1 ANTI-COLLISION WARNING SYSTEM FOR MARINE VEHICLE AND ANTI-COLLISION
ANALYSIS METHOD Technical field The present invention relates to an anti-collision warning system
for marine vehicle and to an anti- 5 collision analysis method by processing images coming from an
omnidirectional optical sensor installed on board a marine vehicle. The present invention applies
mainly, but not exclusively, to ships and to naval drones. 10 State of prior art In the rest of the
description, the m%%%“g?aélmdw& SXEFBNE EQRsMPRTNE rERIBECBHRiSADwhich is
poorly controlled at 15 sea, comegsenaitpimrsaoinauiciemysoitherdopk-out means. In the field of
maritime transport, there are 600 collisions a year on average. The consequences of these collisions
are often serious for the environment when they involve oil tankers or chemical tankers. 20 In the field
of maritime passenger transport, the ships (ferries, roll on/roll off ships, etc.) are highly vulnerable. In
the field of fishery, there are some 3,000 collisions a year. The number of victims is high due to 25
the small dimensions,of-the ships.dn the field of yachting, collisions are also quite frequent. Collisions
at sea mainly result fr%q a Iagléngogk-.out. Athuman fajlure is at the origin of 70 to 90% of 30
accidents, either by insufficient vigitance, 6r Regifgenéé of tieofficers bt iaten, 6By rotitiné and poor
assessment of tHe ASK T heSlaek BF vighlakce 152 oifed noticed witen thedship:is inan"prianity!-situation, 2
in conditiofis ofcgaorivisibility 2Aeqigents caralsdd by processing images coming

from an omnidirectional optical sensor installed on board

a marine vehicle.
The present invention applies mainly, but not
exclusively, to ships and to naval drones.
10
State of prior art

In the rest of the description, the marine vehicle
considered as an example 1s a ship.
The risk of collision which is poorly controlled at

15 sea, comes mainly from an insufficiency of the look-out
means. In the field of maritime transport, there are 600
collisions a year on average. The consequences of these
collisions are often serious for the environment when
they involve o0il tankers or chemical tankers.

20 In the field of maritime passenger transport, the
ships (ferries, roll on/roll off ships, etc.) are highly
vulnerable.

In the field of fishery, there are some 3,000
collisions a year. The number of victims is high due to

25 the small dimensions of the ships.

In the field of vachting, collisions are also guite
frequent.

Collisions at sea mainly result from a lack of look-
out. A human failure 1s at the origin of 70 to 90% of

30  accidents, either by insufficient vigilance, or
negligence of the officers of watch, or by routine and
poor assessment of the risk. The lack of wvigilance is

often noticed when the ship is in a "priority" situation,



result from a lack of qualification, an ignorance of rules, or even from a total incompetence of the
officers of watch. It is also frequent for the number of officers 5 of watch to be insufficient due to a
reduction in the crew (maneuvers, maintenance, commercial activity, etc.), resulting in the officers of
watch being overworked and overly tired. These accidents can also result from poor use of the radar
system. 10 At present, most commercial ships have a radar system as anti-collision equipment. This
system supplies. raccuyrate andreliable irformationsbbtiretuires a dettingleprocedure:to dbesrigorously

applied in ordertodg effigiently usableas ap anti;callision system. Nowy, 154hispreeedupssis often
poorly applied. Th%esare also ARP%—rtyC{)e séysg%rggf”Automatic Radar PlgttngFAid'Q%Nhich analyze the

signals supplie(ﬂ:})y a tadar. THese Sys ems haves hijg (’Fg?épgfﬁg séalarms. The resuftis that the

alarm device assbcigtédivith the 20 systetn fsreftel sfopped. ARAUEHaE |dentifiEaticr System
(AIS) has also beenvdeveloped that mustiegtip-akk high-lisk ships {passenger tsanspeort-casrriage of

dangerous goods)fiom, 2010 nards, This SYsemLProves o be ety Sffient 2 whien. s

associated with an accurate positioning system such as a GPS %&3 bal Positioning System).

However, the AiSdodshét take i abtnt iebtrétfic 8RSHPs that e RBEEYGIHEEE withdhis

system and thatareciych igeedter idneatber.cs Ttadeays onbrthe fadaris sedlly tdkeming@account to

deal with the riskQf coHision. Thisigquipment-suffers from a lack of redundancy. The object of the

present iny@ntion is to overcome these disadvanta%%sé b¥_ iO%fgrin an entirely automated [?n'[i- collision
. Brie

warning system and a%t_’antf?é:&ﬁéalgﬁ ’analinyos%sJC method: B es r)ib)t%% oﬂ &Snvéhtion “2*

system as anti-collision eqguipment. This system supplies

accurate and reliable information, but requires a setting

procedure to be rigorously applied in order o be

efficiently usable as an anti-collision system. Now,
15 this procedure is often poorly applied.

There are alsc ARPA-type systems ("Automatic Radar
Plotting Aid") which analyze the signals supplied by a
radar. These systems have a high rate of false alarms.
The result 1is that the alarm device assocociated with the

20 system is often stopped.

An Automatic Identification System (AIS) has alsc
been developed that must equip all high-risk ships
{(passenger transport, carriage of dangerous goods) from
2010 onwards. This system proves to be very efficient

25 when it 1s associated with an accurate positioning system
such as a GPS (Global Positioning System). However, the
AIS does not take into account the traffic of ships that
are not equipped with this system and that are much

greater in number.



One aspect of the present invention provides an anti- collision warning system for marine vehicle,
comprising: at least one optical sensor covering at least partially the horizon of the marine vehicle,
and supplying images, image processing means (IMP) for searching in real time in each image
supplied by the optical sensor for groups of adjacent pixels according to the light intensity of each
pixel of the image, for assessing the afterglow of each group of pixels in successive images, for
determining groupicdenstitating objeetsvisible oréthessurface of kve sea t accordinigitb théir afterglow,
and for determining positiom dnfermationcof @b idaist dne .of thevisible objeets;rantiscallision analysis
means (AC@L) for.periodically calculating.the evolution of the position information of at least one
visible object, and assgssing a risk %f the marine vehicle colliding with the visible object according
f% oph.ecC @] he L1 Or 5] o oVe 1

;
to the evoi.ution o ee pos&ion information o#)tﬁgsv?s%le o Teec? According to one embodiment of the

present inveRticit theGItital S8ASST domPtses at 8astone Vidéd camdra Fiked i rdfation to the
marine vehiefeland toversatesst a sibstantiab portior of thetHorizoh donitiioushE AeEokding to one
embodiment©f theipresent invention, the optical sensor comprises at least one video camera the
optical field of which can be oriented to cover the horizon by rotation. According to one embodiment of
the presenté@\é%nttion the.o %'f | sensqr, comprises: - 4 video camera comprising a lens having an
optical axis ' A Tt 2 g assembly driven by a motor aqd bearing a
mirror arranged inthE opti&4l field of the Fers &3¢ "Oriented Sut<tan iy 2t #5%in #81afién 16 the optical
axis of the leagd, larid 51 av@evied forsHeastring the drigulsr positich-6f theCTstating assermbly.

least one optical sensor covering at least partially the

horizon of the marine wvehicle, and supplying images, image
processing means (IMP} for searching in real time 1n each
image supplied by the optical sensor for groups of adjacent
pixels according to the light intensity o©f each plxel of
the image, for assessing the afterglow of each group of
pixels in successive images, for determining groups
constituting obliects wvisible on the surface of the sea,
according to their afterglow, and for determining position
information of at least one of the visible objects, anti-
collision analysis means {ACOL) for periodically
balculating the eveclution of the positicn information of at
least one visible object, and for assessing a risk of the
marine wvehicle colliding with the wvisible cbhiject according
to the evoiution of the position information of the visible
object.

According to one embodiment of the present invention,
the optical sensor comprises at least one videc canera
fixed in relation to the marine wvehicle and covers at least
a substantial portion of the horizon continucusly.

According to one embodiment of the present invention,
the coptical senscor ccomprises at least one videco camera the
optical field of which can be oriented to cover the horizon
by rotation.

According to one embodiment of the present invention,
the optical sensor comprises:

- a video camera comprising a lens having an cptical axis
oriented substantially vertically,



According to one embodiment of the present invention, the system comprises: - a housing made up of
a base used as a stand, and 10 - a stabilized tank mpunted onto a stabilization device, and used as a
stand for the optical sensor. According to one embodiment of the present invention, the stabilization
device comprises a gimbal and a gyro wheel. 15 According to one embodiment of the present

invenion, the sersgr cprses.2 sipleging ideo-eamasg raiaipblydiven arang:a wertisel axis.

According to one embodiment esen +|nvent|onz thé system CorPT;’E”S s: 20 - a housing, - a
rotating assembly F&8iR the*REGSIAG And driveft by B vérical axis foftr, A Brotéction over for
protecting the rotating. assembly havingran.epéninga 25 - &5digitalvidee bairiera fixed oritbehe rotating

assembly, and comprising, @ single-line defecting, £lemegt, - a lens the optical axis of which is capable

of scanning the horizon by rotation of the rotating{ 39 assemblyl. According%oigple %r?bo iment of the

present invention, the SarsoF coriprisi & protective glass: vantlated Uaifg ai exhaust fan to protect

the lens. Accordingctoterial embasiinehtlof-the present 35 invention, image processing integrated
circuit cards are fittedyinte the: rojating assesmlly. Asearslingrorane enibodiment ofilhe peesent 5

invention, the system comprises a géggn gﬁ ice for. measuring the angular position of the rotating
assembly. ACC(%/r%leegnf:olgrrl% eﬁ%%grﬁent of t%e Séresentsiﬁvention, the digital output data of the optical
sensor are tramsmite@XHFoUYh FRANG Botacts Whith atsttendtitethd tand, and

10 - a stabilized tank mounted onto a stabilization device,

and used as a stand for the optical sensor.

