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Met hod and System for Surveillance of Vessels Field of
the I nvention The invention relates to a nmethod and

w@ymbaer2dor surveillance and tracki ng of vessePGI/aGz05/000205

boats in waterway. For instance, the system nay be
used to automatically and in real-tine detect and
track the position, course anc} speed, trajectory,

feature traction nongl ous act.j,vit ni.thon
of nuner Blafhed aihd Ssfin BoERiiRilARgR of VESsHIS
Background Art Wth increases in global trade, ports,
channel s and ot her waterways are becom ng increasingly

Biekiyof t vemttomal | y, ship owners, port authorities and

others are increasingly trying to reduce delays in
getting vessels fromport to port and in getting the
vesse]l'be inventiocarrelatastto afmetbed and-gysteraifor spryaiflange and tracking of
n t;

o6 Bapre H YAIEWEP"EE B ind SO by LENIBONS automatially
armmereaidmnm@atact anddsick the pesitionoeoures ged speed, Valﬁgtoah deature
)ﬁ%\g i % dé)glfg&ﬁalggvsa%#twlt)(” Vepﬁhgﬁg@‘ﬁﬁdﬁrﬁégg&sﬁeqﬁ p¥#ts Bhd
watengdysl.ance systens for tracking ships are
radar-based. An operator has a screen with a number of
objects on it representing different ships. Either,

Bagk r | abels the object having identified the
ship through verbal communication with the crew or
el se ships may be | abelled automatically after having

been Wikbrindréasss ibglobakirasieoneris; s;hmﬂet!ﬁm OthpRWaIRIWAYS are
COgmné rh%ré%‘éhﬁgacf !B\gai'ﬂbhgllgcéﬂlé ﬁcﬁ‘f‘\h/&tﬁbﬁ?és and others are

suc Sy st
mpeasingiyriaiid tptrgdttqs dﬂt_ewum getlieg g@sseﬁe‘r@hport taport prg/inggtting the
?gscsﬂ[s%tgléﬁd%uggfsé A I*LF'ﬁmeY %\ﬁﬁﬁhe @Gﬁeﬁt%ﬁ@lfﬁ’tﬁ}@&ncems over terrorist
n accordance first aspect
thireaté,epopt; Ba@haNd nvenauﬂanrlh%eafe lnosea}ﬂrmw Me@ned about keeping track

§Ne‘é§é|%,l @}ﬂ@ Ay SIoW Qlfrfb%FneV&éﬁ ﬁﬂ(éhelkﬁag%’t%%en?@mﬁuh%@ﬁeld of

urvel nmeans surveying a waterway; vessel
dewed suovrillaeens for determning the presence and
| ocation of a vessel in the waterway based on

information fromthe surveillance neans;
Current surveillance systems for tracking ships are radar-based. An operator

has a screen with a number of objects on it representing different ships. Either, the
operator labels the object having identified the ship through verbal communication with
the crew or else ships may be labelled automatically after having been identified by
transponders on board the ships (e.g. the Automatic Identification System (AIS)).
However, such existing systems tend to have blind spots, inability to measure vessel
height inability to accurately classify the vessel and resolution limitations.

Summary

In accordance with a first aspect of the present invention there is provided a
surveillance system for vessels, the system comprising surveillance means for
surveying a waterway; vessel detection means for determining the presence and
location of a vessel in the waterway based on information from the surveillance means;
camera means for capturing one or more images of the vessel; image processing
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canmera nmeans for capturing one or nore inmages of the
vessel ; imge processi ngneans for processing the
w0 pgass2eapt ured by the camera neans for deri vPEISG2005/000205
surveill ance data; wherein the camera nmeans captures
the i mages based on informati gn fromthe vessel
detection neans, the surveillance data fromthe i nage
[ ocessi . 0 I i
BERoC e R e el epyrad By HELER AP ledrd b Witving
sunvaiitapng dater whgteirt the casiees megass bartergs die images based on information
uryeil l anc L 4 ' ' ;
TRANE verfE B Bar niEhs dRG stehdfod SR FoR RE Rg1d rocessing
maares, exbotact ed from the i mages of the vessel captured
by the canera neans. The surveill ance data may
conprise a vessel shape and/or other vessel
char abeesystn omydwtheacomgrise taskingemeang)ios tragkingha vessel's
o Bk e ibterbs RO 6 IR ciIECe bRl df e image
proceasggi rdearessel shape, height, | ength and/ or other
vessel characteristics extracted fromthe i nages of
the vessel captured by the canmera nmeans. The ]
sur veThe surceillatae alateapay ooppliseea vessel bamerskicacied Homtlarifnages of
nsisti f se, and a trajectory of
tf’%é’%%eﬁsg’ u%)c(itbsrg@?g%qﬁagpn‘é% i mges of the vessel
captured by the canera neans. The surveillance data
may ¢ : , ST . ¢ :
oo IERPE SRR ey EBPid S ERE) Hiadkarfy Y vEEe
creyadteristibe extoantast frore thehivwiges gf theatessdl sapigrrstiy thg camera means.
surveill ance data derived by the inmage processing
means agai nst reference data in a database of the
syst eTine Jireeiancealald may compasssa rasset typpicategoyrfisteymined from
nore_ s g :
T4 G SE TR G oGPl gr ot GBEE) oFTaEfiqRS fTEAAEY from the
intages e thel vebsal edptored bielhe cpmeremeansy of i mages
captured by the scanning caneras. The canera neans nay
conpri se one or nore zoom caneras.|n accordance with a
seconthasyweeilarsk dateemay eomptisésnaneneri roeretdf @rgsoypsconsisting of a
[ OVl surv. : L
B BB T b BE o IV L Bl RSRT nelfB S 51 REessol
captured by the camera means.

