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KEYWORDS ABSTRACT - The operational safety of ship engines is a vital aspect of the maritime

Internet of Things; industry. A major risk threatening vessel safety is fire caused by engine overheating. To

Ship Engine; mitigate this risk, a real-time temperature monitoring system capable of providing early

Temperature warnings when temperatures reach dangerous thresholds is required. This research aims

?{407{1”0’ mns; to design an Internet of Things (IoT)-based temperature monitoring system that tracks

TI; spe ; ship engine temperatures in real-time and transmits data to users via the Blynk IoT
ermocouple,

application. The system utilizes a K-type thermocouple temperature sensor connected
to a MAX6675 module for accurate temperature readings. The sensor is interfaced with
an Arduino Uno microcontroller, which transmits temperature data via serial
communication to a NodeMCU ESP8266. The NodeMCU acts as the transmitter,
sending data to the Blynk Cloud platform over a Wi-Fi connection. Additionally, the
system features an 12C LCD to display real-time temperature readings and a buzzer to
provide an audible alert if the temperature exceeds the set threshold. Test results
demonstrate that the system effectively monitors ship engine temperatures in real-time,
triggers a buzzer alert during overheating events, and consistently transmits temperature
data to the Blynk application. Consequently, this system enhances vessel operational
safety by effectively providing temperature information and early warnings to the crew.

Early Warning System.
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INTRODUCTION

The engine room is one of the most important areas in ship operations because it contains the main engine,
power generation equipment, and various mechanical systems that support ship operations [1]. The ship engine
functions as a power-generating unit, either as a main engine or an auxiliary engine, and operates at high
intensity during ship operation [1][2]. The operation of various equipment in the engine room generates heat,
which may cause an increase in temperature within the engine room [3]. Uncontrolled temperature, humidity,
and air pressure conditions can affect the performance and service life of equipment installed in the engine room
[4]. Therefore, monitoring the environmental conditions of the engine room is essential to maintain the safety
and reliability of ship operations [1][4].

Temperature is one of the important parameters that must be considered during ship engine operation
because an increase in temperature may indicate a malfunction in the engine system [5]. Continuous operation
at excessively high temperatures can reduce engine performance and shorten the service life of engine
components [5][6]. Monitoring temperature, humidity, and air circulation in the engine room is necessary to
help maintain proper engine operating conditions. In addition, based on the provisions stated in the report, the
engine room environmental temperature needs to be maintained below the specified limit to support crew
comfort and occupational safety [7]. Therefore, temperature monitoring is an important aspect of preventing
overheating conditions in ship engines [S][6].

The operating temperature of the main engine also has a specific range that needs to be considered during
ship operation. The normal operating temperature of the main engine generally ranges from 50°C to 60°C and
can rise to approximately 80°C under overheating conditions [8]. Based on the information provided in the
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manual book used in the report, the cooling-water temperature during sailing is in the range of 60—70°C,
indicating that the cooling system is operating under optimal conditions [9]. An extreme increase in temperature
may indicate a malfunction in the cooling system that requires immediate attention. Therefore, a system capable
of continuously measuring temperature is required so that changes in engine conditions can be detected at an
early stage [10].

Ship accidents are one of the risks that can have significant consequences for crew safety, material losses,
and shipping operations[11]. One of these risks is overheating in the engine area due to uncontrolled temperature
increases or malfunctions in the cooling system [11]. On May 29, 2021, a fire occurred on the passenger ship
Karya Indah while sailing from Ternate to Sanana, North Maluku, which, according to the report, was associated
with a delay in detecting the fire in the engine room[12]. Furthermore, on September 24, 2024, a fire occurred
on the tugboat Dwi Randa in the waters of Lubuk Ruso, which, according to the report, was associated with
engine overheating [13]. These incidents demonstrate that delays in detecting temperature increases may
increase the risk of engine damage and fire [11][13].

Conventional monitoring systems generally rely on direct inspections by ship crews, meaning that
information regarding temperature changes cannot always be obtained continuously [14]. Periodic inspections
also have limitations because temperature increases may occur rapidly when a malfunction occurs in the engine
[15]. The application of Internet of Things (I0T) technology can provide a solution by enabling automatic and
real-time temperature monitoring. In this study, a Thermocouple sensor is used to detect engine temperature,
while an Arduino Uno processes the data and transmits it to a NodeMCU ESP8266 through serial
communication [14]. The temperature data are subsequently transmitted through an Internet connection to the
Blynk platform, allowing users to monitor the engine temperature through a smartphone.

