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Abstract- This project focuses on an application of wireless
sensor networks for leakage detection in underground water
pipes to overcome the problem of water dispersion in water
distribution networks. Leakage prevention and breaks
identification in water distribution networks are fundamental
for an adequate use of natural resources. To address this
problem, and simplify the leakage identification process, the
authors have designed a wireless network system making use
of mobile wireless sensors able to detect breaks and save
energy, time and cost with having Smart Water Leakage
Detection (SWLD) in pipelines, measure water level in tank
and control in pump to turn it on when water level is low. It
focuses mainly on two parts: The first part is alarm based on
IOT send data related to sensor on web server. The system is
made up of basic components: sensors, IOT module, Arduino,
relays to control the device. The second is the controlling
part; it uses TDS SENSOR, ULTRASONIC SENSOR, LEVEL
SENSOR The result of using the proposed system is improving
the efficiency of operation, reducing delay time and cost of
maintenance pipelines after leakage detection.

Keywords Embedded System, Arduino uno Microcontroller, TDS
sensor, Ultrasonic sensor, Relay, ESP8266 Module.

1. INTRODUCTION
Overview

Water is the most important natural resources in
human’s life. Human needs the water in almost all daily
activities such as washing, cleaning, taking a bath, the
irrigation, and the industry needs. However, the amount of
clean water is decreasing, whereas the number of people in the
world are always increasing. Water a precious thing required
everywhere, but because of its excess use the time says to use
it carefully so that the next will faced minimum problem. Our
world and community is facing excessive water usage either
for domestic or commercial purposes and it is a serious issue,
which affects the sustainability of our environment. Water
shortages or scarcity may be caused by the current climate
change, such as altered weather-patterns (including droughts
or floods), increased pollution, and increased human demand
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and overuse of water. As water is one of the scarce natural
resources, it is important to properly use and manage our
usage in different sectors. If we keep wasting water
continuously it can be very dangerous problem in future. We
should start saving a water from ourselves. There are various
ways through which water get wasted. Consider a situation
where water overflows when tank get full. so our approach is
to reduce the wastage of water in this situation. Also, leakage
is another concern i.e. whenever there is leakage somewhere
we couldn’t get it in initial stage but when it becomes a huge
problem it causes large wastage of water. So it is better to take
action immediately as soon as leakage takes place. In this
paper the development of a wireless, multi- sensor network for
measuring the level of water in tank and detection of leakage.
All the data from the sensors are processed and analyzed, and
transmitted wirelessly to a notification node.

Need

It is very clear that water is an inseparable part of not
only humans but of every organism on this planet. One cannot
even think of surviving without water. We as humans, utilize
water not only for drinking purposes but also to perform our
daily activities like bathing, washing, cleaning etc. Water is
also needed by every industry or factory as a basic raw
material to manufacture any kind of product. Water intended
for drinking purposes should be safe and wholesome so that it
should not cause any disease or discomfort after drinking.

So here we want to check parameter like salt level phvalue and
metal particals. Also monitor data over thingspeak.

1. BASIC CONCEPTS
Goals and objectives

e  Existing system consisting of PH sensor to detects only
PH level of water like it is dirty or clean. So we are
adding advanced TDS sensor to detect the salt level,
any metal particals etc.

e The scope for this thesis will be the design of a method
for the detection and localization of a leak in a system
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consisting of a pipe. Two techniques are used for this
purpose.

