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SYSTEM AND METHOD FOR DISPLAYING THREE-DIMENSIONAL MAP
BASED ON ROAD INFORMATION

Technical Field

The present invention relates to a three-dimensional (3D) map display system
and method based on road information, and more particularly, to a 3D map display
system and method which converts and displays data of objects near a road based on

road information such as a width and a lane of the road.

Background Art

Displaying buildings, mountains, hills, and the like may enrich an image in a
three-dimensional (3D) map. At the same time, buildings, mountains, hills, and the
like may obstruct a view and prevent particular information from being completely
displayed. For example, when navigation information is provided through a 3D map,
information about a vehicle, starting point, and destination may not be accurately
provided due to buildings.

Accordingly, a technology to enable buildings, mountains, and hills as well as a
vehicle, starting point, and destination to be appropriately displayed is required. Thus,

a system and method of efficiently displaying an object such as a building is provided.

Disclosure of Invention
Technical Goals

An aspect of the present invention provides a display system and method which
determines a culling area based on road information such as a width and a lane of a road,
converts data of at least a portion of objects, displayed on the culling area, to enable at
least the portion of the objects to be removed or blended, and thereby may enable
guidance information to be completely displayed and efficiently display objects.

An aspect of the present invention also provides a display system and method
which dynamically determines a process of generating an object such as a building
based on a width of a road using a virtual figure that may be generated based on road
information, and thereby may efficiently display the object.

An aspect of the present invention also provides a display system and method
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which divides a culling area into a plurality areas, removes a portion of an object
located adjacent to a road, blends a portion of an object located far away from the road,

and thereby may efficiently display the objects.

Technical solutions

According to an aspect of the present invention, there is provided a display
system, including: a culling area determination unit to determine a culling area based
on road information; a data conversion unit to convert data of at least a portion of
objects displayed on the culling area; and a display unit to display at least the portion of
the objects based on the converted data.

The road information may include information about at least one of a width and
a lane of a road.

The culling area determination unit may determine an area corresponding to a
virtual figure capable of being generated as the culling area based on the road
information.

The culling area determination unit may include a width determination unit to
determine a width of a road, and a weight providing unit to provide a predetermined
weight for the determined width. In this instance, the culling area determination unit
may determine a rectangular area as the culling area, and the rectangular area may have
the weighted width as a side.

The data conversion unit may convert the data to enable at least a portion of
each of at least the portion of the objects to be removed.

The data conversion unit may convert the data to enable at least a portion of
each of at least the portion of the objects to be blended.

The display system may further include an area division unit to divide the
culling area into a plurality of areas. The data conversion unit may differently convert
data of an object depending on the divided area. In this instance, the different
conversion may include data conversion to remove at least a portion of objects and data
conversion to blend at least the portion of the objects.  Also, the area division unit may
divide the culling area into the plurality of areas generated by providing weights
different from each other for the width of the road.

At least the portion of the objects may include an object obstructing a road from
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view.

According to an aspect of the present invention, a display method, including:
determining a culling area based on road information; converting data of at least a
portion of objects displayed on the culling area; and displaying at least the portion of the

objects based on the converted data.

Advantageous effects

According to an embodiment of the present invention, a display system and
method determines a culling area based on road information such as a width and a lane
of a road, converts data of at least a portion of objects, displayed on the culling area, to
enable at least the portion of the objects to be removed or blended, and thereby may
enable guidance information to be completely displayed and efficiently display objects.

Also, according to an embodiment of the present invention, a display system
and method dynémically determines a process of generating an object such as a building
based on a width of a road using a virtual figure that may be generated based on road
information, and thereby may efficiently display the object.

Also, according to an embodiment of the present invention, a display system
and method divides a culling area into a plurality areas, removes a portion of an object
located adjacent to a road, blends a portion of an object located far away from the road,

and thereby may efficiently display the objects.

