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Abstract: Smart Farming 2.0 is an evolution of traditional precision farming that utilizes both semiconductor
technologies and artificial intelligence (AI) for increased productivity, sustainability, and efficiency in farming
practices. This review provides a thorough overview of the latest developments in both semiconductors and Al uses
within today’s agriculture. It will thoroughly cover the use of sensors, embedded devices, and edge devices along with
Al models such as machine learning and deep learning in decision-making on the farm. An extensive review of the
literature is included to help frame existing work within possible combinations of systems and future options,
providing the knowledge needed for researchers, practitioners, and policymakers who are rethinking agriculture
through intelligent farming.
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I. INTRODUCTION

The evolution of agriculture from traditional farming to data-driven, precision farming represents a major technology
migration. Precision agriculture focuses on field-level management of crop production and livestock and incorporates new
methods of optimizing the use of agricultural inputs. With smart devices and allied semiconductor technology coupled
with Al tools, precision agriculture has now merged into Smart Farming 2.0, which allows farmers to get real-time data,
monitor use of resources, and even automate certain activities to enhance yield and sustainability. This paper aims to
systematically review the key technologies driving this migration to smart farming, examine examples of state-of-the-art
applications that utilize these technologies, and outline future possibilities for advanced technologies in agriculture.
According to the Food and Agriculture Organization (FAO), approximately 70% increase in food production globally will
be necessary to feed a growing world population by 2050[1]. Conventional farming methods are characteristically
resource-intensive, using significant quantities of water, fertilizer, and human labour. Yet, as a result of semiconductor-
based Al advancements, efforts to reduce these inherent inefficiencies are underway, allowing for the implementation of
precision farming, automation, and data to inform decision making|2].

Sensors based on semiconductors play a critical role in modern agriculture by providing data on crop status, soil
conditions, and climatic conditions. With the use of Al algorithms, sensors support predictive analytics and improve the
efficacy of agricultural inputs to address sustainability concerns and improve yields[3]. The work of IoT devices has
enabled real-time monitoring of farming activities and management remotely. This advancement was made possible by
advances in semiconductor technology[4]. Besides precision farming, autonomous equipment is also transforming the
agriculture industry. Advanced semiconductor processors are being integrated into Al-powered robots and drones to
perform tasks such as planting, weeding, and harvesting[5]. The technologies not only save labor costs but also enhance
operational efficiency and accuracy. In addition, edge Al computing is facilitating quick decision-making by processing
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data for agriculture locally as opposed to the use of cloud-based processing, minimizing latency and improving data
protection[6].This paper considers recent progress, challenges, and market forces connected with Al-backed
semiconductor innovation in agriculture. Examining the place of semiconductor innovations in meeting most important
agricultural concerns, we want to provide perception into their power to increase sustainability and productivity for
contemporary agriculture.

II. TRENDS IN SEMICONDUCTOR INNOVATIONS FOR AGRICULTURAL Al

2.1 Role of Semiconductors in Precision Agriculture
Semiconductors at the core of smart farming tools enable sensors, microcontrollers and connectivity systems.
e Sensing: Semiconductor chips are used in soil moisture, temperature, and nutrient sensors for accuracy and
portability.
e Connectivity: IoT devices use semiconductor-based wireless modules (such as LoRa and ZigBee) to send data.
e Processing: Edge computing powered by microprocessors reduces the latency of data analysis.
e Low-power semiconductors for energy-efficient devices, which are particularly useful in remote farming
locale[7].

2.2 AI's function in precision farming
Al drives automation and optimization by converting unprocessed data into actionable insights[4]:
e Machine Learning (ML): Random Forests and Neural Networks are two examples of algorithms that forecast
agricultural yields and identify illnesses[8].
e Computer Vision: Using drones or cameras, Al-powered imaging detects weeds, pests, and crop health.
e Decision Support Systems (DSS): Al combines market, weather, and soil data to manage farms in real time[9].