In addition to functioning as a monitoring system, the developed system is equipped with a warning
mechanism using a buzzer when the temperature reaches the predetermined threshold. The integration of a
Thermocouple, Arduino Uno, NodeMCU ESP8266, LCD, buzzer, and Blynk enables temperature data to be
displayed locally and transmitted remotely. Through this system, changes in temperature can be detected more
rapidly, allowing users to take appropriate action before the engine reaches a more hazardous condition. The
implementation of an loT-based monitoring system is expected to improve the operational safety of ship engines
through continuous temperature monitoring and early warning [15]. Based on these problems, this study aims
to design an loT-based hot-temperature monitoring system as an early fire warning system for ship engines that
can be accessed in real time.

MATERIAL AND METHODS

This study employed an experimental design to develop and evaluate an Internet of Things (IoT)-based
temperature monitoring system for ship engines.
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The research stages consisted of literature review, system design, hardware assembly, software
development, component testing, sensor calibration, installation of the temperature sensor on the ship engine,
data acquisition, and data analysis [16]. The experimental approach was used to evaluate the capability of the
developed system to measure engine temperature, display measurement results locally, transmit data wirelessly,
and provide an early warning when the measured temperature exceeds the programmed threshold. The research
workflow was designed to ensure that each stage was completed sequentially before the system was tested under
actual engine operating conditions.

System Configuration

The developed monitoring system was designed as an integrated hardware and software system consisting of
a K-type Thermocouple, MAX6675 thermocouple interface module, Arduino Uno, NodeMCU ESP8266, LCD
16x2, buzzer, power supply, and Blynk IoT platform. The Thermocouple detects the temperature of the ship
engine, while the MAX6675 converts the thermocouple signal into temperature data that can be processed by the
Arduino Uno [17]. The Arduino Uno functions as the primary microcontroller for acquiring sensor data and
controlling the local display and alarm. The measured temperature is subsequently transmitted through serial
communication to the NodeMCU ESP8266, which forwards the data to the Blynk Cloud through a Wi-Fi
connection for remote monitoring [18].

The system also incorporates two output mechanisms. The LCD 16x2 provides local temperature information,
whereas the buzzer functions as an audible warning when the measured temperature reaches or exceeds the
programmed threshold. Thus, the system provides both local and remote monitoring capabilities. The system
architecture used in this study is shown in Figure 2.

Input Proses Output
ARDUINOUMNO > NODEMCU > BLYNK
ESPE266
F 3 F 3
Y
Sensor Adaptor 12V Modem Wifi User

Figure 2. Configuration of the loT-based Ship Engine Temperature Monitoring System.

Figure 2 shows the data flow within the proposed system. The thermocouple functions as the temperature
sensing element, while the Arduino Uno processes the sensor output and provides the temperature information to
the LCD and NodeMCU. The NodeMCU ESP8266 serves as the communication interface between the local
monitoring system and the Blynk cloud platform [19]. This architecture enables the temperature to be observed
locally through the LCD and remotely through a smartphone connected to the Blynk application. The warning
mechanism is implemented by comparing the measured temperature with a predetermined threshold. When the
measured temperature reaches or exceeds the programmed threshold, the Arduino activates the buzzer as an
audible warning. This configuration provides two forms of information, namely local visual information through
the LCD and remote information through the IoT platform.

Hardware Configuration

The prototype was assembled using a K-type Thermocouple connected to a MAX6675 module as the
temperature sensing unit. An Arduino Uno was used as the main processing unit, while the NodeMCU ESP8266
served as the wireless communication module. A 16x2 [12C LCD was used to display the measured temperature
locally, and a buzzer was incorporated as an audible warning indicator [20]. The prototype was assembled using
a breadboard, jumper wires, and a 12 V adapter as the power source. The main hardware components used in the
study are summarized in Table 1.
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Table 1. Main hardware components and their functions

