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ABSTRACT

Real-time surveillance, predictive diagnosis, informed judgement are changing healthcare of Al and
MIoT. Technology-blend models contribute to this development. Nevertheless, the [oT devices produce
high sensitive patient data that implicates privacy, security and scalability issues. To provide an Al
safeguards and effective patient monitoring mechanism in burgeoning MIoT AICT, we introduce edge-
centric federated learning with differential privacy for the purpose of realistic cost-effective safe patient
monitoring. Patient entries are saved to (and reside with at) the network edge in built-in bedside or [oT
devices. In the mean time, in cooperative nodes parametersized are learned by training of non-raw-data
transmitting models through the proposed system. Unsurprisingly, differential privacy affords shared
model updates tuned noise. Edge computing improves the quality of remote patient care due to limited
bandwidth requirements, supports always-on/low-power operation and ensures low latency. The proposed
method is tested on real healthcare datasets in terms of accuracy, privacy and computational efficiency.
These results indicate that edge-optimized federated learning can actually improve prediction and achieve
communication efficiency at the same time as it fights privacy concerns. The goal of this project is to have
a permanent and scalable solution for patient privacy in future healthcare systems without compromising

the monitoring safety. The proposed approach paves the way for federated AI models in IoT.
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1. Introduction

Al and MIoT are revolutionizing health care.
MIoT is a system of medical devices and
sensors which monitor patients with a variety of
health readings that are delivered, transmitted,
and processed on an ongoing basis [1]. The
MIoT equipment is capable of patient
monitoring, early diagnosis, and treatment for
the individual. Al platforms process complex
data, detect patterns, anticipate medical results
and influence clinical decisions for improved

healthcare [2].

Despite these progresses in health technology,
integrating Al into MIoT ecosystems is still
problematic as it pertains to securing sensitive
health information. When AI systems are
implemented in health care, the costs of
collecting data and problems creating a
centralized cloud can cause considerations for
bandwidth, latency, threat to security, risk for

“Data Breach” and challenges with HIPAA and
GDPR compliance [3].

1.1 Background

Federated Learning (FL) is a promising solution
for addressing these issues and has been
proposed as an acceptable privacy-preserving
machine learning model. In other words, FL
allows multiple devices to collectively train a
model without uploading data to the server.
Instead, each device is trained to process on
user’s own data and submit only the weight
model update to server, which will help in
minimizing the privacy exposure. But weight
modifications may leak receiver data under

adversarial scenarios [4].
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First, we consider the case when DP is also
applied with FL for privacy. DP injects
controlled noise to the weights update in order
to reduce the influence of any single data point.
FL and DP overcome computational and
performance issues without compromising
patient data, algorithmically processing near the
source in real-time through edge computing.
Such technologies greatly improve the outcome

of patients as well as enable the use of

healthcare Al [5].

The rapidly advancing Medical Internet of
Things (MIoT) technology enables continuous
patient monitoring and individualized therapy.
However, real-world healthcare systems
confront significant problems when integrating
this technology. Secure, scalable, and privacy-
preserving data management across dispersed
edge devices is crucial. Federated learning (FL)
may enable decentralized model training, but it
requires further optimization, particularly in
resource-constrained situations, such as MloT
edge devices. Due to the continual sharing of
sensitive medical data across devices and
networks, federated learning systems must also
protect patient privacy. This study proposes an
edge-optimized federated learning architecture
that uses differential privacy to protect and
enhance patient monitoring in Al-driven MIoT
healthcare systems. Our technique overcomes
edge device restrictions, such as processing
power and connectivity,

while protecting

privacy.

