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Abstract

The severe effects of climate change, the continuous loss of natural resources, and the fast
urbanization and population growth have put traditional farming practices under an
unprecedented strain. The urgent need to produce more food with fewer resources has
spurred pioneering innovations in agriculture and technology, such as the "smart
greenhouse," which represents a ray of hope. By integrating advanced technology with
agriculture, smart greenhouses offer a paradigm shift, precisely optimizing resource use
for crops, providing summer produce in the winter and winter produce in the summer. It
conserves water, the most important resource in highly regulated environments, with
unparalleled efficiency. Conventional irrigation is often ineffective due to significant
water loss due to runoff and evaporation. On the other hand, smart greenhouses use
sophisticated hydroponic, a aquaponics systems that use a closed-loop system to precisely
feed water to the plant roots. Compared to conventional field farming, this recirculating
design can save up to 90% on water usage. To avoid water waste and overwatering and
ensure every drop of water is used efficiently, sensors track humidity levels and nutrient
concentrations in real time, reducing waste and decreasing demand on fresh water
supplies.

Light is another vital element that can be enhanced with smart lighting systems, as can
climate control. While greenhouses traditionally rely on sunlight, smart greenhouses
extend the duration of light, essential for plant life, to increase growth and flowering.
Smart greenhouses use energy-efficient LED lights, which supply the plant with light and
compensate for any shortages in sunlight, depending on the crop type and growth stage.
This ensures the plant receives the optimal amount of light without wasting additional
energy. Artificial intelligence algorithms can predict optimal periods for ventilation,
heating, and irrigation, while using solar panels and other sustainable energy sources
reduces energy consumption by operating systems only when absolutely necessary.
Furthermore, smart greenhouses eliminate carbon emissions and their reliance on fossil
fuels.

Smart greenhouses manage light energy, water, and agricultural land, as well as fertilizers
and other plant-needed nutrients. By precisely distributing fertilizers evenly to plants,
smart agriculture helps prevent the runoff of dissolved pesticides into waterways, which
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can poison waterways and harm ecosystems. The requirement for pesticides and
herbicides is much decreased in an enclosed environment since pests and illnesses are
much simpler to control or prevent. This leads to cleaner, healthier food and a huge
reduction in the usage of chemicals.. This improves food safety and quality while also
helping the environment.

To sum up, smart greenhouses carefully manage and preserve vital resources, thereby
embracing a comprehensive approach to agricultural production. They provide greater
yields of superior quality crops all year round by transforming the problems of land
scarcity, water stress, and energy demands into chances for innovation. The long-term
advantages in terms of resource efficiency, environmental sustainability, and food security
are indisputable, even though the initial capital expenditure may be high. The smart
greenhouse emerges as a crucial model for a resilient, effective, and ecologically
responsible agricultural future as the globe struggles to feed an ever-increasing population
in the face of climate change.

Keywords—greenhouse; humidity; [oT; soil moisture; temperature

Introduction

The increasing population, growing industrialization, and continuous climate changes are
reducing arable land across the globe every year [1]. Consequently, there is a significant
and growing demand for food and crop production. According to the United Nations
Food and Agricultural Organization (FAO), more cropland and water will be required to
meet future food demands as the world's population rises to 9.73 billion people by 2050
[2]. The strain on farmers and agriculturists is further increased by a number of additional
farming difficulties, such as a shortage of manpower, water, and sudden climate changes
[3]. Therefore, traditional greenhouse farming methods are not enough and needed to
change for sustainable food production. Greenhouse farming practice is considered to be
the best alternate solution to overcome food crises and ensure sustainability [4].

In the 19th century, France and the Netherlands introduced the first greenhouse
agricultural method [5]. Since then, the greenhouse farming method has gained popularity
and grown at the quickest rate in the sector [6]. The primary purpose of the greenhouse is
to grow crops throughout the year by modifying the growth environment for plants. Crop
parameters and all other growth conditions in typical greenhouse farming systems are
determined by the farmer, which requires sufficient time and labor costs [7].However,
technology-enabled greenhouse monitors and controls the farming variables effectively
and efficiently by using smart devices and specific standards [8].

Farmers may better manage their farms and maximize their resources in this way. Future
fruit and crop cultivation in an Internet of Things (IoT)-based greenhouse is expected to
be completely automated and controlled remotely. Additionally, the Internet of Things is
a mass system that includes devices such as sensors, controllers, actuators, and platforms
for decision-making. This system allows for effective resource scheduling to optimize
agricultural output.

