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Abstract: The rapid development of artificial intelligence (A1) and digital technologies over recent years
has revolutionized several sectors. From healthcare to finance, Al has proven to be highly effective in
enhancing automation and streamlining workflow processes. The agriculture sector too stands to benefit
significantly from Al and digital tech, particularly in the area of greenhouse farming. The aim of this article
is to explore the current trends and possibilities of integrating Al and digital technologies in modern
greenhouse cultivation.
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I. INTRODUCTION
Modern greenhouses enable year-round production of fresh crops and flowers, leading to increased efficiency and
higher yields. They also provide controlled conditions for growing plants under varying climates, protecting them from
extreme temperatures, winds, heavy rains, drought, humidity levels, hail, and insects. Greenhouses bring benefits both
economically and environmentally but also present new challenges related to irrigation scheduling, light exposures,
temperature, humidity, nutrient dosage, pathogen identification etc. This creates an ideal setting for optimizing outputs
using real-time data collection combined with machine learning and Internet of Things (IoT) technologies that integrate
all relevant parameters allowing for optimal results.
Greenhouses have been around for centuries, but modern technologies like IoT sensors, machine learning algorithms,
and automation systems have transformed the industry into one that is more efficient, sustainable, and profitable than
ever before.
One major area where Al has made significant impacts in greenhouse technology is in precision agriculture. Precision
farming involves using data analytics and advanced crop modeling techniques to optimize plant growth conditions such
as temperature, humidity, light levels, water availability and nutrient supply. This allows growers to tailor their
cultivation methods to specific crops and achieve higher yields while reducing input costs such as fertilizers and
pesticides. For example, Al powered climate control systems allow plants to receive the optimal amount of sunlight,
shade, heat, cool air, rainwater or artificial irrigations at any given time. Al models use historical weather patterns and
predictive analysis from sensors embedded throughout the greenhouse in order to determine when plants should receive
natural ventilation versus forced ventilation. Additionally, these platforms can provide alerts when temperatures cross
predetermined ranges, preventing potential damage to the plants.
Another key area where digitalization is having a positive effect on greenhouse operations is through remote monitoring
solutions which enable real-time tracking of growing conditions. These include smartphone apps, tablets, web
interfaces, virtual dashboards and desktop applications. Using cloud computing, operators can remotely monitor their
facilities from anywhere and gather valuable insights about plant performance. Cloud computing also enables
collaboration across multiple departments within an organization. For example, if there is a problem in the fields of a
grower, they could immediately check and update data stored in a shared software platform. If the problem concerns
temperature dropping below freezing during winter season, then employees in charge of heating can be automatically
notified via email or SMS so that they could investigate the cause in person or remotely restart the heaters.
In conclusion, the combination of Internet of Things (IoT), Machine Learning (ML), cloud computing and other
emerging technologies is revolutionizing traditional greenhouse operations and making them more efficient and cost
effective for stakeholders involved in the value chain ranging from seed manufacturers to wholesalers. As this sector
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continues to evolve rapidly, we can expect even greater integration of Al and digital technologies to drive new forms of
innovation that benefit our planet.

II. BACKGROUND

1. Greenhouse: Greenhouses are structures designed to create an environment suitable for plant growth, typically
for agriculture purposes or recreational activities such as gardening or bonsai cultivation. They range from
small scale residential models up to large commercial establishments spanning thousands of square meters.
Modern greenhouses use glass walls to provide insulation against low ambient temperatures, which allows the
grower to control various elements affecting plant growth, such as light, temperature, and humidity. This
allows growers to extend the season during spring or fall, protect young seedlings or delicate flowers from
adverse weather events, or conduct experiments with environment sensitive plants. Additionally, these
controlled environments may be used to grow high value crops or non-native plants that cannot tolerate
outdoor conditions in certain regions.

2. Artificial Intelligence (AI): Artificial intelligence (AI) refers to the simulation of human intelligence
processes by computer systems. These processes include learning, reasoning, perception, self-correction and
decision-making in machines, robots and software programs designed to perform tasks which typically require
human intelligence. Machine Learning, Natural Language Processing, Neural networks and Robotics are some
examples of subfields within artificial intelligence.

3. Digital Technology: Digital technology refers to any electronic device that uses binary numbers (1 and 0) to
process information. This includes computers, mobile phones, tablets, televisions, cameras, home appliances
like thermostats, smart speakers, and more.

