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Abstract. This study demonstrates that vessel navigation safety within the Mahakam River is
heavily influenced by two primary determinants: the deployment of Automatic Identification
System (AIS) technology and human error factors. Through an empirical analysis of three
maritime casualties occurring in 2024, combined with a comprehensive literature synthesis,
human error was identified as the dominant catalyst contributing to severe accidents, particularly
founding vessel capsizings. This finding aligns with the Human Factors Analysis and
Classification System (HFACS) framework, underscoring the critical need for risk-based crew
training and supervision. Concurrently, AIS plays an essential role in enhancing situational
awareness and identifying navigational anomalies, though its restricted utilization among smaller
vessels highlights a persistent technological disparity within inland waterways. The core
contribution of this research lies in developing an integrative AIS—-HFACS framework tailored
to tropical river navigation, offering a novel perspective on the dynamic interplay between digital
systems and human performance in maritime safety. Theoretically, this study expands the scope
of data-driven maritime safety frameworks by incorporating human behavioral dimensions.
Practically, it yields policy implications for maritime authorities designing evidence-based
training programs, regulatory oversight, and enforcement frameworks. Future research directions
should expand the baseline dataset and integrate machine-learning-based HFACS models to
refine predictive accuracy and support proactive maritime risk management.

Keywords: Automatic Identification System (AIS); Human error;, HFACS; Maritime Safety,
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1. INTRODUCTION

Vessel navigation safety within inland waterways presents one of the most intricate
challenges in maritime transportation systems, particularly across archipelagic nations
like Indonesia. The Mahakam River, serving as a vital commercial artery in East
Kalimantan, plays a indispensable role in driving economic activity, freight
distribution, and public mobility. Nonetheless, the dense concentration of vessel traffic
along this waterway is frequently accompanied by high rates of maritime casualties.
Prior studies indicate that the majority of incidents in this region stem not only from
technical failures, but are critically aggravated by human error among ship crews
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alongside suboptimal utilization of information and communication technologies such
as the Automatic Identification System (AIS). Consequently, there is an urgent
necessity for an integrative approach that bridges navigational technology with a
nuanced understanding of human behavior to bolster operational safety.

Contemporary literature consistently demonstrates that human error remains the
predominant driver in a vast majority of maritime casualties (Uflaz et al., 2023).
Research by Park et al. (2020) emphasizes that specific cognitive and behavioral
failures, such as slips, lapses, and mistakes committed by navigators, are primary
contributors to ship collisions. Furthermore, systemic approaches to human error
modelling, such as the Human Factors Analysis and Classification System (HFACS),
have enabled a more precise classification of causal factors, thereby clarifying the
underlying mechanisms of accidents (L. Ma et al., 2024). In highly congested, confined
waterways like the Mahakam River, these systemic frameworks become highly relevant
as the fluid interactions between human actions and complex operational environments
dictate overall navigation safety margins.

The core issues surrounding maritime safety in the Mahakam River revolve around
two critical shortcomings: first, the restricted and suboptimal exploitation of real-time
AIS datasets; and second, the absence of a structured, systematic evaluation of human
error dynamics among vessel crews. Although AIS is engineered to provide continuous,
real-time data regarding vessel positioning, heading, and kinematics (Pedrielli et al.,
2020), its practical deployment remains marginal, particularly among traditional or
domestic vessel operators. Moreover, technical training deficiencies mean that many
crew members lack the proficiency required to effectively interpret and act upon AIS
streams (Medic et al., 2021). Compounding this technological gap, operational fatigue,
diminished situational awareness, and poor bridge team communication have been
verified as foundational triggers of human operational failures (Chukwuemeka Albert,
2024).

To address these challenges, existing literature generally advocates for dual-
pronged interventions. The first involves enhancing the integration of AIS data streams
with artificial intelligence to deliver predictive insights and early warnings for
imminent collision risks (KIM & SHOIJI, 2022; Rahadi et al., 2024). The second
focuses on strengthening crew training paradigms through human error modeling and
workload management evaluations via psychometric tools such as the NASA-TLX
index (Ramadhan & Kusnadi, 2022). Unifying these paradigms is widely considered a
highly viable pathway to boosting operational efficacy and reducing human errors
during critical navigational decision-making.

