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ABSTRACT 

An electromechanical residential water flow meter was built, with IOT functions for reporting and control of 

consumption by the user, the system works with long-life rechargeable batteries. Reporting its consumption in real time to 

a non-relational database, a web application was also developed for monitoring and configuration. The system is 

configurable so that it can consult periodic reports and can suspend the flow of water if the user requires it. 
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1. INTRODUCTION 

A new trend in technology is beginning, and it is 

called IOT (Internet of Things), it works in such a way 

that we can improve or modernize our space, with the 

possibility of controlling different devices through an 

internet connection, with applications that they can be 

used for consumer, business, media, infrastructure 

management, medicine, and more. 

The Internet of Things (IoT) is one of the most 

promising technologies that was born in response to the 

need to connect everything. In 2018 Alavi, et al., Proposed 

the creation of a massive global network of interconnected 

physical objects integrated with electronics, software, 

sensors, and network connectivity to address critical 

challenges and issues such as mobility, healthcare, energy, 

and infrastructure. Civil in smart cities inhabited by the 

IOT. This is how the rapid development of the IoT makes 

it possible to monitor multiple daily processes in real time 

and analyze their data. 

Most of the meters for the registration of water 

consumption in the aqueduct companies are of the 

mechanical type and generate inconveniences in the 

readings taken manually to calculate the consumption, due 

to the possible human and logistical errors that may occur; 

For example, in the municipality of Neiva, the public 

aqueduct and sewerage company called Las Ceibas defines 

that: "About 15 thousand meters are stopped, damaged or 

simply cannot be read" (Las Ceibas, 2017), however, 

Low-cost and appropriate technologies are not yet 

implemented to optimize the use of drinking water. 

The preservation of resources is one of the main 

approaches to be done when drawing up a development 

plan for a city and the water use plans developed by 

governments are not followed by the entire population; 

This is due to the inadequate use of water, the lack of 

modernization and culture in homes, water being a vital 

and limited element, therefore, preserving it is necessary 

for survival. 

The problems of water scarcity and the high 

demand for this resource represent a serious threat to the 

world population. In addition to the fact that the traditional 

way of taking meter readings does not allow to manage 

sustainable water resources effectively, since this requires 

efficient, precise and reliable monitoring techniques that 

allow the public services sector and consumers to know 

the level of consumption of water in real time. In 2015 

Mudumbe, et al., Presented a water management system 

based on wireless sensor networks applying the IEEE 

802.15.4 standard as an open source application to create a 

robust and intelligent system. This method basically 

consists of a lower network that connects the water meters, 

actuators and data concentrators, also an upper network 

that is mainly used for visualization with a web-based 

analysis tool, in order to build a reliable relationship 

between the customer and the utility sector. 

The implementation of the monitoring system for 

the drinking water service is a relevant source of 

information and knowing the consumption is essential to 

make a more conscious use, while the associated expenses 

can be significantly reduced. Contreras, et al., 2015, with 

the help of the Internet of Things, built a system for the 

remote acquisition and transmission of water quality for 

aquaculture. In this project, the authors proposed an 

alternative to change systems based on information and 

communication technology, which are quite expensive, 

due to the development of a remote monitoring system that 

consists of the integration of sensors and devices 

connected to the Internet. Through landline and wireless 

networks. This system is implemented from an open 

source IoT platform capable of taking readings of 

meteorological variables and physicochemical variables of 

the water, storing in a micro-SD memory and transmitting 

via Wi-Fi to a supervision and monitoring station or web 

application. 

In 2019 Li, et al., Implemented a self-powered 

smart water meter with an urban development vision to 

integrate cutting-edge technologies such as information 

and communication technology (ICT) and the Internet of 

Things (IoT). The proposed water meter is based on a 

water turbine generator, which serves two purposes: to 

detect the flow of water through adaptive signal 

processing performed on the generated voltage, and to 

produce electricity to charge batteries for the smart meter 

to work correctly. They used a wireless transceiver built 
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into the water meter that provides real-time water flow 

information. In addition, they designed and implemented a 

mobile phone application designed to provide the user 

with a convenient tool to monitor water use. 

