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Abstract

Women’s safety is a growing concern, requiring advanced technological solutions for real-time
protection. This paper puts forward an IoT enabled robotic system that is intended to protect female members of
the public as well as be used for real time monitoring, threat detection, and emergency response. The robot uses
Al powered cameras, motion sensors, GPS and a panic button, able to send instant alerts to set contacts and law
enforcement during possible emergencies. With increasing crimes against women, conventional safety measures
like mobile SOS apps and wearables are often ineffective in high-risk situations. A real time autonomous robot
with threat detection, tracking and enabling women to intervene in case of an emergency would be able to give
women a real sense of safety. The primary goal of this project is to come up with an IoT based autonomous robot
to ensure the real time surveillance and monitoring of women’s safety. This robot is going to be supplied with
upgraded sensors, and endowed with Al operated capabilities to detect potential threats and respond proactively.
From the most crucial aspect of this system, the use of Al based threat detection through facial and voice
recognition. In real time, the robot will identify distress situations and possible threats by analyzing expressions,
modulations in voice and unusual movements of humans. The robot will have an automated alert system that
pushes out emergency notifications in an instant to emergency contacts as well as law enforcement agencies. The
alerts will include real time GPS location tracking and live video footage with timeous intervention. The robot
will also include self defense mechanisms, e.g. loud alarms, flashing lights and deterrent actions to prevent or
lower the probability of an attacker. These features will serve as immediate protective measures until the system
receives external help, therefore improving the effectiveness of the whole once the system receives the help.
Cameras, microphones, and motion sensors will be fed to the robot in order to determine the surroundings. Threats
will be identified by AI algorithms, and this will cause an automated alert system to start. [oT connectivity
means simple connectivity to a cloud server which provides a real time response to law enforcement or guardians.
This should be tested on a controlled environment for its accuracy and efficiency.

Keywords: Women's Safety, [oT, Autonomous Robot, Al-based Threat Detection, Real-time Surveillance,
Emergency Response.

How to cite this article: Usha D, Suganthi S, Kavitha P, Selvi V, Greeshma GS, Ganesh Kumar T. Real-Time
Women's Safety: IoT-Enabled Robotic Solutions for Enhanced Security and Protection in Urban Environments. Int
J Drug Deliv Technol. 2026;16(54s): 1030-1058. DOI: 10.25258/ijddt.16.54s.90

Source of support: Nil.

Conflict of interest: None.

safety remains a global issue as there

1. Introduction is arising cases of harassment, assault
and violence in public and private
Unfortunately, women’s spaces. One in three women in the
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world have been affected, sometimes
physically, sometimes sexually, by
violence in their lifetime,

according to the report by the World
Health Organization (WHO, 2021).
Internet of Things (IoT) technology
brings about new solutions to deal
with such problems, offering direct
monitoring, speedy communication,
and fast response. Such an
application as a promising example is
an IoT based robot, which can help
women in distress with real-time
safety measures like alert system,
surveillance and tracking features.

The Internet of Things (IoT)
is the interconnection of smart
devices via internet to collect
exchange and process the data
autonomously. Previous research has
already proven IoT technology has
revolutionized many industries such
as healthcare, security, smart home
(Atzori et al.,, 2010). IoT based
devices have significant role with
regards to women safety in terms of
locations tracking (in real time),
emergency alerting, biometric
verification and audio-visual
monitoring (Kumar & Agarwal,
2022).  Typically these safety
measures include mobile applications
and the wearable devices, which are
require to sense the condition and
then act accordingly, often through
manual activation, that may not be
viable during critical situations.
While an IoT robot may get detected,
it can then operate independently by
sensing threats as in via Al-driven
sensors and surveillance systems that
will notify authorities and emergency
contact instantly.

There are many self defense
gadgets and mobile based emergency
apps for sale these days, but still
many women are unable to access
help in time in emergency situations.

This is caused by several factors,
including let delay in response, poor
performance of safety apps in
situations of stress, unsatisfied
network connectivity. Manual
activation is typically a requirement
for such applications that are mobile
based, which may not always be an
available option in high risk
situations where the victim is
physically restrained, or so scared she
cannot process a mobile request for
help. This places limitations on the
technology implemented by which a
more autonomous, hands free
solution has to be implemented that
can detect a threat and respond
quickly without the direct
involvement of the user.

With that in mind, the United
Nations Office on Drugs and Crime
(UNODC, 2022) argues that delays to
emergency response are likely to
heighten the likelihood of victim
harm—there are real time safety
measures in place. For example,
traditional means of distress signaling
(such as calling emergency services,
or for example pressing a panic
button) frequently encounter the
problem that the response time can be
long and the services might not be
available. By integrating an IoT
enabled robot with such automated
alert systems and Al based threat
detection, a robot can drastically cut
down response time to only a matter
of seconds; i.e., when it immediately
notifies authorities and emergency
contacts when it is sensing a threat.

Continuous environmental
monitoring is one of the main
advantages of IoT enabled safety
robot. High resolution cameras,
motion sensors and  biometric
recognizing system can be equipped
on the robot to analyze its
surrounding and sense unusual
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activity in real time. Take for
example, if an unknown man follows
a woman in a deserted area, the
robot’s system fueled by the robot’s
Al can recognize suspicious behavior
patterns which trigger an alert, start
the video evidence recording for legal
proceedings. It prevents the incidents
even before they became an incident.

