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Research question

“Is maritime traffic optimized? to 
what extent?”
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Motivations

Research question
“Is maritime traffic optimized? to 
what extent?”

Shipmasters:
«minimum distance and least

ship motion considering the 
location of low-pressure 
areas»

future work: «to propose an 
algorithm that represents the 
route decision/selection by 
shipmasters»



Research question..
“Is maritime traffic optimized? to 
what extent?”
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Motivations

www.visir-model.net

Objective:

least-time routes

Verification:
1- Analytical solutions

2 – Other model

Environmental 
fields:

currents

waves

Method:

Graph-search with 
dynamic weights

http://www.visir-model.net/
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1. Route selection criteria

Ø no ECA 
Ø not significant influence of ocean currents
Ø no intermediate stops at islands

Methodology/Results

à Buenos Aires (AR) - Port Elizabeth (ZA)
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2. AIS datasets filtering

Methodology/Results

Dry bulk carriers

Length: 201(19) m
Width: 32(2) m
Power: 8600(1500) kW
Max speed: 12(2) kts

è 43 tracks 
in 2016-2017

{timestamp, position, SOG, HDG, COG}

criteria Pruning condition Fujii 2017

Noisy tracks zigzags data with jumps

Speed outliers Speed < 1 kts Speed < 0.5 kts

Geographic 
region 

-50 oE < longitude < +15 oE
(i.e. far from harbours) 

Slant limit lines
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Methodology/Results

SOG, Eastbound voyages

Wave-vessel relative directionSignificant wave height

3. AIS augmentation/ “data fusion” 

Ø Hs from space- and time- co-located 3-hourly CMEMS analysis fields;

Ø Use next neighbour and not interpolation (rationale: 
distance sailed during CMEMS time step >> CMEMS horizontal resolution)
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Methodology/Results

SOG, Eastbound voyages

Wave-vessel relative directionSignificant wave height

(head waves)

3. AIS augmentation/ “data fusion” 

Ø Hs from space- and time- co-located 3-hourly CMEMS analysis fields;

Ø Use next neighbour and not interpolation (rationale: 
distance sailed during CMEMS time step >> CMEMS horizontal resolution)
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Wave-vessel relative directionSignificant wave height

(head waves)

Tsujimoto, et al., 2013, in ASME 2013 32nd International Conference on Ocean, Offshore and Arctic Engineering
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Wave-vessel relative directionSignificant wave height

(head waves)

Fujii 2017:  «Shipmasters normally avoid waves from dead ahead as much as possible«



4. identification  of VISIR propulsion 
parameters

Methodology/Results
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Fitting function is 
VISIR response 
model with manually 
fitted Vmax and Pmax

parameters

VISIR vessel model: 

solved for: v = v(Hs)
<latexit sha1_base64="kIQbe399e6zaX5mzzMIXvWCSILQ=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSLUS9mtgl6EopceK9gPbJeSTbNtaJJdkmyhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXhBzpo3rfjtr6xubW9u5nfzu3v7BYeHouKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqf+a0xVZpF8tFMYuoLPJAsZAQbKz2N0S0al2o9fdErFN2yOwdaJV5GipCh3it8dfsRSQSVhnCsdcdzY+OnWBlGOJ3mu4mmMSYjPKAdSyUWVPvp/OIpOrdKH4WRsiUNmqu/J1IstJ6IwHYKbIZ62ZuJ/3mdxIQ3fspknBgqyWJRmHBkIjR7H/WZosTwiSWYKGZvRWSIFSbGhpS3IXjLL6+SZqXsXZYrD1fF6l0WRw5O4QxK4ME1VKEGdWgAAQnP8ApvjnZenHfnY9G65mQzJ/AHzucP1BaPtg==</latexit>

⌘P = �v ·RT(Pmax, Vmax; v,Hs)
<latexit sha1_base64="cvO5GEJH8UKJVeI7sJbuYcwsvvY="></latexit>

RT = Rc +Raw
<latexit sha1_base64="04tvQjevAyGHVB6nrm+ICzVrm2s=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBEMpMFXQjFN24rKUvaIchk2ba0CQzJBmlDAU3/oobF4q49Sfc+Tem7Sy09UDI4Zx7ufeeIGZUacf5tnJLyyura/n1wsbm1vaOvbvXVFEiMWngiEWyHSBFGBWkoalmpB1LgnjASCsY3kz81j2Rikairkcx8TjqCxpSjLSRfPug5tfhFaz5GMJT83U50gPJU/Qw9u2iU3KmgIvEzUgRZKj69le3F+GEE6ExQ0p1XCfWXoqkppiRcaGbKBIjPER90jFUIE6Ul05vGMNjo/RgGEnzhIZT9XdHirhSIx6YysmKat6biP95nUSHl15KRZxoIvBsUJgwqCM4CQT2qCRYs5EhCEtqdoV4gCTC2sRWMCG48ycvkma55J6Vynfnxcp1FkceHIIjcAJccAEq4BZUQQNg8AiewSt4s56sF+vd+piV5qysZx/8gfX5A5Fmljo=</latexit>

