
 
 

© STM Journals 2025. All Rights Reserved 20  
 

ISSN: 2454-6372 

Volume 12, Issue 3, 2025 

September–December 

DOI (Journal): 10.37591/JoTSSN 
STM JOURNALS

Journal of  

Telecommunication, Switching  
Systems and Networks 

 
https://journals.stmjournals.com/jotssn 

Review JoTSSN 
 

Leveraging Information Technologies (IoT, Sensor 
Technologies, AI, and Data Analytics) in  
Healthcare and Agriculture 
 

Atharva Mandloi* 
 

Abstract 

This paper explores the powerful convergence of digital technologies—the Internet of Things (IoT), 

sensor technologies, artificial intelligence (AI), and data analytics—in transforming healthcare and 

agriculture. Both sectors face pressing global challenges: rising population demands, environmental 

stress, disease burdens, unequal access to services, and food insecurity. Conventional systems alone 

cannot meet future needs. However, technology-driven, real-time data-driven systems offer innovative 

solutions: from automating diagnostics to forecasting pest outbreaks. In healthcare, IoT enables 

continuous patient monitoring via smart wearables, and sensor networks track vital signs. AI powers 

predictive analytics, robotic surgery, and enhances diagnostics. Data analytics extract trends and risks 

from large datasets. In agriculture, IoT supports precision irrigation, drone surveillance, and smart 

livestock monitoring. AI guides crop planning and market strategy. Case studies from India, Kenya, the 

Netherlands, and the USA showcase real-world results. This paper also addresses challenges—cost, 

digital illiteracy, ethical concerns, and infrastructure—and proposes solutions via public–private 

collaboration, policy alignment, and inclusive innovation. By integrating technology, ethics, and 

sustainability, the digital transformation of agriculture and healthcare can be scalable, inclusive, and 

impactful across the globe. 
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INTRODUCTION 

The global rise in population, climate unpredictability, increasing chronic disease prevalence, and 

food insecurity have placed healthcare and agriculture under massive stress. While sectors such as 

finance and education have been rapidly digitized, healthcare and agriculture have remained partially 

manual, often due to infrastructural and socio-political barriers [1–3]. 

 
However, as 21st-century challenges become 

more complex, digital transformation has become 
essential. 
 

Information technologies, such as IoT, AI, 
sensors, and data analytics, offer tremendous 
potential to revolutionize how services are 
delivered, risks are predicted, and outcomes are 
optimized in these domains. 
 

The objective of this study is to examine how 
these technologies are already impacting real-world 
systems, and how their adoption can be scaled to 
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meet national and global objectives. It covers the applications, integrated systems, challenges, case 
studies, and ethical aspects of adopting technological solutions in these crucial sectors. 
 
IoT IN HEALTHCARE AND AGRICULTURE 

IoT in Healthcare 

IoT devices in healthcare create a network of smart connected devices that gather and transmit real-

time health data. Applications include: 

• Remote patient monitoring (RPM): Devices such as wearables track the heart rate, blood oxygen, 
glucose, and activity. Data are transmitted to caregivers, reducing hospital visits and allowing for 

early interventions. 

• Smart beds and rooms: Beds embedded with pressure and motion sensors detect patient 
movement, breathing rate, and alert nurses during emergencies. 

• Telemedicine Intensive Care Unit Systems: IoT cameras and vital monitors allow remote 

specialists to guide ICU care in rural hospitals. 

• Smart Pill Bottles: These notify patients and doctors about missed doses. 

• Mobile Electrocardiogram Devices: Bluetooth-enabled portable ECGs send reports to doctors 

instantly. 
 

IoT in Agriculture 

IoT systems optimize farming operations through automation and precise environmental sensing: 

• Smart irrigation systems: Soil moisture sensors automate water release based on plant needs [4]. 

• Livestock monitoring: GPS-enabled collars monitor animal movement, temperature, and stress. 

• Field surveillance: Cameras and drones track crop conditions, detect pests, and identify 
anomalies. 

