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Abstract

Monitoring water levels in reservoirs and suction pipes is essential to avoid failures in pumping and agricultural systems. This study aimed
to develop an intelligent system for automated monitoring of water levels in irrigated agricultural reservoirs, ensuring safer operation of
pumping stations and aiding decision-making. The system enables visualization, water level management, and protection of motor pumps.
After assembly and programming, the prototype was installed in a reservoir. Tests showed a difference of less than 5 mm between manual
and system measurements. Google Sheets was used for accurate data analysis. The control system includes a contactor, thermal relay,
bipolar circuit breaker, simple control relay (activated by the ESP32), and two buttons — one normally closed and one normally open. The
proposed intelligent system proved effective for automated water level management in reservoirs.

Keywords: agriculture; water management; limnigraph; ultrasonic sensor.

Desarrollo de un sistema de monitoreo y control del nivel de agua
para estaciones de bombeo en sistemas agricolas

Resumen

El monitoreo de los niveles de agua en los reservorios y tuberias de succidn es esencial para evitar fallos en los sistemas de bombeo y en
los sistemas agricolas. Este estudio tuvo como objetivo desarrollar un sistema inteligente para el monitoreo automatizado de los niveles de
agua en reservorios de riego agricola, garantizando un funcionamiento mas seguro de las estaciones de bombeo y apoyando la toma de
decisiones. El sistema permite la visualizacion, gestion del nivel de agua y proteccion de las motobombas. Tras el montaje y la
programacion, el prototipo fue instalado en un reservorio. Las pruebas mostraron una diferencia de menos de 5 mm entre la medicion
manual y la realizada por el sistema. Se utiliz6 Google Sheets para el analisis preciso de los datos. El sistema de control incluye un contactor,
relé térmico, disyuntor bipolar, relé de control simple (activado por el ESP32) y dos botones, uno normalmente cerrado y otro normalmente
abierto. El sistema propuesto demostro ser eficaz para la gestion automatizada del nivel de agua en reservorios.

Palabras clave: agricultura; gestion del agua; limnigrafo; sensor ultrasonico.
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1. Introduction

The use of technology is currently necessary to assist in
the management of natural resources, as well as to support
decision-making in agricultural systems. Scientific research
applied to agriculture generally requires the use of devices to
measure and collect data, which often implies significant
costs for project development. However, when technology is
developed in a more simplified way, it becomes an ally to the
producer, providing greater efficiency and economy.

Although there is no universally accepted definition of
what "low-cost" instrumentation is, it refers to any type of
sensor, data collector, and data storage device that costs less
than conventional instrumentation [1]. The construction of a
data logger-sensor set develops skills and competencies that
enhance creativity and facilitate the understanding of
physical principles and their interactions with the studied
phenomena [2—4].

The application of instrumentation for process
automation in agricultural systens with more readily
available and easy-to-handle components can potentially
revolutionize the field of agricultural instrumentation and
environmental monitoring, providing high-density spatial-
temporal data [5], helping in processes such as the
measurement of environmental variables [6], or in the
monitoring of soil moisture [7,8], among others [9-13].

Farming systems can be automated using the Internet of
Things (IoT), allowing tasks like water distribution
verification via irrigation channels and alert systems for low
levels [14]. However, implementing these intelligent systems
requires qualified technicians for installation, operation, and
maintenance [15].

To have an IoT, connected intelligent objects are
necessary, where the 'objects' (things) must be designed with
embedded hardware, and the term 'intelligent' in turn requires
software programming with instructions for the hardware, to
provide intelligence to the objects; finally, 'connected', using
communication architectures and models to interact with
other objects through the internet. For example, [16]
proposed an IoT system for monitoring and controlling
irrigated systems and found that this system reduced human
intervention and wasted water and energy. [17] stated that
IoT wuses the principles of precision agriculture and can be
used to manage water resources in agricultural systems, such
as irrigation management and monitoring the water level of
reservoirs in real time.

It is crucial to highlight that the availability of water in
irrigation projects represents one of the main challenges
faced in a pumping system, especially in irrigated areas that
do not have a security system in case of water scarcity. In this
context, the monitoring system has the purpose of solving
this issue, in addition to providing data for more effective
planning of water availability and the implementation of low-
level alert systems [18]. The monitoring system is one of the
main tools, with its real-time control and data generation that
enable more efficient analysis and operation [19].

Monitoring the water level in suction pipes is very
important to avoid the occurrence of undesirable phenomena
in the pumping system. Nowadays, intelligent water supply
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systems in irrigation projects, especially with long channel
lengths, are necessary, as their use can bring numerous
advantages for farmers, if they are well implemented [20]. In
this sense, the aim of this study was to develop an intelligent
system for automated monitoring of water levels in reservoirs
within irrigated agricultural systems, to ensure safe operating
conditions in pumping stations and support decision-making
by managers.

