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ABSTRACT

The integration of the Internet of Things (IoT) with artificial intelligence (Al) is transforming home
appliances into smarter, more responsive tools that enhance daily living. However, this
technological fusion introduces significant security challenges, necessitating a careful balance
between security and performance within 0T networks. First, the study answers the question of the
trade-offs between security measures and performance metrics in web applications for Al-driven
home appliances, and second, how can these trade-offs be optimized to ensure both robust security
and high system performance? Using qualitative content analysis, the study identified key security
flaws in web application architectures, while quantitative analysis assessed the impact of security
protocols on system performance metrics such as latency, throughput, and CPU usage. Atlas.ti and
Cisco’s Packet Tracer were utilized for thematic coding and network simulation, respectively, and
multivariate regression analysis quantified the influences of security protocols. The results revealed
that enhanced security protocols, such as encryption and authentication, significantly impact
performance, with encryption increasing latency by an average of 50 milliseconds and reducing
throughput by 10% under peak loads. Additionally, CPU usage increased by up to 75% in high-
threat scenarios. The proposed security-performance optimization framework dynamically adjusts
security measures based on current threat assessments and operational demands, aiming to
sustain high performance while ensuring robust security. These findings have real-world
applications in the design and implementation of Al-driven home appliances, offering a roadmap for
manufacturers to enhance device security without compromising performance. By adopting
adaptive security measures and leveraging edge computing, the framework can improve user
satisfaction and trust in smart home technologies.

Keywords: 10T security; performance optimization; Al-driven home appliances; cybersecurity
vulnerabilities; encryption; authentication; security-performance trade-off; network
performance metrics.

1. INTRODUCTION

The proliferation of the Internet of Things (loT)
represents a significant technology that is
redefining the interaction between digital and
physical spheres, facilitating seamless
communication across a network, and eliminating
the need for direct human intervention [1]. With
the rise in the adoption and application of this
technology, its use in Al-driven home appliances
has led to a successful integration of artificial

intelligence with daily utilties to enhance
convenience, efficiency, and energy
management.  Nonetheless, the intrinsic

connectivity and intelligence of these devices
also introduce complex security challenges that
could potentially compromise their intended
benefits [2].

Security within 10T networks, particularly those
associated with Al-driven home appliances, is
paramount as it encompasses the safeguarding
of sensitive data and device functionality from

unauthorized access or malicious attacks [3].
Some essential security measures in use include
robust encryption, sophisticated authentication,
and stringent authorization protocols, which, on
the other hand, introduce substantial processing
overhead that can degrade network performance
and device responsiveness. For instance, Gupta
et al. [4] find that implementing strong encryption
to secure data communication between devices
and cloud servers invariably increases the
latency of data exchanges. Moreover, complex
authentication processes may decelerate the
user interface of a smart appliance, thereby
diminishing the wuser experience. These
performance issues are especially critical in
applications that require real-time data
processing, which is a staple for Al-driven
appliances as they learn and adapt to user
behaviors dynamically.

Performance within IoT networks is evaluated
based on several metrics, including latency, data
throughput, and resource consumption. Latency,
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or the delay in data transmission, is crucial for
applications necessitating immediate response,
such as smart thermostats adjusting settings in
real time based on environmental changes. Data
throughput impacts the efficiency of data-
intensive operations, such as firmware updates
or synchronization of settings across devices.
Furthermore, resource consumption, which
includes power usage and computational
demand, must be optimized to enhance device
efficiency and reduce maintenance frequency [5].

The pivotal challenge in loT networks is the

delicate  balance between security and
performance, particularly evident in web
applications managing Al-driven home

appliances, as these applications must handle
potentially sensitive user data, from personal
preferences to real-time usage statistics, all while
providing timely and efficient service. This
presents a problem where a compromise in
security could lead to significant consequences,
including data breaches and unauthorized
appliance control. On the other hand, increasing
layers of security measures could impair
appliance functionality, making them sluggish
and less user-friendly. Addressing this security
and performance problem is crucial, considering
the various incidents and vulnerabilities identified
in loT-based devices in recent times, including
large-scale loT botnet attacks, such as those
leveraging Mirai malware, which has highlighted
the potential for widespread disruption [6].
Additionally, regular discoveries of vulnerabilities
in smart home devices stress the ongoing
necessity for improved security measures,
especially considering that in case of a security
breach or significant malfunction, a life-
threatening situation can arise for users of these
smart devices.

The case of a BBC report demonstrating how two
researchers hacked a vehicle through its
onboard diagnostics (OBD) port further
illuminates the possibility of such an attack on
smart devices and the possible devastating
consequences it could have [7]. Researchers
Charlie Miller and Chris Valasek demonstrated
the ability to manipulate a car's critical functions
via a laptop, highlighting severe security gaps in
computer-controlled systems. Although this
attack required physical access, it immediately
points to the vulnerabilities that can be exploited
in 10T devices, including home appliances [7].

