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Abstract — The increasing demand for sustainable agriculture
has prompted the development of advanced technologies to
enhance crop yield and quality. This project proposes an
Integrated Greenhouse Monitoring System that combines
sensor technologies, microcontrollers for effective
greenhouse management. The system incorporates ESP32-
based sensors for real- time monitoring of environmental
parameters such as temperature, humidity, soil moisture, and
ambient light. Additionally, the system employs a Relay,
Water Pump, and DC Fan for automated control of the
greenhouse environment. The primary components of the
proposed system include ESP32 microcontrollers, a Liquid
Crystal Display (LCD) for local data visualization, and a
Nodemcu module for Internet of Things (IoT) connectivity.
The ESP32-based sensors collect data from the greenhouse
environment, providing valuable insights into the conditions
required for optimal plant growth. The Relay is utilized to
control the water pump and DC fan, maintaining appropriate
soil moisture levels and temperature within the greenhouse.
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I, INTRODUCTION

The agriculture sector plays a pivotal role in ensuring global
food security, and as the world faces challenges such as
climate change and population growth, there is an increasing
need for innovative technologies to enhance agricultural
practices. Precision agriculture, facilitated by the integration
of modern electronics and information technologies, offers
solutions to optimize crop yield and quality. This paper
introduces a comprehensive Greenhouse Monitoring System
equipped with Arduino- based sensors, 10T connectivity.
Greenhouse cultivation provides a controlled environment for
plants, allowing farmers to overcome the limitations imposed
by external factors. The proposed system employs a range of
sensors, including those for temperature, humidity, soil
moisture, and ambient light, to continuously monitor the
greenhouse conditions. These sensors are connected to
Arduino microcontrollers, which act as the central processing
units for data collection and control mechanisms. The
gathered data is then displayed on a Liquid Crystal Display
(LCD), providing real-time insights into the environmental
parameters crucial for plant growth. To automate the
greenhouse environment, the system integrates a Relay,
Water Pump, and DC Fan. The Relay facilitates the control
of the water pump to manage soil moisture levels, ensuring
an optimal hydration balance for the plants. The DC Fan
regulates the temperature within the greenhouse, preventing
extremes that could negatively impact plant health. This level
of automation aids in creating an ideal environment for plant
growth while minimizing resource consumption. Moreover,
the system leverages the Nodemcu module for Internet of
Things (1oT) connectivity. This enables remote monitoring
and control of the greenhouse through a centralized platform.
In case of critical events such as disease outbreaks, the
Nodemcu is employed for immediate message intimation,

ensuring that farmers can respond promptly to potential
threats

Il. OBJECTIVES:

—  Environmental Monitoring: Implement sensors for real-
time monitoring of crucial environmental parameters
including temperature, humidity, soil moisture, and
ambient light within the greenhouse.

— Data Acquisition and Processing: Utilize Arduino
microcontrollers to collect, process, and analyze data
from the sensors to gain insights into the greenhouse
conditions.

— Automated Control Systems: Integrate a Relay, Water
Pump, and DC Fan to automate the control of soil
moisture and temperature, ensuring optimal conditions
for plant growth.

— User Interface and Local Display: Incorporate a Liquid
Crystal Display (LCD) to provide a user- friendly
interface for local visualization of the collected data,
enabling on-site monitoring and control.

— loT Connectivity: Integrate the Nodemcu module for
Internet of Things (1oT) connectivity, enabling remote
monitoring and control of the greenhouse from a
centralized platform.

— Message Intimation: Implement a system for immediate
message intimation through the Nodemcu module in the
event of critical conditions or anomalies, allowing timely
response and intervention by farmers.
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System Architecture Design: Define the overall
architecture of the Greenhouse Monitoring System,
including the placement of sensors, ESP32
microcontrollers, Relay, Water Pump, DC Fan, LCD,
camera, and the Nodemcu module.

Sensor Integration: Connect temperature, humidity, soil
moisture, and light sensors to Arduino microcontrollers
to measure environmental parameters.

Control Mechanism Integration: Interface the Relay,
Water Pump, and DC Fan with Arduino to control soil
moisture levels and temperature within the greenhouse
based on sensor readings.

Local Display Setup: Connect the LCD to Arduino for
local display of real-time data, allowing on-site
monitoring of greenhouse conditions.

loT Connectivity Setup: Integrate the Nodemcu module
with Arduino to enable 10T connectivity, allowing
remote monitoring and control of the greenhouse.
Message Intimation System: Implement a message
intimation system using the Nodemcu module to send
alerts or notifications in case of critical conditions, such
as temperature extremes or soil moisture imbalances.

