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[57] ABSTRACT 

A game image display method displays display objects in a 
virtual three dimensional space on a display screen. A three 
dimensional space coordinate system 200 ?xed to a refer 
ence plane 200, and a three dimensional vieW point coor 
dinate system 300 to folloW a movement of a vieW point 500, 
and a tWo dimensional projection coordinate system 400 
de?ned in relationship With the vieW point coordinate sys 
tem 300 are set. Display objects 202—208 belonging to the 
space coordinate system 200, and display objects 302—304 
belonging to the vieW point coordinate system 300 are 
projected on the projection coordinate system 400 to display 
the display objects. A tWo dimensional judgement coordi 
nate system 350 corresponding to the projection coordinate 
system 400 is set in the vieW point coordinate system 300 to 
judge a collision between the display objects 202—208, 
302—304, based on positions of the display objects 202—208, 
302—304 projected on the judgement coordinate system 350. 
The game image display method can conduct image display 
suitable for 3D games Which gives the 3D games suitable 
dif?culty and makes display images thereof realistic to make 
the 3D games amusing. 

10 Claims, 16 Drawing Sheets 
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GAME IMAGE DISPLAY METHOD AND 
GAME DEVICE 

BACKGROUND OF THE INVENTION 

The present invention relates to a game image display 
method for displaying a display object arranged in a virtual 
three dimensional space, and a game device. 

With the recent progress of computer graphic technique, 
the so-called 3D (three dimensional) games using three 
dimensional image display have become usual in game 
devices in amusement facilities and domestic video game 
devices. 

HoWever, in the conventional 3D games, e.g., a shooting 
game, moving display objects, such as a player’s plane 
operated by a player, an enemy plane, etc. are 3D (three 
dimensionally) displayed, but stationary objects, such as a 
background, are 2D (tWo dimensionally) displayed for 
ensuring image processing speed. 
As described above, conventionally even in a 3D game all 

display objects are not 3D displayed. 
On the other hand, the recent drastic improvement of the 

computer processing speed makes it technically possible to 
3D display all display objects including the background, and 
real 3D games in Which all display objects are 3D displayed 
are expected. Some of ?ghting games appear as real 3D 
displayed games. 

HoWever, in studying conventional 3D game, the present 
inventors found that in a case of a 3D game in Which images 
of a player’s plane and an enemy plane ?ying around in a 
vast space, for example, in a shooting game are displayed, 
and the display is generally Watched from above as a 
bird’s-eye vieW, mere 3D display of all the display objects 
causes various inconveniences as a game. For example, in a 
case of a shooting game, disadvantageously it is very 
dif?cult for a player to shoot doWn an enemy plane. Further, 
although a shell has not actually hit an enemy plane, it looks 
as if it had hit the enemy plane on the display screen. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an image 
data display method and a game device Which can remove 
these disadvantages, and can display images suitably for 3D 
games. 

Another object of the present invention is to provide a 
game device having suitable dif?culty, and makes games 
amusing by realistic display images. 

The above-described object is achieved by a game image 
display method for displaying a display object arranged in a 
virtual three dimensional space on a display screen, the 
method comprising: setting a three dimensional space coor 
dinate system, a three dimensional vieW point coordinate 
system Which is to folloW a movement of a vieW point, and 
a tWo dimensional projection coordinate system; and coor 
dinate transforming the space coordinate system expressing 
a display object and/or the vieW point coordinate system 
expressing a display object into the projection coordinate 
system Where the display object on the display screen is 
vieWed from a predetermined vieW point. According to this 
method, the inconvenience of the display object being 
largely moved corresponding to a movement of the vieW 
point can be removed, Which prevents a game from becom 
ing too dif?cult, and image display suitable for 3D games 
can be conducted. 

The above-described object is achieved by a game image 
display method for displaying a display object arranged in a 
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2 
virtual three dimensional space, the method comprising: 
setting a three dimensional space coordinate system and a 
tWo dimensional projection coordinate system; coordinate 
transforming the space coordinate system expressing a dis 
play object into the projection coordinate system Where the 
display object is vieWed from a predetermined vieW point; 
and judging a collision of the display object based on 
coordinate values of the transformed coordinate system. 

In the above-described game image display method, it is 
preferable that the judgement of the collision of the display 
object is based on speci?c one of the coordinate values of the 
transformed coordinate system. 