According  to  one embodiment of the present
invention, the stabilization device comprises a gilmbal
and & gvro wheel.

15 According  to one embodiment of the present
invention, the sensor comprises a single-line video
camera rotatably-driven arocund a vertical axis.

According  to one embodiment of the present
invention, the system comprises:

20 -~ a housing,

— a rotating assembly held in the housing and driven by
a vertical axlis motorn,
~ a protection cover for ©protecting the rotating

assembly having an opening,

25 ~ a cdigital video camera fixed onto the rotating
assembly, and comprising a single-line detecting
element,

- & lens the optical axis of which 1s capable of
scanning the horizon by rotation of the rotating
30 assembly.

According to  one embodiment o©f the  present
invention, the sensor comprises a protective glass
ventilated using an exhaust fan to protect the lens.

Leooording  to one embodinent cf the present

35 invention, image processing integrated cilrcuit cards are
fitted into the rotating assembly.

According To one embodiment of the presant



contact of the power supply of the units of the rotating assembly. According to one embodiment of the
present invention, the system comprises means for interfacing with a compass. According to one
embodiment of the present invention, the system comprises means for interfacing with other sensors
and analysis means performing an analysis of consistency with information supplied by the other
sensors. According to one embodiment of the present invention, the system comprises signaling
means to signakthat @ dangesous gbjectiis detectedsAccardingetosone embathment of tluerpresent
invention, thezpositionyinfermation.oteagh visible objact comprisestan@azirputinang a dimension of the
object. An alternate aspect of the present inventionsprovides .an.anti-callision waraing;mgthod in an
antl-coII|S|or# Warnw.gfxsg}im f%ﬁ maripe V%Qg,c‘_!le comprising at Iea%.iocnaeL Opg%%l sensor_covering at

least partial y;t%e hojh on of the marine vehicle, characterized ir?%hat it comprlsessorstepasxc‘)a_f: acquiring

from the optic4"&BnorithagesC tiuding & pottior SF e HidriZ5h 6T thé hirind vefitle” Searching in
real time in @athafmage Acquifed¥6FgloupsioR adjatent-pikels-acésrding té e light iriteRsity of each
pixel of the #magecdssessing the afterglow of each group of pixels in successive images acquired,
determining groupsceerstituting-abjeects visiblednthersusface: ot thersess naccordiag to dheir afterglow,
determiningJpesition dpformationiof at least.onerof the visible ebjgsts, ineriadicallycaleulating the
evolution of the position, infarmation of the yisible, ohject, and assessing g,tisk;of, the marine vehicle

colliding with the visible object accqrding to the evolution of the pasition information of the visible

object, a visible ob?éf&“beé?ng considered darfhegae%us it there is & risk of the marine ve%”ag rcoIIiding

with the visiBfe*6bjeet. 6*Btcortliig ¥ ofie eMBBodiment 6f he'pregeng analysis  of
consistency with information supplied by the other senscrs.

According to one embodiment of the present invention,
the system comprises signaling means to signal that a
dangerous object is detected.

According to one embodiment of the present invention,
the positicn information of each wvisible object comprises
an azimuth and & dimension of the object.

An alternate aspect of the present invention provides
an anti-collision warning method in an anti-collisiocn
warning system £for marine vehicle comprising at least one
optical sensor covering at least partially the horizon of
the marine vehicle, characterized in that it comprises
steps of: acguiring from the optical sensor  images
including a portion of the horirzon of the marine wvehicle,
searching in real time in each image acquired for groups of
adjacent pixels according to the light intensitv of each
pixel of the image, assessing the afterglow of each group
of pixels in successive images acquilread, determining groups
constituting objects wvisible on the surface of the sea,
according to their afterglow, determining position
information of at least one of the visiblie objects,
periodically c¢alculating the evolution of the position
information of the wvisible object, and assessing a risk of
the marine vehicle colliding with the visible object
according to the evolution of the position informaticon of
the wvisible object, a wvisible obliect being considered
dangerous i1f there 1s a risk of the marine vehicle
colliding with the visible object.



invention, the method comprises steps of displaying information concerning each dangerous object,
and of 5 sending a warning signal as soon as a new, dangerous object is detected. According to one
embodiment of the present invention, the method comprises steps of:, a) framing the useful portion of
the image supplied by 10 the optical sensor, b) measuring the average light intensity on at least one
portion of the image, ¢) comparing each pixel with the average light intensity, and allocating a binary
value to each pixel according, 15 to the result of the comparison, d) searching for pixels of a given

value forming groups “GFHHiACEHT pix&l8, ealRGroup i AdjaRent pixeld cordtituting a%/7éiBie object,
and measuringianpositiorrand dimeensierns: ofithecvisiblei sbjects 52@ e} determiningrdaagéraus objects
according to vayiatignsin thg position-and/ar the. dimensions; of the, objgsts. Msibleipsucgessive
images. A cordingéo one embodiment of the present inventi%n, the methgd Cco prljlsesrstegs of
assessing the pis fe?&loﬁ of"éaaléﬁlgr%gupsojf%lfés if %UCSCSSSIVEE?r%agaES, and o aet%?m%ﬁlng the
groups constituiagsAsibles oBfeetsa6cbrding to their afterglow. According to one embodiment of the
present invention, thexframing atthe useful pertion eamprisesan 30automatic detection of the

sky-line. Accordin% 99gnemltg%%ir?§£g%g@ecg{rgpsgpgégveﬂi Sthoegs,teps d) and e) are performed for
' the'dr 1

each image. 35 Brie description o awings These and other objects, features and advantages of

the present invéntidr GBS expl&inetf figreate? tetdir7 Mithé fGlowitrPdeséHpEIN 6fembodiments
of the prdsent inventien cgiver #l refaticrowjth, but not

b) measuring the average light intensity on at least one
portion of the image,

¢) comparing each pixel with the average light intensity,
and allocating a binary value to each pixel according

15 £o the result of the comparison,

d) searching for pixels of a given value forming groups
of adjacent pixels, each group of adjacent pixels
constituting a visible object, and measuring a
position and dimensions of the visible cbiects,

20 e) determining dangerous objects according to variations
in the position and/or the dimensions of the objects
visible in successive ilmages.

According to one embodiment of the  present
invention, the method comprises steps of assessing the

25 afterglow of each group of pixels in successive imacges,
and of determining the groups constituting visible
objects according to their afterglow.

According to  one embodiment of the present
invention, the framing of the useful portion comprises an

30  automatic detection of the sky-line.

According toc  one  embodiment of the present
invention, the steps d) and &) are performed for each
image.

35 Brief description of the drawings

These and other objects, features and advantages of

the present inveniion will be explained in greater detail



limited to the following figures, in which: - Figure 1 shows a system of the present invention 5 installed
on a ship, - Figure 2 shows in block form the functions of the system of the present invention, -
Figures 3A and 3B show a first embodiment of the system of the present invention, 10 - Figures 4A
and 4B show a second embodiment of the system of the present invention, - Figures 5A and 5B show
a third embodiment of the system of the present invention, - Figures 6A and 6B show a principle of
analysis of the 1B risk/&t coflisiorragpliad biethempthiothaccofdingrib dhe rpresent invention.: Detailed
description of prefersed embodimentssAs shewndn, Figure 1, fhe sysigm ofthg present 20 invention
comprises: - a s%ﬁgg@cqégegggrsfég? gi“%d[gg%e(%helrlerggthe . superstructures of a ship 12, and - a
computer 13 implanted in the na\g%atlon ridge’of tre ship! 25 As"Showh in Figure 2, the system of the

present invention EoMipriEes L rof& fifnctidbnaP pointsf viehy, tioe segments; i.e. anwopticabsegment
SO and a tacticah segment SIn Theaptical segment comprises: 30 - one or more optical sensors 10

covering at least parfjaliy.the hogizan of the marine vehjcle, - interface means IFC for interfacing the
sensors with the corr%! uter, which perform the acquisition% thé—'%irenag%éjsngic&pcfi%ﬁ b)? e 58fisor and

the control of the” %es n&6rs- ARdEMaGE Procddssiy iridans IMP which extract the position
information of objetis! 8 TheXactical segment® Tacdmprises:antictotision amalysis naganrs:ACOL

which perform @ f the present invention,
10 - Figures 4A and 4B show a second embodiment of the
system of the present invention,
- Figures 5A and 5B show a third embodiment of the system
of the present invention,
-~ Figures ©6A and 6B show a principle of analysis of the
15 risk of collision applied by the method according to the

present invention.

Detailed description of preferred embodiments

As shown 1in Figure 1, the system of the present

20  invention comprises:

- a set of optical sensors, 10, disposed here in the
superstructures of a ship 12, and

— & computer 13 implanted in the navigation bridge of
the ship.

25 As shown in Figure 2, the system of the present
invention comprises, from a functional point of view, two
segments, 1.e. an optical segment SO and a tactical
segment ST.

