1 ANTI-COLLI SI ON WARNI NG SYSTEM FOR MARI NE VEHI CLE AND ANTI - COLLI SI ON
ANALYSI S METHOD Technical field The present invention relates to an
anti-collision warning system for marihe vehicle and to an anti- 5
collision analysis nmethod by processing i mages conming from an
omi directional optical sensor installed on board a marine vehicle. The
present invention applies mainly, but not exclusively, to ships and to
naval drones. ANGISCRHLEISTON WARNANE BYSTEYM FEBt MBRINEcVEBECEEPRYNBN, the
‘mari.ne vehicle consider ggrascanresaoR! anpsyarghieradpe ri sk of collision
which is poorly controlled at 15 sea, conmes mainly froman insufficiency
of the | ook-out neans. In the field of maritine transport, there are 600
collisions a year on average. The consequences of these collisions are
often serious for the environnment when they involve oil tankers or
chem cal tankers. 20 In the field of maritine passenger transport, the
ships (ferrieshniadl Dig¥dl| off ships, etc.) are highly wvulnerable. In
the field of fi y 3, | Lisi,an Veari.n unber
of victing is hjslgﬁé dggéggﬁﬁzgkﬁﬁg%g%@ |I%8L%r%%gi G i 1% e
- field of yatiiyg cHIES onfCtar dadlige quithelcke eqivht .tQColan siadiisiat sea

mainly seswdlfroPmm Lack yafi sl opkrhedt pbA ?&%gsfsahbwﬁnaée@t ddheryigin of
70 to 90% o 30 aCC|q§ﬂEs, ethﬁg %y,lnsu ficient, vigilance, or negligence
of the offi“fcré?%ad? W LG RN o S AEn P Bt CToPAFE 1 i sk.
The | ack ofa wagtilrencesHissleaften noticed when the ship is in a "priority"
situation, o

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 is 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/roli off ships, etc.) are highly
" vulnerable.
In the field of fishery, there are some 3,000
collisions a year. The number of wvictims is high due to
25 the small dimensions of the ships.

In the field of yachting, collisions are also quite

frequent.
Collisions at sea mainly result from a lack of look-
out. A human failure is 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
pocr assessment of the risk. The lack of vigilance is

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




2 in conditions of good visibility. Accidents can also result froma |ack
of qualification, an ignorance of rules, or even froma total inconpetence
of the officers of watch. It is also frequent for the nunber of officers 5
of watch to be insufficient due to a reduction in the crew (mneuvers,

mai nt enance, commercial activity, etc.), resulting in the officers of

wat ch bei ng overworked and overly tired. These accidents can al so result
from poor isecendikhéopadart sgepdmvinitlignesentAcaismtcona@n ciddlsoshi ps

have a radafesiS¥st eFoasS ANtlizxGol MfSI@mﬁﬂf&cpc{@an Thihs sySbLamSHPRIF es
accurate and reliable informati on, but gw res a setti n%§n procedure to be

ri gorousl y 3bit% et e B Her Lo BeloEpLi éln RIPEtEESEI 8fa fftdicedd 1 i si on
system Nowf wdtdihi s 1 acedidr® lfreﬁfdeﬁft p‘_tmr loheappinied: ofherfe iafe@ sal so
ARPA—tyge sY, temﬁ‘ "Aut matlrclsRﬁg 5 Pl ot Ai d") |Cch anal. %{z%the

si gnal s supp! i &d-by radar S Thas& S?Ete 1éfx’/e alFﬁ e &

al ar ns. Th:a:afvesumanatsretﬂmt ntehien talrearroadevdareneassiedi astadd wiittyh teties. )20 system

is often st A3 Wt ‘BHBt b‘fﬁh@%@fs'f fca&é%h é&ﬁg‘ 6OLSh hagqals %1 been
devel oped t must” equip a h-Tti sk ship assenger transport

carriage ofO r%%od&b%@ OWCQQQOtén%Fl@ StPhPf?SSl}é?t érﬁoﬁlr&%’éf to be
very effi cuggfg c?_ﬁ wenrddad %y@%ﬁpl ated with an accurate positioning system
such ai a obal Posi tioni ng ﬁste wever , Al S does. not take
into a Qount th G r &FFSERST SHPP grmegida otS]%hQr?p S tth thi%syst em

and that arsystssh asgl‘aeﬁtle-l’cdll’llmUJmﬁreqlﬁ@H&ntTOdamlS)ﬁiy}Sﬂdﬁe guagdrieiss real |y
taken into acc&% %fcfjg:ae 1‘% l% tIlleforr!mai%1(231}1,C(})al tI Srie%ir-[a | 3 see%"{ii Qje”t '
suffers froma S & red1 ancy -
procedure to rlgorously applied in order to ‘be
efficiently usable as an anti-collision system. Now,
153 this procedure is often poorly applied.
There are also 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 is that the alarm device associated with the
20 system is often stopped.

An Automatic Identification System (AIS) has also
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 is associated with an accurate positioning system
such as a GPS (Global Positioning System). However, the .
ATS does not take into account the traffic of ships that
are not equipped with this system and that are much
greater in number.

30




The object of the present invention is to overcone 5 these di sadvant ages
by offering an entirely automated anti-collision warning systemand an
anti-collision analysis nethod. Brief description of the invention 10 The
present invention reiates to an anti- cdllision warning systeminstalled on
board a marine vehicle, conprising: - at |east one optical sensor covering
at least partially the horizon of the marine vehicle, 15 - inage
processing means for &dawct iong v ntheal radae ify omerddgestakippl isddy the

optical sens@icResi tdPn adf OWI%H onRpef afskeasgk 088199539&2 visifyl & on the
surface of the sea, - anti-collision analysis neans, which periodically 20

cal cul ate t?ﬁP¥RWﬂQR|§Hf§ﬁI§rﬁ??ﬂmﬁtk%ﬁF|Qﬁ(ﬁQQﬁ44ﬁP . the vi si bl e obj ect,
and whi ch assessTie roskeof ble th@rpf&e\/ﬁm cheetol bh diing £ tchréﬂ‘lﬁ:mé sible
obj ect 5ACCC dlng t.o _t.he vqut| n of 05|t|on nfo natlon he

vi si bl e obj e 25 RRES PG ﬁ& o gﬁe Iﬁ% fe?hérﬁi%seﬁﬂ OW%\ tion,
the opti calars@TsmlJammm sesarmtih@astyshem vadelo canerenitfi-xed liisiel ati on
to the mari i cl ggyg covers at |east a substantial portion of the
hori zon céﬁﬁﬁﬁﬁgﬁ§f§a 0 According to one enbodi nent of the present
invention, the optical sensor conprises at |east one video canera the

opti cal fi e 1€k Of d@'ﬁd&ﬁ;ﬁﬁ%r@%@rﬂ@tﬁﬁreﬂﬁ&mer the horizon by rotation.
Accord|@g to one en%&flnent of the, present 35 invention, the optical

sensor “donpri ses: ClePTEHEa cOAPFIEINY alPLAkSRaviAg &R oftitdal axis
ori ented substlantical | wamﬁwgcalsyyterﬁ ingd Hlddg casspahlky dfii wedrine a notor

and bear'n%éﬁicle, comprising:

—~ at least one optical sensor covering at least

partially the horizon of the marine vehicle,

15 - 1image processing means for extracting in real time
from images supplied by the optical sensor position
information of at least one object visible on the
surface of the sea,

— -anti-collisjon analysis means, which periodically

20 calculate the evolution of the position information of
the visible object, and which assess a risk of the
marine vehicle «colliding with the visible object
according to the evolution of the position information
of the visible object.

25 According to onhe embodiment of  the present
invention, the optical sensor comprises at least one
video camera fixed in relation to the marine vehicle and
covers at least a substantial portion of the horizon
continuously.