In the above-described image display method, it is pref 
erable that under a predetermined condition, the display 
object belonging to the space coordinate system is moved to 
the vieW point coordinate system; and under a predeter 
mined condition, the display object belonging to the vieW 
point coordinate system is moved to the space coordinate 
system. 
The above-described object is achieved by a game device 

for displaying a display object arranged in a virtual three 
dimensional space, the game device comprising: coordinate 
setting means for setting a three dimensional space coordi 
nate system, a three dimensional vieW point coordinate 
system Which is to folloW a movement of a vieW point, and 
a tWo dimensional projection coordinate system; and pro 
jection display means for coordinate transforming the space 
coordinate system expressing a display object and/or the 
vieW point coordinate system expressing a display object 
into the projection coordinate system Where the display 
object on the display screen is vieWed from a predetermined 
vieW point. According to this game device, the inconve 
nience of a player feeling dubious of a judgement of a hit can 
be removed, and image display suitable for 3D games can be 
conducted. 
The above-described object is achieved by a game device 

for displaying on a display screen a display object arranged 
in a virtual three dimensional space, the game device com 
prising: coordinate transformation means for setting a three 
dimensional space coordinate system and a tWo dimensional 
projection coordinate system to coordinate transform the 
space coordinate system expressing a display object into the 
projection coordinate system Where the display object 
vieWed from at a predetermined vieW point; and collision 
judging means for judging a collision judging a collision of 
the display object based on coordinate values of the projec 
tion coordinate system transformed by the coordinate trans 
formation means. 

In the above-described game device, it is preferable that 
the collision judging means judges the collision of the 
display object based on speci?c one of the coordinate value 
of the transformed projection coordinate system. 

In the above-described game device, it is preferable that 
the game device further comprises display object moving 
means for moving, under a predetermined condition, the 
display object belonging to the space coordinate system to 
the vieW point coordinate system, and for moving, under a 
predetermined condition, the display object belonging to the 
vieW point coordinate system to the space coordinate sys 
tem. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a game device according to 
an embodiment of the present invention. 

FIG. 2 is a How chart of image data display processing of 
the game device according to the embodiment of the present 
invention. 
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FIG. 3 is an explanatory vieW of the image data display 
processing of the embodiment of the present invention. 

FIGS. 4A and 4B are vieWs of a projected display image 
in FIG. 3. 

FIG. 5 is an explanatory vieW of image data display 
processing Without the use of the vieW point coordinate 
system. 

FIGS. 6A and 6B are vieWs of the projected display 
images in FIG. 5. 

FIG. 7 is an explanatory vieW of image data display 
processing Without movement of a display object from the 
stationary coordinate system to the vieW point coordinate 
system. 

FIG. 8 is a vieW of projected display images in FIG. 7. 
FIG. 9 is an explanatory vieW of image data display 

processing With movement of a display object from the 
stationary coordinate system to the vieW point coordinate 
system. 

FIG. 10 is a vieW of projected display image in FIG. 9. 
FIG. 11 is an explanatory vieW of image data display 

processing for judging a collision Without using the judge 
ment coordinate system. 

FIG. 12 is a vieW of the projected display image in FIG. 
11. 

FIG. 13 is an explanatory vieW of one example of image 
data display processing for judging a collision With using the 
judgement coordinate system. 

FIG. 14 is a vieW of the projected display image in FIG. 
13. 

FIG. 15 is an explanatory vieW of another example of the 
image data display processing With the collision judgement 
using the judgement coordinate system. 

FIG. 16 is a vieW of the projected display image in FIG. 
15. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The game device according to an embodiment of the 
present invention Will be explained With reference to FIGS. 
1 to 16. FIG. 1 is a block diagram of the game device 
according to the present embodiment. FIG. 2 is a How chart 
of an image data display processing of the game device 
according to the present embodiment. FIGS. 3 to 16 are 
vieWs explaining the image data display processing of the 
game device according to the present embodiment. 
A structure of the game device according to the present 

embodiment Will be explained With reference to FIG. 1. 
The game device comprises a main control unit 10 Which 

generally controls the device, a display control unit 12 Which 
controls display on a game screen; and an audio-control unit 
14 Which produces operational sounds, etc. 

The main control unit 10 includes an SCU (System 
Control Unit) 100, a main CPU 102, a RAM 104, a ROM 
106 and a sub-CPU 108 Which are interconnected by a bus 
110. 

The SCU 100 is connected to a game ROM 16 storing a 
game program through a bus 112. and is connected to the 
display control unit 12 and the audio-control unit 14 through 
a bus 114. Through buses 110, 112, 114 the SCU 100 
controls input and output of data among the main CPU 102, 
VDPs 120, 130, a DSP 140 and a CPU 142. 

The main CPU 102 has the similar computing function as 
a DSP (Digital Signal Processor) incorporated therein to 
execute at high speed the game program stored in the game 
ROM 16. 
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4 
The RAM 14 is used as a Work area of the main CPU 102. 