The other main part of the
safety robot is its GPS and GSM
tracking system to keep emergency
contacts and law enforcement up to
the moment regarding its location. In
case of a distress situation, the robot
can send its precise location
coordinate to the responders and help
them arrive at the victim faster.
Unlike previous tracking methods
that typically involve manually
inputting information or utilizing
phone based location services, the
robot is left

without dependency on a user’s
smartphone mitigating the likelihood
that the robot will fail because of
battery depletion, network issues or
lack of availability of a user’s
smartphone.

Facial recognition merging
with voice command system further
strengthen the effectiveness of the
robot to identify and respond to
threats. Facial recognition tech can be
written to be triggered by known
offenders, random others, or even
aggressive emotions, that would
prompt instant reaction. Voice
recognition also allows the robot to
answer predefined distress calls by its
user that will activate emergency
protocols automatically. This hands
free activation feature ensures that the
safety = measure are initiated
irrespective of whether the manual
operation is possible or not.

With artificial intelligence

(Al) integration comes a game
changer in differentiating normal
interactions in the potential level of
threat. Most conventional safety
systems incur false alarms that are a
waste of resources. Trusting the
robot’s ability to assess any given
situation requires Al driven threat
assessment which analyzes contextual
clues like tone of voice, proximity of
unknown individuals, and physical
gestures to accurately determine
whether anything needs to be
analyzed. It means reducing the
number of unnecessary panic alerts to
ensure that genuine distress signals
are noticed and dealt with
immediately.

An IoT enabled safety robot
can go beyond emergency response
as a preventive security. The active
deterrent that the robot provides
contributes in the prevention of these
attacks, as the robot can be deployed
around the locations with the most
presence of individuals like college
campuses, office premises, public
transport stations. It has Dbeen
established in the studies that the
probability of crime decreases when
Al powered surveillance systems are
in place and the risk perceived by the
perpetrators is expected to be
increased (Singh & Verma, 2023).
Now with this aspect the robot
becomes a successful tool as it is used
for real time response and crime
prevention.

Furthermore, it needs to
overcome certain barriers particularly
in terms of technological costs,
privacy issues and infrastructure
demands in order to be put into
practice in the form of an IoT enabled
safety robot. Government support and
public awareness campaigns will go a
long way to ensure widespread
adoption and the use of
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improvements in Al and robotics.
Improvements for the future might
concentrate on longer battery life,
integration with 5G networks for
more communication speed, as well
as miniaturizing of components to
make it more portable. As technology
continues to progress, loT enabled
robots could be exploited to change
the game in women’s safety,
contributing to autonomous,
intelligent and real time protection in
high risk situations.

2. Theoretical Background and
Hypotheses

2.1 Internet of Things (IoT) in Safety and

Security

Different industries such as
healthcare, smart cities,
transportation, and security are now
impacted by the IoT. The IoT has
evolved and enabled interconnected
devices to communicate and work
independently thus increasing the
efficiency of monitoring, real-time
data processing (Atzori et al., 2010).
In terms of safety and security, IoT
plays a big role in tracking remote
surveillance, emergency response and
predictive threat analysis being
highly effective throughout the crime
prevention and quick response.

As a core feature of IoT in
security, real-time data collection and
transmission is a feature. CCTV
cameras, biometric sensors and GPS
tracker are some of IoT devices that
keep on collecting information and
analyzing  patterns to  detect
anomalies. For instance, these
systems may deter offenders and
increase response time of law
enforcement needed to fight crime
(Gubbi et al., 2013).

Cloud-stored artificial
intelligence (AI) models and cloud

based storage can be used with IoT
enabled device to identify suspicious
activities. I give as an example of
which smart surveillance systems
based on Al and IoT can detect
aggressive  behaviors, recognize
unauthorized intrusions, alert
authorities before an incident
occurred (Gubbi et al, 2013).
Already, wearable IoT safety devices
like smartwatches, safety pendants
and buttons for emergency purposes
have been implemented to offer
personal safety solution to women.
Unfortunately, these solutions often
demand an actuation that may not be
possible in the situation where your
life depends on it. This limitation
could be resolved by an
autonomously detecting and
responding to threats via an
autonomous loT enabled robot.

An loT-enabled safety robot
can work with GPS tracking, GSM
communication, motion detection and
biometric verification to continuously
real time surveillance and proactive
threat detection. A mobile robot has
the advantage of being able to travel
different locations, follow people,
and record live video footage,
providing better security coverage
(Kumar & Agarwal, 2022). Besides,
in security, IoT can also support post
incident analysis and emergency
response. Video footage, GPS
coordinates, or biometric logs of
recorded data can act as evidence for
legal investigations, leading to
capture of offenders and avoidance of
recidivism (Kumar & Agarwal,
2022).

IoT based safety solutions are
effective only where they must
process huge amount of data in real
time. Edge computing and 5G
technology enhance the speed,
efficiency of the IoT systems that
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makes them much faster and
communicate smoother (Li et al.,
2018). To safely and ethically deploy
IoT in security, challenges such as
data privacy, cybersecurity threats as
well as ability of the system to be
reliable need to be addressed. A
privacy  breach  arising  from
unauthorized access to sensitive data
has serious negative consequences,
and thus requires strong encryption,
deep authentication, and anomaly
detection systems powered by
artificial intelligence (Atzori et al.,
2010).

Finally, with the integration of the
IoT-enabled robots into the context of
crime prevention and personal
security, there is an introduction of
IoT-enabled robots for real time
women’s safety. These are robots that
work by combining IoT, AI, and
automation; these robots can be used
as autonomous security agents
minimizing crime risk and women’s
freedom and confidence in public
life.

Hpypothesis 1 (H]):

IoT integration in security systems
extremely broadens real time crime
detection and emergency response
effectiveness.

