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  Abstract
  When ships approach each other, they should keep a minimum area around them clear of other vessels in order to remain safe. The geometrical shape of this area has been studied since the early 1970s and is defined as the ship domain. The progress in computer capacity since then and the introduction of the Automatic Identification System (AIS) provides the potential to further investigate the size and the governing factors of the domain. This investigation revisits and proposes a method using data based on 600,000 ship encounters at 36 locations. It is concluded that the ship domain has the shape of an ellipse with half axis radii of 0.9 and 0.45 nautical miles. However, there are two factors that greatly affect the ship domain: how large the area is that is used to gather vessel intersections and whether they are constrained by water depth. In contradiction to some previous research, it is found that the ship domain is unrelated to the length of the ship.


 


   
  Keywords
 Ship domainAIS dataShip behaviour
 

  
	
Type

	Research Article


 	
Information

	The Journal of Navigation
  
,
Volume 72
  
,
Issue 3
  , May 2019  , pp. 777 - 794 
 DOI: https://doi.org/10.1017/S0373463318000978
 [Opens in a new window]
 
  


   	
Copyright

	
Copyright © The Royal Institute of Navigation 2018 




 Access options
 Get access to the full version of this content by using one of the access options below. (Log in options will check for institutional or personal access. Content may require purchase if you do not have access.)  


    
 References
 
REFERENCES

 
 

 


 
 

 Chang, S.-J., Hsiao, D.-T. and Wang, W.-C. (2014). AIS-based delineation and interpretation of ship domain models. OCEANS 2014-TAIPEI, IEEE, 1–6.Google Scholar


 
 

 Coldwell, T. (1983). Marine traffic behaviour in restricted waters. The Journal of Navigation, 36, 430–444.Google Scholar


 
 

 Copping, A., Breithaupt, S., Whiting, J., Grear, M., Tagestad, J. and Shelton, G. (2016). Likelihood of a marine vessel accident from wind energy development in the Atlantic. Wind Energy, 19(9), 1557–1566. doi: 10.1002/we.1935.Google Scholar


 
 

 Fujii, Y. (1983). Integrated study on marine traffic accidents. IABSE Colloquium on Ship Collision with Bridges and Offshore Structures, Copenhagen, 91–98.Google Scholar


 
 

 Fujii, Y. and Tanaka, K. (1971). Traffic capacity. The Journal of Navigation, 24, 543–552.Google Scholar


 
 

 Goodwin, E. M. (1975). A statistical study of ship domains. The Journal of Navigation, 28, 328–344.Google Scholar


 
 

 Gucma, L. and Marcjan, K. (2012). Examination of ships passing distances distribution in the coastal waters in order to build a ship probabilistic domain. Zeszyty Naukowe/Akademia Morska w Szczecinie, 34–40.Google Scholar


 
 

 Hansen, M. G., Jensen, T. K., Lehn-Schiøler, T., Melchild, K., Rasmussen, F. M. and Ennemark, F. (2013). Empirical ship domain based on AIS data. The Journal of Navigation, 66, 931–940.Google Scholar


 
 

 Hollnagel, E. 2014. Safety-I and safety–II: the past and future of safety management, Ashgate Publishing, Ltd.Google Scholar


 
 

 International Maritime Organization. (IMO) (1972). Convention on the International Regulations for Preventing Collisions at Sea.Google Scholar


 
 

 Jensen, T. K., Hansen, M. G., Lehn-Schiøler, T., Melchild, K., Rasmussen, F. M. and Ennemark, F. 2013. Free Flow–Efficiency of a One-way Traffic Lane between two Pylons. The Journal of Navigation, 66, 941–951.Google Scholar


 
 

 Jingsong, Z., Zhaolin, W. and Fengchen, W. 1993. Comments on ship domains. The Journal of Navigation, 46, 422–436.Google Scholar


 
 

 Larsen, O. D. (1993). Ship collision with bridges: The interaction between vessel traffic and bridge structures, IABSE.Google Scholar


 
 

 Pearson, K. (1895). Note on Regression and Inheritance in the Case of Two Parents. Proceedings of the Royal Society of London, 58, 240–242.Google Scholar


 
 

 Pietrzykowski, Z. and Magaj, J. (2016). Ship domains in Traffic Separation Schemes. Zeszyty Naukowe Akademii Morskiej w Szczecinie, 143–149. doi: 10.17402/098.Google Scholar


 
 

