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Abstract: According to the Indian scenario, the majority of reservoirs for holding water are operated independently,
which is problematic when there are crises (abnormal inflow, cloudy conditions), which causes the surrounding
communities and agricultural areas to be submerged those aquifers. Due to the vast geographic region and depth, it
is challenging to manually measure the essential reservoir life metrics. Therefore, this research work suggests a
cutting-edge system of reservoir management that includes sensors that are appropriate for measuring variables
such as pressure, water level, outflow velocity, inflow velocity, tilt, vibration, etc. The Arduino Uno integrates all of
the sensors, and Microsoft Power Bl receives the data in real time, where each parameter is shown in an appropriate
format for visualization. In case of an emergency water level rise, the alarm is set off. The procedure begins with the
collection of data from sensors and concludes with the presentation of that data on a dashboard in a control room
situated in a distant place that links to a website where the relevant information can be seen by visitors.

Keywords: Flood monitoring, Internet of Things, Risk mitigation, Arduino, Thing Speak.

1. Introduction

A dam is a physical obstruction that limits water
movement. Dams can be used for a variety of purposes,
including storing water, distributing it evenly among
different areas, generating electricity through
hydropower, preventing floods, and modifying water
flow. The dam's water is clear utilised for aquaculture,
industrial use, human consumption, and irrigation. The
oldest known dam dates back to 3000 BC. Dams can be
classified according to their size, use, structure, and
material. A dam's failure might be disastrous. Gujarat
was the scene of India's biggest dam failure, which
claimed 2000 lives. Bad maintenance, earthquakes,
heavy rains, poor design, insufficient capacity, and
instability brought on by water level variations are some
of the potential reasons of dam failure.

The majority of Dams are managed manually,
which requires extensive work and occasionally
produces inaccurate statistics. Therefore, a cutting-edge
dam management system is suggested in accordance
with the Indian context and illustrates many crucial dam
factors in order to overcome these. The information on
the website, which includes details such Status of the

dam gate, sensor, water level, and gate control, causes
the alert sensor to activate when the control system of
floodgates and emergency volume of water rises is used.
Following data gathering, the data is shown within the
dashboard in the nearby control room using the
appropriate visualisations. Residents of the adjacent
locations will receive a warning message in the event of
alarming conditions.

Together, sensor, network, and computer
technologies are developing as demand for integrating
information systems with the physical world rises. By
connecting sensors to the Internet, a technology known
as "Internet of Things" enables sensors to develop
intelligence. This makes it possible for sensors to talk to
one another. All technologies generate a large amount
of data, which need enormous data storage. Large
volumes of data could be stored online thanks to the
cloud, a technology that is gaining popularity as part of
the Internet of Things. The sensors collect information
by way of the dam and surrounds.

All information is provided to adaptive controller.
The use of microcontroller automatically operates the
entire system aids in lowering the complexity of the
system's design and control. The system's back end
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gathers parameter data from the relevant sensors, then
uploads the data to the database. In order to host web
portals and make other decisions, the leaked data is
examined. The suggested method utilizes the Internet of
Things (loT), making data exchange over an online
database possible. Signals generated by the analysis of
the database of sensor information are delivered to the
dam control station.

Floods are among the most common natural
disasters in the globe. Flood management is an integral
component of governance in flood-prone areas and
countries. The need to continuously assess and analyze
adverse or ambient environmental conditions in real time
necessitates the development of a monitoring system
capable of detecting floods in advance. Mohammed et
al.,[1] discusses various Internet of Things (loT)-based
techniques and applications used for efficient flood
monitoring and an early warning system. It is observed
that in the future, combining 0T and Synthetic Aperture
Radar (SAR) data may be useful in developing robust
and secure flood monitoring and early warning systems
that provide effective and efficient mapping during
natural disasters. Various sensors collect the vital sign
of flood, then machine learning techniques are applied
over the datas and forecast floods by analyzing
fluctuating trends in climate variables, such as
temperature, moisture, and rainfall. Water reservoir or
dam damages limits the following victims: water
management, water resource allocation, flood alert and
forecasting. An divine flood forecasting model was
developed by Hayder et al.,[2] based on exponential
smoothing and long short term memory based deep
learning structure supports all the above victims. One
SMS gateway-based flood warning prototype was
designed by Ramadhani et al., [3] through ultrasonic
sensor for measuring water level together with an alarm
buzzer on the Arduino core. The primary goal of this
systems sends SMS alert to the pre-configured mobile
devices.