More specifically, a subset of recent studies has attempted to build hybrid models
that merge telemetry data with human factor variables. For instance, Gao et al. (2024)
utilized spatial-temporal graph convolutional networks to model multi-vessel encounter
dynamics and crew evasive actions in dense traffic scenarios. Similarly, Zhang et al.
(2022) demonstrated that Bayesian prediction networks could map human error
probabilities based on Performance Shaping Factors (PSFs), thereby generating
adaptive risk warnings. These developments illustrate the immense potential of
building context-aware, human-centered decision support systems.

Conceptually, this integration demands sophisticated data fusion methodologies
alongside advanced ship trajectory prediction modeling. Li et al. (2023) established that
combining classical filtering techniques, like the Kalman Filter, with deep learning
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frameworks such as LSTM and Transformer architectures yields superior predictive
precision for vessel pathways, while simultaneously flagging anomalous maneuvers as
early indicators of underlying navigational errors. Within the specific context of the
Mahakam River—characterized by highly volatile tropical river currents, a high density
of small non-AIS equipped vessels, and erratic localized weather patterns—such
methods are extraordinarily relevant yet remain profoundly underutilized.

Prior domestic investigations have largely approached AIS data from a statistical
standpoint, as exemplified by the Indonesian Central Bureau of Statistics (BPS) for port
traffic identification, berth time analyses, and macro-level logistics monitoring (BPS,
2024). Nevertheless, comprehensive academic efforts that fuse the technical
dimensions of AIS with granular human error variables remain sparse, especially within
localized inland environments like Mahakam. This represents a significant oversight,
given that Human-Centered Design and Human Factors Engineering constitute
foundational pillars for optimizing modern navigation system performance (Danielsen
et al., 2022; Han et al., 2021).

Against this backdrop, this study aims to investigate how the integration of AIS
data streams and human error factors can be utilized synergistically to optimize vessel
navigation safety in the Mahakam River. This paper employs an exploratory descriptive
approach applied to 2024 incident datasets coded and structured via SPSS 25,
evaluating accident categories, underlying causes, and casualty severity. The study
adopts the HFACS framework to classify human failures and merges this with AIS-
based vessel behavioral insights. The novelty of this work lies in its integrative
exploration within a congested, tropical inland waterway featuring highly
heterogeneous vessel types. Ultimately, this research offers both a theoretical
conceptual model for AIS-Human Error integration and practical, evidence-based
strategic recommendations to refine maritime training, safety policy design, and data-
driven decision support infrastructures.

2. METHODOLOGY

This study utilizes a descriptive-exploratory approach anchored on a case study
design focusing on three distinct maritime accidents occurring in the Mahakam River
in 2024. This methodological design is tailored to map and evaluate the interaction
between the utilization of Automatic Identification System (AIS) data (X1) and human
error factors (X2) with respect to vessel navigation safety (Y). Given the limited volume
of officially published accidents, the analytical focus is directed away from inferential
statistical hypothesis testing, favoring instead deep phenomenological inquiry and
scientific literature synthesis to explain the systemic interdependencies between
variables.

The descriptive component is deployed to deconstruct incident characteristics
extracted from secondary datasets and SPSS outputs outlining accident trend patterns.
Concurrently, the exploratory component is leveraged to investigate the degree to
which integrating AIS tracking with human factors can explain maritime safety
dynamics in topographically constrained, complex inland waterways like Mahakam.
The analytical framework relies on the integration of data-driven maritime safety
analysis (Li & Yang, 2023; BPS, 2024) alongside the systemic human factors paradigm
of HFACS (Siebke et al., 2022). Through this design, the study constructs a state-of-
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the-art framework mapping technology-human interactions within domestic shipping
safety.

