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1 Method and System for Surveillance of Vessels Field of the Invention 5
The invention relates to a method and system for surveillance and
tracking of vessels and boats in waterway. For instance, the system may
be used to automatically and in real-time detect and track the position,
course and speed, trajectory, feature extraction and anomalous activity
recognition of numerous vessels in ports and waterways . 10 Background
Art With in olFey ysS
are becon%w afh eg &[Jgsglg d? tlongﬁaﬂ%%ers p%[%%w
authorities and others are 15 increasingly trying to reduce delays in
gr_et é‘ \(ﬁéﬁ&)@ﬁ 9 port to port and in getting the vessels into and out of
he current and future concerns over terrorist threats,
port, naval and other authorities are increasingly concerned about keeping
track ofiesselsidlyiagandostonediot arvksyrigriifes susietpressandirasking of
V\\%Qém %@%Qa@rﬁ/ IEWh sy rveligRganad @H@@ﬁéi’ﬁ%‘ﬂ)@ﬂ%&%@ﬂéﬁﬂ@f%ﬁy

trac s are radar-based, An operator has a screen

SRS R P B P R Do Eoa e A T e

O&H&Qb’rﬁlﬁvmg isheniiflecsthetishjprehogniio v ef DamesasinyEHeelE dm RoTs aff

§%e ships may be labelled automatically after having been

ntlfle y 25 transponders on board the ships (e.g. the Automatic

Identrfrcatlon System (AIS)). However, such existing systems tend to

hpxecbtmehépots, inability to measure vessel height inability to accurately

classify the vessel and resolution limitations. Summary 30 In accordance

with a first aspect of the present jnven on there isp ed a. surveillance
system YoRHEsEea8e$HR %P?Qf”erﬁaélc?rrfbcﬂi PREAe 2y kg

|hg survell nce means for
speceyig mwedeinyyybumssetidiimraiynshie ane sy, detbaviartiemeand others are

p[ﬁ(‘}gg&ﬁg{f\wying to reduce delays in getting vessels from port to port and in getting the
vessels into and out of port. Further, with the current and future concerns over terrorist

threats, port, naval and other authorities are increasingly concerned about keeping track
of vessels, flying and slow air-borne craft like helicopters that come within the field of

view of surveillance.

Current surveillance systems for tracking ships are radar-based. An operator
has a screen with a number of objects on if 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 ldentification System (AIS)).
However, such existing systems tend to have blind spots, inability o 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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location of a vessel in the waterway based on information from the
surveillance means; 35 camera means for capturing one or more images
of the vessel; image processing 2 means for processing the images
captured by the camera means for deriving surveillance data; wherein the
camera means captures the images basged on information from the vessel
detection means, the surveillance data ffom the image processing

nran o PRtk R RS YRR B IHLLNSY FRTBRHSR hagkinsmeanmior

i
ng a vessel's ‘movement through the waterways based on th

e . .
shvilanes dpie WRHGELS SARTHAABR? 15 GRBLERTJ'A JAALSS BRPRA on information
stive tence dateindipcompnisdhe sessel arem daéx frant dubfio ay thednsagies

o%éggsv%§§gh§aptured by the camera means. The surveillance data may

comprise a vessel shape and/or other vessel characteristics extracted

from the images of the vessel captured by the camera means. 15 The
surveillarteesgatarmagy dohpriserapvies desiokipg lvategdvy teting imedshein
sgidyeRsalahags the ehkApna b A o albeiMRARelEhARCIBHRLE By the image

extracted from the images of the vessel captured by the camera means.
209 SUwVETRRIfce data may comprises one or more of a group
consisting of a speed, a course, and a trajectory of the vessel extracted

from therimages fhiRe ¥osSAby anMRh VR S ARIRELRRRAS 146 the images of

surveillance data mﬁ comprise behaviour data indicative of a behaviour
ofhe BessRLEeRIYRA i SBAGTA IF R aviour. The system may further

comprise checking means for checking the surveillance data derived by
the image POGRSANGS RSN APRINSISI Gase:Aatags mdriahasevelsthe
system. 30 The surveillance means mz%gjom ”Si on%ggjnorﬁ'scannm
cANRRAE U AR SO AR G ARE SN R S PASTR S R AR i means.
presence and location of the
The surveillance data may comprise a vessel type/category determined from
said vessel shape, height, length and/or other vessel characteristics extracted from the
images of the vessel captured by the camera means.

The surveillance data may 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.

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 onsg 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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vessel based on image processing of images captured by the scanning
cameras. 35 The camera means may comprise one or more zoom

cameras. 3 In accordance with a second aspect of the present invention
there is provided a surveillance system for vessels, the system comprising

a surveillance device for surveying a waterway; a detector for determining
the presence and location of a vessel 53n 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 lceanopetnbetmiita srernd RSB BE MRSGLdRvRRigA RSB g provided a
WHRYEILIRS SKsaMdRrReesRemhiniysmaticonfroisiiie sieteitfencéindonation

from the surveillance dey C f ' 1
s R, B U AR e O, B s

thirthesyerehesn seRIvEHAD e RS SMSUIBRG A FRBEhBGHFera Tor
SuRRIRGEMY@FSRl% iheges biatomeprisingsageqy iy ssovdte mansssing the
determinia E,Peefg{ﬁﬁ?e” ﬁeré?esfﬁg A?éﬁ@%%rceieai\xﬁg%aw@sﬁaﬁcwa&ﬁéwﬁwe%ﬁeﬁe

i 28 ¢4 .
ofN G maton omt urveillance of the waterway; ca turlnqéone or

nRyRSSIM AyeeceseRel Viesaation ke ¥ RPIRE M TEND AL TRy 8P SunGiyee

SuBRilance eataicydareifohenainges arecasmureehpasebiontitre of these

d%t?te%i%gllgr?asence and location, the surveillance data, or both. The
me %ouamay fifther comprise tracking a vessel's movement through the
20 waterways based on the derived surveillance data. The surveillance

data may, eeatpisecs withsehirdmepeat aidtechirsentliv/ankggebeoe herovided 2
vesaeh o LR SHIYRU QU A, HRY A BRBASY SRR AR el

and/or other vessel characteristics extracted from the images of the . .
VSCHRITTHNG SR RS AREIGRRIP RS HeEE LRI ARz 0N information
deternradifremrrridimbsseltshane capiioingtbies sesest thagasefitbeosssel;
eg)trrc?bcetggng(%%tﬂ%g?ggg&lﬂ%%; ANl iRt \RIBRGR AHAD B ages are

comprise one or m

AR e G2 R O IHE ARSI DS BRI o G, orbo.

