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Abstract— Smart farming is transforming traditional agriculture by incorporating advanced
technologies into different domains. These technologies include machine learning, renewable
energy systems, and embedded hardware and software platforms. These innovations lead to
increased productivity, optimize resource utilization, and promote long-term environmental
sustainability. The convergence of these technologies promotes real-time data analysis,
predictive decision-making, precision input application, and automation across farming
operations. Further, the development and deployment of smart farming solutions become more
technically sophisticated and commercially valuable. Thus, the strategic use of intellectual
property (IP) becomes crucial. This paper explores the various forms of IP applicable to
different components of smart farming technologies. It further examines how these rights can
be effectively leveraged for innovation protection, collaborative development, licensing
arrangements, and technology transfer mechanisms.

Index Terms— Smart farming, Intellectual property, Licencing, Technology transfer.

1. INTRODUCTION

Smart farming, also referred to as precision agriculture, represents a paradigm shift in the agricultural sector
through the application of artificial intelligence (Al), renewable energy systems, and embedded technologies.
These technologies improve efficiency in irrigation, crop monitoring, soil health analysis, and energy use [1-3].
As smart farming technologies continue to evolve in complexity, scale, and economic value, there arises a
critical need to secure and manage them effectively through robust intellectual property (IP) frameworks. Proper
IP protection not only leads to remarkable innovation but also facilitates structured technology transfer, fosters
collaborative R&D, and ensures successful commercialization both in domestic and international markets. The
objective of this paper is to examine the mapping between smart farming technologies and intellectual property
rights (IPRs), and to highlight how a strategic approach to IP management can support intellectual
collaborations, licensing models, technology transfer and long-term sustainability in agriculture.
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A. Smart Farming: Technologies and Trends

Smart farming, as shown in Fig.1(a), is a data-driven, system-level approach that integrates tools such as Internet

of Things (IoT), sensors, machine learning (ML) models, embedded systems, renewable energy sources, and

satellite-based monitoring to support real-time, site-specific agricultural management [4-6].

Key components of smart farming are:

» Sensor Networks and IoT Devices: These collect data on soil moisture, temperature, humidity, and crop
health. Embedded systems process this data locally or transmit it to cloud-based platforms [5-7].

» Machine Learning and Al: Used for predictive analytics, such as forecasting yield, detecting crop diseases,
or suggesting optimal irrigation schedules [8-10].

» Renewable Energy Integration: Solar- and wind-powered systems are widely used to operate sensors,
pumps, and drones in remote agricultural fields, reducing dependency on conventional energy [11-12].

» Automation and Robotics: Autonomous tractors, drones for aerial spraying, and robotic harvesters improve
efficiency and reduce manual labor [13-14].

» Data Analytics Platforms: Cloud-based dashboards and mobile apps enable farmers to visualize insights and
make informed decisions [15-16].
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Figure 1(a). Components of smart farming Figure 1 (b). Scope of IP in smart farming

Benefits of smart farming include improved resource efficiency (water, fertilizer, pesticides), increased crop
yields and quality, reduced environmental footprint, enhanced resilience to climate variability, real-time
monitoring and decision support and many more.

II. RELEVANCE OF IP IN AI, EMBEDDED SYSTEMS, AND RENEWABLE ENERGY INTEGRATION

Al models in agriculture rely on data acquisition via embedded systems and energy supply via renewable sources
like solar panels. The combination creates a complex IP landscape involving patents, copyrights, tradesecrets,
designs etc. as shown in Fig.1(b). Types of IP relevant in view of smart farming are briefed in Table-I and their
strategic relevance with smart farming are discussed afterwards.

A. Patents

Patents protect novel, non-obvious, and industrially applicable inventions. Patent protection ensures exclusivity
and enables monetization of core innovations [17-19]. In the context of smart farming, patents can be obtained
for:

» Hardware devices like sensors (eg. Soil moisture sensors, pH sensors, nutrient sensors etc), drones (eg.
Autonomous drones for crop spraying or monitoring), robots (eg. Weeding robots, fruit-picking robots,
milking machines), [oT devices, Embedded Systems (eg. Microcontroller-based control units in autonomous
tractors and drones), energy systems (eg. Hybrid/renewable energy designs), etc.

» Software Algorithms & Systems with technical effect: As software per se may not be patentable in many
jurisdictions (it is not patentable in India as per section-3 of patent act 1970), often embedded software with
a technical effect or tied to hardware is a solution.
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B. Copyright

Copyright does not protect ideas; it offers automatic protection for creation of original works [17-20].

Components of smart farming which can be protected under copyright are:

» Software Code (source & object): Source code for machine learning models, device control software, mobile
apps for farm management which come under literary work.

» User Interface (UI) Design: Artistic/graphical arrangement of visual elements (buttons, menus, colours,
layouts) of Interface layouts, visual dashboards for sensor data, mobile apps for farmers can be protected
under copyright.

