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ABSTRACT

This research aims to develop an IoT-based ship
engine performance monitoring system to
enhance operational efficiency in marine vessels.
The study introduces a real-time monitoring
prototype integrating sensors, microcontrollers,
and cloud-based data visualization. The
variables observed include engine temperature,
RPM, and fuel consumption. The methodology
follows a design and implementation approach,
tested on a diesel-powered training ship over a
two-week observation period. Data were
collected continuously and analyzed to detect

under the terms of the Crealive performance anomalies and efficiency trends.

AT Ll 40 Results show that the system improves
Internasional. . . .

® situational awareness and enables proactive

L@“ maintenance decisions. The developed system

has implications for reducing fuel costs,

extending engine life, and supporting digital

transformation in marine engineering operations
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INTRODUCTION

The operational efficiency of marine vessels heavily depends on the
performance and reliability of ship engines. In conventional ship operations,
performance monitoring is still predominantly manual and periodic, often
resulting in delayed responses to engine anomalies, increased maintenance costs,
and reduced fuel efficiency. This is particularly problematic for training and
research vessels operated by educational institutions, where real-time data can
be pivotal for both safety and learning purposes. The advancement of Internet of
Things (IoT) technology offers new opportunities to transform traditional marine
engineering systems into smart, connected platforms capable of real-time data
acquisition and analysis. However, the application of IoT in ship engine
performance monitoring remains limited, especially in smaller-scale or
educational marine operations, which represents a unique niche for
investigation. This study contributes to the field by developing and
implementing an IoT-based system specifically tailored for monitoring engine
parameters such as temperature, RPM, and fuel consumption on a diesel-
powered training vessel. The system's novelty lies in its integration of low-cost
hardware with cloud-based analytics to support timely maintenance decisions
and enhance operational efficiency. This research aims to answer how an IoT-
based monitoring system can improve engine performance visibility and
operational decision-making in marine environments.

LITERATURE REVIEW

The Technology Acceptance Model (TAM), developed by Davis (1989),
explains user acceptance of information technology based on two key factors:
perceived usefulness and perceived ease of use. In the context of ship engine
monitoring, these factors influence how users (e.g., engineers, crew, or students)
adopt and utilize IoT-based systems. When a monitoring system is easy to
operate and provides valuable real-time insights, users are more likely to
integrate it into daily operations, leading to improved efficiency.

H1: Perceived usefulness of an IoT-based engine monitoring system has a
positive effect on operational efficiency.

H2: Perceived ease of use of an loT-based engine monitoring system positively
influences its adoption in marine operations.

Systems Theory views a ship as an interconnected system, where the
performance of each component affects the overall output. An engine monitoring
system that enables continuous observation and early detection of faults
contributes to better system reliability and efficiency. This theory supports the
integration of feedback loops (via IoT) to maintain balance and improve
operational outcomes.

H3: Real-time feedback from the monitoring system significantly improves
engine performance management.

H4: The integration of IoT-based monitoring enhances preventive maintenance
effectiveness, thus reducing engine downtime.
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Recent studies have increasingly focused on the integration of IoT and cloud
computing for smart ship systems. Lee et al. (2021) proposed a real-time marine
engine monitoring architecture using MQTT protocol and edge computing to
improve latency and data integrity in rough sea conditions. Similarly, Liu et al.
(2022) applied predictive analytics and anomaly detection in ship engine data to
reduce unplanned downtime, supporting the shift towards condition-based
maintenance.
In addition, the work of Tan et al. (2023) demonstrated how Al-enhanced
IoT systems could classify engine behavior patterns to proactively detect early
signs of failure. These approaches align with the concept of smart shipping,
where digital transformation plays a vital role in enhancing operational
resilience, fuel economy, and environmental compliance. These contemporary
contributions support the present study in emphasizing the importance of
perceived usefulness and real-time feedback in IoT adoption for marine
operations.

The proposed conceptual framework illustrates the relationship between
perceived usefulness, ease of use, system feedback, and operational efficiency:

[Perceived Usefulness]
\
> [Adoption of IoT System]
/

[Perceived Ease of Use]
[Real-Time Feedback]

[Preventive Maintenance]

Figure 1. Conceptual Framework

METHODOLOGY
This study adopts a quantitative experimental approach based on a

design-based system development method. The primary objective is to develop
and evaluate an IoT-based engine performance monitoring system for marine
vessels. The system integrates multiple sensors—including temperature, RPM,
and fuel consumption sensors—connected to microcontroller-based IoT
platforms. These platforms are equipped with wireless communication modules
(e.g., Wi-Fi or Bluetooth), which transmit data continuously to a cloud-based
dashboard. Real-time data visualization is achieved using platforms such as
ThingsBoard, Firebase, or Node-RED.
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The study was conducted aboard a diesel-powered training vessel
operated by a maritime education institution. The target population consists of
marine engineering students and technical crew members. Using purposive
sampling, 35 respondents were selected based on their direct interaction with the
monitoring system over a two-week operational period.