The game program and character data are temporarily stored 
in the RAM 104. 
The ROM 16 stores programs and data, such as initial 

programs for initialiZation, Which are common With various 
games. 
An operation panel 20 is connected to the sub-CPU 108 

via a connector 18. A joy stick and various buttons (not 
shoWn) to be operated by a player are provided on the 
operation panel 20. The sub-CPU 108 is called SMPC 
(System Manager & Peripheral Control) to receive operation 
data from the operation panel in response to a command 
from the main CPU 102 to supply the same to the main CPU 
102. 
The main CPU 102 conducts image control, as of rota 

tional transformation, perspective transformation, etc., of 
characters in a game display. The image control Will be 
detailed later. 
The display control unit 12 includes the ?rst VDP 120 

Which draWs polygonal displays, as of characters and back 
grounds comprised of polygon data, a VRAM 122 and frame 
buffers 124, 126 connected to the ?rst VDP 120, the second 
VDP 130 Which Writes scroll background displays, and 
conducts image synthesis of polygon image data and scroll 
image data in accordance With display priority, and clipping, 
and a VRAM 132 and a memory 134 connected to the 
second VDP 130. The ?rst VDP 120 and the second VDP 
130 are connected to each other through the bus 114. 
The ?rst VDP 120 has a system register 120a built in. 

Polygon data indicative of characters are supplied to the ?rst 
VDP 120 through the main CPU 102 and Written in the 
VRAM 122. The image Writing data Written in the VRAM 
122 are draWn in the frame buffer 122 or 124 for image 
Writing. The data draWn in the frame buffer 122 or 124 are 
supplied to the second VDP 130 in the display mode. Thus 
by the use of the tWo frame buffers 122, 124, the image 
draWing and the display are sWitched for each frame. 
On the other hand, information for controlling image 

draWing is supplied via the SCU 100 from the main CPU 
102 to be set in the system register 120a. In accordance With 
the control information set in the system register 120a the 
?rst VDP 120 controls image draWing and display. 
The second VDP 130 has a register 130a and a color RAM 

130b built in. Image data are supplied from the main CPU 
102 through the SCU 100 to be set in the VRAM 132 and 
the color RAM 130b. Information for controlling image 
display are supplied from the CPU 102 through the SCU 100 
to be set in the register 130a of the second VDP 130. The 
data set in the VRAM 132 are read in response to the control 
information set in the register 130a of the second VDP 130 
to be image data of scroll display for backgrounds for 
characters. Image data for respective scroll display, and 
polygon data of characters supplied from the ?rst VDP 120 
have display priorities in response to the control information 
set in the register 130a, and are synthesiZed to be ?nal 
display image data. 

Color data set in the color RAM 130b are read by the 
second VDP 130 based on display image data to generate 
color data and store them in the memory 134. 
The display color data stored in the memory 134 are 

outputted to an encoder 26. The encoder 26 adds synchro 
niZation signals to the image data to generate video signals, 
and outputs the video signals to the monitor 28. The monitor 
28 displays a game display. 

The audio-control unit 14 includes the DSP 140 Which 
conducts audio-synthesis by PCM mode or FM mode, and 
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the CPU 142 Which controls the DSP 140. Audio data 
generated by the DSP 140 are converted to audio signal by 
a D/A converter 22 to be outputted to a speaker 24. 

Then, image data display processing of the game device 
according to the present embodiment Will be explained With 
reference to the How chart of FIG. 2 and the explanatory 
vieW of FIG. 3. 

The image data display processing Will be explained by a 
3D shooting game as an example of game contents to be 
played on the present embodiment. In the sky above a city 
Where a lot of buildings toWer, a player operates his oWn 
plane to ?ght With an enemy plane, avoiding a shell from a 
cannon disposed on the roof of the building, and destroys the 
city. The plane proceeds in the sky above the city, moving 
or displacing a vieW point left and right, and thus the game 
proceeds. 

In the present embodiment, as shoWn in FIG. 3, a three 
dimensional coordinate system comprises a space coordi 
nate system 200 ?xed to a ground 202 Which is a reference 
ground and a vieW point coordinate system folloWing a 
movement of a vieW point 500. Further, a tWo dimensional 
projection coordinate system 400 for projecting a display 
object is de?ned in relationship With the vieW point coor 
dinate system 300. 

Display objects, such as buildings 204, 206, a cannon 208, 
Which are located near the ground 202 belong to the space 
coordinate system 200. Display objects, such as a player’s 
plane operated by the player 302, an enemy plane 304, 
Which are located remote from the ground 202, belong to the 
vieW point coordinate system 300. 
A tWo dimensional judgement coordinate system 350 

corresponding to the projection coordinate system 400 is set 
in the vieW point coordinate system 300. Based on positions 
of the display objects projected on the judgement coordinate 
system 350, a collision betWeen the display objects is 
judged. Speci?c one of the display objects belonging to the 
vieW point coordinate system 300 belong to the judgement 
coordinate system 350. 
Amethod for image data display processing of the present 

embodiment Will be explained With reference to FIG. 2. 
First, in response to operational inputs in the operation 

panel 20, displacing coordinates of a vieW point, displacing 
coordinates of polygon data of the player’s plane 302, the 
enemy plane 304, the buildings 204, 206, the cannon 208, 
etc. are computed (Step S10). 

