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Abstract— The RSSI-Based Safety Monitoring System for
Construction Workers is an IoT-based solution designed to
improve worker safety in hazardous construction
environments. The system uses ESP32 microcontrollers and
RSSI (Received Signal Strength Indicator) technology to
estimate the distance between workers and restricted or
dangerous zones. By continuously monitoring signal strength,
the system can detect unsafe proximity conditions in real time.
When a worker enters a risky area or exceeds the safe
communication range, warning alerts are generated through
LEDs and buzzers to ensure immediate attention and
response. The proposed system aims to reduce workplace
accidents, improve safety awareness, and provide a low-cost
and efficient monitoring solution for construction sites. The
use of wireless communication makes the system portable,
scalable, and easy to deploy in dynamic working
environments. This project demonstrates how IoT and RSSI-
based positioning techniques can enhance worker protection
and contribute to smarter and safer construction management
systems.
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I. INTRODUCTION

Construction sites are among the most hazardous working
environments due to the presence of heavy machinery, dangerous
equipment, falling objects, and constantly changing work
conditions. Workers are often exposed to safety risks that can lead
to serious injuries or accidents if proper monitoring systems are
not implemented. Traditional safety measures such as helmets,
warning signs, and manual supervision are important, but they
may not always provide real-time monitoring and instant alerts in
critical situations. With the rapid growth of technology and the
development of the Internet of Things (IoT), smarter and more
efficient safety monitoring solutions can now be designed to
improve worker protection and reduce accidents at construction
sites.

The RSSI-Based Safety Monitoring System for Construction
Workers is an loT-based project developed to enhance workplace
safety using wireless communication technology. RSSI, or
Received Signal Strength Indicator, is a measurement used to
estimate the distance between wireless devices based on signal
strength. In this project, ESP32 microcontrollers are used as the
main processing units because of their built-in Wi-Fi and
Bluetooth communication capabilities, low power consumption,
and compact size. The system continuously monitors the signal
strength between devices to determine whether workers are within
a safe operating range.

When a worker approaches a hazardous area or moves beyond a
predefined safety limit, the system immediately generates warning
alerts through buzzers and LED indicators. These alerts help
workers become aware of unsafe conditions and allow quick
preventive action. The use of wireless communication eliminates
the need for complex wiring, making the system flexible, portable,
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and suitable for dynamic construction environments. Additionally,
the system can be expanded in the future by integrating cloud
monitoring, GPS tracking, or mobile applications for improved
functionality.

The main objective of this project is to provide a low-cost,
efficient, and real-time safety monitoring solution for construction
workers. By using RSSI technology and IoT devices, the system
aims to minimize workplace accidents, improve response time
during emergencies, and increase overall safety awareness among
workers. The project also demonstrates the practical application of
embedded systems and wireless sensor technology in industrial
safety management.

This research highlights the importance of adopting smart
technologies in construction industries to create safer working
conditions. The proposed system offers a simple yet effective
approach to monitoring worker safety and contributes toward the
development of intelligent construction management systems.
Through this project, the integration of IoT and RSSI-based
distance estimation can play a significant role in improving worker
protection and modernizing safety practices in hazardous work
environments.

II. EXISTING APPROACHES

Worker safety has always been a major concern in the construction
industry due to the high risk of accidents and hazardous working
conditions. Over the years, several traditional and technology-
based approaches have been developed to improve worker
protection and reduce workplace injuries. These approaches focus
on monitoring workers, identifying hazardous situations, and
providing safety alerts during emergencies. Although many
existing systems have contributed significantly to construction
safety, they still face limitations in terms of cost, accuracy, real-
time monitoring, portability, and scalability. Understanding these
existing approaches is important for developing more effective and
intelligent safety monitoring systems such as the proposed RSSI-
Based Safety Monitoring System.

One of the most common traditional approaches used in
construction sites is manual safety supervision. In this method,
supervisors and safety officers continuously monitor workers and
inspect the site for unsafe conditions. Safety equipment such as
helmets, gloves, safety belts, and warning signs are also used to
reduce the risk of accidents. While these methods are essential and
widely implemented, they heavily depend on human observation
and manual intervention. Human errors, delayed response times,
and lack of continuous monitoring can reduce the effectiveness of
traditional safety management systems, especially in large
construction areas.

Another existing approach involves the use of CCTV surveillance
systems. Cameras are installed across construction sites to monitor
worker activities and detect unsafe behavior. Supervisors can
observe the site remotely and identify accidents or dangerous
situations. Advanced systems also use computer vision and
artificial intelligence to analyze video feeds automatically.
Although CCTV-based monitoring improves visibility and
documentation, it has several disadvantages. Continuous
monitoring of camera footage requires high storage capacity and
network bandwidth. Blind spots, poor lighting conditions, and
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weather-related issues can also affect system performance.
Additionally, CCTV systems mainly provide visual monitoring
and may not accurately determine the distance between workers
and hazardous zones in real time.

