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ABSTRACT
Recently, harassment, assault, stalking, and other forms of violence in both public and private
settings have become a social and technological issue of great concern to women's safety.
Traditional safety measures like location-tracking, panic buttons and emergency mobile
applications are typically reactive and only respond to a threat after it has happened. The
latest innovations in the field of wearable technology, artificial intelligence, machine
learning, computer vision and sensor integration have presented new possibilities for the
creation of proactive safety systems which can detect dangers before they become a
dangerous situation. The current research suggests the idea of smart sunglasses that will be
equipped with a wearable device to be used and operated by women for monitoring, detecting
threats and identifying anomalies in real time. The system proposed for this work
incorporates a number of sensing technologies such as GPS, GSM, physiological sensors,
accelerometers, cameras, and environmental monitoring modules. The data collected is
analysed with the help of deep learning and machine learning algorithms to detect suspicious
and unusual activities, patterns of behaviour, environmental hazards, and emergencies.
The wearable device uses the You Only Look Once version 8§ (YOLOVS) object detection
framework to detect potentially dangerous objects and people around the wearer in real time.
At the same time, behavioural analysis models analyse the user's movement patterns,
physiological responses and contextual environmental data to detect anomalies that could
signal distress or danger. If a potential threat is identified the system automatically alerts and
provides location data to pre-programmed emergency contacts and authorities. A series of
simulated urban environments and controlled testing scenarios that incorporated multiple
threat categories were employed to test a prototype evaluation. The results of the experiment
showed that the object detection rate was 96.8%, anomaly detection rate was 94.2%, and the
emergency response notification success rate was 98.5%. The findings suggest that Al-driven
wearable devices have the potential to be a powerful tool for improving personal safety by
enabling proactive monitoring and intelligent threat assessment. The study advances wearable
safety technologies and provides the basis for future research on the intelligent protective
systems for vulnerable people.
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1. Introduction

1.1 Background of the Study

Security and protection of women is one of
the most crucial issues in every society.
Although there have been improvements in
legislation and in law enforcement, the
number of cases of harassment, assault,
stalking, kidnapping and violence against
women has risen in both urban and rural
areas, and even with the improvements in
public awareness-raising and digital safety,
there remains a lack of understanding.
Even with improvements in legislation,
law enforcement, public awareness-raising
and digital safety, the number of cases of
harassment, assault, stalking, kidnapping
and violence against women has been on
the rise in both urban and rural areas, and
understanding is lacking (Gupta et al.,
2026). With the unprecedented increase of
urbanization, population density, and
mobility, ensuring personal security has
become more complex, especially for
women, who often travel alone for
educational, professional, and social
purposes.

Traditional safety mechanisms are mostly
manually operated. These mobile apps
may need to be enabled when facing a
critical ~situation, and location-based
systems are typically only used to report
information after an event, but they are not
used proactively to prevent threats. These
methods can be ineffective if people are
physically restrained, psychologically
distressed or don't have communication
devices in emergencies. As such, the need
for intelligent safety systems with

autonomous  operation and  threat
identification is growing.

Over the last few years, the use of
wearable technology has revolutionized
personal monitoring. Smart watches,
fitness trackers, smart glasses and sensor-
integrated  garments can  monitor
physiological and environmental
parameters continuously. These wearable
devices can be integrated with Al
technologies to enable context-aware
decision making and predictive safety
interventions (Dharshana et al., 2026). The
synergy of machine learning, computer
vision, sensor fusion, and wireless
communication opens the door to the
creation of sophisticated systems with real-
time threat detection and prompt
emergency response capabilities.

1.2 Artificial Intelligence in Wearable
Safety Systems

Al is a revolutionizing technology in
various fields such as healthcare,
transportation, security, and human-
computer interaction. In the context of
wearable systems, Al can help to process
vast amounts of sensor data and identify
patterns, anomalies, and changes in the
environment. Machine learning algorithms
can use behavioural patterns, physiological
indicators and contextual information to
detect deviations that are linked to stress,
fear, or danger.

