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

5 ceollision 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 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
viulnerable.

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,



in conditions of good visibility. Accidents can also 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 systens@scariti-collisiontequiprent.TEhis system suppliesi decurate @nd reliable
information, butsegyires & seting; progsedure to be rigoreuslyapplied ip,ordesto,berefficiently usable
as an anti-collision system. Now, 15 this procedure, is .often poarly a Iieg. ere also ARPA-type
systems ("Autor%%i%?‘«’aaoalf S%%tzllng %“% v%hi%ﬁ%%%y%@%ﬁ&%%?s%%pop ie ?/ aoaigéa(?r?ﬁese
systems have BighFatdiof false dlarms s Theresuk is-thae thecdlarmdevice assoefatedwith the 20

system is @‘ten_cs‘foppedchn %tomti@ﬂd&ﬁttiﬂaﬁmﬁyﬁem (ALS) has-alsacheem developed that must
equip all high-risk shipg, (Rassender taspOrL, catriade of.dangereys goods) from, 2010 opwards. This

system proves to be very efficient 25 when it is associated with an accurate positibning system such

as a GPS (Globt Positiohing Sy stdif). tloweiier Sthe LAISd6ds Mt take iRtEEACURE theftific of
ships that are rotseguippedrwith this'systemaand that ase nauchagreaterdnnlimberc3: Taday, only the
radar is really taken igto ageountda dealwith.the risk of collision. This equipment suffers from a lack of

redundanﬁg. The objeéttof the eeresent inventjron IS to overcome ti‘gase dis%dvanta%es bg Cg)ffy(‘aring an
entirely automated anti- (:olﬁsrioﬁ(_il//\l/ﬂzale‘]indn éjfs’femcéjﬁ%ngﬁ Anfi-collfsion ana y%i%e radar

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.



method. Brief description of the invention 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%mage, for assessing the afterglow of each group of
pixels in successiVietnages;fardeteeminipgroups conslititing objects:visiblecontheé stiface of the
sea, accordingio theimafterglow,iamd fof determiningpositionh iformatioprefrat least 6ne of the visible

objects, antj-¢ollision analysis means{AGQL) for periodically calculating the evolution of the position
information of at | f;}st ong .\/isil%I]e opjeccthand for assessinlg a risk of the _marine vehicle C%IIiding with
e C (G} =] Lo LIAVEen O, QVe FCO

the visible object according to the evoi.ution %?ﬁw,seegosmon mfd?r%ﬁ%ﬁon%% the ViSIb|eLObjéCt. According

to one emboafiENtGf THE PreSEHt frvention” thé optcaisefiBor c6mpriédd 8T kadt ofié video camera
fixed in relatioh 16 themarire éhicle akdcdversatieast a substantialperion oftthe Hotizon
continuoushkteAteording to one embodiment of the present 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 tgjp{lgfergbggirmem.of thgzpr%%%ntiipl\‘/r%%tj;on the optical sensor comprises: - a video

camera compnsm%—agfenﬁ ving- ) mﬁd substantially vertically, 4 a rotating

assembly driven by ¥maidHhd Bearing®a Whifror Arang&d in-the optical fisfdof the RNS&Nd oriented

substantiallyat 4594 v&latiéf 16 fife system for marine vehicle, comprising: at
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,



optical axis of the lens, and 5 - a device for measuring the angular position of the rotating assembly.
According to one embodiment of the present inventign, the system comprises: - a housing made up of
a base used as a stand, 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 g oimiAal 3062 gyio.whes. 15 Accarding to ong embodiment ot the,present

invention, the sensor comprises a single-liné yideo camera rotatably-driven around a vértical axis.
According to one efBddimeRtsEREStessht Thberftioh fHelsystem Combrisds 262 h&i¥ing, - a
rotating assembly keldldmn thet hossingtand:daveén by ad vertical axis motoraLa protection Cover for

protecting the rotating. assemply: haying-an-opening, 23.xa digital video camera fixed onto the rotating

assembly, and comprlsmg a single-line detectlnggels% ent, - a Ie?s the é))?]tl.cal axis 81‘fwhcl %ls capable

of scanning thé hafizSt By rétation-of 1e rotatin ASseftily “Aécofding to ohe émbodiment of the

present invention, e 88ASEr covRFAiSEsYa protective glass ventilated using an exhaust fan to protect
the lens. According torene-embediment of the, presento3hiiivention, ifage fiiecessing integrated

_cwcwt_cards are n%tt@endil%%tlhetrr?etatén @%%er@%lxgégg%rggng to one embodiment of the present 5
invention, the system comprises a m asurln% evice for
Z a housing made up of a base used as a stand, 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



measuring the angular position of the rotating assembly. According to one embodiment of the present
invention, the digital output data of the optical sensor are transmitted through rotating contacts which
also ensure the 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 amnd,analysis megansperforming aaanalysisof sconsistendy witheinfarmmation
supplied by-{he athensenrsars sAgeardingtosone embodiment etthepresentinveption, the system
comprises signaling.means {9 signalthat a dangeroys objectisdefgcted Accordingito ane

embodiment of the present invention, , the position information of each visible object comprises an

azimuth an& a dimeﬁgijéh!o the (;-)%%Ct An aélféarnate aspect of th,é), present invention provides an
anti-collision WHMITg method ThaiY anti-Loflisioh warRing syt t67 maring vehitk cohphising at leas:
one opticals8HsdF tovdring st |t partiaiy e’ hotizoft B thErating vehicke, dfarattetized in that it
comprises steps@ Ifyacquiring from the optical. sensor images including a portion of the horizon of
the marine vehicleycsearehing in tead timednieathrimrageacquined for greups ofh-adjacent pixels
according ta the light-intensity.of each pixel,of the-image, assessing fhe afterglow of each group of
pixels in successiv}gcig&%%%cqygegm%etg%@&gagggy_pg f‘?Q&%QtU}EQ% Objects yisihle ggntpe surface of
[

the sea, according to their afterglow, determining position information of at least one of the visible
objects, perioically Saliating te-cvoluisi 8Fhe poSition Information bt the sisible abidct, and
assessing aFIE6F the Aistinedvehiclé collidifig With thé Visiid-object 2accofding s the evblution of the
position inforatatiopteincy 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.