30 According 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 to one embodiment of the present

35 invention, the optical sensor comprises:

— a video camera comprising a lens having an optical

axis oriented substantially vertically,




mrror arranged in the optical field of the lens and oriented
substantially at 45 in relation to the optical axis of the lens, and 5 -
device for measuring the angular position of the rotating assenbly.
According to one enbodi ment of the predent invention, the system
conprises: - a housing nade up of a base used as a stand, and 10 - a
stabilized tank nounted onto a stabilization device, and used as a stand
for the optica sebsbdingAesseubhy tdriome enmpodi merttornfandebpaesrgt a

| nvention, thestali | lzatlan, deyl eReCoRRIISas A& idat cApd1angyLadiheel .
15 According to one enbodinment of the present invention, the sensor
conpri ses a sidgliigthe s@éantdaddra pét afabl yidri vekraidunda Fé&ti cal

axis. Accordi npti@0neanhedi mert 1@hd herr esent  invention, the system

~conprises: 20 - housing, - a rotating assenbly held in . the housing and
driven By T VerGPEAFSadts fBRAFIring hher ot RPOhAE oS s St edti®hg t he

rotating asseriiatirayiargeabigpening, 25 - a digital video canera fixed
onto the rotati , ly, .and npri si ingle-li de ti
M RREID Y e AN EOMPIL B A NOLE. T B degeling

element, - a lens ical axi's™of ° I'S capa 0 anning the
hori zon by iroteattiiom ofthehe ysdteat iavgpr3Gesssenbl y. Accordi ng to one

enbodi ment _of A he,fieseMadd REERIH QNpalshe LSRRS Qs GORLINSES aAqPr Ot ecti ve
gl ass entilated using an exhaust fan to protect the lens. Accarding to

one enﬁédiﬁbn@-@Faﬁﬁéjﬁﬁﬁkéﬁmki@?qqﬁﬂQHQQEQ 3 PeGe PrideddSn FEvidEgr at ed
circuit cards aaice uddd tzd al Rit@nhEJrotealel RYrasseM¥enisor.

According to one embodiment of the present
invention, the stabilizétion device comprises a gimbal
and a gyro wheel.

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

— a protection cover for ©protecting the rotating
assembly having an opening,

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

— a 1lens the optical axis of which 1s capable of
scanning the horizon by rotation of the rotating

30 assembly.

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

According to one embodiment of the present

35 inventioh, image processing integrated circuit cards are
fitted into the rotating assembly.

According to one embodiment of the present




Accordi ng to one enbodi nent of the present 5 invention, the system

conpri ses a neasuring device for neasuring the angular position of the
rotating assenbly. According to one enbodi nent of the present invention,
the digital output data of the optical 3ensor 5 are transnitted through
rotating contacts which also ensure the contact of the power supply of the
units of the rotating assenbly. According to one enbodi nent of the present
i nventi on, irheersyisiram theapsiysesennearspf oses nhemfercing ndl Odeaw { hea feanpass.

Accor ding. . LN P didTeRly Alast DR AEREN e IMCHLAR N8 SSXFEAR cOMPI i ses
means for interfacing wth other sensors and analysis ans performng an
anal ysi s of condicstcitEyndni t BOi nforerat P oslippinited BY t Hehe 15 RfEsEntsensor s.
Accordi ng tigvaig iodinendi §ft 4 heopE ©seNHat A NYENEhBN opkhe a3y HlegfBzonpri ses
signalipg neans to signal .t gt a gan?erous object is detﬁgﬁﬁg. Accor di ng

to one enb&diTredt o™y e5BRPUIB0 TAVBRETDN, CUHP POBI 4 nfdritat i on of

each vi si blemsuoly eciie conptihses odn @z npbheanduppdiyneisi tne otinthe odbj ect .

The presenﬁﬂéngggééy% Ié%% r h fes to an anti- col l'i si on warning nethod in
an anti-colTision warm ng Efg ystem for marine vehicle conprising at |east

one optical sengsmcuulierd ngtat |@ast pakiddmeytt heokoritZun ofenesentari ne
vehicle. AqeRrdingd,0 the péﬁa?‘é}ﬁ I QY kBgns et hod i%%@%ﬁ'a%%gslteps

of : - ?xtraqtlng inreal time frominmges supplied by the 30 optica
sensor 1Posititéh & FF¥%ES-on of at |east one object visible on the surface.
of the sea, - peidedidGald y €al cuhdd i n@gridRtigeeltut i @8 oftHdie pasIddnan

infornHIi(N1A¥;Agy%n¥i8¥gge éﬁgégﬁ’ é@%%rises' means for interfacing
withf other sensors and analysis meansf performing an
analysis of consistency with information supplied by the

15 other sensors.

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

According to one embodiment of the present

20  invention, the position information of each visible
object comprises an azimuth and a dimension of the
object. |

The present invention also relates to an anti-
collision warning method in an anti-collision warning

25 system for marine vehicle comprising at least one optical
'sensor covering at least partially the horizon of the
marine wvehicle. According to the present invention, the
method comprises steps of:

— extracting in real time from images supplied by the

30 optical sensor position information of at least one

object wisible on the surface of the sea,

— pericdically calculating the evolution of the position
information of the wvisible object, and

— assessing a risk of the marine vehicle colliding with

35 the visible object according to the evolution of the

position information of the visible object, a visible

object being considered dangerous if there is a risk of




- assessing a risk of the marine vehicle colliding wwth 35 the visible

obj ect according to the evolution of the position information of the

vi sibl e object, a visible object being considered dangerous if there is a
risk of 6 the marine vehicle collidind with the visible object. According
to one enbodi nent of the present invention, the nmethod conprises steps of
di splaying information concerning each dangerous object, and of 5 sending
a warni ng si griied e igeorveds cd enew ldangerows tholhectviisdibdet ettjiedt . Accor di ng
to one enbodi ne - present__inv ' e ho npr.J teps of:
a) framng the ggggﬁﬁqﬁ%tigﬁ ofo?%e ?%%%%ﬂgﬁggliggkby q% tﬁ%%%%P?ca
sensor, b) Ny t Adeavacdded | gRMbnisess| Fems atoll esssrdaeingorti on
of the i Mage fHnAAMRAr LBACR2GA R XehcW t ahherSYST ageijdd@ht dlf ensity,

and al |l gcating,.a binary vaJue tqg each pixel according 15 to the result of
t he congari%ed‘rﬂmc% SedfHHIHRP f S Pidlel €S0fSPRYi Fén Fal BEY f SPRIRT Yfoups  of
adj acent piotelesst dachiegratteaaf adj acent pixels constituting a visible

obj ect, and neasur.ing. position and dinensions of .the_visible aobjects, 20
e) determ ning 2%%6%%%%@ ob?%ctso%%coFﬁFﬁﬁﬂF§n$ari8Fioh%heinFVﬁgeﬁésition
and/ or t he idivegrigiogns tofe tied holdj ecieriviesi Isitepisn ofuccessi ve i nages.
According t iyen h t el nt.i t d npri ses
st eps of aé@eggﬁﬁg%?ﬁgﬂﬂ%SEE%%g?gﬁgaﬁgﬁﬁga%% g%guﬁqﬁbiﬂgng§§%gsE cessive
i mages 0and oftheCOtACALN§SEOTgr oups constituting visible objects
according 9 theishirahiyeiileovAeray di hi o pnen eMbpdbaeat okakhe opkesent
i nvention, the franingfof t he useful portion conprises an 30 automatic

i

detection of FIR&HP Piné&he image, _
c) 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
of adjacent pixels, each group of adjacent pixels
constituting a visible object, and measuring a
pesition and dimensions of the visible objects,

20 e) determining dangerous objects according to wvariations
in the position and/or the dimensions of the objects
visible in successive images. |

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

25 afterglow of each group of pixels in successive images,
and of determining the dgroups constituting wvisible
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 to one  embodiment of the present
invention, the steps d) and e) are performed for each

image.