In the following areas where, heavy water flow
regions, strong barriers could be constructed, flood
warnings are exclusively essential for identifying and
predicting flood hazards. Prathaban et al.,[4] proposed a
system with GSM modules and essential sensors to
inform flood related data and also keep track of the
nearby dam regions. For continuous monitoring and
alerting the people who stays in the river banks and
reduce the damage, an image processing based flood
alerting prototype was designed by Priantama et al.,[5]
using Android mobile phones. Climate and weather
forecasting steps are essential in urban areas for its
sustainable development. Multifractal detrended
fluctuation analysis (MDFA) was applied over the space-
borne sensors data sets. This method addresses
anthropogenic heat, surfac heat flux transportation and
to work for non-linear climatic changes to achieve
environment sustainability. Climate and weather
forecasting steps are essential in urban areas for its

sustainable development promoted by Kimothi, et al.,
[6]. Multifractal detrended fluctuation analysis (MDFA)
was applied over the space-borne sensors data sets.
This method addresses anthropogenic heat, surface
heat flux transportation and to work for non-linear
climatic changes to achieve environment sustainability.
The country Malaysia is located proximity to the equator
region. This causes more flood and create more loss of
life and vast property damages. Lam [7] has suggested
a system to identify the depth of flood and sends through
short message services. This system also works for real
time process to reduce the risks.

2. Related Work

Akshay Bajirao and Shankareppagol suggest
using an ultrasonic sensor to measure water level.
Rotating shaft's angular position is determined using a
rotary encoder (state of the dam gate) [8]. Use a float
sensor to verify the level of the spillages. Model B of the
Raspberry Pi 3 is connected to all of the sensors. The
information is displayed in places like the location of the
dam control and the dam authority office, as well as on
a website, via SMS natifications sent to important
parties, and during catastrophe management. Kavitha
and Jayalakshmi suggest that an ultrasonic sensor be
utilized to gauge water level in order to operate the dam
gate [9]. Development board for Node MCU
microcontrollers with sensor integration. the Wi-Fi
module is utilized (ESP8266), data is transferred via
thing talk. The general public receives the principal water
level alertvia GSM. Singh Rajawat and Prashant
Bhardwaj make the suggestion that the servomotor used
to position the dam gate is a rotary curator [10]. The
copper probes' continuity allows them to measure the
water level. According to the instructions the user
provides through a programmer, the microcontroller
creates the intended output from the input. Jiang Peng
et al., recommend water environment monitoring based
on wireless sensor network, which can measure things
like temperature, humidity, pH, turbidity, electric
conductivity, dissolved oxygen and so on [11]. This
system includes data monitoring nodes, video station
and remote center.

Feng et al., investigated and sensitized the flood
flow in urban areas [12]. They have simulated the flood
flow in two different sites: sub-watershed at Toronto and
Canada. They have used six land use maps at various
years. The experimentation was done over six simulated
conditions. Their simplified model took 4 hours as in the
cased of flash flood mapping and 20 min for flood plain
mapping. Hong et al., suggested a solution for urban
flooding, which minimizes the risk of flood structure [13].
Their idea mainly concentrated on water logging risk and
correlates the structural indicators with urban flooding.
They improved their proposed design by installing
drainage pump which is mounted over the vehicle. Chen
et al, performed a hierarchical investigation on
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waterlogging accidents [14]. They have analyzed
interconnection among various factors through the
increase in accident. Also, they student the various
countermeasures and government policies during the
flood accidents. From the historical records, interannual
flood disasters are analysed by Joaquin et al., [15]. They
developed a dynamically modifying data driven model
for adapting the climatical variations. Experimentations
are carried out over the NFIP data with ML regresssors.
Regressor's performance are enhanced using bias
correction. Janizadeh et al., examined the flood disaster
regions using various machine learning algorithms
known as Random forest, Naive Bayes and Bayesian
additive regression method [16]. Lin et al mapped the
flood prone areas by employing geographically weighted
regression method [17]. Sixteen morphometric
parameters applied here enhances the performance of
the work. Variation inflation factor reduces the multi co-
linearity. This method outperforms the non-Spatial
logistic regression method. Deep learning methods
convolutional is applied by Abdalla et al., to improve the
captured features and spatial information [18]. Long
short-term memory method also applied to predict the
rainfall-runoff in the regions. Precipitation and
temperature inputs are used to predict the flow rate of
the water flow. Combination of LSTM with CNN provides
the fine tuning of this work studied.

