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Description
Technical Field

[0001] The present invention relates to a picture
processing device and a method thereof. More particu-
larly, this invention relates to a picture processing device
and a method thereof which enable characters to move
smoothly in response to a ball in video games which im-
itate ball games such as baseball or soccer.

Background Art

[0002] Withthe progress of computer technology, vid-
eo game machines (picture processing devices) utilizing
computer graphic technique have come to be widely
used. Particularly, popularity of video game machines
which imitate ball games such as baseball or soccer has
been firmly established, and a considerable amount of
this type of video game machines have been devised.
[0003] However, conventional video game machines
have many problems as described below.

[0004] First, it is difficult to display a fielder's ball-
catching movement smoothly.

[0005] A conventional video game machine generally
comprises: a display which displays batters, fielders and
other characters; an operation stick which operates bat-
ters, fielders and other characters on a screen; and a
picture processing circuit which displays a desirable im-
age on the screen in accordance with the operation of
the operation stick. Such a video game machine is pro-
vided with a plane picture called "sprite" for each move-
ment posture of each fielder, and the sprite is displayed
according to the progress of a game on the screen. A
virtual area called the "collision area" for determination
of collision is provided in the vicinity of a fielder. When
aball enters the collision area, the fielder moves to catch
the ball.

[0006] For example, when a game player operates
the stick, the fielder on the screen chases the batted ball
in accordance with the operation of the stick. The colli-
sion area, then, also moves together with the fielder. If
the fielder catches up with the ball and the ball enters
the collision area near the fielder, the fielder moves to
catch the ball. Namely, the video game machine deter-
mines that the ball in the screen has reached close to
the fielder, and displays the sprite which shows the ball-
catching movement. Therefore, the fielder never begins
the ball-catching movement unless the ball enters the
collision area on the screen.

[0007] However, since the time spent after the ball en-
ters the collision area until the fielder catches the ball is
very short, the fielder needs to perform the ball-catching
movement in a very short period of time after the ball
enters the collision area. Accordingly, the fielder's ball-
catching movement turns out to be awkward and it is
then difficult to provide a realistic game. As a means for
solving this problem, itis possible to enlarge the collision
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area near the fielder. In other words, it is possible to
lengthen the time spent after the ball enters the collision
area until the fielder catches the ball. However, if the
collision areais enlarged, a problem arises that the field-
er begins moving to catch a ball even when the ball is
too far away to catch.

[0008] Secondarily, a considerable amount of opera-
tion is required for a processing which determines the
collision between a batted ball and a fence, which sub-
sequently hinders high speed processing.

[0009] When a batted ball flies beyond an outfielder
in a video game machine, whether or not a collision will
take place between the batted ball and the fence is de-
termined. For example, when the fence is displayed with
a plurality of polygons, it is determined whether or not
coordinates of the ball are located on the polygons. If it
is determined that the ball will collide with the polygons
which compose the fence, a processing for bounding the
ball back from the fence is performed.

[0010] Namely, the conventional baseball game de-
termines whether the ball collides with the fence by con-
firming whether coordinates of the ball are positioned
on the polygons which compose the fence. However,
since coordinates of the ball and the polygons are ex-
pressed by three-dimensional data, a considerable
amount of processing is required to determine the posi-
tion relationship between the ball and the polygons.
Therefore, there existed a problem in that a processing
speed of the entire game was lowered.

[0011] Thirdly, itis difficult to accurately perform a hid-
den face treatment of polygons which are located very
close to each other as in the case of a player's number
and a uniform.

[0012] In video games such as baseball and soccer,
it is desirable to give different player's numbers for dif-
ferent players in order to heighten the realistic excite-
ment of the game. However, if different pictures are pre-
pared for uniforms of different players, an enormous
amount of display data would be required. Therefore, a
method of preparing a picture of the uniform and a pic-
ture of the player's number separately and superimpos-
ing the picture of the player's number on the picture of
the uniform is taken.

[0013] However, when the player's number and the
uniform are displayed by means of polygons, the follow-
ing problems occur. When the polygons overlap one an-
other, a treatment is performed not to display the over-
lapped portion of the polygons, which is positioned at
the back of the other overlapped portion on the screen
("hidden face treatment"). In order to perform this hidden
face treatment, the following method ("Z-sorting meth-
od") is suggested: priority of respective polygons is de-
termined in accordance with the dimensions of depth-
directional coordinates (z-coordinate values) of the pol-
ygons, and the polygons are displayed in accordance
with the priority. Namely, in the Z-sorting method, a rep-
resentative point is decided for each polygon and the
priority of the polygons is determined in accordance with
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the dimensions of z-coordinate values of the represent-
ative points.

[0014] As described above, one representative point
must be decided for each polygon when the Z-sorting
method is employed. In order to decide a representative
point, there are: a method of determining the most front
vertex among vertexes of a polygon as its representa-
tive point; a method of determining the most back vertex
among vertexes of a polygon as its representative point;
and a method of determining the center of gravity of a
polygon as its representative point. However, whichever
method is taken, if two polygons, such as those of a play-
er's number and a uniform, are located very close to
each other, in other words, if two sets of z-coordinate
values are very close, it is difficult to accurately deter-
mine the priority of the polygons. Accordingly, a prob-
lematic hidden face treatment is sometimes performed:
for example, a player's number is hidden by a uniform.
[0015] In order to avoid such a problem, it is possible
to give a higher priority to a player's number than to a
uniform and to always superimpose the player's number
on the uniform. However, this method could cause an-
other problem that when a fielder faces front so that his
back is not displayed, his number is still displayed. Ac-
cordingly, it has been difficult to accurately apply the hid-
den face treatment to polygons which are located very
close to each other.

[0016] The collision detection apparatus known from
US-Patent 4 905 147 comprises a unit storing moving
and non-moving object data records in memory as a
two-dimensional array where each array element is
mapped to a corresponding area on the video display.
The desired movement of an object on the display is de-
tected and the position information in the data record of
the object desiring movement is compared with the po-
sition information of an object in the nearest array loca-
tions in the direction of movement for purposes of de-
tecting a collision. The detector also compares the po-
sition information of the objects in a predetermined
number and pattern of array locations nearest to the ob-
ject desiring movement.

[0017] From US-Patent 5 411 272 a method for con-
trolling the appearance of a video game character is
known, as the character traverses a path displayed on
a display screen. The method comprises the steps of
displaying a banked path segment in which the game
character is displayed upright at at least one location on
the banked path and is displayed upside down at at least
one other location on this banked path. Multiple sprite
patterns are stored which are representative of the ap-
pearance of the character at different locations on the
banked path as the character traverses the banked
path. The character location on the banked path are
tracked as the character traverses the banked path. The
stored sprite patterns that portray the character at dif-
ferent locations on the banked path are retrieved. A
character is displayed using the retrieved patterns such
that the character has different appearances at different
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locations on the banked path.

[0018] The present invention is devised in order to
overcome the above-described problems. The first ob-
ject of this invention is to provide a picture processing
device and a method thereof which enable a smooth
ball-catching movement.

[0019] The second object of this invention is to pro-
vide a picture processing device and a method thereof
which make it possible to determine a collision between
a batted ball and a fence by means of a simple opera-
tion.

[0020] The third object of this invention is to provide
a picture processing device and a method thereof which
make it possible to accurately apply the hidden face
treatment to polygons which are located very close to
each other such as a player's number and his uniform.

Disclosure of the Invention

[0021] The invention described in Claim 1 is aimed at
achieving the aforementioned first object and is a picture
processing device for changing the shape of a second
object when determining that the first object collides with
the second object. The picture processing device com-
prises: virtual area producing means for producing a vir-
tual area at a position away from the first object for a
distance that the first object can move within a prede-
termined time; determining means for determining
whether or not the second object is located in the virtual
area; and picture changing means for changing the
shape of the second object when it is determined that
the second object is located in the virtual area.

[0022] An embodiment of the invention described in
Claim 2 is aimed at achieving the aforementioned first
object and is a picture processing device according to
Claim 1, comprising position determining means for de-
termining the moving speed and position of the first ob-
ject, wherein the virtual area producing means changes
the shape of the virtual area based on the determination
results of the position determining means.

[0023] An embodiment of the invention described in
Claim 3 is aimed at achieving the aforementioned first
object and is a picture processing device according to
Claim 2, wherein the above-mentioned virtual area pro-
ducing means is aimed at achieving the aforementioned
first object and reduces the area of the virtual area in
accordance with the decrease in the speed of the first
object.

[0024] An embodiment of the invention described in
Claim 4 is aimed at achieving the aforementioned first
object and is a picture processing device according to
any one of Claims 1 through 3, wherein the virtual area
has a shape extending toward directions perpendicular
to the moving direction of the first object.

[0025] An embodiment of the invention described in
Claim 5 is aimed at achieving the aforementioned first
object and is a picture processing device according to
Claim 1, wherein the picture changing means produces
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the second object in the shape corresponding to the po-
sition of the first object in the virtual area.

