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(57) ABSTRACT 

To smoothly the facial expressions of a character from a ?rst 
facial expression to a second facial expression, an entertain 
ment system executes the following processing. Reading the 
image data of the ?rst facial expression in Which plural 
control points are set, the image data of the second facial 
expression in Which plural control points are set, and the 
image data of a third facial expression. Setting the same 
number of control points as those of the image data of the 
?rst facial expression to the image data of the third facial 
expression, generating a sequence of image data of inbe 
tWeen facial expressions betWeen the image data of the ?rst 
facial expression and the image data of the third facial 
expression on the basis of the control points of the image 
data of the ?rst facial expression and the control points of the 
image data of the third facial expression (?rst morphing). 
Setting the same number of control points as those of the 
image data of the second facial expression to the image data 
of the third facial expression, and generating a sequence of 
inbetWeen image data of facial expressions betWeen the 
image data of the third facial expression and the image data 
of the second facial expression on the basis of the control 
points of the image data of the third facial expression and the 
control points of the image data of the second facial expres 
sion (second morphing). 
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CHARACTER DISPLAY METHOD, INFORMATION 
RECORDING MEDIUM AND ENTERTAINMENT 

APPARATUS 

[0001] This application is based on Japanese Patent Appli 
cation No. 2000-54939 ?led on Feb. 29, 2000, and No. 
2001-037261 ?led on Feb. 14, 2001 the entire contents of 
Which are incorporated herein by reference for all purposes. 

BACKGROUND OF THE INVENTION 

[0002] Among video games in Which the behaviors 
(actions) of characters displayed on a game screen can be 
controlled by a game player, there are games in Which a 
game story progresses in accordance With a rule such as a 
predetermined scenario or the like. In such a video game, 
various characters appear as Well as the characters to be 
controlled by the game player. Facial expressions of these 
characters are generally varied in accordance With the 
progress of the video game. Therefore, the image data of 
various facial expressions are prepared for each character. 
For example, in order to vary the facial expression of some 
character from a tearful face to a smiling face as shoWn in 
FIG. 1, not only the image data 1000 of the tearful face and 
the image data 1002 of the smiling face, but also plural 
intermediate image data 1001-1 to 1001-n expressing vari 
ous transient faces in the shift process from the tearful face 
to the smiling face are prepared in advance. If the facial 
expression of the character concerned is further varied to 
another facial expression, the image data of another facial 
expression and also the plural intermediate image data 
expressing transient faces in the shift process to another 
facial expression has to be further prepared in advance. By 
successively displaying such a series of image data, the 
character looks to the game player as if the facial expression 
of the character on the game screen is varied. 

[0003] For example, if the series of the image data shoWn 
in FIG. 1 are successively displayed in the folloWing order: 
the tearful face image data 1000—>the intermediate image 
data 1001-1—>the intermediate image data 1001-2—> . . . 

athe intermediate image data 1001-(n-1) the intermediate 
image data 1001-n—>the smiling face image data 1002, the 
facial expression of the character on the game screen looks 
to the game player as if it is varied from the tearful face to 
the smiling face. Here, in order to make the variation of the 
facial expression of the character on the game screen look 
smoother, the number of the intermediate image data 1001-1 
to 1001-n of the transient facial expressions under the shift 
process has to be increased. 