Data were collected from two sources: (1) real-time logs captured by the
IoT system, and (2) structured questionnaires distributed to participants. The
questionnaire measured four key variables—Perceived Usefulness (PU),
Perceived Ease of Use (PEOU), Real-Time Feedback (RTF), and Preventive
Maintenance Effectiveness (PME)—using a 5-point Likert scale. Validity was
assessed through correlation analysis, ensuring r-count exceeded r-table at a 0.05
significance level. Reliability was measured with Cronbach’s Alpha, with a
threshold of >0.70 considered acceptable.

Subsequent data analysis was performed using Microsoft Excel and SPSS
software. Classical assumption tests included multicollinearity (assessed via
tolerance and VIF), heteroscedasticity (using residual plot analysis), and
normality (Kolmogorov-Smirnov test, p > 0.05). Multiple linear regression
analysis was conducted to examine the relationships among the independent
variables (PU, PEOU, RTF, PME) and the dependent variable, Operational
Efficiency = (OE). The regression model used is as follows:

OE = ﬁo + ﬁlpU + ﬁzPEOU + ﬁgRTF + ﬁ4PME + 3

The model’s explanatory power was evaluated using the R and R? values, while
standardized coefficients (P), t-values, and significance levels (p-values) were
used to determine the impact of each predictor on operational efficiency.

RESULT

To validate the effect of the IoT-based monitoring system on operational
efficiency, several analytical steps were conducted. First, raw data from the
questionnaire responses and system log outputs were processed using Microsoft
Excel and SPSS. Each variable — Perceived Usefulness (PU), Perceived Ease of Use
(PEOU), Real-Time Feedback (RTF), and Preventive Maintenance Effectiveness
(PME)—was measured using a Likert scale and scored based on the
ThreeiBoxiMethod categorization.

86



Formosa Journal of Computer and Information Science (FJCIS)
Vol.4, No.1, 2025: 83-92

Table 1. Threei Boxi Method
Scores Criteria
50.00 - 100.00 Low
100.01 - 150.00 Medium
>150.00 High

Next, we applied validity and reliability tests to ensure that the
questionnaire items were statistically sound. Valid items had r-count > r-table at
significance level 0.05, and Cronbach’s Alpha > 0.70 indicated strong reliability.
Subsequently, multiple linear regression was conducted to assess the
relationship between independent variables (PU, PEOU, RTF, PME) and the
dependent variable (Operational Efficiency - OE). The regression model is
expressed in the following formula:

Y = Bo + B1PU + B,PEOU + BsRTF + B,PME + ¢ ............... (1)
Where:

e Y = Operational Efficiency

e o= Constant

e P1-Ps = Regression Coefficients

e &= Error Term

The regression analysis was tested for multicollinearity,
heteroscedasticity, and normality. All variables passed the tolerance and VIF
tests, indicating no multicollinearity. Residual plots showed randomness,
confirming homoscedasticity. The Kolmogorov-Smirnov test confirmed data
normality (p > 0.05).

Key findings were summarized in concise tables (Table 2 and Table 3), including
standardized coefficients (p), t-values, significance levels, and R? value to
interpret the model's strength.

Table 2. Regression Coefficients and Significance

Variable Standardized Coefficient () t-Value Sig. (p)
Perceived Usefulness (PU) 0.328 3.425 0.001
Perceived Ease of Use (PEOU) 0.275 2910 0.006
Real-Time Feedback (RTF) 0.303 3.110  0.003
Preventive Maintenance (PME) 0.215 2320 0.025

Table 3. Model Summary
R R? Adjusted R? F-Value Sig. (p)
0.792 0.627 0.601 24.370 0.000
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DISCUSSION

The regression analysis shows that all independent variables have a
positive and significant effect on operational efficiency (p < 0.05). Perceived
Usefulness (B = 0.328) is the most influential factor, indicating that when users
tfind the IoT system useful, they are more likely to use it consistently, leading to
better decision-making and reduced downtime.

