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This invention relates generally to docking systens and nore particularly
to a 5 swetmemsfossr aut omati c docki ng of ships. BACKGROUNDPOF/UBBE3I6MVENTI ON
As is known in the art, conventional ships can have a primary propul sion
system of two types. First, one or two propellers can be angularly fixed
in a position parallel 10 with the keel1of the ship and a rudder can be
associated with each of the propeldetBociht skeah vel y, one or two

propell ers may be angularly novable with regard to the keel of the ship
and there may be no rudders. The term "secondary propul sion system is used
herein to describe any ot her pridBUPHIORHEYNVENIIAN: he shi p. Secondary
propul sion syst .are..kno to o of . ordinary ski.ll in t.h rr to
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art. As is also known, a ship may have various forns of marine navigational
equi pnent. Exenplary marine navi gati onal systens include gl obal positioning
systenms (GPS), nagnetic CORRRIESSoUNT OFGUPAPSESTICMdar systenms, w nd
speed indicator 20 systens, water current sensor systens, and marine speed
| ogs. The radar antiekavndh tie atip neteehticabshipsatah hever gptanarg psipaividnsystemnt ed

high on the ship to _allow the radar, systemto, display objects a he
great est poS§MH EPFsartya PROM Wﬁé’ropfﬁﬂa Cane Fsvleny et 1 Riopgpatagel
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the radar antenna and recelves echoes by the radar antenna as the radar 25
ener gy refl| @dtematf€ly,afne objverprepélisrsthay braangulafly noeablawath régaado thh deeliate
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radar beam ig{HRsRIREIBALAYothd PRSI Q6N sy3teRIAIN the Ehip NSecofddrifpidpalsiodi rect i on
and the azinmuthal steering of the beamis used to predict the azimnmuthal
angl e to t heystdmsare kndiretocmn wéordinenagkill adthe ath éaprovide el cantrahef Hadt gt by 30
mechani f? ' Xnélgst t%ttf-lenlgee} Qfethé S q}?‘ %or%rg]hte i&uvers. For example, bow and stern thrusters
are known in the art.
As is also known, a ship may have various forms of marine navigational
equipment. Exemplary marine navigational systems include global positioning systems
(GPS), magnetic compasses, gyro-compasses, radar systems, wind speed indicator
20  systems, water current sensor systems, and marine speed logs.
The radar antenna of a conventional marine radar system is mounted high on the
ship to allow the radar system to display objects at the greatest possible range from the
ship. As is known in the art, a conventional marine radar system emits a pulsed beam of
radar energy from the radar antenna and receives echoes by the radar antenna as the radar
25  energy reflects off of objects in the path of the radar beam. The time delay between the
transmitted pulse and the returned echo is used by the radar system to predict the range to
a reflecting object. Typically, the radar beam is mechanically turned or “swept” in the
azimuthal direction and the azimuthal steering of the beam is used to predict the
azimuthal angle to the object. The conventional radar beam is swept azimuthally by
30 mechanically rotating the radar antenna.
The beam width of a conventional marine radar is relatively narrow in azimuth,

approximately 5 degrees, and relatively wide in elevation, approximately twenty five



The beam wi dth of a conventional marine radar is relatively narrow in
azinmuth, approximately 5 degrees, and relatively wide in el evation,

appr oxi mawelog/otwenty five WO 03/ 062050 PCT/ US02/ 32644 2 aegriese32639 as to
forma vertically oriented fan shape. As with any projected energy, the

fan shaped beam spreads spherically fromthe antenna, causing the fan
shaped beamto have an outer "front' edge that is curved as if tolie on a

sphere that gbases §ifas t8den ANrBEUNF oridlited Fah sBipedi AL with Q}bg)rI) @bted BP8H the
azinmuthal |y rotated beam provides sufficient range prediction aceur acy for

obj ect s t hatfansshapedteam; spedags spheriqally fromHbe pataene, eavsiag e fam@pﬁdwb@mto to the
curved Wavefngx% an 031 ert‘H’gn %%@P@Mﬂ%&f th hl% oﬁ%%}gﬁ&% h?ipﬁzls tﬁréarrad A an cf"%g‘?r

system range ction urac reate egr ades
at cl ose- |nad1|tssdnag1|¢es Essenti al I Y, for relatively short ranges the
conventional marine radar cannot disti n%ur sh 10 range difference between a
farther $all obj &8¢ faashanedsaupuhally sofatsd; 6@9pros&errsrfﬁ@erfarﬁrgwect@rqn obj ect

and the shopf. pest @rrobge%&s?tga;? 1arrwa?rmm%m9¢fda%ﬁt& h Léqrrp art 1o'TRe del ay.
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way of the cugldffionadradhesa®St nihed dulted ﬁialcrbséﬁaé’&km@@gé@ﬁ&sn@oha@iti@hm
through the water. Control by the rudder is devel oped by flow past the
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rudder gdoes n@brbﬁrﬁ@mefoaewmabea@i@blslat phig %o am&dngaemﬁlezsttha rudder is
posi tioned to be in the flow of water created by the propeller, For other
primary propul si &8 mEpEeRadabOYE, PBEOMOFIEPS: Bty ProPRsigUsEm BYd a change

associated propeller are fixed to one axis along the keel, and the directional control is by
way of a moveable rudder. In some cases there may be two propellers and two rudders.
Regardless, directional control by way of the rudder is greatest when the ship is

20  progressing rapidly through the water. Control by the rudder is developed by flow past
the rudder and such flow becomes minimal when the speed of the ship through the water
is low.