35 Brief description of the drawings

These and other objects, features and advantages of

the present invention will be explained in greater detail




According to one enbodi nent of the present invention, the steps d) and e)
are perfornmed for each inmage. 35 Brief description of the drawi ngs These
and ot her objects, features and advantages of the present invention wll
be explained in greater detail 7 in tHe follow ng description of

enbodi nents of the present invention, given in relation with, but not
limted to the followng figures, in which: - Figure 1 shows a system of

t he presentin nvdmt i doll®virgt aldestmoptd cshi pf - ericgulienchtshowsE i rehiel ock
formthe f i f : st f.ot pr. . nv hon, - .Fi gures 3A
and 3B show%%‘ei%}:tqgn‘]})%gﬁlﬁg%t gﬁ‘%ﬁle_ rslglster%‘c'jL%% C)It eﬁgﬁt‘éléentbultnvgllr?tti on, 10
- Figures 4ATHAGUBSHOR £ddcstidedicyingent 16f whieh:syst em of the present
invention, Firgyige SA aBAoRB SHOWAst&hr b emhadi Myte Qfnit he msxsitayn of the
pr esent5| nvent i (}31 - Fi urg}sJi 6A and 6B show a principle of analysis of the
15 ri sk of TG4 'e(%oé]p%’i i"dHsy the method according to the present

i nvention. -Detigjdred fdesshioyd i am oblpref efsad emeodfomrbtsoAs skdwithien Fi gure
1, the syst t re t 0 .invent.ion conprises: - a set of optical
sensors, 15@&%&8&2&%&&%%Sr?r}%hén%s?gl%éroglt’r uctures of a ship 12, and - a
conput er 13 ififgiuasise A mnchehahagata did dsti dgdodfimertte ofhitfie 25 sAsmshown i n

Figure 2, tdie Syste@sehtt N&-RRSSH, invention conprises, froma functional
poi nt % Vi ew, ments, 1.e. an optical segnent SO and a_tacti cal

two  se ‘
segnent0ST.” THEUESS cAf s¥frerd® cBRPY| stssecond embodiment of the

system of the present invention,

- Figures 5A and 5B show a third embodiment of the system

éf 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 in Figure 1, the system of the present

20  invention comprises: '

— a set of optical sensors, 10, disposed here iﬁ the
superstructures of a ship 12, and

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

25 As shown in Figure 2, the systenl of the present
invention comprises, from a functional point of view, two
segments, i.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 |

- — image processing means IMP which extract the position

information of objects.




30 - one or nore opti.cal sensors 10 covering at |least partially the

hori zon of the marine vehicle, - interface neans |FC for interfacing the
sensors with the conmputer, which performthe acquisition of the inages
supplied by the sensor and the control %f the 35 sensors, and - inage

processi ng nmeans | MP which extract the position information of objects. 8
The tactical segnment ST conprises: anti-collision analysis neans ACOL which
performa pericdtheadlacalecul atd¢oref 3heayofigédn of the position

I nf or mat i on_ of, gach: 34 51 Dl &, 0BingaL s 13N05,A8S68% R inlerOf pL P PRI ide
vehicle colliding wmth each_visible object, and a man/ mac]ﬁl ne 1 nterface

| HM whi ch carPPetIht&Rr at €ALCRARBIPRe ©8nt 1619 er eHPLVRECHRr Phe Vi cl e, or
rgm)t e, agd \/pmsﬁiGtiidtﬁl uﬂeﬁoﬁ#legmaj i ng?ﬂ'realn_:scﬂ ) xij'osgin:glle t f‘lﬁﬁje&;tfllo fdanger ous
obj ect iss detected. The set, of _opt,ical sensors 1 van ously cqvers
Che whol’s hor | 0TS Syar R0 8F L4 GRRFLBEn( o on ot LLERET) HHat
Dependi ng on te!fae:kcorﬁfs;jgnﬂreatdm‘jeaﬁ, tared ship, and particularly the .

di mensions Of IR RPRELRIAUCLHES cadR ImFan PR ehar Al & fadanep single
sensor or several sensors. eal Ty, 'on a’l arge cargo ship, ee sensors,
one at the fromtofthhecentpobhel oné bheemplénesivgdisfle,t v remote,

superstruct uresmg epRPER b 18Rllsr 6 NHd 20 t ReBBs qQVeLegnai nehdding the
nearby&%reas ich are conceal ed 20 by the superstructures for an observer

| ocat edVon t hEANHERAYHR iVH Bt dge WEHEShip. In a first enbodi ment of the
present inventi @he edeh oB€HFOLCEDNPENLSOEsA 1V GRIVGATRID IS Qivaa) field

of which Gal bef10 rei ent e.dzto cover g'be, horri zon by rotation. £ 8 1ln & second
enbodi nent g} t'he pr eSent? Ty ent or#, edct <t Jc%ﬁﬁlltsé%o a Stthdl™e- i ne
vi deo canertd€ hlsttoan. beDepending on the configuration of the ship,
and particularly the dimensions of its superstructures,
15 it can be preferable to have a single sensor or several
sensors. Ideally, on a 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 thizxd
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 continuously.

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

platform to centre the image on the useful zone around




oriented, mounted onto a fixed stand. In a third enbodiment of the present
i nvention, each sensor conprises one or nore video caneras that are fixed
in 30 relation to the marine vehicle and, covering at |east a substanti al
portion of the horizon continuously. The best conprom se between the
resolution of the video canera and the need for stability nust be found,
gi ven the nnveg&} of the carrier ship. Two solutions 35 can be

consi dered Toiityi ng the video canera onto a stabilized platform

to cent][e_ t?e lcrragmmgbtdnepui@é ubfZ@ﬂﬁoaﬂhQumén9abtﬁH€ hae %&ht%eul%if”g g f
pi ece of infor out the at e e .ship es of roll and o
pitch) to process %n % he L?sc’efolft t)lﬁ‘tl aihtpd%q% & . Pﬁé’icﬁts§ Iovdat ed at
a5 certain di @@nd&sﬂﬁulpip(@tsl@bové ahebelmawd hgpsiyts | 1o€itedhbs a
i nformat§on capcgictbher & m;. n sensor (aytitude contro

<Sitther §00E. 180 B0 SR £ Aot e COU T

unit), or fromlmae processi ng 'on “6F 'the®%s Ilﬁle)
horizon is visitBi®€) -10 1Fhine ifonmadritsodi went shbiwﬁrl redguriesnBAaand 3B,

the opti cal Seﬁ&@brh@lc@@ﬂ%b%eqa@t&tﬁ%@ %%ﬂ%&%ltﬁ%lt@ptbga%rEEEHgagf whi ch

can be orlented to cover the hori.zon by rotation deo caner
nmount ed onto aP*SFECFIIA stéi&tlelcféﬂmbyoaf gyr¥3 copby - 3Flfrlee)sen‘sb?‘llfllo’th@S
‘conprises: - ahhmmspnglglvnradielep of a base 22 used as a stand and a

transpajgnt done ghield st b|| ank. 24 _pount ed_onto a
st abi | i zati on %?}. ({::21 ma e?q‘b Ga q\ﬁman]cfl of LRGYT o>ndBf 38. 20
driven by afhel e@PFrL@aﬁmt @ﬁns@ﬁr 1(a wcdmrmxseraa 2% ildiexed cankt@at hehe

stabilized bpekcand rhesdi ng a,hepg 294 agjing it a rotating
assenbl y= 30 %Dunt ed in the stagl |zedE§tl (Hen OEQSHESQ {'o cover %h
horizon by rotation. The v1deo camera is mounted onto a

platform stabilized by a gyroscope. The sensor 10
15 comprises:
— a 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,
— a 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 a 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
— a measuring device for measuring the angular position
of the rotating assembly, or resolver, 34, possibly
35 integrated into the motor 30 if the technology of the
latter so permits (stepping motor).

