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Abstract—Workers who work in sewers are subjected
to various threats due to working in confined spaces
with exposure to hazardous environments with
extreme conditions and poisonous gases. To support
worker safety, existing methods of safety generally
only use stand alone gas detection systems without real
time monitoring or emergency response features. The
purpose of the study presented in this paper is to
develop an Internet of Things-based Smart
HazardGuard system, which continuously monitors
environmental conditions and automatically generates
alerts, therefore increasing the safe working
environment of sewer workers. The Smart
HazardGuard system consists of MQ gas sensors,
temperature sensor, Arduino Uno microcontroller,
and ESP8266 communication module to provide real-
time detection of dangerous situations, and transmits
the data in real time to the worker. When a hazardous
condition is detected, the alert systems (buzzer and
LED indicator) are activated, and notifications are
sent to remote monitoring locations. The proposed
Smart HazardGuard system is an economical, reliable
and scalable solution to increase the safety of sewer
workers in hazardous environments.
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I. INTRODUCTION

There is a strong need for sewer systems because
they are a crucial part of urban infrastructure.
However, maintenance workers often encounter
dangerous conditions while working in sewer
systems. Hazardous gases such as methane,
hydrogen sulfide, and carbon monoxide create
potentially fatal conditions for sewer maintenance
workers. Furthermore, working in confined spaces
and without adequate ventilation makes workers
vulnerable to suffocation and accidents With
regards to workplace safety, intelligent monitoring
systems not only provide a way to identify an unsafe
work environment, they also provide early warnings,
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which reduce the chance of accidents occurring.

Sewer locations can be one of the most hazardous
environments to work in because of the many
hazardous conditions that can exist (e.g. toxic gases,
wide fluctuations in temperature and limited oxygen
availability)

Traditional safety methods use manual
inspections or basic gas sensors. These methods
are often inadequate to provide continuous
monitoring of the environment or instant
notification during emergency situations.
Therefore, many accidents occur as a result of
delayed detection and response..

By combining advancements in embedded
systems with internet-of-things technologies, it is
now possible to develop intelligent systems that
provide real-time monitoring and automated
alerting of hazardous conditions to sewer
maintenance workers. This paper presents the
Smart HazardGuard System that integrates
multiple sensors along with communications
modules in order to provide sewer maintenance
workers with an increased level of safety.

The Smart HazardGuard System continuously
monitors environmental conditions and detects
hazardous situations. When hazardous situations
are identified, the Smart HazardGuard System
activates alert mechanisms and sends data to
remote monitoring systems, thereby facilitating
much quicker response times from emergency
responders and providing an additional layer of
safety for sewer maintenance workers.

1L EXISTING METHODOLOGY
A typical hazard detection system consists of basic

sensors which are used in conjunction with other
systems to provide a capacity for detecting the
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presence of toxic gases. While such systems can
perform some of these functions, they are very
limited in their capabilities and do not provide a full
safety package.

Some common characteristics of these systems
include:

* Utilization of MQ gas detection

* Manual scanning of sensors

* Very few if any communication processing or
output from the system.

The limitations of these systems are:

* No working instant monitoring of the environment
* Lack of ability to monitor from a location or in real-
time

* Emergency responses are delayed because of the
inability to communicate with the response team in
an instant manner

* No means for generating automated alerts to a
person when gas or something else potentially
hazardous is present.

Because of these types of problems with the current
hazard detection systems, the ability to provide safe
and correct working conditions for
employees/contractors will be unachievable unless
there is an advanced hazard detection system capable
of rapid response times, continuous monitoring and

access in real-time

In addition to detecting gas at a basic level, there are
also systems that use a microcontroller to monitor
gases using platforms like Arduino or Raspberry Pi.
The microcontroller can read sensor values and
display them locally through an interface such as an
LCD screen. However, they usually only support
local monitoring; they do not support remote
communication or cloud integration.

Some more advanced systems do attempt to include
wireless communication technology, such as GSM
and Bluetooth, to send alert notifications. While
these improvements provide better alert capabilities
than limiting notifications to local only, they still
have limitations in scalability and do not include
continuous logging of data. Alerts are generally
triggered only after a predefined threshold has been
exceeded, and there is no provision for predicting
hazards or performing trend analysis.

In addition to the limitations of the previous system
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were the condition of the system; most conventional
systems only measure the concentration of gas (one
parameter); they do not consider any other
environmental conditions that may also impact
working environment (temperature, humidity, etc.).
Therefore, due to the lack of measurement (when
looking at only one item), the accuracy of detection
of hazards increases because both temperature and
humidity can also impact working conditions in
Sewers.