2. Methodology
2.1Study area

The work was developed to meet the demands of rural
producers in the Irrigated Perimeter of the Formoso Project,
located in the municipality of Bom Jesus da Lapa, Bahia,
Brazil. The perimeter is managed by the Formoso Irrigation
District, which performs operation and maintenance of the
common and collective structures of the irrigated area. In this
case, the District is responsible for the abstraction, diversion,
pumping, adduction and distribution of water to the fields.

The Formoso Irrigation Perimeter has a total area of
19,500 hectares, with 12,100 hectares of irrigable area. This
area was implemented by the Federal Government, through
Codevasf, on the banks of the Corrente River, in the region
of the municipality of Bom Jesus da Lapa, with the goal of
promoting agricultural and livestock development in the
region [21].

2.2 System design

The methodological procedure for the development of the
system is divided into several stages, from the conception of
the project to the collection and analysis of the obtained data.
The procedure follows a simple flowchart of task execution,
but each stage is important to ensure the successful
observation of the data at the end of the study. Fig. 1 shows
the flowchart that outlines the methodological sequence of
tasks, using an adaptation of the methodology proposed by
[15].

Figure 1. Project design flowchart.
Source: Adapted from [15].
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The water level monitoring system in channels and safety
conditions in pumping stations is designed to visualize and
manage available water depth while protecting pumps. This
system is particularly useful in locations where managing
water levels and detecting failures is challenging.

With an intelligent meter, this monitoring work can allow
automation with a simple, relatively low-cost system. This
makes it possible, through the prototype, to have quick
decision-making regarding how to manage the available
resources, or even to automate the decision-making process
by integrating the meter with some type of intelligent
management system. The system is composed of the water
storage unit where the ultrasonic sensor and the processing
unit will be placed, a web server that will store the data,
internet and a cell phone that will receive the measured data
through a spreadsheet. The prototype is composed of two
main devices: the ESP32 and the ultra-sonic sensor.

2.3 Prototype development

To develop the prototype of the water level monitoring
system in channels and safety in pumping stations, it will be
necessary to divide the stage into two parts: hardware and
software.

The hardware part comprises the physical components of
the prototype, which are: the ESP32 board, ultrasonic
distance sensor, set of indicator LEDs, relay and magnetic
switch, in addition to some other peripheral components,
with a power supply, cables and others, which help in
visualizing some information at the time of installation. The
methodology suggested by [15] and [22] was used. The
adaptation presented were simplicity in design, assembly,
and management, transmission to the internet via Google
Sheets, ultrasonic sensor calibration, and control system.The
ESP32 (Fig. 2a) is a prototyping board that has integrated
WIFI, capable of receiving information from external

sensors, through analog and digital ports, and processing this
data according to the user's needs. To read the data, an
ultrasonic sensor, model JSN-SRO4T (Fig. 2b), was used.

The software is the logical part of the prototype, and
through it the information is received, processed and stored.
Through the software, it will be possible to develop projects,
from the simplest to the most complex, as long as the user has
sufficient knowledge in programming in the language used
by the ESP32. This programming is developed within the
Arduino IDE environment, which is the environment of the
Arduino platform, another line of prototyping boards, but
which integrates the ESP32.

As one of the most widespread prototyping boards in the
world, Arduino has a more user-friendly environment for the
programmer, with more updates and ease, especially in the
programming language, which is compatible with the ESP
boards, which is why its IDE was used to develop the project.

The data obtained by the prototype needs to be remotely
accessible, for this the Adafruit website is used, which
provides an IoT (Internet of Things) Cloud Service platform
for users to send and store the data obtained in projects.

For this project, the water depth in the reservoirs and the
occurrences of water shortage activation were sent. Adafruit
IO allows up to 30 data points to be sent per minute to the
site, but for this project it will not be necessary to make so
many readings. The received data is organized into a table in
Google Sheets, with the date and time of receipt.

2.4 Prototype installation

After completing the prototype assembly and
programming stages, it was in-stalled in a reservoir. For this,
the board was placed inside a container, to avoid humidity,
as well as the sensor, which is pointed in the direction of the
water depth.

Figure 2. NodeMCU prototyping board (a) and ultrasonic sensor (b).
Source: https://bit.ly/3UUqeXn (a) and http://bit.ly/4bedcoo (b).
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The installation of the prototype was fixed by a support,
positioned at the top of the reservoir to facilitate the
installation. For the installation, a power outlet was
necessary, so that the ESP32 is connected to the power
through the 5V power supply, and a nearby WiFi point, so
that the board can connect to the internet and send the
obtained data.

