher precision over a wider range. They output
digital signals that the microcontroller reads to monitor
climate conditions.

Power Options:
Operates on 3.3 V to 5 V DC power supply

Can be powered directly through an Arduino or other
microcontroller boards

Pin Details:

VCC: Power input (connect to 3.3V or 5V)

GND: Ground connection

A0/ OUT: Analog output pin — provides the signal to the
microcontroller

Fig4.2.1: DHT11/DHT22 Sensor
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Table 4.2.1: DHT11/DHT22 sensor features

Features Specifications
Operating Voltage 33Vto5VDC
Output Type Analog voltage signal
Power Consumption Low (<10 mW)
Operating Temperature 0°C to +50°C
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Table 4.2.2: EMGsensor features

Soil Moisture Sensor:

This sensor detects the volumetric water content in the soil
using resistive or capacitive methods. It outputs an analog
voltage or digital signal indicating soil moisture level,
helping to automate irrigation by controlling water pumps
when the soil is dry.

Size and Shape:

Size: Compact rectangular module, approximately 3.7 cm
x25cmx1cm

Weight: Light, around 10 grams

Power Options:

Operates on 3.3 V to 5 V DC power supply

Can be powered directly from an Arduino board or an
external regulated supply

Pin Details:

VCC: Power input (connect to 3.3V or 5V)

GND: Ground connection

OUT: Analog output pin that sends the EMG signal to the
microcontroller

Electrode Ports: Two electrode connectors (two for signal
detection and one for reference/ground) used to push in the
soil.

Fig 4.2.2: Soil Moisture Sensor

Features Specifications

Sensor Type Humidity sensor

Operating Voltage 33Vto5VDC

Output Type Analog voltage signal

Signal Range +1.5 mV (before
amplification)

Amplification Built-in amplifier (up to
1000x)

Operating Temperature 0°C to +50°C

Relay Module:

Relay modules act as electrically operated switches that
control high-power devices like water pumps, fans, and
lights using low-power control signals from the
microcontroller.

Commonly used relay modules include opto-isolated 4-
channel or 8-channel relays to provide safe and reliable
switching.

Size and Shape:

Size: Small rectangular module, approximately 3 cm x 2
cm X 1 cm

Shape: Rectangle

Weight: Lightweight, around 2 grams

Power Options:

Operates on 3.3 Vto 5 VDC

Can be powered directly from an Arduino or an external 5V
regulated supply

Pin Details:

VCC: Power input (3.3V-5V)

GND: Ground connection

OUT: Digital output pin that changes state when a blink is
detected (HIGH or LOW)

Fig 4.2.3: Relay Module
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Table 4.2.3: Relay Module

Features Specifications
Operating Voltage 33Vto5VDC
Output Type Digital (High/Low signal)

Detection Range

2 — 10 cm (approx.)

Operating Current

<10 mA

Operating Temperature

0°C to +50°C

Water Pump:

An electric pump that supplies water for irrigation within
the greenhouse. It is activated by the relay module when
soil moisture falls below the threshold, ensuring water is
provided only when needed.

Size and Shape:

Size: Very small—typically about 4.5 mm x 4 mm x 3 mm
(TO-92 package)

Weight: Less about 8 grams

Power Options:

Operates from 4 V to 30 V DC

Can be powered directly from Arduino’s 5V output
Pin Details:

VCC (Pin 1): Power supply input (4—30 V)

GND (Pin 3): Ground connection

<«
Fig 4.2.4: Water pump

Table 4.2.4: Water pump specifications

Features Specifications
Operating Voltage 4Vto30VDC
Power Consumption Very low (<0.2 mW at

5V)
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Exhaust Fan:

Used for ventilation to regulate temperature and humidity
within the greenhouse. The fan is controlled automatically
to maintain optimal environmental conditions conducive to
plant growth.

Size and Shape:

Size: Compact—approximately 25 mm x 23 mm x 3 mm
Shape: round cylindrical typical

Weight: Around 10-15 grams

Power Options:

Operates on 3.4 V to 4.4 V DC (typically 4 V)

Can be powered through an external regulated power
supply or Li-ion battery

Pin Details:
VCC: Power supply input (3.4—4.4 V)
GND: Ground connection

»

Fig 4.3.1: Exhaust fan
Table 4.3.1: Exhaust fan

Features Specifications
Speed (Max.) 2500 rpm
Power Supply

The Power Supply Module provides a stable voltage source
for the entire system. It converts higher input voltages (like
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9V or 12V from an adapter or battery) into lower regulated temperature, humidity, soil moisture, and light
voltages (such as 5V or 3.3V) required by sensors and intensity.