SUMMARY OF THE INVENTION 

[0004] An object of the present invention is to enable the 
facial expression of any character on the display screen to 
smoothly vary into various facial expressions Without pre 
paring the image data of a large number of the facial 
expressions. 
[0005] In order to attain the object, there is provided a 
program for making a program-executable system execute 
processing of varying the facial expression of a character 
displayed on a display screen from a ?rst facial expression 
to a second facial expression, the processing to be executed 
by the system on the basis of the program comprises: 
processing of reading the image data of the ?rst facial 
expression in Which plural control points are set, the image 
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data of the second facial expression in Which plural control 
points are set and the image data of a third facial expression 
used When the facial expression of the character is varied; 
?rst setting processing of setting control points having the 
same number as those of the image data of the ?rst facial 
expression to the image data of the third facial expression; 
a ?rst morphing processing of generating image data of a 
sequence of facial expressions Which appear betWeen the 
image data of the ?rst facial expression and the image data 
of the third facial expression, on the basis of the control 
points of the image data of the ?rst facial expression and the 
control points of the image data of the third facial expression 
after execution of the ?rst setting processing; second setting 
processing of neWly setting control points having the same 
number as those of the image data of the second facial 
expression to the image data of the third facial expression 
after execution of the ?rst morphing processing; and second 
morphing processing of generating image data of a sequence 
of facial expressions Which appear betWeen the image data 
of the third facial expression and the image data of the 
second facial expression, on the basis of the control points 
of the image data of the third facial expression and the 
control points of the image data of the second facial expres 
sion after executing of the second setting step. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1 is a conceptual diagram shoWing a series of 
image data required to vary the facial expression of a 
character in the related art; 

[0007] FIG. 2 is a functional block diagram shoWing an 
entertainment system according to an embodiment of the 
present invention; 

[0008] FIG. 3 is a conceptual diagram shoWing informa 
tion stored in storage means of FIG. 2; 

[0009] FIG. 4 is a conceptual diagram shoWing a data 
structure of information stored in a facial expression ?le of 
FIG. 3; 

[0010] FIG. 5 is a conceptual diagram shoWing the image 
data of a facial expression of a character in Which a control 
point group is set; 

[0011] FIG. 6 is a conceptual diagram shoWing the image 
data of another facial expression of the character in Which a 
control point group is set; 

[0012] FIG. 7 is a conceptual diagram shoWing the image 
data of another facial expression of the character in Which a 
control point group is set; 

[0013] FIG. 8 is a diagram for shoWing tWo-step mor 
phing processing according to the embodiment of the 
present invention; 

[0014] FIG. 9 is a diagram for soWing the tWo-step 
morphing processing according to the embodiment of the 
present invention; 

[0015] FIG. 10 is a conceptual diagram shoWing a data 
structure of a table required for a video game according to 
the embodiment of the present invention; 

[0016] FIG. 11 is a conceptual diagram shoWing the data 
structure of another table required to the video game accord 
ing to the embodiment of the present invention; 
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[0017] FIG. 12 is a ?owchart showing processing to be 
executed by the entertainment system While playing the 
video game according to the embodiment of the present 
invention; 

[0018] FIG. 13 is an external vieW of the entertainment 
apparatus according to the embodiment of the present inven 
tion, and its peripheral devices; and 

[0019] FIG. 14 is a schematic diagram shoWing a hard 
Ware construction of the entertainment system according to 
the embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] Preferred embodiments according to the present 
invention Will be described With reference to the accompa 
nying draWings. 

[0021] FIG. 2 shoWs the main part of a functional struc 
ture implemented by an entertainment system etc. according 
to the present invention. 

[0022] In FIG. 2, reference numeral 101 represents oper 
ating means for receiving various instructions, etc. of a game 
player, reference numeral 102 represents storage means for 
storing a game program, data for the game, etc., reference 
numeral 103 represents game executing means for executing 
the game program loaded from the storage means 102, and 
reference numeral 104 represents display means for display 
ing an image in accordance With an instruction of the game 
executing means 103. 

[0023] When the game player inputs various instructions, 
etc. into the operating means 101, the operation information 
corresponding to the operation content of the game player is 
transmitted from the operating means 101 to the game 
executing means 103. The game executing means 103 
carries out the progress processing of the game on the basis 
of the game program, the data for the game loaded from the 
storage means 102, and the operation information from the 
operating means 101, and also it generates an image to be 
displayed as a game scene and controls the display means 
104 to display the image. 

[0024] Here, the game executing means 103 may be 
implemented by hardWare such as CPU (Central Processing 
Unit), GPU (Graphic Processing Unit), a memory, or the 
like. The storage means 102 may be implemented by hard 
Ware such as CD-ROM (Compact Disk-Read Only 
Memory), a hard disc, DVD (Digital Video Disk) or the like. 
The operating means 101 may be implemented by a con 
troller having various operating tools such as buttons, etc., 
or the like. The display means 104 may be implemented by 
a monitor device using CRT (Cathode Ray Tube) or the like, 
a television device or the like. The detailed construction of 
the-above described hardWare Will be described later. 

