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(57) Abstract: [Problem] An object is to improve the reality of a drawn

background while suppressing an increase in processing load in output of a

three-dimensional image in which an object is drawn three-dimensionally,
along with a background image. [Solution to Problem] A projection is drawn
by perspective projection of a three-dimensional model. When the gaze dir-
ection of perspective projection is set to look down from above, the projec-
tion is drawn in an object drawing range in a lower part of an image. A back-
ground layer representing the stratosphere is generated by two-dimensionally
drawing a background image provided separately from the projection. The
stratosphere (hatched area) is specified as an opaque portion, and the residual
area is specified as a transparent portion. The boundary between the transpar-
ent portion and the opaque portion is expressed by a curved line that is con-

vex upward to express the horizon of the curved line. The background layer
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is superimposed not behind the projection but on the front surface of the pro-
jection. This causes an upper edge portion of the projection including the up-
per edge drawn by a straight line to be covered and hidden and expresses the
boundary by the curved line. This provides a pseudo-image expressing the
horizon by the curved line.
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Description

Title of Invention: THREE-DIMENSIONAL IMAGE OUTPUT
DEVICE AND BACKGROUND IMAGE GENERATION DEVICE

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

Technical Field

The present invention relates to a technology of outputting a three-dimensional
image, in which a background image is superimposed on an image expressing an

object three-dimensionally.

Background Art

Three-dimensional maps that three-dimensionally express features such as buildings
and roads have become used widely. Bird's eye views that look down features in a
wide area obliquely from above have also recently become popular. Such a three-
dimensional map is often drawn by perspective projection of a three-dimensional
model placed on the flat ground surface. A variety of techniques have been proposed to
display a distant view image such as the mountains, the sky and the clouds, with
respect to such a three-dimensional image. A technique has also been used to su-
perimpose a foreground image layer provided separately from an image drawn by per-
spective projection on the image.

The technique described in Patent Literature 1 draws a background image located
behind a display area of roads and buildings, based on a distant view pattern provided

in advance with respect to each orientation area.
Citation List

Patent Literature

PTL 1: JP 2007-25362A

Summary of Invention

Technical Problem

The three-dimensional map is displayed in various display scales, so that drawing
according to the display scale is desired. In the case of display of a wide area on a
global scale, for the purpose of improving the reality, it is preferable to draw a
background showing the stratosphere and express the horizon by a curved line. A bird's
eye view in which the horizon is expressed by a curved line may be obtained by ap-
plication of a sphere model that expresses the shape of the earth as a sphere or by ap-
plication of an earth ellipsoid model that expressed the shape of the earth as an earth
ellipsoid.

Such display, however, needs to provide both a three-dimensional model for the flat

ground surface and a three-dimensional model for the spherical ground surface or un-



WO 2014/156050 PCT/JP2014/001531

[0007]

[0008]

[0009]

desirably increases the processing load of operations to express the horizon by a
curved line. The three-dimensional map may accordingly have a problem of re-
markably increasing the data volume or the processing load in an attempt to improve
the reality of the drawn background as described above. This problem is not limited to
the three-dimensional map but is commonly found in the configuration of outputting a

three-dimensional image.
In order to solve the problems described above, an object of the invention is to

improve the reality of a drawn background while suppressing an increase in processing
load in output of a three-dimensional image in which an object is drawn three-

dimensionally, along with a background image.

Solution to Problem

The invention may be implemented by any of the following aspects and em-
bodiments, in order to solve at least part of the above problems.

According to a first aspect of the invention, there is provided a three-dimensional
image output device that outputs a three-dimensional image in which an object is
drawn three-dimensionally. The three-dimensional image output device comprises: a
three-dimensional model storage that stores a three-dimensional model representing a
three-dimensional shape of the object; a projecting section that uses the three-
dimensional model and generates a three-dimensional object image that expresses the
object three-dimensionally; a background layer generating section that generates a
background layer, in which a background image of the three-dimensional image is
drawn to have a transparent portion and an opaque portion; and an image output
controller that superimposes the background layer on a front surface of the three-
dimensional object image to generate the three-dimensional image and outputs the
three-dimensional image. At least one of a generating condition of the three-di-
mensional object image and a generating condition of the background layer is adjusted
to cause the opaque portion to cover and hide part of the three-dimensional object
image.

The three-dimensional image may be output in various aspects, for example,
displayed on a display unit and output as a printed matter.

The three-dimensional image output device of the invention superimposes the
background layer on the front surface of the three-dimensional object image. The
background layer is originally a layer showing the background of a three-dimensional
object image, i.e., a layer showing an image to be drawn at a greater distance than the
three-dimensional object image. The background layer should thus be fundamentally
located behind the three-dimensional object image. The invention, however, dares to

locate the background layer on the front surface of the three-dimensional object image.
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The background layer has the transparent portion, so that the three-dimensional object
image is visible even when the background layer is located on the front surface of the
three-dimensional object image. The background layer has the opaque portion to cover
and hide part of the three-dimensional object image. Covering and hiding part of the
three-dimensional object image with the opaque portion enables an image that is fun-
damentally implemented using complicated coordinate conversion or a special three-
dimensional model to be expressed by a pseudo-image. Accordingly the invention
enables a variety of backgrounds to be output with the improved reality, while sup-
pressing increases in data volume and processing load in the process of outputting a
three-dimensional image, in which an object is drawn three-dimensionally, along with
a background image.

According to the invention, the background layer may be generated by any of various
methods. One available method may provide in advance background image data
including a transparent portion and an opaque portion and draw the background image
data on a two-dimensional layer provided separately from a projection plane of a three-
dimensional object image to generate a background layer. Another available method
may provide background data representing a background image, define a transparent
portion and an opaque portion on a two-dimensional layer according to a drawn three-
dimensional object image, and draw the opaque portion using the background data to
generate a background layer.

According to an embodiment of the three-dimensional image output device, the
three-dimensional model may be map data representing three-dimensional shapes of
ground surface and features, and the three-dimensional image may be a three-
dimensional map that expresses a geographical shape three-dimensionally.

The three-dimensional map has an extremely large volume of data and needs to
output various backgrounds in order to improve the reality. The three-dimensional map
may additionally need to be displayed in real time or need to be displayed on a
terminal of relatively low throughput, such as a handheld terminal. The invention is
thus especially effective for the three-dimensional map to draw various backgrounds
while suppressing increases in data volume and processing load.