Wearable safety devices are another widely used approach in
modern construction safety systems. These devices include smart
helmets, smart vests, wristbands, and sensor-equipped wearables
that monitor worker health and environmental conditions. Many
wearable systems use sensors such as accelerometers, heart-rate
monitors, temperature sensors, and gas detectors to identify
dangerous situations. In some cases, GPS modules are integrated
into wearable devices for worker tracking. These systems provide
improved mobility and real-time monitoring capabilities.
However, wearable systems can become expensive when deployed
on a large scale. GPS-based tracking systems may also experience
reduced accuracy in indoor environments or locations with poor
satellite connectivity. Furthermore, high power consumption and
battery limitations can reduce the operational efficiency of
wearable safety devices.

Radio Frequency Identification (RFID)-based safety systems are
also commonly used in industrial and construction applications.
RFID tags are attached to workers or equipment, while RFID
readers monitor their movement and location. These systems help
in attendance management, access control, and restricted area
monitoring. RFID technology is relatively simple and cost-
effective, but it has limited communication range and requires
dedicated infrastructure such as RFID readers installed at multiple
locations. Passive RFID systems may not support continuous real-
time monitoring, while active RFID systems increase overall
system cost and power consumption.

Bluetooth-based proximity detection systems have gained
attention in recent years due to their low cost and wireless
communication capability. These systems use Bluetooth modules
to estimate the distance between devices and generate alerts when
workers enter dangerous zones. Bluetooth Low Energy (BLE)
technology is especially useful for low-power applications and
wearable safety devices. However, Bluetooth-based systems may
experience signal fluctuations due to obstacles, interference, and
environmental conditions present at construction sites. The
accuracy of distance estimation can vary depending on signal
strength and device positioning.

Wi-Fi-based worker monitoring systems are another important
approach used in smart safety applications. These systems utilize
wireless communication networks to exchange data between
sensors, microcontrollers, and monitoring stations. Wi-Fi-enabled
devices can provide real-time monitoring, cloud connectivity, and
remote data access. Some systems use Wi-Fi signal strength
measurements such as RSSI to estimate the distance between
devices. Compared to GPS and RFID systems, Wi-Fi-based
monitoring solutions are more flexible and easier to deploy
because existing wireless infrastructure can be utilized. However,
network congestion, signal interference, and fluctuating signal
strength may affect system reliability in crowded or metal-rich
construction environments.

In recent years, Internet of Things (IoT)-based safety monitoring
systems have become increasingly popular due to their ability to
connect multiple devices and provide intelligent monitoring
features. IoT systems integrate sensors, microcontrollers, wireless
communication modules, and cloud platforms to collect and
analyze real-time data. These systems can monitor environmental
conditions such as temperature, gas levels, humidity, and worker
movement. loT-based approaches improve automation and allow
remote monitoring through mobile applications or web
dashboards. Despite these advantages, many IoT systems require
complex infrastructure, stable internet connectivity, and higher
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implementation costs. Security and data privacy issues are also
important concerns in [oT-based applications.

Some advanced research approaches use Ultra-Wideband (UWB)
technology for highly accurate indoor positioning and worker
tracking. UWB systems provide precise distance estimation and
localization even in complex environments. However, UWB
modules are relatively expensive and may not be suitable for low-
cost safety applications. Similarly, artificial intelligence and
machine learning techniques are also being integrated into safety
monitoring systems for predictive analysis and accident detection.
These technologies can improve decision-making and automate
hazard identification, but they require powerful processing
systems, large datasets, and complex algorithms.

Although existing approaches provide significant improvements in
worker safety, many systems still face challenges related to cost,
complexity, scalability, accuracy, and power efficiency.
Therefore, there is a need for a low-cost, portable, and real-time
safety monitoring solution that can effectively detect unsafe
conditions and provide immediate alerts. The proposed RSSI-
Based Safety Monitoring System addresses these limitations by
using ESP32 microcontrollers and RSSI-based wireless
communication for efficient proximity detection and hazard
monitoring. The system offers a simple and scalable approach that
can improve construction worker safety while maintaining low
implementation costs and ease of deployment.

Table-1: Comparison of Traditional System and Proposed
System

Parameters Traditional Proposed RSSI-
System Based System

Monitoring Manual Automated RSSI
supervision monitoring

Alerts Delayed Real-time alerts
alerts

Cost Higher cost Low-cost system

Communication Manual Wireless

communication

Reliability Human- More reliable
dependent

Scalability Limited Easily scalable

Safety Basic Improved worker
protection safety

III. PROPOSED SYSTEM ARCHITECTURE

The proposed RSSI-Based Safety Monitoring System is designed
to improve the safety of construction workers by using wireless
communication and IoT technology for real-time monitoring and
alert generation. Construction sites are highly dynamic and
hazardous environments where workers are exposed to multiple
risks such as heavy machinery movement, unsafe zones, falling
objects, and restricted areas. The proposed system aims to provide
a smart, low-cost, and efficient solution that continuously monitors
worker proximity and generates immediate alerts whenever unsafe
conditions are detected. The architecture of the system is designed
to be simple, portable, scalable, and suitable for real-time safety
applications.

