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THE | NVENTI ON This invention relates generally to docking systens and nore
particularly to a 5 systemfor automatic docking of ships. BACKGROUND OF
THE | NVENTI "A)E ioss0 known in the art, conventional ships can have a primry
propul si on 8Y<? of two types. First, one or two propelPCEUSI%Rdbe
angularly fixed in a position parallel 10 with the keel of the ship and a

rudder can be associated with each of the propellers. Aternatively, one or

two propellers may be angularly vable with regard to the keel of the
ship and there maybe no rudders. ngHEO'bgFWGgESLI lﬁdary propul sion system is

used herein to describe any other propul sion systemon the ship. Secondary
propul sion systens are known t @BUTEORTHEMEVERTIONKI || in the art to .
provi de nmanual colr;lthr.o.l of. thwst at 15 nl%}les to the keel of the ship for
tight maneuvers. FoP® SXEHBT & HEH°RHY Odoskipg ptges apdmorgpatigaisliio f n the art .
As is al sos knsyarem far adinpticdyekhigvestial | ous forms of marine navi gati onal

equi pnent. Exenplary marine navi gati onal systens include gl obal positioning
systens (GPS), nmagnetic conpasses, gyro-conpasses, radar systens, w nd

speed indicator 20 systens, BACEGROWNIEOF TSENROENTHREENs, and nmarine speed
| ogs. The radar ant eng];i of. a conventional marine radar systemis nounted

high on the shi p ‘%S "GP Ratreqpymrtianskshingoanthays 3 pimayy piopelgies systemt he
“great est pOSSHtk® typed) I8rsf, bt Br tASproSdlleR carl e a:néulhﬂﬁwad ln%ﬁo@iﬁo@ﬁatrallc?‘

conventional marine radar systememts a pul Sed "beam o radar energy from

t he radar*%nt Bithihe kerd of e ik and aguddseasn by asseraatedaitly caginofahapiopetiershe radar 25
ener gy ref | ecABerRiiivel9fonebi %tpﬁap'eﬁblrg Ilﬂ?y Rah ﬁ&iy hdVabiE gvgﬁlée A3 e TG d)tfl e

del ay between the transmtted pul se ‘and e’return 0 IS used by the
radar syst em hesip e there mpebe nerfydderse Theterne fseapdimpropijiectystedyisiveall | y, the

and 1 ho azi i CaceeDy i it Bt i s R ooy SEon BRI 221 it hal
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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 sp;eed 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
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forma vertically oriented fan shape. As with any projected energy, the

fan shaped beam spreads spherically fromthe antenna, causing the fan
shaped beanVPd304383%e an outer “front' edge that is curvedCagsIFew |ie on a
sphere that has the radar antenna at its origin. 5 The fan shaped
azinmuthally rotated beam provides sufficient range prediction accuracy for
objects that are relatively far from the2radar antenna. Due in part to the
curved wavef r B7feess0 phie ferghe wiglotisatedfanshapec 4n with emomelecterbaniigi thadar

system range fRiRHE Béaﬁfkggéég]b?iﬁﬁﬁéaliy%cﬂ{ ﬁ@ﬁlﬁ?t{na,%us:ir%qge faft %Eéj e ? ﬁ re ades

at close-in distances. Es I'ly, for relatively short tanges,
convent i onal HiePRevteaiant edgs et is girsed a54fip &k on @ spharedlent bisfiiesndan engerivat ween a
farther tall QhisegLinand a nearer |ow object. Both the farther tall object

and the short nearér object can produce echoes with the sane tinme del ay.
Thus, the 5conventTheda shaped arimythally fotated beanpprovidessuffisigntrangepted®tion n docki ng
operations. Cgny, P ts tHR b8k R3S 1 NI i.spl range that
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associ at ed pr Bpeitiaby, fareafivekyetiont oingaeghaccngensibmh gratitvaradae ednpotalivtinglish

di rection contr LS wa f veabl e rudder.,.I n so ases there
may be tvvtfl)lg pr Gpel qq%ef?resmglrgl%/fwte %yf?%hcfagalrlg.gjegﬁg A PR L obifet efgotﬂ?n%‘ﬁgqr&‘ﬁré rol by
way of the rucger aidshggheanestr obleetrad frediwh eqhobsSwiDthpsa@hiaksiclng TRE) tHE Y

t hrough the water.