The method may further comprise tracking a vessel's movement through the
waterways based on the derived surveillance data.

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

the vessal,

The surveillance data may comprise a vessel shape, size andfor 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
spead, a course, and a trajectory of the vessel extracted from the images of the vessel.
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The surveillance data may comprise behaviour data indicative of a

behaviour of a vessel including abnormal behaviour. The method may

further comprise checking the surveillance data derived against 5

reference data. The surveying may comprise utilising one or more

scanning cameras and determining the presence and location of the

vessel based on image processing of images captured by the scanning
cameras O e FARR A paee Ak Yeasel AL AT Sonaviour of
utilising oné or more "Zoom cameras. In accordance with a fourth aspec
oftNessrbEshtdingerninriabpelayevided a 15 data storage medium

having stored thereon computer readable code means for instructing a
compqtgﬁé{g r%)éﬁ?ouc} %1%3{”?8%@890%%1 3*{5‘@3}!!%'8&% %%sglﬁvémgnwyéﬁideﬂved against
comprising surveying a waterway; determining the presence and location
ofrefekesseldatahe waterway based on information from the surveillance of

the waterway; capturing one or more images of the vessel; processing

the ima captured for derjyi i : '
are capt o e o
sUIGiETBIRES thapresassthondieeRiona TrHRe i ARRTILD SN BOFRERR of
ofithayinveipior @y desstiethlcamesras 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
embodim@atEamg 2idhe SrResA g\ﬁéﬁ?’%ﬁ"é‘%ﬁ@%&%%‘#ﬁ&&@% fnore
twepsmnaerasad? and 30 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 iIIustratin% an operation of an embodiment of the _
inventiorin@ccordance with a fourth aspect of the present invention there is provided a

data storage medium having stored thereon computer readable code means for
instructing a computer to execute a method of surveillance vesssls, 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; wherein the images are captured based on the determined presence and location,
the surveillance data, or both.

Introduction {o 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 overiooked 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 6 is a schematic drawing illustrating an overview of a tracking
process and system in one embodiment. Figure 7 is a schematic drawing
illustrating an object repository maintainance method and system in one
embodiment. 5 Figure 8 is a flowchart illustrating an object and blob
analysis in one embodiment. Description 10 The embodiment of a Vessel
Image Processing System (VIPS) described herein is a video imaging
based suyeilance systom which, AutAMAAL ABLIDLeALINEHRIRS R ccs
and track€ the position, course an(?gspee of vessels entering and using
pen sysienvatenm@pbotiteesstem circumvents problems associated with
existing ragas 15shrssebaimiciianty sisterisy sudbjestobpdstpotsamedififyce
to n,{g%rcl)lt#fxnv Ssis%%nlg Orgs%InL% '855,!{@?{{?“0%1 thereby enhancing the
capabilities of'port vessel traffic management systems and port
operatofoTee3dsrbbeneday dieri bRy IR GEH PR B IGuUes
based@maQ. statistical and/or artificial intelligent technology to detect and
track vessels, and extract vessel information such as salient

characteristics (e.g. width, length, height, air draught, structural outline,
physical profile), operating states (e.g. underway, at anchor), vessel
na@e@stdgiecognise normal and abnormal behaviour. Some of these
techniques include background subtraction and temporal frame

differencing for vessel o;%ect detection and 25 tracking , dynami

[ c. . ]
backgroti®l $FIENAG Aha MasitHmae iR arERRE S KER iR described herein
refesents irnses useddaubatkgraundisubivhicionuimre dieally, spdatedal-time,

regulagly ol W%%%%Pé&g&%ﬁn%%&la@%a%ﬂ%éh%ﬁﬁ%&%{é'BH@H}%“&% using ports

conditions etc.. ptical flow techniques to filter out false alarms due
toARtbYai YaNE . TS O ATGHEN YR MIRYIEAM BRIRAEIR 8Fh GXiRind Briar-
sueRabsapoilaate gysteasseddo atchinthapeteiesbiityd v ebssdhisvessal seels

gg%&bﬁ%&&ﬁgfﬁlgﬁéﬁs? tHe R §nh‘3ﬁ§ﬂét1ﬁg ORIMHHR SRR

ematic drawings and flowcharts illustrating vessel detection, tracking
arRPBRSISISEEQVEIRAAFOThPRA BREFABIE- embodiment. The actions involved
for manipulating those tracking objects include Add, Update, Delete

The embeodied system employs image processing techniques based on
statistical and/or artificial intelligent technology to detect and track vessels, and extract
vessel information such as salient characteristics (e.g. width, length, height, air draught,
structural outline, physical profile), operating states (e.g. underway, at anchor), vessel
name and recognise normal and 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, ilumination conditions efc...) and optical flow
tachniques 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 8,7 and g,
described below in mare detail, show schematic drawings and flowcharts illustrafing
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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35 and Query. 6 Where a vessel is detected, one or more zoom cameras
are directed to the position of the vessel to take close-up images of the
vessel. The close-up images are used to identify the vessel by name and
category/type; if the vessel's name is known, 5 then possibly also to verify
the category/type with that previously registered for a vessel of the same
name. The vessel is or can be tracked, thcluding by speed and direction
monitored continuously or periodically, until it leaves the surveyed
waterway or until some preset criteria is met. The vessel speed and
directioivhrseobaisell DyiRsiEhRaR ST NPEL ZEPBIRTRIR St ettyieithe
ﬂ@ﬁ%@“ﬁ@@s@ﬁl@ﬁ%ﬁ%@ﬁtﬂggﬁlBgtﬂ@\lﬁbﬂaﬁrﬁkﬁeﬂm-ﬂm images are

fﬁgg SRR liedng, Adpiedlarbyaser) My RURRKER Listntitfnoun

mera VvIews perore a se- up Images of

vihesepensibly elrated et tharalnesniisng \B%éf&%it%ﬁ“ﬁ\éﬂ&\ﬁ@ﬁ%ﬁ‘é&@a Blessel
trai eElenmbaaningTRPeasDENaiiopeatalkednireladiogteg sppehnral sirdution
eStab{'Shs%bV\éP]%EFb A 'édl%gtffmeﬂ%%%s%@m&e%&égﬁsﬁ?qnm
fUPETeY Ee e