Review of literature

The constraints presented by resource scarcity and climate change have led the agriculture
sector to acknowledge the need for technology in recent years. In order to increase crop
resilience and production efficiency, farmers have been forced to adopt cutting-edge
communication and information technologies. Systems engineering and Internet of
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Things (IoT)-based information infrastructure have drawn a lot of interest among the
newer strategies. loT solutions in agriculture matched the needs of Industry, have
discovered usage in greenhouses [9]. The controlled conditions that greenhouses offer
promote the best possible growth for plants. Real-time monitoring, data gathering, and
processing are made possible by IoT technologies for smart greenhouses, which include
sensor systems, gadgets, and connection infrastructure Critical indoor characteristics like
temperature, humidity, ventilation, light exposure, and carbon dioxide levels can all be
effectively controlled thanks to this integration [10, 11]. The thorough study by Farooq
et al. [12] includes in-depth talks on sensor devices, communication protocols, and [oT-
based applications for greenhouse systems. Furthermore, Quan et al.'s work [13] has
looked at the trends and potential of [oT applications in Vietnam's agriculture industry.
Many noteworthy research have examined different facets of smart greenhouse
technology. A methodology for artificial light control in smart greenhouses was put up
by Pereira et al. [14], who methodically examined the effects of various light
characteristics on plant growth. In order to maintain the ideal humidity and temperature
conditions in greenhouse environments, a number of studies have investigated the
combination of ventilation, exhaust fans, and vertical airflow fans [15, 16]. To optimize
the yield of crops, Ullah et al. created an optimization technique for IoT-based smart
greenhouse climate control that drastically reduced energy consumption while preserving
the ideal indoor environment. While Siskandar et al. [18] looked into the supplies and
equipment needed to put together prototype greenhouse models, Baeza et al. [17]
concentrated on smart greenhouse covers. Le et al. [19] built a wireless sensor network
based on accessible radio frequency technologies, using inexpensive solar-powered
modules for autonomous sensor operation. Sensor communication is essential in smart
greenhouses. In addition to offering important insights into maximizing plant growth,
preserving ideal environmental conditions, and setting up effective sensor communication
networks, these studies together advance smart greenhouse technology.

Fatima et al. [20] investigated the practical use of deep learning methods for leaf image
analysis In designing a smart greenhouse based on the Internet of Things with disease
prediction capabilities. The integration of IoT with mobile apps for remote control of
smart greenhouses has been the subject of several additional research [21-22]. In the
framework of intelligent greenhouse systems, these research projects apply cutting-edge
technologies like deep learning and mobile applications, optimize greenhouse control
tactics, and increase irrigation efficiency. Compared to earlier research, this publication
makes a significant contribution to the field of smart greenhouses. Our study's
accomplishment is noteworthy since it marks the start of an integrated smart greenhouse
solution created especially for the agricultural industry. Our group's accomplishments
extend beyond conventional greenhouse research. In the end, the greenhouse integration
results in higher crop yields, resource efficiency, and improved environmental
sustainability in greenhouse operations by enabling accurate plant life monitoring, data-
driven decision-making, and automated management without human intervention. This
accomplishment demonstrates our dedication to developing smart agriculture.

Research structure

Building our intelligent greenhouse in order to produce an environment that is optimal for
plant growth, building an intelligent greenhouse requires careful design and the integration
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of multiple components. From the installation of the physical structure and steel bars to
the installation and installation of the basic sensors, automation systems, and connectivity
infrastructure, every detail is carefully planned to guarantee effective and sustainable
cultivation. Let's examine the main factors and elements involved in building a smart
greenhouse.

e Structural Design The greenhouse structure forms the foundation of the construction. It
should be designed to provide adequate space for plant growth, allow optimal light
penetration, and accommodate automation systems and equipment. Material selection,
insulation, ventilation, and shading mechanisms are crucial to effectively regulating
temperature, humidity, and light levels.

e Sensor Networks Setting up sensor networks is essential for tracking and gathering data
on environmental conditions in real time. Sensors were used to measure temperature, soil
moisture, light intensity, and water quantity sensors in the tanks and levels of essential
nutrients. Data from these sensors is sent to a central control system for evaluation and
judgment.

e Automation Systems In order to regulate and oversee several facets of the greenhouse

environment, automation systems are essential. Temperature control, ventilation, shade,
watering, and fertilization are all automated through the integration of actuators and
control algorithms. By improving growth conditions and reducing the need for human
interaction, these technologies guarantee exact modifications based on sensor data.
The implementation of a smart greenhouse is covered in this research in its entirety,
including monitoring, alerting, effective irrigation automation, and herbicide-based
disease management. Temperature, humidity, and soil moisture sensors are used to
generate inputs using sensor data.

