
[DESCRIPTION] [Invention Title]       APPARATUS FOR MEASURING
LOCATION OF UNDERWATER VEHICLE AND METHOD THEREOF 5[Technical Field]
The present invention disclosed herein relates to an apparatus for
measuring a location of an underwater vehicle and a method thereof
[Background Art] The hull surface of a large vessel corrodes and has
floating materials in the  10 sea attached thereto. 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. 15Recently, 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 



25which transmit ultrasonic waves, detecting ultrasonic waves which
are reflected in  response to the transmitted ultrasonic waves, and
integrating a location relationship with each of the plurality of
acoustic transceivers. However, these ways take a lot of time due to
various devices installed in the sea. Another way to calculate a
location of an underwater robot working on the  5 bottom portion of
the hull is to compare terrain features by using a vision system or
an ultrasonic scanner. However, it is also difficult to find a
precise location in this way because singularity extraction is not
easy when the hull surface is clean.      Therefore, an apparatus is
necessary for finding a location of an underwater robot working while
being attached to the bottom portion of the hull. 10[Disclosure]
[Technical Problem]      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 is 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 embodiments, the location determining unit may determine, 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. 5In other embodiments, the attitude
information and the normal vector information may include 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. 10In still other embodiments, the hull information
generating unit may include at least any one of: an area dividing
module dividing the hull surface into the 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 embodiments, the vehicle location determining unit may
include: a depth information mapping module comparing the depth
information with the level information to extract a first area where
the depth information corresponds to the level information; and a
vehicle location mapping module comparing the attitude 5 information
with the normal vector information to extract a second area where the
attitude information corresponds to the non-nal vector information.
In still further embodiments, the vehicle location mapping module may
compare 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 10vector information for the
first area.       In other embodiments of the present invention,
methods 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 infon iation which
is information for a depth that each area is submerged into water; 15
(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 20order 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 25vehicle corresponds to the normal vector information for the
area.         In still other embodiments, operation (c-2) may include
extracting the second area where the attitude information for the
vehicle corresponds to the normal vector information for the first
area. 



In even other embodiments, 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 the embodiments of the present invention, first,
location information for an underwater vehicle attached on the bottom
portion of a hull can be 10found 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. 15Fourth, 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; 



25FIG. 2 is a structural diagram illustrating roll, pitch, yaw
angles;  FIG. 3 is a block diagram illustrating a hull information
generating unit which is a portion of a configuration of the first
embodiment of the present invention; FIG. 4A illustrates an exemplary
diagram of a hull surface;           FIG. 4B illustrates areas of the
hull surface divided by a triangulation 5 method;       FIG. 5 is a
conceptual diagram illustrating a method of generating cell vector
information for the hull surface areas;       FIG. 6 is a conceptual
diagram illustrating a method of converting the cell vector
information on the basis of an earth coordinate system; 10FIG. 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 



20FIG. 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 25and
should not be constructed as limited to the embodiments set forth
herein.  Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the
scope of the present invention to those skilled in the art. It will
be understood that, although the terms first, second, etc. may be
used herein to distinguish one element from another element, not to
be limited by the 5terms.       Throughout this specification, when
an element is referred to as "comprise" or "include" a component, it
does not preclude another component but may further comprise or
include the other component unless the context clearly indicates
otherwise. It is to be understood that the singular forms "a," "an,"
and "the" include 10plural referents 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 15according 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. 20FIG. 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 25location determining unit
300.         The hull information generating unit 100 generates
normal vector information for each area of a hull surface and level
information for a depth that the area is submerged. The hull surface
is formed by precisely connecting a plurality of steel plates
together and grinding joints. Planes and curved surfaces are formed
on the 5 hull surface, and a curved surface having a predetermined
radius of curvature is a combination of a plurality of fine planes.
There are normal vectors on the planes and curved surfaces forming
the hull surface, and they are towards an outer side of a vessel and
perpendicular to the planes. In addition, for the vessel, a height of
the hull exposed on the water due to 10 buoyancy and the depth of the
vessel submerged under the water may be measured, 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 15generated 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 information thereof by using various sensors installed therein.
The attitude infon iation 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 25information for
the vehicle is generated by, for example, a pressure sensor or a
depth  sensor included inside the vehicle. The information generated
by the sensor included inside the vehicle is the attitude information
and depth information of the vehicle. The location determining unit
300 determines, as a location of the vehicle, an 5 area where the
attitude information corresponds to the normal vector information for
each area of the hull surface which are generated and measured as
described above, and where the depth information corresponds to the
level information for an area of the hull surface. That is, the
vehicle which is attached to and moves on the hull surface
corresponds to at least one of the normal vectors in a specific area
of the hull 1 0 surface. Furthermore, the depth information for the
vehicle which is attached to the hull surface corresponds to level
information for at least one specific area of the hull surface. The
location determining unit 300 determines, as a location of the
vehicle, by selecting a specific area where the normal vector and
level information for each area of the hull surface correspond to
information for the vehicle. 15Before 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. 20FIG. 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.         As shown in FIG. 2, when an object moving
along an x-axis is assumed, a pitch angle means an angle according to
a rotational movement around a horizontal axis (y-axis), which occurs
by means of a linear movement along an axis of a direction forward
and backward (x-axis) with respect to the center point of the object.
5 A roll angle means an angle by means of a rotational movement
around the axis of the direction forward and backward (x axis)
occurring along linear movement according to the horizontal axis (y
axis) with respect to the center point of the object.       A yaw
angle means an angle by means of rotational movement around a
vertical axis (z axis) with respect to the center point of the
object. 10Typically, the above described normal vector information
and attitude information of the vehicle may be represented by roll,
pitch, and yaw angles, and the vector is a mathematical symbol
represented as a magnitude and a direction. In the embodiment of the
present invention, whether the normal vector information and the
attitude information of the vehicle are identical is determined by a
vector direction, 15which 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 