[0025] In this embodiment, the display means 104 is 
implemented by the device Which is separated from the body 
of the entertainment apparatus, hoWever, the device imple 
menting the display means 104 may be integrated With the 
body of the entertainment apparatus. For example, in accor 
dance With the using style of the entertainment system, for 
the domestic purpose or the business purpose or the like, it 
is determined Whether the device constituting the display 

Nov. 1, 2001 

means 104 should be integrated With the body of the 
entertainment apparatus or not. 

[0026] In this embodiment, the facial expression of the 
character can be smoothly varied Without preparing the 
image data of a large number of facial expressions. For this 
purpose, the game executing means 103 varies the facial 
expression of the character by using the morphing technique 
in this embodiment. According to the morphing technique, 
tWo image data are set as the ?rst and last frames respec 
tively, and then plural frames that appear during the varia 
tion from the ?rst frame to the last frame are generated by 
data processing. Therefore, animated image data of scenes in 
Which one of the tWo frames is varied to another frame is 
obtained by using the morphing technique. In this embodi 
ment, in order to support variation to any facial expression, 
the variation of the facial expression of the character is 
divided into tWo steps, and the morphing processing is 
carried out in each step. This processing Will be described in 
detail hereunder. 

[0027] As shoWn in FIG. 3, a game program 201 and a 
graphic ?le group 202 are stored in the storage means 102. 

[0028] Image data of characters, backgrounds, etc. are 
stored in the graphic ?le group 202. The graphic ?le group 
202 is loaded and referred to by the game executing means 
103. When a display object and its display position are 
determined, the game executing means 103 refers to the 
graphic ?le group 202 to generate a game scene, and 
controls the display means 104 to display the game scene. 

[0029] The graphic ?le group 202 as described above 
contains a ?le 203 in Which image data of plural kinds of 
facial expressions of characters appearing on the stage of the 
video game are stored. This ?le 203 Will be referred to as 
“facial expression ?le”. As shoWn in FIG. 4, in the facial 
expression ?le 203 are stored the image data 302-1 to 302-n 
of plural kinds of facial expressions of the characters such as 
the image data of a smiling face, the image data of a tearful 
face, the image data of an angry face, etc. for every character 
identi?er 301. Further, the image data 303 of facial expres 
sions, Which are used as references When the facial expres 
sion of a character is varied, are further stored in the facial 
expression ?le 203 for every character identi?er 301. This 
image data 303 Will be described hereunder referred to as 
“reference image data”. 

[0030] The processing of this embodiment is characteriZed 
in that the game executing means 103 refers to the facial 
expression ?le 203 to vary the facial expressions of the 
characters. This processing Will be described hereunder by 
giving an example of a case Where the facial expression of 
a character is varied from a tearful face to a smiling face. 

[0031] In order to vary the facial expression of the char 
acter from the tearful face to the smiling face by using the 
convensional morphing technique, only the image data of 
the tearful face and the smiling face are prepared as an 
anchor object and target object in advance, and the control 
pointsA1,A2,A3, . . . , B1, B2, B3, . . . are set to the features 

(for example, edge of eyes or mouth, etc.) on the images 
400, 403 expressed by the respective image data as shoWn 
in FIGS. 5 and 6. Here, each control point A1, A2, A3, . . . 
set to the image 400 of the tearful face is associated With any 
one of the control points set to the image 403 of the smiling 
face. Speci?cally, the control point A1 and the control point 
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B1 are associated With each other, the control point A2 and 
the control point B2 are associated With each other, the 
control pointA3 and the control point B3 are associated With 
each other, and the control point A4 and the control point B4 
are associated With each other. The intermediate points are 
continuously generated by interpolating the positions 
betWeen the control points A1, A2, A3, . . . of the tearful face 
image 400 and the corresponding control points B1, B2, 
B3, . . . of the smiling face image 403 (inbetWeen interpo 
lation) to obtain a sequence of inbetWeen image data from 
the tearful face 400 to the smiling face 403. The displace 
ment of each of pixels Which do not correspond to the 
control points is calculated by averaging the displacements 
of the plural control points near to the pixel concerned. 