the visible object, a visible object being considered dangerous if there is a risk of the marine vehicle
colliding with the visible object. 6 According to one eé’nbodiment of the present 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,

c) comparing each pixet withtheverhge light interi ity *An8aibcating a bindfy valed%Hteh pixel
according 15 tarthe resultiof thercompearisorg d) seaschingefer pixetsoof a givendzahpe. foraigg groups
of adjacent pixelsseach. group of-agdjacentipixelss gonstityting;a Msible ohject-and measuring a
position and dimensions of the visible objects, 20 e) determining dangerous obje&ts according to
variations in th%e&%ﬁ?éjn and/6r tﬁrél&}%enssjigﬁ?‘of the obsjé)é)tg visibletin gu%%essﬁ/régi?n%%%sé.
According to oreérbbdiriefEstaRe Pfesent invention, the method comprises steps of assessing the
25 afterglow of each greup of pixgls in-successive irages,anshef determiningdhe groups gonstituting

visible objects arc{‘cf%rr(ljin%{,g t_h@ﬁ{ﬁaf;gggqug\é A&c&gé@gg {o ope oodﬂ'ment of the present invention,

the framing of tﬁe Useful poftion comprises an 30 automatic detection of the sky-line. According to one
embodiment of&he pFé&Ert Sinvetftion Sthestepecd) arite) afe performéddsr eadhPimage. °Y

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 £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



35 Brief description of the drawings These and other objects, features and advantages of the present
invention will be explained in greater detail 7 in the following description of embodiments of the
present invention, given in relation with, but not 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 pt&sertiiiveritiohl 281 Rigurds ZArand 4Bhshawt a sesbnd embadimentof thee system of
the present inventiosenFigures 5AwaNehB show.a, third,embadiment, of the system, of the present
invention, - Figq{%u(_i@e%ndcgBtﬁpé)Wf%ﬂiQ%i%I}e of anal\r/sis of the 15, risk of collision appllechy the
method according to the present invention. e(f%liIfe]dgélesecsri‘[otiC‘jrﬁ1 o‘f'}ﬁfLéﬁ‘Erred embodiments As shown

in Figure 1, the Systeft'6fthelpre38At 20 ifverticit eBmpriSestha sepokeptidal sensers; 16ndisposed
here in the 3supeérstiuctures ofa shipid2pand - a computer 13 implanted in the navigation bridge of the

ship. 25 As showngin Figure 2, the, system of the present invention co priqes: from a functional point
of view, two segments, i.e,an oE?ticaI segment SO and fé%ticgﬁgegﬁjgrﬁ The 6 ticBPEegment

comprises: 30 - eitéeﬂngFe bpfical S8REGrs T0'E6VEriry at least partially the horizon of the marine
vehicle, - interfacefrheans $FCAorinteridtingthe sensors withmihecemputer whish petformithe

acquisition of thef 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.



images supplied by the sensor and the control of the 35 sensors, and image processing means IMP
which extract the position information of objects. 8 The tactical segment ST comprises: anti-collision
analysis means ACOL which perform a periodical cakulation 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
vehicle, or remote, anthghith dricludes signating niganstorsigrned that a 10 dangerous object is

detected. The set of.gpticat sensarsk) advantageousheeopersatherwhgle harizen, qver,36Q, or a
significant portion of the (I)%}teré?epen in% n.the confi rat'ok? of the ship, an part'écularg/ the

. . . er C culatio @ evoiuTlion
dimensions of its SLff)ersjtrchtures, 1§ﬁ can pe pre?eraB e to have a smgTe sensor 0? evejf Sensors.

Ideally, on a large cafgo-Shiplithré@ Sensers! he atfthestrsiit of tHesdhipandodrieon eithenside of the
superstructiires, enabledhe eatire: berizonfto beecoverethincludingdhe nearby iateas whichrare
c_oncealed 20 by th%ggplerﬂrg%{%s g%jae[]:ce@s%rxgr located on the n_awgatlon bridge of the shlp. Ina
first embodiment of the present invention, each sensor comprises a video camera the optical field of

which can be ofientéd ¥ Ed¥stthe ForizoH BY t6GEior 3% In'&dédbnd @mboiniént oF e present
invention, each sensorconiprisesatsinglédinewvideceamenaithat caahlhe lerjented, mounted onto a

fixed stand. In a thirg, gmbadiment gt thequesentinvention, each-senser cqrypasesgne or more
video cameras that gre fixed in 30 relati%n to thCF @arige dvehicle and covering at least a substantial
portion of the horizonag&etﬁl%%ﬁs@?jec 15 cetected.

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



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 solutions 35 can be considered: - either
mounting the video camera onto a stabilized platformdo centre the image on the useful zone around 9
the horizon, 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).F#is sféiraation can either come from an external sensor (attitude control. unit),
or ffom image processing (defectiopiofdne sky-ingkuhen the, horaan is yisible. 10./n e firs
embodiment shownéggi%ﬁ% 3,(6\a611}n 3%, t?e ogti%al sensor 10 comprises a video camera the optical
field of which can be oriented to cover the horizon by T8fation. Fre Gitleo Cariérads Hroutitéd onto a

platform stabilized By’ gy¥o8édde. TheisEmR0PT0 Whecommprises: @ housing @t-made up ofa base 22
used as a stand andeartradspareint dome:shield 23.:-.a stabjlizegd-tank.- 24 moynted gpto é’;\k'iygbilization

device made up of a gitabal 25 apdof a gyro wheel.26 20 driven by an electric motor 27, -"a video
camera 28 fixed onto the stakilized tank andO\gear%ln% a lens 29 fgc%i)é]}ée[ﬁe ZeMiitR, - BaStatirg assembly

