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Abstract— According to the data obtained in the analysis of
the Conagua Water Treatment Program, in Mexico 70% of
lakes, lagoons, rivers, and other water bodies present some type
of contamination. This article proposes the design of a prototype
for monitoring water quality in rivers based on Internet of
Things (10T) sensors and a predictive model Machine Learning,
JAKEBOT. The main components include a microcontroller to
process the system, a communication system for inter and intra
communication, and pH, turbidity, and temperature sensors.
The retrieved data are presented in a visual format on a cloud
server for analysis applying a machine learning linear
regression algorithm. If the acquired data is above the standard
threshold, the model will present an alert in the analyzed time
range. The system can monitor water quality automatically, so
the components allow a highly mobile and low-cost system that
helps environmental and government organizations in the
generation of strategies and policies to raise awareness of water
quality.

Keywords—Water monitoring, Internet of Things (loT),
Machine Learning

. INTRODUCTION

The world is going through an environmental crisis
derived from growing pollution that is getting out of control,
this has led to global ecosystems being altered and water
shortages are becoming more alarming every day, since
climate change is drying up the main sources of fresh water
and, on the other hand, humans have been responsible for
polluting them [1]. According to studies conducted by the
World Resources Institute (WRI), Mexico is one of the 25
countries facing the highest water stress worldwide [2],
meaning that less water is refilled than is extracted.

On a national level, Mexico is going through an extreme
water crisis. According to data obtained from the analysis of
Conagua's Water Treatment Program, 70% of lakes, lagoons,
rivers and other bodies of water present some type of
contamination, but what is most alarming is that the quality of
more than half of the country's 653 aquifers is unknown. [3].

Due to the great impact and lack of knowledge of the
contamination present in the country's rivers, lagoons and
aquifers, water quality monitoring has become more
interesting, which is why JAKEBOT has been designed, an
efficient and profitable 10T prototype, in which three sensors
are used to collect river water parameters such as pH,
Turbidity and Temperature. The monitored data will be stored
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in a cloud server to be analyzed through a predictive model
based on a Machine Learning algorithm. The analyzed
information can be consulted online on the website by civil
associations or private companies in order to generate
strategies and policies that contribute to the care and sanitation
of the country's water.

The sections that compose this document express the
following: section two contains the summary of the works
related to this research and the comparative analysis of the
contributions and technologies that helped to solve the
problem. Section three presents a detailed description of the
architecture proposed to solve the detected problem. Section
four presents a case study for the detection of water quality
levels and finally, section five presents the conclusions and
future work.

Il. RELATED WORD

In the study of Daigavane, et al [4], they presented a design
and development of a low-cost system for real-time
monitoring of water quality in 10T. They used parameters such
as temperature, pH, and turbidity to be measured. The values
collected by the sensors can be processed by the main
Arduino-based controller.

With Moparthi N., et al [5], present a water quality
monitoring system using the Internet of Things to check pH
content and send messages to the concerned authorities
applying it in municipal water tanks and drinking water
deposits. For this, they used an Arduino board to find the pH
value and the GSM module for the messaging technique. As
well as a LED display to have a continuous observation of the
water parameters. The collected data is sent to the cloud for
global monitoring of water quality.

In the article of Chowdury M. et al [6], they propose a
sensor-based water quality monitoring system. Real-time data
access can be realized by using remote monitoring and loT
technology. Data collected at the site can be displayed in a
visual format on a server PC with the help of Spark streaming
analytics through Spark MLlIib.

Budiarti R. et al [7] developed an integrated system based
on the Internet of Things to measure water quality developing
an environmental water management monitoring system using
sensors with raspberry pi as an embedded system. The result
is that the 10T water quality monitoring system can function



as an automated water monitoring system for surface water
and is online in real-time.

In the work of Krishna, et al [8], they propose a system
that overcomes the problems of multiple sensor parameter
requirements and a robust communication framework that can
be extended to water monitoring application domains. They
used an industrial multiparameter sensor node, and the sensed
data are processed and communicated to the server through a
layered architecture. The sensor node uses a file system to
store sensor data in case of network loss and the
communication technology between nodes and sensors is
GSM. On the server, the data is stored and visualized in a web
user interface.

Abdulwahid A. [9] uses loT technology to develop an
affordable system to monitor water quality in real-time. It
integrates several sensors to measure chemical and physical
properties of water, such as conductivity, pH, turbidity, and
temperature. The central controller manages the processing of
the data captured by the sensor and visualization of the data in
the cloud.

Table 1 shows a comparative analysis of the six most
relevant papers, to visualize the most notable similarities and
differences.

TABLE I. COMPARATIVE ANALYSIS OF WORKS AND RESEARCH
RELATED TO MONITORING WATER.
Work Problem Contribution Technology
research
loT
Daigavane prototype,
V., . PH, Arduino
Gaikwad, Water pollution. Temperature, Sensors loT
M., 2017 and Turbidity
sensor.
Water quali .