. ntrql by the rudd is devel oped by flow past . the
rudder and su%of‘i'v?"lt%’i}cﬁ?Baélﬁ%?érg){srﬁoﬁfvﬁ]&f“"\%ﬁé’ﬁdPWé‘“é‘B °BfraiqmeE SPMVEHoRtlough t he
water is | ownaltkenacdake aginithiie dBfleedngfthdt REySEHIP hinkirddo W BéEnd Migayt he
di recti onal contlrol % th? r"f-‘ddgi {is reduced. However, control bé@:he
rudder does nGtOHORYNESEL Feh Forshindocking range acruisfesnnd seyelutions of legd is
posi ti onegk t oplfeorintinishEfobt v dHe BBl o EIRRIARIPMndB KitRIn@8@dt er . For ot her
primary propul sion systens, directional control is provided by a change of

axi al direction ofAsiBtivned 3kqvecin somg phipsy haprimary gropalsion sxsiem andt or | s turned
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desired ship direction. For these
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 tumed 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
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types of primary propul sion systens are conventionally nounted near

rear of the ship. Steering frompoints near the rear of the ship does not
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ship in a dVP@Pe288 perpendicul ar to the keel of the shi pCTiuse/atsaect i on
nost advant ageous for parallel docking. Thrust at an angle to the keel of
the ship froma point or points near the rear substantially acts to rotate
the ship. Control for docking, for exanple in the direction perpendicul ar
to the keel, EaHrbpfthe thip ngssstionneraendiguiantottheckes] of fershipythpdiggstidremesh syst em
by conbinatio i i .angl es
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docki ng using such a technique. sone ot hér shlpg econdary propul sion
syst ens have BeE@aATypswdlsioBaysieanky combingtians nf fotwandprepdsiamsend mmesd nes provi ded

to yield nore E6io i j dar r.opul si on
yst ems are offBasisnc FRARWHA REL Al eh T Bre or BT BRI XgRUBRY 0,
whi ch i s per pérghipuh alternaging hgatioed diredtionsh The bénrobwhiksiotidngis oathslex 4nlir ust
sideward to i i direction. advant ageous .t o

docki ng, Likeg$ﬁ8h§$ﬁwgﬁ?%6@%8ﬁF§F§n“§V§3ﬁﬁt?maﬁﬁﬁnag&ﬂe%ﬁﬁ ?&?ﬁ3“§econdary
propul sion 15 sys®esmmcotenshipsnsebdrdagiptopalsien spredalhbye leanised| Badaddy t he

oper at or t he ip. Like manual.contt of the primary p |.si on system
during dog i n§® mr%rgrﬁ AP “ESHPTOI BV dﬁcgto yécg ‘B?faﬁ’feff“'fﬁ?'ﬁlﬁm‘ﬁ:‘é ﬁ£@€ Rns is al so
relatively di fThé eubndaggpuldiop aystents @revifie® postishédrd hadiklust\wt ftGedri@d act to
nove the ship.in.any direction relatfive to the direction of dockin

Control of t hélfi?PPfhé'P‘gh ﬁPS’Bmdé‘i“kﬁm keshnfiths SE’(BﬁBia?fﬁtpf%’ SRS S‘fiﬁ“éarég’condar y
systemis 20 daicti@p akie et stif aQiradtion hdvalt@gesiN tb dBdkiigng docking in two

di mensi ons, al ong keel and ergfndicuLar to the keel. It is well known

t.he ) . )
inthe art that dold% tﬁ%‘”@?%?“’&‘é{ﬁo‘? sigmes duringrlockig® thepesomdary populsighd/ or t o

the dock.18s gk khdWitin BRGAME: hiHubIBABhIGIeY byMhB yerRbr MR Rip! DkeWat er
current is high, the likelihood of danage i's greatest. The docki ng

maneuver requifFBE! Qap of hepgmarmauIsion sesteandpriag dodkingumenupkconiral kéther i mar y
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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



Conventional docking systenms only provide display information tgq tﬁﬁy 06
operator of the ship. The information is provided to an operator EH
ship so that the operator can manually control the ship's prinmary and/or
secondary propul sion systemto bring the ship 30 to dock. It would,

t heref ore, WE#e2P0able to provide a systemthat autonatPCEIUS/R2eMtrol s
the vessel propul sion systemand aids in docking a ship. It wuld al so be
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whi ch conveys accurate range data to an 8perator of a ship when the ship
is in close pPEYIdPAEYStpWECh conveys @gcugte prgedyta foanppeetonpl ashipowicn ity
structure. |t sNpeiflclog préimt dﬁ&btrcﬁlms ta&ctebpé/a&!ﬁl

