
 

338 

  

 

 

 

FishTaxa - Journal of Fish Taxonomy 
Vol 37, ISSN: 2458-942X 

Journal homepage: www.fishtaxa.com 

 
© 2025 FISHTAXA. All rights reserved 

 

MEMS and Artificial Intelligence Technology for Smart Agriculture 
 

Dr. Manikant Kumar1, Dr. Shubhalaxmi Mohapatra2, Mrs. Sushree Mahapatra3, Mr. Uday 

Kumar Rajak4  
1Department of Electrical Engineering, Government Polytechnic Buxar (Dept. of Science Technology & Technical 

Education, Govt. of Bihar), Buxar, Bihar, 802123, India. 

Email: manikant28412@gmail.com  

2Assistant Professor, Department of Electronics and Telecommunication Engineering, Ajay Binay Institute of Technology, 

Cuttack-753014, Odisha, India.  

Email: slm226@yahoo.com  

3Head of Department, Department of Electrical and Electronics Engineering, Columbia Institute of Engineering and 

Technology, Raipur, Chhattisgarh, India.                                        

Email: hodeee@cietraipur.ac.in  

4Head of Department, Department of Electronics and Telecommunication Engineering, Columbia Institute of Engineering 

and Technology, Raipur, Chhattisgarh, India.                        

Email: hodetc@cietraipur.ac.in 

 

Abstract 
The integration of Micro-Electro-Mechanical Systems (MEMS) and Artificial Intelligence (AI) has become a disruptive approach 

in the design of smart agriculture systems. In this paper we investigate the combined utilisation of MEMS based sensing technologies 

and AI driven analytical models to improve the productivity, efficiency and sustainability of agriculture. Sensors MEMS sensors are 

vital in collecting real-time data on the environment and soil conditions, including temperature, humidity, soil moisture, nutrient 

levels, and crop health status. The collected data is further processed using AI techniques such as machine learning, predictive 

analytics and intelligent decision-making algorithms to support precision farming practices. With the integration, farmers can closely 

monitor the conditions of their fields, automate irrigation systems, detect diseases in the early stages and optimise the use of fertilisers 

and pesticides, which leads to a reduction in operational costs and environmental impact. Moreover, the paper covers recent 

technological advancements, practical applications, and case studies showcasing the efficacy of MEMS and AI in contemporary 

agriculture. The challenges like high implementation cost, data security, energy efficiency and technical limitations are also 

discussed. The study concludes that the integration of MEMS and AI technologies hold great promise for enhancing food production, 

resource management and sustainable agricultural development. Future research directions include the development of low-cost 

smart sensors, edge computing and IoT-enabled intelligent farming system for large-scale agricultural applications. 
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Introduction 
Agriculture is at a pivotal point in its evolution, driven by the need for increased productivity and sustainability to meet the demands 

of a growing global population. Traditional farming methods are increasingly being supplemented or replaced by advanced 

technologies, particularly MEMS and AI. MEMS technology provides miniature sensors and actuators that can monitor environmental 

conditions, while AI offers powerful analytical tools to interpret the data collected. Together, they form the backbone of smart 

agriculture, enabling precision farming, resource management, and enhanced decision-making [1-4]. 
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Fig.1 MEMS and AI in Smart Agriculture 

 

The integration of Micro-Electromechanical Systems (MEMS) and Artificial Intelligence (AI) is transforming modern farming into a 

highly optimized, data-driven practice known as smart agriculture. At the hardware level, tiny MEMS sensors are deployed across 

fields to continuously track environmental factors like temperature and humidity, while simultaneously monitoring crop health 

through soil moisture and nutrient metrics. This real-time stream of data fuels automated systems and precision farming applications, 

allowing farmers to apply water and chemicals only where needed. However, adopting this technology presents distinct operational 

challenges, primarily the high initial cost of equipment installation and the deep technical expertise required by field workers to 

manage these advanced systems [5-8]. 

 

On the analytical side, AI algorithms process the data collected by MEMS sensors to drive resource optimization and yield 

enhancement, ensuring that inputs are minimized while harvest outputs are maximized. This intelligent processing yields major 

systemic benefits, such as driving sustainable farming practices that prevent chemical runoff and significantly increasing overall 

operational efficiency by reducing manual labour. Looking ahead, the future prospects of smart agriculture rely on the evolution of 

advanced analytics for deep predictive modelling and the integration of robotics, such as autonomous field drones and harvesting 

machinery, to fully automate the agricultural lifecycle [9-12]. 

 

If you are interested in looking deeper into specific parts of this ecosystem, let me know if I should: 

 Detail the specific machine learning algorithms used to optimize resource deployment. 

 List the leading commercial manufacturers of agricultural MEMS sensors today. 

 Break down the financial return on investment (ROI) timeline for smart farms. 

 

Overview of MEMS Technology 
1.1 Definition and Components 

Micro-Electro-Mechanical Systems (MEMS) are tiny devices that integrate mechanical and electrical components at a microscale. 