2.2 Artificial Intelligence (AI) in Threat

Detection

It is an advanced version of
the modern security system, which
has integrated Artificial Intelligence
(Al in its automated threat detection,
behavior analysis and predictive
analytics. Al based safety solutions
have machine learning (ML), deep
learning and computer vision

enabled to detect and respond to
possible risks in real time (Kumar &
Gupta, 2022). There is one key

component of all Al security systems
— facial recognition technology —
that automatically identifies known
criminals, known suspicious
individuals or people that are
unauthorized. When applied on an [oT
enabled robot facial recognition gives
real time alerts to law enforcement
agencies as well as instant
verification.

If anything, Al based anomaly
detection models can detect unusual
behavior, aggression, and distress
signals. For instance, a safety robot
with its Al powered motion sensors
and sound analysis algorithms can
detect scream, sudden movement or
aggressive gestures which will set off
emergency response without human
input. Historical crime data and
environmental factors are used to
improve the prediction of threat in
machine learning algorithms. Al is a
precious weapon in the arsenal of
proactive safety measures to identify
high risk areas and prevent crimes
before they happen (Kumar & Gupta,
2022).

Natural language processing
(NLP) driven by AI allows voice
features for safety, that turn into
emergency oaths by predefined voice
dictate. Such a hands free approach
ensures that help can be called for
despite the lack of physical
interaction with a device (Li et al.,
2018). Video surveillance systems in
which the deep learning models
distinguish normal from hostile
situations. By being aware of the
patterns of violence or distress, Al
robot can autonomously respond to
intervene or alarm  emergency
services.

Al powered security systems
must be secure and therefore
minimum priority has been given to
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address the cybersecurity concerns
such as Al Model vulnerabilities and
adversarial attacks. Facial recognition
and data privacy also require a careful
regulation due to the number of
ethical considerations related to bias.
Al in security is being transformed
massively with the developments on
real time image processing, neural
networks and robotics; a factor which
has made the use of Al in next
generation women’s safety solutions
an essential part. An autonomous
safety robot integration of Al and IoT
makes it more capable of threat
identification, risk assessment and
immediate action to assist women’s
security in real-time situation.

Hypothesis 2 (H2):

They also vastly enhance, and in
some cases, close to perfect, the real
time crime  prediction and
intervention accuracy of Al-powered
threat detection systems.

2.3 Role of Robotics in Security

Robots are being used in military,
industrial and security business. They
are used by law enforcement,
surveillance and for crime prevention
at increasing rates, as they are
autonomous security robots (Raj et
al., 2020). Mobile security units can
include robots with 360 degree
cameras, Al powered motion
detection with biometric scanners that
are running all over designated areas.

In high  risk  environments,
autonomous robots can work, it being
dangerous or inefficient to conduct
work by human intervention. These
robots, with use of AI and IoT
connectivity, are used to be able to
navigate the public areas, monitor
crowds, and respond to distress
situations (Singh & Sharma, 2021).

Airport, shopping mall and corporate
building security robots on show for
the effectiveness in helping safety,
prevent access unauthorized and aid
law enforcement.

As autonomous navigation and Al
makes robot decision making, the
robots can work without human
operators improving the response time
and efficiency. The process of
roboting personal safety goes beyond
surveillance. Thus, the perfect
women’s safety robot would engage
with people, deliver verbal warnings
to potential offenders and, if
necessary could use deterrents such
as alarms or defensive tools.

The more affordable and
therefore, more accessible robotic
systems will increase their application
in personal security and crime
prevention as a possible solution for
real time women’s safety. Since
robots are used in safety applications,
this creates ethical and social
challenges such as public perception,
deployment costs, adaptability in
various environments. However,
despite the challenges, robotics can
still  be considered a crucial
innovation 1in terms of crime
prevention and security enforcement,
particularly in the realm of real time
women’s safety solutions.

Hypothesis 3 (H3):

Robotic solutions for security greatly
help in crime deterrence and
emergency response efficacy.

2.4 Biometric Authentication and Privacy

Concerns

The introduction of biometrics
has undertaken identity verification in
a whole new way to the point that
biometrics have revolutionized the
world of security systems through
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highly accurate and personalized
identity verification. Whereas, the
manual security methods such as the
password or PIN codes, the biometric
authentication are based on the
unique physical or behavioral traits
such as the fingerprints, facial
recognition, iris scans and voice
patterns (Jain et al., 2016). This is a
way to secure your data and prevent
the unauthorized individuals accessed
to some features.

It is very important for
biometric authentication for women’s
safety to make sure that security
responses are personalized and
accurate. It can be a robot equipped
with IoT, voice authentication, and
facial  recognition  which  can
distinguish between an authorized
user and an antecedent aggressor.
Consequently, the registered user only
can activate emergency assistance
which means no false alarm and no
misuse of the device. The first
advantage of biometric security in
women’s safety is that it can work

hands free. When manual
intervention  isn’t  possible  in
emergency situations, voice
recognition or the facial

authentication can open automatic
distress alerts, GPS tracking and
video recording. It enables a spotless
and prompt reaction without an
intestinal toil.

In addition, stress levels and
distress signal could be detect by
using  biometric  authentication.
Emotion recognition Al systems will
be advanced enough to take facial
expressions,  voice tone, and
physiological data to decide whether
someone is in a state of duress. If an
individual looks fearful or panicky,
the IoT enabled robot can auto alert
the law enforcement agencies.
However, biometric authentication

has its disadvantages and it brings
doubts about the privacy issue. Risks
of unauthorized access, data leaks,
identity theft, etc. are already there in
case of collecting and storing
biometric data. With IoT enabled
safety robot being compromised, it
could be an opportunity to leak
sensitive user information resulting
into security threats (Kumar & Gupta,
2022). To alleviate these risk, strong
encryption, decentralized storage and
secure authentication methods must
be performed. By ensuring tamper
proof identity verification and
preventing unauthorized access to
sensitive data blocked

technology such as blockchain based
biometric authentication makes every
new technology available to improve
security (Kumar & Gupta, 2022).

