[ DESCRI PTION] [Invention Title] APPARATUS FOR MEASURI NG

LOCATI ON OF UNDERWATER VEHI CLE AND METHOD THEREOF 5[ Techni cal Fi el d]
The present invention disclosed herein relates to an apparatus for
measuring a |location of an underwater vehicle and a nmethod thereof

[ Background Art] fyﬁﬁtﬁ@%y ace of a large vessel corrodes and has

floating materi al sea attached thereto. In order to
re-coat the corr (Ei ng .hul | gurface or renove the attached floating
materi al s, diver o ];?jlly in the sea. This manual work is al so
performed for determ nlk%snorrralit or abnorrralité of the hull

surface. HoweverAP EOR oMBASURING: L @KAHAY ¢?F r DPHIER WiHelER

entire hull surface and risks are inherent all the tinme in that the
wor ks are peEfErIe ANINYEETHOP B@EREDFRecent |y, various robots have
been devel oped operable in the sea in order to exam ne abnormality of
the hul B surface [@eclirepdiFicldhe abnornality of the hull surface. In
particul ar, robots are energed which precisely exam ne and repair the

hul | surface whiti heicagindbitrahagidsed ﬁefélmyatékqo% abﬁﬁam Iedr xﬁwsﬁﬁﬁgﬂa
A location of an underwater robot, which works while being attached

1o the Dot QuBHICkas Endhubidfy b ang 3% sreapund Invarious ways.
I nail ng ? oca

As a representative way Ion of the underwater
Short’ bLQE{?n'eS(?Sgé%gng qsmﬂ.enéfb)st em usi ng-an Ul trasont & System
cal cul at ed by | AT TR o AAUBBEBIH SPedrs A dopis BEAR the
acoust i18 t rsgg Saﬁggh\ég r’El'slere‘co. In order to re-coat the corroding hull surface or remove the
attached floating materials, divers work manually in the sea. This manual work is
also performed for determining normality or abnormality of the hull surface.
However, it takes a lot of time to examine or repair the entire hull surface and risks
are inherent all the time in that the works are performed under the sea.
16 Recently, various robots have been developed operable in the sea in order to
examine abnormality of the hull surface or repair the abnormality of the hull surface.
In particular, robots are emerged which precisely examine and repair the hull surface
while being attached to and moving on the hull surface. A location of an
underwater robot, which works while being attached to the bottom surface of the hull,
20  may be found in various ways. As a representative way of finding the location of
the underwater robot, there is a long baseline (LBL), short baseline (SBL), or ultra
short baseline (USBL) positioning system using an ultrasonic system.
In these ways, the location of the underwater operating robot may be

calculated by installing on the bottom of the hull a plurality of acoustic transceivers

25  which transmit ultrasonic waves, detecting ultrasonic waves which are reflected in



25whi ch transmt ultrasonic waves, detecting ultrasonic waves which
are reflected in response to the transmtted ultrasonic waves, and
integrating a location relationship with each of the plurality of
acoustic transceivers. However, these ways take a | ot of time due to
vari ous devices i alled i e sea. Anot he to cal cul at
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the hull is to conpare terrain features by using a vision system or
an ul t r asontih ecdnvlethe phsaly acqyStip STascEtyca. { FHIQUVER (BRSE HYS dake  lot
precise location in this way because singularity extraction is not
easy when td#dinhadue tonefigeedgvices instatled in the sfher ef ore, an apparatus is
necessary for finding a | ocation of an underwater robot working while
bei ng attached tAndthe Wwey tomlpdatei Olvcation tarhuhderwd@f BbmC hasking Jon the
[ Techni cal Probl enj The present invention provides an appar at us
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an underwat er vehicle which works wﬁl | e being attached to the hull
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hul | surface areas, d generating nor mel "vect or
i nformation for %area and evel inforg%tﬁq# WhIChIS nfor tion
for a depth that "3EaR *BPEAVF 5 SEAFRETY G\A?CéPOHQ JR Hngfrayater
information receiving unit receiving attitude and depth _information

for a vehi cioBolverkingadhilobaipgpattaghed W fhe hetom aadioa of fiediillon

determ ning unit conparing the attitude information for the vehicle
with tH® normal Vd¥sdesurek or mati on for the area, and conparing the
depth information for the vehicle and the level information for the
area to determ nd Techacatfrasieial t he vehicl e.

The present invention provides an apparatus and method for easily and
precisely finding location information for an underwater vehicle which works while
being attached to the hull.

15 [ Technical Solution]

Embodiments of the present invention provide apparatuses for measuring a
location of an underwater vehicle, including: a hull information generating unit
dividing a hull surface into a plurality of areas, and generating normal vector
information for each area and level information which 1s information for a depth that

20  each area is submerged into water; a vehicle information receiving unit receiving
attitude and depth information for a vehicle attached to the hull surface; and a
location determining unit comparing the attitude information for the vehicle with the
normal vector information for the area, and comparing the depth information for the

vehicle and the level information for the area to determine a location of the vehicle.



In some enbodi nents, the |location determning unit may determ ne, as
the location of the vehicle, an area where the attitude information
for the vehicle corresponds to the nornmal vector information for the
area, and the depth information for the vehicle corresponds to the
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y axis, and a yaw value which is an angle rotated around z axis in an
earth coor for&ERends t the sormal veetos infermsionrfenths, arean andh thel deptiy information
generating unit may include at | east any one of: an area dividing
modul e di vifdi thg vehieletvoriespond$ ticthe levebinfdrenapbu faithe sreaf areas; a cel |
vect or generating nodul e generating cell vector information for each

area; abconver silanotied wntbodinstd, t thag aftingieC @lfbrmyRihoand heriviabvetor
each area into that in an earth coordinate to generate the normal

vector i nf gffRbERh @y Iaclh@y @ﬂy bt & ABtd ﬁ@c&%ﬁhﬁﬂnﬁﬂorﬁ%ﬁi fmong a roll
extracting the level informati'on which includes a depth that each of
the areas ig;,RUDIBL Qsezgl %n%k%%éc?{rbuﬁc[‘ a%sdéﬁﬁ&ax?afr‘ué&rﬂ{ch@@aﬁ %}‘fgl&?&téted
vector information an e ‘normal vector information. even
ot her enbodj nents, the cell vector,.informti.on i ncl.ude any one or
Tor e pi ecod i R EIPTRI SRV FERCAENY 5o RS vaRiT R S i 4 i
rotated 20 aroynd x axis, a pitch value which is an angle rotated
around y a&089Baly a yaw val ue which is an angle rotated around z
axis in the earth coordinate. I n yet other enbodinments, the
vehi cl 80i nf or matlh sHllroslessi spibegdinents, thehull defboaasiont ganerating anif nemyeingiude g
vehicle attitude information receiving nodule receiving the attitude
i nf or mat i orat fleast tahg onehokt|am; armadlisiduehirodeleddipiding ticohnktsudice into the
receiving 25 nodul e receiving the depth information for the vehicle.
plurality of areas; a cell vector generating module generating cell vector information
for each area; a conversion module converting the cell vector information for each
area into that in an earth coordinate to generate the normal vector information; a
15 level information generating module extracting the level information which includes
a depth that each of the areas is submerged into water; and a database storing the cell
vector information and the normal vector information.
In even other embodiments, the cell vector information may include any one
or more pieces of information from among a roll value which is an angle rotated
20  around x axis, a pitch value which is an angle rotated around y axis, and a yaw value
which is an angle rotated around z axis in the earth coordinate.
In yet other embodiments, the vehicle information receiving unit may include
at least any one of: a vehicle attitude information receiving module receiving the

attitude information for the vehicle; and a vehicle depth information receiving

25  module receiving the depth information for the vehicle.