IV. HARDWARE AND SOFTWARE REQUIREMENTS

Hardware Requirements:

ESP32

LCD Display
Humidity Sensor
Soil Moisture Sensor
Temperature Sensor
Relay

Water Pump

DC Fan

Lights

Nodemcu

Power Supply

Software Requirements:

Arduino IDE
Embedded C

REFERENCES

Neda Fatima, Salman Ahmad Siddiqui, and Anwar
Ahmad, “ToTbased Smart Greenhouse with Disease
Prediction using Deep Learning” International Journal of
Advanced Computer Science and Applications
(IJACSA), 12(7), 2021.
http://dx.doi.org/10.14569/1JACSA.2021.0 120713

H. Jaiswal, K. R. P, R. Singuluri and S. A. Sampson, "l1oT
and Machine Learning- based approach for Fully
Automated Greenhouse,” 2019 IEEE Bombay Section
Signature Conference (IBSSC), 2019, pp. 1-6,
doi:10.1109/IBSSC47189.2019.8973086.

Rupali Satpute, Hemant Gaikwad, Shoaib Khan, Aaditya
Inamdar, Deep Dave,” 10T Based Greenhouse
Monitoring System”, IJRASET ISSN: 2321-9653; IC
Value: 45.98; SJ Impact Factor: 6.887 Volume 6 Issue
IV, April 2018.

[4] D. Shinde and N. Siddiqui, "1OT Based Environment
change Monitoring & Controlling in Greenhouse using
WSN," 2018 International Conference on Information,
Communication,  Engineering and  Technology
(ICICET), 2018, pp. 1-5, doi:
10.1109/ICICET.2018.8533808.

[5] Deepa, "A Pre-Processing Approach for Accurate

Identification of Plant Diseases in leaves,” 2018
International Conference on Electrical, Electronics,
Communication,  Computer, and  Optimization

Techniques (ICEECCOT), 2018, pp. 249-252, doi:
10.1109/ICEECCOT43722.2018.9001616.

[6] M. L. Alipio, A. E. M. Dela Cruz, J. D. A. Doria and R.
M. S. Fruto, "A smart hydroponics farming system using
exact inference in Bayesian network," 2017 IEEE 6th
Global Conference on Consumer Electronics (GCCE),
2017, pp. 1-5, doi: 10.1109/GCCE.2017.8229470.

[71 S. Ruengittinun, S. Phongsamsuan and P.
Sureeratanakorn, "Applied internet of thing for smart
hydroponic farming ecosystem (HFE),” 2017 10th
International Conference on Ubi-media Computing and
Workshops  (Ubi-Media), 2017, pp. 1-4, doi:
10.1109/UMEDIA.2017.8074148

[8] Zhang, Z.; Gates, R.S.; Zou, Z.R.; Hu, X.H. Evaluation
of ventilation performance and energy efficiency of
greenhouse fans. Int. J. Agric. Biol. Eng. 2015, 8, 103—
110.

[9] Sachin D. Khirade and A. B. Patil. 2015. Plant Disease
Detection Using Image Processing. In Proceedings of the
2015 International Conference on Computing
Communication Control and Automation (ICCUBEA
'15). IEEE Computer Society, USA, 768-771.
https://doi.org/10.1109/ICCUBEA.2015.15 3.

[10]Brahmbhatt S. (2013) Image Segmentation and
Histograms. In: Practical OpenCV. Apress, Berkeley,
CA. https://doi.org/10.1007/978-1-4302-6080- 6_7.

[11]M. Pack and K. Mehta, "Design of Affordable
Greenhouses for East Africa,” 2012 IEEE Global
Humanitarian Technology Conference, 2012, pp. 104-
110, doi: 10.1109/GHTC.2012.66.

[12]C. Heidenreich, M. Pritts, M. Kelly, "High Tunnel
Raspberries and  Blackberries,” Department of
Horticulture Publication, no. 47, 2009.

[13]M. Mati, Overview of Water and Soil Nutrient
Management Under Smallholder Rainfed Agriculture in
East Africa, Colombo: International Water Management
Institute, 2006, p. 13

[14]Klose, F.; Tantau, H.J. Test of insect screens—
Measurement and evaluation of the air permeability and
light transmission. Eur. J. Hort. Sci. 2004, 69, 235-243.

[15] Christopher B. Barrett, Food security and food assistance
programs, Handbook of Agricultural Economics,
Elsevier, Volume 2, 2002, Pages 2103-2190, ISSN 1574-
0072, ISBN 9780444510792,
https://doi.org/10.1016/S1574- 0072(02)10027-2.

All rights reserved by www.ijsrd.com 285


https://doi.org/10.1109/ICCUBEA.2015.15%203