According to another embodiment of the three-dimensional image output device, the
background image may have the opaque portion, which shows the stratosphere of the
earth, in an upper part of the background image and the transparent portion in a lower
part of the background image, and a boundary between the transparent portion and the
opaque portion is expressed by a circular arc or an elliptical arc connecting a left side
and a right side of the background image. The projecting section may generate the
three-dimensional object image having the part covered and hidden by the opaque

portion from a viewpoint position where a horizon is to be recognized as a curved line.
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[0014]

[0015]

[0016]
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This achieves pseudo-expression of the horizon by the curved line in output of a
three-dimensional map including the stratosphere as the background without de-
scribing the ground surface and the features by a sphere model or an earth ellipsoid
model and without performing any complicated operations.

According to another embodiment of the three-dimensional image output device, the
background image may include a transparent gradation area that gradually changes
transmittance of an image on a boundary between the transparent portion and the
opaque portion.

This blurs the boundary between the background image and the three-dimensional
object image transmitted through the transparent portion and reduces the unnaturalness
in the area where the three-dimensional object image is covered with the opaque
portion. This also provides a visual effect of blurring the objects at a great distance.
The width of the transparent gradation area may be changed, for example, according to
the scale of the three-dimensional map, in such a range that provides the above visual
effect. In the transparent gradation area, not only the transmittance but the color of the
background image may be changed.

According to a second aspect of the invention, there is provided a background image
generation device that generates a background image which is to be superimposed in
output of a three-dimensional image in which an object is drawn three-dimensionally,
wherein the background image includes a transparent portion that causes an image to
be transmitted and an opaque portion that does not cause an image to be transmitted.
The background image generation device comprises: an object drawing range input
section that inputs information specifying an object drawing range in which the object
is drawn, in a three-dimensional object image that expresses the object three-
dimensionally and is generated as an image, on which the background image is to be
superimposed; a background specifying information input section that inputs
background specifying information specifying a content of a background of the three-
dimensional object image in the three-dimensional image; and a background image
generator that generates the background image including the opaque portion
configured to cause part of the object drawing range to be covered and hidden by the
specified background and a residual area of the opaque portion specified as the
transparent portion.

As described above, the background layer generated by the three-dimensional image
output device of the invention may be generated by using background image data
provided in advance to have a transparent portion and an opaque portion or may be
newly generated as a background image having a transparent portion and an opaque
portion according to the three-dimensional object image. The background image

generation device of the invention may be configured as a separate device from the
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[0020]
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three-dimensional image output device and may be used as the device to generate the
background image data of the former embodiment in advance. The background image
generation device may alternatively be configured to be operable in cooperation with
the three-dimensional image output device and may be used as the device to generate
the background image of the latter embodiment according to the three-dimensional
object image at the time of output.

The background image generation device of the invention appropriately and flexibly
generates the background image used in the three-dimensional image output device
described above, based on the object drawing range in the three-dimensional object
image and the background specifying information.

The "content of the background" according to the invention means the type of an
image to be drawn as the background, for example, the stratosphere or under the sea.
The content of the background may be specified, for example, by selection among
menu options provided in advance.

A method of generating the background image of the specified content may store
original background image data, in which the entire image is specified as an opaque
portion, and replace part of this original background image data with a transparent
portion. In the case of a relatively simple background, for example, a background
expressed by a single color or a background expressed by changing the shape or the
color regularly or irregularly, the background image may be generated by drawing the
image of an opaque portion in a color and a shape according to the specified content.

The invention may not necessarily include all the features described above but may
be configured appropriately with partial omission or by combination of these features.
The invention is not limited to the configurations of the three-dimensional image
output device and the background image generation device described above but may be
configured as any of various other aspects: for example, a three-dimensional image
output method, a background image generation method, computer programs that
implement the functions of these methods; non-transitory storage media in which such
computer programs are stored; and data signals that include such computer programs
and are embodied in carrier waves. Any of various additional components described
above may also be applied to any of the respective aspects.

When the invention is configured as a computer program or as a non-transitory
storage medium in which such a computer program is stored, the configuration may
include the entire program that controls the operations of the three-dimensional image
output device or the background image generation device or may include only a
section that achieves the functions of the invention. Available examples of the storage
medium include flexible disks, CD-ROMs, DVD-ROMs, magneto-optical disks, IC

cards, ROM cartridges, punched cards, prints with barcodes or other codes printed
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thereon, internal storage units (memories such as RAM and ROM) and external storage
units of computers and various other computer-readable media.

Brief Description of Drawings

[fig.1]Fig. 1 is a diagram illustrating the general configuration of a three-dimensional
map display system according to a first embodiment;

[fig.2A]Fig. 2A is diagrams illustrating the relationship between a projection of a
three-dimensional model and a background layer;

[fig.2B]Fig. 2B is diagrams illustrating the relationship between a projection of a three-
dimensional model and a background layer;

[fig.3A]Fig. 3A is diagrams illustrating the outline of a generation method of a three-
dimensional map MAP according to the embodiment;

[fig.3B]Fig. 3B is diagrams illustrating the outline of a generation method of a three-
dimensional map MAP according to the embodiment;

[fig.3C]Fig. 3C is diagrams illustrating the outline of a generation method of a three-
dimensional map MAP according to the embodiment;

[fig.4]Fig. 4 is a flowchart showing a flow of background image data generation
process according to the first embodiment;

[fig.5]Fig. 5 is a diagram illustrating the relationship between the gaze direction and
the background image;

[fig.6]Fig. 6 is a flowchart showing a flow of three-dimensional map display process
according to the first embodiment;

[fig.7]Fig. 7 is a diagram schematically illustrating the relationship between the three-
dimensional model, the viewpoint position and the object drawing range of a three-
dimensional object image.

[fig.8]Fig. 8 is a diagram illustrating the general configuration of a background image
data generation device 200A according to a second embodiment;

[fig.9]Fig. 9 is a flowchart showing a flow of three-dimensional map display process
according to the second embodiment;

[fig.10]Fig. 10 is a flowchart showing a flow of background image data generation
process according to the second embodiment;

[fig.11]Fig. 11 is a diagram illustrating an output example of a three-dimensional map
MP according to a modification; and

[fig.12]Fig. 12 is a flowchart showing a flow of three-dimensional map display process

according to the modification.
Description of Embodiments

The following describes embodiments in which the device of the invention is applied

to a three-dimensional map display system according to some aspects of the invention.
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In the description below, the respective devices constituting the three-dimensional map
display system are connected by a local area network (LAN). The respective devices
may alternatively connected by another network such as the Internet.

A. First Embodiment

Al. Three-Dimensional Map Display System

Fig. 1 is a diagram illustrating the general configuration of a three-dimensional map
display system according to a first embodiment. As illustrated, this three-dimensional
map display system includes a three-dimensional map display device 100, a
background image data generation device 200 and a printer 300. In the three-di-
mensional map display system, the three-dimensional map display device 100 and the
background image data generation device 200 may be configured integrally.

