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Abstract

Managing large crowds in religious places is a significant challenge due to the increased risk of overcrowding, stampedes,
and unexpected hazards such as fire and gas leaks. Existing crowd management approaches are mostly manual and lack
real time monitoring and quick response capabilities. This paper proposes an enhanced intelligent crowd control and hazard
prevention system using Internet of Things technology to improve safety and management efficiency. The proposed system
integrates sensors, cameras, and microcontrollers to continuously monitor crowd density and environmental conditions.
The collected data is transmitted to a centralized platform for analysis to detect abnormal crowd behavior and potential
hazards. When critical situations are identified, the system generates alerts for authorities and activates warning
mechanisms to guide the crowd and reduce congestion. The system also supports remote monitoring, enabling faster

decision making and effective emergency response.

Keywords: Internet of Things, crowd control, hazard prevention, smart monitoring, public safety, real time system

1. Introduction

Religious places often attract large numbers of people,
particularly during festivals, special events, and peak
visiting hours. Managing such dense crowds is a
challenging task, as overcrowding can lead to
dangerous situations such as stampedes, injuries, and
loss of life. In addition to crowd-related risks, hazards
such as fire outbreaks, gas leaks, and structural issues
further increase the need for effective safety and
monitoring systems. Conventional crowd
management methods mainly depend on manual
supervision, surveillance cameras, and basic
communication systems. While these approaches
provide some level of control, they are often
insufficient in handling real time situations in highly
crowded environments. Delays in identifying
overcrowding or hazards can result in slow response
times, which may lead to serious consequences. With
advancements in technology, the Internet of Things
has emerged as a powerful solution for real time
monitoring and  automation. 10T  enables
interconnected devices such as sensors, cameras, and
microcontrollers to collect and exchange data
continuously.

The proposed system is designed with a strong focus
on ease of use, ensuring that it can be operated
efficiently by authorities with minimal technical
expertise. The interface is simple and user friendly,
allowing real time monitoring of crowd conditions
through a centralized dashboard. Automated data
collection and analysis reduce the need for manual
intervention, while clear alerts and notifications
enable quick understanding of critical situations. The
system requires minimal setup and maintenance,
making it suitable for deployment in large and
complex environments such as religious places.
Overall, the design ensures that users can manage
crowd control and hazard prevention effectively
without extensive training.

2. 10T-Based Intelligent Crowd Control and
Hazard Prevention System

The system consists of various sensing devices such
as infrared sensors and ultrasonic sensors to measure
crowd density in different zones. Environmental
sensors are also used to detect hazardous conditions
such as fire, smoke, and gas leaks. These sensors
continuously collect data and send it to a
microcontroller, such as an Arduino or ESP32, which
processes the information and transmits it to a cloud
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platform through wireless communication. The cloud
platform plays a key role in analyzing the collected
data and identifying abnormal patterns in crowd
movement or environmental conditions. When the
system detects overcrowding or any hazardous
situation, it automatically generates alerts and
notifications for the authorities. At the same time,
warning mechanisms such as buzzers and visual
indicators are activated to guide the crowd and prevent
congestion.

2.1. Abbreviations and Acronyms

Al (Artificial Intelligence), 10T (Internet of Things),
IR (Infrared), GSM (Global System for Mobile
Communication), Wi Fi (Wireless Fidelity), LED
(Light Emitting Diode), MCU (Microcontroller Unit),
GPS (Global Positioning System), LCD (Liquid
Crystal Display), and GCP (Google Cloud Platform).

2.2. Units
All measurements used in this paper follow the
International System of Units. Distance is measured in
meters, time in seconds, and temperature in degree
Celsius. Electrical parameters such as voltage and
current are expressed in volts and amperes
respectively, while power consumption is measured in
watts. Sensor measurements, including crowd density
and environmental parameters, are recorded using
standard units to ensure consistency and accuracy. The
use of standardized units enables clear interpretation
of results and facilitates comparison with other
systems and studies.

o Distance is measured in meters (m)

e Time is measured in seconds (S)

e Temperature is measured in degree Celsius
(&)
Voltage is measured in volts (V)
Current is measured in amperes (A)
Power is measured in watts (W)
Frequency is measured in hertz (Hz)
Data transmission speed is measured in bits per
second (bps)

2.3. Equations

Crowd Density D = %
Data

Data Transmission Rate R = Time
Power Consumption P =V x [
Sensor Response Time T = ]lc

Distance Measurement (Ultrasonic Sensor)d=2vxt

3. System Architecture
The system architecture of the proposed 10T based
intelligent crowd control and hazard prevention
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system is designed to ensure efficient data collection,
processing, and communication. It consists of multiple
interconnected components that work together to
monitor crowd density and detect hazardous
conditions in real time.