The visual recognition capabilities have
been greatly improved through deep
learning architectures (Ijaz, 2025). CNNs,
object detection systems (like YOLO) can

detect  people, vehicles, weapons,
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suspicious behaviour, etc. in real time.
These are important attributes for
wearables and safety applications when the
speed of detection and response matters.
Moreover, Al models can adapt and learn
from user-specific  interactions and
behaviour over time. This adaptive
learning process enhances the accuracy of
the system with each pass and reduces the
number of false alarms, increasing
sensitivity to real threats. Al-powered
wearable devices are therefore a
significant improvement over conventional
safety measures.

1.3 Need for Real-Time Threat
Identification

Threat situations can escalate quickly and
suddenly. Opportunities for effective
intervention can be greatly diminished
when there is delayed recognition
(Priyadharshini et al., 2025). Real-time
threat identification responds to this
challenge by having a continuous watch on
both environmental and physiological
conditions, and issuing alerts when risk
indicators are met in real-time at a specific
time.

In the realm of women's safety, real-time
identification helps to take proactive
measures to prevent situations from
reaching physical harm. Any behavioural
deviation, such as sudden change in
movement, increased heart rate, odd
location deviations or suspicious persons
could be early indicators. Intelligent
wearable devices that can detect these
patterns offer an extra layer of safety
beyond the current safety protocols.

1.4 Problem Statement

The current safety technologies for women
mostly use reactive approach, which
require the user to activate them after the
danger has been sensed. Such systems tend
to be constrained by lag time, lack of

contextual understanding and failed
prediction of potential threats. An
intelligent wearable system that monitors
continuously, detects the threat
autonomously, identifies the behavioural
anomaly, and communication with
emergency in an automatic manner is
required (AL wakeel, 2025). The proposed
consumable based on artificial intelligence

aims to overcome these drawbacks by

combining state-of-the-art sensing
capabilities  with  machine learning
algorithms.

1.5 Research Objectives
The primary objectives of this study are:

e To develop an Al-assisted wearable
device designed for real-time
monitoring of women'’s safety.

e To integrate advanced behavioural
analysis techniques that
continuously assess user activities
and identify deviations from
normal behavioural patterns.

e To implement YOLOVS8-based
object detection for recognizing
potential threats within surrounding
environments.

e To develop an anomaly detection
framework capable of identifying
physiological and environmental
indicators of danger.

e To evaluate the effectiveness of the
proposed system through
experimental testing and
performance analysis.

2. Literature Review

Gupta  (2026) suggests that the
combination of Artificial Intelligence and
Internet of Things technologies in personal
security systems offers a revolutionary
way to improve the safety of individuals in
today's world. The study aims to create a
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smart wearable keychain system that can
proactively deliver personal security by
intelligent monitoring, automatic threat
recognition, and emergency response
(Gupta et al., 2026). The author points out
that traditional safety mechanisms are
typically manual based and therefore are
ineffective during sudden emergencies.
The proposed framework overcomes these
limitations by employing Al algorithms
and communication modules equipped
with IoT devices, which enable a
continuous assessment of the environment
while generating alerts in real-time.
Sensors can detect when someone is
moving in an unusual manner, straying
from their location, or signalling distress in
a keychain that is worn and attached to a
person, and wireless technologies allow
information to be quickly sent to
emergency contacts. The study illustrates
the use of machine learning models to
better recognize threats by learning the
behavioural patterns, and the ability to
differentiate between normal and abnormal
situations. The research also points to the
need for safety devices that are low cost,
portable and easy to use that can be carried
by individuals in their daily activities. The
proposed architecture is a new system that
integrates  hardware efficiency  with
intelligent software processing, forming a
complete safety environment.
Experimental assessments show greater
responsiveness and  reliability  over
conventional personal security solutions.
The author also touches on implementation
issues for  battery consumption,
communication latency and data privacy
concerns. The results indicate that the
combination of AI and IoT can greatly
improve  situational awareness and
emergency readiness. The research further
provides valuable insights into the

development of next-generation wearable
security  devices, and provides a
groundwork for future advances in
intelligent personal protection systems.
The study ultimately showcases the
increasing capabilities of smart wearable
devices in solving personal safety issues
through real-time monitoring, predictive
analysis, and automatic intervention
processes.