The three-dimensional map display device 100 includes a map database (DB) 10, a
command input section 20, a transmitter/ receiver 30, a three-dimensional map
generator 40, an image output controller 50 and a display unit 60. These respective
functional blocks are configured as software configuration by installing computer
programs for implementing the respective functions in a personal computer including,
for example, a CPU, a RAM, a ROM, a hard disk drive and a communication device.
At least part of these functional blocks may alternatively be configured as hardware
configuration.

The map database 10 includes a three-dimensional model 12, character data 14 and
background image data 16. The map database 10 stores map data as the three-
dimensional model 12. The map data are data used to generate a three-dimensional
map and includes three-dimensional polygon data that three-dimensionally represent
shapes of various features such as mountains, rivers, roads and buildings. According to
this embodiment, the map data is described using an orthogonal coordinate system.
The character data 14 are data representing characters to be drawn in the three-
dimensional map, for example, the names of buildings, the names of roads and the
names of intersections. Each of the character data 14 is related to each of the three-
dimensional model 12 by an identifier. The character data 14 also include display
positions of respective characters in the three-dimensional map, font and size of
characters and data regarding the relationship between the scale of the three-di-
mensional map and the display/ no display of characters. The map database 10 also
stores data of background images generated in advance by the background image data
generation device 200, as the background image data 16. The background image data
16 represent images used to generate a background layer which is to be superimposed
on a projection drawn by perspective projection of the three-dimensional model 12 in
the process of displaying the three-dimensional map. According to the embodiment, an

image showing the stratosphere of the earth is stored as the background image.
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[0028]

[0029]
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The command input section 20 inputs the user's instructions regarding display of the
three-dimensional map. The transmitter/ receiver 30 sends and receives data to and
from the background image data generation device 200 and the printer 300 via the
LAN.

The three-dimensional map generator 40 includes a projecting section 42, a character
drawing section 44 and a background layer generating section 46. The projecting
section 42 uses the three-dimensional model 12 read from the map database 10 to
generate a three-dimensional object image (also called projection) that three-
dimensionally draws a three-dimensional model of features by perspective projection.
The character drawing section 44 uses the character data 14 read from the map
database 10 to draw characters on the three-dimensional object image generated by the
projecting section 42. The background layer generating section 46 uses the background
image data 16 read from the map database 10 to generate a background layer to be su-
perimposed on the front surface of the three-dimensional object image. The image
output controller 50 causes the resulting three-dimensional map to be displayed by the
display unit 60 or to be output to the printer 300 via the transmitter/ receiver 30.

The background image data generation device 200 is provided as a device that
generates the background image data 16. According to the embodiment, the
background image data generation device 200 is configured by a personal computer
including, for example, a CPU, a RAM, a ROM, a hard disk drive and a commu-
nication device.

The background image data generation device 200 stores image data as materials for
generating the background image data 16. The operator selects any of the image data to
edit the selected image data to a content suitable for the background image data 16
used by the three-dimensional map display device 100. The background image data of
the embodiment has a transparent portion and an opaque portion as described later. The
background image data generation device 200 accordingly provides edit functions, for
example, to specify part of the image data selected by the operator as a transparent
portion. The background image data 16 generated by the background image data
generation device 200 is sent to the three-dimensional map display device 100 via the
network and is stored in the map database 10.

Fig. 2s are diagrams illustrating the relationship between a projection of a three-
dimensional model and a background layer. Fig. 2A schematically illustrates the three-
dimensional model and the background layer.

As illustrated in Fig. 2A, the projection is drawn by perspective projection of the
three-dimensional model. The drawing range of the projection is called object drawing
range. This range is varied by the gaze direction during projection.

The background layer is provided as a layer showing a background image to be
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visually recognized as the background in the three-dimensional map. According to the
embodiment, the background layer is superimposed not on the rear surface of the
projection but on the front surface of the projection as shown in Fig. 2A. An upper
hatched part of the background layer is an opaque portion in which the image is not
transmitted, and a lower non-hatched part of the background layer is a transparent
portion in which the image is transmitted. In other words, when the background layer
is superimposed on the front surface of the projection, the projection behind is
displayed in the transparent portion, while the projection is hidden in the opaque
portion. A transparent gradation area in which the transmittance of the image is
gradually varied may be provided on the boundary between the transparent portion and
the opaque section in the background layer.

Fig. 2B illustrates the state that the background layer is superimposed on the front
surface of the projection. As described above, while the projection is visible through
the transparent portion of the background layer, the projection is invisible in the
opaque portion and the image of the background layer is visible in the opaque portion.
When the transparent gradation area is provided, there is an area in which the
projection is blurred, on the boundary between the transparent portion and the opaque
portion.

According to the embodiment, as shown by a cross hatched area in the illustration,
the projection and the background layer are drawn, such that part of the object drawing
range is covered and hidden by the opaque portion of the background layer. Covering
part of the projection with the background image enables a variety of pseudo-images to
be output.

Fig. 3s are diagrams illustrating the outline of a generation method of a three-
dimensional map MAP according to the embodiment. Fig. 3A illustrates one example
of a projection 52. As shown in Fig. 3A, the projection 52 is generated by perspective
projection using the three-dimensional model 12 read from the map database 10. In this
illustrated example, the projection 52 is drawn in a display scale that displays the entire
country of Japan. Features are drawn in the lower object drawing range of the
projection 52, and characters are drawn on the projection 52. The horizon should be
fundamentally visible as a curved line in this display scale. The three-dimensional
model is, however, provided in the orthogonal coordinate system, so that the upper
edge of the object drawing range is drawn as a straight line in the projection 52.

Fig. 3B illustrates one example of a background layer 56. The background layer 56 is
generated by two-dimensionally drawing the background image data 16 read from the
map database 10. This background layer 56 includes a transparent portion 56a and an
opaque portion 56b, and a transparent gradation area 56¢ in which the transmittance of

the image is gradually varied is provided on the boundary. An image forming the
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background of the projection shown in Fig. 3A is drawn in the opaque portion 56b. In
this illustrated example, an image representing the stratosphere is drawn in the opaque
portion 56b. The boundary of the stratosphere is expected to be visible as a curved line
following the horizon, so that the boundary of the opaque portion 56b is drawn by a
curved line in the background layer 56. Since the background layer 56 is generated by
simply drawing the image two-dimensionally, it is easy to drawn the boundary by the
curved line. In the background layer 56 of the embodiment, the troposphere between
the ground surface and the stratosphere is expressed by the transparent gradation area
S6c¢. More specifically, in this transparent gradation area 56c¢, the transmittance is
varied gradually from the transparent state to the opaque state from the transparent
portion 56a toward the opaque portion 56b, and the color is changed from white to
dark blue expressing the stratosphere.