2.1 Data collection and processing

Since it is a device in a development system, the
prototype may present some in-accuracies in the readings, so
it is necessary to process the collected data through software.
The distances obtained by the system will be verified and
analyzed through correlation verification with the data
obtained from manual measurements. These values may
come from a reading failure by the sensor or something that
has crossed in front of the sensor.

After the data has been processed, the information on the
water level and the water shortage alert system will be sent
to the Adafruit IO cloud, where graphs and a de-tailed history
of water storage in the channel will be generated.

2.2 Sensor validation

In general, measurement systems are considered
acceptable when they have a dispersion error of less than
10%. Based on this information, samples of the proposed
system were collected to evaluate its reliability and
acceptance. Three composite samples of twelve points at
known distances were collected and after collecting the data,
the calculations of mean and standard deviation of the system
were employed. In each sample, it was defined that the
reservoir started with a water depth that was 0.22 m away
from the sensor. With the operation of the pump, the depth
increased the distance from the sensors and these values were
measured with the aid of a metal limnimeter scale.

The data obtained by the system and manually were
compared through standard regression analysis with the
Correlation Coefficient (r) and Determination (r?), where:

=y

where, n is the number of observations, P; refers to the
values of the distance variable obtained in the ultrasonic
sensor database, P is the average of the values of the distance
variable obtained in the ultrasonic sensor database, O; to the
observed data through the distance obtained with a tape
measure and O is the average of the observed data through
the distance obtained with a scale.

i21(0; = 0)(P, — P)
-0 |3k,

(P~ P o

3. Results and Discussion
3.1 System assembly
The system has great simplicity in design, assembly, and

management, in addition to the benefits provided by the
intelligent meter, such as the possibility of remotely
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observing the water volume of the reservoir, with the
possibility of issuing alerts for low water levels, turning off
the pumping system in critical conditions, and future
expansions of data processing just by modifying the
programming. The diagram of the system can be observed in
Fig. 3. The proposed system is economical, saves energy, and
assists in the water's environmental cycle. The system used a
microcontroller, Arduino (ESP32), to semi-automate the
water pumping process in a reservoir, with the ability to
detect the low water level in the reservoir, and thus turn off
the pump, display the status on a set of indicator LEDs, and
only allow reactivation again with the presence of a person to
press the reset button for the protection of the pumping unit.
The assembled circuit is shown in Fig. 4, the main
components are the ESP32, the "brain" of the prototype, and
the Ultrasonic Sensor, in addition to the LEDs, re-sponsible
for assisting in the on-site visualization of the water level
obtained by the sensor and processed by the ESP32.

Figure 3. Diagram of the Proposed System.
Source: The Authors.

|
;

Figure 4. Diagram of component connections.
Source: The Authors.
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The Trig pin (receives an electrical pulse and sends a
sound pulse) of the JSN-SRO4T sensor is connected to the DO
digital port of the ESP32, the Echo pin (re-ceives the return
of the sound pulse and sends the data with the time the pulse
took to return to the sensor) is connected to the D2 digital
port, the sensor is also connected to the 5-volt power supply
of the board and to the GND (ground) pin. If the level inside
the reservoir is low, a beep sound is generated, and when the
level is low, the pump will automatically turn off, protecting
the motor against dry operation. However, this system
notifies the responsible person by means of a beep sound
when the water level is at a critical point. This alert can only
be heard when the alerted person is near the tank, and in
addition, the user can view the current water status on their
smartphone or laptop. Similar projects have observed that the
prototypes taught farmers basic computer skills and the
wonders of modern ICT applications [23].

3.2 Transmission to the internet via Google Sheets

In order to monitor the data obtained through the JSN-
SRO4T sensor, so that a precise analysis of the water depth in
the reservoir can be obtained, Google Sheets
software/application was used, which is an online
spreadsheet similar to Excel. The transmission to the
spreadsheet occurs through the internet connection. The
sending of this data occurs through the URL of the website
located in the address bar at the top of the web between
slashes, but it must have the interaction of a platform called:
Apps Script (script platform that uses JavaScript-based
programming language). It can be accessed at: Extensions
and then Apps Script. With the interrelationships of the two
applications, it will be possible to connect to the Arduino IDE
software (development software written in C++ and C, used
to perform uploads or loading on boards that are compatible
with Arduino) by connecting to the ESP32.