The optical segment comprises:

30 - one or more optical sensors 10 covering at least

partially the horizon of the marine vehicle,

— interface means IFC for interfacing the sensors with
the computer, which perform the acquisition of the
images supplied by the sensor and the control of the

35 sensors, and
- 1mage processing means IMP which extract the position

information of objects.



periodical calculation of the evolution of the position information of each visible object, and 5 assess a
risk of the marine vehicle colliding with each visible object, and a man/machine interface IHM, which
can be integrated into the controller of the marine veRicle, or remote, and which includes signaling
means to signal that a 10 dangerous object is detected. The set of optical sensors 10 advantageously
covers the whole horizon, over 360, or a significant portion of the latter. Depending on the
configuration of the shif;cania: particalarkytheadimefSionsgf its seperstructures, 15 it can be preferable

to have a single_sengor or several ;sensars sldeally, op&:latge gargo ships threesansors, ope at the

front of the ship and_ one o .eithfr side of t{1e superstructures, enable the entire horizon tg be
. . @rlo%%ca C lﬁ¥ ation ? e, evolitlon og
covered, including the hiear y areas Which are concealed 20 by the superstructures for a server

located on the navigafiéi bfitige of it 5hip1 fria first erabediment e thecpresbi€intentigim@ach
sensor consprises aaddea samera thecoptical field ofiawhich car-he oriented to caver:the herizon by

rotation. 25 In a secggélgherplngQigle@t(%Etéecgres&%invention, each sensor comprises a single-line
video camera that can be oriented, mounted ‘onto a fixed stand. In a third embodiment of the present

invention, each senSor"2BHIBHSEL BRie b Morddfideo cimertS iat aféfixddtn 30 rEREBRI6 the
marine vehicle and toveringhat leastta substantial portionof theshoridoncontinaaustyerkheszhest

compromise betwe%mHﬁem@w_i%gf_ﬂasegid%qg_awmémqn%%ee@'c_torﬁ ility myst pe found,
given the %ovemen§s of the carrleé?shl . Two s%eutlons % can be considered: - either mounting the

video camera onto & Stabiiized” p? tHFn to dentrethe im ge on the useful zone around 9 the horizon,
The set of optical sensors 10 advantageously covers

the whole horizon, over 360°, or a significant portion of
the latter. Depending on the configuration of the ship,
and particularly the dimensicns of its superstructures,

15 it can be preferable to have a single sensor or several
Sensors. Ideally, on & large cargo ship, three sensors,
one at the front of the ship and one on either side of
the superstructures, enable the entire horizon to be
covered, including the nearby areas which are concealed

20 by the superstructures for an observer located on the
navigation bridge of the ship.

In a first embodiment of the present invention, each
sensor comprises a video camera the optical field of
which can be oriented to cover the horizon by rotation,

25 In a second embodiment of the present invention, each
sensor comprises a single-line video camera that can be
oriented, mounted onto a fixed stand. In a third
embodiment of the present invention, each sensor
comprises one or more video cameras that are fixed in

30 relation to the marine vehicle and covering at least a
substantial portion of the horizon continuocusly.

The best compromise between the resolution of the
video camera and the need for stability must be found,
given the movements of the carrier ship. Two soclutions

35 can be conszidered:

— either mounting the video camera onto a stabilized

platform to centre the image on the useful zone around



or using a piece of information about the attitude of the ship (angles of roll and of pitch) to process
only the useful portion of the image (points located at a 5 certain distance in pixels above or below the
sky- line). This information can either come from an esternal sensor (attitude control. unit), or from
image processing (detection of the sky-line) when the horizon is visible. 10 In the first embodiment
shown in Figures 3A and 3B, the optical sensor 10 comprises a video camera the optical field of
which can be orienté& %o 86veraha -horizon by rotation. The video camera is mounted onto a platform

stabilized by a gyrosaopes The sengarcly: 15:comprisas « adjousing. 21 made Lp,ofg hase 22 used as
a stand and a transP%eréthdlo € gp}ie&de%& § stabilized iQﬁank 24 mounted onto a stabilization device
made up of a gimbal 25 and of a gyro Wheel 26" 20 drivV&R By ar élecitic Mot 27ce &5vided kamera 28

fixed onto the stabiliZe8 t&fednd DeaFhd lend 29 facingrthezenitl,ina sotatingzaszembly 30
mounted inSthe stabilizedztank, drivesrayea vertical axs sotationmotgy 31 plaged iny, 25 tQESp_mottom of

the stabilized tank, and bearing injits Lppernart g mirror 32 and a sun screen 33, the 45- ofientation of
the mirror enabling the optical axis of the mirror 3 tggca%aanhoﬁ%gn gfpla%%”ﬁ/ tHe" $8tatidh of the

rotating assembly 30" tHe'rAYS ey 36 refidctéd BY the rfifFs1032 88 Hisito reach thedehsafethe video
camera, the motor ¥ dfiving the rotdtireg: assembly thfoughra: gearkeducek andy;a-measying device
for measuring the angulag pRsitian-,Qfthg rotating assembly, or resolver, 34, possibly 35 integrated

into the mgtor 30 if the technalogy of the latter so permits (stepping motor). Depending on the
fﬁ eIn ?1 %:LISEC j

rn&eﬂdsused(wkwsandﬁﬂﬁﬂ empodiment shown in Figures 3A and 3B,
the optical sensor 10 comprises a video camera the

optical field of which can be oriented to cover tThe
horizon by rotaticn. The video camera is mounted onto a
platform stabilized by a gyroscope. The sensor 10
15 comprises:
= & housing 21 made up of a base 22 used as a stand and
a Transparent dome shield 23,
— a stabilized tank 24 mounted onto a stabilization
device made up of a gimbal 25 and of a gyro wheel 26
20 driven by an electric motor 27,
— a video camera 28 fixed onto the stabilized tank and
bearing a lens 29 facing the zenith,
- @ rotating assembly 30 mounted in the stabilized tank,
driven by a vertical axis rotation motor 31 placed in
25 the bottom of the stabilized tank, and bearing in its
upper part a mirror 32 and a sun screen 33, the 45°-
orientation of the mirror enabling the optical axis of
the mirror 32 to scan & horizontal plane by the
rotation of the rotating assembly 30, the rays being
30 reflected by the mirror 32 so as to reach the lens of
the video camera, the motor 31 driving the rotating
assembly through a gear reducer, and
— & measuring device for measuring the angular position
of the rotating assembly, or resolver, 34, possibly
35 integrated into the motor 30 if the technoiogy of the
latter so permits (stepping motor).

Depending on the materials used (alloys and/or



composites), the whole housing 21 can have a total weight of less than 2 kg and a volume of less than
2 liters. Prototype tests with a rotation speed of the gyro wheel 26 of 9,900 rpm enabled stability to be
ensured 5 characterized by an angular velocity of thg gank of less than 60 mrad/s (milliradians per
second) in 99% of the cases. The stabilization device provides, with an integration duration of
1/1,000th of a second, a "movement” of less than 1/8th of a pixel, for a 10 roll/pitch tolerance of the
ship of +/- 25. Suchye petfernancé eantbelfartherimiproved witha praduct manufactusedindustrially

(machining opetations adiusiments, and {glerance of the hearings) and a fotation speed of the gyro

wheel of 15,000 rpm. 15 The video camera 28 has for example the following characteristics: - a 1/3"

CCD cell enabling an dpetafidy Frehftiné in BdtarfafPlormal IPES)SY a? XGAHigH AEsdlution
video format (1,0R&«176862008ixels) éfferingthestyedt terhpromise bietweercth&ecangulan opening of

the lens 29536 diagenahandthe argular resglution seught: and - adeps 29 with.a 9mm facal length.
In a second em%g%irrlne@bshrgwn in Fi%‘rjr{ff' 4A ggd 4B, 25 the ggticalqsensor 189090m£)%ise a

. : . d > 2 :
single-line video camera tha%%a% e orientet , m&t?nqu Bnto afixed stand.'More premse‘iyfihe optical

sensor compris€s: 2% cylindriaPhousiAg 44 fiketl istito tIeHaaEs oftheV sRips 30 - alrotatingnassembly
42 held in the hausing 4dthyoball beatings43 and drivefihy avérticalfaxisyotatien gnator 44 placed at

the bottom of the hausing, the upper patt of the rotating assemply cognprﬁn}geﬁlcyli@%rical protection

cover 45 provided with a 35 rectangular window 49 that enables the optic ragso to pass through the
cover to rédch theter® L Sigita? vieed Cimerd 46 figed Thitd thefrotdting 25 - Such a

performance can be further improved with a product
manufactured industrially (machining cperations,
adjustments, and tolerance of the bearings) and a
rotation speed of the gyro wheel of 15,000 rpm.
15 The video camera 28 has for example the following
characteristics:
— a 1/3" CCD cell enabling an operation in real time in
a standard format (JPEG),
— an XGA high resoclution video format (1,024 x 768
20 pixels) offering the best compromise between the
angular opening of the lens 29 {(36° diagonal) and the
angular resclution sought, and
- a lens 29 with a 9mm focal length.
In a second embodiment shown in Figures 4A and 4B,
25 the optical sensor 10 comprises a single-line video
camera that can be oriented, mounted onto a fixed stand.

More precisely, the optical sensor comprises:

a cylindrical housing 41 fixed onto the masts of the

ship,

30 - a rotating assembly 42 held in the housing 41 by ball
bearings 43 and driven by a vertical axis rotation
motor 44 placed at the bottom of the housing, the
upper part of the rotating assembly comprising a
cylindrical protection cover 45 provided with a

35 rectangular window 49 that enables the optic rays to

pass through the cover to reach the lens,

- a digital video camera 46 fixed onto the rotating



I1 assembly 42 and the single-line detecting element 47 of which is offset above the body of the
video camera; the detecting element typically comprises from 512 to 8,192 light-sensitive basic cells
disposed in a 5 vertical line, a lens 48, having an angular opening typically of 30 to 55, disposed in
such a way that its optical axis scans the horizon with the rotation of the rotating assembly 42, and 10
a shutter 50 disposed so as to block the rectangular opening 49 when the system is stopped so as to
protect the inside efsthensengoriagainst spray aadrgire the rshuttertis driveg usingreemagastic

command 51. Whegghgisystem is OPs dbe lensAg.isguotesied, 15-againstsplashes.of rain. passing
through the rectan%gllgr 9 {3‘“"}% %9 béfgprotect%eglass 2, ventilated using_.an exhaust fan 53
blowing into a drying nozzle 54 aif Reated by the different hdat S3lirdes 6 the roating asSémbly and

of the housing (rot&tioh’rhotok slettréfics Bt Wided>2Bicamera). IFhe idtegpatedirciit cards 56
integrating the computet ant theassociated circuits of the anti- collision warning system are fitted into

the rotating assembl .25, Fhe rotating . assem Iso bears a bearing coder 57 that measures
the angular positig%p 0>;L %r?éf?oé}tihgRégggﬁblsf%hg%géﬁrou?@?%ja?g of%ﬁgga% EC(EOYIiS?O% %v%rning
system are transmitfed tRrough r5tAGRTY 80 coHER 0} S8aMhicHalB0 iraRsfeR -tk comiputer data
coming from the campass dftthe ship iantensires theecantact of the povet supphpohthegnits of the
rotating assembly 42- in.the second.embodiment, the panoramic image of the 35 sea over 360

around the sensor 10 is produce scanning the optical slice determined by the rotation of
q% - a Q%Btter ggydlsposéh sopas to bkleock the %ectangular

opening 49 when the system is stopped so as to protect
the inside of the sensor against spray and rain; the
shutter is driven using a magnetic command 51.

