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Abstract

Polyhouse farming allows for the optimization of irrigation schedules based
on real-time environmental data, which helps to address agricultural
difficulties in India. Polyhouse farming integrates the Internet of Things and
cloud computing. The utilization of sensors and bots for automated actions
like as precise watering and fertilization, in conjunction with the
connectivity of smartphones for remote monitoring, has the potential to
transform agricultural methods. The agricultural industry in India can
achieve sustainable growth with the implementation of this technique, which
improves water conservation, soil management, and early disease diagnosis.
This research has the potential to be published in a paper that has a
significant impact. Using smart polyhouse farming techniques, the objective
of this research is to transform agricultural practices in India. This will be
accomplished through the deployment of technology. Optimizing irrigation
schedules, enhancing water conservation, improving soil management, and
enabling early disease detection are some of the goals that will be
accomplished through the integration of Internet of Things (IoT), cloud
computing, and automated systems. With the end goal in mind, the objective
is to make a contribution to the agricultural sector of India's sustainable

growth and improvement. For the purpose of this investigation, the
technique entails doing an exhaustive review of the available literature about
smart polyhouse farming, internet of Things applications, and agricultural
methodologies. After that, an intelligent polyhouse farming system will be
conceived of, which will incorporate Internet of Things sensors, cloud
computing, and automated irrigation techniques. After that, this system will
be used in actual polyhouse farming conditions, where it will collect data on
essential aspects like as temperature, humidity, soil moisture, and crop
development.

INTRODUCTION

The rapid advancement of the Internet of Things
(IoT) has brought transformative changes to various
sectors, and agriculture is no exception. Among the
emerging trends in agricultural technologies, 1oT-

© 2024 The Authors. Published by MRI INDIA.

driven polyhouse farming has gained significant
attention for its potential to revolutionize crop
production in controlled environments. A polyhouse,
also known as a greenhouse, offers an ideal setting
for growing crops by maintaining optimal
temperature, humidity, and light conditions,
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irrespective of external weather patterns. Integrating
IoT technologies into polyhouse farming enhances
the precision and efficiency of monitoring and
managing these environmental variables, leading to
improved crop yields, resource conservation, and
sustainability.

IoT-based polyhouse systems typically consist of
interconnected sensors, devices, and communication
networks that allow real-time monitoring and
automation of critical environmental factors such as
soil moisture, temperature, humidity, and CO2 levels.
The data collected from these systems can be
analyzed to optimize agricultural practices, detect
anomalies, and implement timely interventions, thus
reducing resource wastage and improving
productivity. Moreover, 10T solutions can enable
remote control and management, making polyhouse
farming more efficient and less reliant on human
intervention.

Despite the promising benefits, the integration of IoT
in polyhouse farming faces several challenges,
including high initial costs, technical complexity, and
issues related to data security and connectivity in
rural areas. Moreover, the long-term sustainability
and scalability of loT-based systems in agriculture
require ongoing research and development to
address these concerns effectively.

This review aims to provide a comprehensive
overview of the current state of IoT-driven
polyhouse farming, highlighting recent innovations,
identifying the challenges faced by stakeholders, and
exploring future directions for the evolution of IoT
applications in this domain. Through this
exploration, the review seeks to offer valuable
insights for researchers, practitioners, and
policymakers striving to harness loT technologies to

enhance the productivity, efficiency, and
sustainability of polyhouse farming.

LITERATURE REVIEW

The integration of Internet of Things (IoT)

technologies in polyhouse farming has garnered
significant interest in recent years due to its potential
to optimize agricultural practices, increase
productivity, and promote sustainability. Polyhouses,
also known as greenhouses or controlled-
environment agriculture systems, provide an ideal
environment for growing crops by allowing for
precise control over environmental conditions such
as temperature, humidity, soil moisture, and light.
IoT applications in polyhouse farming can monitor
and manage these parameters automatically, offering
a promising solution for precision agriculture.

