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Abstract : The maritime traffic analysis has been conducted in various ways to solve problems arising from the complex marine environment. However,
recent trends in the maritime industry, such as the development of the maritime autonomous surface ships (MASS), suggest that maritime traffic analysis
needs change. Accordingly, based on the studies conducted over the past decade for improvements, automatic identification system (AIS) data is mainly
used for maritime traffic analysis. Moreover, the use of geographic information that directly affects ship operation is relatively insufficient. Therefore, this
study presented a method of using a combination of shape format data and AIS data to enhance maritime traffic analysis in preparation for the
commercialization of autonomous ships. Consequently, extractable marine traffic characteristics were presented when shape format data were used for

marine traffic analysis. This is expected to be used for marine traffic analysis for the introduction of autonomous ships in the future.
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Table 1. Literature search results
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Fig. 1. Frequency of data type.
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Number of cases

Purpose

Reference

Ship collision
avoidance

"Du et al, 2020", "Kim et al., 2011a", "Hinninen, 2014", "Baldauf et al., 2011", "Alvarez et al., 2021",
14 "Teixeira et al., 2018", "Zhen et al., 2017", "Lei, 2020", "Xiao et al., 2012", "Jeong et al., 2012", "Zhang et

al., 2020", "Probha and Hoque, 2018", "Mehta et al., 2016", "Kim et al., 2011b"

Ship traffic flow

"Xin et al, 2019", "Tafa et al., 2019", "Altan and Otay, 2017", "Xiao et al., 2019", "Zhou et al., 2019",

analysis 10 "Kontopoulos et al., 2021", "Kim et al., 2012", "Kim et al., 2017", "Mazaheri et al., 2015", "Sang et al., 2015"
Ship traffic 3 "Bodunov et al., 2918”, "Yang et al.,‘2014”, "Mansson et al., 2017", "Aps et al., 2017", "Xiao et al., 2017",
management "Serry, 2016", "Wei et al., 2013", "Li et al., 2013"
Shjp‘tra‘fﬁc 6 "Jiacai et al., 2012", ”‘Arguedas et al., 2017", "Practorius and Hollnagel, 2014", "Perera et al., 2012", "Van&k
monitoring et al., 2013", "Praetorius, 2014"
Anomaly detection 5 "Vespe et al., 2012", "Venskus et al., 2019", "Abreu et al., 2021a", "Abreu et al., 2021b", "Zissis et al., 2020"
Na“gztjl‘;go‘:fdsm 5 "liacai et al., 2012", "Xue et al. 2019", "Ray et al, 2013", "Kim et al., 2013", "Mladineo et al., 2017"
Ship route analysis 4 "Lei et al., 2016", "Coscia et al., 2018", "Arguedas et al., 2014", "Lu et al., 2020"
Marine biology 2 "Campana et al., 2015", "Campana et al., 2017"
Marine environment 2 "Hofbauer and Putz, 2020", "Feng et al.,, 2012"
Environment effect 1 "Magnier et al., 2020"
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Fig. 3. Selected area for data collection.
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Table 2. Collected data and description

[ Data collection Data Variables Description
- ’ Timestamp Date and Time (in UTC)
MMSI MMSI number of the vessel
( . ) Latitude Geographical latitude (WGS84)
Data preprocessing AIS i ) i
L ) data Longitude  Geographical longitude (WGS84)
- COG Course over ground (degrees)
p . SOG Speed over ground (knots)
Maritime traffic Heading  Heading (degrees) of the vessel's hull
feature extraction 'COALNE'  Coast line
A g 'CTNARE' Caution area
Fig. 2. Workflow of method. 'CTRPNT'  Control point
'DEPARE'  Depth area
2.1 dolg £Z 'DEPCNT'  Depth contour
2 oATo] g5 deoldi ASHOIE FH % del 'LIGHTS'  Light
Eo|t} dolE ol A 9 MAL FAunEFEAo] HQ tg)hr;?:t 'LNDARE' Land area
3 TS Mo w vpekslda, 1 & Fig 39 o] AAl data 'LNDELV' Land elevation
% B0 e $EE Ao g Fen 4gsen LNDRON - Land region

'MAGVAR' Magnetic variation

'M_COVR' Coverage

'M_NPUB' Nautical publication information
'M_NSYS' Navigational system of marks
'™M_QUAL' Quality of data
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'OBSTRN'  Obstruction

PILPNT'  Pile

'PONTON'  Pontoon

'RDOCAL' Radio calling-in point

'RESARE'  Restricted area

'SBDARE'  Seabed area

'SLCONS'  Shoreline construction

'SOUNDG'  Sounding

'TESARE'  Territorial sea area

'TOPMAR'  Topmark

TSELNE'  Traffic separation line

'TSSBND'  Traffic separation scheme boundary
TSSLPT'  Traffic separation scheme lane part
TUNNEL'  Tunnel

TWRTPT' Two-way route part

'UWTROC'  Underwater/awash rock
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(a) Original trajectory (b) Time regularized trajectory

Fig. 4. Sample of time stamp regularization.
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Table 3. Extracted shape format data objects

Data Variables Description
'COALNE'  Coast line
'CTNARE'  Caution area
'DEPARE'  Depth area
'DEPCNT'  Depth contour
'LIGHTS' Light
'LNDARE' Land area

Shape OBSTRN'  Obstruction

format 'PILPNT' Pile

data  'pPONTON'  Pontoon
'RESARE'  Restricted area
'SBDARE'  Seabed area
'SLCONS'  Shoreline construction
'SOUNDG'  Sounding
'TESARE' Territorial sea area
'UWTROC'  Underwater/awash rock
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Fig. 5. Ship’s trajectories within distance 0.5 NM.

Fig. 7. Ship trajectories in contour area
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Fig. 8. Ship’s trajectory passing under the bridge.

Fig. 6. Ship distance distribution from contour line.
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