Hence, this study evaluates the trade-off factors
between security and performance in web

applications for Al-driven home appliances and
proposes strategies to optimize both aspects for
a secure and optimized responsive user
experience. To achieve this aim, the study
explores the architectures of web applications
used in Al-driven home appliances to pinpoint
security flaws, assessing the implications of
these vulnerabilities on user data and device
functionality while scrutinizing the trade-offs
between robust security protocols and their
impact on performance within a simulated home
network environment. Simultaneously, the study
explores current security measures for loT
devices and their web applications to evaluate
the efficacy of these solutions against known
vulnerabilities while considering their effect on
system performance and to devise an optimized
user-centric security-performance framework that
harmonizes security with performance, aligned to
the specific functionalities of home appliances
and user necessities to improve user experience.

This proposed security-performance optimization
framework  dynamically  adjusts  security
measures based on current threat assessments
and operational demands, aiming to sustain high
performance while ensuring robust security. This
linkage ensures that the study's findings can be
practically applied, enhancing the real-world
implementation of Al-driven home appliances
within 0T networks.

2. LITERATURE REVIEW STRUCTURE

loT technology integrates devices, sensors,
software, and networks, enhancing interactions
between the digital and physical realms through
automation and optimization in sectors like
industrial automation, healthcare, transportation,
and smart homes. The technology has led to a
smarter living environment marked by improved
convenience, efficiency, and productivity [8]. In
addition, the incorporation of artificial intelligence
(Al) into home appliances has further improved
domestic convenience. Al-driven appliances use
machine learning and data analytics to
autonomously perform tasks, learn user
preferences, and adapt to changing conditions
[9-13]. For instance, smart thermostats optimize
heating and cooling based on learned
temperature  preferences, and Al-enabled
refrigerators manage food inventory, suggest
recipes, and even facilitate grocery shopping,
significantly enhancing appliance functionality
and user interaction since Al's predictive
capabilities allow appliances to meet user needs,
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thereby increasing convenience and satisfaction
proactively [10,11].

However, this integration introduces complex
security vulnerabilities due to the extensive data
collection and connectivity, increasing risks like
unauthorized access and  cyber-attacks,
particularly with cloud-based data processing.
Chifor et al. [12] emphasize the critical need for
robust security measures, including advanced
encryption, secure authentication, and thorough
authorization protocols to protect user data and
device functionality. The balance between
implementing these security measures and
maintaining network performance is delicate, as
heightened security can compromise device
responsiveness [14,15]. Adaptive  security
measures and edge computing are emerging as
solutions to enhance performance and data
privacy by processing data closer to its source,
reducing latency, and minimizing data exposure
risks [16,17].

2.1 Web Applications in Al-Driven Home
Appliances

Web applications are integral to loT systems,
particularly Al-driven home appliances, enabling
remote interaction, control, and data exchange
as users can monitor and manage their devices
via web or mobile interfaces, with functionalities
that include data analytics, real-time monitoring,
and automation, enhancing both convenience
and operational efficiency [18,19].

However, integrating web applications within loT
systems introduces significant security
vulnerabilities, as these applications process
substantial personal and operational data,
making them prime targets for cyberattacks.
Vulnerabilities like SQL injection, cross-site
scripting (XSS), and cross-site request forgery
(CSRF) can allow hackers to access loT devices
and data [20,21]. The |IoT’s diverse
communication protocols and standards create a
heterogeneous environment that is difficult to
secure, exacerbated by the lack of standardized
security measures across different platforms and
devices with insecure APIs, further heightening
the risk of breaches and disruptions [22].

The reliance on cloud services for data storage
and processing also adds another layer of
vulnerability, considering that the centralized
nature of these services makes them attractive
targets for cyberattacks, threatening the entire
loT ecosystem’s integrity and availability [23]. To

counter these risks, emerging trends highlight the
importance of robust security frameworks,
including end-to-end encryption and secure
communication protocols like Transport Layer
Security (TLS), which protect data from
interception and tampering. Regular security
assessments and adherence to secure coding
practices are essential to mitigate vulnerabilities
[24]. Performance challenges are also
multifaceted, involving the balance between real-
time responsiveness, efficient data processing,
and robust security. Issues like latency and
bandwidth constraints critically impact the
functionality of smart home web applications,
considering that Al-driven appliances often
generate large volumes of data that need real-
time transmission, processing, and analysis,
which can overwhelm network bandwidth and
lead to performance bottlenecks [25,26].

