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1. To MarineTraffic

2. Trajectory Data Mining (theory & practise)
* MInyEc bedopevwy
* trajectory pre-processing
* Indexing and retrieval
* trajectory pattern mining
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A day at MarineTraffic - serving 550k users

200k Vessels 750M AIS 100k Reference Geos 1.3M Events
Messages

B Port / Berth calls

M Custom events

M Stopped/Underway
Straight crossings

= Coastal network mPort W Marina M Proximity to vessel
B Satellite-AlS m Anchorage Terminal m Status changed
B Class A position reports w Berth W Custom areas W Destination changed
M Class B position reports B ETA changed
B Voyage info messages W Draught changed
W Other

~ Other ﬁ MarineTraffic
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MarineTraffic for Business Use

4,2% " 2,6% = 2.3% m 4,4%

Brokerage Education / Research / Consultancy Fishing Ports / Terminals

= 0,3% = 0,6% = 3,9% = 10.2%

Classification Society / Flag State Erwironmental / NGO Government / Military / Safety Ship Service / Suppliers /
Ship Building

6.2% m 2,3% 9.3% = 20.2%

Commodity Trading Finance / Insurance / Legal Manufacturing / Energy / Offshore Ship-owner / Operator /
Ship Management
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MarineTraffic for Private Use
n 13%

Recreational boat owner
l = 25%
Marine enthusiast
. = 8%

Passenger

" 26%

Other

n 27%

Seafarer's family
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* Achieve a reduction of accidents at sea by timely detecting
hazardous situations (including malicious events) based on the vessels
trajectory, “behaviour” (e.g. speed, course) and context (e.g. weather
conditions or nearby ships), while proposing measures of proactive
prevention .

* Accomplish a decrease in port congestion and seaways by
monitoring and improving the forecasting of vessel arrivals (ship sizes,
cargoes, ETAs, loading/discharge times) to enable better planning and
execution of port operations (virtual arrivals).

* Effectively manage traffic and cut down fleet monitoring costs
* reduction of green-house gas (GHG) emission
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Meyala Aedopeva (Big Data)

* Oykoc¢
» 45GB per day (synopsis!) ‘ .‘f ‘%
* 50 bytes per message & e
* TayutnTaA
* 1 message per minute per vessel

* >0.5 Billion messages per day
* >200,000 streams

e MoK\l

* Ooo avéavovtal oL TNYEC SebopEVWY,
avéavovtal kol ol SUoKoAieg emeéepyaaoiog
Kot Staxeiplong
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AvaAuon Kvnong AVTIKELLEVWY

» Aspatial trajectory is a trace generated by a moving object in geographical spaces, usually represented by a
series of chronologically ordered points, e. g. p1-p2—---—pn, where each point consists of a geospatial
coordinate set and a timestamp such as p=(x,y,t).

POS_ID,MMSI,STATUS,STATION,SPEED,LON,LAT,COURSE,HEADING,TIMESTAMP,SHIP_ID
1094062019,667002119,0,1466,91,"27,41997","36,84816",208,511,16/09/14 12:54,763967
1094076566,667002119,0,1466,91,"27,41625","36,84376",218,511,16/09/14 12:56,763967
1094091446,667002119,0,1468,93,"27,41197","36,83942",218,511,16/09/14 12:58,763967
1094108793,667002119,0,1466,93,"27,40693","36,83435",219,511,16/09/14 13:01,763967
1094132136,667002119,0,1466,93,"27,4004","36,82856",221,511,16/09/14 13:04,763967
1094147871,667002119,0,1466,95,"27,39584","36,82366",212,511,16/09/14 13:06,763967
1094162364,667002119,0,1466,95,"27,39234","36,81873",208,511,16/09/14 13:08,763967
1094176311,667002119,0,1466,94,"27,38876","36,81381",211,511,16/09/14 13:11,763967
1094193923,667002119,0,1466,93,"27,38432","36,80786",209,511,16/09/14 13:13,763967
1094211580,667002119,0,1466,94,"27,38013","36,80176",208,511,16/09/14 13:16,763967
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Trajectory Data Mining
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Yu Zheng. Trajectory Data Mining: An Overview. ACM Transactions on Intelligent Systems and Technology. 2015, vol. 6, issue 3.
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Meyalo OedopeEVA VAUTIALOC KOl QVTLOTOLXEC
TUNYEG