When the system is ON, the lens 48 isg protected

15 against splashes of rain passing through the rectangular
opening 49 by a protective glass 52, ventilated using an
exhaust fan 53 blowing into a drying nozzle 54 air heated
by the different heat sources of the rotating assembly
and of the housing {rotation motor, electronics and video

20 camera).

The integrated circuit cards 56 integrating the
computer and the assoclated circuits of the anti-
collision warning system are fitted into the rotating
asgembly 42.

25 The rotating assembly 42 also bears a bearing coder
57 that measures the angular position of the rotating
assembly.

The digital output data of the anti-collision
warning system are transmitted through a rotating

30 contactor 58 which also transfers to the computer data
coming from the compass of the ship, and ensures the
contact of the power supply of the units of the rotating
agsgsembly 42.

In the second embodiment, the pancramic image of the

35 sea over 360° around the sensor 10 is produced by
scanning the optical slice determined by the rotation of

the single-line sensor. The vertical angular opening of



the single-line sensor. The vertical angular opening of 12 this slice is chosen so as to cover the useful
orientation range in elevation even with roll/pitch movements. The angular resolution of the image
depends on the 5 horizontal and vertical angular resglutions. The horizontal angular resolution of the
image varies according to the speed of rotation and to the line scanning frequency. The existing
linear video cameras have line scanning frequencies typically ranging from 6 10 to 87kHz. In practice,
the limit of the sdahaings freqaencysdepends ©n thedightirig conditionsand ontthe light sénsitivity. For

a rotation speed typieally: {arging frep0.12t0 Z revplutions persegsond the herzantalresglution is
between. 0.01 and 2 n]ratd/pixel 15 (milliradians per pixel). The vertical angular resolution is
determined by the" Ruimber of pixels of the sensor and the angular opening of the lens. For a number
of pixels ranging from 512 1678192 and asverticadldhgtlfar bBéning betvedireafd 4520-the vertical
resolution i between:8:0J-andik b mradipixel. bva thied embedimerntshown in Figures 5A and 5B,

the optical sensor 10 %q{gpri%@rq ggh(gfaf'ixeda\ﬂ'ggg_ aq_,am%@omg&gecig%ly, t@ﬁeqptifﬁg ensor

comprises: 25 - a housing 61 fixed onto the supérstructure of the ship and comprising a glass opening

62, - one or moFé Hitfital ¢ides canietas 83 BhicHRAuRT fixéd Bhtothe Hitisiy 612 onefens 64 for
each video camera:63j tlie set ofi Blenses béing dispesenig sudmaavay thatdhe amasrtrey scan

cover a substantia) portion.of thesherizan ¢yRigaly, 182); apd+ aconnection,and mukiplgxing device
65 enabll?]% the maggiggmlng frzolgn all the video cam%reas t? be, E’%S %rgce%%eed smultanEQgsly. This

device can'integfate practice, 't imi scann
frequency depends on the lighting conditions and on the

light sensitivity. For a rotation speed typically

ranging from 0.12 to 2 revelutions per second, the

herizontal resclution is between 0.01 and 2 mrad/pixel
15 (milliradians per pixel).

The vertical angular resolution is determined by the
numpber of pixels of the senscr and the angular opening of
the lens. For a number of pixels ranging from 512 to
8,192 and a vertical angular opening between 4 and 45°,

20 the wvertical resolution is between 0.01 and 1.5
mrad/pixel.

In a third embodiment shown in Figures B5A and 5B,
the optical sensor 10 comprises a set of fixed video
cameras. More precisely, the optical sensor comprises:

25 — a housing 61 fixed onto the superstructure of the ship
and comprising a glass opening 62,
~ one or more digital video cameras 63 (typically four)
fixed onto the housing 61,
— one lens 64 for each wvidec camera €3, the set of
30 lenses being disposed in such a way that the areas
they scan cover a substantial portion of the horizon
(typically 187°%), and
-~ a connection and multiplexing device 65 enabling the
images coming from ail the video cameras to be
35 processed simultaneocusly. This device can integrate
an integrated circuit card performing part of the

image processing.



an integrated circuit card performing part of the image processing. 13 In this third embodiment, the
resolution of the images is linked to the platform movements of the carrier ship. Typically, on a large
ship having a rolling motion limited to +/- 10, using video cameras having a 5 definition of 1,280 x
1,024 pixels and lenses of 8 to 12 mm enables the resolution necessary to be obtained, in all the
lighting conditions, for a detection range up to 10,000 meters. The interface with the optical sensors
(electronic 10 circuit and cafef andiérisshware ahéls ired tdonnections vdnidior wiglesse

connections) betweenathe sopticaksensors and the asseciatedGarmputes, iéﬁd@ﬁ@dcé%ﬂleer .
architecture cheser, Thisrinterface;can therefore .comprise: 1p - an interface.integrated.into the
computer, -an intgzl:fac ir%?%ated?ﬁto theosensg‘r:%o, -ani ter%ggel Egntaainlé%“iglégrginrflé'rﬁfe%?ate case.

The interface with' the Bptical enddrs enstires s Hittiolid 8820 CaEEGUINTY thesiFhages and, in the

event that the §&rfsois have arbtatingHssembly] atquiting the afientationmeasuremest, and -

controlling the sensersahecthe eammangd.af. the yideg cameras.and, inthe eyent E'Pl%é&he 3gnsors
em

have a 25 rotagjﬂq ag e@mkilx hei%omrgang of the orientation motors. In the first odiment

described above and shown'i tnTzlgu es 3A%Nd 3B 5ih witich the BHtiRaF 46hsof 209 Bombriéss a video
camera the opt?c%t fiéld SFIHES ean 30 be oriented to cover the horizon by rotation, the interface IFC
is an electronic circuitTtegrateckinte: dhe eamputerdn hersecond empodiment described above and
shown injgigures 4A,and 4B, |n Whiegfl‘clie, optigﬁhs Znsor 1500 em?are, and/or wired
connections, and/or wireless connections! between the
optical sensors and the associated computer, is adapted
to the architecture chosen. This interface can therefore
comprise:

15 -~ an interface integrated into the computer,

— an interface integrated into the sensors,
— an interface contained in an intermediate case.

The interface with the optical sensors ensures two
functions of:

200 - acquiring the images and, in the event that the
sensors have a rotating assembly, acquiring the
orientaticon measurement, and

— controlling the sensors, i.e. the command of the video
cameras and, in the event that the sensors have a

25 rotating assembly, the command of the orientation
motors.

In the first embodiment described above and shown in
Figures 3A and 3B, in which the optical sensor 10
comprises a video camera the optical field of which can

30 be oriented to cover the horizon by rotation, the

interface IFC 1is an electronic circuit integrated into
the computer,

in the second embodiment described above and shown
in Figures 4A and 4B, in which the optical sensor 10 uses

35 a rotating single-line video camera, the interface IFC is

a circuit integrated into the integrated circuit cards 56
mounted onto the rotating assembly 42,



35 a rotating single-line video camera, the interface IFC is a circuit integrated into the integrated circuit
cards 56 mounted onto the rotating assembly 42. 14 In the third embodiment described above and
shown in Figures SA and SB, in which the optical sefhgor 10 comprises a set of fixed video cameras,
the interface IFC is a circuit integrated into the integrated circuit cards 5 of the connection and
multiplexing device 65. The image processing method implemented by the image processing means
IMP enables position ibforhiationtofr dbjectsvisibleron dees suriacelobiheseastohbesbxtracted in real
time from each E’Lm@g@@gppﬂgd byrthe optical 19 sensprl10) Mmehileglimipating the, waves amd foam.
This image progessing comprises steps qf; ; framing, e usefulportio,of the image, supplied by the
optical sensor Bﬁ -‘measuring the average T"lght intensity on at 164st one ]1% portion of the image, -
comparing each pixel WithtHe averdoigtitirtehsity aRE allbcamera bihafy vatkieto @atAixel
dependingson whethes the differencenissabbvedriiglaw:ai ight dimtensity éhreshold, 20 - searching for

pixels of a given Va'Ueﬂ}%mit%%@uﬁio%%%@i‘ﬁ%mn@{ﬂéde%ﬁb@&i@n@@cgj% n&g@<e§n§8Qstituting a

visible object, and - measuring a position and difnensions of the visible gbjects. 25 The framing of the

useful portion dARXGTTHEE an itBhatic detetlicPofthe §Q2le: Hcart A<y Heiud8 a réétification of
the image so thait the-sky-limes temainstpatatiebtorthe Gotton tdge o thetimage. Sheusefdicportion of

the image can ifself be split +3@,into;seygral pertions,feiexample aceording toithe distance between
each pixe] and the skyling, yhich, royghly,determines the distancs, between the orresponding point
and the carrier §ﬁfb.
This image processing comprises steps of:
— framing the useful portion of the image supplied by
the optical sensor (10},
— measuring the average light intensity on at least one
15 portion cof the image,
- comparing each pixel with the average light intensity,
and allocating a kinary value to each pixel depending
on whether the difference is above or below a light
intensity Threshold,
20 — searching for pixels cof a given value forming groups
of adjacent pixels, each group of adjacent pixels
constituting a visible okject, and

- measuring a position and dimensions of the visible

objects.
25 The framing of the useful portion can comprise an
automatic detection of the sky-line. It can also include

a rectification of the image so that the sky-line remains
parallel to the bottom edge of the image.
The useful porticon of the image can itself be split
30  into several porticons, for example according to the
distance between each pixel and the sky-line, which
roughly determines the distance between the corresponding
peint and the carrier ship.
The light intensity can be measured, according to
33 the type of video camera used, on the luminance only,
and/or on one or more of the three chromatic components

(red, blue, yellow).