30 mounted in the SEAbiiZetftank S HivEn Hyd VeHidal £a8 Ftation mdtor 30 plabedtin 125 the bottom
of the stabilized tankr&ad: beariag in itsetpperipart a afrror-32andapunisceeen 33.Lhe 45y grientation
of the mirror enabling the-eptical axis of the mirror 32 to scan a horizontal plane by the rotation of the

rotating asgembly 30, the rays bein ,
aling asy y gh 9%@ %l%%t 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



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 - a measuring device for measuring the angular
position of the rotating assembly, or resolver, 34, poggibly 35 integrated into the motor 30 if the
technology of the latter so permits (stepping motor). Depending on the materials used (alloys and/or
10 composites), the whole housing 21 can have a total weight of less than 2 kg and a volume of less
than 2 liters. Pratotypestéstsayith alretationispeed.ofithg gyto avheel 26-0f0,900 sgamenabled stability
to be ensured 5 gharagterized;by,an angylar yelasity,of thertank.of less thap 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, ‘d “MrovéRient-of i€ss Than 1/Bth St pixer fof 256 roftipitdH foleParic of the
ship of +/- 25. Suleh<l pérformance G4 be furtheriniprededawitic & Jproguct cmarufaetused dndustrially

(machiningsoperationsc adiustments; and talgrance,of the bearings) anda retatien speed gf the gyro
wheel of 15,000 . 15.The video camera 28 has for example the following characteristics: - a 1/3"
CCD cell enabli%%e%rl] o%%rar%ﬁﬁ%e:ﬁ}%n%iﬁrggsigﬁﬁarg ?ol{f_)m‘cé? fﬁfég),l -l%n Q%A ﬁ)léh Fj-é%lution
video format (1,0245¢768 20! pielsy bffering #e best coiiprbfifise Befvesitthe angtiar opening of

the lens 29 (36 diagenal ahdrthe cangutaraesolutfon sought, eoid - adens 29 with-a 9mm focal length.
In a second embodiment shewn in Figures 4Aand 4B, 23 dhe o(p%icalaseng%%g comprises a
2

single-line video camera that can be oriented, mounted onto a fixed stand. 5I\/(IJore precisely, the optical
. a

sensorco#bﬂsé&ll/pltCh tolerance of the ship of +/- Such
performance can be further improved with a product
manufactured industrially (machining cperations,
adiustments, and tolerance c¢f 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



- 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 assemblyjgomprising 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 11 assembly 42 and the single-line
detecting element 4% sgfwhigh sZoffsetiabidve tle body of theevides eaméeray the«deteating element
typically comprisesfrom:512:to; 8, 192-light-sepsitive basia.cells dispased i 4.5 vertical fie, a lens

48, having an angylar opening typically of 30 to 55, dispased in such a way that its optical axis scans
e CFe%@%%énl%tz%ﬁ%m%%éer%B/@l 0%1}13 1%%‘%&‘[?&%0%86‘05%%‘230@3 to block

the horizon with the rotation of s ;
the rectangular openintf49 wheh the spstehiiissstoppetiso as ol protect ithednside of the sensor
against spgay and rain;ttheashutter«ds driven using a magnetic command 51. When the system is ON,

the lens 48 is protect in es.of rai ssing through the rectangular opening 49 by a
protective glass 5;f v%%#%?t:ﬁfsiﬁzggﬁe hg&st %??%%Lﬁow?ﬁge ﬁf?g% d%r%%écn%%%% §4P airg eated by
the different heat sbirces of tiE- fotamTgladsembiyrtand of the Rduingl(Ftafitit ifttor, electronics and
video 20 camera).sHweiimtegnatedh oiréuit-cards 56 intégrating:thei camputertand the-assegigted circuits
of the anti- collision, warhing system grgifitted into the rotating assembly 42. 25 The rotating assembly

42 also rs a bearing coder ,
q%? - a é%utter 50 disposed so as to block the rectangular

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



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 thgé2ship, and ensures the contact of the power
supply of the units of the rotating assembly 42. In the second embodiment, the panoramic image of
the 35 sea over 360 around the sensor 10 is produced by scanning the optical slice determined by
the rotation of theisingledinessenser. Thewegtical angularopening ofckZ this sliee isichosen so as to

cover the useful, ,origntation-rangedn glevation eveswith goll/pitche movgments. Fhe apgulay resolution
of the image derﬁeggs on the 5 horizontal and vertical angular resolutions. The horizontal angular

resolution of the C|)mafyném\;tasri'es according to the speed of rotation and to the line scanning frequency.
The existing linear vid&s Tafedids Have fife sehnfihg Hlequbrciedfpicaly Baibisg £6m 62F0 to
87kHz. In practicer the:limit Of theiseanning Sftequency=-depends onttherlighting conditions and on the

light sensitivity. For a ﬁ@&@tior}lgg}g%ypgcglIyamj%g:fro%g.gjﬂg 2tevolutions per secand, the
S [ ol .

horizontal resolution is between. 0.01 and 2 mrad/pixel 15 (milliradians per pixel). The vertical angular
resolution is det&tfnified B T8 hutberof pikelSOF fite Senddr Gt the aHytidr dpenfng-df the lens.
For a number of pixets. rapgingdrpm 532 1o 8,192 anxis vertical angalar openirg betweenakand 45,

20 the vertical rgsolutian js-between Qrpgl m&@eﬁ&@g@i@ﬂ@(%@ﬂg e@gﬁrygnt@wngn Figures
oA and 58, the opticg) sgnsor 10 gomprises a et of A Viqe0 i ¢ of the scanning
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.