» Training Manuals & Documentation: Original text and illustrations in Instruction manuals for smart
irrigation systems, drone operation manuals, sensor setup booklets etc.

» Multimedia and web Content: it can be either in the form of audio-visual work (Educational videos,
animations of smart farming systems, promotional films for farm technology) or literary works (Blogs,
reports, articles, white papers on smart farming technologies published by companies or researchers).

C. Trade Secrets

In smart farming, several components and processes can be protected as trade secrets, particularly those that are
not publicly disclosed, offer a competitive advantage, and are protected by reasonable measures of
confidentiality. Few examples include:

» Proprietary Algorithms and Machine Learning Models: Unique algorithms for crop yield forecasting, pest
detection, weather prediction, irrigation optimization etc, trained Al models (e.g., for plant disease
recognition using image datasets) can be kept confidential.

» Sensor Calibration Methods: Custom methods to fine-tune sensors for specific soil types or crops which
Provides operational efficiency, often not obvious from observing the system.

» Data Analytics Workflows: Internal tools or scripts for processing large-scale farm data, anomaly detection
pipelines. Unique internal processes and data pipelines are difficult to reverse engineer.

» Proprietary Farm Management Strategies: Decisions on planting schedules, fertilizer combinations, or
harvesting routines based on internal research. If derived from years of experience and internal
experimentation, not known in the industry

» Customer Databases: Lists of buyers, distributors, farms, and vendors customized for agro-products.
Valuable business information not publicly available

Trade secrets provide indefinite protection, provided confidentiality is maintained.

D. Trademarks

In smart farming, trademarks are used to protect brand identity which is important for market positioning
ensuring consumer recognition and trust [21-22]. Brand names, product names, service marks, logos, and slogans
of smart farming products can be protected through trademarks.

TABLE L. TYPES OF INTELLECTUAL PROPERTY AND THEIR STRATEGIC RELEVANCE FOR SMART FARMING

IP Type Protected Subject Matter Term of Protection Strategic Role for smart farming
Patent Inventions, products, processes 20 years from filing Protects research outcomes; enables
licensing, technology transfer and
collaboration

Copyright Literary/artistic works, software Life of author/date of publication + | Safeguards educational and digital
60 years content
IC Layout Design Semiconductor circuit layouts 10 years from registration or first | Crucial for electronics R&D
use outputs
Trademark Names, logos, brand identifiers Renewable indefinitely Protects product identity
Trade Secret Confidential processes/data As long as secrecy is maintained Preserves competitive edge without
disclosure

E. Design Rights

This form of intellectual property does not protect functionality, but it does protect the ornamental or visual

design of non-functional objects that are new and original. In smart farming, certain aesthetic aspects of

products—especially the visual appearance of devices, tools, or interfaces—can be protected under design rights

(also known as industrial design protection). These are especially relevant for consumer-facing products like

sensor devices and mobile applications. Few examples include:

» Outer casing of devices: unique shape, surface pattern, or visual aesthetic of outer casing of devices like
smart irrigation controllers, soil sensors, drone bodies etc.
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» External design/aesthetic look of agri-robos, drones: visual look of weeding robots, harvesting bots,
automated tractors, drones, arms of drones, a drone with a unique wing-folding shape, sensor pods etc.

» Product packaging: Packaging of sensors, software kits, smart farm bundles, packaging with eco-themed
textures which are designed distinctively and contributes to brand identity.

TABLE II: RELATIONSHIP BETWEEN KEY COMPONENTS OF SMART FARMING AND TYPES OF IP PROTECTION

Smart Farming Component | Examples Applicable IP Type(s) IP Protection Scope
IoT Sensors and Devices Soil moisture sensors, weather | Patent, Design Right Protection of circuit design,
stations functionality, and visual
appearance
Embedded Systems Microcontroller-based Patent, Trade Secret System architecture, control logic,
automation for irrigation integration with software
Machine Learning Models Crop disease prediction, yield | Copyright, Trade Secret, | Source code (copyright), algorithm
forecasting Patent (in some jurisdictions) | performance (trade secret), or
technical application (patent)
Renewable Energy | Solar-powered irrigation, wind | Patent, Design Right Innovative energy management
Integration turbines for farms systems, controller hardware, or
integrated setups
Drones and Autonomous | Aerial spraying, robotic | Patent, Design Right, | Navigation and control systems
Machinery harvesters Trademark (patent), product design (design
right), branding (trademark)
Cloud-Based Dashboards Agri data analytics platforms, | Copyright, Trademark UI design and code (copyright),
mobile apps platform branding (trademark)
Data and Training Sets Crop imagery, sensor logs Trade Secret, Copyright Confidential data (trade secret) or
curated datasets (copyright, if
original)
Al-Driven Decision | Precision fertilization, pest | Patent, Trade Secret Decision algorithms and system
Support Tools control alerts design (technical effect for patents
or kept as secrets)

Table-II presents the components of smart farming that are eligible for protection under various categories of IP,
along with the corresponding scope of each type of protection.