The light intensity can be measured, according to 35 the type of video camera used, on the luminance
only, and/or on one or more of the three chromatic components (red, blue, yellow). 15 The
comparison of each pixel with the average light intendify can be performed simultaneously using
several parameters (threshold, color). The detection of the visible objects can comprise a 5 step of
assessing the afterglow of each group of pixels in successive images. With this aim in view, the
position information of B¥h& GFGLITs.6FpPixels ofeath trhageé are savethin a:database.Thet
comparison of the tsuccessive-databases-cortespending 0 the:serigs:af 10 s of 3. spme area

enables groupsgg,gpggltéjg@gé/is@tglﬁrggggg&sdto beoq%tﬂmined according to their afterglow, i.e.
according to the percentage of appearance 6f these "groups in a certain number of images. This

method enables the "Ml pEfsi&tent: Uhjetts Thaves Ahreflestivhes foansato beremoved and only
the objects’ correspndifig o ships iorpbjects fioatingonthesarface o bedept. dm thesfirst o
embodiment in Micmﬁ@cqgg:g!,gengg{aégscpmpri%%vidggiqéamgrl%theig}f:)tic%ﬁ%ld oftvy]%ich 20
can be oriented to cover the.hotrizon by, rotation, the image processing Is per ormed oh edc image,
i.e. typically evgr%/sf/i%%nofl 4 8GO THis Procadding Eoriisdeine folloiig Steps opach
automatically deféeify thesskydine 25 reetifyivg tesinrage s@that thenskyelinesremains: parallel to
the bottom edge ot thesimiage, -daeasiningthe averags light infensity,on af least gne portigp of the

image ce@@redi%g‘@sh%rjjzogl_, 3 gg(ranparing eachkﬂrlxel with a Iight intensi,tg threshold 30 that varies

. . A : .
according to the average |I%ht intensity, and aflocating abinary valug T5 LAt piXd| dépéfidifig on
whether the diffefeifte|§ abovett befovPieliit according to their afterglow,

i.e. according to the percentage of appearance of these
groups in a certain number of images. This method
enables the "non-persistent™ obiects - waves,
15 reflections, foam - to be removed and only the objects

corresponding to ships or obijects floating on the surface
to be kept.
In the first embodiment in which the optical sensor
10 comprises a video camera the optical field of which
20 can be oriented to cover the horizon by rotation, the
image processing 1s performed on each image, i.e.
typically every 1/153" of a second. This processing
comprises the following steps of:
— automatically detecting the sky—-line,
25 - rectifying the image so that the sky-line remains
parallel to the bottom edge of the image,
— measuring the average light intensity on at least one
portion cf the image centered on the horizon,
- comparing each pixel with a light intensity threshold
30 that wvaries according to the average light intensity,
and allocating a binary value to each pixel depending
on whether the difference is above or below the light
intensity threshold,
— searching for the pixels of a given value forming
35 groups of adjacent pixels,
— recording the position information of all the groups of
pixels in a database of detected groups BDG,



intensity threshold, - searching for the pixels of a given value forming 35 groups of adjacent pixels, -
recording the position information of all the groups of pixels in a database of detected groups BDG, 16
- comparing the databases of detected groups constitgted successively upon each image supplied by
the optical sensor, and - determining the groups constituting visible objects 5 according to their
afterglow in several databases of detected groups. In the second embodiment, the image processing
by the image processing meanstMPds perfermed first of al oreeachrbasic images tdrrespanding to a
vertical line, 10 i.eq fypically:exery, 1/3,000th-0f &, segond. This, gyecessing.comprises the folowing
steps of: - automaticallél detectir&g the sky-line, - re-adjusting the image so that the sky-line remains at
a constant distance’ i iumbet of pixels, from the 15 bottom edge of the image, - measuring the
average light interiityornatieast ofié portion @b the imagé tenterad onvtheHokizonyLiemparing each

pixel with the averagedight injensity, rand allogating g hinary valye-te-each pixeldepeading £20 on
whether the differ%cte igt%bé)v r%r%egow a light intensity threshold, and - reconstituting an image
formed by the series of the vettical linés. On each image thus reconstituted, i.e. typically 25 every

second, the image protessif§ coriprides tFEBRoWRG stepsit: - SearchingTor fiepixels B a given

value forming grosps ofadjacentpixelsngrecording the pasitigreinfarmatibnfaf aditthe freups of 30

pixels in a datapgseof detected, groyps, BDG -,companng the databages of defected grpyps

Consnuneﬂ) i.e. typically every 1/3,000™ of a second. This

processing comprises the following steps of:

— automatically detecting the sky-line,

- re-adjusting the image sc that the sky-line remains at
a constant distance, in number of pixels, from the

15 bottom edge of the image,

- measuring the average light intensity on at least one
portion of the image centered on the horizon,

- comparing each pixel with the average light intensity,
and allocating a binary value to each pixel depending

20 on whether the difference is above or below a light
intensity threshold, and

- reconstituting an image formed by the series of the
vertical lines.

On each image thus reconstituted, 1.e. tTypically
25 every second, the image processing comprises the
fellowing steps of:

- searching for the pixels of a given value forming
groups cf adjacent pixels,

-~ recording the position information of all the groups of

36 pixels in a database of detected groups RDG,

- comparing the databases of detected groups constituted
upon each successive reconstituted image (comparison
typically done on 3 to 10 images), and

- determining the groups constituting visible objects

35 according to their afterglow in several databases of
detected groups.

In the third embodiment, the image processing is



upon each successive reconstituted image (comparison typically done on 3 to 10 images), and -
determining the groups constituting visible objects 35 according to their afterglow in several
databases of detected groups. In the third embodimgnt, the image processing is 17 performed by the
image processing means IMP on each image, i.e. typically every second. This processing comprises
the following steps of: - automatically detecting the sky-line, 5 - rectifying the image so that the sky-line
remains paralle?¢s flie bettombadgée b the image, pmeasurngthe average light intensity onat least

one portion of thedmage centered op the ppgzogvégcy),mpgaéigﬁ@_ch pixﬁé\iv%h thgoaverasqLengght
intensity, 10 angozflr!eg)catin% attﬁréarjgi/ovl ue to each %)ixel depending on whet erthe difference is above
res

or below a light int nrsjl’tis/? old; < seare 1ilrgg for'the p&feis of a given value forming groups of

adjacent pixels, 15 “téebrding he Positibaditbrmation of alf thelgroups of pixels in a database of
detected grbups BDG:-icompaging the databgses of detected orpups constituted upgpeagh
successive image typically on,3.ta.10 images), an 20 - determining the groups constituting visible
objects accordingé[o their afterglow in severa(%a%g 5es %fIC e?e&%%%%ups. The features of the
visible objects are"St6redlin vikibte GBjBERGatdiaEe BBOVE RS Generally2the lopticsl semsor
associated with theointdge:protessing esdhe JeliowingCharacterstics - it sypplies detection

information, i.etheqwgsense, okar pbjeckdts azimyth, and in the 5.61Ef g system with ggveral
sensors, i distange, of e Sbief, 30 gnables a defection n he vist,n thE séife
pending
on whether the difference is above or below a Light
intensity threshold,

— searching for the pixels of a given value forming
groups of adjacent pixels,

15 - recording the position information of all the groups of

pixels in a database of detected groups BDG,

— comparing the databases of detected groups constituted
upcen  each successive image {(typically on 3 to 10
images), and

20 - determining the groups constituting visible objects

according to their afterglow in several databases of
detected groups.
The features of the visible cbiects are stored in a
visible objects database BDOV.

25 Generally, the optical sensor associated with the

image processing has the following characteristics:

— 1t supplies detection information, i.e. the presence
of an_object, its azimuth, and in the case of a system
with several sensors, the distance of the object.

30 ~ it enables a detection in the visible, in the same
conditions of wvisibility as the human eye, night and
day; with appropriate sensors (for axample sensitive
to infrared), it can coperate in harsher conditions,

— by night, the system can comprise an infrared

35 illumination device, and the distance for detecting
dark obstacles can reach up to 2,000 meters,

— 1t has a detection distance which can reach, depending



conditions of visibility as the human eye, night and day; with appropriate sensors (for example
sensitive to infrared), it can operate in harsher conditions, - by night, the system can comprise an
infrared 35 illumination device, and the distance for gdgtecting dark obstacles can reach up to 2,000
meters, - it has a detection distance which can reach, depending 18 on the configuration of the
system and the kinematics of the carrying marine vehicle, up to 10,000 meters, while detecting the
closest objects, - it enahles objectsinotdetécteddy thesadardade 5Siacated, such«asssmalicrafts and

flotsams, the image progessing.Gan be cagried;out bothingalor and inplack and, white, It.can work
with the following platform movements: ™ rolling (+/- 3% pe iod of 5 to 15 seconds, pitching 10 (+/- 15),
angular velocity Ies%%ﬁaﬁr?lrgféggp-t&%gpg get iR inah éfadapted to the marine environment in
terms of water resistanegaiéehanidal carid electticatipriotedtion, drid stingspraydand ¢ibratien

resistance.s15 The aati-cellision analysis smethod ipplementad by the-anti-collision analysis means
ACOL comprises the feollgrvg\llén stg S oé:s-s%%terrgigingo%osétgolprigéo matign 0(1:‘) g'ﬁlcr{visicp(lﬁgorbject in the
database BDOV, according to their 20 posm(%w inthe images supp ie%l%y tﬁe opticgl SEensofr, -
periodically calculafiitfthelevoldioh éfthe"position information of each visible object, - assessing the
risk of the marine vehicle aalliding with each visible abjectacogrdingde the evahdtionehn2s the
position information of the visible p_bj%(;g.o]'r,\e EE’Q?WQH infermation %ay&s&@g&@lje ll@gwggg its
azimuth, its elevation (angular displacement compared tq the sky-line)quc}g(e)(s:si ly its distance when

the latter ¢8n be calttilaied (in'the 2398 G & SfRtétn- tY tess than

-~ it is packaged in a manner adapted tc the marine
environment in terms of water resistance, mechanical
and electrical protection, and sun, spray and
vibration resistance.