Fig. 3C illustrates one example of a three-dimensional map (bird's eye view) as a
three-dimensional image. In this displayed image, the background layer 56 is su-
perimposed on the front surface of the projection 52. A three-dimensional map MAP
on a global scale is output by covering and hiding a straight line section on the upper
edge of the projection 52 with the opaque portion 56¢ of the background layer. The
boundary of the background layer 56 is drawn by a curved line, so that a pseudo-image
in which the horizon is visible as a curved line is generated in Fig. 3C, while the
horizon is drawn by a straight line in Fig. 3A. In output of this three-dimensional map
MAP including the stratosphere as the background, this achieves pseudo-expression of
the horizon by a pseudo-curved line without describing the three-dimensional model,
i.e., the ground surface and the features, by a sphere model or an earth ellipsoid model
and without performing any complicated operations. In the transparent gradation area
56c¢, the boundary between the opaque portion 56b and the three-dimensional object
image 52 transmitted through the transparent portion 56a is blurred to express the tro-
posphere between the ground surface and the stratosphere.

A2. Background Image Data Generation Process

Fig. 4 is a flowchart showing a flow of background image data generation process
according to the first embodiment. This process is performed by the CPU of the
background image data generation device 200 in response to the operator's instruction
to generate the background image data 16 which is stored in the map database 10 of the
three-dimensional map display device 100.

When the process flow start, the CPU obtains information regarding specification of
the opaque portion 56b of the background layer 56 input by the operator (step S100).
For example, the CPU obtains information regarding how many percents of an upper
area in the background layer 56 is to be specified as the opaque portion 56b. On the

contrary, the CPU may obtain information regarding specification of the transparent
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portion 56a in the background layer 56.
Moreover, the opaque portion is not necessarily a rectangular area. Any of various
shapes may be specified as the opaque portion at step S100.

The CPU subsequently obtains information regarding specification of the content of
the background image input by the operator (step S110). For example, in the case of
generation of the background image data for the background layer 56 described above
with reference to Fig. 3B, the image of the stratosphere of the earth is specified. The
content of the background image may be specified, for example, by selecting one of
image data for backgrounds stored in advance in the background image data generation
device 200.

The CPU subsequently obtains generating conditions of a background image input by
the operator (step S120). The generating conditions of the background image may be,
for example, the curvature of a circular arc or an elliptical arc on the boundary between
the opaque portion 56b and the transparent portion 56a in the background layer 56 and
the width of the transparent gradation area 56¢c. The CPU generates background image
data 16 based on the obtained information and generating conditions of the background
image (step S130) and sends the background image data 16 to the three-dimensional
map display device 100 (step S140). More specifically, the CPU reads image data of a
background corresponding to the content specified at step S110. This image data is
data of an entire opaque portion without any transparent portion. The CPU specifies
part of the image data as the transparent portion, based on the generating conditions of
the background image. The CPU also provides a transparent gradation area of the
specified width. One modification may enable the operator to specify part of the image
data as the opaque portion.

This series of processing completes the background image data generation process of
the first embodiment.

A3. Background Image

The background image of the embodiment is used to generate a pseudo-image, which
is not drawn by simple perspective projection, by covering and hiding part of the
projection as described in Figs. 2 and 3. In the illustrated example of Fig. 3, the
background image representing the stratosphere is used, so that the upper part of the
projection is covered and hidden. The part of the projection covered and hidden by the
background image is, however, not limited to the upper part of the projection.

Fig. 5 is a diagram illustrating the relationship between the gaze direction and the
background image. As illustrated, when the gaze direction specified looks down from
above (midair) of the three-dimensional model, a projection is drawn in a lower part as
illustrated in the upper drawing. It is accordingly preferable to specify the upper part of

the background image as an opaque portion and the lower part of the background
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image as a transparent portion and partially hide an upper part of the projection. When
the gaze direction specified looks up from below (underground) of the three-di-
mensional model, on the other hand, a projection is drawn in an upper part as il-
lustrated in the lower drawing. It is accordingly preferable to specify the upper part of
the background image as a transparent portion and the lower part of the background
image as an opaque portion and partially hide a lower part of the projection. As
described above, various settings are allowed for the opaque portion and the
transparent portion of the background image.

The opaque portion is not unequivocally determined by the gaze direction. For
example, an opaque portion may be provided in the lower part with respect to the gaze
direction looking down from above in Fig. 5. On the contrary, an opaque portion may
be provided in the upper part with respect to the gaze direction looking up from below
in Fig. 5. This is because the projection may not be necessarily drawn densely, for
example, when polygons representing the ground surface are not provided as map data
or when the three-dimensional model of buildings is generated more sparsely than the
actual state.

A4. Three-Dimensional Map Display Process

Fig. 6 is a flowchart showing a flow of three-dimensional map display process
according to the first embodiment. This process is performed by the CPU of the three-
dimensional map display device 100, in response to input of a display instruction of a
three-dimensional map.

When a display instruction of a three-dimensional map is input, the CPU obtains the
scale of a three-dimensional map specified by the user (step S200). The CPU sub-
sequently determines the display mode of the three-dimensional map, based on the
obtained scale (step S210). According to the embodiment, a background image non-
display mode and a background image display mode are provided as the display modes
of the three-dimensional map. In the background image non-display mode, the three-
dimensional map MAP is displayed without using the background image data 16 stored
in the map database 10. Accordingly, the background image non-display mode of the
embodiment includes a case of displaying a three-dimensional map MAP, in which the
background such as the sea, the mountains, the sky and the clouds is drawn without
using the background image data 16. In the background image display mode, on the
other hand, the three-dimensional map MAP is displayed using the background image
data 16 stored in the map database 10. In the embodiment, the image of the
stratosphere of the earth is used as the background image. In the small scale that
displays the three-dimensional map MAP in a wide area such as a global scale with the
stratosphere, the background image display mode is applied as the display mode. In the

large scale that does not display the stratosphere as the background image, the
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background image non-display mode is applied as the display mode.

