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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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! 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


http://dx.doi.org/10.61882/marineeng.21.46.5
https://marine-eng.ir/article-1-1171-fa.html

[ Downloaded from marine-eng.ir on 2026-02-14 ]

[ DOI: 10.61882/marineeng.21.46.5 ]

b iS55, sleosls 5 (zge gl ) aore sloosls ganws
L lo oS 5 > sloosls (lajod g oo (sjlwoslel ¢ jige
oYL S byl g Sl slaesls (g5lwsgase sl
lwools g oas (g3lwil b ot s jus el (o 050,85 0
‘u.u)b)_v )l ) ooly awd 9o U"‘ AJ?mGa BA> 6)1)5.» L| u)a
00,5 o0 00lel Joe ijael cgz sl ooldacgaze 5 00 pléol
onl 50 s oo hyeel sl 5l 5 S0 b eolain Joe
a e laie dwlbre L aS ood (>b glan e sl sl
5 Shig—el 9y il oo ol 8 1y Joe (gilwatagy Ol s
Sasl el a4 an e jlade a5 b e anlol gley b (o 5lacgs
03031 slrodls 59y g 0 03033 ks o (o 5l gy sy
S8 o0 B i 8,5 (ol sl b sleslaiul Ly
o @S peemal 0 Sy 2 Coerl plime Julou jslaiees
JAL»; JA_A ‘_;>9).> swLQ) ) ol 00l eolazwl "SHAP L}“"f)
256 Oliee g (L8l Slatie ©)g0d) (85 ol Cuxdse
oj_:.é\'b 9 080 U“)H] Joo )l J._ML!‘SO AW C‘)ZAM‘ L(b(;)g
2,5 oolaiwl Sldes ooliiwl Cyz Cg s G 50 el oo 00

axfllao 0 g0 adbaio 1Y

as A4S el VS 38 s gl oyl 5o addllas 550 didlaie
2 oS 50 SliaS 3blie (5005 (S plse
(5 lw (go0 S slacodled Lo 4 adlais oyl g oo a3l
sboodls Jolod (sl (oalio (LS00 (6 5205 5 (6 wSuals
3 i el 5l (50 05 o Dgmne b iS Slej- Sl
= yowd dalllas 850 gadhain Glgie 4 G356 mds Ol
el 039 ailate ol 4 bgs e AIS slacols 4 cwlin g 5]
Y Sl o adhie ol ol oiS S o e s galds
Jolds i8S £o Ay A () j0 el 00l ools iulad
S siS g5 pSals slo i i ilS o sl oS
Sloas soinS RS A Y-vY d.:y‘) olo Jj.la o ngajﬁLv..A

il o SlS Jolds (Sl £ 9 A (S 3 gumno — T JSCD
SO 350 s 30 (53 y8lune 5 (g Sl

6 SHapley Additive exPlanations
7 Gulf of Mexico

&l GBS len Gz 5 a3 (50T oSS
o 5 ol [Y0]assls asl)l 1) o i e o i
S =5 03,5, s LSTM I (oS 5 Jos (YY)
5 o5b5 [V F]assls @l SaeolisS jo StiS e 380 o i
s "MLP slaasis o5 5 sl oolawl Lo (Y- YY) o, LSen
A S |y (i B aituilys a7 wis,S &8l Juw YGRU
o g [V Y]oms il 100/ L asl Jow o g
4y as s LSTM oSt (e a2 Jaw S (VYY)
o=l asawl GAT-LSTM |, Q] Al g wis S sloriny 1) f‘_gl)f
Joms (p e 4 Cand LFFIOY U 1) ot o cudly Jow
Jame S5 (Y- YY) oL LSen g (6 e [V AT zol58l 4l
Jalse sloola ol U S e —im i 61— °CLSTM

[ya]assls &sl,) glae) sbaosls g s
PG g oz S e drwgs g, oaiasplis b iagh ()l
@ lizes sldd sy j0 45 diwd b SUS s Swmiie $lp
Ao 4o ogdn «Dlallas 3l acgems () oS oo SLLL SS

&l e 50l sla Jow s AIS sLasols 5l eslaz il

S5 630 DS 5 (el vgne 4 o SUAS pie Sn i
Sl 0je ol o az g LB slacd iy caumolis 4 .x;fse

0315 g axdllio 3 yg0 ddbie ( golpadiny gyl — ¥

i o Al

Gl w9zl - ) Sl

5 ot Sl (O S0 aola 29zl (SR (=l 5o
LSTM Jas 5l (g mFo e L o sdS &8 5 yone (55luatngy
99 4o ‘nl_> (_.;Lmaob ‘..\_u‘ el 0 ASU a>g3 laj.ulia l.' o‘).o.m

! Single Point Neighbor Search (SPNS)
2 Multi Linear Perceptron
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