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Abstract—The healthcare infrastructure requires robust se-
curity procedures, technologies, and policies due to its critical
nature. Since the Internet of Things (IoT) with its diverse tech-
nologies has become an integral component of future healthcare
systems, its security requires a thorough analysis due to its
inherent security limitations that arise from resource constraints.
Existing communication technologies used for IoT connectivity,
such as 5G, provide communications security with the underlying
communication infrastructure to a certain level. However, the
evolving healthcare paradigm requires adaptive security proce-
dures and technologies that can adapt to the varying resource
constraints of IoT devices. This need for adaptive security is
particularly pronounced when considering components outside
the ‘security sandbox of 5G’, such as IoT nodes and M2M
connections, which introduce additional security challenges. This
article brings forth the unique healthcare monitoring require-
ments and studies the existing encryption-based security ap-
proaches to provide the necessary security. Furthermore, this
research introduces a novel approach to optimizing security and
performance in IoT in healthcare, particularly in critical use cases
such as remote patient monitoring. Finally, the results from the
practical implementation demonstrate a marked improvement in
the system performance.

Keywords—adaptive security; healthcare; IoMT; remote patient
monitoring; MQTT; Internet of Things (IoT).

I. INTRODUCTION

In a rapidly evolving landscape of connectivity be-
tween [oT devices, machine-to-machine (M2M) protocols have
played a pivotal role in facilitating efficient communication
among devices. As we transition into an era of massive
machine-type communications (mMTC), these M2M protocols
continue to be instrumental, providing the foundation upon
which mMTC is built. Among the several M2M protocols, the
most common are the constrained application protocol (CoAP),
which operates on the client-server model, and the message
queueing telemetry transport (MQTT), which operates on the
publish-subscribe model [1], [2]. MQTT is a lightweight,
publish-subscribe, message queuing protocol. It is an open
Organization for the Advancement of Structured Informa-
tion Standards (OASIS) standard and ISO recommendation
(ISO/IEC 20922) and utilizes a broker, also known as a server,
that hosts several topics.

A client can act as a publisher, sending data to the broker on
a particular topic, and/or as a subscriber, receiving automated
notifications whenever there is a new update on a topic they are
subscribed to as depicted in Fig. 1. Although it is an OASIS
standard, MQTT lacks basic security-related functionalities,
such as mutual authentication, data confidentiality, and the in-
tegrity of transmitted data. The MQTT standard only supports

one-way authentication, which relies on a pre-shared password
for security purposes [2]. However, due to the lack of a secure
connection between the client (publisher/subscriber) and the
MQTT broker, many security concerns related to authentica-
tion and confidentiality [3], [4] have been highlighted lately.
Existing solutions for MQTT such as Eclipse Mosquitto [5],
EMQ [6], and Apache ActiveMQ [7] include transport layer
security (TLS) [8] to provide a secure connection between each
device and the MQTT broker.
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Fig. 1: MQTT architecture and protocol.

This refers to the same security mechanisms that protect
the privacy of HTTP transactions throughout the Internet.
However, TLS is resource intensive, requires a substantial
software framework, and is not ideal for devices with limited
computational resources [2]. MQTT, with its guaranteed deliv-
ery feature, is crucial for digital healthcare applications such
as patient monitoring systems. This study emphasizes the need
for end-to-end security. We explore the use of the lightweight
cryptographic cipher ASCON, a NIST standard cipher, con-
sidering the latency requirements and resource constraints of
the Internet of Medical Things (IoMT) in healthcare.

The main contributions of this article are as follows:
First, we implement an experimental setup for remote patient
monitoring use cases in healthcare care with MQTT as the un-
derlying M2M protocol. Second, we analyze the performance
overhead caused by TLS-based security in MQTT, considering
the stringent security requirements of digital healthcare. Third,
we investigate and explore the implementation of the NIST
standard Advanced Encryption Standard (AES-128-GCM) and
the ASCON lightweight cryptographic standard cipher suite for
remote healthcare. Finally, we present performance enhance-
ments with the use of the ASCON lightweight cryptographic
cipher and its feasibility in future digital healthcare scenarios
to ensure timely, secure and efficient communication from the
incident site to the hospital.



