WO 01127856 PCTI US00/ 28320 VERTI CAL REFERENCE FOR WATERWAY~NAVI GATI ON
CHANNELS A METHOD FOR MEASURI NG DEPTHS OF A WATERWAY AND MESSEL A GRO
nv' D OF TH¥QN@EII ON 1. Field of the Invention This i nv@aEiusp/asaitates to
hydr ographi c surveys and is directed nore particularly to a nethod for
determ ning on a continuous basis, the height of water above a chart datum
as a survey VeSERITICHBLrREFRRENCEJFOR NMEyIERWATUNAEEATNIONa CHANENMRY, to provide
nore accurate depth data. 2. EESCprtlon of the Prior Art The traditional

; M P 5 RWBkdeNmauge, i.e., a
wat er | evel gauge. The t|de gauge records wat er helghts at a selected
specified tiggn ifderMe i B rrARibEgE St#ddrrand a human
recorder may al so be used to recor e tide at t e sel ected specified
time interval. The tine indexed tide is subtracted-fromtine indexed
soundi ngs to provide data for bathynetric maps, or nautical charts. Tide
(coastal projects) and st s vertical nmeasurenents
relative to a specific ma?%gm#éegﬁéﬁﬁigkﬁﬁggﬁgg ron channel. Typically, the
vertical, e£ﬂ$%% e IA&gﬁtﬂﬁger event in order to maintain the mninmm
depth capab

This invention relates to hydrographic surveys and is directed
more particularly to a method for determining on a continuous
basis, the height of water above a chart datum ag a survey vessel
performs hydrographic surveys in a waterway, to provide more
accurate depth data.

2. Description of the Prior Art

The tfaditional method of coastal hydrographic surveying
relies on a tide gauge, i.e., a water level gauge. The tide gauge
recoxrds water heights at a selected specified time interval,
usually 6 or 10 minutes. A tide staff and a human recorder may
also be used to record the tide at the selected specified time

- interval. The time indexed tide is subtracted from time indexed
soundings to provide data for bathymetric maps, or nautical charts.

Tide (coastal projects) and stage (river projects) are
vertical measurements Eelative to a specific water level in a
navigation channel. Typically, the vertical reference is a low

water event in order to maintain the minimum depth capable of
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|  SUBSTI TUTE SHEET (RULE 26) WO 02/ 27855 PCTI US00/ 28320 transporting a
vessel safely to port. The vertical neasurenents are recorded by a tide
gauge at a wpepi7kisc period of tine. Since the nunber of pgamges:oe

limted, . elsgbrt evels vakeeiaetad thopgpthe TtHaUgErt 2 1aRdasovaidinteam at a
di stance fromthe gauge. These nodeled water |levels, called "Tidal Zoning"

are used, 1o Leduse; soundiagsqarasured ih.a «chapoelod ¢ a-¢pumomsiheter ence,
or chart datum The ‘problemwth this approach is the use of averaged

paramet cr . (UBBePALATELEES are 1My A cheloblc £hARGReRLy d-l shance

fromthe gauge. W nd changes n at nbospheric pressure disrupt the
aver age anbi ent _con ition% which, in_.turn

cause the els rovi de
fal se waParaq VBl ¥SI9FSERTDs Hufi RgSa™ My FSEr%%%igcamggr'vegﬁ%drographi c
surveys relative to %t‘(iﬁie? Gaug]reﬁ q\er\_(feil gp ever jincreasing errors as the
survey vBeLRNSS MRVET PRy FRoMY he -CRUe2Yude. *The \spar fTTes are of
greater magnitude in areas that have a |arge range of tide. Vessels
maneuver FAEFIIMGSUGR2SUTRS dPndyCR3piadal-Py2 ISE R8st FEENEr aRS dTRART
dept h-determ ning devices i® an effort to ascertain hull clearance above a
channel Betwom Tosf prelirut efyh thies coptpack aits ¢he verRl YefVETe8¥et he channel

bottom vari es because of shoaling-. To conpensate for vagaries in channel
bott om deptérsstermsssellse parameters are “time” and “height” change at a

distance from the gauge. Wind and changes in atmespheric pressure
disrupt the average ambient condizions which, in turn, cause the
models to prcvide false water level relaticnships during a
hydrographic survey. Hydrographic surveys relative to a tide gauge
develop ever increasing errors as the survey vessel travels away
from the tide gauge. Thé disparities are of greater magnitude in
areas that have a large range of tide.

