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EAAmelc TipeEg (missing values)

[Tpokepévou va §10pBWOOVUE TIG EYYPAPES TOV TAPOVOLALOVV
EAAMTEIG TIUEG UTOPOVUE VA EQAPUOCOVE LA OATTO TIC TUPUKAT®
nebodoug

¢ Avtikataotaon Tung faocel
¢ 1tov MO TwV VToAOITWYV TLHWV
& Tng pKpOTEPNG TIUNG
¢ Tng peyadbtepng Tung
¢ Na BaAovpe pra Sk pog Tun
¢ Na BdAovpe To unodév.




Aedopeva pe akpaleg TLHEG (outliers)

Meow tnc dtadikaoiag «Outlier detection» pmopoupe va
EVTOTILOOULE QVTLKELMEVO TA OTtola TTapouoLlalouv cuumnepLpopa
OLODOPETLKN OTTO TNV OLVALLEVOLLEVN.

J€ QUTO TO AVTLKELPEVA cLVNBWC eoTLAlEL EVOC OVOAUTAC YL
TIEPALTEPW AVAAUON YLOTL EVOEXOUEVWC
¢ Noa 6€lxvouV Lo OLKOVOULLKN QTtaTh

& Na aviyveuouv KATToLo PALVOUEVO OE UL OVAAUON LATPLKWY
dedopEVWV

& Na aviyvevouv napafLacelg otnv acPpalela evog SIKTUou.

BEBala umtAPYOLV KoL TIEPLITTWOELG TIOU MITOPEL AAA VAL
npootednkav amo Aaboc oto delypa Kol vo TIPETEL VoL
amopokpuvBouv yia S1opBwBel ta dedopeva.




Meyaia Aedopéva otn NavtiAla

o H vavtiwakn Blopnyovia
glvol eva oUVOEeTO
oUOTNUO TIOU OLTTOLTEL

YPYOPN TMPOCOPUOYH OTLG
oAAQYEC CUVONKWV YLOL OTLC
omoiec n ANYn amodAacewv
NPEMNEL vaL AapBaveL utogn

HEYAAO aplOuo
TIOPOLULETPWV.

tv\e ma

e mc’ustry




Meyaia Aedopeva otn NavTiAia

To BaAAOCLO EUTTOPLO QVTUTPOOWTIEVEL TTAVW ato To 90 TOLG £KATO
TOU TTOYKOOLLLOU EUTTOPLOU WC TIPOC TOV OYKO. AOYw Tou peyEBouc tou
SLKTUOU TTOU OnULOUpPYELTAL, Ol ETALPELEC VAUTIALAKNC £POSLAOTIKAC
aAvoidbag  avrtipetwnilouv  mpoPANpaTa pHEyAANG  KALMOKOG
OXEOLOOLLOU O€ OTPATNYLKO, TAKTLKO KOl ETILXELPNOLOKO €Ttimtedo0.

H o&wadkaocia ANPnc amodAoewv OXETIKA HE TN VAUTIAAKN
OLKOVOULKN TIpETEL val dtaodpalilel Tnv aodAAela, vor EAOXLOTOTIOLEL
TO KOOTOC Kol Vo BEATLWVEL TOL LECA TIAPAYWYLKOTNTAC AopBavovtag
urtoPn €vav peyalo aplOuo svaicdntwv nopapétpwv e vPnAn
HETOPBANTOTNTOL.

MoapoAo ou ta peyada SedopeEva €Xouv UTTOoTNPLEEL GNUOVTIKA TNV
ayopa Ko dtadopouc Blropnxavikouc KAadouc, n uloBETnon Toug armo
TN VouTiAtakn Blopnyowvio elvol akopn opyn




Meyaia Aedopeva otn NavtiAla

H avamtuén olyxpovwyv ocucTnUATwy TTAoAynong, alodntnpwv Kol
ouoTAUOTWY TtapakoAouBnong pe TIC TmpoodateC e€elifelc otnv
TEXVOAoyla, avolyel yia tnv n vauvTtlhlakn Blopnyavia tov Spouo yla
TNV MPOOoEyyLon ota opeAN TNS YndLakng enoxnc.

O auéavopevog OykoG Twv OlaBeoilpwy OEOO0UEVWV OXETIKA LE TLIC
eMIOOOELC KOl TN vavouthoia tou TAolou dEPVEL (i eupela ykapa
duvatotAtwy, otn mapakoAouBnon okadwv O TPAYUATIKO XPOVO
£WC TNV €€aywyn yvwong Leocw avaAuong dedopevwvy.