In further enbodi nents, the vehicle |ocation determining unit may

i nclude: a depth information mappi ng nodul e conparing the depth
information with the level information to extract a first area where
the depth information corresponds to the Ievel information; and a

vehicle | ocatio in dule c ring the attitude |nfor

Wth the nor i WOBRBH SHIGIHER GRE PHER tpbion JORRE R BaUHERES: he
attitude information corresponds to the non-nal vector informtion.
In still fulepHemfamasan feappes pRdulg campriang BedapBhingeipistiag widdie devehy
conpar e the attitude information with the normal vector information
for the fi rigformatien to exixact acfirst heeasebarn dhe depth vinformatidrecarasponddeto the
i nformati on corresponds to the nornmal 10vector information for the
first area.level informatiof;hex £vbhidieneoitionomappiag prekdn totparary thenattitude
met hods of neasuring a |l ocation of an underwater vehicle, conprising:

(a) divisdi nigfamatbh wSU tha GRrhalt Rctor RhfrRabiidny toPEx e A SecddAhrEL VBERIthE J
normal vector information for each area and | evel infon iation which

i s infornmat LY into water; 15
(b) recei V|%gﬁg%ﬁf?udéeiﬁﬂtcgngﬂﬂhﬁ§%q %?Srrlglﬁlgﬁdwg a vg icle attached
to the hull surfac C arjin t de informti for
the vehicle wit hl%t (1311 ratfg&hn%rl gr\r}g%c{%ems or i IglltSniotc %tlwnt HEPBW&?“’@E‘S may
conparing the de r tion for vehicle and the vel
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In sone enbodl ments, the operations (a) and (b) may be perforned in
an 20or der (gfexgpelrthe |Se<tﬁméatlfeaawber? e atputednfosmation coxmsp@mhct@d@ neypnal
operation (b) and then operation (a), or operations (a) and (b) are
concur riént | yecpeiformasibn for the firftraret her enbodi nents, operation (c) may
include: (c-1) extracting a first area where the depth i nformation
for the vehicl e moothes pobddinientst be the pedsentninoemtidn, anetheds dthenanedig a
and (c-2) extracting a second area where the attitude information for

the 25vehi clogath@r 68 @Rderwiater t\RRi0N) I dORApri¢ BBt @4) ﬂhtcﬁﬁ%‘ratmn shr@dcet iA® a
ar ea. In still other enbodi rrents operation (c-2) may i ncl ude

extracting gihgliseceRdaahad g\éﬁlﬁét&gt REnal %été&dﬁqfdrf} aﬁBﬁr%t‘ QR fa a a,tnla%vel
vehi cl e corresponds to the nornmal” vector information for the I rst
ar ea.

information which is information for a depth that each area is submerged into water;
156 (b) receiving attitude and depth information for a vehicle attached to the hull surface;
and (c) comparing the attitude information for the vehicle with the normal vector
information for the area, and comparing the depth information for the vehicle and the
level information for the area to determine a location of the vehicle.
In some embodiments, the operations (a) and (b) may be performed in an
20  order of operation (a) and then operation (b), or an order of operation (b) and then
operation (a), or operations (a) and (b) are concurrently performed.
In other embodiments, operation (c¢) may include: (c-1) extracting a first area
where the depth information for the vehicle corresponds to the level information for
the area; and (c-2) extracting a second area where the attitude information for the

25  vehicle corresponds to the normal vector information for the area.



In even ot her enbodi nents, operation (a) may include: generating cell
vector 5 information for each area; and converting the cell vector
information for each area into that in an earth coordinate to
generate the normal vector infoin ation. [Advantageous Effects]

According to t hﬁp%ﬁﬁ%ﬁi&&%&tb%df?ﬁqﬁntt%pgﬁﬁﬂt,t-%): %Xgp{cglc gé&%%ﬁxéﬁiée second

| ocation information TOor an under
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portion of the hull _can be found in real tine. Third, a precise
| ocat i on ofinfom@alhfos the st a8 bott om portion of the hull can be
detected without singularities on the hull. 15Fourth, a |ocation of

t he vehicl e att doleeen phet treb@bments ereraticon(abmay hechade: gensaatingecetlogaigr
under novenent. [Description of Draw ngs] The acconpanyi ng
drawi ngé ariaformefiodéd dach preay anke canviettirighéae celldetst anfdimagionf fot Bech area
present invention, and are incorporated in and constitute a part of

this 20 spggiofth@&dh af Bartll BsoraifaitH géndratk Wil Hodn@l octiFRhRfMatiirbodi ment s
of the present invention and, together with the description, serve to

expl ain principl invention. In the draw ngs.
R R

FIG 1 is a block strating a |ocation nmeasuring apparatus
of an underwat erAé/c%pdiﬁé ecoaﬁ]%OEI%bQ&n}eﬁtsao lthe tprgsrtrﬁtr)l? qh\ge% 1%n,Ofﬁr§t,h?ocation

present invention,
information for an underwater vehicle attached on the bottom portion of a hull can be
10 found without installing separate external devices.
Second, a location of the vehicle on the bottom portion of the hull can be
found in real time.
Third, a precise location of the vehicle on the bottom portion of the hull can
be detected without singularities on the hull.
15 Fourth, a location of the vehicle attached to the bottom portion of the hull can
be found under movement.
[Description of Drawings]
The accompanying drawings are included to provide a further understanding
of the present invention, and are incorporated in and constitute a part of this
20  specification. The drawings illustrate exemplary embodiments of the present
invention and, together with the description, serve to explain principles of the present
invention. In the drawings:
FIG. 1 is a block diagram illustrating a location measuring apparatus of an

underwater vehicle according to a first embodiment of the present invention;

25 FIG. 2 is a structural diagram illustrating roll, pitch, yaw angles;



25FIG 2 is a structural diagramillustrating roll, pitch, yaw

angles; FIG 3 is a block diagramillustrating a hull information
generating unit which is a portion of a configuration of the first
enbodi ment of the present invention; FIG 4A illustrates an exenplary

di agram of a hul rface:, .. . FILG 4B.illustrates areas.of, the
Ui T surface i viGbd i Sipek dhagremileiaiiga il HERTeton eeioEq s it i
conceptual diagramillustrating a nethod _ of generating cell vector

i nf or mat i on'SRIPHRiRRonTigwRatigR af the &gt -embodimeng pishepresgntinyestespt ual
diagramillustrating a nmethod of converting the cell vector

i nformation on tH&. Basillystetcsan examphiry diggdimef @hwelysréwe; 10FIG 7 is a

bl ock diagramillustrating a vehicle information receiving unit which
is a portion of Flke 4Bnilugatest meas af thhehnfli metfaentinddadeby ofridngelation
present invention; FIG 8 is a block diagramillustrating a

| ocat i o5 dedemsilni ng unit which is a portion of the configuration of
the first enbodi nent of the present invention; 15 FIG 9 is a

connection rel atf’l@ﬂ%hgﬁc@h&%ﬁaﬂjhﬁgﬁ%ﬁhﬁ&g?ﬁn ggoafgi%gﬁg ggﬁg&g’;@gﬁ%ﬁttor

apparatus of an underwater vehicl €& accor

of the pr esiﬁ?&nﬂaﬂéﬁ??otritﬁé‘hul SurfaceFrle%_ 10 is a flowhart illustrating a
nmet hod of neasuring a oca}l on of "ani underwat er vehicle according to

a third embodi ﬁb O()f istep go&régt%gpéialgr%el fulst%rilt-ingaaril ?nethod of converting the cell

vector information on the basis of an earth coordinate system,;

10 FIG. 7 is a block diagram illustrating a vehicle information receiving unit
which is a portion of the configuration of the first embodiment of the present
invention;

FIG. 8 is a block diagram illustrating a location determining unit which is a
portion of the configuration of the first embodiment of the present invention;

15 FIG. 9 is a connection relationship block diagram of a location measuring
apparatus of an underwater vehicle according to a second embodiment of the present
invention;

FIG. 10 is a flowchart illustrating a method of measuring a location of an
underwater vehicle according to a third embodiment of the present invention; and

20 FIG. 11 is a flowchart illustrating a method of measuring a location of an

underwater vehicle according to a fourth embodiment of the present invention.

[Detailed Description]
Embodiments of the present invention will be be embodied in different forms

25 and should not be constructed as limited to the embodiments set forth herein.