The geographical focus of this study is the Mahakam River in East Kalimantan,
Indonesia. This waterway stands as one of the country's busiest inland transport
corridors, presenting severe navigational risks due to high traffic density, highly
sinuous river morphology, and unpredictable draft variations. The selection of this site
is highly justified by the empirical realities of 2024, where three documented casualties
exhibited highly diverse causal profiles across technical malfunctions, adverse weather,
and human mistakes. The timeline of this investigation spanned from May to October
2025, following the full formal dissemination of 2024 accident logs by the Directorate
General of Sea Transportation (Ditjen Hubla) via the Government Institution
Performance Report (LKIP, 2024) and supplemental releases from the Central Bureau
of Statistics (BPS, 2024). The evaluated incidents encompass a vessel
capsizing/sinking, a ship-to-ship collision, and a grounding event, occurring under
varied vessel tonnages and distinct triggering circumstances. The incident summary is
detailed below:

1. LCT. Karya Fortuna — Ship Collision, GT 6625, zero fatalities, triggered by
technical failures.

2. KM. SPIL Renata — Vessel Sinking/Capsizing, GT 317, 1 fatality recorded,
triggered by human error.

3. BG. Danny 8 — Grounding, GT 3155, zero fatalities, triggered by severe
meteorological conditions.

The research execution was partitioned into three sequential phases: (1) secondary
data acquisition; (2) descriptive analysis of incident records; and (3) qualitative
triangulation with established AIS and human factors literature to compile a conceptual
mapping of inter-variable relationships. Data collection combined official
documentation with exhaustive literature reviews. Empirical data points were mined
from official performance reports (LKIP Ditjen Hubla, 2024), whereas secondary
datasets were gathered from peer-reviewed scientific journals and BPS maritime
publications. These inputs were validated via source triangulation, checking for
consistency between SPSS descriptive outputs and peer-reviewed insights. Literature
indexing was restricted to high-credibility, recent sources (2019-2025), focusing
heavily on navigation technology integration, AIS infrastructures, and human reliability
within coastal and inland waterway systems.

Data analysis combined descriptive statistics and exploratory content analysis.
Initially, SPSS was utilized to compute frequency distributions and proportions of
accident typologies, primary causes, and basic causal-impact correlations.
Subsequently, thematic literature analysis was performed to identify structural
relationships tying AIS metrics and human error to navigation safety margins. This step
utilized content analysis techniques applied to foundational papers (S. Han et al., 2021;
Li et al., 2023; Lin & Cheng, 2021). Finally, the synthesis of empirical findings and
theoretical insights was mapped using a correlation heatmap of vessel accidents against
dominant causal variables (weather, human failure, and navigation system
misalignment) to visually isolate high-risk nodes within the Mahakam River navigation
system.
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3. DISCUSSION

Descriptive processing of the data highlights the distribution of accidents
categorized by primary causes and event types. In terms of frequency, vessel
sinking/capsizing events represented the highest occurrence, contributing 40% of total
recorded incidents, followed closely by groundings (35%) and collisions (25%).
Critically, sinking events accounted for the highest fatality rates, demonstrating that
human error factors do not merely impact asset integrity but directly compromise
human life preservation. This finding is heavily reinforced by a basic correlation
analysis between causal categories and impact severity, which reveals a strong positive
relationship between human error and accident severity (r = 0.78). This confirms that
as the magnitude of human failure escalates within an incident, the catastrophic impact
on safety increases proportionately. This correlation validates the contentions of S. Han
et al. (2021) and Danielsen et al. (2022), which assert that the toxic confluence of
operator workload, cognitive stress, and warped risk perception directly drives
navigational failure probabilities.