When docking, the speed of the ship is low and thus the directional control by the

rudder is reduced. However, control by the rudder does not become zero at zero ship

25  speed because the rudder is positioned to be in the flow of water created by the propeller.

For other primary propulsion systems, directional control is provided by a change
of axial direction of the propeller. For example, an outboard motor is turned to provide
propeller thrust at an angle to the keel that results in the desired ship direction. For these

30 ships, directional control is somewhat maintained at low speed.
Both types of primary propulsion systems are conventionally mounted near the

rear of the ship. Steering from points near the rear of the ship does not allow effective



of axial direction of the propeller. For exanple, an outboard nmotor is
turned to provide propeller thrust at an angle to the keel that results in
t he desirwo oshépsdi recti on. For these 30 ships, directiomali/usonsreed is
somewhat mai ntained at | ow speed. Both types of primary propul sion systens
are conventionally nmounted near the rear of the ship. Steering from points
near the rear of the ship does not allow3effective WO 03/062050
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keel of the ship, the direction nost advantageous for parallel docking.
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ship pilots ave stantial experience to pertorm a docking using
such a t echnhgghip, irQitesmning odthdonakirgesonss dhe rdatrol while dutlsngis cempiegsd have
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t he | ongoaxisgrofhraskees shispnetimel prevdédon yadd moteagensesmarpudaigionithe shike t he

primary propul sion systeng, during docking,.the secondary, propu]sion 15
Systems knowtenfror Y Bitpulon SYRTS PP TER RTTETELE0 By SRS GH BP0 B ¢ he
ship. Like s#Rowalwiioispetpefdichleo Rid 088 ¥f thE iplsSisab peavsdeaiusitideardliRcki ng,
manual control of the secondary propul sion systens is also relatively

di fficult dukelongpes of the shint adirestion edvantagepus (g ¢ngkingat act to nove the ship

in any direction relative to the.direction .of cki ng. ntr f. the
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of t en neededyitemsRiMwioh thd@t &6 naneallyi cogrelRaklyige dptrdivofdhdBdisilaRs, al ong
t he keel and perpendicular to the keel. It is well known in the art that
docki ng er r grangalrropiselgf the pringaREpPulsiontshiges dppng doskimgy megial pantrgbekthe Ag

condi tions l%gcco%ﬁgry 'pﬁ)%lhﬁ?o%' s99uler¥1s Y¥' a@&)’reﬂﬁvé’l‘@&?ﬁcuﬁt@ﬁw%ﬁﬂ to Wtk rent and
wind that act to move the ship in any direction relative to the direction of docking.
Control of the primary propulsion system in combination with the secondary system is
20  often needed to control the ship during docking in two dimensions, along the keel and
perpendicular to the keel.

It is well known in the art that docking error can result in damage to the ship
and/or to the dock. As conditions become increasingly windy or where the water current
is high, the likelihood of damage is greatest. The docking maneuver requires complex

25  manual fore and aft thrust from the primary propulsion system or complex thrust control
of the secondary propulsion system.

Conventional docking systems only provide display information to the operator of
the ship. The information is provided to an operator of the ship so that the operator can
manually control the ship’s primary and/or secondary propulsion system to bring the ship

30 todock.
It would, therefore, be desirable to provide a system that automatically controls

the vessel propulsion system and aids in docking a ship. It would also be desirable to



is high, the likelihood of danage is greatest. The docki ng maneuver

requi res conplex 25 manual fore and aft thrust fromthe primary propul sion
system orwoaspb®z0 t hrust control of the secondary propul CaArUSsysicem
Conventi onal docking systens only provide display information to the
operator of the ship. The information is provided to an operator of the
ship so that the operator can manually dontrol the ship's primary and/or
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proximty (e.g. 25 feet or less) to dock or a docking structure. It would

be further desirable to provjde S ﬁql i | ays docking data to an
operator.50f a ;hi p. 5 SU&W@@M&%&% g%]\‘dﬂr{a&ccgrdance y\,igth t he
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secondary propul sion system coupled to the ship for automatic steering of

the ship, andebtkhreopdayespolsimosygimdotmed todhsdupfodantpmatiopadrgigard tley st em
to control thrus rovided b h econdar ropul si on system and one or
mor o radar SU8 bR TR S Ep S HETAY G UL DrHRET IR ¢ he
docki ng progesa®d WHEE &cbndahepdpakibA SysRPHRISTHR lor méseRdiMesteay t@ptddanal _
informati on provided by the radar systens to control the thrust. Wth this
parti cullr @revagrgavigational hdomation Holbk degkingrrpeassasivhersen e dodnng piagesseri on
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accurately and Sarery dock a sHrp. € aut o- dOCKI hg system utilizes