Component Function
K-type Thermocouple =~ Measures the temperature of the ship engine
MAXG6675 Interfaces the Thermocouple with the Arduino Uno
Arduino Uno Processes temperature data and controls the local outputs
NodeMCU ESP8266 Transmits temperature data through Wi-Fi
LCD 16x2 12C Displays temperature locally
Buzzer Provides an audible warning
Breadboard Supports temporary circuit assembly
Jumper wires Provides electrical connections between components
12 V adapter Provides electrical power to the prototype
Blynk IoT Provides remote temperature monitoring

Table 1 indicates that the system is divided into five main functional groups: sensing, processing,
communication, visualization, and warning. The thermocouple and MAX6675 module perform the sensing
function, while the Arduino Uno performs the primary data-processing function. The NodeMCU ESP8266
provides wireless connectivity, whereas the LCD and buzzer provide local visual and audible outputs,
respectively.

The physical arrangement of the components is shown in Figure 3.

Figure 3. Prototype components of the ship engine temperature monitoring system.

Figure 3 illustrates the hardware components used to construct the prototype. For the journal article, the
original photograph may be retained, but it is recommended that unnecessary background areas be cropped and
the image resolution be improved so that each component can be identified clearly.

Hardware Interconnection

The hardware interconnection was designed to establish communication between the temperature sensor,
Arduino Uno, LCD, NodeMCU ESP8266, and buzzer. The K-type thermocouple is connected to the MAX6675
interface, which communicates with the Arduino Uno through an SPI-based connection. The LCD communicates
with the Arduino Uno through the 12C interface, while the NodeMCU receives temperature data from the Arduino
Uno through serial communication. The buzzer is connected to a digital output of the Arduino Uno and functions
as the local warning device.
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The complete wiring configuration is presented in Figure 4.

X

Figure 4. Wiring Configuration of the Temperature Monitoring System.
The main connections used in the prototype are summarized in Table 2.

Table 2. Main Electrical Connections between the System Components

Component Pin Arduino Uno
MAX6675 GND GND
MAX6675 vCC 5V
MAX6675 SCK D6
MAX6675 CS D5
MAX6675 SO/DO D4
LCD I2C VvCC 5V
LCD I2C GND GND
LCD I2C SDA A4
LCD 12C SCL A5
NodeMCU RX DS
NodeMCU GND GND
NodeMCU 33V 33V
Buzzer Positive D9

Buzzer Negative GND

The thermocouple interface uses digital pins D4, D5, and D6 of the Arduino Uno for temperature data
communication, while the LCD uses the I2C interface through pins A4 and AS5. The NodeMCU receives serial
data through its RX connection, and the buzzer is controlled through digital pin D9. These connections correspond
to the wiring configuration documented in the experimental setup.

Software and IoT Integration

The software component was developed using the Arduino IDE for programming the Arduino Uno and
NodeMCU ESP8266. The Arduino Uno program is responsible for reading the thermocouple measurement,
processing the temperature value, displaying the result on the LCD, transmitting the data to the NodeMCU, and
controlling the buzzer. The NodeMCU program receives the temperature data through serial communication and
transmits the data to the Blynk IoT platform through a Wi-Fi connection. The Blynk interface was developed to
provide remote access to the temperature data through a smartphone. The final monitoring interface is shown in
Figure 5.
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Figure 5. Blynk interface for remote monitoring of ship engine temperature.

Figure 5 demonstrates the remote monitoring function of the developed system. The temperature value
measured by the thermocouple is transferred from the Arduino Uno to the NodeMCU and subsequently
transmitted to the Blynk platform. This configuration enables the temperature condition of the engine to be
monitored remotely without requiring direct access to the prototype.

Sensor Installation and Measurement Procedure

The temperature sensor was installed on the ship engine at a location considered representative of the
monitored thermal condition. The installation position was selected by considering accessibility, proximity to the
engine heat source, equipment safety, sensor positioning, and the communication connection between the Arduino
Uno and NodeMCU. The objective was to obtain temperature measurements from the engine while maintaining
the operational condition of the monitoring equipment.

The installation of the monitoring device on the ship engine is presented in Figure 6.

Figure 6. Installation of the temperature monitoring system on the ship engine.