* JUEPQA TIAPOAYETOL EVOC TEPAOTLOC OYKOC OESOUEVWV ATIO TTOAA
SLoPOPETLKA CUCTAATA ETLITAPNONG

e AuTta Ta cuoTHUATA HITopoUlV va KatnyoplomotnBouv w¢

e JUVEPYOTIKA oUOTNHATO TtapakoAoUOnonc/avayvwplong
* Automatic Identification System (AlS)
* Long-Range Identification and Tracking (LRIT)
» Vessel Monitoring Systems (VMS)
e Mn ouvepyaTlka cuoThpota mopakoAovOnonc/avayvwplong
e Kapepeg
e pavtap cuvOeTIKNC amewkoviong Synthetic Aperture Radar (SAR)
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VN cUVEPYOTLKA CUCTNHATO QVOyVWwPLoNC:
Pavtdp ouvBeTIKNC amelkovionc/ avolypatoc

* O 6pog SAR eival n ouvtopoypagdia ya to Synthetic Aperture Radar n
POVTAP CUVOETLKOU aVOoilypaToq

 [IpOKELTAL YLO pLOL ELOLKE TEXVLKN POVTAP TIOU ETILTPETIEL OTOUC XPNOTEC val
AapBavouv uPnAng avaluong ELKOVEG pAVTAP ATTO HEYAAEG ATTOOTACEL,
r.X. agpookadoc (airborne) n bopudopo (spaceborne).
* H Aettoupyia Tou BaoileTal 0TNV EKTTOUTT LIKPOKUHOTIKWY CNUATWY KaL 0Th

OUVEXELQ 0TN AP Twv avakAaoewy armo to dladopa avTLKeELEVa TIou pwTlfovTal
arto TO OO EKTTOUTTAC.

* la eva povo otoyo o xpovog Kabuotepnong t tng NXwg Uopei vo xpnotpornoindet
yla va kaBopLoTel n amnootacn R autou adou Ta LKPOKU LATO TAELOEVOUV, OTO KEVO
KOLL T(POOEYYLOTLKA OTOV Q€PQ, E TNV TAXUTNTA TOU PWTOC.

* To pavtap ouvBEeTIKNG aTtelKOVIONG(SAR) apexeL tnv povadikr duvatotnta
ameLkoviong UPnAnNg avaluong tng EMPAVELOG TNG YNG UTIO OTTOLECONTIOTE
KOLLPLKEC OUVONKEC aVEEAPTNTOU NUEPOC N VUXTOC.

_L_
W MarineTraffic
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Mn cuvEPYATLKO CUCTNHOTA AVAYVWPLoONC:
Pavtdp ouvBeTIKNC amelkovionc/ avolypatoc

e e e S . — — i .
—_——
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"~ Satellite altitude
{up to several
thousand kilometres)

—— ——

o~ lonospheric
peak electron
density (~ 300 km)

Aircraft

\\Tropopause
(~ 15 km)
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Sentinel 1

* Eupwraiko nmpoypoappo Copernicus GEPEL EVA TIPONYUEVO PAVTAP YLa
TNV TTAPOXI TTAVTOC KALPOU, HEPAC-KAL-VUXTAC ELKOVWV TNC
emipavelog tne 'nc.

* Juvexouevn pon 6edopevwy
* For Sentinel-1, the most frequently used products are IW-GRDH and EW-
GRDM, with resolutions of 20 m and 90 m respectively. The latter has very

limited ability for ship classification, a challenging task already for the 20 m
resolution.
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Strait of Gibraltar. Ships (there are many) show up as bright dots.
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ship targets seen next to the track through the sea ice.

(b)
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VN cuVEPYATIKA CUOTNATA OVOYVWPLONC:
Vessel [dentification and Positioning System

Display of ROI 3 Display of ROI 2 | Display ofRel |
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2> UVEPYATLKA OLUOTN AT
nopakoAouBnonc/avayvwpLong

* Ebappoyn tou votnuatoc Avayvwplong & Evtomiopou MNMAolwv
Moakpac Artootacswc (Long Range Identification & Tracking of Ships —
LRIT)

* Vessel Monitoring Systems (VMS)

* GUOTNMOTOC APAKoAOUBNONC AALEUTIKWY OKODWV

* Automatic Ildentification System (AlS)
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Automatic |dentification System

* The AIS is a collaborative, self-reporting system that allows marine
vessels to broadcast their information to nearby vessels and on-
ground base stations.

* It uses digital radio signals to exchange real time information between
vessels and shore based stations on dedicated VHF frequencies.
* Collision detection

* Although mandatory for large commercial vessels to carry device, it is not
mandatory to use it.