2.2 Security in loT Networks

Aslan et al. [27] identify common threats,
including unauthorized access, data breaches,
DDoS attacks, and malware infections, which
exploit weaknesses such as poor authentication,
insufficient encryption, and lack of software
updates. The decentralized and heterogeneous
makeup of IoT networks, as noted by the
European Union Agency for Cybersecurity
(ENISA), adds to these security challenges by
creating numerous attack vectors and making
uniform security measures difficult to implement
[28,29]. The diverse applications and inherent
resource limitations of loT devices make them
particularly vulnerable to attacks, which can
range from DoS disruptions to malware infections
that leverage |oT devices as entry points. As a
result, studies advocate for a multi-layered
security approach, balancing robust protection
with performance to avoid diminishing device
responsiveness [30,31,32]. Innovations in loT
security include using Al and machine learning
for enhanced threat detection and blockchain for
improved transaction integrity and transparency,
signaling a shift towards more dynamic and
decentralized security frameworks [33,34].

The effectiveness of security in 10T environments
is a complex issue shaped by threat dynamics,
countermeasure implementations, and the
characteristics of 0T systems [35]. Fundamental
security mechanisms such as encryption,
authentication, and authorization are essential
but face practical limitations. Seth et al. [36] note
that encryption ensures data integrity and
confidentiality but adds significant processing
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overhead, impacting device performance—
especially in resource-limited settings where
efficiency is crucial. Samaila et al. [37] further
highlight that while encryption methods like AES
secure data, they can degrade performance in
real-time applications such as smart homes and

industrial 10T, where latency affects device
responsiveness and user experience. Weak
encryption practices and vulnerabilities in

cryptographic algorithms exacerbate security
risks.

Authentication verifies device and user identities
within the network, with multi-factor and biometric
authentication enhancing security. However,
Kruzikova et al. [38] point out that the complexity
of such systems can frustrate users and reduce
usability. Authentication is also vulnerable to
various attacks like brute force and phishing, and
widespread use of weak passwords or insecure
protocols compromises system integrity [39,40].
Moreover, authorization mechanisms such as
role-based (RBAC) and attribute-based access
control (ABAC) restrict access to sensitive data
and functions [41], although Khan et al. [42]
assert that implementing these in 10T constitutes
device limitations and the potential for privilege
escalation vulnerabilities, which complicate
secure and effective authorization.

Inshi et al. [43] identify a shift towards adaptive,
context-aware security  frameworks  that
dynamically adjust based on specific needs and
threat levels, which can potentially balance
security and performance by optimizing protocols
for current conditions. Additionally, the
integration of Al and machine learning is
advancing loT security, enabling real-time threat
detection and proactive defenses, thus improving
security effectiveness while optimizing resource
use [44,45].

loT

2.3 Performance Evaluation in

Networks

According to Bayilmis et al. [46], evaluating I0T
network performance requires measuring several
key metrics, including latency, throughput, and
resource consumption. Latency is crucial for real-
time applications like industrial automation and
remote healthcare, as it measures the delay in
data transmission. Throughput, the rate at which
data moves through a network, affects
operations such as video surveillance and data
synchronization. Resource consumption,
including power, computational demand, and
memory usage, is vital for optimizing device

efficiency and longevity. Together, these metrics
assess the effectiveness and reliability of IoT
networks across various applications [46,47].

Hasan and Mohd Hanapi [48] opine that
performance challenges in loT networks arise
from inherent limitations and external factors,
including network congestion caused by high
densities of interconnected devices, leading to
data collisions and packet loss, which increase
latency and reduce throughput, especially in
urban environments with many operating smart
devices; thus requiring sophisticated traffic
management and load balancing to sustain
performance. Moreover, 0T device limitations
also impact performance, considering that many
devices have constrained resources—limited
processing power, memory, and battery life—
which restrict their data handling capabilities,
necessitating lightweight protocols and efficient
algorithms to maintain performance without
overloading the devices [49,50]. In addition,
wireless interference presents another challenge,
where multiple devices on similar frequency
bands can degrade signal quality, increasing
latency and packet loss [51,52]. Dynamic
spectrum  management and interference
mitigation techniques are crucial for enhancing
network reliability and performance in such
environments [53,54].

As discussed by Alfonso et al. [55], the dynamic
nature of IoT, with devices frequently entering
and exiting the network and unpredictable data
generation patterns, requires adaptive
mechanisms for consistent service levels.
Machine learning algorithms can dynamically
optimize network parameters like transmission
power and routing paths to mitigate performance
bottlenecks [56,57]. Edge computing also
addresses performance issues by decentralizing
data processing from cloud servers to local edge
devices, reducing latency and improving
efficiency [58]. Additionally, performance
monitoring tools are increasingly used to provide
real-time insights into network health, enabling
proactive issue resolution and improving network
reliability and efficiency [59,60].