coni cal 'y shaped wigdhis fag@ditar adbngeaiehQMelaltot ki BRIeh 0Nthe phéntafi@ntion
el ectronically steered. The conical beans provide accurate close-in radar
range dat a. PYVides ehegEtie Rt 0B fesppdasy propidsig systeabiodnerg asgsatelmapd ¢ he
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docki ngier r aarrandn tvasdihichsigns tHarmpgeearoaicallnstedred dThednical beams provide
accurate close-in radar range data. With these characteristics, the auto-docking system of
the present invention can dock a ship in difficult conditions, with wind and water current,
without manual intervention. The likelihood of manual docking error and resulting
damage are minimized.
20
BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing features of the invention, as well as the invention itself may be
more fully understood from the following detailed description of the drawings, in which:
FIG. 1 is a block diagram of a ship having an auto-docking system disposed
25  thereon; and

FIG. 2 is a diagram of a display for an auto-docking system.

DETAILED DESCRIPTION OF THE INVENTION
Before describing the auto-docking system, some introductory concepts and
30 terminology are explained. As used herein, the term “ship” is intended to pertain to any
size of water born vessel. The term can apply to both power and sailing vessels. Also as

used herein, the term “primary propulsion system” is used to describe a main propeller or



BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoing features of the invention,
as well as the invention itself may be nore fully understood fromthe
fol | ow ngwoaBmsloed description of the draw ngs, in which: PCFIUS02/22646 a
bl ock di agram of a ship having an auto-docki ng system di sposed 25 thereon;
and FIG 2 is a diagramof a display for an auto-docking system DETAILED
DESCRI PTI ON OF THE | NVENTI ON Bef ore descf6i bi ng the aut o-docki ng system
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each of the propel lers.” In the second 5 category, one or two propellers may
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systens_are known to one of ordinary skill in the art to provide nanual
control 16f shipdentizht mapeyvers. fhe fowe “Hak ipmtanded tpglesgsibp apystruchuge et Weigleuver s.
The term "dqg i to describe any structure at which a ship may
cone to a s p"@fdgﬁeﬁﬁggﬁ Bwto FIG 1, a system 10 for automatic docking
of a ship i ncI ud@sfearingaiow @lHIGY1, Qfsysharm fblﬁd’lllgﬁna’tﬂdlaéklﬁglsfzeﬁﬁp idhardddle,
coupled to the ShIP 12. This ShIP 12 is hant om since it is not
(]

properly a PRFRIHPT$HRE rangsradar 95t “Exléﬁﬂl“%rrcyuli’l%g’rth‘l@%%t Ehs shind24s1c eni t
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CW f r equencyystamts Miasldc emitsantinuious wpyeol(iW) rndaramergy.
The transmitted CW radar energy is repetitively swept in frequency from a
minimum CW frequency to a maximum CW frequency and visa versa, thus providing an
FMCW signal, and the return echo is simultaneousiy received. At any frequency, the
time difference between the transmitted signal and the received signal of an echo
20  represents the range between the radar antenna and the echoing object. Velocity
information can also be obtained by extracting the Doppler shift from the frequency
differences between the up sweep and down sweep. Thus, the short range radar systems
14a-14c can provide both range and velocity information.
The short range radar systems 14a-14c may be of a type, for example, described in
25  U.S. Patent Application entitled Radar Transmitter Circuitry and Techniques, filed on
August 16, 2001, and assigned Application No. 09/931,636, and U.S. Patent Application
entitled Highly Integrated Single Substrate MMW Multi-Beam Sensor, filed on August
16, 2001, and assigned Application No. 09/931,277, each of which are assigned to the
assignee of the present invention and incorporated herein by reference. It should be
30  appreciated of course that other radar systems capable of providing suitable range
accuracy and resolution can also be used in accordance with the present invention.

It will be recognized by one of ordinary skill in the art, that conventional pulsed



FMCW signal, and the return echo is simnultaneously received. At any
frequency, the tinme difference between the transmtted signal and the
recei ved wogaab2oe6 an echo 20 represents the range betweemrcCrhesoz/aabas
antenna and the echoing object. Velocity information can also be obtained
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up sweep and down sweep. Thus, the shortérange radar systens 14a-14c can
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Not only is suchi a short p
frequency bandwidth in excess of 200 MHz. In contrast, illustrative short range radar

systems 14a-14c can generate an FMCW transmit signal having a frequency which
20 increases from approximately 24.000 GHz to 24.200 GHz in approximately 1 ms, having
a bandwidth of 200 MHz.