Nowadays it is possible to adapt communication 

systems to meters, thereby obtaining water flow readings 

remotely, storing and monitoring consumption at defined 

intervals. In accordance with the above, the following 

approach is established: Is it possible to implement a 

drinking water meter with IOT functions, which shows the 

real-time consumption of households on a web page, to 

give better use and savings to daily consumption and 

within the reach of any user? 

 

2. METHODOLGY 

The project was developed in four phases, which 

are described below. 

Figure-1 represents the block of hardware 

designed for the measurement system. The hardware was 

designed with the ability to be autonomous to supply 

responses to the software, with the functional requirements 

to read, save, display and send water consumption 

readings in the home. 

 
 

Figure-1. Detection regions. 

 

2.1 Prototype Programming and Simulation 

The ESP32 module, due to its characteristics, 

makes it versatile to be used in different functions, 

offering the option of integrating Wi-Fi to medium-range 

communication (Vinicio, 2019). It was previously 

configured to be programmed with the Arduino IDE and 

the sensor used for the water flow measurement was the 

YF-S201, which is frequently used for domestic use (Jara, 

2019).  

Taking into account the information pertinent to 

its characteristics and others, it was possible to obtain the 

operation of this to obtain the pulses, which are later 

converted into flow and in turn into volume. To obtain the 

volume, a plastic container and a scale were used, where 

the volume that had passed through the flow sensor was 

recorded. Based on the samples obtained, the constant (K) 

Average was found and with it the algorithm was carried 

out to find the instantaneous flow through the sensor, 

represented in Figure-2. 

 

 
 

Figure-2. Algorithm diagram for water flow 

measurement. 

 

Volume measurement is important as it is the 

fundamental variable of the water meter; thus, the quality 

and precision of the measurement is reflected. Therefore, 

to find the volume that passes through the sensor, the flow 

rate (L / min) found was used, which represents the 

variation with respect to time. 

The valve used in the prototype is of a motorized 

type, with reliable performance to control the flow of 

water (Montijo, 2019); For this, two output pins were 

configured on the Esp32 development board to activate or 

deactivate according to the action. In addition, a power 

stage was incorporated to increase the current and voltage. 

This stage was done using two transistors, a BJT and a 

MOSFET. 

 

 
 

Figure-3. Power stage for motorized valve. 

 

The main function of the RTC for this prototype 

was to maintain the date and time of the flow meter in 

order to create time intervals (schedule) for sending and 

storing the consumption in the non-relational database. 

The connection of the RTC to the ESP32 was made in a 
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simple way thanks to the fact that the DS3231 has the I2C 

bus integrated (Trigueros, 2017), which was connected by 

two cables to the ports (SCL) for the clock and the (SDA) 

for the data. 

 

 
 

Figure-4. Algorithm diagram with RTC DS3231 

operation. 

 

The 24LC512 EEPROM memory stores the 

status of the motorized valve, the hourly, daily, monthly, 

annual and accumulated consumptions of the meter, for 

when the meter's batteries are exhausted or it is 

disconnected from the power outlet, the data is not erased 

accumulated. This EEPROM memory also handles the I2C 

protocol, which facilitated the connection with the Esp32. 

In addition to this, it has the possibility of changing the 

physical address so as not to create a conflict with another 

element on the same I2C bus (Pineda, 2010). To save in 

the EEPROM memory, the digits were converted into 

ASCII code so that a position within the memory is 

occupied, then it is addressed in such a way that the spaces 

between the data to be saved occupy the indicated position 

and the data is displayed on the screen LCD. 

 

 
 

Figure-5. Variable positions in EEPROM. 

 

The meter to be autonomous required an external 

power supply that keeps it on for the amount of time 

necessary so that data is not lost. 6 Lithium Ion 18650 

batteries of 4 Volts and 4200 mAh rechargeable were 

used, in order to obtain approximately 12 Volts and 8400 

mAh, through the series-parallel connection, as shown in 

the following figure. 

