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METHOD, APPARATUS, STORAGE MEDIUM, 
PROGRAM, AND PROGRAM PRODUCT FOR 
GENERATING IMAGE DATA OF VIRTUAL 

THREE-DIMENSIONAL SPACE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates a method, an apparatus, a 
storage medium, a program, and a program product, for 
displaying a plurality of transparent primitive surfaces 
(transparent primitive surfaces or translucent primitive sur 
faces) provided in a virtual three-dimensional space. 

[0003] 2. Description of Related Art 

[0004] Conventionally, a game apparatus for displaying a 
virtual three-dimensional space created by three-dimen 
sional computer graphics is knoWn. Such a game apparatus 
arranges objects consisting of a plurality of polygons (primi 
tive surfaces) in a virtual three-dimensional space repre 
sented in a World coordinate system, and generates images 
vieWed from a vieW point in the virtual three-dimensional 
space. 

[0005] That is, the game apparatus operates coordinate 
values and a direction of each object (polygons constituting 
each object, vertexes constituting each polygon) in the World 
coordinate system. Then, the game apparatus determines a 
vieW point, an eyes direction, and a vieW volume (a ?eld of 
view; a pyramid determined by a ?eld of vieW angle and a 
Z direction depth of ?eld) of the vieW point, and transforms 
the coordinate values and the direction of each object 
represented in the World coordinate system to those repre 
sented in a vieWing coordinate system. Then, the game 
apparatus performs a hidden surfaces processing to the 
polygons, and perspective projects the polygons in a screen 
coordinate system. Thereby, the game apparatus decides a 
color of each piXel of a frame buffer (a screen). 

[0006] As one algorithm of the hidden surfaces process 
ing, it is a Z buffer algorithm. In order to perform the Z 
buffer algorithm, the game apparatus prepares a Z buffer that 
is a storage area therein. The Z buffer is a storage area, 
storing Z values in the screen coordinate system, corre 
sponding to piXels stored in the frame buffer, respectively. 
According to the Z buffer algorithm, the game apparatus 
perspective projects all polygons on the screen in voluntary 
order. Herein, When perspective projecting any one of poly 
gons on the screen, the game apparatus performs the fol 
loWing processing. 
[0007] That is, in case Z values of piXels occupied by the 
perspective projected polygon are not stored in the Z buffer, 
the game apparatus stores the color of the point of the 
polygon corresponding to each piXel in the frame buffer, in 
the piXel of the frame buffer. On the other hand, in case Z 
values of piXels occupied by the polygon are stored in the Z 
buffer, the game apparatus compares the Z value of the point 
of the polygon corresponding to each piXel With the Z value 
of the piXel. Then, in case the Z Value of the point of the 
polygon is smaller than the Z value of the piXel correspond 
ing to the point, the game apparatus reWrites the Z value-of 
the piXel to the Z value of the point, stores the Z value of the 
point in the Z buffer, and provides the color of the point to 
the piXel. On the other hand, in the case the Z value of the 
point of the polygon is larger than the Z value of the piXel 
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corresponding-to the point, the game apparatus does not 
reWrite the Z value of the piXel, and does not provide the 
color of the point to the piXel. When the game apparatus 
outputs values stored in the frame buffer after performing the 
above-described processing to each piXel, it is possible that 
the game apparatus performs the hidden surfaces processing 
to all polygons. 

[0008] As another algorithm of the hidden surfaces pro 
cessing, it is a back surfaces clipping algorithm. The back 
surfaces clipping algorithm is an algorithm of performing 
the hidden surfaces processing Without perspective project 
ing all polygons. According to the back surfaces clipping 
algorithm, the game apparatus performs the folloWing pro 
cessing to each object provided in the virtual three-dimen 
sional space. 

[0009] That is, the game apparatus determines Whether 
each polygon constituting the object is at the vieW point side 
(the front) of the object or the opposite side (the back) to the 
vieW point, on the basis of an eyes direction and direction of 
a normal of each polygon. More speci?cally, the game 
apparatus operates an angle betWeen a normal vector of each 
polygon and an eyes vector, decides that the polygon is at the 
back in case the angle is an acute angle, and decides that the 
polygon is at the front in case the angle is an obtuse angle. 
Then, the game apparatus transforms only the polygons at 
the front to those represented in the screen coordinate 
system, and thereby determines the color of each piXel 
stored in the frame buffer. Therefore, because the game 
apparatus displays only the front of each object, it is possible 
that the game apparatus performs the hidden surfaces pro 
cessing to all polygons. 

[0010] By the Way, in order to display more realistic 
images on a display screen, there is a case a transparent 
object or a translucent object such as a WindoW glass or a 
Water surface is provided in the virtual three-dimensional 
space. Hereinafter, the transparent object and the translucent 
object Will be called a transparent object. The game appa 
ratus displays the transparent object on the screen by per 
forming the folloWing processing. 