The structure of the paper is as follows: Section II provides
a comprehensive literature review, highlighting previous stud-
ies on MQTT in healthcare, security concerns, and the use
of cryptographic algorithms. Section III details our research
methodology, including our experimental setup, and our ap-
proach to measuring performance efficiency. In Section IV, we
evaluate and discuss our findings, comparing the efficiency of
various encryption schemes. We conclude the article in Section
V, summarizing our research, its implications, and potential
avenues for future research.

II. BACKGROUND AND RELATED WORK
A. MQTT for IoTs

The MQTT protocol is specifically built to optimize band-
width and minimize battery use in resource-constrained In-
ternet of Things (IoT) devices while providing guaranteed
delivery of messages. Therefore, it is preferred to UDP-based
CoAP [1] since it is based on the Transmission Control
Protocol (TCP) and ensures communication reliability with
flexibility by offering the following three levels of Quality of
Service (QoS).

QoS0 - Fire and forget (at most once): A message is trans-
mitted just once without the need for any acknowledgment.
QoS1 - At least once: A message is transmitted at least once,
and confirmation is necessary. In case of no confirmation, the
message is retransmitted repeatedly.

Q052 - Exactly once: It employs a four-way handshake
approach to ensure that the message arrives at the recipient
just once.

MQTT QoS! can be used in latency-sensitive applica-
tions such as digital healthcare where QoSO fails to provide
acknowledgment and QoS2 is too slow to meet the latency
requirements of digital healthcare use cases. MQTT, although
using TCP, is specifically designed to minimize overhead
compared to other TCP-based application layer protocols [9].

B. MQTT in healthcare

MQTT can be deployed in remote patient monitoring
healthcare scenarios to communicate patient’s vital information
such as heart rate, body temperature, and patient movement
information [10]. This helps doctors monitor their patients
from anywhere and anytime and provides an opportunity for
patients’ relatives to observe their health conditions remotely.
Minimizing the communication latency and securing the data
exchanged are the prominent features of healthcare systems.
[11] discusses a novel methodology that may be used to
accurately measure latency in data exchange between MQTT
publishers and subscribers and recommends QoS 1 as the
most favorable balance between achieving minimal end-to-
end latency and minimizing unpredictability. To secure MQTT
data exchange, MQTT QoS 1 can be used with symmetric
encryption between MQTT clients, as shown in Fig. 2.

C. Security in MOQTT

The default configuration of the MQTT protocol uses no
encryption for messages exchanged among the broker and
clients [12], which makes it not acceptable for health data,
since the confidentiality of the data exchanged is a core
requirement in IoMT. The security and performance of the

MQTT protocol are correlated inversely [13] and the choice
of having security impacts the performance of the protocol.
This study offers significant information on the consequences
of including security measures in MQTT and emphasizes the
need to adopt a well-balanced strategy to ensure both security
and performance.
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Fig. 2: MQTT (QoS 1) Communication Sequence Diagram.

Compared to the conventional TLS security setting, [8]
suggests the use of Fernet cipher for encryption in MQTT.
The MQTT security survey [14] emphasizes the need for
lightweight security and suggests Hummingbird-2, as an ultra-
lightweight cryptography, based on the issues identified in the
survey. [15] discovered XXTEA cipher to be efficient after
implementing AES128, ECC, ChaCha20 and XXTEA in the
MQTT protocol with the ESP8266 IoT chip. Recently, [16]
presented an innovative assessment of the ASCON lightweight
cryptographic method in practical scenarios. The study reveals
that ASCON can effectively encrypt messages in communi-
cation, ensuring both confidentiality and integrity of the data
exchanged.

In the context of Remote Patient Monitoring (RPM) in
healthcare, it is crucial to ensure both data confidentiality and
efficient real-time communication with minimal communica-
tion latency. Adding a security mechanism to the standard
MQTT protocol introduces overhead and hence limits its
performance efficiency [13], [14], [15]. With ASCON’s recent
recognition as a NIST standard for lightweight cryptography
[16], it becomes a potential candidate for RPM in specific and
healthcare in general in combination with the lightweight M2M
protocol, MQTT. This research aims to explore this potential
by investigating the trade-off between security and efficiency
and implementing ASCON-128 in MQTT for the RPM use
case in healthcare.