Depending on the materials used (alloys and/or




driven by a vertical axis rotation notor 31 placed in 25 the bottom of the
stabilized tank, and bearing in its upper part a mrror 32 and a sun screen
33, the 45- orientation of the mrror enabllng the optical axis of the
mrror 32 to scan a horizontal plane by0the rotation of the rotating
assenbly 30, the rays being 30 reflected by the mrror 32 so as to reach
the lens of the video canera, the notor 31 driving the rotating assenbly
t hrough a gearwasdadigsdr, tded whad erdasiriimy 2deviage haore pedsud Ingatllgdtangul ar
position off tihe d otali g K%S S v AL MQss 3hanP2SSiileys .35
integrated into the motor 30 1 f the technol og of the latter so permts
(steppi ng not or EXBEFRE ne DS t Hé Thater FAFtued SPEPLoyat ahlif o9 YEY

conposi t es)whddie zvbolo@ h@,@@mgrgﬂn Cemakhpe/@ éth@‘iahty’fﬂltghtbeOfedsQﬁ%d han 2
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characteri mmymmmaaqmsar miélldaiadi aofs tieer t ankondl) | éss $dano60 tiead/ s

(mlliradi \;aﬁrgﬁ]e%er seggnd) ét%b%%%z@ctforhe Cfeq??%% Oég tg%@él i zati,on device

provi des, i ntegration ddiation o second, a
"novenent " gfteEed itpan duhieor aofi xel /1 f05103 19fr old/ pﬁ?@ﬁn@ol eance of

the ship ofrmtfyendnhe"SUUY a 1088 T OEABACE 108 beyd urg heps kap! OV%@J:W th a
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rotation speed of the gyro wheel of 15,000 rpm.
15 The video camera 28 has for example the foellowing
characteristics:
~ a 1/3% CCD cell enabling an operation in real time in
a standard format (JPEG),
— an XGA high resolution 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 vwvideo

camera that can be oriented, mounted ontec 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 wvideo camera 46 fixed onto the rotating




angul ar opening of the lens 29 (36 diagonal) and the angular resolution
sought, and - a lens 29 with a 9nmmfocal length. In a second enbodi nent
shown in Figures 4A and 4B, 25 the optical sensor 10 conprises a
single-line video canera that can be bkiented, nmounted onto a fixed stand.
More precisely, the optical sensor conprises: - a cylindrical housing 41
fixed onto the masts of the ship, 30 - a rotating assenbly 42 held in the
housi ng 41 by dsslemblheat? ngsd43hands idrdheenl. ime adeveetitad ekemenot dtli on

notor 44 placed ah ithe hotdQmof tblt&%eg%%' F}gj’d Ne SRPE R Lagferbhe

rotating assenbly conprising a é& indrjcal_protection cover 45 provided
with a 35 rectt&fgulshe i Hubve neiat tunker £LY t RelBpi Fesr AFS™t §12p&Ss

through the ceyanto rieaeh-ddesiltenge -basidi gidal1yi deespagerna 46 fiaxed onto
t he rotgting 11 agégpﬁh%l42 and the single-line detecting element 47 of
which i28 of f séCTdl Sody of the video canera; the detecting el enent
typically eonmprilsess f4®&m ba2ihg a8 E9yuliaghtersensid | vepbasitycell $0di sposed

ina 5 vertigal ddae, ;- S: 48 vi_n I o] ks typi.cal Iy of
30 to 55, diggbét% ﬁrﬁ%?é%%%gméé_ﬁﬁgﬁ thﬁiptfga g§?5852%§%% %%é%horizon
with the rotaticegnsofthhehpgiapnngitdssiemdl gos2tignd a) tha diedetdngs0

di sposed so agsls@mphQchk ot henectangul ar  opening 49 when the systemis

stoppeﬁ so as to profect_the inside of the sensor against spray_and rain;
“the shlttar Ps HUNVET 13P nglaPragetPc adorffandl 83k Wien Terdasgstlen i s O\,
the | ens 48 i spphahected whkh aga rytepl ashes opbedaisd passiongriheetgh the

rect angul ar eni.ng .49 by._a_protective glass 52, ventilated.using an
exhaust fan 5 ﬁld\ﬂ% qn(%(% gg‘ar?feﬁﬁoﬁo TSk i heatidd a0 the

shutter is driven using a magnetic command 51.

When the system is ON, the lens 48 1is protected

15 against splashes of rain passing through the rectangular
opening 49 by a protective glass 52, wventilated 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 associated <circuits of the anti-
collision warning system are fitted into the rotating
assembly 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
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

the single-line sensor. - The vertical angular opening of




by the different heat sources of the rotating assenbly and of the housing
(rotation notor, electronics and video 20 canera). The integrated circuit
cards 56 integrating the conputer and the associated circuits of the anti-
collision warning systemare fitted infld the rotating assenbly 42. 25 The
rotating assenbly 42 also bears a bearing coder 57 that nmeasures the

angul ar position of the rotating assenbly. The digital output data of the
anti-col |i siltors walhtag s$yst elmoaee trsansmdt edot hcough athet atiseful30
contact or 3 el b0 HANST Al 10 g CAIPUAL, d%i%hcorgoqq/ﬁi%the
conpass of the ship, and ensures the contact of the power supply of the
units of tHA¥®¥BeR g assenbly 42. In the second enbodiment, the panoranic

image of the 35sLaaRyelaB60e360URdchNS rSaNSOridyd Sappegesednbthescanni ng
ned by the rotation of . the single-line sensor.

the optical_slice deternj

The ver ica{}o%@ﬂtaﬁel c?ﬁaivr‘?dftd‘fcafz angHa 5 |5e - 39iGsen so as to cover the
useful orientatilten rengedntadl evatgudmeveresditdt it | /gd t ahe noversnts. The
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accordi ng tsFarheirgpebdeafienoyat i dhhangxtisttihg |lineascuhdéng damequency. The
existing |imeAr VigeoscapRias ha 'ic'l%sscﬂk?i'i fye L &S ically
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second. 't e, o 2l 899! Ut o et veen § 01 and 2 m e/ kel

ranging from 0.12 to 2 revolutions per second, the

horizontal resolution is between 0.01 and 2 mrad/pixel
15 (milliradians per pixel).

The vertical angular resclution is determined by the
number of pixels of the sensor 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 vertical resolution is between 0.01 and 1.5
mrad/pixel.

In a third embodiment shown in Figures 5A 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 wvideo cameras 63 (typlcally four)
fixed onto the housing 61,
— one lens 64 for each video camera 63, 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 all the video cameras to be
35 processed simultaneously. This device can integrate
an integrated circuit card performing part of the

image processing.




15 (mlliradians per pixel). The vertical angular resolution is determ ned
by the nunber of pixels of the sensor and the angul ar opening of the

| ens. For a nunber of pixels ranging from512 to 8,192 and a verti cal
angul ar openi ng between 4 and 45, 20 tHé vertical resolution is between
0.01 and 1.5 nrad/pixel. In a third enbodi nent shown in Figures 5A and 5B
the optical sensor 10 conprises a set of fixed video caneras. Mre
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to the architecture chosen. This interface can therefore
comprise: :

135 - 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:

20 - acquiring the images and, in the event that the
sensors have a rotating assembly, acquiring the
orientation measurement, and

— contrelling 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.




optical sensors and the associated conputer, is adapted to the
architecture chosen. This interface can therefore conprise: 15 - an
interface integrated into the conmputer, an interface integrated into the
sensors, - an interface contained in af4inter medi ate case. The int erface
with the optical sensors ensures two functions of: 20 - acquiring the

i mges and, in the event that the sensors have a rotating assenbly,
acquiring the o¥i értaattion: dreeshrdinsnt dgrtrilpohtatodte mnpd haensiors, . e.

t he commandyofytdie \eﬁde%nopa@%r as jandynk Brt hengveghe 1 82l the, sensofes have a
25 rotating assenbl t e corrmand of the orientation notors. Int e first

enbodi nent %I § QbR Undt SHRMTIIEC MAEs A A BB iarsHikh t he
optical sens®ra J&Lr@mmrirs’@égﬁa%cﬂ%wmﬂ{@ thepidgdlcfialid efardy ch can
30 be orlentfs toccoonver t.he horé] rotatloC% t he £i‘rnterface |FC is an
el ectrofi ¢ &1 ratf t TSt e tnbu tt]tPel % %e second enbodi nent
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sensor 10 n v r erface | FC
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the optlcal sensor (10),

— measuring the average light intensity on at least one
15 portion of the image,

— comparing each pixel with the average light intensity,
and allocating a binary value to each pixel depending
on whether the difference is above or below a light
intensity threshold,

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 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 portion of the image can itself be split