[0011] That is, the game apparatus perspective projects the 
transparent object on the screen coordinate system, and 
determines colors of piXels corresponding to points included 
in each transparent polygon of the transparent object, 
according to an alpha value of the transparent object. More 
speci?cally, the game apparatus composes the color of each 
piXel decided before displaying the transparent polygon on 
the screen and the color of the transparent polygon, accord 
ing to the alpha value, and thereby determines each piXel of 
the frame buffer. When the game apparatus performs the 
above-described processing to all transparent polygons con 
stituting the transparent object, the transparent object is 
displayed on the screen. 

[0012] In the game apparatus according to an earlier 
development, there are the folloWing problems in case the 
game apparatus performs the hidden surfaces processing to 
the transparent polygon. 

[0013] When the game apparatus carries out the hidden 
surfaces processing according to the Z buffer algorithm, 
because the game apparatus perspective projects all poly 
gons in voluntary order, there is a case the display on the 
screen is in?uenced by the projection order. For eXample, in 
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case another polygon is provided at the far side of the 
transparent polygon in the eyes direction, there is a differ 
ence in the display on the screen betWeen the case the game 
apparatus perspective projects the transparent polygon ?rst 
and the case the game apparatus perspective projects another 
polygon ?rst. 

[0014] That is, in case the game apparatus perspective 
projects the transparent polygon after perspective projecting 
another polygon ?rst, because the Z value of the point 
included in the transparent polygon is smaller than the Z 
value of the pixel stored in the frame buffer, that is the Z 
value of the point included in another polygon, the game 
apparatus composes the color of the transparent polygon and 
the color of the frame buffer, that is the color of another 
polygon. Therefore, the images are displayed on the display 
screen so that another polygon is alWays at the far side of the 
transparent polygon. On the other hand, in case the game 
apparatus perspective projects another polygon after per 
spective projecting the transparent polygon ?rst, because the 
Z value of the point included in another polygon is larger 
than the Z value of the pixel stored in the frame buffer, that 
is the Z value of the point included in the transparent 
polygon, the game apparatus does not provide the color of 
another polygon to the pixel. Therefore, in spite of the 
transparent polygon, the color of another polygon is not 
re?ected in the transparent polygon on the display screen. 

[0015] Further, according to the Z buffer algorithm, even 
if another object is not provided at the far side of the 
transparent object in the eyes direction, there is a difference 
in displaying the transparent object on the screen betWeen 
the case the game apparatus perspective projects the front 
polygon constituting the transparent polygon after perspec 
tive projecting the back polygon and the case the game 
apparatus perspective projects the back polygon constituting 
the transparent polygon after perspective projecting the front 
polygon. 

[0016] That is, in case the game apparatus perspective 
projects the front polygon of the transparent polygon after 
perspective projecting the back polygon ?rst, because the Z 
value of the front polygon is smaller than the Z value of the 
pixel stored in the frame buffer, that is the Z value of the 
back polygon, the game apparatus composes the color of the 
front polygon and the color of the frame buffer. On the other 
hand, in case the game apparatus perspective projects the 
back polygon of the transparent polygon after perspective 
projecting the front polygon ?rst, because the Z value of the 
back polygon is larger than the Z value of the pixel stored 
in the frame buffer, that is the Z value of the front polygon, 
the game apparatus does not provide the color of the back 
polygon to the pixel. 

[0017] Therefore, concerning the transparent object, the 
game apparatus avoids that the projecting order of polygons 
has an in?uence on the display of the transparent object, by 
performing the hidden surfaces processing according to the 
back surfaces clipping algorithm. 

[0018] HoWever, according to the back surfaces clipping 
algorithm, because the color of the back polygon of the 
transparent polygon is not re?ected on the display screen, 
there is a case the reality lacks. For example, in case the 
color of the back polygon of the transparent object is 
different from the color of the front polygon, the color of the 
back polygon is not re?ected on the pixel. Accordingly, in 
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spite of the transparent object, only the color of the front 
polygon of the transparent object is displayed on the display 
screen. Further, for example, in spite of the fact that the light 
is irradiated and re?ected to the back of the transparent 
object, it is impossible that images are displayed on the 
display screen so that the light is re?ected on the back of the 
transparent object. 

SUMMARY OF THE INVENTION 

[0019] The present invention Was developed in vieW of the 
above-described problems. 

[0020] It is an object of the present invention to re?ect 
color data of back surfaces (far sides) of a plurality of 
transparent polygons overlapped With each other in an eyes 
direction, on a display screen. 