 Pietrzykowski, Z. and Magaj, J. (2017). Ship Domain as a Safety Criterion in a Precautionary Area of Traffic Separation Scheme. TransNav, the International Journal on Marine Navigation and Safety of Sea Transportation, 11(1), 93–98. doi: 10.12716/1001.11.01.10.Google Scholar


 
 

 Pietrzykowski, Z. and Uriasz, J. (2009). The ship domain–a criterion of navigational safety assessment in an open sea area. The Journal of Navigation, 62, 93–108.Google Scholar


 
 

 Przywarty, M., Gucma, L., Marcjan, K. and Bak, A. (2015). Risk Analysis Of Collision Between Passenger Ferry And Chemical Tanker In The Western Zone Of The Baltic Sea. Polish Maritime Research, 22(2), 3–8. doi: 10.1515/pomr-2015-0011.Google Scholar


 
 

 Raymond, E. S. (2014). AIVDM/AIVDO protocol decoding. GPSD documentation Version, 1.Google Scholar


 
 

 Robards, M., Silber, G., Adams, J., Arroyo, J., Lorenzini, D., Schwehr, K. and Amos, J. (2016). Conservation science and policy applications of the marine vessel Automatic Identification System (AIS)—a review. Bulletin of Marine Science, 92, 75–103.Google Scholar


 
 

 Szlapczynski, R. and Szlapczynska, J. (2017). Review of ship safety domains: Models and applications. Ocean Engineering, 145, 277–289.Google Scholar


 
 

 Silveira, P., Teixeira, A. and Soares, C. G. (2013). Use of AIS data to characterise marine traffic patterns and ship collision risk off the coast of Portugal. The Journal of Navigation, 66, 879.Google Scholar


 
 

 Zhang, S.-K., Liu, Z.-J., Cai, Y., Wu, Z.-L. and Shi, G.-Y. (2016a). AIS trajectories simplification and threshold determination. The Journal of Navigation, 69, 729–744.Google Scholar


 
 

 Zhang, W., Goerlandt, F., Kujala, P. and Wang, Y. (2016b). An advanced method for detecting possible near miss ship collisions from AIS data. Ocean Engineering, 124, 141–156.Google Scholar




 

           



 
  	32
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
32




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Im, Namkyun
and
Luong, Tu Nam
2019.
Potential risk ship domain as a danger criterion for real-time ship collision risk evaluation.
Ocean Engineering,
Vol. 194,
Issue. ,
p.
106610.


	CrossRef
	Google Scholar






Weng, Jinxian
Liao, Shiguan
and
Yang, Dong
2020.
Methodology for Estimating Waterway Traffic Capacity at Shanghai Estuary of the Yangtze River.
Journal of Navigation,
Vol. 73,
Issue. 1,
p.
75.


	CrossRef
	Google Scholar






Liu, Dongdong
and
Shi, Guoyou
2020.
Ship Collision Risk Assessment Based on Collision Detection Algorithm.
IEEE Access,
Vol. 8,
Issue. ,
p.
161969.


	CrossRef
	Google Scholar






Wu, Xing
Roy, Uttara
Hamidi, Maryam
and
Craig, Brian N.
2020.
Estimate travel time of ships in narrow channel based on AIS data.
Ocean Engineering,
Vol. 202,
Issue. ,
p.
106790.


	CrossRef
	Google Scholar






Rawson, Andrew
Brito, Mario
Sabeur, Zoheir
and
Tran-Thanh, Long
2021.
From Conventional to Machine Learning Methods for Maritime Risk Assessment.
TransNav, the International Journal on Marine Navigation and Safety of Sea Transportation,
Vol. 15,
Issue. 4,
p.
757.


	CrossRef
	Google Scholar






Du, Lei
Banda, Osiris A. Valdez
Huang, Yamin
Goerlandt, Floris
Kujala, Pentti
and
Zhang, Weibin
2021.
An empirical ship domain based on evasive maneuver and perceived collision risk.
Reliability Engineering & System Safety,
Vol. 213,
Issue. ,
p.
107752.


	CrossRef
	Google Scholar






Gao, Da-wei
Zhu, Yong-sheng
Zhang, Jin-fen
He, Yan-kang
Yan, Ke
and
Yan, Bo-ran
2021.
A novel MP-LSTM method for ship trajectory prediction based on AIS data.
Ocean Engineering,
Vol. 228,
Issue. ,
p.
108956.


	CrossRef
	Google Scholar






Cai, Mingyou
Zhang, Jinfen
Zhang, Di
Yuan, Xiaoli
and
Soares, C. Guedes
2021.
Collision risk analysis on ferry ships in Jiangsu Section of the Yangtze River based on AIS data.
Reliability Engineering & System Safety,
Vol. 215,
Issue. ,
p.
107901.