 

 
 

Figure-6. Battery Connection in Series – Parallel. 

 

The connection to the database was made through 

the “Wifi.h” and “FirebaseESP32.h” libraries that allow 

you to use the functions of the ESP32 development board 

to establish the WiFi connection and access the database in 

Firebase, which is a Google platform that contains various 

functions, tools and use plans, so that any developer can 

adapt the platform according to their needs (Cardiel, 

2019). For this, the constants where the user (SSID) and 

the password for the Wifi network are stored are defined, 

as well as the credentials established by the project created 

in Firebase, which are the Host address and the access 

token to the Database in String format. 

In the Firebase database the data is stored as 

JSON objects, very different from the SQL database 

because tables or records are not used, a JSON tree is 

created working with keys and values and creating nodes 

to have the best perception for send and read the data in 

the Firebase Realtime Database (Garre, 2019). 

 

2.2 Phase Two: Design and Implementation of the Web  

      Application 

The connection model used for the web 

application is based on the MVC (Model View Controller) 

architecture or pattern, using the advantages of the Django 

framework that relates the MTV architecture (Template 

View Model) with the MVC architecture, where the model 

follows being the same, the view is known as a template 

and the controller as a view in Django (Ayala, 2012). The 

following figure represents a block diagram with the 

system architecture and the connections between them. 

The block diagram represents how the connection 

between the application and the web server is formed. In 

the development environment, the flow diagram is shown 

where each block that makes up this pattern is connected, 

according to the http request managed by each user, either 

by the post or get method. Also the connections of the 

controller (view) with the views (templates) and with the 

model, making queries to the database with read and write 
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operations, in order to generate the http response to the 

user. 

 

 
 

Figure-7. System architecture. 

     

As can be seen in Figure-8, a system sequence 

diagram was designed, where the flow followed by an 

execution control managed by a user is graphically 

represented and related, explained as follows: the user 

performs an event when interacting with the graphical user 

interface, this event is received by the controller through 

the objects created in the interface view. The controller 

manages the event in the form of a request for the model, 

who is in charge of establishing a connection with the 

database and performing the services according to the 

action requested by the user. The model if necessary calls 

the view for its update. The view gets the data from the 

model previously managed by the controller, which is used 

to provide the interaction between the model and the view, 

as an observer pattern. Therefore, the controller is the one 

who receives control of all events, manages them and 

displays the appropriate interface for the user, a user 

interface that waits for new interactions to start the cycle 

again. 

 

 
 

Figure-8. System sequence diagram. 

 

In the application development environment 

setup, the coding was done using the Visual Studio Code 

code editor that allows you to edit, run and debug the code 

in a lightweight IDE for the Python application. In order to 

work with the Django development environment, a virtual 

environment was installed from the command prompt, 

using “pip install”. Pip is a package management system 

that is used to install and manage software packages that 

are written in Python (Pellicer, 2016). 

To create the application with Django, the 

command line administrative utility "django-admin" was 

used, which was installed with the Django package. When 

creating the application, two files were created that make 

up the architecture of the MVC system, which are the 

model (models.py) where the connection to the database 

was made and the controller (views.py) used to create the 

functions that define the pages designed for the 

application. 

To initialize Firebase in the application it was 

necessary to import the Python container "Pyrebase" for 

the Firebase REST API. In this model, the authentication 

resource was included with firebase. Auth () and the 

database one with firebase database (), to perform the read, 

write and login operations, in the application controller. 

As the database structure has been implemented from the 

system hardware, there was no need to perform actions 

from Firebase or from the application to create or modify 

its structure. 

A view in Django is the representation of a web 

page, with a URL, a control function, and a specific 

template. For this a free Bootstrap manager template was 

downloaded that uses default Bootstrap 4 styles with a 

variety of CSS, SCSS and JS language components. 

Bootstrap templates are web page designs that make it 

easy for frontend developers to improve the HTML 

framework and CSS styles of a website (Logroño, 2020). 

