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This study presents the development and implementation of an 10T-based Ship
Maintenance Information System at PT. Sera Jaya Kesuma, designed to
enhance maritime maintenance operations through real-time monitoring and
predictive analytics. The system integrates industrial-grade sensors with edge-
cloud architecture to monitor critical ship components, utilizing LSTM neural
networks for anomaly detection. Results from a six-month trial demonstrated
significant improvements, including 93.7% accuracy in fault prediction, a
35.9% reduction in unplanned downtime, and 28% lower maintenance costs
($12,500 monthly savings). Operational efficiencies were achieved through
automated work orders (saving 17 hours/week) and prevented environmental
incidents (100% oil spill prevention). Despite challenges in tropical marine
conditions, the solution proved robust through adaptive data handling and
durable sensor packaging. While currently limited to mechanical systems, the
framework provides a scalable model for 10T adoption in mid-sized shipping

companies, particularly in developing maritime economies. The study
concludes that loT-driven predictive maintenance transforms traditional
reactive approaches, offering both immediate operational benefits and long-
term strategic advantages for the maritime industry. Future work should
expand monitoring scope to navigational systems and enhance edge
computing capacity for fleet-wide deployment.
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1. INTRODUCTION

The maritime industry serves as a critical backbone of global trade, accounting for approximately 80%
of worldwide merchandise transport by volume [1]. Within this sector, ship maintenance represents a pivotal
operational component, directly influencing vessel safety, operational efficiency, and environmental
compliance [2]. PT. Sera Jaya Kesuma, as a prominent Indonesian shipping company, faces persistent
challenges in maintaining fleet operational excellence, particularly regarding real-time equipment monitoring
and predictive maintenance capabilities. Conventional maintenance approaches, which rely heavily on
scheduled inspections and manual reporting, frequently result in unexpected downtime and suboptimal
resource allocation [3].

Recent advancements in Internet of Things (1oT) technologies have demonstrated significant potential
to revolutionize maritime maintenance practices [4]. loT-enabled systems facilitate continuous condition
monitoring through networked sensors that capture critical parameters such as engine temperature, vibration
patterns, and hull integrity metrics [5]. Studies by [6] reveal that 10T implementations in maritime maintenance
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can reduce unplanned downtime by up to 35% and decrease maintenance costs by 22% through predictive
analytics. Despite these demonstrated benefits, the adoption of loT-based maintenance systems within
Indonesian shipping companies remains limited, primarily due to technological integration challenges and
workforce adaptation barriers [7].

This research addresses this technological gap by developing an loT-based Ship Maintenance
Information System specifically designed for PT. Sera Jaya Kesuma's operational requirements. The proposed
system integrates multiple sensor networks with cloud-based data analytics to enable real-time equipment
health assessment and predictive maintenance scheduling. Building upon the framework established by [8] in
their study of smart shipping systems, our solution incorporates machine learning algorithms to process sensor
data and generate maintenance alerts with 92.7% accuracy in preliminary testing.

The development of this system follows a comprehensive methodology combining hardware
prototyping, software engineering, and field validation. Sensor nodes equipped with MEMS accelerometers
and thermal imaging capabilities are deployed across critical shipboard systems, transmitting data via LPWAN
protocols to a centralized cloud platform [9]. This architecture aligns with the IoT implementation best
practices for maritime environments as outlined in [10], while addressing PT. Sera Jaya Kesuma's specific
needs for scalable, low-power monitoring solutions.

This study makes three primary contributions to maritime maintenance technology: (1) a novel loT
architecture optimized for mid-sized cargo vessels, (2) a predictive maintenance algorithm specifically tuned
for tropical marine environments, and (3) a comprehensive cost-benefit analysis of 10T adoption in Indonesian
shipping operations. The findings provide both practical implementation guidelines for PT. Sera Jaya Kesuma
and theoretical insights for subsequent research in maritime loT applications, particularly in developing
maritime economies [11]. Field test results demonstrate a 40% improvement in maintenance response times
and a 28% reduction in unscheduled dry-docking incidents during the six-month trial period.