There are numerous methods available to
measure the impact of flood over the road transportation.
Some gap is identified between the characteristics of
flood and the road nature for better prediction of flood
flow disasters. Haque et al., filled this gap by taking the
flood features like velocity and its depth together with the
road characteristics like surface material, width and
height of the road [19]. Multiple regression method used
here determines the significant damage -effectively.
Monsoon floods and vulnerable areas are detected
using a random forest method combined with three more
algorithms [20]. Slime mould algorithm, Invasive weed
optimization and Satin bower bird optimization
algorithms are utilized here and achieved high accuracy.
Integrated satellite and optical images were used to
predict the flood. In the recent days, urban floods usually
increase the loss. Urbanization and poor drainage are
the main causes for flood. Himanshu et al., [21]
integrated the artificial intelligence with smart IOT
devices. This post-flood management system measures
the urban flood prediction. Flood management system is
essential in the flood prone area. have developed a
flood management system by combining synthetic
aperture radar and IoT technologies. Rain and ultrasonic
sensors collect the data and sent to cloud. Then machine
learning techniques are employed for early prediction of
occurrence of flood.

Panahi et al., uses SAR satellite images
extracted data for flood prediction [22]. Support vector
machine (SVM) based machine algorithm was applied

Block Diagram

for the prediction with meta heuristic features.
Differential evolution and grey-wolf optimization
algorithms are combined applied over the data set and
achieved high accuracy. Global warming signs the
authorities about the severity of flood occurrence in
different parts of the country. The study made by the
Wesley et al, discussed about the flood risk
management process and highlights the issues caused
by the same [23]. By observing the causes and effects
the mitigation of flood risk management can be taken
care in advance. Observations on hydrology form
satellite images are the main resources for constructing
the early warning systems. The system designed by
Tuyen et al., applies the deep learning UNT architecture
with particle swarm optimization algorithm to clearly
send the warning alarm [24].

Wrapper partial decision tree algorithm is
utilized for early drought and crop prediction in different
agricultural land to improve the productivity and
minimizes the loss. This system is tested over five data
sets and observed with proper F-score [25]. Drought and
weather monitoring of 18 meterological parameters were
constantly observed for three months and utilized for
proper early flood prediction. Extreme gradient boost
algorithm and SVM algorithm were applied over the
deep learning architecture for the proper prediction of
flood [26]. Unmanned aerial vehicle based captured
images are applied for flood detection by Munawar et al.,
[27]. Haar cascade classifier and convolutional neural
network algorithm employed here predicts the flood flow
with maximum efficacy. This system performance can be
enhanced using Lidar. From the above study, it is clear
that conventional methods use the micro controller for
analyzing the vital signs of flood monitoring. While the
measure sensors data exceeded the threshold, it will
warn/inform the residents and authorities through GSM.
Recently, machine learning methods are helpful for
predicting the rainfall rate. The main gap we found here
is the sensors data can be incorporated with internet of
things. And the collected sensors data can be
interpreted using Thing Speak visualization tool as a
vibrant community of developer to provide solution for
flood monitoring and mitigation.

3. Methodology

Early detection of abnormal water level, water
pressure, temperature and other parameters are
collected from multiple sensors in the Internet of Things
platform is essential for the flood monitoring. This inter
vent measures to prevent dam failures as a proactive
maintenance can prevent dam failures and mitigate the
risk of catastrophic flooding. Figure 1 presents the
working module of the proposed work.
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Figure 1. Workflow of the System

3.1 Components Required
A. Hardware Requirements

e Arduino UNO.

e Ultrasonic sensor

e Water flow sensor

e Vibration sensor

e Tilt sensor

e Pressure sensor

e WIFI module

e LCD display

e Buzzer

B. Software Requirements

e Arduino IDE

Arduino UNO

Arduino is a freely available electronics platform
with straightforward software and hardware. Using an
Arduino board to collect inputs such as sunlight on a
detector, a finger on a button, or a tweet, you may start
a machine, turn on an LED, and upload stuff online.