Dharshana (2026) says that smart shoes
equipped with Al and IoT can be a great
solution for improving women's safety.
The study proposes a novel wearable
safety system that is integrated into shoes
and constantly monitors the environment
and user parameters, providing support in
emergency cases. The author contends that
typical safety applications are unable to do
enough because they typically activate
only after a delay and require the use of
handheld devices for safety enforcement,
while wearable systems provide seamless
and continuous safety (Dharshana et al.,
2026). The smart shoes designed are
equipped with several sensors, location
sensors, and communication devices that
all contribute to detecting potential distress
situations and triggering emergency
protocols. The algorithms behind Al can
identify abnormal movement patterns,
acceleration, and behavioural indicators
through which potential threats can be
recognised. The study's contribution is also
the implementation of evidence capturing
systems, enabling the system to save
relevant information during emergencies
for later investigation and legal assistance.
This study shows the capability of Al-
driven behaviour analytics to enhance
detection accuracy with reduced false
alarms. In emergency situations, the
system automatically sends a location and
emergency message to predetermined
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contacts, thus minimizing response time.
Experimental assessments demonstrate
excellent threat detection and alert
dissemination across a variety of
operational scenarios. The author then
talks about some of the practical
implications of user comfort, durability of
the device, battery management and
network connectivity. The results showed
that wearable safety technology combined
with Al and IoT can offer complete safety
without interfering with everyday life. The
study is a significant contribution to the
ever-expanding  field of intelligent
wearable systems and underscores the
need for proactive safety measures tailored
to the unique issues surrounding women's
safety in public spaces.

Ijaz (2025) states that anomaly detection is
one of the most important and challenging
areas of Al-powered mobile and smart
networks. It offers a thorough review of
current anomaly detection methods and
outlines major shortcomings of these
methods in dynamic and large scale
networks. The author describes the
proliferation of connected devices, mobile
platforms, and intelligent communication
systems that have resulted in massive
quantities of highly distributed and diverse
data, with new opportunities and
challenges for anomaly identification.
Advanced machine learning and deep
learning methods are required to adapt to a
changing threat pattern, as traditional rule-
based methods can fall short (Ijaz, 2025).
Supervised, unsupervised, and hybrid
anomaly detection models to find
abnormal activities, security attacks and
network irregularities are investigated.
Special focus is placed on the issues of
data imbalance, concept drift, scalability,
and computational efficiency. The author
compares several algorithms, and shows

how deep learning architectures are
effective at finding complex anomalies
that traditional algorithms often miss. In
addition, the study explores the
requirements for real-time processing and
focuses on the need for low-latency
detection mechanisms in mission-critical
applications. Experimental results
demonstrate  the  substantial  gains
achievable in detection accuracy with the
use of an adaptive learning framework and
intelligent feature extraction methods. The
dissertation also addresses deployment
issues of privacy preservation, resource
limitations and interoperability between
various network elements. The results are
a major step forward in the intelligent
network management field and give
important directions to build strong
anomaly detection systems. The study
provides a solid theoretical and practical
basis for further research and development
of Al-powered security solutions in the
increasingly interdependent digital world.