IoT Technologies in Polyhouse Farming

The implementation of IoT in polyhouse farming
involves the use of sensors, actuators,
communication systems, and data processing
technologies to monitor and control environmental
conditions. A wide range of sensors, including
temperature, humidity, soil moisture, and light
intensity sensors, are deployed inside polyhouses to
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collect real-time data. For example, Yadav et al.
(2020) explored the use of wireless sensor networks
(WSNs) to monitor soil moisture and temperature in
polyhouses, demonstrating how I[oT can improve
irrigation efficiency and reduce water consumption.
Similarly, Kumar et al. (2021) highlighted the use of
temperature and humidity sensors for managing the
internal environment, resulting in better control over
crop growth conditions.

Actuators and controllers are also used to regulate
the climate inside polyhouses, adjusting factors such
as irrigation schedules, ventilation, and shading.
Studies like those by Sharma and Gupta (2020) have
shown how loT-based automated systems can adjust
irrigation systems based on real-time soil moisture
levels, reducing water wastage and ensuring optimal
growth conditions for crops.

Smart Monitoring and Automation in Polyhouses
A significant advantage of IoT in polyhouse farming
is the ability to automate monitoring and
management processes, reducing human
intervention and increasing efficiency. loT-enabled
systems can continuously monitor environmental
variables and trigger automated actions, such as
adjusting ventilation, turning on irrigation systems,
or activating lights. For instance, Sreevani et al.
(2019) demonstrated the use of IoT in polyhouses to
control climate variables automatically. Their study
showed that loT-enabled systems could dynamically
adjust to changing environmental conditions, leading
to higher crop yields and reduced operational costs.
Moreover, the integration of cloud computing and
data analytics plays a pivotal role in enhancing the
functionality of loT-based polyhouse systems. The
cloud provides a centralized platform for storing and
analyzing data collected from various sensors in real-
time. In a study by Verma and Srivastava (2020), the
authors used cloud-based IoT solutions to analyze
the data from polyhouses, offering insights into
optimal environmental conditions and predictive
analytics for crop management.

Challenges in Implementing IoT in Polyhouse
Farming

While IoT technologies offer significant potential,
their integration into polyhouse farming faces
several challenges. One of the primary issues is the
high initial cost of implementation, including the cost
of Sensors, [oT devices, communication
infrastructure, and system setup. Research by Patel
and Bhatt (2018) identified the cost of IoT-based
systems as a major barrier to adoption, particularly
for small and medium-sized farmers who may not
have access to sufficient capital.

Another challenge is the complexity of maintaining
and managing IoT systems, particularly in rural or
remote areas with limited technical expertise. For

instance, IoT-based polyhouse systems require
regular maintenance of sensors, devices, and
communication networks. Jain et al. (2019)

emphasized that the lack of skilled personnel in rural
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areas is a significant obstacle to the widespread
adoption of these systems. Additionally, the need for
constant connectivity and robust communication
networks in remote areas can be problematic,
particularly where internet access is unreliable.

Data security and privacy concerns are also crucial
challenges in loT-based systems. Since [oT systems
collect vast amounts of sensitive agricultural data,
ensuring the security of this data is essential. Zhang
et al. (2021) noted that without adequate security
measures, [oT systems are vulnerable to cyber-
attacks and data breaches, which could compromise
the integrity of the system and disrupt farming
operations.

Future Directions and Innovations in loT-Based
Polyhouse Farming

Looking forward, several advancements are expected
to drive the future of IoT in polyhouse farming. The
integration of advanced technologies such as
Artificial Intelligence (Al), Machine Learning (ML),
and Big Data analytics can enhance the capabilities of
[oT systems. For example, Al and ML algorithms can
process large datasets generated by IoT devices to

optimize agricultural decisions, such as predicting
crop health, identifying disease outbreaks, and
automating crop management tasks. According to
Singh et al. (2022), integrating Al with IoT systems
can enable predictive modeling for crop growth,
helping farmers anticipate issues before they arise
and take proactive measures.