O OyKoG Kal n oKl Twv BaAaoowwyv dedopevwy kaBlota to {NTnua
gva MpoPAnua Big Data




Meyaia Aedopeva otn NavtiAla

‘Eva. urtooUvoAo debopévwy eTdOOEWV Kal TTAorfynong mAolou, OTw¢
0 povadlkog aplOuoc avayvwplong tov okadouc, n B€on, mopela,
TOXUTNTO KOl TTPOOPLOUOG, LETadEPOVTAL Ao To AuTopaTto ZUoTnpa
Avayvwptlong (AIS).

MAola og O1eBvn talidla Kot oAa T emiPatnya MAolol UTIOXPEWTLKA
dtaBctouv ocuvotnuata AlS pEéow Twv omolwv avitaAAdocovtal
dedopeva pe AANo  KovTlva TIAola, EMiyEl cuoTAMOTO KOl
dopudopouc umootnplloviag ONUOVIIKA Kol TNV  amoduyn
OTUXNUATWV.




MeyoAa Asdopeva otn NavtiAla

ErtutA€ov, to Voyage Data Recorder (VDR), To omolo €ival amnopoitnto
oe OAa Ta emPatnya mAola kat aAAa mAola pe tonnage 3000 R
TIEPLOOOTEPO, CUVOEETOL LE EVOV APLOLO NAEKTPOVIKWY CUOKEUWV KoL
amoOnKeVEL TIC KATAYEYPOUUEVEC TAnpodoplec kABe tafldlol wc
nAekTpovika 6edopEval.

Ta otowxeia dedopevwv meplhapBavouv tn 3€on tou mAoiou, TNV
TaYUTNTA, NXO QIO UIKPOPwVa YEPUpPac, bedouséva pavtap, Badoc
VEPOU, taxutnta Ko kKateuduvon avéuou, Oedoucva amo TOoug
OUVQYEPUOUC, KATAOTAON OVOIYUATWV YOOTPAC, ETLTAXUVON Kal
TAOELC KUTOUG, TN Kal AmOKPLON TOU Kvntipa Kot tou nnéaAiou
K.OL.

O Oyko¢ Twv dedopevwy elval TOOO PeEYAAOC TTOU TIOAAEC DOpPEC KaTA
N Olapkela peyaAwv talldlwy, ta toAalotepo SeSoOUEVA TIPETEL val
avTlKoTtaotaBouv ylo amoBnKkevon armo Vea.




MeyoAa Asdopeva otn Navtidla

AdoU ohokAnpwbOel to Takidt, Ta dedopeva cuvnBwC amopplmrovtal.
O kUploc okormocg tou VDR eival n avaAlvon dedouevwy og mepimtwon
ATUXNUOTOC.

Qotooo, avti va TIETANE AUTEC TIC TAnpodopieg, Ba pumopovoav va
eMeEEPyAOTOUV KOl VO XPNOLMOTIONOsl QIMOTEAECUATIKA LE TN
BonBela Tou TEXVIKWY avaAuong LEYOAwWV SES0UEVWVY

Ship Performance & Data Pre-processing

Navigation Data
X (1) ——n

o "o

Data Transmitter "
------ > V,(1) \
b (1)

X,(1) —— Data Post-processing

Xyft) —n

L 4,(1)

|

I Sensor Fault Detection ‘

— X,(1)

e

e x,(1) Data Storage

v
Data Compression

|
Y

Y
Data Classification

Data Integrity

-.-.}"-.!([)

__1

=|=
Data Centers
Data Receiver | 1 1

Data Analytics

Onboard NSOrs &

Data Acquisition Systems

—

ata Expansion

Y
Data Regression

Data Analytics

Decision Supporting

Operating Conditions Energy Efficiency

System Maintenance System Reliability




TYIIOI ITHF'QN KAI AEAOMENQN XTH
NAYTIAIA

AeSopeva TAoNyNoNgG
AeSopeva anodoonG mAolov

AeSopEva Kalpov

AeSopEva popTiov

AeSopEva ALUEVOC

PvOuiotika dedopeva
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Meyaia Aedopeva otn NavTidia —
[Inyec Asdopuevmwv

Port Operations Systems

arrival/departure timestamps,

cargo information,

crew lists,

customs declarations
The data tend to be structured or semi-structured in nature and fairly accurate as it
is often used to calculate port fees and other commercial operations

AIS Stations

AIS 1s an automatic tracking system installed on vessels and used
primarily by vessel traffic services (VTS).