• Supply chain tracking: Radio-Frequency IDentification sensors on produce and packages help to 

trace food from farms to tables. 
 

SENSOR TECHNOLOGIES IN BOTH SECTORS 

Sensors in Healthcare 

Sensor technology provides non-invasive, continuous data that drives diagnosis and treatment: 

• Wearables: Smartwatches and fitness trackers measure heart rate, sleep, stress, etc. [5]. 

• Implantable sensors: Devices placed under the skin to monitor blood sugar, heart activity, or 

chemotherapy impact. 

• Environmental sensors: Hospitals use air quality sensors to maintain sterile ICU conditions. 

• Ingestible sensors: Capsules that transmit data on gut health and digestion. 

 
Sensors in Agriculture 

Sensors in farming optimize resource use and detect early signs of problems: 

• Soil sensors: pH, nitrogen, potassium, and phosphorus levels were measured to guide 
fertilization. 

• Climate sensors: Record rainfall, temperature, wind, and local weather risks. 

• Canopy sensors: Estimate crop maturity using reflectance and chlorophyll data. 

• Water sensors: Monitor aquaculture and irrigation tanks. 

 

ARTIFICIAL INTELLIGENCE AND DATA ANALYTICS 

AI in Healthcare 

Artificial intelligence in healthcare supports clinical decisions, enhances diagnostic accuracy, and 
manages population health more effectively [6–9]. 

 

Notable applications include: 

• Predictive analytics: AI models assess patient data to flag potential complications, such as sepsis 

or heart attacks, before symptoms appear. 
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• Medical imaging: AI algorithms interpret X-rays, MRIs, and CT scans, identifying tumors or 

fractures faster and sometimes more accurately than radiologists. 

• Robotic surgery: Systems such as the da Vinci robot enable precision surgeries with fewer 

complications and faster recovery times. 

• Electronic Health Record (EHR) insights: AI extracts structured data from unstructured notes 

using NLP (natural language processing). 

• Symptom checker chatbots: AI-powered virtual assistants handle millions of patient queries, offer 

pre-diagnosis advice, or schedule appointments. 

 

AI in Agriculture 

AI enables precision agriculture and decision-making in unpredictable environments. The key 

applications include the following. 

• Pest and disease prediction: Machine Learning models analyze weather patterns and satellite 

data to detect pest outbreaks before they spread. 

• Yield estimation: AI forecasts harvest amounts based on real-time plant growth, weather, and soil 

metrics [10]. 

• Autonomous farm equipment: Tractors, harvesters, and drones operate with minimal human 

input, identifying crops, applying fertilizers, and harvesting efficiently. 

• Weed detection: AI models distinguish between crops and weeds, allowing selective spraying 

and reducing chemical usage. 

• Market prediction: AI analyzes pricing data across regions to guide farmers on when and where 

to sell their produce. 

 

Role of Data Analytics 

Data analytics supports both sectors by turning raw information into actionable insights: 

• Healthcare: Data analytics reveals disease trends, helps in vaccine planning, and assesses 

hospital performance metrics. 

• Agriculture: Analytics dashboards help farmers track input/output ratios, crop Return on 

Investment (ROI), and environmental impacts. 

 

INTEGRATED SMART ECOSYSTEMS 

True digital transformation requires integrating various technologies into a single responsive 

ecosystem. 

 

Healthcare Integration Example 

Imagine a patient recovering from heart surgery: 

1. They wear smartwatches (IoT). 

2. Vitals are uploaded to the cloud. 

3. An AI system monitors trends and predicts risks. 

4. Doctors are notified through analytics dashboards. 

5. Data integrates with EHR and billing systems seamlessly. 

 

This smart ecosystem reduces human error, speeds up care, and improves outcomes. 

 

Agriculture Integration Example 

A precision farm uses: 

• IoT soil sensors, 

• AI-powered weather prediction, 

• Drones for surveillance, 

• Satellite data analytics, 

• Cloud-based farmer dashboards. 
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Together, they automate irrigation, crop selection, pest control, and market planning, all of which are 

accessible from smartphones. 
 