Biometric authentication should also
be dealt with in terms of legal and
ethical concerns. Similar to the GDPR
and the CCPA, the government
regulations also state that these
biometric systems must ensure strict
protection of the data. Such policies
ensure the data of the users is secured
and not misused for the wrongful use.
Accuracy and bias are yet another
problem to be solved in biometric
authentication. Facial recognition
systems have been reported to be
inconsistent in recognizing people
given gender, ethnicity or brightness.
However, for the IoT safety robot to
be accessible and effective to all
people, it is critical to make IoT
safety robots ensuring fair and
unbiased Al models (Jain et al., 2016).
Security and accuracy of the biometric
authentication are increased by

advancements in multi-modal
biometric authentication—such as
biometric authentication from

multiple techniques (e.g., Vvoice
recognition + fingerprint). These
techniques should be implemented in
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the context of IoT enabled robots for
women’s safety to provide both
robust security and user convenient.

Hypothesis 4 (H4):

The use of biometrics  for
authentication of real time safety
robots substantially improves
reliability and security.

2.5 Real-World Applications of IoT-

Enabled Safety Systems

Different real-world
applications already use IoT safety
systems which show how these
systems prevent crimes and offer
emergency response and personal
protection capabilities. These modern
technologies enter into use within
public safety infrastructure while also
becoming part of smart cities and
personal security devices which
showcase their safety benefits for
women. Real-time monitoring and
emergency alert systems operate as
notable IoT-based security solutions
within street lights networks. Indian
cities and metropolitan areas of
Thoothukudi and Kovilpatti utilize
smart lighting systems supported by
IoT technology which activates Al
cameras with motion sensors to track
potential risks and automatically
modify light intensity while notifying
law enforcement officials (Singh &
Sharma, 2021).

The security features of public
transportation networks now make
use of IoT technologies. Metro
stations throughout Japan Germany
and India implement Al-controlled
surveillance cameras together with
panic buttons and emergency contact
stations that provide immediate help
access to passengers during unsafe
situations. The adoption of these
systems has proven successful at

lowering public transport harassment
and assault cases (Singh & Sharma,
2021). Wearable IoT safety devices
known as smart rings besides
bracelets and GPS trackers continue
to gain popularity with female users.
The Nimb Ring along with Safer
Smart Pendant provide users with a
stealth way to trigger SOS alerts
which send their precise position
information to designated contacts
and emergency response teams. The
implementation of IoT technology
delivers optimized personal security
solutions according to Raj et al
(2020).

India together with the United Arab
Emirates has deployed IoT-based
police robots for surveillance of
public areas and emergency response
operations alongside citizen
conversations.  Research ~ shows
robotic security guards work as
mobile observers which survey public
spaces by identifying security risks
and give help to persons who need
assistance (Raj et al., 2020). There
already exist a number of applications
in the real world using IoT enabled
safety systems to reduce crime,
emergency response and personal
security. These modern

technologies enter into use within
public safety infrastructure while also
becoming part of smart cities and
personal security devices which
showcase their safety benefits for
women.

For an example, the smart
streetlamps with real time monitoring
and emergency alertting deployed is
one way of using loT based security
solutions. Thus, smart lighting in
cities like Thoothukudi and Kovilpatti
involves the use of IoT driven, Al
powered cameras and motion sensors
which adjust the brightness levels in
case of suspicious activity and raise
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alerts to authority in the case of high
risk situation (Singh & Sharma,
2021). Also, IoT enabled security
features are integrated with the public
transportation systems. Upon
installation of Al driven surveillance
cameras, panic  buttons, and
emergency contact stations in Metro
stations of countries like Japan,
Germany and India that allow
passengers to instantly request help if
they feel unsafe. The adoption of
these systems has proven successful
at  lowering  public  transport
harassment and assault cases (Singh
& Sharma, 2021).

Wearable [oT safety devices known as
smart rings besides bracelets and GPS
trackers continue to gain popularity
with female users. The Nimb Ring
along with Safer Smart Pendant
provide users with a stealth way to
trigger SOS alerts which send their
precise  position information to
designated contacts and emergency
response teams. The implementation
of IoT technology delivers optimized
personal security solutions according
to Raj etal. (2020). India together with
the United Arab Emirates has
deployed IoT-based police robots for
surveillance of public areas and
emergency  response  operations
alongside  citizen  conversations.
Research shows robotic security
guards work as mobile observers
which survey public spaces by
identifying security risks and give
help to persons who need assistance
(Raj et al., 2020).

Hpypothesis 5 (H5):

Real-world applications of IoT-
enabled security systems significantly
reduce crime rates and improve
personal safety for women in public
and private spaces.

This section has explored the
theoretical background of IoT-
enabled robots for real-time women’s
safety, covering essential aspects such
as IoT technology in security, Al-
powered threat detection, robotics in
safety applications, biometric
authentication, and real-world
implementations. Each subsection has
provided insights into how these
technologies contribute to enhancing
women’s security, reducing response
times, and preventing crimes through
autonomous intervention. The
hypotheses outlined in this section
serve as the foundation for further
research and practical implementation
of loT-enabled safety robots. By
integrating IoT, AI, robotics, and

biometric authentication, these
solutions have the potential to
revolutionize women’s safety

worldwide. However, addressing
challenges such as privacy concerns,
ethical considerations, and
implementation costs will be crucial
in ensuring the successful adoption
and efficiency of these technologies.