Vessels maneuvering through a waterway typically use acoustic
transducer depth-determining devices in an effoxt to ascertain hull
clearance above a channel bottom. Unfortunately, the configuration
and depth of the channel bcttom varies because of shoaling. To
compensate for vagar;es in channel oottom depths, vessels
frequently are loaded short cf a f£ul. load to allecw for a higher
vegsel bcttom pcsition above the channel bottom.

Accordingly, there is a need for improved vertical position

data for wvessels craversing waterways, so as to facilitate more
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frequently are | oaded short cf a load to allow for a higher vessel bcttom
position above the channel bottom Accordingly, there is a need for

i mproved VEPPV¥AI® position data for vessels traversing RaVEPREIRY so as to
faci | i t3AVTAGE Y SYBSEFUTETSEET YPREREVDS) RROSHER2TESS FRCHFBS60/ 28320
accurate hydrographi c surveys, which will produce nore accurate

i ndi catinsisaghPRArANBRATEr HOF AELPVRSS de§SALS t DS tiUte thgr FeFTeRY cdeafeBce beneat h
the keel of the vessel to the published channel depth. SUWARY OF THE

| NVENTI @Mhsathi she heseaf ovfe tan vhfsst tof thhepulpidgitadophanngt gdeptd-a net hod
for consistently providing i nproved hydrographic survey results. A further
object of the invention is to provide a nmethod for nore accurately

determ ning, on a continuing basis, clearance between the bottom of a
wat er bcrne vessel and the bg N paisENgYoiher eunder, such that the
vessel may be | oaded for disposition closer to the clearance limts of the
wat erway. Wi jEhenebomaaang ebhest oy @GkSihPet @M taSpvbiiadel aicRablier
appear, a feature of the present invention is the provision of a method

for plogbingflepths: pf ﬁrd@&@h&@Ymﬁaﬁéll%&TﬂﬂrBPng%ré ghPGe NeesBilcans of

determ ning nautical chart vertical referénce values along a selected

waterway, bullging.a gfadazecl 1fedbhar e9CE, AlHNE%e a method for

more accurately determining, on a continuing basis, clearance
between the bottom of a waterbcrne vessel and the bottom of a
waterway thereunder, such that the vessel may be loaded for
disposition closer to the clearance limits of the waterway.

With the above and other objects in view, as will hereinafter
appear, a feature of the present invention is the provision of a
method for plotting depths c¢f a waterway, the method comprising the
éteps cf determining nautical chart vertical reference values along
a selected waterway, building a data base of the reference wvalues
and storing the data base in a computer accessible from a vessel
traversing the waterway, and providing Global Positioning System
(GPS) équipment accessible from the vessel and a radio receiver
onboard the vehicle. The method further comprises operating the
GPS equipment to continucusly obtain positions of the vessel
horizontally, operating the radio receiver and computer in

conjunction with the GPS equipment to continucusly obtain tidal
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and storing the data base in a conputer accessible froma vesse

traversing the waterway, and providing 4 obal Positioning System (GPS)
equi prent a&@¥E7%fe from the vessel and a radio recei verPCIHR8BY t he
vehi cl e. ¢FRe FEAThGdef drthdrasconphd SKeyposaEdennps te depsh afuithReviesssd