The system mainly consists of two ESP32 microcontroller units, a
power supply system, LEDs, buzzers, switches, and wireless
communication capabilities integrated into the ESP32 boards.
ESP32 is selected as the core controller because it supports built-
in Wi-Fi and Bluetooth communication, low power consumption,
high processing capability, and multiple GPIO pins for interfacing
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external components. These features make the ESP32 highly
suitable for [oT-based safety monitoring applications.

The proposed architecture is divided into two major sections: the
transmitter unit and the receiver or monitoring unit. The
transmitter unit is carried by the worker or placed near the
worker’s safety equipment. It continuously transmits wireless
signals using Wi-Fi or Bluetooth communication protocols. The
receiver unit is placed near hazardous zones, restricted areas, or
monitoring stations. It continuously receives the transmitted
signals and measures the RSSI (Received Signal Strength
Indicator) value associated with the received signal.

RSSI is a parameter used to estimate the relative distance between
wireless devices based on signal strength. In general, stronger
signal strength indicates shorter distance, while weaker signal
strength indicates longer distance. By continuously analyzing the
RSSI value, the system estimates whether the worker is within a
safe operating range or approaching a dangerous zone. A
predefined threshold RSSI value is set within the system based on
safety requirements and testing conditions.

When the measured RSSI value crosses the defined threshold, the
system identifies the situation as unsafe. The receiver unit then
immediately activates the warning mechanisms connected to the
system. LEDs are used to provide visual alerts, while buzzers
generate audible warning signals to notify workers and nearby
supervisors. These alerts help workers quickly recognize
dangerous situations and take preventive actions before accidents
occur. The use of real-time alerts significantly improves response
time and enhances overall safety management at construction
sites.

The architecture also includes a power supply section that provides
stable power to the ESP32 boards and other electronic
components. Rechargeable batteries are used to make the system
portable and independent of fixed electrical infrastructure. This
allows the safety monitoring system to function effectively even
in temporary or remote construction environments where
continuous power supply may not be available.

The communication process within the system is completely
wireless, which eliminates the need for complex wiring and
reduces installation difficulty. Wireless communication also
improves flexibility and allows easy deployment in large or
constantly changing construction areas. Since the system uses
compact and lightweight components, it can be easily carried by
workers without causing discomfort or reducing mobility.

Another important feature of the proposed architecture is
scalability. Multiple transmitter and receiver units can be added to
the system to monitor several workers and multiple hazardous
zones simultaneously. This makes the system suitable for both
small-scale and large-scale construction projects. The modular
design also allows easy maintenance, upgrades, and future
expansion.

The proposed system architecture can further be enhanced by
integrating  additional technologies and sensors. Cloud
connectivity can be added to enable remote monitoring and data
storage through IoT platforms. Mobile applications can be
integrated to provide instant notifications to supervisors and site
managers. GPS modules can improve outdoor location tracking,
while additional sensors such as temperature sensors, gas sensors,
and motion sensors can provide advanced environmental
monitoring capabilities. Artificial intelligence and machine
learning algorithms may also be implemented in future versions
for predictive safety analysis and automated hazard detection.

Figure-1: Composable Safety Monitoring System Architecture
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The architecture is designed with a focus on low cost and ease of
implementation. Compared to advanced industrial safety systems
that require expensive hardware and complex infrastructure, the
proposed RSSI-based system offers a practical and economical
solution suitable for educational, research, and industrial
applications. The system demonstrates how embedded systems,
wireless communication, and IoT technologies can be combined
to improve worker safety in hazardous environments.

Overall, the proposed RSSI-Based Safety Monitoring System
architecture provides a reliable and efficient framework for real-
time worker safety monitoring. By continuously analyzing signal
strength and generating immediate alerts, the system reduces the
possibility of accidents and improves safety awareness among
workers. Its portability, scalability, wireless operation, and future
expansion capabilities make it a promising solution for modern
smart construction safety management systems.

Table-1I: Technology Stack

Technology Purpose

ESP32 Processing and communication
RSSI Distance detection
Wi-Fi/Bluetooth = Wireless communication

IoT Real-time monitoring

LED & Buzzer @ Safety alerts

Battery Power supply

Arduino IDE Programming

IV. METHODOLOGY

The methodology of the proposed RSSI-Based Safety Monitoring
System focuses on designing and implementing a real-time worker
safety solution using IoT and wireless communication
technologies. The system is developed to monitor the proximity
between workers and hazardous zones in construction
environments and generate alerts whenever unsafe conditions are
detected. The methodology includes system design, component
integration, wireless communication setup, RSSI-based distance
estimation, alert generation, and system testing.

The first step in the methodology is the selection of appropriate
hardware components required for the system implementation.
ESP32 microcontrollers are selected as the main processing units
because they support built-in Wi-Fi and Bluetooth
communication, low power consumption, compact size, and
efficient processing capability. Additional components such as
LEDs, buzzers, switches, rechargeable batteries, breadboards, and
jumper wires are used for indication, power supply, and circuit

Vol 26 Issue 06, June 2026

Page 344 of 349



International Journal of Engineering Science and Advanced Technology (IJESAT)

connections. These components are chosen to ensure portability,
flexibility, and cost-effectiveness of the system.