[0026] An embodiment of the invention described in
Claim 6 is aimed at achieving the aforementioned first
object and is a picture processing device according to
Claim 1, wherein the picture changing means produces
the second object in the shape corresponding to the
height of the first object from a standard plane picture.
[0027] An embodiment of the invention described in
Claim 7 is aimed at achieving the aforementioned first
object and is a picture processing device according to
any of Claims 1 through 6, wherein the first object rep-
resents a baseball ball, the second object represents a
baseball fielder, and the picture changing means grad-
ually changes the posture of a fielder according to the
ball-catching movement.

[0028] An embodiment of the invention described in
Claim 8 is aimed at achieving the aforementioned third
object and is a picture processing device, comprising:
coordinate converting means for projecting a plurality of
polygons represented as part of the second object in a
three-dimensional coordinate system on a two-dimen-
sional coordinate system; and hidden face treatment
means for determining the display order of the plurality
of polygons projected on the two-dimensional coordi-
nate system on the basis of dimensions of the depth-
directional coordinate values of the three-dimensional
coordinate system in a display screen and for displaying
the polygons with priority in accordance with the deter-
mined display order. The hidden face treatment means
determines the display order of a polygon group con-
sisting of the plurality of polygons, of which description
order is predetermined, on the basis of the depth-direc-
tional coordinate values of one polygon composing the
polygon group, and respective polygons composing the
polygon group are displayed with priority in accordance
with the description order only when it is decided to dis-
play the polygon group.

[0029] An embodiment of the invention described in
Claim 9 is aimed at achieving the aforementioned third
object and is a picture processing device according to
Claim 8, wherein the hidden face treatment means de-
termines the display order of the polygon group on the
basis of the depth-directional coordinate values of a pol-
ygon having the highest description order.

[0030] An embodiment of the invention described in
Claim 10 is aimed at achieving the aforementioned third
object and is a picture processing device according to
Claim 8, wherein the above-mentioned one polygon rep-
resents a player's number and the other polygon repre-
sents a uniform.

[0031] An embodiment of the invention described in
Claim 11 is aimed at achieving the aforementioned sec-
ond object and is a picture processing device for deter-
mining a collision between a curved-face object having
a radius "R" from its center point and the first object,
wherein it is determined that the first collides with the
curved-face object when distance "r" calculated from the
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center point and the first object reaches distance "R."
[0032] An embodiment of the invention described in
Claim 12 is aimed at achieving the aforementioned sec-
ond object and is a picture processing device according
to Claim 11, wherein the curved-face object represents
a baseball fence and the first object represents a ball.
[0033] The invention described in Claim 13 is aimed
at achieving the aforementioned first object and is a pic-
ture processing method for changing the shape of a sec-
ond object when it is determined that the first object col-
lides with the second object, comprising: the step of pro-
ducing a virtual area at a position away from the first
object for a distance that the first object can move within
a predetermined time; the step of determining whether
or not the second object is located in the virtual area;
and the step of changing the shape of the second object
when it is determined that the second object is located
in the virtual area.

[0034] An embodiment of the invention described in
Claim 14 is aimed at achieving the aforementioned first
object and is a picture processing method according to
Claim 12, comprising the step of determining the moving
speed and position of the first object and the step of
changing the shape of the virtual area on the basis of
the determined moving speed and position.

[0035] An embodiment of the invention described in
Claim 15 is aimed at achieving the aforementioned third
object and is a picture processing method, comprising:
the step of projecting a plurality of polygons represented
as part of the second object in a three-dimensional co-
ordinate system on a two-dimensional coordinate sys-
tem; and the step of determining the display order of the
plurality of polygons projected on the two-dimensional
coordinate system on the basis of dimensions of the
depth-directional coordinate values of the three-dimen-
sional coordinate system in a display screen and then
displaying the polygons with priority in accordance with
the determined display order. The display order of a pol-
ygon group consisting of the plurality of polygons, of
which description order is predetermined, is determined
on the basis of the depth-directional coordinate values
of one polygon composing the polygon group, and re-
spective polygons composing the polygon group are
displayed with priority in accordance with the description
order only when it is decided to display the polygon
group.

[0036] An embodiment of the invention described in
Claim 16 is aimed at achieving the aforementioned sec-
ond object and is a picture processing method for de-
termining a collision between a curved-face object hav-
ing a radius "R" from its center point and a first object,
wherein it is determined that the first object collides with
the curved-face object when distance "r" calculated be-
tween the center point and the first object calculated be-
tween the center point and the first object reaches dis-
tance "R."

[0037] According to the invention described in Claim
1, the virtual area producing means produces a virtual
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area at a position away from the first object for a distance
that the first object can move within a predetermined
time. Namely, the virtual area is produced at a position
away from the first object for a predetermined distance
in a moving direction of the first object. The determining
means determines whether or not the second object is
located in the virtual area. When it is determined that
the second object is located in the virtual area, the pic-
ture changing means changes the shape of the second
object.

[0038] For example, when the second picture repre-
senting a fielder enters the virtual area, the posture of
the fielder gradually changes from a waiting posture to
a ball-catching posture. Then, when the first object rep-
resenting a ball reaches the fielder, the posture of the
fielder turns to a ball-catching posture. According to this
invention, since the virtual area for collision determina-
tion is located away from the first object it is possible to
lengthen the time required after the second object en-
ters the virtual area until the first object collides with the
second object Accordingly, if this invention is applied to
a baseball game, it is possible to obtain sufficient time
to change the fielder's posture to catch a ball, thereby
enabling a smooth ball-catching movement.

[0039] According to an embodiment of the invention
described in Claim 2, the position determining means
determines the moving speed and position of the first
object and the virtual area producing means changes
the shape of the virtual area on the basis of the deter-
mination results of the position determining means. For
example, according to the invention described in Claim
3, when the speed of the first object is low, the virtual
area producing means reduces the area of the virtual
area. When the speed of the ball (first object) is low, it
is possible to avoid any inconvenience such as the field-
er (second object) beginning the ball-catching move-
ment at a position away from the ball. Namely, it is pos-
sible to solve the problem that the fielder jumps at and
catches the ball which almost stops.

[0040] According to an embodiment of the invention
described in Claim 4, the virtual area has a shape ex-
tending toward directions perpendicular to the moving
direction of the first object. Therefore, the fielder (sec-
ond picture) is capable of catching the ball (first picture)
which comes flying to the right or left of the fielder's po-
sition.

[0041] According to an embodiment of the invention
described in Claim 5, the picture changing means pro-
duces the second object in the shape corresponding to
the position of the first object in the virtual area. For ex-
ample, when the fielder (second object) is located in the
middle of the virtual area, the ball (first object) comes
flying toward the front of the fielder and, therefore, the
fielder is displayed in the forward-facing posture to catch
the ball. On the other hand, when the fielder is located
atthe end of the virtual area, the ball comes flying toward
the side of the fielder and, therefore, the fielder is dis-
played in the side-facing posture to catch the ball. As
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described above, it is possible to reproduce the ball-
catching movement similar to a real movement by
changing the fielder's posture according to the position
of the fielder in the virtual area.

[0042] According to an embodiment of the invention
described in Claim 6, the picture changing means pro-
duces the second object in the shape corresponding to
the height of the first from a standard plane picture. For
example, when the position of the ball (first object) is
high from a ground (standard plane picture), the fielder
is displayed to catch a fly. When the position of the ball
is low, the fielder is displayed to catch a grounder. As
described above, it is possible to reproduce the ball-
catching movement similar to a real movement by
changing the fielder's ball-catching movement accord-
ing to the height of the ball.

[0043] According to an embodiment of the invention
described in Claim 7, the first picture represents a base-
ball, the second object represents a baseball fielder, and
the picture changing means gradually changes the pos-
ture of the fielder according to the ball-catching move-
ment. Therefore, it is possible to realize a smooth ball-
catching movement.

[0044] According to an embodiment of the invention
described in Claim 8, the coordinate converting means
projects a plurality of polygons represented in a three-
dimensional coordinate system on a two-dimensional
coordinate system. The hidden face treatment means
determines the display order of the plurality of polygons
projected on the two-dimensional coordinate system on
the basis of dimensions of the depth-directional coordi-
nate values in a display screen and displays the poly-
gons with priority in accordance with the determined dis-
play order. The hidden face treatment means deter-
mines the display order of a polygon group consisting
of the plurality of polygons, of which description order is
predetermined, on the basis of the depth-directional co-
ordinate values of one polygon composing the polygon
group. The hidden face treatment means display the re-
spective polygons composing the polygon group with
priority in accordance with the description order only
when it is decided to display the polygon group.

[0045] In other words, in the same polygon group,
comparison of the depth-directional coordinate values
of respective polygons (for example, by the Z-sorting
method) is not conducted, but the polygons are dis-
played in the predetermined description order. There-
fore, it is possible to perform the hidden face treatment
accurately even when two polygons are located very
close to each other. As shown in the embodiment of the
invention described in Claim 10, a polygon representing
the uniform and a polygon representing the player's
number can be displayed accurately.