[0021] In accordance With a ?rst aspect of the present 
invention, a method for generating image data of a virtual 
three-dimensional space vieWed from a predetermined vieW 
point, comprises: 

[0022] determining (for example, a space operation 
unit 110 shoWn in FIG. 4) a plurality of transparent 
primitive surfaces in the virtual three-dimensional 
space; 

[0023] operating (for example, a space operation unit 
110 shoWn in FIG. 4) an angle betWeen an eyes 
direction at the predetermined vieW point and a 
normal direction to each of the transparent primitive 
surfaces; 

[0024] deciding (for example, a projection order 
decision unit 154 shoWn in FIG. 4) a description 
order of the plurality of transparent primitive sur 
faces so as to give priority one of the transparent 
primitive surfaces When the angle is an acute angle 
over one of the transparent primitive surfaces When 
the angle is an obtuse angle; and 

[0025] describing (for example, a perspective projec 
tion unit 156 shoWn in FIG. 4) the plurality of 
transparent primitive surfaces by composing color 
data of the transparent primitive surfaces in the 
description order. 

[0026] According to the method of the ?rst aspect of the 
present invention, it is possible to determine Whether a front 
of each of the transparent primitive surfaces is turned to the 
vieW point or not, by operating the angle betWeen the eyes 
direction and the normal direction of each of the transparent 
primitive surfaces. 

[0027] For example, in case a plurality of transparent 
primitive surface constitute one object (model), the trans 
parent primitive surface the front of Which is not turned to 
the vieW point (Hereinafter, it Will be called a back trans 
parent primitive surface.) is a primitive surface constituting 
a back of the object, and the transparent primitive surface the 
front of Which is turned to the vieW point (Hereinafter, it Will 
be called a front transparent primitive surface is a primitive 
surface constituting a front of the object. In other Words, 
basically, the front transparent primitive surface is posi 
tioned at the nearer side of the vieW point than the back 
transparent primitive surface. 

[0028] Therefore, because When color data of the back 
transparent primitive surfaces are composed prior to the 
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front transparent primitive surfaces, the back transparent 
primitive surfaces are described, the color data of the back 
transparent primitive surfaces are re?ected on color data of 
the front transparent primitive surfaces, and the front trans 
parent primitive surfaces are described. Accordingly, it is 
possible to express an image as the back transparent primi 
tive surface is at the far side of the front transparent 
primitive surface. Consequently, for example, because it is 
possible to express an image as the re?ection of light on the 
back transparent primitive surface is re?ected on the front 
transparent primitive surface, it is possible to display the 
realistic image on a screen. 

[0029] Herein, the primitive surface is a surface constitut 
ing a model (object). In case the model is a surface model, 
the primitive surface is at least one polygon constituting the 
model. Further, in case the model is a solid model, the 
primitive surface is a plane constituting a face of the model. 

[0030] Preferably, the method according to the ?rst aspect 
of the present invention, further comprises: deciding the 
description order of the plurality of transparent primitive 
surfaces so as to give priority one of the transparent primi 
tive surfaces When the angle is an acute angle over another 
of the transparent primitive surfaces When the angle is an 
acute angle in order of far from the predetermined vieW 
point and so as to give priority one of the transparent 
primitive surfaces When the angle is an obtuse angle over 
another of the transparent primitive surfaces When the angle 
is an obtuse angle in order of far from the predetermined 
vieW point. 

[0031] According to the above-described method, 
although there is a case a plurality of front transparent 
primitive surfaces are overlapped With each other in the eyes 
direction at some vieW point, because the plurality of front 
transparent primitive surfaces are described in order of far 
from the vieW point, one front transparent primitive surface 
is described With color data on Which color data of another 
front transparent primitive surface at the far side of the one 
front transparent primitive surface are re?ected. Conse 
quently, it is possible to express an image as one front 
transparent primitive surface is at the far side of another 
front primitive surface. 

[0032] In case a plurality of back transparent primitive 
surfaces are overlapped With each other in the eyes direction 
like the case of the front transparent primitive surfaces, it is 
possible to express an image as one back transparent primi 
tive surface is at the far side of another back primitive 
surface. 

[0033] In accordance With a second aspect of the present 
invention, a method for generating image data of a virtual 
three-dimensional space vieWed from a predetermined vieW 
point, comprises: 

[0034] determining (for example, a space operation 
unit 110 shoWn in FIG. 4) a plurality of transparent 
primitive surfaces in the virtual three-dimensional 
space; 

[0035] deciding (for example, a projection order 
decision unit 154 shoWn in FIG. 4) a description 
order of the plurality of transparent primitive sur 
faces in order of far from the predetermined vieW 
point; and 
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[0036] describing (for example, a perspective projec 
tion unit 156 shoWn in FIG. 4) the plurality of 
transparent primitive surfaces by composing color 
data of the transparent primitive surfaces in the 
description order. 

[0037] According to the method of the second aspect of 
the present invention, because the description order of a 
plurality of transparent primitive surfaces is decided in order 
of far from the vieW point, color data of the plurality of 
transparent primitive surfaces are composed in the decided 
description order, and the transparent primitive surfaces are 
described, the transparent primitive surface at the near side 
in the eyes direction is described With color data on Which 
color data of the transparent primitive surface at the far side 
in the eyes direction from the vieW point are re?ected. 
Consequently, it is possible to express an image as one 
transparent primitive surface is at the far side of another 
transparent primitive surface. Further, because the descrip 
tion order of all transparent primitive surfaces is decided, 
even if a number of transparent primitive surfaces are 
overlapped in the eyes direction from the vieW point, the 
transparent primitive surface at the nearest side can be 
described With color data on Which color data of the trans 
parent primitive surface at the farthest side are re?ected. 

