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Abstract-Water is considered to be one of the vital resources used around the world .Wastage of water due to pipeline 

leakages is one of the most serious and larges challenges faced across the globe. From an engineer’s perspective, 

distribution of water can be improved mainly by limiting the water waste that occurs along the path, between the source 

and the end-users. But leakages are un avoid able due to some circumstances, such as corrosions, manufacturing defects 

and aging of pipes. When leak occurs in pipelines, large volume of water is lost, causing adverse impact on the production 

industries and common people’s routine. Hence finding the leakages and replacing the defective pipe is very crucial 

during water distribution. Therefore, a solution is required to detect and to determine the location of the damage when 

there is a leak. The detection of the leak location will use fluid mechanics and kinematics physics based on harness water 

flow rate data obtained using flow liquid meter sensor and Tiva C series as a core microcontroller. Prototype to find 

leakage in underground pipelines has been implemented and the results show that the proposed method is able to work 

stably to determine the location of the leak which has a maximum distance of 20 meters, and it’s able to determine the 

leak location as close as possible with flow rate about 10 liters per minute. 

Index terms —Water leakage; Flow sensor; Microcontroller; Flow rate: Iot: 

 

I. INTRODUCTION 

Water is an essential element for every organism, the needs for providing a good water distribution system is a must. 

Sometimes, the condition in certain location does not allow us to create a good water distribution system on the 

ground and 

the development of constructions causes the current water distribution system to residential, offices, and industry 

premises through pipes under the ground. Flow liquid meter sensor is one of the sensors that is used for this 

monitoring process. This sensor uses Hall Effect sensor inside it to measure the water flowrate and is placed on a 

pipe that has a diameter equal to the diameter of the sensor. The sensor will retrieve water flow data by analyzing 

rotation count of the wheel. A microcontroller is required to process this data in order to knowhow the rate of water 

flow through. Then the data will be sent by the microcontroller to the end node via internet access. Clean water is a 

critical requirement in human life. Commonly, water distribution is done through underground pipes, where the 

water pipeline will become more difficult to control than the one in the open space. This situation will cause a 

permanent loss if there is a disturbance in the pipeline such as leakage. Leaks in pipes maybe caused by several 

factors, such as the age of the pipeline, improper installation, and the condition of the environment (natural disaster, 

etc.).Therefore, an efficient solution is required to detect and to locate the damage in underground pipeline system. 

A research in monitoring the level of water flow, by utilizing web services and Zigbee as a communication device as 

well as some sensors such as level sensors, water flow sensors, and temperature sensor. In addition to web 

monitoring, the owner of the sensor can also get important information about the flow of water via SMS to a 

personal mobile phone number of the owner [1]. To detect leakage of water pipeline the research investigated the 

impact of various pipe diameters on pressure of the water flow in the pipes and the temperature changes around the 

pipe. FSR sensor is used to measure changes in the pipe diameter, and temperature sensors are used to measure the 

temperature around the pipe. In this research, they used 40mm diameter PVC pipe with a constant pressure of 3 bar 

[2]. To detect the vibration in the pipe wall caused by collisions between the water flows to the pipe wall. Vibration 

is measured using an MEMS sensor. Leakage is analyzed by comparing the vibration of the normal water flow and 

the vibration when there is a leak in the pipe. Tests are conducted by varying the pressure from 3 to 10bar with a 

constant water flow rate of 300 m3 /hr [3]. Rfbee sensors to gather data received from the water flow rate 

transducer, as a sender and a recipient of the data. Data collected by Rfbee sensors will be transmitted by wireless 

network to a computer connected directly to the sensor Rfbee. A research to monitor and control the water flow 

through a web server is carried out [4]. This paper work carried out by implementation of scale up model and detect 

the water leakage and monitoring through IOT technologies. 
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II WATER DISTRIBUTION NETWORK 

The purpose of distribution system is to deliver water to consumer with appropriate quality, quantity and pressure. 

Distribution system is used to describe collectively the facilities used to supply water from its source to the point of 

usage. The distribution pipes are generally laid below the road pavements, and as such their layouts generally follow 

the layouts of roads. There are, in general, four different types of pipe networks; any one of which either singly or in 

combinations, can be used for a particular place. They are: Grid, Ring, Radial and Dead End System. Dead end 

system is commonly used for drinking supply, its an un structural system so more pressure drop and leakage is 

occurred. 

