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Abstract—A first-rate manhole management is a sign of good city. Manhole monitoring is an
important element of municipal infrastructure as accidents due to broken and missing manhole lids
are continual. Such accidents have the potential to cause severe injuries and even fatalities. Upon
observation, it was noted that a significant number of manhole covers were not properly placed.
Furthermore, inadequate monitoring of manholes is a common issue in developing nations. Poor
governance and monitoring of the manholes is the fundamental cause of urban floods which are
frequent in crowded cities. This problem can be overcome by using a Manhole Management
Device based on IOT and Sensor Technology. Our plan is develop a IOT-based Manhole
Monitoring device. Here, we have comprised an array of sensors for complete monitoring of the
manhole’s lid so that such accidents can be averted. This device includes a gas sensor to monitor
the gases present in manholes so, that toxicity levels can be handled easily, an ultrasonic sensor to
detect the water level, when the water level goes beyond a certain level and a tilt sensor is used to
alert whether if the manhole cover is tilted. If any of these values exceeds the set/threshold values
then we send an SMS to an authority number by Wi-Fi module to store in the cloud.

Keywords— Node MCU, IOT, Buzzer, Sensors, Alert message, Threshold

I. INTRODUCTION wastewater to the outskirts of the city while

Manholes are an essential part of modern managing drought conditions

urban infrastructure, providing access to
underground networks of pipes, cables, and
conduits. They are typically located in public
areas, such as roads, sidewalks, and parks, and
allow workers to enter and maintain these
underground systems. While manholes serve a
vital function in maintaining urban
infrastructure, they can also pose safety risks if
not properly maintained. For example, if a
manhole cover is loose or missing, it can create a
hazard for  pedestrians and motorists.
Additionally, if a manhole is not properly
ventilated, it can build up dangerous gases, such
as methane, which can be harmful to workers
and the public.

Nowadays manhole management is more
important. Because damages in manhole cover
leads to many accidents. It is very important to
have a shielded manhole management system.
Because the rate of accidents due to insecure
manhole coverage is high. There is a chance of
leakage of dangerous gases which causes
explosion and even death too. If there is a small
change in the angle of the manhole cover, it
causes accidents. So the manhole management is
very important.

For a fresh and hale environment, several
Indian cities have sewage system that is handled
by the Municipal Corporation. The water present
in the drainage is occasionally mixed with pure
water due to poor conservation, infections and
diseases can be spread through the sewage
system. In large cities where millions of people Figure 1. Manual checking of manholes

live, drainage systems play a very important role. Because of switching climatic conditions,
If the drainage system is perfect, the city can be  {rajnage is affected throughout the year, and the
called as clean city. The primary ObjeCtiVC of the environment is robust, the daﬂy lives of the
drainage system is to facilitate the transportation  people are disrupted. Any drainage system’s
of sewage, excess water, rainwater, and  integral part is the access points into it when it
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get to the point of cleaning, clearing, and

inspection.
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Figure 2. Broken Manhole Cover

Metropolitan cities have implemented
subterranean sewage systems, and it is
imperative for the municipal corporation to
ensure their cleanliness. Insufficient maintenance
of sewage can lead to groundwater contamination
and the spread of infectious diseases.
Additionally, during the monsoon season,
blockages in the drains disrupt the daily lives of
the public. Manual drainage monitoring is not
possible because the drainage network is too big.
Certain measures have recently been taken by the
concern departments to improve the cleanliness
of the country.

One can bypass the drainage obstacles by
regularly monitoring the drainage in the area. A
significant number of committed individuals is
necessary for this task. Elevated levels of gases
result in fatalities. The absence of proper
treatment and protection leads to the loss of lives
among sewage cleaners consistently throughout
the year. The installation and generation of data
through manual systems pose both difficulties
and dangers on every occasion. As a result, there
is an increasing demand for automated data
generation and monitoring.

Figure 3. Overflow of water from manholes

Hence, this warning about blockage and its
appropriate location in manhole must be
intimated to the corresponding officials and it
helps to notify the people about the gas burst,
rise in the water level and angle of manhole lid.
Given the unfavorable environmental conditions,
manual maintenance of manholes remains crucial
in the meantime. To ensure the safety of both

www.ijiemr.org

workers and the public, it is essential to monitor
and maintain manholes regularly. This is where
an IoT-based manhole monitoring system can
play a critical role by providing real-time data on
the condition of manholes and alerting authorities
to any issues or anomalies.

