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Smart Health represents the convergence of digital technologies, intelligent
systems, and connected healthcare environments to improve the quality,
efficiency, and accessibility of healthcare services. Ambient Artificial
Intelligence (Ambient AI) has emerged as a core enabler of Smart Health by
embedding context-aware, adaptive, and unobtrusive intelligence into clinical
and non-clinical healthcare settings. Ambient Al systems continuously sense,
analyze, and respond to multimodal data from patients, clinicians, and
environments without interrupting routine workflows. This review presents a
comprehensive and structured analysis of Ambient Al in Smart Healthcare
Systems, focusing on conceptual foundations, system architectures, enabling
technologies, and real-world applications. Key use cases include ambient
clinical documentation, smart hospitals, continuous patient monitoring,
telehealth, and assisted living. The review further discusses the benefits of
Ambient Al in enhancing clinical efficiency, patient safety, and personalized
care, while critically examining challenges related to data privacy,
interoperability, algorithmic bias, ethical considerations, and regulatory
compliance. Finally, future research directions are outlined to support the
scalable, trustworthy, and equitable deployment of Ambient Al as a
foundational component of next-generation Smart Health ecosystems. This
review is intended to provide researchers, practitioners, and policymakers with
a consolidated understanding of Ambient Al and its role in advancing smart and
sustainable healthcare systems.
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1 Introduction

Healthcare systems are undergoing a significant digital transformation driven by the need to deliver high-
quality care amid rising costs, an aging population, a chronic disease burden, and workforce shortages. The
concept of Smart Health has gained prominence as an integrated approach that leverages digital technologies,
data-driven intelligence, and connected environments to enhance healthcare delivery. Artificial Intelligence
(AI) plays a central role in Smart Health by enabling predictive analytics, automation, and decision support.

Conventional Al applications in healthcare often operate as standalone tools that require explicit user
interaction, manual data entry, or retrospective analysis. While effective, such systems can introduce
workflow disruptions and contribute to clinician burden. Ambient Artificial Intelligence (Ambient Al)
represents a paradigm shift toward seamless, context-aware intelligence embedded within healthcare
environments. Operating in the background, Ambient Al continuously observes, interprets, and supports
clinical and operational activities without demanding constant user engagement.

Ambient Al is derived from the broader field of Ambient Intelligence, which envisions environments that
are sensitive, adaptive, and responsive to human presence. In Smart Health contexts, Ambient Al integrates
sensing technologies, Internet of Medical Things (IoMT), machine learning, natural language processing, and
cloud-edge computing to deliver real-time, proactive, and personalized healthcare support. Examples include
voice-enabled clinical documentation systems, smart patient rooms, continuous vital sign monitoring, and
intelligent workflow orchestration.

Given the rapid expansion of Smart Health initiatives worldwide, there is a growing need to systematically
examine the role of Ambient Al in enabling intelligent healthcare ecosystems. This review aims to synthesize
existing research, highlight key applications, identify challenges, and outline future directions for Ambient Al
within Smart Health systems.

2 Ambient Al as a Core Component of Smart Health

2.1 Conceptual Foundations

Ambient Al in Smart Health can be defined as the deployment of Al-driven, context-aware computational
systems embedded in physical and digital healthcare environments to provide continuous, adaptive, and
unobtrusive support for healthcare delivery. Unlike traditional Al tools, Ambient Al emphasizes minimal
intrusion, real-time responsiveness, and seamless integration with clinical workflows and healthcare
infrastructure.

2.2 Characteristics of Ambient Al in Smart Health
Key characteristics that distinguish Ambient Al within Smart Health ecosystems include:
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Context awareness: Understanding patient status, clinician activity, and environmental conditions.
Ubiquity: Distributed intelligence across devices, rooms, and care settings.
Adaptivity: Dynamic learning and response to changing clinical and operational contexts.
Proactivity: Anticipating needs and risks rather than reacting to events.
e Interoperability: Integration with EHRs, hospital information systems, and [oMT platforms.
2.3 Architectural Overview
A Smart Health-oriented Ambient Al architecture typically comprises:
1. Sensing Layer: Wearables, ambient sensors, smart medical devices, microphones, and cameras.
2. Connectivity Layer: Secure communication via wired/wireless networks and IoMT protocols.
3. Data Management Layer: Edge and cloud infrastructure for data aggregation, storage, and
preprocessing.
4. Intelligence Layer: Machine learning, deep learning, NLP, and knowledge-based reasoning systems.
5. Application Layer: Smart Health applications such as dashboards, alerts, voice assistants, and
automated documentation tools.

