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Fuel is an important aspect in the operation of ships that require high costs. The high cost of fuel is not
followed by an automatic fuel monitoring process. By not using the fuel consumption monitoring
method that works automatically, the shipping management does not know for sure the ship's fuel
consumption is in accordance with the shipping mileage, thus triggering fraud committed by the ship's
crew against the ship's fuel. Fuel consumption monitoring is carried out primarily to identify
opportunities to improve energy efficiency and reduce costs. By following technological developments,
Internet of Things (IoT) technology has begun to be applied in various industrial fields because it can
transmit data in real-time via the internet network without human-to-human or human-to-computer
interaction. In this research, the design of models and experiments related to a monitoring system for
fuel consumption was carried out using sensors and microcontrollers integrated with the internet to
obtain accurate and real-time data. The test results show that the volume of fuel available in the tank,
the volume of fuel discharged, the flow rate of fuel, and the location of the system can be known by the
user in real-time via the IoT website. Based on the results of measurements using an ultrasonic level
sensor, it is known that the measurement results are quite accurate with a deviation of ± 0.5 cm.
Meanwhile, the measurement results by the flow sensor are less accurate because the fuel flow only
relies on the force of gravity.
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1. Introduction

Ships are a common mode of transportation used to transport passengers and cargo. In order to operate the engine, the
ship needs fuel. Fuel became an important aspect of ship operations. The cost for purchasing fuel is quite high, especially for
voyage costs, which become the most expensive component. Fuel consumes 66% of the voyage cost and 47% of the total cost
of running ships [ 1 ]. This is also influenced by the relatively volatile global fuel prices.

The high price of bunker fuel is not followed by a proper fuel monitoring process. The absence of a method of monitoring
fuel consumption automatically results in shipping management not knowing for sure the ship's fuel consumption is in
accordance with the voyage distance, so this has triggered fraud committed by the ship's crew against the ship's fuel, such
as selling it illegally for personal gain. One of the common methods of stealing ship fuel is by falsifying documents, in which
captains overstate how much fuel their ship is using, then sell the excess. Commonly used methods used in fuel consumption
monitoring are Bunker Delivery Notes, tank sounding, fuel flow meters, and direct emissions monitoring.

Fuel consumption monitoring is carried out for several reasons, mainly to identify opportunities to increase energy
efficiency and reduce costs. Monitoring data is used for internal reasons, such as benchmarking and target setting purposes
and satisfying sustainability-related reporting requirements [2],

Along with technological developments in the era of the 4.0 industrial revolution, the term Internet of Things (IoT)
emerged. IoT is a concept in which an object has the ability to transfer data over a network without the need for human-to-
human or human-computer interaction [3]. Currently, IoT technology has been applied in various fields, such as industry,
transportation, and home use. In the field of transportation, especially on ships, IoT began to be used and developed. IoT
technology is helpful for monitoring ship conditions in real-time, one of which is to monitor fuel consumption. Fuel
consumption monitoring using internet-based technology has begun to develop.

Research on fuel consumption monitoring has been widely carried out. This is related to the regulations issued by the
International Maritime Organization (IMO), which focuses on greenhouse gas (GHG) emissions on ships. Capezza et al. [4]
conducted research related to ship fuel consumption monitoring and fault detection related to C02 emissions on the Grimaldi
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Group's Ro-Ro Pax cruise ship using a statistical approach method by utilizing navigation data obtained from the multi¬
sensor system installed on the ship. The method used in this study has been shown to be capable of supporting fault detection
and verifying the C02 savings achieved after energy efficiency initiatives. However, the statistical method used is difficult to
apply to shipping companies due to unpreparedness in using the automated system used for statistical analysis of emission
data to verify coherent C02 emissions with ship characteristics.

Hakimelahi et al. [5] analyze the impact of the fuel consumption patterns on the estimated travel needs. The method
used is to evaluate and calibrate travel demand estimation using software and its relationship with fuel consumption. The
study's findings show that the use of fuel is closely linked to the trip generation process by exogenous and endogenous
variables.

Wijaya et al. [6] conduct studies on fuel consumption monitoring and predict gas emissions based on ship performance
using Automatic Identification System (AISITS) data. The method used in this research is to perform calculations using the
empirical formula, namely the Holtrop Method and the Stawave Method. For calculating basic resistance, the Holtrop method
is used. Wind resistance, waves, draft changes, and water properties are all calculated using the Stawave method. These
calculations are made using the PHP scripting language. This study could serve as the foundation for creating a software
interface that generates real-time monitoring data on fuel, EEOI, and emissions on each ship. With the relationship between
fuel consumption and emissions emitted, fuel consumption monitoring is critical because it helps calculate emission
estimates by considering engine and fuel types [7],

Many research and developments are also carried out in technology, such as the Internet of Things (IoT). IoT technology
aims to simplify a process in various fields, ensure system efficiency, and improve the quality of life, becoming one of the
main pillars in the era of industrial digitization [8], IoT technology has begun to be developed and used in various fields, such
as in industry [9], the concept of smart cities [10], gadgets, buildings or smart homes, power management [11], agriculture
[12], waste management [13], healthcare [14], and transportation [15],

In the industrial sector, IoT technology is used to increase the efficiency of the production process and the efficiency of
communication and networking between operators and machines to increase the productivity of these companies in the
market by developing, designing, and integrating various sensors used in industrial applications [16], In smart cities, IoT
technologies will allow the use of various devices, improving the quality of life as well as the efficiency of various daily
services such as transportation, security, smart metering, smart energy systems, smart water management, and so on [17],
Implementing IoT technologies in agriculture will undoubtedly aid in meeting adequate food demand and improving the
overall efficiency of agricultural production processes. Various useful data about crops could be obtained and used for yield
monitoring and early detection of possible diseases that could drastically reduce crop yields. Soil and nutrient monitoring
will help rationalize agricultural production processes and save water, which is valuable in certain geographical areas and
could be used by smart irrigation systems [18], In waste management, IoT has been developed and implemented a lot. The
developed solutions are primarily focused on smart waste bin monitoring [19], which includes bin filling level detection,
waste temperature and fire detection, bin vibration occurrence and bin tilt, presence of waste operators, waste humidity, bin
GPS location, and so on. In general, IoT devices can effectively support smart waste management systems. In the healthcare
system, IoT has implemented, and the concept of e-health has emerged.