[0032] By displaying inbetWeen image data every time the 
inbetWeen image data are obtained by the inbetWeen inter 
polation as described above, the facial expression of the 
character can be varied from the tearful face to the smiling 
face. The inbetWeen interpolation is carried out at a prede 
termined number of times. 

[0033] When the facial expression of the character is 
varied from the tearful face to the smiling face by the 
conventional morphing technique as described above, noth 
ing is needed except that only the anchor object and the 
target object are prepared in advance, and thus it is not 
required to beforehand prepare the inbetWeen image data in 
the process of metamorphosis of the anchor object into the 
target object. 

[0034] HoWever, When the conventional morphing tech 
nique is merely used, it is required to equaliZe the numbers 
of the control points on the images of the respective facial 
expressions before and after the variation of the facial 
expression. Because, the morphing processing cannot be 
carried out, if the control points on the image data before the 
variation are not associated With the control points on the 
image data after the variation in one-to-one correspondence. 
Therefore, in order to support various variations of the facial 
expressions of characters, it is required that the same number 
of control points as the features on the image data expressing 
the most complicated shape in the image data prepared in 
advance (the tearful face image data, the smiling face image 
data, etc.) are set to another image data expressing a simple 
shape. For example, When the features on the smiling face 
image 403 are speci?ed With the ?ve control points A1, A2, 
A3, . . . as shoWn in FIG. 6, even if three control points C1, 
C2, C3 is suf?cient to specify the features on the tearful face 
image 400 having feWer features than that of smiling face 
image as shoWn in FIG. 7, ?ve control points B1, B2, 
B3, . . . Whose number is equal to the number of the control 

points A1, A2, A3, . . . on the smiling face image 403 need 
to be set to the tearful face image 400 as shoWn in FIG. 5 
in order to carry out the morphing processing. 

[0035] If the conventional morphing processing is merely 
used as described above, attention needs to be paid to the 
setting of the control point group at the stage that the image 
data are prepared. On the other hand, according to the 
processing of this embodiment, the control points can be set 
to each image data With paying no attention to the number 
of control points on the other image data at the stage that the 
image data used for the morphing processing are prepared. 
That is, according to this embodiment, the control points can 
be set in association With the features on an image repre 
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sented by each image data. This is implemented by storing 
the reference image data 303 in a facial expression data table 
203 and executing the tWo-step morphing processing With 
the reference image data 303, as described beloW. 

[0036] For example, When the facial expression of a 
character is varied from the tearful face image 400, Whose 
features are speci?ed With the three control points C1, C2, 
C3, to the smiling face image 403, Whose features are 
speci?ed With the ?ve control points B1, B2, B3, B4, B5 as 
shoWn in FIG. 8, the game executing means 103 ?rst sets the 
?rst tearful face image data 400 and the reference image data 
303 as the anchor object and the target object respectively, 
and obtains a sequence of inbetWeen frames from the anchor 
object to the target object, through the ?rst-step morphing 
processing. Speci?cally, the control points C‘l, C2, C3 
Whose number is equal to that of the control points C1, C2, 
C3 on the tearful face image 400 before the variation 
(deformation) are set to the reference image 303, and then 
the intermediate points betWeen the control points C1, C2, 
C3 on the tearful face image 400 and the corresponding 
control points C‘l, C2, C3 onf the reference image 303 are 
continuously generated by executing the inbetWeen interpo 
lation at a predetermined number of times. Further, the 
displacement of each pixel Which does not correspond to any 
control point is calculated by averaging the displacements of 
the plural control points located near to the pixel. Through 
this processing, a sequence of inbetWeen image data 401 
(401-1, 401-2, . . . ) from the tearful face 400 to the reference 
image 303 can be obtained. 