II. PROBLEM STATEMENT

Urbanization has led to an increase in
the number of manholes in cities around the
world. These manholes are an essential
component of the city's infrastructure, but they
can pose a significant risk to public safety if they
are not adequately maintained. Manholes are
often located in areas with high foot traffic,
making them vulnerable to accidental falls and
injuries. Currently, manhole inspections and
maintenance are done manually by city workers,
which can be time-consuming and expensive.
Furthermore, there is always a risk of human
error, which could result in missed inspections or
maintenance. Inadequate maintenance of
manholes can lead to service disruptions,
property damage and even public health risks.
Conventional manhole inspection and
maintenance practises involve periodic manual
inspections by human operators, who may not
have training, expertise, or resources to detect
and address all issues.

To overcome these challenges, a manhole
monitoring system can be developed that uses
advanced sensors, communication technologies,
and analytics to continuously monitor the
condition and performance of manholes. So, this
system proposes:

e The system governing the flow of sewage from
the pipes.

e Use of sensors to detect the variations in the
flow.

e Get the prior alerts of blockages and also locate
them using IoT,that sends SMS too.

By developing a manhole monitoring system,
cities can ensure that their infrastructure is safe
and properly maintained while reducing the risk
of injury to the public. This paper aims to
describe the development and implementation of
such a system and to evaluate its effectiveness in
improving the safety and efficiency of manhole
inspections and maintenance.

III. EXISTING SYSTEM

In present days, the management of manholes are
penurious. Because of this, the society facing
difficult to have safe ride on the roads that leads
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to death. The society also has responsibility to
inform the officials regarding the manhole
condition, but they never do this. On other side,
the person from the municipality has to check
everytime and each manhole situation, where
sometimes damaging of the property already take
place. The person cannot detect the inner
condition as it suddenly burst out and difficult to
solve the issues.

Figure 4. Manual Monitoring of manholes

Because of improper manhole lids, it leads
to accidents occasionally leads to death also.
During seasonal changes, the condition goes
terrible. In addition to causing population
displacement, flooding can exacerbate health
issues. Oftentimes, data integrity suffers as a
result of manual data entry into registers or
systems. Insufficient drainage frequently arises
when contractors excavate topsoil during the
construction of new houses, leaving only subsoil
behind. Chance of mixing of groundwater and
drainage water, if not taken proper care.

S

Figure 5. Traffic zones around open manholes

IV. PROPOSED SYSTEM

Here we are proposing technology-based
manhole monitor that helps the people in
avoiding open manholes, overcome the overflow of
water on the roads and also keep away from bad
odour releasing from manholes. By placing
ultrasonic sensor here helps to detect the water
content in the drainage hole. In order to avoid
accidents due to open manhole covers we are
using tilt sensors that detects the manhole lid

wWWwWw.ijiemr.org

when tilted by an angle. Moreover, gas sensor also
used to identify the gases present in the
underground systems. The officials receive about
the condition of these manholes behind time
where the entire rubbish already happens. So, to
send the notification regarding this we are using
Wi-Fi in-built microcontroller unit. Node MCU
updates the live values of all the sensors. We have
included an array of sensors for complete
monitoring of the manhole cover so that such
accidents can be prevented.

V. OBJECTIVE

1. Identification of water level in the drainage
system and detection of any blockages present.

2. Monitoring the water flow rate continuously
and initiating alerts if the water level deviates
from the anticipated normal range.

3. Enhancing urban cleanliness and implementing
intelligent drainage management within the
city.

4. The primary goal is to achieve a cost-effective
and adaptable solution that effectively monitors
the condition and manages the infrastructure
within the city.

5. Detecting the composition of the gaseous
mixture and transmitting real-time updates via
IoT technology.

VI. WORKING OF PROPOSED MODEL

A) Acronyms and Abbreviations
IOT, MCU, SMS, SOC, PCB, IDE, LED, USB.

B) Block diagram

GAS SENSOR

ULTRASONIC | h
SENSOR

BUZIER

TLTSENSOR |

Figure 6. Block Diagram of proposed model
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The working behind this system is that it is used
for special purpose as a monitoring device for the
society. The block diagram of the system is shown
in figure 6.

The system consists of various Hardware parts
also software parts. The various sensors are
integrated to monitor the mentioned parameters.
Here we have used three sensors i.e., Gas Sensor,
Ultrasonic Sensor, Tilt Sensor, and Buzzer. Gas
sensor is used to detect the presence of Gas. The
Ultrasonic Sensor is used to detect the water level
and the Tilt sensor is used to detect whether the
cover of the manhole is tilted or not.