1.2 Inspiration
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Secure, scalable solutions are needed to
safeguard sensitive patient data for real-time,
Al-powered health services. Federated learning
with differential privacy at the edge is a novel
method to secure, privacy-focused remote

patient monitoring in MIoT systems [6].
1.3 Challenges

e Federated learning presents privacy
risks, but it mitigates potential leakage
from shared model updates.

e Edge devices have limitations in terms
of processing power and memory
constraints, which can be detrimental to
model performance.

e Many existing approaches lack
scalability and are impractical in real-
world environments for continuous
low-latency patient monitoring.

e Communication overhead remains a
challenge in resource-constrained
MIoT [7].

e Enabling regulatory compliance while

Al-driven

allowing for real-time,

decisions remains a challenge.
1.3 Objective

e An edge-optimized federated learning
framework is presented, incorporating
differential privacy for secure patient
monitoring in MIoT-based systems.

e This framework ensures data remains
local while minimizing cost and
communication overhead.

o The wvalue of this framework is

demonstrated through experimental

21(1) 1315-1336, 2026
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evaluations that report on accuracy,

privacy, and resource cost.
2. Related Works

The following are methods of Al-driven
cybersecurity safeguards for private patient
data, including the dependence on electronic
health record systems of contemporary
healthcare, such as adaptive learning and real-
time threat detection. Mobile devices with
minimal resources could increase their privacy
by using TML, federated learning, and
differential privacy, which enable local data
analysis. Regarding the wuse of artificial
intelligence, fog and edge computing address
bandwidth and latency issues. Modern models
include edge-optimized and cloud-native
systems that improve the accuracy of disease
Safe  collaboration

prediction. across

geographically scattered healthcare data
sources is made possible by federated learning

frameworks that safeguard user privacy.

2.1 Modern Electronic Health Record
Systems (EHRs)

Nankya et al. [8] cover the transition from paper
records to EHRs in this article, providing a
comprehensive overview of the current status of
e-health systems and the various components
and applications that enable them to function
effectively for patients and doctors. Protecting
sensitive health data is of the wutmost
importance, and new trends in Al-driven
cybersecurity for e-health are the main focus.
Al's capacity for scalability is revolutionising
E-health

system security, real-time threat

response, enhanced pattern recognition,
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continuous  monitoring, and predictive

analytics. Adaptive learning algorithms,

anomaly detection, and automated

countermeasures are ways that artificial
intelligence (AI) improves data security by
making threat detection and response more

efficient and accurate.
2.2 Tiny Machine Learning (TML)

Aanjankumar et al [9] state that to improve the
privacy and security of healthcare data on
mobile devices with limited resources, this
study suggests a new method that combines
TML, FL, and DP (differential privacy). The
proposed TML model analyzes patient data
directly on handheld devices, enabling real-
time analysis with low resource consumption.
The data is composed of ECG signals and the
corresponding cardiac arrhythmia annotations.
Federated learning enables model training on
local devices, with the model parameters
aggregating at a central location while raw
sensitive data resides on wuser devices.
Differential privacy adds artificial noise into
the data making sure you get security and
protection from malicious attacks without

loosing value of the data.

2.3 Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)

The benefits of cloud growth closer to looking
glass has also been confirmed by Alsadie [10],
who having processed data nearer to site with
the expansion of cloud, improves the capacity
and overcomes more latency and bandwidth in
traditional cloud-service models. However, it
is non-trivial to

integrate Al into fog
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computing, especially regarding the resource
management and the security/privacy. When
reviewing Al applications in fog environments,
this work complies with PRISMA to guarantee

a complete analysis.

2.4 Cloud-native
model (CN-EOM)

& Edge-optimized

The application by Mahalingam et al [I1],
which can be utilised as a decision support
system for the prognosis of heart disease, is
examined in this study. Both CN-EOM
deployment options are covered. With the help
of a feature selector called MIST-CC and a
regularizer called STIR, the program includes a
customized  prediction pipeline  called
ClassifylT, featuring a bespoke neural network
architecture called IPANN. On the Cleveland
dataset, ClassifyIT provided an accuracy of
87.16%, as opposed to a standard deep
network's 78.80%. The accuracy of the deep
network was demonstrated to increase to
81.97% when the MIST-CC feature selection
method was used, and to 85.54% when STIR

was added.
2.5 Privacy-Preserving Edge FL (PPE-FL)

The authors Aminifar et al. [12] state that
Machine learning (ML) algorithms are often
designed for situations where all the data is
stored in a single data center, where training is
carried out. However, in many applications,
such as those in the healthcare industry, the
training data is dispersed among multiple
entities, such as hospitals or patients’ mobile
devices/sensors. However, moving the data to a

central location for learning is not an option
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because of privacy and legal reasons, as well as
because of the overhead associated with
and communication in

computing some

situations. The most advanced collaborative
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model across several parties with local data
samples without sharing them is called FL. A
PPE-FL framework for wearables and mobile

health with limited resources using IoT

machine learning technique for training an ML infrastructure.
Table 1: Overview of existing methods
Method Key Focus Technology/Approach Use Case / Benefits
Application