25information in the earth coordinate.         The area dividing
module 110 reads the drawing information for the vessel stored in the
database 150. In particular, drawing of the hull surface of the
vessel is read from among the drawing information for the vessel.
FIG. 4A is an exemplary diagram of the hull surface. 5As shown in
FIG. 4A, in order to divide the hull surface into areas, a drawing
for a connection state of a plurality of steel plates is used, which
is used for completing the hull surface. The hull surface is divided
into areas where cell vector information (a vector perpendicular to
each area surface) for each sector differs from each other by means
of triangulation or a finite element method. 10FIG. 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.         The vector
generating module 120 generates all cell vector information for each
area shown in FIG. 4B.         The conversion module 130 performs
conversion on the cell vector information for each area of the hull
surface on the basis of the earth coordinate to 5generate normal
vector information.       The reason why the cell vector information
is converted into the normal vector information on the basis of the
earth coordinate is that a sensor for generating attitude information
included inside the vehicle generates roll, pitch, and yaw values on
the basis of the earth coordinate. In addition, the earth coordinate
allows the roll,  1 0 pitch, and yaw values to be constant without
accompanying a coordinate change by enabling a specific point fixed
to the magnetic north to be set despite of movement of the hull as
well as movement of the vehicle.       FIG. 6 is a conceptual diagram
for explaining a method of converting cell vector information on the
basis of the earth coordinate. 15The 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.  



The level information generating module 140 extracts depth
information for each divided hull area. Submerged depths are measured
in deep water that areas of the hull surface divided by the area
dividing module 110 are submerged. The level information that is the
measured depth information for each area becomes a 5comparison factor
for calculating a position of the vehicle.      The database 150
included in the hull information generating unit 100 stores
information for the vessel drawing and the cell vector information.
The information for the vessel drawing is used by the area dividing
module 110 for dividing areas shown in FIG. 4B in the hull surface
drawing of FIG. 4A. Furthermore, the cell  10 vector information for
the vessel is constant despite of movement of the vessel by using a
coordinate having an original point thereof inside the vessel. The
cell vector information stored in the database 150 is converted by
the conversion module 130 on the basis of the earth coordinate to be
used for calculating a location of the vehicle regardless of docking
or a moving position of the vessel. 15In the above, the hull
information 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 20invention.
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.         As shown in FIG.
7, the vehicle information receiving unit 200 includes a vehicle
attitude information receiving module 210 and a vehicle depth
information receiving module 220. The vehicle attitude information
receiving module 210 generates attitude 5 information for the vehicle
by using an IMU or an AHRS included in the vehicle. The IMU or AHRS
included in the vehicle calculates roll, pitch, and yaw values of the
vehicle on the basis of the magnetic north of the earth coordinate as
shown in FIG. 2. The IMU is a sensor measuring acceleration and
rotational movement and measures and records a speed, a direction,
and a gravity of the vehicle. Moreover, 



10 the IMU analyzes a location of the vehicle. The AHRS is a device
measuring an attitude or azimuth of the vehicle, and may include an
acceleration sensor, a gyro sensor, or a magnetic sensor.      The
attitude information receiving module 210 receives attitude
infoimation generated by the IMU or the AHRS included in the vehicle.
15The vehicle 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 infoimation receiving unit 200, which is a portion of the
configuration according to the first embodiment of the present
invention, is 25described. Hereinafter, a location determining unit
300 included in the location  measuring unit of an underwater vehicle
according to the first embodiment of the present invention is
described in relation to FIG. 8.        FIG. 8 is a block diagram
illustrating a location determining unit 300, which is a portion of
the configuration according to the first embodiment of the present
5invention.      The location determining unit 300 compares the
attitude information of the vehicle with the normal vector
information of hull surface areas, and the depth information of the
vehicle with the level information of the hull surface areas, and
determines, as a location of the vehicle, a specific area of the hull
surface where the 10 compared results respectively show
correspondance. 