C) Flow Chart

From the flow chart, it is understood that,

Stepl: Initially, the hardware setup should be
powered to start the process.

Step2: Then the microcontroller unit
continuously take the input values from the
sensors such as, ultrasonic, gas and tilt sensors.
Step3: If any of these sensor values exceed
beyond the setup value the buzzer makes sound
that indicating tilt sensor got detected and also
send SMS to the authority member behalf of all
these sensors. Finally process is going to be end.
Step4: If no any sensor is beyond its precise
value then, simply display the sensor values in
the mobile app.

Power up Hardware

Initialize Hardware Module

Ultrasonic
Sensor

MCU continuously take input values

Tilt
Sensor

Buzzer makes sound

If any sensor
exceeds its
setvalue?

Sensor values are displayed
in the mobile app

Sends alert message
to mobile phone

Figure 7. Flow chart of Manhole monitoring System

wWWwWw.ijiemr.org

D) Circuit Diagram

Figure 8. Schematic Diagram of proposed model

E) Operation

Due to missing and broken manhole lids,
accidents are frequent. So, to monitor them in a
proper condition we’re designing a device that
uses set of sensors which are connected to the
main part of the device to the respective pins. To
track the problem all the time is not possible in
real time but using of this device definitely sense
the fault within the manhole.

What is Tilt Switch Module?

It is also called as tilt sensor or tip over switch.
This sensor helps in sensing the angle of device
housing with respect to downward force of gravity.

Working of Tilt sensor?

These sensors consist of a rolling ball with a plate
beneath them. When the sensor gets power the
rolling ball falls to the bottom of the sensor to
form an electrical connection. When the sensor is
tilted, the rolling ball doesn’t fall to the bottom so
that the current cannot flow the two end
terminals of the sensor.

Types of tilt sensors?

Single axis-single output, dual axis-dual output,
dual axis-single output.

e Single axis, single output: The sensor responds
to being tilted around one horizontal axis,
relative to the downward force of gravity.

e Dual axis, dual output: The sensor contains two
sensing elements at 90 degrees to each other.
Each has an output which is determined by its
angle of tilt from vertical around one axis.

e Dual axis, single output: A single sensor
responds to an angle of tilt from vertical around
any horizontal axis.
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Circuit that tilt sensor uses?

When the device gets power and is in its upright
position, then the rolling ball settle at the bottom
of the sensor to form an electrical connection
between the two end terminals of the sensor. Next
the circuit becomes short circuit and the LED
gets sufficient current. If the circuit gets tilted so
that the rolling ball doesn’t settle at the bottom of
the sensor with the electrical conduction path,
then the circuit becomes open. This is about the
circuit operation.

VII. ADVANTAGES AND APPLICATIONS

A) Advantages:
a. It is low cost.
b. Enables Real-time monitoring.
c. This system makes the smart city more

scientific.

d. It helps to save people’s life from unexpected
accidents.

e. Intimate the improper manhole cover
condition.

f. Monitor the toxicity and also detects the
water flow beyond its normal flow range.

g. Improves efficiency.

B) Applications:

Used in industrial and security control.

Used as emergency systems.

Remote sensing.

Used to monitor the concentration of toxic
gases.

Alarm systems.

Used in avoiding obstacles.

aoop

=0

VIII. RESULTS

'."

TOP VIEW OF IOT BASED
MANHOLE MONITORING SYSTEM
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ALERT MESSAGE TO THE OFFICIAL’S

IX. CONCLUSION

The design and implementation of the Manhole
monitoring system based on IOT which was our
aim and objective of the paper at the beginning
ends with a success as both part works as
desired. There it goes without any saying that our
proposed model has the potential to overcome the
traditional manual inspections by minimizing the
need for human intervention and also problems
due to conventional management of manholes
because it’s efficient and convenient. Our system
offers a promising solution for cities and
municipalities to monitor and manage their
manhole infrastructure effectively. And with just
some few modifications we can use our system in
any secured facilities.

X. FUTURE SCOPE

In the future, we can implement this project in an
effective way. As we’re using the sensors that
helps to secure manholes from explosion of
harmful gases. Still, if we want to update this
system then using of GPS may help the authority
member to find the location and react early to the
emergency situation.
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