30 into several portions, for example according to the

distance between each pixel and the sky-line, which

roughly determines the distance between the corresponding

point and the carrier ship.
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). '




inreal time fromeach image supplied by the optical 10 sensor (10), while
elimnating the waves and foam This inage processing conprises steps of: -
fram ng the useful portion of the inmge supplied by the optical sensor
(10), - measuring the average light inlénsity on at |east one 15 portion
of the image, - conparing each pixel with the average light intensity, and
allocating a binary value to each pixel depending on whether the
difference i s abiBve ormpet oy ¢f ghechi pieasi wythhitéshelvera2e -1isgdr chi ng
for pixels ; i den I f ' o] j n L.xel h group
of adjacenﬁggfgg%gﬁﬁcgﬁgtF%uﬁ%%ﬂkggvggi%P@u%g%%ggégg dh?Ehéaéﬁ??ﬁgﬁé
posi ti on amPIARRRE DN ofeshid i §i8icE) -obj ects. 25 The franming of the

useful portion cafe coMpEdiSEORNE athOMpt kepdet selkeRsobahhecsiby-ilsene. 1t can
ctification of the i e so_that the sky-liner i ns

al so inglud ar ma
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di stance b N pi and e y=lLin Lch Ly tern nes the
di stance b _toﬁger}%qﬂgﬂ‘c%%‘gstpl_g%diénpg a%%i%ﬂféaﬁao%é & ho%r%ri%hi"%? el || ght
intensity daRdse ataseeed adtordidegab@se3s t Adet ypenmpirigatecc€arkdrea used,
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conponths, (red, blue, yellow). 15 _The conpdrison of each pixel with the
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e 1Ng peércenta appearance
groups 1in a certain ﬂumber of images. This method i
enables the "non-persistent™ cbjects - waves,

15 reflections, foam - to be removed and only the objects

corresponding to ships or objects 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 1is performed on each image, 1i.e.
typically every 1/15" 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 of the image centered on the horizon,
— comparing each pixel with a light intensity threshold
30 that varies 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 successive images. Wth this aimin view, the position information of
all the groups of pixels of each inmage are saved in a database. The
conpari son of the successive databases corresponding to the series of 10
i mages of a sanme area enables groups céfistituting visible objects to be
determ ned according to their afterglow, 1i.e. according to the percentage
of appearance of these groups in a certain nunber of images. This nethod
enabl es t he "groupapaing stlentdaoipeses ofwdetscted webupst immstiftodmd to be

renmoved and i 3-dNE RNILCESon CYUHESPAR é‘gs‘ﬁl’gﬁitﬂ}eﬁsvﬁ egbe%pﬁclféaqat' ng on

the surface to be kept.” In the first enbodi ch the optical
sensor 10 cdﬁ%ﬁ¥§ésfﬁxbldeo canera the optical field of which 20 can be
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i
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Qat abases of “AHCEA A dnduIS EoTTT (TEd BYecdbErvel y upon each i mge
suppli ed by tfeeasijtistding the image so that the sky-line remains at

& 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, i.e. typically
25 every second, the 1image processing comprises the
following steps of:

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

— recording the position information of all the groups of

30 . pixels in a database of detected groups BDG,

— 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




sensor, and - deterninfng the groups constituting visible objects 5
according to their afterglow in several databases of detected groups. In
t he second enbodi nent, the inage processing by the inmage processing neans

IMP is perforned first of all on eachlbasic inmage corresponding to a
vertical line, 10 i.e. typically every 1/3,000th of a second. This
processi ng conprises the follow ng steps of: - automatically detecting the

sky-line, -Pertcadjasstbyg the |iegee seudwsssting skpahisnelMBnedms egch a
const ant dh§&ﬁﬂ£e1ih@.nuﬂ§ﬁicgi19'X@Gé&yf'§§@&h € 15Tﬂ§§t(ﬂ?é%¥¥%f%B the

i mge, - neasuring the average light inrntensity on at |east one portion of

the i mage R EEDhE HIAWHSW stegsnedrii ng each pixel with the average
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dat abases Ofin%%k%ﬁ%%dt raups., In the third enbodi nent, the imge

processing is P .
- searching for the pixels of a given wvalue 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
upon each successive image (typically on 3 to 10
images), and

200 - determining the groups constituting wvisible 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 the

image processing has the following characteristics:

~ 1t supplies detection information, i.e. the presence

cof 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 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 detecting
dark obstacles can reach up to 2,000 meters,

— it has a detection distance which can reach, depending




17 performed by the inage processing neans | MP on each inmage, i.e.
typically every second. This processing conprises the follow ng steps of:
- automatically detecting the sky-line, 5 - rectifying the inage so that

the sky-line remains parallel to the B8ttom edge of the inmge, - measuring
the average light intensity on at |east one portion of the inmage centered
on the horizon, - conparing each pixel with the average light intensity,

10 and al | ocat®hgtlae bFpRF§gvartieor ooéathepisysitetepertitiy lomanwethes t he
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the pixels of a gjiven val e formn groups of adj acent pixel s,
recordi ng the ¢ i GBS TR Iethorf seqt Aheroups of pixels in a

dat abase of- def eehaigsouplsi BEXs nogonpatédged hedatpbasesiof detasded

groups gonstituted . upon.each successive inm typically on 3 to 10

i mages),% and ]ﬂfa-ete t 67 I hi Ty T %grcott?pgscc?ﬁgcfié]lﬁ/’f%“svi si bl e obj ects

accordi ng to ttied rimdgergtovesnisgveanl bdatalbaies olut dettéctied grloups. The

features of thg yisl q%]leacquaerp& Sl stored in a visible objects database
€ op

BDOV. 25 Generally, t optical sensor associated with the image
processi ng hastt hE2Rol ¥Rk ny idhar Blee erficdtlicasing  plaspphi ewwhsasttd on

information, irfLliMe Preses®  Pe @b PRI td U5 aZdBHY, %@Aﬂﬁdﬂetcase
|

of a system wt veral sensors, the distance of the object. 30 -
4% det dttion i n

enabl es’a det € it FERIHEDHIEL9H hd sSid P atorddl ViS6its of visibility
as the hunen eye, isi ghhcRadeddayi W tha@ppr OpidaiteEsensor shé f atarexanpl e

She byt om casrREte | Ln o2l RS €10 PALRISLIRRE, il iars 2 ™ O
and electrical protection, and sun, spray and
vibration resistance.

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

— determining position information of each visible
object 1in the database BDOV, according to their

20 position in the images supplied by the optical sensor,
— periodically calculating the evolution of the position

information of each visible object,
- assessing the risk of the marine wvehicle colliding
with each visible object according to the evolution of

25 the position information of the visible object.

The position information 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
completed by an indication 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 is based on the

‘evolution of the azimuth of a visible object, and on the

evolution of its dimensions and possibly of its distance




35 illumnation device, and the distance for detecting dark obstacles can
reach up to 2,000 neters, - it has a detection distance which can reach,
depending 18 on the configuration of the systemand the kinematics of the
carrying nmarine vehicle, up to 10,000 dBters, while detecting the closest
objects, - it enables objects not detected by the radar to be 5 |ocated,
such as small crafts and flotsans, the i nage processing can be carried out
both in colwren artk i letdleacki sanh whiltag,edt can work with the foll owi ng
pl at f orm novene : i +/ 5) 1! .5t eco j t ching
Mre pOGLIDOL(H trdS)anPPLLoth olscy ! Qpé§¥§§§ag%}ho@

10 (+/- 15), angular velocity |ess an In a

manner adagi@PEBehdharfirdowdmng romamtofin terns of water resistance,

mechani cal — angkel®biddiga)l d@fl@_tlﬁ%{ﬂi%% B S LSRR fAthe \HdiatiQn
resi stapce. 15 The anti-collision anagl ysis_nethod inplenmented b% t he
S

anti - coPl i si ot ¥hafyEFRSHRRnd NACEMAL MY i SBs SerE ol thh ngPdeehs Kot

det er m ni ng pasidliyningfioramelatemasfe eachthd siibd i okjteeictan dvear ydattabase
BDOV, accor di eir i.tiaon in.t. i_mges ,suppl i ed t he opti cal
sensor, - per i%%cf‘ltogléH]’ly oélaltglu g%%lnlgg tcﬂ‘:e ae\;l&%s%ﬁ%’n%gf ttoh%%p(r)nslintlﬁt%r?’