[0038] Preferably, the method according to the ?rst aspect 
or the second aspect of the present invention, further com 
prises: describing a primitive surface other than the plurality 
of transparent primitive surfaces before describing the trans 
parent primitive surfaces. 

[0039] According to the above-described method, for 
example, in case a transparent primitive surface and a 
primitive surface (Hereinafter, it Will be called a different 
primitive surface.) other than the transparent primitive sur 
face are positioned in order and overlapped With each other, 
in the eyes direction from the vieW point, it Will take the 
folloWing effect. That is, because the different primitive 
surface is described ?rst, the transparent primitive surface at 
the near side can be described With color data on Which color 
data of the different primitive surface is re?ected. 

[0040] Preferably, the method as described above, further 
comprises: performing a predetermined hidden surfaces 
processing to the primitive surface other than the plurality of 
transparent primitive surfaces and the plurality of transpar 
ent primitive surfaces, and describing the transparent primi 
tive surfaces. 

[0041] According to the above-described method, for 
example, in case the different primitive surface and the 
transparent primitive surface are positioned in order and 
overlapped With each other, in the eyes direction from the 
vieW point, because the hidden surfaces processing is per 
formed to the different primitive surface, even if the trans 
parent primitive surface is to be described, it is impossible 
to described the transparent primitive surface. 

[0042] Preferably, the method according to the ?rst aspect 
or the second aspect of the present invention, further com 
prises: 

[0043] deciding the description order so as to give 
priority an object including primitive surfaces other 
than the plurality of transparent primitive surfaces 
over an object including the plurality of transparent 
primitive surfaces, for every object; and 
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[0044] describing the primitive surfaces other than 
the plurality of transparent prirnitive surfaces and the 
transparent prirnitive surfaces, for every object, in 
the description order. 

[0045] According to the above-described method, because 
the description order of the transparent prirnitive surfaces 
and the different prirnitive surfaces is decided for every 
object, the processing of deciding the description order can 
be carried out faster than the processing of deciding the 
description order for every prirnitive surface the number of 
Which is more than one of objects. 

[0046] In accordance With a third aspect of the present 
invention, a method for generating image data of a virtual 
three-dimensional space viewed from a predetermined vieW 
point, cornprises: 

[0047] deterrnining (for example, a space operation 
unit 110 shoWn in FIG. 4) a plurality of primitive 
surfaces including an opaque prirnitive surface and a 
plurality of transparent prirnitive surfaces in the 
virtual three-dimensional space; 

[0048] deciding (for example, a projection order 
decision unit 154 shoWn in FIG. 4) a ?rst description 
order of the plurality of primitive surfaces so as to 
give priority the opaque prirnitive surface over the 
plurality of transparent prirnitive surfaces; 

[0049] operating (for example, a space operation unit 
110 shoWn in FIG. 4) an angle betWeen an eyes 
direction at the predetermined vieW point and a 
normal direction to each of the transparent prirnitive 
surfaces; 

[0050] deciding (for example, a projection order 
decision unit 154 shoWn in FIG. 4) a second descrip 
tion order of the plurality of transparent prirnitive 
surfaces so as to give priority one of the transparent 
prirnitive surfaces When the angle is an acute angle 
over one of the transparent prirnitive surfaces When 
the angle is an obtuse angle; and 

[0051] performing (for example, a perspective pro 
jection unit 156 shoWn in FIG. 4) a hidden surfaces 
processing to the plurality of primitive surfaces 
according to a Z buffer algorithrn, Writing color data 
of the opaque prirnitive surface in a frame buffer (for 
example, a frame buffer 170 shoWn in FIG. 4), and 
Writing color data composed of color data of each of 
the transparent prirnitive surfaces and the color data 
Written in the frame buffer, in the frame buffer, in the 
?rst description order and the second description 
order. 

[0052] According to the method of the third aspect of the 
present invention, it is possible to determine Whether a front 
of each of the transparent prirnitive surfaces is turned to the 
vieW point or not, by operating the angle betWeen the eyes 
direction and the normal direction of each of the transparent 
prirnitive surfaces. 

[0053] For example, in case a plurality of transparent 
prirnitive surface constitute one object, a front transparent 
prirnitive surface constitutes one of a back of the object, and 
a back transparent prirnitive surface constitutes one of a 
front of the object. In other Words, basically, the front 
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transparent prirnitive surface is positioned at the nearer side 
of the vieW point than the back transparent prirnitive surface. 