e  Monitoring water level using Ultrasonic sensor. If level
gets full then water motor will ON automatically. And
update all sensor related data on Thing speak on web

server.
Outcome
e A water leakage system used for irrigation
department.
Applications
e Installed in a residential environment or water

distribution company
e Inagriculture field

I11. LITERATURE SURVEY

[1] A Novel Approach for Water Leakage Detection and
Localization

Author:- Anuj Purwarl, Mohit Patel2, Mohit Garg3, Karan
Ahujad

The 21st century era is witnessing continuous
technological advancements and rapid degradation of our
natural resources. Water, which is one of the basic necessities,
is under scarcity. There is a need to find ways to conserve and
save every single drop of water. To confront from scarcity of
water and preserve it using a more efficient method, the idea
has been presented in this paper. The idea focuses on
developing and implementing an efficient and optimized water
utilization system in which automation is done using the
sensor data for the quantity of water supplied from the main
supply tankto its respective subtanks with an efficient and
optimized leakage detection system in the supply lines.
Leakage amount in the supply lines is detected based on the
concept of difference between water delivered to various
nodes by the main tank and received by the various nodes, and
the exact location of the leakage is determined using a new
approach based on transmission line and circuit theory
concepts. The main advantage of using the proposed leakage
detection scheme is to reduce the cost to existing leakage
detection schemes without comprising the accuracy of the
system. While most of the schemes employ sensors and other
costly elements thus causing the increase in the system cost,
this scheme is very simple and practical as it does not require
any sensors and other costly elements but only requires very
simple hardware requirements such as coaxial cable, copper
wire and waveform analyzer.
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[2] Smart Water for Leakage Detection: Feedback about
the Use of Automated Meter Reading Technology
Author:- Elias Farah, IsamShahrour

Recent advances in intelligent water meter
technology have improved the quantitative monitoring in
water supply and distribution. Smart meters using Automated
Meter Reading (AMR) technology allowed water utilities to: i)
provide clear consumption patterns which can help customers
to track and control their water usage and ii) improve active
leakage targeting and leak detection capability. This paper
presents a feedback about the use of AMR system to detect
leakage in a large-scale demonstration site, which is conducted
at the Scientific Campus of the University of Lille, which is
representative to a small town. This paper presents the
demonstration site as well as its monitoring using AMR and
how the recorded data allowed a rapid detection of water
leakage in the campus.

[3] A Design of Automatie Water Leak Deteetion Deviee
Author:-KiatSiong Ng\ Pei-Yin Chen I , Yuan-Chi Tseng2
Water leakages in pipelines and water distribution systems are
the major issues in many countries. In this paper, we propose
an automatic water pipeline leak detection device to
continuously monitor the water pipelines to reduce man power
involvement. This device not only reduces human resource but
also the time used to process collected information. Our
device allows leak detection staff to remotely listen to leak
sounds of any pipelines by focusing their attention on the
suspicious area. The leak detection staffs can easily
distinguish the real leakage from the false alarm by our system
design. If leakage occurred, leak detection staffs will be able
to determine the severity of the leak and its precise location.
Our device is more effective and practicable for government
agencies to implement to deal with the problem of water
leakage.

V. PROPOSED WORK
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V. PROBLEM DEFINITION AND SCOPE
Problem Statement

Everything from water to crude oil even solid capsule
is being transported through millions of miles of pipelines all
over the world. Transport and distribution network is very
elaborate and continuously growing. This network is prone to
many risks .The pipelines are vulnerable to losing their
functionality by internal and external corrosion, cracking, third
party damage and manufacturing flaws[1]. However pipelines
are among safest means for transportation. The major threat
that occurs in pipelines is leakage. The effects of leakage go
beyond repair expense and cost of lost oil or gas, it also
significantly affects the human lives and environment. To
impede these huge costs, designing a reliable leak detection
technique is crucial. However, more information is required in
order to achieve a reliable system. Before deciding on any
corrective action the location and size of leakage should be
known. Many researches have been done during last decades
to find the location and size of the leakage with high accuracy.

Goals and objectives

e Monitoring:- Free from harmful chemical substances.
Pleasant to the taste. Here we are using TDS sensor to
check all the parameters.

e Usable for domestic purposes.

e  Save the time no need to monitor when tank get overflow
automatically water motor will off.

e Allinformation will be displayed on LCD screen.

e Update data over web server if any sensor is detected.