20FIG 11 is a flowhart illustrating a nethod of neasuring a

| ocation of an underwater vehicle according to a fourth enbodi nent of
the present invention. [Detail ed Description] Enbodi nent s

of the present invention will be be enbodied in different forns 25and

oS e S T 1S O AT o 0
Scope of ¢ rapeEant THIRY rSNY SR RoB Soutiratinl i ehomip RN SKilef o

be understopd that, although the terns first, second, etc. may be
used her ej ﬁﬁ% i Mlﬁ&ﬁiugﬂeraﬁ%d&aér?éﬁhpugwﬁﬁ%m@tﬁﬁ@tr seePRtnstt: maydic ysed
be imted by the 5terns. Throughout this specification, when
an el enent licteip é¢ distiaguisly cas elanenirfram angthet iclesienti atot 4o denimiiehby the
does not preclude anot her conponent but may further conprise or

i ncl ude5t heemtsher conponent unl ess the context clearly indicates

otherwise. It is to be understood that the singular fornms "a," "an,"
and "the" incl udgrdQflouf tilis §RkETcanbs WitnesSelbhentciontRxtd & eaFtdmprise”
di ctat es ot herw se. An enbodi ment of the present invention

rates other ( _ _
pertains tQaf ARRALAISdnRht, B &fck 36t grééﬁltd@%hgﬂlﬁlgr %@Ig ellﬂnlﬁg% Rurther

vehicle which 1s attached to and noves on a h sur
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enbodi nent of fhe present invention in conjunction with the
acconp Hyi d&ur&} rgﬁrﬁgg unless the context clearly dictates otherwise.
An embodiment of the present invention pertains to an apparatus for precisely
detecting a location of a vehicle which is attached to and moves on a hull surface.
In an embodiment, a location of a vehicle may be detected by comparing vector
information measured by a sensor included inside the vehicle and vector information
15 according to a curve and depth of the hull surface.
Hereinafter, it will be described about an exemplary embodiment of the
present invention in conjunction with the accompanying drawings.
A first embodiment of the present invention pertains to a location measuring
apparatus of an underwater vehicle.
20 FIG. 1 is a block diagram illustrating a location measuring apparatus of an
underwater vehicle according to the first embodiment of the present invention.
As shown in FIG. 1, the location measuring apparatus of an underwater
vehicle according to the first embodiment of the present invention includes a hull

information generating unit 100, a vehicle information receiving unit 200, and a

25  location determining unit 300.



A first enbodi ment of the present invention pertains to a |ocation
measuri ng apparatus of an underwater vehicle. 20FIG 1 is a block
diagramillustrating a | ocation neasuring apparatus of an underwater
vehi cl e according to the first enbodi nent of the present invention.
As shown in FIG 1,, the.l ocation asuri. appar at us_of —an under wat er
vehi cl e accordi ni’% lbul?lﬁgormaﬁg? g@%%&m&q%gfﬁgﬁggﬁpg%ﬂtve ntﬂ{/lé‘ﬁ? on
includes a hull informatio enerating unit 100, a vehicle .
i nf or nat i ongf sadh \*}’feﬁgor}au% gl A5 ace e Vb (emeaton e eedenth g thptea is
300. The hul |l information generating unit 100 generates

nor mal vect ¥bmergedr nahe bull isurfaceais Hommasabiopreaisply| donsesting @eplanalityl eflsigel
information for a depth that the area is subnmerged. The hull surface
is formed hylaies éedetiet ynd gnndingijogtsa Mlamealand guokd steades prafesed on the
together and grinding joints. Planes and curved surfaces are forned

on the % hukdll sufdcacend ardrvad Gurfyachsiid 8 geeddtermidaading A€ lcervaired a
radi us of curvature is a conbination of a plurality of fine planes.

There are nQBhatRCIOS %Iu@eﬂitj? e thk aeRs aANth & MM FBAES] JromBigithes
the hull surface, and they are towards an outer side of a vessel and

per pendi cul 213 4.9y : { LI r C)C L f
the hull exposed ég%%f%é&vq\gﬁglrn kgg%ﬂ@%&df%%%u%@é}ﬁé ﬁgx(g@?rﬁ%a%gﬁt[éﬁhgpwﬁe
vessel subnerged {gnder &ihlg water 1ma% be neasured, and the |evel
i nf or mat i onwﬁg%aﬂ PP R AAHP!ASor di ng to the depth that the hull
is subnmerged in addjtion _to the normal vector information for
di scrim nating 1, fofethp essel g eigd of (therhelh Srpesen o, the water duetp
the end, identifying factors for each area of the hull surface, which
are 15dé&nertioyandyand-be dapth df the rerseli whmgessd vademige wrater mgobe nsasurete
the normal vector information and the |evel information.
and the level information may be also obtained according to the depth that the hull is
submerged in addition to the normal vector information for discriminating areas of
the hull surface from each other.
In the end, identifying factors for each area of the hull surface, which are
15 generated in the hull information generating unit 100, include the normal vector
information and the level information.
Detailed description for the hull information generating unit 100 will be
provided in relation to FIG. 3 later.
The vehicle information receiving unit 200 receives attitude information and
20 depth information for the vehicle. The vehicle generates the attitude and depth
mformation thereof by using various sensors installed therein. The attitude
information of the vehicle may be generated by, for example, an inertial
measurement unit (IMU) or an attitude heading reference unit (AHRS). This unit

calculates roll, pitch, and yaw angles for the attitude of the vehicle. The depth

25  information for the vehicle is generated by, for example, a pressure sensor or a depth



Detail ed description for the hull information generating unit 100
will be provided in relation to FIG 3 later. The vehicle information
receiving unit 200 receives attitude information and 20 depth
information for the vehicle. The vehicle generat es the attitude and

depth i nf orgapldrofchlded ER%AOUNE SIRRIY BT TRYUSR
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angl es for t elattltude of the vehicle. The depth 25| nformation for
the vehicl e Yener at ed by, for exanple, a pressure sensor or a
depth sensor included inside the vehicle. The information generated
by the sensor i ndedgeion istesminipguisA0Q feteinaines @s adeqaiig el thershivhs pon
and depth information of the vehicle. The | ocation determning unit
300 det &r manesswhers the dttibuleiinformétianhenrxesiringds ¢ themosmak egtostiefoenatin for
attitude information corresponds to the normal vector information for

each area afach beeatudlihe Buli f@€eewiich agr gengaredr akiatdeAanetd e dssuriddd above,
descri bed above, and where the depth information corresponds to the

l'evel i nforayatvieme Hiyd?fh i@ aBbn BBedpahls BULE @@v%l 1n-?&%at1'oﬁ fot Afarea of
vehicle which is attached to and noves on the hul surface
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| ocat i dete uni t 300 det.e m nes, a laqcatiqn of th
vehi cl 3,8 %?%?Prtﬂaﬂ%rea&g deph infomnaefs theueige pnch Betiehed g the
| evel information for each area of the hull surface correspond to

i nf or mat i oriufloyirfaprecareaspends. to jeyb irdpranagion dey gtleashormengeificrisedef the hull
information generating unit 100 which is a portion of a configuration

of the firsurfeehodihedneation detbempring wmit 30hdetatmioes, as hdoqatiomaf theechisie,
information of each area of the hull surface and roll, pitch, and yaw
angl es whi dly sstetiag tai spacificiandaowh@at itlennaina kectoe hd legelainforaagcn fdechch n
relation to FIG 2. 20FIG 2 is a structural diagramfor describing
the roll, piréLéf BBl A8 @bASspond to information for the vehicle.

15 Before description about the hull information generating unit 100 which is a
portion of a configuration of the first embodiment of the present invention, the
normal vector information of each area of the hull surface and roll, pitch, and yaw
angles which are attitude information of the vehicle are described in relation to FIG.
2.

20 FIG. 2 is a structural diagram for describing the roll, pitch and yaw angles.

An object has a center point. It is assumed that there are three axes
penetrating through the center portion respectively in a direction forward and
backward, in a horizontal direction, and in a vertical direction. Movement and

attitude of the object may be interpreted by combining linear movement along the 3

25  axes and rotational movement around 3 axes.