[0054] Further, on the basis of the ?rst description order 
and the second description order, the order of the primitive 
surfaces is decided to be an order of the opaque prirnitive 
surface, the back transparent prirnitive surface and the front 
transparent prirnitive surface. 
[0055] For example, in case of any one of (1) the opaque 
prirnitive surface, the front transparent prirnitive surface and 
the back transparent prirnitive surface are positioned and 
overlapped in order, (2) the front transparent prirnitive 
surface, the opaque prirnitive surface and the back transpar 
ent prirnitive surfaces are positioned and overlapped in 
order, and (3) the front transparent prirnitive surface, the 
back transparent prirnitive surface and the opaque prirnitive 
surface are positioned and overlapped in order, in the eyes 
direction from the vieW point, it is possible to display the 
realistic image on the screen. 

[0056] That is, in case of (1), although color data of the 
opaque prirnitive surface is Written in the frame buffer ?rst, 
because the front transparent prirnitive surface and the back 
transparent prirnitive surface are hidden according to the Z 
buffer algorithrn, color data of the front transparent prirnitive 
surface and the back transparent prirnitive surface are not 
cornposed to the color data Written in the frame buffer. 
Accordingly, because the image is generated as the opaque 
prirnitive surface is at the nearest side of the vieW point, it 
is possible to display the realistic image on the screen. 

[0057] Further, in case of (2), although color data of the 
opaque prirnitive surface is Written in the frame buffer ?rst, 
because the back transparent prirnitive surface is hidden 
according to the Z buffer algorithrn, color data of the back 
transparent prirnitive surface are not cornposed to the color 
data Written in the frame buffer. On the other hand, because 
the front transparent prirnitive surface is not hidden accord 
ing to the Z buffer algorithrn, color data of the front 
transparent prirnitive surface are composed to the color data 
Written in the frame buffer, and the cornposed color data are 
Written in the frame buffer. Accordingly, because the image 
is generated as the opaque prirnitive surface is at the far side 
of the front transparent prirnitive surface, it is possible to 
display the realistic image on the screen. 

[0058] Further, in case of (3), although color data of the 
opaque prirnitive surface is Written in the frame buffer ?rst. 
Then, because the back transparent prirnitive surface is not 
hidden according to the Z buffer algorithrn, color data of the 
back transparent prirnitive surface are composed to the color 
data Written in the frame buffer, and the cornposed color data 
are Written in the frame buffer. Then, because the front 
transparent prirnitive surface is not hidden according to the 
Z buffer algorithrn, color data of the front transparent 
prirnitive surface are composed to the color data Written in 
the frame buffer, and the cornposed color data are Written in 
the frame buffer. Accordingly, because the image is gener 
ated as the back transparent prirnitive surface is at the far 
side of the front transparent prirnitive surface, and the 
opaque prirnitive surface is at the far side of the back 
transparent prirnitive surface, it is possible to display the 
realistic image on the screen. 

[0059] In accordance With a fourth aspect of the present 
invention, a method for generating image data of a virtual 
three-dimensional space viewed from a predetermined vieW 
point, cornprises: 
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[0060] determining (for example, a space operation 
unit 110 shown in FIG. 4) a plurality of primitive 
surfaces including an opaque primitive surface and a 
plurality of transparent primitive surfaces in the 
virtual three-dimensional space; 

[0061] deciding (for example, a projection order 
decision unit 154 shoWn in FIG. 4) a ?rst description 
order of the plurality of primitive surfaces so as to 
give priority the opaque primitive surface over the 
plurality of transparent primitive surfaces; 

[0062] deciding (for example, a projection order 
decision unit 154 shoWn in FIG. 4) a second descrip 
tion order of the plurality of transparent primitive 
surfaces in order of far from the predetermined vieW 
point; and 

[0063] performing (for example, a perspective pro 
jection unit 156 shoWn in FIG. 4) a hidden surfaces 
processing to the plurality of primitive surfaces 
according to a Z buffer algorithm, Writing color data 
of the opaque primitive surface in a frame buffer (for 
example, a frame buffer 170 shoWn in FIG. 4), and 
Writing color data composed of color data of each of 
the transparent primitive surfaces and the color data 
Written in the frame buffer, in the frame buffer, in the 
?rst description order and the second description 
order. 

[0064] According to the method of the fourth aspect of the 
present invention, regarding the transparent primitive sur 
face and the opaque primitive surface, the opaque primitive 
surface has priority over the transparent primitive surface on 
the description order, and a plurality of transparent primitive 
surfaces have priority in order of far from the vieW point on 
the description order. Consequently, even if a plurality of 
transparent primitive surfaces and the opaque primitive 
surface are positioned in any order in the eyes direction, it 
is possible to display the realistic image on the screen. 