3.3 Calibration of the ultrasonic sensor

The result of the system tests in the reservoir is
represented in Fig. 5. The cali-bration data were obtained by
the system sequentially from the initial water level of the
reservoir, 0.22 m, and the electric pump operated until the
programmed 0.55 m. After a comparison between the
system's measurements and the results of manual
measurement, it was found that the precision of the
measurement system is quite good, presenting a slight
overestimation in the measurement value by the system,
which may even be associated with the variation of the water
surface. Similar results to those ob-tained in this system, also
using sensors based on the physical principle of ultrasound,
were found by [24], where they suggest that the combination
of Arduino and ultrason-ic sensors is a technically and
economically viable way to accurately measure water levels
in channels for distances greater than 20 cm, both for
permanent and transient flows, including conditions where
turbulence is high. This was supported by the fact that there
was little change in the errors in the statistical comparison of
measurements between the different regimes.
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In addition to the validation between the collection
methodology through the sensor and the standard collection
(limnimeter scale), it is possible to observe the his-tory of the
reservoir emptying over the operation of the pump (without
water replen-ishment) (Fig. 6). The test results suggested that
the difference in value between manual measurement and
using the system was less than 5 mm, a result also found by
[25]. This is in accordance with the resolution of the JSN-
SRTO04 sensor contained in the sensor datasheet, which is also
5 mm.

3.4 Control system

The control system developed in this work was the single-
phase system and is presented with the control diagram (Fig.
7). It is composed of a contactor, a thermal relay, a bipolar
circuit breaker, a simple control relay (a relay that represents
the actu-ation by the ESP32) and two buttons, one normally
closed and the other normally open. The power circuit is
represented by an indirect start of a single-phase pump with
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the actuation command through the normally closed relay of
the ESP32, and the shutdown can be performed by receiving
the inverse command from the ESP32. The direct actua-tion
system can be resumed if maintenance is required on the
ESP32 platform. In addi-tion to the example developed in
this work, a single-phase system with a 1 hp pump, the
control command can be easily adjusted for a three-phase
system, which will have the components illustrated as two-
phase replaced by three-phase and minor changes to the
control diagram (Fig. 8). This three-phase case is the most
commonly used system in agricultural systems, as three-
phase electrical energy is the most economical source of
energy for irrigation, with lower daily energy costs,
maintenance, equipment and controls [26].

After the development of the control system, which has
the ability to deactivate the electric pump when the water
level is in a critical state, an advance can be noted compared
to the study by [27], who developed and tested a low-cost
real-time water level monitoring prototype. The system used
low-cost equipment and open-source software with the aim
of monitoring water levels and alerting. After testing the

Figure 7. Diagram of the control system for the single-phase system.
Source: The Authors.

Figure 8. Diagram of the control system for the three-phase system.
Source: The Authors.
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prototype, it became possible to monitor the water status in a
tank, alert users and view past data in real-time, but the
existence of a control system that turns off the pump was not
observed.

Furthermore, for some time now, Programmable Logic
Controllers (PLCs) have been available on the market, which
can be applied in automation systems in pump station control
systems using contactor switches and thermal relays. However,
[28], reports that there are difficulties in the construction and
assembly process of an equipment that would simulate the PLC
input points, difficulty in the PLC selection process that would
be most suitable for the project and in the parameterization,
which required constant consultation with the manufacturer's
support.

When comparing PLCs with Arduino applications, [29]
developed a comparative study of PLCs, Raspibarry and
Arduino, in which he observed that the Arduino platforms used
were highly versatile, allowing the addition of several other
modules and sensors to improve the projects. An example of this
is the relay connected to one of the Arduino ports, this
suggestion makes the project even more efficient because it
connects it to the machine's emergency switch or button, causing
it to turn off immediately when the absence of a certain condition
is detected.

In the context of selecting Arduino platforms for automation
applications, such as control command, [30] noted that Arduino
has inspired creativity in digital electronics. The impact of its
radical development of new ideas is driven solely by the
voluntary contributions of users worldwide, as highlighted by
[31].

The improvements over study [15] and [22] were properly
identified and can be outlined in four main aspects. The first refers
to the simplicity in the system’s design, assembly, and
management, which enables easy replication at low cost and
facilitates maintenance. The second improvement lies in the data
transmission to the internet via Google Sheets, allowing real-time
remote monitoring of the reservoir's water volume—a feature not
present in the previous study. The third contribution was the
calibration of the ultrasonic sensor, whose tests demonstrated
satisfactory accuracy, with a margin of error of less than 5 mm
compared to manual measurements, ensuring system reliability.
Lastly, the development of a control system capable of
automatically shutting off the pump under critical conditions
stands out, along with the possibility of adapting it to three-phase
systems, which broadens its applicability in agricultural contexts.
These enhancements make the system more efficient, safer, and
technically feasible for different usage scenarios.

3.5 Main  limitations
implementation

and  challenges

for

system

Despite the effectiveness and low cost of the proposed system,
certain limitations must be considered in its implementation. One
major drawback is the dependence on proximity for alert
notifications. The system emits a beep when the water level
reaches a critical point, but this alert can only be heard by someone
physically near the reservoir. Additionally, after the system
automatically turns off the pump to prevent dry running, it
requires manual intervention to press a reset button, which limits
remote management and full automation of the system.
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Another relevant challenge lies in the need for reliable
internet connectivity. The system transmits water level data to
Google Sheets via the ESP32 using Apps Script integration.
However, many rural areas may suffer from unstable or
unavailable Wi-Fi or cellular networks, making real-time
monitoring difficult. Furthermore, setting up the data
transmission requires knowledge of JavaScript, the Arduino
IDE, and web application integration, which may be a barrier for
users without technical expertise.