. . . monit%ring;y Arduino
Noparthi N, | Water pollution in system Sensor PH
et al, 2018 rivers and lakes. measuring pH (ffaosrl\rllnéggsguelse

with loT
Arduino
Sensor pH,
. Turbidity,
Water quality
o sl v | ool | empent
2019 quality monitoring. system using module, 10T
10T sensors.
platform,
Neural
network
Integrated 10T
Budiarti R. | Water pollution in monitoring .
. . MariaDB
etal. 2019 rivers. system with -
Arduino
loT
The industrial Sensor
. Water pollution is multi- industrial
zr';ggg’ et caused b)_/ people and parameter EXO So_nde_
' natural disasters. sensor node Communicatio
system n GSM
Real-time loT
Abdulwahi Drinking water water quality Sen_sqr PH,
d, A, 2020 quality control_ Turbidity, and
system with Temperature.
10T sensors Internet

In Table 1, there are several solutions related to the design
of prototypes to monitor water quality using 10T by collecting
data through sensors and presenting them in a remote server,
as well as using different technology for central processing
such as Arduino and Raspberry. Therefore, our prototype
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incorporates some significant improvements, such as the
material in which the prototype is built that stores the
components to be navigable remotely in the river and the use
of artificial intelligence techniques to train the prediction
model of how the parameters analyzed in a range of time will
be analyzed.

I1l. ARCHITECTURE DESIGN

The proposed architecture in this research aims to use loT
components to design a prototype that interacts with the
analysis of water from rivers without suffering damage. Its
purpose is to apply a Machine Learning predictive model with
the data obtained, which seeks to raise awareness among the
population since it will show the effects over a range of years
that will result from not taking measures to preserve clean

water. (Figure 1).
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Fig. 1. The architecture of the proposed system.

A. Description of the architecture

Prototype: The prototype shield is made of PLA
(polylactic acid) filament, which is biodegradable,
durable, and resistant plastic. Three versions of the
prototype were designed. The initial version was
made of metal, but the implementation was not
relevant because there was no cover for the electronic
devices. In the second version, it was decided to
redesign it by implementing a cover to protect the
devices, but it was not feasible due to the type of
material used. In the third version of the prototype, it
was decided to use PLA material, which was compact,
light and easy to transport, thus obtaining better
results for monitoring. (Figure 2).

Sensors:  Three sensors (pH, Turbidity, and
Temperature), allows real-time monitoring of the
water quality level. (Figure 3)

Virtual Private Server (VPS). Through broadband
Internet connection, the parameters of pH, Turbidity
and Temperature collected as well as the altitude and
longitude through a GPS are sent in real time to be
stored in a database and managed in an API which is
hosted in a VPS.

Website: A website is available where users can
register to access the data collected by the sensors and



in which the prediction model based on a machine
learning algorithm is implemented.

Users: Civil or governmental organizations with
access to the website for control and analysis of the
data.

2 &
=

Fig. 2. Prototype shield desing 25x30x20 .

The prototype has a portable WiFi device that provides a
connection to a NodeMCU development board that sends data
wirelessly and an Arduino Uno board on which is mounted an
Ethernet Shield controller that allows connecting it via an
Ethernet cable, both boards are loaded with codes of the
configuration of each of the sensors which make a connection
with the database in the cloud. (Figure 3)

Fig. 3. Prototype electronic and sensors circuit.
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The prototype is designed with scalability thought to add
different types of sensors when required, as well as the ease of
transportation and displacement in the water is considered by
remote control management (Figure 4).

Arduino Geared Motor Arduino Geared Motor

Fig. 4. Motor electronic circuit

IV. CASE STUDY

This section describes the use case analyzed with the
prototype for the monitoring of water quality in a river in
Naranjal, Veracruz.

A. Description of the case.

Our case study was carried out in the river located in
Naranjal, Veracruz, which originates in this town and flows
into the Blanco River near San Martin community in the same
town. When walking along the riverbank, in some areas
people use it to wash clothes and junk and dump sanitary
waste, which has caused the river's water quality decline.
Some of the contamination factors that have been detected are
as follows:

1) Turbidity

2) Foam

3) Sanitary waste

4) Garbage

5) Decrease in Flow rate

6) Decrease in flora and fauna

According to the factors detected, the quality of the water
flowing in the river has degraded over time, so the Town of
Naranjal and the Tequecholapa Environmental Management
Unit need to know the levels of water quality in terms of pH,
turbidity, and temperature to protect the flora and fauna of the
area, as well as the people who use it for consumption.
Therefore, the following questions arise:

1) How to measure water quality levels in the river?
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2) How to obtain the result of the analysis in the shortest

ible time? i
possible time C. Data analysis.