di spl ays dockl}ﬁp dat a tpo an tggeregr ator o p mﬁ%ﬁﬁ@mﬁ@%R&Eml ON
In accordancef V/ﬁq‘ﬁweﬁ‘ﬁ'é’led?@%rﬁ‘?alsmh‘b"i"?fhdlspéa%?@ﬂ(@mdﬁféﬁo apenter Preshipy
docking a ship includes a secondary propul sion system coupled to the ship
for automatic steering of the ship, a docking processor coupled to the
secondary Propul sion systemtcﬁWﬁMoﬁ'ﬁHﬁﬁﬂ IﬁTT&N ded by the secondary
propul sion syst emuaRd,@Rge Rth HRE:Fesén@Ql%nnﬁél%t L,ﬁahcaﬁy #Qk, %Qgh,g

navi gational information to the docking proc ssor ere| n-t

processor usé&sludésa saeoniayz piopwlsibn $ysfeorcmertiédsn theship |fwtedtomyn¢ fteringolithe syst ens
to control th r ut o- docki ng
system of the?‘}i‘%gélg%‘“ prﬁlwee%l%alr%Jr%bﬁ?g)\a/tlg%gegéﬁdgﬁlgﬁ%p%g%gﬁ oIconQ 1% sS{e)condary
propul si on systoezdﬁct’wthmeeoral@n@r@mbioy syetech andaﬁwxynqi@mﬁaraysémmuﬂr&ao

aut o- docki, pg ped rad 15 narrow in two
di mensi ongat hg%éétgggavgglt it a¥%§?‘%§[ﬁnqg hte%‘)é(l pmf:ﬁs‘é:'(’rc\"(')r?'lr eé%%ng%cg% PHFEVT de
accur at e cl osuses the nasdwtlon@ ngmxdachraaromeﬂrby theesdar glsama ot cefitrd theGBrustl he

aut o- docki ng syst I esent inyentian.can dock ship.in difficult
condi tions, with \%m r%@thls 3H PLitegEsmeny, eautwg?%&ﬁsy ﬁ%'fqe Prﬁfeg?‘%et’?f‘?‘bn. The
| i kel i hood of pmﬂesedutodmﬁkcmlgobd’fralécoﬁﬁdy ]fr&;ﬁ.ﬂ,hhdnlsfjlgem tafi®g accafatlydndi M zed. 20

BRI EF DESCRI PT W NGS The foregoin at ures of the invention,
as wel | as th%aﬁ?g\l@"ﬁf‘ R P dosys Eyétemd’ﬂgéesfg‘l‘?aﬁyﬁwﬂ@@%éﬁﬁnfsr om t he
f ol | owi ng1slet fdrtoadn dﬁSdiﬁlleﬁHidn@ﬂlanfre tle@rogical shged. TiE dhicAMeamdPrleidd 1S a

bl ock di agram of a P havi n é;\n aut o- docki ng system di sposed
accurate close-1n radar ranéJ ata. 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
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expl ai ned. As used herein, the term"ship" is intended to pertain to any
size of wat ¥P W% essel. The termcan apply to both poRET/UEHB6H | i ng
vessels. Also as wused herein, the term"primary propul sion systenf is used
to describe a main propeller or 18 July 2006 WO 03/ 062050 PCTI US02/ 32644 5

propel |l ers an i n.rudder .or rudder ..a_ship, Conventjonal ships
typically havgmgd%gsrain%ﬁrm ;?mprlu%%ﬁf’rsﬁ" %fss@%{am pveronly niBe RS YgBYS Zed i nt o
one of two catpsgeryipegpnlsion ssteen whith @by RahRRTZ¥d infRic Of twloWtedrRREhlugr S maybe
angularly fixed.,in a position parallel with th keel of the ship and a
rudder may be%asé‘s:%%giog{pgﬁ 0\7\}“{ rg%e@FFSB’I“yP%%"gB'raﬁbg’fqdé? %Posftwntphré"‘“éé"éfgrﬁléf 5
category, onekedl of theshy afalrdlesmaEys wciard witd ek oPY BRbale Thmesgasd to the
keel of thg Sagi% and there mﬁ\é be no rudders. A ship can have both a

FEf Fif ey may

prinary propu R ERFF S may be. gy erly mopblithaprd oyl kegl of thee

secondary pr Ophip sidahers yaf B Rotriqietsalal ship dag hild@sth adRhaRtAG s RS LN system
on the ship. Secon ar,ywprlﬁgul sion gsystens are known to one of ordinary
skill in the Arit"¢¥Yr BOPURORFER TROMEMIRTY Srorulsen Sxstem typiepdy énsludes t he keel

of the 10 shi pnyfdWer pio ﬁl&ioﬁ@@@tﬂ‘bﬁﬁlﬁ&shfﬁh%e&ﬁ&éﬁia'rgﬁﬁé?(;n d.y e RARD b @ndlescri be
any structure at whic a come to a stop. Réferring nowto FIG 1,

