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1. Introduction


Technological advances, particularly in the medical field, have significantly improved patients’ quality of life. This progress has contributed to the increase in the elderly population, which has generated a growing demand for healthcare services. However, meeting this demand is often challenging due to high costs and staff shortages.



Digital transformation is fundamentally changing how healthcare services are delivered and managed. Integrating advanced technologies such as artificial intelligence (AI), automation, cloud computing, and the Internet of Things (IoT) are enhancing operational efficiency, reducing costs, and improving the quality of care. Within this context, Human Activity Recognition (HAR) has emerged as a key technology for intelligent and continuous health monitoring. The recent literature highlights the increasing role of deep learning in HAR, with models such as Convolutional Neural Networks (CNN), Long Short-Term Memory (LSTM), and Transformers achieving state-of-the-art performances in sensor- and vision-based applications [1,2]. These systems are utilized more frequently for fall detection, chronic disease monitoring, and care for the elderly population [3,4].



Despite these advancements, HAR faces challenges relating to generalizability, energy efficiency, and privacy. Many models are trained on datasets that were gathered in controlled environments, which limits their applicability in real-world situations [5]. Additionally, implementing HAR systems on resource-constrained devices requires lightweight and energy-efficient algorithms [6]. Ethical concerns, particularly relating to continuous monitoring and data privacy, are also gaining attention [7].



This Special Issue aims to tackle these challenges by presenting innovative research that bridges the gap between theoretical models and practical health applications. The selected articles demonstrate how HAR can be effectively integrated into clinical and home care settings, offering scalable and adaptive solutions to meet real-world healthcare needs [8,9,10]. This progress paves the way for smarter, more predictive, personalized, and participatory healthcare, where technology supports health professionals and enhances the autonomy and quality of life of patients, particularly older people and those with frailty.




2. Practical Applications and Benefits of Human Activity Recognition (HAR) in Digital Health


Human Activity Recognition (HAR) applications seamlessly integrate with digital health solutions, including telemedicine, and offer a wide range of concrete benefits:




	-

	
Vital Function Monitoring: Wearable sensors enable the continuous detection of vital parameters such as heart rate, blood pressure, and oxygen saturation, thereby improving the management of chronic conditions [11].




	-

	
Fall Detection and Emergency Alarms: Systems utilizing accelerometers, gyroscopes, and cameras can identify critical events, such as falls, and trigger automatic alarms to reduce the response time for intervention [12].




	-

	
Cognitive Assistance and Support for Frailty: HAR technology can assist individuals with dementia or cognitive disabilities by providing medication reminders, helping with daily routines, and monitoring behavior [13].




	-

	
Telemedicine and Home Care: Integrating HAR with telemedicine platforms facilitates remote consultations, allows for remote monitoring, and reduces the need for hospital visits.




	-

	
Traceability and Safety in Healthcare Environments: Sensors can track patients’ locations, helping to prevent unauthorized departures and enhancing safety within hospitals and nursing homes.




	-

	
Personalized Robotic Rehabilitation: Recent studies, such as the one conducted by Fiska et al. [14], have demonstrated the effectiveness of smart robotic gloves that are integrated with HAR technology for motor rehabilitation, leading to significant improvements in functional recovery.










3. Gaps in HAR Adoption


Despite significant advancements, Human Activity Recognition (HAR) continues to face several critical challenges that hinder its large-scale adoption:




	
Model Generalizability: There is a lack of standardized benchmarks and datasets that reflect the diverse conditions found in real-world healthcare environments. Most existing datasets are collected under controlled circumstances, which fail to capture variations in sensor placement, user behavior, and ambient noise.



	
Power and Computational Efficiency: Deploying HAR on wearable devices necessitates lightweight models that are optimized for low power consumption and minimal latency.



	
Limited Interoperability and Clinical Integration**: Many devices and systems are not fully compatible, complicating the integration of data from various sources. Promoting common standards and open platforms is essential to enhance communication between different technologies. Additionally, the integration into healthcare workflows remains limited, partly due to inadequate compatibility with electronic health records and other information systems.



	
Data Privacy and Security: The ongoing collection of sensitive data raises significant ethical and legal concerns. It is crucial to ensure compliance with regulations, such as the General Data Protection Regulation (GDPR), and to strengthen user trust.