Hardware limitations should also be addressed. The JSN-
SROA4T ultrasonic sensor, although cost-effective, may present
slight overestimations in readings due to water surface variation,
turbulence, or external environmental factors. The control
system, while functional, requires careful electrical installation
with relays, contactors, and safety features. Although the
Arduino platform provides flexibility and modularity, scaling
the system for more demanding or industrial applications may
require transitioning to more robust hardware like PLCs, which
involves added complexity in setup and configuration.

4. Conclusions

The results from the project proposal to design an intelligent
system for automat-ed management of water depth in a reservoir
were satisfactory. The prototype was tested for a period of 30 days,
functioning correctly continuously 24 hours a day. User
intervention in water monitoring was no longer necessary, allowing
farmers to forgo traditional methods of measuring water levels.
Thus, the project achieved the general objective of constructing a
system for automated visualization and management of the water
level in a reservoir, for the control of consumption and management
of the available water resource. The hardware device for reading the
water volume of a reservoir was successfully developed, with an
excellent correlation index between the data obtained through a
scale measurements and the ultrasonic sensor data. The software,
Google Sheets, for monitoring and processing the data obtained by
the hardware works correctly.

The original contributions of this study lie in the
development of an intelligent, low-cost, and replicable water
reservoir management system designed for agricultural use. Key
innovations include a simplified system architecture that
facilitates ease of assembly and maintenance, the integration of
real-time remote monitoring through Google Sheets—enabling
data transmission via ESP32 and Apps Script—and the
implementation of an automatic pump shutoff mechanism
triggered under critical water level conditions. The system was
further enhanced by the accurate calibration of the JSN-SR04T
ultrasonic sensor, which demonstrated measurement precision
with an error margin of less than 5 mm compared to manual
readings. Additionally, the proposed solution includes
adaptability for three-phase systems, expanding its applicability
in more complex agricultural contexts. Together, these
advancements contribute to improved water resource
management, operational safety, and energy efficiency in
irrigation systems.

Acknowledgements

The authors would like to thank CNPq, FAPESB, CAPES,
and PROPES-IFBAIANO for funding the research project. We

57

are grateful for the support provided to the project 'Water
Resources and Sustainable Development in Bahia,' which was
awarded under FAPESB INCITE Notice No. 005/2022. Our
appreciation is also extended to the Instituto Federal Baiano,
Campus Bom Jesus da Lapa.

References

Pereira, L.-B., and Santos, M.-R., Dos desenvolvimento de um sistema
Embarcado de Baixo Custo para Automatizagdo do manejo de Irrigagdo
Localizada, Revista Velho Chico, (2), pp. 50-56, 2022.

Karami, M., McMorrow, G.-V., and Wang, L., Continuous monitoring of
indoor environmental quality using an arduino-based data acquisition
system, Journal of Building Engineering, (19), pp. 412-419, 2018. DOIL:
https://doi.org/10.1016/j.jobe.2018.05.014.

Chan, K., Schillereff, D.-N., Baas, A.-C.-W., Chadwick, M.-A., Main, B.,
Mulligan, M., O’Shea, F.-T., Pearce, R., Smith, T.-E.-L., van-Soesbergen,
A., etal., Low-Cost Electronic Sensors for Environmental Research: pitfalls
and Opportunities, prog. phys. Geogr., (45), pp. 305-338, 2021. DOIL
https://doi.org/10.1177/0309133320956567.

Carvalho, A.-A., Medeiros, V.-W.-C., and de-Gongalves, G.-E., Aplicacdo
de sensores de baixo custo na estimativa da evapotranspira¢do potencial,
Journal of Environmental analysis and progress, (6), pp. 119-127, 2021.
DOL: https://doi.org/10.24221/jeap.6.2.2021.2843.119-127

Castell, N., Dauge, F.-R., Schneider, P., Vogt, M., Lerner, U., Fishbain, B.,
Broday, D., and Bartonova, A., Can commercial low-cost sensor platforms
contribute to air quality monitoring and exposure estimates? Environ Int,
(99), pp. 293-302, 2017. DOL: https://doi.org/10.1016/j.envint.2016.12.007
Reges, J.-P., Oliveira, F.-1., De-Sousa, J.-R., de-B., Carvalho, P.-C.-M., and
Alexandria, A.-R., Development of a data Acquisition System for
Photovoltaic systems, Revista Brasileira de Energia Solar, (10), pp. 77-87,
2019. DOL: https://doi.org/10.59627/rbens.2019v10i2.281.