An object has a center point. It is assuned that there are three axes
penetrating through the center portion respectively in a direction
forward and backward, in a horizontal direction, and in a verti cal
direction. Mowvenent and attitude of the object nay be interpreted by
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around 3 axes. ovn 1 n an“obj ect novi ng

al ong an x-axis is assuned itch apgle means an angl e accoydin o]
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by neans of a |linear nmovenent along an axis of a direction forward
and backwar ¥ iy-a&ﬁ)wml PP Pt feaps Phet HRGH JROYRHIGHE almet fb ayls) @lct .
5 Aroll angle nmeans an angle by neans of a rotational novenent
around t he @xgconforriad aidackivard (kowigmdtharspesbiokhe eeht¢npointiof the object.
occurring along |inear novenent according to the horizontal axis (y

axi s) wi&t h Aesheatletmednh ancagledry mpoamt ofaf ratdimnabmecément around Ahy axis of
angl e neans an angle by neans of rotational novenent around a
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object. 10Typically, the above described nornmal vector information

and at ti t udgchiahl ahd bl Beis (@ Bic) Finkkpke 10 ﬁl@rc@la@ﬁg{ggt Bind B

pitch, and yaw angles, and the vector is a thematica

represented as a i i i I . i

present inventi oﬁwgﬁﬁgﬁn?ﬁg %o%{r%?e%&erg %lrs é}‘n%oga&}?g i %ﬁb%ﬁ%}%t%éuﬁ@
attitude information of. the vehicle are identjc i S determned by a
vector di re‘éet"{1 ?Xiig%\ml )r1W%§r%@?ﬁ&&@ﬁf@‘&%@l{‘m%ﬁ?}?gpi tch, and yaw
angl es. FIG .3 is a block diagramillustrating the_ hull )

i nfor metd on genefwiFAly> JRF tabpYe GHFFEPEd oENgoVesten tpformafion and attitude
configuration of the first enbodi nent of the present invention. The
hul | i nf or niaferaatige abihgtvichiglamay ba oprésauted de solhmithewmddiaw anighes. stk e
20 110 dividing the hull into areas, a cell vector generating nodul e
120 gener at varipriea tothdnmdticalnptriboh rdpoeschted aslnwapadudabld adieasiona In the
conversi on nodul e 130 converting the vector information for each area

of the hul | embddimbMaif thdpsere diehti e ovitiitatiee A@MAENetatiafdrnetiioanedhe
vector information, a level information generating nodule 140, and a

dat abase 158tia#d0hBensHAN NBe VBfiRleRE iQMtiEAr s BRmYBRE 8y ARG tdrBrection,
nor mal vector
15 which is represented as the roll, pitch, and yaw angles.

FIG. 3 is a block diagram illustrating the hull information generating unit 100
which is a portion of the configuration of the first embodiment of the present
invention.

The hull information generating unit 100 includes an area dividing module

20 110 dividing the hull into areas, a cell vector generating module 120 generating
vector information for the divided hull areas, a conversion module 130 converting
the vector information for each area of the hull into that in an earth coordinate to
generate the normal vector information, a level information generating module 140,

and a database 150 storing drawing information for the vessel and the normal vector

25  information in the earth coordinate.
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25information in the earth coordi nate. The area dividing
nodul e 110 reads the drawing information for the vessel stored in the
dat abase 150. In particular, drawing of the hull surface of the
vessel is read fromanong the drawing infornmation for the vessel.

FIG 4A is an exenplary diagramof the hull surface. 5As shown in
FIG 4A, in ordeThe aedidisvidiag oieiubul 10 seadf doediani tuf@asition foir thel wegsel
for a connection state of a plurality of steel plates is used, which

i's used forstsedm giel dighbhfie1 d0Ih P&Wcﬁﬁ_ﬁ&iraﬂ;ﬁl‘g dTuhé helVEhdee dfsheliesselad
into areas where cell vector information (a vector perpendicular to

each area sy 868)and e B2 u%ﬁ‘grc&%nf%"c' £ { yraaqeach other by neans
of triangul até on or agfﬁnﬁae el ement lﬁeﬁlﬁl&. élbgalél G 4B illustrates
the hull surfac s.divided by.the tri.a atdon. As shown in
FIG 4B, each areFeIg{ g% 't %%e U ﬁa?udrlégi%lg qféhegg'lgﬂcsi i%64. The each
specified area of the hull suyrface has a .uniqye value for the cell,
vector Pnf or mat i‘shshown in ﬂégc%‘“a%d?rstoéjb‘ég‘? mggﬂlut‘?yrfg‘&ﬁ jpto fF?Seﬁ?ir%Rg
val ues, which are the cell vector information, and areas having the
sane rol |, 18T tacronngpiépny statey af ge Blurdlify eali geeli platsh up adsed, whichnissuser ®r
way, the area dividing nodule 110 divides the hull surface into each
area by usicempié¢tmgtibe hullisedicag. The hull Tiréaceécdivided ante retas mrerroatlil wctb2 0
generates the cell vector information for the divided hull areas. In
order to gdnfrabkgon (Eveesrlpemeadionlat if @chatdadnrthey) fervehh segbodiffefs fidig
hul | surface, an arbitrary point is set to be a reference in the
vessel .  2Q:aBh GthePby efnCaNESBI R onbr ARl Rferfl8RAI4IPI Ng a net hod of
generating the cell” vector information for each area of the hull
surfacqg

FIG. 4B illustrates the hull surface areas divided by the triangulation.
As shown in FIG. 4B, each area of the hull surface is specified. The each
specified area of the hull surface has a unique value for the cell vector information.
Each area is specified by roll, pitch, yaw values, which are the cell vector
information, and areas having the same roll, pitch, and yaw values may exist in plural.
15 In such a way, the area dividing module 110 divides the hull surface into each
area by using the hull drawing.

The vector generating module 120 generates the cell vector information for
the divided hull areas. In order to generate the cell vector information for each
sector of the hull surface, an arbitrary point is set to be a reference in the vessel.

20 FIG. 5 is a conceptual diagram for describing a method of generating the cell
vector information for each area of the hull surface.

As shown in FIG. 5, a coordinate (i, j, k) is set around an arbitrary point at the
bow or the stem.  Roll, pitch, and yaw values of a protruding vector from an area (a

shaded area) drawn on the basis of the set coordinate are geometrically calculated.

11



As shown in FIG 5, a coordinate (i, j, k) is set around an arbitrary

point at the bow or the stem Roll, pitch, and yaw val ues of a
protrudi ng vector froman area (a shaded area) drawn on the basis of
the set coordinate are geonetrically cal cul at ed. The vector

generating nodul e 120 generates all cell vector information for each

area shown in FlGie 48tor generating thedtONYGBhQBefRH Wl edfr RefobR4h for
conversion on the cell vector 1 nfornmation for each area of the hull

surface on the Rashswafin e garth coordinate to 5generate nornal
vector information. The reason why the cell vector information

I'S Converted I ntgpd hc% Q&%i%ﬁl n}/o%ﬁfeor13bnégﬂ’f%{s' WP} iH{'eo Ak S é?ﬁ ‘}QFO
earth coordinate 1s that a sensor for generating Attit Ude T nfor mation
i ncl uded insi.de t.he .vehicle g rates rol | itch, an aw val ues on
the basis ofifeEIES A eReh R Tiare tufluidn o Bis Sidisot s Fth ovtinrisce
allows the roll, 1 O pitch, and yaw values to be constant w thout
acconmpanyi n%enﬁraé%%?rmahg%‘éordﬁgﬁ’@ét‘% enabling a specific point fixed
to the magnetic north to be set despite of novenent of the hull as
wel | as noverent Ty reasen wdhy theecell vector mif@magionsis scopwertedpintra thednamgmedm
for explaining a nethod of converting cell vector information on the
basi s of theceannformemondomtiedasid bTte aethlcoveiiiane isithdter swasdrdor generating
generated in the above nentioned cell vector generating nodule 120

uses one cogrifidsaiferhiftain idbluasdinkidarie PeHidle gefbritBerdIl bltch, anll FERN afifes

an original point. The cell vector information nmeans roll, pitch, and
yaw val ues. odWiRhatis 81 8! darth 868:@nate)f Oh BBIiHOR the eGANNRdiR e 211 @s Hadbil,
in the earth coordinate, an original point of tﬁe one COOI’gl nate is

transl d i:n.p I 0 . .l ginal -point, of the
carth clor gt € vehls FPRE ERRARP ok RooofliaRibes 1ol e B
converted. That is, t rol,l i.tch, and.yaw val ues are.converted
Chto t hose SHEP.T st tnefoeel b it Bl Bubin B R e
original poin orresponds to the original point of the one

coor di nate,tlhﬁA&PPﬁﬁs iw§ﬁta?§}?é’9%9%tof’fiﬂf‘\e}5%¥‘§?'l el by a distance which is
away fromthe orjiginal point of the earth coordinate as shown in FIG
6. FIG. 6 is a conceptual diagram for explaining a method of converting cell

vector information on the basis of the earth coordinate.