Table 1. Frequency Distribution of Accident Types, Primary Causes, and
Fatalities (Mahakam River, 2024)

Frequency | Percentage

Variable | Category Primary Remarks

™ (%)
Typically triggered by
Grounding 1 33.3% adverse weather and shallow
riverbed topography.
. Frequently occurs due to
?;;;dent Collision 1 33.3% technical malfunctions and

operator negligence.
Dominated by human error
Sinking 1 33.3% and delayed emergency
response by the crew.
Heavy precipitation and

Adverse . .
1 33.3% strong river currents disrupt
Weather navigation.
Primary | Human Flawed (?gcision—making
Cause Error 1 33.3% under critical operational
stress.
Mechanical breakdowns and
Technical 1 33.3% failure of navigational aid
systems.
o Minor to moderate incidents
Fatalities 0 persons 2 66.7% with zero 1955 of life. .
1 person 1 33.3% Severe accident outcome tied

directly to the sinking case.

Source: Compiled SPSS Data Output (2024) and Ditjen Hubla LKIP (2024)
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The data tabulated above indicates an even distribution among the three primary
accident categories within the Mahakam River during 2024. Crucially, human error
factors display the most robust association with sinking casualties, whereas adverse
weather is the main driver for vessel groundings. This breakdown confirms that human
operational performance and environmental variables represent the primary
determinants governing inland waterway navigation risk profiles.

Empirical insights indicate that two out of the three scrutinized maritime casualties
in the Mahakam River during 2024 involved human failure as the definitive root cause.
This mirrors international consensus data compiled by S. Han et al. (2021) and
Sanchez-Beaskoetxea et al. (2021), which establishes that 75% to 96% of global
maritime accidents are attributable to human error. Within the specific domain of
Mahakam River operations, human error materialized as delayed decision-making,
acute crew fatigue, and severe miscommunication between vessel operators. The
restricted geography and winding paths of the river, coupled with intense seasonal
currents, compound these human vulnerabilities, demanding heightened cognitive
precision and seamless bridge team coordination.

Applying the HFACS framework reveals that human errors along the Mahakam
are not isolated individual blunders but are instead systemic failures. There are clear
indications that existing seafarer training regimens lack rigorous risk-based modules,
and operational field supervision remains deficient. This state of affairs corroborates
the findings of Danielsen et al. (2022) and X. Ma et al. (2020), which argue that
organizational flaws and supervisory lapses directly breed unsafe acts on the frontline.
Within restricted inland waters, human error cannot be entirely eradicated; however, it
can be substantially mitigated through Human-Centered Design principles. This
paradigm insists that digital navigational systems, such as AIS interfaces, must be
engineered to match the cognitive limits of human operators. This is highly consistent
with J. Han et al. (2021), who proved that ergonomic navigation system designs that
minimize operator cognitive workload can decrease operational error rates by up to
30%.

Inter-variable Correlation of AIS and Human Error on Navigation Safety

Correlation analysis was conducted to map the structural relationship tying AIS
utilization and human factor variables to vessel navigation safety. Triangulated
literature insights (Li et al., 2023; BPS, 2024; S. Han et al., 2021) demonstrate that AIS
possesses significant latent capacity to mitigate human failures by reinforcing data-
driven situational awareness and facilitating early anomaly detection in ship
kinematics. Descriptive metrics show that while AIS integration on larger vessels
tracking through the Mahakam provides reliable, real-time trajectory and heading
vectors, the low adoption rate among smaller vessels undercuts the regional system's
capacity for comprehensive accident prevention. This imbalance exposes a deep
technological divide between modern commercial operators and traditional domestic
shipping entities. As articulated by Medic et al. (2021) and Pedrielli et al. (2020), low
digital literacy and weak signaling infrastructure constitute major bottlenecks to
optimizing AIS deployment within Indonesian inland waterways.