Integrated platforms also allow governments and NGOs to push tailored advisories, insurance 
options, and subsidies to farmers and clinics. 

 
ETHICAL AND LEGAL IMPLICATIONS 

With increasing digitization, there are serious concerns regarding data safety, consent, and fairness 
[11]. 

 

Data Privacy 

• Medical and farm data are sensitive. Data breaches can lead to identity theft, insurance fraud, or 
unfair pricing. 

• Global laws such as the GDPR (EU), HIPAA (US), and India’s Digital Personal Data 
Protection(DPDP) Act define how data must be collected, used, and protected [12, 13]. 

 

AI Bias 

• Algorithms must be trained on diverse datasets. Without proper representation, AI can make 
biased decisions, such as underdiagnosing conditions in underrepresented populations. 

 

Consent and Control 

• Both patients and farmers must know what data are collected, who can access it, and how it is 
used. Simple language and visual tools can help to explain consent agreements. 

 

Ownership and Transparency 

• Should the data belong to the individual, company, or government? Clear guidelines are required 
to avoid exploitation and lawsuits. 

 
CHALLENGES AND BARRIERS TO IMPLEMENTATION 

Even though the promise of digital transformation is strong, there are ground realities that hinder its 
adoption, especially in developing countries or remote areas. 

 
Infrastructure Gaps 

• Limited internet access: Many villages and farms lack reliable broadband or cellular coverage, 

making real-time data streaming difficult. 

• Power supply issues: IoT devices and servers require electricity. In rural areas with erratic 

supplies, technology is often unreliable. 
 

High Costs 

• Initial investment: Smart sensors, drones, and AI software are expensive. Small-scale farmers or 
public hospitals cannot afford these systems without subsidies. 

• Maintenance costs: These systems require regular updates, calibration, internet subscriptions, 

and technical services. 

 

Digital Literacy 

• Many end-users, especially elderly patients or farmers, are unfamiliar with smartphones or app-

based dashboards. 

• Language barriers make most tools unusable without local language support or visual interfaces. 

 

Resistance to Change 

• Fear of job loss: Healthcare staff or farm workers may worry that automation will replace their 

roles. 
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• Trust issues: Users often hesitate to trust machines over human decisions, particularly when their 

health or harvest is at stake. 

 
Fragmentation of Systems 

• Different technology providers have built incompatible solutions. For example, a hospital’s IoT 

beds might not synchronize with its health record software. 

• A farm’s irrigation system may not connect with its yield forecasting tool. 
 

Data Security and Ownership 

• Who owns the data—patients, doctors, farmers, or companies? 

• Without clarity, this can lead to misuse, exploitation, or legal conflict. 

 
CASE STUDIES AND REAL-WORLD APPLICATIONS 

Let us look at real, working examples from across the world that prove that these technologies are 
not just theories but realities with impact. 

 
India 

• Sanjeevani: A telemedicine platform used in government clinics. As of 2024, it has handled over 

120 million consultations. 

• Soil health card scheme: Uses sensor data to guide farmers on optimal fertilization practices, 

improve yields, and lower costs. 
 

Kenya 

• Arifu: A chatbot delivering agricultural advice in Swahili via SMS. Farmers using Arifu saw a 
30% increase in productivity and income [14]. 

• FarmDrive: Uses machine learning and mobile data to help smallholder farmers access credit 

based on productivity scores. 
 

The Netherlands 

• Lely milking robots: Robotic systems that milk cows autonomously, track their health, and 

optimize dairy farm operations. 

• Wageningen University Farms: Fully digitized farms that test smart irrigation, soil models, and 
AI-driven pest control [15]. 

 

United States 

• John Deere’s AI Tractors: Self-driving tractors that plant, spray, and harvest with minimal 

human oversight. 

• Mayo Clinic AI Tools: AI tools that read mammograms with higher accuracy than radiologists 

and support early cancer detection. 
 

Brazil 

• Agrosmart: A startup offering IoT and AI solutions to sugarcane, soybean, and coffee farmers to 
optimize water and fertilizer usage. 