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 (typlcally four)
fixed onto the housing 61, - one lens 64 for each videldcamera 63, the set of 30 Ienses being ‘
disposed in such a way that the areas they scan cover a substantial portion of_ the horizon (typ_lcally
187), and - a connection and multiplexing device 65 enabling the images coming from _aII t_he video
cameras to be 35 proE@ssééilﬁ?nuI?éﬁéaﬁsly?ﬂW@lﬁé@i%ércantilﬁﬁegrﬁa&be;ahwmtegrqtedfcwdlht?card _
performing partigfdhie smagelprogessing. t&dn;ﬁl}iéﬂ%ﬂﬂi@m’@@d” iifﬂz%l%‘htt meogﬁsgr{;gp@%gr%%%ar%iz (;?1
linked to the pl mo f.the carrier; shi ic on.alarge s 1avin

limited to +/- Figé ?Sgg:g \gggg] ggrgr?le?% hé%/?r])é al5§ %Q mi%grji %f)ff%‘éb%? 1%2121%5‘?%:313%@ G6nSEs of 8 to
12 mm enables the feolution neJééa;_sargl(Po be obtdined, i 1&lPthe lightiag %éndlhé_ﬁg,{mr adetection
range up t@ 10B00LmétersrTiod interfade with tHe épticak sansons {eleetrenie L circuitandbcard,

and/or softwaremand/onwired connections; andiar wireless §9993%i8”§2eb_38%‘%%%ﬂ§d optical sensors
and the associ%tﬁg cggg)uﬁr %t%daﬁted t%.the architecture chosen. This interface can therefore

comprise: 15 - an interface integrated into the computer, °FarfintsHateihfdyrd@adfitotRe sensors, -

an interface contitédin-mtérmediate case. The interface with the optical sensors ensures fwo
functions of: 20 - acquiting the imagesand.inthe-eventthat the sepsprs:have arotating.assembly,

acquiringthe s rcuit  and card, and/or  software, 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,



orientation 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 1Bigures 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 is an electronic circuit integrated into the computer. In the second embodiment
described above and sShowsdn Higureésa and 4B; in dhichrthecspticabsensord Oalisesn 351 rotating
single-line videm:@magg, therinterface W is a gircuit integrated intedhe integrated giseuit cards 56
mounted onto the rotatin assemb{y %% ]f%m XIQ ct!he trgre:doerggr%gi]gglesnt i—,se”ib%% gpggg gngEs@own in

[ [

Figures SA anchﬁ?ffﬁﬁ i%h%hg%ptlcal sensor 10" Comprises a sef of fixed video cameras, the

interface IFC is-& circit lifteégratdd irfte the fitedralted ERcuitEara9 15 ‘ot the edimectiof s
multiplexing dewig.i‘tﬁf?e T@edﬁ}agewﬁcesﬁingmﬁihpdmplagnmﬁ&dm the image processing. means
IMP enables position Lfi{]cgnﬁt[lg eOfp(B@JS&.Essl‘fﬂﬁ?'%%'%Hlﬁjs‘i%%%feﬁlﬁ?_e??%t? bcqqutﬁ%%% in real

time from each image supplied by the optical 10 sensor (10), while eliminating the waves and foam.

This image proB&&¥iid EomPrisBs 2tebs ot = framing the ugeflil portidh of tHe g Stibplied by the
optical sensor (@0),edheasuringthe average lightribtensity ontdtdeastoones 169pottidrr of-thedmage, -
comparing each pixelyyith the average ight intensify,- gad allacaling @ binary:valuedg each pixel
depending,,on whether the gifference;is aboye.or.helow a ight intensity treshold,
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).



20 - 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 objects.
25 The framing of the useful portion can comprise anlautomatic 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 portion of the image can itself be split 30 into several portions, for example
according to the distad¢&bétisentescpivd] andcthe skydihe mivhichtioughlydetgemihesithe distance
between the corresponding poit apd thﬁe@rajﬂ@fnglaip.sﬁmﬂgjgﬂ@tgﬂgﬁ&c%q%@egég@pa according

to 35 the type gav%g%rpgra( Hﬁ%%sl% %IUQ%Q%nrc)e_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
intensity can be perforéd Shtftahdsas)y Gsihl Sevéral dtambters (threshold; eolor). Sthesdetection
of the visibfe obfgcts carf comprise an§ step=of asessingtheaftesglow of each greup-afixels in
successive images. With dhisaimain \@%\ggg‘@_ posﬂb@gegformygn oaf ﬁH thgTLz groups 8f plxe!]seof each
image are saved in a databasef The comparison of the successive databases corresponding to the
series of 10 imaﬁfesslotf32';1O§1ar9151 aréd aé%éﬁ%s%fo@d&coﬂ%?itt@iﬁ@%bl%folﬁ}é&%% beldetédhined
according to theitafiérgldhs i.22decording to the percentage of hppearancerdfsthese groups in a
certain number ©f #nages. Jhis method s@hﬂb@%ﬁﬁﬁe@pﬁﬁ%ﬁi&te”&'@b@ﬁ@ - waves, 15 reflections,
foam - to b reryes and iy Ui ebieets.correspnding to sis o ablects foating.on the surface 10
objects to be determined 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,



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 is performed on each
image, i.e. typically every 1/15th of a second. This pracessing 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 of the
image centered-or:thechorizan, tltompatingeaeh pixel vatheaclight intensipsthreshold. 30:that varies
according to the aygrageJlightdntensity,and allgcating a-binary valuefo gach-pixel depending on
whether the difference is above or below the light intensity threshold, - searching for the pixels of a
. . Senscr.  and . . f . . .