Another limitation of many traditional systems today
is that, as a function of their lack of consideration of
location, a proper response may not occur because
the worker’s exact location is unknown during an
emergency. If a traditional system does not provide
for location tracking (e.g., GPS or other), use of that
system in an emergency may delay the time required
to locate the worker and carry out the rescue
operation

Furthermore, some implementations use portable
safety devices equipped with basic gas sensors to
provide localized monitoring for workers. These
devices improve both portability and the ability to
detect exposure to gases; however, most of them do
not include any central monitoring or coordinated
alerting capability so that a supervisor or rescue team
receives timely information regarding potentially
unsafe conditions.

Some data acquisition systems are used to obtain
environmental parameters for later evaluation. While
this provides a way to evaluate long-term trends, it
does not facilitate the quick decision-making or
quick response needed in an emergency. The lack of
instant communication reduces the effectiveness of
such systems in critical situations.

I1I. PROPOSED METHODOLOGY

The Smart HazardGuard can be utilized in many
locations around the world and will run in a
continuous operation cycle. This means that the
Smart HazardGuard will actively monitor the
environmental conditions by periodically reading the
sensors, sending those readings to the
microcontroller on an Arduino Uno, and comparing
them to their predetermined threshold values. Any
readings that exceed the predetermined threshold are
considered a hazardous condition.
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Once the hazardous conditions are detected, the
specific ~ warning signals (buzzer and LED) are
activated and the data regarding the hazardous
event and geographic location are transmitted via
the Internet of Things module to a remote
monitoring system, increasing the speed of response
and thus providing a safe environment to the entire
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Fig 1: System Workflow for Hazard Detection and
Alert Mechanism

be integrated when necessary. There are a variety
of sensor and module options available for
purchase, which can be purchased as a set or
individually..

In addition to detecting hazards based on thresholds,
the Smart HazardGuard system continuously
monitors the work environment to provide
uninterrupted safety monitoring. The microcontroller
receives real-time data from the sensors and
performs periodic validation of the data to reduce
false alarms and improve system reliability. Using
calibrated sensor readings improves the accuracy of
gas and environmental detection.

The Smart HazardGuard system includes a multi-
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parameter sensing capability, analyzing both gas
concentration and temperature to measure the level
of hazard within a physical space. This helps to
determine the severity of the situation and aids in
more precise identification of hazards.

To enhance the efficiency of communication to and
from the system, the ESP8266 module establishes a
stable wireless connection to the cloud platform for
real-time data transmission. All collected data is then
stored and visualized remotely, so all supervisors
have access to the same information to monitor
multiple sites at once, which significantly enhances
the coordination of response times during emergency
situations.

The use of GPS technology also allows for the
precise tracking of a worker's or monitored area's
location. In the event of an emergency, the worker's
location will be sent along with the sensor data,
allowing rescue to occur more rapidly and decreasing
the response time for the emergency

Iv. SYSTEM ARCHITECTURE

Smart HazardGuard's system architecture has been
created to provide sewer workers with a complete
and real-time method to monitor hazards. Its
architecture includes various modules that connect
with each other (such as a sensor module, processing
module, communication module and monitoring
module) to provide the function of being able to
produce alerts quickly and efficiently.

The overall Smart HazardGuard system consists of 3
main layers, the sensor layer, processing layer,
communication and monitoring layer.

1.SENSOR LAYER:

The sensor layer collects environmental data from
the environment. Its sensors include MQ gas sensors
for detecting hazardous gases (methane, carbon
monoxide and hydrogen sulfide) and a temperature
sensor to monitor environmental conditions. The
sensors are continuously capturing data in real-time
and converting physical parameters to an electrical
signals so that it can be processed.

2. PROCESSING LAYER:

The processing layer consists of an Arduino Uno
microcontroller acting as a central processing unit of
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the system. The microcontroller receives input
signals from the sensor(s) and processes the data. It
will compare processed data to an acceptable,
predefined threshold limit and determine whether the
environment contains safe conditions or hazardous
conditions.

Smart Charging Control: Dynamically controls the
charging voltage and current with adaptive
techniques to optimize battery life.

If the detected data exceeds the safe threshold, the
microcontroller will activate the alert mechanisms
immediately (buzzer and LED indicators).This
ensures that

The Smart HazardGuard system has the alert and
safety response unit, used primarily for the
immediate notification of a hazard. This section of
the system provides audible and visual alerts (i.c., a
buzzer and LED) that notify users when they are in
an unsafe environment.

The architecture has the capability of real-time
synchronization of the hardware components to the
cloud platform. Using the ESP8266 Wi-Fi module,
the system will continuously transmit sensor data and
operational status of the system to the cloud
periodically. This provides the required capability to
monitor environmental conditions and the
performance of the system continuously.

The architecture has been built to provide fault
tolerance in the event that there is a temporary loss
of communication with the cloud. The local
monitoring and alert generation capabilities of the
system will continue without interruption during the
period of loss of communication. After
communication  has been restored, the
microcontroller will automatically transmit any
stored sensor data to the cloud, so no critical
information will be lost.