3 Enabling Technologies

3.1 Internet of Medical Things (IoMT)

IoMT enables continuous data acquisition from connected medical devices and sensors, forming the
foundation for Ambient Al in Smart Health. Real-time physiological and environmental data allow proactive
monitoring and early intervention.

3.2 Machine Learning and Deep Learning

Advanced learning algorithms enable pattern recognition, prediction, and personalization in Ambient Al
systems. Deep learning techniques are particularly relevant for multimodal data fusion and complex temporal
patterns.

3.3 Natural Language Processing
NLP enables voice-based interaction and ambient clinical documentation by automatically transcribing
clinician-patient conversations and extracting structured clinical information.

3.4 Edge and Cloud Computing
Edge computing supports low-latency processing and privacy preservation, while cloud platforms offer
scalability and computational power for advanced analytics within Smart Health ecosystems.

4 Applications of Ambient Al in Smart Healthcare

4.1 Ambient Clinical Documentation
Ambient Al systems automatically generate clinical notes, reducing documentation burden and clinician
burnout while improving data quality.

4.2 Smart Hospitals and Intelligent Care Environments
In smart hospitals, Ambient Al optimizes patient flow, resource utilization, environmental control, and safety
monitoring.

4.3 Continuous Patient Monitoring
Ambient sensing enables early detection of deterioration, fall prevention, and infection surveillance in both
hospital and home settings.
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4.4 Telehealth and Remote Smart Care
Ambient Al enhances telehealth through passive monitoring, automated triage, and personalized virtual care
pathways.

4.5 Elderly Care and Assisted Living
Smart living environments powered by Ambient Al support independent aging, activity recognition,
medication adherence, and emergency response.

5 Benefits for Smart Health Systems

Improved clinical efficiency and workflow integration
Enhanced patient safety and quality of care

Reduced clinician cognitive and administrative burden
Support for personalized, preventive, and value-based care
Scalability across diverse healthcare settings

6 Challenges and Limitations

6.1 Data Privacy and Security
Continuous ambient data collection raises concerns regarding consent, confidentiality, and cybersecurity.

6.2 Interoperability and Standardization
Heterogeneous data sources and systems hinder seamless Smart Health integration.

6.3 Algorithmic Bias and Explainability
Bias in training data and lack of transparency may affect trust and equity in care delivery.

6.4 Adoption and Organizational Readiness
Successful deployment requires clinician acceptance, workflow alignment, and organizational support.

7 Ethical and Regulatory Considerations

Ethical deployment of Ambient Al in Smart Health requires adherence to principles of autonomy,
transparency, accountability, and human oversight. Regulatory frameworks must evolve to address
continuous learning systems and real-time decision support.

8 Future Research Directions
Future work should focus on explainable Ambient Al, privacy-preserving learning, standardized evaluation
frameworks, integration with digital twins, and deployment in low-resource Smart Health settings.

9 Conclusion

Ambient Artificial Intelligence is a foundational technology for Smart Health systems, enabling intelligent,
adaptive, and human-centered healthcare environments. While challenges remain, responsible design and
governance can unlock the full potential of Ambient Al to support sustainable and equitable healthcare
transformation.

Acknowledgments
We are grateful to two anonymous reviewers for their valuable comments on the earlier version of this paper.

Upasana, S., & Darbar, S. (2026). Ambient artificial intelligence in smart healthcare systems: Architecture,
applications, challenges, and future directions. International Journal of Health Sciences, 10(1), 60—65.
https://doi.org/10.53730/ijhs.vi0nl. 15904



64 E-ISSN: 2550-696X L

References

Ahmed, H., Al-Suhalil, G., & Abood, A. (2025). Next-Generation of Smart Healthcare: A Review of Emerging Al
Technologies and Their Clinical Applications. International Journal of Mechatronics, Robotics, and Artificial
Intelligence, 1(2), 94-103.

Alamri, M., Haseeb, K., Humayun, M., & Alshammeri, M. (2025). Al-embedded IoT healthcare optimization with
trust-aware mobile edge computing: M. Alamri et al. Scientific Reports.

Bhambri, P., Soni, R, & Tran, T. A. (Eds.). (2024). Smart healthcare systems: Al and IoT perspectives. CRC Press.

Camacho, D., & Novais, P. (2017). Innovations and practical applications of intelligent systems in ambient
intelligence and humanized computing. Journal of Ambient Intelligence and Humanized Computing, 8(2),
155-156.