The surveillance data may comprise behaviour data indicative of a behaviour of

a vessel including abnormal behaviour.

The system may further comprise checking means for checking the surveillance
data derived by the image processing means against reference data in a database of

the system.
The surveillance means may comprise one or more scanning cameras and the
vessel detection means is operable to determine the presence and location of the

vessel based on image processing of images captured by the scanning cameras.

The camera means may comprise one or more Zoom cameras.
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surveying a waterway; a detector for determning the
presence and | ocation of a vessel in the waterway

whamsed2am i nformati on fromthe surveill ance NeERCRSG2005/000205

canera for capturing one or nore inmages of the vessel;

an i mage processor for proces§i ng the i mages captured

by the canera neans for deriving surveillance dat a;

wherein the system processes information fromthe

detector, information fromthe surveill ance device ,

sur velnldcaodancawith & rsecoridaspentsaféhepresestdavention gheye is provided a

nbi nat i f i nf ti .
SR P o kg e LT SR iR doR6 For
surcasirdeal watemway) eodadécteiion déteingining theprssenrce antdopationd a vessel
_ Y= . . _ PPt .
BB, A Pl T R B Pl Emers o
dEpterthgamel arfnoorairnages dfitiervedsel; snimage pranessonfortprecessing the
wat er : i .- . Lt
HPBER A .M o el R8P GE e Bk SRl e
systerei grocesses diafoanationdrom thetdetedtoraigpésmatien trapttoe ewrveillance

G Pl BRoR S oo B 68 FRES Ay A7 PR ptor hese

infompatieegdataacki ng a vessel ' s novenent through the
wat er ways based on the derived surveillance data. The
surveill ance data nmay conprise a vessel nanme extracted

f r om nheccoriages wilh atthied aspestof. thad heessot inegntion Hease iapravided a

R L e e R e e

detesmihing Tie presenas dricncatiod af a veasel doliprwaterway besedpn information

BRI AR BRI oy S350 R oEhd e

priocesringvthe smhgesTeaptigrad faridetiving suntaillanceagataompareisdhe igages are
; N
Shrl e o 4 A b0 loaRES e 2u5HRAS cita, oot

I mages of the vessel.The surveillance data may

. behayi O | :
vessel s et ey el SorhOHSerbKKE A VesRo TR tFbudh the
Wwatehhays aset ondiee dérveklisugveillascsdataei | | ance dat a

derived agai nst reference data.

The surveillance data may comprise a vessel name extracted from the images of

the vessel.

The surveillance data may comprise a vessel shape, size and/or other vessel

characteristics extracted from the images of the vessel.

The surveillance data may comprise a vessel category/type determined from
said vessel shape and/or other vessel characteristics extracted from the images of the

vessel.

The surveillance data may comprise one or more of a group consisting of a
speed, a course, and a trajectory of the vessel extracted from the images of the vessel.
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The surveying nmay conprise utilising one or nore
scanni ng caneras and determ ning the presence and

wo cwatizam of the vessel based on i nmage processpPeysS61005/000205

i mages captured by the scanni ng caneras. The capturing
of the images of the vessel may conprise utilising one
or nore zoom caneras. In accordance with a fourth

aspec e . DLAV :

ot o 308 pubERaRlERE Ind ERRLOBAAARE dos EBUNEEH behaviour o
aoass ineludogeabmeanal ebaviowst ructi ng a conputer to

execute a nethod of surveillance vessels, the nethod
conprising surveying a waterway; deternining the

pr es efibe metitbd mepnfurtwer cémprisgazhecking et susvaillance wala derived against
Pé?r%qcé’ﬁatia.nf ormation fromthe surveillance of the

wa

erway; capturing one or nore images of the vessel;
processi ng the i mages captured for deriving

survei : : %ﬂgr L i}y &gl r
basedtrh% Q&gy'ﬂ@bﬁalym n 5{;%9%'&52‘%0% angﬁ?r%csg:? 'ﬁ@ﬁé H%rﬁgras .and
detevminingdhe prasanee and lobatidh. of the yesdelddsed ondmage processing of

i ' : i.nvention are descri bed by
Vmi\la g%ﬁ%'r%q)?ﬁgat%\ﬁl"gﬂ Qé{ﬂ%ﬁég} with reference to the
acconpanyi ng drawi ngs, in which:- Figure 1 is a
sche j ' Of ot
vor oo oe i abh B RhARs L the ook BREy ERhrR wliio one or more
gbora cameeasway over | ooked by two caneras 22 and 24;
Figure 3 is a close up inage of a vessel; Figure 4 is
a view of a graphical user interface in one ' _
enbodimassordamee wWith@Ufourt!s aspechof the wedsent inventigntthereiisgrovided a

o ) . : Ei

BRAER-G% HROLH nATpE B n o 42680 0 il o
instiotinggs gonopidersto@xgcidy strasthogh obswevailidnge ivaesels, the gaihed

. ! 4 | i . .
Co i 0T AU RSy S ol tion of s vessel
thebwatenwaytbased on information from the surveillance of the waterway; capturing one
or more images of the vessel; processing the images captured for deriving surveillance
data; wherein the images are captured based on the determined presence and location,

the surveillance data, or both.