[0046] According to the embodiment of the invention
described in Claim 9, the hidden face treatment means
decides the display order of the polygon group on the
basis of the depth-directional coordinate values of a pol-
ygon having the highest description order. Therefore,
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since the present invention can decide the display order
of polygon groups in the same manner as that of other
polygons, it is possible to secure the compatibility be-
tween the conventional hidden face treatment, for ex-
ample, by the Z-sorting method and the hidden face
treatment of this invention.

[0047] According to the embodiment of the invention
described in Claim 11, a curved-face picture having a
radius "R" from its center point is assumed and the dis-
tance "r" between the first object and the center point is
calculated. The picture processing device then deter-
mines that the first object collides with the curved-face
picture when distance "r" reaches distance "R." For ex-
ample, as described in Claim 11, when the curved-face
picture represents a baseball fence and the first object
represents a ball, it is possible to easily determine a col-
lision between the ball and the fence by comparing dis-
tance "R" with distance "r."

[0048] According to the invention described in Claim
13, a virtual area is produced at a position away from
the first object for a distance that the first object can
move within a predetermined time. When it is deter-
mined whether or not the second object is located in the
virtual area, and if it is determined that the second object
is located in the virtual area, the shape of the second
object is changed. For example, according to this inven-
tion, since the virtual area for collision determination is
located away from the first object, it is possible to length-
en the time spent after the second picture enters the vir-
tual area until the first object and the second object col-
lide with each other. Accordingly, when the invention is
applied to a baseball game, it is possible to secure suf-
ficient time to change a fielder's ball-catching posture
and to realize a smooth ball-catching movement.
[0049] According to the embodiment of the invention
described in Claim 14, the moving speed and position
of the first are determined and the shape of the virtual
area is changed according to the determined moving
speed and position.

[0050] According to the embodiment of the invention
described in Claim 15, the display order of the plurality
of polygons projected on the two-dimensional coordi-
nate system is decided on the basis of dimensions of
depth-directional coordinate values in the display
screen, and the polygons are displayed with priority in
accordance with the determined display order. Also, the
display order of a polygon group consisting of a plurality
of polygons, of which description order is predeter-
mined, is decided on the basis of depth-directional co-
ordinate values of one polygon composing the polygon
group. Only when it is decided to display the polygon
group, the respective polygons composing the polygon
group are displayed with priority in accordance with the
description order.

[0051] In other words, in the same polygon group,
comparison of the depth-directional coordinate values
of respective polygons (for example, by the Z-sorting
method) is not conducted, but the polygons are dis-
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played in the predetermined description order. There-
fore, it is possible to perform the hidden face treatment
accurately even when two polygons are located very
close to each other.

[0052] According to the embodiment of the invention
described in Claim 16 a curved-face object having a ra-
dius "R" from its center point is assumed and the dis-
tance "r" between the first object and the center point is
calculated. When distance "r" reaches distance "R, " it
is determined that the first object collides with the
curved-face object. When the curved-face object repre-
sents a baseball fence and the first object represents a
ball, for example, it is possible to easily determine
whether or not the ball collides with the fence, by com-
paring distance "R" with distance "r."

[0053] An invention described in Claim 17 is a mem-
ory medium storing a program for carrying out the
above-described method. Examples of such a memory
medium include floppy disks, magnetic tapes, pho-
tomagnetic disks, CD-ROM, DVD, ROM cartridges,
RAM cartridges with battery back-up, and nonvolatile
RAM cartridges. The memory medium stores informa-
tion (mainly digital data and programs) by some physical
means and is capable of having a processing device
such as computers and private processors perform a
certain function.

Brief Description of the Drawings

[0054] Figure 1 is an exterior view of a video game
machine of a first embodiment of this invention. Figure
2 is a schematic block diagram of the video game ma-
chine of the first embodiment of this invention. Figure 3
is a functional block diagram of a picture processing de-
vice of the first embodiment of this invention. Figure 4
shows a baseball game screen of the first embodiment
of this invention. Figure 5 shows a position relationship
between a collision area, ball and fielder of the first em-
bodiment of this invention. Figure 6 shows the state in
which a fielder enters a collision area in the first embod-
iment of this invention. Figure 7 shows how each area
of the collision area corresponds to a ball-catching pos-
ture in the first embodiment of this invention. Figure 8
explains details of the collision area of the first embod-
iment of this invention. Figure 9 explains changes in the
shape of the collision area in the first embodiment of this
invention. Figure 10 describes ball-catching postures of
a fielder in the first embodiment of this invention. Figure
11is a flow-chart showing actions of the video game ma-
chine of the first embodiment of this invention. Figure
12 is a flow-chart showing actions of the video game
machine of the first embodiment of this invention. Figure
13 describes a video game machine of a second em-
bodiment of this invention. Figure 14 shows actions of
the video game machine of the second embodiment of
this invention. Figure 15 explains a video game machine
of a third embodiment of this invention.
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Best Mode for Carrying Out the Invention

[0055] The present invention is hereinafter explained
in more detail by referring to the attached drawings.

(First Embodiment)
I. Structure

[0056] Figure 1 is an exterior view of a video game
machine which utilizes the picture processing device of
a first embodiment of this invention. In this figure, a main
frame 1 of the video game machine has a substantial
box shape, inside of which substrates and other ele-
ments for game processing are provided. Two connec-
tors 2a are provided at the front side of the main frame
1 of the video game machine, and PADs 2b are connect-
ed to these connectors 2a through cables 2c. When two
players play a baseball game or other game, two PADs
2b are used.

[0057] At the top of the main frame 1 of the video
game machine, a cartridge I/F 1a for connection to a
ROM cartridge and a CD-ROM drive 1b for reading a
CD-ROM are provided. At the back of the main frame 1
of the video game machine, a video output terminal and
an audio output terminal (not shown) are provided. This
video output terminal is connected to a video input ter-
minal of a TV picture receiver 5 through cable 4a, and
the audio output terminal is connected to an audio input
terminal of the TV picture receiver 5 through cable 4b.
With this video game machine, a user can play a game
while watching a screen displayed on the TV picture re-
ceiver 5 by operating PAD 2b.

[0058] Figure 2is a block diagram showing the outline
of the video game machine of this invention. This picture
processing device is composed of a CPU block 10 for
controlling the entire device, a video block 11 for con-
trolling the display of a game screen, a sound block 12
for generating sound effects, etc., subsystem 13 for
reading CD-ROM and other elements.

[0059] The CPU block 10 is composed of SCU (Sys-
tem Control Unit) 100, a main CPU 101, RAM 102, ROM
103, cartridge I/F 1a, sub-CPU 104, CPU bus 103 and
other elements. The main CPU 101 controls the entire
device. This main CPU 101 has an operational function
inside as that of DSP (Digital Signal Processor) and is
capable of executing application software at a high
speed. RAM 102 is used as a work area for the main
CPU 101. An initial program for initialization and other
programs are written in ROM 103. SCU 100 controls
buses 105, 106 and 107 to perform smooth data input
and output between the main CPU 101, VDPs 120 and
130, DSP 140, and CPU 141. SCU 100 comprises a
DMA controller inside, thereby being capable of trans-
ferring sprite data in a game to VRAM in the video block
11. Accordingly, it is possible to execute an application
software such as a game at a high speed. The cartridge
I/F 1a is used to input an application software which is
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supplied in the form of a ROM cartridge.

[0060] The sub-CPU 104 is the so-called SMPC (Sys-
tem Manager & Peripheral Control) and has functions,
for example, to collect peripheral data from PAD 2b
through connector 2a upon request from the main CPU
101. The main CPU 101 performs processing, for exam-
ple, to move a fielder in a game screen in accordance
with the peripheral data received from sub-CPU 104.
Optional peripherals, including PAD, a joy stick and a
keyboard, can be connected to connector 2a. Sub-CPU
104 has functions to automatically recognize the type of
a peripheral connected to connector 2a (terminal at the
main frame side) and to collect peripheral and other data
in accordance with a communication method corre-
sponding to the type of the peripheral.

[0061] The video block 11 comprises VDP (Video Dis-
play Processor) 120 for drawing characters consisting
of polygon data for a video game, and VDP 130 for, for
example, drawing a background screen, synthesizing
polygon picture data and the background picture, and
performing a clipping processing. VDP 120 is connected
to VRAM 121 and frame buffers 122 and 123. Polygon
drawing data which represent characters of the video
game machine are sent from the main CPU 101 to SCU
100 and then to VDP 120. The polygon drawing data are
then written in VRAM 121. The drawing data written in
VRAM 121 are used for drawing in a drawing frame buff-
er 122 or 123, for example, in the 16 or 8 bit/pixel format.
The data drawn in the frame buffer 122 or 123 are sent
to VDP 130. The main CPU 101 gives information for
drawing control to VDP 120 through SCU 100. VDP 120
then executes a drawing processing by following the di-
rections.

[0062] VDP 130 is connected to VRAM 131 and it is
constructed in a manner such that the picture data from
VDP 130 are outputted to encoder 160 through memory
132. Encoder 160 adds synchronization signals, etc. to
the picture data, thereby generating picture signals
which are then outputted to the TV picture receiver 5.
Accordingly, a baseball game screen is displayed on the
TV picture receiver 5.