According to Scrinidhi et al. [61], performance
optimization in 10T environments is crucial due to
the diverse applications and inherent challenges
of these networks, with edge computing
constituting a key technique that decentralizes
data processing from cloud servers to local
devices, reducing latency and enhancing
processing speed, crucial for real-time
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applications like autonomous vehicles and smart
healthcare  [62,63]. Moreover, lightweight
communication protocols, such as MQTT and
CoAP, are also vital, minimizing overhead and
facilitating efficient data transmission in resource-

limited settings. These protocols lessen
computational and energy demands, extending
device lifespans and ensuring stable

communication [64]. Furthermore, in the views of
Mazhar [65], machine learning (ML) and artificial
intelligence (Al) are increasingly utilized to refine
IoT performance, enabling predictive analytics
and automated adjustments of network
parameters based on real-time conditions. Al
algorithms, for instance, can anticipate network
congestion and reroute traffic to maintain optimal
performance.

Haile et al. [66] suggest that techniques like
traffic shaping, load balancing, and network
coding contribute to congestion management,
improving throughput and reducing latency, while
Caching mechanisms store frequently accessed
data near users to decrease network strain
[67,68]. Energy-efficient hardware and selective
data transmission strategies also address device
limitations by conserving energy and enhancing
network efficiency. These measures are
essential in smart devices. Basir et al. [69]
contend that performance deeply influences user
experience in loT, with high-performance
networks critical for applications such as smart
homes and industrial automation. Latency and
throughput  directly affect usability and
satisfaction; for example, delays in smart home
devices can frustrate users and devalue the
technology [46,70]; thus, optimizing performance
is essential for encouraging user trust and
adoption of IoT solutions.

2.4 The Trade-off Between Security and
Performance in loT

The trade-off between security and performance
is a critical issue in IT systems, particularly
pronounced in 10T networks due to their device
limitations and real-time processing demands.
Al-driven home appliances, including smart
refrigerators, Al-powered washing machines, and
intelligent thermostats, face significant security
and performance challenges due to their reliance
on complex Al algorithms and extensive
connectivity. These devices, which gather and
process vast amounts of personal data to
enhance user experience, become prime targets
for cyberattacks, ranging from data breaches to
unauthorized control [9,71,72]. Hammi et al. [73]

highlight specific security risks associated with
the Al models used in these appliances, such as
adversarial attacks where manipulated input data
leads to incorrect behaviors, posing safety risks.
For instance, a compromised smart thermostat
could misadjust  temperatures, causing
discomfort or health hazards.

While robust security measures like encryption,
authentication, and access control are essential
for data protection and system integrity, they can
significantly slow down system throughput and
responsiveness [74,75]. In 1oT networks,
comprehensive security protocols can lead to
higher energy consumption, increased
processing times, and reduced network efficiency
due to the limited computational power, memory,
and battery life of many loT devices [76,77]. In
addition, these protocols often lead to substantial
computational overhead, which can impair
performance, particularly in resource-limited loT
environments, where it may increase latency and
decrease throughput, hindering the real-time
responsiveness vital for applications such as
smart healthcare and autonomous systems [46].
For example, the use of strong encryption
algorithms enhances data security. Still, it
increases latency and energy consumption,
impacting the performance of applications
requiring real-time data transmission, such as
autonomous vehicles and smart healthcare
systems [46,41]. Wang et al. [39] further note
that while authentication protocols validate
device and user legitimacy, they can exacerbate
performance issues. For instance, multi-factor
authentication (MFA), despite its security
benefits, can slow down processes and
negatively affect user experience and system
efficiency [78]. These security measures can also

drain  device Dbatteries faster, reducing
operational lifespans and increasing
maintenance needs.

Shahzad et al. [79] propose lightweight

encryption techniques and selective encryption
strategies for balancing performance impacts
while maintaining adequate security. However,
these adaptive techniques face criticism,
considering that lightweight encryption may not
provide sufficient protection against advanced
cyber threats, and reducing encryption strength
to boost performance could expose I0T networks
to vulnerabilities and attacks [80,81]. Also, the
study of Djenna [82] avers that concerns persist
regarding the adequacy of lightweight and
adaptive security measures against sophisticated
cyber threats. Ataullah and Chauhan [31] argue

416



Asonze et al.; J. Eng. Res. Rep., vol. 26, no. 8, pp. 411-432, 2024; Article no.JERR.121396

that reducing cryptographic strength to improve
performance might expose loT systems to
vulnerabilities, highlighting the need for careful
consideration of the security-performance trade-
offs. Studies are, however, suggesting the
utilization of machine learning (ML) and artificial
intelligence (Al) to optimize the security-
performance balance by dynamically analyzing
network conditions and adjusting protocols in
real-time, minimizing performance degradation
while ensuring robust security, as these systems
can predict threats and allocate resources
efficiently, =~ meeting  both  security and
performance needs effectively [83,84,85,86,87].

