[ Downloaded from marine-eng.ir on 2025-11-17 ]

[ DOI: 10.61882/marineeng.21.46.5 ]

J. of Marine Eng. Vol. 21, Iss. 46, 2025. (58-70)

Journal of Marine Engineering
Journal homepage: marine-eng.ir

Spatio-temporal Deep Learning for Maritime Routes: A Unified Model for
Behavior-Aware Vessel Prediction

Yousef Esmaeilit’®, Hamid Motieyan?""), Reza Dezvareh?

Y Master’s Student in Geospatial Information Science, Faculty of Civil Engineering, Babol Noshirvani University of
Technology, Babol, Iran; yousefes@stu.nit.ac.ir

2 Assistant Professor, Department of Geomatics Engineering, Faculty of Civil Engineering, Babol Noshirvani University of
Technology, Babol, Iran; h.motieyan@nit.ac.ir

3 Associate Professor, Department of Structural and Earthquake Engineering, Faculty of Civil Engineering, Babol Noshirvani
University of Technology, Babol, Iran; rdezvareh@nit.ac.ir

ARTICLE INFO ABSTRACT

Article History: Accurate vessel trajectory prediction is a critical requirement for enhancing maritime
Received: 12 May 2025 safety, reducing collision risk, optimizing fuel consumption, and enabling intelligent
Last modification: 17 Jun 2025 traffic management at sea. In this study, a comprehensive and data-driven framework

Accepted: 9 Jul 2025

Available online: 9 Jul 2025 is proposed for vessel trajectory prediction, developed using real Automatic

Identification System (AIS) data and relevant environmental information such as

Article type: s_ign_ificant wave height. The dataset include_s movement trajectories _of cargo _vessels,
Research paper fishing vessels, and passenger vessels W|th.|n the_Gqu of Mexico. A rich and

structured dataset was constructed by extracting derived features such as turn rate,
Keywords: acceleration, and geographic coordinates. To model the trajectories, a hybrid
Vessel trajectory prediction architecture based on Long Short-Term Memory (LSTM) networks and an attention
Attention mechanism mechanism was implemented, enabling the model to effectively learn long-term
LSTM-Attention model temporal dependencies and adaptively focus on critical segments of vessel routes. In
Spatio-temporal modeling addition, SHapley Additive exPlanations (SHAP) were used to enhance the

Maritime navigation interpretability of the model and analyze the contribution of each feature to the

prediction process. The feature analysis revealed that latitude, longitude, acceleration,
and wave height played the most significant roles in improving predictive accuracy.
Experimental evaluation using a held-out test dataset and comparison with a baseline
LSTM model demonstrated that the proposed framework reduced the Average
Displacement Error (ADE) by approximately 44% and the Final Displacement Error
(FDE) by about 39%. These results confirm the effectiveness of combining
spatiotemporal deep learning with interpretable feature analysis for precise vessel
trajectory forecasting. The proposed framework offers a reliable foundation for
developing navigation support systems, autonomous ship routing, smart port
management, and maritime traffic forecasting. Furthermore, it can be extended to
various types of vessels and other maritime regions.
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16 |inear Regression

17 Single Point Neighbor Search (SPNS)
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doddio — )

~ S slaanl B o bl sloailie 51 (S olpiea oS >
S50 S (oo Ll gy slaossy Jolod ) (oo (285 Sle
Sl e sloojs> o (5 > slagsl s La S 5l oo
Sonl 5l uliBlen 5 (S o 552,800 2 (5,13, pole alox
lacamdas slacssld cd, i b [N]ocul Jls,95 5 ok
bl 328 oo, Gl T Gler Clhcandss ailel wils
S wosls I genlae par xS 53 g 0ud il S e
s b 39 5 i el Y] ot sl s sla o
¥ bglas T4 4 058 o Ls 043 CunBse 5l 5]
g dowald oLl dlasSl oo Soa b osls (nl aiss o
S 555 o 58 ooliisl 5550 0ai] (gl s T Sra ey
i L Poagn (it ool (ol oo S et
ey Jig e [¥] sl sas] lej cgloosly o Fslosl o8 >
4S5 ebd g, Jleda Slea sbaddl Lol )5 (S
Sz @)l )l 5lae )0 Ve g o jlas o 8 4 So
Srae YL 2L e yo i) crl Sediee sl Ly Gk
ol b [F]asS o il e (sl o025 50 Sl 8 35
by Slolar 5l YU oo a5 wiws o ol bl (>
ol gaxBy o 2LST [0 (ars ohga o Sludl slallas 51 4L
s Dleladl soo i 30 Sleil a4 by e i allas ol 51 Lo
[o]ostse plys dasmee o

2 Sl Cenlyy loaz Ll 5l 6 an G 501
sloosls ko )5 (6 pSaiizr @bl g ol Joosd yo3 slaJlo
e et 059 50 Sl 0351 Sty (Sl (5
SlaJos 5b o0 Dgme Sloj w0 JeloS (29 a5 da i
ol iles Sl 955 4 1) (g0l j dz g Gree 650l p (S
Sy Slas (a8 g oazry sloosls Lauld )0 0594 o Joe
Jslazie slapi ;580 5 SdS (sla g 4y o (5502
[V] YLSTM (slaasies [Flaslosls ojlis g5 5 omile 5,80k
Sl S S 3ooe M iT ik sae slaaS ) o5
b Sy s 5 i glresls sile o 5 5l
g alibls ol s 3l ool Ly laaSids oyl ailoas

! Spatio-temporal

2 Global Positioning System (GPS)
3 Trajectory

4 Prediction

5 Location Prediction

6 Route Prediction

7 Long short-term memory

8 Recurrent neural network

9 Sequence data

10 Time series
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