Then, the main CPU 102, Which functions as the coordi 
nate conversion means, conducts coordinate transformation 
so that positions of the display objects, such as the buildings 
204, 206, the cannon 208, are projected on the projection 
coordinate system 400, and also conducts coordinate trans 
formation so that positions of the display objects, such as the 
player’s plane 302, the enemy plane 304, belonging to the 
vieW point coordinate system 300 are projected on the 
projection coordinate system 400 (Step S11). 

Then, the main CPU 102, Which functions as collision 
judging means, projects positions of display objects, such as 
the buildings 204, 206, the cannon 208, belonging to the 
space coordinate system 200, and positions of speci?c ones, 
such as the players’s plane 302, the enemy plane 304, of the 
display objects belonging to the vieW point coordinate 
system 300 are projected to the judgement coordinate sys 
tem 350, and based on the projected positions of the display 
objects, the collision judging means judges a collision 
betWeen the display objects (Step S12). 

Then, the main CPU 102, Which functions as the project 
ing display means, conducts perspective transformation so 
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6 
that the respective display object Which has been subjected 
to the coordinate transformation in Step S11 is projected on 
the projection coordinate system 400 (Step S13). 

Next, the main CPU 102 stands by, judging Whether or not 
it is timing to draW the polygon data of the display objects 
on the projection coordinate system 400 (Step S14). 

Next, When the main CPU 102 ?nds that it is timing to 
draW the polygon data, supplies the parameters obtained 
based on the above calculation to the ?rst VDP 120 to Write 
the polygon data in the VRAM 122 and draW the image data 
in the frame buffer 12 or 14 (Step S15). 
Then the main CPU 102 supplies a display command to 

the second VDP 130. The second VDP 130 generates display 
color data in accordance With the image data to Write the 
display color data in the memory 134. Based on the display 
color data, the encoder 26 generates video signals, and the 
monitor 28 displays the video signals (Step S16). 
The main CPU 102 repeats thee above-described Steps 

S10 to S16 to display three dimensional image data of 
display objects. 

In the above-described image data display processing 
method, the coordinate transforming of the three dimen 
sional coordinate system, such as the space coordinate 
system, the vieW point coordinate system, into the tWo 
dimensional coordinate system, such as the projection coor 
dinate system, is performed by means of perspective pro 
jection technique for projecting lines emanating from a 
perspective center (vieW point) Which is placed a ?nite 
distance apart, not by means of parallel perspective from a 
perspective center (vieW point) Which is placed an in?nite 
distance apart. In displaying display objects in a game 
image, it is preferable that the vieW point is placed the ?nite 
distance apart. This results in a poWerful game image being 
obtained, and in a player being able to easily grasp a distance 
betWeen display objects, e. g., a player’s plane and an enemy 
plane from a game image. On the contrary, in case of the 
in?nite vieW point, a game image does not suf?ciently 
produce a spatial effect, thus a player can not easily grasp a 
distance betWeen display objects from a game image. 

Next, image data display processing of the game device 
according to the present embodiment Will be detailed With 
reference to FIGS. 3 to 16. 

First, image data display in a case that the vieW point is 
moved or displaced left and right Will be explained With 
reference to FIGS. 3 to 6. 

In the present embodiment, When the vieW point 500 on 
the left side is moved to a vieW point 500‘ on the right side 
by a player’s operation or a game setting, the vieW point 
coordinate system 300 on the left side is moved to a vieW 
point coordinate system 300‘ on the right side in accordance 
With the movement of the vieW point. The projection coor 
dinate system 400 and the judgement coordinate system 350 
are also moved to a projection coordinate system 400‘ and a 
judgement coordinate system 350‘ on the right side. 

At this time, in the present embodiment, not only the 
player’s plane 302 operated by the player, but also the 
enemy plane 304 in the air belong to the vieW point 
coordinate. Accordingly, When the vieW point is moved from 
left to right, display positions of the display objects (the 
ground 202, the buildings 204, 206 and the cannon 208) 
belonging to the space coordinate system 200 are largely 
changed based on accurate three dimensional display as 
shoWn in FIGS. 4A and 4B, but display positions of the 
display objects (the player’s plane 302 and the enemy plane 
304) belonging to the vieW point coordinate system 300 are 
not largely changed. This facilitates aiming the enemy plane 
304 to shoot it doWn. 