As is known to one of ordinary skill in the art, as radar energy radiates outward
from an antenna, it spherically spreads, thus reducing in energy per area as it propagates.
Whereas the short range radar systems 14a-14c¢ only needs to operate over short ranges,

25  for example one hundred feet maximum, the spherical spreading energy loss is far less
than that of a conventional marine radar that typically transmits to receive echoes from
objects many miles away from the antenna. Thus, the short range radar systems 14a-14c
of this invention can operate at far lower output power levels than a convention marine
radar system. An illustrative CW output power level of six decibels (6 dB) effective

30 isotropic radiated power (6 dB.,) is appropriate for the auto-docking system. The
illustrative short range radar system output power, generated with less than one Watt, can

be compared to a conventional marine output power, generated with more than one
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convent | on FR5IBEweh BHITHA bRAAR bl Al Ges W AL povier | evel of

si x deci bel s 30 isotropic radiated power (6 dBeirp) is
appropri ate for Eheh afuboshdockigagaday systeams Had 4c pfoduet 7 conioaly sheped trarsmge

radar system out put. power, dwih | t han Wat t, b
conpar eﬁotoaa‘gﬁe& V"eh‘%)ai"bmﬁeé}g“%g&%@%%‘f’%mﬁ]? %Xﬁggl,ea&gﬂ‘@ﬁgg%a(ﬁm%tlf’igﬁgre '? han
one WO 03/ 0@2&5‘951 Qﬁé#ﬁ%é 34844 sterh 14hh26 SaNEhn\ihlttafid rdcBiveOBeanhd Wit béadi | Ve

enbodi ment, the short range radar systems l4a-14c are attached to the hull
of the shi pwidthapiapoxiximatelyfiftepn degrées and abrsnsangsdn ogmath qfiaperoximppielei ght  of

the placenent, of, t short ran ra . e 45~ 8 : 1.ned b
nunber of f§Et B‘?@,reﬂgﬁx (Ee(gf & ng ot re%%én l%\é%gltoreﬁg o? %I%Péép%éél?lgnﬁtﬁ ¢ gl? lEi;%al?le do%:/ka
that is to bgefBlagtpR@ridybdaieridths CandGedd R fges wsd @istiBld.withthisiihtentien.r ecogni zed

by one of ordinary skill in the art that the short range radar systens
14a- 14cl%an be nbaehefdhe Sodirenge rader sstamsddadds aricqued g anpuigatehip 12

e o L5 X o, SRRl o ey o
transmt both range data and velocity data to the automated docking processor 18, where velocity
data is the rate of closure between the dock and the ship. In one embodiment, the signal
paths 20 are serial digital data that represent the range data and the velocity data. Ina
20 preferred embodiment, the short range radar systems 14a-14c provide range information
that is accurate to less than plus or minus 1 foot and velocity data that is accurate to less
that plus or minus 0.2 knots as the ship nears the dock. In an alternate embodiment, it
will be recognized by one of ordinary skill in the art that the short range radar systems
14a-14c can provide only the range data, wherein the docking processor 18 can compute
25  the velocity data.

In the exemplary auto-docking system 10, a plurality of, here four, trim tab
secondary propulsion systems 22a-22d are moveably mounted to the ship 12 to help
maneuver the ship 12 when approaching a location at which the ship 12 will dock.
Although trim tab secondary propulsion systems are here shown, those of ordinary skill in

30 the art will appreciate that other types of secondary propulsion systems including but not

limited to bow and stemn thrusters may also be used. As will be described below, the trim

tab secondary propulsion systems 22a-22d can be moved into the water for docking or



10 and recei ve beam desi gnated 16a-16¢c which may be el ectronically scanned.
An exenplary short range radar system 14a-14c has transmt and receive
beanms wi twolsamoseni dt hs of approxi mately fifteen degrees @0d/@B0%¥6xA4 r ange
in azimuth of approximately one hundred fifty degrees. It wll be

recogni zed by one of ordinary skill in the art that other beam patterns,
beam wi dt hs, and scan ranges are possibl®& with this invention. 15 Each of

t he short ranged o@ddthesyséravienidashiplt? anadaoupbedocked. afleatritad patvedto thocki ng

processor 18 via signal paths 2Q. The short range radar syste 1l4a- 14c
provide bof T ERGP ﬁ&?ﬁarmowﬁﬁl%ﬁ?“@%&%a% Rorais derg RPHY
processor 18p M Rh©4Meh@Ebvet switehed 268-26Mepsadr@witthes 2688968 aRebWRENd e dock
and the ship. In one enbodinent, the signal paths 20 are serial digital

dat a t hat r dptkengprocastns I8arreontiaklzne¥d t he vel ocity data. In a 20 preferred
enbodi nent, the 0 range. rad stens 14g-1 Loyl de range information
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i S accur at erddar $yems 1thatc. prhesdookingprugsssOr 8 danalss raivielatastionp nears the
dock. In an alternate enbodinent, it wll_ be recognized by one of ordinary

skill in theoraﬁﬁthq%bmaflﬁ%naglﬂaﬁ?naﬁ astfans 393 atObgrasralpgdenpied A Mams provi de
only the raHQxﬁgﬂi%Bﬂsgé’i’@x‘ﬁ@@é Por}éasoﬂ@%a VRAREEERAEr drefiGRdR AUy Biem2D the