Another major component of the architecture is the
filtering and pre-processing of the data. Typically,

raw sensor data can have noise and/or fluctuations
due to variations in the environment.

V. SYSTEM IMPLEMENTATION AND
OPERATION:

Smart HazardGuard monitors environmental
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conditions and processes data in real-time. First,
sensors and communications modules initialize. Gas
and temperature sensors gather data continuously
from the environment. The gathered information is
processed and compared to preset threshold values
(e.g., gas levels) on an Arduino microcontroller.

If the sensor readings are under the threshold,
monitoring continues uninterrupted. On the other
hand, if any of the readings exceed the threshold, a
hazardous condition is triggered. An alert
mechanism (buzzer and LED) 1is activated
immediately by the Smart HazardGuard system. At
the same time, the ESP8266 module reports the
information to a cloud service, and the GPS module
allows emergency responders to quickly identify the
location of the hazard.

To provide the required reliability, the system
operates using a cyclic model. The system
continually takes samples of sensor data at fixed
intervals to detect abrupt variations in the
environment without delay. The microcontroller
performs evaluations of incoming data as it is
received to identify potentially hazardous conditions
instantaneously.

To help produce accurate assessments, the system
utilizes basic techniques for filtering data to remove
noise and fluctuations to reduce the number of false
alarms and improve the stability of the monitoring
system. The resulting processed data is then
normalized and compared against established safety
thresholds to determine how severe the conditions
are The communications process is designed for
efficiency and reliability. The ESP8266 module
connects wirelessly to a cloud server and transmits
data packets containing the sensor readings,
hazard rating, and location of the hazard.
Continuing to be able to monitor the conditions in
the environment from remote sites will allow
visualizing data via dashboard or monitoring
applications so that supervisors can take
appropriate action.

Moreover, real-time notifications of alerts from
the monitoring system can be directed to mobile
devices or control room, which will ensure that
involved authorities will receive on-time notice
during an emergency. Integration of IoT
technologies will improve the overall efficiency of
the monitoring system
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VL HARDWARE ARCHITECTURE

The Smart HazardGuard hardware is built to provide
dependable, real-time monitoring of unsafe
conditions in the environment through a combination
of different connected parts that work together to
operate as one unit. The following is a brief
description of each individual component and its
function within the system.

1.SENSOR UNIT:

The sensor unit consists of components that detect
environmental parameters such as gas concentrations
and temperature. The sensor unit part of the gas
sensor detects dangerous gas, for example methane,
carbon monoxide, and hydrogen sulfide using MQ
series gas sensors; these sensors change the gas
concentration level to generate analog electronic
signals.

To complete this sensing task, a temperature sensor
is also used to sense the surrounding environment to
detect temperature variations when evaluating safety
as well as using multiple sensors will create a more
accurate result and increase the reliability of hazard
detection.

2.PROCESSING UNIT:

The Arduino Uno microcontroller is the processing
unit of the system, functioning as its central
processing unit. In this capacity, it gathers input data
from all sensor sources, processes that data, and
compares it against pre-defined threshold values for
each input sensor data point.

The microcontroller implements a decision-making
process to determine whether the environment is in a
safe or dangerous state. Based on this determination,
the microcontroller controls whether or not to turn on
alert systems and whether or not to connect to remote
monitoring systems.

3. COMMUNICATION INTERFACE:

The communication interface utilizes the ESP8266
WiFi Module that will facilitate the wireless
transmission of data. By utilizing the ESP8266 WiFi
module, the system can connect to a cloud-based
service and provide real-time monitoring of
environmental conditions.

Through the communication interface, various
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sensors will transmit sensor data, hazard status, and
system updates to a remote server. This allows an
amalgam of supervision from a distance, and when
there is an apparent emergency action, the supervisor
can take immediate steps to correct the situation.

4. LOCATION TRACKING UNIT:

The Location Tracking System will have a GPS
Module that allows us to track a worker's or a
monitored environment's location. With the GPS
Module, we can obtain accurate geographic
coordinates for the worker or the monitored
environment. If there is a dangerous situation,
location data will be sent to an emergency services
agency along with sensor data. This will allow for a
faster way to determine the location of the employee
or monitored location and for a quicker manner to
respond with rescue operations.

S.ALERT UNIT:

The Alert System will contain an Alert Buzzer and
an Alert LED for immediate notification of danger.
When the sensor data exceeds the safe level, the
microcontroller will activate the Alert Buzzer and the
Alert LED simultaneously to alert the worker in real
time.

The Alert Buzzer will produce an audible alert, while
the Alert LED will produce a visual alert of the
danger, so that the worker will be aware of the danger
during a noisy or dark environment

6.POWER SUPPLY UNIT:

The Regulated Power Supply's Power Supplies
provide regulated power for all components and
ensure that all sensors, microcontrollers, and
communication modules are operating correctly.
Voltage Regulators provide consistent Voltages to
the Sensors, Microcontroller, and Communication
Modules.