IoT funding for patient health data collection may be used to improve the service quality of healthcare systems. Smart
medical devices have a lot of potential for various uses, like tracking various critical human functions, including heart rate,
skin temperature, activity monitoring, and so on [20], The most important task of IoT technologies in smart grids in smart
power management is to save energy through efficient distribution [21], Many have begun to develop and apply IoT
technology in transportation in response to the extremely rapid growth of transportation infrastructure. IoT technology is
currently used in the definition of "internet of vehicles". The design of smart vehicles is the most important IoT application
field [22]. The use and optimization of various internal functions in cars supported by IoT technology were considered in the
smart car concept. Tire pressure, refuelling, early detection of possible failures, routine maintenance measures, and other
data are collected using IoT. Not only in cars, but IoT technology is also widely developed and implemented in other modes
of transportation, such as trucks [23], buses [24], trains [25], and ships [26], In general, IoT technology in the mode of
transportation is used to monitor fuel consumption and the vehicle's location, including ships. The use of IoT on ships is very
much needed, especially in monitoring fuel consumption so that the estimated emission value can be known.

In this research, experiments will be carried out related to a fuel consumption monitoring system that is integrated
with the internet using level sensors, flow sensors, and microcontrollers. By doing this research, the fuel consumption
monitoring system integrated with IoT is obtained to get accurate and real-time results to estimate the cost and correct
maintenance planning.

2. Methods

2.1. System Design

The design of the fuel consumption monitoring system will consist of two tanks. The flow sensor will be installed at the
output of Tank 2. In the tank, several levels of ultrasonic sensors will be installed to measure the availability of fuel. The
system block diagram can be seen in Figure 1.
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Figure 1. System Block Diagram

The design of the fuel consumption monitoring system consists of two tanks of different sizes. The inner dimensions
for Tank 1 are length: 29 cm, width: 19 cm, and height: 30 cm. The inner dimensions for Tank 2 are length: 19 cm, width: 19
cm, and height: 30 cm, as shown in Table 1.

Table 1. Inner Dimensions of Each Tank
Dimension Tank 1 Tank 2
Length
Width
Height

29 cm
19 cm
30 cm

19 cm
19 cm
30 cm

The tank model is made of acrylic material with a thickness of 0.5 cm so that the results of the tank design that have
been assembled can be seen in Figure 2a and 2b.
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Figure 2. (a) Tank 1; (b) Tank 2

2.2. Microcontroller Concept on The System

The microcontroller concept on the system that has been designed is a flow sensor, level sensor, temperature and
humidity sensor, and GPS will be connected to the microcontroller in the system to program the sensor and get the data
obtained on each sensor. The output data will be displayed on the LCD and will also be sent using the Wi-Fi module to the
IoT Cloud, and the data can be accessed by users via the IoT website, as shown in Figure 3.
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Figure 3. Microcontroller Concept on The System

2.3. Electronic and Microcontroller Specification

Flow Sensor Specification
Flow sensors are used to measure the flow of the fuel that is discharged from the tank. The specifications of YF-S201

flow sensor are inch size, the working voltage is 5 to 18V in DC (Direct Current), the maximum current is 15mA, the
working flow rate is 1 to 30 liter/minute, the accuracy is around 10%, working temperature range is -25 to 80 QC, and the
maximum pressure is 2.0 MPa, it can be seen in Table 2. The reason for choosing this type of flow sensor is because flow
sensors can be used to measure flow that only relies on the force of gravity so that it does not require high pressure for the
fluid to move the measuring component on the flow sensor.

Table 2. Flow Sensor Specification
Flow Sensor (YF-S201)

1/2Connection
Working Voltage Max Current
Max Current
Working Flow Rate
Working Temperature Range
Accuracy
Max Pressure

5 18V DC
15mA
1 30 liter/minute
-25 80 QC

±10%
2.0 MPa

Level Sensor Specification
Ultrasonic level sensors are used to measure the distance of an object by utilizing ultrasonic waves. In this study, the

ultrasonic sensor was used to measure the fluid level in the tank to obtain the volume using the formula in Eq. (1). The
specifications of HC-SR04 level sensor are 5V in DC (Direct Current), the working current is 15 mA, working frequency is 40
Hz, working temperature range is -15 QC to 70 QC, measuring range is from 2 cm to 400 cm with measuring an angle is 15
degree, as shown in Table 3. The reason for choosing this type of level sensor is that the ultrasonic level sensor can read with
the shortest minimum distance compared to other types of level sensors, which is 2 cm.

(1)

where V is the volume of the fuel. A surface area of the fuel, h fluid depth in the tank.