Therefore, this template was implemented for the 

development of the web pages, in addition to modifying 

the design parameters set in the graphical interface. 

In the user events, the <form> HTML method 

attribute was used, it sends the data of a form as an HTTP 

request to the controller applying the POST method. This 

method includes the action attribute with the URL pattern 

to the correct function and view. In the application 

controller, the functions that are going to represent the 

views designed for the application frontend were created. 

To do this, the resources created from the model were 

imported into the controller (db for database andíritu for 

authentication). With this, it was possible to establish a 

connection with the project in Firebase and carry out the 

requests generated by the user. 

 

2.3 Phase Three: Physical Assembly 

The PCB was made with the Eagle tool, creating 

a schematic with all the necessary elements to have on the 

board. An adhesive film with green antisolder ink was 

used for the use of printed circuits, in order to protect the 

PCB from corrosion and humidity. 

The casing was made with the purpose of 

protecting the elements that make up the meter and 
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achieving the coupling with the conventional water meter. 

For this, the model was made in the SolidWorks program 

(Jacinto, 2016), taking the dimensions of the batteries, the 

charger, the Bakelite and the LCD, in addition to the 

dimensions for the perforations of the pipe entrance, the 

switch of the meter and the output of the wires for the 

sensor and motorized valve. A transparent acrylic was also 

made as the cover of the meter, fitted with neodymium 

magnets that facilitate its opening and closing. 

 

2.4 Phase Four: Hardware 

The hardware of the prototype is made up of the 

motorized valve, the flow sensor and the housing that 

contains the other elements (PCB, RTC, LCD screen, push 

buttons and switch, batteries and 3-cell charger module). 

The measurement and control stage was installed inside a 

plastic container to represent the box where a conventional 

flow meter is located. The valve was located at the inlet of 

the system followed by the flow sensor. 

 

 
 

Figure-9. Sensor and valve. 

 

 
 

Figure-10. Electronic Elements on the PCB. 

 

On the screw block terminals are the peripheral 

inputs which are the buttons, the water flow sensor, the 

motorized valve, and the 12 Volt power input. The 

housing manufactured by 3D printing, was printed with 

PLA filaments where a design similar to that of a 

conventional meter was obtained. 

 

 
 

Figure-11. Housing. 

 

By joining all the pieces inside the case, the result 

is satisfactory with some recommendations on the design 

of the case and connections with the peripherals. 

 

 
 

Figure-12. Final result. 

 

In addition, three pushbuttons were configured 

that are connected to different T-Blocks with the following 

functions: 

 

a) Turn the LCD light on or off. 

b) Change the LCD screens (consumption in liters, 

consumption in cubic meters, current time and battery 

charge). 

c) Open or close the valve. 
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Figure 13. Pushbuttons and switch. 

 

To perform the measurement tests, the meter, 

sensor and solenoid valve were installed inside a plastic 

container. The system inlet is on the right side and on the 

left a scale to record the weight of the water that passed 

through the measuring prototype. 

 

 
 

Figure-14. Measurement tests. 

 

Table-1. Measurement results. 
 

 
 

To calculate the percentage of error in each 

sample, the following formula was used: 

 

 
 

Based on the samples obtained in the 

measurement tests, the average percentage error between 

the volume measurement on the meter and the weight of 

the water on the scale was calculated. 

 

 
 

2.5 Phase Five: Software 

The web application developed offers the most 

relevant services that a user requires to be informed about 

what is happening in the consumption of water in their 

home. The functions that allow the user to operate in the 

“Flowater Meter DC” application are: 

 

▪ Create and log in to register to the Firebase 

authentication service, using the name, surname, 

email and password. 

▪ Ease of interacting between views through a main 

navigation bar. 

▪ Be informed with the accumulated consumption, the 

status of the solenoid valve and the status of the 

battery in a main home view. 

o Check consumption in three different ways: 

▪ Annual: Entering the year to obtain a table with the 

monthly consumption registered within the selected 

year. 

▪ Monthly: Entering the year and month to obtain the 

daily consumption recorded within the selected 

period. 