velocity data.”In the exenplary auto-docking system 10, a plurality of,
here four, tmdmmatiabnavigatomdsysienpdGpuwinsspmnds jost cmger2i2aal2@idd speed maliadbh y

nmounted to the shj 12 .t a. hel p... mapeuver e shi 2 when, approachi ng a
ount ot ot San st Oty MR ouldbpreiatin v e i) SDieE B

propul si on gushendigi®nd1QyRerdAWalsd BOSRAOThOASHKIR PYoctkidr [18 kdtedBs 841 art
wi || appreciate that other types of secondary propul sion systens including

but not | i friomesdch of thowrdarsd 4stlée and somegirel of theynawilgetionpbsygtead 30Asdwi | | be
descri bed below, the trim tab secondary Rropulsion St 2a-22¢d can be
eved i mio Ehabes B o5t st RR IS T Rk ral SRB B o s RG & s 455K 3¢ Son
out of the paivRlesWer 4 BigplsP3n [ 2hdufd byrdespnad 8F ofOaKeal inkhett thacaly power
to the four trimtab secondary pr gé)ul sion assenblies 22a-22d is provided
by el eck¥i cHlaripppwsiigationsystan canchesed torpygmenidhe digpleyandstho sefomatic dauking
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28. 5 The docking proce erves 1'n rang ata vel ocity data
fromthe Optionally, the short range radar systems 14a-14c¢ can provide the only data.

By analyzing the radar data and optionally data from the navigation systems 30,

the automated docking processor 18 is able to resolve the secondary propulsion system
20 thrusts that are necessary to effect a safe docking of the ship 12 at a controlled approach
rate to the dock.

It will be recognized by one of ordinary skill in the art that although the exemplary
auto-docking system 10 is shown with three short range radar systems 14a-14c, other
numbers of short range radar systems are possible. The particular number of short range

25  radar systems 14 to use in any particular application is selected in accordance with a
variety of factors including but not limited to the length and the size of the ship.
Likewise, the position of each of the radar systems 14a-14c on a ship is selected in
accordance with a variety of factors including but not limited to the length and the size of
the ship 12, and the height of a dock to be detected by the auto-docking system 10.

30 It will further be recognized that although the exemplary auto-docking system 10
is shown with four trim tab secondary propulsions systems 22a-22d, other numbers of

such assemblies are possible. The particular number of trim tab assemblies to use is



radar systens 14a-14c. The docki ng processor 18 can al so receive data from
conventional marine navigational systens 30a, 30b generally denoted 30.
Marine rmaoiogasiosnal system 30a corresponds to a conventi @QaIUSe&As®H4 cur r ent
i ndi cation system and mari ne navi gati onal system 30b corresponds to a
conventional wi nd speed indication 10 system Those of ordinary skill in
the art shoul d appreciate, however, that%other types of marine

navi gat i onakelesjert iarpscardancavith abariers ofl factons intbedugiyt pooloessio tidsizeendi ves

data from each e radars 14a-14c, and. so or_all .of the navigational
aystens 30 S S mk it ARR e bl diCuBR SEMaSinShinShinbieh e By

vel ocity rebpaticver dpplithRndosdhectedntlaccprdaviedesh thatsame OaretylbSREBY, Hluding
shoul d be recogni.zed by one skilled in the art that any 15 marine

navi gati on BYdiobHmatsh thibe sizgand weighipfehf shihe di splay and the automatic

docki ng sprocesssin@l{he%ﬁﬁs@#ﬁd siffBh bf'Re SRGEL sleR 1&1?3{491%&1@%5& augrent

the system Optionally, the short range radar systens can provide
t he only datleternByedhimafayisralpord) cheranthadoctiangaysierd 10 mayoeqliteycalitattiorf soahatt he

navi gati on stens, 30,.. the aut.onat ed. docki rqeessor. 18 i bl e

fesolve tnetbatEtisPysibARE iR 1o ttis B BrF Haf Eommuiceioute d0uEX a7y o
effect a sahgl @ARKANGMHE HEKifpYrbeedsdr a8, tRusCATWIY the do Y R86RsorN8te to the
dock. It will be recognized by one of ordinary skill in the art that

al t hough t heffect apgpfe dpgkingefithe i k2.ng system 10 is shown with three short
range ragar SyStﬁ%ﬁmegpéﬁfcﬁf%?em%d? Ent, tﬂ?%ﬁﬁaﬁm%ai@@gé@ég@ £l Fdar BySt ens
Icular number’ of 's radar s

are possi ble. The pa ort “range a ens 14 to

use in any paten &¥insveaiiphiotnted oithiatipe!te tHed@1liof tRGERY DR tihtthbs@2avari ety
of factors including but not limted to the Iength and the size of the
ship. Li kedddean befingsdapwpgprdowawaH by meshanism suchas aradandiapewgdifion a