[0063] The sound block 12 is composed of DSP 140
for synthesizing sound by a PCM method or FM method,
and CPU 141 for controlling DSP 140. Sound data gen-
erated by DSP 140 are converted into two-channel sig-
nals by a D/A converter 170, which are then outputted
to speaker 5b.

[0064] The subsystem 13 is composed of a CD-ROM
drive 1b, CD I/F 180, CPU 181, MPEG AUDIO 182,
MPEG VIDEO 183 and other elements. This subsystem
13 has functions, for example, to read in an application
software supplied in the form of a CD-ROM and to re-
produce animation. The CD-ROM drive 1b reads data
from a CD-ROM. CPU 181 performs processing such
as control of the CD-ROM drive 1b and correction of er-
rors in the read data. The data read from a CD-ROM are
supplied to the main CPU 101 through CD I/F 180, bus
106 and SCU 100 and are utilized as an application soft-
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ware. MPEG AUDIO 182 and MPEG VIDEO 183 are de-
vices for restoring data which are compressed in MPEG
(Motion Picture Expert Group) standards. Restoration
of MPEG compressed data, which are written in a
CD-ROM, by using these MPEG AUDIO 182 and MPEG
VIDEO 183 makes it possible to reproduce animation.
[0065] The structure of the picture processing device
of this embodiment is hereinafter explained. Figure 3 is
a functional block diagram of the picture processing de-
vice which is composed of the main CPU 101, RAM 102,
ROM 103 and other elements. In this figure, virtual area
producing means 31 has a function to generate a colli-
sion area (virtual area) at a position ahead of the moving
direction of a ball (first picture). Position determining
means 34 determines the speed and height (position)
of the ball and gives the determination results to the vir-
tual area producing means 31. Determining means 32
determines a position relationship between the collision
area and a fielder and gives the determination results to
picture changing means 33. The picture changing
means 33 changes the posture of the fielder (second
picture) on the basis of the determination results (the
position relationship between the collision area and the
fielder) of the determining means 32. Namely, once the
fielder enters the collision area, the fielder moves to
catch the ball.

[0066] Figure 4 shows an example of a baseball game
screen to be displayed by the video game machine of
this embodiment. This baseball game can be executed
by one or two persons. Namely, when there are two
game players, the players take turns to play the defend-
ing team or the team at bat. When there is only one
game player, the player takes to the field and goes to
bat in turn by setting the computer (video game ma-
chine) as his/her competitor team. A scene correspond-
ing to the progress of a game is displayed on display 5
in three-dimensional graphics. When a pitcher throws a
ball, a scene is displayed as shown from the back of a
batter. Immediately after the batter hits the ball, a scene
mainly focused on fielders is displayed as shown in Fig-
ure 4.

[0067] Fielders J and K can be moved by operating
PAD 2b. Namely, when the game player operates PAD
2b, the main CPU 101 first moves fielder J, who is lo-
cated in the infield, among fielders J and K who are lo-
cated in a direction toward which the ball 42 flies. If field-
er J fails to catch the ball, the main CPU 101 moves
fielder K in the outfield in accordance with the operation
of PAD 2b. Accordingly, a plurality of fielders can be
moved by easy operation.

[0068] At the same time as batter 41 hits a ball, the
main CPU 101 calculates the speed and direction of ball
42 and then calculates an estimated drop point 44 where
ball 42 may drop on the basis of the calculation results
obtained above. This estimated drop point 44 is actually
displayed on the screen. When fielder J or K is moved
near the estimated drop point 44 before ball 42 drops,
fielder J or K can catch a fly.
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[0069] A virtual collision area 43 is located on the
ground (standard plane picture) in the direction toward
which the ball 42 flies (forward direction). This collision
area 43 is used for collision determination between ball
42 and a fielder and is not actually displayed. When
fielder J or K moves into the collision area 43, fielder J
or K can catch ball 42. On the other hand, while fielder
J or K is located outside the collision area 43, fielder J
or K does not move to catch the ball.

[0070] The collision area is hereinafter explained in
more detail by referring to Figures 5 through 9. Figure
5 describes a position relationship between the collision
area, ball and fielders. As shown in this figure, the col-
lision area 43 is located on the ground away from and
ahead of ball 42 for a predetermined distance. Namely,
the collision area 43 moves on the ground to come
ahead of ball 42 as ball 42 flies. The distance between
the collision area 43 and ball 42 corresponds to a dis-
tance in which ball 42 moves in a period of time corre-
sponding to twelve interrupts.

[0071] In this embodiment, one interrupt is generated
for every frame (vertical retrace line cycle: 1/60 msec x
2 = 33.3 msec). Therefore, a period of time correspond-
ing to twelve interrupts is approximately 0.4 sec. Since
the posture of fielder J or K changes every interrupt
(every frame), the fielder can make movements of
twelve scenes in a period of time corresponding to
twelve interrupts. For example, as shown in Figure 6,
fielder J can execute movements of twelve scenes as
turning toward the ball during a period of time after field-
er J entering into the collision area 43 begins the ball-
catching movement until he completes the ball-catching
movement. Therefore, it is possible to display the field-
er's ball-catching movement smoothly.

[0072] Figure 7 describes the collision area 43 and the
ball-catching postures. As shown in this figure, the col-
lision area 43 is composed of areas A, B4, B,, C4 and
C,. The areas A, B4, B,, C4 and C, respectively corre-
spond to the fielder's ball-catching postures 71-75. For
example, when the fielder enters area A, the ball comes
at the front of the fielder and, therefore, the fielder takes
a ball-catching posture 73. When the fielder enters area
C,, the ball comes to the left side of the fielder, that is,
the ball passes through area A and, therefore, the fielder
takes a ball-catching posture 71. The ball-catching pos-
tures 71-75 are examples of the postures when the
height of the ball is low. An appropriate ball-catching
posture is selected according to the height of the ball.
[0073] Figure 8 is a top view of the collision area. As
described above, the collision area 43 is composed of
the areas A, B4, B,, C; and C,. The center area A is
positioned along the ball flying path and is circular. Ar-
eas B4, B,, C; and C, respectively in a fan shape are
provided in order outside of area A. Areas B4, By, C,
and C, successively disappear as the speed of the ball
slows down. For example, when the ball bounds on the
ground and the speed of the ball slows down, areas C,
and C, first disappear.
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[0074] As the speed of the ball further slows down,
areas B, and B, disappear and only area A remains. In
an actual baseball game, a fielder usually never jumps
at a ball when the ball almost stops (see the ball-catch-
ing postures 71 and 75 in Figure 7). Accordingly, it is
possible to make the movement of the fielder in the
screen closer to the movement of a real fielder by ap-
propriately changing the size of the collision area 43 ac-
cording to the speed of the ball.

[0075] An effective angle 6, of areas B4 and B, and
an effective angle 6, of areas C, and C, also change
according to the speed of the ball and other factors. For
example, when the speed of the ball is high, the fielder
must be quickly moved to the position where the ball
passes. If the area of the collision area 43 is small, it is
very difficult to catch the ball. Therefore, in this case, the
effective angles 6, and 6, are made wider and the col-
lision area 43 is made larger, thereby reducing the diffi-
culty in catching the ball which flies at a high speed.
[0076] Figure 9 describes changes in the shape of the
collision area 43 in accordance with the movement of
the ball. After the ball is hit and until it stops, the collision
area 43 passes through positions (a) through (d) in or-
der. The position (a) indicates the position of the collision
area immediately after the ball is hit. As described
above, when the speed of the ball is high, the effective
angles O, and ©_ are made wider in order to reduce the
difficulty in catching a ball. On the other hand, when the
speed of the ball slows down, the effective angles 6,
and 6, are made narrower and the area of the collision
area 43 is made smaller (position (b)).

[0077] As the ball slows down and reaches the posi-
tion (c), areas C, and C, of the collision area 43 disap-
pear. Immediately before the ball stops (position (d)),
areas B4 and B, of the collision area 43 disappear. Then,
only the circular area A remains as the collision area 43.
Therefore, the fielder can catch the ball at his front. As
described above, it is possible to reproduce realistic
ball-catching movements of a fielder by changing the
shape of the collision area 43 according to the speed of
the ball.

[0078] Figure 10 shows the fielder's ball-catching
postures according to the positions of the fielder in the
collision area and the height of the ball. In this figure,
the vertical axis indicates the height of the ball and the
horizontal axis indicates the position of the fielder. The
ball-catching postures 111-113 show the fielders jump-
ing at the ball to catch it. The ball-catching posture 114
shows the fielder catching a fly. The ball-catching pos-
tures 115-119 show the fielders catching the ball at the
height of their chest. The ball-catching postures
120-124 show the fielders taking a grounder. The ball-
catching posture 125 shows the fielder jumping forward
to catch the ball. Among these ball-catching postures,
the ball-catching postures 115, 119, 120 and 124 show
the fielder moving and catching the ball.

