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*ETA (Estimated arrival time)

! AIS (Automatic Identification System)
2 SOLAS (Safety of Life at Sea)
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® IHO (International Hydrographic Organization)

! Electronic Chart Display and Information System
2 GPS (global position system)

% Gyroscope

* IMO (International Maritime Organization)

® ENC (Electronic Navigation Chart)
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! Pilot

2 pilotage operation

3 STCW (Standards of Training, Certification and
Watchkeeping)

* Human Error
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! Recurrent Neural Networks (RNNs)
2 Fuzzy Logic System
% Clustering Algorithms

Y olouis /Y 0590 [VFe¥ Jlw | G ) bnxo 9 Codlw “g'a.o..ﬂ O DR



I ol 59 59,5l (shenl i ol gz & ilme 5o drst (855 K s (S5 05l 53 e 3imo Gigh (56552 5 b s

L silome sloans (g5lamosly dilje (nl 0925 L

=8l slmosls ay dgase cwyiws yudai ol il
slocslop; il eiS 0 ob)o wlsw § SIS
L, San & g0 ¢ ool Jobs alys gy bl
95429, «69,55b )0 (oal aie; 5o (Mol g sladlaie

o oo | olalllas 39l g Slgiing ¢ wlul pl 5
Siop ooluly silme slaag (Sohl) (ciales] (sl
o ploal ja asile SIS el o (egiae
5 goloatdl Lo o o LS 0 5 955 55 e
Egzme )3 0,25 plosl de) (il )3 (aretins s
o L il slodrg 328l 45 085 A g5 o
Cdyb - Soanl g gelz 9,55, Sy plsrear (Sota
59,00 558 ol 50 5l 5 el &) sl YL
sboojem o Gl poons Jl (05K 0l s
205 Ogne b Jig Jos

&bo -V

[1] Sebe, M., et al., Maritime transportation:
Let's slow down a bit. Sci Total Environ,
2022.811: p. 152262.

[2] Manasbay, A., et al, Impact of the
Marine Transport System and Public
Administration on the Environmental
Protection. Journal of Environmental
Management and Tourism, 2021. 12: p.
654.

[3] Baksh, A.-A, et al,, Marine
transportation risk assessment using
Bayesian Network: Application to Arctic
waters. Ocean Engineering, 2018. 159:
p. 422-436.

[4] Bu, A.A, AlIS-Data For Increased Insight
Into  Navigational  Impacts  Post
Installation of Man-made Structures at
Sea. 2019, NTNU.

[6] Alexandrov, C. et al. Application of
Radar Observation on Improvement of
Buoyage System in Bulgarian Teritorial
Waters. in 2024 23rd International
Symposium on Electrical Apparatus and
Technologies (SIELA). 2024. IEEE.

[6] Lisowski, ], Artificial intelligence
methods in safe ship control based on
marine environment remote sensing.
Remote Sensing, 2022. 15(1): p. 203.

[7] Suranari, H., Shipping and threats to the
Antarctic marine environment, Journal

slool ol bl s gladasd (il g bosls 4y (gwyiws
5 &9 9,57 DLl g5z Cumds Jold ol (6395
Ol el 1093 50 slodag Coeal ) (ane Jelse nle
S 2Ly S8l o pae Jeped 50 i Sledb
o554y ol T iosl pelas (6l 1 4y aSly sl ol
5 695,59 S35 oo Al plia b Sl Ll o
S e (Ll SaS dajglid (g,

S s B sasie las )5 4 4z g5 b eg,y 05l
sloools ot 5 g5l sloasg gilwosly &b
Ol (Eiman (il esliinl L gl 5l Jol>
5O itls 0,509, SO 5l oS e a5 5, bl
4 g dalys Fael )5 estan (hse (sla Jae o]
Se o 0,5 anals 5 b gaiailys 4 az i b oSos e
Ol sl G5 5 A 25 )0 0l (Byee o s
Sy9—0 sl 9,5 g Loools 95 Ly clisto - o Joo
sl oo 13 1y il o e 9T e o)L
il ails o o 4 (69,550 50

alols 3oyl 5load 2l yo slaosls Koo by &
Ohep ilie slaJoe g lop sl b 5:46 oLl o
dlaiabsn sl g, dilys oo g 2o |) egian
5l pal, 8 oo lats 5 e 0,5l £ai b caslite
Slesls 5 63959 sloosls 55wl & i § oy
St by Slsil (egran (h9a b 6551 )8
gl 4 Al S 059 Sl Ado e )3 090 e
Olss oatine sl gsle huyai b g gy sbajls
a2 Joe 0z Gl S S b e plaS a5 58 s
Bl sl 1) (2985l (e (Sgan