Ig nore iven 15 more atténtion or

psga@sg@éa(@gte@@gwy Eh%Hﬁ?ﬁ%&éﬂ%ﬁ%é‘%f&ﬁﬁiﬁ@@(ﬁ&%ﬁ%@&w blob
inpages fusker. oﬁﬁﬁﬁ%ﬂéﬂm&bﬁ?ﬁylﬂw$mlbﬂeﬁhﬁm@hmh«mn@mg using
al?ﬁhoreﬂtevggse' ex %I G30R fimits RutRweling dog ﬁle"Bé Y8538 first

orle ation a |ns normal ow etc.., 20 Figure 1 js a schematic

SRy SR B RA T MR R BT B ST BU RGP aB 61 dsse! are
WRIQEINERY mﬂélﬂwﬁt@ﬁmglmﬁmﬂlmmeahamntr(ﬂwedfbrmaajadoaijamm,

Ir?(?ggddgrtl%rqfi 5514 Z?hf% LA IR H%Qﬁ@@é%% é&éﬂﬁéﬁéﬂe\)ﬂ%@:ﬂq’essels

rng' images And ihtormation. e controller 12.is also linked to a
reptishineihesemiarieeare SAHRORRF BG4 %*Wﬁ%?pﬁ?éeaﬁa' to be given
reagivingedasa bofrovessaigde.gcitegorkl® 2hapanderistibdeletmtivined via close-up

fn"(r:ﬁ“ge%g'%%P%oﬁ.seveﬁiékséefeéﬁasa&qmma@@é@%ﬁ%@@@@n%%d

udes one or more scanning cameras 22 and one or more zoom
cARTERhS PRCHTSLSRERCUITA STt AR B O FRY BaNRSREt Wi BE RgsRlRe el

okrdiieGovasieras. 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 rece ve control 3 ructlons

from theFéﬂ}HﬁalFéranh?H@tfﬁﬁLﬁ%gf?Q@fBr?g Ridt-R s U %% Sevaym 10

alseking outward at waterway 30 of this embodiment. A central controller 12 has access
to an image database 14 and an information database 16 for retrieving and storing
images and information. The controller 12 is also linked fo a transmitier/receiver 18,
connected to an aerial 20, for querying and receiving data from vessels (e.g. from AIS
and mobile radio communications), as well as for other communications. 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 sfill 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 confrol
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 vaniage 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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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 35 be useful to

have another or more zoom cameras at different vantage points. In other

7 situations, no single vantage point may be able to provide good views

of the entire waterway under surveillancé, and will require one or more
additional scanning cameras 22 at addlt | vant nts, us a%
RGBSR R TS PR LB A T S L e e
Thatearnentitnss betillbendhendanibrss isn drih ergopteciiddifonahgdaeniigegmeras

wie E%%%H ﬁ&ﬁéﬁﬁ%@g@ REQr alhsfyeansaharm BaieR oM Haat east one
scann camera 22'1s a camera of fixed/vary focal I th and usedf%g/
8'5] g&w coniroller

Z P08, AT 2 RrhicAlR CtRESSESAM 7 a?’ﬂe Kk
/demamgi au@lm&gemmdﬂsd%&ef(@wmﬁ@d?ﬁmﬁémmmtal
Oxide Semiconductor (CMOS) 10 sensor. Thermal or active laser imager
could also be used as the sc nlng;camer0 Ar ‘iQmSt |tu |on§1ta
scannind RaRTEFLIDS FRURE ASHREFTD RBVE ! ATt ere
Ionmmnmmlheeedu&maﬁmngibame@mmm&%mmlﬂg ﬁa@ﬂtahasmg a

CUCTRUTel T S B‘i@e‘éﬁ%&’(@ew eGpRrRARTPMYeiloRee. BrakeRductor (CMOS)

S|tuat|ons the panni und could be tp t'%g%n élrs]ggusmorc era. In
cORFYe dBRTHS B?? %ﬁt\’gﬁg?rﬁmﬁa S_qugs@canmng CAMera USUaTly

takestisitmiones il sravidesawgieticld dradatorakimmiovaiihoeh there may be
'”M%%@M%&Qﬁ'ﬂ@%@%@h@%@lrﬁ@rﬁ&@;ﬁté@t@@@a e Slmniound in

provide coverage area of 13 g]Z The. ffectlve area of ¢ Ve

IS SP LRI e 0 B me D HEL By g Gpiing around

vary aep ends on a num er (0]

|nchmﬂr‘@amaypecrmwanmgwwem@é&iPmﬁlﬁéhehthe@mﬂiﬂ@r12 The
PaRgiih A eﬂé‘dl?éﬂ:%f 1TF§§H%§WM|@%&Q§%JQ’WMQ@¢@ 26 d bmie00shthe waterway,
camera 24 is ysed for. ve etails
R AR T Sohe SRt s S EHEL O S EiGuce
naratage vikechngkenbuthaaifegliverainy HafrYar @ﬂé\ﬁﬁ@ﬁiﬁ‘l@%‘iﬁg@ fcanning
Vi%%@z%%/ hest%keeqqm'z @%th&mmﬁfﬁmumgdmﬁmaw ishatanera
are p vide nn S cam: Vi
CAR A 1 HBE pmr T TR e BT RE B Tbngtn e
backup for the scanning camera. The zoom camera 24 is also

The zoom camera 24 is used for vessel details extraction and tracking (2.g.