Another promising direction is the use of energy-
efficient IoT solutions. Given the energy consumption
concerns associated with IoT devices, especially in
large-scale polyhouse systems, future innovations
will likely focus on developing energy-efficient
sensors and actuators. Solar-

powered IoT systems, for instance, could provide a
sustainable and cost-effective solution for powering
polyhouse farming systems, especially in regions
with abundant sunlight.

Furthermore, blockchain technology may play a role
in enhancing the transparency, traceability, and
security of IoT-based polyhouse farming systems.
Blockchain can ensure that data collected from
sensors is immutable and verifiable, which can help
prevent fraud and ensure data integrity, as
highlighted by Prakash and Sinha (2023).

Tablel: Field with their innovations, challenges and Future Directions

Field Innovations Challenges Future Directions
. Integration of 10T devices . Lo - More affordable IoT

IoT Technologies (sensors, actuators) to High initial costs of IoT | systems.

monitor’ and  control infrastructure. Complexity

parameters such as in system integration. - Integration with

temperature,  humidity, adv.anced Al for predictive

soil moisture, and light in maintenance and control.

polyhouses.

Development of precise | - Calibration - Highly accurate, self-
Sensorsand Actuators and low-cost sensors (e.g, challenges for calibrating

soil moisture, | SENSOTS: Sensors.

temperature, light) for | Sensor

real-time monitoring of | Malfunctions leading to | Low-energy, long- lasting

environmental variables.

incorrect data.

sensors for remote regions.

U f cloud pl - Connectivity issues in | - Improved cloud

. se of cloud platforms to )

Cloud Computing and remote areas. platforms  with  edge

. collect, analyze, and store ' .

Analytics data from IoT devices, | - Security concerns comput}ng for faster data
enabling remote access related to cloud storage | processing. .
and real-time data | @nd data transfer. - Enhanced security
visualization. protocols.

Fully automated systems | - Dependence on | - Advanced automation

Automation that manage irrigation, | continuous internet | using Al and ML to adjust
ventilation, lighting, and | access. polyhouse conditions
temperature based on | Maintenance complexity of | dynamically based on
real-time sensor data, | yutomated systems. predictive models.
improving efficiency and
reducing labor costs.

Solar-powered IoT | - High upfront costs for | - Increased use of

Energy Efficiency systems for sustainable solar renewable energy
energy consumption. infrastructure. solutions.

Energy-efficient devices | _ Dependence on | - Development of
for optimized resource hybrid systems combining
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usage in polyhouses.

weather conditions for

energy generation.

solar and grid power.

Al and Machine Learning

Integration of Al and ML
algorithms for predictive
analytics in crop growth,
disease detection, and
environmental
optimization.

- Lack of adequate data
for training Al models.
- Difficulty in

adapting models to
varying environmental
conditions.

- Al-driven personalized
crop management systems.
- Machine learning
models  for  real-time
decision making.

Use of blockchain for

- Adoption barriers

- Blockchain integration

Blockchain Technology secure, transparent, and | due to complex blockchain | for farm-to-table

tamper- proof data | systems. traceability.

management, enhancing | - Lack of | - Secure, immutable

trust in farming processes | understanding among | records for agricultural

and  enabling farmers about data

traceability of crops. blockchain technology.

Enhanced security | - Vulnerability to | - Strengthened
Data Security features for IoT networks | cyberattacks. Risk  of | cybersecurity measures for

and cloud platforms, | unauthorized access to | IoT devices and cloud

including encryption and | sensitive data. systems.

authentication to ensure - Advanced

data integrity and privacy. encryption technologies.

- Poor internet | - Expanded use of

Connectivity Use of low-power wide- | connectivity in rural areas. | satellite connectivity.

area networks (LPWANs) | - Difficulties in | Advanced communication

like LoRaWAN for long- | ensuring stable | protocols for  better

range communication in | connections in | network reliability.

remote locations. geographically challenging

locations.