given value formlnsg 35 groups of adjacent pixels, - recording the position information of all the groups
of pixels in a databate ot detecied groups BDGS16 cogsrhparinig-thie datapabes of deteetdd groups

constitutedssuccessively 4peg eaeh imagersupplied-gy the aptical .sensor, angd-aeteanining the
groups constitutin% é/'sélglg eo(g)j ci[gu% fg]u_:(:ording to their afterglow in several databases of detected
groups. In the second embodiment, the image processing by the image processing means IMP is
performed first of all offeath®asitGrage EBRasEGding to'd Ferticit fifie, ADAEE Hydieally &ery
1/3,000th of a secendniEhjs processing cgmpeses theifolldwingsstéps ok d atitomaticatly gletecting the

sky-line, - re-adjsting, the image so that the skyzlinetemaing at aconstant distange, ip;nymber of

pixels, from the 15 bottom edge of the image,
10 i.e. 1

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



- measuring the average light intensity on at least one portion of Fhe imqge centered on the h_orizon, -
comparing each pixel with the average light intensity, and allocatln_g a blnary value to each pixel
depending 20 on whether the difference is above or pglow a light |ntenS|ty.threshoId, and - _
reconstituting an image formed by the series of the vertical lines. On each_ image thus reconstlt_uted,
i.e. typically 25 every second, the image processing comprises the fqllowmg steps of_: - searc_hlng for
the pixels of a givenfealue forrhing ghwpsma’agdjaqen@pb@tsin@ecaf@lmgs_them@sltlga information of aI(I]I
the groups of 30wpixels ina database pé Qgggptegﬁgypg%nac_ompgfmgsthe q_ﬂa}itgggssselsngxf detecte
groups constituted L poneesacfeﬁgc essive :rLeconSstltuted image (comparison 'tyﬁl)ca ly done on 3 tq 10
images), and - ggteéjmlln?ng the groups consﬁ]t%tinﬁ%ﬁ)s?blg%bjecj[s 35_ according to t_helr_afterglow in
several databases of- B8fetteth groupdcirethieithird @mbodiment ke image processing is 17
performed by the inage: grocessingimeans iR orsgachrimage; .. typically gyery segond, JThis
processing compg%elsatfgefgll%\gingﬁée[%)%gft' 3 uégfngtlgaglytqleetectrlyag tge sky-line, 5 - rectifying the
image so that the sky-line remains parallel to the k_)o%tom edge of fhe ffnage, - measuring the average
light intensity off af' fe&St bhé Sporfién ﬁVﬁEQ%géb%ﬁféré@éﬁWﬁmlm_, a¢oripariry each pixel
with the average lightintemsityf X0handaloeatinga binagy valuerne Q@@h Pixel ,dc_apendlng on whetlher
the difference is-abewg ot balow.a lightpintensity thieshald, -searching for the pixels of a given value
forming 16 and allocating a binary value to each pixel depending
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



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 upon
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 objects are stored in a visible objects database BDOV. 25 Generally, the optical sensor
associated with thecimagesprooessing has the fallowing:characteristicss - ittstipplies:detectien

information, i.e. the presence of an,ohject, iIs azimuth,and in the case, ofg sysfem, with sgveral

sensors, the distanc%cjpé;%e ob’%]ect. 30 -it ?\%ablis a detec%on inghe visible, in the same conditions of
visibility as the hum# , RfgHt ahd™ day Wit appropriate 467ots (for example sensitive to
infrared), it can-opétatecinctidrekier conditions, Ry night,4hé systérm cameompriserantinfrared 35

illuminatiory device, @ng:thg distanee for detacting- dark gbstagles canggash up to 2,000 meters, - it
has a detection distance which can reach, 3cﬁjrt-%-giending 18 on }hreicé(()#ﬂ(gg{atg)nt%f the system and the
kinematics of the carrying marine vehlcﬁe, up; oﬁ%”oo% me%fs, while detec(ﬁng the closést objects, - it
enables objects nottdetectedblAthb raddr t5'6& €5 located, such as small crafts and flotsams, the
image processing can be sarried okt both in colar andiindtdckeang Wwhites ircamwoskwaith dhe

e on T A D000 0P © SR IR 4P, o
10 (+/- 157, andular velocity less than 10°/sec.

-~ 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



environment in terms of water resistance, mechanical and electrical protection, and sun, spray and_
vibration resistance. 15 The anti-collision analysis method implemented by the anti-collision gnaly5|s
means ACOL comprises the following steps of: - detagnining position informatio.n of each V|S|ble
object in the database BDOV, according to their 20 position in the ima_lges supplled_ t_)y the (_)ptlcal
sensor, - periodically calculating the evolution of the position information of each_ visible object, -
assessing the rigk 8fithe’mafiné vehicle coliding withceach visible object according to the evolution of
25 the position informatiop ®f theavisible bjectEhexpasition;infarmation of auisible olgéq_ﬁg dncludes its
azimuth, its eIev&giIgBI@gglélaE gsp}%%meqtncongggred tgfthe‘s‘ky-llne), and possibly |ts. |§tance vyhen
the latter can be calculated (in the case of a system 30 comiprising several sensors). This information

is completed by anTidic&tbiréfthe pperertdirensions Gt hewbject in fhe mage: hisightrand)or
width in nufber of p'rx@lsd'[rmexpsilhoizplejofmﬁh@tﬁ@fnth@;;Siskstgf@@IIlsipgigggpm;@jje@t_th%;r_esent
invention is based othe, gvolytion.of the azimuih ota siblg object.and on the evolution.afts
dimensions and possibly of its distance 19 when the latter is calculated. Moré precisely; the

anti-collision analysis-mathod cBfhprises the foﬁlo\?\ﬁn@st@b%‘ﬁ?:rypé]tﬁ’odi@al&ocdl@maﬁﬁifthe evolution
of the position 5 ang*dimensibrdnformatbn of each:visiblezabjectbyr analyzing the tdatabase of the

visible objects every 30 1sgcondsy.en the bagis of ahisiork UR 1920 minutes, ; extracting the objects
the aZimUi‘@ vari_atiogg y\éhé%rlﬂ% Iowt;e]géhanolbglegrggédeg{%%s peé:'rarrlrltgyztse z’on of which
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