After component selection, the system architecture is designed by
dividing the system into two main units: the transmitter unit and
the receiver or monitoring unit. The transmitter unit is attached to
the worker or worker equipment and continuously transmits
wireless signals using the ESP32 module. The receiver unit is
positioned near hazardous areas or monitoring stations. It
continuously receives the transmitted signals and measures the
RSSI value associated with the received signal strength.

The core working principle of the system is based on RSSI
(Received Signal Strength Indicator). RSSI is a parameter used to
estimate the relative distance between wireless devices by
measuring signal strength. In general, stronger RSSI values
indicate that devices are closer, while weaker RSSI values indicate
greater distance. The ESP32 receiver continuously analyzes the
RSSI values of incoming wireless signals to estimate whether the
worker is within a safe range or approaching a dangerous zone.

A threshold RSSI value is predefined during the system
configuration stage. This threshold represents the minimum safe
distance allowed between workers and hazardous areas. When the
received RSSI value crosses the defined threshold, the system
identifies the condition as unsafe. Based on this analysis, the
receiver unit immediately activates alert mechanisms connected to
the system. LEDs provide visual indications, while buzzers
generate audible warning signals to notify workers and nearby
supervisors about potential danger. This real-time alert mechanism
helps reduce response time and improves worker awareness in
hazardous situations.

The software development process is carried out using the Arduino
IDE platform. Embedded C programming language is used to
write and upload the code into the ESP32 microcontrollers. The
program includes initialization of Wi-Fi or Bluetooth
communication, RSSI value acquisition, threshold comparison,
and control of output devices such as LEDs and buzzers. The
system continuously runs in a loop to ensure uninterrupted
monitoring and immediate detection of unsafe conditions.

The methodology also includes wireless communication setup
between the transmitter and receiver units. ESP32 modules
establish communication using either Wi-Fi or Bluetooth
protocols. Wireless communication eliminates the need for
complex wired connections and improves system flexibility. The
communication setup is tested under different environmental
conditions to ensure reliable signal transmission and stable RSSI
measurements within construction site environments

THE RSSI DATA FLOW (

) @ COMMUNICATION & RESPONSE

e
NGImAT
ERT
STem

aa
Rssivalue oW

conriouranion | 4 BLOCKS | wece
PARAMETERS | comriiiRATIon

3.8LOCK 2
(£DGE COMPUTING [=-
Lagicy INTERFACE)

ALERT TRIGGER
SIGNAL NETWORK e
———————»| ALERT RESPONSE
LOCAL ALERTS | ‘& VERIFIGATION
STATUS,

FEEBACRLO? ANYS

RESPONSE LOG.
ACKNOWLLOGMENT

REGULATED
POWER

7.BLOCK 7
POWER
MANAGEMENT

BATTERY
vower b

RSSI Data Flow Analysis

THE INTEGRATED
RSSI .EﬂLERTLSVSTEM
cient, Effective,

Figure-2: Data Flow Diagram of Safety Momtorlng System

System testing and calibration are important stages in the
methodology. Different distances between the transmitter and
receiver units are tested to observe variations in RSSI values. The
threshold values are adjusted based on practical testing results to
improve accuracy and reliability. The system is tested in both safe
and unsafe conditions to verify whether the alert mechanisms
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function correctly and generate immediate warnings during
hazardous situations.

The methodology also focuses on portability and scalability. Since
the system is battery-powered and wireless, it can be easily
deployed in dynamic construction environments without requiring
permanent infrastructure. Multiple transmitter and receiver units
can be integrated into the system to monitor several workers and
hazardous zones simultaneously. This allows the system to be
expanded according to project requirements.

Future enhancement possibilities are also considered within the
methodology. Cloud connectivity and mobile applications can be
integrated to enable remote monitoring and data storage.
Additional sensors such as gas sensors, temperature sensors, and
motion sensors may be added to improve environmental
monitoring capabilities. Advanced technologies such as artificial
intelligence and machine learning can also be implemented in
future versions for predictive safety analysis and automated hazard
detection.

Overall, the methodology of the proposed RSSI-Based Safety
Monitoring System provides a systematic approach for developing
an efficient, low-cost, and real-time worker safety solution. By
combining IoT technology, wireless communication, and RSSI-
based distance estimation, the system enhances worker protection
and contributes toward safer construction site management.

V. SYSTEM DESIGN AND IMPLEMENTATION

The design and implementation of the RSSI-Based Safety
Monitoring System focus on developing a reliable, low-cost, and
real-time safety solution for construction workers using IoT and
wireless communication technologies. Construction sites are
highly dynamic and hazardous environments where workers are
exposed to multiple safety risks such as restricted zones, heavy
machinery, falling objects, and unsafe operational areas. The
proposed system is designed to continuously monitor worker
proximity and provide immediate alerts whenever dangerous
situations are detected. The system combines ESP32
microcontrollers, RSSI-based distance estimation, wireless
communication, and alert mechanisms to improve worker safety
and reduce accident risks.