Table 3. Level Sensor Specification
Level Sensor (HC-SR04)
Working Voltage
Working Current
Working Frequency
Working Temperature Range
Max Range
Min Range
Measuring Angle_

DC 5V
15 mA
40 Hz
-15 QC to 70 QC

400 cm
2 cm
15 degree
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Microcontroller Specification
The microcontroller used is the Arduino MEGA which functions as a microcontroller for the fuel consumption

monitoring system. The Arduino MEGA will receive input from connected sensors and the GPS module to send the fuel
volume, flow, and location data to the server. The specification of Arduino MEGA 2560 are the microcontroller board based
on the ATmega2560, the operating voltage is 5V, the recommended input voltage is 7 to 12V, and for the limits input voltage
is 6 to 20V, has 54 digital Input/Output pins (of which 15 can be used as PWM outputs), 16 analogue inputs, DC per I/O pin
is 40 mA, DC for 3.3V pin is 50 mA, the flash memory is 256 KB of which 8 KB used by bootloader, the SRAM 8 KB, EEPROM
is 4 KB, and clock speed is 16 MHz, as shown in Table 4. The reason for choosing this type of microcontroller is that the
Arduino MEGA has the most data pins in the Arduino series, 54 digital I/O pins, and 16 analogue inputs microcontroller is
suitable for complex projects.

Table 4. Microcontroller Specification
Level Sensor (HC-SR04)
Microcontroller DC 5V
Operating Voltage
Input Voltage (recommended)
Input Voltage (limits)
Digital I/O Pins
Analog Input Pins
DC Current per I/O Pin
DC Current for 3.3V Pin
Flash Memory

5V
7-12V
6-20V
54 (of which 15 provide PWM output)
16
40 mA
50 mA
256 KB of which 8 KB used by
bootloader

SRAM
EEPROM
Clock Speed

8 KB
4 KB
16 MHz

GPS Specification
GPS (Global Positioning System) works to obtain latitude and longitude coordinate data so that the position of the

system can be known. The specifications of Ublox NEO-6M GPS is 50 channels GPS LI frequency, C/A code, the input supply
voltage is 2.7 to 6V in DC current, the main chip is NEO-6, the position accuracy is 2 m, and the operating temperature of the
device is from -24 to 84°C, it can be seen in Table 5. The reason for choosing this type of GPS is because Ublox NEO-6M has
Time to First Fix (TIFF) up to 27 seconds, and it can receive as many as 50 satellite signals.

Table 5. GPS Specification
GPS (Ublox NEO-6M)
Receiver Type
Input Supply Voltage
Main Chip
Position Accuracy
Operating Temperature

50 Channels GPS LI frequency, C/A Code
2.7-6V DC
NEO-6
2 m
-24 to 84 C

Wi-Fi Module Specification
The Wi-Fi module used is the ESP8266 which is used to transmit the data that has been obtained to the Webserver. The

specifications of ESP8266 Wi-Fi Module are the maximum operating voltage of the module is 3.6V in DC, the flash memory
is 512 KB to 1 MB, the power supply is from 2.5V to 3.6V in DC, and the recommended power supply for this module is 3.3V,
the type of networking is Wi-Fi, and the operating temperature is -40 to 125°C. The detailed specification of ESP 8266 can be
seen in Table 6. The reason for choosing this device is that it can be connected and programmed with a microcontroller easily
to connect to an internet connection to transmit data.

Table 6. Wi-Fi Module Specification
Wi-Fi Module (ESP 8266)
Operating Voltage
Flash Memory
Clock Speed
Power Supply
Networking
Operating Temperature

3.6V DC (max)
512 KB 1MB
80 MHz 160 MHz
2.5 3.6V DC, 3.3V DC (recommended)
W-Fi
-40- 125 C

The wiring diagram of the microcontroller and sensors used for the fuel consumption monitoring system integrated
with the Internet of Things (IoT) is shown in Figure 4, consisting of Arduino MEGA, Level Sensor (HC-SR04), Flow Sensor (YF-
S201), GPS (Ublox NEO-6M), Temperature and Humidity Sensor (DHT22), Wi-Fi Module (ESP8266), and LCD.
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Figure 4. Wiring Diagram of The System

2.4. Fuel Consumption Monitoring System Model

After the system is designed and the components are selected, these components are assembled into a system model,
as shown in Figure 5 and Figure 6, that can be used by programming the microcontroller using Arduino IDE so that the sensors
used can function and the system created can work properly.

~

m ?

.

*

L 'r .3_
..A.’

Figure 5. Fuel Consumption Monitoring System Model (Side View)
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Figure 6. Fuel Consumption Monitoring System Model (Top View)
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3. Results And Discussion

3.1. How The System Work

This system consists of two tanks connected to each other, as shown in Figure 5. In each tank, several level sensor points
are used to measure the availability of fuel in the tank. Tank 1 showed 3 points of ultrasonic level sensor, while in Tank 2
there are 2 points of ultrasonic level sensor because Tank 2 is smaller than Tank 1, as shown in Figure 6. The difference in the
number of points of the ultrasonic level sensor in the two tanks is related to the way the ultrasonic level sensor works, which
by paying attention to the distance between sensors, it is expected to avoid sound wave intervention which results in the
measurement by the ultrasonic level sensor being inaccurate. At the output of the second tank, a flow sensor is installed,
which is used to measure the outflow. This system is also equipped with a GPS which is useful for knowing the location of
the system. All these sensors are connected to a microcontroller in the form of an Arduino Mega so that all sensors can be
programmed according to their functions as input data on the Arduino, as shown in Figure 3.

The level sensor used is an ultrasonic level sensor that measures the distance between the sensor and the object by
reflecting sound waves and receiving the reflected waves. The distance between the sensor and the object is known. By
knowing the distance between the sensor and the fuel, the volume of the air space will be obtained. The average distance
from the sensor to the fuel surface will be multiplied by the surface area of the tank to find the total tank capacity. So that
the full tank volume can be reduced by the volume of air space so that the volume of fuel can be determined.