Priyadharshini (2025) states that sound
anomaly detection using Al is a very
effective technique that can be used to
improve female safety by using intelligent
mobile applications. The study presents a
safety application that can recognize
sounds of distress, including screams, cries
for help, aggressive voice and unusual
environmental sounds, which can signal
unsafe conditions. The author believes that
there is an advantage to sound-based
monitoring, as the sounds may come
before the physical event (Priyadharshini
et al., 2025). The proposed system uses the
machine learning and deep learning
algorithms to learn these sounds in real
time, and to differentiate them from the
normal  environmental sounds and
potential emergency indicators. The
application can send out alerts
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automatically should it detect suspicious
sound patterns through continuous audio
monitoring. The study underlines the need
for lowering false positives and keeping
high true positive rate to the genuine
threats. Performance of the models in
different acoustic situations and the use of
advanced feature extraction techniques
help enhance the accuracy of the
classification. The app also has location
tracking and emergency communication
features, providing swift help in times of
crisis. Experimental assessments show
good performance under different noise
and environment conditions to recognize
distress sounds (AL wakeel, 2025). The
author speaks about the problems with
privacy, background noise interference,
and energy use with constant audio
processing. Although these constraints
have been identified, the results suggest
that sound anomaly detection could be a
useful complement to the existing safety
technologies. The study is highly valuable
in advancing the field of intelligent safety
applications and highlights the promise of
audio analytics tools powered by artificial
intelligence for women's protection efforts
in a proactive manner.

AL wakeel (2025) states that in urban
settings, Al is becoming a powerful tool
for real-time monitoring and management
of infectious diseases. The study
demonstrates a  holistic  approach
integrating Al algorithms, data analysis,
and urban health monitoring infrastructure
for timely disease detection and
intervention. The author stresses that as the
population grows and urbanization
increases the complexity of surveillance of
infectious diseases has increased and more
sophisticated analytical approaches are
needed. The framework incorporates
various data sources, such as health data,

weather information, movement data, and
population indicators. These data are used
to train machine learning models that can
detect new outbreaks, forecast disease
outbreaks, and help inform public health
decision making. The research proves that
predictive analytics can be used to identify
disease  patterns  before = widespread
transmission, highlighting the potential of
this tool for early detection. The real-time
monitoring  feature helps healthcare
administrators implement specific action
and allocate resources more efficiently.
This work also discusses the contribution
of anomaly detection algorithms for
detecting unusual health patterns and

possible epidemic events. The
experimental results show that the
prediction accuracy and  outbreaks

detection can be improved significantly
from the traditional surveillance approach.
The author commentaries on the issues of
data quality, privacy protection, and model
generalization in various urban contexts.
The results highlight the need to
incorporate Al technologies into public
health systems to enhance readiness and
response efforts. While the study is
specifically aimed at the healthcare sector,
the insights gained are relevant to other
fields of real-time monitoring systems,
anomaly detection methods and intelligent
decision-support mechanisms.

Whitfield (2026) points out that in today's
intelligent infrastructure landscape, across
various industries, Al-based anomaly
detection and risk early-warning systems
have become integral. The systematic
review gives a comprehensive analysis of
methodologies, architectures, deployment
strategies and operational challenges of the
anomaly detection technologies (Whitfield,
2026). The author explores a wide range of
applications from the cybersecurity
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industry, healthcare, transportation,
industrial automation, financial systems,
and public safety. The review mentions the
increasing use of machine learning and
deep learning algorithms to detect minute
aberrations in vast amounts of data.
Different anomaly detection methods, such
as statistical models, clustering techniques,
neural networks and hybrid models, are
reviewed and discussed comprehensively
with regard to their effectiveness and
scalability. The study highlights the critical
importance of addressing issues of data
quality, model interpretability,
computational efficiency, and real-time
processing in the successful deployment of
such models. The author highlights the
following recurrent issues: false alarm
management, model drift, privacy issues,
and integration complexity. The review
also explores how explainable Al is
playing an ever growing role in enhancing
the trust and transparency of anomaly
detection systems. Comparative analyses
have shown that hybrid architectures that
incorporate multiple analytical approaches
can produce better performance than can
single-method approaches. The results
show that Al-powered anomaly detection
can greatly improve organizational
resilience by identifying anomalies early
and allowing for proactive intervention.
The review offers theoretical and practical
perspectives  for  researchers  and
practitioners aiming at the practical
implementation  of  intelligent  risk
management systems. The study as a
whole  provides a  comprehensive
understanding of the state of the art and
future trends in anomaly detection
technologies in a variety of application
areas.