B% usefully of

vessel name, vesse! category). The zoom camera 22 does not need to have a normal or
wide angle, but can have fairly narrow view (small angle of view) and is usually
telescopic, as the normal or wide angle image shots are provided by the scanning
camera 22. Alternatively the zoom camera can also have a normal or wide angle field
of view to serve as backup for the scanning camera. The 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/iltfzoom).
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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 30 precision, capable of
sub-degree accuracy, to allow the zoom camera 24 to be directed more
precisely and zoomed into particular vessel. AIthough a pan and tilt
hardware unit 26 is preferab used, the same p and tilt functions can

also be ARRRGBABH{SHHAE 6! &% 517 ?gnén% %panﬁﬁ{?z[acgosrniress eparate, in
Abhwgmhmﬂtmmmmémsthﬁmmm ﬁ_‘@aﬂﬁecam@m%daréo a single

sepArate, N ARLEIROgINEVIsiIH Sunabans of ihedweraanaratesasleiose-up

combined into a single camera which is capable of providing both normal
ol angle and telescopic close-up views. 5 Figure 2 is a schematic
view of a waterway 30 overlooked by the scanning camera 22 and the

zoom cafera 34 ASEALHRECIPAR SRR RINBOdRABbKAMSSHR) s3anning

assing through the waterwa falls h|n h n io
TR 22 IR oA GA 52 ZhPERe Tt o o A R vesse
zmmmgtwmbmmmalﬁtwﬁmé@sﬁwm iragspregion 34 of the
id@%ﬁﬁ Jelan el %kéeéﬁgkﬁ@%@rﬁ%@@ﬁ@ﬁi@amfmwomﬁ&ma Barcan be
readin e vessel's e from C \/
(SEI'E%C é@% iy ﬁfﬁ%gﬁg %c?er] gﬁ%%{%?n? cr\%l%ﬁ&e %qneagﬁr%%g%@%tm
dcame/aummratg;aiﬁyrmaasi«egﬁb@i\fﬁ%él@ﬁf@%ﬁ@ﬁutﬁgﬂwafﬁam?e@?ﬁeved
fagipsmdnclifiateihe [@ﬁe@&bﬂtt&amﬂme@ala@sogﬁmmmmmtaf&nuany or

S & RN o 1 R R BT AR08 S, pcing

optica C I recognition system use

cahmmpnma@qm@@tm§§m@W@ﬁ@%{ﬁ@%@%ﬁ@%ﬁﬁhﬁmw the
freﬂﬂ]ﬁ]ﬁé%@@%ﬁ;%figr@&N@@&ﬁ@&?@ﬁyﬁﬁlﬁﬂdﬁ@%ﬁi@eﬂ@wbmde@@gﬂ;tzon

1Zn‘i}croqro essor for image processing. The controller software has the
erform the system's intelligent functions, e.g., vessel
detectlon, tracking, computation of vessel speed, heading, size, location

(based ofninagediiab analy stsas gicaagsngnanipiag tind éagiaptacethich include

coprdinates), 23 WeILaS FRNY R NP HAIE S F8Mideo and
microprocessor for image processing. The controller software has the modules to
perform the system’s intelligent functions, e.g., vessel detection, tracking, compuitation
of vessel speed, heading, size, location {(based on image blob analysis and image
mapping to geographical coordinates), as well as control of the pan-tilt unit and zoom

camera, as required.

The vessel image database 14 contains stored images of vessels, The images
can be limited fo just those of vessels currently within the waterway or port, or under
surveilance, 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
vessal and/or close-up images, from one or more angles, for instance of a close-up
image of ths vessel with its name on its hull, as shown in Figure 3. When a vesselis
being tracked, images are continuously being faken (and processed) and/or stored in

real time.



10

15

20

25

30

35

camera, as required. 25 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 30 from any where in the world. The images of a vessel

can include views of the whole vessel [or close-up. images,. from one
of more gﬂﬁlg%s,s%ﬂﬁ%qg%% n Oaaé%ase 188n sdtores mf%r%#on regaef\ dft

ose-up |mage_o e vesse Wﬂhhﬁs
naraesiivitivhathdadestioation Fiyarscts VherPuaibsus sremitig flmel@dietection,
imaﬁ%I _éa%E%g&gﬂ?ﬁ%&&%%@;@f%@ﬁ@ae(@ndméas@ml dét@@éﬁ;ﬁ&ﬁ@@eﬁuireiﬂ),

real time., vessel Information tabas stores informatio
i R R R ol S
aridonmetiomesofgagisaisd, roaseiopiainowenRs IkGatarintdeaatRopFegisters of
ote%5&§>wi§@{%M§ AsenyieBise/crhelaizel shamiafiiaiovessieh can
category/type, .speed, course etc, Some of infarmation can be .
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n
smpplﬁgednqsdmmﬁmin@@swgéb|’ch|§tw@a§%9aﬁﬁ@ ipbakkasdaexfthEgnd the

infQRAsiatS areDenlsthanansinaditoralne tier ithehitatonb@nbe a unique
surveillance/tracking purpos ich.c re- e sel wi
VR bR 8 s eV S R DR deeuReRettilley
AlfEraanisly igertiisriomfyanbadonairienontt dhebessUbiqiet baningsatstems,
ansiesippBRAgeaBd to that vessel whenever it visits the same

waterway. The unigue identifier may even be consistent with that used by
other naming systems, possibly even globally. The system can provide a

user-frieridiy yiphicaneviffe ges- ey sraphicrbuspeinintaeg &sienn an

theyssrapn4lispiays eandereasiyptusiennsecktaipuititheniasy lagsutarevarying

ang AR BN by P SRLWI0rINBIANGERS SUQRELINF AL, Fek;

example, when an operator cficks on a particular vessel appearing in the

G BramplesydenRRiRPRONITIRERDA BRGYaleeReR RR§EBLRe fhiEaI By he

(e gystelaclipmgs its location on an electronic geographical map (e.g., electronic
navigation chart) and also the navigation status, position, size (length and beam), speed
over ground (SOG), course over ground (COG), rate of turn (ROT), air draught, gross
fonnage (GT), alarm zone and identity of the vessel name. The operator can have a
visual view of the entire port waters or waterway or selected sections, instead of just
radar plots of some regions of the port. By rubber-banding a specific area and selecling

a zoom-in function, the system can display vessels in that region in greater resolution.