microcontrollers. It ensures safe, noise-free, and reliable
power delivery to all components, making it an essential o Temperature and Humidity Sensor
part of any embedded or IoT project. (DHT11/DHT22): Measures the air temperature

and relative humidity within the greenhouse.
Size and Shape:

Size: Compact module, typically around 45 mm x 20 mm
Shape: Small rectangular PCB with input and output
terminals

e  Soil Moisture Sensor: Detects the water content in
the soil to determine whether irrigation is
- required.
Weight: Around 10-15 grams e Light Sensor (LDR): Monitors the level of
ambient sunlight.
Power Options:

Input from DC adapter, USB, or battery (6-12 V) e CO: Sensor (optional): Used in advanced systems
Output: 5 V and 3.3 V regulated supply to ensure proper air quality for photosynthesis.
Pin Details:

VIN: Input voltage (6—12 V)
VOUT: Output voltage (5 Vor 3.3 V)
GND: Ground connection

Data Acquisition and Processing:

e The microcontroller (e.g., Arduino Uno or
NodeMCU) reads these sensor signals via its input

' pins. It processes the data by comparing it against
pre-set threshold values
representing optimal conditions for crop growth.
It collects sensor readings through its analog and
digital input pins.

e The data is processed and compared with pre-
defined threshold values that represent ideal
conditions for plant growth.

Fig 4.4.1: USB (Universal Serial Bus)

e For example, if the temperature exceeds 35°C, or

CHAPTER 5 the soil moisture drops below 30%, the
WORKING PRINCIPLE microcontroller identifies these as abnormal
conditions.
Working Principle

e [t then takes suitable action by activating the
Sensing Environmental Parameters: required devices automatically. This processing
helps in minimizing manual supervision and

) . . . maintaining stability inside the greenhouse.
e Various sensors continuously monitor critical

greenhouse parameters—temperature, humidity,
soil moisture, and light intensity. These sensors
convert physical measurements into electrical
signals (analog or digital). These include

Automated Control of Actuators:

© 2026 IJSRET



When any parameter deviates from its desired range (e.g.,
temperature rises too high or soil moisture is low), the
microcontroller triggers corresponding actuators:

e  Temperature Control: Turning on exhaust fans or
cooling systems to lower temperature.

e  Humidity Control: Activating humidifiers or mist
sprayers when air becomes too dry.

e Soil Moisture Control: Starting a water pump to
irrigate the plants when soil is dry.

o Light Control: Turning on artificial grow lights
when ambient light intensity falls below the
required level.

e Through this automation, the system maintains an
optimal microclimate for crops without human
interference.

IoT Data Transmission:

The sensor data and system status are transmitted via a
WiFi module (ESP8266 or integrated NodeMCU) to a
cloud platform such as ThingSpeak, Firebase, or a custom
server. The transmitted data includes:

Real-time readings of temperature, humidity, and soil
moisture.

Status of actuators (ON/OFF).

Alerts or warnings for abnormal conditions.

This information is uploaded to cloud platforms like
ThingSpeak, Firebase, or Blynk, where it can be stored,
visualized, and analyzed. Graphs and charts help farmers
understand environmental trends over time.

Remote Monitoring and Control:

e  Users access real-time greenhouse condition data
and control actuators remotely via mobile apps or
web interfaces. Alerts and notifications for
abnormal conditions (e.g., high temperature) are
also sent.

e  They can monitor parameters in real time.
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e Manually control devices like fans, lights, and
pumps remotely when necessary.

e Receive SMS, email, or app notifications if any
environmental value goes beyond the safe range.

e This remote functionality increases convenience,
improves decision-making, and minimizes crop
losses due to delayed human response.

Feedback Loop:

The system continuously loops through sensing,
processing, control, and transmission, ensuring dynamic
environmental adjustment and optimal greenhouse
management.

CHAPTER 6
ADVANTAGES AND APPLICATION

Advantages:

Precision Environmental Control:

The system continuously monitors and maintains optimal
temperature, humidity, soil moisture, and light levels,
ensuring the best conditions for plant growth.

Resource Efficiency:

Automation reduces water wastage and energy
consumption by providing irrigation, ventilation, and
lighting only, when necessary, based on real-time data.

Remote Monitoring and Management:

IoT connectivity allows farmers to access real-time
greenhouse data and control devices remotely via
smartphones or computers, increasing accessibility and
responsiveness.