By Monitoring and Managing Power Use Efficiently,
the System can be operated in Real-Time in a
Hazardous Environment.

7.SYSTEM INTEGRATION:

The System's hardware components are extensively
networked via interconnects to form a complete
system. The Sensors Output to the Microcontroller,
which processes the Data and communicates with the
IoT Module, and the Alert System is integrated with
the GPS Module, providing Immediate and
Location-Based Solutions.
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Because of the modular design of the hardware
architecture, the System may easily be expanded by
adding  Additional  Sensors or  Updating
Communication Modules. This allows the System to
Adapt to Different Industrial Applications.
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Fig. 2: Complete System Circuit Design for Hazard
Detection

8.COMPARATIVE STUDY OF SYSTEMS:

A comparison is being made between the
performance of the Smart HazardGuard system and
that of traditional hazard detection systems operating
in sewers. This comparison will consider four key
areas: monitoring, response time, communication
and safety.

Traditional hazard detection systems typically utilise
single gas sensors with very limited functionality.
These types of systems often require that
observations are made manually and that there is no
ability for real-time monitoring. This means that
hazardous conditions may not be detected until too
late, leading to a delayed response and increased risk
to workers in the sewer.

In contrast, the Smart HazardGuard system
integrates multiple sensors along with IoT based
communication to provide continuous monitoring of
the sewer environment and real-time transmission of
data. The Smart HazardGuard system automatically
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detects when hazardous conditions exist and will
generate a warning without the need for human
observation. As a result, response times will be
greatly reduced and overall worker safety will be
improved.

Another important aspect of comparison is the
capability of the communication. Traditional
systems do not provide any capability for remote
monitoring, while the Smart HazardGuard system
transmits data over the internet using an ESP8266
module to a cloud-based platform; therefore,
supervisors can monitor environmental conditions
from remote locations and take action without delay.

The proposed system has the capability of using
GPS-based location tracking, helping to further
enhance emergency responses with accurate location
data; most existing systems do not include this
feature.

In addition, the proposed system has the ability to
analyze both gas concentration and temperature and
therefore offers the ability for multi-parameter
monitoring. Most existing systems are usually
limited to one parameter, significantly reducing the
accuracy and dependability of hazard detection.

VII. MATHEMATICAL MODELING OF
HAZARD DETECTION SYSTEM:

Mathematical models can be used to describe how
environmental parameters relate to detecting
hazardous conditions (Smart Hazard Guard
Performance) repeatedly over time. Thus,
mathematical models assist in establishing threshold
limits and provide guidelines for identifying
dangerous situations through its decision-making
logic.

A. MQ sensor detects gas levels:

Gas level detected by MQ sensor = G (t)
G (t) is gas level at time = t. A hazardous condition
is identified when gas concentration is greater than

the pre-defined gas concentration threshold value (G
threshold).

G (t) > G threshold

G threshold = maximum gas concentration level
considered to be safe.
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B. Monitor Environmental Temperature:
Environmental temperature = T (t)

T (t) is temperature at time = t. A hazardous
condition occurs when T (t) exceeds the T threshold
(T safe - threshold temperature):

T (t) > T safe

Where, T safe = temperature limit determined to be
acceptable.

C. Multi-parameter hazard condition
The system calculates a combined hazard condition
in order to increase its accuracy of detection. A
combined hazard condition is defined as follows:
The formula for calculating hazard is:

H=f(G,T)
Where:
H = Hazard
The system will indicate a hazardous condition by:
If G > G (threshold) OR T > T (safe) Then H=1
If not, H will be 0.

D) Activation of Alerts

Alerts are generated when specific conditions/events
occur:

A (t={1,if H=1
{0 ,if H=0

where A(t) identifies that the alert system is ON or
OFF (1=0N;0=OFF).

E. Model of Data Transfer
Data was sent in set time intervals hence
D () ={G (1),T(t),L(D}

Where
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G (t) = Gas Levels
T (t) = Temperature
L (t)=Location (from GPS)

These items are sent through the IoT module for
monitoring in real-time.

F. Time taken for system to respond

The Time taken by an Automation to respond to an
event is shown by the expression:

R = Time taken to alert - Time detected
where

detect = Time taken for Hazard Detection
alert = Time taken to send an alert when hazard
occurs.

Lower R indicates Faster Response from Automation
System.

VIII. PROTOTYPE IMPLEMENTATION AND
EXPERIMENTAL SETUP:

The Smart HazardGuard System (SHS) is currently
implemented as a real time hardware prototype to
verify the system’s capabilities and performance in a
practical environment. The setup includes various
wirelessly connected assets such as gas detection and
temperature  sensing devices; Arduino Uno
microcontroller and ESP8266 (Wi-Fi)
communication device; LCD display; corresponding
alert devices (buzzer and LED indicators).