Brief Description of Drawings

FIG. 1 is a diagram illustrating a general example of a display method according
to an embodiment of the present invention;

FIG. 2 is a flowchart illustrating a display method according to an embodiment
of the present invention;

FIG. 3 is a diagram illustrating an example of determining a culling area based
on road information;

FIG. 4 is a diagram illustrating another example of determining a culling area
based on road information;

FIG. 5 is a diagram illustrating an example of a culling area determined based

on a width of a road;
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FIG. 6 is a diagram illustrating an example of a screen where a portion of each
object included in a culling area is removed;

FIG. 7 is a diagram illustrating an example of a screen where objects included
in a culling area are blended;

FIG. 8 is a diagram illustrating an example of a screen where different

- conversions are applied depending on divided areas; and

FIG. 9 is a block diagram illustrating a configuration of a display system

according to an embodiment of the present invention.

Best Mode for Carrying Out the Invention

Reference will now be made in detail to embodiments of the present invention,
examples of which are illustrated in the accompanying drawings, wherein like reference
numerals refer to the like elements throughout. The embodiments are described below
in order to explain the present invention by referring to the figures.

FIG. 1 is a diagram illustrating a general example of a display method according
to an embodiment of the preéent invention. FIG. 1 illustrates a general example of the
display method in a navigation environment of a vehicle.

It is illustrated that a first building 113 obstructs a location 112 of a vehicle
driving on a first road 111 from view in a first map 110 simply displayed three-
dimensionally (3D). In this instance, at least a portion 122 of a second building 121
may be removed or blended as illustrated in a second map 120 of FIG. 2.  Accordingly,
necessary information may be efficiently displayed. Here, an area to remove or blend
a portion of an object may be determined to dynamically adjust a culling area.

FIG. 2 is a flowchart illustrating a display method according to an embodiment
of the present invention. Here, each operation of the display method may be embodied
by a display system according to an embodiment of the present invention.

In operation S210, the display system may determine a culling area based on
road information. The road information may include information about at least one of
a width and a lane of a road. That is, the display system may determine the culling
area based on the width or the lane of the road. For example, as the width of the road
increases or a number of lanes of the road increases, the culling area may be determined

to be larger.
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In this instance, the display system may determine, as the culling area, an area
corresponding to a virtual figure that may be generated based on the road information.
For example, the display system may determine an area of a square as the culling area.
The square may have a side with a length where a predetermined weight is provided for
the width of the road. Also, the culling area may be determined as a cube or an area
corresponding to a hemisphere on a condition that the culling area is in 3D. In this
instance, the cube may start from ground level and have the weighted length as a side,
and the area corresponding to the hemisphere may have the weighted length as a radius
and start from ground level. That is, the culling area may be determined as all virtual
figures that may be generated based on the road information.

As an example, the culling area may be determined based on a particular point
such as a location of a vehicle in a navigation environment. That is, the culling area
may be determined based on the road information and the location of the vehicle, and a
culling area determination unit 910 may change the culling area based on a change of
the location of the vehicle. Specifically, since the location of the vehicle continuously
changes in the navigation environment, the culling area may change based on the
location of the vehicle.

As illustrated in FIG. 2, the determining in operation S210 may include
determining in operation S211 and providing in operation S212.

In operation S211, the display system may determine a width of a road where
the vehicle is driving. In this instance, the display system may directly determine the
width of the road using map data including information about a width of a road, or
calculate the width of the road based on information about a lane of the road. The
information about the lane of the road may be obtained from the map data.

In operation S212, the display system may provide a predetermined weight for
the determined width. In this instance, the display system may determine the culling
area based on the weighted width and the location of the vehicle. For example, when
the determined width is 18 m, the display system may determine, as the culling area, a
rectangular area having a side of 28 m and a center corresponding to the location of the
vehicle. The length of the side, 28 m, may be obtained by summing the determined
width, 18 m, and 10 m which is previously set as the weight. The predetermined

weight may be set as appropriate. Also, the display system may determine a circular
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area or an area corresponding to a space figure as the culling area. The circular area
may have the weighted width as a radius, and the space figure may start from ground
level and have the weighted width as a side. Also, the display system may determine
an area corresponding to a space figure as the culling area. In this instance, the area
corresponding to the space figure may start from ground level and be based on a circular
figure having the weighted width as a radius. That is, all areas corresponding to the
virtual figure that may be generated based on the road information may be determined
as the culling area as described above.

