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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.

ISSN: 2645-8136 DOI: http://dx.doi.org/10.61882/marineeng.21.46.5
Copyright: © 2025 by the authors. Submitted for possible open access publication under

the terms and conditions of the Creative Commons Attribution (CC BY) license
BY [https://creativecommons.org/licenses/by/4.0/]



https://marine-eng.ir/
mailto:yousefes@stu.nit.ac.ir
mailto:h.motieyan@nit.ac.ir
mailto:rdezvareh@nit.ac.ir
https://orcid.org/0009-0003-6764-3078
https://orcid.org/0000-0002-3733-7147
https://orcid.org/0000-0002-4330-2194
http://dx.doi.org/10.61882/marineeng.21.46.5
https://marine-eng.ir/

(AA—V‘) “f‘f ‘f? O)Louii ‘T‘ 0-1? 6‘-".)0 ‘SMJAJ.Q.O 4.”).&3

&

U )9 (wiigo 4 g

marine-eng.ir :a ,is Lol axiw

o Slp a by (e i 0byd e I (G- e Gaes 5L

b uls )L, p (e

Y‘:?U.w) 0,l935 Lo, ¢ '*Yolaxah.o Swod ¢ ‘glgslo.w‘ g

YOUSETES@SHU.NIL.AC.IT ( Ll (bl s by sinio oSl ) yos suwiigeo 835> Sl SleMb! s 13 i S gmetils |
h.motieyan@nit.ac.ir « b « bl sy iy (imo olKuiild () o qusdino 01D ()15 Al _wdigee 09,5 bl
rdezvareh@nit.ac.ir « bl « bl Slomigs  caio oKy o)l yoe  wdine 03Suiild 3 g 05l wtige 09,5 Hluiils "

PR

ol @)l sl (Sl Sl (S e LiS pee 380 (G 2Ly S rgb soje> 50
Ol po el ol e Sl aialign Cu pde g S g Brae (gjlwdige «Dlola jialS (69,4l 40
)‘ 6;5")-&4 L aS conl oo 43‘) LQLSMSW gy 6‘)‘ )9.7:‘:00‘0 9 (:AL‘> u9:>)l.‘> S5 cowR9
ol 4Bl anng zoe gl pla e gbvesls g s olulil sailols a8ly slacsls
BN Lgﬁ)éw 9 Lgﬂ.i.,.a:l.o ‘).;,g;.ilf J.oo L5‘L::>L5'Z..i'.5 5‘5)’ LSLQW UL“L‘*’ sadoslaiwl glwosls
Slauw g ol (i > Fy bl cddgiie sl Shg zliel b g ovg S50 mls gadhais
S5 s 3l gl sl 00008 adgs aldl Lsle g e godldasgase S o oLl
Uly a5 oals ooliiwl axgi £35S 5 LSTM iS5l vas (48l 5 S (oS 5 (5 lone
(e 10 s G0 lS bly  aoday 35 00 g Sae GYeb Gl sla Siuily Spo o oYL
5,5 050 SHAP s, 5l 55 mmnl 15 (S5 52 o el 5 Joo (550 s Sl pslitens
5 ol (oldlie Job g oe bojusie a5 ol lis b Sy Juloo 5l Jols mls ool ouls
leools sleslatwl b Jow om0 o)l c5)ls cmien 80 0 1) id o yidon yige zge glas)l
el llas liee Col 0d B0 soleiiny wazilr o5 O i Al Jae b aglie 5 (03]
D5 ygliws cpl aws als UYY sga Uy e oles sl 5 LT 0g0s U ] plal>
e 335 St O B S pd et el b Gloim Gl Gres 650k S o250
(5736 SaS slrailols (garwss gl S B S5lo ) olsicds Wlgh oo ozl ol ool o oiS
Syge 2byd SBIS Gt g wreden ol S g 9959 Sepde (loes sla S Culie
Bl 0gzg alize b yo 3bln g b st glgil oo 4 Qi ool CodslB (pizmen 0 8 118 ool

DOI: http://dx.doi.org/10.61882/marineenq.21.46.5

590 led g bl i con ] yiws b jLaasl gl 31 ol o g g YoY0 © il 3>
Wl 0ol Jlo,l (CC BY)

alio ledb|

llio dzziy b
VEEVIYY allie il o o,
VECE/YITY sallie ool o b
VEFFNA wallie 5l gl
VECF/ENA llie el fu b

lio g4
oy Allie

ey el
LSTM-Attention Jos
i Se sldae

by st

ISSN: 2645-8136


https://marine-eng.ir/
mailto:yousefes@stu.nit.ac.ir
mailto:h.motieyan@nit.ac.ir
mailto:rdezvareh@nit.ac.ir
https://orcid.org/0009-0003-6764-3078
https://orcid.org/0000-0002-3733-7147
https://orcid.org/0000-0002-4330-2194
http://dx.doi.org/10.61882/marineeng.21.46.5
https://marine-eng.ir/

OA-Y) AFF (F) YY) ol b yo i 45,55 1 o)) Sen 5 sl awgy

5 M an LB ((hselid s (cze > 05y slaejlsye
So 5l aiiwn Sle (g5 Job 50 pae Dbl (Sl 59,0
e 39 pemasS sl gy [A] ez 03l (oo
b oS oo S5 Joo a4 2536 (nl sl (6995 Sntes sloi
@B p (g i 35 o5 Wl S CSeSy o) s
Ayl Ceal Slas e 2,5 adei (gl aS il ails cols
s (o S So ileesly 5 (b agh (nl e
ol a2 g5 0580 b olea LSTM (o a8 (oo (225
Sloy G Sily zl 5wl sl LSTM sl 5l Jow ol yo
35 S Hekaie 4y dz gl 035k g ol eslwl (S > slaosls (o
s odle ol o a0g58l o] s alis (gadS blis Ly
sla S5 M TAIS lacols 1o 05 g0 o liiliwl sla S5
ol ame ools  POLs T 25 2 258 gzen (sloadgiie
5| G wloas Blowd Joie 050l ans] b 48 3o zae £lis)
oo © B Sl g Sledlbl (23S ssue da Sy cnl S 5
el (2l)3 (28l 5 ooz Ly o

LS Wl g 5y900 - ¥
LY (s g Sy aly g Joe S VYY) Gl Sen 5 S
alio Y glahais S alaes omima ig, b1y ol 5 00,5
Al o e (Jae (Y ) LS 3 ST, A S
poes 58,5 5 5o Ly (S s (b sl M s
5 SOl [V Josols aslyl a8 san] slacuadae jo Conlad
o b iS¢l LSTM Jaw (Y1) ),
5 5 L)V asiols slpiis AIS slassls bl 1 ja S5
ISSPD 6L 4y sols (45318 5 e 0,55l S oYV ) e
&l GRU ac S SO g Laools caS 05 sl |,
Ol g 0oljde .[\Y]a._jo; oolaiwl SIS e Com g
s G e Cald g (e il slaJoe (V4 TY)
5 sl [IY]ass 5 sloiing calizie slagley e jo S
ot Sl Getle Tk wazlr S (VYY) e
Gaaie> g AIS o )L slaosls jloolaiwl U oiS jue
Joe (Y YY) ol e 5,5 0 [V F]ais 8 olgiiy b e s,

11 Gates

12 Attention

13 Automatic Identification System

14 Turn rate

15 Acceleration

16 |inear Regression
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2 Global Positioning System (GPS)
3 Trajectory

4 Prediction
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7 Long short-term memory

8 Recurrent neural network
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4 Vessel type
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