Gas detection sensors are placed in areas where
potentially hazardous gases may be found in the
atmosphere, and temperature sensor is located in an
area to monitor the surrounding environment. The
data collected from all the sensors are processed by
the Arduino Uno, where the Arduino compares the
continuously changing sensor readings against a pre-
determined threshold. The ESP8266 module allows
for wireless communication so that the data can be
sent in near real time to a remote monitoring station.

The device incorporates an LCD display that allows
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for visualisation of sensor readings like the amount
of gas present and temperature readings in real time.
This gives the user immediate feedback regarding
environmental conditions. An alarm will activate if
hazardous conditions are detected, allowing the user
to be notified immediately by visual and audible
alarms.

The hardware components have been combined into
a compact form factor so it can be mobile and used
in the real world. The unit continuously monitors
environmental  parameters, and will react
dynamically whenever the conditions change.

The prototype was tested and has proven to perform
well and respond quickly when detecting changes in
gas concentration and temperature readings. The
LCD display read out real-time values, and the alarm
mechanisms were activated whenever the thresholds
were exceeded. Overall, the system performed
reliably with fast response times and effective hazard
detection.

To assess how effective this new system is going to

be at predicting gas concentration level around the
sensor unit, we conducted simulations with different
levels of gas concentration present at intervals
leading up to the sensor. Each simulation was
recorded and evaluated and produced an output on
the LCD display that reflected the changing
conditions of the gas in the immediate area. The
system was stable and produced consistent values
even when operating in a normal and dangerous
condition.

The experimental apparatus was also examined for
its ability to respond quickly to real-time changes.
The testing revealed that the apparatus was able to
detect hazardous situations fairly quickly and rapidly
initiate practical alerts when hazardous situations did
occur. The capability to respond rapidly is very
important for maintaining safety for workers in
contained spaces, like a sewer.
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Fig 3: Hardware Prototype of Smart HazardGuard
System

The LCD display enabled continuous user interface
capability by continuously providing the user with
real-time values of gas level and temperature. This
enables wusers to visually monitor current
environmental conditions without relying entirely on
remote monitoring devices. Also, the LCD provides
clear visual information of displayed gas
concentration, providing the LCD to be used
effectively in real-world use cases.

All modules were thoroughly tested as integrated
units, and all modules were stable with no major data
loss between the sensors, microcontroller, and the
IoT module. These results demonstrate the system's
dependability to function properly for real-time
monitoring applications.

The prototype was analysed in terms of both its
portability and ease of deployment, with its compact
form allowing for easy installation in limited space.
Due to the commonality of the parts used, it will also
provide low cost and easy maintenance.

Finally, the system was tested in many cycles of
continuous usage to evaluate its long-term durability.
These results show that the system has proven to
perform consistently over long durations of time,
without a considerable amount of deterioration of
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performance; therefore, the system is capable of
supporting real-time monitoring that needs to be run
for long periods of time

The results of the experiments show that Smart
HazardGuard system is capable of real-time
detection of hazardous conditions, alerting users and
providing good monitoring capabilities.

All three parts of the systems, sensing, processing
and communications, are combined to create one
very reliable and efficient way to help improve safety
in hazardous environments.

Fig 4: Real-Time Sensor Output Display on LCD

The prototype was tested for robustness against
environmental conditions (i.e. temperature changes
and gas leak simulation) to test if it consistently
performed well in all test cases as expected. The
sensors demonstrated consistent sensitivity across all
tests and performed stably in each case. The results
show that this system should work without issue in a
real-world scenario.

Another part of the assessment was to test how well
the alerts would perform, both visually (with LEDs)
and acoustically (with buzzers). Both types of alerts
were easy to see/hear, even with significant
interruptions (low light or moderate background
noise). Thus, this feature allows workers in a location
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to respond appropriately and quickly when an unsafe
condition occurs.

Prior to any experimentation, the other major factor
taken into consideration was system latency; it was
determined that the time interval occurring between
the detection of an occurrence (hazard/event) and
alert generation is very small, meaning that there are
highly efficient processing and communication
operations between components of the system, thus
allowing minimal delay time related to alerting users
about potential hazardous occurrences. This is
important in minimizing the chances of accidents and
providing timely intervention when needed.

The incorporating of an Internet-of-Things (IoT)
module allows for extending the system into a remote
monitoring application. The current configuration is
focused upon only local display and alerts, but the
architecture also has built-in provisions to be able to
expand in the future towards cloud-based analytic
capabilities as well as centralized monitoring
locations. As a result, the system can easily be
adapted to support large scale rolling out of this
system across a number of different sites.

The other major capability demonstrated by the
prototype is that of modularity in design; in other
words, each component (e.g. sensors and
communication modules) can be replaced or
upgraded independently compared with other
components; therefore, the overall performance of
the system will continue to operate at a high level
regardless of when replacement occurs or what
components have been removed and replaced. This
characteristic  increases the longevity and
expandability of the system.