(2)

Where
A surface area of the tank (see Eq. 2).

Sensor accuracy is affected by the speed of sound. So to calibrate this sensor, it is necessary to know the ambient
temperature and humidity through the temperature and humidity sensors. In this research, the flow sensor is used to
determine the amount of flow released from the tank. If the value issued by the flow sensor matches the volume reading by
the sensor level and the actual volume issued, the flow sensor is said to be valid.

Thus, the data sent by the system to the internet network via the Wi-Fi module is data on the volume of fuel in Tank 1
and Tank 2, the amount of flow that discharged from the system, and the location of the system, which is monitored via GPS,
which users can then see via IoT website.

is the volume of the fuel. Volume of the tank capacity. Average distance from the sensor to fuel surface.

3.2. Sensor Calibration

After the assembly process, the sensors used need to be calibrated because the sensor measurement results still have a
difference when compared with the measurement results using standardized tools. The calibration process is carried out so
that the readings from these sensors are more precise.

Level Sensor Calibration
At the sensor level, distance measurements are carried out using sound waves (ultrasonic). The ultrasonic sensor works

based on the principle of sound wave reflection to detect the presence of an object in front of it. The signal is emitted as a
sound wave by an ultrasonic transmitter with a frequency and time duration to measure the distance of objects. Generally,
the frequency used is 40 kHz with a speed of 340 m/s. When hitting an object, the signal will be reflected by the object. After
the reflected wave reaches the receiver, the signal will be processed to calculate the object's distance. The following is an
experimental process of taking data from ultrasonic sensor measurements at a certain distance. The level sensor
measurement results are shown in Table 7. Based on the data obtained, the actual fuel height is 20 cm, but the measurement
results with the level sensor before calibrated have different results such as a result from Sensor 1 is 20.76 cm, Sensor 2 is
6.58 cm, and Sensor 3 is 1.12 cm.

Table 7. Level Sensor Measurement Before Calibration
X (cm) Deviation Sensor2 Deviation Sensor3

(cm)
Deviation
(cm)

Sensorl
(cm) (cm) (cm) (cm)

20.00
21.00
22.00
23.00
24.00
20.00

20.76
21.33

0.76 6.58 13.42 1.12 18.88
0.33 21.30

14.36
16.27

0.30 7.67 13.33
21.9 0.10 7.64 7.94 14.06

21.5222.49
23.65
20.76

0.51 6.73 1.48
0.35 17.22 6.78 17.53 6.47
0.76 6.58 13.42 1.12 18.88

Based on the data collection experiment results, there is still a difference between the sensor measurement results and
the measurement results using standardized tools, a ruler. Calibration is needed to get more accurate results.

The calibration of the ultrasonic sensor is done by adding the temperature and humidity factors to determine the speed
of sound in the working area of the sensor [27], The sensor is strongly influenced by the type of medium and temperature
according to the principle of the speed of sound. The ambient temperature and humidity factor must be considered for
precise distance measurements. The formula for the speed of sound in air with temperature and humidity factors is shown
inEq. 3.

(3)
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Where C is the speed of sound. 331.4 speed of sound at 0QC and humidity 0%. T temperature. H relative humidity.
In this research, the medium is air with temperature and humidity, which the DHT22 sensor will detect to obtain a

value of the speed of sound suitable for ambient. The specification of temperature and humidity sensor is the operating
voltage is 3.5 to 5.5V in DC, the operating current while measuring is 0.3 mA and 60 uA while standby, the output of the
sensor is in the form of serial data, the temperature range is -40 to 80“ Celcius, and the accuracy is 0.5“ C and 1%, as shown
in Table 8. Choosing this type of sensor is because the level of accuracy in measuring temperature and humidity is enough to
be used in this project.

95

Table 8. Temperature and Humidity Sensor Specification
Temperature and Humidity Sensor (DHT22)
Operating Voltage
Operating Current
Output
Temperature Range -40
Resolution
Accuracy

3.5 5.5V DC
0.3 mA (measuring), 60 uA (standby)
Serial data

80“ Celcius
Temperature and Humidity both are 16-bit
0.5“ C and 1%

So that the measurement results by the ultrasonic sensor after calibration is shown in Table 9, according to the data
obtained, the actual fuel height is 20 cm, the measurement results with the height sensor after being calibrated have results
that are close to the actual fuel height such as from Sensorl is 21.33 cm, Sensor2 is 20.07 cm, and Sensor3 is 21.26 cm.

Table 9. Level Sensor Measurement After Calibration
X (cm) Deviation Sensor2 Deviation Sensor3

(cm)
Deviation
(cm)

Sensorl
(cm) (cm) (cm) (cm)

20.00
21.00
22.00
23.00
24.00

21.33
21.96
22.58
23.15
24.34

1.33 20.07
21.89
22.51
23.15
24.34

0.07 21.26
21.89
22.51
23.15
24.34

1.26
0.96 0.89 0.89
0.58 0.51 0.51
0.15 0.15 0.15
0.34 0.34 0.34

Flow Sensor Calibration
The flow sensor calibration process is done by measuring the volume of flow out per unit time. This process is carried

out using a measuring cup and a stopwatch. So, it can be seen the time it takes to discharge one liter of fuel. If there is a
difference in measurement between the flow sensor, level sensor, and actual volume, adding a calibration factor to the flow
sensor setting program is necessary. Based on the experimental results in Table 10, it is shown that the actual fuel volume
discharged from the tank for 60 seconds (1 minute) is 550 mL, but the measurement result by the flow sensor is 448 mL.
When the actual volume of fuel discharged from the tank is 750 mL, the time required is 83 seconds, while the measurement
result by the flow sensor is still 448 mL.

