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Introduction

The integration of edge computing into real-time biomedical systems represents a
significant advancement in healthcare technology, promising to revolutionize pa-
tient monitoring and diagnostic processes by enabling computation closer to the
data source. This paradigm shift is driven by the need for enhanced data process-
ing capabilities, reduced latency, and improved accuracy in critical medical appli-
cations. By bringing computational resources to the edge, systems can respond
more swiftly to emergent health conditions and facilitate more informed clinical
decisions. [1]

The medical internet of things (MIoT) stands to benefit immensely from edge com-
puting, particularly in applications involving the real-time processing of vital signs
for remote patient monitoring. An edge-based framework can effectively offload
complex computational tasks from resource-constrained wearable devices, lead-
ing to faster response times for critical alerts and bolstering data privacy. [2]

In the realm of medical imaging, edge computing offers a powerful solution for
real-time analysis directly at the point of care. Performing initial image processing
and anomaly detection on edge devices minimizes reliance on constant cloud con-
nectivity, thereby accelerating the diagnostic workflow for conditions that demand
rapid assessment and intervention. [3]

The management of large volumes of physiological data generated in intensive
care units (ICUs) presents unique challenges. An edge computing architecture de-
signed for this environment can facilitate immediate analysis of patient vital signs
and alarms, enabling quicker medical interventions and ultimately improving pa-
tient outcomes through decentralized data processing. [4]

Edge AI is emerging as a crucial technology for real-time anomaly detection in
wearable biomedical sensors. By enabling on-device machine learning inference,
edge devices can instantaneously identify potentially harmful physiological events,
significantly enhancing the responsiveness and effectiveness of telemedicine and
remote health monitoring systems. [5]

The application of edge computing within distributed biomedical sensor networks
is crucial for real-time data acquisition and processing. This approach is particu-
larly beneficial for applications such as continuous glucose monitoring, where low
latency and on-site data analysis are paramount for timely therapeutic adjustments
and the prevention of adverse health events. [6]

Implementing edge computing in real-time biomedical systems introduces a dis-
tinct set of security and privacy challenges. Addressing these requires the devel-
opment and deployment of lightweight cryptographic techniques and robust access
control mechanisms tailored for edge devices, ensuring the integrity and confiden-

tiality of sensitive patient data. [7]

Architectural design is a critical aspect of leveraging edge computing for real-time
cardiovascular monitoring. Edge nodes can be engineered to pre-process elec-
trocardiogram (ECG) signals, perform sophisticated feature extraction, and locally
trigger alerts, thereby alleviating the computational burden on central servers and
enabling faster responses to potential cardiac events. [8]

The convergence of edge computing and federated learning opens new avenues
for real-time disease prediction in personalized healthcare. This decentralized ap-
proach allowsmodels to be trained on edge devices using local patient data without
transmitting raw information, thereby preserving privacy and facilitating continu-
ous learning for enhanced predictive accuracy. [9]

Energy efficiency is a paramount concern for real-time wearable biomedical sys-
tems that utilize edge computing. Developing optimization strategies for computa-
tion offloading and intelligent resource management on edge devices is essential
to minimize power consumption, which is critical for enabling long-term continu-
ous health monitoring and ensuring the usability of portable medical devices. [10]

Description

Edge computing fundamentally transforms the landscape of real-time biomedical
systems by enabling distributed intelligence at the network’s periphery. This ap-
proach processes data closer to its origin, significantly reducing latency and en-
hancing the efficiency of critical healthcare applications. The capacity to bring
computation to the data source supports improved diagnostic accuracy and faster
responses, which are vital in time-sensitive medical scenarios. [1]

The medical internet of things (MIoT) is a key beneficiary of edge computing, par-
ticularly for continuous patient monitoring throughwearable sensors. Edge devices
can locally process streams of vital signs, enabling immediate alerts and actions
without the delay associated with sending data to a central cloud. This localized
processing also contributes to better data privacy by keeping sensitive information
on the device or at a nearby edge node. [2]

Medical imaging analysis benefits greatly from edge computing’s ability to perform
real-time processing at the point of care. Instead of transmitting large image files
to the cloud for analysis, edge devices can execute initial processing steps and
anomaly detection algorithms locally. This accelerates the diagnostic workflow,
especially for conditions requiring swift evaluation, and reduces the reliance on
constant network connectivity. [3]

In intensive care units (ICUs), where the volume and velocity of physiological data
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are immense, edge computing offers a robust solution. By decentralizing the pro-
cessing of patient vital signs and alarms to edge nodes within the ICU, real-time
analysis becomes feasible. This immediate insight allows healthcare providers to
intervene more rapidly, leading to better patient outcomes and a more proactive
approach to critical care. [4]

Edge AI plays a pivotal role in enhancing real-time anomaly detection within wear-
able biomedical sensors. Machine learning models deployed on edge devices can
perform inference locally, detecting potentially harmful physiological events as they
occur. This instantaneous detection capability is crucial for telemedicine and re-
mote health monitoring, ensuring that patients receive timely care even when they
are not in a clinical setting. [5]

Distributed biomedical sensor networks are another area where edge computing
proves invaluable for real-time data processing. For applications like continuous
glucosemonitoring, where immediate adjustments to insulin delivery might be nec-
essary, the low latency and on-site analysis provided by edge devices are essen-
tial. This enables proactivemanagement of chronic conditions and prevents critical
health events. [6]

The implementation of edge computing in real-time biomedical systems necessi-
tates addressing specific security and privacy concerns. Sensitive patient data
must be protected from unauthorized access and manipulation. Lightweight cryp-
tographic techniques and sophisticated access control mechanisms designed for
resource-constrained edge devices are critical to maintaining the integrity and con-
fidentiality of health information. [7]

Architectural considerations are key to designing effective edge computing plat-
forms for real-time applications such as cardiovascular monitoring. Edge nodes
can be optimized to pre-process complex data streams, like ECG signals, extract
relevant features, and trigger local alerts. This distributed processing model re-
duces the load on central servers and ensures rapid responses to potential cardiac
anomalies. [8]

Federated learning, when combined with edge computing, offers a privacy-
preserving approach to real-time disease prediction in personalized healthcare.
Models are trained collaboratively across multiple edge devices using local patient
data, without the need to aggregate raw sensitive information. This decentralized
learning enhances predictive accuracy while safeguarding patient privacy. [9]

Energy efficiency is a fundamental design consideration for edge computing in
real-time wearable biomedical systems. Optimization strategies for computation
offloading and resource management on edge devices are crucial to minimize
power consumption. This is vital for enabling long-term continuous monitoring and
ensuring the practicality and user-friendliness of portable medical devices. [10]

Conclusion

Edge computing is revolutionizing real-time biomedical systems by bringing com-
putation closer to data sources, leading to reduced latency and enhanced process-
ing capabilities. This technology is crucial for medical internet of things (MIoT)
devices, enabling faster remote patient monitoring and immediate alerts. Edge AI
facilitates real-time anomaly detection in wearable sensors, while edge process-
ing in medical imaging accelerates diagnostics at the point of care. In critical care
settings like ICUs, edge computing allows for immediate analysis of physiological
data, leading to quicker interventions. Distributed sensor networks also benefit
from on-site data analysis for applications like continuous glucose monitoring. Ad-
dressing security and privacy concerns with lightweight cryptography and access

control is paramount. Architectural designs for cardiovascular monitoring leverage
edge nodes for pre-processing and local alerts. Furthermore, federated learning
at the edge enables privacy-preserving real-time disease prediction. Energy effi-
ciency is a key focus for wearable biomedical systems utilizing edge computing,
ensuring prolonged device functionality.
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