The CPU subsequently determines whether the display mode determined at step
5210 is the background image display mode (step S220). When the display mode is the
background image non-display mode (step S220: NO), the CPU obtains the viewpoint
position and the gaze direction (step S230) and obtains the three-dimensional model 12
of features as the processing object from the map database 10, based on the scale of the
three-dimensional map, the viewpoint position and the gaze direction (step S232). The
CPU then performs rendering by perspective projection based on the viewpoint
position and the gaze direction to generate a three-dimensional object image 52, in
which features are drawn three-dimensionally (step S234). The background such as the
sky and the clouds is drawn appropriately by a prior art technique in the three-
dimensional object image 52. The CPU obtains the character data 14 from the map
database 10 with respect to features displayed in the three-dimensional object image
52, i.e., features visible from the viewpoint position and appropriately draws characters
on the three-dimensional object image 52 according to the contents of the character
data 14 (step S236). The CPU then displays a resulting three-dimensional map MAP in
the background image non-display mode on the display unit 60 (step S250). After that,
the CPU may output the three-dimensional map MAP to the printer 300, in response to
the user's output instruction.

When the display mode is the background image display mode (step S220: YES), on
the other hand, the CPU obtains the viewpoint position (step $240). The CPU sub-
sequently obtains the background image data 16 from the map database 10 (step S241)
and generates a background layer 56 using the background image data 16. The CPU
then specifies the gaze direction to hide an upper edge of an object drawing range by
an opaque portion 56b of the background layer 56 (step S242). According to the em-
bodiment, the background image data 16 is provided in advance, so that the opaque
portion 56b of the background layer 56 is specified in advance. The size of the object
drawing range depends on the gaze direction. The inadequate gaze direction may ac-
cordingly result in the case that the stratosphere is invisible or that the object drawing
range is not hidden by the opaque portion 56b. For example, when the gaze direction is
the vertical direction, the stratosphere is invisible even in the scale that displays a wide
area. When the gaze direction is substantially equal to the horizontal direction, the
object drawing range is a narrow area in the lower part of the image and may not be
covered or hidden by the opaque portion 56b. As described above, determining the
opaque portion 56b of the background layer 56 results in determining the allowable
range of the gaze direction to cause part of the object drawing range to be covered and
hidden. At step S242, the CPU sets the gaze direction in this allowable range.

According to a modification, when the gaze direction input by the user is out of the
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allowable range, the CPU may modify the gaze direction to be included in the
allowable range.

The opaque portion 56b of the background layer 56 is specified in advance according
to the embodiment but may be specified by analyzing the background image data 16.

The CPU subsequently obtains the three-dimensional model 12 of features as the
processing object from the map database 10, based on the viewpoint position and the
gaze direction (step S244). The CPU then performs rendering by perspective projection
based on the viewpoint position and the gaze direction to generate a three-dimensional
object image 52, in which features are drawn three-dimensionally (step S246). The
CPU subsequently obtains the character data 14 from the map database 10 with respect
to features displayed in the three-dimensional object image 52, i.e., features visible
from the viewpoint position and appropriately draws characters on the three-di-
mensional object image 52 according to the contents of the character data 14 (step
S5247). In the background image display mode, the scale of the three-dimensional map
MAP is sufficiently small, so that characters with respect to small features such as
buildings and roads are not drawn but only characters representing main geographical
names are drawn. The CPU then superimposed the background layer 56 on the front
surface of the three-dimensional object image 52 with the characters drawn thereon
(step S249) and displays a resulting three-dimensional map MAP in the background
image display mode on the display unit 60 (step S250). After that, the CPU may output
the three-dimensional map MAP to the printer 300, in response to the user's output in-
struction.

The three-dimensional map display system of the first embodiment described above
superimposes the background layer 56 on the front surface of the three-dimensional
object image 52, so as to cause part of the three-dimensional object image 52 to be
transmitted through the transparent portion 56a of the background layer 56, to cover
and hide part of the three-dimensional object image 52 by the opaque portion 56b of
the background layer 56 and to express the boundary between the three-dimensional
object image 52 and the stratosphere by a curved line. This enables an image that is
fundamentally implemented using complicated coordinate conversion or a special
three-dimensional model to be expressed by a pseudo-image. This enables a variety of
backgrounds to be output with the improved reality, while suppressing increases in
data volume and processing load in the process of outputting a three-dimensional map
MAP, in which features are drawn three-dimensionally, along with a background
image.

B. Second Embodiment

In the three-dimensional map display system of the first embodiment, the background

image data 16 are stored in advance in the map database 10. In a three-dimensional
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map display system of a second embodiment, on the other hand, background image
data 16 are generated appropriately by a background image data generation device
200A during the three-dimensional map display process. In the three-dimensional map
display system of the second embodiment, there is no need to store the background
image data 16 in the map database 10 of the three-dimensional map display device
100.

Fig. 7 is a diagram schematically illustrating the relationship between the three-
dimensional model, the viewpoint position and the object drawing range of a three-
dimensional object image. As illustrated in Fig. 7, the object drawing range of the
three-dimensional object image increases with an increase in angle "a" between the
gaze direction from the viewpoint position to the three-dimensional model and the
ground surface (in the order from the viewpoint position D to the viewpoint position
A). In other words, the boundary between the object drawing range and the
background moves upward in the three-dimensional object image. The object drawing
range of the three-dimensional object image decreases, on the contrary, with a decrease
in angle "a" between the gaze direction from the viewpoint position to the three-
dimensional model and the ground surface (in the order from the viewpoint position A
to the viewpoint position D). In other words, the boundary between the object drawing
range and the background moves downward in the three-dimensional object image.
With such a change in object drawing range, there is a need to change the background
image data 16 used to cover and hide part of the object drawing range. The second em-
bodiment accordingly generates background image data 16 according to the change of
the object drawing range in the three-dimensional object image.

B1. Background Image Data Generation Device

Fig. 8 is a diagram illustrating the general configuration of the background image
data generation device 200A according to the second embodiment. As illustrated, the
background image data generation device 200A includes a transmitter/ receiver 210, an
object drawing range input section 220, a background specifying information input
section 230, a background image data generator 240 and a background image storage
250. These respective functional blocks are configured as software configuration by in-
stalling computer programs for implementing the respective functions in an in-
formation processing device including, for example, a CPU, a RAM, a ROM, a hard
disk drive and a communication device. At least part of these functional blocks may al-
ternatively be configured as hardware configuration.

The background image storage 250 stores the materials of a plurality of different
background images. The materials of the background images include, for example, an
image of the stratosphere of the earth and images of the sea, the mountains, the sky and

the clouds. Neither transparent portion nor opaque portion is yet formed in these
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background image data 16 from the three-dimensional map display device 100 and
sends the background image data 16 generated by the background image data
generation device 200A to the three-dimensional map display device 100. The in-
formation received from the three-dimensional map display device 100 includes, for
example, information specifying an object drawing range in which an object is drawn
in a three-dimensional object image 52 and background specifying information
specifying the content of a background of the three-dimensional object image 52 in a
three-dimensional map MAP.