 

III LEAK DETECTION 

When a leak occurs in the network, the sudden disturbance in the fluid flow and pressure induces corresponding 

sudden change in the flow rate its relates the location of the pipe leak can be found in the pipe network. For the field 

test, a scale up model can leak was simulated in the developed experimental pipeline test bed using a ball valve, the 

simulated events; include valve opening and closing at different range of  pressure changes the flow rate. 

The proposed method of leak detection scale setup. Having the following major components of are: 1. Water 

reservoir, 2. 0.5HP centrifugal pump, 3.Flow sensor, 4.Controller (Tiva TMC123gxl), 5.Node MCU Modules, 

6.UART. 

 
 

Fig.1.Process flow diagram 

 

3.1. Process Description 

The water is pumped from the reservoir to distribution network shown in Figure1 process flow diagram.In WDN 

system the water is discharged with a nominal pressure and flow rate is around 1000 LPH. The flow rate will be 

measured using the flow sensor .The pulsating output is to be convert the analog quantity using an Interfacing 

module. The flow sensor is to be place at different location, amount of flow rate is to measured and tabulated in 

between the sensors. If there is an leakage in a pipeline structure amount of water flow variation is to be noticed in 

the nearest sensor indication. This scale up model sensor is interfaced with the controller the output of the sensor is 

displayed in a webpage. Also displays the location of leakage between the sensors.In this scale up structure water 

leakage is introduce manually by opening and closing the hand valve minimum to maximum. The overall structure 

is shown in figure1 process flow diagram. Tiva series arudino controller is used for acquire the signal from the 

sensors and ESP28266 Node MCU module has been used for cloud computing. 

 

3.2 Controller Tiva TM4C123gxl 

Tiva C series is an open-source microcontroller, designed to         make the development of Project easy, efficient 

and more accessible. It has 14 digital I/O pins and 6 Analog pins and has two output pins of 3.3V and 5V.The 

Arduino is powered via USB cable or an external power source via the adapter. The Arduino also has a USB to 

serial converter that helps in              communicating to the computer via the USB. The arduino is capable of reading 

0-5V of input voltage and capable of supplying output voltage of maximum range of 5V. The Analog pin can be 

used as digital pins if any need arises. 
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Fig 2. TM4C123MCU 

 

Figure 2 shows the controller board. The programming of Tiva is made easy with the help of Energia IDE and it is 

developed in the programming style similar to that of C and most               of the C library is modified and provided 

as Tiva library for the ease of development. The program developed in Tiva is known as sketch and they are 

compiled to machine code of Tiva board by the Energia IDE. 

 

Technical Specifications 

ARM Cortex Microcontroller   

Operating Voltage 5V   

Input Voltage 7-12V  

Output Voltage 3.3-5V    

Digital I/O Pins 14  

Analogue Input Pins 6     

16MHZ Main Oscillator Crystal     

 

3.3 .NodeMCU 

Node MCU is an open source IoT platform. It includes firmware which runs on the ESP8266 Wi-Fi SoC from 

Espress if Systems, and hardware which is based  on the ESP-12 module. The term "NodeMCU" by default refers to 

the firmware rather than the dev kits. Figure 3 shown the module kit the firmware uses the Lua scripting language. It 

is based on the eLua project and built on the Espress if Non-OSSDKforESP8266.It uses many open source projects, 

such as lua-cjson, and spiffs.    

 

 
Fig 3 Node MCU Module 

 

3.4 Technical specifications 
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Wi-Fi Module – ESP-12E module similar to ESP-12 module but with6 extra GPIOs.  

1. USB – micro USB port for power, programming and debugging  

2.Headers – 2x 2.54mm 15-pin header with access to GPIOs, SPI, UART, ADC, and power pins. 

3.WiFi 2.4 GHz, support WPA/WPA2 

4.Integrated TCP/IP protocol stack 

 

3.5 . Interfacing Tiva with MCU 

The digital pin D2 and D3 are programmed as receiver and transmitter pin respectively. The pin D2 and D3 

functions as UART port for the Node MCU. These two pins are connected to the UART port of Tiva Arm controller 

for the transmission of data. 