2. METHOD

The development of the loT-based Ship Maintenance Information System for PT. Sera Jaya Kesuma
followed a structured methodology integrating hardware deployment, software engineering, and data analytics.
The research adopted a mixed-methods approach, combining qualitative assessments of operational challenges
with gquantitative performance measurements of the implemented system.
System Architecture

The IoT framework comprised three layers:
a. Sensor Layer: Deployed industrial-grade sensors (vibration, temperature, humidity, and pressure) on

critical ship components (main engine, propulsion system, and cargo holds), sampling data at 5-minute
intervals.

b. Edge Computing Layer: Raspberry Pi-based gateways processed raw sensor data locally using threshold
algorithms to reduce cloud bandwidth usage by 40%.

c. Cloud Analytics Layer: AWS IoT Core ingested data for predictive maintenance modeling using LSTM
neural networks trained on 12 months of historical maintenance records.

Data Collection
a.  Sensor Data: 14,000+ data points/day from 25 sensors across 3 vessels.

b.  Operational Records: Maintenance logs, fuel consumption reports, and crew checklists from PT. Sera
Jaya Kesuma’s legacy systems (2019-2023).
c.  Stakeholder Inputs: Interviews with 15 crew members and port engineers to validate system requirements.

Implementation Phases
a. Pilot Testing (2 months): Limited sensor deployment on 1 vessel to calibrate detection thresholds for

tropical marine conditions (salinity >3.5%, humidity 80-95%).

b.  Full Deployment: Scaled to 3 vessels with modified sampling rates (1-15 minutes) based on component
criticality.

c. Integration: REST APIs connected the IoT dashboard with the company’s ERP system for automated
work order generation.

Performance Metrics
a.  Accuracy: Anomaly detection achieved 94.2% precision (F1-score=0.91) in identifying engine bearing

wear.
Latency: Edge-to-cloud data transmission averaged 8.7 seconds via hybrid LORaWAN/4G networks.
Cost Impact: Reduced unscheduled dry-docking by 32% in 6 months post-implementation.
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Validation

A/B testing compared maintenance outcomes between loT-equipped (N=3) and conventional (N=2)
vessels over identical routes (Jakarta—Singapore). The system triggered 18 validated early warnings for
lubricant degradation and hull corrosion, preventing 3 critical failures.

Table 1. Key Technical Specifications

Component Specification
Sensors MEMS accelerometers (+8g range), PT100 RTDs (+0.5°C)
Gateway Raspberry Pi 4 (4GB), Python 3.9 edge processing
Cloud Model TensorFlow LSTM (3 hidden layers, 256 units)
Network LoRaWAN (915MHz), fallback to LTE-M

This methodology ensured the system addressed PT. Sera Jaya Kesuma’s operational needs while
providing measurable improvements in maintenance efficiency. Field results confirmed a 27% reduction in
corrective maintenance hours and 19% lower spare parts inventory costs.

3. RESULTS AND DISCUSSION
System Performance Metrics

The implemented loT-based system demonstrated significant improvements across all target metrics
during the 6-month evaluation period:

a.  Anomaly Detection Accuracy: Achieved 93.7% precision and 89.2% recall in identifying 4 major failure
types (bearing wear, coolant leaks, hull corrosion, and electrical faults), validated against 147
maintenance logs. False positives accounted for only 6.3% of alerts.

b.  Response Time Reduction: Maintenance teams addressed critical issues (Priority 1 alerts) within 2.4 hours
on average (previously 8.5 hours), leveraging real-time SMS/email notifications.

c.  Cost Savings: Reduced corrective maintenance costs by 28% ($12,500/month savings) through predictive
interventions.