Lo, s b il sladg Gl 0 (sgm
wlwlis (oo loslo S Jdos LSl oy 9
L legis a Slles slaslpiing l)l 5 jlas (slagSl
5 ol Gl cge Lisds 9,505, (nl sl 00 o0l
o sl w9t e (20 i 59 Jletat Grals
sloauie fals o Sl iS by glwainte
SoS 5 gy e Llpl s S poe 5 Sliles

20,5 saly>

Y o,lols /Y 0,90 NFeF Jlu [ s ) bauzro g oDl “53.».}] O B9



shlS bl ¢ (LS8 592 v
[19] Zargar, A. and Z. Nouruzi, The Persian of Maritime Management Science
Gulf Countries’ Responsibilities and Their Studies, 2023. 4(2): p. 75-97.
Roles in Environmental Protection. [8] Chuah, L.F., et al, Marine environment
International Relations Studies, 2016. and maritime safety assessment using
33(9): p. 251-281. Port State Control database.
[20] Ghanaatian, H., et al., The Fate of Terns Chemosphere, 2022. 304: p. 135245.
in the Course of Development at Musa [9] Hakimzade khoei, P.and S. Sotode, The
Multi-Branch Creek, Northwest of the legal system governing the conservation
Persian Gulf. 2023. 1: p. 1-6. of the marine environment. Modern
[21] Zhang, L., et al, Ship accident ]1u1ii;prudence and Law, 2023. 3(12): p.
consequences and contributing factors T
analyges using ship ga}crcident [10] Chen, P, et al., Probabilistic risk analysis
investigation reports. Proceedings of the for Shlp-.Shlp collision: State-of-the-art.
Institution of Mechanical Engineers, [11] SB?(f:lagl:s;en;e' azr(l)dlgllili;l?h:\(z)sg‘fFZETY
Part O: Journal of risk and reliability, THROUGI-} A.RTIFICL;lL INTEiLIGENCE
2019. 233(1): p. 35-47.
: (1):p , IN THE MARITIME INDUSTRY. Strategies
[22] Veitch, E. and O.A. Alsos, A systematic for Polic in Science &
review of human-Al interaction in . y s
. : Education/Strategii na Obrazovatelnata
autonomous ship systems. Safety science, i Nauchnata Politika, 2023. 31(3)
2022.' 152:p. 10577?'_ L . , [12] Abouata, M. THE ROLE OF THE
[23] Durlik, L, et al., Artificial intelligence in CONTRACTING — GOVERNMENTS  IN
maritime . trqnsportatlon: a SECURING THE COMPLETE AND
comprehensive review of.safety and r.zsk EFFECTIVE APPLICATION OF THE
management  applications.  Applied INTERNATIONAL  CONVENTION ~ FOR
[24] Jurkovic, M., et .al., Operational Research Quarterly, 2012. 42(2): p. 21-37.
of AIS AtoNs in Inland Waterways: A [13] Klanac, A. and P. Varsta, Design of
Case Study of a Sel.ected Stretch Of’.the marine structures with improved safety
Danube. Transactions on Maritime for environment. Reliability Engineering
Science, 2025. 14(1). & System Safety, 2011.96(1): p. 75-90.
[25] Wu, H, et al, Construction safety risk [14] Blasco, J., I. Corsi, and V. Matranga,
assessment of bridges in the marine Particles in the oceans: Implication for a
environment based on CRITIC and safe marine environment. 2015, Elsevier.
TOPSIS models. Journal of Coastal p. 1-4.
Research, 2020. 108(SI): p. 206-210. [15] Eliopoulou, E., A. Papanikolaou, and M.
[26] ghasemi, m. H.R. Motamed, and P. Voulgarellis, Statistical analysis of ship
Mashayekh, Presenting a model of accidents and review of safety level.
factors affecting the management of Safety science, 2016. 85: p. 282-292.
health, safety and environmental crises [16] Kunaka, C. and R. Carruthers, Trade and
in maritime areas: a data-based transport corridor management toolkit.
approach_ ]ournal of Maritime 2014: World Bank Publications. .
Management Science Studies, 2025. [17] We;lton,f(;M., ett al,, I;av?ment,t b;ld?e,
5(4): p. 51-68. and safety cost evaluation tool for
[27] Ugurluy, O, U. Yildirim, and E. overweight truck corridors serving
Yuksekyildiz, Marine accident analysis coastal port regions an.d border ports of
with GIS. Journal of Shipping and Ocean Z"m{' 2037' Un1v;3r51tyT of Texas at
Engineering, 2013. 3(1_2) p. 21. Rustln. N enter or ransportatlon
. ; esearch.
[28] Ugurlu, H. and I Cicek, Analysis and [18] Sayareh, et al., Failure Mode and Effect