[0037] Next, in the second-step morphing processing, the 
game executing means 103 sets the reference image data 303 
and the smiling face image data 403 as the anchor object and 
the target object, and obtains a sequence of inbetWeen 
frames from the anchor object to the target object. Speci? 
cally, the control points B‘l, B2, B3, B4, B5 Whose number 
is equal to that of the control points B1, B2, B3, B4, B5 on 
the smiling face image 403 after the variation (deformation) 
are set to the reference image 303, and then the intermediate 
points betWeen the control points B‘l, B2, B3, B4, B5 of 
the reference image 303 and the corresponding control 
points B1, B2, B3, B4, B5 of the smiling face image 403 are 
continuously generated by executing the inbetWeen interpo 
lation at a predetermined number of times. Further, the 
displacement of each pixel Which does not correspond to any 
control point is calculated by averaging the displacements of 
the plural control points located near to the pixel. Through 
this processing, a sequence of inbetWeen image data 402 
( . . . , 401-(n-1), 401-n) betWeen the reference image 303 
and the smiling face 403 can be obtained. 

[0038] During the execution of the tWo-step morphing 
process as described above, every time the game executing 
means 103 obtains inbetWeen image data, it displays the 
inbetWeen image data, Whereby the facial expression of the 
any character can be ?nally varied from the tearful face to 
the smiling face. 

[0039] As described above, according to the processing of 
this embodiment, the facial expression of the character can 
be varied Without preparing the inbetWeen image data 
betWeen tWo images in advance. Further, even When the 
number of control points on image data before and after the 
variation of the facial expression is different among existing 
facial expression image data such as smiling face image 
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data, tearful face image data, angry face image data, etc. 
Which are prepared in advance, the facial expression of any 
character can be smoothly varied from one of the facial 
expressions to another facial expression. Accordingly, the 
control points can be set to each image data Without paying 
attention to the number of control points on the other image 
data. 

[0040] In this embodiment, the present invention is 
applied to the facial expression variation of the characters in 
a video game, hoWever, the present invention is not limited 
to the facial expression variation of the characters in the 
video game. For example, the present invention may be 
applied to a case Where the shape deformation betWeen tWo 
pattern images 500, 502 Which are different in number of 
control points is implemented by the morphing processing as 
shoWn in FIG. 9. Like the above case, the tWo-step mor 
phing processing is executed in this case. 

[0041] Speci?cally, ?rst control points 501A1 to 501A4 
Whose number is equal to that of control points 500A1 to 
500A4 of a ?rst pattern image 500 are set to a reference 
pattern image 501, and then the ?rs pattern image 500 is 
varied to the reference pattern image 501 through the 
?rst-step morphing processing. With this processing, a 
sequence of inbetWeen image data betWeen the ?rst, pattern 
image 500 and the reference pattern image 501 are gener 
ated. Thereafter, control points 501B1 to 501B12 Whose 
number is equal to that of control points 502B1 to 502B12 
of the second image pattern 502 are neWly set to the 
reference pattern image 501, and then the reference pattern 
image 501 is varied to the second pattern image 502 through 
the second-step morphing processing. With this processing, 
a sequence of inbetWeen image data betWeen the reference 
pattern image 501 and the second pattern image 502 are 
generated. 

[0042] Here, the display timing according to this embodi 
ment Will be described by citing a case in a speci?c progress 
of a game. 

[0043] There is cited such a video game in Which a 
character (i.e., player character), Who is an operating object 
of a game player throWs a ball at other characters. This video 
game adopts such a rule that the facial expression of a 
character that the ball hit is varied in accordance With the 
color of the ball. It is needless to say that the folloWing case 
is an example and thus the video game to Which the present 
invention is applied is not limited to the above video game. 

[0044] In this example, not only the facial expression ?le, 
etc. as described above, but also tWo tables are required to 
be stored in the storage means 102. As shoWn in FIG. 10, 
each color name 801 of the ball and the name 802 of each 
facial expression of a character Which appears after the ball 
having the color hit at the character are stored in association 
With each other in one table 800. Further, as shoWn in FIG. 
11, the identi?ers 901 of the characters other than the player 
character and the names 902 of the current facial expressions 
of these characters are stored in association With each other 
in the other table 900. 