continuously obtain positions of the vessel horizontally, operating the

radi o r edenveth ik vempitar Heferemsy wrdlieonamd tgl dchenGPSeqigppiredttd o

continuously obtain tidal 3 SUBSTI TUTE SHEET (RULE 26) WD 01127856

PCTI USOOk28320autdiatad thamt t he dat a base,

and conputations as to depth of

t he vessel Dbeneath the vertical reference value, and plotting the depth

data on a naphi£@dorcBacd .widh aceoFrdAIC Tt iibe o f Whikhesvdealow, et pérd he

invention, there is provided a method for determning keel clearance of a
vat er bor ngs pYESE@ld o ALERS Nbra e S MRy |kBE1 NBIedneoPH iSivadei bt eps

of prOV|d|ng a data base of tidal datun1neasurenents and storing the dat a
base in %e%‘%gﬁ’uéﬂveaf%‘iﬁésé% ferQf‘t Vg2 REQ) & 'dhgg—ﬁ{%c%gw&
accessible fromthe vesse § adio receiver Board the vesse

operal | ngaditafE FULRTE tcgﬁ'ﬂovns!nxag@;e%“tgom'soc%mg Lhe vessel
horlzont opera |ng The*TadiC Tecerver and ¢ nputer in COﬂ]UﬂCtIOﬂ
with the

dA@PSbagg'p”%”Eo%8u§?P%£QE§%E TYe %Qgglghthe %Eg? at the vessel’

providing GPS equipment accessible from the vessel and a radio
receiver onboard the vessel, operating the GPS equipment to
continuously obtain positions of the vessel horizontally, and
operating the radio receiver and computer in conjunction with the
GPS equipment to continucusly obtain the tide at the vessel's
position in the waterway.

In accordance with a further feature of the invention, there
is provided a method for providing a data base cZ nautical chart
vertical reference values along the waterway and storing the data
base in a computer accessible from the vessel, providing a radio
receiver onboard the vessel and GPS eguipment accessible from the
vessel, operating the GPS equipment to continuously obtair
positions of the vessel horizontally, operating the radio receiver
and computer in conjunction with the GPS equipment to continuously

obtain tidal data from the data base, and subtracting the draft of
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position in the waterway. In accordance with a further feature of the.
invention, there 1is provided a nethod for providing a data base cf

nauti cal W@PL75gertical reference val ues al ong the wat @CRAPOMIROSt or i ng

t he datthe lraseel phucamgenss bkecHssicbogel watethimev essebtaimproatodi kgeh radi o
recei ver onboard the vessel and GPS equi pnent accessible fromthe vessel,
oper at i digeairaacEPSE eths preEssilt fe Cadilventoushy @bl dapasi ti ons of the vessel
hori zontal ly, operating the radio receiver and conmputer in conjunction

with the GPSneqbbpr@iticd &wi€RNki sH0US|fireabtafsadurdabsdekha’ fivectiba, dat a
base, and subtracting the draft of 4 SUBSTI TUTE SHEET (RULE 25) WD

01/ 27856neT/i ¥SBOLREILD o hRtMEESEIr Rt rARh e d1R118RL SOOMS opat 8El 4ne to

obtai n bel ow keel clearance of the vessel relative to the chart datum In

accor dapes Mideaysbidl - § yatheiieade gfuet@ﬁaéd“‘é%@hinogt cHd ¥e@skt s

provi ded a nmethod for determ ning vertic positions of a waterborne

vessel ' s _wat er 559%28%}&\{19 1 R8 §0ar i, ?é;]itev}én@g?hat he vesiehod cﬁner%.‘as'lhgs of

hori zontal Tocation | h a waterway, oY’ conpri si ng e ste

determ pi ng nautical, chart .vertical r.eference val ues | ong_ a _sel ected
wat or way i BT 85 3o HRS HECe Bl 1 1 BPOr olEE - VAl GEEARIELIBIRG ¢ he

dat a basi in a cgnpyégr acq:essi b| e, fé,omthe vessel , fp{zggigépegregs

equi preRtoRR B SEFBFEST r'ETHEYveRibtding, ¢ data base © ce
values and storing the data base in a computer accessible from the
vessel, providing GPS equipment accessible from the vessel, and a
racio receiver onboard the vessel and adapted to receive kinematic
carrier GPS corrections, and operating the computer, the GPS
equipment, and the radio receiver, to continuously obtain data on
current horizontal and vertical positions of the vessel.