16 The cell vector information generated in the above mentioned cell vector
generating module 120 uses one coordinate that an arbitrary point on the hull is taken
as an original point. The cell vector information means roll, pitch, and yaw values.
When the cell vector information is converted into that in the earth coordinate, an
original point of the one coordinate is translated in parallel to correspond to the

20  original point of the earth coordinate, and then the roll, pitch, and yaw values are
converted. That is, the roll, pitch, and yaw values are converted into those on the
basis of axes of the earth coordinate in which the original point corresponds to the
original point of the one coordinate, which is translated in parallel by a distance

which is away from the original point of the earth coordinate as shown in FIG. 6.
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The | evel information generating nodul e 140 extracts depth
information for each divided hull area. Subnerged depths are neasured
in deep water that areas of the hull surface divided by the area

di vidi ng nodul e 110 are subnerged. The level information that is the
nmeasured depth infornmation for each area becomes a 5Sconparison factor
for cal cul ating BhePleséltinftmafion Beneyltigthedule 140 ethatdabhasRm&n for
included in the hull information generating unit 100 stores

i nformat i onstp ﬁwtlm MESAEA, dslﬁ)\meagedadusﬂis%e ﬁl%héury@&t&re 'v&hfté}rtﬂatalr&e of
The information for the vessel drawing is used by the grea di vidi ng

nmodul e 110 i ur.

drawi ng of E%“ﬂi*lf%wlﬁ ﬂ&h& dfvm"ll% %Ofgﬁvlé@ta%ér]&bt}f‘r‘g #n@t i%%q

t he vessel t. des |te of nt.of the _vess sin a
coor di nat e H%Wlﬁg ?fﬂ%tr almeﬁf)‘?rﬁ‘ﬁm‘i/qﬁgféﬁ@npﬁtéqndéoﬁ ﬁ%ei\/é"%%{‘er’

cell vector infarmation stored in the database 150 is converted by
the conver sSogHaHsyLiastor Ky gleuigtiag saesisiop et theyebigle h coordinate to be
used for calculating a |location of the vehicle regardl ess of docking
or a noving posi’flieo%t@iasq hel wwhulel in @) hulk inéoratative gendnatinguuit 100 stores
information generating unit 100, which is a portion of the

conf i gur at iiaformbtidihéor fthe sdssed podingand thefcell vectpr ff@niationy eThé Bifiprmasion
described. Hereinafter, the vehicle information receiving unit 200 is

descri bed ifar el aésgarﬁra@n@ i$uséd bYhhé breh el GldURSMbASBt I 0ol AfvadiARtakAs
for the vehicle in the |ocation neasuring apparat us of an underwater

vehi cl e accgpdhng e, Upin i %{uueéﬂ?ﬁ%gﬁﬂtm glortee BRES #tmaAIN ot o

FIG 7 is a blo |agram| l'ustratin evehlcleln or mat |

recei V'1 B "‘% {or %Qg%m%(@dncﬁ)r tRe @* c%nstgnt ée@&tg g ];ﬂo%gm%%t gfn thgfve hgby

first enbodi rrent 0 resen |nven

7, the vehicle infor n receivin nlt cIu e a vehic
LRI < R o N vt W ff@fﬁﬁﬁe% aféffﬂ lfﬁe cell
i nformati on rece|V|nq nodul e 220. The vehicl e attltude i nformati on

recei vi ng nisgtor saforpa wn%?rsﬂé%t@tc{aﬁb%rel%) is epwyaried ibyrihe spnvierrion BRE e
by using an 1 MJ or an AHRS included in the vehicle. The IMJ or AHRS
i ncl uded i nt30he thetiagiseidhe euthneansdinaie|to beiusedh forasatrwjatingvealogatiorodt thhe

vehicle on the basis of the magnetic north of the earth coordi nate as
shown i n Flv@hick regheldsd/bf deckingsarnsmoving assitiomgf the vesser. at i on and
rotational novenent and neasures and records a speed, a direction,
and a gbavity ofintthe abeh, eechulMaf@aEibn generating unit 100, which is a portion of
the configuration of the first embodiment of the present invention, is described.
Hereinafter, the vehicle information receiving unit 200 is described in relation to FIG.
7, which receives location information for the vehicle in the location measuring
apparatus of an underwater vehicle according to the first embodiment of the present
20  invention,
FIG. 7 is a block diagram illustrating the vehicle information receiving unit

200, which is a portion of the configuration of the first embodiment of the present

invention.
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10 the I MJ anal yzes a | ocation of the vehicle. The AHRS is a device
measuring an attitude or azinuth of the vehicle, and may include an
accel eration sensor, a gyro sensor, or a nagnhetic sensor. The
attitude information receiving nodule 210 receives attitude

i nfoi mati on generated by the 1 MJ or the AHRS included in the vehicle.

15The vehicl e degt Rpdwh @f TaGT ONiHeOFRiNd nﬁomhereé’e%@ng %ﬁ' msm@ma&sha
|nfornat|on of the vehicle sensed by a depth sensor included in the

Lomser s Rt RguBh ABGAE il S ARCE WLRE G hRGhAHDn 2

sensor, suc as a e sensor or a pressure sensor,
nmeasuring a g% h of Xﬁiéy as well as I MJ or AHRS. Depth i nformation
which is infor depth of the vehicle is 20 generated by the
dept h sensor or ressur.e sensor i.ncluded in e vehicle. The,
vehi cl e depth .nJF nglﬂlFIGnatPB@&l\?q{@aﬁ%dP@ﬂé%m ¢ Ve8 geeratrspatitude
i nformatjon generated by the vehicle. In the above, the

vehicl e nf’éi‘?9 figm foreibeivehicle bnising@o, Moz Henj AHR Spioelufleshinothetyebicle.
configuration according to the first enbodi nent of the present

i nvention, Tlse MUeschHBEdnclkdedeinntat tvehicleacal anteaes wii, gittle ram yawgvalires tof
300 included in the location neasuring unit of an underwater vehicle

according tthetvieRicld 615 thechddbMBBtmAinetid QoRl @S €Y edrthv edtrdi@htei 8 shown in
described in relation to FIG 8. FIG 8 is a block diagram

il ustratingca 2l ogRbiTRIU el SEd¥bPinesubinl tacd9G atidth h&ﬁldtz?tnﬁapﬂﬁ%lﬁéht%ﬁd
the configuration according to the first enbodi ment of the present

YL O, v hE 0P ol {r%h@?cﬁg'gﬁao%f%ec e e
T D P BT TR BBl
v s s oL e e p@gd@@fm A Sl B
corres pondasrgr:lgor or a magnetic sensor.
The attitude information receiving module 210 receives attitude information
generated by the IMU or the AHRS included in the vehicle.

15 The wvehicle depth information receiving module 220 receives depth
information of the vehicle sensed by a depth sensor included in the vehicle. The
vehicle moving along the hull surface includes therein a sensor, such as a depth
Sensor or a pressure sensor, capable of measuring a depth of water as well as IMU or
AHRS. Depth information which is information on a depth of the vehicle is

20 generated by the depth sensor or the pressure sensor included in the vehicle. The
vehicle depth information receiving module 220 receives the depth information
generated by the vehicle.

In the above, the vehicle information receiving unit 200, which is a portion of

the configuration according to the first embodiment of the present invention, is

25  described. Hereinafter, a location determining unit 300 included in the location
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As shown in FIG 8, the locating determ ning unit 300 includes a
vehi cl e | ocation mappi ng nodul e 310 and a depth informati on mappi ng
nodul e 320. The vehicle | ocation mappi ng nodul e 310 conpares the
attitude information received fromthe attitude information receiving
nodul e 210 of the vehicle 15 information receiving unit 200 with the
nor mal vectmeastrifigunatafen weiewesttiedetigle taheordmguvierthe dinstnechddémentt dfhthe
hul | information generating unit and extracts a first area group of
the hull suyirtaaeintbeid it BescEbaPRIeRtibR SUFIG. Shows correspondance.