They typically consist of sensors, actuators, and microcontrollers, allowing for the measurement and manipulation of physical 

phenomena such as pressure, temperature, and humidity [13-16]. 

 
Fig.2 The Convergence of MEMS and AI 
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The provided diagram illustrates how the convergence of hardware data collection and software analysis creates modern smart 

agriculture. On the input side, MEMS Technology provides physical data collection by utilizing miniature sensors and actuators to 

perform real-time environmental monitoring across the field. Simultaneously, AI Technology provides the computational brain power, 

functioning as analytical tools for complex data interpretation and automated decision-making. These two distinct technologies feed 

into a central processing lens or framework, merging physical sensor readings with intelligent data models. The combined output 

directly enables Smart Agriculture, which uses precision farming techniques to achieve increased productivity, optimized resource 

management, and long-term environmental sustainability [17-20]. 

 

If you would like to explore this technical framework further, let me know if I should: 

 Provide examples of how actuators physically respond to AI commands in the field. 

 Contrast edge AI processing on the sensor versus cloud-based data processing. 

 Outline the wireless communication protocols (like LoRaWAN) that link these technologies. 

1.2 Types of MEMS Sensors 

 Pressure Sensors: Used for soil moisture monitoring. 

 Temperature Sensors: Essential for climate control in greenhouses. 

 Accelerometers: Useful for monitoring equipment and machinery. 

 Chemical Sensors: Employed for soil and water quality assessment. 

 
Fig. 3 Distribution of MEMS Sensor Applications in Agriculture 

 

The provided pie chart demonstrates an even distribution of sensor types deployed within a smart agriculture framework, with each 

category comprising exactly 25% of the total ecosystem. The first quadrant consists of pressure sensors, which are utilized primarily 

for soil moisture monitoring by measuring the matric potential and water tension in the ground. The second quadrant features 

temperature sensors, which are essential for climate control within greenhouses and microclimate monitoring in open fields to protect 

crops from frost or heat stress. The third quadrant contains accelerometers, which serve an operational role by monitoring machinery 

health, tracking vehicle metrics, and detecting abnormal vibrations in automated farming equipment. Finally, the fourth quadrant is 

composed of chemical sensors, which handle soil and water quality assessment by measuring pH levels, salinity, and nutrient 

concentrations like nitrogen, phosphorus, and potassium. Together, these four equally weighted sensor categories provide the 

comprehensive, multi-layered data stream necessary to fuel predictive AI farming models [21-25]. 

 

If you would like to explore this sensor distribution further, let me know if I should: 

 Explain how data from these four specific sensors combine to automate a single irrigation cycle. 

 Detail the physical placement strategy for accelerometers on tractors versus stationary machinery. 

 Describe the maintenance and calibration schedules required for chemical sensors compared to temperature sensors. 

1.3 Advantages of MEMS in Agriculture 

 Miniaturization: Small size allows for deployment in various environments. 

 Cost-Effectiveness: Reduced manufacturing costs make them accessible for farmers. 

 Real-Time Data Collection: Continuous monitoring enables timely interventions. 
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Overview of AI Technology 
2.1 Definition and Components 

Artificial Intelligence (AI) refers to the simulation of human intelligence processes by machines, particularly computer systems. It 

encompasses various technologies, including machine learning, natural language processing, and computer vision. 

 

2.2 Types of AI Applications in Agriculture 

 Predictive Analytics: Forecasting crop yields and pest outbreaks. 

 Image Recognition: Identifying plant diseases through visual data. 

 Robotics: Automating tasks such as planting and harvesting. 

 

2.3 Advantages of AI in Agriculture 

 Data-Driven Decisions: Enhances decision-making through data analysis. 

 Efficiency: Optimizes resource allocation and reduces waste. 

 Scalability: Can be applied across various farming scales. 

 

The Synergy of MEMS and AI in Smart Agriculture 

3.1 Data Collection and Analysis 

MEMS sensors collect vast amounts of data related to soil conditions, weather patterns, and crop health. AI algorithms analyze this 

data to provide actionable insights, enabling farmers to make informed decisions. 

 

3.2 Precision Farming 

The combination of MEMS and AI facilitates precision farming, where inputs such as water, fertilizers, and pesticides are applied in 

a targeted manner. This not only enhances productivity but also minimizes environmental impact [26-27]. 

 

3.3 Case Studies 

 Soil Monitoring: A farm in California implemented MEMS soil moisture sensors connected to an AI system that optimized 

irrigation schedules, resulting in a 30% reduction in water usage. 

 Crop Health Monitoring: A vineyard in France used AI-driven image recognition to detect early signs of disease, allowing for 

timely intervention and reducing crop loss by 20%. 