 
Bangladesh 

• Aponjon: A mobile service that delivers maternal health messages to rural women reduces birth 

complications and increases antenatal care visits. 

 

FUTURE TRENDS AND INNOVATIONS 

The rapid evolution of technology has shown no signs of slowdown. Over the next decade, even more 

powerful, ethical, and accessible digital solutions can be expected across both agriculture and healthcare 

[16–18]. 
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Blockchain for Traceability and Security 

• Healthcare: Blockchain can encrypt and decentralize patient records, making them tamper-proof 

and accessible across institutions. 

• Agriculture: It enables the transparent tracking of produce from the seed to the shelf. Consumers 

can scan Quick Response codes and view where, how, and when their food is grown. 

 

Edge and Fog Computing 

• What is it? Instead of sending all the data to a central cloud, edge computing allows devices to 

process data locally. 

• Benefits: Reduce delays in time-sensitive operations, such as adjusting insulin dosage or stopping 

a malfunctioning drone. 

 

Federated Learning 

• Multiple devices can train AI models locally and combine them without uploading private data 

to a central server. 

• This protects user privacy in both medical and agricultural environments. 

 

AI Plus Genomics 

• Healthcare: AI will analyze individual genetic profiles to design personalized treatment plans, 

known as precision medicine. 

• Agriculture: Genetic data of seeds and soil microbes will be used to determine the best crop for 

each plot. 

 

Augmented Reality (AR) and Virtual Reality (VR) 

• Healthcare Professionals: AR-based surgical assistance overlays patient data during operations. 

• Farmers: AR apps can guide on-field decisions using smartphone cameras to identify pests, 

weeds, or plant diseases in real-time. 

 

Voice AI in Native Languages 

• Systems will use regional languages to communicate with farmers or patients, thus increasing 

accessibility across low-literacy communities. 

 

Green IoT and Sustainable Tech 

• Devices powered by solar, kinetic, or bioenergy to reduce dependency on non-renewable power 

sources. 

• Low-power chips and biodegradable sensors are becoming mainstream, particularly for outdoor 

agricultural applications. 

 

Integration with National Missions 

• Digital Health IDs in India and other countries are becoming standard. 

• Smart Villages and Digital Agriculture Missions embed AI/IoT systems in rural governance and 

education. 

 

AI-Powered Insurance and Microfinance 

• Risk prediction for health or crop loss will make insurance more accurate and affordable leading 

to inclusion of vulnerable populations. 

 

Global Collaboration Platforms 

• Cross-border databases for disease tracking, pest outbreaks, and yield forecasting will enhance 

global food and health security (Table 1). 
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Table 1. Digital innovation roadmap. 

Year Goal Action 

2025 Universal e-health and e-agriculture IDs Link citizens and farmers with national platforms securely 

2026 IoT penetration in 50% of primary clinics 
and farms 

Distribute subsidized kits and train local operators 

2027 Ethical AI governance in health and 
agriculture 

Establish regulatory sandboxes and audit frameworks 

2028 Interoperable platforms across sectors Merge data from agriculture, health, finance, and education for 
integrated planning 

2030 Smart rural clusters Create tech-enabled villages with smart clinics, farms, schools, 
and supply chains 

 

CONCLUSION 

We stand at a defining point in history, where digital transformation is no longer optional, it is 

essential. Healthcare and agriculture, two of the most human-facing sectors, are being reshaped by the 

IoT, sensor technology, artificial intelligence, and data analytics. 

 

These technologies bring: 

• Precision in treatment and crop care, 

• Predictive power for disease and pest outbreaks, 

• Transparency through real-time tracking, 

• Accessibility through automation and AI-driven support. 

 

But innovation alone is not enough. We must ensure that: 

• Technology remains ethical—Respecting privacy, fairness, and local context. 

• Tools are accessible—Designed with low-cost, local language, and low-literacy considerations. 

• Collaboration is central—It involves governments, farmers, doctors, tech firms, and 

communities. 