Increased Crop Yield and Quality:
Stable and ideal growing conditions enhance plant health,
leading to higher yields and better-quality produce.
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Labor Savings:
Automated systems reduce the need for constant manual
inspection and intervention, saving time and labor costs.

Data-Driven Decision Making:
Continuous data logging and analytics enable growers to
make informed decisions, optimize growth cycles, and
anticipate environmental issues.

Environmental Sustainability:
Efficient resource use and controlled climate help reduce
the ecological footprint of farming operations.

Scalability and Flexibility:

The modular system can be scaled from small home setups
to commercial greenhouses, and sensors/actuators can be
customized for different crops and conditions.
Applications:

Commercial Agriculture

e Enhances crop yield and quality through precise
climate control.

e Automates irrigation, ventilation, and lighting,
reducing labour and resource costs.

e  Supports large-scale greenhouse operations with
scalable monitoring solutions.

e  Urban Farming and Vertical Farming

e Facilitates controlled-environment farming in
limited spaces.

e Ensures optimal growth conditions despite urban
environmental constraints, promoting food
security.

Research and Development

e Provides a flexible platform for studying plant
responses under different environmental
conditions.

e  Supports experiments with new crop varieties,
fertilizers, or growth protocols with automated
data collection.

e  Horticulture and Floriculture
Maintains ideal conditions for flowers, exotic
plants, or medicinal herbs requiring specific
environments.
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Improves yield consistency and reduces spoilage.

Water and Resource Management

© 2026 IJSRET

Contributes to efficient water use through
automated irrigation based on soil moisture and
weather data.

Monitors resource consumption and optimize
energy use for lighting and climate control.
Remote Farming and Precision Agriculture
Enables farmers in remote or challenging terrains
to manage greenhouses via mobile apps.

Supports data-driven decision-making to improve
productivity and sustainability.

CHAPTER 7
FUTURE SCOPE

Integration of Al for predictive environmental
control.

Adoption of edge computing for faster local data
processing.

Use of spectrum-tuneable LEDs for optimized
plant growth lighting.

Deployment of robotics for automation of
seeding, pruning, and harvesting.

Implementation of advanced sensor networks
including CO2 and nutrient monitoring.

Expansion of modular and scalable greenhouse
systems.

Integration of blockchain for supply chain
transparency and traceability.

Incorporation of renewable energy sources for
sustainable operation.

Development of augmented reality (AR) tools for
real-time farm management.

Application of 5G connectivity for faster and
reliable IoT communication.

Increased use of big data analytics for crop growth
forecasting.

Growth of urban and vertical farming with IoT-
enabled climate control.
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e  Enhanced cybersecurity measures for loT device 4. Morais, J., et al. (2023). A comprehensive IoT-driven
protection. greenhouse monitoring system. Journal of Advanced

e Increased affordability and accessibility through Computing.
cost reduction and financing. 5. Lee, H., & Park, M. (2023). Development of IoT smart

e Expansion of smart greenhouse adoption in greenhouse system for hydroponic farming. arXiv
developing regions for food security. Preprint.

e These future directions highlight the 6. Singh, A., & Verma, R. (2025). IoT-based monitoring
technological, operational, and market trends and control for optimized plant growth. Journal of
anticipated to drive smart greenhouse systems Agricultural Computing.
toward greater efficiency, sustainability, and 7. Hashstudioz. (2025). IoT based automated greenhouse
scalability in the coming years. monitoring system.

8. Khetibuddy. (2023). Smart agriculture system: IoT
CHAPTER 8 CONCLUSION innovations in Indian farming.
9. Wisdom Gale. (2024). IoT-driven smart greenhouse
o system for real-time environmental monitoring.
The IoT-based smgrt greenhouse monitoring and ’control 10. Farmonaut. (2025). High-tech greenhouse project: 7
system is a revolutionary approach to modern farming that shocking benefits.
uses sensors, microcontrollers, and IoT technology to
automatically monitor and control key environmental
factors like temperature, humidity, soil moisture, and light
intensity. By continuously collecting and analyzing data, it
ensures plants grow under optimal conditions, leading to
improved crop yield and quality. Farmers can remotely
access real-time data and receive alerts through IoT
platforms, allowing them to manage their greenhouse
efficiently from anywhere. The system helps conserve
water and energy, reduce manual labor, and support
sustainable agriculture by preventing resource wastage.
Although the initial setup may require investment and
technical knowledge, the long-term advantages— such as
higher productivity, lower operational costs, and eco-
friendly farming—make it a highly effective and future-
ready solution. With advancements in Al and sensor
technology, such smart greenhouse systems will continue
to enhance precision agriculture and drive global food
security.
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