[0079] An appropriate ball-catching posture is select-
ed in accordance with the position of the fielder in the
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collision area. For example, when the fielder is in area
A and the ball is at a high position (a fly), the ball-catch-
ing posture 114 with a glove held upward is displayed.
When the fielder is in area C, and the ball is at the field-
er's chest height, the ball-catching posture 115 with the
glove held toward the left side of the fielder is displayed.
Accordingly, itis possible to provide afully realistic base-
ball game by changing the fielder's ball-catching posture
according to the position of the fielder in the collision
area and the height of the ball.

Il. Actions

[0080] Actions of the device for determining the pic-
ture position of this embodiment are hereinafter ex-
plained by referring to the flow-charts shown in Figures
11 and 12.

[0081] Figure 11 is a flow-chart showing actions of the
video game machine which utilizes picture processing.
This flow-chart is executed at every interrupt (every
frame) on the condition that the ball is hit by a batter.
First, the position determining means 34 determines the
moving direction, angle and speed of the ball immedi-
ately afteritis hit (at step S1). The virtual area producing
means 31 then decides the shape (size and effective
angles) of the collision area 43 according to the speed
of the ball. For example, when the speed of the ball is
high immediately after it is hit, the effective angle 6,, of
areas B4 and B, and the effective angle 6, of areas C,
and C, in the collision area 43 are made wider (Figures
8 and 9). The collision area 43 thereby determined is
positioned on the ground away from and ahead of the
ball for a predetermined distance. The distance between
the collision area 43 and the ball corresponds to a dis-
tance in which ball 42 moves during a period of time cor-
responding to twelve interrupts. The collision area 43 is
not actually displayed on the screen.

[0082] The virtual area producing means 31 matches
the fielder's ball-catching posture with area A, B4, B,,
C, or C, of the collision area 43 (at step S2). For exam-
ple, as shown in Figure 10, area A is matched with the
ball-catching posture in which the fielder catches the ball
at his front. Areas B4, B,, C4 and C, are respectively
matched with an appropriate ball-catching posture in
which the fielder catches the ball on his side.

[0083] The determining means 32 selects one fielder
(positioned near the ball) out of all fielders, who has a
possibility to catch the ball, and calculates distance D
between the fielder and the center position of the colli-
sion area 43 (at step S3). In Figure 1, for example, if
fielder J is selected, distance D between fielder J and
the center position of the collision area 43 is calculated.
If distance D is longer than a maximum radius of the
collision area 43, that is, if fielder J is positioned outside
the collision area 43 (YES at 94), the determining means
32 executes a processing of S10.

[0084] At step S10, the determining means 32 deter-
mines whether or not a fielder, other than fielder J, exists
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who has a possibility to catch the ball. If fielder K exists,
other than fielder J, who has a possibility to catch the
ball, the processing object is then turned to fielder K (at
step S9). Then the aforementioned processing of S3
and S4 is executed with regard to fielder K. If it is deter-
mined as a result of the above processing that distance
D between fielder K and the center position of the colli-
sion area 43 is longer than the maximum size of the col-
lision area 43, processing S10 is executed. At step S10,
if the determining means 32 determines that no fielder
exists, other than fielders J and K, who has a possibility
to catch the ball (YES at S10), the processing of this
flow-chart terminates and returns to a main flow-chart
which is not shown in this figure.

[0085] Subsequently, an interrupt generates every
frame and the above-described flow-chart of Figure 10
is repeatedly executed. As a predetermined period of
time passes after the ball is hit, the ball moves and the
speed and height, etc. of the ball change. The ball po-
sition determining means 34 determines the moving di-
rection, angle and speed of the ball (at step S1), and the
virtual area producing means 31 newly decides the
shape (size and effective angles) of the collision area
43 according to the speed of the ball. For example, when
the speed of the ball slows down, the effective angles
6, and 6, of the collision area 43 are made narrower.
[0086] Assuming that the game player operates PAD
2b to cause fielder J to enter the collision area 43, the
determination result of step S4 will become "NO" and
the processing at S5 and the following steps will be ex-
ecuted. The determining means 32 determines whether
or not distance D is shorter than radius Ar of area A, that
is, whether or not fielder J is in the area A (at step S5).
If the determination result is "NO," the determining
means 32 determines whether or not distance D is short-
er than radius Br of area B, or B, (at step S6). If the
determination result is "NO," it determines whether or
not distance D is shorter than radius Cr of area C, or C,
(at step S7). Namely, the determining means 32 deter-
mines in which area of the collision area 43 fielder J is
positioned at steps S5 through S7.

[0087] For example, if the determining means 32 de-
termines that fielder J is in area B4 (YES at S6), a sub-
routine of S8 is executed.

[0088] Figure 12 shows the subroutine of S8. At step
S81, the picture changing means 33 calculates an angle
formed by the center point of the collision area 43 and
the fielder J. The picture changing means 33 determines
whether or not a ball-catching posture corresponding to
the calculated angle is defined (at step S82). If the ball-
catching posture is not defined (NO at step S82), the
processing proceeds to the next fielder (at step S86) and
then returns to the main flow-chart shown in Figure 11.
For example, if fielder J enters the left side (area B4) of
the collision area 43, the ball-catching posture 115
shown in Figure 10 is defined (YES at step S82) and,
therefore, the processing at step S83 and the following
steps are executed.
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[0089] The picture changing means 33 decides an ac-
curate ball-catching posture on the basis of information
given by PAD (or stick) 2b, the facing direction of the
fielder, the height of the ball and other factors (at step
S83). If such determined ball-catching posture does not
exist (NO at step S84), the processing proceeds to the
next fielder, for example, fielder K (at step S86) and then
returns to the main flow-chart shown in Figure 11. On
the other hand, if the ball-catching posture determined
at step S83 exists (YES at step S84), the posture of field-
er J on the screen is changed to the determined ball-
catching posture (at step S85) and the processing then
returns to the main flow-chart shown in Figure 11 and
terminates. After the fielder to catch the ball is deter-
mined in the above-described manner, the subroutine
shown in Figure 12 is not executed and a posture chang-
ing processing not shown in the drawings is executed
at every interrupt. This posture changing processing
gradually changes the posture of fielder J every frame.
When twelve interrupts have passed after fielder J be-
gins the ball-catching movement, the ball is caught by
the glove of fielder J.

[0090] According to this embodiment, it is possible to
make a fielder perform movements of twelve interrupts
(twelve frames) after the fielder enters the collision area
43, thereby making it possible to reproduce a realistic
ball-catching movement. Moreover, it is possible to re-
produce a fully realistic ball-catching movement by
changing the ball-catching movement according to the
position of the fielder in the collision area 43.

(Second Embodiment)

[0091] A video game machine of a second embodi-
ment has a function concerning the display of a player's
number in addition to the functions of the video game
machine of the first embodiment. This function is here-
inafter explained by referring to Figures 13 and 14.
[0092] Figure 14 describes a data structure of poly-
gons representing the upper half of a player's body. In
this figure, a uniform is composed of four polygon
groups 14A, 14B, 14C and 14D. Each polygon group is
composed of a polygon representing a part of the uni-
form and a polygon representing a part of the player's
number. Namely, polygon 14A consists of polygon 1401
representing a quarter part of the uniform and polygon
1411 representing a quarter part of the player's number.
Similarly, the polygon group 14B consists of polygons
1402 and 1412, the polygon group 14C consists of pol-
ygons 1403 and 1413, and the polygon group 14D con-
sists of polygone 1404 and 1414.

[0093] The description order (priority order) of a pol-
ygon is set for each of the polygon groups 14A, 14B,
14C and 14D. For example, for the polygon group 14A,
the description order is decided in the order of the uni-
form polygon 1401 and then the player's number poly-
gon 1411. Also, a polygon having the highest description
order in the respective polygon groups 14A, 14B, 14C
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and 14D is selected as the polygon representing each
polygon group. Namely, the polygons 1401, 1402, 1403
and 1404 representing the uniform are respectively se-
lected as the polygons representing the respective pol-
ygon groups 14A, 14B, 14C and 14D.

[0094] The display order of the polygon data having
the above-described construction is hereinafter ex-
plained by referring to Figure 13. As shown in Figure 13
(A), polygons 1401-1404 representing the uniform and
polygons 1411-1414 representing the player's number
are indicated with coordinates of a three-dimensional
coordinate system. The main CPU 101 (Figure 2) pe-
forms the coordinate conversion of this three-dimen-
sional coordinate system and generates a two-dimen-
sional coordinate system shown in Figure 13 (B). The
coordinate conversion is conducted by projecting coor-
dinates of each vertex of polygons 1401-1404 and
1411-1414 on the two-dimensional coordinate system.
[0095] The main CPU 101 determines the priority or-
der of polygons 1401, 1402, 1403 and 1404 respectively
representing the polygon groups 14A, 14B, 14C and
14D, as well as other polygons which represent the field-
er's chest, arms, etc. For example, when the fielder fac-
es forward, that is, when his chest faces forward, his
back is positioned at the back of his chest. Namely, Z-
coordinate values of polygons 1401, 1402, 1403 and
1404 respectively representing the polygon groups 14A,
14B, 14C and 14D become larger than Z-coordinate val-
ues of polygon representing the player's chest. Accord-
ingly, in this case, the entire polygon groups 14A, 14B,
14C and 14D are not displayed, that is, the player's back
is hidden behind his chest.