, 1 .a ship may .
a system 10 fBrordintryaal incherstieipryidsimagual Rpnsrol pdhmel ebangles fsi the kel afyheof  short
range rades Suss @REghtAdndies. BRUAKEULO i fn 'tcﬁde%&beﬂg,!s% gtme%t(&fﬁic S shown
in phantomsince it is not properly a part of the syst m 10 enpl ary
radar 15 syst &P mawcomedo afPR- conti nuous wave (CW radar energy. The

transm tted CWradgfesi&io@dho Fﬁ}.rl?al)%\%/{iﬁaim%%ut%}éﬁ@éd icﬂn%&ea“s‘r';?r}% u({ergm a
m ni um CW frequency to a maxi mim requency and visa versa “thils

provi di ng an PIEHINCE sheratnge sder sysiemy kalde coupled t the shipli?.t Biieshis12js r ecei ved.
At any frequeggynid I A n.the transmtted signal and
the received si gnéllh% marﬁmg%q%nfg&rg%g gggltrt\pf;[g? éte?lalh‘ggx%mé’tl%@ * he radar
ant enna abd t $ystee o Hg eol catinuouyalapc(GW) radanbwergyat i on can al so be obt ai ned

ub Sweep. and doun aamsie) T he Rl Brer bR DEY iy Pegepiipms o oo 1
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-14¢ 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 Malti-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
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contrast, illustrative short ran%e radar systens 14a- 14c can generate an

EMCW t r ansmi't W%&palﬁgﬂﬂh@ eRCPY &QQ}M}V Mq@ﬁast 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-14¢ 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-14¢
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



20 increases from approximately 24.000 GHz to 24.200 GHz in apprlgx‘hngbﬁpg
nms, having a bandwi dth of 200 MHz. As is known to one of ordinary s in
the art, as radar energy radiates outward froman antenna, it spherically
spreads, thus reducing in energy per area as it propagates. \Wereas the
short rangeWpééf&@“@ystems 14a- 14c only needs to operat e P6V&ISO¥hEHt ranges,
25 for exanple one hundred feet maxi mum the spherical spreadi ng energy
loss is far less than that of a conventjonal narine radar that typically
transmts to ECEI&/ gchoes from objects many mles away fromthe antenna.
Thus, the sho ? PAhg8 Y adar systems 14a-14c of this invention can operate
at far | ower outpub omﬂmtraﬁe\mibsdlmhmnthas}mﬂnmgatddMymsi a-14¢ aéaﬁachgtst em An

illustrative p evel of eci bel s ) e 30
ot roprc 1 adtdtai R LR gpsFosinely uiegted SR RieSplef b R s o
system The plhdetnsiitrofithic\sRorslandetradansigems adamcwc&teaﬂmaummunnﬁm&cuggner at ed
with | ess hanoeV\att a. i marlne out put
power, gen ra‘tn%la 1% bt “%P@%Hﬁ%tﬁ B‘H@Hpgé‘ g‘i"{lﬂ%ﬁ 9‘:’83

PCTI US02/ 3264dbcking byategartd G DS recdghized By bﬂe|dﬂ81&d1ﬁ&ty |l ﬁrﬂikodil tﬂﬁmﬁe, shblhle short
range radar s ste 14a- 13%%@‘{5 tache ﬁ the hull of the s g

appr oxi nat el y’y ?Wrr% T Pygkms Cf“h g 9t gStrﬁ%'geﬁ?é?oﬁﬁfEdS‘(f“htﬂ?‘Fes IppI acement
of the short rmmtﬁaﬁdﬁmuﬂﬁﬁt]ﬁ*ﬂﬁdelﬂﬁaﬂadhnﬁﬁtdt&led@di@ﬂﬂ&lmd by a nunber of
factors, 5 includi n%lflf)m not limted to tg t of t @b‘"ﬂ?@ﬁﬁlé that is to .
be detected by t h&2ERidhe YBE ALy sysms 2] PRy 2 gpicy 7@y one of
ordi nary sKi | dndirétetvh 8zt desighadd ITGBQG(S\kJHIEEma)FWﬁBlﬁ&ﬂzs@MﬁJdeK& l4a- 14c can
be nounted to other structures associated with the s 12 ot her t han t he

hul |t hat - pr RFPRIBIOEShort FERBATARR £SO Vi 4ciens TRReTitABH gReIve beamh vith DEARR. shor t

range radar syatheoBaphfindsly B Wehedd akPNdcaiMahk i% RARGE of hpiSithiely 10 and
recei ve beam desi gnated l6a-16c which may be electronically scanned. An

exenmpl ary shoe hpatsedfiftydegreess Jioyill p 1%%“1@@ byene of priner skillip dhepedigt ve beans