In operation S220, the display system may convert data of at least a portion of
objects displayed on the culling area. In this instance, at least the portion of the
objects may include an object obstructing the road from view. That is, data of all
objects included in the culling area may be converted, or the object obstructing the road
from view may be selected from all the objects and data of the selected object may be
converted. For this, the display system may convert the data to enable at least the
portion of the objects to be removed.  Specifically, the display system may prevent the
objects included in the culling area from being displayed, and also convert the data to
enable at least the portion of the objects to be removed to obtain a view. For example,
a single building included in the culling area may be entirely removed, and only a
portion of the building may be removed to prevent the road from being obstructed from
view. Also, the display system may convert the data to enable at least the portion of
the objects to be blended without removing. Here, the data of the objects may include
modeling data about the objects.

Also, the display method may further include an operation of dividing the
culling area into a plurality of areas, which is not illustrated in FIG. 2. When the
culling area is divided, the display system may differently convert the data depending
on each of the divided areas. For example, when the culling area is divided into two
areas, the display system may apply a data conversion for removing at least the portion
of the objects to an area of the two areas, and apply a data conversion for blending at
least the portion of the object to another area.

In this instance, the plurality of areas may be generated by providing weights
different from each other for the width of the road. For example, when the culling area

is a rectangular area determined by providing the predetermined weight, 10 m, for the
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width of the road, the culling area may be divided into two areas. The two areas may
be two rectangular areas generated by providing a weight of 5 m for the width of the
road.

In operation S230, the display system may display at least the portion of the
objects based on the converted data. Specifically, the display system may convert data
obstructing particular information from view and display at least the portion of the
objects on a map screen based on the converted data. Accordingly, the display system
may efficiently display the object to enable the particular information to be completely
displayed.

FIG. 3 is a diagram illustrating an example of determining a culling arca based
on road information. FIG. 3 illustrates an example of determining a rectangular culling
area in a navigation environment. That is, a rectangular area 304 is determined as the
culling area. The rectangular area 304 has a length 303, calculated by providing a
weight for a width 302 of a road 301, as a side. In this instance, data may be converted
and displayed to enable at least a portion of objects included in the culling area or at
least a portion of an object of the objects to be removed or blended. Accordingly,
navigation information may be prevented from being obstructed from view. Also, the
calculated length 303 may dynamically vary with respect to a fixed weight based on
road information such as information about a width of aroad. Accordingly, the culling
area may automatically change depending on the road, and an object may be efficiently
displayed.

FIG. 4 is a diagram illustrating another example of determining a culling area
based on road information. FIG. 4 illustrates an example of determining a circular area
404 as a culling area. The circular area 404 has a length 403, calculated by providing a
weight for a width 402 of a road 401, as a radius. ~ All types of figures such as a circle,
a lozenge, a rectangle as illustrated in FIG. 3, and the like may be used as the culling
area. Also, a 3D concept may be applied to the culling area, and thus a solid figure
may be used as the culling area.

FIG. 5 is a diagram illustrating an example of a culling area determined based
on a width of a road. Although a weight is not set depending on a road as described
with reference to FIG. 3, a culling area 503 of a road 501 and a culling area 504 of a

road 502 may have different widths depending on different widths of the roads 501 and
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502. Accordingly, data of objects included in a smaller area may be converted in a
road with a small width, and data of objects included in a larger area may be converted
in a road with a great width. Thus, objects such as a building, mountain, hill, and the
like may be efficiently displayed without obstructing an area where navigation
information is displayed from view.

FIG. 6 is a diagram illustrating an example of a screen where a portion of each
object included in a culling area 601 is removed. Only bottom sides of buildings 602
included in the culling area 601 are displayed in FIG. 6. In this iﬁstance, only a portion
of objects, obstructing an area where navigation information is displayed from view,
may be removed without removing all the buildings 602 included in the culling area 601.
Data of the buildings 602 may be converted for the removing.