Statement of Scope

Page | 178

ISSN [ONLINE]: 2395-1052

No life can exist without water

It is as essential for life as air is

Objectives of protected water supply

To supply safe and wholesome water to consumers

To supply water in sufficient quantities

To supply water at convenient points and timings

To supply water at reasonable cost to the users

To encourage personal and house hold cleanliness of users.

No wastage of water using ultrasonic sensor if tank is full
automatically motor will OFF Else motor will ON.

Proposed System

* Here we are using microcontroller through which we
control all the operations.

* Here we can detect the level of water in tank using
Ultrasonic sensor.

o If tank is full then water motor will off automatically
using relay.

» TDS sensor is used to check the quality of water.

o If it detect the dirty water then all data will updated over
web server using thingspeak.

» All information will be displayed on LCD.

VI. PROJECT PLAN

The designing of the system is in such a way that it is
very easy for the user to interact with the application and use
the services provided.

Project Task Sets
Major Tasks in the Project stages are:

e Task 1:Topic Finalization

e Task 2: Project design analysis

e Task 3: Project documentation for sem1
e Task 4: Project Development

e Task 5: Project documentation for sem2

Task Network

Project tasks and their dependencies are noted in this
diagrammatic form.

Timeline Chart

Above figure shows the Plan of Project that will be
the basis for the execution and tracking of all the project
activities, which is used throughout the life of the project and
kept up to date to reflect the actual accomplishments and plans
of the project.
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Figure 5.1: Project Plan
Team Organization

Whatever activities are done related to the project
that we all showing all details log to our guide. All the
reporting are noted to the guide.

Team Structure

The team structure for the project is identified. Roles
are defined. Our team have four members. We select this topic
after discussing with each other. All the members performing
all the task whatever tasks are assign to the members.

Management reporting and communication

For developing this project, first finalize the project
topic after reviewing the multiple project topics. After that we
gather the requirements about this project. Then we made the
synopsis, SRS, PPT and report for seml. For all above
requirements, our team member and our guide discuss with
each other. Every time we maintain all the details about
whatever activities are performed by us.

Page | 179

ISSN [ONLINE]: 2395-1052

VIl. ARCHITECTURAL DESIGN

;;;;;;
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Figure 7.1: Leakage System Architecture
Technology Used
Hardware Resources Required
Arduino Module

The Arduino Uno can be powered via the USB
connection or with an external power supply. The power
source is selected automatically. External (non-USB) power
can come either from an AC-to-DC adapter (wall-wart) or
battery. The adapter can be connected by plugging a 2.1mm
center-positive plug into the board's power jack. Leads from a
battery can be inserted in the Gnd and Vin pin headers of the
POWER connector. The board can operate on an external
supply of 6 to 20 volts. If supplied with less than 7V, however,
the 5V pin may supply less than five volts and the board may
be unstable. If using more than 12V, the voltage regulator may
overheat and damage the board. The recommended range is 7
to 12 volts.

The power pins are as follows: VIN. The input
voltage to the Arduino board when it's using an external
power source (as opposed to 5 volts from the USB connection
or other regulated power source). You can supply voltage
through this pin, or, if supplying voltage via the power jack,
access it through this pin.

* 5V. The regulated power supply used to power the
microcontroller and other components on the board. This
can come either from VIN via an on-board regulator, or
be supplied by USB or another regulated 5V supply.

Www.ijsart.com



IJSART - Volume 6 Issue 5 — MAY 2020

e 3V3. A 3.3 volt supply generated by the on-board
regulator. Maximum current draw is 50 mA. ¢« GND.
Ground pins.

MADE
TN ITALY

Figure 7.2: Arduino uno Board.
Ultrasonic Sensor

An Ultrasonic sensor is a device that can measure the
distance to an object by using sound waves. It measures
distance by sending out a sound wave at a specific frequency
and listening for that sound wave to bounce back. By
recording the elapsed time between the sound wave being
generated and the sound wave bouncing back, it is possible to
calculate the distance between the sonar sensor and the object.

|
1

Figure 7.3: Ultrasonic sensor

10T Module

Expressive Systems’ Smart Connectivity Platform
(ESCP) is a set of high performance, high integration wireless
SOCs, designed for space and power constrained mobile
platform designers. It provides unsurpassed ability to embed
WiFi capabilities within other systems, or to function as a
standalone application, with the lowest cost, and minimal
space requirement.