ship is sel I 1 i f i ing but not
i ted o {hePT el tan B FRRRR, Bt hipRa@hl Ebciby AThEbRNINE MY
dock to be detkagtsgsteinyofi@. Beteotrid aokomG4s§4d @ith pfopeB&s Bba-96d dre iouhiedr be

recogni zed t hat although_fhe exenplary auto-docking system 10 is shown
with fott ti e i t@éggﬁa%b-yl’w%%ﬁh SIS §\AppRF™ 9D eatiedtagthaia moither s of
such assembly,igsed BRSS! Bwel BB Sda0idladie SHMERAEI B tht BbRidARoasRND! i es
to use is WO 03/062050 PCT/USO02/ 32644 9 selected In-accordance wth a
variety of t&atdsassednpbbirdsngs tbprovmdsteithemin/ed ot @ntiheousiyzeriarielelectrical
power to motors 34a-34d. It should be appreciated that in other embodiments, it may be
desirable or necessary to use other means to control the secondary propulsion system via
20  the docking processor 18. For example, it may be desirable to provide the trim tabs 22a-
22d with an integrated means of up and down motion in which case docking processor 18
may be coupled directly to the trim tabs 22a-22d.
Referring now to FIG. 2, a display 40, corresponding to display 32 (FIG. 1),
includes a plurality of LED’s 42 arranged in a grid pattern 43. Here the grid pattern 43
25  comprises twelve rows 44a-44m and ten columns 46a-46j. Each particular LED 42 is

19, tb]

designated as 42xy where ”x” corresponds to a row and “y” corresponds to a column. For
example, LED 42aa corresponds to the LED disposed at the intersection of row 44a and
column 46a while LED 42mj corresponds to the LED disposed at the intersection of row
44m and column 46;.

30 Disposed within the LED grid pattern 43 is an icon 48 which represents a ship on
which the auto-docking system is displayed. The icon 48 may or may not be provided

having a shape which is similar to the shape of the actual ship on which the system is



wei ght of the ship. Also, the particular type of secondary propul sion
systemto use in any particular application is selected in accordance with
t he sanme wearmBmssof factors, including but not linmted t@®CThsSoys2ses and

wei ght of the ship. 5 Since the nunmber and position of the radar systens
14a-14c is variable and determ ned by factors above, the auto-docking
system 10 may require calibration so that0 the accurate position of the
ship 12 rel disposedt o the dock will be provided to the display 32 and to the

aut omat ed docki n rocessor 18, | owi ng the dockij rocessqr 18 to
effect a safe do l?lgﬂ&&%lfg RIRESS Oﬁilg?@' ?ﬁﬁauﬁ?‘? ch@nﬁﬁF%?fjéE‘ﬂngﬁB%%%B’dli‘g%éfﬂ, t he
trimtabs 22atidishefrelithe poeiion BaikePd gl 2l QRhipSYpSh VMR Re ARY.888Mivg Mount ed
with a hinge to the hull of the ship 12. The trimtabs 22a- 22d can be

hi nged upwaF¥FieR igaawed dAoshorn i Eigahi fenexample, &EDs 42dnd 42dhd 43etpddds | i ft .
The poweg |i : . ' .control l.ed, 1n. the
exorpl ary aiths ‘GADidR, PBUARL ks e b ARALCAL b AR Bou il Bl
propel | ers B6s«iti@6af aship mdicateétly iont48. Alehd distandedlosy 2R thedtual Hoyverid the t he

t i | | ith cab 4a- 244 vi Nt ches 26a-26d, Th
power *sw t cidue 5BeK SicieRo L EDndray Foth Thb: R batnadiibih 6 asabEDs #ideas
di scussed ahpye4218048%, mlcpzrz%/ehﬂetzgd fuhedn @04 ﬁfgtigﬂ{g L8k ﬁﬂﬁgtg&%’%lgl?t% abl e

electrical power to notors 34a-34d. It shou e apprecl ate at 1 n other
ermbodi ment s distancerbgtwien thel slgp pabthe doek e dlesrsasey. Thiis paeestihmpeaahnsil tle

control._the condar ropul sion systemvia 2 he. . dockin cessor 18.

For exalrr(?:)l e,LE:fjtS l%%u%lg%%%ﬂ?(gﬂﬁ &1 %fﬁrf gtl/‘i“?j’gat?ﬁ'e{ttwr‘pgﬂ‘% §§?‘§£\tgat2‘26hevm th an
integrated p@avheds thdBodkid ofl MabpPBYite @ilicion thehiesdR] Fah ehdl Skdul @ MIGOcagsor 18
may be coupled directly to the trimtabs 22a-22d. Referring nowto FIG 2,

a display 4DIOcesns Eppietiimiy thed-Edissp calpmatthpregllumynatedi ncl udes a plurality
of LED s 42 arra i eP tern 4 the gri ttern 43 25
conprises twel veﬂg%\?\a)s“eg?ge-%&ggﬁ%atagﬁ&goﬁ%aﬁngggeﬁé%f?é%?mggegﬁo%ﬁpgf]iqﬁPtar LED