The object drawing range input section 220 inputs information specifying an object
drawing range in which an object is drawn in a three-dimensional object image 52,
from the three-dimensional map display device 100 via the transmitter/ receiver 210.
The background specifying information input section 230 inputs background
specifying information specifying the content of a background of the three-dimensional
object image 52 in a three-dimensional map MAP. The background image data
generator 240 refers to the background image storage 250 based on the information
input by the object drawing range input section 220 and the background specifying in-
formation input section 230, and generates background image data 16 representing a
background image including an opaque portion 56b configured to cover and hide part
of the object drawing range in the three-dimensional object image 52 by the specified
background and a residual area of the opaque portion 56b specified as a transparent
portion 56a.

B2. Three-Dimensional Map Display Process

Fig. 9 is a flowchart showing a flow of three-dimensional map display process
according to the second embodiment. This process is performed by the CPU of the
three-dimensional map display device 100 in cooperation with the CPU of the
background image data generation device 200A, in response to a display instruction of
a three-dimensional map.

When a display instruction of a three-dimensional map is input, the three-di-
mensional map display device 100 obtains the scale of a three-dimensional map
specified by the user (step S300). The three-dimensional map display device 100 also
obtains the viewpoint position and the gaze direction (step S310). The three-di-
mensional map display device 100 subsequently determines the display mode of the
three-dimensional map, based on the obtained scale, viewpoint position and gaze
direction (step S320).

The three-dimensional map display device 100 then obtains the three-dimensional

model 12 of features as the processing object from the map database 10, based on the
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scale of the three-dimensional map, the viewpoint position and the gaze direction (step
S5330). The three-dimensional map display device 100 then performs rendering by per-
spective projection based on the viewpoint position and the gaze direction to generate a
three-dimensional object image 52, in which features are drawn three-dimensionally
(step S340). The three-dimensional map display device 100 subsequently obtains the
character data 14 from the map database 10 with respect to features displayed in the
three-dimensional object image 52, i.e., features visible from the viewpoint position
and appropriately draws characters on the three-dimensional object image 52 according
to the contents of the character data 14 (step S350).

The three-dimensional map display device 100 subsequently determines whether the
display mode determined at step S320 is the background image display mode (step
S360). When the display mode is the background image non-display mode (step S360:
NO), the three-dimensional map display device 100 superimposes the three-di-
mensional object image 52 with the drawn characters on the front surface of a
background image provided in advance by a prior art technique and displays a
resulting three-dimensional map MAP on the display unit 60 (step $390). After that,
the three-dimensional map display device 100 may output the three-dimensional map
MAP to the printer 300, in response to the user's output instruction.

When the display mode is the background image display mode (step S360: YES), on
the other hand, the three-dimensional map display device 100 sends various in-
formation used for a background image data generation process in the background
image data generation device 200A to the background image data generation device
200A (step S362). The background image data generation device 200A utilizes the in-
formation received from the three-dimensional map display device 100 and performs
the background image data generation process described later to generate background
image data 16 (step S370). The three-dimensional map display device 100 uses the
background image data 16 generated by the background image data generation process
in the background image data generation device 200A to generate a background layer
56 and superimposes the background layer 56 on the front surface of the three-
dimensional object image 52 (step S380) and displays a resulting three-dimensional
map MAP on the display unit 60 (step S390). Like the three-dimensional map MAP in
the background image display mode of the first embodiment, this three-dimensional
map MAP has part of the three-dimensional object image 52 covered and hidden by the
opaque portion 56b of the background layer 56. After that, the CPU of the three-
dimensional map display device 100 may output the three-dimensional map MAP to
the printer 300, in response to the user's output instruction.

B3. Background Image Data Generation Process

Fig. 10 is a flowchart showing a flow of background image data generation process
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according to the second embodiment. This process corresponds to step S370 in the
three-dimensional map display process of Fig. 9 and is performed by the CPU of the
background image data generation device 200A.

The background image data generation device 200A receives information specifying
an object drawing range in which an object is drawn in a three-dimensional object
image 52, from the three-dimensional map display device 100 and inputs the object
drawing range (step S400). For example, the input object drawing range shows that
lower 80% of the three-dimensional object image 52 is the object drawing range. The
background image data generation device 200A also receives background specifying
information specifying the content of a background of the three-dimensional object
image 52 in a three-dimensional map MAP, from the three-dimensional map display
device 100 and inputs the background specifying information (step S410). For
example, the input background specifying information specifies that the background is
the stratosphere of the earth or specifies the curvature of a circular arc or an elliptical
arc on the boundary between a transparent portion 56a and an opaque portion 56b or
the width of a transparent gradation area 56¢. The background image data generation
device 200A then obtains the material of a background image specified by the input
background specifying information, from the background image storage 250 (step
S5420).

The background image data generation device 200A subsequently determines an
opaque portion and a transparent portion of the background image, based on the in-
formation (object drawing range and background specifying information) input at steps
5400 and S410 (step S430). The opaque portion and the transparent portion of the
background image are determined, such that part of the object drawing range including
the entire uppermost edge is covered and hidden with the opaque portion of the
background image. For example, in the background layer shown in Fig. 3B, the
background image data generation device 200A draws the boundary at the specified
curvature and adjusts the vertical position of the curved line to locate the apex of the
curvature below the uppermost edge of the object drawing range. The background
image data generation device 200A also adequately determines a transparent gradation
area, based on the background specifying information (step S440). The background
image data generation device 200A generates background image data 16, based on the
material of the background image obtained at step S420, the opaque portion and the
transparent portion of the background image determined at step S430 and the
transparent gradation area determined at step S440 (step S450). More specifically, the
background image data generation device 200A reads the image data of the material of
the background image, cuts out part of the image data corresponding to the transparent

portion and specifies the part as part to be transmitted through. The background image
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data generation device 200A also sets an alpha value to gradually change the trans-
mittance in part of the image data corresponding to the transparent gradation area. The
CPU of the background image data generation device 200A then sends the generated
background image data 16 to the three-dimensional map display device 100 (step
S5460).

Like the three-dimensional map display system of the first embodiment, the three-
dimensional map display system of the second embodiment described above su-
perimposes the background layer 56 on the front surface of the three-dimensional
object image 52, so as to cause part of the three-dimensional object image 52 to be
transmitted through the transparent portion 56a of the background layer 56 and to
cover and hide part of the three-dimensional object image 52 by the opaque portion
56b of the background layer 56. This enables an image that is fundamentally im-
plemented using complicated coordinate conversion or a special three-dimensional
model to be expressed by a pseudo-image. This enables a variety of backgrounds to be
output with the improved reality, while suppressing increases in data volume and
processing load in the process of outputting a three-dimensional map MAP, in which
features are drawn three-dimensionally, along with a background image.

