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Article Information ABSTRACT
In this paper, the presented system to monitor the volume of diesel inside a tank

N using a pressure sensor. The system employs a Data Acquisition Unit module to
g it L2, 2075 collect analog data from the pressure sensor, which is submerged in the diesel
Accepted: July 01, 2023 tank. Sensor data is transmitted via RS485 communication to a DTU device that
Published: Aug 05, 2023 converts it into MQTT packets, The MQTT packets are sent to an MQTT broker,

’ ’ which acts as a bridge to a web or mobile app for real-time monitoring of the
diesel tank's level. The results of the implemented system shows real time
readings of liquid volume inside the tank from the pressure of the liquid via
mobile and web app, also the data of the sensor is saved to local database for
further analysis.
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1. INTRODUCTION

growth of the Internet of Things (IoT) technologies has revolutionized industries, enabling
efficient and real-time monitoring of various systems [1]. One such application is the remote
monitoring of liquid levels using pressure sensors [2]. This paper explores the utilization of loT
in monitoring liquid levels, providing an overview of the principles and benefits of this
approach. Monitoring the level of diesel fuel in tanks is crucial for efficient inventory
management and operational planning in various industries. Traditional methods of manual
measurement are time-consuming, prone to errors, and provide limited real-time visibility. This
paper propose a comprehensive system for remote tank level using a pressure sensor, Data
Acquisition Unit technology, and MQTT-based communication. The proposed system leverages
a pressure sensor capable of providing analog output in the range of 4 to 20 mA, which
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corresponds to the measured pressure of the diesel inside the tank. By accurately measuring the
pressure, the system enables the determination of the volume of diesel, offering a more reliable
and automated approach to tank level monitoring. This paper proposes a comprehensive system
for remotely monitoring diesel tank levels using pressure sensor (QDY30A) [3], Data
Acquisition Unit communication (MAO01-AACX2220) [4], MQTT protocol [5], and web
application development using React [6].

2. RELATED WORKS

In [7] Beza Negash Getu and Hussain A. Attia investigated a sensor for water levels device for
detecting and controlling water levels in a specific tank or storage system. Their electronic
design utilized a level detector and the use of a flip flop in sequential logic. It included a relay-
based circuit for operating a motor pump with a seven-segment display. The system activated the
water pump when the level was empty or at level ONE and stopped when reaching the maximum
level (NINE). From level EIGHT to level TWO, the pump remained inactive during water
consumption. This intelligent water level sensing and control system aimed to improve
automation and efficiency in water management, ensuring timely filling and preventing
overflow. In [8] investigated the application of Internet of Things (1oT) technology in industrial
settings. The paper focuses on the implementation of a prototype system for artificial control and
monitoring using loT. Two controls, traditional PID (Proportional Integral Derivative) likewise
fuzzy logic, were compared. The fuzzy control was simulated using MATLAB-R2018b and later
developed as a fuzzy algorithm inside of a PLC that is based on the Sugeno technique (PLC).
The Modbus protocol was utilized to connect the PLC, OPC (Object Process Control) server, and
sensors. The Internet of Things system made use of MQTT (Message Queuing Telemetry
Transport) and OPC, and uploaded the data it had collected to the cloud. . Wireless
communication between the sensors and the router was achieved using the ESP8266 module.
Methaqg A. Ali, Abbas Hussein Miry, and Tariq M. Salman aimed to leverage 10T technology to
enhance automation and real-time monitoring in industrial applications. In [9] presents a
mechatronic design solution to address challenges in manual liquid level measurement. The
study focuses on solving a situational issue at Cawaira Power Station's Generation Strategic
Business Area, Fiji Electricity Authority (FEA). The goal is to create a monitoring system for
automatic fuel delivery tank level measurement and control. The system includes a liquid pump,
solenoid valves, microprocessor, and pressure sensor. . Real-time data monitoring and critical
event alarms are incorporated. Extensive testing validates the system's performance against
manual measurements. The system offers affordability, ease of construction, installation, and
maintenance. It can be adapted for various measurement requirements, enhancing automation
and efficiency in industrial liquid level control.