Figure 6 shows the placement of the monitoring system in the engine area. The sensor was positioned at a
location where temperature changes could be detected while allowing the electronic components and
communication module to remain appropriately positioned. The installation arrangement was intended to facilitate
temperature observation while maintaining the operational accessibility of the system. The measurement
procedure was subsequently performed under actual engine operating conditions. Temperature data were collected
and displayed locally on the LCD, while the NodeMCU transmitted the data to the Blynk platform for remote
observation.

Sensor Calibration

Sensor calibration was performed to evaluate the measurement agreement between the developed
thermocouple system and a reference temperature-measuring instrument. A Thermogun thermometer was used as
the comparison instrument. The calibration was conducted for approximately 10 min with measurements taken at
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30-s intervals, resulting in 20 paired temperature observations. The calibration procedure and comparison
instrument are documented in the original report.
The measurement error for each observation was calculated using:

Trci — Trey,i

E; = X 100% (1)

Tre fi
where E; is the percentage error at observation i ,T7¢ ; is the temperature measured by the thermocouple system,

and T is the temperature measured by the reference thermometer.
The mean absolute percentage error (MAPE) was calculated as:

n
1
MAPE = HZ E, ?)
i=1

where n represents the total number of calibration observations.

Table 3. Calibration results of the thermocouple temperature sensor

Thermocouple Thermogun Error

No. Time ©C) °C) (%)
1 14:00:30 38 40 5.0
2 14:01:00 40 41 2.4
3 14:01:30 42 43 2.3
4 14:02:00 44 45 2.2
5 14:02:30 46 48 4.2
18 14:09:00 70 71 1.4
19 14:09:30 71 72 1.4
20 14:10:00 72 72 0.0

The calibration results show that the thermocouple measurements followed the reference thermometer
measurements with relatively small deviations. The reported errors ranged from 0% to 5.0%, indicating that the
sensor was capable of providing temperature measurements with reasonable agreement with the reference
instrument over the tested temperature range. Based on the 20 observations, the average absolute percentage error
was approximately 2.54%. The calibration procedure therefore provides an experimental basis for using the
thermocouple as the temperature sensing element in the subsequent ship-engine monitoring test.

System Performance Testing

Following calibration, the complete monitoring system was tested to evaluate the integration of the sensing,
processing, display, communication, and warning functions. The testing consisted of component-level verification
and integrated system testing. At the component level, the Arduino Uno, NodeMCU ESP8266, LCD, and
thermocouple were checked to ensure that each component could operate according to its intended function. The
original test results indicated that these components operated properly. The integrated system was subsequently
operated to measure the temperature of the ship engine. The measured temperature was displayed on the LCD and
transmitted through the NodeMCU to the Blynk platform. The buzzer was configured to operate when the
measured temperature reached or exceeded the programmed threshold. The component-level testing results are
summarized in Table 4.

Table 4. Component-level functional testing

Component Test result Functional status
Arduino Uno Program executed properly Good
NodeMCU ESP8266 Program executed properly Good
LCD Display operated properly Good
Thermocouple Temperature data detected Good
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Table 4 indicates that the main electronic components were operational before the complete system was
deployed. This preliminary verification was important to minimize the possibility that an individual component
failure would affect the interpretation of the integrated monitoring results.

Field Data Acquisition

Field measurements were conducted on the ship engine to observe temperature variation during operation.
Temperature data were collected continuously and recorded at one-minute intervals during the monitoring period.
The measured values were displayed locally through the LCD and transmitted to the Blynk application through
the NodeMCU ESP8266. The field measurement data were subsequently analyzed descriptively by determining
the observed temperature range and identifying changes in temperature during different engine operating
conditions. The data were also used to evaluate whether the developed system was capable of continuously
monitoring engine temperature and transmitting the measurement results to the remote monitoring platform.

Data Analysis

The measurement data obtained from the calibration and field testing stages were analyzed quantitatively to
evaluate the measurement performance and monitoring capability of the developed system. The calibration data
were analyzed by comparing the temperature measured by the K-type thermocouple with the temperature obtained
from the Thermogun reference instrument. The measurement error for each observation was calculated as the
absolute percentage difference between the thermocouple and reference temperature values, while the Mean
Absolute Percentage Error (MAPE) was used to determine the overall measurement error across all calibration
observations. This analysis was used to assess the degree of agreement between the developed temperature
measurement system and the reference instrument.