15 The anti-collisicn analysis method implemented by
the anti-collision analysis means ACOL comprises the
following steps of:

— determining position information of each visible
object in the database BDOV, according to their

20 position in the images supplied by the optical sensor,
- vperiodically calculating the evclution of the position

information of each visible object,

~ assessing the risk o¢f the marine vehicle colliding
with each visible object according to the evolution of

25 the positicon information of the visible obiject.

The position information o¢of a visible object
includes its azimuth, its elevation (angular displacement
compared to the sky~-line), and possibly its distance when
the latter can be calculated {in the case of a system

30 comprising several sensors). This information is
conpleted by an indicaticn of the apparent dimensions of
the object in the image: height and/or width in number of
pixels.

The principle of analysis of the risk of collision

35 applied by the present invention 1s Dbased on the
evolution of the azimuth of a visible object, and on the

evolution of its dimensions and possibly of its distance



30 comprising several sensors). This information is completed by an indication of the apparent
dimensions of the object in the image: height and/or width in number of pixels. The prlnc[ple of
analysis of the risk of collision 35 applied by the presgnt invention is based on the' evc_)lutlon of the
azimuth of a visible object, and on the evolution of its dimensions and possibly of its d_lstance 19
when the latter is calculated. More precisely, the anti-collision analysis method comprises the _
following steps 8¢ Pefib@ical-ealulbgingthe evolution of the position 5 and dimension information

of each visible object hyoanalyziag {he: database.of the visible pbiects every §95§%C°Hg§’h%%the basis

of a history up tg&%’giﬂgéess,&%t@g%% ‘}Jhe objegg the aﬁzjmuth variation of which is lower than

1.5/min (degrees per minute), 10 - extractlr%"gn%eso Jgg’tscf € dimension of which increases and/or the

distance of which (WHeR'iPfs! calctiated) dadrebdas dnee corelititingra détabase pb dangerous
objects BDOD contairingthedeatires dfthe visible abjects mextractes during dhe previays two

steps. The analysis af.the evolytion of he-agimuh gha, yiaible: ahigel.can, be dsed 228 basys for an
assessment of a risk of collision, as shown in Figures 6A and 6B. ﬁgse ﬁgures‘refpres%n e
trajectory 1 of the ship and 20 thd estitiatedtPajectony2 b aAdibleBbjéct. RePsintsformed on the

trajectories 1, 2-shofxthés fdsestivé positidns obthelshiparidiot-thewahjectat dinstants,thto-t9. Figure

6A shows the case oka visikle ahjegt 25 gemgiggrepdt@gq%ggng}ggu&iul&gg }b’e seen in this figure that

[ IS ject | to the azimuth of the ship. Figure 6B shows the
the azmuilb (_)f the v.ésﬁgglgao(p %%és cotr]%ant C():ggné)ca{%d Ihe azimuth of the pof g re 0B s
case of a visible object

increases and/or the distance of which (when 1t is
calculated) decreases, and
- constituting a database of dangerous objects BDOD
containing the features of the visible chiects
I5 extracted during the previous two steps.

The analysis of the evolution of the azimuth of a
visible object can be used as a basis for an assessment
of a risk of collision, as shown in Figures 64 and 6B.
These figures represent the trajectory 1 of the ship and

20 the estimated trajectory 2 of a visible cbiect. The
points  formed on the trajectories 1, 2 show the
respective positions of the ship and of the object at
instants tl to t9.

Figure 6A shows the case of a visible object

25 considered to be dangerous. It can be seen in this
figure that the azimuth of the visible ocbject is constant
compared to the azimuth of the ship.

Figure 6B shows the case of a visible object
considered non-dangerous. In this case, the azimuth of

30 the visible object compared to the ship is not constant.

The variation in the size of each visible object is
also a piece of informaticn to be considered to assess a
risk of cecllision. Indeed, if the ship and the visible
object follow parallel trajectories and at the same

35 speed, the azimuth of the object is constant compared to
that of the ship although the object does not represent a
threat for the ship. In addition, if the apparent size



considered non-dangerous. In this case, the azimuth of 30 the visible object compared to the ship is
not constant. The variation in the size of each visible object is also a piece of information to be
considered to assess a risk of collision. Indeed, if thegship and the visible object follow parallel
trajectories and at the same 35 speed, the azimuth of the object is constant compared to that of the
ship although the object does not represent a threat for the ship. In addition, if the apparent size 20 of
a visible objectdricreasesy thig imeans détig eapproacting dlse ship. If thes shipésiequipped witls an ARPA
automaton coupled withya radarisystgm,provision can further be 5 made for acquiring azimuths and
radar echo distances ta{en ;rl]to account by the "ARPA"é?utom ton and &@A tracks. Thg é)ositions of
the radar echoes and AIS tracks S(‘;l%lﬁp[heﬁsoe %’8}%%?5 with'the datibasé of thé %aﬁ@grou% objects
BDOD, to comparersath exterhal arackewith a 30 Uatigerons objett and Egnverselt The database of
the dangesous;ghjects<an thusgather.all the dangarous:objeats dletectedrhy theisystemeaccording to

the present inven{(lgn and Qg the octh%rnp%iecg oft%%uip%%}9£ thgusé}!&{a%}l‘ dgﬁgerglﬁgbject being

associated in thtea database with a piece of information indicating the one or more means by which

each object had Béé&rf detectéd. TS databRZes bf visfolé bRCISB aRBbf “dahgef6G<8bjects
BDOD are ANSt=oded ém a iframestopmat ccompatiblehwithithezsoftware Eomnonbjausedrinithe data 20

processing systems.an boatd ships, typically,the, NMEA(National Maritime Elegtropics Association)
format or the XML (eXtended Markup Language]z format, The attributes associated with %ach object
in these dHtabadB895dvatitagRBUsh inciitte: 25 D1 fifheof the fiFst dSRClIT SSthd azifith, - the

angular width, dangerous objects can thus gather all the dangerous
objects detected by the system according to the present
invention and by the other pieces of eguipment of the
ship, each dangerous object being associated in the
15 database with a piece of information indicating the one
or more means by which each object has been detected.

The databases of visible objects BDOV and of
dangerous objects BDOD are ANSI-coded in a frame format
compatible with the software commonly used in the data

20  processing systems on board ships, typically the NMEA
(National Maritime Electronics Associatlion) format or the
XML (eXtended Markup Language)} format. The attributes
associated with each object in these databases
advantageously include:
25 — the time of the first detection,
— the azimuth,
— the angular width,
- the distance from the ship when it is calculated,
— the accuracy on the distance from the ship,
30 -~ the afterglow, and
- the contrast.

The man/machine interface IHM performs the functions
of informing the crew and of controlling the system. The
functicn of informing the crew comprises:

35 - sending an alert signal, which can be a sound and/cr
visual signal and/cor adapted to a specific need (for

example synthesized voice, or vibkbration on a body-



- the distance from the ship when it is calculated, - the accuracy on the distance from the ship, 30 -
the afterglow, and - the contrast. The man/machine interface IHM performs the functions of informing
the crew and of controlling the system. The functior2df informing the crew comprises: 35 - sending an
alert signal, which can be a sound and/or visual signal and/or adapted to a specific need (for example
synthesized voice, or vibration on a body 21 carried device) , as soon as the database of dangerous
objects contains a fewtelemedt Gisptaying thes positiors informatioh adf asdangerolss: objest,sand

particularly its azinuih eand: anos indieafion efthedrggntnature of the situation (for example a
distance or a time Q%f%; gglggn) %nd recor mg a hlst?rg/ of the databafses oféhe visible objects and
Visi

dangerous objects n also be made for the man\fmacﬁlne 10'intérface MM 0 btfer the
possibility of displayihtfthe’ imageof a@@ﬁéé?%@@ﬁﬂfm reaffime, &t e 'dperatdrstrequest. When

the ship cémprisesiseveraltdetectioh maans; the rmanimachinesinterfacedHivhean also display an
indication 15 of the png ormare;means for detecting cach gbject. When fhe siip is equipped with an

ARPA anti-collision device  associated with a radar, the man/machine interface "a@dvantageously

enables the inform&fisi? £ty Fom:tha: %Yab%gestgﬁlé?ﬁﬁ%%?é‘tﬁ§ aritf of dfhgérotisobfects to 20
be superimposed inlgrapt foranwith ahey ARPA digplaying -device. If the ship is equipped with a digital

mapping device, for exampleiageording to the ECBIS (%Ia@&téon@o?ha{%@ism@m&%ﬁ%{@aﬁon
System) isbandar% th man/ hane in £face an Slég)erlm e in gr%,sph form the 25 information

coming from the databases of visibie o%jec@ts and of Jangerous SBjedrs Wit e EEBYs display.

image of an object in sight in real time, at the
operator’s request.