3. Data and Descriptive Statistics
3.1 Data Collection

The data for this study was
meticulously gathered from multiple
sources to ensure a comprehensive
understanding of women's safety in
Thoothukudi district. Primary data
was collected through structured
surveys and interviews with women
across various age groups and
professions. These instruments were
designed to capture firsthand accounts
of safety concerns, experiences with
existing safety measures, and
perceptions of public spaces (Smith
& Kumar,

2020). Secondary data was sourced
from official records, including crime
statistics from the Tamil Nadu Police
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Department, demographic
information from the Census of India,
and reports from local women's
organizations (Rao, 2019). This dual
approach, combining both primary
and secondary data, facilitated a
robust analysis of the current safety
landscape for women in the district
(John & Sangeetha, 2018).

3.2 Measures

To assess the effectiveness of
existing safety measures and identify
areas for improvement, the study
employed several key performance
indicators (KPIs). These included the
frequency and types of safety
incidents reported, response times of
law enforcement agencies, public
awareness levels regarding safety
protocols, and the availability and
utilization rates of safety resources
such as helplines and self-defense
training programs (Chopra & lyer,
2021). Additionally, the study
examined the accessibility and
functionality of public spaces,
evaluating factors such as lighting,
surveillance infrastructure, and
community engagement initiatives
(Sharma & Jain, 2020). By analyzing
these measures, the study aimed to
provide actionable insights into
enhancing women's safety in
Thoothukudi district (Nair & Das,
2021).

3.3 Sample Description

The sample for this study
comprised 1,000 women from
Thoothukudi district, selected through
stratified random sampling to ensure

representation across various
demographics, including age,
occupation, and educational

background. The participants were
categorized into different age groups:
18-30, 31-45, 46-60, and above 60

(Rani & Gupta, 2017).
Occupationally, the sample included
women from diverse sectors such as
agriculture, manufacturing, education,
healthcare, and homemakers
(Krishna,  2020).  Educationally,
participants ranged from those with
no formal education to post-graduate
qualifications, ensuring that a broad
spectrum  of  experiences and
perspectives was represented (Patel,
2019). This diverse sample provided
a holistic view of the safety concerns
and experiences of women in the
district, highlighting variations across
different  demographic  segments
(Singh & Agarwal, 2018).

3.4 Real-Time Data Set in Thoothukudi

District

The real-time data set for this
study was compiled from multiple
sources to provide an accurate
snapshot of women's safety in
Thoothukudi district. Crime statistics
were obtained from the Tamil Nadu
Police Department's annual reports,
detailing  incidents such  as
harassment, assault, and theft (Tamil
Nadu Police, 2020). Demographic
data was sourced from the Census of
India,  offering  insights into
population density, literacy rates, and
employment patterns (Census of
India, 2011). Additionally, reports
from local women's organizations
provided  qualitative data  on
community perceptions and the
effectiveness of safety initiatives
(Vasudevan, 2019). This
comprehensive data set enabled a
nuanced analysis of the factors
influencing women's safety in the
district and contributed to identifying
key areas for intervention (Jothi,
2020).

3.5 Tables
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To present the collected data
effectively, the study utilized various
tables summarizing key statistics. For
instance, Table 1 displayed the
distribution of participants by age
group, occupation, and educational
background (Table 1, see Appendix).
Table 2 presented crime incident rates
per 1,000 women, categorized by type
of crime (Table 2, see Appendix).
Table 3

outlined the response times of law
enforcement agencies to reported
incidents (Table 3, see Appendix).

Environments

These tables served as visual aids,
facilitating a clearer understanding of
the data and supporting the study's
findings and  recommendations
(Kumar, 2018). By employing a
rigorous data collection methodology
and analyzing real-time data, this
study provides a detailed assessment
of women's safety in Thoothukudi
district, laying the groundwork for
targeted interventions and policy
recommendations (Mehta,
2021).Table 1: Distribution of
Participants by Age, Occupation, and

Educational Background
Age Group | No. of Participants Occupation Educational Background
18-30 300 Agriculture, Student [No formal education, High School
31-45 250 Healthcare, Teacher [High School, College, Postgraduate
46-60 200 Homemaker, Retail |[High School, College
60+ 250 Retired, Homemaker [No formal education, High School

Table 2: Crime Incident Rates per 1,000 Women in Thoothukudi District

Type of Crime Incidents per 1,000 Women Percentage of Total Incidents
Harassment 15 35%
Assault 8 18%
Theft 10 23%
Domestic Violence 6 14%
Other (e.g., stalking) |5 10%
Total 44 100%

Table 3: Response Times of Law Enforcement Agencies to Reported Incidents

Type of Incident Average Response Time (Minutes) | Response Rate (Percentage)
Harassment 25 85%
Assault 40 75%
Theft 30 80%
Domestic Violence |50 65%
Other (e.g., stalking) (35 70%
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4. Results:

4.1 IoT-Enabled Safety Systems: Impact on Crime Reduction and Personal
Security

The implementation of [oT-enabled safety systems has led to measurable improvements in both
crime reduction and personal security. In cities like Thoothukudi, Kovilpatti, and Tirunelveli,
smart streetlights equipped with motion sensors and Al-driven surveillance have contributed
significantly to reducing nighttime crime rates. The incorporation of real-time monitoring
through AI cameras and drones has helped prevent incidents in public spaces, improving
personal security, particularly for women in urban environments (Singh & Sharma, 2021). Data
collected from these systems, such as reduced crime incidents during peak hours or enhanced
emergency response times, provides quantitative evidence of their effectiveness.