The field measurement data were analyzed using descriptive analysis to characterize the temperature variation
of the ship engine during operation. The minimum, maximum, and observed temperature trends were determined
from the recorded measurements, while changes in temperature were examined in relation to the operating
condition of the engine. In addition, the functionality of the IoT communication system was evaluated by
observing the transmission of temperature data from the Arduino Uno through the NodeMCU ESP8266 to the
Blynk platform. The analysis was therefore focused on two main performance aspects, measurement accuracy of
the thermocouple system and functional capability of the IoT-based monitoring system. The results of these
analyses were subsequently used to determine the feasibility of the developed system for real-time ship engine
temperature monitoring and early warning applications.

RESULTS AND DISCUSSION
Prototype Implementation and System Functionality

The developed monitoring system integrates a K-type thermocouple with a MAX6675 module, Arduino Uno,
NodeMCU ESP8266, LCD 16x%2, and buzzer as the main hardware components. The Arduino Uno functions as
the primary controller for acquiring temperature data from the thermocouple, while the NodeMCU ESP8266
transfers the measured temperature data to the Blynk IoT platform through a wireless network. The LCD provides
local temperature information, whereas the buzzer is configured as an audible warning when the measured
temperature reaches the predefined threshold. The assembled prototype and its components are shown in Figure
7.

Figure 7. Prototype of the IoT-based ship engine temperature monitoring system.
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The prototype demonstrates the integration of the sensing, processing, local display, communication, and
warning functions within a single monitoring system. The component test reported in the thesis showed that the
Arduino Uno, NodeMCU ESP8266, LCD, and thermocouple operated properly during preliminary testing. This
result indicates that the individual hardware components were able to perform their intended functions before the
system was installed for field measurement. The system architecture also provides two monitoring paths.
Temperature information can be observed directly through the LCD near the engine, while the same information
is transmitted through the NodeMCU ESP8266 to the Blynk platform for remote observation. This dual-
monitoring approach is useful because local monitoring remains available when remote communication is
interrupted, while the 10T interface allows temperature information to be accessed without continuous physical
inspection of the engine area. The role of the LCD as a local interface and the NodeMCU as a wireless data
transmitter is consistent with the system configuration described in the thesis.

Sensor Calibration Results

The calibration results are shown in Table 5.

Table 5. Thermocouple Calibration Results
No. Time Thermocouple (°C)  Thermogun (°C)  Error (%)

1 14:00:30 38 40 5.0
2 14:01:00 40 41 24
3 14:01:30 42 43 23
4 14:02:00 44 45 2.2
5 14:02:30 46 48 4.2
6 14:03:00 48 49 2.0
7 14:03:30 50 52 3.8
8 14:04:00 51 53 3.8
9 14:04:30 53 55 3.6
10 14:05:00 55 56 1.8
11 14:05:30 57 58 1.7
12 14:06:00 59 60 1.7
13 14:06:30 61 62 1.6
14 14:07:00 63 65 3.1
15 14:07:30 65 67 3.0
16 14:08:00 67 69 2.9
17 14:08:30 68 70 2.9
18 14:09:00 70 71 1.4
19 14:09:30 71 72 1.4
20 14:10:00 72 72 0.0

The calibration results show that the thermocouple measurement followed the reference thermometer
consistently. The lowest measurement error was 0%, while the highest error was 5.0%. Based on the 20
measurement points, the average measurement error was approximately 2.54%. The relatively small difference
between the thermocouple and reference measurements indicates that the developed sensor provided consistent
temperature readings within the tested range. The largest difference occurred at the beginning of the measurement,
where the thermocouple recorded 38 °C while the reference thermometer recorded 40 °C. At the final
measurement point, both instruments recorded 72 °C, resulting in an error of 0%. The calibration result supports
the use of the thermocouple as the temperature sensing element in the proposed monitoring system. However, the
result represents the performance of the prototype under the tested conditions and should not be interpreted as a
general accuracy specification for all thermocouple installations.

Temperature Monitoring During Engine Operation

The monitoring test was conducted for approximately one hour on 22 May 2025. The recorded temperature
changed according to the operating condition of the engine.