 

3.6 .Flow Sensor 

Water flow sensor can be used to measure the flow of liquids, the consumption of liquids in industrial or domestic 

usage. For example you can make a robotic cocktail dispensing machine, and can use this Sensors to accurately 

measure components like Soda, Water, etc. sensor consists of a plastic valve body, a water rotor, and a hall-effect 

sensor. When water flows through the rotor, rotor rolls. Its speed changes with different rate of flow. The hall-effect 

sensor outputs the corresponding pulse Signal. 

 

 
Fig 4 Interfacing Tiva with MCU 

 

3.7. Data framing 

The idle, no data state is high-voltage, or powered. This is a historic legacy from telegraphy, in which the line is held 

high to show that the line and transmitter are not damaged. Each character is sent as a logic low start bit, 

configurable number of data bits (usually 8, but users can choose 5 to 8or 9 bits depending on which UART is in 

use), an optional parity bit if the number of bits per character chosen is not 9 bits, and one or more logic high stop 

bits. In most applications the least significant data bit (the one on the left in this diagram) is transmitted first, but 

there are exceptions (such as the IBM 2741 printing terminal). The start bit signals the receiver that a new character 

is coming. The next five to nine bits, depending on the code set employed, represent the character. If a parity bit is 

used, it would be placed after all of the data bits. The next one or two bits are always in the mark (logic high, i.e., '1') 

condition and called the stop bit(s). They signal the receiver that the character is completed. Since the start bit is 

logic low (0) and the stop bit is logic high (1) there are always at least two guaranteed signal changes between 

charactersIf the line is held in the logic low condition for longer than a character time, this is a break condition that 

can be detected by the UART. 

 

IV SCALE UP MODEL 

The Laboratory type scale up model has been implemented. The scaling is modeled using EPANET tool box shown 

in figure 5. 

 
Fig 5 Scaling model 
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Using this scaling modelling the model has been carried out. Figure 5 represents the scaling model of the process 

here the pump has been placed between reservoir and the main pipeline. The pump outline has been divided into two 

section one is mounted with main pipeline and another is mounted for bypass section, This bye pass section is used 

to recover the water or pump back to reservoir tank. In some emergency like pipeline damage or the pressure valve 

has been damaged or blocked such a condition to avoid the major issue bye pass section is used to pumped back the 

water to reservoir. The flow sensor is mounted in the main pipeline the sequence of interval and the it has been 

interfaced with the controller. Sub main pipeline network is divided in between the sensors. 

When the water is pumped from the reservoir it flows through the control valve for maintaining the proper flow rate. 

The flow rate has been monitored using the flow sensors. Pulsating output of the sensor signal is done a proper 

scaling of to measure the flow rate in terms of LPH. The water flow rate is monitored from sequence of sensor 

signal. 

 

V. CONTROLLER INTERFACING 

The flow sensors are mounted in the main pipelines are interfaced with the microcontroller to monitor the water 

flowrate. Here Tiva controller is used to interface with all the sensors and to read the data the controller board is 

shown in figure 2. The python programming language is used to interface the sensor with controller. 

 

 
Fig 6 Controller Interfacing Algorithm Flowchart 

 

The controller algorithm flowchart shown in figure 6.Using python language the coding has been developed to 

interface the sensors with controller also to read and display the data as per the scaling. Figure 6 shown initially the 

controller input port has assigned to read the sensor signal so that need to initializations of the input port pins. 
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Sensor signal is to read and the proper scaling is done by the mathematical expression for the conversion. Finally the 

data has to be transfer to Wi-Fi module. 

Interfacing of node NODE MCU board with the controller has been developed by python programing. The  flow of 

algorithm flowchart shown in figure7. 