ESP8266 Pins
1. GND - Circuit Ground

2. TX - UARTO Transmit

3. GPIO2 - General Purpose |/0

4. CH_EN - Chip Enable, Active High
5. GPIOO - General Purpose I/0

6. RESET - Reset, Active Low

7. RX - UARTO Receive

8.VCC - Circuit Power = +3.3V DC

Figure 7.4: ESP8266(10T module)

LCD
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LCD has the ability to display numbers, characters
and graphics. The display is interfaced to 1/O port of micro
controller (P0.0-P0.7). The display is in multiplexed mode i.e.
only one display remains on at a time. Within 1/10th of a
second the next display switches on. In this way sequentially
on and off display will result in continuous display of count
due to persistence of Vision.

Figure 7.5: LCD

RELAY Module

A relay is an electrically operated switch. Many
relays use an electromagnet to mechanically operate a switch,
but other operating principles are also used, such as solid-state
relays. Relays are used where it is necessary to control a
circuit by a low-power signal (with complete electrical
isolation between control and controlled circuits), or where
several circuits must be controlled by one signal. The first
relays were used in long distance telegraph circuits as
amplifiers: they repeated the signal coming in from one circuit
and re-transmitted it on another circuit. Relays were used
extensively in telephone exchanges and early computers to
perform logical operations.

Wiring Diagram

Arduino connections

Access control terminal / Digital pin
riggering end

Connect to 5Y positive 5 V'
Connect to 5¥ negative  Ground

To GFCI line

From power cable line wire

Figure 7.6: Relay
Water Motor

A submersible pump (or sub pump, electric
submersible pump (ESP)) is a device which has a hermetically
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sealed motor close-coupled to the pump body. The whole
assembly is submerged in the fluid to be pumped. The main
advantage of this type of pump is that it prevents pump
cavitations’, a problem associated with a high elevation
difference between pump and the fluid surface. Small DC
Submersible water pumps push fluid to the surface as opposed
to jet pumps having to pull fluids. Submersibles are more
efficient than jet pumps.

Figure 7.7: water motor

Software Resources Required

» Technology Used : ARDUINO IDE, Proteus.
»  Operating System : Windows 8 or above

Flowchart
START
1
[ READ SENSOR VALUE J
Ultrasonic AND TDS
NO

Figure 7.8: Flowchart

Modules

IOT Module(ESP8266)
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Esp8266 is a wifi module. Sensor related all data will
be updated over web server on thingspeak. Like TDS sensor
data and Ultrasonic sensor check level of water in a tank if it
gets full. We can monitor over thingspeak.

User Interface And Display Unit (UIDU)

All information will be displayed on 16*2 LCD Display. If
any sensor is detected.

VIll. SOFTWARE REQUIREMENT AND
SPECIFICATION

Software Requirements

1. Technology Used: Arduino IDE, Proteus
2. Operating System: Windows 8 or above.

Hardware Requirements

Hard Disk: 1TB.

RAM: 4GB or above.
Processor: Intel i3 or above.
ARDUINO UNO

TDS sensor

Ultrasonic sensor

LCD display

IOT Module(ESP8266)

O NG~ wWDdRE

MODEL IN UML
Use Case Diagram

A use case diagram at its simplest is a representation
of a users interaction with the system that shows the
relationship between the user and the different use cases in
which the user is involved. A use case diagram can identify
the different types of users of a system and the different use
cases and will often be accompanied by other types of
diagrams as well.
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Figure 8.1: Use Case Diagram

Class Diagram

A class diagram in the Unified Modeling Language
(UML) is a type of static structure diagram that describes the
structure of a system by showing the systems classes, their
attributes, operations (or methods), and the relation- ships
among objects.