The system design is divided into hardware design and software
implementation. Both sections work together to ensure efficient
monitoring, signal processing, and alert generation. The
architecture of the system mainly consists of two ESP32
microcontroller units, LEDs, buzzers, switches, rechargeable
batteries, breadboards, and jumper wires. One ESP32 acts as the
transmitter unit while the other functions as the receiver or
monitoring unit.

In the hardware design phase, ESP32 microcontrollers are selected
because they provide built-in Wi-Fi and Bluetooth communication
capabilities, low power consumption, high processing speed, and
compact size.
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The power supply section is designed using rechargeable batteries
to ensure portability and independent operation. Since
construction sites may not always provide stable power sources,
battery-powered operation improves system flexibility and
mobility. Breadboards and jumper wires are used for prototyping
and circuit connections during the development stage. Switches
are included to control power and system operation whenever
required.

The LEDs and buzzers are integrated into the system to provide
visual and audible safety alerts. LEDs help indicate system status
and unsafe conditions visually, while buzzers generate warning
sounds whenever workers approach dangerous areas. These alert
mechanisms are important because they provide immediate
notifications and improve worker awareness in real-time

situations.
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Figure-4: Activity Diagram of Safety Monitoring System

The software implementation is carried out using the Arduino IDE
programming platform. Embedded C programming language is
used to develop the control logic and communication process for
the ESP32 microcontrollers. The software is responsible for
initializing wireless communication, monitoring RSSI values,
comparing signal strength with predefined thresholds, and
activating alert mechanisms whenever unsafe conditions are
detected.

The working principle of the system is based on RSSI, or Received
Signal Strength Indicator. RSSI is a parameter that measures the
strength of received wireless signals and helps estimate the
distance between wireless devices. In the proposed system, the
transmitter ESP32 continuously sends Wi-Fi or Bluetooth signals,
while the receiver ESP32 measures the RSSI values of those
signals. Stronger RSSI values generally indicate shorter distances,
while weaker RSSI values indicate larger distances between
devices.

During implementation, threshold RSSI values are predefined
based on practical testing and safety requirements. These threshold
values represent safe operational distances between workers and
hazardous zones. When the receiver detects an RSSI value that
crosses the predefined threshold, the system interprets the
condition as unsafe. The receiver ESP32 immediately activates the
buzzer and LED indicators to alert the worker and nearby
supervisors about potential danger.

The implementation process also includes  wireless
communication configuration between the ESP32 modules.
Communication can be established using Wi-Fi or Bluetooth
protocols depending on the system requirements. Wireless
communication eliminates the need for wired infrastructure,
making the system easy to install and suitable for dynamic
construction environments. The system continuously exchanges
signals and monitors RSSI values in real time to ensure
uninterrupted safety monitoring.

System calibration and testing are essential parts of the
implementation process. Different distances between the
transmitter and receiver units are tested to analyze RSSI variations
under practical conditions. Environmental factors such as
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obstacles, metal structures, and interference are considered during
testing because they may affect signal strength. Based on testing
observations, threshold values are adjusted to improve system
accuracy and reliability.

The implemented system offers several advantages compared to
traditional safety monitoring approaches. It provides real-time
monitoring, faster response time, reduced human dependency, low
implementation cost, and easy deployment. The use of wireless
communication improves flexibility and allows the system to
operate efficiently in changing construction site conditions. Since
the system uses compact and lightweight components, it can be
easily carried and deployed without affecting worker mobility.

Scalability is another important aspect of the system design.
Additional transmitter and receiver units can be integrated to
monitor multiple workers and hazardous areas simultaneously.
This makes the proposed system suitable for both small-scale and
large-scale construction projects. The modular design also allows
easy maintenance and future upgrades.

Future improvements can further enhance the capabilities of the
proposed system. Cloud integration can enable remote monitoring
and data storage through IoT platforms. Mobile applications can
be developed to provide instant notifications to supervisors and
management teams. Additional sensors such as temperature
sensors, gas sensors, and motion sensors can be added for
advanced environmental monitoring. Artificial intelligence and
machine learning algorithms can also be integrated for predictive
safety analysis and automated hazard detection.

Overall, the design and implementation of the RSSI-Based Safety
Monitoring System demonstrate the practical application of IoT,
embedded systems, and wireless communication technologies in
industrial safety management. The system provides an efficient,
portable, and low-cost solution for monitoring worker safety in
hazardous construction environments. By continuously
monitoring RSSI values and generating real-time alerts, the system
improves worker awareness, reduces accident risks, and
contributes toward the development of smarter and safer
construction site management systems.