The architecture is divided into three main layers:
sensing layer, processing layer, and application layer.
The sensing layer includes various sensors such as
infrared sensors and ultrasonic sensors to detect crowd
presence and measure density in different areas.
Environmental sensors are also used to identify
hazards such as fire, smoke, and gas leaks. These
sensors continuously gather data from the
surroundings.

The application layer includes cloud platforms and
user interfaces such as web or mobile applications.
The cloud stores and analyzes the incoming data to
detect patterns and generate insights. When abnormal
conditions are identified, alerts and notifications are
sent to authorities. At the same time, output devices
such as buzzers and LED indicators are activated to
guide the crowd and prevent congestion.

This layered architecture ensures real time
monitoring, efficient data handling, and quick
response to critical situations. It provides a scalable
and reliable solution for managing large crowds and
enhancing safety in religious places. The
communication layer enables seamless data transfer
between devices using wireless technologies such as
Wi Fi and GSM. It ensures that the data collected from
sensors is transmitted efficiently to the processing unit
and cloud platform. This layer plays a crucial role in
maintaining real time connectivity and minimizing
data transmission delays.

3.1. Crowd Detection Module

This module is responsible for detecting the presence
and movement of people. It uses infrared and
ultrasonic sensors to count individuals and measure
crowd density in different areas. The collected data
helps in identifying overcrowded zones.

3.2. Hazard Detection Module

This module monitors environmental conditions using
temperature and gas sensors. It detects hazards such as
fire, smoke, and gas leaks. When abnormal conditions
are identified, it immediately triggers alerts to prevent
accidents

3.3. Data Processing Module
This module includes the microcontroller (Arduino or
ESP32), which processes the data received from
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sensors. It compares the data with predefined
threshold values and determines whether the situation
is normal or critical.

3.4. Communication Module
This module handles data transmission using Wi Fi or
GSM technology. It sends real time data to the cloud
platform and delivers alerts or notifications to
authorities during emergencies.

3.5. Alert and Notification Module
This module generates warnings through buzzers,
alarms, and LED indicators. It also sends notifications

» Temperature Sensor .
* Gas Sensor

* Wi-Fi / GSM
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to mobile devices or control systems to inform
authorities about critical conditions.

3.6. Cloud and Data Storage Module

This module stores sensor data on a cloud platform
and performs advanced analysis. It helps in tracking
historical data, identifying patterns, and supporting
decision making.

3.7. Monitor and Control Module

This module provides a user interface through web or
mobile applications. Authorities can monitor crowd
conditions in real time and take necessary actions to
control the situation.

Monitoring & Control
(Wed / Mabile App)

| Alert & Notification
| Systems

o Buzzer, Alm,
« LED Dwsplay

Figure 1. Enhanced Intelligent Crowd Control and Hazard Prevention System for Religious Places Using loT

The block diagram of the enhanced intelligent crowd
control and hazard prevention system illustrates the
flow of data from sensing to decision making and alert
generation. The system begins with two main input
modules, namely the crowd detection module and the
hazard detection module. The crowd detection module
uses infrared and ultrasonic sensors to monitor the
number of people and estimate crowd density in
different areas. At the same time, the hazard detection
module uses temperature and gas sensors to identify
unsafe environmental conditions such as fire, smoke,
or gas leaks. The data collected from both modules is
sent to the microcontroller unit, such as Arduino or
ESP32, which acts as the central processing unit of the
system. It processes the incoming data, compares it
with predefined threshold values, and determines
whether the situation is normal or critical. If any
abnormal condition is detected, the microcontroller
initiates further actions. The processed data is then
transmitted through the communication module,
which uses technologies such as Wi Fi or GSM to send
information to the cloud server. The cloud server
stores the data and performs advanced analysis,
enabling real time monitoring and decision making.

4. Methodology

The proposed system follows a systematic approach to
monitor crowd density and detect hazardous
conditions in real time using loT technology. The
methodology consists of several stages including data
collection, processing, analysis, and alert generation.
Initially, the system collects data through the sensing
layer. Infrared and ultrasonic sensors are used to
detect the number of people and measure crowd
density in different areas. At the same time,
environmental sensors such as temperature and gas
sensors continuously monitor conditions to identify
potential hazards like fire or gas leaks.