3. METHODOLOGY

This study employed a comprehensive approach
combining qualitative content analysis with
guantitative performance metrics to evaluate the
trade-offs between security and performance in
web applications for Al-driven home appliances.
The methodology consisted of four phases:
qualitative ~ content  analysis,  quantitative
performance metrics analysis, multivariate
regression analysis, and security vulnerability
assessment.

In the first phase, qualitative content analysis
was conducted to explore web application
architectures and identify security flaws.
Primary data sources included IoT device
specifications and security reports from the
OWASP database. Relevant documents were
extracted, and thematic coding was performed
using Atlas.ti to identify and categorize security
flaws.

The second phase involved quantitative
performance metrics analysis to assess the
impact of security protocols on the performance
of Al-driven home appliances within a simulated
home network environment. Using Cisco’s
Packet Tracer, performance metrics such as
latency, throughput, and CPU usage were
measured. Regression analysis, including
coefficients, beta values, confidence intervals,
and prediction intervals, was conducted to
understand the impact of each security protocol.

The third phase focused on multivariate
regression analysis to explore interactions
between security measures, such as encryption,
authentication methods, and update frequencies,
and to assess their combined effect on
performance metrics. The model used for latency
was:

Latency = By + B1(Encryption Level) +
B, (Authentication Strength) +
Bs(Update Frequency) + ¢

To explore the combined effect of encryption and
authentication on throughput, interaction terms
were included in the regression model:

Throughput = By, + B, (Encryption Level) +
B, (Authentication Strength) +
Bs(Update Fequency) + ¢

Prediction intervals were calculated to provide a
range within which future observations are
expected to fall, enhancing the credibility of the
performance predictions:

Ydte, o * Joz+Var (y)

Additionally, confidence intervals for the
regression coefficients were computed to
indicate the precision of the estimated effects:

Bit tayn *SE (B

The fourth phase was security vulnerability
assessment to evaluate the efficacy of current
security measures for 10T devices and their web
applications against known vulnerabilities.
Vulnerability scan results were obtained using
Nessus to identify potential security weaknesses.
The scan results were analyzed to identify critical
vulnerabilities and assess their severity based on
CVSS scores. The CVSS base score was
calculated using the following formula:

Base Score = (Round — Up (Impact +
Exploitability))
Round — Up (min(Impact + Exploitability, 10))

Where:

Impact =1 — (1 — Impactgys.) * (1 — Impactg,y)
Exploitability = 8.22 * Attack Vector *

Attack Complexity * Privideges Required *
User Interaction

Impactgys, = 6.42 * (Scope Changed? *
(Confidentiality + Integrity + Availability))
Impactg,, = 1.08 = (1 — (1 — Confidentiality) *
(1 — Integrity) = (1 — Availability))

The final phase involved comprehensive
simulation testing of the integrated security-
performance optimization framework. This
framework was formulated by synthesizing
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findings from qualitative content analysis,
guantitative performance metrics analysis, and
multivariate regression analysis. Validation was
conducted through extensive simulation testing
using Cisco’s Packet Tracer, simulating various
threat levels and user activities. Performance
metrics were continually monitored to ensure a

balance  between security and system
performance. The outcome was a robust
security-performance optimization framework

with guidelines for implementation and expected
user experience improvements.

4. RESULTS AND DISCUSSION

As depicted in Table 1, several key security
vulnerabilities were identified across different
categories, each accompanied by targeted
mitigation strategies to enhance the security
framework of Al-driven home appliances.

4.1 Quantitative Performance Metrics

Analysis

The regression analysis (Table 2) indicates that
the security protocol significantly impacts
performance metrics, as shown by the
coefficients and beta values.

The results (visualized in Fig. 1) indicate that
while enhanced security protocols improve the
protection of loT devices, they also introduce
significant performance costs, particularly in
terms of increased latency, reduced
throughput, and higher CPU wusage. This
analysis highlights the importance of carefully
considering these trade-offs when implementing
security measures in  Al-driven  home
appliances.

The multivariate regression analysis reveals
significant effects of various security measures
on system performance (Table 3). Encryption
and authentication methods negatively impact
performance, while frequent updates enhance it.
The interaction between encryption and
authentication suggests that their combined
implementation moderates performance decline.
The model, with an R-squared value of 0.621,
explains a substantial 62.1% of the variance in
performance, indicating the significant influence
of these security measures on system efficiency,
providing insights for optimizing security
protocols in Al-driven home appliances without
compromising performance.