[0045] When recogniZing that the ball hit a character other 
than the player character, the game executing means 103 
executes the folloWing processing as shoWn in FIG. 12. That 
is, the game executing means 103 judges the color of the ball 
that hit the character (step 1001), and searches the facial 
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expression name associated With the color of the ball from 
the stored information of the table 800 (step 1002). 

[0046] Thereafter, the game executing means 103 searches 
from the stored information of the table 900 the current 
facial expression name associated With the identi?er of the 
character hit by the ball (step 1003), and compares the facial 
expression name thus obtained With the facial expression 
name obtained in the step 1002 (step 1004). 

[0047] As a result, if the facial expression name obtained 
in the step 1003 and the facial expression name obtained in 
the step 1002 are identical to each other, it Would be 
unnecessary to vary the facial expression of the character hit 
by the ball. Therefor, the game executing means 103 gen 
erates a game scene Without executing the morphing pro 
cessing and controls the display means 104 to display the 
game scene. 

[0048] On the other hand, if the facial expression name 
obtained in the step 1003 is different from that obtained in 
the step 1002, it is necessary to vary the facial expression of 
the character Who Was hit by the ball, and thus image data 
required to execute the second-step morphing processing 
described With reference to FIG. 8 are read from the facial 
expression ?le 203 (step 1005). Speci?cally, there are read 
out the image data of the current facial expression name 
obtained in the step 1003, the image data of the facial 
expression name obtained in the step 1002 and the reference 
image data out of the image data associated With the 
identi?er of the character Who Was hit by the ball. Thereafter, 
the second-step morphing processing as described With 
reference to FIG. 8 is executed by using these three image 
data (step 1006). Speci?cally, the ?rst-step morphing pro 
cessing for varying the current facial expression image to the 
reference image is executed, and then the second-step mor 
phing processing for varying the reference image to the last 
facial expression image is executed. During the execution of 
the tWo-step morphing processing as described above, every 
time the game executing means 103 obtains inbetWeen 
image data by the inbetWeen interpolation, the game execut 
ing means 103 develops a game scene from the inbetWeen 
image data, and controls the display means 104 to display 
the game scene, Whereby the facial expression of the char 
acter Who Was hit by the ball is varied in accordance With the 
color of the ball. The information 902 of the table 900 is 
reneWed on the basis of the current facial expression name 
of the character. 

[0049] In the foregoing description, the facial expression 
of the character Who Was hit by the ball throWn by the player 
character is varied. HoWever, an event Which provides a 
timing of varying the facial expression of the character is not 
necessarily limited to the player’s action of throWing a ball 
to hit some character. For example, it may be other actions 
such as the contact betWeen the player character and some 
other object, etc. 

[0050] Further, in the foregoing description, the variable 
object in the game is limited to the facial expression of the 
character. HoWever, the variable object is not necessarily 
limited to the facial variation of the character as described 
above. The variable object in the game may be determined 
in accordance With the game story or the like. For example, 
When the variable object is a pattern shape, information 
indicating the current shape of a pattern and information 
indicating the shape of the pattern after deformation may be 
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stored in the table in advance as in the case that the variable 
object is the facial expression of a character. In this case, 
only When the current shape indicated by the information 
stored in the table at the time When an event providing the 
start timing of the shape variation of a pattern occurs is 
different from the shape after the deformation, that is, only 
When it is necessary to vary the shape of the pattern, the 
tWo-step morphing processing can be executed. 

[0051] Next, a hardWare construction of the entertainment 
system Which can implement the functional construction 
shoWn in FIG. 2 Will be described hereunder. 

[0052] The functional construction shoWn in FIG. 2 can 
be implemented by connecting an operating device (con 
troller) 20, a monitor 31 and a speaker 32 to the entertain 
ment apparatus 1 Which can execute the programs of video 
games as shoWn in FIG. 13. FIG. 13 shoWs a case Where a 
television set 30 is used as the monitor 31 and the speaker 
32. 