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 unigue 1D number is assigned to
the vessel throughout the tracking and its location is determined (step §104). The pan-
tilt unit 26 of the zoom camera 24 is directed fo point the zoom camera 24 at the vessel
(step $108). 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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navigation chart) and also the navigation status, position, size (length and
beam), speed 20 over ground (SOG), course over ground (COG), rate of
turn (ROT), air draught, gross tonnage (GT), alarm zone and identity of
the vessel name. The operator can have a visual view of the entire port
waters or waterway or selected sections, instead of just radar plots of
some regions of the port. By rubber- ban ing a specific area and selecting

oom-in functi n, the system can di t%llsrn n in
r}j& Wn CO- OT itna es camera 1ew nic na\ngation
gre er resoluti € operation o em of Fig ure
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its ?ocation IS ermi e pan- tilt unit 26 of the zoom
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mafgpaiseiéeﬁ*wemh Jatisihe RaPiRARE B FABIBHIOARCEH FAY ﬁhemv stop
PRI e Yessesedljeblit the cambea drttageidanTbe posifipedftihdhassel
reﬁ%i%é"?c? %Fe?ﬁﬁeg %%88@9'9@%?@%&90@%@5@!%@& Q%qﬁgﬁame at the

pOSItIOﬂ S 0 the zoom camera 24 zooms in to enable the camera

tobteRRdARO GBS Sras BrRsadBe S WirEedhq Mrastiafekdgtected, the
Cleperupristagesiibiheanbedstegitied bieedessibb(stepBG8)f Fessbiteading,

lg;g)é) %ftglgge mig i@&&%@i@ﬁt paeitling ratio or focal length to capture

the"whole vesse[| Wltﬁ an image view in step 5108, an approximation of
the size of the vessel could be computed from information derived from
the scanmirgveasatnanmdg esad\sies S pftornite/imagprdsdeinad td dias&108.

1Gr{he 200My sl 06R (A9t %Q&%@Fﬁiﬂﬂrﬁ’étl@i‘ﬁ%éﬁé@@i R 28%Base is

camera as it zooms into the vessel. Thus the ?om camera will continue

toSFEEHSA RREGAIIHS ‘ﬁaﬁe%’o?ﬁihtﬁ‘%ﬁi?é“iﬂ‘é E8ESER)QEh I PaTEnaRd any
a thierstadich e giakitido bethesvelssahe is retrieved (step $112). In addition the

vessel category or type information could alse be used in the database searching.
Alternatively or additionally, the vessel could provide details as to its identity by way of a
transponder (e.g., using AIS or other GPS based fransponder). Again, the information
database would be searched to see if there is already any information for a vessel with

this name.

Refreshed images from the scanning camera 22 are processed over time o
keep a track of the vessel parameters, to provide real-time information as to the
position, heading and spead of the vessel (step 8114). As this processing is carried out
for any and all vessels in range, the vessel tracking can be used to defermine vessel
navigation channe! 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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name for step S108 is based on the assumption that all vessels have their
name at the bow and also across the stern. Depending on where the
vessel is first detected, the 15 appropriate position can be determined
based on the knowledge of vessel heading, speed, rate of turn and its
predicted position. The vessel name is read (step 8110) from the image
obtained at step 5108. This name is added to the entry in the vessel

irgé) r{ﬁatriﬁn g\%t% i&? eﬁf&h%ﬁﬁ%ﬁ?ﬁai\% gﬁgﬁeﬁ{ﬁpgpéf% ﬁﬁ"li’é Wﬁfigaiﬁon Chart
alrea )?angl in rmaflo_n ??)_r a vessel WIﬁ'] this name, and any information
adEohinelestineio Navisrptian e BisaveirR B TS CHIHddition the
vessel category or type information could also be used in the database
searching. Alternativel it} | I
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etermined from thetaosmon and direction of the zgom came

] the _
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tharestersatdnpitions . BadedeoMvibdnafohisatiofDth Atrisordiresbaiowing objects 702

idgntity of the vegselisehegk el 588 e oM eBPASUROfHRRGh an

vessel 1s also’checked (step 51%8’3. ngé r%@?e{g?r?ﬁit%r@g,%? gé é{g% Rb%cé

rRIBFPTS R 882bF By U HRIERY B AR J
decision may consist of object shift 800, predict new position 802, object died 804, or
lost decision 808. Blob analysis is a convenient way to locate objects even without any
previous knowledge of their shape, size and position, to measure the characteristics and
discriminate between them. Biobs analyses are segmented from each other and from
the background using a variety of threshold operations. Objects are identified through
blob analysis using measurements such as: area, perimeter, compaciness, 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 exampie
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 vesset) through spilitting and merging.



10

15

20

25

30

35

600 coupled to a camera module 601. The tracker module 600 consists of
Object Repository 602 coupled to a Processed Buffer 604 coupled to a
Video Buffer 606. The 15 processed buffer 604, coupled to a latest
dynamic background buffer 608, which is in turn coupled to the video
buffer 606, including the detected objects are updated into the object
repository 600. With reference to Figurel?, the object repository 602

capsists of threet es of objects, Confirmed Maoving, Object
RS TRTSHL L T L SR e B o At perameter

typibehabjiecto veitltb dheassiheptnest opy aia2d fobjestipyrid lotridnalgess larger
illusfeated in the flowchart in Figure 8, for decision. The decision may
consist of object shift 800, predict new position 802, object died 804, or

lost decision 806. Blob analysis is a convenient way to locate objects even
without afvrupresiotiztenowldungacsatracisNaps! iy bniabesifiaringnce for
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anasyéef;s are %g]ﬁ ntedf rom Prg%lfngsg& ima th? B?ﬁﬁgéoeﬁnmed from

usimg a v i operations ects are ideht
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3d&?ﬁ rac ing C mues or as ast he sselis in the survei Iance
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range 'of motion WI out |OS orlglnal t |ng identification. € SysS

cﬁﬁﬁ%@ﬂtr@@k@ﬁﬁ@é@%i‘ﬁiﬁ%rﬁmﬂw RRfeiE 0§ tBther vessel
(typically a larger vessel) through splitting and merging. 12 Once the

vessel moues outof %”Ereﬁggﬁﬁé%?%i%&%@% HeNERIa'dR gé‘%ngth height

parameters Vﬁ 8 over to the next camera coverag
comgrRIGiRen MisdrlP b oRPRAYRR/ eRERERRIE STRTAERIcH! Eaaﬁs?ﬁ ffthgsgme
ofvessd) yessehaayheitakensdorinataneesfprefertintivedseaitisentifiagéon

a%%dxggﬁs&% a& g%éphﬂqa'w RASGR |F1ttkéez§5@é%ﬁﬁg the.assel CRN0k tere

etermine romt rst I vessel image, It can be determined from
|lafs® PRAGEECa S ARl R PR derdidid gt qohET MisHRra changes.