FIG. 7 is a diagram illustrating an example of a screen where objects included
in a culling area 701 are blended. It is illustrated that buildings 702 included in the
culling area 701 are blended without obstructing an area where navigation information
is displayed from view in FIG. 7.

FIG. 8 is a diagram illustrating an example of a screen where different
conversions are applied depending on divided areas. It is illustrated that a culling area
is divided into a first area 801 and a second area 802 in FIG. 8. The second area 802 is
an area excluding the first area 801 from the culling area. A portion of a first building
803 included in the first area 801 is removed and only a bottom side of the first building
803 is displayed in FIG. 8. Also, a second building 804 in the second area 802 is
blended in FIG. 8.  As described above, the culling area may be divided into a plurality
of areas and different conversions may be applied to each of the plurality of areas, and
thus objects may be efficiently displayed.

FIG. 9 is a block diagram illustrating a configuration of a display system 900
according to an embodiment of the present invention. As illustrated in FIG. 9, the
display system 900 may include a culling area determination unit 910, data conversion
unit 920, and display unit 930. In this instance, an area division unit, not illustrated in
FIG. 9, may be further included in the display system 900.

The culling area determination unit 910 may determine a culling area based on
road information. The road information may include information about at least one of

a width and a lane of a road. That is, the culling area determination unit 910 may
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determine the culling area based on the width or the lane of the road. For example, as
the width of the road increases or a number of lanes of the road increases, the culling
area may be determined to increase.

In this instance, the culling area determination unit 910 may determine, as the
culling area, an area corresponding to a virtual figure that may be generated based on
the road information. For example, the culling area determination unit 910 may
determine an area of a square as the culling area. The square may have a side with a
length where a predetermined weight is provided for the width of the road. Also, the
culling area may be determined as a cube or an area corresponding to a hemisphere on a
condition that the culling area is in 3D. In this instance, the cube may start from
ground level and have the weighted length as a side, and the area corresponding to the
hemisphere may start from ground level and have the weighted length as a radius.
That is, the culling area may be determined as all virtual figures that may be generated
based on the road information.

As an example, the culling area may be determined based on a particular point
such as a location of a vehicle in a navigation environment. That is, the culling area
may be determined based on the road information and the location of the vehicle, and
the culling area determination unit 910 may change the culling area based on a location
change of the vehicle. Specifically, since the location of the vehicle continuously
changes in the navigation environment, the culling area may change based on a change
of the location of the vehicle.

The culling area determination unit 910 may include a width determination unit
911 and a weight providing unit 912 as illustrated in FIG. 9.

The width determination unit 911 may determine a width of a road where the
vehicle is driving. In this instance, the width determination unit 911 may directly
determine the width of the road using map data including information about a width of a
road, or calculate the width of the road based on information about a lane of the road.
The information about the lane of the road may be obtained from the map data.

The weight providing unit 912 may provide a predetermined weight for the
determined width. In this instance, the culling area determination unit 910 may
determine the culling area based on the weighted width and the location of the vehicle.

For example, when the determined width is 18 m, the culling area determination unit
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910 may determine, as the culling area, a rectangular area having a side of 28 m and a
center corresponding to the location of the vehicle. The length of the side, 28 m, may
be obtained by summing the determined width, 18 m, and 10 m which is previously set
as the weight. The predetermined weight may be set as necessary. Also, the culling
area determination unit 910 may determine a circular area or an area corresponding to a
space figure as the culling area. The circular area may have the weighted width as a
radius, and the space figure may have the weighted width as a side and start from
ground level. Also, the culling area determination unit 910 may determine an area
corresponding to a space figure as the culling area. In this instance, the area
corresponding to the space figure may start from ground level and be based on a circular
figure having the weighted width as a radius. That is, all areas corresponding to the
virtual figure that may be generated based on the road information may be determined
as the culling area as described above.