* Not a replacement of radar as it cannot detect land masses, navigation
beacons and vessels not equipped with AIS
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Class A Transceivers

Class A AIS transceivers transmit and receive AlS signals. AlIS
transceivers are currently mandatory on all commercial vessels
exceeding 300 tons that travel internationally (SOLAS vessels).

The following information can be transmitted by a Class A AIS
system:

« Static data. Includes information such as vessel name, vessel
type, MMSI number, call sign, IMO number, length, beam and
GPS antenna location.

» Voyage related data. Includes information such as draft, cargo,
destination, ETA and other relevant information.

» Dynamic data. Includes information such as time (UTC), ship’s

position, COG, SOG, heading, rate of turn and navigational status.

* Dynamic reports. Ship’s speed and status.
* Messages. Alarms and safety messages.

Remember that not all vessels will transmit all of the information.

Class B Transceivers

Class B AIS transceivers transmit and receive AlS signals, but use
a reduced set of data compared to Class A (see Data Summary). A
Class B AlIS transceiver can be fitted on any vessel not fitted with a
Class A transceiver, but is not mandatory aboard any vessel.

Class A Class B Class B
Data (receive) (send) (receive)
Call sign Yes Yes Yes
IMO number Yes No No
Length and beam Yes Yes Yes
Antenna location Yes Yes Yes
Draft Yes No No
Cargo Yes Yes Yes
Information
Destination Yes No No
ETA Yes No No
Time Yes Yes Yes
Ship’s position Yes Yes Yes
COG Yes Yes Yes
SOG Yes Yes Yes
Gyro heading Yes Yes* Yes
Rate of turn Yes No No
Navigational Yes No No
status
Safety message Yes No Yes
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* AIS information is classed as either static or dynamic. Statis is
broadcast when data has been amended or upon request or by
default every 6 minutes.

Class A systems Class B systems
Ships Dynamic Conditions Reporting rate Ships Dynamic Conditions Reporting rate
At anchor or moored 3 Minutes 0 to 2 knots 3 Minutes
0-14 knots 10 Seconds Above 2 knots 30 Seconds
0-14 knots and changing course 33 Seconds Other AIS sources
14-23 knots 6 Seconds Source Reporting rate
14-23 knots and changing course 2 seconds Search and Rescue (SAR) aircraft 10 seconds
Faster than 23 knots 2 seconds Aids to navigation 3 minutes
Faster than 23 knots and changing 2 seconds AlS base station 10 seconds or 3.33 seconds, I
course depending on operating param
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., Piyel
Stay Point Detection

 Spatial points are not equally important in a trajectory.

« Some points denote locations where objects have stayed for a while
 such as shopping malls and tourist attractions, or gas stations where a vehicle was refueled.

With such stay points, we can turn a trajectory from a series of time-stamped spatial points P into
a sequence of meaningful places §,
P=pl-p2----—pn, = S=s1Atl- s2At2—,..,Atn—1- sn,

_-~_ Stay Point 2
p3 T P

\ /

P2 >~__>0 Pa
Stay Point 1 P6~--~
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A distributed approach to estimating sea port operational regions from lots of AlIS data
Millefiori, L.M., Zissis, D., Cazzanti, L., IEEE Big Data, 2016

TI" MarineTraffic


https://www.marinetraffic.com/research/publication/a-distributed-approach-to-estimating-sea-port-operational-regions-from-lots-of-ais-data/
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Scalable and distributed sea port
operational areas estimation from AIS data

= =
NN

A distributed approach to estimating sea port operational regions from lots of AlS data
Millefiori, L.M., Zissis, D., Cazzanti, L., IEEE Big Data, 2016



https://www.marinetraffic.com/research/publication/a-distributed-approach-to-estimating-sea-port-operational-regions-from-lots-of-ais-data/
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>57 million AIS messages! Scalable and distributed sea port operational areas estimation

recorded during the month of March 2015 from AlS data
Millefiori, L.M., Zissis, D., Cazzanti, L. Arcieri, G, IEEE

International Conference on Data Mining, 2016



https://www.marinetraffic.com/research/publication/scalable-and-distributed-sea-port-operational-areas-estimation-from-ais-data/

< _
\\ UNIVERSITY (I\ MarineTraffic
) OF THE AEGEAN

Compression

* Given a trajectory that consists of a full series of time-stamped points, a batched compression algorithm aims
to generate an approximated trajectory by discarding some points with a negligible error from the original
trajectory

» A well-known algorithm, called Douglas-Peucker, is used to approximate the original trajectory.
* the idea of Douglas-Peucker is to replace the original trajectory by an approximate line segment, e.g. p1p12.