Chakraborty, C., Bhattacharya, M. & Islam, M. A. (2026). Ambient Artificial Intelligence (Ambient Al)
undergoes clinical trial evaluation for clinical practice applications. International Journal of Surgery, 10-
1097.

Dutta, S. (2025). Al and IoT-based smart healthcare solutions in urban areas. Trends in Health
Informatics, 2(1), 18-26.

Esmaeili, M., & Toghraee, M. (2025). IoT Requirements for Smart Healthcare Systems Using Ambient
Intelligence.

Fogel, A. L., & Kvedar, ]. C. (2018). Artificial intelligence powers digital medicine. NPJ digital medicine, 1(1), 5.

Gabriellj, D., Prenkaj, B., Velardi, P., & Farallj, S. (2025, November). Al on the Pulse: Real-Time Health Anomaly
Detection with Wearable and Ambient Intelligence. In Proceedings of the 34th ACM International
Conference on Information and Knowledge Management (pp.4717-4721).

Islam, S. R, Kwak, D., Kabir, M. H.,, Hossain, M., & Kwak, K. S. (2015). The internet of things for health care: a
comprehensive survey. IEEE access, 3,678-708.

Khatun, M. A,, Memon, S. F,, Eising, C., & Dhirani, L. L. (2023). Machine learning for healthcare-IoT security: A
review and risk mitigation. IEEE access, 11, 145869-145896.

Naghib, A., Gharehchopogh, F. S., & Zamanifar, A. (2025). A comprehensive and systematic literature review on
intrusion detection systems in the internet of medical things: current status, challenges, and opportunities.
Artificial Intelligence Review, 58(4), 114.

Panayides, A. S., Amini, A, Filipovic, N. D, Sharma, A., Tsaftaris, S. A, Young, A, ... & Pattichis, C. S. (2020). Al in
medical imaging informatics: current challenges and future directions. [EEE journal of biomedical and
health informatics, 24(7), 1837-1857.

Park, Y., & Han, J. (2025). Smart home advancements for health care and beyond: systematic review of two
decades of user-centric innovation. Journal of Medical Internet Research, 27, e62793.

Roy, T., & Nahid, M. M. (2022, March). The iomt and cloud in healthcare: Use, impact and efficiency of
contemporary sensor devices used by patients and clinicians. In Proceedings of the 2nd International
Conference on Computing Advancements (pp. 426-434).

Sarkar, M., Lee, T. H., & Sahoo, P. K. (2024). Smart healthcare: exploring the internet of medical things with
ambient intelligence. Electronics, 13(12), 2309.

Shaik, T, Tao, X., Higgins, N., Li, L., Gururajan, R., Zhou, X., & Acharya, U. R. (2023). Remote patient monitoring
using artificial intelligence: Current state, applications, and challenges. Wiley Interdisciplinary Reviews:
Data Mining and Knowledge Discovery, 13(2), e1485.

Shumba, A. T., Montanaro, T., Sergi, L., Fachechi, L., De Vittorio, M., & Patrono, L. (2022). Leveraging loT-aware
technologies and Al techniques for real-time critical healthcare applications. Sensors, 22(19), 7675.
Solaiman, E., & Awad, C. (2025). Trust and Dependability in Blockchain & Al Based MedloT Applications:
Research Challenges and Future Directions. arXiv preprint arXiv:2501.02647.

Topol, E. ]J. (2019). High-performance medicine: the convergence of human and artificial intelligence. Nature
medicine, 25(1), 44-56.

IJHS Vol. 10 No. 1, April 2026, pages: 60-65



IJHS

E-ISSN: 2550-696X L 65

Biography of Authors

Ms. Sai Upasana

School of Health Sciences - College of Nursing Sciences, Dayananda Sagar
University, Bengaluru, Karnataka, India

Email: upasana.sai999 @gmail.com

Mrs. Sejal Darbar

Assistant Professor, Department of Mental Health Nursing, College of Nursing
Sciences, Dayananda Sagar University, Bengaluru, Karnataka, India.

Email: darbarsejal2012@gmail.com

Upasana, S., & Darbar, S. (2026). Ambient artificial intelligence in smart healthcare systems: Architecture,
applications, challenges, and future directions. International Journal of Health Sciences, 10(1), 60—65.

https://doi.org/10.53730/ijhs.vi0nl. 15904


mailto:upasana.sai999@gmail.com
mailto:darbarsejal2012@gmail.com