• Sustainability stays in focus—Integrating green solutions and ensuring environmental 

responsibility. 

 

With continued effort, responsible leadership, and inclusive design, these digital technologies will 

not just solve problems; they will empower people, equalize opportunities, and build a healthier, more 

resilient world. 

 

Recommendations and Way Forward 

To maximize the potential of IoT, AI, sensors, and data analytics in healthcare and agriculture, 

structured, inclusive, and proactive strategies are needed. The key recommendations for multiple 

stakeholders are as follows. 

 

Policymakers and Governments 

• Invest in infrastructure: Expand digital connectivity, 5G, and electricity in rural and underserved 

regions. 

• Subsidize adoption: Offers financial incentives for farmers and clinics to adopt smart tools, 

especially low-cost IoT kits and AI subscriptions. 

• Create unified platforms: Develop national health and agriculture data platforms that integrate 

devices, analytics, and user dashboards. 

• Mandate open standards: Ensure interoperability between systems and platforms to avoid vendor 

lock-in. 

• Launch literacy campaigns: Promotes digital literacy through village-level workshops and 

mobile training centers. 
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Technologists and Innovators 

• Design for the bottom of the pyramid: Build tools for low-resource environments, offline 

functionality, local language interfaces, visual instructions, and rugged hardware. 

• Focus on ethics and inclusivity: Prioritize privacy-by-design, transparency in AI models, and 

explainable systems for users to trust and adopt them. 

• Partner with domain experts: Working closely with doctors, farmers, and NGOs to develop 

practical, field-tested solutions. 

 

Academic and Research Institutions 

• Promote interdisciplinary R&D: Encourage collaboration between computer scientists, 

agronomists, doctors, sociologists, and environmentalists. 

• Launch field labs and innovation hubs: Test real-world prototypes in rural areas and create 

feedback loops with communities. 

• Publish localized impact studies: Generate evidence on ROI, productivity, health outcomes, and 

user satisfaction to attract public and private funding. 

 

NGOs and Civil Society 

• Act as tech bridges: NGOs can act as facilitators between tech providers and communities, 

translating, training, and supporting implementation. 

• Monitor fairness: Watchdog roles can help ensure that tools do not deepen inequality or violate 

rights. 

• Support women and marginalized groups: Ensure that technology is accessible to all, especially 

female farmers and rural women in healthcare contexts. 

 

Global Community 

• Create knowledge commons: Share datasets, open-source tools, and best practices across borders 

to accelerate innovation everywhere. 

• Fund south-south collaborations: Encourage partnerships between developing nations with 

similar challenges and ecosystems. 

• Support local startups: Provide grants, mentorship, and market access to small firms that build 

indigenous solutions. 

 

The path forward is clear: technology must not replace people but empower them—especially those 

who have historically been excluded from opportunity, health, and security. With strategic action and 

deep compassion, the integration of IoT, AI, sensors, and analytics can become a human revolution, not 

just a technological revolution. 

 

REFERENCES 

1. Zhu M, Ahuja A, Wei W, Reddy CK. A hierarchical attention retrieval model for healthcare 

question answering. In: Proceedings of the 2019 World Wide Web Conference (WWW’19); 2019 

May 13–17; San Francisco, CA, USA. New York (NY): ACM; 2019. p. 1–11. 

doi:10.1145/3308558.3313699. 

2. Gubbi J, Buyya R, Marusic S, Palaniswami M. Internet of Things (IoT): a vision, architectural 

elements, and future directions. Future Gener Comput Syst. 2013;29:1645–1660. 

3. Gao Y, Zeng S, Xu X, Li H, Yao S, Song K, et al. Deep learning-enabled pelvic ultrasound images 

for accurate diagnosis of ovarian cancer in China: a retrospective, multicentre, diagnostic study. 

Lancet Digit Health. 2022;4:e179–e187. doi: 10.1016/S2589-7500(21)00278-8. 

4. Kamilaris A, Kartakoullis A, Prenafeta-Boldú FX. A review on the practice of big data analysis in 

agriculture. Comput Electron Agric. 2017;143:23–37. 