The merging of the wearable and the
mobile health application has

revolutionized the remote monitoring
process, allowing patients to be monitored
continuously in real time and intervened
on in a personalized manner, according to
Ferdous (2025). The literature review
focuses on the latest developments in
wearable sensor technologies and how
they are increasingly becoming integral to
the digital health landscape (Ferdous and
Rahman, 2025)e. The author discusses
how smart watches, fitness trackers,
biosensors, and other wearable devices
collect large amounts of physiological data
and that this data can be sent from such
devices to healthcare professionals via
mobile health platforms. The integration
allows for real-time tracking of vital signs,
activity, chronic disease markers, and
adherence to treatment. The study
underscores the advantages of remote
monitoring, such as increased patient
engagement, early identification of health
issues, decreased hospital stays, and
increased access to healthcare. These are
complemented by Al and data analytics,
which enhance the predictive modeling
and anomaly detection capabilities of these
systems. The review highlights a range of
technological ~ challenges, such as
interoperability issues, battery concerns,
data security, and regulatory regulations.
The author points to significant advances
in sensor accuracy, communication
reliability and user acceptance in the face
of these obstacles. The results suggest that
wearable technologies play a crucial role
in preventive healthcare, facilitating timely
intervention and tailored treatment
approaches. The review also highlights the
need to embed cutting-edge analytics and
intelligent decision-support tools in remote
monitoring systems. The study offers an
insight into where wearable health care
technology is now and identifies future
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opportunities for innovation in digital
health management.

The combination of Internet of Things
(IoT) technology and Artificial Intelligence
(Al) has transformed the healthcare
landscape by creating intelligent disease
prediction systems and sophisticated
medical  decision  support  systems,
according to Bhati (2025). The edited
volume offers an extensive look at new
solutions emerging to healthcare, which
rely on a network of interconnected
devices, sensor networks, machine
learning  algorithms, and predictive
analytics. The author emphasizes that
healthcare systems produce enormous
amounts of clinical, physiological and
environmental data, which can be
effectively used by Al-supported analyses.
Through the use of IoT technology in
healthcare devices, patients' health can be
monitored in real-time, and machine
learning models can analyse patient data to
detect patterns and predict potential health
risks. It explores various applications such
as chronic disease management, remote
patient monitoring, diagnostics support,
epidemic forecasting and personalized
medicine. Predictive analytics has been an
important part of the discussion for its
potential to enhance health outcomes by
identifying risks and intervening early.
There is also a focus on issues of data
privacy, cyber security, interoperability,
infrastructure development and ethics.
Through case studies, the real-world
effectiveness of intelligent healthcare
systems in improving clinical decision-
making and resource use is highlighted.
The results indicate that by leveraging Al
and IoT, healthcare can be made more
accessible, efficient, and of higher quality.
The book offers theoretical foundations
and hands-on advice for researchers,

healthcare professionals and technology
developers to develop next-generation
intelligent healthcare solutions.

2.5 Research Gap

While currently available wearable safety
solutions offer location tracking and
emergency communications, there are
some drawbacks. Most systems are
manually activated and do not have a self-
learning  threat recognition  system.
Moreover, there are numerous wearable
devices that have been developed, but they
only monitor physiological information
and not environmental awareness
(Rachapalli, 2025). There is limited
research that has investigated the use of
computer vision, behavioural analysis,
anomaly  detection and
communication within a single wearable
platform.

There is a clear lack in the literature

emergency

regarding the development of a complete
Al assisted wearable device to monitor
environmental threats and the user
behaviour patterns at the same time. This
study aims to fill this gap by developing an
integrated smart sunglasses system that
integrates the capabilities of YOLOVS
object detection, sensor fusion,
behavioural analysis, and real-time
emergency response mechanisms.

3. Research Methodology

3.1 Research Design

This study uses an experimental research
approach to develop and test an Al-
supported wearable safety system. The
methodology hardware
development, software implementation,

involves

machine learning model training, system
integration and performance evaluation
(ProLiant et al., 2025).