III. RESEARCH METHODOLOGY
A. Use-Case: Remote Patient Monitoring in Healthcare

We focus on the Remote Patient Monitoring (RPM) use
case in Healthcare due to its critical nature that requires
adaptive security procedures [17]. The use-case scenario in-
volves the deployment of multiple sensors to continuously
monitor an emergency patient. This monitoring begins at the
incident site and continues during the patient’s transfer to
the hospital. The use case diagram is presented in Fig. 3.
Since resource-constrained devices publishing the data may
not connect directly to the broker when SSL-based TLS is
used, an intermediary node may be placed between them [18].



In our study, we used a single-board computer (Raspberry Pi)
in this role. In a real-life scenario, this node could be a mobile
phone, a tablet computer, or a dedicated paramedic terminal.
This scenario is particularly relevant in critical care situations
where continuous patient monitoring is essential for timely and
effective medical intervention. We divide the remote patient
monitoring use case into the following steps:

Data Collection: Multiple IoMT sensors are attached to
the patient at the incident site. These sensors are set to
continuously monitor various vital signs such as heart rate,
blood pressure, oxygen saturation, etc. The data from these
sensors is collected by a Raspberry Pi device that serves as a
local edge computing node.

Data Transmission: The RPi device is equipped with a 5G
modem, enabling high-speed and low-latency communication.
It is capable of publishing the collected data from the IoMT
sensors to a broker using the MQTT protocol, which is known
for its light overhead and real-time capabilities.

Data Processing and Analysis: The MQTT broker is
configured on a GPU-powered NVIDIA Jetson Xavier NX
device, serving as an edge server. Jetson Xavier’s edge Al
capabilities, scalability [19], and real-time processing make it
suitable as an edge server for our use case. It also offers a cost-
effective solution for experimental setups or small-scale de-
ployments. Future work could explore comparisons with other
MEC solutions that align more closely with ETSI standards
[20]. This device receives the published data, processes it, and
can trigger alerts or actions based on the data received.

Security: To ensure the privacy and security of sensitive
health data, the communication between clients and the bro-
ker is encrypted. We evaluate the performance of candidate
encryption schemes. The MQTT broker receives the published
information and makes it available to subscribing entities on
a particular topic. These could include emergency medical
services, doctors in the hospital, or a medical data processing
system. The MQTT clients have a pre-shared secret key (or
X.509 certificates) to maintain confidentiality in the system.
Through this use case, our objective is to demonstrate the
feasibility and efficiency of using MQTT in healthcare, par-
ticularly in scenarios that require remote patient monitoring
in real time. The performance and security trade-offs of using
different encryption methods in this context are also analyzed
and discussed.

B. The Experimental Setup

Evaluating the impact of security methods in real-world
situations is crucial as it helps in identifying possible compli-
cations and the overhead caused. Furthermore, it may demon-
strate the protocol’s ability to handle scalability in effectively
managing a substantial volume of messages. An experimental
setup has been created to evaluate the efficacy of the NIST
standard lightweight cryptographic cipher ASCON, compared
to the NIST standard block cipher AES and MQTT native
TLS, encrypting health data for the remote patient monitoring
healthcare use case using MQTT as an M2M communication
protocol. Our setup involves a real-time experiment, using the
Python IDE, supported libraries, Paho MQTT client, and the
Mosquitto broker. Detailed software specifications along with
the usage purpose are listed in Table I.
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Fig. 3: Remote Patient Monitoring (RPM) - Use case Diagram.

TABLE I: Software Specifications

Software Purpose Configuration

/ Library

Python v3.8, Establishing a connection, control- | pre-installed on all de-
ling communication, implementing en- | vices
cryption and decryption algorithms

Paho- Allows devices to connect to an MQTT configure on MQTT

mqtt broker. Encrypt and publish the mes- | publisher and subscriber

client sages, receive and decrypt the messages | nodes.

ASCON Lightweight cryptographic cipher for | pyAscon library is used
payload encryption using ASCON-128. for ASCON cipher.

Crypto python library that provides crypto- | AES encryptor and de-
graphic recipes and primitives and is | cryptor configured with
used for the implementation of AES. key and message.

NumPy Supports large, multi-dimensional arrays | Configured with .csv file
and is used for storing mean round-trip | exports for results.
times for encryption and decryption

Matplotlib | Provides a plotting framework and is | Visualization is done as
used along with NumPy to analyze the | a combo graph with .csv
round-trip times recorded visually. files.