[0065] That is, for example, in case of any one of (1) the 
opaque primitive surface, a ?rst transparent primitive sur 
face and a second transparent primitive surface are posi 
tioned and overlapped in order, (2) the ?rst transparent 
primitive surface, the opaque primitive surface and the 
second transparent primitive surfaces are positioned and 
overlapped in order, and (3) the ?rst transparent primitive 
surface, the second transparent primitive surface and the 
opaque primitive surface are positioned and overlapped in 
order, in the eyes direction from the vieW point, it is possible 
to display the realistic image on the screen, like the case 
described in the third aspect of the present invention. 

[0066] Preferably, the method of the ?rst aspect or the 
second aspect of the present invention, further comprises: 

[0067] determining (for example, a light sources 
determination unit 140 shoWn in FIG. 4) a light 
source in the virtual three-dimensional space; 

[0068] operating (for example, a brightness operation 
unit 158 shoWn in FIG. 4) brightness of the trans 
parent primitive surfaces on the basis of the light 
source; and 

[0069] deciding (for example, a RGBO. value deci 
sion unit 160 shoWn in FIG. 4) color data of the 
transparent primitive surfaces on the basis of the 
brightness. 
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[0070] According to the above-described method, because 
the brightness of the transparent primitive surfaces are 
operated on the basis of the light source, and the color data 
of the transparent primitive surfaces are decided on the basis 
of the brightness, for example, it is possible to express an 
image as light is re?ected on the transparent primitive 
surface by bringing the color data of the transparent primi 
tive surface into White color. Consequently, it is possible to 
display the more realistic image on the screen. 

[0071] Preferably, the method of the ?rst aspect or the 
second aspect of the present invention, further comprises: 
determining at least one of the transparent primitive surfaces 
to be at least one portion of a predetermined vehicle object 
or a predetermined plane object in the virtual three-dimen 
sional space. 

[0072] According to the above-described method, because 
at leas one of the transparent primitive surfaces is deter 
mined to be at least one portion of the vehicle object or the 
plane object, it is possible to express a WindoW glass of the 
vehicle object or the plane object as the transparent primitive 
surface. Further, as described above, it is possible to express 
an image as one transparent primitive surface is at the far 
side of another transparent primitive surface, that is one 
WindoW glass is at the far side of another WindoW glass. 
Consequently, it is possible to generate the more realistic 
images of the vehicle object and the plane model. 

[0073] In accordance With a ?fth aspect of the present 
invention, a method for generating image data of a virtual 
three-dimensional space vieWed from a predetermined vieW 
point, comprises: 

[0074] composing color data of one of a plurality of 
transparent surfaces determined in the virtual three 
dimensional space and color data of another of the 
transparent surfaces, to describe the transparent sur 
faces. 

[0075] According to the method of the ?fth aspect of the 
present invention, for example, in case one transparent 
surface is overlapped With another transparent surface in the 
eyes direction from the vieW point in the virtual three 
dimensional space, because color data of the one transparent 
surface is composed to color data of the another transparent 
surface, it is possible to express an image as the another 
transparent surface is at the far side of the one transparent 
surface. Consequently, for example, because it is possible to 
generate an image as light re?ected on the another trans 
parent surface is re?ected on the one transparent surface, it 
is possible to display the realistic image on the screen. 

[0076] Preferably, the method of the ?rst aspect or the 
second aspect of the present invention, performed on a game 
apparatus (for example, a game apparatus shoWn in FIG. 1), 
further comprises: 

[0077] 
[0078] generating game image data of the predeter 

mined game, comprising the image data of the vir 
tual three-dimensional space. 

executing a predetermined game; and 

[0079] In accordance With a sixth aspect of the present 
invention, an apparatus is adapted to carry out the method as 
described above. 

[0080] In accordance With a seventh aspect of the present 
invention, a storage medium has a program recorded 
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thereon, When the program is loaded onto an operating 
apparatus, the program making the operating apparatus 
execute the method as described above. 

[0081] In accordance With a eighth aspect of the present 
invention, a program, When the program is loaded onto an 
operating apparatus, makes the operating apparatus execute 
the method as described above. 

[0082] In accordance With a ninth aspect of the present 
invention, a program product comprises a storage medium 
having a program recorded thereon, When the program is 
loaded onto an operating apparatus, the program making the 
operating apparatus execute the method as described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0083] The present invention Will become more fully 
understood from the detailed description given hereinafter 
and the accompanying draWing given by Way of illustration 
only, and thus are not intended as a de?nition of the limits 
of the present invention, and Wherein: 

[0084] FIG. 1 is a vieW shoWing an exemplary case the 
present invention is applied to a consumer game machine; 

[0085] FIG. 2 is an exemplary game screen of a game 
apparatus according to the present invention; 

[0086] FIG. 3 is an exemplary game screen of the game 
apparatus according to the present invention; 

[0087] FIG. 4 is a functional block diagram of the game 
apparatus according to the present invention; 

[0088] FIG. 5 is a vieW for explaining a compositing 
principle of a game image of the game apparatus according 
to the present invention; 

[0089] FIGS. 6A and 6B are vieWs for explaining the 
compositing principle of the game image of the game 
apparatus according to the present invention; 