VI. RESULTS AND DISCUSSION

The RSSI-Based Safety Monitoring System was successfully
designed and implemented to monitor the safety of construction
workers using wireless communication and IoT technology. The
system was tested under different operating conditions to evaluate
its performance, reliability, and effectiveness in detecting unsafe
proximity situations. The results obtained from the testing process
demonstrate that the proposed system can effectively monitor
worker movement, estimate distance using RSSI values, and
generate real-time alerts whenever hazardous conditions are
detected.

During the testing phase, the transmitter and receiver ESP32
modules were placed at different distances to observe variations in
RSSI values. It was observed that the RSSI value changed
continuously according to the distance between the devices. When
the transmitter and receiver units were placed closer together, the
received signal strength was stronger. As the distance increased,
the RSSI value gradually weakened. This confirmed that RSSI-
based distance estimation could be effectively used for proximity
monitoring in construction safety applications.

The predefined threshold RSSI value played an important role in
determining safe and unsafe conditions. When the measured RSSI
value crossed the defined threshold, the system immediately
activated the warning mechanisms. The LED indicators and
buzzers successfully generated visual and audible alerts during
unsafe situations. These real-time alerts helped demonstrate how
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the system could warn workers before entering hazardous areas or
moving beyond safe operational limits.

The response time of the system was observed to be fast and
efficient. Since the ESP32 continuously monitored incoming
wireless signals, the system was able to detect unsafe conditions
almost instantly. This quick response capability is important in
construction environments where delayed warnings can lead to
accidents or injuries. The wireless communication process also
functioned effectively without requiring complex wired
infrastructure, making the system flexible and easy to deploy.

The testing results also showed that the system consumed
relatively low power because of the efficient operation of the
ESP32 microcontrollers. Battery-powered operation made the
system portable and suitable for dynamic construction
environments where continuous electrical power may not always
be available. The compact design and lightweight components also
improved mobility and ease of installation.

Several practical observations were made during system testing.
Environmental factors such as walls, metal structures, machinery,
and obstacles affected the RSSI values to some extent. Signal
interference and fluctuations were observed in crowded
environments due to the presence of multiple wireless devices.
However, by adjusting threshold values and testing under different
conditions, the system maintained acceptable performance for
real-time safety monitoring applications. Although RSSI-based
distance estimation may not provide exact distance measurements,
it was sufficient for identifying safe and unsafe proximity
conditions.

The proposed system demonstrated several advantages over
traditional construction safety approaches. Traditional systems
mainly rely on manual supervision, CCTV monitoring, or physical
safety signs, which may not always provide immediate alerts or
continuous monitoring. In contrast, the RSSI-Based Safety
Monitoring System offered automated real-time monitoring and
faster response capabilities. The use of wireless communication
reduced installation complexity and allowed easy scalability for
monitoring multiple workers and hazardous zones.

The results also confirmed that the proposed system is cost-
effective compared to advanced industrial safety systems such as
GPS-based tracking or Ultra-Wideband (UWB) positioning
systems. ESP32 modules and basic electronic components are
relatively inexpensive and easily available, making the proposed
solution suitable for small-scale and medium-scale construction
projects. The low-cost design increases the practical applicability
of the system in real-world environments.

From the discussion, it can be concluded that the proposed RSSI-
Based Safety Monitoring System successfully achieved its
primary objectives of real-time monitoring, proximity detection,
and alert generation. The integration of IoT technology and RSSI-
based wireless communication improved worker safety awareness
and reduced the possibility of accidents in hazardous construction
areas.

Despite the successful implementation, certain limitations were
identified during testing. RSSI values can fluctuate due to
environmental interference, signal obstacles, and device
orientation. Therefore, the system accuracy may vary under
complex site conditions. Future improvements can include
advanced filtering algorithms, machine learning techniques, or
sensor fusion methods to improve distance estimation accuracy.
Additional sensors such as gas sensors, motion sensors, and
temperature sensors can also be integrated for enhanced safety
monitoring.

Overall, the results and discussion demonstrate that the proposed
system is an effective, portable, and low-cost safety solution for
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construction worker monitoring. The system provides real-time
alerts, improves response time, and offers flexibility for future
expansion. The successful implementation of the project
highlights the potential of IoT and RSSI technologies in
developing intelligent safety management systems for modern
construction industries.

Figure-5: Result as looks of Safety Monitoring System

VII. FUTURE ENHANCEMENTS

The RSSI-Based Safety Monitoring System provides an effective
and low-cost solution for improving construction worker safety
using [oT and wireless communication technologies. Although the
current system successfully performs real-time monitoring and
proximity-based alert generation, several future enhancements can
be implemented to improve system accuracy, functionality,
scalability, and overall performance. These future developments
can transform the proposed system into a more intelligent, reliable,
and advanced safety management solution suitable for modern
industrial environments.

One of the major future enhancements is the integration of cloud
computing and IoT platforms. In the current system, alerts are
generated locally using LEDs and buzzers. By integrating cloud
technology, the system can store real-time monitoring data on
online servers for remote access and analysis. Site managers and
supervisors can monitor worker safety conditions from anywhere
using web dashboards or cloud applications. Cloud connectivity
can also help maintain historical records of worker movement,
unsafe incidents, and alert logs, which can be useful for safety
analysis and decision-making.