Deng, Y., Wang, S., Bai, X., Wu, L., Cao, Y., Li, H., Wang, M., Li, C.,
Yang, Y., Hu, Z., et al., Comparison of soil moisture products from
microwave remote sensing, land model, and reanalysis using global ground
observations, Hydrol. Process (34), pp. 836-851, 2020. DOI:
https://doi.org/10.1002/hyp.13636

De-Melo, D.-A., Silva, P.-C., da-Costa, A.-R., Delmond, J.-G., Ferreira, A.-F-
\A.,de Souza, J.-A., de Oliveira-Janior, J.-F., da-Silva, J.-L-B., da-Rosa, Ferraz-
Jardim, A.-M., Giongo, P.-R., et al., Development and automation of a
photovoltaic-powered soil moisture sensor for water management, Hydrology,
(10), art. 80166, 2023. DOL: https://doi.org/10.3390/hydrology10080166.

Lino, D.-R., Lima-Neto, B.-P., de-Queiroz, L.-L., Feitosa, P.-B., Rodrigues,
A.-A., and Santos-Teixeira, A., Dos irrigagdo automatizada com plataforma
de desenvolvimento arduino na horta didatica da Universidade Federal do
Ceara, Irriga, (1), pp. 85-93, 2017. DOL: DOL:
https://doi.org/10.15809/irriga.2017vIn1p85-93

Campos, H., de-M., Oliveira, H.-F.-E., de-Mesquita, M., Castro, L.-E.-V.,
and de-Ferrarezi, R.-S., Low-Cost Open-source platform for irrigation
automation. Comput, Electron. Agric., (190), art. 106481, 2021.DOL
https://doi.org/10.1016/j.compag.2021.106481

Kumar, V., Singh, C-D., Rao, K.-V.-R., Kumar, M., and Rajwade, Y .-A.,
Development of a Smart iot-based drip irrigation system for precision
farming. Irrigation and Drainage, (72), pp. 21-37, 2023.DOIL
https://doi.org/10.1002/ird.2757

Jia, W., Wei, Z., Tang, X., Zhang, Y., and Shen, A., Intelligent control
technology and system of on-demand irrigation based on multiobjective
optimization, Agronomy, (13), art. 13071907, 2023, DOIL
https://doi.org/10.3390/agronomy 13071907

Lopes, 1., Souza-Barbosa, R., Damascena-dos-Santos, D., and Medrado-de-
Melo, J.-M., Melo-Vellame, L., Alves-de-Oliveira, E., Kramer-Schwiderke, S.,
LoRa-based iot platform for remote soil parameter monitoring. DYNA, 91(231),
pp- 86-93, 2024. DO https://doi.org/10.15446/dyna.v91n231.111612
Goralski, M.-A., and Tan, T.-K., Artificial intelligence and sustainable
development, International Journal of Management Education, (18), art.
100330, 2020. DOI: https://doi.org/10.1016/.ijme.2019.100330

Silva, R.-J.-G., Sistema de automagdo do controle de volume de dgua em
reservatorio de abastecimento, Trabalho de Conclusio de Curso,
Universidade Federal de Campina Grande, Campina Grande, Brasil, 2021.
Yang, B., Wei, W., Chen, M., and Li, X.-N., Research on design of
intelligent water-saving irrigation system based on Neural Network. Water

(1]

(2]

=

(11]

[12]

[13]

[14]

[15]

[16]



Lopes et al / Revista DYNA, 92(237), pp. 51-58, April - June, 2025.

Conserv, Tech. Supervis, %), pp- 44-48, 2020.DOL:
https://doi.org/10.1109/ICAICA50127.2020.9181897

Priya, O.-V., and Sudha, R., Impact of Internet of things (IoT) in smart
agriculture. In: Advances in Parallel Computing, Rajesh, M., Vengatesan, K.,
Gnanasekar, M., Sitharthan R., Pawar, A.B., Kalvadekar, P.N., and Saiprasad,
P., Eds., IOS Press BV, (39), pp. 40-47, 2021. ISBN 9781643682181
Obaideen, K., Yousef, B.-A.-A., AlMallahi, M.-N., Tan, Y .-C., Mahmoud,
M., Jaber, H., and Ramadan, M., An overview of smart irrigation systems
using IoT, Energy Nexus, (7), art. 100124, 2022. DOLI:
https://doi.org/10.1016/j.nexus.2022.100124

Essamlali, 1., Nhaila, H., and Khaili, M., El advances in machine learning
and IoT for water quality monitoring: a comprehensive review, Heliyon,
(10), art. 27920, 2024. DOI: https://doi.org/10.1016/j.heliyon.2024.627920
Wu, Z., Huang, Y., Huang, K., Yan, K., and Chen, H., A review of non-
contact water level measurement based on computer vision and radar
Technology. Water (Switzerland), (15), art. 183233, 2023, DOL
https://doi.org/10.3390/w15183233

Rocha, D.-P. de-A., Projeto formoso impactos socioecondmicos e ambientais
no municipio de Bom Jesus da Lapa-BA, Codevasf, Brasilia, 2023.

