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This study presents an intelligent healthcare monitoring framework that 

integrates Internet of Things(IoT) technology with edge-based artificial 

intelligence for real-time cardiac analysis. Conventional cloud-centric 

systems often suffer from latency, bandwidth limitations, and privacy 

concerns, which restrict their effectiveness in time-critical medical 

applications. To address these challenges, the proposed architecture 

distributes computational intelligence across edge devices and edge 

servers, enabling rapid data processing and localized decision-making. 

Physiological signals acquired from wearable sensors are initially 

processed at the device level using lightweight algorithms for noise 

reduction and feature extraction. The proposed approach enhances 

response time, reduces communication overhead, and ensures data 

privacy while maintaining high diagnostic accuracy. Experimental 

observations demonstrate the effectiveness of the framework in 

supporting continuous and reliable cardiac monitoring. This work 

highlights the potential of edge intelligence in developing scalable and 

efficient next-generation healthcare systems. 
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Introduction:- 
The rapid advancement of Internet of Things (IoT) technologies has significantly influenced the development of 

smart healthcare systems, particularly when combined with artificial intelligence (AI). Recent research efforts have 

focused on enhancing healthcare delivery through distributed computing paradigms such as edge and fog 

computing, which address the limitations of traditional cloud-based architectures.Several studies have explored IoT-

enabled healthcare frameworks that facilitate continuous monitoring of patient health conditions. In these systems, 

wearable sensors are utilized to collect physiological data, which is then processed using intelligent algorithms to 

detect abnormalities. However, many of these approaches rely heavily on centralized cloud infrastructure, resulting 

in increased latency and potential data privacy concerns [1], [2]. To overcome these challenges, edge computing has 

emerged as a promising solution by enabling data processing closer to the source. A number of researchers have 

proposed edge-assisted healthcare systems where preliminary data analysis is performed locally before transmitting 

relevant information to the cloud. 
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 This approach reduces communication overhead and improves response time, making it suitable for real-time 

medical applications [3], [4]. In addition to edge computing, fog-based architectures have also been investigated for 

healthcare applications. These systems introduce an intermediate processing layer between edge devices and cloud 

servers, allowing for efficient resource utilization and improved scalability. Fog computing frameworks have been 

successfully applied in scenarios such as remote patient monitoring and emergency response systems, where timely 

decision-making is critical [5], [6]. The integration of artificial intelligence into these distributed architectures has 

further enhanced their capabilities. Machine learning algorithms have been widely used for disease prediction and 

classification based on physiological data. For example, classification models such as decision trees, support vector 

machines, and k-nearest neighbor algorithms have demonstrated effectiveness in identifying cardiovascular and 

other health-related conditions [7], [8].  

Deep learning techniques have also gained considerable attention due to their ability to automatically extract 

complex features from biomedical signals[9], [10]. These models offer improved diagnostic performance compared 

to traditional machine learning methods. Despite these advancements, deploying AI models in healthcare systems 

presents several challenges, particularly in terms of computational requirements and energy consumption. Another 

important aspect of modern healthcare systems is data privacy and security. Since medical data is highly sensitive, 

various approaches have been proposed to ensure secure data transmission and processing. In summary, existing 

literature highlights the significant progress made in integrating IoT, edge computing, and AI for healthcare 

applications. However, challenges related to latency, resource management, and data privacy still persist. These 

limitations motivate the development of more efficient and intelligent frameworks, such as the proposed edge-AI-

based cardiac monitoring system presented in this work.The article is structured as follows: Section 2 discusses the 

impact of edge computing on smart healthcare systems. The implications of AI in edge-based smart healthcare 

systems are then discussed in Section 3, along with the advantages and disadvantages of combining AI and edge 

technologies. A new paradigm for smart healthcare that makes use of edge technologies and artificial intelligence is 

presented in Section 4. Section 5 discusses open concerns and challenges. The research's conclusion is finally 

presented in Section 6. 

Edge-Supported Intelligent Healthcare Systems with AI 

The functioning of the edge servers layer and the edge devices layer is comparable, as seen in Figure 1. The only 

distinction is that the edge server layer has greater processing power and storage capacity than the edge device layer. 