The above and other features of the invention, including
various novel details of combinations cf steps, will now be more
particularly described with reference to the accompanying drawings
and pointed out_in the claims. It will be understoocd that the

. particular method embodying the invention is shown by way of
illuétracion only and not as a limitation »f the invention. The
principles and features of this invention may be employed in
various and numerous e@bodimeﬁts withoutr departing from the scope

of the invention.
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rac.i o receiver onboard the vessel and adapted to receive kinematic
carrier GPS corrections, and operating the conputer, the GPS equi pment,
and the radi$COEEESver, to conti nuousl y obtain data on cECT&IFPR0; zont al
and vertical positions ofBRIBF DESSE . ShoNe DRAFINGHBer features of the
i nvention, including various novel det a| I s of conbinations of st eps, wll
now be nore prefdreubar by fRRECEbbefe Viddbmpahei e eatvangbeiactdpanyi ng
drawings and pointed out in the clainms. It will be understood that the

parti cul arsngehhed anhedying d RepbAVEMd V¥ khe SHRWMhRAYnVaFréit wHikhusts ation
only and not as a limtation of the invention. The principles and features
of this inweati g dB%sPEnERIRRdgE wivAl iRUSP Jdrunmer ous enbodi nent s

wi t hout departing fromthe scope “of the |nven ion. 5 SUBSTI TUTE SHEET
(RULE 26) V\D 01%2&{%5@ E L LISQ0 28320 BRI EF DESCRI PTI ON OF THE DRAW NGS

Ref erence is etot conpanyi ng drawi ngs in which is shown an
illustrative epgbodiment of, the Jnvention fromwhich.its. noyel.,fe es
and advant agesgjvo\ngl I n%e ap aafre“ t& °ratthe dra\'fmgﬁ%\é@c E(]fkﬁmg é’e%t : ?]ng

depi cting 3 et hod £ ploLt| g depths of, o ve efhméaymvegws”at' ve of an

FIG. 2 is similar to FIG. 2, but illustrative of a method for

determining vertical positions of a vessel at various horizontal
positions thereof in a waterway;

FIGS. 3 and 4 are similar to FIG. 1, but illustrative of
methods for determining under keel clearance of a vessel in a

waterway.

RIPTION QF T PREF
The method disclosed herein consistently provides improved
hydrographic survey results. The invention includes, firstly, a
fixed vertical reference for a navigation project, and the survey
results are determined relative to the fixed reference. The
methods disclosed he?ein provide autcmatically calculated tides or
river stages (hereinafter, :ide§) at a waterborne vessel’s current

position as the vessel traverses the waterway. The new methods

consistently apply tidal corrections appropriate for the vessel’s
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FIG 2 is simlar to FIG but illustrative of a nethod for determ ni.ng
vertical positions of a vessel at various horizontal positions thereof in
a waterwawool2186. 3 and 4 are simlar to FIG 1, but i |BQr#gsoeesdue of

met ho@srf esntlel @i Bl fgs Undeletkenlned ear ameecot, aa vessem knoen avat er vway.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The net hod di scl osed herein

consi s{seat | YeoFrdidasiipproved hydrographic survey results. The invention
includes, firstly, a fixed vertical reference for a navigation project,

and the SULMEVhyd:RShbEi &N SudRlLHELASEs Il Rlibkedt Retditn fareegraef sreance. The
met hods di scl osed herein provide automatically calculated tides or river