10 - extracting the objects the dimension of which increases and/or the distance of which (when it is
calculated) decreases, and - constituting a database of dangerous objects BDOD containing the
features of the visible objects 15 extracted during thggprevious 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 6A and 6B. These figures represent the trajectory 1 of the ship and 20
the estimated trafjectary 2vdf-a wisible objget: Theipomntsiformed onithe trajectaries 1 2 show the
respective posi%ggscggg}gﬁ@p@{@ Qfithg object at instants tl to t9. Figure 6A shows the case of a
visible object 2 consa{%ere(ﬁo be dangerous. It can be seen.ip. this ﬁg[ézﬁ?;{:'}&at thetazim%th of the
visible object is const cb eparéajtg thé azifmath 6F the sF'ﬁf)L. Ik-liguar‘é1 6B'Shows the Gase of a visible
object considerasd:pondangerous? Inthigagase hbszimuth ©f 130 the visitile dbjeétheompared to the
ship is not constapte Thevariatiepinthecsize of each yvisihle-objestis -also-a piece: efinformation to be
considered to assess a risk of callision..Indeed, if the shi d the visi ject follow.parallel
trajectories angtgt%}%lre1 sa%g%S %688&?‘}3;? iml}t Qof th%ﬁég?ect%uﬁ)%%%}ncgﬁon%%ged {?)e%rhat of the
ship although tfi& 8Bjeet dods RoPRshrEdérta threal forthedhip> fh a88itdh dif tHe appareht size 20 of
a visible object ingteases; this: means diris dappraaching: thesshind Ethecshiptiseequppedwitts an ARPA
automaton coupled.with a gaday system, provisien can,furthes be, ppade forasquirjng @ziguths and

radar echo distances taken into account by the "ARPA" automaton and "AlIS" tracks. The l[:l)ositions of
theradarH%ho&?gﬁﬁﬁﬁgﬁaf%QeCt and conversely. The database of the
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-



can then be compared with the database of the dangerous objects BDOD, to compare each external
track with a 10 dangerous object and conversely. The database of the dangerous objects can thus
gather all the dangerous objects detected by the sy8tem according to the present invention and by
the other pieces of equipment 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 visgiblelsbjects BDOV antbofsdangerous lobjedstBDOD: arefANSHhgeded in a frame
format compatibleawith:thessaftware igosnmonbrused-inthe data 20 processing systems on board
ships, typically the g}llh tional Maritime. Electronics.Association) format or the XML (eXtended
Markup Language)(ﬂ\flbl\érrgﬁa. %e&att%lgﬁtesp %Sségcﬁ%ed Wit Oera%%tojbcfgct ﬁ%e‘%e 8%1%%358311 s
advantageously in6Bd&<25 - thétifhe oPfHe-firstdatettion, - the azihlithi “hhe arfgitar withh, - the
distance ftom the shipivheniibis cafcutated,ux theraceuraqy en the distange from theship30 - the

afterglow, and - thecapurpst.IThe: magjmeachine nteriage M pertamshe.fupotons, of informing the

crew and of controlli Ig the sgstem. The function of informing the crew comprises: 35 - sending an
alert signal, which £&7BeH 86und aRdA Visudt %igﬁaﬁan‘a‘?g%aﬁbaa%?éd tofa Speeifi hded tfor example
synthesized voice, @ \disration ofl albodye 2 ucarriedwevice) , as soon as the database of dangerous

objects contains a newrelement displaying:theposition jnfermation.of a dangerous, object,.and

particulady its azimuth, and ag, > indication of the urgent nature of the situation (for e
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



example a distance or a time before collision), and recording a history of the databases of the visible

objects and dangerous objects. Provision can also be made for the man/machine 10 interface IHM to
offer the possibility of displaying the image of an objg2t 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-coflisipntdavicet assdetatedrwith a radhi ehé miardmachiine damtetface Jadvantageously

enables the informationLoming drom they databases ofavisibieabjects ane-ef-dangerous ebjects to 20
be superimposed in.graph form with the, ARPA.displaying. device. If the ship is equipped with a digital
mapping devicfe:,&t Itg%%§§r%ﬁg aggo(%d%n%tt%rtﬁéjgéDﬁsg flgégﬁor%%ecﬁgﬁ%gplay and Information
System) standard, theT RfanfifiadMAciiteffaés tan Stperihipise i griphdern thel 26 Hforksation
coming frot the databases of ¥isitie wbjectis cand ot:dangarony objects with the: ECDISdisplay. The

function of contralling, fhe.system gomprises, ggmmon management commandssfor managing the

operation of the system, and commands enabling the anti-collision 30 system to be maintained. The

common manaGét&ntdarfimants complise 4 Cormarid Sor Startrg"2hd stopping the system, and if
any, commands enablirig ather detéctibimmietinsotd behtaken yistocaccounttabe selécted: 185 The

commands for maintaining the.system comprise commandsfor starting,stepping angsetting each

video camera, commanolcs enahling internal ad'ustmeqts of the 22 _computer tg be made_(thresholds,

,1d1te%]ra ecﬁﬁl 3.1'}‘_0 =54 e%ter{lan nav;LgaFlon S%% S . . 1= .
parameters), and” commands for [aunching autornatic procedures for~ calibrating and internally testing
the system. alert, 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.