[0096] On the other hand, if the fielder turns his back
upon the screen, the Z-coordinate values of polygons
1401, 1402, 1403 and 1404 respectively representing
the polygon groups 14A, 14B, 14C and 14D become
smaller than the Z-coordinate values of the polygons
representing the player's chest. In this case, the polygon
groups 14A, 14B, 14C and 14D are displayed with pri-
ority to the polygons representing the player's chest. For
the respective polygon groups 14A, 14B, 14C and 14D,
the polygons are displayed in the predetermined de-
scription order. For example, for the polygon group 14A,
polygon 1411 representing the player's number is su-
perimposed on polygon 1401 representing the uniform.
In other words, the Z-coordinate values of the respective
polygons in the same polygon group are not compared
with each other (according to the Z-sorting method), but
the polygons are displayed in the predetermined de-
scription order.

[0097] As mentioned above, the Z-coordinate values
of the respective polygons in the same polygon group
are not compared with each other, but the polygons are
displayed in the predetermined description order.
Therefore, even if two polygons, such as the uniform
polygon and the player's number polygon, are posi-
tioned very close to each other, it is possible to perform
an accurate hidden face treatment. For example, as
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shown in the invention described in Claim 10, the poly-
gon representing the uniform and the polygon repre-
senting the player's number can be displayed accurate-
ly. Since the display order of the polygon group is de-
cided on the basis of the Z-coordinate values of the pol-
ygon having the highest description order, it is possible
to secure the compatibility between the hidden face
treatment of this embodiment and the Z-sorting method.
[0098] This embodiment is not limited to the display
of the player's number on the uniform, but can be ap-
plied to, for example, a number on a racing car.

(Third Embodiment)

[0099] A video game of this embodiment has the func-
tion described below in addition to those of the afore-
mentioned video game machine of the first embodiment.
The video game machine of the third embodiment of the
presentinvention is hereinafter explained by referring to
Figure 15.

[0100] Figure 15is an exterior view of a baseball field
1500 on the screen. A virtual center point 1502 is set at
the back of the second base, and a circular arc having
a radius "R" from the center point 1502 and angle "0"
formed by two radius lines extending from the center
point 1502 is displayed as an outfield fence 1501. In this
figure, reference numeral 1503 indicates a ball hit by a
batter. The main CPU 101 calculates the distance "r"
between the center point 152 and ball 1503 and also
determines whether or not angle ¢ shown in the figure
is within angle ©. In addition to these two conditions, if
the condition is satisfied that the height of ball 1503 is
higher than the outfield fence 1501, the main CPU 101
determines that ball 1503 collides with the outfield fence
1501. Then, the main CPU 101 performs the processing
of bounding ball 1503 back the outfield fence 1501, and
the bounded ball is shown on display 5.

[0101] According to this embodiment, it is possible to
determine a collision between the ball and the outfield
fence simply by means of operation of the distance "r"
and it is not necessary to perform a complicated
processing for determining a collision between poly-
gons. Therefore, it is possible to easily determine the
collision between the ball and the outfield fence.

(Other Embodiments)

[0102] The present invention is not limited to the
above-described embodiments, but can be modified to
the extent not departing from the intent of this invention.
For example, this invention may be applied not only to
a baseball game, but also to other games such as a soc-
cer game or a tennis game.

Availability in the Technical Field

[0103] As described above, the following advantages
can be obtained according to the present invention.
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[0104] First, it is possible to display the smooth ball-
catching movement. According to this invention, a colli-
sion area (virtual area) is generated at a position away
from a ball (first picture) for a predetermined distance.
Determining means determines whether or not a fielder
(second picture) is located in the collision area. If it is
determined that the fielder is in the virtual area, picture
changing means changes the posture (shape) of the
fielder. For example, when the fielder enters the collision
area, the fielder's posture gradually changes from the
waiting state to the ball-catching state. Subsequently,
when the ball reaches the fielder, the fielder's posture
becomes the ball-catching state. Since the collision area
for collision determination is located away from the ball
according to this invention, it is possible to lengthen the
time spent after the fielder enters the collision area until
the ball reaches the fielder. Accordingly, it is possible to
secure sufficient time after the fielder begins the ball-
catching movement until he completes catching the ball,
that is, the time required to change the fielder's posture.
Therefore, it is possible to realize the smooth ball-catch-
ing movement.

[0105] Moreover, the fielder's ball-catching posture is
changed in accordance with the position of the fielder in
the collision area. For example, when the fielder is in the
center area of the collision area, the fielder facing the
front to catch the ball is displayed. When the fielder is
at the end of the collision area, the fielder turning right
or left to catch the ball can be displayed. Accordingly, it
is possible to display the fully realistic ball-catching
movement.

[0106] Furthermore, the ball-catching movement very
similar to real movement can be reproduced by chang-
ing the shape of the collision area according to the
speed and position (height) of the ball. For example,
when the height of the ball is high from the ground
(standard plane picture), the fielder catching a fly is dis-
played. On the other hand, when the height of the ball
is low, the fielder taking a grounder is displayed.
[0107] Secondly, itis possible to determine a collision
between a batted ball and a fence by means of simple
operation. According to this invention, a fence (curved-
face picture) having a radius "r" from a center point is
assumed and the distance "r" between the ball and the
center pointis calculated as appropriate. When distance
"r'" reaches distance "R," it is determined that the ball
collides with the fence, thereby easily enabling he colli-
sion determining processing.

[0108] Thirdly, it is possible to accurately perform the
hidden face treatment of polygons which are positioned
very close to each other. ccording to this invention, the
Z-coordinate values of respective polygons in the same
polygon group are not compared with each other, but
the polygons are displayed in a predetermined descrip-
tion order. Accordingly, even if two polygons, such as a
uniform polygon and a player's number polygon, are po-
sitioned very close to each other, the hidden face treat-
ment can be performed accurately. Moreover, since the
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display order of a polygon group is decided based on
algorithm such as the Z-sorting method in the same
manner as the display order of other polygons, it is pos-
sible to secure the compatibility between the hidden
face treatment of this invention and the conventional
hidden face treatment (for example, the Z-sorting meth-
od).

[0109] The aforementioned ROM 103 corresponds to
the aforementioned memory medium and is not only
mounted on the main frame of the game device, but also
can be newly connected or applied to the main frame of
the game device from outside of the device.

Claims

1. A picture processing device for changing the shape
of a second object when determining that a first ob-
ject collides with the second object, comprising:

virtual area producing means (31) for producing
a virtual area at a position away from the first
object for a distance that the first object can
move within a predetermined time;
determining means (32) for determining wheth-
er or not the second object is located in the vir-
tual area; and

picture changing means (33) for changing the
shape of the second object when it is deter-
mined that the second object is located in the
virtual area.

2. A picture processing device according to Claim 1,
comprising position determining means (34) for de-
termining the moving speed and position of the first
object, wherein said virtual area producing means
(31) changes the shape of said virtual area based
on the determination results of the position deter-
mining means (34).

3. A picture processing device according to Claim 2,
wherein said virtual area producing means reduces
the area of said virtual area in accordance with de-
crease in the speed of said first object.

4. A picture processing device according to any one
of Claims 1 through 3, wherein said virtual area has
a shape extending toward directions perpendicular
to the moving direction of said first object.

5. A picture processing device according to Claim 1,
wherein said picture changing means (33) produces
the second object in the shape corresponding to the
position of the first object in said virtual area.

6. A picture processing device according to Claim 1,
wherein said picture changing means (33) produces
the second object in the shape corresponding to the
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height of the first object from a standard plane pic-
ture.

A picture processing device according to any of
Claims 1 through 6, said first object represents a
baseball, said second object represents a baseball
fielder, and said picture changing means gradually
changes the posture of a fielder according to the
ball-catching movement.

A picture processing device according to any pre-
ceding claim, comprising:

coordinate converting means for projecting a
plurality of polygons represented as part of the
second object in a three-dimensional coordi-
nate system on a two-dimensional coordinate
system; and

hidden face treatment means for determining
the display order of said plurality of polygons
projected on the two-dimensional coordinate
system on the basis of dimensions of the depth-
directional coordinate values of said three-di-
mensional coordinate system in a display
screen and for displaying the polygons with pri-
ority in accordance with the determined display
order;

said hidden face treatment means determining
the display order of a polygon group consisting
of said plurality of polygons, of which descrip-
tion order is predetermined, on the basis of said
depth-directional coordinate values of one pol-
ygon composing said polygon group,

wherein respective polygons composing said
polygon group are displayed with priority in accord-
ance with said description order only when it is de-
cided to display said polygon group.

A picture processing device according to Claim 8,
wherein said hidden face treatment means deter-
mines the display order of said polygon group on
the basis of the depth-directional coordinate values
of a polygon having the highest description order.

A picture processing device according to Claim 8,
wherein said one polygon represents a player's
number and said other polygon represents a uni-
form.