3.2 System Architecture

The proposed wearable device is
comprised of five main modules:
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3.2.1 Sensor Module

The sensor module contains
Accelerometers, Gyroscopes, Heart Rate
sensors,  Temperature  sensors  and
Environment sensors. Physiological and
contextual information is constantly
gathered during these components.

3.2.2 Vision Module

The smart sunglasses have a built-in mini
camera that delivers live video feeds. The
images captured are then input into the
YOLOV8 model for object detection and
threat identification (Kumari et al., 2025).
3.2.3 Processing Module

Embedded Al processor runs the machine
learning  algorithms, the behavioural
analysis models and the anomaly detection
models. The sensor fusion techniques
involve fusing data from multiple sources
to enhance the accuracy of the decision
making process.

3.2.4 Communication Module

GPS and GSM technologies allow to track
a location and establish an emergency
communication. When threats are detected,
alerts are automatically sent.

3.2.5 Emergency Response Module

The emergency response module creates
alerts and sends up-to-the-minute location
data to emergency contacts and authorities.
3.3 Data Collection Procedure

The data collection process was designed
to evaluate the effectiveness of the
proposed Al-assisted wearable device
under  different environmental and
behavioural conditions. The experimental
data was gathered from 150 female
participants in the age group of 18-45
years from both urban, semi-urban and
institutional areas (Pearson, 2025). The
participants engaged in
supervised tests that included scenarios of
routine activities and possible threats.

willingly

The data collected included visual,
environmental, physiological and
behavioural data. Physiological parameters
measured were heart rate, body
temperature and  stress  parameters.
Behavioural data included walking
patterns, movement trajectories, sudden
accelerations and activity transitions.
Lighting, noise, crowd and geographical
location were all considered and reported
as environmental information. The visual
data was collected from the built in camera
module and comprised of images and
video streams from normal and abnormal
conditions.

The data was obtained during a 12-week
data collection period. Some 75,000
frames of images and 2.5 million readings
of the sensor were captured. The data have
been organized into two classes for
supervised machine learning training and
validation: normal behaviour events and
threat-related events.

3.4 Threat Classification Framework
The proposed system categorized threats
into four major categories.

3.4.1 Environmental Threats
Environmental hazards were remote sites,
lighting conditions, suspicious crowd
formations and unsafe environments. The
system continually processed contextual
data for the detection of such conditions.
3.4.2 Behavioural Threats

Behavioural threats included unusual
movements, including sudden running,
changes in direction, excessive non-
movement, and panic reaction (Wadhwa et
al., 2026).

3.4.3 Physiological Threats

The physiological threats were identified
by heart rate, stress levels and abnormal
changes in body temperature which could
be signs of fear and/or stress.

3.4.4 External Threats
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External threats comprised the presence of
suspicious people, aggression, stalking and
even possibly dangerous objects identified
by computer vision.
3.5 Machine
Development

The machine learning system was divided
into three overlapping layers.

3.5.1 Data Preprocessing

The raw sensor and image data were pre-
processed to eliminate noise, missing data
and inconsistencies (Metu and Nithya,
2025). Visual recognition was enhanced by

Learning Model

image normalization and image
augmentation methods. Data from the
various sensors was normalized for
consistency.

3.5.2 Feature Extraction

Feature extraction techniques were used
for data to be converted to meaningful
representations.  Physiological features
consisted of heart rate variability and stress
indices. Behavioural features included
acceleration patterns,
trajectories, and duration of activity.
Convolutional neural networks (CNNs) are
embedded within the YOLOvVS
architecture, using visual features to
extract.

3.5.3 Threat Prediction Model

The  threat  prediction  framework
encompassed the usage of Random Forest
classification with Long Short-Term
Memory (LSTM) networks and YOLOVS
object detection algorithms. The LSTM
models were used to detect sensor-based
anomalies and the computer vision
techniques were used to  detect

movement

environmental threats (Punitha et al.,
2026).