The man/machine interface IHM is linked at input to 5 the database of visible objects BDOV, and to
the database of dangerous objects DBOD. It can be integrated into the controller of the marine
vehicle, or remote. In one embodiment of the system akcording to the present invention, the
man/machine interface IHM is 10 integrated into an external navigation system. The alert, display and
control functions enhance the existing interfaces of the external navigation system for the use of
ARPA or ECDIS displa§fifiBarid:The WRPA disptayrmeans tisplai on@rmeaitar ai becircular zone
around the shipzThe ARRA viewdsreantinuously. eentered,qn the ship, The lggating js made, easier
thanks to a radialling sef on-the l\gogg‘hor Orglaéi(\:/g toathemaxis of the ship, and by a series of distance
rings. 20 The ECDIS display means display bna monitoregs’r%t%%%ﬁfar ﬁgog eFlicé'i‘lq’iéi’e’h%%Bmplying
with an internafiorst-Strfdard STHE mbp §s cHarBcteRsed By the egedyiapticat positiorf itsrcentre, its
scale, the type ©fprojiiciion(generalynspeakingaMereatar) and its 25:0rientation, (more often than not
to the North or acecerding.totheaxis gfotpgc%hip). 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%ﬁ'e aar%&ésr%zg oBjectd in‘the Ry bFdpdtHic Symbaist Thas lthéiskof collision
can be assessetlY §i58#lly2 By @petater intervehtiony andmage aha visthlenobject caprle presented in a
window displayed podhe 3bdnaniterm dhis jmage istypically g@f{ﬁeggggg_ secopd to enable a visual
assessmeg in sz lipe of 1 syplitgn of adeteeied s, 23 When (i systom accofding o the

. . g S1gn
prese nt Invention
false alarms.

low rate of

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



receives information from several sensors, it can also perform for each object a measurement of the
angular displacement of the azimuths of the object supplied by 5 the different sensors, as well as a
calculation of the distance of the object. As a result pfi these provisions, the anti-collision system -
according to the present invention can offer a certain redundancy with the existing means. Thus, it 10
offers reliable signaling with a relatively low rate of false alarms. As a result of these features, the
system of the present invenéidn ¢an be appliedein many figlds;land hparticplarlyz15 -dntise field of
ships commissioned by prefessionals {trade Jfishery [lopglistanee ¢uiising State-gwned;,ships), - in
the field of pleasure, boats, b)‘lP its g%ntribu ion tgL the safety and corrr&?flort gf he crew gs%ectially in the
20 absence of radar, -Olﬁefﬁle iéld o eco%%talr%ﬁannse%gi%afsafbu%ys,eﬁght 8uselsrfl e%conéD, jetties,
etc.), by monitoringrand certslling tHe kaffie ahds fetindaficy of the 1&ntiedllisiof safetyin the most
dangerousszones,2&rinthe field oknavaldrones,dy:the passibility of iguasanieeing-permanent
control of antI-Ca(?|S|ISI(E% esafg%,ﬁy@ﬁ vyggn deployment zone.of qrorberls m{:g%g& ggntrollled by

the controller. In addition, on any marine vet:%l?cle, the system of 30 the present invention makes it

possible to autGHaRCalF réedrd it derettivns of diisie dBfects  thatéddit CentiintE the data
saved automaticaliekca "black baxd of tWoyage DatalRecoldee VDR, Wwnilkbé edderstoodidsy those

skilled in the arty 35that waripus,otheralierpative.embediments and, applications gf the system

according. to the present inventi?{l are possiblg. Thus, the present invention is
10 course. rturthermore, the system according to the present

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



24 not limited to a system in which the optical sensor covers the whole horizon of the marine vehicle.
The zone monitored by the optical sensor can indeed be limited to a front area of the marine vehicle.
It is not essential 5 either for the system to accessgosition information such as the azimuth of the
marine vehicle, or information supplied by other systems equipping the marine vehicle. Indeed, the
position of the objects detected can be determingﬂﬁ@ation to the marine vehicle and to its 10
course. Furthermore, the system according to the present invention may not comprise any
man/machine interface, and merely send the information concerning the detection of dangerous

objects to another system pf thermarine; vebitle; conwprising:a: man/sachine imerfaee 425 CLAIMS

1. An anti-colli%i%iv%alrgin@%xste@ f}@r lmlasr!{?; vehicle (12), comprising: 5 - at least one optical sensor
(10) covering atleast partially ‘the ﬁoﬁzon‘o e marine vehicle, and supplying images, - image
processing means{iMP)SToR sedPERingP R TSP imé i:88€h iage sGRYIREFBFthE bptit&f&énsor for 10
groups of adjacentixelszcrording4o the lightdntensity of eachrpgixel ot therhage, dor assessing the

afterglow of each QQHBIﬁfLBi@(eﬁJQ gSéjglcessive images, for determining groups constituting objects
visible on the surface of the sea, according to their 15 _afterglow, and for determining position

information of “at &%t $he BF HeASHIE oLt S antttbllisidrPanal/&fsmBaRs (ALOLT fi-periodically
calculating the evotution dfrthe pokitioragfornsation. bedt leasttdrre visiblecebjecteand forfassessing a
20 risk ofithe maring-yehicle callidiggiththe visiblee1s  according to the 1light
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



object according to the evolution of the position information of the visible object. 2. System according
to claim 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 substantig 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 sandie orgried & caverdhes higflaaly iaton, 4 system according to claim 3,
wherein the 35_opt<i_icalrsecnsgr r(110) con;%ises: - a video camera (28) comprising a’lens (29) having an
26 optical axis oriehtet substartiaf Variieak), 4 F0tatistf 4S8mbiRY (38) ARietiby (& motcHt31) and
bearing a mirror (3BedargedEinhe dpticdlFRld of the tens aiul arfentedbsubsthnfiaky: at 45in relation
5to th?J I0|o(tica)1l axis:ofdhe dens, and ao(iﬁ\éﬁ%fhﬁ)sfeb@@éﬁ@@%&ﬂ}? %@guigropq%h!ti% 95%@%){10'@(;”9
assembly (30). 5. t ccording to one of claims 1 tg 4, 10 comprising: - a housing (21) made up
of a base (§2) use?gseg%%ar?) 19lélhr%gdi faas}falﬁli?e% Fanéﬁ( ?)nr%buﬁfé onto a stabilization device (25,
26), and used as a 3taf@¥érthe bpfical T seRSBFIDING. SyBRMARIbEAING Tooelairh & whérein the
stabilization device Comprisestai ginbed £2oand agyro. wheel (26). 20 7. System according to claim.
3, wherein the sensor (10) comprises a single-line video camera rotatably-driven around a vertical

axis. 25 8. System accordinsg to claim 7, comprising:
- System according to one of claims 1 to 4,

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),

— a 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).