Wi th beam W gidsedH a%EﬂE %hﬁ%ﬁcﬁﬁs}’arfd'sﬁatn%%eﬁﬁ%&%lcw s f¢@fliohange in
azi mut h of approxi nma ItJ one hundred fifty degrees. It will be recognized

by one ofl%rdi nar ﬁaf‘:h@flthe shert tapge radar sysieas 14&14sare doupled 9an petpmated beam wi dt hs,
and scan ran%%k,ﬂggmpému@basyﬂa?a&lb% : J'h@gﬁd?@rargg@mdéﬁstyﬁgﬁbxﬁfme Brovrigor t

range radar syste 1l4a-1 oupl ed to an autona
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-14¢ 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 stem 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




docki ng processor 18 via signal paths 20. The short range radar1§>g§ﬁg% 6
1l4a-14c provide both range data and velocity data to the automate OCEI ng
processor 18, where velocity data is the rate of closure between the dock
and the ship. In one enbodi nent, the signal paths 20 are serial digital
dat a t hat r&Br"é’%@Pﬁ“ the range data and the vel ocity dat aPCE#S&/R26Mpr ef er r ed
enbodi nent, the short range radar systens 14a- 14c provide range
information that is accurate to |ess th?n plus or mnus 1 foot and
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1l4a- 14c can proyi ly.the range erein. t Ki n rocessor 18
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a plurality odqackingpmcésemrrld viarchitrd dhe 28secondary propul si on systens 22a-22d
are noveahly nounted .to.the ship. 12 to help neuver. the ship 12 when
appr oachi Eég a l octg'?]feg?l&éqg p\r/ﬂ%Fsé?fqtsﬁﬁceglﬁﬁ 'Bp‘fia’\%fn?a}ta Yo Rlocitydafatigmite: ri m t ab
secondary pr ofaddrsystamssiyst éThadeckingipeocsRonds, cat llas@cedfe datadiorary skill in 3o
the art will appreciate.that. ot her t f secondar r.opul si on systens

i ncl udi ng butcoﬁg?n%mﬁ?ma?%ed’a’(lgatﬁ’l}a/ S&%%ES&%@%OP ﬁ?‘]ﬁ?ﬂéﬁ@‘&?@?ga B'%e used. As
wi Il be descridoipdtidel 9¥em Biecotedpdhdsttah careniona iePE@fRI ifdition Yyls 22a- 22d
can be noved igto t he Water1 for ﬂgcki ng or 18 July 2006 WO 03/ 062050
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assenblies 22a-22d i.s ,prag)vi ded by electrical power cables 24a-24d and

power swit chdBIgRavgriiongbgyiiems My plsp beussd gl hrglackingrrossersr bhreedves 2 docki ng

processor 18 fydredeRf 1he tadhrk M- 218 andsordt@r A6 hOEhvIATBETREmd 0 4@C el ves i nput
range data and velocity data fromthe radar systens 14a-14c. The docking

y d . . L .
processor 18 CHRUSS Lip pasitian (ratigiodhg dogknané svr whedity rlativerier thedockepntl gat i onal
systens 30a, p6ddane iRl diypenotetoutDbe MhiR& b Qﬁé’&l&l@etdiiﬁ’ﬂ@lart%%?irﬁrm 30a

corresponds to a conventional water current indication system and marine
navi gat i drfal B3I ERTIGHEN BEemEapbhiersd togugmens iy displapng theutminatip deckitigndi cat i on