BaseshabHImeasurable characteristics of the vessel from the images can be checked to
determine if the vessel falls into the same category or classification as that indicated in
the database. For instance, the shapes may show the vessel to be likely a bulk carrier,
and the database enfry is checked to see if the name is registered to a bulk carrier.
Other checks can be made based on the known and actual lengths, heights, colour
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 fo 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
authoritieé can be alerted, for instance to intercept the vessel. These checks canbe
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 combinations
thereof, the 10 vessel can be categorised or classified. The images can
also be used to determine further information such as width, height,
freeboard, structural outline, etc. Based on other aspects of image
processing it may also be possible to determine an operating state, or
what activity is being carried out, e.g. whéther the vessel is underway,

The veSUE Y AU R LAY ST EhE U SR iR ghay

‘heightviand/@nethetiossoml be elssed/aplbmsssisntabrvsisashdienliayiog. ahomalous

imagesiafthmsdRe HeR3RIAY ehanvresshvdhane semerfRy e PEerRERRIE e of
in the database, image comparisons 8%%% made to detergeﬁme ifitis

iRl RN Sl ARG ASBIY SRIBACIFIALDE WS IRages avsiamsthe mere
shapsstieteth Theighttemattisringsiialestablishasielintesibiatigni behaviours and

characirisics phibp vese® brauiba dmasasfackbenterkedies or by processing

determine iff the vessel falls into the same category or classification as that
infREBLEGSH' &8 fbase. For instance, the shape may show the vessel
to be likely a bulk carrier, and the database entry is checked to see if the

namhe ii E%Jﬁk@é%%ftg@ﬁ%l&&issﬁﬁvgﬁﬁ@m@%@mﬁk@a@&@am Brsffbng

on the known and actyal lengt elgnts,.colour sc es, tonnages, etc. ..
NI, G ] TR AR R T VL U RLAD T R, agpectin
orsheomot codiaviodeihewmnorerasivo s entrjinm resisicted 2raPE. nfgy ipetance the

soppibinc AR SRAIG #hieckiese] iReanerigfbaYialidRtiarsanalspikgdNadsigrants.
as jp the, curtentintended en foute o destinalion o1 (e YesseL XEeRlod as
wHItK &5%%9853 5756 8]r?natny 1218 {5R 10 BE Gonsideratl of COncern:

If teltebinrefetizdrethanthe cuerealOeaiio enH dierel g anrpasanakiaangfor whether
instaneRde vereRPtdReNnsatheMARsE aheckecaRenMadeiase®eReight of the

information, in the local databases or, else rel infor ion.can
R BN S Rro e S8 T RO R LA an then
thearoparelieis tovkeepi shaeidoratsdingdepthesure i BepisFimblipieever, the
ideptianpka wessaltbeiviewadoriib PensesIestomayakahebdivigiiind region

AIBOLIeS DIAYRR GHLIBY BN PURIR UG 2 KRRRRLRPLA o anchorags,
maximum speed limit, no entry for vessels beyond certain size efc...) such that any
violation by a vessel could frigger an alarm. These regions could be defined by drawing
polygons on the electronic navigation chart or waterway image. One or more trip wires
which are polylines or straight lines could also be defined directly by drawing polylines
or sfraight lines on the electronic navigation chart or waterway images such that a
vessel crossing a frip wire or multiple trip wires in specific sequence could trigger an

alert,

More than one zoom camera 24 may be useful for gefling betier 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 frack for all the vessels in all the scanned areas to manage a seamless handover
of fracked vessels between regions covered by different scanning cameras. A vessel is
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behaviour, whether not normally seen in a particular context, fitting, to
some degree of correlation, to one or more predetermined threat
scenarios or violating one or more 5 preset rules. The system is trained to
establish baseline situations, behaviours and scenarios through
processing steady-state/normal real-time video data or by processing
corpuses of examples. Examples of andthalous behaviour include

travelling toq fast or jn the wro 0 direction or.failing to fallow navigatign
it b S A R i
thegimon{jHercatiofeoribneceing TeRstY GEEHTHOh B3RS AS RIR IS tRES Yy daep View of

MA% RS ESHROVRQ dlRssiky tRatshagerpessiitiRsLdroppiBgRitt legalvay.
immigrants. Where the supposed cargo manifest of a vessel is known,
this may be considered as well, both for whether the current position and

heading s ensiemalifecasaamplprsaberimsthdsisa able twpigRBiEagg frsion

thﬁc\%@&ﬁﬁ-tﬂ_@rﬁx @éﬁ#‘@%ﬁéﬁmﬁ%@aﬁﬁ}ﬂ@éh@shﬁ@ latied then dERsehirsdbrning
water, from the full vessel images .
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el V&888ls Beyond certain size etcg...) such that any violation'by a
vessehibaamesse fiferanipameie slonsiroh SEGIRatFa TR iR @Jﬁ?ﬁﬂ%{dﬁ@‘
PRigensiRerdheRigetaviewnaiigasacaeraaxpaiaasyifstagdr@gepture
mare ipaies e a0s RelIngs CLatAght URgs e seheeined:s
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clarser Warepwng abisgbsisisinad abeds Yrd seMEradsiin SiRTHARH el should be
mgHHBig=kip. wires in specific sequence could trigger an 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.

