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Abstract

This study systematically investigates the advanced applications of artificial intelligence (Al) in transforming port
management and operations, with a focus on intelligent solutions for addressing the complex challenges of modern
ports using cutting-edge computational and analytical algorithms. To this end, two advanced models were
developed and implemented: a genetic algorithm for optimizing logistical operations, and a deep LSTM neural
network for intelligent traffic forecasting. The genetic algorithm, precisely tuned within the AnyLogic simulation
environment across 25 key nodes, achieved a 35% reduction in operational time, a 28% decrease in fuel
consumption, and a 32% cut in operational costs. The LSTM model, featuring two hidden layers with 60 neurons
each, was trained on 120,000 records and achieved 90% accuracy in traffic pattern prediction outperforming
traditional models such as ARIMA, which reached 84% accuracy. The findings indicate that these technologies
not only enhance operational efficiency but also significantly reduce the carbon footprint of ports and increase
overall productivity. This dual advantage is of strategic importance, particularly in light of current environmental
regulations and the sustainability demands of the maritime industry. Furthermore, key challenges—including the
need for investment in cyber-physical infrastructure, specialized workforce training, cybersecurity, and
organizational resistance to digital transformation are comprehensively examined. From a scientific perspective,
the study offers an integrated evaluation framework, the development of compatible hybrid models,
multidimensional impact analysis, and practical solutions positioning it as a valuable roadmap for port managers,
maritime transport policymakers, and researchers in intelligent technologies.

Keywords: Artificial Intelligence (Al), Port Operations Optimization, Genetic Algorithm, LSTM Neural
Network, Sustainable Maritime Logistics.
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Table 1 - Specifications of the simulated hypothetical port
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Table 2 - Comparison of the hypothetical port specifications with the Port of Rotterdam
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Container Vessel Port Calls In Rotterdam
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Table 3 - Container Vessel Port Calls in Rotterdam

Egone 4 DS 4 FD/SS 4 s DS 4y i FD/SS L
lo uss ol 5 oI5 S ISl IS ’
515 29 71 125 270 202407
500 29 64 137 286 2024-08
489 13 59 120 267 2024-09
182 37 16 122 251 2024-10
480 36 52 114 278 2024-11
435 37 61 104 233 202412
145 59 61 82 243 202501
145 38 60 104 243 2025-02
501 63 53 122 263 202503
197 62 57 118 260 2025-04
516 50 61 131 274 2025-05
143 44 55 119 225 2025-06
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Table 4 - Container Vessels at Anchorage (%)

(1)ol5 5 & ()aSsl &y s ole
22.7% 77.3% 2024-07
15% 85% 2024-08
20.4% 79.6% 2024-09
21.8% 78.2% 2024-10
17.8% 82.2% 2024-11
21.4% 78.6% 2024-12
26% 74% 2025-01
22.5% 77.5% 2025-02
22.5% 77.5% 2025-03
23.5% 76.3% 2025-04
19.7% 80.3% 2025-05
21.9% 78% 2025-06
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Table 5 - Average Waiting Time at Anchorage — Deepsea
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49 1.2 2024-07
29 1.3 2024-08
43 1.3 2024-09
37 1.2 2024-10
36 1.7 2024-11
37 24 2024-12
59 2.2 2025-01
38 1.4 2025-02
63 1.5 2025-03
62 1.3 2025-04
50 1.4 2025-05
44 1.3 2025-06
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Table 6 - Average Waiting Time at Anchorage — Feeder (Short Sea)
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Table 7 - Genetic Algorithm Parameters
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Table 8 - Practical Results and Data Analysis
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