st ages, (el PRl t&le ofl des)adlgRiguat efbeNe HRESBLpend Wi @ke RASItioON as
the vessel traverses the waterway. The new net hods consistently apply

tidal corrections I, QRrj f sel's 6 SUBSTI TUTE SHEET ( RULE 26)
WO 01ﬁ§?§§é°ﬁc§?ﬂ%%8?é§§2%§&§%f§%bh?glM%%gitions as determ ned by the GPS,

a system Known and used. jnternationally. The hydr phi.G. ey net hods
di scl osed H&r BF RSB 5r 4eti ot WHW?Hgﬁ?XtHgnh§é¥gf8g£??géhﬁggég. Model s

t hat depend on tipe and Bosition froma tid auge are not used.
reference values are determined along a selected waterway using a

floating platform with GPS equipment, a GPS reference station with
a known position in three dimensions, and a tide gauge in the
waterway. The reference values obtained from the floating platfocrm
are stored irn a computer as a data base. In the United States, the
data base contains tide relative to the Mean Lower Low Water
(MLLW) , the chart datum of the United States.

The vertical references can be obtained by a selected one of
known methods, one of which is disclosed in "“Tidal Datum Planes”
ﬂ.A. Marmer, Sp. Pub. No. 135, Revised (1951) Edition, Coast and
Geodetic Survey, U.S. Dept. of Commerce.

The particu;ar vessel concerned is measured with respect to
(a) height from the GPS antenna phase center to the keel, and (b)
height from the GPS antenna rhase center to the waterline at a
selected loading of the vessel. The results of such measurements
are consigned to the aforesaid data base.

The waterborné vessel is provided with a radio receiver and

GPS equipment and ccmputer or, alternacively, is in communication

7
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In accordance with the invention, nautical chart vertical reference values
are determ ned along a selected waterway using a floating platformwth
GPS equi pmrenOM2WPE ref erence station with a known posi tEEWSIH283E ee

di mensi onsyitandceeds idd g &B§eequuidneat wahé ravaypmpliher r efGacentee v e daghbt ai ned
fromthe floating platform are stored in a conputer as a data base. In the
Uni ted St atespmbbhred dadrg base it anngppidierinekatide treceheevbani bawengLow
Water (MLLW, the chart datum of the United States. The vertical references

can be obtaidied by thselstat Bdsonsh dhe EPOVEHUIRMBALS,caiN@eObdWEah dfSthe
di sclosed in "Tidal Datum Planes" H A Marner, Sp. Pub. No. 135, Revised

(1951) EditignonCRastonthscCeoretifteSVEY EYusdd19y DRbty sebok@merce. The
particul ar vessel concerned is neasured with respect to (a) height from

the CPS ant enng ghese,£rnteh b0 Ldifes! rolWelh) mallel Uhikahbom the GPS

antenna phase center to the waterline at a cted | oading of the vessel.

The resul t 5. Al Such, IRASHIGIRALS, . A6 6905 GRed 1o, Le ALgr esgid, data base.
ea w r

The wat er borne VEssel 1S provi aradio recei and equi pnment
A, SUBSTIIyT%J§HEET

and conput er_or, ternativel IS, 1.n_comunjcation -
(RULE 26) B30 o FHeEt Prriselpaudisnne, PR Mecss, B Gpe Bt ot -and a
computer. ce tie data hase.,.

With the computer, with the aforementioned data base stored
therein, GPS equipment, and radio receiver in place, all are
operated substantially simultaneously from onboard the waterbcrne
vessel, providing for the vessel data on-the current tide relative
to the vertical reference values at current GPS-determined
horizontal positions.

More particularly, the invention provides an improved method
for plotting depthslof a waterway by operating the radio receiver
and computer in conjunction with the GPS eguipment to continuously
obtain tidal data and computations as to depths of the waterway
beneath a vessel, and plotting the depths on a navigational chart,
or stcring the depths for future transposing to the navigational
charts.