- a housing (41), - a rotating assembly (42) held in the housing (41) and driven by a vertical axis motor
(44), - a protection cover (45) for protecting the rotating 30 assembly having an opening (49), - a
digital video camera (46) fixed onto the rotating agsembly, 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). 27 9. System according to claim 8, wherein the sensor (10) comprises
a protective glass (52) ventilated using an exhaust fan (53) to protect the lens (48) 5 10. System
according to claim 8 or 9, Wheré&ili Sy e préCEdintfintégrateth éitduit SBardsVBEBY @te fittedeinto the
rotating assenyaly £42). 10djl. Systemiaecordingte opeof claimg 84e 105 rompxisinigl.a teeasuring

device (57) for, measuring the, Q{}glﬂla}g Qg_sipgg)ofgge §<}t§ 'rég:@sscez{gblyégg). g.?zf d?ystem according to

one of claims 8 to 11, 15 wherein the digital output data of the optical sensor are transmitted
through ré[ating contacts (58) which also ensure the contact of the power supply of the units of the
rotating assembly (42). 201¥B. Systetreaccerding 4o one afcclaims dnto 82,ccondpriswigemeans for

interfacing with g-compass- 44 Sysfenrecprdingtoone of claims. 1o 13, s¢omprisingmgans for
interfacing with o%:her ensors and, 25 analy%!% éneags erforming an analysis of consistency with
information suﬁ)Bllé)d B@?hggt‘h%F%ﬁsoa@?T . 5’/'st i ccording to one of claims 1 to 14, comprising

signaling means (IHM) to signal that a 30 dangerous object is detected.
10 11. System according to one 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-



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. 35 17. An anti-collision warning method in an anti
28 collision warning system for marine vehicle (12g comprising at least one optical sensor (10)
covering at least partially the horizon of the marine vehicle, characterized in that it comprises steps
of: 5 - acquiring fﬁrp the optical sensor ima estincludiga a portig:nlgf the Qggz%rlgf the&{g rine
vehicle, - searchingin Te4l timein each imagg’eS 56Guiredor grotips of adjacenit pixels atcording to the
light intensity @PBRER pidet ofthe Ifageé, 107 casteEsiAg theSaffargow OfYack ¢i6ds BE pikéls in
successive images acqyited; + Hetermining graups. eenstityting abjectsnvisiblecon theh suiface of the
sea, according.to_their low, - de ining position.informati f atleast one of 15 the visible
objects, - eri?): |g§iécgg%}:%%t%r% t % gl/{o utiogngoéi}é%%ls%%% %‘J'f%r%mgat%%n'of the visible object, and -
assessingga risk oPREYMAARE vaHicke chbiiBinGRTitH e VSBRGhjECEABES diHytHIAE RFofition of the
20 position informatton:-af-thewisibliesobjectiawisiblé obiject beingreonsidered elangerous if there is a
risk of the marine yehicle eqllidingwithdhe visibje-objgct. 18-Methad according fo£laind 7,
comprising 25 steps of displaying information concerning each da gerous object, and of %nding a
warning signal as S66PES a féw GShGETSUS ob?éc%?gﬁete%ﬁé%‘?ﬁg. Method acEdrding i claim 17 or
18, wherein 30 thé starchiinieach image forlgoups of Hifacemepikels comprises steps of: a) framing

the usefulportion ofdbedmage suppliedbyerglow 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



the optical sensor (10), b) measuring the average light intensity of the pixels on 35 at least the useful
portion of the image, c) comparing each pixel of the useful portion of the 29 image with the average
light intensity, and allocating a binary value to the gixel according to the result of the comparison, d)
searching for pixels of a given binary value forming 5 groups of adjacent pixels. 20. Method according
to claim 19, wherein the framing of the useful portion comprises an automatic detection of the
sky-line. 10 21. MetAGd acterding tFoRe 6F @SS +28& 26 eBhtbrisky StBFs BfAREREFARY a position
and dimensions oftheiokjegtswadible in®achémpdecancioidetéimming thendangenols aljects
according to variations in the 4 p:pasifion and/or the dimensions of the objects visible in successive
images. 22. Method according to_one of claims 17 to 21, wherein the steps d) and ¢) are,’gerformed

for each image 2630 ARTEC O SION WARNING STYSTEM PORFRARINE VEHIBTR'ARD
ANTI-COLALISION SNAESISEVETHOBRS ABSERACT The present invention relates to an
anti-collision warning system for marine vehicle (12), comprising: at least one optical sensor (10)

covering at least partially JQOthe qgcci%on of the marine vehicle; i%ajx_gﬁel ptﬁh essin% means fo{r3 extracting
[ [ e

) : . v ] according. to o Irere 41
in real time from each Image position |ﬁjforma<t:|on O% O%Jegts VISIDle Oon ’suﬁace oflfhe sea, and

anti-collision addlp8isifeans, whith pegsditdlly Ralkulae theEWwIttivRf the positiciititsiation of
15 each visibledehjeet; aod witich lassessya Iiskof the

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



marine vehicle colliding with each visible object according to the evolution of the position information
of the visible object. Application to all marine vehicles, whether manned or otherwise, as well as to
buoyant 20 apparatuses. Fig. 1 25 30

ANTI-COLLISTION WARNING SYSTEM FOR MARINE VEHICLE AND
ANTI-COLLISTON ANALYSIS METHOD

5 ABSTRACT

The present invention relates to an anti-collision
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 on the surface of the ses;
and anti-collision analysis means, which pericdically
calculate the evclution 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 evolution of the position information of
the visible object. Application to all marine vehicles,
whether manned or otherwise, as well as to buoyant

20 apparatuses.

Fig. 1

25