Results Table 1: Crime Incidents Pre- and Post-Implementation of loT-Enabled Safety
Systems

City Pre-Implementation Crime Post-Implementation Crime %. Reduction in
Rate Rate Crime

Tuticorin 65 crimes/month 42 crimes/month 35.38%

Kovilpatti 58 crimes/month 30 crimes/month 48.28%

Tirunelveli |40 crimes/month 25 crimes/month 37.50%

Calculation:

Pre—Implementation Crime Rate—Post—Implementation Crime Rate

Crime Reduction Percentage = x 100

Pre—Implementation Crime Rate
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65—42
65

Crime Reduction Percentage = X 100 =35.38%

4.2 Real-Time Emergency Response Enhancement via IoT Integration

Description:

The integration of IoT systems has also greatly enhanced emergency response times. In high-
risk zones, loT-enabled devices like GPS trackers and wearable safety devices send real-time
alerts to emergency services or designated contacts. The IoT ecosystem facilitates immediate
responses from local law enforcement or emergency responders, significantly reducing the time
it takes to intervene during critical situations. Analysis of response times before and after [oT
system deployment indicates improved efficiency in handling emergencies (Raj et al., 2020).

Results Table 2: Average Emergency Response Time Before and After IoT

Implementation
Location Average Response Time|Average Response Time Ti'me Saved (in
Before IoT After IoT minutes)
Thoothukudi |15 minutes 8 minutes 7 minutes
Kovilpatti |20 minutes 10 minutes 10 minutes
Tirunelveli |18 minutes 9 minutes 9 minutes
Calculation:

To calculate the time saved, the formula is:
Time Saved=Average Response Time Before l[oT—Average Response Time After [oT

Time Saved=15—8=7 minutes

Results Table 3: IoT-Enabled Device Usage for Personal Safety (Women’s Safety Devices)

Device Tvpe Pre-Implementation Usage |Post-Implementation Usage |% Increase in
yp Rate Rate Usage

Smart Rings 12% 36% 200%

GPS Trackers [18% 50% 177.78%

Wearable 8% 28% 250%

Bracelets

Calculation:

To calculate the percentage increase in device usage, the formula is:

Usage Increase Percentage=

Post—Implementation Usage Rate—Pre—Implementation Usage Rate x 100

Pre—Implementation Usage Rate

Usage Increase Percentage=36=12 x 100 =200%

12

Summary of Findings and Analysis

The data gathered from various loT-
enabled safety systems indicate a
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significant positive impact on crime
reduction, emergency response, and
personal security. As evidenced in
Table 1, cities like Thoothukudi and
Kovilpatti ~ experienced  notable
reductions in crime rates post-
implementation of IoT solutions, with
reductions ranging from 35% to 48%.
These results suggest that [oT systems
can play a pivotal role in enhancing
public safety, particularly in urban
areas where crime rates tend to be
higher.

Further, Table 2 highlights the
improvement in emergency response
times, with cities like Thoothukudi
and Kovilpatti saving up to 10
minutes in response time after the
integration of IoT devices. This
reduction in response time is critical
in  preventing harm during
emergencies, particularly for women
in vulnerable situations. The use of
real-time data for incident alerts and
the automatic dispatch of emergency
responders ensures that response
teams are more efficient and timely.

In terms of personal safety, Table 3
shows a significant rise in the usage
of IoT-enabled wearable devices like
smart rings, GPS trackers, and
wearable bracelets among women.
The data reveals a dramatic increase
in device usage, with wearable
bracelets seeing a 250% rise,
indicating growing trust in these
technologies to protect personal
security. These devices enable users
to discreetly send distress signals,
ensuring prompt assistance in
emergency situations.

While the data suggests a positive
trend in the adoption of IoT-based
safety systems, challenges remain.
These include concerns over privacy,
data security, and the scalability of
such systems in different regions.

Nevertheless, the results underscore
the potential of IoT technology to
revolutionize safety ~ protocols,
providing real-time interventions that
can save lives and reduce crime rates
globally. Future research should
focus on addressing these barriers to
enhance the universal adoption and
effectiveness of I[oT solutions for
women's safety.

5. Discussion

The discussion section provides an
in-depth analysis of the findings,
limitations, and potential directions
for future research regarding IoT-
enabled robots for real-time women's
safety. It highlights the insights
gathered from the study, outlines the
constraints of current systems, and
proposes  areas  where  future
advancements could improve the
effectiveness of these technologies.

5.1 Findings

The study has revealed several
important findings regarding the
impact of loT-enabled robots for real-
time women's safety. The integration
of IoT technology into security
systems has shown significant
improvements in  both  crime
reduction and emergency response.
As illustrated in the previous sections,
cities that have deployed smart
streetlights, Al-powered surveillance
cameras, and autonomous robots have
seen a marked decrease in crime rates
and faster response times during
emergencies (Singh & Sharma,
2021). Furthermore, wearable devices
such as smart rings, GPS trackers,
and personal safety apps have
demonstrated high adoption rates
among women, with an increase in
their usage by up to 250% in some
regions (Raj et al., 2020).
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A key finding of this research is the
effectiveness of predictive policing
systems, where Al-based crime
mapping technologies have been
implemented in cities like Los
Angeles and Chicago. These systems
analyze historical crime data, social
patterns, and environmental variables
to predict high-risk zones, enabling
authorities to deploy resources more
effectively and prevent crimes before
they occur. This proactive approach,
powered by IoT-enabled robots,
significantly ~ enhances  real-time
intervention and crime prevention,
particularly in public spaces.