2.3 Sensor Technologies and IoT Integration

Sensors that are based on semiconductors (for example, soil moisture, nutrient and infrared sensors) enable real-time
information collecting for precision farming. Internet of Things (IoT) systems utilize sensors to control irrigation systems,
manage animal health and welfare, and fix environmental conditions in a greenhouse. One example of an IoT sensor is a
solar-powered sensor that decreases water consumption by 70 percent in a smart greenhouse. In summary, here is an
organized review table that illustrates the key topics of sensor technologies and IoT integration from the search results,
along with links to the relevant papers[6]:

TABLE I:
REVIEW ON SENSOR TECHNOLOGIES AND IOT INTEGRATION
Sensor IoT
Paper Title Technology Integration Key Contributions
Focus Application
. . Industry 4.0, Discusses advancements in loT-enabled Industry
A Review on Emerging . .
.. smart 4.0, challenges (security, privacy), and trends
Applications of IoT and IoT sensors, edge . .
. warehouses, like edge computing and 5G networks.
Sensor Technology for computing, 5G . L .
inventory Highlights smart warehouse architectures and
Industry 4.0 [10]. .
management railway IoT systems.
4 o Wearable tech, Analyz§s analog/digital RFID sensing, energy
IoT Sensing Applications RFID sensors, supply chain harvesting  challenges, and anti-collision
Using RFID and WSN [11] wearable devices PPy protocols.  Explores  hybrid = RFID-WSN
management . . .
integration for long-range monitoring.
. Reviews security challenges (e.g.,
S Environmental . . :
Challenges, Applications, and . . eavesdropping, jamming) and proposes machine
. . Wireless sensor monitoring, . . .
Future of Wireless Sensors in . . learning solutions for IoT-integrated WSNs.
networks (WSNs) industrial - . .
IoTT12]. . Explores scalability and energy efficiency in
automation . .
industrial IoT.
Internet of Things: Multi-layer IoT Smart cities, Proposes a generic IoT architecture, discusses
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Architectures, Challenges, architectures transportation, | market opportunities, and highlights challenges
and Applications[13] energy in scalability and data management. Covers
applications in traffic monitoring and healthcare.
. Classifies [oT sensor types and their

Smart Sensors: Analysis of RFID, pressure, Healthcare, . . ; .
Different Types of IoT temperature, agriculture, applications. Emphasizes RFID integration for

Sensors[14]

motion sensors

smart cities

real-time data collection and challenges in
sensor interoperability.

Security Challenges in
Wireless Sensor Networks for
IoT[15]

WSNs, intrusion | . Critical
detection systems infrastructure,
Yy healthcare

Identifies security vulnerabilities (e.g., spoofing,
node replication) and proposes blockchain and
machine learning-based mitigation strategies.

2.4. AI-Driven Analytics and Edge Computing

Al algorithms process sensor data to predict crop yields, detect pests, and simulate climate scenarios. Edge Al reduces
latency by processing data locally on farms, enhancing decision-making speed. Innovations like MEMS (Micro-Electro-
Mechanical Systems) enable low-cost, scalable soil monitoring solutions[16].

TABLE II:

REVIEW ON AI-DRIVEN ANALYTICS AND EDGE COMPUTING

Paper Title

Technology Focus

Application

Key Contributions

Al-based Fog and Edge
Computing: A Systematic Review,
Taxonomy and Future
Directions[17]

Al'in ‘Fog’ and
‘Edge’ Computing

Smart cities,
healthcare, IoT

Systematic review, taxonomy of
Al models, future research
directions.

AT Augmented Edge and Fog
Computing: Trends and

Federated Learning,
Edge AI Optimization

Industrial
automation, real-
time decision-

Discusses Al-driven
optimizations, federated learning,

Challenges[18] making emerging challenges.
. . IoT, Smart " . "
Edge Intelligence: Paving the Last Defines "Edge Intelligence,
. . . Healthcare, .
Mile of Al with Edge Edge Intelligence Intelligent classifies approaches, and explores
Computing[19] Transportation future research gaps.
. ) AI-Edge Integration, Robotics, Surveys Al .technlquqs for edge
Edge Intelligence: The Confluence . computing, focusing on
. Reinforcement Autonomous . .
of Edge Computing and Al[20] . . reinforcement learning and deep
Learning Vehicles .
learning.
Al on the Edge: A Comprehensive Al Deployment on Real-time Al Discusses Al model deployment

Review[21]

Edge Devices

Applications, Al
Hardware

strategies, hardware constraints,
and real-world applications.