Modern Secure Al-driven cybersecurity Protecting Real-time threat
Electronic management of (adaptive learning, patient data in detection,
Health Record sensitive health anomaly detection) EHRs scalable security
Systems data
(EHRs)
[Nankya et al.]
Tiny Machine Privacy and Combination of TML, Real-time Low  resource
Learning security on Federated Learning (FL), analysis of consumption,
(TML) resource-limited and Differential Privacy ECG, cardiac local data
[Aanjankumar  devices (DP) arrhythmia privacy
etal.]
PRISMA Comprehensive ~ PRISMA systematic Al Addresses
Methodology in review of Al in review methodology applications in latency,

Fog Computing
[Alsadie]

Cloud-native &
Edge-
Optimized
Model
EOM)
[Mahalingam et
al.]

(CN-

fog computing

Heart  disease

prognosis

Feature selector (MIST-
CC), regularizer (STIR),
custom neural network
(IPANN)

Privacy- Distributed ML Federated Learning for
Preserving Edge with privacy wearables and mobile
Federated preservation health [oT

Learning (PPE-

FL) [Aminifar

etal.]

fog computing
environments

Prognosis
prediction on
the Cleveland
dataset

Collaborative
model training
across
distributed
data

bandwidth, and
security issues

Improved
accuracy (up to
87.16%)

Data
reduced
communication

privacy,

overhead

This paper highlights innovations in healthcare
IT, focusing on solutions that protect patient

privacy while managing sensitive data. Al

1319

offers additional cybersecurity by continuously
monitoring and identifying anomalies, while

TML and federated learning enable efficient
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distributed analysis on constrained devices.

With fog and edge computing, Al
functionalities can be brought closer to the data
sources incorporating low latency. Custom
models for edge and cloud also contribute to
higher accuracies in diagnosis. Federated
learning systems can preserve privacy and
facilitate the joint training of models across
facilities in

distributed healthcare even

scenarios where legal restrictions and/or

resource limitations exist.
3. Proposed methodology

By providing real-time patient monitoring
under the security of edge computing, federated
learning, and differentiated privacy, these
technologies, taken together, are transforming
competent healthcare. While MIoT devices
offer significant volumes of sensitive data,
traditional centralised Al models risk
confidentiality and scalability. The suggested
system provides a secure, efficient framework
for Al-driven healthcare using distributed
training at the

edge, privacy-preserving

21(1) 1315-1336, 2026
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techniques, and federated aggregation.
Emphasising how modern healthcare systems
may be intelligent and private, the following
illustrations  depict the basic system
architecture, differential privacy at the edge,
and the full data flow from sensor collection to

Al-powered decision-making.

3.1 Edge-Optimized Federated Learning

Framework

The proposed architecture enables direct
distributed model training on edge devices,
such as wearable sensors and bedside monitors.
Instead of raw patient data being uploaded to a
central server, models are trained locally, and
only the updated parameters are communicated.
This frees bandwidth, decreases data
transmission, and enhances real-time analytics.
It is especially relevant for MIoT situations
where low-latency and low-power operation are
patient health

necessary for continuous

monitoring in remote or resource-limited

environments.
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Figure 1: Federated Pulse: The Heartbeat of Edge Al in Smart Healthcare

Figure 1 Fedrated learning system within a
smart healthcare system The basic architecture

of a fedrated learning is presented in Fig. It

1321

illustrates how edge device data training (e.g.
wearable health monitors or bedside sensors)

can be achieved by local patient data, without
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transferring raw data to a central server. Instead,
we forward only encrypted and noise-added
model updates through secure channels to a
federated cloud server that accumulates these
updates for improving the global Al model.
Then the updated model is back to every edge
device for continuous learning over network.
This configuration enables real-time decision-
making, minimizes bandwidth utilization, and
respects patient privacy. Smart hospitals and
remote care facilities find the distributed,
scalable architecture perfect because it permits
customized  diagnostics and  treatment
recommendations while preserving sensitive
patient data within localized systems. An
essential need in modern Al-driven healthcare
systems, the design combines low-latency
operation, performance, and privacy in a

harmonic balance.