Introduction to the Drawings

Embodiments of the invention are described by way of non-limitative example,
with reference to the accompanying drawings, in which:-

Figure 1 is a schematic block diagram of the components of the system of an
embodiment;

Figure 2 is a schematic view of a waterway overlooked by two cameras 22 and

24,
Figure 3 is a close up image of a vessel;
Figure 4 is a view of a graphical user interface in one embodiment; and
Figure 5 is a flowchart illustrating an operation of an embodiment of the
invention.
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Figure 8 is a flowhart illustrating an object and
bl ob anal ysis in one enbodi nent. Description The

werwodeszent of a Vessel |nmage Processing Syst ereT/MGR85/000205

descri bed herein is a video imagi ng based surveill ance
system whi ch automatically, agg in real-time, detects
and tracks the position, course and speed of vessels

ont e L L RO AT ARG Gonad] VSR rocoss

aaﬂiaysbasadorwembodhhmnte systenms, such as blind spots,
nt i f

120, Kbl 4 S ARG P SRStk sty graminance
pxetrtod\miwbtemlafdnecemmwgmtent systems and port

G D T T C R

ambodimmlnal intelligent technol ogy to detect and track
vessel s, and extract vessel information such as
salient characteristics (e.g. wdth, |ength, height,
air draught, structural outline, physical profile),

Egerg@ing states (e.g. underway, at anchor), vesse
recogni se normal and abnormal behaviour. Sone

of these techniques i ncl ude background subtraction and

g:?gg:r ﬁ%ﬁ igﬁg%}e?gg%e (lggsce'l B‘ga eol5ro¥ @gsgsg%rﬁ?{llPS) descrlbed herein
Eradvudekamagmgahsas(edrsuwelllahce mstduau\mg:hca;mjnatmfaéy eamden real-tlme

d, f
AR B B DGR R APRRE T SR aEl g yppor
andawatenhrhyamr headystem cicoutiventssollems agseniated mth existifg madar-

VSiFanGS fs'tI sutf'a b"ﬂhé’%‘ L%gﬁht ﬂ?ld%ﬂ fWesQé\ and
T BSToGS stetplrpes @l et Sodth i

Al ng
VmM|mymﬂaudmsameaebgmnhamm tbvecmapalshﬂiastqﬁ pdEitvessal treffic
t her a vessel r%l s are present. Figure 6,

HARRGE e o SR el o o o Ger i show

schematic drawi ngs and flowcharts ill ustrat i ng vessel
det ectl.

o oo o8 RSO o DR s PRLP el B on
B’mnstwal aﬂd/orgartlﬂtnm éntelﬁgmk teohnolbge tt detecta@ind dre\ck\delssels and extract
OB, oyt S PR B e B35 S R v,
efrudttml owttiree Iphysical pkafile)| apeeating states ésg.aindeheay esarmnor) vessel
-rl;gneqecaln SfeecongPllser}%%ngl ghd%abnormal behaviour. Some of these techniques include
background subtraction and temporal frame differencing for vessel object detection and
tracking , dynamic background monitoring and adaptation (in which the background
reference frames used for background subtraction are being updated regularly or
whenever there are changes in the scene, illumination conditions etc...) and optical flow

techniques to filter out false alarms due to motion clutter.

One or more scanning camera views of a waterway such as a port are
processed to determine whether a vessel is or vessels are present. Figure 6, 7 and 8,
described below in more detail, show schematic drawings and flowcharts illustrating
vessel detection, tracking and blob/object analysis in an example embodiment. The
actions involved for manipulating those tracking objects include Add, Update, Delete
and Query.
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used to identify the vessel by nane and category/type;
if the vessel's nane is known, then possibly also to

wae e0sfigs2ohe cat egory/type with that previ ousl yPCT/SG2005/000205

registered for a vessel of the same name. The vesse

is or can be tracked, including by speed and direction
nmoni tored continuously or periodically, until it

| eaves the surveyed waterway or until sone preset
criteriais net. The vessel speed and direction are

obt ai \Wberretsy vésisebis datectiesii ane oinorsl Zooh) eaneras gfeedirentsd to the

;ﬁd@ﬁfox Bk ﬁ’:elavré%a% ?dklal Josh rﬁ{}ﬂ%@% ﬁﬂ‘n@r\/ s ‘?EQ EB'e ‘ﬂnﬁ'nﬂgges are

terin exte
Ldseﬂém@dtlf\yéb%wssnhlw mame pad kalggenyityne; liéhmgeasnbs name is known,

tﬁgﬁggésr\ﬁyf QQE‘S& eeer}slfgﬂ‘]@ %I gﬁé%gtth%gﬁ%\g% c'%fgt%ge}r?d for a vessel
cd tlge sémye hamet Toa vessshisvdrean beteesked, drcluding by srreg and direction

corﬁlﬁﬁﬁglys ﬁrr ebdé?fagﬁgflygﬂnﬁtltqzeavengH@ s(itve \f‘v% ayC&H Until

e es by vessel s satis Vi g ese
snmet meset citegiariomedr Soevessel Sneed leed curecupn are@btﬂlrm) bydplob

eallﬁfst %jsstepo gctQIla Sy8L LROb Wmtﬁ"t @moothing using
TEN5 SerHagy ST

erlst eterrn
kalmereﬁltqrmgrmgd@)mdecm kaliman fl|’£$¢nﬁe /bﬂeﬁeh’@ée/eb%ﬂi mﬁiydmtéacked first

sr}@ sc\éﬁﬁﬁﬁg cgnﬁpfnb\tg\ysvé g?fofé : additioH E}@Igteo \gﬁgﬁ%’ﬁs of the vessel are
acgeied. Gent@mcatenale ga@wlcrogtlomchehawourr(aawcborf tr@ﬁpfefm heading,

%Je%rc?n étl%n%t@ﬁrgﬁrg@él: &t@&log?F Qrbg@sfgbhélgﬁi whereby vessels

onen I Ng out wa
mafam@etpeﬁ)cr&nat aﬂeswtann@geﬁseérfurtheﬁ (lceenlgn@md):@rrﬁaletﬂt¢6bﬁ0 be given

e BaoEE bl 4 FRERegBh3p At Mrmivediacoseup
lmmge)sfuamr Some ofititeise hehavieurs inslude| vesselg an¢horiag 96 anchored
‘géérgfg‘g‘i%&z‘gd, ﬁq %ée%@ﬁmlfsto(? rtr/a(/cg %6 rslo\l/nfﬁ(1 v%g&q %ﬁ%ﬁgtlérpag‘?‘aﬁnst normal

uerying an ecel ata from
vafictidws elce. g. from AI S and nobile rad| 0
communi cations), as well as for other conmunicati ons.
The system al so i ncl udes one or nobre scanni ng caneras
22 anidguiee! isra sehematioblocic diagrans ofthe gompoeents af ihasystem 10