3) H?)W could | store that information to be consulted at The analysis of the parameters collected by sensors of the
any time: prototype is recorded and visualized on the implemented
4) How to use this information? website. The website has different visualization modules such

. . . as the locations where monitoring has been carried out (Figure
To solve the above questions, the architecture previously  7) pH levels, turbidity, and temperature (Figure 8).
proposed in this research will be implemented as a solution. B I

0@ i

B. Parameter acquisition and display.

To monitor water quality levels in the river, JAKEBOT is [
implemented as an 10T prototype consisting of a PLA shield ==
(Figure 5), which contains three calibrated sensors inside to —
detect the levels of pH, Turbidity, Temperature and GPS for F—
its location (Figure 6), and control code was developed on Bza

Arduino platform. Data acquisition is done through APIs
through a  website where they are analyzed
(http://www.jakebot.website). The parameters recorded from

each sensor (pH can be from 1 to 14, turbidity from 1 to 5,
NTU and Temperature -55°C and 125°C) are stored in the
database, which will allow training the machine learning
prediction model.

Fig. 7. The location of the rivers is monitored.

Fig. 8. Logging of sensors installed in the prototype.

D. Machine Learning algorithm prediction.

For our analysis we have applied a machine learning
algorithm such as linear regression, which is used to predict
the relationship between two variables by applying a linear
equation to the observed data in which there are two types of
variables, one is the independent variable and the other is a
dependent variable. This algorithm has been selected because
linear regression is commonly used for predictive analysis
[10].

At the implemented site the data from each monitored
sensor can be retrieved and evaluated, and with this
information the dataset (Table 1) for model training is
generated (Figure 9).
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Fig. 6. Prototype JAKEBOT.

Fig. 9. Records of the monitored parameters.
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TABLE I1. LECTURES MONITORED DATASET ATTRIBUTES. 1d Valor Year

Attribute | Description 57 106 2022

Id Record ID. 419 10.8 2022
Stores the 2022

Device applied 327 112

name sensor 232 11.3 2022
name. — . .
GPS The model predictions are queried using an API

Location IOC"::tiond of programmed in R [11] language with the Plumber library [12].
;’;g yze This API returns the prediction of a range of years, which will
Value show the results over time of how the values of the analyzed

Value monitored factor will be found. With the previously mentioned, an
by applied important support will be provided to implement and improve
SEnsor. the strategies of sensibilization for the care of the water of the

analyzed river. (Figure 10)

An important feature in the monitoring system is that the
collected data is used to generate datasets of each sensor to

perform a predictive training model through a machine TABLEIV.  EXAMPLE TEMPERATURE DATASET.
learning linear regression algorithm. Id Valor Year
TABLEIIl.  EXAMPLE PH DATASET. 182 28 2022
Id Valor Year 875 20 2022
454 36 2022 512 19 2022
968 37 2022 727 42 2022
573 3.8 2022 619 32 2022
798 39 2022 577 34 2022
133 4 2022 150 24 2022
520 4.4 2022 454 35 2022
283 4.8 2022 968 15 2022
484 5 2022 573 35 2022
14 59 2022 798 17 2022
721 53 2022 133 25 2022
933 55 2022 520 18 2022
250 56 2022 283 34 2022
635 57 2022 402 36 2022
177 6.1 2022 14 39 2022
2% 65 2022 721 30 2022
198 6.9 2022 933 18 2022
688 7 2022 250 38 2022
659 7.2 2022 635 31 2022
149 75 2022 660 24 2022
516 77 2022 177 30 2022
23 7.9 2022 96 31 2022
670 8.2 2022 549 22 2022
847 8.4 2022 675 35 2022
429 8.9 2022
741 9 2022
998 95 2022
852 98 2022
36 10.1 2022
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JAKEBOT

Modelo Temperatura

Fig. 10. Result of the predictive model consulted over a range of 20 years of
the temperature sensor.

V. CONCLUSIONS AND FUTURE WORK

With the knowledge that water quality will serve as support
for some organizations that do not know the levels found in
rivers for their use and conservation, with this prototype it was
possible to obtain real-time records of water quality, which
allowed training a predictive model based on linear regression
machine learning showing a prediction in a range of time,
allowing to observe that if appropriate strategies for the care
and sanitation are not generated, water quality may be lost in
the analyzed river, thus contributing to the damage of flora and
fauna that depend on it. Some sensor parameter values that
could seriously affect the health of the population and the flora
and fauna were observed during the monitoring of the river,
for example, low values were detected in the pH sensor that
could cause eye and skin irritation. The system can monitor
water quality automatically, so the components allow for a
highly mobile and low-cost system. In future work, we intend
to improve the prototype by adding oxygenation and
conductivity measurement sensors, as well as to incorporate
the sending of alert messages from the APl when identifying
ranges outside the established limits, which will make it
possible to determine whether the water flowing through these
tributaries is suitable for agriculture, fauna and human
consumption in the area.
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