Sensor 10T Module

+TDS sensor 1 |+sensorinfo

A

+ motorinfo

+Ultrasonic sensor

+yinfo

1 1
check level and quality of water

System 1 level full motor OFF

1

+operation

+take input from sensor

Figure 8.2: Class Diagram

Sequence Diagram

Sequence  diagrams  provide a  graphical
representation of object interactions over time. These typically
show a user or actor, and the objects and com- ponents they
interact with in the execution of a use case. One sequence
diagram typically represents a single Use Case ’scenario’ or
own of events. Sequence diagrams are an excellent way of
documenting usage scenarios and both capturing required
objects early in analysis and verifying object use later in
design. The diagrams show the own of messages from one
object to another, and as such correspond to the methods and
events supported by a class/object.
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sensor | 10T MODULE ‘ | LCD DISPLAY ‘
DFD‘.'.‘Er Supply ON
TDS sensor
ultrasonic sensor
]sansnr detects
send signal to controlier
check the signal of sensors . N
peforms algorithm
if level of water gets full water motor gets OFF
update daia over web

Fig:Sequence Diagram

Figure 8.3: Sequence Diagram
Activity Diagram:

The Activity diagram represents the steps taken.

Ay
Power Supply Cn
sensors used(Ultrasonic
sensor., TDS sensor)

Arduino Uno main
controller used.
controls all the operations
take analog values

depend on level of tank
motor control

send values to arduino uno
microcontroller
based on Algorithm

[ IOT module used here for

water motor will get OFF updating data on web

I

wifi

TDS check the quality cf

water
thlngspeal—

@
Fig:Activity Diagram
Figure 8.4: Activity diagram
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State diagram

A state diagram is a type of diagram used in
computer science and related fields to describe the behavior of
systems. State diagrams require that the system described is
composed of a finite number of states; sometimes, this is
indeed the case, while at other times this is a reasonable
abstraction. Many forms of state diagrams exist, which differ
slightly and have different semantics.

! — . ULTRASONIC
.ﬁ[ Power Supply ON }—)[ ARDUINO LN SENSOR

TDS SENSOR

7

A4

Figure 8.5: State diagram
DATA FLOW DIAGRAM

A data flow diagram (DFD) is a graphical
representation of the flow of data through an information
system, modelling its process aspects. A DFD is often used as
a preliminary step to create an overview of the system without
going into great detail, which can later be elaborated. DFDs
can also be used for the visualization of data processing
(structured design).

SENSOR j

IOT MODULE

y N
{ update over thingspeak

: System

o oy

WIFI

Information

Figure 8.6: Level 0 Data Flow Diagram
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ICT MCDULE

SENSOR

Ultrasonic sensor —
N,

TDS sensor update over thingspeak

I: System “

water motor

4

LCD display J T

WIF1

Information

Figure 8.7: Level 1 Data Flow Diagram

10T MODULE

SENSOR

Ultrasonic sensor -

-

TDS sensor update over thingspeak

\: System ?‘

water mator

g

LCD display )‘ -

WIFI

Information

Figure 8.8: Level 2 Data Flow Diagram
IX. SOFTWARE TESTING
INTRODUCTION

Testing is a process of evaluating a system or its
component with the intent of find whether it satisfies the
specified requirements or not.

e To describe the principles of the system and unit
testing

e To describes strategies to generating system test
cases.

e To understand the essential characteristics of the tool
used for automation.

e To discover any flaws or defects where its behaviour
is incorrect or not in conformance with its
specification.

e To demonstrate whether the project meets all its
requirements.