'§§'ﬂé§ 8@[@@% d ou? 72y FHis B b%Elanqt pACcCE{H{rQ é&ﬁtré‘l’le‘?qg Q’as access

fromt I vi deo caner as
tAndmage databaseedn and anjniersation databees i 6 &iriretrieding and stering

|lnea §£ bggﬂft?rpr%u% TRE EorkfUnE} f’fl nsfofhn%éd"f’c; Str?héﬂltteﬁrecelver 18,

recei ve contro uctions
mmmécteu lteean d@rial PRefor npenying et recstiviaghdatadromheessals-(eigl from AIS

M rtngbi%Graafoecoﬂlrﬁ&]i@eﬁl‘a}’né)q Sgwteﬁ gg?érrb%&%gﬁ{nm&i&'ﬁoﬂé' The system
also includes one or more scanning cameras 22 and one or more zoom cameras 24
mounted on pan-tilt units 26. The cameras can be still picture or video cameras. The
outputs from the still/video cameras 22, 24 are connected as inputs to the controller 12
and at least the one or more zoom cameras 24 are also connected to receive control
instructions from the controller 12. The input instructions to the pan-tilt units 26 are also

provided from the controller 12.
The scanning camera 22 and the zoom camera 24 are set up at a vantage point

with a good view of the entire waterway under surveillance. In some situations, it may
be useful to have another or more zoom cameras at different vantage points. In other
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The scanning canera 22 and the zoom canera 24 are set
up at a vantage point with a good view of the entire

wowadoeneigye under surveillance. In sone situati oPGT/SG2005/000205

may be useful to have another or nore zoom caneras at
different vantage points. In ofhersituations, no
singl e vantage point may be able to provide good Vi ews

S A VR Bl T USSR A B b

adtirvay nadensanteiigece @ndivéll ragsivalbhy oeaore sddifioriahgcanning cameras

22%7@&&&1 ngﬁtgﬁoﬁéln%e@all n%‘] gcsa%ﬁin tc%%e%ao 9?};8%’8 Gfieast one

nnec e cane and
asstciakd evonmegmb 24. r' B comneeiioels&etwmusthe sainerss, an@fhe controller

Pl e R0 i PIRREEROL 2020; R AEARI BB RERGAS,

acanerao vary
nmega pi xel s resol ut| on. Typically, the scannl ng canera

22 o TR 2 48 s SRR el A ooty o

W)xe@nesolutuonTh@pmilly dhe acanming damssra 2R imgmalog aigital, using a

Chat ol oA L2 B ARk e BB e OB Semgoncyetor c0s)

BBN&DI ahemmlighadtive lasenayadee cbald atsodresussideasehé keanning camera. In

%ngﬂgoﬁsaﬁ?r&af\%mg%%ﬁ% %52 %%@ﬁ&%e%g &R gnaqthghégﬁ there may be
iCBWThe én Yar

arouna Inor ire area un
featiais wizare ¢he daansing ltasieraia? ivonld, bet heuntead v pan andotilinaround in

I ' S 0

S8l T P e BP0 958041 b, e gonping rouno
u_smjdlbbputomkam and cohtinuoois e towd beicdstralled|by the ebdmiralier 12 The
K o 5 e APBERS e AR waeray
trestarge vethesngorfar 18Ik vieWha 66fdegode aver drstancefof 6kmdo prpwide

S C 2 /Ca n .
e bR 1902 PRAUGH §PRE o FRERRG s Bscannn
cameraavang depends smai rhumbe]rof fa@tamtmcludlsg frertppengf scangieg camera
LR SRRbhG0, f B9PyIEBRbe EREbPeifionlBFe SRlTkpam o
tracking (e.g. vessel nane, vessel cat egor y). The zoom
camer [ .
cone! g e T 27 B ST K el Bl i ena e
vesse/) name, vessel sategbyy) tﬁeemotrpbmneraQthuesmmt nedd torhawe denormal or

S PREGA S S P i3 SR AR

tejnssrmblcpas Nwedmrraalgjrwde ahgle ohage shotd aregeowidedilsy thaskarmning
for sgann zoo ca a 24 is als .
el 73 “ORM RLE o oA Mr{ SRR e ol oE B ancre i
obvieny t@as&iDas batiipSostar soanniry t:dimenaaTFhe zoom camera 24 is also
usefully of high resolution, typically digital and using a CCD or CMOS sensor. A thermal
imager or active laser imager could also be used as a zoom camera. The zoom lens is
motorised and controlled by the controller 12. The pan-tilt unit 26 is generally high-
precision, capable of sub-degree accuracy, to allow the zoom camera 24 to be directed
more precisely and zoomed into particular vessel. Although a pan and tilt hardware unit
26 is preferably used, the same pan and tilt functions can also be achieved by some
other means (e.g. digital pan/tilt/zoom).
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I mager or active |laser imager could al so be used as a
zoom canera. The zoomlens is notorised and controll ed

whyooshezs2eontrol | er 12. The pan-tilt unit 26 i SPCT/SG2005/000205

general 'y highprecision, capable of sub-degree
accuracy, to allow the Z0oom cagrer a 24 to be directed
nore precisely and zooned into particul ar vessel