4.2 Security Vulnerability Assessment

Table 4 presents the results of the vulnerability
assessment, highlighting the identified
vulnerabilities, their CVSS scores, and their
severity.

Fig. 2 and Fig. 3 show the distribution of these
vulnerabilities based on their severity, providing a
clear visualization of the critical security issues
present in the web applications of Al-driven
home appliances.

Table 5 provides a concise overview of prevalent
security  vulnerabilities in  Al-driven home
appliances, categorizing major risks such as SQL
Injection, Cross-Site Scripting (XSS), and
Insecure Direct Object References. It highlights
issues like outdated software, weak password
policies, lack of encryption, and susceptibility to
Man-in-the-Middle and denial-of-service attacks.
These vulnerabilities underscore the critical need
for robust security measures to protect against
unauthorized access and data breaches.

Table 1. Common security vulnerabilities in Al-driven home appliances and mitigation

strategies
Category Vulnerabilities Mitigation Strategies
Authentication Weak, guessable, or Implement strong, multi-factor authentication
Issues hardcoded passwords systems

Network Services Insecure network services

Use secure communication protocols (e.g.,
TLS/SSL)

Firmware and Lack of secure update

Regularly update and patch devices, ensure

Updates mechanism secure delivery of updates

Data Management  Insecure data transfer and Encrypt data at rest and in transit, employ
storage access controls

Component Use of insecure or outdated  Utilize up-to-date and vetted components,

Security components perform routine security audits

Privacy Protection

Insufficient privacy protection

Implement privacy-by-design principles and
conduct regular privacy assessments.
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Table 2. Regression analysis summary for performance metrics

Metric Coefficient Coefficient Beta R-squared 95% CI 95% CI 95% PI 95% PI
(Intercept) (Security Value (Intercept) (Protocol) (Lower) (Upper)
Protocol)
Latency 85.14 2.02 0.05 0.005 (80.10, 90.18) (1.01, 3.03) 75.95 94.33
Throughput 91.79 0.84 0.03 0.003 (86.75, 96.83) (0.63, 1.05) 82.60 100.98
CPU Usage 26.45 0.49 0.04 0.002 (21.41, 31.49) (0.19, 0.79) 17.26 35.64

419



Asonze et al.; J. Eng. Res. Rep., vol. 26, no. 8, pp. 411-432, 2024; Article no.JERR.121396

Latency across Different Security Protocols

150 ¢
(9]

£

> 100

c

2

8 s

NS LS DTLS ssL

Security Protocol

Throughput across Different Security Protocols

— ¢
3 120
Q
Z 100 é
=
a
2 80
S
_g 60 +
F a0 ¢
NS TLS DTLS SSL
Security Protocol
CPU Usage across Different Security Protocols
60 ¢

8 ¢

g 40

©

[%2)

E —

o 20

o

O

0
NS TLS DTLS SSL

Security Protocol

Fig. 1. Visualization of performance metrics
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Table 3. Multivariate regression analysis of security measures on system performance

Variables Coefficient  Std. Error t-Value p-Value 95% CI
Intercept 50.05 2.10 23.83 <0.001 (45.90, 54.20)
Encryption Type -3.25 1.05 -3.09 0.002 (-5.30, -1.20)
Authentication Method -2.10 0.85 -2.47 0.014 (-3.75, -0.45)
Update Frequency 4.15 1.30 3.19 0.001 (1.60, 6.70)
Encryption * Authentication 1.75 0.75 2.33 0.020 (0.30, 3.20)
R-squared 0.621
Table 4. Vulnerability assessment results
Vulnerability Description Affected CVSS Severity
ID Components Score
VULN-001 SQL Injection in the login page Web Application 9.8 Critical
Login Page
VULN-002 Cross-site scripting (XSS) in Web Application 7.5 High
dashboard Dashboard
VULN-003 Insecure Direct Object User Profile 6.3 Medium
References in Profile Management
Management
VULN-004 Outdated software version on web Web Server 4.0 Low
server
VULN-005 Weak password policy in user User Authentication 55 Medium
authentication Module
10
Severity
mmm Critical
mmm High
s Medium
Low
8
6
4
2
0
VULN-001 VULN-002 VULN-003 VULN-004 VULN-005
Vulnerability 1D
Fig. 2. Vulnerability assessment results
Table 6 delineates the performance implementing strong authentication, encryption,

repercussions of security measures in Al-driven
home appliances and the strategies to mitigate
them. It details increased latency, reduced
throughput, and higher CPU usage due to robust
security protocols. Mitigation strategies include

regular updates, strict access controls, and
continuous security monitoring to balance
security enhancements with system performance
efficiency.