Another important discovery from the
study is the development and success
of police patrol robots in countries
like India and the UAE. These
autonomous robots, equipped with
real-time monitoring capabilities and
communication systems, provide a
consistent  security presence in
crowded spaces. They are capable of
detecting unusual behavior,
responding to distress calls, and
interacting with citizens, all while
reducing the strain on human law
enforcement resources (Raj et al.,
2020).

5.2 Limitations

While the advancements in IoT-
enabled robots for women’s safety
are promising, several limitations
need to be addressed before these
technologies can be fully
implemented and scaled on a global
level. One significant challenge is the
high cost associated with deploying
IoT-based safety systems. The
integration of sensors, Al-driven
cameras, drones, and robots requires
significant investment in
infrastructure, making it challenging
for low-income regions to adopt these
technologies  without  substantial

government or international support.

Another limitation lies in the
potential privacy concerns that arise
from the widespread wuse of
surveillance systems. The use of Al
and facial recognition technology, for
example, has raised concerns about
the security and misuse of personal
data. There is a need for robust data
protection laws and regulations to
ensure that individuals' privacy rights
are not violated while maintaining the
effectiveness of IoT-enabled systems
(Singh & Sharma, 2021).

The scalability of IoT-enabled safety
solutions is another limitation,
particularly in less developed regions.
Many IoT solutions, such as smart
surveillance systems and drones,
require

a stable internet connection and
advanced technological infrastructure
to function effectively. In rural or
remote areas, where connectivity and
technological resources are limited,
these solutions may not be viable,
further exacerbating the digital
divide.

Moreover, the deployment of IoT
robots in public spaces raises ethical
concerns related to the role of
machines in law enforcement and
human interaction. The use of
autonomous  robots to  patrol
neighborhoods or respond to
emergencies may create a sense of
distrust among the public, as people
may question the fairness and
accountability of decisions made by
machines (Raj et al., 2020).

Lastly, the maintenance and long-
term sustainability of IoT-based
systems pose a significant challenge.
With  rapid advancements in
technology, older systems may
quickly become outdated,
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necessitating frequent updates and
replacements. The costs associated
with maintaining these systems over
time may limit their long-term
effectiveness and adoption.

5.3 Future Research

The potential for IoT-enabled robots
to enhance women’s safety is vast,
and several avenues for future
research could further optimize these
technologies. One key area for future
exploration is the integration of
advanced Al and machine learning
algorithms into loT-enabled robots.
These algorithms can be used to
improve threat detection, predictive
policing, and the real-time decision-
making capabilities of robots,
allowing them to respond more
effectively to dynamic situations
(Singh & Sharma, 2021).
Additionally, the integration of these
robots with existing law enforcement
infrastructure, such as  police
databases and emergency response
systems, could streamline
communication and increase
operational efficiency.

Another promising area for future
research is the development of
energy-efficient and sustainable [oT-
enabled devices. As IoT robots and
wearable devices require substantial
power to operate, researchers could
focus on creating low-power systems

or renewable energy solutions, such
as solar-powered surveillance
cameras and robots. This would not
only make the technologies more
accessible to a wider range of
communities but also address
environmental concerns associated
with the widespread deployment of
IoT systems (Raj et al., 2020).

Furthermore, future studies could
investigate the ethical implications of
using IoT-enabled robots in law
enforcement. Research could explore
how to ensure that these systems are
used responsibly and do not infringe
on citizens' rights. This could involve
developing ethical frameworks for

the deployment of autonomous
robots, ensuring that they are
transparent, accountable, and

designed with fairness in mind.

Lastly, as privacy concerns remain a
major barrier to the adoption of [oT-
based safety systems, future research
could focus on developing secure
data-sharing protocols and encryption

methods that protect individuals'
sensitive information. Collaborative
efforts between governments,

technology companies, and civil
society organizations will be crucial
to address these privacy challenges
while enabling the widespread
deployment of IoT-enabled robots
(Singh & Sharma, 2021).

Detailed Dataset Table: IoT-Enabled Robots for Real-Time Women’s Safety

IoT Crime Emergency gs:f:able()f Public Privacy |Cost of
City/Region |Technology Reduction |Response Devices Acceptance [Concerns |Deployment
Implemented |(%) Time (min) (%) (%) (%) (USD)
Smart
Thoothukudi [Sreetights, Allsg g, g 36% 75% 45% 10M
Cameras, Police
Robots
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Smart
Streetlights,
Drones,
Surveillance

Kovilpatti 48.28% 10 50% 70% 55% 12M

Wearable
Devices, Police
Robots, Al
Cameras

Tirunelveli 37.50% 9 28% 80% 40% &M

Police Robots,
Urban Al Surveillance|40.00% 12 45% 65% 50% 15M
Cameras

Wearable
India (Urban |Devices, Police
Areas) Robots, Al
Cameras

30.00% 15 50% 60% 60% M

India (Rural GPS Trackers,

0 o o .
Areas) Police Robots _|2>-00% |20 30% 55% 70% IM

In conclusion, IoT-enabled robots for real-time women’s safety have demonstrated substantial

potential in improving public security machine learning capabilities,
and enhancing emergency response. creating sustainable systems, and
These technologies have proven addressing ethical issues to make
effective in reducing crime rates and IoT-based safety solutions more
speeding up interventions. However, effective and accessible globally.
limitations such as cost, privacy These efforts could help overcome
concerns, and scalability remain current limitations and unlock the full
significant barriers to widespread potential of IoT-enabled technologies
implementation.  Future  research for women’s safety worldwide.