| th i R : |
(sed. Aol RlnEHmsdihe i Sh ke R 3plh s Ere tdarate, i
atHe'/r tem??igfgsa:the ﬂ:mgﬁms ofethe Svq eargeradicgn balcombined into a single
it , :
ERRlA ok R batlnol g Shrh Mo BRRR Tidhe i Brescopic close-up

gielvedi ments the functions of the two caneras can be
conbined into a single canera which is capable of

provi di ng both nornmal or w de angle and tel escopic

cl oseFigure/2 ésns scHenpiicevielv ofsa wateokanI0 oeripoked by the scanning

SRR RO Y A B LA A vesso
ggipfagfilivim?ugh_ tﬂem@dm@fé 30 @Isivyi’@irt the (sugljmimg]imamtregimy&tl of the
30l Gt 2 35T s KR4 0 83051 S5 con e
;jlnecte@anlhleam@3_2:ﬂqro/aa§djddamtiﬁ®¢ibede.gt veshel napesed), dassification
or, vessel i i [ L. v : -
SR RSl TP BB el L A e scmevec
watsetticalyr(aneh ds wsing OpticarEheractey _R@@ogmiﬁ:breteemiques) , manually or
agr&%aﬁtoh%g{;éll\{/ ggﬁﬁeﬁgiﬁg@%ﬂaﬁg H%%’i‘@%?%g‘%@%%f factors, including
thet reamabikitp Bhy cnditionsrdf Hiecteixhehatasttérs andiep eyrdbolg ob theavessel, the
T kO e RS BB R L bl B rocomnon

sistemasedl , the illum nation conditions and the

accuracy capability of the optical character

recognition systemused. The controller 12 has inmage

pr oceShe rgnisallet W2 hes amapehaockesing softivare antthardearferwanieh include

drBerairo g G MATEK S ben BB b elald |
Tieroprctssol ferimagd proaessingasTeheontrotier sofwae ipesrthe mmdutes to
RO TG vl g et SR 7 1, et g8 raggna, computation
loeveises peet Ziesadingc aize docdtivagbasedron image blubonaiyses areiiimage
R BB B B Pl SRR O BT gro zoom
@ameex) as replired.

The vessel image database 14 contains stored images of vessels. The images
can be limited to just those of vessels currently within the waterway or port, or under
surveillance, and/or the database can additionally include images of vessels that were
encountered/tracked in the same waterway in the past or images of vessels acquired
from any where in the world. The images of a vessel can include views of the whole
vessel and/or close-up images, from one or more angles, for instance of a close-up
image of the vessel with its name on its hull, as shown in Figure 3. When a vessel is
being tracked, images are continuously being taken (and processed) and/or stored in

real time.
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The vessel inmage database 14 contains stored i mages of
vessels. The inmages can be |limted to just those of

woe®satrocurrently within the waterway or portPCD8G2005/000205

under surveillance, and/or the database can
additionally include images of vessels that were
encount ered/ tracked in the sane wat erway in the past

vor | o e STk afaE e B5GRetETo LORE ARIMALR B e e
vhassificatien el idemtification lobsessels in tregasyeillancenacee: ther tim@ oédetection,
SRSt BB 3955 o 8 Sl TR 1S 4o
gessebsiee, shapdipidiite, vessek eategonyiiypes speas, course pteoBdnye of the
558k B 558818 9Pt Pl or eitrs o
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The operation of the system of Figure 1 in an example embodiment is now

described with reference to the flowchart of Figure 5. Images from the scanning camera
22 are constantly processed. Once a vessel enters or moves within the scanning range
and area of coverage of the scanning camera 22, image processing software in the
controller 12 detects, locate and track the presence of the vessel (step $S102), an entry
in the vessel information database is created and an unique ID number is assigned to
the vessel throughout the tracking and its location is determined (step S104). The pan-
tilt unit 26 of the zoom camera 24 is directed to point the zoom camera 24 at the vessel
(step S106). The scanning and zoom camera images are pre-calibrated to the
reference geographical coordinate system by looking at three or more fixed points with
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(step S108). For the purpose of determning the
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Refreshed images from the scanning camera 22 are processed over time to
keep a track of the vessel parameters, to provide real-time information as to the
position, heading and speed of the vessel (step S114). As this processing is carried out
for any and all vessels in range, the vessel tracking can be used to determine vessel
navigation channel or waterway vessel traffic volume, density and/or occupancy and if
vessels are on collision courses, such that they can be warned accordingly in advance.
Tracking can also be used to determine if the vessel is likely to run aground based on
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appropriate position can be determ ned based on the
know edge of vessel headi ng, speed, rate of turn and
w0 e@®speedd cted position. The vessel name is reRdl/§6200§000205
S 110) fromthe image obtai ned at step S108. This nane
is added to the entry in the ssel information
dat abase. The dat abase is searched to see if there is
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tggjb%(élt(ground using a variety of threshold operations. Objects are identified through
blob analysis using measurements such as: area, perimeter, compactness, roundness,
elongation, major axis, minor axis, gray level, colour etc. Based on object analysis,

objects are identified and tracked.

The tracking continues for as long as the vessel is in the surveillance
range/coverage. Where vessels pass each other, the system in the example
embodiment is able to track individual vessels merging (merging procedure 808) and
splitting (splitting procedure 810) through the entire range of motion without loss of
original tagging identification. The system can also track a vessel that is temporarily
occluded by another vessel (typically a larger vessel) through splitting and merging.
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Repository 602 coupled to a Processed Buffer 604
coupled to a Video Buffer 606. The processed buffer

w@ohs/1z20pl ed to a | atest dynam ¢ background bedT/862005/000205

608, which is in turn coupled to the video buffer 606,
i ncludi ng the detected objectﬁ are updated into the
obj ect repository 600. Wth re?erence to Figure 7, the
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procedure 808) and splitting (splitting procedure 8
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schemes, tonnages, etc. Name checks can also be made with lists of vessels that are
missing, late or known to have been sunk or destroyed, again to see if there may be
something amiss with the vessel in question. Validation can also be made as to the
current intended en route or destination for the vessel. Vessel which does not appear
on any lists can also be considered of concern. If there is a discrepancy, the relevant
authorities can be alerted, for instance to intercept the vessel. These checks can be
made based on information in the local databases or else relevant information can be
requested from or sent elsewhere for identification and verification, whilst the controller
12 keeps track of the vessel.
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shape, size, physical profile or other visual
characteristics or conbinati ons thereof, the vessel
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alert.