 
Fig.4 MEMS and AI in Agriculture 

 

The provided infographic uses a power strip metaphor to illustrate two essential pillars of smart agricultural technology that plug into 

a unified farming system. The first component, highlighted in green, is soil monitoring, which tracks parameters like underground 

moisture levels to deliver optimized irrigation schedules that ultimately reduce overall water usage and prevent resource waste. The 

second component, highlighted in yellow, is crop health monitoring, which focuses on observing plant conditions to enable early 

disease detection, thereby allowing for targeted interventions that drastically reduce crop loss. By visualizing these separate 

monitoring functions as distinct electrical plugs connecting to a single power strip, the diagram demonstrates how continuous sub-

surface data and top-surface biological tracking function together as the primary power sources driving efficient farm management 

[28-30]. 
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If you would like to explore these monitoring systems further, let me know if I should: 

 Describe the imaging technologies (like multispectral cameras) used for early crop disease detection. 

 Detail how soil monitoring data is converted into automated irrigation commands. 

 Outline the power supply options (like solar harvesting) used to keep these field sensors running without power grids. 

 
Fig. 5 Evolution of Smart Agriculture Technologies 

 

The provided timeline infographic tracks the historical evolution and convergence of MEMS and AI technologies in smart agriculture 

from 2000 to 2016. The journey begins in 2000 when the foundational concept of smart agriculture first gained mainstream industry 

traction, followed closely in 2002 by the initial application of MEMS technology inside agricultural sensors. By 2004, developers 

introduced early AI algorithms designed specifically for predictive farming analytics, which was complemented in 2006 by the 

commercialization of the very first MEMS-based field sensors. The integration accelerated in 2008 as AI technologies began merging 

with Geographic Information Systems (GIS) for spatial mapping, which paved the way in 2010 for the introduction of agricultural 

drones equipped with onboard MEMS sensors. This hardware expansion coincided with the rise of big data analytics in agriculture in 

2011 and further breakthroughs in MEMS engineering in 2013. The timeline concludes with software and platform maturity, showing 

machine learning algorithms becoming highly sophisticated in 2015, which ultimately culminated in 2016 with unified IoT platforms 

fully integrating MEMS hardware sensors alongside advanced AI cloud analytics. 

 

If you want to explore this historical progression further, let me know if I should: 

 Detail the major technological breakthroughs after 2016 leading up to modern 5G smart farms. 

 Explain how GIS integration in 2008 changed how field maps are generated. 

 Describe the specific capabilities of 2010-era drones compared to modern autonomous farming drones. 

 

Challenges and Limitations 
4.1 Technical Challenges 

 Integration: Combining MEMS and AI systems can be complex and requires specialized knowledge. 

 Data Security: Protecting sensitive agricultural data from cyber threats is crucial. 

 

4.2 Economic Challenges 

 Initial Investment: The cost of implementing MEMS and AI technologies can be prohibitive for small-scale farmers. 

 Training: Farmers need training to effectively use these technologies. 

 

4.3 Environmental Concerns 

 E-Waste: The disposal of outdated MEMS devices can contribute to environmental pollution. 

 

Future Prospects 
5.1 Technological Advancements 

The future of MEMS and AI in agriculture looks promising, with ongoing research focused on improving sensor accuracy, reducing 

costs, and enhancing AI algorithms. 

 

5.2 Policy and Regulation 

Governments and organizations must develop policies that support the adoption of these technologies while addressing concerns 

related to data privacy and environmental sustainability. 
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5.3 Education and Training 

Investing in education and training programs for farmers will be essential to ensure they can effectively utilize MEMS and AI 

technologies. 

 

Conclusion 
In conclusion, the combination of Micro-Electro-Mechanical Systems (MEMS) and Artificial Intelligence (AI) has created a new 

paradigm in today’s agriculture by enabling intelligent, data-driven, and sustainable farming practices. When these advanced 

technologies converge, they enable farmers with real-time monitoring, accurate decision-making, and automated agricultural 

operations leading to increased crop productivity, minimised resource wastage, and improved environmental sustainability. This data 

is then scrutinised by AI algorithms to deliver actionable insights for precision farming. MEMS sensors enable accurate and 

continuous data collection on soil conditions, climate parameters, irrigation levels and crop health. This technology integration helps 

to reduce human labour and operational costs and at the same time promotes efficient use of water, fertilisers, pesticides and energy 

resources. 

 

Besides, the application of MEMS and AI is also a great help to solve the global agricultural problems such as food security, climate 

change, labour shortage and diminishing natural resources. Nevertheless, the difficulties associated with high deployment costs, 

technical complexity, data privacy concerns, and infrastructure limitations are gradually being addressed through ongoing 

advancements in sensor technologies, IoT connectivity, cloud computing, and machine learning. The future of smart agriculture 

depends on developing low-cost, scalable and energy-efficient intelligent farming systems that can be deployed for large scale 

agricultural operations. Hence, it is important to continue research, interdisciplinary collaboration, government support and 

technological innovation to fully harness the transformative potential MEMS and AI technologies offer in achieving resilient, 

profitable and sustainable agricultural ecosystems for future generations. 
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