should focus on advancing Al and

6. Conclusion devices, and police patrol robots,
have already shown substantial
success in reducing crime rates and
increasing the efficiency of law
enforcement responses. However,
challenges such as high
implementation costs, privacy
concerns, and scalability in
developing regions must be addressed
for these solutions to reach their full
potential. The future of loT-enabled
safety systems lies in continued
advancements in Al,

In conclusion, the integration of [oT-
enabled robots for real-time women’s
safety presents a significant leap
forward in enhancing public security
and personal protection. These
technologies, which combine IoT, Al,
and robotics, offer innovative
solutions for preventing crime,
ensuring quick emergency responses,
and improving the overall safety of
women in both public and private

spaces. Real-world applications, such ) ) )
as smart streetlights, Al-driven machine learning, and sustainable

. technology, which can make these
surveillance cameras, wearable safety .
systems more affordable and widely
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accessible.
research

ethical considerations, and system
integration will be crucial for
ensuring the successful adoption of
these solutions on a global scale.

Moreover,  ongoing
into privacy protection,

Environments

Ultimately, IoT-enabled robots have
the potential to
women’s safety, making real-time
intervention more effective and
helping create safer environments for
women worldwide.

revolutionize

Appendix: Table for loT-Enabled Robot for Real-Time Women’s Safety

Real-World
Technology Description Key Features Application Benefits
Examples
Streetlights . -
. g ... |Al-powered cameras,| Thoothukudi, Detects suspicious
IoT-enabled equipped with i . . ..
motion sensors, real-|Kovilpatti, activity,  reduces
Smart Sensors and | . . . C o :
) ..__|time alerts, adjustable|Tirunelveli (high- |crime,  enhances
Streetlights cameras to monitor|, . . . .
. brightness. risk public areas). |public safety.
public spaces.
Real-time
Cameras powered monitorin
Al-driven by Al to detect |[Motion detection,|Metro stations in . &
. . . o\ prevention of
Surveillance abnormal behaviors |facial recognition,{Japan,  Germany, .
i . harassment, instant
Cameras or anomaly detection. India.
. threat
potential threats. .
detection.

- ble Safet Wearable gadgets Nimb Ring, Safer|Personal safety,
earable Safe . . .
Devi Y |that send [SOS alerts, GPS|Smart Pendant|immediate location
i .g. : : .
eviees fe g emergency  alerts|tracking, discreet|(personal safety sharing,
Smart Rings, | . . . . . )

with real-time|communication. devices for |privacy n
GPS Trackers) . .
location. women). emergencies.
Autonomous robots
o . Deterrence of
used for |Mobility, real-time . . . .
) . . India, UAE |crime, immediate
IoT-based Police |patrolling and |video feed, .
. . .. . (patrols in |support,
Patrol Robots providing assistance [communication with . .
. .. crowded areas). surveillance in real
in |authorities. .
) time.
public spaces.
. . Efficient
Al-driven systems|Data analysis,
. L. . . . ) Los Angeles,|deployment of
Predictive predicting crime|predictive algorithms, . . .
.. . Chicago (policing|police resources,
Policing Systems |hotspots based on crime . . .
. . strategies). proactive crime
data analysis. mapping. .
prevention.
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Real-World
Technology Description Key Features Application Benefits
Examples
Real-time
Aerial  surveillance,|China, Israel |[situational
Drones used for . .
Autonomous . . Al-driven threat|(large event |awareness, tracking
. aerial surveillance ) ) ) :
Security Drones . detection, live video|security and urban|suspects,
and rapid response. . o .
feed. monitoring). monitoring public
spaces.
Systems that use o Enhanced security,
.y . . .. |Universities, ty
) . biometric data |Facial recognition, prevents
Biometric Access . corporate  offices )
(e.g., face, |fingerprint scanners, . unauthorized
Control Systems . (restricted  areas, ,
fingerprint) for |encrypted data. access, verifies
secure access). . .\
secure access. identities.
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IoT-enabled Smart
Streetlights are a key
application in urban spaces
where the primary goal is
public safety by ensuring that
areas are well-lit and
monitored. They  adjust
brightness in high-risk
situations and alert authorities
when needed (Singh &
Sharma, 2021).

Al-driven Surveillance
Cameras have been adopted
widely in public transport
systems to prevent incidents of
harassment and crime. In
metro stations in countries like
Japan, Al-driven cameras help
detect unusual behavior and
send alerts (Raj et al., 2020).
Wearable Safety Devices like
the Nimb Ring provide a
discreet way for individuals to
send an SOS alert, ensuring
privacy and  immediate
support (Singh & Sharma,
2021).

IoT-based Police Patrol
Robots offer real-time
surveillance and immediate
interaction  with  citizens,
enhancing safety in crowded
areas (Raj et al., 2020).
Predictive Policing Systems
are designed to forecast where
crimes are likely to happen,
allowing law enforcement to
take preventative measures
(Bajaj, 2022).

Autonomous Security
Drones provide a high-level
of oversight from the air and
are increasingly wused in
countries like Israel for
securing public events (Liu &
Chen, 2023).

Biometric Access Control
Systems improve campus and
office security by ensuring
that only authorized

Real-Time Women’s Safety: loT-Enabled Robotic Solutions for Enhanced Security and Protection in Urban

Environments

individuals can access
sensitive areas, enhancing
safety protocols (Patel et al.,
2021).

This appendix highlights the varied
IoT-enabled technologies used in real-
time women’s safety applications.
Their integration into security
systems enhances responsiveness,
intervention speed, and prevention of
crimes in both public and private
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