Another important enhancement is the development of a mobile
application for remote monitoring and notifications. A dedicated
mobile application can provide instant alerts to supervisors
whenever unsafe conditions are detected. The application can
display real-time RSSI values, worker status, hazardous zone
information, and emergency notifications. This feature can
significantly improve communication and response time during
emergencies. Mobile integration can also help supervisors monitor
multiple workers and construction zones simultaneously from
smartphones or tablets.

The accuracy of the system can be improved further by
implementing advanced filtering algorithms and signal processing
techniques. RSSI values are often affected by environmental
conditions such as obstacles, metal structures, machinery, weather
conditions, and wireless interference. Future versions of the
system can use filtering methods such as Kalman filters, moving
average filters, or machine learning algorithms to reduce signal
fluctuations and improve distance estimation accuracy. These
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techniques can help provide more stab?e and reliable monitoring
results in complex construction environments.

The integration of additional sensors is another major area for
future improvement. The current system mainly focuses on
proximity detection using RSSI values. However, construction
sites involve multiple environmental risks that can also be
monitored using sensor technologies. Gas sensors can be added to
detect harmful gases or smoke in hazardous environments.
Temperature sensors can monitor heat levels and prevent
overheating risks. Motion sensors and accelerometers can help
detect worker falls or abnormal movements. Heart-rate sensors
and health-monitoring wearables can also be integrated to monitor
worker physical conditions and identify health-related
emergencies.

GPS integration is another possible enhancement for improving
outdoor worker tracking and location monitoring. Although RSSI-
based distance estimation works effectively for proximity
monitoring, GPS technology can provide accurate outdoor
positioning information. Combining GPS and RSSI technologies
can improve location tracking performance in large construction
areas. Supervisors can identify worker locations in real time and
quickly respond during emergencies or accident situations.

Future versions of the system can also implement artificial
intelligence (AI) and machine learning technologies for intelligent
safety management. Al-based algorithms can analyze collected
safety data to identify patterns, predict hazardous situations, and
generate preventive recommendations. Machine learning models
can learn from historical accident data and improve system
decision-making over time. Predictive safety analysis can help
reduce workplace accidents by identifying risks before dangerous
situations occur.

Table-I1I: Future Enhancement Opportunities
Enhancement Purpose

Cloud & Mobile App Remote monitoring

GPS Location tracking
Al Smart safety analysis
Sensors Advanced monitoring

Energy Optimization Better battery life

Data Security Secure communication

The scalability of the system can be enhanced by developing a
centralized monitoring network capable of supporting multiple
transmitter and receiver units simultaneously. Large construction
sites may require monitoring of hundreds of workers and multiple
hazardous zones. Future systems can use mesh networking or
advanced wireless communication protocols to improve
connectivity and communication efficiency. A centralized control
station can monitor all connected devices and provide a complete
overview of site safety conditions.

Another important enhancement is improving the energy
efficiency of the system. Since the proposed system uses battery-
powered ESP32 modules, future improvements can focus on
optimizing power consumption for longer operational time. Low-
power communication protocols, sleep modes, and energy-
efficient circuit designs can increase battery life and reduce
maintenance requirements. Solar charging systems may also be
integrated for sustainable and continuous operation in outdoor
environments.

The physical design of the system can also be improved for better
durability and industrial usage. Rugged protective casings can be
developed to protect electronic components from dust, water,
vibration, and harsh weather conditions commonly found at
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construction sites. Compact wearable designs such as smart
helmets, safety jackets, or wristbands can improve worker comfort
and portability while ensuring continuous monitoring.

Future enhancements can also focus on integrating emergency
communication systems into the safety monitoring framework. In
case of accidents or dangerous situations, the system can
automatically send emergency messages to supervisors, rescue
teams, or nearby workers. Automated voice announcements and
emergency evacuation guidance systems can also be incorporated
for improved emergency management.

Cybersecurity and data privacy can become important
considerations in future loT-based safety systems. As cloud
connectivity and wireless communication increase, future systems
should include secure authentication, encrypted communication,
and data protection mechanisms to prevent unauthorized access
and ensure reliable operation.

Overall, the future enhancements of the RSSI-Based Safety
Monitoring System can significantly improve its efficiency,
intelligence, and industrial applicability. By integrating cloud
computing, mobile applications, Al, advanced sensors, GPS
tracking, and energy-efficient technologies, the system can evolve
into a comprehensive smart safety management platform. These
developments can contribute toward reducing workplace
accidents, improving worker protection, and supporting the
growth of intelligent and automated construction safety systems in
the future.