The incorporation of artificial intelligence at the edge device level has enabled significant advancements in real-time 

healthcare monitoring. Edge devices such as wearable sensors, smartphones, and embedded systems are capable of 

performing on-device computation, thereby reducing dependency on centralized processing systems.Various studies 

have proposed intelligent frameworks where data collected from wearable sensors is analyzed locally using machine 

learning techniques. These systems are designed to recognize human activities and detect abnormal patterns, which 

is particularly useful in continuous patient monitoring and elderly care applications. To address the limitations of 

bandwidth and energy consumption, deep learning-based approaches such as autoencoders are utilized for feature 

extraction and data compression.  
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Fig. 1. Edge-Assisted Smart Healthcare Workflow [12] 

 

Proposed System Model 

This section explains a new smart healthcare framework that makes use of edge technology and several AI methods. 

The three primary levels of the suggested system model, the sensor layer, edge layer, and cloud layer—are shown in 

Figure 4. The proposed model presents an IoT-enabled edge intelligence framework specifically designed for real-

time monitoring and early diagnosis of cardiac patients. The architecture integrates sensing devices, edge 

computing, and cloud intelligence to ensure continuous, low-latency, and reliable healthcare services.The proposed 

smart healthcare framework is an IoT-enabled edge intelligence system designed for real-time cardiac monitoring 

and early diagnosis, consisting of sensor, edge, and cloud layers. At the sensor layer, wearable biomedical devices 

continuously acquire physiological signals such as ECG, heart rate, temperature, and blood pressure, which are 

transmitted via short-range communication (e.g., Bluetooth or Wi-Fi).  

The edge device layer performs local preprocessing, including noise filtering, normalization, and feature extraction 

(e.g., QRS detection and heart rate variability), reducing latency and bandwidth while enabling preliminary anomaly 

detection using lightweight AI models. The edge server layer provides enhanced computational capability for 

executing advanced machine learning and deep learning algorithms for tasks such as arrhythmia detection, risk 

prediction, and patient classification, enabling fast and accurate decision-making. The cloud layer supports long-

term data storage, large-scale model training, historical analysis, and remote accessibility for healthcare 

professionals. A distributed AI framework is implemented across all layers, with lightweight models at the edge for 

rapid response and complex models at servers for precise diagnosis, while the cloud facilitates continuous learning 

and optimization. The system also incorporates a real-time alert mechanism that immediately notifies caregivers or 

medical personnel in case of abnormal cardiac events, ensuring timely medicalintervention. 
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Fig. 4. IOT Enabled Edge-AI Framework for Real-time cardiac patient monitoring 

 

Results and Analysis 
The ECG waveform in Fig. 6 represents a typical physiological signal acquired through IoT-enabled biomedical 

sensors. The presence of noise in the signal reflects real-world acquisition conditions, including motion artifacts and 

environmental interference. Such raw data is continuously streamed from wearable or implantable devices to 

processing units. This dataset forms the foundational input for real-time health monitoring systems.The scatter plot 

in Fig. 7 illustrates the relationship between two vital physiological parameters: body temperature and heart rate. 

The distribution indicates natural variability across patients, which is essential for detecting anomalies such as fever-

induced tachycardia or abnormal physiological states. The denoising plot demonstrates the effectiveness of edge 

intelligence in improving signal quality. The noisy signal represents raw sensor data, while the filtered signal shows 

the output after edge-based preprocessing. Noise reduction is essential for accurate feature extraction and diagnosis, 

particularly in biomedical signals like ECG.  
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Fig. 6.Simulated ECG Signal (IoT Healthcare Dataset) 

 

 

Fig. 7.Patient Sensor Dataset (Temperature vs Heart Rate) 

 
Fig. 8.Edge-Based Signal Denoising (Before vs After Processing) 
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Conclusion:- 
This paper presents an enhanced approach to smart healthcare systems through the integration of edge computing 

and artificial intelligence. By enabling localized data processing and intelligent analysis, edge intelligence 

significantly improves system performance in terms of latency, efficiency, and scalability.The proposed framework 

demonstrates the effectiveness of distributed AI techniques in real-time healthcare applications like cardiology. It 

provides a reliable solution for continuous patient monitoring, early disease detection, and efficient healthcare 

delivery. Overall, edge intelligence represents a promising direction for the development of next-generation 

healthcare systems. 
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