Table 10. Flow Sensor Measurement Result
Actual Volume (mL) Flow Sensor (mL)Time (second)

60 550 448
83 750 448

3.3. System Data Retrieval and Analysis

Data retrieval is done by operating a monitoring system model. Data is obtained in the system running, fuel volume in
both tanks, the volume of discharged fuel, and flow rate. Based on the data retrieved, as shown in Table 10, it is known that
there is a delay in the measurement time on each sensor, as well as in the subsequent data collection. The time delay that
occurs between the initial data and subsequent data is around 1-2 seconds. That is useful for stabilizing the performance of
the temperature and humidity sensors which function to calibrate the ultrasonic level sensor. The sensor level measurement
results indicate the tank's suitability in the tank with manual measurement. From Table 11, it can be seen that from the
volume measurement results, there is a fluctuation in the measurement results. That occurs due to movement in the tank
and causes the fuel in the tank to become dynamic. Besides that, the sensor level measurement is still quite accurate even
though it has a deviation. From the test results, can be seen in Table 9, the deviation occurs regularly at ±0.5 cm. So that the
deviation value cannot be a percentage because the farther the distance between the sensor and the fuel surface, with the
deviation mentioned before, the error will not be significant, and the distance measurement by the sensor is more accurate.
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Table 11. Data ofVolume of Fuel Discharged: 750 mL (0.75 liters)
No. Time Indicators No. Time Indicators

Volume 1: 0.91 liter
Volume 2: 1.36 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 0 mL

Volume 1: 0.64 liter
Volume 2: 0.74 liter
Flow rate: 2 L/min,
Output Liquid Quantity: 358

1. 08:10:07.940
08:10:07.940
08:10:07.974

21. 08:10:43.570
08:10:43.570
08:10:43.605

mL
Volume 1: 0.91 liter
Volume 2: 1.36 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 0 mL

Volume 1: 0.18 liter
Volume 2: 1.19 liter
Flow rate: 2 L/min,
Output Liquid Quantity: 381

2. 08:10:09.636
08:10:09.636
08:10:09.671

22. 08:10:45.349
08:10:45.382
08:10:45.382

mL
Volume 1: 1.05 liter
Volume 2: 1.38 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 0 mL

Volume 1: 0.79 liter
Volume 2: 1.04 liter
Flow rate: 2 L/min,
Output Liquid Quantity: 404

3. 08:10:11.328
08:10:11.361
08:10:11.361

23. 08:10:47.172
08:10:47.172
08:10:47.205

mL
Volume 1: 0.95 liter
Volume 2: 1.36 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 0 mL

Volume 1: 0.78 liter
Volume 2: 1.04 liter
Flow rate: 2 L/min,
Output Liquid Quantity: 428

4. 08:10:13.063
08:10:13.063
08:10:13.097

24. 08:10:48.961
08:10:48.996
08:10:48.996

mL
Volume 1: 0.90 liter
Volume 2: 1.36 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 0 mL

Volume 1: 0.47 liter
Volume 2: 0.72 liter
Flow rate: 1 L/min,
Output Liquid Quantity: 443

5. 08:10:14.750
08:10:14.785
08:10:14.785

25. 08:10:50.753
08:10:50.753
08:10:50.787

mL
Volume 1: 0.91 liter
Volume 2: 1.35 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 0 mL

Volume 1: 0.44 liter
Volume 2: 1.04 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 448

6. 08:10:16.457
08:10:16.493
08:10:16.493

26. 08:10:52.452
08:10:52.489
08:10:52.489

mL
Volume 1: 0.92 liter
Volume 2: 1.47 liter
Flow rate: 1 L/min,
Output Liquid Quantity: 15 mL

Volume 1: 0.64 liter
Volume 2: 1.04 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 448

7. 08:10:18.241
08:10:18.241
08:10:18.275

27. 08:10:54.172
08:10:54.206
08:10:54.206

mL
Volume 1: 1.09 liter
Volume 2: 1.14 liter
Flow rate: 2 L/min,
Output Liquid Quantity: 37 mL

Volume 1: 0.50 liter
Volume 2: 1.21 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 448

8. 08:10:20.067
08:10:20.067
08:10:20.102

28. 08:10:55.890
08:10:55.924
08:10:55.924

mL
Volume 1: 1.14 liter
Volume 2: 1.24 liter
Flow rate: 2 L/min,
Output Liquid Quantity: 62 mL

Volume 1: 0.49 liter
Volume 2: 1.04 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 448

9. 08:10:21.859
08:10:21.896
08:10:21.896

29. 08:10:57.602
08:10:57.636
08:10:57.636

mL
Volume 1: 0.81 liter
Volume 2: 1.24 liter
Flow rate: 2 L/min,
Output Liquid Quantity: 88 mL

Volume 1: 0.49 liter
Volume 2: 0.83 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 448

10. 08:10:23:668
08:10:23.702
08:10:23.702

30. 08:10:59.298
08:10:59.332
08:10:59.332

mL
Volume 1: 0.33 liter
Volume 2: 0.93 liter
Flow rate: 2 L/min,
Output Liquid Quantity: 113 mL

Volume 1: 0.47 liter
Volume 2: 0.98 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 448

11. 08:10:25.508
08:10:25.508
08:10:25.543

31. 08:11:01.017
08:11:01.051
08:11:01.051

mL
Volume 1: 0.87 liter
Volume 2: 1.35 liter
Flow rate: 2 L/min,
Output Liquid Quantity: 139 mL