A + b4m+1(®)

COSQiA=W+t'(9 +1(p)
) 2a?
—ty(a’) + 2m)! (D

Possibly modelling iterative revisions A +

p*m+1(®) {4 the model (2m + 1)! or signal

transformations, equation (1) shows (2 5

representation  incorporating  angular

elements (cosa + A), factorial-based

definitions, and differential equations
elements t'(6 + 1¢). It aims to show
tm(a’) connected to noise testing gradient

updates.
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@ p(a)
a) 9(a )+( —z0)™
o (enen)’
- (z—2z0)m
1
+% (2)

Equation (2) represents (()) privacy-

preserving slope aggregation (z — z0)™

reflects

where the denominator

sensitivity scaling around limg(a) and
¢(a)
(z—z0)™

and (c,4+1)’. This signifies local

functions of the model and noise terms..

LU 1 20+2'+17
CEom T @ z?2
1
Le-—)
*23( 1+ a? ®)

In federated learning, equation (3) seems to
!
construct a ¢ + # differential changes

operate % scaled by an edge % and data-

2(1+z) +1M

dependent variables ( ) to control

injection. It supports the improvement of
low-latency patient assessment in MIoT
systems.

3.2 Privacy Preservation via Differential

Privacy

Calibrated noise is included in model updates

before dissemination, providing robust
protection of sensitive health data through
differential privacy. This prevents reverse
engineering of particular patient information

from model gradients. Maintaining model


http://www.thebioscan.com/

AN INTERMATIONAL QUARTERLY JOURNAL OF LIFE SCIENCEE

accuracy, the system achieves privacy

requirements by striking a balance between
utility and privacy. As healthcare systems get

increasingly data-driven, this method supports

J

Q92

[]

Edge Device
Processor

[E

3
O

Local Model
Training Loop
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legal and ethical compliance by preserving
patient rights and thereby fostering trust in
smart health technology.

Laplace or Gaussian

Gradient
Computation

Noise

! ; Add Differential

Privacy

o Transmit Noisy
- Gradients to
I B Federated Server

Securely

Figure 2: Privacy by Design: Shielding Health Insights at the Edge

Figure 2 presents a focused view of a
differential privacy (DP) application among
edge devices of a federated learning system.
Once patient data has been collected and
preprocessed, the local model on each device
creates gradients or weight changes during
training. Before the federated server receives
these

modifications, a privacy-preserving

method injects calibrated noise into the
parameters, typically using a Gaussian or
Laplacian distribution. This procedure ensures
that sensitive information about the patient

cannot be inferred or recovered from any

1323

public update, even if one is an inquisitive or
compromised server. The next loud updates are
then forwarded to the cloud for aggregation.
Through this local DP-based computation, the
solution fulfills the most demanding data
protection regulations,

HIPAA and GDPR, while preserving both

including those of

accuracy and utility of the AI model thus

guaranteeing  high  security  standards.

Innovative healthcare systems can grow
responsibly without compromising patient
confidentiality by utilizing a privacy-by-design

approach.
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dosm _ [.(P , 2lp p?
a6+ %) e
ml
4
(x2 —x)x{nﬂ ®
Incorporating privacy 2n >, interactions

l .. )
2?[)), and positional data in

cost (I (g +

federated learning, equation (4) models a

!

differential function This

( o= x)xm+1

corresponds with the suggested approach

that demonstrates optimal, safe, and

energy-efficient learning in MlI-based

patient monitoring systems.
f‘” 1 , f“ 1
2med ™ T ) Imr1

x+g(x+1) (5)
Equation (5) showsa [

+(z% +z%)

— aw integral-

based privacy-utility trade-off model

o

differential privacy boundaries and (z2 +

wherein + (2% + zY)refers  to

2m+1

z*) denotes a shifted local model function

glx+1)

circumstances.

assessed  under  distinct
It expresses maintaining
optimum usefulness without sacrificing

patient data privacy.