3. PROJECT AIMS

The specific aims of this study include integrating a pressure sensor, configuring a Data
Acquisition Unit module, establishing communication via RS485 Modbus and MQTT protocols,
developing a web application for real-time visualization, calculating tank volume based on
sensor readings, storing data in a PostgreSQL database and real time reading. This research
offers an efficient solution for industries reliant on diesel fuel, enhancing operational efficiency
and inventory management. Monitoring liquid levels and pressure in tanks is a critical aspect of
many industrial processes. Accurate and timely measurements can help prevent leaks, overflows,
and spills, and can ensure that the tanks are filled to the correct level.

4. IMPLEMENTATION TOOLS
4.1 Pressure Sensor

The QDY 30A analog pressure sensor is a specialized device that operates on a 4 - 20 mA current
loop signal. This configuration allows for pressure measurements to be represented by a current
output within the specified range. In this particular sensor, a current of 4 mA corresponds to a
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pressure value of 0, while a current of 20 mA indicates the highest pressure value that the sensor
can measure. The 4 - 20 mA current loop is a common standard in industrial applications due to
its ability to provide accurate and reliable measurements over long distances while minimizing
signal interference. The linear relationship between current and pressure allows for easy
calibration and integration with other control or monitoring systems. By utilizing the QDY30A
analog pressure sensor, industrial processes can obtain real-time pressure measurements within
the designated range, enabling precise monitoring and control of various applications, such as
fluid systems, hydraulic systems, or industrial machinery [3].

( a/

Figure 1 pressure sensor [3]
4.2 Data Acquisition Unit Communication (MAO01-AACX2220)

The Ebyte MA01-AACX2220 is a Modbus-compatible RS485 serial port 1/0 networking
module. This module provides a convenient and reliable solution for connecting devices using
the RS485 interface and enables communication between different devices in a network. With
the support for the Modbus protocol, the MA01-AACX2220 module allows for standardized and
efficient data exchange between devices. Modbus is a widely used communication protocol in
industrial automation systems, allowing for seamless integration and interoperability between
various devices from different manufacturers. The module facilitates bidirectional
communication, enabling devices to read and write data through the RS485 serial port. It offers a
reliable and robust means of communication, making it suitable for applications in industrial
environments that require long-distance data transmission and noise immunity. By utilizing the
Ebyte MA01-AACX2220 module, users can easily establish a network of devices using RS485
communication and leverage the power of the Modbus protocol for effective data exchange and
control. It provides a flexible and scalable solution for building distributed systems and
implementing automation processes in various industrial settings [4].
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Figure 2 Data Acquisition Unit [4]
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4.3 E840-DTU (4G-02E)

Compact and versatile device that enables wireless data transmission in industrial applications.
With its 4G connectivity, it provides fast and reliable communication. The device supports both
the Modbus and MQTT protocols, allowing seamless integration with a wide range of industrial
devices and systems. It facilitates real-time data monitoring, control, and remote management.
With its advanced security features, the E840-DTU (4G-02E) ensures secure data transmission
and protection. Its compact design and robust construction make it suitable for demanding
industrial environments. Overall, it offers efficient and reliable connectivity for industrial 10T
applications [10].

Flgure 3 Data Transfer Unit [10]
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Figure 4 Proposed System

The pressure sensor transmits readings to the Data Acquisition Unit (DAQ), which converts
them into Modbus packets and transfers them to the Data Transfer Unit (DTU) via a RS 485
connection. The DTU then encapsulates the Modbus packets into MQTT packets and transmits
them to an MQTT broker using a 4G connection. At the MQTT broker, the received MQTT

© 2023, Universal Publishing INC. This article is an open access article distributed under the terms and conditions
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/).