The depth information mapping nodul e 320 conpares the vehicle depth

information receiped if %%&{hfﬁa%ifﬁﬁ 0L B8R N obHoRA dBRInRin ﬁﬁl?@ﬁ@) ntghmh

nodul e 220 of the 20 vehicle information receiving unit

| evel i nf or;pat ff?%ﬂ %%ﬁ’% & o%he?cc&%‘{ éa i Hlf Oﬁ@%fn%%ﬂl%ﬂ?[)fndi nﬁfg ent

modul e 140 '3 on gener |ng uni and ex S a
second area of the hull surface wherein the conpared result
shows ¢ rrégg%ﬁlﬂgn Then, a specific area exists where the
first area group and t he second area 259roup overlap and it is

possi bl e to i nf ekhe legttionmdeterappiag anits3 @u?q@ﬁrwth&t%@ﬁ%@lf?m%tm of the
specific area of the hull surface. Accordingly, the |ocation of the
vehi cl e i s yshatd sethy theahouiahtvedoonnioneation bl ullfwekce areas, and the depth
Hereinafter, a | ocation neasuring apparatus of an underwater vehicle
accor di ng tiafeamateonfl themebiblereith thé 1éded ifbasaion ofhiiehbillgorfhee areas, and
described. 5 In the first enbodi nrent of the present invention, the

cel | vect ordetdthOid¥Bdd DIdchidin & the IcBidfR, Qfs1{~>édi‘ﬁc Bieh lof S haCQirfae where the
converted into the normal vector information. However, onl y cell

vect or qpnf cgogg;a}éar}ew{s . @&1‘/%5 %vpéor;ggg h&e surface where the |evel
i nformation t he huI ce corres s to the depth information
o The vl o SAIYE il BB PRI VoG 8 A2 i
location mapping module 310 and a depth information mapping module 320.
The vehicle location mapping module 310 compares the attitude information
received from the attitude information receiving module 210 of the wehicle
15  information receiving unit 200 with the normal vector information converted by the
conversion module of the hull information generating unit and extracts a first area
group of the hull surface where the compared result shows correspondance.
The depth information mapping module 320 compares the vehicle depth
information received from the vehicle depth information receiving module 220 of the
20  vehicle information receiving unit with the level information received from the level
information generating module 140 of the hull information generating unit 100 and
extracts a second area group of the hull surface wherein the compared result shows
correspondance.

Then, a specific area exists where the first area group and the second area

25  group overlap and it is possible to infer that the vehicle is currently attached to the
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Description about the overlapping configuration with that of the
first enbodinent is omtted. FIG 9 is a connection

rel ati onship bl ock diagram of the |ocating neasuring apparatus of an
underwat er vehicle according to the second enbodi nent of the 15
present invention. As shown in FIG 9, in the second enbodi nent of

t he presentspedifientieanct tHeehdle plubfaid)f oA BRI diaglyraRPilOGHBRA the32€hidlk is
the location determning unit nonitors in real time the |evel

infornatioangggpghﬁngM(hhﬁeh@yghﬁkgjornation generating nodul e 140
and 0 vehicle depth information generated by the vehicle depth

i nformation recejyyi dyl X Al L a I a
is extracted mh?g]kﬁgggﬁegeﬁc%%ghg@%?#gﬁfé%?%%ggoﬁgﬁ%blﬁg&%ﬁggdégﬁﬂg
infornationa%f(%hetvehichp. tg@meﬁtr cted ar ea prarﬁEtL n,is

transmi t t ed®F8 Vel ot S BN @ Hemen o T REETant Pepin F rsHRedi on for
the extracted area is transmtted fromthe database 150 to the _
conver sitn modul B e girsicrmnsmeH s Brese duT@nencihe SR esier Hemagion
vector information into normal vector information and transnits the
25 nornal vt aieas of e heth sudacehis sasiieded inte dhe inormateyaston gnfsaiatien.
310. O Moreover, the vehicle attitude information receiving nodul e
210 tr ansm Hswehe, atlyicelldectionirdpmzdtioonfor eaee ueds bf dm tdiesurBhé edherd the
the vehicle | ocation nmapping nodule 310. 0 A hull surface area where
recei ved nokendl inf@fiation iffif Hiermill QRfeorcoasHRAdS td thd e§th Yelmdtiont sl
information is specified and output as the |ocation of 5 the vehicle,
wher ei n t heyd}@sl8® conoeker intcﬁndrﬁﬁ?\/?’c@& ihﬂ)'iﬁﬂﬁ& f ﬂﬂlé Q6238 effbodiment of the

converting, by the conversion nodule 310, the cell vector infornmation
into tmﬁru%ﬂg&ﬁﬁggﬁgllinfornation and transmtting the normal vector
the

information to vehi'cl e | ocation mappi ng nodul e 310 and a process
of transmtting, by the vehicle attitude infaqrnmation_teceivi nodul e
210, attitude | nPOFRRTBPRE IR cte e LGSR TS 1 Bhaty B O

| ocati on mappj ng nodul e . 310. In the second enbodi nent of the
present invgﬁ%? eniif A vector information is converted into the
normal vector information only for areas where depths correspond to
each other. Cel | Fiect ra sommestiam jchtionghip plaskptisgiampibe lasatieg measunngo
normal vector information not for all areas divided on the hul
surface, 1b5afipatatenby ahomdsovaterarensleviveominge pt fthe sécondreenitpdiment of the
corresponds to each other and a |l ocation of the vehicle is

cal cul dtbed. piSsant éncativier sAoshoven e FIGr 9reid thalsycondrenitvdirsanmiahe preserdt

data cal cul ation speed is enhanced and a tine taken to calculate the
| ocat i on of inkBgione fihe Eepth esforBaionesldfts module 320 of the location determining
unit monitors in real time (D the level information generated by the level

information generating module 140 and (2 vehicle depth information generated by

the vehicle depth information receiving module 220. At this time, a hull surface

20  area is extracted which has level information cotresponding to the depth information

of the vehicle. (@ The extracted area information is transmitted to the database 150,

and @ cell vector information for the extracted area is transmitted from the

database 150 to the conversion module 130. (3 The conversion module 130

converts the cell vector information into normal vector information and transmits the

25 normal vector information to the vehicle location mapping module 310. ®
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Hereinafter, a nmethod of neasuring a | ocation of an underwat er
vehi cl e 20according to a third enbodi nent of the present invention is
descri bed. The first and second enbodi nents of the present
invention pertain to the |ocation nmeasuring apparatus for an
underwat er vehicle, and the third enbodi ment of the present invention
pertains t Mbhevaptthodechiclareaiudd hgofndtaatdceivingf nadulended Wednemhits the
vehicl e by which a |l ocation of the underwater vehicle is neasured

until a spegiitii€ infREAaIM eERivenl RbMBIH0PeiQE BagR @élﬁée%catéifdﬁ Repping

surface corresponds to information for the vehicle is foun

Descriptio t1ave i i QUr at.i L i

and se(F:) ondqg o% i3rlnga'nt @ ?ﬁé’@fg&g%@gé a?;%l %%[%Sr eiw'%lbgd ?]lggﬁvxiﬁ: hg‘{c%&m%féﬂﬂaﬁgn
illustrating._the hod .of ur. i .l ocati of .an.unde ter.

vehi ol & aceOPaTIvgas 1 eRe e MRa St tinncis Speciies o S0 F IFdhcation of
The met hod of suring.a. l ocation of .an underwater vehicle _ accordin
Lo the Phirthe RBGA: Wbﬁf%moﬁwt%nﬁlr VeckRiiS PoRpBion: BOVER @l RIgRsSS gh converting, -

operation (S1000) of generating nornmal vector information for each
area of a 1hesq9ﬂff%ré@naﬂ@|dulwgﬂ, theceellnfestorenfosmationh e the neead waiton
respect to a subnerged depth in water, an operation (S2000) of

recei vi ng anformetien amd tansnittorg e chodaplt tectorf ioforatation td dre tdhécle éddatibe,
an operation (S3000) of conparing normal vector information for each
area of then#yping shsdude 810 ahd t Hepratdss t el erahghietin@t bpnhef véhi@e attitude
vehicle, and the level information for each area with the depth

i nf or mat i onpfRhatidieroéeitig iBod @B 18MRRAE AltbRRat{ordB8HN edOfromtRe vehicle to
extracting an area of the hull surface where the conpared results