Smart irrigation systems | - High cost of - Smart farming

Sustainability that minimize  water | implementing sustainable | solutions promoting

usage, reduce waste, and
promote sustainability
through efficient resource
management.

systems.

- Difficulty in
ensuring long-term
sustainability of systems
in diverse climates.

sustainable agriculture.

- Development  of
more robust and cost-
effective systems.

Cloud Server
(Data Storage & Analytics)

3

Data Aggregator

(Edge/Local)

Actuator Unit

10T Sensor &

Environmental & Soil Sensors
(Temperature, Humidity, Soil
Moisture, Light, pH, CO2, etc.)

User Interface

(Web or Mobile)

Data Logger
(Blockchain)
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Control & Automation
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Temperature)

Mobile App/ Web
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Fig.1: System Architecture
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RESULT AND DISCUSSION

Result

The integration of IoT technologies in polyhouse
farming has brought about significant advancements
in the way agricultural operations are conducted.
IoT-based systems have enabled real-time
monitoring and control of environmental conditions,
such as temperature, humidity, soil moisture, and
light, within polyhouses. This has led to more
efficient use of resources, better crop management,
and an overall increase in agricultural productivity.
The use of sensors and actuators in polyhouses has
enabled precise control over growing conditions,
which has not only improved crop yields but also
minimized resource wastage, particularly water and
energy.

In addition to basic monitoring, cloud computing
platforms have played a pivotal role in storing and
analyzing the vast amounts of data generated by loT
systems. These platforms facilitate real-time access
to data and allow farmers to make data-driven
decisions for optimizing crop management. The
application of data analytics tools has enabled
farmers to predict crop behavior, detect diseases
early, and ensure optimal conditions for growth. This
has also led to advancements in automation, where
loT-driven systems can autonomously adjust
irrigation, ventilation, and lighting based on real-
time sensor data, minimizing human intervention
and reducing operational costs.

Moreover, the integration of Al and machine learning
technologies has further enhanced the capabilities of
[oT systems by enabling predictive analytics. These
Al-driven systems can forecast growth patterns,
detect pest infestations, and adjust the environment
in polyhouses to optimize conditions for different
crops. The use of blockchain technology has also
emerged as a novel approach to ensuring secure and
transparent data management. By recording and
verifying farming data in an immutable ledger,
blockchain technology ensures transparency in the
entire agricultural process, from farm to table.

Discussion

Despite the promising advancements, the
widespread adoption of IoT-driven polyhouse
farming is not without its challenges. One of the
primary obstacles is the high initial cost of
implementing IoT systems. The purchase and
installation of IoT devices, such as sensors, actuators,
and cloud services, require significant upfront
investment. For small-scale farmers, this can be a
barrier to entry. Additionally, the ongoing costs
associated  with  maintenance and energy
consumption of these systems further exacerbate the
financial burden, making it difficult for farmers with
limited budgets to fully benefit from IoT
technologies.

Another major challenge is connectivity. Reliable
internet access is essential for the real-time

36

operation and monitoring of IoT systems, but many
polyhouses are located in rural or remote areas
where internet connectivity is poor or unreliable.
This lack of connectivity can hinder the effectiveness
of IoT systems, making it difficult for farmers to
access and manage their farm data remotely. Even
when connectivity is available, the performance of
IoT systems can be affected by inconsistent internet
speeds, which can result in delays in data
transmission and real-time decision- making.

The technical complexity involved in the installation
and maintenance of IoT systems is another
significant challenge. The integration of multiple
devices and sensors into a cohesive system requires
a certain level of technical expertise, which many
farmers may not possess. In addition, frequent
malfunctions, calibration issues, and integration
problems can disrupt operations and result in data
inaccuracies, further complicating the management
of polyhouse environments.

Data security and privacy also remain a concern as
IoT systems collect and transmit large volumes of
sensitive data. Protecting this data from cyber
threats and unauthorized access is critical, especially
since much of the data is stored on cloud platforms.
Ensuring robust cybersecurity measures, such as
data encryption and secure communication
protocols, will be vital to maintaining the integrity
and privacy of farming data.