	
Accessibility and Inclusivity: Solutions should be designed to be accessible for individuals with low digital literacy or disabilities.



	
Training of Healthcare Professionals**: The effective adoption of HAR technologies requires ongoing training and skill updates for healthcare professionals.








To address these challenges, the following steps are recommended:




	-

	
Encourage multidisciplinary research involving engineers, doctors, psychologists, and designers.




	-

	
Promote public policies supporting innovative health technologies through funding and incentives.




	-

	
Develop ethical governance models for using AI in healthcare, balancing innovation with protecting individual rights.




	-

	
Foster active participation from patients in developing and evaluating technologies to ensure that solutions are beneficial and centered around their needs.










4. Future Developments


The future of Human Activity Recognition (HAR) in healthcare encompasses the creation of adaptive, context-aware, and privacy-preserving systems. One promising direction is federated learning, which enables models to be trained across multiple devices without sharing raw data, thereby preserving user privacy. Transfer and self-supervised learning can also reduce the need for large labeled datasets, making HAR systems more scalable and generalizable.



Another key area to explore is multimodal and predictive HAR. By integrating data from diverse sources such as movement, voice, facial expressions, and physiological parameters, researchers can develop predictive models that anticipate critical events, such as falls, epileptic seizures, or clinical deterioration.



The evolution of natural human–machine interaction is also important. HAR systems will develop increasingly intuitive interfaces that are capable of understanding context and dynamically adapting to user behavior. This improvement will enhance the user experience and the effectiveness of assistance.



Integration with smart environments is another crucial development. Homes and healthcare facilities will become sensitive and responsive, automatically adapting to users’ needs to improve their comfort, safety, and autonomy.



Furthermore, the combination of HAR with digital twins and virtual reality environments has the potential to revolutionize personalized rehabilitation and remote care. These technologies can simulate patient-specific scenarios and provide real-time feedback, enhancing therapies’ effectiveness.



Finally, the creation of explainable AI models will be vital for earning the trust of clinicians and patients. HAR systems must be accurate, transparent, and interpretable. These advancements require interdisciplinary collaboration and a strong commitment to ethical design principles.




5. An Overview of the Published Articles


This Special Issue features 16 high-quality contributions that explore various aspects of Human Activity Recognition (HAR) in healthcare. Among them, two articles stand out for their methodological rigor and practical relevance:



Fiska et al. [14] investigated the integration of soft wearable robotic gloves for sensorimotor rehabilitation. These gloves have flexible sensors that capture hand movements and provide real-time feedback through an HAR-based control system. The authors validated their system through clinical trials with patients with motor impairments, demonstrating significant improvements in hand function and rehabilitation outcomes. This study highlights the synergy between robotics, wearable sensing, and AI-driven HAR, showing how such systems can personalize therapy and enhance patient engagement. The authors also discuss the system’s scalability for home-based rehabilitation, emphasizing its potential to reduce healthcare costs and improve accessibility.



Bibbò et al. [15] present a comprehensive HAR framework, designed to monitor the health of older adults using Micro-Electro-Mechanical System (MEMS) sensors and Internet of Things (IoT) technologies. The system integrates three AI models: Random Forest, Long Short-Term Memory (LSTM) networks, and Self-Normalizing Neural Networks (SNNs). These models were trained to classify four daily activities: grasping, arm circular movement, leg flexion, and walking. Among them, Random Forest demonstrated the best trade-off between accuracy and computational efficiency, making it particularly suitable for real-time applications. The study emphasizes low power consumption, robustness to variability in sensor placement, and scalability, making it ideal for deployment in home care environments.




6. Conclusions


The articles featured in this Special Issue highlight the dynamic and evolving landscape of Human Activity Recognition (HAR) in healthcare. With advancements in wearable sensors, integrated artificial intelligence, robotic rehabilitation, and virtual reality, the field is rapidly expanding its influence and reach. HAR is a strategic technology for developing a more innovative, more sustainable, and human-centered healthcare ecosystem.



The evolution of HAR requires a systemic approach based on interdisciplinary collaboration, responsible innovation, and active patient participation. Investing in these solutions is not just essential, but also a source of inspiration, motivating us to contribute to the progress of healthcare.
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