Suresh, N., Hashiyana, V., Kulula, V.-P., and Thotappa, S., Smart water
level monitoring system for farmers, 2019, pp. 213-228.

Suresh, N., Hashiyana, V., Kulula, V.-P., and Thotappa, S., Smart water
level monitoring system for farmers, IGI Global, (1), art. ch014,2019. DOIL:
https://doi.org/10.4018/978-1-5225-9246-4.ch014

Pereira, T.-S.-R., de-Carvalho, T.-P., Mendes, T.-A., and Formiga, K.-T.-
M., Evaluation of water level in flowing channels using ultrasonic sensors.
Sustainability ~(Switzerland), (14), art. 14095512, 2022. DOL:
https://doi.org/10.3390/su14095512

Andang, A., Hiron, N., Chobir, A., and Busaeri, N., Investigation of
ultrasonic sensor type JSN-SRT04 performance as flood elevation
detection. In: Proceedings of the IOP Conference Series: Materials Science
and Engineering; Institute of Physics Publishing, art. 550, 2019. DOI:
https://doi.org/10.1088/1757-899X/550/1/012018

Khalina, T.-M., Eremochkin, S.-Y., art. Dorokhov, D.-V., The
development of an energy efficient electric drive for agricultural
machines. [OP  Conf. Ser. Mater Sci., (1211), art. 012018,
2022. DOI: https://doi.org/10.1088/1757-899x/1211/1/012018
Chowdury, M.-S.-U., Emran, T., Bin-Ghosh, S., Pathak, A., Alam, M.M.,
Absar, N., Andersson, K., and Hossain, M.-S, IoT based real-time river water
quality monitoring system, Proceedings of the Procedia Computer Science,
(155), 2019, pp. 161-168. DOL: https://doi.org/10.1016/j.procs.2019.08.025
Mystkowski, A., and Kierdelewicz, A., Fractional-order water level control
based on PLC: hardware-in-the-loop simulation and experimental
validation. Energies (Basel), (11), art. 112928, 2018. DOI:
https://doi.org/10.3390/en11112928

Santos, E.-M., Aplicacdo de plataformas de baixo custo na automagio de
processos industriais, Trabalho de Conclusdo de Curso,

Universidade Federal de Pernambuco, Caruaru, Brasil, 2021.

Zaragoza, M.-G., and Kim, H.-K., Comparative study of PLC and Arduino in
automated irrigation system. International Journal of Control and Automation,
(10), pp. 207-2018, 2017. DOL: https://doi.org/10.14257/ijca.2017.10.6.20
Melo, D.-A. de-Silva, P.-C., Costa, A.-R. da-Delmond, J.-G., Ferreira, A.-F .-
A., Souza, J.-A. de-Oliveira-Junior, J.-F. de-Silva, J.-L.-B. da-Jardim, A.-
M. da-R.F., Giongo, P.-R., et al., Development and automation of a
photovoltaic-powered soil moisture sensor for water management,
Hydrology, (10), art. 10080166, 2023. DOI: https://doi.org/0.3390/
hydrology 10080166

[17]

[18]

[19]

[20]

[21]
[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

1. Lopes, is BSc. Eng. in Agricultural and Environmental Engineering in 2014, and
with a MSc. in Agricultural Engineering in 2016, all of them from the Universidade
Federal of Vale do Sdo Francisco, Campus Jauzeiro, Bahia, Brazil. PhD in
Agricultural Engineering at the Universidade Federal Rural de Pernambuco, Brazil.
Professor of Agricultural Engineering at the Instituto Federal de Educagdo, Ciéncia
¢ Tecnologia Baiano, Campus Bom Jesus da Lapa, Bahia, Brazil.

ORCID: 0000-0003-0592-4774

J.M.A. Nascimento, is a BSc. student in the Information Technology
Management Technology, program at the Instituto Federal de Educagao, Ciéncia e
Tecnologia Baiano, Campus Bom Jesus da Lapa, Bahia, Brazil. She is also a
Technological Initiation scholarship holder in the project "Study of signal
propagation in a lora-based iot network for monitoring agricultural environments."
ORCID: 0009-0008-1545-0334

58

R. S. Barbosa, is a student in the Information Technology Management
Technology, program at the Instituto Federal de Educagao, Ciéncia e Tecnologia
Baiano, Campus Bom Jesus da Lapa, Bahia, Brazil. He is also a Technological
Initiation scholarship holder in the project "Development of a LoRa Monitoring
Network for Precision Agriculture."