A picture processing device according to any pre-
ceding claim, further operable for determining a col-
lision between a curved-face object having a radius
"R" from its center point and the first object,

wherein it is determined that the first object
collides with the curved-face object when the dis-
tance "r" calculated between said center point and
the first object reaches distance "R".
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A picture processing device according to Claim 11,
wherein said curved-face object represents a base-
ball fence and said first object represents a ball.

A picture processing method for changing the
shape of a second object when it is determined that
a first object collides with the second object, com-
prising the steps of:

producing (34) a virtual area at a position away
from the first object for a distance that the first
object can move within a predetermined time;
determining (32) whether or not the second ob-
ject is located in the virtual area; and
changing (33) the shape of the second object
when it is determined that the second object is
located in the virtual area.

A picture processing method according to Claim 13,
comprising the steps of determining (34) the moving
speed and position of said first object and of chang-
ing the shape of said virtual area on the basis of the
determined moving speed and position.

A picture processing method according to Claim 13
or Claim 14, further comprising the steps of:

projecting a plurality of polygons represented
as part of the second object in a three-dimen-
sional coordinate system on a two-dimensional
coordinate system; and

determining the display order of said plurality
of polygons projected on the two-dimensional
coordinate system on the basis of dimensions
of the depth-directional coordinate values of
said three-dimensional coordinate system in a
display screen and then displaying the poly-
gons with priority in accordance with the deter-
mined display order;

wherein the display order of a polygon group
consisting of said plurality of polygons, of which de-
scription order is predetermined, is determined on
the basis of said depth-directional coordinate val-
ues of one polygon composing said polygon group,
and

wherein respective polygons composing said
polygon group are displayed with priority in accord-
ance with said description order only when it is de-
cided to display said polygon group.

A picture processing method according to any of
Claims 13 to 15 for determining a collision between
a curved-face object having a radius "R" from its
center point and the first object,

wherein it is determined that the first object
collides with the curved-face object when distance
"r" calculated between said center point and the first
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object reaches distance "R".

17. A memory medium storing a program for carrying

out a method defined in any of Claims 13 to 16.

Patentanspriiche

1.

Bildverarbeitungsgerat zum Verandern der Form ei-
nes zweiten Objekts beim Feststellen, dass ein er-
stes Objekt mit dem zweiten Objekt kollidiert, um-
fassend:

ein Erzeugungsmittel (31) eines virtuellen Be-
reichs zum Erzeugen eines virtuellen Bereichs
an einer Position, welche vom ersten Objekt um
einen Abstand entferntist, um welchen sich das
erste Objekt innerhalb einer vorbestimmten
Zeit bewegen kann;

ein Feststellungsmittel (32) zum Feststellen, ob
das zweite Objekt im virtuellen Bereich lokali-
siert ist oder nicht; und

ein Bildveranderungsmittel (33) zum Veran-
dern der Form des zweiten Objekts, wenn fest-
gestellt wird, dass das zweite Objekt im virtuel-
len Bereich lokalisiert ist.

Bildverarbeitungsgerat nach Anspruch 1, umfas-
send ein Positionsfeststellungsmittel (34) zum
Feststellen der Bewegungsgeschwindigkeit und
der Position des ersten Objekts, wobei das Erzeu-
gungsmittel (31) eines virtuellen Bereichs die Form
des virtuellen Bereichs auf der Grundlage der Fest-
stellungsergebnisse des Positionsfeststellungsmit-
tels (34) verandert.

Bildverarbeitungsgerat nach Anspruch 2, wobei
das Erzeugungsmittel eines virtuellen Bereichs den
Bereich des virtuellen Bereichs gemal} einer Ver-
minderung der Geschwindigkeit des ersten Objekts
reduziert.

Bildverarbeitungsgerat nach einem der Anspriiche
1 bis 3, wobei der virtuelle Bereich eine Form auf-
weist, welche sich in Richtungen senkrecht zur Be-
wegungsrichtung des ersten Objekts erstreckt.

Bildverarbeitungsgerat nach Anspruch 1, wobei
das Bildveréanderungsmittel (33) das zweite Objekt
in der Form erzeugt, welche der Position des ersten
Objekts im virtuellen Bereich entspricht.

Bildverarbeitungsgerat nach Anspruch 1, wobei
das Bildveréanderungsmittel (33) das zweite Objekt
in der Form erzeugt, welche der Héhe des ersten
Objekts von einer Standardbildebene aus ent-
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spricht.

Bildverarbeitungsgerat nach einem der Anspriche
1 bis 6, wobei das erste Objekt einen Baseball dar-
stellt, das zweite Objekt einen Baseball-Fanger dar-
stellt und das Bildveranderungsmittel die Positur ei-
nes Fangers allmahlich gemaR der Fangbewegung
des Balls verandert.

Bildverarbeitungsgerat nach einem der vorherge-
henden Anspriiche, umfassend:

ein Koordinatenkonvertierungsmittel zum Pro-
jizieren mehrerer Polygone, welche als Teil des
zweiten Objekts in einem dreidimensionalen
Koordinatensystem dargestellt sind, auf ein
zweidimensionales Koordinatensystem; und

ein Behandlungsmittel fir verborgene Oberfla-
chen zum Feststellen der Anzeigerangfolge der
mehreren Polygone, welche auf das zweidi-
mensionale Koordinatensystem projiziert sind,
auf der Grundlage der Dimensionen der Koor-
dinatenwerte der Tiefenrichtung des dreidi-
mensionalen Koordinatensystems in einer Dar-
stellungsflache und zum Anzeigen der Polygo-
ne mit einer Prioritdt geman der festgestellten
Anzeigerangfolge;

das Behandlungsmittel fiir verborgene Oberfla-
chen, welches die Anzeigerangfolge einer Po-
lygongruppe, welche aus den mehreren Poly-
gonen besteht, deren Beschreibungsrangfolge
vorbestimmt ist, auf der Grundlage der Koordi-
natenwerte der Tiefenrichtung eines Polygons
feststellt, welches die Polygongruppe bildet,

wobei jeweilige Polygone, welche die Polygongrup-
pe bilden, mit einer Prioritdt gemaR der Beschrei-
bungsrangfolge nur dann angezeigt werden, wenn
entschieden wird, die Polygongruppe anzuzeigen.

Bildverarbeitungsgerat nach Anspruch 8, wobei
das Behandlungsmittel fir verborgene Oberflachen
die Anzeigerangfolge der Polygongruppe auf der
Grundlage der Koordinatenwerte in Tiefenrichtung
eines Polygons feststellt, welches die héchste Be-
schreibungsrangfolge aufweist.

Bildverarbeitungsgerat nach Anspruch 8, wobei
das eine Polygon eine Spielernummer darstellt und
das andere Polygon ein Trikot darstellt.

Bildverarbeitungsgerat nach einem der vorherge-
henden Anspriiche, welches ferner zum Feststellen
einer Kollision zwischen einem Objekt mit ge-
krimmter Oberflache, welches einen Radius "R"
von seinem Mittelpunkt aus aufweist, und dem er-
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sten Objekt fahig ist,
wobei festgestellt wird, dass das erste Objekt mit
dem Objekt mit gekrimmter Oberflache kollidiert,
wenn der Abstand "r", welcher zwischen dem Mit-
telpunkt und dem ersten Objekt berechnet wird, den
Abstand "R" erreicht.

Bildverarbeitungsgerat nach Anspruch 11, wobei
das Objekt mit gekrimmter Oberflache einen Base-
ball-Zaun darstellt und das erste Objekt einen Ball
darstellt.

Bildverarbeitungsverfahren zum Verandern der
Form eines zweiten Objekts, wenn festgestellt wird,
dass ein erstes Objekt mit dem zweiten Objekt kol-
lidiert, die folgenden Schritte umfassend:

Erzeugen (31) eines virtuellen Bereichs an ei-
ner Position, welche vom ersten Objekt um ei-
nen Abstand entfernt ist, um welchen sich das
erste Objekt innerhalb einer vorbestimmten
Zeit bewegen kann;

Feststellen (32), ob das zweite Objekt im virtu-
ellen Bereich lokalisiert ist oder nicht; und

Verandern (33) der Form des zweiten Objekts,
wenn festgestellt wird, dass das zweite Objekt
im virtuellen Bereich lokalisiert ist.

Bildverarbeitungsverfahren nach Anspruch 13, um-
fassend die Schritte des Feststellens (34) der Be-
wegungsgeschwindigkeit und der Position des er-
sten Objekts und des Veranderns der Form des vir-
tuellen Bereichs auf der Grundlage der festgestell-
ten Bewegungsgeschwindigkeit und Position.