i nformati om ofeXg@rtuing Bite o) betts - thssegsinnght herinskoof ofherimti ne

vehi cle col I'i didg ot Breach \siesifile QR LY diing kg the evolution of

25 the _position information of the visible object. The position _information
of a vil¥i ble &BjeECtingc| uble | ©OISANRUL hthet s Dmensdioon (ahgulvdrich

di spl acenent icoivparsed tondherSkid | Ae3tanbd RESSVRI¥hi tSHdinst apce ghen
the latter can lﬂ% al_cul at ed (ei n the case of a system 30 conprising several
" sensors). Thi 31 3 oFSCE BAEE é"t”%(sj by an indication of the.apparent
di mensi ons -of constituting a database of dangerous objects BDOD

containing the features of the visible objects
15 exXtracted 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 6A and 6B.
These figures represent the trajectory 1 of the ship and

20  the estimated trajectory 2 of a visible object. 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 object 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 wvariation in the size of each visible object is
also a piece of information to be considered to assess a
risk of collision. 1Indeed, 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




the object in the inmage: height and/or width in nunber of pixels. The
principle of analysis of the risk of collision 35 applied by the present
invention is based on the evolution of _the azinmuth of a visible object,
and on the evolution of its dinensiond®and possi bly of its distance 19
when the latter is calculated. More precisely, the anti-collision analysis
met hod conprises the following steps of: - periodically calculating the
evol ution off the pBspibPda Bbiretdi iesieasesf ortiats onmefnaachtyi disbl e

obj ect by Alomimad hewdafiahase of the visible objects every 30 seconds,
on the basis of hi E%{ﬁr% ug to 20 minutes, - extracti nl%%t he ol?l{ﬂects t he
azi nuth ‘vari at'i of Bfhi BRI 1§ oRIIERET 1WEERI nd ddgi des O e), 10
- . extracti ngpudiedbyeths 4 headapensisarmyf wphoehsibncreasesuatlénr Hehe

di stance of i ch (wh (' cal cul.at ed ecregses,_and -..constituting a
dat abasg ofﬂa\é\gagnggf)%usg(g%}l%‘gttég B[?(i)lmuct%lnﬁ a%‘ﬁll ngr‘?ﬁ Tt e%‘%hcr) es?i of- W& vi si bl e
obj ects 15akeay atned edagnt héyprehé oUARBAS skepsmaThe amad ySiAISSf t he

evol uti on afrddie a2 Hlfi Aond Yl ORiLEL AR used s aubasiss for an

assessnment of a risk o l'1ston, as shown in Figures 6A an These
figures refrdserten heet FaRELSEy WEtdf thfe dighatrl 20 the cwigedmods

traj ectory cdjefctd vBsobl e 98] efdmpadite NNt sxterABU Oopride tW@reckories 1,
2, showhhe g Leshegt Ve, bosL LLo0e gl ibe.Sup B of Lo ect at  nstants
dangerous. dangeawuse segrcits thas thysregdtiadrt heel nzithe h dehdelreusi si bl e
?Ele eggslesof%%g%ﬁg bqe%cgfbir%k@e A hagoéoécﬁ%gs LR FLIY & QRShows
- 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 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
(Naticnal Maritime Electronics Association) 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
function of 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-




consi dered non-dangerous. In this case, the azinuth of 30 the visible
obj.ect conpared 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, i®lthe ship and the visible object
follow parallel trajectories and at the sane 35 speed, the azimuth of the
object is constant conpared to that of the ship although the object does
not represent “riinkalefigrelheashipon| asatidiet idetabiaset lnd alppareemussi ze 20

of a visible olyjrcird NRases 4 Mew ®akdd, is approaching the ship. If
the ship is e%fjlﬁ)ed w th an ARPA automaton coupled wth a radar system

provi si on ¢an feringe thenales otonc i tdA T uehs andag@Ho%Tho
di stances takembjautg aceadnt pyrtheulARPA" auomakennand,” AlSd tracks. The

ositio of t.he,.radar _echoes and AlS tra hen are th the
gaf:ablas?of t H&' S5 &eﬁfhs %Feec‘tlg IHDoD 2 thf‘éoﬁ% egc}% @fﬁlé’ nal C’lr\rl\llack '
with a 10 dangeteaoysleoly etitstaamtec anver $dime bHfe rdatcatidsesioh) t,henddangerous
obj ect s caat@&&%ﬁgfmsﬂ hibBE,JaNGET 013 ARIBELR dRLpCLag B 48 Syt em

according to the pre i nventron an I eces of équi pnent of
the ship, ead®Iesigerous %WU@I%%@CI ated in the 15 dat abase with a

pi ece of |nfOfrﬁﬁﬂdﬂlélQﬁiC%hhngaigg ope ﬁéd@nrﬁoﬁﬁaﬂﬁab%ﬁ%ﬂh&%hﬁ@&h obj ect
has bega det %%refd e_@/gat abases of visible objects BDOV a of dangerous
obj ect " BDAD 3 dedy ¢ %rfF%?repPE?FrEf-llEﬁrrﬁgt |dl&|s§’l\ﬁnytlﬁgt F&Ssof t war e

commonl y usm?hgen tolfe dat aoBfeptoceasi 8ggBy st &5 eemboatinshi ps, toypi cal |y
t he NVEA r| tlerreC El ectroni cs Associ ati on) format or the XM
(eXt ended angua@e Grmat. The attributes associated with each
object in these Wﬂ@tnalté@e§h1@dmmm@@@slsﬁwam1ud3@temwm e atispe téfe t he

first deteglinfhachine 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 in 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 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 wvideo

camera, commands enabling internal adjustments of the




- the azimuth, - the angular width, - the distance fromthe ship when it is

cal cul ated, - the accuracy on the distance fromthe ship, 30 - the
afterglow, and - the contrast. The magzmachi ne interface | HM perforns the
functions of informng the crew and of"“controlling the system The

function of informng the crew conprises: 35 - sending an alert si gn?l
whi ch can be a sound and/ vi sual nal and/or adapted to a specific
need (for SXENPFeT syhfhe ezed“%ﬁ“‘ cel tgFWﬁBF%vonH?ﬁa&‘%f )21 *Rfried

device), ascsmoanas theodat abasecloingangedossat O] ecﬁﬁo@@d\iﬁésﬂs_ aE HEW
ormation of a dangerous object, and

I t, d I ng. 1 he sition inf
Sa(ra'[rr)(r:]ul ar:;é/g% sff‘gg}lﬁw%t%r?g 1raterna£l¥ nd cat 1B T4 W gent nature of the
situation (for eXagphenirackimdcenberfatenEilefior @ inddkeld siton)npEndo

d S t i b ] ) gerous
obj o6t 5 Pt slonatre Ao bem e et il i, 2 A AL
to offer tHE ARRIBTPIYE RS ARYY ng Ihecan kel nffeanntob] et ¢ il ght i n

real tine, @nthellopesatine mdeguesten ey tde shidgrconprises several
detecti on neans,_the man/ maé:hl ne interface | HM can al so. di splay an

i ndi cation 15 of” t RESond oMY nBans-Hor SUSLER i et DbfecttPamen the
ship is equppethtwi tinemARRA anthie caoldn SMaghideyi cehtassosd atEdM Widh a

radar, ﬂaagh_:l dqe jterface ag enabl es_the inf rrati on
com ng romrm% tabasnregs 0 %w glxgg¥%g% S 3¥5 of d3hg ¥ Bus 08][{ cts to
20 be superd¥fpsedispignapndg crantwialh ﬂmECtAlR}?ﬂs crdrayd rtgie devisteing f the

shipis eqqmdfa@ééﬂ ¢ dtig L8kt UPRRY "HaviEYEE6n EOLLEXAHRLE AECqdli ng to

~ECDI S ectro
the (%' ARPA or ECDIS display means.