IV.  Methodology
The farmer 1s notified by the microcontroller when environmental factors deviate from or
surpass normal. The microcontroller is programmed in Python to control the irrigation
motor based on sensor data. Figure 1 shows a system diagram showing the components
and their connections. Based on this definition, the developed system is divided into three
subsystems, each with a different function:

¢ Ambient Condition Monitoring and Alerting System .
Automated Irrigation System .
An insect and disease control system.
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A.Ambient Condition Monitoring and Alerting System

+¢ light sensor and temperature sensors have provided the sensor data. A maximum
ambient temperature is established in this system. To cut down on heat, fans are told to
turn and windows to open, and vice versa. There is a 50 degree Fahrenheit maximum
temperature increase over the predetermined settings. As shown in the following code in
Python:

from spidev import SpiDev
class MCP3008:
def init (self, bus =0, device = 0):
self.bus, self.device = bus, device
self.spi = SpiDev()
self.open()

def open(self):
self.spi.open(self.bus, self.device)

def read(self, channel = 0):
adc = self.spi.xfer2([1, (8 + channel) << 4, 0])
data = ((adc[1] & 3) << 8) + adc[Y]
#Read Temperature
tempread="cat /sys/bus/w)/devices/* + *A+Y-Y +biba+e/w) slave
#Format
temp="echo "scale=Y; "\'echo $ {tempread##*=}\""/Y+++" | bc’ return data

def close(self):
self.spi.close()
#Output
echo "The measured temperature is " $temp "°C"

The light intensity that the plant needs can also be measured from one season to
another and from one place to another. When the intensity is low, a lamp is turned
on to provide adequate light for the plant, and when the intensity is high, the light
can be turned off. It is also possible to shade the greenhouse to reduce heat and
light, as shown in the following code in Python:

import RPi.GPIO as GPIO

import time

#Set the GPIO mode
GPIO.setmode(GPIO.BCM)

#Define the pin numbers
ldr pin =14 # Analog input pin for the light sensor
led pin =18 # Digital output pin for the LED
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#Set up the GPIO pins
GPIO.setup(ldr_pin, GPIO.IN)
GPIO.setup(led_pin, GPIO.OUT)
try:
while True:
# Read the light sensor value
ldr_value = GPIO.input(ldr_pin)
if 1dr_value == 0: # Check if light intensity is low

# Turn on the LED
GPIO.output(led pin, GPIO.HIGH)
else:
# Turn off the LED

GPIO.output(led pin, GPIO.LOW)
time.sleep(0.1) # Delay to avoid reading the sensor too often

except KeyboardInterrupt:
GPIO.cleanup()

¢ The HT195 soil moisture sensor IC was used to measure the ambient moisture content of
the soil. The sensor uses capacitance to determine the permeability of the surrounding
medium. It measures loss in soil moisture in due course of time because of reasons like
evaporation and plant uptake. It also helps to assess optimum soil moisture content for
different plant species and to monitor soil moisture content to control irrigation. Fig 2.
HT195 module

Figure 2

It can be programmed to measure the moisture level of the soil to determine the plant's
need for water, as shown in the following Python code:

import spidev
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import 0s
import time
delay = 0.2
spi = spidev.SpiDev()
spi.open(*s*)
spi.max_speed hz=1000000
def readChannel(channel):
val = spi.xfer2([1,(8+channel)<<4,0])
data = ((val[1]&3) << 8) + val[ Y]
return data
if name ==" main:"
try:
while True:
val = readChannel(+)
if (val = 0):
print(val)
time.sleep(delay)
except KeyboardInterrupt:
print "Cancel."
B. Automated Irrigation System
1) The microcontroller continuously receives information from the temperature and
humidity sensor and soil moisture sensor.
2) The microcontroller allows control of any device connected to it.
3) In this system, when the irrigation levels are too high, the water supply is turned
off/on. and when the soil is dry i.e. the irrigation level is too low, the command is
sent to turn on the motor to pump water to the plant. As shown in the figure3

C. Foliar spraying s
1) In this technique, the pesticide is pre-applied at a known rate to automatically spray
the leaves without the farmer's assistance when the camera detects the presence of
insects or wilting or yellowing of the leaves caused by insects.
2) When the weather is dry, this system can pump out water mist to cool the plants.

D. System Schematic

Figure 4 shows the schematic of the virtual electronic components and the pin
connections for the system.
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II.

I1I.

IV.

GSM, SIM, GPSR, SMS, SIM900, SIM2

Soll Moisture

Raspberry Pi 2
RPI-3V1.2

Fig. 4. System Schematic.
The SIM system is used to send data to farmers to inform them of soil moisture,
temperature, and light intensity, and to inform them of any work performed by artificial
intelligence.