assessment of ship collision accidents
using Fault Tree and Multiple
Correspondence Analysis. Ocean
Engineering, 2022. 245: p. 110514.

Y olouis /Y 0590 [VFe¥ Jlw | G ) bnxo 9 Codlw “g'a.o..ﬂ O DR

Analysis (FMEA) for Evaluating the
Causes of Delays in BIK's Dry Bulk Cargo
Operation. Journal of Oceanography,
2011. 2(6): p. 49-.



Journal of Research in safety, health and environment/ 2025/ VVol.3/ No.2

R IN
AN
ENYIRONMENT QUARTERLY

. Journal of Research in safety, health and environment
Crlle

[N
e T

r
) i it gt gl il i

The importance of designing and implementing artificial intelligence in
the deployment of virtual buoy navigation assistance systems to enhance
the safety level of navigation in ports

Forouzan Farrokhianl, Aboutaleb Gerayloo?

1 Assistant Professor, Department of Environment and HSE, Faculty of Agriculture, Water, Food and Processed
Products, Islamic Azad University of Ahvaz, Ahvaz, Iran.

2 PhD student, Department of Environment and HSE, Faculty of Agriculture, Water, Food and Processed Products,
Islamic Azad University of Ahvaz, Ahvaz, Iran.

ARTICLE INFO

ABSTRACT

Article history:

Article Type: Research paper
Received: 2025 October 4
Received in revised form: 2025
August 21

Accepted: 2025 August 27
Available online: 2025 September
*Correspondence:

foroz.farrokhian@gmail.com

Keywords: Air Pollution
Buoys

Navigation

Risk

Maritime

Safety

Since more than 90% of foreign trade in goods is conducted through
maritime transport, and the initial and final bottlenecks of ships are
related to loading and unloading goods at the ports of countries, ensuring
maritime safety in the waterway corridor of port entrances and exits to
reduce the risk of various imaginable hazards for a vessel is always of
paramount importance and a fundamental concern for port managers
worldwide. Therefore, considering that traditional physical buoys serve as
indicators for the traffic routes of incoming and outgoing ships in the port
waterways, the utilization of artificial intelligence to enhance the
performance of these physical buoys through the implementation of
virtual buoys can play a significant role in improving the level of maritime
safety in the waterways of ports, which are the main bottlenecks for ship
traffic. Consequently, this research, as a case study, emphasizes the
necessity of implementing a virtual navigational aid signal system and
integrating their functionality using artificial intelligence with the physical
buoys located in the ports’ waterways and the Automatic Identification
Systems (AIS), Electronic Chart Display and Information Systems (ECDIS),
and ARPA radar systems in the KHOWR-E MUSA Channel of Imam
Khomeini Port Complex—one of the longest and most challenging entry
waterways to the country’s ports, with a distance of approximately 42
nautical miles from the mouth of KHOWR-E MUSA to the berthing areas—
aims to reduce human error in ship navigation.
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