Sho“’CQbre%RQUIn?%ﬁxmh&nﬁﬁ?%%&é%%ﬁk:§ﬂﬁ operation of generating the

nor mal vector ormat i on area of the hull surface includes
an operation of dividin ortions of t hul | havi ng .di fferent. pi eces
of corl vector. it Simaral 8 g o 3o HRReRl oG nEh OIoRon
vector infarpation on the basis ﬁf an earth co rdinatenjn 20 the
di vi ded ar dAETHRR Sopanvered grto;the Gompal YeH B ARB P Yol Areas gyiaere
yaw val ues of a vector which is perpendicular to each area of the
hul | surfackpts eeiessherd do gclh &bdr diGrll dcefer infermptéiony isagemptegnto be
arbitrary point on the hull. The cell vector information is a unique
val ue of eawhvertaddaniofnormel vagidr isformatom nomidrchl arsasrbvided am gediubysusface,
| ocati on change or novenent of the vessel as long as the hull surface
of the185vdssehnly fornoineciramgyetiere Tdeptic @ifbrmationh aorresfontisad ieash biher and a
changed into normal vector

location of the vehicle is calculated. Since conversion is performed only for the

some areas, a data calculation speed is enhanced and a time taken to calculate the
location of the vehicle becomes reduced.
Hereinafter, a method of measuring a location of an underwater vehicle
20  according to a third embodiment of the present invention is described.
The first and second embodiments of the present invention pertain to the
location measuring apparatus for an underwater vehicle, and the third embodiment of
the present invention pertains to the method of measuring a location of an underwater

vehicle by which a location of the underwater vehicle is measured until a specific
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information, the normal vector information is conpared with attitude
information of the vehicle, and a |l ocation of the vehicle is
cal cul at ed. When, in operation 53000, there is not any area
where the conparisons of the level information vs depth infornmation,
and normal vector information vs attitude 5 information show

corr espondagea wiRed fdratisd $6t0each aRArfAneBAl 38 PR correspond PRE [rddinPiion
S1000 of generating normal vector information for each area of a hull

surface andg].evtlenidMd Rrg@id on, which is data with respect to a
subner ged depth |en vva{ger and oper ation 52000 of receiving attitude

f h I h d i
an order of SQ?H@?%&?E%%I“E&?"J &l KRR Riatho% o "FRPER: g

is a flowhart ‘ﬁ 6\ thod of rrﬁgsurlng a location of an underwater
vehi cl e accBFErhg" RIS 4 PRitEHbodi ment of the present invention.

In the third enbodi rrent of the present invention, the cell vector
informatd on is coWveltisg fewehartidusisting the methed dfnenshrieg anodagen af an
the areas on the hull surface. 15 In contrast, in the fourth

enbodi ment widerwaepyebsde sccordiento tha thislmmterdsnent ofthe fresentinvent@ant or
information into the normal vector information is perfornmed only for

sone areas of thehdirlethodusifraesurihg helotdiien! Eval uidefwitemiéitle faoorliing to
hul | surface corresponds to the depth information of the vehicle, and

a location gt thire ddRiNGItest MR eiSt iSverBas Hﬁ&édéé“&ﬂ bpé}aﬁ&&%‘%sfoo@) of
area where the information for each area of the hull surface

20correspo nge%g}aﬁng{}% @Prvb Br 119["’0r1{1£’£?0nf R Gl drda O(P'%{]ﬂ ull surface level

Description out e over appl ng configurations h
r :)LZ'; i 2@ Enb iln? qgl%u nlg’er Wa efda&%hl {(l:qregpegf @I%f?lf?ﬁqtrggd?%e@ﬂ? %%?fru?r @H%é’&f%ﬂt
of the pr es(eS%)Oé) 0 r%£é18{1]1glart]t(1:17|u3g ?nsfogrrllatggear %tdepﬂl( 1?1 (91‘1(:}).’1%('[)1011% or the vehicle, an
operation (S3000) of comparing normal vector information for each area of the hull
surface with the attifude information of the vehicle, and the level information for
each area with the depth information for the vehicle, and an operation (S4000) of
15  extracting an area of the hull surface where the compared results show
correspondance. In particular, the operation of generating the normal vector
mformation for each area of the hull surface includes an operation of dividing
portions of the hull having different pieces of cell vector information into each area,
and generating the normal vector information on the basis of an earth coordinate in
20  the divided areas. The cell vector information means roll, pitch, and yaw values of
a vector which is perpendicular to each area of the hull surface on the basis of a
coordinate set on the basis of an arbitrary point on the hull. The cell vector
information is a unique value of each area of the hull surface, which is not changed
by a location change or movement of the vessel as long as the hull surface of the

25  vessel is not changed. The cell vector information is changed into normal vector
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25 conparing level information for each area of the hull surface with
depth information for the vehicle and extracting an area where the
conpared result shows correspondance, an operation (S20000) of
converting cell vector information for the extracted area into normnal
vector information, an operation (S30000) of conparing the nom al

vect or i nf QhfsRb@6h, Whe Horddal kbdECindthRGEoREd SdinfRéd WhB avehdCingormatign aR
5 operation (840000) of determning a |location of the vehicle

accor di ng tige ‘%rélﬁclﬁ%%ﬁ@é%tfoﬁ%‘ﬂltﬁevéh{blé Reafcapkddh embodi ment of the
present invention, cell vector information for all the areas of the

hul | surface is b
it ormat i on, but\%& 1‘%‘8@&?&‘&%’% 0 hetels 1t &ﬁﬂarieé‘%vﬂeﬂ%?nfé@gdr e ts \A%’J of the
| evel inforna th. that the h surface .is

submer ged |1ﬁ"?tkéF€)P“V{1]‘6{:6? B R mBoR o Bl htd) A GHOB e fitnde
vehicle_is converted into normal vector information. The
above- dPsc|BsRatembshest compspadape operabien & b igepdernad againy at i ve, and
not restrictive, and the appended clainms are intended to cover all
such modi fi cat i dPperatmhSHO8rmfrgescratingl nomhed rveetob odpmestios, fonkachtaréadf a
wWithin the true spirit and scope of 15 the present invention. Thus,
to the maxitmiinuefsteatd hivkointamayioh,avhich hedse oyth efpdch® prasedbed depth
invention is to be determ ned by the broadest perm ssible

i nt er pr et atjj ovafdh, the bdrhdM rEroob abfMereaditink h RititudRA W AhAMNS andNdepth
shall not be restricted or linited by the foregoing detailed

descri pti onprQatidCey MRl el Mhdy be changed in an order of performance or

10  concurrently performed.
FIG. 11 is a flowchart of a method of measuring a location of an underwater
vehicle according to a fourth embodiment of the present invention.
In the third embodiment of the present invention, the cell vector information
is converted into the normal vector information for all the areas on the hull surface.
15  In contrast, in the fourth embodiment of the present invention, conversion of the cell
vector information into the normal vector information is performed only for some
areas of the hull surface where the level information for the hull surface corresponds
to the depth information of the vehicle, and a location of the underwater vehicle is
measured until a specific area where the information for each area of the hull surface
20  corresponds to information for the vehicle is found.
Description about the overlapping configurations with those of the first to
third embodiments is omitted.
The method of measuring a location of the underwater vehicle according to
the fourth embodiment of the present invention includes an operation(S10000) of

25  comparing level information for each area of the hull surface with depth information
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An apparatus for neasuring a |ocation of an underwater vehicle,
comprising: a hull information generating unit dividing a hull
surface into a plurality of 5areas, and generating normal vector
information for each area and | evel information which is information
for a depth that each area is subnerged into water; a vehicle

i nformati ongkegRi VieR@le Ninkl "ef%&&iti\ﬁ%”gn ableh t WilreANfe d&RErdd T 1RETRL B8RS
for a vehicle attached to the hull surface; and a | ocati on

determ ni ng%&{%%o@gg%gﬁh@gmtaﬁgn I?éﬂ%dgﬁ)ﬁﬂﬁ %ﬁ@%ﬁg{%ﬁ 0ediQf intf&%léltigig for the

vehicle wit _ ctor _ e area, an
nf ounat Dot WBF e HELPE AT PR RS Bt Paagtn (TRobEHcgeamparing
i £ Get br T Ia §eGar FHETTRISR: Fih SRrAGmPERREHS o heal GHS iRl an
the attitude information for the vehicle corresponds to the nornal
vect or ionf oPprEatioan (F49000hef atesaaminingl & Hecatiept ¢f ithef welelei arvofding tthethe
vehi cl e corresponds to the level information for the area. [C aim 31
The appar at esn@ited teainin 1in theefoerth dnfiedahéntt afdiei présentratvientiorg nal]t veetor
norme! information for all the areas of the hull surface is not necessary to be converted into
normal vector information, but cell vector information only for some arecas where
level information, which is a depth that the hull surface is submerged in water,
10 corresponds to the depth information of the vehicle is converted into normal vector
information.