Finally, while IoT technologies can enhance the
sustainability of farming operations by optimizing
resource usage, there are still concerns about the
environmental impact of deploying large numbers of
IoT devices. The energy consumption of sensors and
actuators, as well as the disposal of outdated devices,
can contribute to environmental pollution if not
properly managed. Additionally, the long- term
sustainability of IoT systems in diverse climates
remains uncertain, as polyhouses in different regions
may require different technologies and strategies to
function optimally.

Future Directions

Despite these challenges, the future of IoT-driven
polyhouse farming holds great promise. One of the
key areas of future development is the reduction of
costs associated with IoT systems. As technology
continues to evolve, the prices of sensors, actuators,
and cloud services are expected to decrease, making
IoT solutions more accessible to small and medium-
sized farmers. The development of low- cost, energy-
efficient sensors and devices that require minimal
maintenance will be a crucial step toward enabling
broader adoption.

Edge computing is another area that holds promise
for the future. By processing data closer to the
source (i.e., at the edge of the network) rather than
relying solely on cloud-based platforms, edge
computing can reduce latency, lower bandwidth
requirements, and improve the reliability of IoT
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systems in areas with poor connectivity. This will
ensure more consistent and real-time management
of polyhouse conditions, even in remote regions.
Advancements in Al and machine learning will
continue to drive the evolution of IoT-based
polyhouse farming. With improved algorithms and
more extensive datasets, Al can provide even more
accurate predictions and insights, allowing farmers
to make highly informed decisions. This will lead to
more autonomous farming systems that can adjust
conditions based on real-time data and predictive
analytics without human intervention.

In addition, the adoption of blockchain technology is
expected to grow in polyhouse farming, particularly
for enhancing transparency and traceability in
agricultural supply chains. Blockchain can provide an
immutable record of farming practices, ensuring that
the data collected by IoT devices is tamper-proof and
verifiable, which will improve consumer trust and
market access for farmers.

The integration of renewable energy solutions, such
as solar-powered [oT systems, will further enhance
the sustainability of polyhouse farming. By reducing
the reliance on traditional energy sources, solar-
powered systems will lower operational costs and
reduce the environmental footprint of polyhouse
farming operations. Future research will likely focus
on making these systems more energy-efficient and
cost-effective, enabling farmers to operate their
polyhouses with minimal environmental impact.

CONCLUSION

In conclusion, IoT-driven polyhouse farming
represents a transformative approach to modern
agriculture, offering significant advancements in
productivity, resource efficiency, and sustainability.
The integration of IoT technologies, such as
environmental Sensors, cloud computing,
automation, and Al, has empowered farmers to
optimize growing conditions, reduce resource
consumption, and enhance crop yields. These
innovations have not only improved the efficiency of
polyhouse farming but also contributed to more
sustainable agricultural practices.

However, the widespread adoption of IoT in
polyhouse farming is still faced with several
challenges. High initial costs, connectivity issues, and
the technical complexity of implementing and
maintaining IoT systems continue to limit their
accessibility, particularly for small-scale farmers.
Additionally, concerns regarding data security and
the environmental impact of deploying large-scale
IoT networks need to be addressed to ensure long-
term sustainability.

Looking forward, the future of [oT-driven polyhouse
farming is promising, with the potential for reduced
costs through affordable and energy-efficient
devices, enhanced connectivity solutions such as
edge computing, and more advanced Al-driven
decision-making systems. Moreover, the integration
of renewable energy sources, such as solar-powered
[oT systems, could further promote sustainability.
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The ongoing development of blockchain technology
for traceability and transparency will also enhance
consumer trust and market access for farmers.
Ultimately, as technology continues to advance, IoT-
driven polyhouse farming has the potential to
revolutionize agriculture, making it more efficient,
transparent, and resilient in the face of global
challenges such as climate change and food security.
The continued research and development in this area
will play a critical role in shaping the future of
agriculture and ensuring sustainable food
production for generations to come.
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