Inasmuch as the reference values are fixed, all hydrographic

surveys so conducted are substantially more reliable. For a

detailed discussicn of hydrographic surveys, see U.S$. Army Corps.

8
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is conpiled, any ship with an appropriate radio receiver and having access
to the data base on the GPS equi pnent, can be advised of the tide on a

br oadcastWOPH¥8¥6nt er val , usually every second. A data bBEEUSMNASHE conpil ed
for evef\=EmzneershsEmelneeThBanusl erfemyeroglamsisi s sutlvdytegai EMAiAlliod2f or
twenty years, or so, as long as there is no significant subsidence,
upliftioor, hydeaski®i, calveage in the waterway. Wth the conputer, with the
af orenenti oned data base stored therein, GPS equi pnent, and radi o receiver

in place, ad cpeeatofpelcH edeSHOs it | ¥ GhratdanrRoyskY¥efr om onboard the
wat er bcrne vessel, providing for the vessel data on the current tide

rel atiy@andRAN@qVerbdclwaebeh eicaral Ues abqfdirsRitl vERS: et &npured
hori zontal positions. Mire particularly, the invention provides an inproved

et 100 4 040 PlOKL ARG, ASPLS 8bs 2 JRLALIRY (DY cOREIAILAGY! BecLadi g dugoer ver

and conputer” 1n conjunction wt equi pnent to continuously obtain

tidal data and, GREPULAL NS 84! O HERLNS A cLE VR Sy bonsal @ vessel

and plotting t S on a navigational ‘char storrng the depths for
futuredtragsggsi%g tOttQF navi aiiéwbl .chgktsb %QP | hcgs %hee{%ference
val ues %8P&™f i Xed"Cal' P - #y 0 3g P APhT ¥ 3ﬂ¥V§&§ 80P T ONH (Eed PR ¥ tfifsCant i al | y
nore reliable. For a detailed.discussion of hydrographic surveys, see U S
A Cﬁk vessel to the pub 1s%ed channel clearange bé)sd%tractgon ggsche
rny ps’ ;
draft of the vessel frem the computed depths of the waterway.
The new method prcvides to the vessel, on a continuing basis,
the waterway clearance relative to the vessel’s hull, including
changing tidal conditions, as the vessel traverses the waterway.
Ship lines using deep draft vessels benefit by the new method by
being able to load closer to the clearance limits of a waterway..
There is thus provided a new method for determining depths
along a waterway, and more particularly, for thereby (1) improving
hydrographic surveys, and {2) improving reliability of under keel
clearance, erabling increased loading of deep draft vessels. The
- new method can further be used to measure depth before and after a
dredging operation, to determine the bulk ©of material removed in a
dredging exercise.
It will be understood that many additional changes in the
details and arrangement ¢f steps, which have been herein described

and illustrated in order to explain the nature of the invention,
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8 SUBSTI TUTE SHEET (RULE 26) WD 01127856 PCT/ US00/ 28320 of Engi neers

"Engi neer Manual of Hydrographic Surveying" EM 1110-2- 1 003, Cctober 31,
1994. 7n opewcediizoess of the new net hod, a wat erborne vessel PCYEHHE si ng a
wat er way can \QpeLal e, hedkadiRi I BGeiveEnangh C QIRHE LT thd praaBjHIed iamd Wi th
the GPS equi pnent to continuously obtain tidal data fromthe data base and
conput at i fr CQNRUL h frhal wakimgnd can obtain
t he bel owggoepeﬁ %?I [éggalnce gtt't%t a‘% é\/}%srggge%lo% %ehepgg?%ﬁj channel cl earance
by subtraction of the draft of the vessel fromthe conmputed depths of the
wat erway. The new nethod provides to the vessel, on a continuing basis,

the waterway cl earance relative to the vessel's hull, including changing
tidal conditions, as the vessel traverses the waterway. Ship |ines using
deep draft vessels benefit by the new nmethod by being able to |oad cl oser
to the clearance limts of a waterway.. There is thus provided a new net hod
for determning depths along a waterway, and nore particularly, for
thereby (1) inproving hydrographic surveys, and (2) inproving reliability
of under keel clearance, enabling increased | oading of deep draft vessels.
The new nethod can further be used to neasure depth before and after a
dredgi ng operation, co determne the bulk of material renoved in a