While developing embedded C program for 8-bit
microcontroller, there is a need for testing framework. The
framework used here is a lightweight starting point that can be
enhanced to provide output in any form useful to the user.
Adding these classed to JUnit allows us to scan the classes and
run the, all automatically. By running the test cases in AVR
simulator we can view the test results by putting breakpoints

Www.ijsart.com



IJSART - Volume 6 Issue 5 — MAY 2020

after each test is run, or after all tests have run. Further, JUnit
is used to implement unit testing in Java and accelerate
programming speed and increase the quality of code.

Testing Strategy

The performance of the front end will be verified by major
functional areas using JUnit testing. It will be verified by
following types of tests:

e User interface tests for testing username and
passwords, identifying the unique cart ID.

* Role based login for admin, cashier, and the user so
that they are redirected to their respective pages.

* Most relevant products should be displayed by
clustering them according to their categories. Hence
testing each classes of such products.

* AVR simulator for identifying each passive tag with
unique hexadecimal code in AVR studio.

» Feeding product details such as price, colour,
manufacturing date, etc. by identifying the code.

»  Testing the user identification, for online payment

System Testing

System testing verifies the entire product, after
having integrated all software and hardware components, and
validates it according to the original project requirements.

Recovery Testing

This testing is performed to determine whether
operations can be continued after a disaster or after the
integrity of the system has been lost. Here, when total bill is
generated and received at the RF receiver. But before sending
it to the RF transmitter, the power supply is turned off. And
after turning it ON, the data is recovered.

Security Testing

It is a testing technique to determine if an information
system protects data and maintains functionality as intended.
For online payment, there should be security in Virtual wallet.
Secure login must be provided.

Stress Testing

Stress testing is the process of determining the ability
of the program or device to maintain a certain level of
effectiveness under unfavourable conditions. RFID reader
must be able to scan the product tag even if the products are
overlapped.
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Performance Testing

Performance testing measures the quality attributes of
the systems,such as scalability, reliability and resources usage.
The accurate bill must be generated and sent wirelessly to the
server through RF module. Moreover, performance is
measured for the accuracy in re-ranking of the products when

the user searches for them.

Test sce-
naro

Test
name

Purpose

Expected output

Statns

TSo1

Username
and pass-
word

To identify each user
with his /her cart used
while shopping

CorTect Usernameand
password should redi-
tect them to the Wel-
come page of themall
from where they can
proceed to online pay-
ment

Pass

TSoz

Role
based-
login

Admim zhonld be rEdl-
rected to respective
databaze of wusers,
and overall activities
page, Cashier should
be redirected to
pages where they can
retrieve the trolley
bill.And user should
be redirected their
account.

All are redirected to
their respective pages.

Pass

TS0z

Jentificatio B

of passive
tags

TIETE 2 IIINDEroT
passive tagawhichare
notrewritable so they
should be umique tor
gxery product. They
can be idgnfified by
a uniquehexadecimal
number.

Tag must provide ap-
propriate information
of that product to the
RFID Reader.

Pass

TSo4

Bill genar-

TF The u=er decides not
to buy a product after
it has been added to

the product, it should

get deducted as soon

as it iz removed from

the cart.

Total correct billmust
be displayed at that
moment on the LCD
after that particular
deduction.

Pass

TSos

Online
payment

Tdenty the detalls of
the virtual wallet, bal-
ance of the zame. Ad-
min can recharge it.if
the balance iz null.

Online payment iz
successful and user is
done with shopping.

Pass

Table 9.1: Unit Testing

X. CONCLUSION

This seminar describes a conceptual development of
loT and Big Data in the context of water supply systems

highlighting

its advantages and

limitations.

The paper

advocates implementing loT and Big Data technology for
saving water resources and energy.

It is an imperative task to reduce several billion gallons of
treated water loss.

XI. FUTURE SCOPE

In future we can use automatically shuts off the water

supply after a predetermined period of time, whether the flow
is intentional or unintentional, electrically operated water shut-
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off valve located in the supply line pressure sensor located in
the supply line to detect a drop in water pressure control center
including the water demand indicator and a manually operated
system reset function Wireless communication(not specify)
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