▪ Daily: Entering the year, month and day to obtain the 

consumption in hours according to a specific day. 

 

▪ Consult the value in pesos that must be paid in the 

selected period, entering the value of the cubic meter. 

▪ Check the opening or closing of the solenoid valve. 

▪ Log out of the registered account. 

The Firebase console stores the credentials of the 

users who have been registered from the web page, with 

an identifier that is the email, the provider to which the 

account belongs, date of creation, date of entry to the 

application and a code of user identifier. Where it is 

verified that the connection has been created correctly 

figure 15. 
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Figure-15. Authenticated users in Firebase. 

 

The database figure 16, has a branched structure 

in the form of nodes and children, which makes the 

queries return a key value as a result. The structure of the 

database is made up of two storage parts, one for the meter 

and one for the users. The meter storage contains all the 

consumptions according to the query structures set out for 

the user and also in "others" the most important 

characteristics of the meter. 

Figures 17 and 18, shows the final result obtained 

in terms of the graphical interface proposed for the web 

application in Django. 

 

 
 

Figure-16. Database structure. 

 

 
 

Figure-17. Web application views. 

 

 
 

Figure-18. Web application views. 

 

3. CONCLUSIONS  

The prototype of an electromechanical residential 

water flow meter called “Flowater Meter DC” with the 

functions of the Internet of Things was designed and 

implemented. The prototype was developed thinking about 

the most basic needs that a user may need when it comes 

to being informed about water consumption in the home 

from anywhere and at any time, through a Wi-Fi internet 

network that allows you to interact with services created in 

a web application. 

The application is functional in real time and 

demonstrates with certainty the consumptions stored in the 

tests carried out. It is currently not commercially available, 

as its purpose is to verify and demonstrate the performance 

of the meter prototype, therefore, the tests were carried out 

from a local Windows computer on which it was designed. 

In hardware development it took a long time to have the 

selection of materials and electronic equipment on hand, 

managing to give the assembly and robustness through a 
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resistant housing and an acrylic cover for the conditions of 

the meter. 

In the measurement tests carried out with the 

prototype in its final stage, an average error percentage of 

6.61% was found, taking into account that the sensor used 

according to its operating characteristics has an error range 

of plus or minus 10%. Therefore, a measurement accuracy 

less than the set limit is checked. 

With the Google Firebase platform, it was 

possible to establish a non-relational structure and a 

provision of data and information in real time for free, as 

well as a user authentication system that provided greater 

security and protection of data. With the RTC, the 

necessary organization was obtained for the consumptions 

in the database, which were designed with an hourly, 

daily, monthly and annual structure. 

A Client - Server model structure was made, 

clearly showing the operation and connections with the 

database. In which the MVC design pattern was developed 

on the server, using the advantages that the Django 

development environment in Python allows to integrate 

this type of model, making the application a system 

organized in its logic and programming. 

 

RECOMMENDATIONS 

The programming language used (Django) was 

not the most recommended at the time of Hosting the web 

application, that is why a programming language that can 

facilitate the Hosting of the web application in Firebase 

such as JavaScript. 

A viable external power supply could be 

implemented for the medium environment, such as 

photovoltaic energy, installing a solar panel in order to to 

have the power supply of the meter which are the Ion 

batteries Lithium 18650 charged. 

The prototype has some basic firebase functions 

such as the use of the Database and authentication, but 

many more could also be used Firebase functions giving 

the option to create more applications like. They could be: 

High consumption alarms, leaks, manipulations, among 

others. 

Other improvements may be included in the 

physical design of the meter that may provide greater 

robustness to the prototype, this with the aim of taking it 

to a final product to be marketed, such as a carcass of 

protection to the sensor and the solenoid valve, where a 

screen for the reader of the public services company. 

Another option is to cover the cables that communicate 

with the electronic system that goes inside the house, 

finally it would be to change materials such as the sensor, 

the car development for something that has more accuracy 

and performance for long periods of time, since we are 

only implementing a test environment. 
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