[0090] FIG. 7 is a ?oWchart shoWing a How of a process 
ing carried out by the game apparatus according to the 
present invention; 

[0091] FIG. 8 is a ?oWchart shoWing a How of a process 
ing of describing a transparent object carried out by the 
game apparatus according to the present invention; 

[0092] FIG. 9 is a block diagram shoWing an exemplary 
hardWare con?guration realiZable of the game apparatus 
according to an embodiment of the present invention; 

[0093] FIG. 10 is a block diagram shoWing an exemplary 
case the embodiment of the present invention is applied to 
a game terminal apparatus connectable of a host apparatus 
through a communication line; 

[0094] FIG. 11 is a ?oWchart shoWing a How of a pro 
cessing of describing a transparent object carried out by the 
game apparatus according to the present invention; and 

[0095] FIG. 12 is a vieW for explaining a compositing 
principle of a game image of the game apparatus according 
to the present invention. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

[0096] Hereinafter, a preferred embodiment of the present 
invention Will be explained With reference to ?gures, as 
folloWs. 
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[0097] Although it Will be explained that the present 
invention is applied to a ?ight game, as an example, it should 
be understood that the present invention is not limited to the 
?ight game. 

[0098] FIG. 1 is a vieW shoWing an exemplary case the 
present invention is applied to a consumer game machine. 

[0099] As shoWn in FIG. 1, game controllers 1202 and 
1204, a display 1200, and a speaker Which is not shoWn in 
?gures are connected to a game apparatus body 1210. 
Further, data for playing a game such as a game program and 
so on, are stored on a CD-ROM 1206, an IC card 1208, a 
memory card 1212 or the like, as a data storage medium 
attachable, to and detachable from the game apparatus body 
1210. 

[0100] Therefore, With Watching game images displayed 
on the display 1200, a player controls the game controller 
1202 or 1204, and enjoys playing the ?ight game of piloting 
a virtual plane. 

[0101] FIGS. 2 and 3 are exemplary screens displayed on 
the display 1200 While the ?ight game is played. 

[0102] FIG. 2 is a screen shoWing an exemplary case a 
light is irradiated to a plane 2 from a far side of the screen. 
FIG. 3 is a screen shoWing an exemplary case a light is 
irradiated to the plane 2 from a near side of the screen. 

[0103] On the screens shoWn in FIGS. 2 and 3, in 
common With each other, the plane 2 and a canopy 4 of the 
plane 2 are displayed. 

[0104] On the screen shoWn in FIG. 2, because the light 
is irradiated to the plane 2 from the far side of the screen, the 
light is re?ected on a far portion of the canopy 4. Therefore, 
on the screen shoWn in FIG. 2, a cockpit and a pilot 6 inside 
of the canopy 4 are displayed distinctly. On the other hand, 
on the screen shoWn in FIG. 3, because the light is irradiated 
to the plane 2 from the near side of the screen, the light is 
re?ected on a near portion of the canopy 4. Therefore, on the 
screen shoWn in FIG. 3, the cockpit and the pilot 6 inside of 
the canopy 4 are not displayed distinctly. 

[0105] As described above, the game apparatus according 
to the embodiment of the present invention, is suitable to 
realistically display a transparent or translucent object such 
as the canopy 4 and so on, on the screen. Hereinafter, a 
functional structure and a processing necessary to display as 
described above Will be explained. 

[0106] FIG. 4 is a functional block diagram of the game 
apparatus according to the embodiment of the present inven 
tion. 

[0107] The functional block of the game apparatus com 
prises a processing unit 100, a storage unit 200, an input 
operating unit 300, and a display unit 400. 

[0108] The input operating unit 300 corresponds to the 
game controllers 1202 and 1204 shoWn in FIG. 1. The input 
operating unit 300 has a structure capable of operating 
various types of inputs according to the type or the content 
of the game. The input operating unit 300 outputs an 
operation signal according to that a player operates the input 
operating unit 300, to the processing unit 100. 

[0109] Herein, in case the game apparatus according to the 
embodiment is an arcade game machine, the input operating 
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unit 300 corresponds to a game controller, a joy-stick, push 
buttons or the like. On the other hand, the game apparatus is 
a computer system including a personal computer, a general 
computer and so on, the input operating unit 300 corre 
sponds to a keyboard, a mouse pointer, a joy-stick, a 
particular game controller or the like. 

[0110] The processing unit 100 is contained in the game 
apparatus body 1210 shoWn in FIG. 1. That is, the process 
ing unit 100 corresponds to a device comprising a CPU, a 
RAM, a ROM, an image generation chip, a system bus for 
connecting the above-described units to each other, and so 
on. Further, the processing unit 100 controls the Whole game 
apparatus. That is, the processing unit 100 receives the 
operation signal outputted from the input operating unit 300. 
Further, the processing unit 100 outputs a display signal to 
the display unit 400. Furthermore, the processing unit 100 
reads data stored in the storage unit 200, therein. 