It was confirmed during testing that the components
of the power supply had been tested for reliability.
The system would have been able to operate without
interruption.

This was important because it allows for continuous
monitoring in hazardous environments.

The results from our experimental evaluations over
an extended period show that the Smart
HazardGuard System is effective and reliable as it
can detect hazards in real time. Not only does it
provide immediate notification, but it also allows for
continuous monitoring, making the Smart
HazardGuard an effective choice for enhancing
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safety in both sewer and industrial applications.

IX. PERFORMANCE EVALUATION AND
ANALYSIS

To determine performance of the Smart
HazardGuard system, a number of experimental tests
were performed to assess the accuracy,
responsiveness, and reliability of the system in
detecting hazardous situations under various
environmental conditions.

The MQ gas sensors were subjected to various levels
of gas concentration to test their ability to detect
gaseous concentrations and provide analog outputs
to the Arduino microcontroller corresponding to the
detected gas concentrations. The temperature sensor
was also used to simultaneously monitor the
temperature of the environment so that several
parameters could be evaluated simultaneously for
hazardousness.

By analyzing sensor data in real-time, the Arduino
was able to process each sensor reading as they were
received by the Arduino microcontroller and
determine whether those readings were above certain
threshold levels. In all test conditions, the detection
process was able to correctly identify potentially
dangerous situations when either gas concentration
levels or temperature levels exceeded an acceptable
range.

Additionally, the response time from the time when
hazardous situations were detected until an alarm
was activated was determined by testing the time
taken for both the buzzer and the LED indicators to
be activated when hazardous situations occurred. In
all instances, when the Arduino detected unsafe
conditions, the buzzer and LED instantaneously
activated, thus indicating how quickly they would
respond to unsafe conditions. This very short
response time will be critical in preventing accidents
in restricted areas such as sewer systems.

A continuous real-time feedback was provided to the
user through a LCD display that contains the sensor
readings for gas concentrations and gas temperature.
Users were then able to monitor the environment
directly and confirm that the system is functioning
correctly due to the accuracy of the displayed value
being stable and accurately reflecting any slight
change in the environment.
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In addition to locally notifying users about any
detected hazards, the ESP8266 IoT module provided
the ability for the user to transmit real-time data to a
remote monitoring system. The data transmitted by
the users includes sensor readings and data indicating
the detected status of the hazards, thereby allowing
supervisory personnel to monitor several locations at
once. By providing supervisory personnel with the
capability to remotely supervise and make timely
decisions, this feature greatly improves the overall
efficiency of the system.

Testing was done to assure the reliability of this
system for continuous operation over an extended
period time. Results showed that this system had
stable performance and did not show any significant
fluctuations in its performance level nor did it show
any signs of failure over this period. All components,
including sensors, a microcontroller, and
communication modules were  successfully
integrated into a single unit with no loss of data

during the testing process.

Also, there is a graph showing the difference
between the existing and proposed systems (Smart
HazardGuard). The graph shows that the proposed
Smart HazardGuard System has  superior
performance in terms of safety, accuracy, and
monitoring ability when compared to the existing
system. The proposed system is also more efficient
than the existing system because it operates in real-
time and generates automatic alerts.

In general, based on this evaluation, Smart
HazardGuard has proven itself to be an efficient,
dependable, and reliable system for detecting
hazards in real-time. It achieves maximum accuracy
when monitoring variables, has a fast response time,
and communicates well - therefore being an
appropriate method for increasing the safety of
workers in hazardous situations.

X. KEY BENEFITS OF PROPOSED SYSTEM:

Smart HazardGuard systems have many advantages
over traditional forms of hazard detection systems.
They provide real-time monitoring, multiple
parameters of sensing, and internet of things (IoT)
communication.

This system has the primary advantage of being able
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to provide real-time monitoring of environmental
conditions. The system continuously collects
environmental data through gas and temperature
sensors and analyses that data via microcontroller
processing. Hazards are detected in an instantaneous
manner allowing any risk of accidents to be
considerably lowered.

One major advantage of the system is that it utilizes
an automatic alert system. This differs from standard
systems, which often need someone to observe and
set off an alarm, in that the Smart HazardGuard
system automatically activates alert signals (alarms
and lights) as soon as it has collected data on an
unsafe condition. This ability to notify employees of
unsafe conditions immediately will provide them
with an opportunity to take action before any injuries
occur.

The system also provides IloT-based remote
monitoring capabilities, allowing supervisors to
easily access real-time data while at remote
locations. The ESP8266 communication module
collects sensor data and hazard status information
from each facility and transmits that information to a
centralized cloud platform. This allows for central
monitoring and enables quick decision-making in an
emergency.

The addition of GPS-based location tracking will
improve safety by providing accurate location data
during an incident or event where there is risk of
injury. By having this information available,
supervisors will be able to quickly identify the
location of an incident and will also have a greater
understanding of how many employees may need
assistance in an emergency situation.