42 is desi gpatteedirepsesditig awhiprean b illuetinated PG sbyt illudida@ig diféreny onBF ERS ponds
to a colum, _For —exanple, LED 42aa corresponds to the LED di sposed at the
i nt er sekl i ohEEFs 4bieshly GRAPPeabloURpYesdeseis thededkicom i corresponds to the

LED di sposed at ﬁ"ﬂ@digﬂgfﬁ§ a&d félgﬁ!ld&f anra:B?Qoa j@e\%ﬂﬁlgﬁﬁl& Hy th%ﬂepre%gntglﬁégogﬁd

within the LED grid pattern 43 is an on represents a

whi ch t he awtloeitjodakd cogrespositimmts thediebpitpyfte ship ecliatbeno 43 doely povidedpy et be

provi ded short range radar systems 14a-14c, a wind speed indicator 50 and a water current

indicator 52, corresponding to data provided by the wind speed indication system 30b

20  (FIG. 1) and the water current indication system 30a (FIG. 1) respectively. It will be
recognized by one of ordinary skill in the art that other forms of display are possible with
this device, including, for example, CRT displays, liquid crystal displays (LCD), and
chart displays. It will further be recognized that other marine navigational data may be
displayed, for example, GPS information from a GPS system, Loran information from a

25  Loran system, or ship speed information from a marine speed log. It should also be
understood that in addition to or in place of a visual display, the system can also provide
an audio display or even a mechanical indication of proximity of a ship to a dock.

In an alternate embodiment, a video display can be provided in place of the

display 40 and having the grid pattern 43, the icon 48, the approach speed indicator 49,

30 the wind speed indicator 50, and the water current indicator 52.

The auto-docking system of the present invention provides automatic control of a

secondary propulsion system to more accurately and safely dock a ship. The auto-



havi ng a shape which is simlar to the shape of the actual ship on which
the systemis WO 03/062050 PCT/ US02/ 32644 10 disposed. The docki ng
processorw0d306206h 1) causes certain ones of the LEDs 42 toTiusghs268po
indicate the relative position between a dock and a ship upon which the
aut o-docking systemis nmounted. As shown in Fig. 2, for exanple, LEDs
42da, 42db, 42eb, 42fb, 5 42gb, 42hb, 43ilb, 42jb and 42ja are lit to

i ndi cat e t h@oqk@g dystem Aflizés daiklly sHapéd méartbears nfres# in twd dihemicaRitlat bredi cat ed
by icon 48. As the distance betme?ﬁ t he actual ship and the actual dock
decreases, Eleggomadly stegesdy, Thojooppeal Besfls Proyide apspiste; qloss-1p fadaniapeq 42dc,
42ec, 42fc, wé i b&ci L&l i I

i ndi cation yﬁﬁ?&fﬁé%ggPgﬁ%%%gﬁgg?ﬁggﬁq%ﬁgggﬁ?gﬁgﬁge#ﬂgmgggggﬁgé&ﬁigfeased.
Thi s pr ocesship $n diffiedttcodditings, ith nénd énd vEder durresto vithout4Gmualdjtaoention. con 48
are iIIum'ng.F]egk |t gﬁ#l belan erstooqxhhat.in t he case.mpq{e t he dock is
on the oppost Bkeihgad gimppial dockingerpr and eplvnes digage A1F BRE“. the process
is repeated unti AlitrbRrdnbddsitedh&oihurghedddy indc@pdrhted RiBiattydefeteicein thdit er nat e
enbodi ment, an icon can be used to represent the dock and a light pattern
representi ngntde®hi p can be illum nated. Thus, by illuminating different
ones of the 15 4d. . I . o t dock

i con. The disp|a§§§b§§F§8b%ﬂ§F%§§£“§%QQggﬁg§£W£ngg%ﬁ%ﬁdﬁggﬁgﬁ%%%n§hat
represents hfpareny & @i df prdiadrasidbin s ponidit othet enbdibmeel ocotpypradhg thee shi p

relative to the dock provjded hy th hort range. radar systens. l4a-14c, a
wind speed F?ftﬁeetawbsas%&tlafaﬁ%srref%ﬁﬂfbﬁ%se kit hegll neChE WBEEHE ng ¢ o
data provi daf!a%yegtéa%omn%ts? B%ch%ﬂ&gbglgfbg@i%lif)%ﬂ%hﬁmﬁﬂgsp%ﬁt aﬁlﬁ:sat%p&%?flt@gg the

wat er current indication system respectively.

recogni zed bppeode déinsr di nary skill in the art that other forns of display
are possible wt this.deyice, including, for exanple, CRT displays,
liquid crystal Qgﬁfﬁf "PE%f» and chart displays. It will further be

recogni zed that other marine navigational data may be displayed, for
exanple, GPS information froma GPS system Loran information froma 25
Loran system or ship speed information froma marine speed |og. It should
al so be wunderstood that in addition to or in place of a visual display,
the system can al so provide an audio display or even a nechani cal
indication of proximty of a ship to a dock.