10
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dredgi ng exercise. It wll be understood that many additional changes in
the det aj arrangenent of steps, which have been herein described

and iIIuswp%ﬁlg@gfn order to explain the nature of the irﬁéﬂ{sfmé %9

SUBSTI TUTE SHEET (RULE 26) WO 01/27856 PCTI USOQ 28320 nmay be made by those
skilled in FRRC art SHRERFR tHe principles and scope of the invention as
expressed in the appended clains. 10 SUBSTI TUTE SHEET (RULE 26) WD 01/ 27856
PCTI USOQ' 28320 What is clainmed is: 1. A method for renoving tidal
fluctuations froma hydrographic survey of a waterway, the nethod
conprising the 3Xtegsdogf foreremavimongidautilowtughaens viaran @al ref erence

val ues along a selected waterway; building a data base of the reference
val ues and hEgtoegraphilte sdavey base watareanputher mached scdirerisfingntize vessel
traversing the waterway; providing d obal Positioning System (GPS)

equi pnrent &acepssefl e fromthe vessel and a radio receiver

determining nautical chart vertical reference values

along a selected waterway;

building a data base of the reference values and
storing the data base in a computer accessible

from a vessel traversing the waterway;

providing Glokal Positioning System (GPS) equipment
accessible from the vessel and a radic receiver

onboard the vessel;

operating the GPS equipment to continuocusly obtain

positicns of the vessel horizontally;

operating the radic receiver and the computer in
conjunction with the GPS equipment to continuously

obtain tidal data from the data base, and obtain

11
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onboard the vessel; operating the GPS equi pnent to continuously obtain
positions of the vessel horizontally; operating the radio receiver and the
conput er i nVEQH{2E#EL i on with the GPS equi pnent to conti nuBGBUS0288k ai n
tidal data fromthe data base, and obtain it C4 1 111l SUBSTI TUTE SHEET

(RULE 2S) 111111111111ddkblitet%BrS 45 ko Bed¥i®)of0Lh27866s P CHd8a0H 28320
conputations as to depth of the vessel beneath a pertinent one of the

vertical reference val ussicinaRd PhoOtdd REet hercmUtededaeptd vdataspn a
nautical chart. 2. A nethod for determ ning vertical positions of a water

borne vessel's waterling,gbove a chart datum at the vessel's present
hori zontal |ocation in a waterway, the nethod conprising the steps of:
determ ning nautical chart vertical reference values along a selected
wat er way;

plotting the computed depth data on a nautical chart.

2. A methed for determining vertical positions cf a water
borne vessel’'s waterline above a chart datum at the vessel’'s
presenc horizontal location in a waterway, the method

comprising the steps of:

determining nautical chart vertical reference values

along a selected waterway;

building a data base of the reference values and
storing the data base in a computer accessible

from the vessel;

providing Glcbal Positioning System (GPS) eqguipment
accessible from the vessel, and a radic receiver
onboard the vessel and adapted to receive