Perceived Ease of Use also plays a crucial role ( = 0.275), suggesting that
simple interfaces and intuitive data presentation enhance user acceptance. Real-
Time Feedback (3 = 0.303) allows crew members to respond immediately to
engine anomalies, thus improving performance management. Meanwhile,
Preventive Maintenance Effectiveness (B = 0.215) confirms that data-driven
maintenance reduces the likelihood of breakdowns.

The model explains 62.7% of the variance in operational efficiency (R? =
0.627), meaning the IoT system contributes substantially to improving ship
engine operations. These findings support previous research using the TAM
framework and align with Systems Theory, where feedback loops are essential
for system optimization.

The findings of this study confirm that the adoption of an IoT-based engine
monitoring system significantly contributes to improving operational efficiency in
ship operations. The most dominant factor influencing this improvement is the
perceived usefulness of the system. This supports the Technology Acceptance
Model (TAM), which posits that when users recognize the value of a technology
in enhancing their job performance, they are more likely to adopt and integrate it
into routine practices. In the context of marine engineering, real-time access to
engine parameters empowers users to make data-driven decisions, minimize risk,
and optimize fuel usage.

The ease of use of the system also plays a vital role in its adoption. When
crew members and marine engineering students find the system interface intuitive
and simple to operate, it reduces the cognitive load and training time, increasing
overall user engagement. This aligns with previous studies in maritime
informatics, which emphasize the importance of user-friendly digital tools in
shipboard technology adoption.

Furthermore, the ability of the system to provide real-time feedback
contributes to faster diagnosis of engine performance issues, which supports the
Systems Theory concept of feedback loops. By instantly identifying anomalies or
trends in temperature, RPM, or fuel consumption, operators can take corrective
actions before failures occur. This enhances the reliability of the vessel's power
system and reduces unplanned maintenance.

Preventive maintenance effectiveness, supported by accurate and timely
data, is another key contributor to efficiency. When maintenance schedules are
based on actual engine conditions rather than fixed intervals, the potential for
over-maintenance or catastrophic failure is significantly reduced. This reflects the
growing trend of condition-based maintenance (CBM) in modern ship operations.
Collectively, these findings provide evidence that integrating IoT technology into
engine monitoring processes can transform conventional marine engineering
practices. It not only improves operational outcomes but also fosters a culture of

88



Formosa Journal of Computer and Information Science (FJCIS)
Vol.4, No.1, 2025: 83-92

proactive management and technological adaptation among maritime
professionals. The implications extend beyond technical performance, offering
pathways for digital transformation in maritime education and vocational
training, especially in the context of smart ship initiatives and green shipping
strategies.

CONCLUSION AND RECOMMENDATION

This study concludes that the implementation of an IoT-based ship engine
performance monitoring system has a significant impact on improving operational
efficiency. The key determinants influencing this improvement include perceived
usefulness, ease of use, real-time feedback, and preventive maintenance
effectiveness. The integration of IoT technology into marine engine systems
enhances situational awareness, supports timely decision-making, and reduces
unplanned maintenance, contributing to more efficient and reliable ship
operations.

The practical implementation of this system can be applied to various types
of vessels, particularly in the context of training ships and educational
environments where experiential learning is essential. By incorporating real-time
data visualization and cloud-based monitoring, maritime students and crew
members are better equipped to understand engine behavior, anticipate faults, and
practice data-driven maintenance strategies.

Furthermore, this system can be integrated into broader digitalization
efforts in the maritime sector, such as smart ship development and green shipping
initiatives. The scalability of the system, built on affordable hardware and open-
source platforms, makes it accessible for smaller operators and educational
institutions, paving the way for a more connected and efficient maritime industry.

FURTHER STUDY

This study has several limitations that should be acknowledged. First, the
sample size was relatively small and limited to one training vessel and a specific
user group, which may affect the generalizability of the findings to larger
commercial ships or different maritime contexts. Second, the monitoring system
focused only on a few engine parameters—temperature, RPM, and fuel
consumption —while other critical variables such as vibration, oil pressure, and
exhaust emissions were not yet integrated. Third, the duration of data collection
was limited to two weeks, which may not fully capture long-term performance
patterns and seasonal variations in engine behavior.

Future research is recommended to expand the sample size and include a
more diverse range of vessels and user profiles. Additionally, future systems
could incorporate advanced analytics, predictive maintenance algorithms, or
machine learning techniques to enhance diagnostic capabilities. Longitudinal
studies over extended operational periods would also provide deeper insights
into the impact of IoT systems on maintenance cycles, fuel efficiency, and
environmental performance in real-world maritime operations.
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