3.6 YOLOVS8-Based Object Detection
YOLOvVS8 is chosen for its outstanding
accuracy and efficiency in detection tasks.
Annotated data sets of images depicting

suspicious activity, dangerous objects,
aggressive behaviours, and potential threat
situations were used to train the model.
The object detection pipeline consisted of
the following steps: image acquisition,
image preprocessing, feature extraction,
object localization, confidence scoring,
and threat classification (Selvakumar et
al., 2025). The model can be used to
process visual information in real time
with an average inference speed of 28
milliseconds per frame.

3.7 Performance Evaluation Metrics
Some quantitative performance measures
were used to evaluate the proposed system.
Detection Accuracy was the percentage of
accurate threat events that were detected.
Precision is the number of identified
threats that were threats divided by the
total number of identified threats.

Recall was used to indicate the system's
ability to correctly identify real threats.
F1-Score gave a good balance of precision
and recall.

Response Time was the time between the
threat and the Emergency Notification.
False positive rate calculated the rate of
false alerts.

4. Results and Analysis

4.1 Object Detection Performance

The performance of the YOLOvE model
was found to be quite good in various
threat categories.

Table 1. Object Detection Performance

Threat Precisi | Rec | F1- | Accur

Categor | on (%) | all Sco | acy

y (%) |re | (%)
(%)

Suspicio | 95.2 94.1 | 94.6 | 95.8
us

Individua
|

Aggressi | 96.4 95.7 196.0 | 97.1
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ve Panic 94.7 3.1
Activity Movement

Dangero | 97.2 96.8 | 97.0 | 98.2 Abnormal 92.8 4.5
us Object Immobility

Stalking | 93.8 92.5 |93.1 | 94.7 Unexpected 95.1 3.2
Behaviou Direction

r Change

Overall | 95.7 94.8 | 95.2 | 96.8 Average 94.8 34
Performa Performance

nce

The results show that the object detection
framework successfully achieved an
overall accuracy of 96.8%, with high
confidence in identifying possible threats.

100%

75%

50%

25%

0%

Suspicious Indi... Aggressive Acti.. Dan

Figure: Object Detection Performance
4.2 Behavioural Anomaly Detection
Results

Behavioural analysis was performed using
movement patterns and
recognition models.

Table 2. Behavioural Anomaly Detection
Performance

activity

Behavioural Detection False
Event Accuracy Positive

(%) Rate (%)
Sudden 96.5 2.8
Running

The model for the anomaly detection had
an average accuracy at detecting potential
threats of 94.8%, which is a good result for
behavioural monitoring.

Behavioral Anomaly Detection

100 A

80

60

40

Detection Accuracy (%)

20 -

Figure: Behavioural Anomaly Detection
Performance

4.3 Physiological Monitoring
Performance
Physiological indicators played an

important role in identifying distress
conditions.

Table 3. Physiological Threat Detection
Results

Norma | Threa | Detectio
1 t n

Parameter
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The emergency communication system
had a success rate of 98.5%, which shows
that it had good transmission capabilities.
4.5 Comparative Analysis

The proposed system was compared with
existing wearable safety solutions.

Table 5. Comparative Performance
Analysis

Range | Range | Accurac
y (%)

Heart Rate | 60—100 | Above | 95.4
(BPM) 120
Stress Index | 0.2-0.5 | Above | 93.7

0.8
Skin 36-37 | Above | 91.8
Temperatur 38
e (°C)
Combined | — — 94.1
Physiologic
al Analysis

The use of physiological monitoring
enhanced threat identification by adding
extra context information about the user's

condition.

The Emergency Alert System operates and

transmits

alarms

with

the

performance characteristics:
The emergency communication system is
tested on various networks.

4.4
Performance

Emergency

Alert

following

System

The emergency communication system
was evaluated under different network

conditions.