421



Asonze et al.; J. Eng. Res. Rep., vol. 26, no. 8, pp. 411-432, 2024; Article no.JERR.121396

10

CVSS Score

VULN-001 VULN-002

VULN-003

Severity
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High
Medium
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VULN-004 VULN-003

Vulnerability 1D

Fig. 3. Vulnerability assessment results

Table 5. Summary of security vulnerabilities, performance impacts, and mitigation strategies

Common Vulnerabilities Details

SQL Injection
Cross-Site Scripting (XSS)

Attackers can execute arbitrary SQL queries through input fields
Malicious scripts injected into web applications, executed in the

context of other users

Insecure Direct Object
References

Outdated Software Versions
Weak Password Policies

Attackers can access unauthorized data by manipulating references.

Susceptibility to known vulnerabilities due to outdated software
Default, weak, or hardcoded passwords make it easy for attackers to

Data transmitted without encryption can be intercepted and
Attackers intercept communication between devices

Attackers overwhelm devices with traffic, making them unavailable

gain access.
Lack of Encryption

manipulated.
Man-in-the-Middle (MITM)
Attacks
Denial of Service (DoS)
Attacks
4.3 Proposed Protocol for Strategic

Balance between Security and

Performance in loT Networks and
Smart Home Devices

Based on the results, this study proposes a
comprehensive security-performance protocol to
address the security and performance needs of
Al-driven home appliances within 10T networks,
ensuring robust security and high user
satisfaction. The protocol features context-aware

encryption that dynamically adjusts encryption
levels based on data sensitivity and current
threat levels, minimizing processing overhead
during low-risk activities to maintain device
responsiveness without compromising security
during high-risk operations. Selective multi-factor
authentication enhances security for critical
operations like configuration changes or
accessing personal data, while simpler methods
are used for routine activities, streamlining the
user experience.
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Table 6. Summary of impacts on performance and mitigation strategies

Category Details

Impacts on Performance
Increased Latency

Security measures like encryption and secure communication

protocols increase latency.

Reduced Throughput
Higher CPU Usage
usage

Robust security protocols reduce overall data throughput
Security measures require more processing power, increasing CPU

Mitigation Strategies
Strong Authentication
Encryption

Regular Updates and
Patching

Access Controls
Security Monitoring

vulnerabilities

Implement multi-factor authentication and secure password policies
Use TLS/SSL for data transmission
Ensure all software is up-to-date to protect against known

Implement strict access control measures to limit unauthorized access.
Continuous monitoring for unusual activity using IDS and IPS

To meet real-time performance demands, the
protocol leverages edge computing to process
data locally on devices or nearby servers,
reducing latency for immediate-response
operations and decreasing bandwidth load on
central servers. A resource-aware task
scheduling algorithm will prioritize tasks by
urgency and resource intensity, optimizing
network and device resources. Efficient data
management  techniques, including data
compression and optimized transmission
protocols, will manage large data volumes
efficiently, — ensuring real-time  processing
capabilities  without  overloading  network
bandwidth. Local data caching will minimize
redundant data retrievals, enhance response
times, and reduce traffic.

The security framework includes a layered
security architecture covering physical, network,
and application levels, with Al-enhanced threat
detection systems continuously monitoring for
anomalies, adjusting security parameters, and

attacks. The protocol also plans for automated
software updates that require user consent to
enhance trust and compliance and integrates
feedback mechanisms to collect user
experiences for ongoing improvements. The
effectiveness evaluation result of the proposed
framework is presented below:

Table 7, Figs. 4 and 5 provide a comprehensive
overview of the performance and effectiveness of
the proposed security-performance protocol in
both simulated and real-world environments. The
protocol demonstrated significant improvements
in latency, throughput, and CPU usage under
simulated high-threat conditions, with statistical
significance reported (p < 0.05).

Pilot testing results further validated the
protocol's efficacy, maintaining critical operation
response times under 200 ms for 95% of tasks
and achieving a 90% user satisfaction rate.
Notably, data integrity was upheld, and no
security breaches were reported in either

isolating compromised devices to prevent simulations or real-world applications.
Table 7. Results from simulation and pilot testing
Metric Simulation Results Pilot Testing Results Significance
Latency Average: 50 ms Maintained < 200 ms p <0.05
High-threat: 70 ms

Throughput Decrease by 10% at peak load N/A p <0.05
CPU Usage Max utilization: 75% N/A p <0.05
Response Times Avg. critical ops: < 200 ms 95% within target times p <0.05
User N/A 90% satisfaction rate N/A
Satisfaction
Data Integrity No issues reported No issues reported N/A
Security Managed automatically 2 minor incidents N/A
Incidents contained
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mmm Filot Testing

Fig. 4. Comparison of simulation and pilot testing

Satisfied

Fig. 5. User satisfaction from pilot testing

The minor security incidents encountered during
pilot testing were effectively contained, outlining
the protocol's prowess in real-world scenarios
and affirming that it successfully balances
enhanced security measures with optimal system
performance, making it a viable solution for Al-
driven home appliances within loT networks.