 

 
Fig 7 NODE MCU Interfacing Algorithm Flowchart 

 

Figure 7 shows initially the Internet connection is established. To monitor the sensor data through web server Wi-Fi 

internet connection is established. After that the input signal port pins are initialized to read the sensor data. UART 

mode of communication is developed between the server and Board. The web server has been developed and the 

sensor data has been uploaded to cloud network. So that the sensor data is to be monitored in a web server using the 

IoT technologies. An octal UART or OCTART combines eight UARTs into one package, such as the Exar 

XR16L788 or the NXP SCC2698. A related device, the Universal Synchronous/Asynchronous Receiver/Transmitter 

(USART) also supports synchronous operation. 
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VI. RESULT 

The scale up model is carried out for water distribution network. The leakage has been introduced in the main 

pipeline in to different cases and the sensor output is tabulated. 

 

Case 1:Table 1 Leakage in before flow meter 1 

S.No Time (s) FM1(LPH) FM2 (LPH) FM3 (LPH) 

1 50 1200 1195 1187 

2 100 1205 1198 1192 

3 150 1197 1189 1184 

4 200 1202 1197 1193 

5 250 1205 1201 1200 

6 300 790 785 785 

7 350 787 783 777 

8 400 795 790 789 

9 450 802 797 793 

10 500 796 794 793 

 

 
Figure 8 Response of Leakage before FM1 

 

Flow meter is used to calculate the flow rate in terms of the electrical signal. Table 1 shows Case 1 condition 

initially when the pump is started the water is pumped and discharged through main pipeline with the flow rate of 

1200LPH, All the sequence of flowmeter reads the same flowrate so there is no leakages in the pipeline. When the 

leakages is introduced in the main pipeline before the flowmeter1 suddenly the water flowrate drop down up to 790 

LPH shown in Figure 8 Response of Leakage before FM1. The leakage is introduced before Flowmeter1 so all the 

meters FM1,FM2,FM3 are shows the same valve of water flowrate, The meters  reads the sudden drops happened 

water discharge it will be displayed in the webserver the leakage is detected using the IoT technologies. 

 

Case 2:Table 2 Leakage in between FM1& FM2 

S.No Time (s) FM1(LPH) FM2 (LPH) FM3 (LPH) 

1 50 1213 1207 1187 

2 100 1209 1198 1192 

3 150 1199 1181 1184 

4 200 1190 1189 1193 

5 250 1200 1193 1200 

6 300 1189 860 856 

7 350 1196 854 849 

8 400 1203 862 849 

9 450 1210 852 845 

10 500 1199 859 852 
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Table 2 shows Case 2 condition the leakage is introduced in the interval between the Flowmeter1 and FM2. Intially 

both the sensors reads the same flowrate, Now the leakage is introduced in between the interval the FM1 reads the 

same water flowrate but the suddenly water discharge is dropped. The Flowmeter2 and FM3 reads the dropped the 

signal of water flow shown in figure 9 the response of leakage between FM1 and FM2, so now the webpage is 

displayed leakage is detected between FM1 and FM2.  

 
Figure 9 Response of Leakage between FM1& FM2 

 

Case 3: Table 3 Leakage in between FM2 & FM3 

S.No Time (s) FM1(LPH) FM2 (LPH) FM3 (LPH) 

1 50 1212 1207 1202 

2 100 1203 1194 1192 

3 150 1199 1189 1184 

4 200 1196 1181 1179 

5 250 1200 1198 1192 

6 300 1197 1186 890 

7 350 1196 1192 879 

8 400 1208 1200 888 

9 450 1210 1203 896 

10 500 1199 1183 902 

 

Finally Case 3 condition the leakage is introduced in between the flowmeter2 and FM3 readings are tabulated in 

table 3.  

The response of Leakage in introduced in the interval of FM2 and FM3 shown in figure 10. 

 
Figure 9 Response of Leakage between FM2& FM3 
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In this figure 10 there is an sudden drop in the water discharge between the interval of flowmeter2 and flowmeter2. 

Now the webpage will be displayed leakage is detected in between FM2 and FM3.  

 

 
Fig 10 Web page Notification 

 

VII. CONCLUSION 

Locating the water leakage is an one of the difficult problems faced in water distribution network also centralized 

monitoring is one of challenge faced. Here the proposed method of leakage detection is used to detect the leakages 

in the underground pipeline structure. In this methodology there is an sudden variation in the water flow rate due to 

damages introduced in the pipeline and leakages can be detected and it will be displayed in the webpage. The leak 

happened in the between the location can be detected. 
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