When the ship comprises several detection means, the
man/machine interface IHM can also display an indication

15  of the one or more means for detecting each object. When
the ship is equipped with an ARPA anti-collision device
associated with a radar, the man/machine interface
advantageously enables the information coming from the
databases of visible objects and of dangerous objects to

20 be superimposed 1in graph form with the ARPA displaying
device, If the ship is equipped with a digital mapping
device, for example according to the ECDIS (Electronic
Chart Display and Information System) standard, the
man/machine interface can superimpose in graph form the

25 information coming from the databases of visible objects
and of dangerous objects with the ECDIS display.

The function of controlling the system comprises
common management commands for managing the operation of
the system, and commands enabling the anti-collision

30 system to be maintained.

The common management commands comprise a command
for starting and stopping the system, and 1if any,
commands enabling other detection means to be taken into
account to be selected.

35 The commands for maintaining the system comprise
commands for starting, stopping and setting each video

camera, commands enabling internal adjustments of the



The function of controlling the system comprises common management commands for managing the
operation of the system, and commands enabling the anti-collision 30 system to be maintained. The
common management commands comprise a commzhd for starting and stopping the system, and if
any, commands enabling other detection means to be taken into account to be selected. 35 The
commands for maintaining the system comprise commands for starting, stopping and setting each
video camera, compndreds enablingeinternalcedjustrientssofithe 22 compote: tebe madezthresholds,

parameters), andhgeaHR@nds fof faunching, antarpatic preceddresdor Gatibratingand interpally testing
the system. The rr?ri/)ma%hine interface.IHM isll'nked at.input tg 5 the d%tabase of visible objects
& atln ternd ﬁ ah e

BDOV, and to the database of ggr?gelr%us objectg DtBeSBl kE)ee infegrated into the controller of the
%ﬂﬁeaﬁreééﬁﬁliﬁvérﬁion, the

marine vehicle, or rembt& IR dRéEEHBIdIfmeht bf tHer§iistdritthcéSrding
man/machifie integace: tHM-s <1 ® integrateéd intoahexternaboayvigation system: Thetaler sdisplay and

control functions enange the exisfing Jpterfaces of the extemal nayigation system for the use of

ARPA or ECDIS display means. Thé ARPA display means display on a monitor a 15 circular zone

around the ship® TAEARPANVI&S id CorfiRtioisly Cehtered onthe SHIP e locating is made easier
thanks to a radial line Set ontthe Nuoith driretdtive fo theaxis pf thenship; anddoyng series bhalistance

rings. 20 The ECRIgMisplay means:display @n-a monitor a- rectangularn geqgraphicatmap complying
with an inl'isrnatior%%l S%%Qdeegd' 3Tpliiusomagnis cthactgg%ed b)c(1 %he eo rapgicaltposition O%ES centre, its
scale, the type of prg]ectlon (generally speal%ngEi\ﬁercator))1 and 9t orient\éﬁoﬁw&more oftén than not
to the North or &lert, display and control functions enhance the existing

interfaces of the external navigation system for the use
of ARPA or ECDIS display means.
The ARPA display means display on & monitor a

15 circular =zone around the ship. The ARPA view 1s
continuously centered on the ship. The locating is made
easier thanks to & radial line set on the North or
relative to the axis of the ship, and by a series of
distance rings.

20 The ECDIS display means display on a menitor a
rectangular geographical map complying with an
international standard. This map is characterized by the
geographical position of its centre, its scale, the type
of projection (generally speaking Mercator) and its

25 orientation {mcre often than not to the North or
according to the axis of the Ship}. The locating on this
map 1s made easier thanks to a grid representing the
constant latitudes and longitudes.

Thaese two types of display means display the visible

30  objects and the dangerous objects in the form of specific
symbols. Thus, the risk of collision can be assessed
visually.

By c¢perater interventiocon, an image of a visible
object can be presented 1in a window displaved on the

35 monitor. This image is typically refreshed every second
to enable a visual assessment in real time of the

evolution of a detected ship.



according to the axis of the Ship). The locating on this map is made easier thanks to a grid
representing the constant latitudes and longitudes. These two types of display means display the
visible 30 objects and the dangerous objects in the fax of specific symbols. Thus, the risk of collision
can be assessed visually. By operator intervention, an image of a visible object can be presented in a
window displayed on the 35 monitor. This image is typically refreshed every second to enable a visual
assessment in real timBl&tthet &olaticr ofa detectati ship.t28 WWhenthesystem aeeording-to the

present inventioncreegives informatinndfiom several sepsers. it can also, perfrm feggacgl%%ect a
measurement o Mpla%oqspgaacggweg%ofégg aZim%hg of the object supplied by 5 the different
sensors, as well as a calculation of the distance of the o%je%f%smg%suﬁ%f théSe p?&\%ijo%, the

anti-collision sySte HRCERHAG tothe preseRGRTETTGh cah offbra dertirt redupdariecwithythe
existing means.tTrusdit 10ffers refiablecsignaling withia relatively low rate of ifalse alarms . As a
result of these fgatses, the §yst@%ogg1§e present invention can be applied in many fields, and
particularly: 15 - in the;{ield of ships commissioned by professionals (trade, fishery, long distance
cruising, State-owned s%ipas),r-e’lﬁsflig figll Jf preifsure BBafs! BY fts coRfibitio 16 thé Satety and
comfort of the cFéif t€8pecialpirtihey 20-absehee afradar t inithe dietd eficoastal changel fairways

(buoys, lighthouses; bpaconsdiatties: @fc.), by imopiaring, and ﬁqgtr%@g@e traffic and a {gdundancy
of the antf(polli%i]g;@égget)éght{\a most dangeraqus zones ) !

€ sigraling with a relatively low rate of
false alarms.

As a result of these features, the system of the
present invention can be applied in many fields, and
particularly:

15 - in the field of ships commissioned by professionals
{trade, fishery, long distance crulsing, State-owned
ships),

— in the field of pleasure boats, by its contribution to
the safety and comfort of the crew, especially in the

20 absence of radar,

— in the field of coastal channel fairways (buoys,
iighthouses, beacons, Hetties, etc.}, by monitoring
and controlling the traffic and a redundancy of the
anti-collision safety in the most dangerous zones,

25 - in the field of naval drones, by the possibility of
guaranteeing permanent control  of  anti-collision
safety, even when the deployment zone of a drone ig
not visually controlled by the controller.

In addition, on any marine vehicle, the system of

30 the present invention makes it possible to automatically

record all the detections of visible objects, that could

enhance the data saved automatically in a “black box” or

Voyage Data Recorder VDR.

It will be understood by those skilled in the art

35 that various other alternative embodiments and

applicaticns of the system according to the present

invention are possible. Thus, the present invention is



25 - in the field of naval drones, by the possibility of guaranteeing permanent control of anti-collision
safety, even when the deployment zone of a drone is not visually controlled by the controller. In
addition, on any marine vehicle, the system of 30 the4present invention makes it possible to
automatically record all the detections of visible objects, that could enhance the data saved
automatically in a "black box" or Voyage Data Recorder VDR. It will be understood by those skilled in
the art 35 that natious ottiereglternative empodirmentsandhapglications ofithe systemeaceording to the

present invention.are posgible,thus, the-present invention ds-24 natdimitedto a systeminavhich the
optical sensor COVers the whole te%rizon %f.the mari%%v%higlethe %ggg rggniiolred b &h%é)ptical
sensor can indé&d'be fimited 1 a r%n?grejacgflthésemar?ne vehiclé! 't is fot essential 5 ither for the
system to access pasition #feFmatfortSichtas the aypidth'dt the marihé vehicles BF mfbimation
supplied by other systemscequipping fhe sparine vehieles Ipdead, the positionef the abjects.detected
can be determined inrelalion fg.ihe mging yehisls pnddo its. 1 course. Furthermare, e system

according to the present invention may not comprise any man/machine interface, and merely send

the information TeRBerHiTY the detdtiibn Y efiyerdiid-otiBdte %o AAGthEPYStEM BF the rfarine
vehicle, comprisingsseman/maehinemterface. I525tTE AIMS) tcAl antiedailisieniwaraimg system for

marine vehicle (12), comprising; 5t least,one optical seRsar(d0),comering atjeast partally the
horizon of e matine vehiclg, and suppiying [mages,.; imad proggssing Mmeas, (ME) for searching in
invention may not comprise any man/machine interface, and
merely send the information concerning the detection of
dangerous objects tc another system of the marine
vehicle, comprising a man/machine interface.

15



time in each image supplied by the optical sensor for 10 groups of adjacent pixels according to the
light intensity of each pixel of the image, for assessing the afterglow of each group -of pixels in
successive images, for determining groups constiigting objects visible on the surface of the sea,
according to their 15 afterglow, and for determining position information of at least one of the visible

objects, - anti-collision analysis means (ACOL) f Lpgge{'ﬁglically calculating the evolution of the position
information of at least one visible object, and for assessing a 20 risk of the marine vehicle colliding
with the visible object according to the evolution of the position information of the visible object. 2.
System according to claimy1, wherein the-2510pticabsensar (k) compEsematieast aae Mdeo camera
fixed in relation to the maring vehicle and coyers at least a substantial portion of the horizon
continuously. 3% ﬂ”s%r% a(cit]:%)rdin(é?%% allr%lf{%\}herein the 30 optical sensor (10) comprises at least
one video’camera &the b3 fisldof WRichTah bé Phidfited td Eover B horiZorfby rotiidh. 4.
System according ta glaim3, whertein the> 85zapticabsengdrd10rearipeises.eta.vitlep camera (28)
comprising a lens }Lr}ggaglgggggt’ical axis oriented substantially vertically, a rotating assembly
(30) driven by a motor (31) and bearing a mirror (322l arranged in the optical field of the lens and

oriented substantiatf4s T PSS Bto Tl GStical 44is of 1T lerfE Rha s 8&viceY14)F6F measuring
the angular positiohiofethérotzting assembly(30p 5. |y stem tbeordingitoohessfetaims oo 4, 10
comprising: - a houysiag (21) madeip;at-a hase (2Aused asastanthgande  the light
intensity of each pixel of the image, for assessing
- the afterglow of each group -of pixels in successive
images, for determining groups constituting objects
visible on the surface of the sea, according to their
i5 afterglow, and for determining position information of
at least one of the visible objects,
- anti-collision analysis means {(ACQOL) for pericdically
calculating the evolution of the position information
of at least one visible object, and for assessing a
20 risk of the marine vehicle colliding with the visible
object according to the evolution of the position
information of the visible obiject.