Another major benefit of this type of multi-parameter
sensing solution (i.e. sensors that provide
simultaneous readings of gas concentration and
temperature) is an increase in the accuracy and
dependability of detected hazards when compared to
standard detection systems that utilize only one
method for determining the presence or amounts of
hazardous substances.

Smart HazardGuard was built with budget
constraints in mind and could be constructed with
commonly found components such as Arduino
boards and MQ sensors, making it feasible for large-
scale area installations to take place without
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incurring significant costs for typical installations.

Moreover, Smart HazardGuard also has an extremely
high degree of reliability and rapid response time due
to a combination of its sensing, processing and
communication modules being designed to work
together seamlessly therefore ensuring that hazards
will be detected and that alerts will be generated with
virtually no time delay.

In addition to the original text's ideas regarding both
improving safety levels through better monitoring of
hazardous environments and providing greater
versatility to incorporate sensors/modules as needed,
this modified version expands on the concept of
adaptability so that the characteristics vary by
potential applications for industries that have
extreme risks or conditions beyond just sewerage
systems.

For starters, the Smart HazardGuard System is
presented as providing an integrated solution without
compromising quality and reliability through
advanced technologies to enable detection of hazards
in both real-time and in an accurate fashion; thus,
increasing safety levels significantly for workers
operating within hazardous environments.

XI. LIMITATIONS OF THE PROPOSED
SYSTEM

While there are many benefits associated with the
Smart HazardGuard system, there are also a number
of limitations that could impact how well it performs
in certain situations. Identifying these limitations
will help in making improvements to the Smart
HazardGuard system and it can help develop new
systems in the future.

One limitation to this system is related to
measurement accuracy. MQ gas sensors can
experience measurable changes to how sensitive they
are depending on the amount of time they have been
exposed to certain environmental conditions and the
age of the sensor. This means that if an MQ gas
sensor is not regularly calibrated, it will produce
inaccurate readings when measuring the physical
characteristics of gases. This could affect the
accuracy of a Smart HazardGuard's ability to detect
hazardous conditions.

Another limitation is that this system requires stable
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internet connectivity in order to communicate using
IoT. In order for an ESP8266 module to send data
from the Smart HazardGuard to a remote monitoring
application, the ESP8266 will require a stable
internet connection to send its data. If a Smart
HazardGuard is placed in an area where there is
unreliable or simply no internet connectivity, the
remote monitoring and real-time data transmission of
the Smart HazardGuard will be disrupted, but there
will still be local alarm alerts.

In terms of the power supply and battery backup, the
system has some constraints as well — continuous
monitoring will need a continuous, stable, and
consistent source of electrical energy. Portable
applications, in particular, can be affected by a
limited capacity of batteries to support long-term
usage, unless efficient power management
techniques are used.

Additionally, the system is currently limited to
measuring only a small number of parameters;
specifically, it primarily measures gas concentrations
and temperature. Although these parameters assist in
the detection of hazards, many other environmental
parameters such as humidity, oxygen, and pressure
will not have been taken into account in determining
hazard assessment accuracy, which can limit the
ability to assess hazards in a potentially complex
environment.

Environmental interference, or noise, is also an
important challenge for the system. External
influences such as air flow through, humidity, and
multiple different types of gases are potential sources
of interference or noise that could affect the sensor's
ability to accurately measure gas concentrations
and/or temperature. Therefore, proper filtering and
calibration techniques are necessary to reduce the
impact of such sources of interference or noise.

The system requires initial setup and maintenance,
for example through correct installation of sensors,
wiring, and checking components periodically.
Installation may be done improperly or hardware
may fail which would affect performance.

The prototype has been developed for
implementation at a small scale and implementing it
in an industrial area would likely require adding
additional infrastructure necessary for a complete
monitoring system and improved communications
network.
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XII. APPLICATIONS OF SMART
HARADGUARD SYSTEM:

Smart HazardGuard has been developed as a
multifunctional and adaptable means of providing
protection in many different dangerous work
settings, where safety can depend on the ability to
monitor environmental conditions in real-time and
respond immediately.

The system can be used in many different situations;
one example of its primary purpose is to monitor
toxic gas levels and other hazardous environmental
factors while sewer maintenance and drainage crews
are working in these environments. It provides an
early warning of gas concentration and temperature
levels, allowing the crew to be alerted and responsive
to emergency situations.

The system can be used for industrial safety
monitoring in places such as chemical plants, oil
refineries and manufacturing plants, where
hazardous levels of gas may increase the chances of
an accident occurring or are not in compliance with
the safety regulations established by OSHA
(Occupational Safety and Health Administration)
and/or respective state and/or local regulatory
agencies.