More than one zoom camera 24 may be useful for getting better views of the
vessels, particularly to determine vessel classes, shapes and names. Alternatively the
zoom camera 24 may be separated from scanning camera 22. The scanning camera
22 is set up for a normal or wide view; the zoom camera 24 is set up to zoom in when
the vessel passes a particular point and offers the best image which is usually
telescopic. Where there are several scanning cameras 22, the central controller 12
keeps track for all the vessels in all the scanned areas to manage a seamless handover
of tracked vessels between regions covered by different scanning cameras. A vessel is
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correlation, to one or nore predeterm ned threat
scenarios or violating one or nore preset rules. The
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y viola a vesse
tauspgeny raovirg abject, disested eigecﬂmand; oarheradensidisiortiusigjc. should be
dras ﬂg pol ygons on the el ectronic navigation chart or

?/ i mage. One or nore trip wires which are
polyllnes or straight lines could al so be defined

g: regf Sl\g%er% K‘I;?d{ﬂ%%??%ﬁ&&&vgﬁ %Sthg l§/|s J %e%m.lml 'tr{ées%/s%rﬂlhﬁqlﬁ be
tiléed to camﬂmehs arwlssh ﬂ@rcalstsuffmlamt hghtoHowai/en, tb'leecamar@s may
%‘gﬁ@éﬁqgﬁr étbv%,%svgcgrﬁiif @%ﬂﬁf?éj e% \&%Jegeg@? a&fb?rlgéér btased or there

b&iytaeld:tmhmlw)eaﬁfra-lrm wa@eﬁg&hs qnaadserdualsad bgmertasdfet esenatreght in
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rom scanni ng ca
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bl FH, 0y RCRSARE R ksl At Pr9ed Q88 or nstance
tdken e saridusagegeshiic hddisorutotbé Io;her information obtained in the visible
spectrum, can help in identifying a vessel, independently of the apparent superstructure
(for instance if a pirated ship is disguised). It can also help in determining some
problems, for instance by showing a fire aboard or that the engine is dead.

As an overview of a typical embodiment, the system includes: at least one
scanning camera (e.g. optical, infrared depending on the environment) to give normal or
wide area coverage and vessel detection and tracking; at least one zoom camera to
provide telescopic close up image view of vessel and vessel tracking and a computer
system with automated advanced video imaging processing algorithms, data and image
fusion algorithms and vessel database. The surveillance range/coverage (total area of
coverage) of the system is the combined range/coverage of the single or multiple wide
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tel escopic. Were there are several scanning caneras
22, the central controller 12 keeps track for all the
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However, the caneras nmay additionally or alternatively
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An infra-red signature (for instance taken at various
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BoRSRIaRRS S VR BB-P APy Bk e oLy el by afete type of

sensor), with the vessel location, speed and heading data from the radar used to direct

the zoom camera.

The system can be set up as one of high-precision, computer-controlled image
detection. After the initial set-up, the system can achieve fully automatic, hands-off
operation for the detection, tracking, classification and identification of vessels. The
system can be modular in design, resulting in low Mean-Time-To-Repair (MTTR). The
system can also use commercial-off-the-shelf equipment, which translates to low capital
and replication costs. However, it will also be appreciated that the system may be
implemented with different degrees of human input, e.g. using supervised learning
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As an overview of a typical enbodi ment, the system
i ncludes: at |east one scanning canera (e.g. optical,

w0 nfosared dependi ng on the environnment) to gi VECTISGZ0A5/000205

or wi de area coverage and vessel detection and
tracki ng; at |east one zoon1cagera to provide
tel escopic close up inmage viewof vessel and vesse

t, t
RS BR f P PorRE B B i, i B PR A Ao
ﬁmplemnaﬂhg(swstehne aafulrw sdgmaelic iaahlabase The
survei l l ance range/ coverage (total area of coverage)
of the systemis the conbi ned range/ coverage of the
si ngl €atibratioh tapbe byinwdy af e sokwanerasaigtetiorertinge walitkatiog for the
&gggt%e%nﬁp%é%sf% é}lfv\% 3{ orﬂ% otultlﬂé gleéﬁ’ ﬁgaﬁagﬁﬁﬁé e %H‘%mtenance
sr;ayt bmnequmﬂmﬂ)nmmnhtt;alle:tbammailbratechmbs‘um spt-olv mdynecessarily be
[ t i
r%d t# ng{he (s)l];?g{ Tﬂ&.l Hgé@éeg%%epgrtrlghéﬁeoggp 3?% tag? 9:?}{'% Because
\tiwsysltem ?ﬁtw berfully altomammieragisde;asmraedwaﬂ irpene $orterzoe ke ghere may
e e V. I
P e BRI WA et 2 FERBL o BB AdleBin® iRigHh BBgrator, or
ifromerie réededahaisTipedadiass frefhentlycont i nues until the
vessel |eaves the overall system s surveill ance
range/ coverage . The application of the systemin
exanpl e enbodi ments is to detect, classify, identify
and/ or track vessels, and also has intelligent
algorithns to provide vessel information, such as
sal i ent observabl e characteristics (e.g. w dth,
| engt h, height, freeboard, structural outline, shape,
physical profile), operating states (e.g. underway,
pl anni ng, adrift, at anchor, fishing), class/type
(e.g. tanker, cruise ship), identification (e.g. nane)
and to recogni se normal and abnormal behavi our and to
predi ct vessel novenment and position. Additiona
applications within the systemmay include: A'S
val i dation, post incident analysis, scene/scenario
reconstruction, image fusion, panoram c imge and
wat erway view generation for visual display, and the
archi vi ng and managenent of video imges for further
i nvestigation. The system descri bed above does not
need to replace other system such as radar or
transponder based techni ques. The system can be used
in conjunction with such existing systens. In a
further enbodi ment, there is no scanning canera, as
t he
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normal or w de angle views are provided by a radar (or
sone ot her appropriate type of sensor), with the