Bildverarbeitungsverfahren nach Anspruch 13 oder
14, weiterhin die folgenden Schritte umfassend:

Projizieren mehrerer Polygone, welche als Teil
des zweiten Objekts in einem dreidimensiona-
len Koordinatensystem dargestellt sind, auf ein
zweidimensionales Koordinatensystem; und
Feststellen der Anzeigerangfolge der mehre-
ren Polygone, welche auf das zweidimensiona-
le Koordinatensystem projiziert sind, auf der
Grundlage der Dimensionen der Koordinaten-
werte der Tiefenrichtung des dreidimensiona-
len Koordinatensystems in einer Darstellungs-
flache und dann Anzeigen der Polygone mit ei-
ner Prioritdt gemaR der festgestellten Anzei-
gerangfolge;

wobei die Anzeigerangfolge einer Polygongruppe,
welche aus den mehreren Polygonen besteht, de-
ren Beschreibungsrangfolge vorbestimmt ist, auf
der Grundlage der Koordinatenwerte der Tiefen-

10

15

20

25

30

35

40

45

50

55

15

EP 0 778 547 B1

16.

17.

28

richtung eines Polygons feststellt wird, welches die
Polygongruppe bildet, und

wobei jeweilige Polygone, welche die Polygongrup-
pe bilden, mit einer Prioritdt gemaR der Beschrei-
bungsrangfolge nur dann angezeigt werden, wenn
entschieden wird, die Polygongruppe anzuzeigen.

Bildverarbeitungsverfahren nach einem der An-
spriiche 13 bis 15 zum Feststellen einer Kollision
zwischen einem Objekt mit gekrimmter Oberfla-
che, welches einen Radius "R" von seinem Mittel-
punkt aus aufweist, und dem ersten Objekt,

wobei festgestellt wird, dass das erste Objekt mit
dem Objekt mit gekrimmter Oberflache kollidiert,
wenn der Abstand "r", welcher zwischen dem Mit-
telpunkt und dem ersten Objekt berechnet wird, den
Abstand "R" erreicht.

Speichermedium, welches ein Programm zum Aus-
fiihren eines Verfahrens speichert, welches in einen
der Anspriiche 13 bis 16 festgelegt ist.

Revendications

Dispositif de traitement d'images pour modifier la
forme d'un second objet lors de I'établissement du
fait qu'un premier objet rencontre le second objet,
comprenant:

des moyens (31) de production de zone virtuel-
le pour produire une zone virtuelle dans une po-
sition éloignée du premier objet d'une distance
sur laquelle le premier objet peut se déplacer
pendant un intervalle de temps prédéterminé;

des moyens de détermination (32) pour déter-
miner si le second objet est situé ou non dans
la zone virtuelle; et

des moyens (33) de modification de l'image
pour modifier la forme du second objet lorsqu'il
est établi que le second objet est situé dans la
zone virtuelle.

Dispositif de traitement d'images selon la revendi-
cation 1, comprenant des moyens (34) de détermi-
nation de position servant a déterminer la vitesse
de déplacement et la position du premier objet,
dans lequel lesdits moyens (38) de production de
zone virtuelle modifient la forme de ladite zone vir-
tuelle sur la base des résultats de détermination des
moyens de détermination de position (34).

Dispositif de traitement d'images selon la revendi-
cation 2, dans lequel lesdits moyens de production
de zone virtuelle réduisent I'étendue de ladite sur-
face de la zone virtuelle conformément a une réduc-
tion de la vitesse dudit premier objet.
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Dispositif de traitement d'images selon l'une quel-
conque des revendications 1 a 3, dans lequel ladite
zone virtuelle posséde une forme qui s'étend dans
des directions perpendiculaires a la direction de dé-
placement dudit premier objet.

Dispositif de traitement d'images selon la revendi-
cation 1, dans lequel lesdits moyens (33) de modi-
fication de I'image produisent le second objet sous
une forme correspondant a la position du premier
objet dans ladite zone virtuelle.

Dispositif de traitement d'images selon la revendi-
cation 1, dans lequel lesdits moyens (33) de modi-
fication de I'image produisent le second objet sous
la forme qui correspond a la hauteur du premier ob-
jet a partir d'une image plane standard.

Dispositif de traitement d'images selon l'une quel-
conque des revendications 1 a 6, dans lequel ledit
objet représente une balle de base-ball, ledit se-
cond objet représente le chasseur de base-ball, et
lesdits moyens de modification de I'image modifient
graduellement I'attitude d'un chasseur en fonction
du mouvement de saisie de la balle.

Dispositif de traitement d'images selon l'une quel-
conque des revendications précédentes, compre-
nant:

des moyens de conversion de coordonnées
pour projeter une pluralité de polygones, repré-
sentés en tant que partie du second objet dans
un systéme de coordonnées tridimensionnel-
les, dans un systéme de coordonnées bidimen-
sionnelles; et

des moyens de traitement de face masquée
pour déterminer lors de I'affichage de ladite plu-
ralité de polygones projetés sur le systeme de
coordonnées bidimensionnelles sur la base de
dimensions des valeurs de coordonnées dans
le sens de la profondeur dudit systéme de coor-
données tridimensionnelles sur un écran d'affi-
chage et pour afficher les polygones avec une
priorité conformément a I'ordre d'affichage dé-
terminé;

lesdits moyens de traitement de face masquée
déterminant l'ordre d'affichage d'un groupe de
polygones constitué par une pluralité de poly-
gones, dont |'ordre de description est prédéter-
miné, sur la base desdites valeurs de coordon-
nées dans le sens de la profondeur d'un poly-
gone faisant partie dudit groupe de polygones,

dans lequel des polygones respectifs compo-
sant ledit groupe de polygones sent affichés avec
une priorité conformément audit ordre de descrip-
tion uniquement lorsqu'il est décidé d'afficher ledit
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groupe de polygones.

Dispositif de traitement d'images selon la revendi-
cation 8, dans lequel les moyens de traitement de
face masquée déterminent I'ordre d'affichage dudit
groupe de polygones sur la base des valeurs de
coordonnées dans le sens de profondeur d'un po-
lygone possédant I'ordre de description le plus éle-
Vé.

Dispositif de traitement d'images selon la revendi-
cation 8, dans lequel ledit un polygone représente
un numeéro de joueur et ledit autre polygone repré-
sente un uniforme.

Dispositif de traitement d'images selon l'une quel-
conque des revendications précédentes, pouvant
agir en outre pour déterminer une collision entre un
objet a face courbe possédant un rayon "R" a partir
de son point central, et le premier objet,

dans lequel il est établi que le premier objet
rencontre 'objet a face courbe lorsque la distance
"r" calculée entre ledit point central et le premier ob-
jet atteint la distance "R".

Dispositif de traitement d'images selon la revendi-
cation 11, dans lequel ledit objet a face courbe re-
présente une cloture de base-ball, et ledit premier
objet représente une balle.

Procédé de traitement d'images pour modifier la for-
me d'un second objet lorsqu'il est établi qu'un pre-
mier objet rencontre le second objet, comprenant
les étapes consistant a:

produire (34) une zone virtuelle dans une posi-
tion éloignée du premier objet sur une distance
sur laquelle le premier objet peut se déplacer
pendant un intervalle de temps prédéterminég;
déterminer (32) si le second objet est situé ou
non dans la zone virtuelle; et

modifier (33) la forme du second objet lorsqu'il
est établi que le second objet est situé dans la
zone virtuelle.

Procédé de traitement d'images selon la revendica-
tion 13, comprenant les étapes consistant a déter-
miner (24) la vitesse de déplacement et la position
dudit premier objet et modifier la forme de ladite zo-
ne virtuelle surla base de la vitesse de déplacement
et de la position déterminées.

Procédé de traitement d'images selon la revendica-
tion 13 ou la revendication 14, comprenant en outre
les étapes consistant a:

projeter une pluralité de polygones, représen-
tés en tant que partie du second objet dans un
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systeme de coordonnées tridimensionnelles,
dans un systéme de coordonnées bidimension-
nelles; et

déterminer I'ordre d'affichage de ladite pluralité
de polygones projetés dans le systeme de
coordonnées bidimensionnelles sur la base de
dimensions des valeurs de coordonnées dans
le sens de la profondeur dudit systéme de coor-
données tridimensionnelles sur un écran d'affi-
chage, puis afficher les polygones avec une
priorité conformément a I'ordre déterminé d'af-
fichage;

dans lequel 'ordre d'affichage d'un groupe de
polygones constitués par ladite pluralité de polygo-
nes, dont l'ordre de description est prédéterming,
est déterminé sur la base desdites valeurs de coor-
données dans le sens de la profondeur d'un poly-
gone composant ledit groupe de polygones, et

dans lequel des polygones respectifs compo-
sant ledit groupe de polygones sont affichés avec
une priorité conformément audit ordre de descrip-
tion uniqguement lorsqu'il est décidé d'afficher ledit
groupe de polygones.

Procédé de traitement d'images selon l'une quel-
conque des revendications 13 a 15 pour déterminer
une collision entre un objet a face courbe possédant
un rayon "R" a partir de son point central et le pre-
mier objet,

selon lequel il est établi que le premier objet
rencontre I'objet a face courbe lorsque la distance
"r" calculée entre ledit point central et le premier ob-
jet atteint la distance "R".

Milieu de mémoire mémorisant un programme pour
la mise en oeuvre d'un procédé défini selon l'une
quelconque des revendications 13 a 16.
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