2. System according to c¢laim 1, wherein the
25 optical sensor (10) comprises at least one video camera
fixed in relation to the marine vehicle and covers at
least a substantial portion of the horizon continuously.
3. System according to claim 1, wherein the
30 optical sensor (10) comprises at least one video camera
the optical field of which can be oriented to cover the
horizon by rotation.

4. S8ystem according to claim 3, wherein the
35 optical sensor (10) comprises:

— a video camera (28} comprising a lens {29) having an



- a stabilized tank (24) mounted onto a stabilization device (25, 26), and used as a stand for the
optical 15 sensor (10). 6. System according to claim 5, wherein the stabilization device comprises a
gimbal (25) and a gyro wheel (26). 20 7. System agcording to claim. 3, wherein the sensor (10)
comprises a single-line video camera rotatably-driven around a vertical axis. 25 8. System according

o claim 7, comprisiogt  axhousing (1) -A40121g as5gbl 612) e nbe ysing (41) and diver

by a vertical axis motor, &I@tﬁ a protection t%over 45) for protecting the rotafing 30 assembly having
an opening (49), - & digital Vides cahiaraasy fixed ontSHheWotating as@AbNT and &ompriding a
single-line detecting SEl&riatt (7)1 ra fehs((@B) the optices dxisrof whictviscdapable b& B85 scanning the
horizon by rotation of.thelrotatingnassembly:-@a) o244 9 System accqrdingste claim.g; whetein the
sensor (10} comprises otective glass (52) ventilated . using an exhaust fan (53) to protect the lens
(48) 5 10. éystem a%g):o? ﬁg % tE a?r% 85( S}, wr(%:e%f?ll 6fm]zfgstlél spfocae%%ing integrated circuit cards (56)
are fitted into the rétafify A8Sembly? (425.CE0 Tae Syaten AcdorGing iworRe of glainis8tm 16,
comprising a meastihireg device {54) fos sasaslying3be .angular position of the rotating assembly (42).
12. System according to one of claims 8 to 11, 15 wherein the digital output data of the optical sensor

(10) are transmitted through rotating contacts (58) which also ensure the contact of the power supply
of the units 5. System according to one of claims 1 to

10 comprising:

’

— a housing (21) made up of a base (22) used as a stand,
and -

— a stabilized tank (24) mounted onto a stabilization

device (25, 26), and used as a stand for the optical
15 sensor (10).

6. System according to claim 5, wherein <the
stabilization device comprises a gimbal (25) and a gyro

wheel (26).
20
7. System according to c¢laim 3, wherein the
sensor (10} comprises a single-~line video camera
rotatably-driven arcund a vertical axis.
25 8. System according to claim 7, comprising:
— a housing (41},
— a rotating assembly (42) held in the housing (41) and
driven by a vertical axis motor (44),
— & protection cover (45) for protecting the rotating
30 assembly having an opening (49},

— & digital video camera (46) fixed onto the rotating
assembly, and comprising a single-line detecting
element (47),

- a lens (48) the optical axis of which is capable of

35 scanning the horizon by rotation of the rotating
assembly (42).



of the rotating assembly (42). 20 13. System according to one of claims 1 to 12, comprising means for
interfacing with a compass. 14. System according to one of claims 1 to 13, comprising means for
interfacing with other sensors and 25 analysis means performing an analysis of consistency with
information supplied by the other sensors. 15. System according to one of claims 1 to 14, comprising
signaling means (IHM) to signal that a 30 dangerous object is detected. 16. System according to one
of claims 1 to 15, wherein the position information of each visible object comprises an azimuth and a
dimension of the object. 38 17. Ars&rftitcoRiSEmtWafRfing hfethed ri@n dhti 28DEsIRSIBN \Wakhing system

for marine vel“éxélejiﬂpz) cgmprisia@ﬁfieg@t oge ;@p&i@akse:ns@r (@Q)as@verM)atvI@gsﬁp,aﬁiathy the .
horlzon_of the mrll{be_\é%hlglgh &_QQ@C{%}%G%@)th@&';&?g@é‘é%s steps Péh% - @&gyl.n_ng from the_optlcal
sensor images including a portion of the horizon of the marine vehicle, - searching in real time in each
image acquired for groups of adjacent pixels according to the light intensity of each pixel of the

image, 10 - assessing the hfterglbwstokgachagroug ofipixels inc$adeessivecimages abguised, -

determining growpgcopstiting ohiects,visible ppdhe ;surfage of thessea, gcording £q theirafterglow, -
determining pasition |r1{Hormatgpn of at least one.of ]LSéhe visible objects, - periodically calculating the
evolution of thérb Rition® informiationbf the ?fl%?ﬁl% 0 1 t,and - assessing a risk of the marine vehicle

colliding with the visible object according to the evolution of the 20 position information of the visible
object, anjsible object being considered dangerousrtthere isadisk of claims 8 to 10,
comprising & measuring device (57) for measuring the
- angular position of the rotating assembly {(42).

12. System according to one of claims 8 tc 11,
15 wherein the digital output data of the optical sensor
(10) are transmitted through rotating contacts (58} which
also ensure the contact of the power supply of the units

of the rotating assembly {(42).

20 13. System according to one of claims 1 to 12,

comprising means for interfacing with a compass.

14. System according to one of claims 1 to 13,

comprising means for interfacing with other sensors and

25 analysis means performing an analysis of consistency with
information supplied by the other sensors.

15. System according to one of claims 1 to 14,
comprising signaling means (IHM) to signal that a
30 dangerous object is detected.

1¢. System according to one of claims 1 to 15,
wherein the position information of each visible object
comprises an azimuth and & dimension of the obiect.

35

17. An anti-cellision warning method in an anti-



the marine vehicle colliding with the visible object. 18. Method according to claim 17, comprising 25

steps of displaying information concerning each dangerous object, and of sending a warning signal as
soon as a new dangerous object is detected. 19. Method according to claim 17 or 18, wherein 30 the
search in each image for groups of adjacent pixels comprises steps of: a) framing the useful portion of

the image supggﬁigg.tge optical sensor (10é€gnrlnea§%rgfng the average LIJ%@;[ .inliﬁgsityﬁf%tﬂ?epzigels on

35 at least the use plorﬂon ofthé %gge, e comparing €ach %?xrejr%?the userur portion 0
image with thecaverage Jigat infensitp shd dlBcatigt aainar VamRE td tHe pikélaesfding fo the result
of the comparisaqs €) sgatehing. foy pixais: of agiviendsinaryvalus:forming- fngroupstof atiiacent pixels.
20. Method acggrdll g:}:%%lggz% &91}4\1@5[1%]@ tg% fg:%lﬂggi%fége _g%%% partion comprises an automatic

detection of the siy- ine. 10 21. Method according to one of claims 17 to 20, comprising steps of
measuring a positidfi@ntEdiienSibAE ditfe GBELCAASIBIENFRAChRRRYRS ard 6f 48t firng the
dangerous objectsraccoiding4d vatiations-inzhe Ibipasigonrand/ortheadimehsions of the objects

visible in successive images 22, Methad according torone gbglaims 1710 2Lowhesein the-steps d)
and e) are performed for each ima%e., 20 30 ANTI-COLLISION VéARNING SY TEMlF.O tMARINE
VEHICLE AND ANFFIBBELISION ARELSRETS METHOD 5HKBSTRALT THE prédtnt invihtion relates

to an anti-collisionintensity of =ach pixel of the image,
10 - assessing the afterglow of each group of pixels in
successive images acguilred,
— determining groups constituting objects visible on the
surface of the sea, according to their afterglow,
—~ determining position information of at least one of
15 the visible objects,
— periodically calculating the evolution of the position
information of the visible cbject, and
— assessing a risk of the marine vehicle colliding with
the visible object according to the evolution o©f the
20 position information of the wvisible object, a visible
obiject being considered dangerous if there is a risk of

the marine vehicle colliding with the visible object.

18. Method according to claim 17, comprising
25 steps of displayving information concerning each dangerous
object, and of sending a warning signal as scon as a new

dangerous object is detected.

19, Methed according to claim 17 or 18, wherein
30 the search in each image for groups of adjacent pixels
comprises steps of:
a) framing the useful portion of the image supplied by
the optical sensocr (10},
b) measuring the average light intensity of the pixels on
35 at least the useful portion of the image,

¢) comparing each pixel of the useful portion of the



warning system for marine vehicle (12), comprising: at least one optical sensor (10) covering at least
partially 10 the horizon of the marine vehicle; image processing means for extracting in real time from
each image position information of objects visible g the surface of the sea; and anti-collision
analysis means, which periodically calculate the evolution of the position information of 15 each
visible object, and which assess a risk of the marine vehicle colliding with each visible object
according to the evdlggth BEtHe positich iRt Rtatibh Bt ‘thé VisiBie dbject 2RFplftatiBhdd HMmarine
vehicles, whether snanned-gr ethenwise cazwellaste bueyaniy 20rapparatases. Fagull 25 £

the comparison,
d} searching for pixels of a given binary value forming

5 groups of adiacent pixels.

20. Method according to claim 19, wherein the
framing of the useful portion comprises an automatic
detection of the sky-line.

10

21. Method according to one of claims 17 to 20,
comprising steps of measuring a position and dimensions -
of the objects visible in each image, and of determining
the dangerous objects according to wvariations in the

I35 position and/or the dimensions of the obiects visible in
successive images.

22. Method according to one of claims 17 to 21,

~ wherein the steps d} and e) are performed for each image.
20