	CrossRef
	Google Scholar






Qi, Le
Ji, Yuanyuan
Balling, Robert
and
Xu, Wenhai
2021.
A cellular automaton-based model of ship traffic flow in busy waterways.
Journal of Navigation,
Vol. 74,
Issue. 3,
p.
605.


	CrossRef
	Google Scholar






Lee, Hee-Jin
Furukawa, Yoshitaka
and
Park, Deuk-Jin
2021.
Seafarers’ awareness-based domain modelling in restricted areas.
Journal of Navigation,
Vol. 74,
Issue. 5,
p.
1172.


	CrossRef
	Google Scholar






Pietrzykowski, Zbigniew
and
Wielgosz, Mirosław
2021.
Effective ship domain – Impact of ship size and speed.
Ocean Engineering,
Vol. 219,
Issue. ,
p.
108423.


	CrossRef
	Google Scholar






Hörteborn, Axel
and
Ringsberg, Jonas W.
2021.
A method for risk analysis of ship collisions with stationary infrastructure using AIS data and a ship manoeuvring simulator.
Ocean Engineering,
Vol. 235,
Issue. ,
p.
109396.


	CrossRef
	Google Scholar






Gil, Mateusz
2021.
A concept of critical safety area applicable for an obstacle-avoidance process for manned and autonomous ships.
Reliability Engineering & System Safety,
Vol. 214,
Issue. ,
p.
107806.


	CrossRef
	Google Scholar






Feng, Zikun
Li, Yan
Liu, Zhao
and
Liu, Ryan Wen
2021.
Artificial Intelligence and Big Data Analytics for Smart Healthcare.
p.
145.


	CrossRef
	Google Scholar






Rawson, Andrew
and
Brito, Mario
2021.
Developing contextually aware ship domains using machine learning.
Journal of Navigation,
Vol. 74,
Issue. 3,
p.
515.


	CrossRef
	Google Scholar






Sepehri, Arash
Vandchali, Hadi Rezaei
Siddiqui, Atiq W.
and
Montewka, Jakub
2022.
The impact of shipping 4.0 on controlling shipping accidents: A systematic literature review.
Ocean Engineering,
Vol. 243,
Issue. ,
p.
110162.


	CrossRef
	Google Scholar






Liu, Hu
Xu, Xueqian
Chen, Xinqiang
Li, Chaofeng
and
Wang, Meilin
2022.
Real-Time Ship Tracking under Challenges of Scale Variation and Different Visibility Weather Conditions.
Journal of Marine Science and Engineering,
Vol. 10,
Issue. 3,
p.
444.


	CrossRef
	Google Scholar






Ji, Yuanyuan
Qi, Le
and
Balling, Robert
2022.
A dynamic adaptive grating algorithm for AIS-based ship trajectory compression.
Journal of Navigation,
Vol. 75,
Issue. 1,
p.
213.


	CrossRef
	Google Scholar






Breithaupt, Stephen A.
Bensi, Michelle
and
Copping, Andrea
2022.
AIS-based characterization of navigation conflicts along the US Atlantic Coast prior to development of wind energy.
Ocean Engineering,
Vol. 264,
Issue. ,
p.
112235.


	CrossRef
	Google Scholar






Zhou, Wei
Zheng, Jian
Xiao, Yingjie
and
Chen, Feng
2022.
An online identification approach for ship domain model based on AIS data.
PLOS ONE,
Vol. 17,
Issue. 3,
p.
e0265266.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








A Revisit of the Definition of the Ship Domain based on AIS Analysis








	Volume 72, Issue 3
	
Axel Hörteborn (a1), Jonas W. Ringsberg (a2), Martin Svanberg (a1) and Henrik Holm (a3)

	DOI: https://doi.org/10.1017/S0373463318000978





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





A Revisit of the Definition of the Ship Domain based on AIS Analysis








	Volume 72, Issue 3
	
Axel Hörteborn (a1), Jonas W. Ringsberg (a2), Martin Svanberg (a1) and Henrik Holm (a3)

	DOI: https://doi.org/10.1017/S0373463318000978





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





A Revisit of the Definition of the Ship Domain based on AIS Analysis








	Volume 72, Issue 3
	
Axel Hörteborn (a1), Jonas W. Ringsberg (a2), Martin Svanberg (a1) and Henrik Holm (a3)

	DOI: https://doi.org/10.1017/S0373463318000978





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