AlternatiV¥éigrentiesamssns salplenpruinias Halkle serpaiaernbmyeiainmay be
cameéa R2:chaRiGaaimintchanesds2d ificiket ighfor-bwevenahercandiaradeusy

th&;éﬁ% @%ﬁ%@ég@eﬁf 16, 00 ML A GRS YR RSE! RS8R 1Btsed, or there
par offers the b

Icular point an est image which is usually telescopic.

r 1 n
wheyedieienale ke frarsd YRGS RHESS bave L EAT a0 F St 2L Sloht. in
kesppiaaiciosidlidhe westisrstireatidhddsebiwetharsdsu) wotitpas This may

S“ﬁ?é%e ﬁgrn@l:&%‘{% difficult, so other identification techniques, e.g. based on shape,
orofile, height, length etc.. become more important. An infra-red signature (for instance
takan at various ranges), in addition to tha other 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 fracking; 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 muitiple wide
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35 of tracked vessels between regions covered by different scanning
cameras. A vessel is 14 tracked continuously from when it enters the first
region to when it leaves the last region. There preferably are as many
scanning cameras as are necessary for a view of every possible vessel
leaving, entering or passing through the subject waterway. 5 The system,
in an example embodiment, is also able}® perform image fusion including

the function to "stitch to er" (SE es that ar efrom eren scan
C AP GRS 2 DRI P o BT e o8 once a
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objects and camera lens distortions etc. should be 15 considered. Where
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sighasrRdienmptanes. taken at various ranges), in addition to the other
information obtained in the visible 25 spectrum, can help in identifying a
vessel, independently of the apparent superstructure fg}for instance if a

pirated shfsiidopal gariisgiionsuinindbh eYStHIHERYRAHHG: SmialdrtiorRest
forigigbanendnsrhsvingséneraheattsiniartin aywinsds, geadsitcamags and

OVELYIRRL LA r%é%% &*99?%&551 the system doclidesiatdrash ngidlent of

scanning tame optical, infrared epending on the environment) to
gl\Y@%W%rf%fH@ﬁr"éﬁ"%%?aﬂ% and vessel detection and tracking; at
least one zoom camera to

The system described above does not need to replace other system such as
radar or transponder based technigues. The system can be used in conjunction with
such existing systems. In a further embodiment, there is no scanning camera, as the
normal or wide angle views are provided by a radar {or some other appropriate 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 achijeve 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-sheif equipment, which translates {o 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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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 35 coverage) of the system is
the combined range/coverage of the smgzle or multiple wide 15 area
scannlng cameras working together with |ngle or multiple zoom cameras.
%‘%ﬁ\dgﬁ‘s 3l agtéers X ﬂrésr;[ %Capgértlg n%F?%%t%gs % a{lécthsesz%/ Stﬁavmg to
uEoaReERy trACKS and| provi he vessel location
adm@ﬁ@ﬁhﬁ@m@tfzﬁtﬂﬁhaéé?ﬁ@té:féﬁfaoﬁlose up look and image
capture of the vessel. The initial scanning camera continues 5 tracking the
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hands over I’aéi( Ing € next scanning camera IS COﬂ

umﬁrﬁ@éaweaéﬁmé%e@tﬁﬁwhw ra sy ER §!§3W@|F&ﬁc%n?aﬁg%ﬂﬁw@ra@@tenance
Thﬁa@pﬁlf@ﬂﬂ@@f @)ﬁ:@}fﬁmmmﬁlm@t@mbﬁd’uﬂw%ﬂdﬁ chalesécessarily be

Cl?f‘l C?L{fﬁed]t s%qg%gwglrgrﬁ‘ﬁgf \éﬁﬁég &Qﬁl ﬁg:i% éQ&E'EﬂS% s Because

ms to provi vessel N ormat| suc as salient observa
cHﬁ?a%Xé‘i‘?@hB&a(/ebg fwlwcﬂhtor@ﬁgﬂihﬂr@gﬁﬁ%ﬁeé{?éak‘édgﬁ?faiﬂfa%@tmﬁ\é there may

shapeo pbygics! Jrafitedro ﬁﬁmn@tetam(erghMtGrmjee maryiemasidtator, or
atﬂa&%g ) 8 égggz)g}_, e(‘—,lg‘ﬁg/ta{gg fggsgﬁ,éaa Iq:lrycrwse ship), identification (e.g.
me) an

to re¢ognise hormal an normal behaviour and to predict
vessel 15 movement and position. Additional applications within the
system may include: AlS validation, post incident analysis,
scene/scenario reconstruction, image fusion, panoramic image and
waterway view generation for visual display, and the archiving and
management of 20 video images for further investigation. The system
described above does not need to replace other system such as radar or
transponder based techniques. The system can be used in conjunction
with such existing systems. In a further embodiment, there is no scanning
camera, as the 25 normal or wide angle views are provided by a radar (or
some other appropriate 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
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30 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 bé7appreciated that the system may
be 35 implemented with different degrgfels of human input, e.g. using
supervised learning 16 techniques oragditional human input data entry,
instead of necessarily having to implement the system in a fully automatic

faghion. Calibratignearhe Ryswayef sesoilyare apsistechansidinge
calibration for the 5.cameras and lense a ear\xl\gg%@éggly routine cleaning

. iifance means 1or surv _
and simple extePh AT fRamtenance may be require ce installed and

calibrated, no featherdeiesiipriaganedesdaigriingdopipEsencgsenghiecation of a

system. yERisr epeas oAl pasd Dy ihkadatdndreasise Bavaliaacéhfeans;
system may be fully automatic there is less.or.r rQr.and
there may be ﬁ%"r'%gﬂ%arnasﬁgre?(%p@tﬁ ﬁ%g&@gﬁ%ﬁ%e&%%%g%d%é%e Vise
the system opeiane, RIPCEESING HEeRNA EERIBCHRS RS e HBRpRssSApRtR Ryjhe
17 Claiggmdraraianeibagesvaystamdianesdels, the system comprising:

surveilance means orsurveying & waleuay2 wesekdeigglonimeans,

for determining the presence and location'of a vessel in the Waterway
based otnieiforiniBAT 8if YRESSLAGEREPR B RREENEIS EdfvRiiaNtR R fipm the

capturingn@ge protReEsninagasobibetiessel; image processing means for:
processing the images captured by the camera means for deriving

surveillance data; 10 wherein the camera means captures the vessel
infages based BrEYRRSAASHIAIRD A SR dsBEfRERRIDBsIG Askiemeans for
surveillapgekiigta fschenivagenptheessitigswerneags bashd 2nAhsysingiiance

accordingagg %%ivrg WQQEH%%g%@%&ﬂg%means for 15 tracking a
vessel's movement through the waterways based on the surveillance
3. A system according to any one of the preceding claims, wherein the

surveillance data comprises a vessel name extracted from the images of the
vessel captured by the camera means.