Rc :
<latexit sha1_base64="h2R9kt2muVyMDZRvjUAB8QCuhks=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtguKp6MVjFfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbmt5+o0kyKBzOJqR/hoWAhI9hYqXXfJ+gK9csVt+pmQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfppdO0UnVhmgUCpbwqBM/T2R4kjrSRTYzgibkV70ZuJ/Xjcx4aWfMhEnhgoyXxQmHBmJZq+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdKqVb2zau3uvFK/zuMowhEcwyl4cAF1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx9KTY5I</latexit>

Raw :
<latexit sha1_base64="BL+K7zk+MsXLAlFpsliHVu950yM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWpguKq6MZlFfuANoTJdNoOnUzCzESpoV/ixoUibv0Ud/6NkzYLbT0wcDjnXu6ZE8ScKe0431ZhZXVtfaO4Wdra3tkt23v7LRUlktAmiXgkOwFWlDNBm5ppTjuxpDgMOG0H4+vMbz9QqVgk7vUkpl6Ih4INGMHaSL5dvvN7IdYjGab4cYoufbviVJ0Z0DJxc1KBHA3f/ur1I5KEVGjCsVJd14m1l2KpGeF0WuolisaYjPGQdg0VOKTKS2fBp+jYKH00iKR5QqOZ+nsjxaFSkzAwk1lItehl4n9eN9GDCy9lIk40FWR+aJBwpCOUtYD6TFKi+cQQTCQzWREZYYmJNl2VTAnu4peXSatWdU+rtduzSv0qr6MIh3AEJ+DCOdThBhrQBAIJPMMrvFlP1ov1bn3MRwtWvnMAf2B9/gCPsZMF</latexit>

constant drag coefficient

peak value of radiation component

(wave direction negelected)
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5. VISIR track computations

Methodology/Results Vessel ID:  009

Departure: 2017 Mar 10

Tv= 327 hr
Ta= 342 hr
Tg= 341 hr

Vmax= 14.5 kts
Pmax= 12 700 kW

VISIR

AIS
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Vessel ID:  002

Departure: 2016 Jul 31

Tv= 380 hr
Ta= 402 hr
Tg= 422 hr

Vmax= 13.5 kts
Pmax= 8 400 kW

VISIR

AIS

(AIS: waves encountered late)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
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Vessel ID:  051

Departure: 2017 May 28

Tv= 391 hr
Ta= 447 hr
Tg= 406 hr

Vmax= 12.0 kts
Pmax= 8 700 kW

AIS

(VISIR: daily-averaged too different from 
3-hourly waves)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

VISIR
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6. Statistical analysis of track geometry

Methodology/Results

Bundle meridional 
extent:
- AIS: 12 deg
- VISIR: 20 deg

Larger diversions 
during (Southern) 
autumn months

Some VISIR tracks even 
South of the geodetic

VISIR	

AIS	

a)	

b)	

009	

016	

051	

002	

009	

016	
051	

002	
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6. Statistical analysis of track geometry

Methodology/Results
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002	
002	

009	
009	

051	 051	

016	 016	

a)	 b)	

Dura.on	VISIR	

VISIR’s optimal track 
duration always shorter 
than:

a) geodetic track 
duration

b) AIS duration, 
especially for most 
dissimilar tracks 
(002 and 051)

7. Statistical analysis of track durations

Methodology/Results



VISIR	dura*on	savings	

a)	 b)	

c)	 d)	

051	

016	
002	

009	

051	

016	
002	

009	

051	

016	002	
009	

051	

016	
002	009	
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VISIR duration gains
increasing:

a) With (fitted) max 
vessel speed

b) With excess AIS-tot-
VISIR track length

c) During (Southern) 
summer months…?

d) With AIS-VISIR 
Fréchet distance

small Fd è La/Lv ~ 1
(not viceversa)
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• New Methodology for reconstructing ship speed loss in waves
through data fusion (CMEMS + AIS)

• Fair VISIR-AIS agreement:
• Tracks form a bundle (seasonal variability)
• VISIR tracks always faster
• Larger VISIR savings for faster vessels (tbc)

• Disagreement might be due to:
• VISIR model (just daily fields, no wave direction)
• Unavailability (for the shipmaster) of long-enough wave

forecasts

Conclusions

www.visir-model.net

http://www.visir-model.net/
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