The data conversion unit 920 may convert data of at least a portion of objects
displayed on the culling area. In this instance, at least the portion of the objects may
include an object obstructing the road from view. That is, data of all objects included
in the culling area may be converted, or the object obstructing the road from view may
be selected from all the objects and data of the selected object may be converted. For
this, the data conversion unit 920 may convert the data to enable at least the portion of
the objects to be removed. Specifically, the display system may prevent the objects
included in the culling area from being displayed, and also convert the data to enable at
least the portion of the objects to be removed to obtain a view. For example, a single
building included in the culling area may be entirely removed, and only a portion of the
building may be removed to prevent the road from being obstructed from view. Also,
the data conversion unit 920 may convert the data to enable at least the portion of the
objects to be blended without removing.

Also, the display system may further include the area division unit dividing the
culling area into a plurality of areas. When the culling area is divided, the area
division unit may differently convert the data depending on each of the divided areas.
For example, when the culling area is divided into two areas, the area division unit may
apply a data conversion for removing at least the portion of the objects to an area of the

two areas, and apply a data conversion for blending at least the portion of the object to



WO 2009/131276 PCT/KR2008/003791

10

15

20

25

30

11

another area.

In this instance, the plurality of areas may be generated by providing weights
different from each other for the width of the road. For example, when the culling area
is a rectangular area determined by providing the predetermined weight, 10 m, for the
width of the road, the culling area may be divided into two areas. The two areas may
be two rectangular areas generated by providing a weight of 5 m for the width of the
road.

The display unit 930 may display at least the portion of the objects based on the
converted data. Specifically, the display unit 930 may convert data obstructing
particular information from view and display at least the portion of the objects on a map
screen based on the converted data. Accordingly, the display unit 930 may efficiently
display the object to enable the particular information to be completely displayed.

According to an embodiment of the present invention, a display method and
system may determine a culling area based on road information such as a width and a
lane of a road, convert data of at least a portion of objects included in the determined
culling area to enable at least the portion of the objects to be removed or blended, and
thereby may prevent the road to be guided from being obstructed from view and
efficiently display the objects. Also, the display method and system may determine a
process of generating the objects such as a building depending on the width of the road
using a virtual figure that may be generated based on the road information, and thereby
may efficiently display the objects.

Also, the display method and system may divide the culling area into a plurality
of areas, remove a portion of an object with respect to an area adjacent to a road and
blend a portion of an object with respect to an area far away from the road, and thereby
may efficiently display the objects.

The exemplary embodiments of the present invention include computer-readable
media including program instructions to implement various operations embodied by a
computer. The media may also include, alone or in combination with the program
instructions, data files, data structures, tables, and the like. The media and program
instructions may be those specially designed and constructed for the purposes of the
present invention, or they may be of the kind well known and available to those having

skill in the computer software arts. Examples of computer-readable media include
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magnetic media such as hard disks, floppy disks, and magnetic tape; optical media such
as CD ROM disks; magneto-optical media such as floptical disks; and hardware devices
that are specially configured to store and perform program instructions, such as read-
only memory devices (ROM) and random access memory (RAM). Examples of
program instructions include both machine code, such as produced by a compiler, and
files containing higher level code that may be executed by the computer using an
interpreter. The described hardware devices may be configured to act as one or more
software modules in order to perform the operations of the above-described
embodiments of the present invention, or vice versa.

Although a few embodiments of the present invention have been shown and
described, the present invention is not limited to the described embodiments. Instead,
it would be appreciated by those skilled in the art that changes may be made to these
embodiments without departing from the principles and spirit of the invention, the scope

of which is defined by the claims and their equivalents.
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CLAIMS
1. A display system, comprising:
a culling area determination unit to determine a culling area based on road
information;
a data conversion unit to convert data of at least a portion of objects displayed
on the culling area; and
a display unit to display at least the portion of the objects based on the

converted data.

2. The display system of claim 1, wherein the road information includes

information about at least one of a width and a lane of a road.

3. The display system of claim 1, wherein the culling area determination unit
determines an area corresponding to a virtual figure capable of being generated as the

culling area based on the road information.