woemsabs2bocat i on, speed and headi ng data from PE¢ESGHEH000205

used to direct the zoom canera. The system can be set
up as one of high-precision, gznputer-controlled i mage
detection. After the initial t-up, the system can
achieve fully automatic, hangds-off operation for the
det ecti on, tracking, cl assi Fredts on and identification
of vessels. The system can be nodul ar in design,

esulting in | ow Mean-Ti me- To- ] R he
yetem can”aroBalEs Sislial or SpeR g pll Spmentif:
equi pnent , suheitdncermesisdoresurveyingawatgovayl and
replication co , Ver . i 0 .
appr o at P ERIO SR e sy ol ehreenss apeigpation of a
di ff evgsbl(;drﬂgywa;ﬁem?y Hmhse_ﬂronl inforrhatio. foam thes swgveillance means;
supervi se earnin ni r I ,
i nput dat acae'ﬂ?rme?qﬁg {3%%%%;?%#3\@ eog g%rr% I"ﬁgiéasvé}xg@?%ssel’
ICa rrlpl gms?.t Inhugesgrgd:&gmgnnear{s;fbﬂ procassmngehe mém{uag’mrad by the

i bration can .be . Wa . war e assiste

one-t F?‘Fﬁer@ép?%se{?ri %q{%pgréﬁq\gegla@gl%@%t § and | enses, after
whi ch onl ywhengin the caimesanimegnacabtgientheevesseldmages based on
mai nt gpanc [ equi . i.n
cal i by BatonBem e kERELARE s HeXuElefeg gata rom the
r equi ineeyet processingmeeangsortmth.Thi s reduces operati onal
over heads and costs. Because the system nmay be fully

automatic there is |l ess or reduced roomfor error and
2here muy Asystermamedrding toarrithel fiethet cempiising rackimg means for

o STl § oAt b WAL ROl i) by slotnce

sur vedathaiedeedlyystherimbge proessshgmeahe syst em

conprising: surveillance neans for surveying a

wat er way; vessel detection nmeans for determning the
presence aAdybsteapadoording tosanyemealf thenprebedingatleinveayherein the

based on [nfaormation fraomthe survej :
camer sormelaheR s LaotaES RiosRe e s s P mpges of the
vesselgsseheapturpd by dsscangeraeaeshsf or processi ng t he
i mages captured by the canera nmeans for deriving

surveill ance data; wherein the canera neans captures
4he vessel Aisyeigasadrasdtitl toranyrdnerafiite precédingrclaings, whesaih the

det eCtsﬂlr%Llllgr%%nasa‘ta E:gn%pr?s%rsvae\lléslse %%gpg/gllzg a%fapofl'\g?vessel
characteristics extracted from the images of the vessel captured by the camera

means.

5. A system according to claim 5, wherein the surveillance data comprises a
vessel category/type determined from said vessel shape, height, length and/or
other vessel characteristics extracted from the images of the vessel captured by

the camera means.

6. A system according to any one of the preceding claims, wherein the
surveillance data comprises one or more of a group consisting of a speed, a
course, and a trajectory of the vessel extracted from the images of the vessel

captured by the camera means.
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i mage processing nmeans, or both. 2. A system according
to claiml1, further conprising tracking neans for

WO e@skeag a vessel 's novenent through the wat eP@EYE62005/000205

based on the surveillance data derived by the imge
processi ng neans. 3. A systen&gccording to any one of
the preceding clains, wherein'the surveillance data
conprises a vessel nane extracted fromthe i mages of

the vessel captured by the canmera neans. 4. A system
accordi ng Acysteyn asrerdiig tolemymnecd thengrecédingrelainve) aherain the

c _ vig tofen _ _
anr obrye S el S R ERhaR ol i FER Rl PRRO R Ry pre

i magesgesstl.intiading aberbrnehpehanvimlirby t he canera neans. 5.
A system according to claim5, wherein the

surveill ance data conprises a vessel category/type
det er m nedAfsystensadcdrdimsioaednysinemd thehpregéding tlaimg, further

ragetoBp i FEEEa s 1 o Rhb bk THBFLE hald AEABy he

A sysineagegwrocesdinggnéansaypinshefarentehdatpiires ddiabgse blthasystem.
wherein the surveillance data conpri ses one or nore of

a group consisting of a speed, a course, and a

or aj ect or y Addysteheaccesding toeartyranetaf thef prenedihg claingsy &decsin the

the vessel captured by th .
hecor g ehgAS ety se o PERBA TRy & wide e ¥bnning
t he soameidslanddiee dexsal dedegiionsesansdhaperable ta dete@rmine the presence

R bl S B T s s e

t he pnemealionyidel anigiesscahning lcamecasapr i si ng checki ng

means for checking the surveillance data derived by

t he i mage processing neans agai nst reference data in a
dat abase oA dybensycioading @ ank anesiféime precediog niginsy wineyein the

R T - A
scanni ng caneras and the vessel detection nmeans is
qﬁ)'er able t 9\ solu?\;el Taﬁ‘k:é‘ gysttgr% i veessggig,ethe system comprising:
a surveillance device for surveying a waterway;
a detector for determining the presence and location of a vessel in the
waterway based on information from the surveillance means;
a camera for capturing one or more images of the vessel;
an image processor for processing the images captured by the camera
means for deriving surveillance data;
wherein the camera captures the vessel images based on information

from the detector, the surveillance data from the image processor, or both.