 If the replacement does not meet the specified error requirement (Perpendicular Euclidean Distance is used in
this example), it recursively partitions the original problem into two sub-problems by selecting the point
contributing the biggest error as the splitting point.



On-line Compression —
Sliding Window

* Fit the location points in a growing sliding window with a valid line segment and continue
to grow the sliding window until the approximation error exceeds some error bound.

1.

First initialize the first location point of a trajectory as the anchor point p,and then starts to grow the
sliding window

When a new location point p;is added to the sliding window, the line segment p, p.is used to fit all the
location points within the sliding window.

As long as the distance errors against the line segment p, p,are smaller than the user-specified error
threshold, the sliding window continues to grow. Otherwise, the line segment p,_ p, ; is included as part
of the approximated trajectory and p;, is set as the new anchor point.

The algorithm continues until all the location points in the original trajectory are visited.
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Spatial Databases

* Queries

* Range queries

* KNN queries

Distance metrics

rajectory Data Management

A) Range Query

B) KNN Point Query

C) KNN Trajectory Query

* The distance between a point g and a trajectory

* The Distance between two trajectories

* The distance between two trajectory segments

Indexing structures

Retrieval algorithms

A time

X e

L
Y  A)3DR-Tree

Time slot O | Time slot 1

B) A spatial index in each time slot

Segment 3

[T
[T

Segméntl Segment 2
[ r [ r [

//\ 7\
A~ A

C) A temporal index
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(c) Container: activefidle shlps
1% 100 - -

(e) Dry bulk monthly mﬂeage (f) Dry bulk dCthG/ldle bhlps

<<<<<<<<<

The total size of the dataset is
approximately 55 TB and it is
stored in a big data architecture.

The processing is based on a

distributed cluster of40virtual |||| ” ‘ ‘I “ ‘l
cores and 128 GB of RAM. The 0l

overall processing time was less e

(g) Wet bulk: daily mileage (h) Wet bulk: monthly mlleage (i) Wet bulk: active/idle ShlpS
than 4 hours.
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COVID-19 Impact on Global Maritime Mobility, LM Millefiori, P Braca, D Zissis, G Spiliopoulos, S Marano, PK Willett, ...
arXiv preprint arXiv:2009.06960
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Uncertain Trajectories

 As the location of a moving object is recorded at a certain time interval, the trajectory data we obtain is
usually a sample of the object’s true movement. On one hand, the movement of an object between two

consecutive sampling points becomes unknown (or called uncertain). To this end, we expect to reduce the
uncertainty of a trajectory.

* On the other hand, in some applications, to protect a user’s privacy that could be leaked from her trajectories,
we need to make a trajectory even more uncertain.
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Origin-destination information

* An essential preprocessing task is assigning to all positional data
collected through AlS, origin-destination information.
* Although AIS messages often include a destination port, this field is ignored in

our study, as it is manually entered by each vessel’s crew, without following a
specific standard, making it thus prone to errors.

Case Message | Message | Travelling Status Port
(t-1) (t) Move
#1 In Port(A) | Not in Port | Departure from Port(A) | True
att (time)
#2 Not in Port | In Port(A) | Arrival at Port(A) at t| True
(time)
#3 In Port(A) | In Port(A) | In Port(A) False
#d Not in Port | Not in Port | Travelling at open sea False
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Interpolation or Gap filling (through fusion)

Sanctioned Iranian Tanker Adrian
Darya 1 Goes "Dark" Off Syria
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MarineTraffic via TankerTrackers / Twitter
BY THE MARITIME EXECUTIVE 09-02-2019 09:11:33

The U.S.-blacklisted tanker Adrian Darya 1 has gone "dark" off the coast of Syria,
where she is widely expected to deliver her controversial cargo of Iranian crude
oil.
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Interpolation or Gap filling (through fusion)

e Using satellite
Imagery
* PlanetlLabs,
* Sentinel 1,
* Sentinel2

1 Syrian Coa‘stlin'e;-'ZQIQ-O}OZ,

v gery by (SN Copermicus SeneMél: Benearch 8y Tonker Trockers.do
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Interpolation or Gap filling (through fusion

Object
Detection
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Interpolation or Gap filling (through fusion)

~* Transformation to WGS84 /64‘?&2
Copernicus , _ , 02,
* Intersection with coastline

shapefile (using GDAL)
.« @ Tjling produces 256 x 256 tiles
* Annotation using AlS data

256 x259  +Manual annotation for the
segmentation task

* Training using CNN
3 classes (vessel, land, cloud)
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Trajectory pattern mining
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2tn BLBAoypadia €xouv npotabei StapopeTikoL OPLOLOL YLa TIC OUAOEC

KWvoUUEVWV avTkelpnevwy, ontwce flocks, convoys, movingclusters,

grouppatternskolt swarms
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B) Gathering

https://dspace.lib.ntua.gr/xmlui/bitstream/handle/123456789/8613/vlachakia_trajectorymining.pdf?sequence=3&isAllowed=y
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Trajectory Clustering

* H opadomoinon Tpoxlwyv £XEL WC OTOXO TNV avoyvwplon opadwy oTLg
OTIOLEC OL TPOXLEC akoAouBouv opoLa tpoTuna Kivnonc.