10 system  THasSsOlroRbdbBRlImte bech ogd§ pRiles WM S ARRGEHAL o0 hovever

that other types of nmarine navigatio systens_ used. The
docki ng pr ocdapionallygthe ehogtiryngs radan sasterns i 1daedn pofvidettee andpdetas 14a- 14c and

sone or all . of t h%y Qﬁa\fﬁgr%ttﬂec}%’al_r daty §1‘¥ded$ﬁo:§iﬂy ﬁﬂgfrom 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




conputes ship position relative to the dock, and ship velocity rlglﬁﬂg\égobo
the dock, and provides data to a display 32. It should be recognize y
one skilled in the art that any 15 marine navigation system can be used to
augnent the_dis Iﬁ% and the automatic docking process. For exanple, a

mari ne speed %Yy be used to augment the system  Opt iPERAISPAE264¢he short
range radar systens l1l4a-14c can provide the only data. By analyzing the
radar data and optionally data fromthe gavigation systems 30, the
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Si nce the nunber an i tion of the radar systens 14a-14c is variable and

determn ela5r| by® ﬁgé?lgg%bg 22%@2‘& Q’ng t&&‘?&’-"&ﬁ%’ﬁ iaPlé‘eg Vb s3hler@4radd YiepRveF e

calibration swithat6a-péie Tae powaisRitdesdaized aRlcottbBesh He dRkinhbRkivg to the
the display 32 and to the automated docking

dock will belro:éided%g? / : .
processor 18, °t*f ’§°‘§feld VegOR & IBA%S GHgersneles sutingqsly yariadferedsstrical saf e
docking of th@wertopnolats 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 io 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
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;j.

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



10 In one particular enbodiment, the trimtabs 22a-22d of the sqgc‘){iﬁ? %06
propul sion system are noveably nmounted with a hinge to the hull ﬁ
ship 12. The trimtabs 22a- 22d can be hi nged upward or downward by a
mechani sm such as a rod and a power lift. The power lifts can be manually
or autonati YAI%002Introl l ed. In the exenplary auto- dockiPEE/Us0aResh of FI G
|, electric notors 34a-34d with propellers 36a-36d are nounted 15 to the
trimtabs 22a-22b. Power to the notors iﬁoapplied wi th cabl es 24a-24d via
power svvltchgg 484-26d. The power sw tches 26a-26d are controlled by.the
docki ng processor 18 as di scussed above, so as to provide either on/off or
conti nuously var i abtedogkisgpofessar 18 FoGva) camesrmﬂtm mesdahBHEDs 43 toSigmubd be

appreci ated t ﬂﬁgcafeq}lé)lreﬁﬁvel p%gﬁgx%e%&;l ’dc;tj:ktam?ﬂ % ip g?odl bzlf,ﬁef\q/ oré; %gc,? ﬁzar y to

use other means to contro e secon ary pré
docki ng processstsm is Sroufted. Axshoph @ Fig. 2, fasagmab@ledEEler@Jah azmgzmdbpmﬂe the trim

tabs 22a- 22d t n s . of n whi ch case
docki ng pr%ce‘s%ggr 5121@ 421@4?%5‘%% Sk s EQVHOB't‘?'h‘\é}natc{gD eﬁ&lﬁ%“’?Za 22d.
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1), includes 0 E a [ ri attern 43. Here
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row 44m and cqu osed jthin the LED grid pattern 43 is an
i con 48 whi ch” Fee‘gir;rg%g“ﬁtdg"kds %’Eﬁhf) '} S'tvﬁeeﬁthﬁwsﬁrp@ ‘B"gé*!ﬂ“ﬁ'g“ Elgtletiei s

di spl ayed. Theoéesoin rep8atedyntiDihe NBYs m&bluhﬂ 48k S¢iild@tnatdyavi ng a shape which is
im ual ship on which the systemis 18 July 2006

simlar to the shqeclf t he 6“{
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causes cert aipattemesprébntinge shift¥h %leﬁnﬁlnz{té(g Mthud, @%r lllﬁgfllﬁﬁﬁfdxﬁgx@ntroﬂlesac;f'ﬂ%

position bet dock, and a ship upon i C e auto-docking systemis
mount ed. gﬁﬁ&/ﬁ%ﬁhelfihﬁ’ca?aPPFHrm@R‘éﬁfé?Sé”OEfEmcmma 42db, 42eb, 42fb, 5

42gb, 42h b 42i b, T’ﬂ@ﬁié‘plm ARl nReSar] dpprob sBM'nﬁﬂ!afbr %@ﬁz@‘gﬁh&htg fheof @ dock

relative to a position of a_ ship indicCated St ance
bet ween t he a@F"ﬁﬁY daéﬁfo&re%mad]{lgqt@ the velocity of the Shlp relative to the dock provided by the