Volume 1: 0.41 liter
Volume 2: 1.18 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 448

12. 08:10:27.295
08:10:27.331
08:10:27.331

32. 08:11:02.729
08:11:02.763
08:11:02.763

mL
Volume 1: 0.97 liter
Volume 2: 1.37 liter
Flow rate: 2 L/min,
Output Liquid Quantity: 164 mL

Volume 1: 0.49 liter
Volume 2: 1.06 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 448

13. 08:10:29.124
08:10:29.159
08:10:29.159

33. 08:11:04.439
08:11:04.474
08:11:04.474

mL
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Volume 1: 0.79 liter
Volume 2: 1.03 liter
Flow rate: 2 L/min,
Output Liquid Quantity: 189 mL
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Volume 1: 0.50 liter
Volume 2: 1.18 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 448

14. 08:10:30.940
08:10:30.940
08:10:30.974

34. 08:11:06.160
08:11:06.194
08:11:06.194

mL
Volume 1: 0.49 liter
Volume 2: 1.14 liter
Flow rate: 2 L/min,
Output Liquid Quantity: 214 mL

Volume 1: 0.46 liter
Volume 2: 0.98 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 448

15. 08:10:32.739
08:10:32.739
08:10:32.775

35. 08:11:07.869
08:11:07.907
08:11:07.907

mL
16. 08:10:34.544

08:10:34.544
08:10:34.578

Volume 1: 0.81 liter
Volume 2: 1.14 liter
Flow rate: 2 L/min,
Output Liquid Quantity: 239 mL

36. 08:11:09.588
08:11:09.588
08:11:09.625

Volume 1: 0.49 liter
Volume 2: 0.98 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 448
mL

Volume 1: 0.82 liter
Volume 2: 0.99 liter
Flow rate: 2 L/min,
Output Liquid Quantity: 262 mL

Volume 1: 0.46 liter
Volume 2: 0.99 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 448

17. 08:10:36.343
08:10:36.343
08:10:36.377

37. 08:11:11.319
08:11:11.319
08:11:11.319

mL
18. 08:10:38.166

08:10:38.166
08:10:38.200

Volume 1: 0.47 liter
Volume 2: 1.23 liter
Flow rate: 2 L/min,
Output Liquid Quantity: 287 mL

38. 08:11:13.023
08:11:13.023
08:11:13.060

Volume 1: 0.46 liter
Volume 2: 0.97 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 448
mL

19. 08:10:39.956
08:10:39.956
08:10:39.994

Volume 1: 0.44 liter
Volume 2: 1.22 liter
Flow rate: 2 L/min,
Output Liquid Quantity: 310 mL

39. 08:11:14.725
08:11:14.725
08:11:14.760

Volume 1: 0.49 liter
Volume 2: 1.19 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 448
mL
Volume 1: 0.49 liter
Volume 2: 1.19 liter
Flow rate: 0 L/min,
Output Liquid Quantity: 448

20. 08:10:41.743
08:10:41.780
08:10:41.780

Volume 1: 0.81 liter
Volume 2: 0.93 liter
Flow rate: 2 L/min,
Output Liquid Quantity: 335 mL

40. 08:11:16.435
08:11:16.469
08:11:16.469

mL

From the experiments that have been carried out, as shown in Table 11, the flow sensor has a weakness, which it cannot
measure very small flows (less than 1 liter/minute) which relies on ordinary gravitational force because with a minimum
flow rate is 1 liter/minute, the height of the fuel in the tank affects the ability of the flow sensor to work which causes the
flow sensor cannot carry out its duties at a certain height (lowest). The test results show that when the actual total volume
of fuel discharged is 750 mL, the result of flow sensor measurement is 448 mL. So that by only relying on the gravity force,
the flow sensor is very inaccurate. Then booster equipment is needed for the fuel, which is a pump.

3.4. Internet of Things Integration

The integration of the system with the internet is to make the measurement results by the system can be accessed in
real-time via the IoT website. The integration process between the system and the internet is by using the Wi-Fi module so
that the data received by Arduino will be sent to the Webserver so that the data can be accessed online by the user.

The IoT website that is used to monitor the online system is ThingSpeak. ThingSpeak is an IoT analytics platform service
that allows users to aggregate, visualize, and live data streams in the cloud. Users can send data to ThingSpeak from the
devices, create instant visualization of live data, and even send alerts.The data sent from Arduino to the website is the volume
of fuel in Tank 1, volume of fuel in Tank 2, volume of fuel discharged, and fuel flow rate.The interface of the online monitoring,
ThingSpeak website, shows measurement results, such as fuel volume on Tank 1 (Supply Tank Volume), fuel volume on Tank
2 (Operation Tank Volume), fuel volume discharged (Total Drain), and fuel flow rate in graphic form, can be seen in Figure 7.
The data displayed on the graph is as much as 38 data from 40 data as in the experimental data, shown in Table 11. In the
chart in Figure 7, both for Supply Tank Volume and Operation Tank Volume, there is a volume and time amount because the
data obtained is volume data in liters, and the data collection time can be seen when accessing the channel on the website
by pointing to the dot on the chart. That also applies to the chart of the Flow Rate and the total volume of fuel drained. In the
chart of Supply Tank Volume and Operation Tank Volume, it can be seen that there are fluctuations in the measurement data,
as explained in the System Data Retrieval and Analysis section. In the Flow Rate chart display, the chart looks flat because
the changes are not significant. In the Total Drain chart display, it can be seen that there is an increase in volume, as indicated
by an increase in the chart.
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Channel Stats
Created: 21d.ays.agQ

Last entry: a.day.agQ
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Field 1 Chart [E

Supply Tank Volume
15

10

i-
5

0
Minute

ThingSpaalccom

Field 2 Chart

Operation Tank Volume
10

S 5~

0
Minute

ThingSp*ak.com

Field 3 Chart

Flow Rate
30

20

g
-

10

0
Minute

ThmgSp*ak.com

Field 4 Chart

Total Drain
100

£ 50

0
Minute

ThingSp*ak.com

Figure 7. IoT Website for Online Monitoring Interface
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This research can contribute to the academic world by providing insight into how the system works and calibrating the
sensors used. This research requires system improvements, such as automatic controls and an increase in measurement
accuracy by sensors. The system can be developed on an industrial scale, especially in the maritime industry.