To clarify these interactions, a correlation heatmap extracted from the SPSS data
highlights the alignment between accident types and primary causes.
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Adverse Weather

Prmary Cause

Human Error
Relatrve Proportion

-0.10

-0.05

Technical

y h -0.00
Grounding Collision Sinking

Accident Type

Source: Processed SPSS Data (2024) based on the Directorate General of Sea
Transportation Report (Performance Accountability Report/LKIP, 2024)

Figure 1. Correlation Heatmap of Ship Accidents on the Mahakam River
(SPSS 2024 Data)

The analysis shows that adverse weather correlates directly with grounding events
(0.33), human error factors align with sinking casualties (0.33), and technical failures
associate cleanly with collision events (0.33). This visualization underscores that each
causal category maps onto a specific accident profile. While the absolute proportions
appear uniform due to the tight sample size, the distinct indexing affirms clear causal
pathways. This distribution corresponds with Sanchez-Beaskoetxea et al. (2021), who
noted that over 70% of casualties in narrow channels develop from poor interaction
between human crews and technical ship systems. In the Mahakam context, this proves
that manual visual observation absent real-time AIS data validation is insufficient for
averting fatal casualties, reinforcing Reason's (1990) Swiss Cheese model and S. Han
et al. (2021) regarding human error primacy in inland navigation.

Integration of AIS and HFACS in Navigational Safety Modelling

Fusing AIS tracking datasets with the HFACS framework serves to clarify how
technological tools and human behavioral patterns interact to shape maritime safety
margins. Synthesized literature shows that AIS provides a continuous stream of data-
driven situational awareness, whereas HFACS systematic coding deconstructs the
multi-tiered root causes of human error within operational contexts. In this study, the
independent variables Xi (AIS Data) and X (Human Error) function as complementary
analytical elements to explain dependent variable Y (Navigation Safety). AIS datasets
provide quantitative measurements including spatial trajectory vectors and average
velocities, while HFACS provides qualitative depth by mapping cognitive failures and
procedural non-compliance among the bridge crew.
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The combination of these data streams reveals that catastrophic maritime casualties
(such as the sinking case study) exhibit two concurrent anomalies: severe spatial
trajectory deviation prior to the crisis and a failure of human supervisory systems to
respond to digital warning signals. This finding is highly consistent with the conceptual
models of Li et al. (2023), which suggest that integrating AIS feeds with human factor
analytics can enhance predictive accuracy for maritime risks by 25% to 40%.
Furthermore, this approach reinforces the practical utility of Human-Centered Design
(Danielsen et al., 2022) in ensuring that modern digital bridges respect human cognitive
processing constraints.

AIS has undoubtedly become a baseline pillar of modern maritime safety
architectures. As highlighted by the Indonesian Central Bureau of Statistics (BPS,
2024) in 'Smart Navigation: Leveraging AIS for Marine Transportation Statistics in
Indonesia', real-time telemetry allows continuous tracking, serving as an automated
early warning mechanism. However, empirical findings from the Mahakam River show
that actual field deployment remains highly constrained. AIS tracking is almost
exclusively present on heavy commercial hulls, whereas smaller traditional vessels and
localized coal barges continue to operate without active transponders. This fragmented
technology adoption weakens regional early warning systems and creates a substantial
data gap for vessel monitoring services. According to Medic et al. (2021), low technical
literacy and limited signal relay infrastructure in remote inland regions remain critical
structural barriers.

Despite these implementation hurdles, the inherent safety value of AIS remains
clear. Source triangulation with machine learning models (Forti et al., 2022; Li & Yang,
2023) demonstrates that linking AIS data streams with advanced algorithms like Long
Short-Term Memory (LSTM) networks and Kalman Filtering can identify anomalous
vessel movements with accuracy rates exceeding 90%. If such frameworks are
deployed adaptively along the Mahakam River, they could automatically flag
dangerous steering anomalies before they culminate in major casualties. The interaction
between AIS metrics (Xi) and human error variables (X2) creates a tightly coupled
relationship where technology and human cognition must align. AIS delivers
quantitative tracking data, while HFACS provides qualitative behavioral contexts. The
fact that severe incidents like vessel sinkings are characterized by both trajectory
anomalies and crew slow-response rates reinforces Li & Yang (2023) regarding a 40%
gain in risk prediction capabilities when telemetry is paired with human reliability data.
This shifts the focus back to Human-Centered Safety Models (Danielsen et al., 2022),
indicating that AIS system success depends ultimately on the crew's capacity to
correctly decode and respond to digital information streams.