Table 4. Emergency Alert Transmission

Real- Accu
racy

(“e)

Syste
m

Behavi | Obje
Time | oural ct
Detec | Analysi | Detec
tion ) tion

GPS
Tracki
ng
Device

No No No 68.4

Mobile
Safety

Applic
ation

Limit | No No 74.2

ed

Smart | Partia | Partial | No 82.7
Watch |1
Safety
Syste

m

Limit
ed

Existin | Partia | Yes 88.5

g 1
Weara
ble
Solutio
n

Propos | Yes Yes Yes 96.8

ed Al-
Assiste
d

Syste
m

Results

Network Successful | Average

Condition | Alerts (%) | Transmission
Time
(Seconds)

Strong 99.8 2.4

Signal

Moderate | 98.7 3.1

Signal

Weak 96.9 52

Signal

Overall 98.5 3.6

Average

The proposed outperformed
conventional safety technologies across all
evaluation parameters.

S. Discussion

system
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The results show that AI can greatly
improve the performance of wearable
safety technologies. The machine learning,
behavioural analytics and computer vision
integration is a full safety package with
proactive  threat identification. The
proposed device will be continuously
monitoring  the  physiological  and
environmental state to detect threats early,
rather than just reacting to events after
they have happened, like conventional
systems.

The accuracy of object detection for
wearable security applications, achieved
by YOLOvS, has been demonstrated.
Being able to identify suspicious persons,
weapons and bad behaviour in real-time is
also a significant factor in situational
awareness. The model works well,
especially in light of the computational
constraints of wearable devices.
Behavioural anomaly detection enhances
the system by analysing movement
patterns and detecting unusual activities.
Behavioural and visual intelligence allow
for a multi-source approach to detection,
which increases the likelihood of success.
The successful implementation of sensor
fusion techniques that are able to
effectively combine multiple data streams
and enable more accurate assessment of
threats.

Physiological monitoring offers useful
information as a way of understanding the
user's emotional and physical condition.
High levels of stress and abnormal heart
rate patterns are often experienced before
an emergency. Physiological indicators
improve sensitivity of the system and
decrease missed detections.

The emergency communication module
had excellent reliability under different
network conditions. When an emergency
occurs, alert and location information can

be passed quickly, enhancing response
times. The automatic notification of
emergency contacts also means that there
is no need for human intervention —
something that may not always be possible
during threatening situations.

The system performed well but there were
some limitations found. Detection
accuracy and communication efficiency
were occasionally compromised by
environmental conditions like extreme
lighting levels, disruptions to the network.
Future work should be directed towards
increasing the robustness of the system in
real-world conditions.

6. Conclusion

This paper introduced the design,
development, and testing of an Al-powered
wearable system for female safety with
real-time threat detection and anomaly
detection features. The intended smart
sunglasses system used GPS, GSM,
physiological environmental
monitoring modules and computer vision
technologies to monitor safety throughout
the process. Accurate recognition of
suspicious activities, dangerous objects
and abnormal behavioural patterns via
advanced machine learning and YOLOvVS
object detection.

Sensors,

The experimental evaluation results
showed a high performance of the system
in terms of accuracy for detecting objects
(96.8%), behavioural anomalies (94.8%),
physiological  threats (94.1%) and
successful emergency alerts (98.5%). The
findings suggest that intelligent wearable
technologies have the potential to
significantly enhance personal safety
through the ability to proactively identify
threats and quickly respond to emergency
situations.

Overall, the study is a valuable addition to
the field of intelligent wearable systems
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and serves as a powerful demonstration of
how Al can be used to solve societal safety
problems. The combination of behavioural
analytics, sensor fusion, and computer
vision provides a holistic solution that can
significantly contribute to the safety of
women in various scenarios.

7. Future Scope

Future research should seek to develop the
functionality of wearable safety systems
using more sophisticated multimodal
artificial intelligence models. The addition
of edge computing technologies can
enhance the processing efficiency and
decrease  latency. Adding  emotion
recognition, voice distress analysis, and
predictive threat modeling may increase
the effectiveness of a system even more.
The widespread deployment in the field
will give insights into the performance in
the real world and the acceptance of the
users. In addition, privacy-preserving
machine  learning  frameworks can
guarantee secure handling of delicate
client data  without compromising
wellbeing and security.
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