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
tecognized by one of ordinary skill in the art that other forms of display are possible with
this device, including, for example, CRT displays, Hquid 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-




actual dock decreases, LEDs 42eb, 42fb, 42gb, 42hb, and 42ib t“ﬁﬂ‘ﬁﬁ%zﬁﬂg
LEDs 42dc, 42ec, 42fc, 42gc, 42hc, 42ic and 42jc turn on thus providing a
visual indication that the distance between the ship and the dock has
decreased. This process is repeated until the 10 LEDs in colum 46e

adj acent i cBR'¥82%% i|luninated. It will be understood PREUSIAP244Me case
where the dock is on the opposite side of the vessel fromthat shown in
FIG 1, the process is repeated until HQe LEDs in colum 46h are
illumnated. Ln,an alternate enbodj nent n icon can be.used to represent
the dock and 97§ ﬁ{’Sten’b%tﬂ'tZ%Srcﬁmg%PrSiéaé’(%%{alﬂfﬁg’e%{“ss'ﬁ‘frﬁwé‘bﬁvoﬁiém?qsﬁoﬂﬁ?fﬂ%d. Thus,
by i |l um nati elgctbnichlrseted OlsSconikalbhmms ptdviddotigatd closetih eadahfpedan. appear to
nove cl oser tgQ.the dack jicon. The djsplay 40 al.so includes an approach
speed i ndi cat gfrlﬁlzl&s? ﬁ’ﬁfacﬁg‘é\%ﬁc%ggﬁf’?"{oagng %’gf’r&?’ fhg pfféfi"émc‘f?f‘rt‘?’é%ﬁ?cﬁiﬁ@{)%g to the
vel ocity of tdp mhlificuledoaditivie, With Wine anthedterRu@dtit Gathoymanbd intehaitibn.r ange

radar systens..14g-..14G, .a W eed indicator, 50 and a. water current

i ndi cat or %2, Ti%:eé?(rﬁ gléoﬁgr?&inﬁr@’aﬂgm‘g %{mﬁf”b‘ﬂle ztﬂlgtﬁiﬁm?ﬁérw]ﬁﬁn%eﬂeed i ndi cation
system 30b 20 (Fl Qll dJerented citdicheveid ¢ hetehyligdtpotatdihe@in yRefBy¥sde@mhdPa (FIG 1)
respectively. It wll be recognized by one of ordinary skill in the art
that other fofEf di splay are possible with this device, including, for
exanpl e, CRT di splHuykg dbdefibid@retéried embodihendd diEe ihkeeBn, itailll now Bibine di Spl ays.
It will further. be reco%%edrfﬁ(hat ot her mari ne navi gati onal data maybe

di spl ayed, fofPPEREipPRFO iR cias that pBeR Epbeses B Rprating their

i nformation fdaseph s teQb@N 1Y Kl @Y efRE thifthéte SABSSENY BhIBLMEE hiteda mari ne
speed log. It should also be wunderstood that in addition to or in place of
a visual di spisaesed ¢rabodipsnisnbhut sthenshepld §e Gitgbonlyby the iy apd wgpesf e even a
mechani cal i ngperitd OBinRf proximty of a ship to a dock. In an alternate
enbodi nent, a videg disP[ay_can be provided in place of the display 40 and
having the grid patheéisslamedighe j con 48, the approach speed indicator 49,
30 the wind speed indicator 50, and the water current indicator 52. The
aut o- docki ng system of the present invention provides automatic control of
a secondary propul sion systemto nore accurately and safely dock a ship.
The auto 18 July 2006 WO 03/062050 PCT/ 11S02/ 32644 11 docking system
utilizes conically shaped radar beans narrow in two di mensions that are

el ectronically steered. The conical beans provide accurate close-in radar
range data. Wth these characteristics, the auto-docking system of the
present invention can dock a ' ' :




ship in difficult conditions, with wind and water current, wthg ty ggﬁé
intervention. 5 The |ikelihood of manual docking error and resul ir%g? ge
are minimzed. Al references cited H&rein are hereby incorporated herein
by reference in their entirety. Having described preferred enbodi nents of
the invention, it will now becone apparent to one of ordinary skill in the
art that other enbodi ments incor pckhAIMS t heir 10 concepts may be used. It
is felt therefore that these enbodi nents should not be limted to

di scl osed enbodi mrents, but rather should be Iimted only by the spirit and
scopel.of theystap pearitbeklinglashifs coMpading:s claimed is: 18 July 2006 12 a CLAI M5
1. A systemfor dockin ip, conprising: a primary propul sion system

a shi
coupl ed tcf”?q@argl?mfm%g%%mﬁ?‘ﬁﬂeﬁiﬁ@ﬁﬂ@%n system coupl ed to the ship for