[0111] The display unit 400 corresponds to the display 
1200 shoWn in FIG. 1. The display unit 400 is a device for 
displaying images according to the display signal outputted 
from the processing unit 100, thereon. 

[0112] The storage unit 200 corresponds to the CD-ROM 
1206, the IC card 1208, and the memory card 1212 shoWn 
in FIG. 1. Herein, the storage unit 200 may be a data storage 
medium such a game cassette, a DVD, a MO, a ?exible disc, 
a hard disc or the like. 

[0113] The storage unit 200 comprises a game program 
210 and a game data 220 stored therein. The game program 
210 is data so that the processing unit 100 comprises various 
functions for carrying out the game. The game data 220 is 
data necessary for the processing unit 100 to progress the 
game. 

[0114] The processing unit 100 reads out the game pro 
gram 210 from the storage unit 200, performs a processing 
on the basis of the game program 210, and thereby carries 
out the game for a player to pilot a virtual plane. Therefore, 
the processing unit 100 achieves various types of functions 
for carrying out the game by performing the processing on 
the basis of the game program 210. 

[0115] The processing unit 100 comprises a space opera 
tion unit 110 and an image generation unit 150, as a 
functional block thereof. The space operation unit 110 
operates coordinates concerning a virtual three-dimensional 
space. The image generation unit 150 generates images 
vieWed from a predetermined vieW point in the virtual 
three-dimensional space operated by the space operation 
unit 110. The images generated by the image generation unit 
150 are displayed on the display unit 400. 

[0116] The space operation unit 110 comprises a World 
coordinate system determination unit 120, a vieW point 
determination unit 130, a light source determination unit 
140, and a temporary storage unit 124. 

[0117] Hereinafter, the World coordinate system determi 
nation unit 120, the vieW point determination unit 130, the 
light source determination unit 140 and the temporary 
storage unit 124 Will be explained With reference to FIG. 5, 
in detail. FIG. 5 is a vieW shoWing a coordinate system of 
a virtual three-dimensional space 500. 

[0118] The World coordinate system determination unit 
120 is a unit for representing the virtual three-dimensional 
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space 500 shoWn in FIG. 5 in the World coordinate system 
(XW, YW, ZW). The World coordinate system determination 
unit 120 comprises an object determination unit 122. 

[0119] The object determination unit 122 determines ver 
texes of each polygon, the position and the direction of each 
object consisting of a plurality of objects, and the position 
and the direction of each object set consisting of a plurality 
of objects, by coordinate values in the World coordinate 
system. That is, the object determination unit 122 performs 
a processing of arranging objects and object sets in the 
virtual three-dimensional space represented in the World 
coordinate system. 

[0120] For example, according to the ?ight game of the 
embodiment, the object set is a plane model 502. The object 
includes a body model 504, a canopy model 506 and a pilot 
model 508, for constituting the plane model 502. Besides the 
above-described models, the object set or the object includes 
models representing an environmental background such as 
geographical features, buildings, vehicles and so on. 

[0121] The object set has a hierarchical structure of 
objects. Therefore, in case the object determination unit 122 
determines the position and the direction of the object set, 
the positions and the directions of objects constituting the 
object set are in?uenced by the position and the direction of 
the object set. 

[0122] The object set Will be explained, in the case of the 
plane model 502 as an example. The game data 220 includes 
plane data 230 concerning the plane model 502. Further, the 
plane data 230 includes canopy data 240 concerning the 
canopy model 506, body data 250 concerning the body 
model 504, and pilot data 260 concerning the pilot model 
508. 

[0123] The canopy data 240, the body data 250 and the 
pilot data 260 include polygon coordinate value data for 
representing coordinate values of vertexes of each polygon 
constructing each model in each local coordinate system, 
and color data (texture data mapped on each model, data for 
representing colors of vertexes of each polygon, and so on) 
of each model. The plane data 230 includes data for deter 
mining a relative position relation and a relative direction 
relation among the canopy model 506, the body model 504 
and the pilot model 508. 

[0124] Therefore, When the object determination unit 122 
determines a representative point of the plane model 502, in 
the virtual three-dimensional space 500 represented in the 
World coordinate system, the object determination unit 122 
transforms coordinate values of vertexes of polygons con 
stituting the body model 504, the canopy model 506 and the 
pilot model 508 to those represented in the World coordinate 
system, and determines coordinate values of representative 
points of the body model 504, the canopy model 506 and the 
pilot model 508 in the World coordinate system. Thereby, the 
plane model 502 is provided in the virtual three-dimensional 
space 500. 

[0125] Herein, the canopy data 240 includes an identi?er 
for identifying the canopy model 506 as a transparent object. 
On the other hand, each of the body data 250 and the pilot 
data 260 includes an identi?er for identifying each model as 
an opaque object. Thereby, polygons constituting the canopy 
model 506 are identi?ed as a transparent polygon, and 




