12. A method of surveillance vessels, the method comprising:
surveying a waterway;
determining the presence and location of a vessel in the waterway based
on information from the surveillance of the waterway;
capturing one or more images of the vessel;
processing the images captured for deriving surveillance data;
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and | ocation of the vessel based on inmage processing
of inmages captured by the normal or w de angle

w@e@nneag caneras. 10. A system accordi ng to aPyT/AGEDH00205

the preceding clains, wherein the canera neans

conprises one or nore zoom cangras. 11. A surveillance
system for vessels, the systermconprising: a

surveill ance devjce for.surveying a water ; .

det ector {0 WETeRTH o9 4p SR ol eigmgined

a vespasente artblovationl theysubadiadcedatanbobaetat i on from t he
surveil l ance neans; a canera for capturing one or nore

i mges of the vessel; an inmage processor for

pB.ocessi ngAtrhethodragesdingd ciaied1furties coenpesiag reakisg Aoessel's

SEH (Vujh&%e%%ét“tﬁéo%‘g@{t‘ﬁ’ﬁe\oé%b@év@“a%%égisﬁ 44 o FRaR Beitpngg gata.
the detector, the surveillance data fromthe image
PAOCSS0", pheBh oo SRR B VS YPUBI bR Ragee

det er somprgestdespelamercextactbd fooathedmages af the ysssdeli n
t he wat erway based on information fromthe
surveillance of the waterway; capturing one or nore
Herages of nheethed aedardipg te emsomgoftdiemisri@ge 4 celperaindtie

for deriving surveill ance d X i_n

i mag e§u%(?'ga'g°§p(%ﬁ? eSS %%%%hsyggé}tg'g? rﬁhﬁg)agg%zg‘lésnsg Ee
and | okaracteristics lketracted doinl the dvagkstaf theovedsek h. 13. A
met hod according to claim 12, further conprising

tracking a vessel's novenent through the waterways
based on t Aenetbod wecbrding Y clhinahg eviteia.thd durvéillareeltath comprises

according to cl ai 1 0.1 erejn e '

iota BoRss SalodRaddrbitifh rRRRR BeSPSgRPE HEUbL i vesse
of t heharasterstics Extradiedrfrbindtie imagesdifiite vessehy one of

clains 12 to 14, wherein the surveillance data

conprises a vessel shape/size and/or other vessel

dhar act er i gtmethoeateadihgdo anyond biclaimsd@so dB, wherein the
VesselsiJrveiIIance data comprises one or more of a group consisting of a speed, a

course, and a trajectory of the vessel extracted from the images of the vessel.

18. A method according to any one of claims 12 to 17, wherein the
surveillance data comprises behaviour data indicative of a behaviour of a vessel

including abnormal behaviour.

19. A method according to any one of claims 12 to 18, further comprising
checking the surveillance data derived against reference data.

20. A method according to any one of claims 12 to 19, wherein the surveying
comprises utilising one or more normal or wide angle scanning cameras and
determining the presence and location of the vessel based on image processing
of images captured by the normal or wide angle scanning cameras.

21. A method according to any one of claims 12 to 20, wherein the capturing
of the images of the vessel comprises utilising one or more zoom cameras.
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16. A nmethod according to claim15, wherein the

surveil l ance data conprises a vessel category/type
waledsnpizoed from said vessel shape and/ or ot hePCTe6H©85/000205

characteristics extracted fromthe i mages of the

vessel . 17. A nmethod according,fo any one of clains 12

to 16, wherein the surveillan é) data conpri ses one or

nore of a group consisting of a speed, a course, and a

trajectory of the vessel extracted fromthe inages of

tZ2e vessel .A d#a storags mediuacitavirg sigreddhereyn oomapuaier readable code

clainms 12 t , I [ L e .

conpri ses br@%%néif%%&bgaglgg%%§{®gﬁ \?/éeg)éﬁacla% g%gr\%doﬁrsugfe fllance

a vessel i vebsels, tioe aiettodrmempieingyi our. 19. A net hod

according t 3 aims 12 to 18, further

conpri si ng S@R%?%P%Sﬁ?tgiewa?m veil l ance data derived

agai nst r efdetesmiringithepresedce Andrisichtioh afcavessiehig theowateyway based

one_ofyy GhedfefBiohra? trkSurIBHEL B hSuHLGY | N9

conprises utilising one or nore normal or’ wi de angle

scanni ng caapiuasg ané odmoer imagea gf theevepsalsence and

| ocati on of ; e i - hro ' )

| mages capPiReelg TREmaRgs Eeptibd BRI, e

canmeras. 2Whereinmthenesseldmeges ang daptuneny bases at theldatemmined

12 10 ofenth EhEioRalidle tEARINHidhde Ohid BEpbIROCS Of the

vessel conprises util'ising one or nmore zoom

caneras. 22. A data storage nedi um havi ng stored

t hereon conput er readabl e code neans for instructing a

conputer to execute a nethod of surveillance vessels,

t he net hod conprising: surveying a waterway;

determining the presence and | ocation of a vessel in

the wat erway based on information fromthe

surveill ance of the waterway; capturing one or nore

i mges of the vessel; processing the i mges captured

for deriving surveillance data; wherein the vessel

i mages are captured based on the determ ned presence

and | ocation, the surveillance data, or both.
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