kinematic carrxier GPS corrections; and

[
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buil ding a data base of the reference values and storing the data base in
a conputer accessible fromthe vessel; providing d cbal | oni ng System
(GPS) equOHRATSS accessible fromthe vessel, and a radi E‘W’Eg@;’@% onboard
the vessel and adapted to receive Kkinematic carrier GPS corrections; and
12 1 111f1J 111¥berating el dompufper, fthe |GRY Squipmsy . TEPE SPEET ( RULE 26)
WO 01127856 PCTI USOQ 28320 operating the conputer, the GPS equi pnent, and
the radi o receiver, tredtomeégurioes!ytobtentind@muglynobaiy dataheri zontal and
vertical positions of the vessel. 3. A nethod for determ ning under keel
cl earance of a waterherast vessielontravendivertdcadt peswtsormshefnehdod
conprising the steps of: providing a data base of nautical chart vertical
reference val ues al orgskbe. wat erway and storing the data base in a
conput er accessible fromthe vessel; providing dobal Positioning System
(GPS) equi pnent

3. A method for determining under keel clearance of a

waterborne vessel traversing a waterway, the method

comprising the steps of:

providing a data base of nautical chart vertical
reference values along the waterway and storing
the data base in a computer accessible from the

vessel;

providing Global Positioning System (GPS) equipment
accessible from the vessel and a radio receiver
onboard the vessel, said GPS equipment including a

GPS antenna mounted on the vessel;

operating the GPS equipment to continuously obtain

positions of the vessel horizentally;
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accessible fromthe vessel and a radio receiver onboard the vessel-, said
GPS equi pnent including a GPS antenna nounted on the vessel; operating the
GPS equi pneWO sv/grs&ont | nuously obtain positions of the vesyalsodussiozontal |l y;
13 1111111111111111111 1 | IN C L SUBSTI TUTE SHEET (RULE 25) WO 01/27856

PCTI USOO' 28320  Oppeaii it tthe Fadi® feReei¥eraandomgdPet efn i n conjunction
with the GPS equi pnent to continuously obtain tidal data fromthe data

base and comput ati onseaiss 48R b Pl YL R IRYA: 20 cihinaging from

t he height of the GPS antenna a vertical distance between the GPS antenna

height and the keel ofpddie vesselaand (dbhf enc-aoplle . e ght with an
rere

i nterpol ated hei ght of the fixe rence va ue corresponding to the
vessel's . horizontal i.f1.Qr % rOV|d clearance relatlve to a
publ i shed channel deptg aggbn hd% %ﬁlo tESeVa T YEYdn8S of a
wat er borne vessel traversing a matermay, the nethod conprising the

subtracting from the height of the GPS antenna a
vertical distance tetween the GPS antenna height
and the keel of the vessel and differencing the
height with an interpolated height of the fixed
reference value corresponding to the vessel’'s
‘horizontal position, to provide a keel clearance

relative to a published channel depth.

4. A method for storing keel clearances of a waterborne

vessel traversing a waterway, the method comprising the

steps of:

providing a data base of tidal datum measurements and

storing the data base in a computer accessible

from the vessel;

providing GPS equipment accessible from the vessel and

a radio receiver onboard the vessel;
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steps of: providing a data base of tidal datum neasurenents and storing
the data base in a conputer accessible fromthe vessel; providing GPS
equi pnent ¥¥@eEY8¥Hl e fromthe vessel and a radio recei VRCT/O9B3%2¢ t he
vessel; 11 14 * CL MS SUSSTTTUTE SHEET (RULE 25) WD 01/27856

PCT/ USO0/ 28320 operating the G obal Positioning System (GPS) equi pnent to
continuously obtain positions of the vessel horizontally; operating the

radio receiver agdecoiiy fhel alosmmqueﬂlﬂxgtéyé&& %Ssﬁ%xﬁ'ﬁﬁhtto
continuously obtain the under keel clearance of the vessel 1n

wat erway; and, storing,the qgﬁsh‘i%bc%kﬁagégf@foﬂé“ AN cakegddan C '09 of
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horizontally;

operating the radio receiver and computer in
conjunction with the GPS equipment to continuously
obtain the under keel clearance of the vessel in

the waterway; and,

storing the under keel clearances in an electronic log

of the vessel.
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