The term “digital” comes from the Latin word for digits, which means fingers or hands. In computing, we use binary
digits, or bits, to represent data. One bit can only hold either of the two values: 0 or 1. By combining these simple units
together into larger groups called bytes, we create data structures capable of storing all sorts of things, including text
documents, photos, music files, videos, web pages, spreadsheets, and more.

A computer is a machine that manipulates those strings of bits using logic gates made up of silicon transistors. These
transistors act as switches that turn on and off based on electrical signals generated by software running inside them.
Much of this digital technology runs over networks, either physical ones connecting cables together, or wireless radio
frequency channels such as Bluetooth, Wi-Fi, cellular phone transmissions, satellite communications, infrared remote
controls, AM/FM radio bands, etc. We also now have IoT devices, or Internet Of Things machines that connect
wirelessly back to central servers on the internet so that they can perform complex actions without needing direct
human intervention other than occasionally changing settings via a website in a browser.

III. REVIEW OF LITERATURE

It has been proved that with the help of Al algorithms crops grow better when compared to human intervention. Yields
have shown to improve by 6% and profits have increased by 17% [1]. Al has the ability to increase the Greenhouse
coverage area without investing in more labor. But skilled manual intervention will always be needed [2]. In this
competitive world it has become imperative that Greenhouse managers integrate modern technologies and adopt
advanced cultivation techniques [3]. The processes inside a Greenhouse like irrigation, indoor temperature, humidity,
soil condition, disease and pest control have been somewhat been optimized by the evolution of technology [4].
Precision farming term is more appropriate and suitable than Hi-Tech farming as it has standard objectives and methods
which are quantifiable and do not change with time [5].

IV. DISCUSSION

Artificial Intelligence and Digitalization in Greenhouse Technology
Role of Al in improving greenhouse efficiency:
Al can improve greenhouse efficiency by enabling better decision making processes in the following ways:

e Predictive Maintenance - Al enabled systems utilize sensor data and historical records of equipment health to

detect faults early on and schedule maintenance accordingly. By performing preemptixe-maintenance tasks,
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greenhouse managers can minimize downtime due to unexpected mechanical breakdowns.

e Automated Irrigation - AI controlled sprinkler systems analyze soil moisture readings, current weather

forecasts, and past irrigation schedules to provide water only when necessary. Water wastage reduction
translates directly into energy savings since less electricity is required to pump ground/surface water to the
storage tanks situated overhead above the greenhouse structures.

e Yield prediction - Utilizing large datasets related to meteorological variables such as rainfall, temperature,
wind speed, wind direction and atmospheric CO, concentrations, Al enabled yield estimation models make
projections regarding expected harvest volumes up to six months ahead of actual collection.

e Optimized Lamp Use - High pressure sodium bulbs are very expensive and often emit much heat beyond
visible spectrum infrared radiation. Als can fine-tune lamp usage according to the plant growth stage, adjust
dimness according to ambient light intensity, manage shutoff times based on sunset timings, etc.

Global radiation
< 300W

Temperature Turn off lamps

<27°C

Yes

Turn on lamps Turn off lamps

Figure: Optimized Lamp use Logic [1].

e Drones & Robots - Some of these machines can visually inspect for diseases, count number of fruits per tree
and collect relevant data like tree height & girth measurements to inform management decisions regarding
pruning strategies, etc. They are able to complete these tasks autonomously rather than relying on human
intervention, hence freeing up labor hours.

e Autonomous Nutrient Injection - Al examines the electrical conductivity of soil extracts taken from various

regions in the greenhouses to calculate nutrient deficiencies. Then, they command the delivery vehicles to
release minerals in exact amounts needed without manual control. With this approach, the system is capable of
identifying imbalances quickly enough that crop output remains unaffected, rather than waiting for symptoms
that may otherwise compromise quality and quantity of produce over an extended duration.

e Improved workforce efficiency - Since humans no longer need to perform many mundane jobs, job satisfaction

rates increase. The most talented individuals remain attracted to the industry which leads to higher innovation

rates going forward.