The collected data is then sent to the microcontroller
unit, such as Arduino or ESP32, where initial
processing takes place. The microcontroller analyzes
the sensor data and compares it with predefined
threshold values. If the crowd density exceeds the safe
limit or if hazardous conditions are detected, the
system identifies it as a critical situation.

Based on the analysis, the system generates alerts and
notifications. Warning signals such as buzzers,
alarms, and LED indicators are activated to inform the
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crowd and guide them toward safer areas.
Simultaneously, notifications are sent to authorities
through mobile or web applications, enabling quick
response and decision making.

In the first stage, data acquisition is performed using
various sensors deployed across different zones of the
religious place. Infrared sensors are used to count the
number of people entering and exiting specific areas,
while ultrasonic sensors measure the proximity
between individuals to estimate crowd density.
Simultaneously, environmental sensors such as
temperature and gas sensors continuously monitor
conditions to detect hazards like fire, smoke, or gas
leakage. These sensors operate continuously to ensure
real time data collection.In the fourth stage, the cloud
platform receives and stores the data for further
analysis. Advanced processing techniques can be
applied to identify patterns, trends, and abnormal
behaviors in crowd movement. This stage also enables
historical data storage, which can be useful for future
planning and improving system performance.

In the final stage, alert generation and control actions
are executed. The system activates buzzers, alarms,
and LED indicators to provide immediate warnings to
the crowd. At the same time, notifications are sent to
authorities through mobile or web applications,
allowing them to take quick and effective action. In
some cases, the system can also assist in redirecting
the crowd to safer zones.

5. Implementations and Results

5.1. Setting up the Hardware

The hardware setup begins with selecting and
integrating core components such as microcontrollers
(like Arduino or NodeMCU), sensors, and
communication modules. Load sensors are installed to
monitor crowd density by measuring weight variations
in specific areas. Infrared (IR) or ultrasonic sensors
are placed.

Entry and exit gates are equipped with counting
sensors to track real-time crowd flow. The load
sensors are fixed beneath floors or platforms where
large gatherings occur. Gas and temperature sensors
are placed in enclosed areas to monitor environmental
safety. Proper wiring and power supply connections
are ensured to maintain continuous.

The system is tested to verify sensor accuracy and
communication reliability. Alerts and notifications are
configured to trigger during overcrowding or
hazardous situations. This complete hardware setup
ensures efficient crowd monitoring.
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5.2. Testing Environment

The testing environment for the Enhanced Intelligent
Crowd Control and Hazard Prevention System is
designed to simulate real-time conditions found in
religious places. A controlled setup is created where
sensors, microcontrollers, and communication
modules are installed and interconnected. Different
crowd scenarios are replicated using dummy loads or
groups of people to evaluate system performance.
Entry and exit points are tested with infrared or
ultrasonic sensors to ensure accurate counting.

Stress testing is performed by increasing the number
of inputs to observe system behavior during peak
crowd situations. Alerts and notification mechanisms
are checked for timely activation during
emergencies. Data collected from sensors is verified
for correctness and consistency. Communication
delays and data loss scenarios are also evaluated. The
system’s ability to recover from failures or
interruptions is tested. Power supply stability and
backup options are examined to ensure uninterrupted
operation. User interfaces or dashboards are reviewed
for clarity and usability. Overall, the testing
environment ensures the system is robust, efficient,
and ready for real-world deployment.

5.3. Results

e The implemented system  successfully
monitored crowd density in real time using load
and motion sensors. The entry and exit tracking
mechanism accurately counted the number of
people passing through specific points. The
collected data was continuously updated.

e The hazard detection features of the system
performed effectively during testing. Gas
sensors accurately identified the presence of
harmful gases in enclosed environments.
Temperature sensors detected abnormal rises,
indicating possible fire risks.

e Because the system is connected to the internet
beekeepers can check on the beehive from away
using a phone or computer. This means
beekeepers do not have to go to the beehive
often to check on it and it makes taking care of
the beehive a lot easier.

e The system also has a way to send warnings
when something is not right like if the sounds
the bees make are not normal or if the
environment is not good for the bees. These
warnings help beekeepers act fast to keep the
bees safe and make sure the beehive is healthy.
The beehive is very important. The system
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helps us take good care of the beehive and the )

bees, inside the beehive.