* H o ouvnBlopevn npoogyylon kaBopilel tTic opadec pe paon tnv
TIUKVOTNTA TWV TPOXLWV OE KATIOLO XWPO

e EUpeon evOEIKTIKWV TpoXLwV / Kowwv dtadpopwyv otn Balacoa
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Routes as traffic corridors (1)

* In the real world though, ships do not travel on these thin lines, as
traffic corridors have a variable width, volume, and distribution
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Patterns of Life

Origin-Destination
assignment

Historical Data Data Partitioning

Route Modelling (Kmeans) Route Modelling (Convex Hulls) Patterns of Life
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Routes as traffic corridors (2)

L

a convex polygon of 95% of
clustered locations
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Tankers PolL in Mediterranean (with more
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Classification attributes on each position/
trajectory
* H KATNYyOopIOTTOINCN TPOXIWYV £XEI WC OTOXO VA avaBETEl yia
TPOXIA O€ £Eva TTPOKOBOPIOCUEVO OUVOAO KATNYOPIWV.

« Mia atTAr) TTpooEyyion €ival avaBeon TNG TPOXIAC OTNV
KATNYyOopPia oTnNV OTroia avNKOUV Ol TTEPICCOTEPOI ATTO TOUC K
KOVTIVOTEPOUC YEITOVEC

« Anomaly detection: kaBopioudc¢ w¢ Outlier
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Detecting real world “anomalies”

Incident 1: The “Costa
Concordia” grounding (13
January 2012)
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Detecting real world “anomalies”

L
"

Incident 1: The “Costa
Concordia” grounding (13
January 2012)

67



e (- 4 °
UNIVERSITY MarineTraffic
OF THE AEGEAN

Detecting real world “anomalies”

Incident 2: INDRA Il
(9th November 2015)
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Detecting real world “anomalies”
| .

Incident 3: The cargo vessel KEIT auto
pilot failure (27th December 2017)
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Visualisation
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Vessel Density Maps

« The term “vessel density” has several co-notations and thus is used with several meanings in this
domain. Therefore, vessel density can refer to

. 1. the average number of vessels within a defined geographical area / spatial grid within a given
timeframe;
. 2. the average number of crossings within a defined geographical area / spatial grid within a

given timeframe (often also referred to as “vessel traffic density”).

« There is a considerable difference in the methods used for the creation of density maps according
to the definition used, including calculations based on the number of ship positions available in a
defined geographical area, the number of ships tracks, ship track length, tracks with time and length
characteristics and similar approaches.

https://www.emodnet-
humanactivities.eu/documents/Vessel%20density%20maps_m
ethod v1.5.pdf
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Figure 1 - Calculating density based on number of ship tracks Figure 2 - Calculating density based on ship track length
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https://www.emodnet-
humanactivities.eu/documents/Vessel%20density%20maps_m
ethod_v1.5.pdf



Figure 3 - Calculating density from number of AIS positions

Figure 4 - Calculating density with EMODnet's method
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Figure 14 - Example of points (positions) in the English Channel (Cargo, December 2017)
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Field name Data type

OBJECTID Object ID

Shape Geometry
MMSI Long integer
LocDate Date
LocTime Text
Lon Double
Lat Double
DateTime Date
X1 Double

Y1 Double
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Field name  Data type

e e >\ ;

74 > ; L RS Wy — T OlID Object ID
7~ & A . Shape Geometry
o\ e” W ,

- o, X1 Double
=S\ Y1 Double
N X2 Double

Y2 Double

LineTime Double

Shape_length Double
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MeAAovTikeC katevBuvoeLc (Lakpompobeoua)

Forget Autonomous Cars—Autonomous Ships Are
Almost Here

If Rolls-Royce has its way, commercial vessels will soon have
no crew on board

https://youtu.be/vg0A9Ve7SxE
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Careers at MarineTraffic in Athens
https://apply.workable.com/marinetraffic/



