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Abstract: Health monitoring systems are increasingly vital in modern healthcare, demanding real-time data processing to ensure
timely patient care. Traditional cloud computing, while powerful, struggles with high latency and energy in-efficiency due to
centralized data processing [1]. Fog computing, by contrast, brings computation closer to data sources, promising reduced latency
and lower energy consumption [2]. This review examines the performance of fog computing in health monitoring systems, focusing
on latency reduction and energy efficiency compared to cloud-based solutions. Drawing from recent studies in reputable journals,
we analyze simulation-based evaluations, architectural designs, and empirical findings. The review reveals that fog computing
consistently outperforms cloud computing in latency-sensitive applications, often reducing delays by over 50% [3], and achieves
energy savings of 20-40% depending on configurations [4]. However, challenges like resource constraints and scalability persist,
necessitating further research.

Index Terms - Fog Computing, Cloud Sim, Latency Reduction, Energy Efficiency.

l. INTRODUCTION

The proliferation of Internet of Things (10T) devices in healthcare has transformed patient monitoring, enabling continuous tracking
of vital signs through sensors like electrocardiograms (ECGs) and wearables [5]. Cloud computing has historically supported these
systems by offering vast storage and processing capabilities [6]. Yet, as health data volumes soar—estimated at 25,000 records per
second in some 10T healthcare applications—centralized cloud servers face significant hurdles [7]. Latency, often exceeding 100
milliseconds in cloud setups, can delay critical interventions [8], while energy-intensive data transfers strain infrastructure [9].
Fog computing emerges as a decentralized alternative, positioning processing nodes at the network edge, near data sources [2]. This
proximity aims to slash latency and reduce energy use by minimizing data travel to distant servers [10]. This paper reviews fog
computing’s performance in health monitoring systems, emphasizing latency reduction and energy efficiency compared to cloud
solutions. We pose three guiding questions: How does fog computing lower latency? What energy savings does it offer? How do
these benefits impact system design?

I1. BACKGROUND AND MOTIVATION

Cloud computing’s centralized architecture excels in scalability but falters in real-time applications [11]. Studies highlight that
round-trip delays in cloud-based health systems can render data obsolete for time-critical tasks like heart attack detection [12]. Fog
computing, introduced by Bonomi et al. in 2012, ex-tends cloud capabilities to the edge, leveraging local nodes (e.g., gateways,
routers) to process data [2]. In healthcare, this shift is crucial, as delays of even seconds can be life-threatening [13].

The motivation for this review stems from the growing adoption of fog computing in health monitoring and the need to critically
assess its advantages over cloud systems [14]. Latency reduction ensures rapid responses, while energy efficiency supports
sustainable healthcare infrastructures—key concerns as loT devices proliferate [15].
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I1l. LITERATURE REVIEW

Recent research underscores fog computing’s potential in healthcare. Mutlag et al. (2019) explored fog computing in healthcare
0T systems, reporting a 50% latency drop compared to cloud setups, attributed to edge processing [3]. Their simulation study
used healthcare 10T scenarios to demonstrate responsiveness. Dastjerdi and Buyya (2016) highlighted energy efficiency in fog
computing, noting a 20- 40% reduction in energy use for 10T applications, including healthcare, due to localized processing [4].
Gupta et al. (2017) introduced iFogSim, a toolkit for simulating fog computing environments, showing its applicability in
healthcare for optimizing resource management [16].

Aazam et al. (2018) reported a 40% decrease in latency with fog computing in healthcare 4.0, enhancing both latency and energy
metrics [17]. Yi et al. (2015) compared fog and cloud paradigms, finding 20% energy savings due to reduced data transmission [18].

IV. FOG COMPUTING ARCHITECTURE IN HEALTH MONITORING

Fog computing integrates a three-tier architecture: edge devices (sensors), fog nodes (local processors), and the
cloud(storage/backup) [24]. Figure 1 illustrates this structure, showing data flow from sensors to fog nodes for real-time
processing, with only aggregated data sent to the cloud [25]. This contrasts with cloud-only systems, where all data travels to
remote servers, increasing latency and energy costs [11].
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Fig. 1 Block Diagram of Fog Computing Architecture in Health Monitoring.