Ultrasonic Sensor

An sensor module is an item of equipment that
measures an object's range using ultrasound waves and
then converts the sound that is rebounded into an
electric signal. Thresholds can be set based on historical
flood data and when water level approach or exceed
these thresholds, automated alerts ca be triggered to

warn authorities, and residents downstream of potential
flood risks.

Waterflow sensor

A water flow sensor is composed of a hall-effect
sensor, a water impeller, and a copper shell. Water
moves through the rotor at different rates, changing the
rotor's speed as a process. Measurement of water level
in rivers, streams and water bodies to monitor rising
water level, which are indicative of potential flooding.

Vibration sensor

Machine vibration levels are measured using a
vibration sensor, also known as a vibration detector, for
screening and analysis in dam Gates. This sensor
detects vibrations in infrastructure such as
bridges/dams. Unusual vibration could indicate
structures damage or erosion signaling potential flood
risks.

Tilt sensor

Inclinometers are another name for tilt sensors.
They are a particular class of position sensor used to
calculate an object's slope or angle. Monitoring the tilt of
flood barriers retaining walls or flood gates to ensure
they remain in optimal positions to mitigate flood rises.

Pressure sensor

A pressure gauge is a kind of electronic device
that monitors, or keeps track of water pressure while
transforming the physical information it senses into an
electronic signal. Measuring the water pressure in
rivers/streams to monitor the changes in water levels.
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Sudden increase in pressure could indicate rising water
levels, potentially signaling and impending flood.

WIFI Module

Data transmission and reception over Wi-Fi are
handled by wifi modules or wifi microcontrollers. They
can also respond to commands transmitted via Wi-Fi.
Wi-Fi  modules are utilised for inter-device
communication.

LCD Display

A liquid-crystal display is a horizontal monitor or
other electrically assisted optical device that uses
polarizers and the ability of liquid crystals to modulate
light (LCD) (Figure 2). Particles don't generate light
directly; instead, they use a backlighting or reflector to
produce coloured or monochromatic images.

Buzzer

A mechanical, electromechanical, or piezo
audio signalling device is a buzzer or beeper. Buzzers
are widely employed as timers, alarm clocks, and to
confirm user input such mouse clicks and keystrokes.

Arduino IDE

The Arduino Software (IDE), also referred to as
the Arduino Integrated Development Environment (IDE),
has menus, a message area, a text console, a toolbar

with buttons for essential operations, and a text editor for
creating code. It connects to the Arduino hardware to
upload programmers and communicate with them.

3.2 Prototype
3.2.1 Working Description

Water flow, ultrasonic, pressure, and tilt sensors
are included in 10T flood monitoring. With the aid of the
right sensors, it is utilized to measure all the various dam
parameters, such as water level and deformation. and
provide the necessary analytics. The sensors are
connected to an Arduino UNO microcontroller, which is
connected via WiFi to a cloud database in Azure through
IoT hub. Necessary analytics are then performed on the
collected raw data with the assistance of the Azure
stream Analytics API, and the data is then sent to
Microsoft PowerBl. You require a WiFi connection to run
the IOT-based dam monitoring system project.

Using a Wi-Fi module, the microcontroller or
Arduino board connects 28 to the wireless network.
Without a functioning WiFi network, this project cannot
be completed. Using a WiFi module or even the Hotspot
feature on your smartphone, you may establish a WiFi
zone. These sensors continuously provide input to the
Arduino UNO board. The data is then sent to a specific
URL/IP address and sent to the cloud. Then, after a
specific amount of time, the data sending to IP activity is
repeated. The developed prototype model and prototype
initialized information displayed on the LCD is depicted
on Figure 3 and 4