In an alternate enbodi nent, a video display can be provided in place of the
di splay 40 and having the grid pattern 43, the icon 48, the approach speed
i ndi cat orw093/062880 t he wi nd speed i ndi cator 50, and the waPemr/usSoz/sxm

i ndi cator 52. The aut o-docki ng system of the present. i nvention provides
automatic control of a secondary propul sion systemto nore accurately and
safely dock a ship. The auto WD 03/06209@ PCT/ US02/ 32644 11 docki ng system
utilizes conically shaped radar beans ClaklMSv i n two di nmensions that are

el ectroni isal ly steer gfd.dTEe coni cal beans provide accurate close-in radar
range Hata) WYNSFRJOLIFKDEASHE, FUPPTILE t he aut o- docki ng system of the
presen i nvent b@gofddty gRspbisin s§htirm coblell bfth€tiy o6 anginkiiORseringidrhawhig and
water current, w thout manual Intervention. 5 The |ikelihood of manual

docki ng error adeckiegprossssry caentedyte the eccpmdsnnprepesiompystamefogoaieldhrust t ed
herei n, ar i i y,.jeference in their entirety.

Havi ng4 degfzgralﬁégﬁxlpépg?%??%ﬁrﬁguolg‘?%%s?%&oafﬁt he invention, it wll now becone
apparent to onenobr mediradar yystekislcbupled tohke asdkirighabcesdoh éor pesviididi nent s
incorporating their 10 concepts may be used. It is felt therefore that

t hese ®nbaeyEional lgf?é‘E}P‘éOHﬁthedg’ck‘inﬁipf%asst di scl osed enmbodi ments, but
rather should be limted only by the spirit and scope of the appended
clains. What is clained is: WO 03/062050 PCT/US02/ 32644 12 CLAIMS 1 1) A
syst enl f o2) docKhegystensdii qiaimclo mbeiesi thg sec@ndary propuldian pysteno perhptiss a siyaere m

coupl eg to the Zh{h;[g L.or automatic steering of the ship; 3 a docking

pr oceséor MOYNEAEY 5" Phe secondary propul sion systemto control thrust 4
produced by the secondary propul sion system and 5 one or nore radar
systens coupled to the docking processor for providing 6 navigational

i nfornktidh toThheysttork drimes ybesgohe secopdaryprepulyion systent futher eamprisgsier ei n

the segondary BropUl &k in MR hEVAE) TR U0 the WRIpY"
3 a motor mounted to each of the one or more trim tabs, each with a propeller; and
4 a power switch associated with each electric motor for controlling the electrical

5  power applied to the motor.

1 4 The system of claim 3, wherein the docking processor comprises:

2 a computer coupled to control the motors.

1 95 The system of claim 4, wherein the one or more radar systems comprise:

2 means, coupled to the ship, for providing one or more electrically steered antenna
3  beams.

1 6) The system of claim 5, wherein each of the antenna beams is provided having a

2 generally conical shape.

1 7 The system of claim 6, wherein the docking processor is further coupled to one or

2 more marine navigation systems.

1 8) The system of claim 1, furthers comprising a display.



2 nounted to the ship. 1 3) The systemof claim2, wherein the secondary
propul sion system further conprises: 2 one or nore trimtabs novably

nount ed twotoh®e®Ri p; 3 a notor nounted to each of the onePOT/UsN2/82684 i M
tabs, each with a propeller; and 4 a power switch associated with each
electric notor for controlling the electrical 5 power applied to the
motor. 1 4) The systemof claim 3, wherldin the docking processor conprises:
2 a cohpuber cobebwstent of domt§, elhetetnetherdisplag corbipfiesThe syst em of cl ai m 4,
wher eig t he one_or rm(he o ad% sgf(stedns conprise: 2 neans, coupled to the
ship, for providIPHY BHEUSP FBA&* Tt rical ly steered antenna 3 beans. 1 6)
The system of @b@hmiﬁdicmﬂroﬂmfaﬁﬁbn of tht Bgp adheRna teeros i s provi ded having
a 2 generally conical shape. 7) The system of claim6, wherein the
docking processor is further coupled to one or 2 nore marine navigation

systens. ) ' i.si.ng a display. WO

03/ 062 50*98CT/ E@%i‘%‘%ﬁl%&x& WB@#R%E}S%@]%?Z‘[@S?QC 5!3%‘8, wherei n t he

di spl ay conpri sesnal iddieativn Sfithe velodity of dlomurobetacatabkshipad tBe doaki. sual

i ndi cation of the position of the ship relative to the dock. 1 10) The
systemof claim9, wherein the display further conprises: 2 a visual

i ndi caf i onpf THEsMRhOSH AHNmOf0, FhQeitRe MSIINPRAhENGPMsE: and the dock. 1 11)
The system'of clai'm 10, wherein the display further conprises: 2 a visual
indi ca?ion of asishgjandicatiah of ndvigatianal dnfofmasiontfioen hnenepr moreanariei ne 3

navi gag i onali RNALR Rems.