=
w

[ S



Web of Synergy:International Interdisciplinary Research Journal
ISSN: 2835-3013

packets are processed to extract the Modbus packets, from which the data, representing the
pressure sensor readings, is retrieved. The MQTT broker applies a formula to calculate the
available liquid volume inside the tank based on the tank size. Finally, the MQTT broker sends
the calculated data (liquid level) to the frontend for real-time viewing by the client.

6. METHODOLOGY

Firstly the DAQ powered by 24 voltage from a charger that connected to the VCC and GND
ports. The pressure sensor also has two wires red and blue, the red wire is connected to the VCC
port of the DAQ, so to power the pressure sensor as it capable of 24 voltage, the blue is
connected to analog input 1 port in DAQ, then the configurator software for the DAQ is
downloaded and used to configure the DAQ for the connected pressure sensor on analog input 1,
As seen in the image below, an RS 485 to USB converter connects the DAQ device to the PC.

Figure 5 RS 485 to USB converter

After connecting the DAQ device to the computer via the converter, then the configurator
software opened and selected the COM port and press open serial, the pressure sensor is sending
the required data to analog input 1 as shown in the image below with it values from 0 to 20 mA :
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Figure 6 Configurator Software for Data Acquisition Unit [4]
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The pressure start sending data to the DAQ, the data sent as 4 — 20 mA changes as the pressure
value change, then the DAQ is connected to DTU To connect the QDY30A sensor to the Data
Acquisition Unit device, the red wire of the QDY 30A sensor is connected to the red wire of the
power and to the VCC port of the Data Acquisition Unit To facilitate the communication
between the Data Acquisition Unit device and the server (MQTT Broker), a DTU with SIM
device was used as an intermediary, a software configurator for the DTU device is also
downloaded to configure the DTU device to connect to the server (MQTT Broker), the DTU
device is connected to the computer via the RS 485 to USB converter as its also capable of RS
485 connection, then after connecting the DTU device to computer, the configurator software is
opened and configured to set the required parameters, Firstly the selected COM port is set and
the configuration mode is entered, then settings for device ID, IP of the server (MQTT Broker),
publish and subscribe topics, IP of the server is shown below, after that the set params button is
pressed to save the settings to the DTU :
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Then the final connection for the whole system is shown in the image below (Proposed System):

Figure 7 Final Connection
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The DTU device is connected to the server (MQTT Broker) and can send and receive data from
and to the Data Acquisition Unit device, which has the QDY 30A pressure sensor attached to it.
The server stores the sensor readings in a PostgreSQL database, which allows for efficient data
storage and retrieval. To further analyze the sensor data, a Python program was written to obtain
the readings from the QDY30A sensor and send it to the server (MQTT Broker). The program
retrieves the analog output voltage of the sensor, which is proportional to the pressure, and
converts it to a corresponding pressure value in bar using the formula provided in the QDY30A
sensor documentation. The resulting pressure value is then sent to the server (MQTT Broker) for
storage in the database. A web application was developed using React to retrieve the data from
the server (MQTT Broker) and display it on the web interface. The application provides an easy-
to-use interface for users to view the pressure readings of the liquid in the tanks. The pressure
readings are displayed in bar units and are updated in real-time as new data is received from the
Data Acquisition Unit device.

7. RESULTS

The system successfully measures the pressure of the liquid in the tank and calculates its volume.
The data obtained from the QDY30A sensor is accurate, and successfully sent the data to the
server (MQTT Broker). Web application built with React successfully displays the data obtained
from the server, and the data is stored in a PostgreSQL database as shown in the image below
from the database.