ORCID: 0009-0000-0008-0432

M.R. dos Santos, holds a BSc. Eng. in Agronomic Engineering from the Federal

University of Bahia (2006), a MSc. (2008), and a Dr. (2012) in Agricultural

Engineering, all of them from the Federal University of Vigosa, Brazil.
Completed a PhD. fellowship in the Graduate Program in Plant Production in the
Semiarid Region at UNIMONTES (Sep/2021 to Dec/2022) as a CAPES
scholarship recipient. Currently serves as a full professor at the Federal Institute
of Education, Science, and Technology of Bahia, Guanambi Campus, and as a
permanent professor in the Professional Master's Program in Plant Production in
the Semiarid Region at IF Baiano, Guanambi Campus.

ORCID: 0000-0003-0896-0359

R.D. Heydt, is a student in the BSc. of Electrical Engineering program at the
Universidade Federal do Oeste da Bahia, Campus Bom Jesus da Lapa, Bahia-Brazil.
ORCID: 0009-0005-4828-2005

E.G.M.B. da Silva, is BSc. Eng. in Electrical Engineering in 2023, from the
Universidade Federal do Oeste da Bahia, Brazil. Professor of Engineering at the
Universidade Federal do Oeste da Bahia, Campus Bom Jesus da Lapa, Bahia,
Brazil.

ORCID: 0009-0005-9182-8691

J.M.M. Melo, is BSc. Eng. in Agricultural and Environmental Engineering in
2014, from the Federal University of Vale do S&o Francisco, Brazil and MSc. in
Agronomic Engineering: irrigated horticulture in 2017, from the State University
of Bahia, Brazil, currently pursuing a PhD in Agricultural Engineering from the
Federal University Rural of Pernambuco, Brazil. Engineer of Sustainable
Development Consortium of Velho Chico, Bom Jesus da Lapa, Bahia, Brazil.
ORCID: 0000-0003-2554-2423

L.M. Vellame, holds a BSc. Eng. in Agricultural Engineering from the
Universidade Federal da Bahia, in 2005, a MSc. in Agricultural Sciences in 2007,
all of them from the Universidade Federal do Reconcavo da BahiaBrazil, and a
PhD. in Irrigation and Drainage in 2010, from the Universidade de Séo Paulo,
Brazil. Currently, he is an associate professor at the Universidade Federal do
Reconcavo da Bahia, Campus Cruz das Almas, Bahia, Brazil. He has experience
in the field of Agricultural Engineering, focusing primarily on the following
topics: sap flow, irrigation, instrumentation, and evapotranspiration.

ORCID: 0000-0001-7649-5773

J.L.M.P. de Lima, is a full professor in the civil engineering Department of the
Faculty of Science and Technology at the University of Coimbra Portugal, where
he lectures in hydraulics, hydrology and water resources. He is BSc. in Civil
Engineering in 1982, from the University of Coimbra, MSc. in Water Resources
Management in 1987, and a PhD. in Environmental Sciences in 1989, all of them
from the Wageningen University, The Netherlands. He has more than 400
technical and scientific publications, 135 in international scientific research
journals. His research interests include hydrology, urban hydrology, drainage and
soil and water conservation. He is currently Coordinator of Scientific Research
Area of Hydraulics, Water Resources and Environment of the University of
Coimbra, and of Thematic Line 1 - hydraulics, hydrology and sedimentary
environment of MARE -Marine and Environmental Sciences Center.

ORCID: 0000-0002-0135-2249

M.J.M. Guimaries, is a Bsc. Eng. in Agronomist Engineer from the Federal
University of Reconcavo da Bahia, Brazil. MSc. and Dr. in Agricultural
Engineering from the Federal Rural University of Pernambuco, Brazil, and PhD.
in Agricultural Engineering from the Federal University of the Sao Francisco
Valley. Has experience in studies focused on water resource management in
semi-arid regions, working in the field of Geosciences with an emphasis on
projects related to Geoprocessing and Precision Agriculture. Currently serves as
atenured professor at the Federal Institute of Education, Science, and Technology
of Bahia, Santa Inés Campus.

ORCID: 0000-0002-5497-6442



	1. Introduction
	2. Methodology
	2.1 Study area
	2.2 System design
	2.3 Prototype development
	2.4 Prototype installation
	2.1 Data collection and processing
	2.2 Sensor validation

	3. Results and Discussion
	3.1 System assembly
	3.2 Transmission to the internet via Google Sheets
	3.3 Calibration of the ultrasonic sensor
	3.4 Control system
	3.5 Main limitations and challenges for system implementation

	4. Conclusions
	Acknowledgements
	References