Role of Digital Technology in Greenhouse Efficiency

Digital T

echnology can contribute to efficiency of Greenhouses in following ways:
Smart Irrigation Systems - Using sensors and data analytics, smart irrigation systems can optimize water usage
for plants and minimize waste.

e Predictive Maintenance Algorithms - Machine learning models can analyze sensor readings and predict when

equipment might malfunction, saving time and money on unnecessary repairs.

e Improved Climate Control - Digital monitoring tools can help regulate temperature and humidity levels within
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greenhouses, improving growing conditions for plants.
Integrated Control Systems - Centralized control systems allow for real-time monitoring and management of
various aspects of greenhouse operations including ventilation, lighting, and heating.
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Remote Monitoring & Management - Cloud-based dashboards and mobile apps give growers access to key
metrics and alerts anytime, anywhere.

Automated Harvesting - Robotics equipped with advanced sensors and machine learning algorithms can assist
with picking fruit and vegetable crops.

Precision Agriculture Tools - Precision agriculture techniques enabled by digital technologies (such as drone
mapping) allow growers to optimize inputs like seed, fertilizer, and water to maximize yield and profitability.
Plant Breeding Innovations - Advanced breeding technologies such as CRISPR gene editing accelerate
development of disease-resistant and climate-tolerant crop varieties, contributing to sustainability of global
food supply chain.

Traceability and Transparency - Digital tracking systems ensure product integrity and accountability along the
value chain, from seedling to market shelf.

Reduced Waste and Carbon Footprint - Overall improvements in resource efficiency and reduction in manual
labor demands lead to reductions in waste and greenhouse gas emissions associated with traditional
horticultural practices.

Hence, we can observe that Al in-fact makes use of digital technology to take appropriate response or make
decisions. Without digital technology artificial intelligence cannot exist.

Bottlenecks in utilization of Artificial Intelligence and Digital technology in greenhouse:
There are several bottlenecks in implementing Al and digital technology in greenhouses, including:
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Lack of Data Quality: Successful deployment of Al and digital solutions requires large amounts of accurate
data, but obtaining this kind of data can often be challenging and expensive. High-quality datasets need to be
collected, cleaned, preprocessed, labeled, annotated, version controlled, and managed before they can be used.
The quality of the dataset will determine the success rate of machine learning models.

Absent IT Capabilities/Capacity: To implement modern Al-driven applications, companies need well-trained
specialists who understand cloud computing architectures, containerization, distributed databases, DevOps,
cloud networking, and security. Moreover, companies often lack sufficient hardware infrastructure to run
complex workloads effectively in the cloud, particularly GPU servers needed for deep neural networks training
and inference. Therefore, implementation of Al projects requires significant expenses to fill competence gaps
in personnel qualification and procure additional technical capabilities for data processing centers.

Legacy Equipment Compatibility Issues: Many greenhouse facilities were built decades ago and weren’t
designed with IoT connectivity in mind, meaning most industrial machinery was constructed without
appropriate interfaces intended for integration with IT platforms. This compatibility issue might impose
additional engineering effort to modify legacy equipment and integrate them into overall system architecture.
Alternatively, replacing old machines becomes necessary as soon as possible. The cost of both approaches
exceeds simple purchase and installation of an original Al solution.

Governments Regulations: Government intervention to enforce stringent security and ecological regulations,
introduces legal barriers preventing adoption of innovative Al technologies as well as constraining further
growth of established industries. Excessive regulation makes it hard for companies to adapt or invest in state-
of-the-art Al technologies, slowing down progress in digitization altogether.

Cyber-Security Risk: Deployment of connected digital systems inevitably increases risk of cyber-security
threats and potential hacker intrusion. With many devices networked together, hackers can get unauthorized
remote access and potentially disrupt core functions of business processes or steal valuable trade secrets. And
as security measures increase, so do operational costs.

Integration Complexities: One of the biggest challenges is integrating different types of applications,
programming languages, interface protocols, or hardware components, especially those developed by various
vendors. Every vendor strives to offer its unique “smart” device with software to manage it locally, creating
islands of technology separated by walls of incompatibility and complexity. Developing universal software
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architecture connecting all pieces of this puzzle gets ever more complicated and imposes substantial efforts in
order to build future proof architecture able to overcome these issues.

e Lack of Interoperability Standardization Efforts: Although many industry players agreed to standardize
communications and protocols governing interaction between different system elements worldwide, there isn’t
a single universally accepted unified standard yet. Despite collaboration among organizations, lots of work
remains towards reaching consensus. Absent common rules and guidelines leads to inefficiency in terms of
building software and hardware products since engineers and manufacturers must constantly adjust multiple
versions for each individual player while ensuring backward compatibility with former iterations.