AIS allows maritime stakeholders to monitor and track vessel movements in real
time within the range of very high frequency (VHF) radios on base stations located
along coastlines or satellites.

AIS data is transmitted by ships every 3—10 s encoded in a specialised format and
contains information about the vessel:

unique identification, name, flag, type, dimension

the current status ( longitude, latitude, speed, heading),

voyage (e.g., destination, estimated time of arrival, draught).

It is estimated that over 520 million vessel positions are recorded and processed daily




Meyaia Aedopeva otn NavTidia —
[Inyec Asdopuevmwv

Sensing Devices

Modern vessels use built-in sensors, advanced dynamic position systems, control
systems, navigational sensor systems, etc., to enable automatic fault detection
and preemptive maintenance, cargo tracking, and energy-efficient operations.

IoT-based sensors are also used in containers for monitoring and maintaining
temperature and humidity to ensure the viability of perishable goods.

Oceanic and Weather Stations

Various decisions in the shipping sector, such as route planning and voyage
optimisation, are directly impacted by oceanic and weather data

Such data typically includes temperature, humidity, wind speed, rainfall, sea
currents, tidal variations, and wave characteristics.

Usually, the maritime industry forecasts weather information using ensemble models,
historical data, and current measurements.




Meyaia Aedopeva otn NavtiAla -
Energy efficiency improvement

Me otoxo tnv BeAtiwon tng evepyelakng amodoong, Umopouv va
xpnotpomnoltnBouv mAnpodopiec yLa

TNV amodoon tou mAoilou

TNV ITAONYNON KAl TNV OVATITUEN OTPATNYLIKWY TTAONYNONG

TNV mapakoAovBOnon KatavaAwong Kavoipou,

SLadpOpWV EKTIOUTTIWYV PUTIWV,

Xxpnong pwritopoL Kat BEpuovong

Kol Topopoleg dtadlkaoleg pmopoulv va odnynoouv o€ LOEEC ToU

vrtootnpilovv tn ANPn anodacswv.




Meyaia Aedopeva otn NavtiAla -
Energy efficiency improvement

AedopEva Omwe
ToXUTNTA KO KatevBuvaon avepov,
neoco BuBLoua,
LoxUC KUPLOU KLvNTAPQ,
ToXUTNTA Aéova Kol KATavaAwaon KAUoipou
avaAvovtal Kol OPKETEC TAoEl VPNAOTEPNG KATAVOAWONC KAUGLUOU

IOV EMNPPEAlOVTOL KATW OTO AUTEC TLC TIAPAMETPOUC TPOoAaUBavovTol




Meyaia Aedopeva otn NavTidia —
Safety

0 H aodaleia otn vavoutdoia pmopel emiong va enwdeAnbsl amo tnv
epappoyn peBodwv anomaly detection oe BANACOLEC ETILXELPNOELC

0 Aedopeva aloOntnpwv, T omoia meplAapfavouv TAnpodoplec ywa TO
NEPLBAAAOV KOl TO CUOTNUO TWV TTAOLWV, TtAPEXOVTOL Kol avaAlovtal HEOW
gevoCc Big Data ovotpatoc mou xpnotuomolel Auto Associative Kernel
Regression kol TEXVIKEG SoKLUNG dladoxkNG avaAoylag mBavoTnTtwy yLa Thv
avixveuon avwuaAlwy Kol KpLloluwy onpeiwv otnv dtadpoun evoc rnAoiou

Critical points 1dentified
along a vessel trajectory

Y sTop

@ GAPSTART

@ GAPEND

A TURN

Y¢ SPEED CHANGE
@ LOW SPEED START
O LOW SPEED END




Meyaia Aedopeva otn NavTidia —
Logistics optimization

0 Otav mpokeltal ya tTn pelwon twv logistics kal Tou AgltoupylkoU KOOTOUC,
TEXVIKEC Meyalwv Aegdopevwy pmopolv va xpnolporolnbouv ylo va
ge\axlotomolnBel o xpoOvog Twv TAOLWV TTOU TtEPVOUV aykKupoBoAnuévol eEw

oo To AlAvVL TTEPLUEVOVTAC pLla StaBgoiLun vmodoxn, Ko va peyLloTomoLn0eL
avtiotolya n xpnon Twv amnoBabpwv

0 Emionc otnv mpoyvwon tpoxLac mAoiov pe Baon Lotoplka Sedopeva

¥r Starting Port
Y Destination Port
% Last reported message

=== Actual ship track
¢ == Predicted trajectory

vessel position prediction 48 hours
in advance based on historical
maritime traffic data

Accurate prediction of routes can
be used to better estimate times of
arrival in ports




Meyaia Aedopeva otn NavTidia —
Application 1n Ports and Terminals

PORT NAME
/ PORT AUTHORITY

Ports in Singapore
and Malaysia

DESCRIPTION

In Singapore and Malaysia, ports utilze big
data techniques to create advanced inspection
systems to assess the history and cargo type
of importers.