4. A system according o any one of the preceding claims, wherein the
surveillance data comprises a vesse! shape/size and/or other 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 categoryftype determined from said vessel shape, height, length and/or
other vessel characteristics extracted from the images of the vessel captured by

- the camsra means,

8. A system according to any one of the preceding claims, wherein the
surveiliance 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 vessei

captured by the camera means.
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data derived by the image processing means. 3. A system according to
any one of the preceding claims, wherein the surveillance data comprises
a vessel name extracted from the images of the 20 vessel captured by
the camera means. 4. A system according to any one of the preceding
claims, wherein the surveillance data comprises a vessel shape/size
and/or other vessel characteristics extracted from the images of the
vessel captured by the camera 25 means. 5. A system according to claim
5, wherein the surveillance d ta com rlses th\ées%%!a%ateglo ﬁty{%ere]
détermined frofhS¥SiaUACERIALI% ORieng ot “Sther vesse
characteumm&exéraete@dmﬂ%hmg@y F&&ﬁéﬂ%é’?ﬁﬁtﬁﬁé@w% a
the camgia mGaNR:IGy ARystaiLREevHliNg 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
frém the images okthe vesssingsacapteraidh i thereeaiiBECABEn LB 7. A

system aeroieing %@@%@%@ﬁm@rmgm|@lﬂ‘\@l!wﬁtﬁemdhi@nved by the

ill dat beh
vossol. TABRG U AT BN EARIT oy SR LA o iy Srem

of the preceding claims, further comprising checking means for checking
the surveillance daig-Arsieciny toaninagedpbeprsiaginernangdiasin the
reference data in a database of the S st i

W e N R

any one%f erein the survelllance mea
comprisesragrapanddhe V\Qﬁi?ﬁhqi%fﬁ\m@é BRGNS SCRRMANE fRlsrRINg ] mEcsence

vessel dgigqleRignesnad ySRe Ml tnoHaieigw peotiveiig $e insgeanshptured by the
location of the vessgl ban?e sggnhr{?ﬁagceaRqugssmg of images captured by

the norPaIsH RidEYE i 2 cEANNG cameras. 15

P the

10. A system according to any one of the preceding claims, wherein the

camera means comprises one or more Zoom cameras,

11. A surveillance system for vessels, the 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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10. A system according to any one of the preceding claims, wherein the
camera means comprises one or more zoom cameras. 11. A surveillance
system for vessels, the system comprising: 20 a surveillance device for
surveying a waterway; a detector for determining the presence and
location of a vessel in the waterway bai%d on information from the
surveillance means; a camera for capturing one or more images of the

vessel; an Image pLarARQLIOK RERGRESINIARIIARES AR BLOL HHfed

camera. 25 means riving surveillance data; wherein the camera
captureREVes R I0RR}08 HAE SY¥H AERHARL ST #EW the detector, the

surveillance data from the image processor, or both. 30 12. A method of

syryeillance vesgels, 1he BSHAY CURRHSPGLAHEY RUINBRINALSIRNAY a vessel's
determining the presence and location of a yessel in the waterway based
on infor ARG SR Ao RS PRE ATy SRR SHRG R e

more images of the vessel; 35 processing the images captured for

dggving surveilance dataib g e aiiae ¥es9e! nRass ALCARIMERE: data

based on the determined presence and ocat}l%n, the suryeillance ?ata, or
both. 130T RSB AR Ea T ORI MBS ALIAG YFeRing &

vessel's 5 movement through the waterways based on the derived

sygyeillance datanddio JBERAFPECAIFISNS o SIS $260.4 Juiharaifsthe

surveillance data comprises a vessel n m& extracted from the imagfes of

m
the ves A ARL IR e S ANRONE) ST ORE o rRrn RS 15F
whereindherasteristita psratitd tom frisbmaarxydbeslespelsize and/or other
vessel characteristics extracted from the images of the vessel. 16. A
method according to claim 15, wherein the_su veillar\gée data,

146 vessel cafsBSPATR SRR SPTbA ST SAL L SHBURG A7 3 draperses
vessel chasssbristgsrgityrectisdeinoimethon saidyesablebersand/or other vessel

characteristics extracted from the images of the vessel,

17. A method according to any one of claims 12 to 16, 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.

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 o 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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17. A method according to any one of claims 12 to 16, wherein the
surveillance data comprises one or more of a group consisting of a speed,
a 20 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 behavigHr data indicative of a behaviour
of a vessel including abnormal behaviour. 25 19. A method according to
any one of claims 12 to 18, further comprising checking the surveillance
(o derlved QRIS SIRIER SRR A0 SePR aeerdna (A oneclons
claims 12 to 19, wherein THe surveying id) comprises UifiSIRg-6He S Rvore
normal or widerag@jie EeaniiTHef o8 mEPAPHITd teBYeam b eHeo @ seineiliance
and location of jhgsyrsee! Ragas ebritpagegprocessing of images captured
by the normal %ru\r/vvidt? ang|l A cr%gnjng cameras. 21. A method according to
any one of claims bRt , whergin the capturing 35 of the images of the
vessel compris@eteitiising B oisrTsRAddRTEinmef fvergebin the daigrway based
storage giemformbmirthsitiediReikorsampatesiepaggble code means for
instructing a cogawr&étrﬁggt%r%(glc#‘t&ea\im%gggf% dé%ggéljance vessels, the

g rwa

method comprisi surveying a wat , determiring the presence
and location of IRAESSEIG AN ENRERE KARTK fd8rviRgorHRRItR R Aie

surveillance of fhewiritivayssehpiagsg aseaitnaloiNanas ot thavrensal;
processia. (g mages cRiAd rsticsunsilapge data; 10 wherein
the vessel images are capiured based on the déterminéd presence and
location, the surveillance data, or both.