Additionally, in the three-dimensional map display system of the second em-
bodiment, the background image data generation device 200A appropriately and
flexibly generates a background image according to the object drawing range and the
background specifying information of a three-dimensional object image.

C. Modifications

The foregoing describes some aspects of the invention. The present invention is,
however, not limited to these aspects but may be implemented by various other aspects
within the scope of the invention. Some examples of possible modifications are given
below.

C1. Modification 1:

In the above embodiment, the image of the stratosphere of the earth is used as the
background image (background layer) of the three-dimensional object image 52 in the
three-dimensional map MAP. The invention is, however, not limited to this em-
bodiment. The images of, for example, the sea, the mountains, the sky and the clouds
may be used as the background image. In such applications, the boundary between the
opaque portion 56b and the transparent portion 56a of the background layer 56 may be
expressed by a straight line, instead of the circular arc or the elliptical arc. The
transparent gradation area 56¢ may be omitted on the boundary between the opaque
portion 56b and the transparent portion 56a.

Fig. 11 is a diagram illustrating an output example of a three-dimensional map MAP

according to a modification. In this three-dimensional map MAP, the mountains, the
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sky and the clouds are drawn in an opaque portion of a background layer. The
boundary between the opaque portion and a transparent portion of the background
layer is expressed by a straight line. A transparent gradation area is provided on the
boundary between the opaque portion and the transparent portion of the background
layer.

The prior art method draws a background image behind a projection. This prior art
method, however, makes the boundary between the background image and the
projection clearly visible and provides a feeling of strangeness. The method of the
modification, on the other hand, places the background layer on the front surface of the
projection and provides the transparent gradation area, so as to achieve pseudo-ex-
pression of the state that the landscape is gradually blurred at a great distance.

According to this modification, character strings CH1, CH2, CH3 and CH4 are
drawn on the front surface of the opaque portion of the background layer. The modi-
fication accordingly employs a flow of three-dimensional map display process, which
is partly different from the flow of three-dimensional map display process of the
second embodiment shown in Fig. 9. More specifically, the three-dimensional map
display process of the modification draws characters on a three-dimensional object
image 52 after superimposition of a background layer 56 on the front surface thereof.
The following briefly describes the flow of three-dimensional map display process
according to the modification.

Fig. 12 is a flowchart showing the flow of three-dimensional map display process
according to the modification. When a display instruction of a three-dimensional map
is input, the CPU of the three-dimensional map display device 100 obtains the scale of
a three-dimensional map specified by the user (step $500), obtains the viewpoint
position and the gaze direction (step S510), and determines the display mode of the
three-dimensional map, based on the obtained scale, viewpoint position and gaze
direction (step S520). The CPU of the three-dimensional map display device 100 sub-
sequently obtains the three-dimensional model 12 of features as the processing object
from the map database 10, based on the scale of the three-dimensional map, the
viewpoint position and the gaze direction (step S530), and performs rendering by per-
spective projection based on the viewpoint position and the gaze direction to generate a
three-dimensional object image 52, in which features are drawn three-dimensionally
(step S540). This series of processing is identical with the processing of steps S300 to
5340 in the three-dimensional map display process of the second embodiment shown
in Fig. 9.

The CPU of the three-dimensional map display device 100 subsequently determines
whether the display mode determined at step S520 is the background image display
mode (step S550). When the display mode is the background image non-display mode
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(step S550: NO), the CPU of the three-dimensional map display device 100 su-
perimposes the three-dimensional object image 52 on the front surface of a background
image provided in advance by a prior art technique, obtains the character data from the
map database 10 with respect to features displayed in the three-dimensional object
image 52 and adequately draws characters on the three-dimensional object image 52
according to the contents of the character data 14 (step S580), and displays a resulting
three-dimensional map MAP on the display unit 60 (step S590).

When the display mode is the background image display mode (step S550: YES), on
the other hand, the CPU of the three-dimensional map display device 100 sends
various information used for a background image data generation process in the
background image data generation device 200A to the background image data
generation device 200A (step S552). The background image data generation device
200A utilizes the information received from the three-dimensional map display device
100 and performs the background image data generation process to generate
background image data 16 (step S560). The background image data generation process
is identical with that of the second embodiment. The CPU of the three-dimensional
map display device 100 uses the background image data 16 generated by the
background image data generation process in the background image data generation
device 200A to generate a background layer 56 and superimposes the background layer
56 on the front surface of the three-dimensional object image 52 (step S570). The CPU
of the three-dimensional map display device 100 then obtains the character data from
the map database 10 with respect to features displayed in the three-dimensional object
image 52 and adequately draws characters on the three-dimensional object image 52
after superimposition of the background layer 56 on the front surface thereof,
according to the contents of the character data 14 (step S580), and displays a resulting
three-dimensional map MAP on the display unit 60 (step $590). This series of
processing outputs the three-dimensional map MAP according to the modification
shown in Fig. 11.

Drawing the characters lastly avoids the characters from being hidden by the opaque
portion of the background layer.

C2. Modification 2

The background image data generation device 200A may additionally have a date
and time obtaining section that obtains the current date and time. In this application,
the background image data generation device 200A may change the background image
according to the current date and time. For example, the color tone of the background
may be changed according to the current time, or the color of the mountains may be
changed according to the season. This improves the reality of the three-dimensional
map MAP.
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C3. Modification 3

The first embodiment described above generates the three-dimensional object image
52, such that part of the three-dimensional object image 52 is covered and hidden by
the opaque portion 56b of the background layer 56. The second embodiment described
above generates the background image data 16, such that part of the three-dimensional
object image 52 is covered and hidden by the opaque portion 56b of the background
layer 56. The invention is, however, not limited to these embodiments. A modification
may generate both the three-dimensional object image 52 and the background image
data 16, while making adjustments, such that part of the three-dimensional object
image 52 is covered and hidden by the opaque portion 56b of the background layer 56.

C4. Modification 5

The above embodiments describe the applications of the three-dimensional image
output device and the background image generation device of the invention to the
three-dimensional map display system. The invention is, however, not limited to these
embodiments but may be applied to a navigation system that utilizes a three-di-
mensional map MAP to guide a route.

The invention is also applicable to output images other than the map. For example, in
the case of displaying a three-dimensional CAD model of an automobile, the
background of the automobile may be displayed by a background layer to express a
pseudo-image showing the running state of the automobile. A background layer
showing a driver and passengers may be superimposed and drawn on the front surface
of the automobile image to express a pseudo-image in the state that people are on the

automobile.