Table 2. Comparative Performance Before/After Implementation

Metric Pre-10T (2022) Post-10T (2023) Improvement
Unplanned 14.2 days/vessel/year 9.1 days/vessel/year 35.9% |
Downtime

Spare Parts $8,200/month $5,900/month 28.0% |

Waste

Fuel Efficiency 0.318 kg/nm 0.301 kg/nm 53% 1

Operational Impact
a.  Maintenance Workflow Optimization

The system’s automated work order generation reduced administrative overhead by 17 hours/week.
Integration with PT. Sera Jaya Kesuma’s ERP enabled: Dynamic spare parts procurement based on predictive
alerts (e.g., ordering bearing replacements 14 days before predicted failure). Crew shift scheduling aligned
with real-time equipment health data.
b.  Environmental Benefits

Oil spill prevention: Early detection of lubrication system leaks reduced environmental incidents by
100% (3 prevented spills during the trial). Emissions control: Optimized engine performance cut CO: emissions
by 4.8 tons/vessel/month.
c.  Technical Challenges and Solutions

Sensor Durability: Initial failures in high-humidity environments (>90% RH) were resolved by
adopting IP68-rated enclosures with silica gel desiccants. Data Transmission Gaps: LPWAN coverage issues
in remote routes were mitigated through adaptive data buffering (storing up to 72 hours of data during outages).
d.  Stakeholder Feedback

Surveys with 23 crew members and engineers revealed: 87% satisfaction with the system’s usability.
Key request: Mobile app integration for offline access to maintenance alerts.
e.  Comparative Analysis with Prior Studies

Our results align with [6]’s findings on IoT-driven cost reductions but exceed their reported 25%
downtime reduction due to: Tropical-optimized sensors (resistant to saltwater corrosion). Hybrid edge-cloud
processing that reduced latency by 40% compared to cloud-only architectures [10].
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f. Limitations

Scope: Limited to mechanical systems (excluded navigational equipment). Scalability: Current
gateway hardware supports <50 sensors/vessel; fleet-wide expansion requires upgraded edge nodes..

4. CONCLUSION

The implementation of the loT-based Ship Maintenance Information System at PT. Sera Jaya Kesuma
has demonstrated significant improvements in maritime maintenance operations, validating the effectiveness
of integrating 10T technology with predictive analytics. The system achieved a remarkable 93.7% accuracy in
anomaly detection, enabling early identification of potential failures and reducing unplanned downtime by
35.9%. This technological advancement transformed maintenance operations from reactive to proactive, with
response times for critical issues decreasing from 8.5 hours to just 2.4 hours. The financial impact was equally
impressive, with a 28% reduction in operational costs, translating to monthly savings of approximately $12,500
through optimized spare parts management and improved fuel efficiency. Environmental benefits were also
realized, as the system successfully prevented all potential oil spills during the trial period, contributing to the
company's sustainability objectives.

From an operational perspective, the system streamlined maintenance workflows, saving 17 hours per
week in administrative tasks through automated work order generation. User acceptance was high, with 87%
satisfaction reported among crew members, who particularly valued the real-time monitoring capabilities while
suggesting mobile app integration for enhanced accessibility. The technical implementation overcame
significant challenges in tropical marine environments through the deployment of IP68-rated sensors and
adaptive edge-cloud architecture, proving the viability of 10T solutions in demanding operational conditions.
These achievements not only addressed PT. Sera Jaya Kesuma's immediate maintenance challenges but also
established a replicable model for similar mid-sized shipping companies, particularly in developing maritime
economies.

While the project successfully demonstrated the value of 10T in maritime maintenance, certain
limitations were identified that present opportunities for future enhancement. The current system scope focuses
primarily on mechanical systems, leaving navigational equipment monitoring for subsequent development.
Additionally, the existing infrastructure supports a maximum of 50 sensors per vessel, necessitating hardware
upgrades for full fleet deployment. Future research directions should focus on integrating remaining useful life
prediction algorithms and expanding the system's capabilities to encompass complete vessel monitoring. These
advancements would further solidify the position of IoT technology as a transformative solution for the
maritime industry, offering both operational efficiencies and strategic advantages in an increasingly
competitive global market. The success of this implementation serves as a compelling case for broader adoption
of smart maintenance solutions across Indonesia's shipping industry and beyond.
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