V. RESULTS

As illustrated in Figures 5 and 6, the temperature and humidity are continuously
monitored in real time, even by electronic control systems.

b) As seen in Fig. 7 and recorded in Table I, the measured soil moisture (as indicated by
SMM) is likewise tracked in real time.

The Root Mean Square Error calculated for Temperature, denoted by RMSET=1.292788
and Root Mean Square error calculated for Humidity, denoted by RMSEH=1.040833.
When ambient circumstances diverge from the threshold levels, an alert is sent. Seasons
can be taken into account when setting a threshold. For instance, during the summer, the
maximum temperature is maintained at 38°C and the maximum humidity at 55°R.
Planters will be notified if there is a larger departure from these limitations during the
day.

In the summer, 500 has been established as the threshold value. At 500 or more, the
"dryness" triggers the activation of the irrigation motor; if it falls below that level, it stays
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Field 5 Chart T O & x
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R
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Green house monitor
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1 2 00 15 00 1 801
Time

moisture

ThingSpeak.com

TABLE I. Temperature, humidity, and soil moisture readings, both measured and actual
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VII.

Time T, | T H, | H, Heat Motor

Duration | °F) | °F) | (%) | (%) :"[:I}L x| SV onjoFF

B6.9 | B7.08 | 45% | 45.00 | 8R.03 3o OFF

Moming 86.9 | 85.10 | 46% | 47.00 | %588 | 323 OFF
IST 0900-
1100 896 | B7.80 | 41% | 41.00 | 8791 | 399 | OFF

B9.6 | B7.62 | 40% | 40000 | 87.62 420 OFF

9F.6 | 9E.7R | 41% [ 43.00 [ 108.86 | 520 O

Afternoon | 986 | 99.14 | 41% | 40.00 | 10735 | 610 | ON
IST 1500-
1700 97.7 | 9860 | 41% | 4100 | 10692 | TI0 | ON

977 | 9B.7R | 41% [ 39.00 | 105.85 | &34 0N

95 96.44 | 44v | 4500 | 10502 | 810 | ON
Evening 95 96.26 | 44% | 43.00 | 10327 | 756 | ON
IST 1800-
000 95 96.26 | 44% | 4400 | 10394 | 675 | ON

95 96.44 | 44% | 45.00 | 105.02 | 602 O

V1. Discussion

Even in remote locations, the Smart Greenhouse System provides a complete,
contemporary, and cost-effective substitute for a manually monitored system that is in place
around-the-clock. In order to create a comprehensive [oT-based Smart Greenhouse system
that can be widely implemented in both farms and greenhouses, it offers a unique
combination of several components, including monitoring, alerting, cloud storage, effective
predictive modeling, and precise disease prediction. The study develops and deploys a
system that continuously checks the surrounding conditions, notifies users if levels exceed
or fall below the threshold, and turns the irrigation motor on or off in response.

The system can be utilized both in small and large greenhouses. For smaller areas, a small
compact kit is developed whereas for larger greenhouses, multiple Pi cameras in the same
kit could suffice for accurate results. Modern sensors can be used to improve the
performance of this system, allowing for faster signal transmission and faster detection of
factors, making it an ideal system. This system can also be trained on more than one type
of plant, recording the temperature and humidity levels required by each type, as each plant
differs from the other in its requirements for irrigation, heat, and ventilation.

Conclusion

Smart greenhouse technology and IoT integration have advanced significantly as a result
of this study. The research team has successfully achieved the basic objectives, which
included developing a multifunctional system with automatic fertilization, precise
watering, and comprehensive fertilizer record-keeping. The system provides valuable
messages about weather conditions, fertilization, and irrigation techniques, enhancing the
ability to make informed decisions. Our efforts have resulted in an easy-to-use interface
accessible via a link that allows users to view temperature, soil moisture, plant fertilizer.
Key features include continuous, 24/7 weather monitoring, automated irrigation decisions,
and tracking of soil moisture sensor data with automated irrigation management.
Additionally, this technology allows farmers to monitor and check on their farms anytime,
anywhere. Additionally, the system has a fertilizer management feature that facilitates the
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VI

IX.

scheduling, categorization, and meticulous documentation of fertilizer applications. Our
study has led to the successful development of an integrated smart greenhouse system,
which includes detecting soil dryness and high temperatures and making the necessary
decisions to solve the problem before farmers intervene. In this research, we propose and
implement a comprehensive Internet of Things solution for smart greenhouses. It is
important to emphasize that our work is a pioneering endeavor, demonstrating our
distinguished contribution to this field. This achievement represents a comprehensive
solution to address the challenges facing farmers in conventional agriculture, such as food
supply, resource conservation, and environmental sustainability. Additionally, they have
the power to totally change agricultural production. Thus, our research establishes the
foundation for next developments in greenhouse and intelligent farming technology.
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