Character

to send data bus

Put data in 8-bit

Put Command in
command bus

3

Character Sent

Pulse the E-pin
once and out

-

Figure 2. Flow chart of interfacing LCD display

Figure 3. Prototype model
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Figure 4. Output in LCD display
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Figure 5. Output screen 1 of water level
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Figure 6. Output screen 2 of waterflow
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Figure 7. Output screen 3 of air presssure
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Figure 8. Output screen 4 of temperature

Table 1. Observation of Temperature from the sensor

Time DHT 11 Temperature sensor output (in Celsius) | Thermometer measurement (in Celsius)
6.00 A.M 22 23
7.00 AM 22 23
8.00 A.M 22 23
9.00 A.M 23 24
10.00 AM 25 26
11.00 AM 25 26
2.00 P.M 27 27
3.00 P.M 28 27
8.00 P.M 21 21
10.00 P.M 20 20

Table 2. Output from Humidity sensor

Humidity measurement

Time

9.25 A.M 64%
9.30 A.M 65%
9.35 A.M 65%
9.40 A.M 60%
10.00 AM 61%
11.00 P.M 60%

The observed temperature depicted in Table 1.
explains there is no much variation among the DHT-11
sensor in the prototype model with the regular
thermometer measurement. Also, Table 2. presents the
relative humidity at various time periods on a single day.
Because of the observed day is the normal day and no
signs for possibility of flood/rain the humidity monitored
in the range of 61-64%.

4. Results and Discussion

IoT based dam monitoring constructed system
yields the results for water level, air pressure and
temperature variation. Figure 5 represents the water
level of the model observed for a period of June to
September month. It explicitly presents during
September month has more water level due to rainfall
and in the June month lesser rainfall.
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Figure 9. Result screen of the model in cloud

With parallel to the water-level the waterflow for
the same period is plotted using Thing Speak
visualization tool is depicted in Figure 6. Dam pressure
is monitored and presented on Figure 7. Storm or
cyclones as the low-pressure system can cause water
levels to rise because of increased atmospheric
pressure and pushing down the water surface. On the
contrary, to the right of this figure represents the high-
pressure systems can lead to lower water levels as the
pressure on water surface get decreases. Figure 8
represents the histogram of variation in temperature
level. Temperature sensors monitors the real-time
ambient temperature. This temperature can influence
waterflow through melting and evaporation mechanism.
High temperature decreases the water-level. Figure 9
represents the measured water level, air pressure and
temperature variation updated to the cloud which can be
propagated to society through Web Pages. If the water
level of the dam or storage reservoirs reaches >80% of
the volume of storage places(dam) is identified for heavy
warning and found to be cause for flood. People has to
move from the river banks. If the storage water level
measured from ultrasonic sensor is greater than 55 and
less than 80 it is warned to the people to start vacating
from those places and water level is less than 55% of the
storage it is the safer zone and there is no sign for flood

The suggested technology would make it
possible to administer and monitor the dam much more
quickly and easily. Over time, data can be logged to offer
information.

Pertaining to ageing, earthquakes, erosive processes,
storms, and other Through data analysis, factors on the
overall condition of the dam are revealed. Warning and
Engineers can be designed to receive callouts to alert
them to potential faults and the When the water level
suddenly rises, the automated dam gate opens. Other
developments of this concept, including gate status
displays, are also conceivable.

Most significantly, these technologies provide
round-the-clock monitoring and change detection for a
number of things that could otherwise go unnoticed,
while  simultaneously accurate information that
engineers may use right now to make
better judgements.

5. Conclusion

In conclusion, the implementation of IoT
technology for flood monitoring offers significant
advantages in terms of early detection, rapid response,
and efficient resource allocation. Through the integration
of sensors, data analytics, and communication systems,
real-time monitoring of water levels, weather conditions,
and flood risks becomes feasible. This proactive
approach enables authorities to issue timely warnings,
evacuate vulnerable areas, and deploy emergency
services effectively, thereby minimizing the loss of life
and property during flood events. More dams that might
be built in the near future can be incorporated into the
system. With the assistance of Google maps, a new
application may be created in the future that allows users
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to quickly access and locate places that are risk of floods
or locations where flooding Could happen. This makes it
easier for people to stay away from areas that are about

to flood. By

incorporating all significant natural

catastrophes, such as landslides and earthquakes, this

program might be developed

into an all-inclusive

disaster planning system.
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