Dataoutput Messages Notifications
= evO0O 8§ 8 &8 ~
Pressure Volume In Litre . Reading Date and Time
(-] ] a8

text text timestamp without time zone

1.471 2697,40727241040..  2023-06-12 15:07:01.310874

Total rows: 1000 of 52304  Query complete 00:00:00.755

Figure 8 Database Readings

The results from the web page is shown below for the readings of the level tank from the
database using React Library show in the image below:
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Figure 9 Web Page Result

Mobile app built with dart using flutter framework to show the results of available liquid volume
with date of reading as shown below the left page shows the sensor name and right page shows

the readings of the available liquid volume.
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Figure 10 Web Page Result

8. CONCLUSION

The System provides a thorough examination of the design and implementation of an innovative
tank level monitoring system. Modbus-MQTT communication protocol and web-based
visualization are utilized to enable real-time monitoring and data visualization. Various aspects
of the system's design, development, and performance have been thoroughly explored and
analyzed throughout this paper. The integration of the widely used communication protocol
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Modbus-MQTT with the web-based visualization platform has proven effective for achieving
seamless real-time data transmission and visualization. The results demonstrate that the system is
capable of providing precise and timely tank level measurements, thereby facilitating informed
decision-making and optimizing resource management.

REFERENCES

1.

10.

Soni, D. and A. Makwana. A survey on mgtt: a protocol of internet of things (iot). in
International conference on telecommunication, power analysis and computing techniques
(ICTPACT-2017). 2017.

Perumal, T., M.N. Sulaiman, and C.Y. Leong. Internet of Things (IoT) enabled water
monitoring system. in 2015 IEEE 4th Global Conference on Consumer Electronics (GCCE).
2015. IEEE.

QIDIAN. Qdy30A. Available from: https://ahgidian.en.made-in-
china.com/product/ewpGfboVbhcx/China-Qdy30A-Analog-DC12V-24V-4-20mA-RS485-
Hydrostatic-Smart-Submersible-Stainless-Steel-316-Tank-Water-Level-Sensor.html.

cdebyte. Ebyte MAQ01-AACX2220 RS485 Serial port I / O networking module Support
Modbus Protocol. Available from: https://www.cdebyte.com/products/MAO01-AACX2220.

MQTT. MQTT 2023 [cited 2023 2022-11-28]; Available from: https://docs.oasis-
open.org/mqtt/mqtt/v5.0/mqtt-v5.0.html.

https://react.dev/learn, F., React.

Getu, B.N. and H.A. Attia. Automatic water level sensor and controller system. in 2016 5th
International Conference on Electronic Devices, Systems and Applications (ICEDSA). 2016.
IEEE.

Ali, M.A., A.H. Miry, and T.M. Salman. loT based water tank level control system using
PLC. in 2020 International Conference on Computer Science and Software Engineering
(CSASE). 2020. IEEE.

Goundar, J., et al. Mechatronic design solution for fuel level monitoring using pressure
sensor. in Asia-Pacific World Congress on Computer Science and Engineering. 2014. IEEE.

Ebyte. Ebyte DTU. 2023 [cited 2023 2023-01-22]; Awvailable from:
https://www.ebyte.com/en/product-view-news.html?id=755.

© 2023, Universal Publishing INC. This article is an open access article distributed under the terms and conditions

of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/).


https://ahqidian.en.made-in-china.com/product/ewpGfboVbhcx/China-Qdy30A-Analog-DC12V-24V-4-20mA-RS485-Hydrostatic-Smart-Submersible-Stainless-Steel-316-Tank-Water-Level-Sensor.html
https://ahqidian.en.made-in-china.com/product/ewpGfboVbhcx/China-Qdy30A-Analog-DC12V-24V-4-20mA-RS485-Hydrostatic-Smart-Submersible-Stainless-Steel-316-Tank-Water-Level-Sensor.html
https://ahqidian.en.made-in-china.com/product/ewpGfboVbhcx/China-Qdy30A-Analog-DC12V-24V-4-20mA-RS485-Hydrostatic-Smart-Submersible-Stainless-Steel-316-Tank-Water-Level-Sensor.html
https://www.cdebyte.com/products/MA01-AACX2220
https://docs.oasis-open.org/mqtt/mqtt/v5.0/mqtt-v5.0.html
https://docs.oasis-open.org/mqtt/mqtt/v5.0/mqtt-v5.0.html
https://react.dev/learn
https://www.ebyte.com/en/product-view-news.html?id=755