aut omat i ¢ 55=881d ¥ok LR, ' ropul. sion system .
conprising: a plaﬁ??%l ??&ﬁgfﬁ%}?ﬂrﬁotﬁ %@oﬁ%ﬁ%{ﬁ@%ﬁ{ %It?rﬁg&sﬁ?e&ngé’%&etﬁ%ﬁ’ st of
not ors§condarstpropulsign dystéracamptisingf notors nmounted to a corresponding one of

said plurality of trimtabs, wherein each of said plurality of notors
provi des a pri%&%ﬁbﬁ%@‘%@?%‘ﬁowte‘?m'ggﬁmﬁt an angle to a keel of the
ship; a docki ng fRESSHhoteRULIRGF Lsion systemto
control thrust produced %y fhec se%%%h%@lﬁg%gg%%¥g%5§§§tté%goﬁﬁ%o%ﬁjégor
mor e r adarong 9§ sadrplusdiip bEtiim tabs hehateinlehdgofraatsardity 6fhotofsptbHidags

navi gati o i nformatiop.to. the dockin rocessqQr. 2. The systemof claim
1, wherei %?1438@%1 (g?ergﬁﬂ%oﬁ%‘fwgtwgﬁ a E]o‘hfdg?é“ﬁr opul si on system
corresponds t o0 aafocking piddeSsofBéuled 3-thel #80Sd4%Y Elgigﬁiéio‘ﬁl Shnko HES Ghilly: &

each of said plurality of trimtabs of said 'se ary propul sion systemis
movabl y W@ﬁﬂl{ thespeondarypropulsieneystent; andi d plurality of notors

corresponds t0a0,£hGH falis SJRERE HHBES Re dggk%Pgell)ljogéséorafglg providing

navigational information to the docking processor.

2. The system of claim 1, wherein each of the motors in said secondary propulsion system

corresponds to an electric motor.

3. The system of claim 1, wherein:

a. each of said plurality of trim tabs of said secondary propulsion system is movably
mounted to the ship;
b. each of said plurality of motors corresponds to an electric motor having a
propeller; and
¢. each of the electric motors is mounted to a corresponding one of the one or more
trim tabs, the system further including:
a power switch associated with each electric motor for controlling electrical

power applied to the motor.

4. The system of claim 1, wherein the docking processor comprises a computer coupled to

control the secondary propulsion system.




c. each of the electric notors is nounted to a correspondi ng onqzsgfuhwgo ne
or nore trimtabs, the systemfurther ipgcluding: a power swtch assoclated
with each electric notor for controllli3ng electrical power applied to the
notor. 4. The systemof claim1l, wherein the docking processor conprises a
conputer Cﬁﬂg' ed to, .control the secondary propul sion system 18 July 2006
13 C 5. ThesPsteanelotlaig L wherein feopnsion mare rashesystemeoroapriad areass; sbwpied
conpricsfe 8B i rovi di,ng _one or nore

el ectrical |§q§¥ g%?iggﬁ%%%ee‘%ﬁ%&%%eﬁr{écggyE%rggggté%ar# Sclaim5, wherein each
of the antenna beans is provided having a generally conical shape. 7. The

systemof glaiml erein the docking processor is further coupled to one
or e oMot b e G5 ofafe hennaypsrianisamoviied hevige § beniiys
conpréiidadstapei spl ay. 9. The system of claim8, wherein the display
conprises: a visual indication of a dock; and a visual indication of the
position of the ship relative to the dock.. 10. The system of claim9,

wherejn t j urther, conprises. a visual ,indjcation of the velocity
of closur Qﬁgaggy\g\tg}gggﬁ% sﬂ i“ﬂleée‘iﬂ’gﬁ'ieﬁ%’cg‘&% Rrocggsor *Fhfn SFSOEPlRdfo enehrmarg,
wher emarineheviliatiph systdnid. t her conprises a visual indication of navigational

information fromthe one or nore marine navigational systens. 12. . The
systemof claim9, further including a fixed visual indication of the ship.

13. The Syﬁ{e%gktgﬁlﬁcﬂimll%nﬁ@?seé .pgissé}%eaaéis ual indication of the velocity

of closure conprises a Aunerica Rowi ng a relative velocity.

9. The system of claim 8, wherein the display comprises:
a visual indication of a dock; and

a visual indication of the position of the ship relative to the dock..

10.  The system of claim 9, wherein the display further comprises a visual indication of the

velocity of closure between the ship and the dock.

11. The system of claim 10, wherein the display further comprises a visual indication of

navigational information from the one or more marine navigational systems.
12, The system of claim 9, further including a fixed visual indication of the ship.,

13, The system of claim 10, wherein the visual indication of the velocity of closure

comprises a numerical display showing a relative velocity.