In August 2015, Singapore's Maritime

and Port Authority (MPA) signed a
Memorandum of Understanding (MOU) with
IBM to establish a two-year agreament for
big data. The agreement involved developing

a platform using IBM's Traffic Prediction tool
to forecast vessel amival times and estimate
potential traffic congestion using fusion
analytics. The platform also relies on data
mining and anomaly detection by using IBM
Incident Detection Module and IBM System G.

According to Goh Kwong Heng, CIO of

MPA, the port authority plans to invest in big
data to improve port operations and activities.
The MPA aims to use data analytics platforms
to complement its port management systems
in detecting anomalies and supporting both
operations and planning processes.

The authority also plans to invest in
technologjes such as drones and mobile
apps to manage marine accidents and
improve the efficiency of its port workers.

PURPOSE / BENEFIT

The purpose is to sagregate importers

that most require inspection and allow other
importers to operate quickly, without impacting
the port’'s security objectives.

The port uses the platform to improve

productivity and marine safety at the major
trans-shipment hub.

For example, by collecting information

on ship positions and weather data, the
platform helps avoid accidents by inferming
the most likely path ships would take in a
given situation. This also helps prevent
illegal bunkering by detecting unusual
movement pattems.

Acocording to Andrew Tan, the CEO of MPA,
the port authority's collaboration with

IBM enabled a mix of research expertise,
software technologies and maritme
domain knowledge to create new
capabilities for the maritime industry

in Singapore.




Meyaia Aedopeva otn NavTidia —
Application 1in Ports and Terminals

PORT NAME
/ PORT AUTHORITY

Hamburg Port,
Garmany

Port of Cartagena,
Columbia

Port of Rotterdam,
The Netherlands

DESCRIPTION

The Hamburg Port in Germany uses a
cloud-based analytics tool called SmartPort
Logjstics. The tool pulls different types

of data, such as vessel positions, height
and width of bridges, and planned

driving routes. This data can be viewed

in real-tme on mobile applications.

The port uses Cisco and |IBM solutions for
loT analytics. The solutions help forecast
equipment failures.

The Port of Rotterdam has recently
implementad big data analytics.

PURPOSE / BENEFIT

The tool aims to streamline the flow of
goods. It allows port workers to know
precisely when ships are expected to dock,
and truck drivers to know when cargo is
expected to be offloaded.

The solutions ensure proper and timely
maintenance of port machinery.

Sustainable supply chain analysis for
Reefer containers.




Meyaia Aedopeva otn NavTidia —
[Teploplopot kat [IpokAnoels

Onwc ouvpPaivelt oe OAa ta cuvotnuata Tou TephapBavouv Big Data
eudavilovrtal MPOKANOELC TTOU OXETL(OVTOL LLE TNV TOLOTNTA KOl TNV TTOoOTNTA
Twv dedopevwv.

H anodoon kot mAonynon mAoiou oxetiletal pe dedopeva mouv cuAAEyovtal
amo aoBnTNPEC Kal cuoTAUaTa amoktnong dedopévwy ta omola Unopel va
£XOUV aoTo)lec ou odeilovtal o opaApata atcOntnpa N tuyaio Aabn mou
gyLvayv Kata tn dtapkeLa tng kataypadnc.

MepLkeg dopEC, Tat oPpAApATOA UTOPEL VA ELVOIL EOKEUMEVD, OTOV OL XELPLOTEC
£XOUV OLKOVOULKA cupdEpovTa oTnNV avadopd MapaTAAVNTIKWY OTOLXELWV N
O£ pLo tpoonadela cuykaAvuPng opavounc SpaotnpLoTNTaC.

Mua rtiBavr) AVon €lval N auTopaTomoLNMEVN Elocaywyrn dedougvwy, n omnola
OUWC UTtopEL va elval TtoAu darmavnpn




Meyaia Aedopeva otn NavTidia —
[Teploplopot kat [IpokAnoels

[la var eAaylotomolnBouv ta opaApata, ta SedopEva MPETEL VAL TIEPACOUV
QIO TIOLOTLKO EAEYXO TIpLV avaAuBouv.