0(a) —a™t® +q
- (z—z0)m (1—a)!
1
—— (6
Toam ©
Equation (6) captures how iterative

contribution (1 — a)!" and privacy scaling

affects  gradient updates, privacy-

21(1) 1315-1336, 2026

1324

www.thebioscan.com

o B(a)
Z—

reserving operations
P g op p—

over a

—gqm+e

singularity at + a. It theoretically

models cumulative noise infusion and

convergence behaviour in federated

learning monitoring.

exp = g(a)da * 28j(cy + ¢, + ¢3)

p?
7
p6+1()

+ Res

Combining ranked coefficients (exp) and a
residual privacy control 26j, sensitivity
g(a)da, and data variance in equation (7),
thereby the

defining (co+c+

c3) exponential vital of the local model

the suggested approach of measuring

privacy noise, guaranteeing real-time

observation of patients.

1 _ g d2 + 1
Rlimdz > 6c | 6d3
*(Co+C1+Cz)
Z
dx(2m+1)' (8)

Reflecting communication dx(2m + 1)!

and computation costs, equation (8)

describes the inverse of a limiting

1
R'limdz

. di . . . .
resistance (dy * 6—615) in terms of differential
k

slopes (%), local coefficients ((cy + ¢; +

c,)), and the scaling distortion term (%). It

guarantees safe and scalable federated
learning through local model modifications

and enhanced communication efficiency.
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The design is intended to span a large network of medical IoT devices, free from central bottlenecks.

Edge computing resources help reduce the load on cloud servers and enable parallel training across

multiple edge nodes. Actual data tests reveal minimal latency, excellent forecast accuracy, and efficient

bandwidth and energy usage. This scalable approach is fundamental for supporting large-scale

deployment in smart hospitals and telemedicine systems.

Heart Rate ECG
., o Data Preprocessing
4 Signal Filtering
Patient Vital |:>
Sensors
Data
Normalization

Local Training

Evaluation

Edge Device
Model

Server Aggregates

All Edge Model —

Updates

!

Global Model

Distributed to All =3 to Edge Devices for

Edge Devices

Add Differential
Privacy

Send Noisy
Update to )
FL Aggregator |

Real-time Feedback

Inference

Figure 3: Vital Loops: From Sensors to Smart Decisions

Stressing the dynamic feedback loop between
patients and edge intelligence, Figure 3 records
the end-to-end data flow in an Al-powered
MIoT healthcare environment. Starting with
sensor devices that track critical signs, such as
ECG, levels, and heart

oxygen rate,

preprocessing modules standardize and clean

1325

the data. Edge-based Al models, based on
localized training and inference, build on this
improved data.  Differentiated  privacy
techniques ensure security and privacy before
the central aggregator distribution of updates.
The federated server generates a powerful

global model by gathering these disorganized
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updates from many nodes. This model is then
sent to the edge devices, improving future
prediction accuracy. Although the system learns
continuously from remote sources, the feedback
loop enables early diagnosis, real-time alerts,
and adaptive treatment responses. Under this
cycle, which forms the operational foundation
of intelligent, patient-centric healthcare,
responsiveness, privacy, and personalization

are equally appreciated.

2

C, = resp6p+ 1 +((=012)+mi
I (1) 8)
d+2 2P \6i

Equation (8) specifies C; as a complex-

valued communication containing a i +

3 2

a°1 . . p
——residual anonymi m (r
7o, fes dual anonymity te ( €s et

indexed layer donations ((I = 0,1,2)), and

model-specific

20m (3)

suggested approach of modelling in

parameters  involving

This corresponds with the

federated learning, which is essential for

preserving patient data security.

1 %
—) A= + [a® + 1] — 1(c?™(m))
(L) 3 (é)

+(=m)" (9)
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Equation (9) represents (—m)" a

complicated differential change (%)A

including privacy scaling ﬁ, complex
61

model terms (a® + 1), and a power-based
adjustment (1(c?™*1())). It guarantees

model convergence on federated learning

by collecting complex-valued
modifications.
xdx j2+a?
FmR = x2+2x+2 + 4m — 1!
am+1
- a—2z)
—la—2)'
N+1
+ (10)
|z
Reflecting complicated interaction
m+1
dynamics = and model parameters

N
|(a — 2)'|, equation (10) predicts Z—H. The
q p Iz
probabilistic function P.mR combining

. d
spatial parameters (x alid

—+2072)> velocity terms

j2+a2
4m-—1!