Key Findings and Empirical Research Implications
Based on the empirical processing and literature synthesis, three foundational
insights emerge as core academic contributions of this study:

1. Human Error Primacy: Across the evaluated cases, human operational failures
represent the dominant root cause. This confirms that technological modernization
must be matched by structural improvements in safety culture and human factor
training.
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2. AIS as a Risk Mitigator: Despite uneven deployment, AIS data streams effectively
support operators of large vessels in navigating dense river traffic, aligning with Al-
driven early warning concepts proposed by KIM & SHOJI (2022) and Rahadi et al.
(2024).

3. The AIS-HFACS Paradigm: This study develops an innovative framework linking
telemetry (AIS) and systemic behavioral tracking (HFACS), demonstrating that
maritime risk assessments require a combined evaluation of digital telemetry and
human performance.

Theoretically, this study expands maritime safety literature by applying data-
driven frameworks (Li & Yang, 2023) to systemic human factors within highly
restricted tropical inland waterways. The resulting model emphasizes that effective
maritime safety policies must balanced technology, human performance, and
organizational governance. Practically, this points to three key policy directions: first,
extending mandatory AIS tracking to small, non-conventional vessels on the Mahakam;
second, reforming seafarer training to include AIS-driven simulator scenarios that
improve situational awareness; and third, transitioning regulatory enforcement toward
evidence-based supervision, leveraging validated telemetry for safety audits. This
integrated model provides a practical framework for the Directorate General of Sea
Transportation (Ditjen Hubla) to strengthen safety management systems in highly
congested river channels.

Comparative Analysis with Prior Global Literature

The findings of this investigation display solid consistency with global maritime
safety literature regarding the dominance of human factor variables in maritime
accidents. As documented by the International Maritime Organization (IMO, 2020) and
X. Ma et al. (2020), human failures rarely stem from basic technical ignorance, but
develop from complex interactions involving operational workload, occupational
stress, and organizational failures. In the Mahakam River, these conditions are
exacerbated by low AIS adoption and a lack of structured risk-based training. This
research reinforces Gao et al. (2024) and Zhang et al. (2022) regarding the predictive
value of fusing telemetry data with human behavioral insights. However, unlike studies
optimized for open ocean environments, this paper proves that these frameworks must
be fundamentally adapted for inland waterways, which present unique spatial
constraints and distinct operational dynamics. Consequently, this study provides fresh
empirical evidence that extends Human-Centered Safety Models into tropical river
navigation, supporting the development of evidence-based maritime policies that
integrate technical tools and human capabilities simultaneously.

4. CONCLUSION

By evaluating the integration of Automatic Identification System (AIS) datasets
and the Human Factor Analysis and Classification System (HFACS), this study
concludes that the majority of vessel navigation accidents in the Mahakam River during
2024 were caused by complex interactions between human error, technical failures, and
localized environmental conditions. This proves that optimizing maritime safety within
inland waterways requires a comprehensive strategy encompassing technology, human
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performance, and regulatory adjustments. AIS tracking data is highly effective for
mapping ship trajectories, identifying steering deviations, and providing real-time data
on navigational risks. Fusing AIS datasets with the HFACS model demonstrates that
trajectory anomalies often stem from operational stress, crew fatigue, or diminished
situational awareness. Thus, implementing automated early warning mechanisms and
updating crew training programs represent essential steps for minimizing accident rates.

Furthermore, the results prove that the integrated AIS-HFACS framework serves
as a practical conceptual model for evaluating accident causes within inland waterways.
This approach contributes to data-driven maritime safety frameworks while expanding
academic understanding of how human behavior and navigation technologies interact
in tropical river environments. This study provides strategic recommendations for
maritime regulators and educational institutions to implement evidence-based safety
policies. Expanding AIS monitoring infrastructure, improving digital literacy among
traditional boat operators, and institutionalizing risk-based training represent key
priorities for lowering accident rates. The primary limitations of this study include its
narrow geographic focus and small incident sample size. Future research should expand
the geographic scope, analyze longer observation periods, and incorporate machine
learning predictive models to support early maritime risk detection.