5. Wang M, Xu C, Chen X, Zhong L, Wu Z, Wu DO. BC-Mobile Device Cloud: A blockchain-based 

decentralized truthful framework for mobile device cloud. IEEE Trans Ind Inf. 2021 

Feb;17(2):1208–1219. Epub 2020 Mar 31. DOI: 10.1109/TII.2020.2983209. 



 

Journal of Telecommunication, Switching Systems and Networks 

Volume 12, Issue 3 

ISSN: 2454-6372 

 

© STM Journals 2025. All Rights Reserved 28  
 

6. Wolfert S, Ge L, Verdouw C, Bogaardt MJ. Big data in smart farming – a review. Agr Syst. 

2017;153:69–80. 

7. Sirota SB, Doxey MC, Dominguez RM, Bender RG, Vongpradith A, Albertson SB, et al. Global, 

regional, and national burden of upper respiratory infections and otitis media, 1990–2021: a 

systematic analysis from the Global Burden of Disease Study 2021. Lancet Infect Dis. 2025;25:36–

51. doi: 10.1016/S1473-3099(24)00430-4. 

8. Fuentes-Peñailillo F, Gutter K, Vega R, Silva GC. Transformative technologies in digital 

agriculture: leveraging Internet of Things, remote sensing, and artificial intelligence for smart crop 

management. J Sensor Actuator Netw. 2024;13:39. doi: 10.3390/jsan13040039. 

9. Yadav D, Kamble M. A detailed survey on smart agriculture pest controlling system. Int J Eng Appl 

Sci Manag. 2023;4(12):1–8. 

10. Rolnick D, Donti PL, Kaack LH, Kochanski K, Lacoste A, Sankaran K, Ross AS, Milojevic-Dupont 

N, Jaques N, Waldman-Brown A, Luccioni AS, Maharaj T, Sherwin ED, Mukkavilli SK, Kording 

KP, Gomes CP, Ng AY, Hassabis D, Platt JC, Creutzig F, Chayes J, Bengio Y. Tackling climate 

change with machine learning. ACM Comput Surv. 2022;55(2):1–96. DOI: 10.1145/3485128. 

11. Krittanawong C, Johnson KW, Rosenson RS, Wang Z, Aydar M, Baber U, et al. Deep learning for 

cardiovascular medicine: a practical primer. Eur Heart J. 2019;40:2058–2073. doi: 

10.1093/eurheartj/ehz056. 

12. McKinney SM, Sieniek M, Godbole V, Godwin J, Antropova N, Ashrafian H, et al. International 

evaluation of an AI system for breast cancer screening. Nature. 2020;577:89–94. doi: 

10.1038/s41586-019-1799-6. 

13. Pietta A, Tononi M. Re-naturing the city: linking urban political ecology and cultural ecosystem 

services. Sustainability. 2021;13(4):1786. doi: 10.3390/su13041786. 

14. Neigel AR, Claypoole VL, Waldfogle GE, Acharya S, Hancock GM. Holistic cyber hygiene 

education: accounting for the human factors. Comput Secur. 2020;92:101731. 

15. Usha T, Neeral G. Informational privacy in the age of artificial intelligence: a critical analysis of 

India’s DPDP Act. Legal Issues Digit Age. 2023;2025:87–117. 

16. Pasha I. AI in pediatric and geriatric healthcare: A comparative review of innovations and gaps. J 

Publ Int Res Eng Manag. 2025;5(6):1–4. 

17. Sishodia RP, Ray RL, Singh SK. Applications of remote sensing in precision agriculture: a review. 

Remote Sens. 2020;12:3136. 

18. Narasimhan B, Srinivasan R. Development and evaluation of Soil Moisture Deficit Index (SMDI) 

and Evapotranspiration Deficit Index (ETDI) for agricultural drought monitoring. Agric For 

Meteorol. 2005;133(1-4):69–88. DOI: 10.1016/j.agrformet.2005.07.012. 