(

federated learning involves balancing

). Optimizing safe and effective

computing load, edge data variability, and

privacy noise.

Algorithm: Edge-Optimized Federated Learning with Differential Privacy

2.Forr=1 to R do:

b. For each selected client C _i:

i. Send current model M to client C_i

1. Initialize global model M with random weights

a. Randomly select K clients from the total N clients

ii. Train local model M _i on client’s data D i using learning rate 1

iii. Calculate gradient VL and update M_i
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M i=M-n*VLM,D i)
iv. Generate Gaussian noise n
v. If client’s cumulative privacy loss > :
Skip this client’s update.
Else:
Add noise to the model update
Midp=M.i+n
Send M i dp to the server
c. Aggregate received model updates:
M = average of all M _i_dp
3. End For
4. Return final global model M

In this algorithm, a global model can be trained
using edge devices, and it does so without
sharing the raw data across all the clients. Each
round, several (arbitrarily chosen) clients
locally train on their data, add some differential
privacy noise to their updates, and then transmit
them to the server. If a client's privacy budget
exceeds the privacy threshold, that client skips
the update. If not, a noisy update is sent to the

server. The server aggregates the updates and

iteratively improves the current global model.

These visuals, combined, provide a new
approach to patient monitoring based on
federated learning in MIoT systems. The first
figure illustrates a distributed edge-cloud
design that reduces data exposure and facilitates
low-latency activities. The second graph
focuses on using differential privacy at the edge
to protect personal data through model
development. Stressing responsiveness and
lifelong learning, the third graphic depicts the
end-to-end data cycle from sensor input to real-

Table 2: Experimental Setup

1327

time decision aid. Together, they provide a

robust, scalable, and privacy-preserving
solution for innovative healthcare, thereby
paving the way for ethical, efficient, and
intelligent medical systems powered by Al at

the edge.
4. Results and Discussion

This article presents a secure and efficient
framework for monitoring patients in Al-based
MIoT healthcare systems with combined edge
computing, federated learning, and differential
privacy. Private health data stays at the edges
and local model training on wearable and
bedside devices helps to alleviate privacy
concerns. Differential privacy introduces a
layer of computed noise before sharing to
maintain anonymity. Suitable for the real time,
continuous,

and privacy-preserving spaced

smart healthcare systems, this distributed
scheme improves the scalability, lowers latency

and saves bandwidth.
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Component Description
Datasets Used - PhysioNet MIT-BIH Arrhythmia Dataset (ECG classification)
- MIMIC-IIT (clinical records)

- UCI Heart Disease Dataset (structured diagnostic data)

Edge Device Simulation - Raspberry Pi 4 (4GB RAM) as edge nodes

- 100 simulated clients representing wearable and bedside devices

Development Environment = - Python 3.9
- TensorFlow Federated (TFF)
- PySyft (for privacy implementation)

Model Architectures - CNN-RNN hybrid for time-series data (e.g., ECQ)

- Feedforward Neural Network for tabular data

Training Configuration - 100 communication rounds
- 50% client participation per round

- Adam optimizer (LR = 0.001)

Difterential Privacy Setup = - Gaussian noise injection
- Privacy budget € € [0.5, 2.0]
- DP-SGD via TensorFlow Privacy

- Moments Accountant for privacy loss tracking

Evaluation Metrics - Model Accuracy
- Privacy Leakage (via membership inference risk)
- Communication Overhead

- Latency & Edge Resource Utilization

Lightweight neural networks, Raspberry Pi-based edge devices, and real-world datasets allow the
experimental setup to replicate an innovative MIoT healthcare system. Gaussian noise guarantees
differential privacy, and federated learning runs with 50% client participation per round. Evaluation

stresses correctness, invasions of privacy, latency, and good communication.