The ARPA display means display on a monitor a

15 circular =zone around the ship. The ARPA view is

- continuously centered on the ship. The locating is made
easier thanks to a 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 monitor 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 (more often than not to the North or

| 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 form of specific
symbols, Thus, the risk of collision can be assessed
visually.

By operator intexrvention, 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 time of the
evolution of a detected ship.




Chart Display and Information System standard, the man/machine interface
can superinpose in graph formthe 25 informati on com ng fromthe databases
of visible objects and of dangerous %ects with the ECD S display. The
function of controlling the systemco i ses commpDn managenment comands
for managing the operation of the system and commands enabling the
anti-collision 30 systemto be maintai ned. The combn nanagenment conmands

conprise a conmmelfEn f BResEysteAy afrPEtighi by the Sresemt aHuwemtiamy,

commands enﬁé)ckéﬂ@e@t mﬁfo@lﬁhe%horﬂr&@n§e{r@r§@ k@ risNt 0i t aceauUN14p be
selected. 35 T e co n s for intaining the s stem COITEE}I se corrmands for

starting, stoppiHy s%‘?‘f}i’né’ viPdedtae It e
i nternal adjiuspherdecrof bthe t22 a:mmmtles; ba bﬂlenmlejécthreslb@llded by

paramet @rs)ep @”Eilf%QngFd%e %orsﬁgr%fc N1 3uLQ SaPEO %‘S o he

callbratlng and inter esti e Sy stem hé man I'ne’interface
|HM i s |i nk&staangapif fﬂb? aprart dat abase of visible Obj ects BDOV, and to

the database ofzdangesoust 0BFechs sBBPR ol iCAR, b%Hema%QflaI&ﬁlfgl%r{ he
controller of the marine vehicle, or renote. In’'one enbodi ment of the

syst em accot¥fi¥fg" t 6°EREA pPedeht thRy e TRt t RBVARRLRACHIATe PHEEFS &te | HM
is 10 int eggrdech i ReAQuAdagsiernialh n@megaéxlcgtlsdgstﬁ@hnghe alretuk, ditspl ay
and corlbroloiffj lpstl onfle%gance th exi st.i.ng rface F@t he xteré1al
navi gation sys eme The® ugd9"p lﬂﬂpﬁfl&h EBCDT %Fjs‘ﬁj;i/ 5n§a PhéarRPA
di splay nediwslsh spleaynson a nmonitor a 15 circular zone around the Shl p The
ARPA view is cqui nggéglﬁtce@f ered Qn %Q%\%lt%% Ihe | 49 Lfs

e r or re

easier thanks to a l'ine set on t \ _ ative e aX| s of
the ship, &EIRpta deFPBSieN @At BfceaPPhgsd in many flelds and

particularly:

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

— 1n the field of pleasure boats, by its contribution to
the safety and comfort of the crew, especially in the

20 absence of radar,

— 1in the field of coastal channel fairways {buoys,

lighthouses, beacons, Jjetties, 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 1is
not wvisually 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

applications of the system according to the present

invention are possible. Thus, the present invention is




20 The ECDI' S di splay neans display on a nonitor a rectangul ar geographi cal
map conplying wwth an international standard. This map is characterized by
the geographical position of its centr its scale, the type of
projection (generally speaking Mercat ovz‘f? and its 25 orientation (nore often
than not to the North or according to the axis of the Ship). The |ocating
on this m |s made easier thanks to a grid representing the constant

| ati t udes | digitedesto THesSYShe™ yhas Wiidi sfphgy ARPRAS2d sIHNEPT he
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symbol s. Thus the risk Lsion can be assessed  visually. By operator
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bj &BF.
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~(trade, fishery,” I ong distance CrUISF
: dangerous ~ objects to another system of the marine

vehicle, comprising a man/machine interface.
15




ships), - in the field of pleasure boats, by its contribution to the
safety and confort of the crew, especially in the 20 absence of radar,

inthe field of coastal channel fairmayi,(buoys, | i ght houses, beacons,
jetties, etc.), by monitoring and contfdlling the traffic and a redundancy
of the anti-collision safety in the nost dangerous zones, 25 - in the

field of naval drones, by the pOSSIbI|It£% guar ant eei ng per nanent
control of anti-collision safety, evelrien the depl oynment zone of a drone
is not visually controlled by the controller. In addition, on any marine
vehicl e, the system of O the.pre nvention makes it possible to
aut omatical |y recorg aﬁﬁl % Eﬁe %gff%ﬁ%nowa§P§P&<§¥ﬁﬁ%ﬂn OT't RA£186ul d
enhance t he V§&iglsavdd)aurcomeriicdnigy in a "black box" or Voyage Data
RecordersVDR ki wdispe glgde(g pogh by e I the art . 35 that
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various ot her alterniélve enbodi ment s _and  app |cat|ons 0
accordi ng to t R8Tprasént thenbericen afetpesmibliae YRhiclehe present

invention is 24magetﬂﬁdﬂééﬁhﬂ§ ﬁegﬁgtqug)w@bghe%Q%ag@Hh |, senggy
covers the who hori.zon of._the marine_vehicle. The zone ni'tore by the

opti cal sensorkgan i HaS8d BRAPERI t BHPPSE f P¥nt thPea©BFifRé nEenAGT
vehicle. It ispnetitéssennifakmstébhher hor l1thetsyatesblecacegssppesbhi on

i nformaig on such. ag-khecazkmMupp gL the marine vehicle, or information
suppl i ed by other systens equi pping ®the marine vehicle. | ndeed, the
posi tion of "t ha"bbyeetdigépnct echvaly s detrerarisned i(Acoal) at i onwhochhe

mari ne vehi cl ep@pdoliOchl $y10,00MNS8e RULd hswm?loﬁh%fsyé{ ”g;g&f&g' ng to
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the present invention, may not conprise an machine in ace, “and
merely send th&® %?%?Fﬁ??oﬁfcéﬁcéﬁﬁﬁﬁgCﬂﬁeWﬁﬁk&ﬁﬁ(ﬁbIﬂCtdawgér®USCbbjects

to another sysaese®s aheishrofethe marine vehicle colliding with the
15 visible object according to the evolution of the

position information of the visible object.

2. BSystem according to claim 1, wherein the
optical sensor (10) comprises at least one video camera
20 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

optical sensor (10) comprises at least one video camera

25 the optical field of which can be oriented to cover the
horizon by rotation.

4. System according to claim 3, wherein the
optical sensor (10) comprises:
30 - a video camera (28) comprising a lens (29) having an

optical axis oriented substantially vertically,

— a rotating assembly (30) driven by a motor (31) and
bearing a mirror (32) arranged in the optical field of
the Lens and oriented substantially at 45° in relation

35. to the optical axis of the lens, and

- @a device (14) for measuring the angular position of

the rotating assembly (30).




vehicle, conprising a man/ machine interface. 15 25 CLAI M5 1. An
anti-collision warning systemfor marine vehicle (12), conprising: 5 - at
| east one optical sensor (10) covering at |least partially the horizon of

the marine vehicle, - imge processing2feans (IMP) for extracting in real
time fromimages supplied by the optical sensor position information of at
| east one object visible on 10 the surface of the sea, - anti-collision

anal ysi s neans (ACO3- @h$eem peciogdiical | §o cahneul af eclhémevdl utbort,of the
position iddgriedion of at least one visible object, and which assess a
risk of the marine vehicle colliding with the 15 visible object according
to the evolutidmIFsiie (Idsimadsn YenfYr mathasie of2dhdisfsian @ sjasst,. 2.
System accordigigito claim 1, wherein the optical sensor (10) conprises at
| east ope video ¢ ra. 20 fixed in relation to the marine vehicle and
covers at least ﬁggﬁbgfﬁﬁgi étla”g‘orté]%% B‘Puf‘%gdho?r?%nac@rﬁai fpon 3,
Syst em accor didwyitae c{2h m 46} whendi mskkle asopd i sthndelsor tht0)optdnprli ses at
| east one videg r(aw%S the optical field of which can be oriented to
cover the horizon by rotation. 4. Systemaccording to claim3, wherein the
optical sensor (10) conprises: 30 - a video canera (28) conprising a |lens

(29) having an optigal saxtemord & £disybsianthakby yerthcalddh -+
rotati na assenbl.y. (30) drﬁ!lve_n by a notor (31) and_ bearing a mrror (32)
arrangé i F% ellolﬁt(qtéﬁnf Bl AP COPRE P8Rs 2ard Wilented stBSt &antdYAd y at 45
in relati owhe?l ti@a)he optical axis of the lens, and - a device (14) for
nmeasuring the angul ar position of
7. System acéording to claim 3, wherein the
sensor  (10) comprises a single-line video camera

15 rotatably-driven around a vertical axis.