Mosquitto | Open Source message broker that imple- | Configured on Xavier
ments the MQTT protocol. with mosquitto.conf file.

Wireshark | Powerful tool for capturing and analyz- | Configured with promis-
ing network traffic in real time. cuous mode on Eaves-

dropper host.

The experiment is designed to mimic a real-world scenario
of multi-sensor monitoring of an emergency patient from the
incident site to the hospital. The Raspberry Pi, acting as a local
edge device, collects patient information and publishes it to an
MQTT broker configured on an NVIDIA Jetson Xavier, which
serves as an edge server. Detailed hardware specifications
are listed in Table II. Client communication is facilitated
by a Quectel 5G modem, connecting to the University of
Oulu’s 5G Test Network. The 5G Test Network (5SGTN) is
an accessible experimental platform for the next-generation
mobile communication networks, offering opportunities for
service creators and network operators to explore innovative
solutions [21]. The 5G Test Network (SGTN) at the University
of Oulu consists of a Radio Access Network (RAN) that
operates on permitted LTE and 5G frequency bands [21]. The
network topology diagram is illustrated in Fig. 4.

C. Test Cases

We have prepared a series of test cases to compare the
performance of no cipher (no encryption), AES, TLS, and
ASCON in this context. We have considered the following test
cases in this experiment to provide valuable information on
the performance and security trade-offs of different encryption
methods in an MQTT-based remote patient monitoring system.



TABLE II: Hardware Specifications

Device Specifications Role
Raspberry | CPU: Broadcom BCM2837B0 quad-core AS53 | Publisher and
Pi 3 | (ARMvV7) 32-bit @ 1.4GHz, Raspberry Pi OS | Subscriber
Model B RAM: 1GB LPDDR2, Storage: microSD Net-

working: 10/100 Ethernet, 2.4GHz 802.11n Blue-

tooth: Bluetooth 4.1 Classic, BLE
NVIDIA CPU: 6-core Carmel ARM®v8.2 64-bit, cache: | Broker
Jetson 6MB (L2) + 4MB (L3), Storage: microSD GPU:
Xavier NVIDIA Volta architecture with 384 CUDA cores
NX and 48 Tensor cores, OS: Ubuntu 18.04 RAM: 8

GB 128-bit LPDDR4x @ 51.2GB/s
Quectel Model: Quectel RM500Q-GL Frequency Bands: Comm
5G Supports 5G NR Sub-6 GHz, LTE-A and | Interface
Modem WCDMA Data Rate: 5G NR up to 4.0 Gbps (DL),

500 Mbps (UL) Interfaces: USB 3.1, PCle 3.0,

UART, GPIO etc. Operating Temperature: -40°C

to +85°C
Windows Intel-based laptop with Windows 11 OS config- | Eavesdropper
Laptop ured with eavesdropping tools for monitoring the

traffic in the network
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Fig. 4: Network Topology Diagram.

1) No Cipher: In this case, MQTT messages are sent as
plaintext without encryption scheme. This serves as a baseline
for comparison with the other test cases. It allows us to
understand the overhead introduced by the encryption process
in terms of time and computational resources.

2) AES-GCM-128: This test case involves the implemen-
tation of AES with a 128-bit key to encrypt the MQTT
messages. AES-128 is widely used due to its balance of
security and performance. GCM is a mode of AES that uses
the Counter (CTR) mode to encrypt data and uses Galois mode
for authentication [22]. This test case will help us understand
how a conventional encryption method performs in our setup.

3) ASCON-128: In this test case, we use ASCON, a
lightweight cryptographic cipher designed for efficiency in
constrained environments. With a 128-bit key, ASCON-128
provides a high level of security while being resource-friendly.
This test case will provide insights into the performance trade-
offs of using lightweight ciphers in MQTT.

4) SSL/TLSv1.2: This test case involves the use of TLS
version 1.2 to secure MQTT messages. TLSv1.2 provides
robust security and is widely adopted in various MQTT appli-
cations such as Eclipse Mosquitto [5], EMQ [6], and Apache’s
ActiveMQ [7]. By comparing this with the other test cases,
we can evaluate the suitability of using such a comprehensive
security protocol in a remote patient monitoring scenario.