Another use of this tool could be for underground
mining operations where employees can come into
contact with hazardous levels of gases, and/or have
low oxygen levels. The Smart HazardGuard will alert
employees when they are in an environment that is
hazardous, therefore, decreasing the risk of an
accident occurring and meeting/emphasizing safety
standards.

Finally, the system can also be used in confined
spaces to monitor those hazardous areas, both before
someone enters and while they are operating in that
confined space, for example: tunnels, tanks or areas
that are underground. The primary function of the
hazard guard is continuous monitoring of those areas
so that employees are alerted prior to entering or
working in those areas.

Additionally, Smart HazardGuard can also be
utilized in smart cities' environmental monitoring
projects. It can be installed in urban drainage systems
and public services' infrastructure to identify harmful

ICONIC RESEARCH AND ENGINEERING JOURNALS 3669



© APR 2026 | IRE Journals | Volume 9 Issue 10 | ISSN: 2456-8880
DOI: https://doi.org/10.64388/IREV9I10-1717011

conditions.

The system can also be used for waste management
and landfills' monitoring for gases like methane that
can create considerable dangers. Continuous
monitoring allows for the identification of hazardous
situations, thereby preventing potential accidents.

The system can also be modified for use in
emergency response systems requiring the swift
detection of hazardous environments. The system's
integration of GPS and IoT tech will facilitate
effective tracking and collaborating during rescue
tasks.

The Smart HazardGuard has a broad spectrum of
uses in the manufacturing industry, environmental
area, and public safety issue. Its flexible design,
versatile size options, and ability to monitor
conditions in real-time are some of the reasons they
play an important role in increasing safety within
dangerous places.

XIII. CONCLUSION

The solution offered by the Smart HazardGuard
system for increasing safety among sewer personnel
working in hazardous surroundings is both efficient
and dependable. Gas detection sensors are included
in the proposal along with temperature measurement,
IoT-based communication, and real-time alerting.
These components combine to provide ongoing
coverage of sewer operations and fast detection of
the occurrence of hazardous conditions.

The proposed solution will successfully identify
hazardous incidents through monitoring
environmental parameters against defined threshold
levels. Upon recognition, alert mechanisms will
quickly activate, providing a timely warning to the
sewer worker. The incorporation of an ESP8266
module allows real-time communications to support
remote monitoring and more rapidly enable
decisions during hazardous emergencies.

By providing precise identification of an area
impacted by a hazardous event through GPS-based
location tracking, the system greatly enhances its
ability to carry out effective rescue operations. The
experimental results demonstrate that the system is
highly accurate, has a fast response time and
provides reliable performance regardless of
environmental conditions.
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In addition to being cost-efficient, easily
implemented, and scalable, this system will be useful
in many real-world applications such as sewer
systems, industrial environments, and confined
spaces. The modular design allows for future
improvements and the option to integrate additional
sensors and innovative technologies.

In conclusion, the Smart HazardGuard system aids in
improving worker safety by mitigating risk in
hazardous environments while providing a proactive
way to detect hazards. The proposed solution has the
potential to promote safer workplaces, as well as
provide a pathway for further improvements to meet
the demands for industrial safety and smart
monitoring systems in the future.

The Smart HazardGuard System is also
demonstrating real-world applications of safety
solutions within IoT in an example of how you can
apply these types of solutions to hazardous
environments. The combination of sensing,
processing, and communication technologies creates
one cohesive platform that will allow for the
continuous monitoring and proactive management of
hazards.

In addition to increasing the safety of employees, the
Smart HazardGuard System will also provide the
operational benefit of reduced downtime associated
with incidents and emergency events.

The ability to identify potentially dangerous
situations at an early stage and implement preventive
actions enables the system to support proactive,
rather than reactive, safety

Additionally, the modular and scalable nature of this
system makes it suitable for many different types of
industrial and environmental applications, as well as
providing the ability to incorporate new sensors or
advanced analytics into the overall system.

This proposed system is consistent with the current
trends towards using smart infrastructures and
automating industrial processes; real-time data and
intelligent monitoring are essential components to
achieving a reliable and efficient process, which will
reduce significantly the risk of operating in a
dangerous or harmful work environment as well as
promoting improved and more charged working
conditions.
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The Smart HazardGuard System is an important
milestone for the creation of smart safety
management systems. As additional improvements
and widespread actual application continue to result
from this system's design work, it will continue to
play a major role in the future development of safety
management systems.

The Smart HazardGuard system emphasizes the use
of real-time monitoring technologies paired with
intelligent decision-making to enhance
environmental safety. Continuous environmental
analysis will allow for a proactive approach to risk
management through immediate action when there
are deviations from the normal.

Furthermore, the adoption of the Smart HazardGuard
system encourages the use of smart safety solutions
in developing infrastructures where conventional
methods of monitoring are still the norm; IoT
technology will provide seamless
between all field devices and monitoring platforms

connectivity

thus enabling enhanced transparency and greater
levels of oversight.
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