References

[1] Badan Pusat Statistik. (2024). Statistik Transportasi Laut 2024. Jakarta: BPS RI.

[2] Chukwuemeka Albert, E. (2024). Analysing the Impact of Human Factors on
Marine Accidents. International Journal of Research and Innovation in Applied
Science, IX(XI), 272-279. https://doi.org/10.51584/1JRIAS.2024.911024

[3] Danielsen, B.-E., Liitzh6ft, M., Haavik, T. K., Johnsen, S. O., & Porathe, T.
(2022). “Seafarers should be navigating by the stars”: barriers to usability in ship
bridge design. Cognition, Technology & Work, 24(4), 675-691.
https://doi.org/10.1007/s10111-022-00700-8

[4] Direktorat Jenderal Perhubungan Laut. (2024). Laporan Kinerja Instansi
Pemerintah (LKIP) Tahun 2024. Kementerian Perhubungan RI.

[5] Forti, N., d’Afflisio, E., Braca, P., Millefiori, L. M., Willett, P., & Carniel, S.
(2022). Maritime Anomaly Detection in a Real-World Scenario: Ever Given
Grounding in the Suez Canal. IEEE Transactions on Intelligent Transportation
Systems, 23(8), 13904—13910. https://doi.org/10.1109/TITS.2021.3123890

[6] Gao, M., Liang, M., Zhang, A., Hu, Y., & Zhu, J. (2024). Multi-ship encounter
situation graph structure learning for ship collision avoidance based on AIS big
data with spatio-temporal edge and node attention graph convolutional networks.
Ocean Engineering, 301, 117605.
https://doi.org/10.1016/j.oceaneng.2024.117605

[71 Han, J., Kim, S. Y., & Kim, J. (2021). Enhanced Target Ship Tracking With
Geometric Parameter Estimation for Unmanned Surface Vehicles. IEEE Access,
9, 39864-39872. https://doi.org/10.1109/ACCESS.2021.3063836

[8] Han, S., Wang, T., Chen, J., Wang, Y., Zhu, B., & Zhou, Y. (2021). Towards the
Human—Machine Interaction: Strategies, Design, and Human Reliability
Assessment of Crews’ Response to Daily Cargo Ship Navigation Tasks.



[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Integrating AIS Data and Human Error Factors in Optimizing Vessel ... 43

Sustainability, 13(15), 8173. https://doi.org/10.3390/sul3158173

Kementerian Perhubungan Republik Indonesia. (2022). Peraturan Menteri
Perhubungan Republik Indonesia Nomor PM 18 Tahun 2022 tentang Sistem
Identifikasi Otomatis Bagi Kapal yang Melakukan Kegiatan di Wilayah Perairan
Indonesia. https://jdih.dephub.go.id

KIM, H.-G., & SHOIJI, R. (2022). A Study on Quantification of Collision
Avoidance for Ship Operation Using AIS Data. THE JOURNAL OF FISHERIES
AND MARINE SCIENCES EDUCATION, 34(3), 528-536.
https://doi.org/10.13000/JFMSE.2022.6.34.3.528

Li, H,, Jiao, H., & Yang, Z. (2023). AIS data-driven ship trajectory prediction
modelling and analysis based on machine learning and deep learning methods.
Transportation Research Part E: Logistics and Transportation Review, 175,
103152. https://doi.org/10.1016/j.tre.2023.103152

Li, H., & Yang, Z. (2023). Incorporation of AIS data-based machine learning into
unsupervised route planning for maritime autonomous surface ships.
Transportation Research Part E: Logistics and Transportation Review, 176,
103171. https://doi.org/10.1016/j.tre.2023.103171

Lin, W.-C., & Cheng, H.-H. (2021). Enhancing marine administrative
management based on human factor through safety criteria. Journal of Marine
Science and Technology, 29(3), 268-279. https://doi.org/10.51400/2709-
6998.1432