IV. RESULTS AND EVALUATION

In this section, we delve into the outcomes of our real-time
experiment conducted in the Python development environment.
Leveraging the power of associated libraries, we implemented
the test cases defined in the previous section. In all our test
scenarios, we utilized test vectors as presented in Table III.
A plaintext message composed of repeated instances of the
letter ‘X’, the repetition frequency being contingent on the
message size. We employed a secret key and an Initialization
Vector (IV) / Nonce, both of 16 bytes (128 bits), for the AES
and ASCON test cases. For ASCON, we also incorporated an
associated data text of 16 bytes (128 bits).

In our experiment, we meticulously measured the round-
trip time for the journey of a message through our MQTT
setup. This journey begins at the publisher node, where the
message is first encrypted. From there, it is transmitted to the
broker, and subsequently received by the subscriber node. At
the subscriber node, the message is decrypted, marking the
completion of its round-trip. To be able to measure the time
elapsed precisely, the Raspberry Pi client is made as both the
subscriber and publisher. The time library in Python is used
to record the CPU time before encryption till the message
is decrypted after successful receipt at the subscriber node.
Our evaluation Algo. 1 applies to all test cases, ensuring
consistency and fairness.

Algorithm 1 Mean Round Trip Time calculation for MQTT

Establish a connection to the Broker with a specific topic.
Self-subscribe to the topic.
Collect the input from the IoMT sensors.
Initialize M RTT
for 2% iterations, N=(1,2,..., 12) do
for count =1 to 10 do
Start the timer.
Encrypt the message.
Publish the encrypted message to the broker.
Wait to receive the update from the Broker.
Decrypt the received message.
Stop the timer.
Calculate round-trip time RT'T.

14: Calculate M RT'T.
15: Disconnect from the broker and return M RT'T.
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Following the algorithm, each round doubles
message_size and encompasses ten (10) iterations that
comprise encryption, transmission, and decryption processes.
Fig. 5 reflects the performance efficiency of ASCON-
lightweight cipher when compared with all others, and AES
being the closest to ASCON in performance efficiency. The
vertical axis represents the Performance Efficiency Index,
which is defined as the comparison of the ASCON MRTT
value to the mean MRTT of other ciphers. The key findings
from the evaluation results are discussed below.

The results presented in this section provide a compre-
hensive analysis of the performance trade-offs between the
lightweight cryptographic cipher ASCON, AES, and TLS
in MQTT for the remote patient monitoring healthcare use
case. The round-trip time considers various underlying factors
such as computational overhead of encryption and decryption
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Fig. 5: Performance Efficiency of ASCON.

scheme, communication latency of 5G network, MQTT pub-
lish/subscribe model efficiency, and data throughput, providing
a holistic comprehension of the security and performance
trade-offs involved. Fig. 7 represents values when a laptop
is used as publisher and subscriber, while Fig. 6 represents
values when the implementation is done on a Raspberry Pi 3
node.

For each test case, the mean round-trip times are visualized
in Figs. 5, 6, and 7. Figs. 6 and 7 depict the round trip time
in milliseconds for MQTT (QoS 1) with different encryption
schemes as the message size in bytes increases. The x-axis
represents the message size in bytes, ranging from 0 to
4096 (2'2 = 4KB), while the y-axis represents the time in
milliseconds, ranging from 0 to 1000 (one second). In both
figures. 6 and 7 for all ciphers, the round trip time increases, as
the message size increases. This is expected as larger messages
take more time to transmit and process.
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Fig. 6: Cipher Performance Evaluation on Raspberry Pi.

1) Symmetric results on laptop and Raspberry Pi: As
depicted in Figs. 6 and 7, both graphs are closely symmetric
and there is no significant behavioral deviation since the
software development environment and algorithm source codes
are the same in both cases. The only noticeable difference is
the for message_size 4096, where the MRTT for Ascon is
exponentially raised and confirmed with multiple iterations. A
similar pattern is observed in the laptop Fig. 7, indicating a
sharp rise with the increase in the message size.

2) Baseline case (No cipher): The columns in Figs. 6
& 7 represent the baseline round trip time for MQTT com-
munication. This represents the mean round-trip time without
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Fig. 7: Cipher Performance Evaluation on Laptop.

encryption. While this test case might not seem significant on
its own, it serves as a baseline for comparing the performance
of other encryption schemes. Interestingly, in Fig. 7, this case
does not show the shortest round-trip time for message sizes
smaller than 4 KB, which is surprising from what one might
expect. This could be attributed to various factors such as net-
work conditions, Quality of Service (QoS) level, server load,
or client performance. Another possible explanation is that the
encryption schemes utilized require data to be processed in
128-byte blocks, which could lead to more efficient processing
for smaller data sizes. As the message size increases, the round
trip time tends to normalize and improves for message sizes
greater than 4 KB.