Thraughput Decrease CPU Usage
Metrics
Mot Satisfied
4.4 Discussion
The study reveals critical insights into the

security vulnerabilities and performance trade-
offs in Al-driven home appliances, aligning with
existing literature. Key vulnerabilities identified,
such as weak authentication methods and
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inadequate data management practices, echo
previous research on the susceptibility of loT
devices to cyber-attacks due to poor
authentication and encryption weaknesses
[27,28,29]. The study reveals that robust security
protocols  significantly impact performance
metrics, increasing latency and CPU usage while
reducing throughput [12,39].

The multivariate regression analysis reveals that
encryption and authentication methods decrease
performance, highlighting the processing
overhead introduced by these security protocols
[36,37]. Frequent updates enhance performance,
underscoring the need for regular security
assessments to maintain system efficiency
[38,55]. The vulnerability assessment
underscores critical risks like SQL injection and
cross-site scripting, pointing to the importance of
robust security frameworks, including end-to-end
encryption and secure communication protocols
[46,61]. These vulnerabilities emphasize the
need for regular updates and secure data
management practices to protect against
unauthorized access and data breaches [48,65].

The study's analysis indicates significant
performance costs associated with enhanced
security protocols, such as increased latency and
reduced throughput. This finding highlights the
delicate  balance between security and
performance in loT networks, with a 62.1%
variance in performance explained by security
measures [73,69]. Studies advocate for adaptive
security frameworks to balance these trade-offs
[43,66]. Mitigation strategies include
implementing strong multi-factor authentication
systems and using secure communication
protocols. The emphasis on regular updates and
the advocacy for privacy-by-design principles
reflect trends in 10T security aimed at enhancing
resilience against cyber threats [79,39].

5. CONCLUSION

While robust security protocols are essential for
protecting sensitive user data and preventing
unauthorized access, they often come at the cost
of reduced device responsiveness and increased

system latency. The findings explain the
significant impact of security measures on
performance  metrics such as latency,

throughput, and CPU usage, highlighting the
challenges in maintaining an optimal balance that
ensures both security and user satisfaction.

The case study
advanced security

revealed that despite the
measures in  place,

vulnerabilities like SQL injection and cross-site
scripting persist, posing serious risks to loT
ecosystems. Furthermore, the study
demonstrates that enhancing security protocols,
although necessary, often leads to a
deterioration in system performance, affecting
the overall user experience. Thus, it becomes
imperative to develop and implement a security-
performance framework that not only addresses
these vulnerabilities but also minimizes their
impact on appliance functionality. Based on the
findings of this study, in addition to the proposed

framework, the study recommends that in
designing loT Smart home appliances, the
following should be adopted by product
designers:

1. Develop adaptive security measures that
adjust their intensity based on real-time
assessments of network traffic and threat
levels to reduce unnecessary security
overhead in low-risk situations, thereby
optimizing performance without
compromising on security.

2. Invest in research to develop further

lightweight encryption and faster
authentication processes that provide
robust security without significantly

impacting system performance. Emphasize
the development of next-generation
cryptographic  solutions that balance
security needs with performance efficiency.

3. Conduct frequent and comprehensive
audits of IoT systems to evaluate and
refine security and performance metrics.
This practice will help identify potential
vulnerabilities early and adjust security
measures to mitigate any identified risks
without degrading performance.

4. Ensure that all security measures and
performance optimizations are aligned with
user needs and appliance functionality.
Adopt a user-centric approach in the
design and testing phases, involving end-
users in the evaluation of the IoT devices
to gather feedback on their experience,
leading to more refined and practical
security-performance optimizations.

6. FUTURE RESEARCH DIRECTIONS

The study recommends that future research
should focus on:

1. Developing algorithms that predict and
respond to security threats in real time,
optimizing security without compromising
performance.
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2. Exploring edge computing to reduce
latency and improve response times,
ensuring secure and efficient data

handling.

Examining the implications of quantum
computing on current loT encryption and
developing quantum-resistant algorithms
for long-term security in Al-driven home
appliances.

These directions can significantly advance the
balance between security and performance in
0T networks.
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