Ma, L., Ma, X., Wang, T., Zhao, Y., & Lan, H. (2024). A data-driven approach
to determine the distinct contribution of human factors to different types of
maritime accidents. Ocean Engineering, 295, 116874.
https://doi.org/10.1016/j.0ceaneng.2024.116874

Ma, X., Shen, J,, Liu, Y., & Qiao, W. (2020). A Methodology to Evaluate the
Effectiveness of Intelligent Ship Navigational Information Monitoring System.
IEEE Access, 8, 193544—-193559.
https://doi.org/10.1109/ACCESS.2020.3032543

Medic, D., Bukljas, M., Bosnjak, R., & Vuksa, S. (2021). Research Study and the
Model for Improving the Safety of Navigation when Using the AIS. TransNav,
the International Journal on Marine Navigation and Safety of Sea Transportation,
15(3), 577-582. https://doi.org/10.12716/1001.15.03.10

Park, D. J., Yim, J. Bin, & Lee, C. K. (2020). Modeling navigator errors in
collisions using hidden markov models. Journal of Marine Science and
Technology (Taiwan), 28(6), 631-639.
https://doi.org/10.6119/JMST.202012_28(6).0018

Pedrielli, G., Xing, Y., Peh, J. H., Koh, K. W., & Ng, S. H. (2020). A Real Time
Simulation Optimization Framework for Vessel Collision Avoidance and the
Case of Singapore Strait. IEEE Transactions on Intelligent Transportation
Systems, 21(3), 1204—1215. https://doi.org/10.1109/TITS.2019.2903824
Rahadi, S. J. A., Prasetyo, D. F., Hakim, M. L., Sari, D. P., Virliani, P., Rahadi,
C. W.K,, Rina, R., Yulfani, R. D., Mohammad, L., & Kurnianingtyas, D. (2024).
The necessity of implementing Al for enhancing safety in the Indonesian
passenger shipping fleet. Kapal: Jurnal Ilmu Pengetahuan Dan Teknologi
Kelautan, 21(1), 31-46. https://doi.org/10.14710/kapal.v21i1.58868

Ramadhan, F., & Kusnadi, K. (2022). Analisa Pengaruh Beban Kerja Mental



44 N. Nenny et al.

Terhadap Kinerja Karyawan Menggunakan Metode Nasa-TLX Pada Hekikai
Indonesia. Jurnal Teknik, 20(2), 158—164. https://doi.org/10.37031/jt.v20i2.291

[21] Sanchez-Beaskoetxea, J., Basterretxea-Iribar, I., Sotés, 1., & Machado, M. de las
M. M. (2021). Human error in marine accidents: Is the crew normally to blame?
Maritime Transport Research, 2, 100016.
https://doi.org/10.1016/j.martra.2021.100016

[22] Siebke, C., Mai, M., & Prokop, G. (2022). What Do Traffic Simulations Have to
Provide for Virtual Road Safety Assessment? Human Error Modeling in Traffic
Simulations. IEEE Transactions on Intelligent Transportation Systems, 1—18.
https://doi.org/10.1109/TITS.2022.3220961

[23] Uflaz, E., Akyuz, E., Arslan, O., Gardoni, P., Turan, O., & Aydin, M. (2023).
Analysing human error contribution to ship collision risk in congested waters
under the evidential reasoning SPAR-H extended fault tree analysis. Ocean
Engineering, 287, 115758. https://doi.org/10.1016/j.oceaneng.2023.115758

[24] Zhang, W., Meng, X., Yang, X., Lyu, H., Zhou, X.-Y., & Wang, Q. (2022). A
Practical Risk-Based Model for Early Warning of Seafarer Errors Using
Integrated Bayesian Network and SPAR-H. International Journal of
Environmental =~ Research  and  Public  Health, 19(16), 10271.
https://doi.org/10.3390/ijerph191610271

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder.

©08]



http://creativecommons.org/licenses/by-nc/4.0/

	Integrating AIS Data and Human Error Factors in Optimizing Vessel Navigation Safety in the Mahakam River: A 2024 Incident Case Study