VIII. CONCLUSION

ThThe RSSI-Based Safety Monitoring System for Construction
Workers was developed as an loT-based solution to improve
worker safety in hazardous construction environments.
Construction sites are highly risky workplaces where workers are
exposed to dangers such as heavy machinery, falling objects,
restricted zones, unsafe working conditions, and accidental
collisions. Traditional safety systems mainly depend on manual
supervision, physical safety equipment, and visual monitoring,
which may not always provide real-time alerts or continuous
monitoring. Therefore, there is a growing need for smart and
automated safety systems that can improve worker protection and
reduce workplace accidents. The proposed system addresses these
challenges by using RSSI technology, ESP32 microcontrollers,
and wireless communication for real-time proximity monitoring
and alert generation.

The system was designed with a simple, low-cost, and portable
architecture suitable for construction environments. ESP32
microcontrollers were selected as the main control units because
of their built-in Wi-Fi and Bluetooth communication capabilities,
low power consumption, compact size, and efficient processing
performance. The proposed architecture consisted of transmitter
and receiver units that continuously exchanged wireless signals.
By measuring the RSSI (Received Signal Strength Indicator)
values of the received signals, the system estimated the relative
distance between workers and hazardous areas.

The core objective of the project was to provide continuous
monitoring of worker proximity and generate immediate alerts
whenever unsafe conditions were detected. The system
successfully achieved this objective by analyzing RSSI values in
real time and activating LEDs and buzzers when workers
approached dangerous zones or exceeded predefined safety limits.
These alerts helped increase worker awareness and provided quick
warning notifications that could prevent accidents and injuries.
The real-time response capability of the system is one of its major
strengths because rapid alerts are extremely important in
construction environments where delayed reactions can lead to
severe consequences.
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The implementation of wireless communication significantly
improved the flexibility and portability of the system. Since the
proposed system does not require complex wired infrastructure, it
can be easily deployed and relocated according to changing
construction site conditions. This makes the system suitable for
temporary worksites, large construction projects, and dynamic
industrial environments. The use of compact -electronic
components also improved mobility and allowed the system to
operate efficiently without causing inconvenience to workers.

The testing and experimental results demonstrated that the system
performed effectively under different operating conditions. RSSI
values changed according to the distance between transmitter and
receiver units, confirming that signal strength could be used for
proximity estimation. The alert mechanisms functioned properly
whenever the measured RSSI value crossed the predefined
threshold. The system provided reliable real-time monitoring and
rapid alert generation during unsafe situations. Although
environmental factors such as obstacles, metal structures, and
signal interference affected RSSI accuracy to some extent, the
overall performance of the system remained suitable for practical
safety monitoring applications.

Another important achievement of the project is its cost-
effectiveness. Compared to advanced industrial safety systems
such as GPS tracking systems, Ultra-Wideband (UWB)
positioning systems, or Al-based monitoring platforms, the
proposed RSSI-based system requires relatively inexpensive
hardware components and simple infrastructure. This makes the
solution more accessible for small-scale and medium-scale
construction industries where budget limitations may restrict the
implementation of expensive technologies. The low-cost design
also increases the possibility of large-scale deployment across
multiple construction sites.

The project also demonstrated the practical application of IoT,
embedded systems, and wireless communication technologies in
industrial safety management. The integration of ESP32
microcontrollers, wireless signal analysis, and alert mechanisms
provided a smart and automated approach for improving worker
safety. The system reduced dependency on manual supervision
and improved the overall efficiency of safety monitoring
processes. The project highlights how modern IoT technologies
can be used to develop intelligent safety systems for industrial and
construction applications.

Despite the successful implementation, some limitations were
identified during the development and testing stages. RSSI values
can fluctuate because of environmental conditions such as physical
obstacles, weather changes, wireless interference, and device
orientation. These factors may affect the accuracy of distance
estimation under certain conditions. In future developments,
advanced filtering techniques, machine learning algorithms, and
additional sensors can be integrated to improve system accuracy
and reliability. Technologies such as cloud computing, mobile
applications, GPS tracking, and Al-based predictive analysis can
also enhance system functionality and support remote safety
management.

The scalability of the system is another important advantage.
Additional transmitter and receiver units can be integrated into the
existing architecture to monitor multiple workers and hazardous
zones simultaneously. This makes the proposed system suitable
for expansion in large industrial and construction projects. Future
enhancements such as centralized monitoring stations, cloud
storage, and smart wearable devices can further improve
operational efficiency and safety performance.

Overall, the RSSI-Based Safety Monitoring System successfully
fulfilled its objective of developing a real-time worker safety
solution using loT and wireless communication technology. The
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project demonstrated that RSSI-based proximity detection can
effectively monitor worker movement and generate immediate
safety alerts in hazardous environments. The proposed system
offers a practical, low-cost, portable, and scalable approach to
improving construction worker safety. By combining embedded
systems, wireless communication, and IoT technologies, the
system contributes toward the development of intelligent and
automated safety management solutions for modern construction
industries.

In conclusion, the proposed system provides a strong foundation
for future smart safety applications in industrial environments. The
project highlights the importance of adopting modern technologies
to improve worker protection, reduce accident risks, and enhance
overall workplace safety. With further improvements and
integration of advanced technologies, the RSSI-Based Safety
Monitoring System has the potential to become a highly efficient
and widely adopted solution for smart construction safety
management in the future.
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