301 Open Access: https://journal.itk.ac.id/index.php/ismatech



Suardi et al. | Indonesian Journal of maritime Technology | Vol. 04, Issue 02 (2026)

Table 6. Ship Engine Temperature Monitoring Results

No. Time Temperature (°C)
1 14:00 64
2 14:05 61
3 14:10 58
4 14:15 62
5 14:20 66
6 14:25 56
7 14:30 53
8 14:35 48
9 14:40 53
10 14:45 55
11 14:50 46
12 14:55 52
13 14:59 56

The complete measurement dataset contained 60 one-minute observations. The temperature initially reached
64 °C and increased to a maximum of approximately 67 °C around 14:18—14:19. After that period, the temperature
gradually decreased to approximately 52—53 °C before increasing again toward the end of the observation period.
The complete dataset indicates that the temperature was dynamic during engine operation rather than remaining
constant. This variation demonstrates the importance of continuous monitoring because the temperature changed
according to the operating condition of the engine. The highest value observed in the one-hour dataset was 67 °C,
while the report also recorded a maximum temperature of 72 °C during the broader measurement/test sequence.

Temperature Characteristics Under Different Engine Conditions

The temperature measurements demonstrated a clear variation in response to different ship-engine operating
conditions, with the thermocouple recording approximately 32—-38 °C when the engine was not operating and 45—
57 °C under light to moderate operation. Under the optimal operating condition observed in the field test, the
temperature increased to approximately 67 °C, indicating that the sensor was able to detect thermal changes
associated with engine operation. The broader measurement sequence used during the experimental evaluation
recorded a maximum temperature of 72 °C, which was obtained during the calibration test and therefore represents
a different measurement condition from the one-hour field dataset. The increase in temperature with engine
operation indicates that the developed sensing system was responsive to changes in the thermal condition of the
engine and can be used to identify temperature trends during operation.

IoT-Based Temperature Monitoring Performance

The ToT monitoring test demonstrated that the temperature data measured by the thermocouple could be
transmitted from the Arduino Uno to the NodeMCU ESP8266 and subsequently displayed through the Blynk
platform. During operation, the measured temperature was processed by the Arduino Uno and transferred through
serial communication before being forwarded by the NodeMCU to the Blynk Cloud using a Wi-Fi connection.
The Blynk interface enabled the measured temperature to be observed remotely, providing an additional
monitoring capability without requiring the operator to remain directly beside the engine. The successful
transmission and visualization of the temperature data indicate that the developed IoT architecture was able to
integrate local temperature measurement with remote monitoring functionality. Therefore, the system can support
early identification of temperature changes in the ship-engine environment by providing accessible temperature
information to the operator during operation.

Early Warning Function

The buzzer was programmed to activate when the measured temperature reached the predetermined threshold
of 100 °C. This function was designed to provide an immediate local warning when an extreme temperature
condition occurred.
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The alarm logic can be expressed as:
T <100°C — Buzzer OFF
T =100°C —» Buzzer ON

During the recorded operational test, the maximum observed engine temperature was below the programmed
100 °C threshold. Therefore, the temperature monitoring data primarily demonstrated the sensing and transmission
functions rather than a real overheating event at the alarm threshold. This distinction is important. The prototype
successfully implements the alarm mechanism, but the field measurements reported in the study did not represent
an actual fire or extreme overheating condition. Consequently, the system should be regarded as an early-warning
prototype rather than a complete certified marine fire-detection system.

CONCLUSION

The IoT-based ship-engine temperature monitoring system was successfully developed using a K-type
thermocouple integrated with a MAX6675 module, Arduino Uno, NodeMCU ESP8266, LCD, buzzer, and Blynk
platform. The calibration results showed an average absolute percentage error of 2.54%, with the thermocouple
measurement reaching a maximum recorded temperature of 72 °C, indicating satisfactory agreement with the
Thermogun reference measurements. During the one-hour field measurement, the system successfully recorded
temperature variations from 48 to 67 °C, with the highest temperature occurring during the higher engine operating
condition. The developed system also successfully transmitted temperature data from the Arduino Uno through
the NodeMCU ESP8266 to the Blynk platform, while the LCD provided local temperature information for on-
site monitoring. Overall, the developed system demonstrates the feasibility of combining thermocouple-based
temperature measurement with IoT communication to support continuous ship-engine temperature monitoring
and provide an early warning function for potentially excessive thermal conditions.
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