8. System according to claim 7, comprising:
— a housing (41),
— a rotating assembly (42) held in the housing (41) and
20 driven by a vertical axis motor (44),
— a protection cover (45) for protecting the rotating
assembly having an opening (49),
— a digital video camera (46) fixed onto the rotating
assembly, and comprising a single-line detecting
25 element (47),
— a lens (48) the optical axis of which is capable of
scanning the horizon by rotation of the rotating
assembly (42).

30 9. BSystem according to c¢laim 8, wherein the
sensor (10} comprises a protective glass (52) ventilated

using an exhaust fan (53) to protect the lens (48).

10. System according to claim 8 or 9, wherein
35 image processing integrated circuit cards (56) are fitted
into the rotating assembly (42).




the rotating assenbly (30). 26 5. System according to one of clains 1 to
4, conprising: - a housing (21) made up of a base (22) used as a stand,
and 5 - a stabilized tank (24) nounted 9nto a stabilization device (25,
26), and used as a stand for the opti cdl sensor (10). 6. System according
to claim5, wherein the 10 stabilization device conprises a ginbal (25)
and a gyro wheel (26). 7. Systemaccording to claim3, wherein the sensor
(10) conprises a sindi-e-3YTEW | deeEaiRe atoloner stfatabtimdlr fvée drfound a
() o e ambly (42) el o rt he oust o (o anir® 20" ven b

, - a rotating assen e i.n the housing an riven by
a vertical %g%lﬁfgtp&sﬁq%ﬁly Off ghﬁr AP ESPEMOLAE)(%ar protecting the

rotating assenbly having an opening (49), - a digital video canmera (46)
fixed ogto the rotating ASS opprisin i ngl e-Line tecting
25 el errgnt 47), - alzl'ensl (.ﬁm%%%o‘%%??(gafggafpg gbffavﬁslii%]%nsl sbcgﬁagﬁé of
scanni ng t &ssriiry ohhgy digtidteilonoetptihe dadteat pfig thassepbigal 42ens3y 9.

Syst em accofi NG AD 1ol i&t MR UGG o 38NFY D FAYPIIeSES0HA ch
protective a%lcﬁaos%%‘%w@ﬁ ventilated wusing an exhaust fan (53) to protect the

| ens (48). ddtoreitieptlo ef aFhesreren, sipelgi /Y 3He magds
processi ng amteg aterd taingC Wislsegrids ((436). are fitted into the rotating

assenbllﬁ (42). 27 11. Systemaccording to one of clains 8 to 10,
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,
15 comprising means for interfacing with other sensors and
analysis means performing an analysis of consistency with

information supplied by the other sensors.

15. System according to one of claims 1 to 14,
20 comprising signaling means (IHM) to signal that a

dangerous object is detected.

16. System according to one of claims 1 to 15,
wherein the position information of each visible object

25 comprises an azimuth and a dimension of the object.

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

collision warning system for marine vehicle (12)

comprising at least one optical sensor {(10) covering at

30 least partially the horizon of the marine vehicle,
characterized in that it comprises steps of:

— extracting in real time from images supplied by the
optical sensor (10) position information of at least
one object visible on the surface of the sea,

35 - periodically calculating the evolution of the position
information of the visible object, and

- assessing a risk of the marine vehicle colliding with




conprising a neasuring device (57) for neasuring the angular position of
the rotating assenbly (42). 5 12. System according to one of clains 8 to
11, wherein the digital output data of the optical sensor (10) are
transmtted through rotating contacts (2§8) whi ch al so ensure the contact
of the power supply of the units of the rotating assenbly (42). 10 13.
System according to one of clains 1 to 12, conprising neans for

i nterfaci ng vitth dlethpassbiest Syecemibreordi ida occonbubior| aifnsthe to 13
15 conpri si ngod@aiorf OfniHRLE 86h NG LW OFNef, ReNsPy8cand, analifsis means
perform ng an a,nalty is of consistency with information supplied by the

ot her sensor LPIEE %Wt%%‘j(ﬁrﬁjj tPIEHREF B difaithere tie m,rigp of
~conpri sing sigralniag mears idldVMcdid isiignalvitdathe  Wdanigarouspjekjtect is
detected. 16. System according to one of clains 1 to 15, wherein the
position informati on of each visible object 25 conprises an azinuth and a
di mensi on of the objiéct . M&ThoAn amtdrdohdi Siconchaimi N7 retdwonpriisiamy anti -
collision i yeit f.or ' i ; | Si t one
opti cal _seraar a0 Estar A A BRI St R Men

mari ne vehiRECt cakh@fersending @hu@rmn@oﬁwna}ésam EpSTofs 2 @ act i ng

in real timaddamidmgsecsupp iRkddncdhe optical sensor (10) position
informi@i on of at |east one object visible on the surface of the sea, 35 -

periodically calculating the evolution of the position information of the
vi si bl e obj ect, andl@sses&ittigpdh raskooflihlje mari ndadehi cie coklidisng with

28 the vis] .Qhj. ect, ordi.ng to the evolution of the position
i nformati O?&;:quil%gn sslt%{f% (()%j!}ect, a visible object being consider-ed

danger ous i tix@mdinios ©he i gkefhl portion of the image supplied by
the optical sensor (10),

15 f) measuring the average light intensity on at least one

_ portion of the image,

g) comparing each pixel with the average light intensity,
and allocating a binary value to each pixel according
to the result of the comparison,

20 h) 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,

i} determining dangerous objects according to variations

25 in the position and/or the dimensions of the objects

visible in successive images.




the marine vehicle colliding with the visible object. 5 18. Mt hod
according to claim 17, conprising steps of displaying informtion
concerni ng each dangerous object, and_of sending a warning signal as soon
as a new dangerous object is detect ed2910 19. Method accor di ng to claim 17
or 18, conprising steps of: e) framng the useful portion of the inmge
supplied by the optical sensor (10), 15 f) neasuring the average |ight
intensity on at | east one portion of the imge, g) conparing each pixel
“with the average |ight inteAsk! Yacc@hdidy ! @cat bngid bi gar ol ue ity each
pi xel accorq%qr{%e t£ the result of the congarl son, 20 h) searching for

pi xel s of & Pl A IRES DT nhGr 86pSLILPV abif aBeRt FiteEPs Cfe ik Sroup of
adj acent piixel successtivieut imggasyi sSkhte ©bj agdteafith IL@ASUWHAY @oup@si tion

and di ngnsi f vi si_hl e.objects,. i) determni danger ous ,ohj ect s
accor dirrgg tcgdh\slsécﬁtatﬁqgl s 9553 the ﬁgjéjiet i%Sh ar?(f/cé’rrcfl%’eg di %é)nsi gzﬁ?%f t he
obj ects viafitsizgliav.successive i mages. 29 20. Method according to claim
19, conprising steps of assessing the aftergl ow of each group of pixels in
successive inmages, and of determ ning the groups 5 constituting visible
obj ects accordi ng t ¢1thélathog taé?@m?&nqzlﬁo Metdbd h8cerdidly tdeglediom 19 or

20, wher ei rthd Ifcdntiang ner ofhé hesysel Ubopel bhoBosgIBELSESnAR AR ¢ 10
det ecti,gn Or%{?tt kg:%.sky-lé ne. 23{. _(l\){l;elt hod according to claim 17, wherein the
st eps Ji? afd &~ A B rfglnﬁn@ ¥or-%ach i mage. 15

22. Method according to claim 17, wherein the

steps d) and e) are performed for each image.
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