The above-disclosed subject matter is to be considered illustrative, and not
restrictive, and the appended claims are intended to cover all such modifications,
enhancements, and other embodiments, which fall within the true spirit and scope of

15  the present invention. Thus, to the maximum extent allowed by law, the scope of
the present invention is to be determined by the broadest permissible interpretation of

the following claims and their equivalents, and shall not be restricted or limited by

the foregoing detailed description.

20
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20 vector information conprises any one or nore pieces of information
fromanong a roll value which is an angle rotated around x axis, a
pitch value which is an angle rotated around y axis, and a yaw val ue
which is an angle rotated around z axis in an earth coordi nate.

[ C ai m 4] The apparatus of claim1l, wherein the hul

i nformati on gener 8CLAGMSHi t conprises at | east any one of: an area
dividing nodule dividing the hull surface into the plurality of

areas; a cell vec{oigaferating nodul e generating cell vector

i nformati on for each 5area,; a conversion nodul e converting the

cel | vector inf omaa??%gtn{s];%r ﬁ@&sﬁriﬁgﬁ%daﬂ&? 0)? Q?ﬁnd.telpﬂg%_@r Fai48 comprising:

coordinate to gener € nornma ector 1 ntorm ;

o o 8o AR B RO L U s RSB
oot oot Bor ek ishEeherat Be ommal vestos inforination for each rea and level intormation
vect or Pnf st PSS PEIRE Hogpa o an
which is information for a depth that each area is submerged into water;
a vehicle information receiving unit receiving attitude and depth information
for a vehicle attached to the hull surface; and
a location determining unit comparing the attitude information for the
10 vehicle with the normal vector information for the area, and comparing the depth
information for the vehicle and the level information for the area to determine a
location of the vehicle.
[Claim 2]
The apparatus of claim 1, wherein the location determining unit determines,
15 as the location of the vehicle, an area where the attitude information for the vehicle
corresponds to the normal vector information for the area, and the depth information
for the vehicle corresponds to the level information for the area.
[Claim 3]
The apparatus of claim 1, wherein the attitude information and the normal
20 vector information comprises any one or more pieces of information from among a
roll value which is an angle rotated around x axis, a pitch value which is an angle
rotated around y axis, and a yaw value which is an angle rotated around z axis in an

earth coordinate.

[Claim 4]
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The apparatus of claim4, wherein the cell vector information
conprises any one or nore pieces of information fromanong a rol

val ue which is an angle rotated 15 around x axis, a pitch value which
is an angle rotated around y axis, and a yaw val ue which is an angle
rotated around z axis in the earth coordinate. [Caim61l The

apparatus of cl aimie lappuh@isebf clai@ Velhededh kR ahillBhioBRati@F Gedritehgl Bhit
conprises at |east any one of: 20a vehicle attitude information

recei ving n&ﬁ%r%egﬁqusy%goﬁg}g attitude information for the vehicle;

and a vehicl e depth |nfornat|on recei ving nodul e receiving the
depth formation.f at us
of cl'ai m L. wher 3?%96{%%‘”@1“\’% PG E el surr%a g ppEBRRET L.

a depth information ! nodule mparin ept h. i.nf or.mat.i on
Wtnthe Tevel | ARGHTAERS FopdRE Rabtiemeride Ay e%?ﬂem@rm&}%i (e

i nformatd on corresponds 5to the level information; and

vehi cl e 9 oc#8¥0on mappi ng nodul e conparing the attitude infor mati on
with the normal vector information to extract a second area where the
attitude i nfor mati eavesionespdidsonverting theocethivestec irdormatioo rivateadnarea

into that in an earth coordinate to generate the normal vector information;
a level information generating module extracting the level information which
includes a depth that each of the areas is submerged into water; and
10 a database storing the cell vector information and the normal vector
information.
[Claim 5]
The apparatus of claim 4, wherein the cell vector information comprises any
one or more pieces of information from among a roll value which is an angle rotated
15 around x axis, a pitch value which is an angle rotated around y axis, and a yaw value
which is an angle rotated around z axis in the earth coordinate.
[Claim 6]
The apparatus of claim 1, wherein the vehicle information receiving unit
comprises at least any one of:
20 a vehicle attitude information receiving module receiving the attitude
information for the vehicle; and
a vehicle depth information receiving module receiving the depth
information for the vehicle.

[Claim 7]
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[Claim8] 10The apparatus of claim7, wherein the vehicle |ocation
mappi ng nodul e conpares the attitude information with the nornal
vector information for the first area to extract the second area
where the attitude information corresponds to the normal vector
information for the first area. [Caim9] 15A nethod of measuring a

| ocation of an Uﬂﬂerdp?éz@fusV(ﬁhu@inel G@ER¢ih thé Gichicle locatidi Hetdiiingtighgnid
hul | surface into a plurality of areas, and generating normal vector

i nformationshprseach area and | evel i nformation which is |nfornation
for a depth that each area i s subnerged into water;

o 19,8t et Lol LRI eg%aatnﬁlg%gpgqtﬁgﬁﬁﬁﬂ&%n%h

the hull 20 surfa
informatio vehi cl httjiﬁ nor IllrBt.for tion for
he ar e, dHETEEhETRIOR 5 oA A THrBR eSS OFPCE HEOTRTIE ShspERe
| evel i nformatl on for the area to determne a |ocation of the
vehi cl ed [ ¢ Shigdevelinformation; anthe et hod of claim9, wherein the
operations (a) and ('bze are performed in an order of operation (a) and
t hen operation (b)vehigle lapationdeeppifg oyednlatdoopatiby thenagtitude nnfopestati with
(a), or operations (a) and (b) are concurrently perfornmed. [C aim 11]
the normal vector information to extract a second area where the attitude information
corresponds to the normal vector information.
[Claim 8]

10 The apparatus of claim 7, wherein the vehicle location mapping module
compares the attitude information with the normal vector information for the first
area to extract the second area where the attitude information corresponds to the
normal vector information for the first area.

[Claim 9]

15 A method of measuring a location of an underwater vehicle, comprising:

(a) dividing a hull surface into a plurality of areas, and generating normal
vector information for each area and level information which is information for a
depth that each area is submerged into water;

(b) receiving attitude and depth information for a vehicle attached to the hull

20  surface; and

(c) comparing the attitude information for the vehicle with the normal vector
information for the area, and comparing the depth information for the vehicle and the

level information for the area to determine a location of the vehicle.

[Claim 10}
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5The nethod of claim9, wherein operation (c) conprises: (c-1)
extracting a first area where the depth information for the vehicle
corresponds to the level information for the area; and (c-2)
extracting a second area where the attitude information for the
vehicl e corresponds to the nornmal vector information for the area.

10[ A ai m 12] The nl&Bod"Bf 8%h 9f wht@inthd Lpedh6hLia . AP &) 3k Bl fdifed)in

conprises extracting the second area where the attitude’i nfonnation

o1 e veEhacEarRRRRERYD b8 IE BT SF 3ROSR g b0
AR TN SR TN U R MR
earth coordi nate t[&a?glnlelr]at e the normal vector information. 20

5 The method of claim 9, wherein operation (c¢) comprises:

{(c-1) extracting a first area where the depth information for the vehicle
corresponds to the level information for the area; and

(c-2) exfracting a second area where the attitude information for the vehicle
corresponds to the normal vector information for the area.

10 [Claim 12]

The method of claim 11, wherein operation (c-2) comprises extracting the
second area where the attitude information for the vehicle corresponds to the normal
vector information for the first area.

[Claim 13]
15 The method of claim 9, wherein operation (a) comprises:
generating cell vector information for each area; and

converting the cell vector information for each area into that in an earth

coordinate to generate the normal vector information.

20
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