4.1 Analysis of Efficiency in MIoT Healthcare Systems
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Figure 4: Analysis of Efficiency in MioT Healthcare Systems

The proposed edge-optimized federated learning achieves a great efficiency in MIoT healthcare
environment by reducing the amount of latency, bandwidth used and centralised processing load
toarather large extent. Edge-based real-time local processing increases system response time while
ensuring the ongoing monitoring of the patient. The low-power design of the model also enables it to
work for bedside and wearable devices with 24-hour monitoring. Experimental results on real data
demonstrate that the system still achieves excellent computational efficiency and accuracy even faced
with low resources. The results with a great efficiency score of 96.12% convinced us that the model had
potential for scalability in intelligent, real-time healthcare systems as shown in Figure 4. This high-
level of efficiency indicates that the model can be used in real-time scenarios and could be readily
integrated into Al-based MIoT health-care systems. The predictive-ability and robustness of the model
with regard to complicated healthcare behavior was examined by reviewing the accuracy, precision,
recall and Fl-score. The findings demonstrate that the proposed system can meet real-time patient

monitoring requirements and scale across various healthcare environments.

4.2 Analysis of Privacy Application for Secure Health Data Exchange
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Figure 5: Analysis of Privacy Application for Secure Health Data Exchange

Federated learning for differential privacy preserves patient information. The model fails at learning
precise health informatin during training because of the injected calibrated noised in shared model
updates. This solution satisfies both HIPAA and GDPR data security compliance requirements since
there's no unprocessed of data in-transit. The design, modelled on an elegantly carved vessel
withstanding the most hostile of environments reflects a balance between a model that works and
maximises team privacy. It has been shown in Figure 5 that this privacy mechanism works with high
success rate of 95.04% for secure data sharing as a result; it justifies its ethical and compliance potential

in healthcare data management.

4.3 Analysis of Scalable AI Architectures in Remote Patient Monitoring
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Figure 6: Analysis of Scalable AI Architectures in Remote Patient Monitoring

Today’s health systems need to be scalable because hundreds of MIoT devices produce data.
Decentralized model training at edge nodes in an edge-optimized federated learning architecture
alleviates model population pressure. With feedback loops that are real time and scalable, the
technology supports well-functioning urban hospitals and back-of-beyond health clinics. Its
decentralised nature boost system availability and robustness. The application of the model in large

smart healthcare ecosystems (Figure 6) is backed by a scaling effectiveness rate of 92.87%. This score,

which tests across different network sizes and device specifications, helps detecting a steady

performance and model convergence.
4.4 Analysis of Privacy-Preserving Al in Intelligent Medical IoT Networks
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Figure 7: Analysis of Privacy-Preserving Al in Intelligent Medical IoT Networks

Created as a complement to smart MIoT networks, the solution uses Al with privacy-based priority.
And through federated learning with different levels of privacy, it guarantees that vital health data stays
local to patient-side devices without any leak. This decentralization guarantees legality while creating
trust in the patient, even if cooperative knowledge is stimulated within the network. As a result, the
privacy is not violated by accurate predictions which combines artificial intelligence and privacy. Figure
7 was tested with the evaluation accuracy of 94.89%, indicating it to be a responsible secure Al solution
for connected medical environments that would ensure data integrity, with its privacy-preserving

efficiency.

The convergence time of the model is crucial to measure because it reflects how fast the model
reaches a correct and stable state which is important in the case of online-monitoring systems.
In our experiments, we observed that compared to standard baselines such as centralized
learning and federated learning without DP, not only did our proposed FLDP approach
converge quicker (in ~30% less iterations), but it also converged close to the proven lower
bound of FL for LF updates. This can be attributed to the fact that the edge devices were
optimally trained and thus did not require too much communication with the central server

while fast local model updates.
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Energy efficiency is an important aspect for edge devices, because these are typically limited

in battery and resources, energy consumption is a key factor to be taken under consideration.

In practice, our methods reduced the energy consumption by up to 15% as compared to edge-

only learning with extended local computation. The energy saving was mainly caused by the

decentralized characteristics of federated learning, as compliant devices shared computation

load and reduced heavy loaded operations executed locally. This compromise between

efficiency and performance makes our system small-scale deployable in health care settings.