Industrial Applicability

The invention is applicable to technology of outputting a three-dimensional image, in
which a background image is superimposed on an image expressing an object three-
dimensionally.
Reference Signs List

10 Map database

12 Three-dimensional model

14 Character data

16 Background image data

20 Command input section

30 Transmitter/ receiver

40 Three-dimensional map generator

42 Projecting section

44 Character drawing section
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46 Background layer generating section

50 Image output controller

52 Projection (three-dimensional object image)

56 Background layer

56a Transparent portion

56b Opaque portion

56c¢ Transparent gradation area

60 Display unit

100 Three-dimensional map display device

200, 200A Background image data generation device
210 Transmitter/ receiver

220 Object drawing range input section

230 Background specifying information input section
240 Background image data generator

250 Background image storage

300 Printer

MAP Three-dimensional map (three-dimensional image)
CHI, CH2, CH3, CH4 Character strings
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Claims

A three-dimensional image output device that outputs a three-di-
mensional image in which an object is drawn three-dimensionally, the
three-dimensional image output device comprising:

a three-dimensional model storage that stores a three-dimensional
model representing a three-dimensional shape of the object;

a projecting section that uses the three-dimensional model and
generates a three-dimensional object image that expresses the object
three-dimensionally;

a background layer generating section that generates a background
layer, in which a background image of the three-dimensional image is
drawn to have a transparent portion and an opaque portion; and

an image output controller that superimposes the background layer on a
front surface of the three-dimensional object image to generate the
three-dimensional image and outputs the three-dimensional image,
wherein

at least one of a generating condition of the three-dimensional object
image and a generating condition of the background layer is adjusted to
cause the opaque portion to cover and hide part of the three-di-
mensional object image.

The three-dimensional image output device according to claim 1,
wherein

the three-dimensional model is map data representing three-di-
mensional shapes of ground surface and features, and

the three-dimensional image is a three-dimensional map that expresses
a geographical shape three-dimensionally.

The three-dimensional image output device according to claim 2,
wherein

the background image has the opaque portion, which shows the
stratosphere of the earth, in an upper part of the background image and
the transparent portion in a lower part of the background image, and a
boundary between the transparent portion and the opaque portion is
expressed by a circular arc or an elliptical arc connecting a left side and
a right side of the background image, and

the projecting section generates the three-dimensional object image
having the part covered and hidden by the opaque portion from a

viewpoint position where a horizon is to be recognized as a curved line.



WO 2014/156050

[Claim 4]

[Claim 5]

[Claim 6]

25

PCT/JP2014/001531

The three-dimensional image output device according to any one of
claims 1 to 3, wherein

the background image includes a transparent gradation area that
gradually changes transmittance of an image on a boundary between
the transparent portion and the opaque portion.

A background image generation device that generates a background
image which is to be superimposed in output of a three-dimensional
image in which an object is drawn three-dimensionally, wherein

the background image includes a transparent portion that causes an
image to be transmitted and an opaque portion that does not cause an
image to be transmitted,

the background image generation device comprising:

an object drawing range input section that inputs information
specifying an object drawing range in which the object is drawn, in a
three-dimensional object image that expresses the object three-
dimensionally and is generated as an image, on which the background
image is to be superimposed;

a background specifying information input section that inputs
background specifying information specifying a content of a
background of the three-dimensional object image in the three-
dimensional image; and

a background image generator that generates the background image
including the opaque portion configured to cause part of the object
drawing range to be covered and hidden by the specified background
and a residual area of the opaque portion specified as the transparent
portion.

A three-dimensional image output method performed by a computer to
output a three-dimensional image in which an object is drawn three-
dimensionally, the three-dimensional image output method comprising:
storing a three-dimensional model representing a three-dimensional
shape of the object;

using the three-dimensional model and generating a three-dimensional
object image that expresses the object three-dimensionally;

generating a background layer, in which a background image of the
three-dimensional image is drawn to have a transparent portion and an
opaque portion; and

superimposing the background layer on a front surface of the three-

dimensional object image to generate the three-dimensional image and
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outputting the three-dimensional image, wherein

at least one of a generating condition of the three-dimensional object
image and a generating condition of the background layer is adjusted to
cause the opaque portion to cover and hide part of the three-di-
mensional object image.

[Claim 7] A background image generation method performed by a computer to
generate a background image which is to be superimposed in output of
a three-dimensional image in which an object is drawn three-
dimensionally, wherein
the background image includes a transparent portion that causes an
image to be transmitted and an opaque portion that does not cause an
image to be transmitted,
the background image generation method comprising:
inputting information specifying an object drawing range in which the
object is drawn, in a three-dimensional object image that expresses the
object three-dimensionally and is generated as an image, on which the
background image is to be superimposed;
inputting background specifying information specifying a content of a
background of the three-dimensional object image in the three-
dimensional image; and
generating the background image including the opaque portion
configured to cause part of the object drawing range to be covered and
hidden by the specified background and a residual area of the opaque
portion specified as the transparent portion.

[Claim 8] A computer program that causes a computer to output a three-
dimensional image in which an object is drawn three-dimensionally,
the computer program causing the computer to implement:

a three-dimensional model storage function of storing a three-di-
mensional model representing a three-dimensional shape of the object;
a projection function of using the three-dimensional model and
generating a three-dimensional object image that expresses the object
three-dimensionally;

a background layer generating function of generating a background
layer, in which a background image of the three-dimensional image is
drawn to have a transparent portion and an opaque portion; and

an image output control function of superimposing the background
layer on a front surface of the three-dimensional object image to

generate the three-dimensional image and outputting the three-
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dimensional image, wherein

at least one of a generating condition of the three-dimensional object
image and a generating condition of the background layer is adjusted to
cause the opaque portion to cover and hide part of the three-di-
mensional object image.

A computer program that causes a computer to generate a background
image which is to be superimposed in output of a three-dimensional
image in which an object is drawn three-dimensionally, wherein

the background image includes a transparent portion that causes an
image to be transmitted and an opaque portion that does not cause an
image to be transmitted,

the computer program causing the computer to implement:

an object drawing range input function of inputting information
specifying an object drawing range in which the object is drawn, in a
three-dimensional object image that expresses the object three-
dimensionally and is generated as an image, on which the background
image is to be superimposed;

a background specifying information input function of inputting
background specifying information specifying a content of a
background of the three-dimensional object image in the three-
dimensional image; and

a background image generating function of generating the background
image including the opaque portion configured to cause part of the
object drawing range to be covered and hidden by the specified
background and a residual area of the opaque portion specified as the

transparent portion.
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