e Adoption Resistance: Finally, despite the advantages offered by IoT adoption in agriculture, there exists strong
resistance against change from human operators themselves. People tend to fear losing jobs due to replacement
by automatons and perceive Al systems as unwanted competition. Employees demand extensive retraining
programs and assurance about job stability following investment in Al technologies. Without proper social and
psychological support from employers workers won’t accept transformation easily. Some workers remain
skeptical about usefulness of digital technologies. All these factors create societal barriers towards
embracement and adoption of transformative tech advancements. These hurdles are formidable and require
concerted joint efforts by all participants, namely regulators, politicians, scientists, and entrepreneurs.
Settlement of these matters shall foster rapid progression towards sustainable high-tech agriculture.

V. CONCLUSION

The role of Al and digital technology has the ability to fundamentally shift how greenhouse operations are conducted.
By leveraging advanced analytics tools such as predictive modeling, data mining, anomaly detection, image
recognition, speech recognition, natural language processing, rule induction, and expert systems, the use of Al and
digital technology enables better decision making through data-driven insights that improve efficiency, productivity,
and profitability across key aspects of plant production such as crop management, energy optimization, pest and disease
control, yield forecasting, weather monitoring, resource allocation, supply chain optimization, market analysis, and
customer engagement. However, there exist a number of bottleneck issues that hinder the widespread adoption of Al
and digital technologies in greenhouse. Addressing these constraints involves careful planning, investment,
partnerships, education, communication and policy initiatives that involve multiple parties working collaboratively to
ensure the successful incorporation of artificial intelligence and digital technologies into greenhouse environments,
driving greater performance improvements, reducing waste, minimizing environmental impacts, achieving
sustainability goals and meeting future demands for food production.

REFERENCES

[1]. K. Tran. “A primer on Al and its rise in the greenhouse,” Structures & Equipment Trends, GREENHOUSE
CANADA, Sept. 2021.

[2]. T. Hein. “Artificial intelligence in the greenhouse”. Environmental Control Handling Systems Structures &
Equipment, GREENHOUSE CANADA, June 2021.

[3]. A. Koukounaras. “Advanced Greenhouse Horticulture: New Technologies and Cultivation Practices.”
Horticulturae. 7(1):1, 2021

[4]. J. A. Aznar-Sanchez,* J. F. Velasco-Muiioz, B. Lépez-Felices, and I. M. Roman-Sanchez. “An Analysis of
Global Research Trends on Greenhouse Technology: Towards a Sustainable Agriculture”. Int J Environ Res
Public Health. 17(2): 664, 2020.

[5]. M. J. Gupta and P. Chandra. “Cultivation in Hi-tech Greenhouses for enhanced productivity of natural
resources to achieve the objective of precision farming,” Precision Farming in Horticulture, Ed. 1, pp. 64-96,
Jan. 2003.

[6]. N. Castilla and J. Hernandez. “Greenhouse technological packages for high-quality crop production,” XXVII
International Horticultural Congress-IHC2006: International Symposium on Advances in Environmental
Control, Automation 761, pp. 285-297, 2006.

Copyright to IJARSCT DOI: 10.48175/IJARSCT-9783 1SS

A 82
www.ijarsct.co.in 4| 2581-9429 |2

&\ IVARSCT /5




(/ IJARSCT ISSN (Online) 2581-9429

4-( ,‘ International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJA RSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Impact Factor: 7.301 Volume 3, Issue 3, May 2023

[7]. K. Anil, G.N. Tiwari, K. Subodh and P. Mukesh. "Role of greenhouse technology in agricultural engineering."
International Journal of Agricultural Research 5, no. 9, pp. 779-787, 2010.

[8]. A. Escamilla-Garcia, G. M. Soto-Zaraztia, M. Toledano-Ayala, E. Rivas-Araiza, & A. Gastélum-
Barrios."Applications of artificial neural networks in greenhouse technology and overview for smart
agriculture development.” Applied Sciences 10, no. 11, 2020.

Copyright to IJARSCT DOI: 10.48175/IJARSCT-9783 1SSN 83

www.ijarsct.co.in | 2581-9429 |

B\ IJARSCT ¢/