Task offloading is pivotal in fog systems. Kumar and Vaze (2020) demonstrated that offloading computational tasks to fog
nodes cuts execution time by 30-40% [10]. Local processing also reduces bandwidth demand, a critical factor as health data grows

[16].
V. PERFORMANCE METRICS: LATENCY REDUCTION

Latency is a cornerstone of health monitoring efficacy. Table 1 summarizes simulation results from key studies, showing fog
systems achieve significant latency reductions compared to cloud setups [3], [17]. Mutlag et al. (2019) reported a 50% latency
reduction in healthcare 10T scenarios, while Aazam et al. (2018) noted a 40% decrease in healthcare 4.0 applications [3], [17].

table 1: latency comparison between fog and cloud computing

Study Configuration Fog Latency (ms) Cloud Latency (ms) Reduction (%)
Mutlag et al. (2019) Healthcare loT 10.0 20.0 50
3]
Aazam et al. (2018) Healthcare 4.0 12.0 20.0 40
[17]
hukla et al. loT 8.0 15.0 47
Monitoring
(2019) [20]
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V1. PERFORMANCE METRICES: ENERGY EFFICIENCY

Energy Consumption Comparison: Fog vs. Cloud
Across Reduction Scenarios

20% Reduction 30% Reduction 40% Reduction

Energy Consumption (Units)

Energy Reduction Scenario

# Cloud Energy Consumption (Units) 8 Fog Energy Consumption (Unats)

Fig. 2 Bar Chart of Energy Consumption (Fog vs. Cloud).

Energy efficiency is critical, given IoT devices’ battery constraints [9]. Figure 2 compares energy consumption, highlighting fog’s
advantage: Dastjerdi and Buy-ya (2016) report a 20-40% energy reduction in fog systems compared to cloud setups [4]. Aazam et
al. (2018) note reduced network usage with fog, contributing to energy savings [17].

This efficiency arises from reduced data transmission [18]. Chen et al. (2022) found a 30% energy drop in fog-based telemedicine
[22], though node density can offset gains [16].

Fog computing and cloud computing each offer distinct advantages for health monitoring systems, with their suitability depending
on specific application requirements. Table 2 provides a comparative analysis of fog and cloud systems across key metrics,
synthesizing findings from the literature to highlight their strengths and trade-offs.

table 2. comparative analysis of fog and cloud computing for health monitoring

Metric Fog Computing Cloud Computing References
40-50% Higher (e.g., 1520 ms) [3], [17], [20]
Latency reduction (e.g., 8-12 ms)
Energy Efficiency 20-40% less (e.g., Higher (e.g., 100 units) [4], [22]
60-80 units)
Storage Limited (local storage at Unmatched (vast, centralized [6]
edge) storage)
. Moderate (constrained by High (scales with server [6], [23]
Scalability node capacity) infra-structure)
Vulnerable (distributed More secure
Security nodes) (centralized, robust [23]
measures)
Cost Lower (red_uc_ed data Higher (bandwidth, server 18], [24]
transmission) costs)

VII. CONCLUSION

Fog computing transforms health monitoring systems by significantly reducing latency and enhancing energy efficiency
compared to traditional cloud-based approaches. Studies demonstrate that fog systems can achieve latency reductions of 40-50%,
facilitating swift responses essential for patient care, while cutting energy consumption by 20-40% through edge-based processing
[3], [4]- These benefits overcome critical drawbacks of cloud computing, such as prolonged latency and high energy demands,
positioning fog as a vital solution for real-time healthcare needs. Nevertheless, challenges including limited resources and scalability
issues warrant further exploration. The evidence highlights fog computing’s substantial promise, suggesting it could become a
foundational element in developing responsive, sustainable health monitoring infrastructures moving forward.
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