3) ASCON is performance-efficient for smaller messages:
As depicted in Fig. 5, ASCON-128 exhibits superior perfor-
mance when compared to others. As illustrated in Fig. 5 For
performance comparison, for a smaller message size of 8 bytes,
ASCON is approximately 11x (times) better than others and 8x
(times) efficient than AES. For a message size of 1024 bytes (1
KB), ASCON is twice as efficient as the others. Performance
is close to that of others for a message size of 2048 bytes ( 2
KB) but still marginally better. This suggests that ASCON-128
strikes an optimal balance between security and performance
for smaller messages. Similarly, as shown in Fig. 5, ASCON-
128’s performance surpasses others across the entire graph
when evaluated on Raspberry Pi or Laptop.

4) Cipher efficiency and larger messages: 1t is not a
rule of thumb that lightweight ciphers will always surpass
conventional and transient security mechanisms. For example,
in this experiment, we have observed that when the message
size exceeds 2048 Byes ( 2 KB), the lightweight encryption
standard ASCON starts to degrade as shown in Fig. 6 on
Raspberry Pi with MQTT. In the remote patient monitoring
use case, messages include patient vitals that are not bulky,
but message size needs to be considered when deciding on the
selection of an encryption algorithm.

5) Performance of AES-128 and TLSv1.2: In both Figs. 6
and 7, the AES-128 and TLSv1.2 lines closely align, indicating
similar mean round trip times. This is expected as native
TLSv1.2 intrinsically uses the same AES cipher with a 128-bit
key size. However, TLSv1.2 can be operationally complex due
to the need for generating and distributing X.509 certificates,
especially as the number of clients increases. Notably, TLSv1.2
performs marginally better on a laptop than on Raspberry



Pi, while AES-128-GCM shows superior performance on the
Raspberry Pi client.

TABLE III: Encryption Test Vectors

Secret Key *This is 16 bytes’

IV/Nonce "This is 16 bytes’

Associated Data "This is 16 bytes’

Plaintext XX (for message_size 2, repeated for others)
Ciphertext depending on cipher

Message_size 2, 4,8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096

Given the typical message sizes in remote patient monitor-
ing use cases, generally less than 2 KB, ASCON-128 emerges
as a superior and more applicable choice. Its exceptional
performance for smaller messages, as demonstrated in our
evaluations, indicates an optimal balance between security and
performance. This makes ASCON-128 particularly well suited
for remote patient monitoring scenarios where efficient data
transmission is crucial without compromising security.

V. CONCLUSION AND FUTURE WORK

This study has highlighted the critical need for flexible
and efficient security measures within the dynamic landscape
of healthcare. We emphasize the importance of lightweight
and adaptive security schemes, particularly in the context
of IoT devices and M2M connections that operate beyond
the protective confines of the 5G security framework. Our
study establishes ASCON-128 as a performance-efficient ci-
pher for smaller messages, significantly outperforming others.
However, it is important to note that lightweight ciphers
like ASCON may not always surpass conventional security
mechanisms, especially for larger messages.

Our real-time experiment, conducted on the 5G Test Net-
work (5GTN), provided practical insight into the performance
trade-offs involved. Compared to other techniques, our ap-
proach offers a more adaptable solution, capable of adapt-
ing to the varying resource constraints of IoT devices. This
adaptability makes it particularly suitable for healthcare IoT
applications, where device resources can be highly variable.
The research findings contribute to ongoing efforts to optimize
security and performance in healthcare IoT, thus paving the
way for a more secure and reliable healthcare infrastructure.

Looking ahead, the research carried out in this work
will be extended to a Proof of Concept (PoC) environment
and tested through the commercial 5G network. As Al and
Machine Learning (ML) become more seamlessly integrated
with 6G technology, we anticipate significant advances in real-
time adaptivity. These innovations will enable decision-making
processes with minimal human intervention, particularly in
critical healthcare monitoring scenarios. This represents an
exciting direction for future research and development in
adaptive security for healthcare with 10Ts.
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