III. COLLABORATION IN SMART FARMING [P DEVELOPMENT

A. University-Industry Partnerships

Universities often develop core research in Al and energy technologies, while industries bring in scalability and
field applications. These collaborations benefit from clearly defined IP ownership agreements.

B. Joint Patents and Co-Inventorship

When multiple parties—such as research institutions, universities, industry partners, or individual inventors—
contribute to the development of a smart farming invention, it is advisable to pursue joint patent filing or enter
into co-ownership agreements. Such arrangements ensure that all contributors are legally recognized as co-
inventors and their respective rights and obligations are clearly defined. To avoid future conflicts, these
agreements should explicitly outline the scope of commercialization rights, including share in licensing
revenues, who will take the lead in patent prosecution and enforcement, and cost management related to patent
maintenance. Clear governance structures and dispute resolution mechanisms should also be incorporated to
address any disagreements that may arise during the lifecycle of the jointly owned intellectual property.

III. LICENSING, TECHNOLOGY TRANSFER AND COMMERCIALIZATION OF SMART FARMING TECHNOLOGIES

A. Licensing

Licensing is the legal permission granted by the IP holder to another party to use, produce or commercialize a
[P-protected technology under defined terms and conditions. Licensing of IP leads to additional revenue
generation, creation of new business opportunities, expansion and marketing of existing business. In smart
farming innovations, there is scope of licensing for patents, copyrights, trademarks and designs. Organizations
such as the World Intellectual Property Organization (WIPO) and AUTM provide frameworks for licensing best
practices [17]. Further, India's National Innovation Foundation (NIF) and Agri Innovation Portal help license
grassroots innovations and technologies to SMEs [23].
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B. Technology transfer and commercialization:

Technology transfer refers to the process through which knowledge, intellectual property, or process developed
in one organization (typically a research institution or company) is transferred to another for the purpose of
development, production, or commercialization. Technology transfer enables academic or research-based
innovations to move into commercial agricultural systems. Technology Transfer Offices (TTOs) in universities,
IP policies and licensing agreements, Incubators and accelerators supporting agri-tech startups are the key
enablers for technology transfer and commercialization. A few start-ups in this field and their trademarks are
illustrated in Fig. 2.

IV. EXAMPLES OF RECENT PATENTS GRANTED FOR SMART FARMING

US12245536B2: This is a US patent granted on 11th March 2025 which disclosed a system that enables
automated modeling and scaling of soil health data by integrating diverse data sources, such as baseline soil
samples and satellite imagery. It uses machine learning to generate accurate local soil quality estimates, which
are further refined into regional models. These models can be scaled and applied to broader areas using extended
satellite data to deliver soil quality estimates for targeted regions [24].

US10728336B2: This is a US patent granted on 20th July 2020 which disclosed a system that offers an end-to-
end integrated IoT-based solution to enhance crop yield and streamline agricultural operations. It combines data
collection, monitoring, control, and communication into a single platform, and also provides infrastructure for
farm management, logistics, storage, and distribution. Using wireless mesh networks (WiFi or LoRaWAN), the
IoT monitoring device captures real-time environmental data—such as temperature, humidity, and vibration—
for remote analysis and proactive decision-making. The platform connects growers to markets and delivers a
comprehensive global solution for smart agriculture applications [25].

IN202431054482: This invention was granted patent on 30th January 2025 by IPINDIA which presents a low-
cost, portable, and user-friendly electronic system for estimating soil fertility using simple resistive and
capacitive moisture sensors combined with machine learning algorithms. Unlike traditional laboratory-based
methods, this system offers a quick and accessible solution for assessing key soil nutrients such as nitrogen,
phosphorus, and potassium. It supports precision fertilizer application, promotes crop health, and minimizes
environmental degradation. Additionally, the system is designed for seamless integration with IoT platforms,
making it ideal for smart agriculture applications [26].

IN202421067927: The present invention was granted patent on 9th June 2025 by IPINDIA which discloses an
IoT-based agricultural monitoring and security system that integrates multiple sensors including humidity sensor,
rain sensor, soil moisture sensor etc. and devices which enhance farming efficiency, automated irrigation and
security through real-time data and alerts [27].
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Figure-2. Companies related to smart farming

V. CONCLUSION

Smart farming presents enormous potential to revolutionize agriculture, and IP protection plays a crucial role in
ensuring the sustainability, competitiveness, and scalability of innovations. With Al, embedded systems, and
renewable energy becoming central to modern agriculture, a comprehensive understanding of patenting,
licensing, and technology transfer mechanisms is vital for researchers, startups, and policymakers.

A. Limitations and future work

Though the current IP system supports innovations in the field of smart farming, certain limitations lie in
accessibility, cost, privacy, enforcement and adaptability. These limitations can be addressed through supportive
policies like subsidized filings, fast-track examinations, stronger legal protection for trade secrets, collaborative
models like public-private partnerships etc.
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