O €Aeyxoc - kabBoplopoc Oebopevwv mepAAUPAVEL €pyaciec OMwE N
aviyveuon OavwWHOALWY, OVIXVEUCON  OVTIKPOUOHUEVWV TIMWV KAl N
OVTIMETWTILON TNE EAALTTOUC CUUNTANPWONC SeSOUEVWV.

Qotooco, otnv BLBAoypadio emionuaivetal 0Tl 0 TTOANEC TIEPUTTWOELC OL
OTPATNYLKEC KaBoaplopol dev eival katdAAnAec yia Big Data kot o Bopufoc
KOLL Ol OLKPOILEC TLMEC TTOU amtoppimtoviol o€ autn tn dtadkacia Umopetl otnv
TP OYLOTIKOTNTA VO TLEPLEXOUV XPNOLUEC TTANPOdOpLEC.




Meyaia Aedopeva otn NavTidia —
[Teploplopot kat [IpokAnoels

H moocotnta 6edopevwy odnyel og {ntrpnata mouv adopolv Tnv amobnkevon
Kol petadpopa SedopeEvwy HeTaEL TTAOLOU Kall aKTAC.

Yrapxouv TeEPLOPLOpOL 0To pEyLoto OlaBeotpo eUpog {wvng Kol TO KOOTOG
uetadoonc HEow OOpUPOPLKAC  ETILKOWVWVIAC aVOLKTNG BaAlaocoalg,
TOUAQXLOTOV OE OPLOMEVEC TIEPLOYEC.

XpnolHonmowwvtag €va UMOCUVOAO TOU OUVOAOU Oe€6OMEVWV LEYAANC
KALLOKOC, OTOTLOTIKA avaAuon yla tnv tumomnoinon 6e00UEVWV KOl TEXVIKEC
LNXOVIKNC Labnong pmopet va umootnpiéouvv auto to {NTnua.

>TNV nepinTwon xpnong oOedouevwyv Nou €xouv napaxBei ano
HOVTEAA N NPOCOMOIWOEIC, N aBeEBaidTNTa HOVTEAOU cival €va ano
Ta Kupla nTnuaTa.

AnapaitnTn €ival O£ AUTEC TIC NEPINTWOEIC N a&lioAoynon -
enaAnBguon ToUu PJOVTEAOU.




Meyaia Aedopeva otn NavTidia —
[Teploplopot kat [IpokAnoels

Mwa aAAn onuavtikn TPokAnon €ivat n €ANeWPn €6KWV OTNV UNXOAVLKN
ueyaAwv dedopevwy eldka otn vautidtakn Plopnxavia — H mAstoyndio twv
VOUTIALOKWV NYETWV/eTatpelwv oupudpwvel otL n coBapn EAAeln deélotitwy
eumodilel tov kKAado amo tnv anoteAsopatikn aélomoinon twv Big Data.

Ye OAoucg touc kKAadoucg, ta Big Data eyeipouv cofapa nOka kat {nTrRpoT
QTTOPPNTOU KOl TNV aVAYKN Yla €va VOUOBOETIKO TAailolo tou Ba uTtayopevEL
TOL OpLaL KoL TO TTAaiolo xpnonc dedopevwvy.

H DNV-GL Bewpel 0Tl n kaBlepwpevn dtakuBepvnon twv dedopevwy eival
gva. amo ta OegpeAwdn I{ntnpata. Emonupoivetol oto OTL, av UTIAPXOUV
Sladopetikd €idn dedopevwv evdladepouevol Tou Oa TIPETEL v EXOUV
Sikawwpata wdloktnolog pmopel va OSwadEpouv evw  Ta  SKaLwpOTO
OPLOMEVWYV OeSOUEVWV BEV TIPETEL LLOVOTIWAOUVTOL.




Meyala Asdopeva otn NavtiAla —
[Teploplopotl kat [IpokAnocelg —
Aocpaiela Asdopuevmwy

Ornoladnmote ¢uoilkn ocuvdeon oe OlKTua 1 CUCTAMOTO UITOPEL va €lvol
EVAAWTN O eXOPIKEC eMIBECELC KOl avodhOPEC TTOU ATIOCTEAAOVTOL ATO TO
ntAolo tpoC TNV N akTn N To avtiotpodo.

Cyber Security

Data Privacy

Data Misreporting