5.4. Evaluation Metrics

Volume 15(1), June 2026, pp 113-119

Precision: This shows if the system is correct
when it identifies abnormal situations like
overcrowding.

Recall: This balances precision and recall to

The performance of the system is evaluated
based on crowd detection accuracy. The sensors
must correctly identify the number of people in
a given area. High accuracy ensures reliable
monitoring and  decision-making.  Any
deviation in counting can affect safety
measures. Therefore, calibration and validation
of sensors are essential. Response time is
another important metric used to measure
system efficiency. It refers to the time taken to
detect and respond to changes in crowd density
or hazards. A faster response time helps in
preventing.

Accuracy: This shows how correctly the system
measures the crowd density and detects.

evaluate how effectively the system identifies

crowd

e F1-ScoreThis balances precision and recall to
evaluate how effectively the system identifies

crowd

e Latency: This measures how quickly the data
from sensors is sent to the monitoring system or

cloud.

e Energy Efficiency: This looks at how power the
10T devices use so we can make sure they can
run for a long time.

e Sensor Reliability: This checks whether sensors
like load, gas, and temperature sensors are
working properly and providing accurate data.

Table 1. Table Type Styles

Parameter

Crowd Density
Sensor

Gas Sensor

Temperature
Sensor

Monitoring
Type

Crowd Monitoring

Hazard Detection

Environmental

Normal
Range

0-100 persons (safe
limit)

0-300 ppm (safe
air quality)

25-35°C

Purpose

Monitor number of
people in an area

Detect harmful
gas leakage

Identify fire risk
or overheating

Crowd Density Monitoring Over Time

60

Crowd Densty (Number of Beople)

20

80 4

40 4

0 1 2 E}

Time (minutes)

1 >

Figure 2: Example of a crowd density graph showing the relationship between Time and number of people. The crowd
density increases steadily over time, indicating gradual accumulation in the monitored area.
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Figure 3. Time (minutes) and Crowd Density (number of people).

All these evaluation metrics help us understand how
well the intelligent crowd control and hazard
prevention system works in real life. We use these
loT-based system metrics to ensure the system is
functioning correctly and providing accurate
information  about crowd  conditions  and
environmental safety. These metrics help in
improving system performance, reliability, and
response time.

6. Conclusions

6.1. Improvements over Conventional System

The proposed loT-based intelligent crowd control and
hazard prevention system offers significant
improvements over conventional systems. Traditional
methods rely heavily on manual monitoring, which is
time-consuming and prone to human error. In contrast,
the proposed system provides real-time monitoring
using sensors and automated data processing. It
ensures faster detection of overcrowding and
hazardous situations such as gas leaks or temperature
rise. The system can instantly send alerts to
authorities, enabling quick response and preventive
action. Unlike conventional systems, it provides
continuous and accurate data without interruption.

6.2. Challenges Faced During Implementation

During the implementation of the loT-based
intelligent crowd control and hazard prevention
system, several challenges were encountered. One
major challenge was integrating multiple sensors and
ensuring their proper synchronization. Calibration of
sensors like load, gas, and temperature sensors

required careful adjustments for accurate readings.
Network connectivity issues affected real-time data
transmission in some cases. Power management was
also a concern, especially for continuous operation of
the system. Handling large amounts of data and
ensuring its accuracy was another difficulty.
Environmental factors such as noise, temperature
variations, and crowd movement impacted sensor
perform.

6.3. Future Enhancements

The system can be further enhanced by integrating
advanced technologies such as Artificial Intelligence
and Machine Learning for better prediction of crowd
behavior. Facial recognition and video analytics can
be added to improve monitoring and security. The use
of more accurate and advanced sensors can increase
the reliability of data collection. Mobile applications
can be developed to provide real-time alerts and
updates to authorities and users. Integration with
emergency response systems can help in faster action
during critical situations. The system can also be
expanded to support multiple locations with
centralized monitoring. The system can also be
expanded to support multiple locations with
centralized monitoring. Energy-efficient designs
using solar power can improve sustainability. The use
of more accurate and advanced sensors can increase
the reliability of data collection. Data analytics can be
used to study crowd patterns and optimize
management strategies. Cloud security features can be
strengthened to protect sensitive data. Facial
recognition and video analytics can be added to
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improve monitoring and security. Overall, these
enhancements will make the system more intelligent,
scalable, and efficient.
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