As shown in FIG. 8, the locating determining unit 300 includes a
vehicle 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 vehicle 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 25group overlap and it is
possible to infer that the vehicle is currently attached to the
specific area of the hull surface. Accordingly, the location of the
vehicle is precisely calculated on the hull surface.
Hereinafter, a location measuring apparatus of an underwater vehicle
according to a second embodiment of the present invention is
described.  5 In the first embodiment of the present invention, the
cell vector information for all areas of the hull surface is
converted into the normal vector information. However, only cell
vector information for some areas of the hull surface where the level
information for the hull surface corresponds to the depth information
of the vehicle is converted into normal vector information in the
second embodiment of the 10present invention. 



Description about the overlapping configuration with that of the
first embodiment is omitted.       FIG. 9 is a connection
relationship block diagram of the locating measuring apparatus of an
underwater vehicle according to the second embodiment of the 15
present invention. As shown in FIG. 9, in the second embodiment of
the present invention, the depth information mapping module 320 of
the location determining unit monitors in real time the level
information generated by the level information generating module 140
and 0 vehicle depth information generated by the vehicle depth
information receiving module 220. At this time, a hull surface 20area
is extracted which has level information corresponding to the depth
information of the vehicle. The extracted area information is
transmitted to the database 150, and 0 cell vector information for
the extracted area is transmitted from the database 150 to the
conversion module 130. 0 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. 0  Moreover, the vehicle attitude information receiving module
210 transmits the attitude information received from the vehicle to
the vehicle location mapping module 310. 0 A hull surface area where
received normal vector information corresponds to received attitude
information is specified and output as the location of 5 the vehicle,
wherein the normal vector is received through a process of
converting, by the conversion module 310, the cell vector information
into the normal vector information and transmitting the normal vector
information to the vehicle location mapping module 310 and a process
of transmitting, by the vehicle attitude information receiving module
210, attitude information received from the vehicle to 10the vehicle
location mapping module 310.       In the second embodiment of the
present invention, the cell vector information is converted into the
normal vector information only for areas where depths correspond to
each other. Cell vector information is attempted to be converted into
normal vector information not for all areas divided on the hull
surface, 15 but only for some areas where depth information
corresponds to each other and a 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 20according 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  area where information for each area of the hull
surface corresponds to information for the vehicle is found.
Description about overlapping configuration with those of the first
and second embodiments is omitted. 5FIG. 10 is a flowchart
illustrating the method of measuring a location of an underwater
vehicle according to the third embodiment of the present invention.
The method of measuring a location of an underwater vehicle according
to the third embodiment of the present invention includes an
operation (S1000) of generating normal vector information for each
area of a hull surface and level  10 information, which is data with
respect to a submerged depth in water, an operation (S2000) of
receiving attitude information and depth information for the vehicle,
an operation (S3000) of comparing normal vector information for each
area of the hull surface with the attitude information of the
vehicle, and the level information for each area with the depth
information for the vehicle, and an operation (54000) of  15
extracting an area of the hull surface where the compared results
show correspondance. In particular, the operation of generating the
normal vector information 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 noinial
vector information on the basis of an earth coordinate in  20 the
divided areas. The cell vector info' iation 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 25vessel is not changed. The cell vector information is
changed into normal vector 



information, the normal vector information is compared with attitude
information of the vehicle, and a location of the vehicle is
calculated.         When, in operation 53000, there is not any area
where the comparisons of the level information vs depth information,
and normal vector information vs attitude 5 information show
correspondace, operation S1000 is performed again.       Operation
S1000 of generating normal vector information for each area of a hull
surface and level information, which is data with respect to a
submerged depth in water, and operation 52000 of receiving attitude
information and depth information for the vehicle may 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
20corresponds 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  for the vehicle and extracting an area where the
compared result shows correspondance, an operation (S20000) of
converting cell vector information for the extracted area into normal
vector information, an operation (S30000) of comparing the nomial
vector information with attitude information for the vehicle, and an
5 operation (S40000) of determining a location of the vehicle
according to the compared result. In the fourth embodiment of the
present invention, cell vector 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 areas where
level information, which is a depth that the hull surface is
submerged in water, 10corresponds 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  [CLAIMS] (Claim!] 



An apparatus for measuring a location 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 level information 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
infounation 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 31
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]         The apparatus of claim 1, wherein the hull
information generating unit comprises at least any one of: an area
dividing module dividing the hull surface into the plurality of
areas; a cell vector generating module generating cell vector
information for each 5area;        a conversion module converting the
cell vector information for each area 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
10a 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 61        The
apparatus of claim 1, wherein the vehicle information receiving unit
comprises at least any one of: 20a 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]          The apparatus
of claim 1, wherein the vehicle location determining unit comprises:
a depth information mapping module comparing the depth information
with the level information to extract a first area where the depth
information corresponds 5 to the level information; and        a
vehicle location mapping module comparing the attitude information
with the normal vector information to extract a second area where the
attitude information corresponds to the normal vector information. 



[Claim 8] 10The 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] 15A 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]         The method of claim 9, wherein the
operations (a) and (b) are performed in an 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. [Claim 11]



5The 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)
extracting 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 infonnation
for the vehicle corresponds to the normal vector information for the
first area. [Claim 131 15The 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 