99

4. Conclusion

Based on the results, it is known that the Arduino microcontroller can be used as an automatic fuel monitoring tool. The
ultrasonic level sensor connected to Arduino can automatically measure the volume of fuel in the tank. Flow sensor
connected to the Arduino is used to measure the volume of discharged fuel and fuel flow rate. The measurement results from
these sensors will be displayed via the LCD installed on the system and sent to the IoT Cloud on the website using the Wi-Fi
module. Based on the results of data collection, it is known that the measurement results of the level sensor are quite accurate
with deviation ±0.5 cm, while the measurement results of flow sensors still have a large difference because the flow of fuel
less than 1 liter/minute is not measured by the flow sensor. Based on the experimental results, the actual fuel volume
discharged is 750 mL, while the fuel volume measured by the flow sensor is only 448 mL.

Acknowledgements

The authors would like to thank the members of the Digital Marine Operation and Maintenance Laboratory at Institut
Teknologi Sepuluh Nopember for their support and assistance.

References

m M. Stopford, Maritime Economics 3e, 3rd ed. New York: Routledge, 2009.
[2] I. Rojon and T. Smith, On the attitudes and opportunities of fuel consumption monitoring and measurement within

the shipping industry and the identification and validation of energy efficiency and performance interventions,
London, 2014.

[3] K. K. Patel, S. M. Patel, and P. G. Scholar, Internet of Things-IOT: Definition, Characteristics, Architecture, Enabling
Technologies, Application Samp; Future Challenges, International Journal of Engineering Science and Computing,
vol. 6, no. 5, 2016. doi: 10.4010/2016.1482

[4] C. Capezza, S. Coleman, A. Lepore, B. Palumbo, and L. Vitiello, Ship fuel consumption monitoring and fault detection
via partial least squares and control charts of navigation data, Transportation Research Part D: Transport and
Environment, vol. 67, no. December 2018, pp. 375 387, 2019. doi: 10.1016/j.trd.2018.11.009

[5] A. Hakimelahi, K. V. K. Rao, S. L. Dhingra, and S. Borzooei, Fuel Consumption Monitoring for Travel Demand
Modeling, Transportation Research Procedia, vol. 17, no. December 2014, pp. 703 712, 2016. doi:
10.1016/j.trpro.2016.11.127

[6] A. T. A. Wijaya, I. M. Ariana, D. W. Handani, and H. N. Abdillah, Fuel Oil Consumption Monitoring and Predicting Gas
Emission Based on Ship Performance using Automatic Identification System (AISITS) Data, IOP Conference Series:
Earth and Environmental Science, vol. 557, no. 1, 2020. doi: 10.1088/1755-1315/557/1/012017

[7] T. Pitana, E. Kobayashi, and N. Wakabayashi, Estimation of exhaust emissions of marine traffic using Automatic
Identification System data (Case Study: Madura Strait area, Indonesia), Ocean. IEEE Sydney, Ocean. 2010, no. x, 2010.
doi: 10.1109/OCEANSSYD.2010.5603866

[8] S. Ni eti , P. oli , D. Lopez-de-Ipina Gonzalez-de-Artaza, and L. Patrono, Internet of Things (IoT): Opportunities,
issues and challenges towards a smart and sustainable future Journal of Cleaner Production, vol. 274, 2020. doi:
10.1016/j.jclepro.2020.122877

[9] P. Osterrieder, L. Budde, and T. Friedli, The smart factory as a key construct of industry 4.0: A systematic literature
review, International Journal of Production Economics, vol. 221, 2020. doi: 10.1016/j.ijpe.2019.08.011

[10] G. Sivanageswara Rao, K. Raviteja, G. Phanindra, and D. Vignesh, Analysis of internet of things concept for the
application of smart cities, International Journal of Advanced Science and Technology, vol. 29, no. 3, 2020.

[11] M. M. Martin-Lopo, J. Boal, and A. Sanchez-Miralles, A literature review of IoT energy platforms aimed at end users,
Computer Networks, vol. 171, 2020. doi: 10.1016/j.comnet.2020.107101

[12] A. Villa-Henriksen, G. T. C. Edwards, L. A. Pesonen, O. Green, and C. A. G. Sorensen, Internet of Things in arable
farming: Implementation, applications, challenges and potential, Biosystems Engineering, vol. 191. 2020. doi:
10.1016/j.biosystemseng.2019.12.013

[13] N. Voca and B. Ribic, Biofuel production and utilization through smart and sustainable biowaste management,