2.5 Generative Al for Predictive Modeling

By augmenting productivity, optimization of resources, and better decision-making, machine learning (ML), deep learning
(DL), artificial intelligence (AI), and conversational AI models such as ChatGPT are revolutionizing the agricultural
sector. Some key issues such as surveillance agriculture, pest monitoring, weather forecast, and evaluation of soil are
being resolved using these technologies. DL-based image processing aids in real-time monitoring of crop and animals in
precision agriculture while Al-based prediction models optimize the planting calendar and prevent outbreaks of diseases.
ChatGPT and other Al conversational systems offer real-time advisory services that simplify processes such as market
research and supply chain management. Future innovation is likely to involve the infusion of Al with IoT, the use of edge
computing to make decisions locally, and the use of blockchain for supply chain transparency[22].
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REVIEW ON GENERATIVE AI FOR PREDICTIVE MODELING

Paper Title Technology Application Key Contributions
Focus
L . Offers a detailed summary of ML and
Application of Machine Machine Learning Crop yield DL  applications in  agriculture,

Learning in Agriculture: Recent

ML), Dee; rediction, soil highlights research gaps, and proposes

Trends and Future Research ( .)’ p prec > Ehig 1 84ps, prop
Learning (DL) quality analysis future research directions for enhanced

Avenues[23] .
agricultural outcomes.
. . Examines the role of GANs in
Generative Adversarial . . . .
Generative Crop disease enhancing agricultural datasets,
Networks for Image . : . . .. o

Auementation in Aericulture: A Adversarial detection, remote | improving the precision of predictive
& £ ’ Networks (GANs) sensing models for disease detection and remote

Systematic Review[24]

monitoring.

Revolutionizing Agrifood

Al, Generative

Smart farming,

Explores AI’s impact on improving
food production efficiency, minimizing

Systems with Artificial Al, Predictive precision waste. and  promofing - sustainable
Intelligence: A Survey[25] Analytics agriculture N P &
practices in agrifood systems.
A Comprehensive Modeling . .
Approach for Crop Yield Al-based Crop Crop yield Integrates Al ~ techniques  with

Forecasts using Al-based
Methods and Crop Simulation
Models[26]

Simulation, ML
Models

forecasting, climate
impact analysis

conventional crop simulation models to
achieve more accurate yield forecasts
under varying climatic conditions.

Generative Al in Smart
Agriculture: Opportunities and
Challenges[27]

Generative Al,
Neural Networks

Automated pest
detection, soil
moisture
monitoring

Discusses how generative Al improves
data augmentation and predictive
modeling for pest control and soil
monitoring, while addressing
implementation challenges.

Artificial Intelligence in
Agriculture: A Review[28]

Al , ML, DL, IoT
Integration

Smart irrigation,
automated
monitoring

Provides an in-depth review of Al-
driven  solutions in  agriculture,
emphasizing automation, real-time
monitoring, and IoT integration for
optimized farming practices.

2.6 Review on Robotics and Autonomous Systems in Al and Semiconductor Technologies

Al-powered robotics and autonomous systems heavily rely on semiconductor components for real-time data processing,

navigation, and decision-making. For example, agricultural robots equipped with Al have demonstrated an 80% reduction
in pesticide usage while mitigating labor shortages[29]. Below is a summary of key research papers in this domain:

TABLE IV:

REVIEW ON ROBOTICS AND AUTONOMOUS SYSTEMS IN AI AND SEMICONDUCTOR TECHNOLOGIES

Paper Title

Technology
Focus

Application

Key Contributions

Security Considerations in
Al-Robotics: A Survey of
Current Methods,

Security in
Al-Robotics

Service Robots,
Autonomous Vehicles

Analyzes potential vulnerabilities in Al-robotics

systems and offers protective measures.
Addresses ethical and legal issues, such as
accountability and  psychological effects.

Examines security in Human-Robot Interaction

OC halleng?ts‘, and Systems (HRI), emphasizing privacy, data integrity,

pportunities(30] safety, trust, and transparency, while suggesting
future research paths for improved security.

Artificial Intelligence for Al Service Robotics, Explores Al strategies that allow robots to