4, The display system of claim 1, wherein the culling area determination unit
comprises:

a width determination unit to determine a width of a road; ‘and

a weight providing unit to provide a predetermined weight for the determined
width.

5. The display system of claim 4, wherein the culling area determination unit
determines a rectangular area as the culling area, the rectangular area having the

weighted width as a side.

6. The display system of claim 4, wherein the culling area determination unit
determines a circular area as the culling area, the circular area having the weighted

width as a radius.

7. The display system of claim 4, wherein the culling area determination unit

determines an area corresponding to a space figure as the culling area, the space figure
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starting from ground level and having the weighted width as a side.

8. The display system of claim 4, wherein the culling area determination unit
determines an area corresponding to a space figure as the culling area, the space figure
starting from ground level and being based on a circular figure having the weighted

width as a radius.

9. The display system of claim 1, wherein the culling area is determined based on
the road information and a location of a vehicle, and the culling area determination unit

changes the culling area based on a change of the location of the vehicle.

10. The display system of claim 1, wherein the data conversion unit converts the
data to enable at least a portion of each of at least the portion of the objects to be

removed.

11. The display system of claim 1, wherein the data conversion unit converts the
data to enable at least a portion of each of at least the portion of the objects to be

blended.

12. The display system of claim 1, further comprising:
an area division unit to divide the culling area into a plurality of areas,
wherein the data conversion unit differently converts data of an object

depending on the divided area.

13. The display system of claim 12, wherein the different conversion includes data
conversion to remove at least a portion of objects and data conversion to blend at least

the portion of the objects.

14. The display system of claim 12, wherein the road information includes
information about a width of a road, and the area division unit divides the culling area
into the plurality of areas generated by providing weights different from each other for

the width of the road.
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15. The display system of claim 1, wherein at least the portion of the objects

includes an object obstructing a road from view.

16. A display method, comprising:
determining a culling area based on road information;
converting data of at least a portion of objects displayed on the culling area; and

displaying at least the portion of the objects based on the converted data.

17. The display method of claim 16, wherein the road information includes

information about at least one of a width and a lane of a road.

18. The display method of claim 16, wherein the determining determines an area
corresponding to a generable virtual figure as the culling area based on the road

information.

19. The display method of claim 16, wherein the determining comprises:
determining a width of a road; and

providing a predetermined weight for the determined width.

20. The display method of claim 19, wherein the determining of the culling area
determines a rectangular area as the culling area, the rectangular area having the

weighted width as a side.

21. The display method of claim 19, wherein the determining of the culling area
determines a circular area as the culling area, the circular area having the weighted

width as a radius.

22. The display method of claim 19, wherein the determining of the culling area
determines an area corresponding to a space figure as the culling area, the space figure

starting from ground level and having the weighted width as a side.
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23. The display method of claim 19, wherein the determining of the culling area
determines an area corresponding to a space figure as the culling area, the space figure
starting from ground level and being based on a circular figure having the weighted

width as a radius.

24, The display method of claim 16, wherein the culling area is determined based
on the road information and a location of a vehicle, and the determining of the culling

area changes the culling area based on a location change of the vehicle.

25. The display method of claim 16, wherein the converting converts the data to

enable at least a portion of each of at least the portion of the objects to be removed.

26. The display method of claim 16, wherein the converting converts the data to
enable at least a portion of each of at least the portion of the objects to be blended.

27. The display method of claim 16, further comprising:

dividing the culling area into a plurality of areas,
wherein the converting differently converts data of an object depending on the

divided area.

28. The display method of claim 27, wherein the different conversion includes data
conversion to remove at least a portion of objects and data conversion to blend at least

the portion of the objects.

29. The display method of claim 27, wherein the road information includes
information about a width of a road, and the dividing divides the culling area into the
plurality of areas generated by providing weights different from each other for the width

of the road.

30. The display method of claim 16, wherein at least the portion of the objects

includes an object obstructing a road from view.
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31. A computer-readable recording medium storing a program for implementing the

method according to any one of claims 16 through 30.
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