Journal of Cleaner Production, vol. 259, 2020. doi: 10.1016/j.jclepro.2020.120742
[14] B. Farahani, M. Barzegari, F. Shams Aliee, and K. A. Shaik, Towards collaborative intelligent IoT eHealth: From device

to fog, and cloud, Microprocessors and Microsystems, vol. 72, 2020. doi: 10.1016/j.micpro.2019.102938
[15] S. Porru, F. E. Misso, F. E. Pani, and C. Repetto, Smart mobility and public transport: Opportunities and challenges in

rural and urban areas, Journal of Traffic and Transportation Engineering (English Edition), vol. 7, no. 1. 2020. doi:
10.1016/j.jtte.2019.10.002

[16] Y. Li, M. Gao, L. Yang, C. Zhang, B. Zhang, and X. Zhao, Design of and research on industrial measuring devices based
on Internet of Things technology, Ad Hoc Networks, vol. 102, 2020. doi: 10.1016/j.adhoc.2020.102072

[17] A. Janik, A. Ryszko, and M. Szafraniec, Scientific landscape of smart and sustainable cities literature: A bibliometric
analysis, Sustainability , vol. 12, no. 3, 2020. doi: 10.3390/sul2030779

https://ijesc.org/upload/8e9af2eca2e1119b895544fd60c3b857.Internet%20of%20Things-IOT%20Definition,%20Characteristics,%20Architecture,%20Enabling%20Technologies,%20Application%20&%20Future%20Challenges.pdf
https://www.sciencedirect.com/science/article/abs/pii/S1361920918307004?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352146516307426
https://iopscience.iop.org/article/10.1088/1755-1315/557/1/012017/pdf
https://ieeexplore.ieee.org/abstract/document/5603866
https://www.sciencedirect.com/science/article/abs/pii/S095965262032922X
https://www.sciencedirect.com/science/article/abs/pii/S0925527319302865
https://www.sciencedirect.com/science/article/abs/pii/S138912861931271X
https://www.sciencedirect.com/science/article/pii/S1537511020300039
https://www.sciencedirect.com/science/article/abs/pii/S0959652620307897
https://www.sciencedirect.com/science/article/abs/pii/S0141933119303928
https://www.sciencedirect.com/science/article/pii/S2095756419301898
https://www.sciencedirect.com/science/article/abs/pii/S1570870519310911
https://www.mdpi.com/2071-1050/12/3/779


 

“ ”

“ ”

“

”

“ ”

“ ”

“ ” 

“ ”

“

”  
“

” –

“ ‘ ’”

Kapal: Jurnal Ilmu Pengetahuan danTeknologi Kelautan, 18 (2) (2021):88-100

[18] Y. Xin and F. Tao, Developing climate-smart agricultural systems in the North China Plain, Agriculture, Ecosystems
& Environment, vol. 291, 2020. doi: 10.1016/j.agee.2019.106791

[19] K. Dhana Shree, B. Janani, R. Reenadevi, and R. Rajesh, Garbage monitoring system using smart bins, International

Journal Of Scientific & Technology Research, vol. 8, no. 11, 2019.
[20] A. Papa, M. Mital, P. Pisano, and M. Del Giudice, E-health and wellbeing monitoring using smart healthcare devices:

An empirical investigation, Technological Forecasting and Social Change, vol. 153, 2020. doi:
10.1016/j.techfore.2018.02.018

[21] M. Rishav, R. Maity, D. Ghosh, V. N. Ganesh, and Sivakumar, Internet of thing based smart power grid for smart city,
International Journal of Recent Technology and Engineering., vol. 8, no. 1 Special Issue 4, 2019.

[22] A. Chugh, C. Jain, and V. P. Mishra, IoT-Based Multifunctional Smart Toy Car, in Lecture Notes in Networks and
Systems, vol. 103, 2020. doi: 10.1007/978-981-15-2043-3_50

[23] C. Babu and V. Prakash, Real Time Tracking and Fuel Monitoring of Truck using IoT, International Journal of Pure
and Applied Mathematics, vol. 120, no. 6, 2018.

[24] S. Geetha and D. Cicilia, IoT enabled intelligent bus transportation system, in Proceedings of the 2nd International
Conference on Communication and Electronics Systems, ICCES 2017, 2018.

[25] P. Fraga-Lamas, T. M. Fernandez-Carames, and L. Castedo, Towards the internet of smart trains: A review on industrial
IoT-connected railways, Sensors (Switzerland), vol. 17, no. 6, 2017. doi: 10.3390/sl7061457

[26] A. Ansori, Studi Pemanfaatan Internet of Things dan Data Mining untuk Pengawasan Bahan Bakar Minyak (Studi
Kasus: Perusahaan Pelayaran Penumpang Nasional), WaveJurnal IlmiahTeknologi Maritim, vol. 12, no. 1, pp. 31 42,
2018. doi: 10.29122/jurnalwave.vl2il.2915

[27] Z. M. L. Ansari, Design and control of compact legged-wheeled robot Spicar, . Thesis. Birmingham City University,
2017.

100

https://www.sciencedirect.com/science/article/abs/pii/S0167880919304086
https://www.sciencedirect.com/science/article/abs/pii/S0040162517312696
https://link.springer.com/chapter/10.1007/978-981-15-2043-3_50
https://www.mdpi.com/1424-8220/17/6/1457
https://ejurnal.bppt.go.id/index.php/jurnalwave/article/view/2915

	Real-Time Fuel Consumption Monitoring System Integrated With Internet Of Things
	1. Introduction
	2. Methods
	2.1. System Design
	2.2. Microcontroller Concept on The System
	2.3. Electronic and Microcontroller Specification
	2.4. Fuel Consumption Monitoring System Model

	3. Results And Discussion
	3.1. How The System Work
	3.2. Sensor Calibration
	3.3. System Data Retrieval and Analysis
	3.4. Internet of Things Integration

	4. Conclusion
	Acknowledgements
	References