Long-Term Robot Techniques Field Robotics function independently over long durations in
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Autonomy: A Survey[31] for Long- dynamic settings. Covers navigation, mapping,
Term perception, knowledge structuring, reasoning,
Autonomy planning, interaction, and learning. Highlights the
integration of these approaches for prolonged
autonomy and identifies upcoming challenges
and opportunities in Al-driven robotics.
Investigates the application of deep learning in
Dee physical robotic systems. Evaluates the strengths
Deep Learning in Robotics: p . . and weaknesses of deep learning through recent
. Learning Various Robotic . .
A Review of Recent Applications Systems studies. Seeks to  share  cutting-edge
Research[32] PP . y developments with the robotics field and
in Robotics . L
encourage further adoption of deep learning in
robotic technologies.
Provides a detailed examination of autonomous
mobile robots, encompassing sensor varieties,
. . latfi imulati tool th-planni
A Comprehensive Review | Autonomous . pratiorms, — simuiation — f00’s, - path-pianning
.. Mobile Robots, techniques, sensor fusion, obstacle avoidance,
on Autonomous Navigation . . o .
Navigation[33] Systems Autonomous Vehicles | and simultaneous localization and mapping
(SLAM). Stresses the role of deep learning in
autonomous navigation and discusses future
research possibilities and hurdles.
Focuses on Al applications in robotics,
particularly in processing visual and motion data.
Artificial Intelligence for Al Unmanned Vehicles, | Examines the impact of machine learning,
Robotics and Autonomous | Integration in | Cooperative Robots, | including deep learning and reinforcement
Systems Applications[34] Robotics Remote Sensing learning, on robotic performance. Highlights
practical uses in remote sensing and introduces
emerging concepts like tiny-ML in robotics.
Reviews the evolution of decision-making and
Lo control architectures for autonomous and social
A Systematic Literature .. . ‘
. .. Decision- . robots over three decades. Identifies trends in
Review of Decision- . Social Robots, .. . . A . .
) Making and combining biologically inspired designs with
Making and Control Autonomous . . .
Control . . machine learning. Explores software architecture
Systems for Autonomous . Assistive Devices . .
Architectures challenges for action selection and proposes

and Social Robots[35]

directions to advance capabilities of autonomous
and social robots.

III. CHALLENGES AND OPPORTUNITIES IN AGRICULTURAL Al

3.1 Technical Challenges

Technical integration of Al in agriculture has several technical challenges:

e Heterogeneous Data Sources: Differences in data formats (e.g., satellite imagery, IoT sensors, weather
conditions) make it difficult to integrate smoothly[36].

e Harsh Field Environments: Robustness of hardware (e.g., drones, sensors) under extreme environmental
conditions is still a challenge[37].

e Real-Time Processing & Power Constraints: Constrained computation resources at the edge (e.g., on-field
devices) prevent low-latency decision-making[38].

3.2 Socioeconomic Challenges

e Digital Divide: Rural communities typically do not have infrastructure (connectivity, power) for implementing
Al-based solutions[39].
e High Deployment Costs: Smart farming technology (e.g., precision agriculture equipment) investment is too

high for smallholders at the onset[40].

e Training Gaps: Stakeholders and farmers need training to adopt and have faith in data-driven decision support

systems (DSS)[41].

46 | www.spujstmr.in




SPU-Journal of science, Technology and Management Research (SPU-JSTMR) Volume-II, Issue-01, Jan-June 2025

ISSN: 3049-1479(Online)

3.3 Emerging Opportunities

Neuromorphic Computing: Energy-efficient Al processors might make real-time edge processing feasible in
resource-constrained environments[42].

Explainable AI (XAI): Transparent models boost farmer trust in DSS by offering interpretable
recommendations[43].

Standardized Platforms: Open frameworks for data and tool interoperability (e.g., FAO's WaPOR) can drive
adoption[44]

IV. FUTURE RESEARCH DIRECTIONS

To overcome current shortcomings, the following directions are imperative:

Next-Gen Connectivity: Utilizing 6G networks and quantum computing can allow ultra-high-speed, large-
volume agricultural data analytics[45].

Bio-Sensors: Plant/livestock wearable devices can facilitate early disease diagnosis and animal health
monitoring[46].

Autonomous Crop Management: Al-based systems for end-to-end automation (planting through harvesting)
via robotics and computer vision[47].

Blockchain for Transparency: Secure, decentralized record-keeping to track produce from farm to consumer,
ensuring compliance with sustainability[36].

V. CONCLUSION

Semiconductors and artificial intelligence constitute the pillars of Smart Farming 2.0, propelling a future of sustainable
and smart agriculture. They empower accurate, timely, and data-driven farm management practices that increase
efficiency and productivity. Interdisciplinary studies and investment need to continue to break existing limitations and
unlock the full potential of smart farm technologies. By leveraging the capabilities of Al applications powered by
semiconductors, the agricultural industry can move toward a more sustainable and robust future, guaranteeing food
security for the increasing global population.
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