Table 3: Evaluation Results Summary

Metric Result Description

Prediction Accuracy 93.43% Measured on real-world healthcare datasets

Communication Overhead ~40% Compared to centralized learning approaches

Reduction

Privacy Protection Score ¢ € [0.5 — Indicates the level of noise injected to preserve

(Difterential €) 2.0] privacy

Latency Decrease via Edge | ~35% Faster response time in patient monitoring

Computing applications

Resource Efficiency High Supports low-power devices for continuous
operation

Evaluation results on federated learning with
our edge optimization are shown in Table 3.
Elective Surgery Planning The prediction
accuracy of the model is relatively high in real
healthcare data with ratio of 93.43%. 40% of
the overhead traffic was saved by means of
distributed processing. By preserving a high
privacy budget (0.5< ¢ <2.0), the differential
privacy provides a guarantee of data privacy.
Faster patient monitoring was possible through
edge computing leading to 35% latency

minimization. In addition, the system has a high

1333

resource efficiency to power low-power IoT

healthcare applications all time.

The proposed edge-optimized federated

learning  framework improves real-time
monitoring of the patient by targeting privacy,
scalability = and  real-time  performance
challenges in MIoT applications. Differential
privacy and local training allow private access
to sensitive data with expected accuracy. The
system is power, latency and bandwidth
efficient. Real data shows it works to deliver

continuing care safely. It enables various Al
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applications in such emerging medical loT with optimized federated learning architecture with
privacy first. differential privacy. The approach can combat
the issues in data privacy, computer efficiency
and communication overhead encountered by

perturbing the edges in modern healthcare.
Leveraging patient data collected on-site with
and

wearable and bedside IoT devices
distributed training mitigates potential risks

A few fundamental techniques of the MIoT

healthcare system are significantly surpassed
by the edge-optimized federated learning
framework with differential privacy (DP).

Unlike centralized learning that puts all patient
aggregation.

centralized data
statistically

to
ensures

related

Differential privacy
indistinguishable shared model updates and

data on a single server, we keep sensitive
protects individual data from exposure or

information locally on edge devices to reduce
the risk of data breaches. Centralized learning

could lead to a faster convergence, but it limits
the scalability and patient privacy, both of
. reconstruction attacks.
which our approach addresses. Our approach
Edge computing improves system
responsiveness and continuous monitoring by
enabling real-time

reducing latency and
analytics. Besides allowing operation in far-off

preserves private medical data from inference
or low-resource areas, it reduces demand on

attacks given by differential privacy (DP)
techniques in the model aggregation step, in
contrast to federated learning without DP. Even

if the training is decentralized, federated
centralised infrastructure. Empirical findings

from actual healthcare datasets demonstrate
that the proposed technique offers excellent

learning without DP fails to protect privacy and
privacy protection, minimal communication

is vulnerable to adversarial attacks in the model
updating process. Edge-only learning that is,
edge-device only model training -- minimize
communication overhead but compromise on
the compute resource, and hence influence the
performance of the models as well as its
convergence. In contrast to edge-only learning,
our federated approach conducts device-wide
cooperative learning and trains more precise

models. The proposed framework is superior
in terms of privacy,

costs, and high prediction accuracy. The paper

system with basic

presented here proposes a privacy-preserving,
healthcare

innovative healthcare
various

scalability to serve
scenarios. Finding a balance between creativity

and moral responsibility will help federated
artificial intelligence systems become more

baselines common in the medical sector. Intelligent,
distributed healthcare systems that prioritize
patient safety, trust, and long-term system

over the
efficiency and scalability.
5. Conclusion
sustainability might be based on this method.
Future work may investigate the potential of
to enhance the

In this regard, the present work represents a
secure and efficient MIoT patient monitoring

system operated by AloT systems via an edge-

blockchain technology
reliability of model updates, improve fault
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tolerance in edge devices, and increase support
for imaging and genomics as multimodal data
inputs, all areas that could be the focus of future
studies. To estimate a wide range of patients
more precisely, this paper will review tailored
model updates and adaptive privacy budgets.
Larger, cross-institutional healthcare networks'
scalability testing will help evaluate the
in pragmatic clinical

concept's relevance

environments.
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