[0053] The entertainment apparatus 1 loads a game pro 
gram recorded in an optical disc such as CD-ROM or the 
like and executes the game program in accordance With the 
operation of a game player. The body 2 of the entertainment 
apparatus 1 is provided With a disc mount portion 3 in Which 
the optical disc serving as a recording medium having the 
game program recorded therein is mounted, a reset sWitch 4 
for freely resetting the video game, a poWer source sWitch 5, 
a disc operating sWitch 6 for operating the mounting of the 
optical disc, and a slot portion (tWo slot portions 7A, 7B in 
this case). 

[0054] The operating device 20 for accepting an input 
from a player may be detachably connected to the controller 
connection portion (9 in FIG. 14) of each slot portion 7A, 
7B. Accordingly, if the connectors of the operating devices 
are mounted in each of tWo controller connection portions, 
the game can be played by tWo players. Further, an auxiliary 
storage device (memory card device 10 in FIG. 14 or the 
like) Which can load and save game data (setting data, etc. 
for the game), another portable electronic equipment, etc. 
may be connected to the memory card connection portion (8 
in FIG. 14) of each slot portion 7A, 7B. 

[0055] The memory card 10 and the portable electronic 
equipment can be detached from the memory card connec 
tion portion 8 under the state that the main body of the 
apparatus is kept poWered on. Accordingly, When the storage 
capacity of the memory card 10 being connected to the 
memory card connection portion 8 becomes insufficient or 
the like, the player can exchange the memory card 10 
connected to the memory card connection portion 8 for a 
neW one While the body of the apparatus is kept poWered on. 

[0056] Further, an audio output terminal for the speaker 
32, a video output terminal for the monitor 31, etc. are 
provided to the back side of the entertainment apparatus 1 
(not shoWn). 
[0057] The hardWare construction in the entertainment 
system is schematically shoWn in FIG. 14, for example. 

[0058] In the entertainment apparatus 1 are accommo 
dated a control system 50, a graphic system 60, a sound 
system 70, an optical disc control system 80, a communi 
cation control system 90, parallel I/O interface (not shoWn) 
and serial I/O interface (not shoWn) for connection to other 
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equipments, a bus for mutually connecting these parts, etc. 
The details of these parts 50, 60, 70, 80 and 90 are as 
folloWs. 

[0059] The control system 50 is equipped With a central 
processing unit (CPU) 51 for controlling the overall enter 
tainment system, a peripheral device controller 52 for 
executing various control processing (interruption control 
processing, control processing of dynamic memory access 
(DMA) transmission, etc.), a main memory 53 comprising a 
random access memory (RAM), a read only memory (ROM) 
54 in Which control programs executed by CPU 51 (a 
so-called operating system program, etc.) are stored, etc. 

[0060] When the entertainment apparatus 1 is poWered on, 
the CPU 51 loads the operating system from ROM 54 to the 
main memory 53 and executes the operating system, thereby 
starting the control of the overall entertainment system such 
as the graphic system 60, the sound system 70, etc. Further, 
When starting the operating system, the CPU 51 executes the 
initial processing such as operation check, etc., and loads an 
application program from the optical disc in the disc mount 
portion 3 to the main memory 53 to start the application 
program thus loaded, Whereby the game processing de?ned 
by the application program is started. RISC-CPU may be 
used as the CPU 51. 

[0061] By executing the game program in CPU 51, the 
graphic system 60, the sound system 70, etc. are controlled 
in accordance With the instructions from the game player to 
control the display of an image, the generation of music 
sounds, effective sounds, etc. 

[0062] The peripheral device controller 52 executes not 
only the interruption control processing, but also dynamic 
memory access (DMA) transmission processing of directly 
transmitting data betWeen respective parts (the main 
memory 53, the GPU 62, an image decoder 64, a decoder 82, 
etc.) Without passing through CPU 51. Accordingly, the load 
imposed on the CPU 51 due to the data transmission is 
loWered, and thus the data transmission speed in a program 
read-out operation, an image display operation or an image 
draWing operation can be increased. 

[0063] Further, the graphic system 60 is equipped With a 
geometry transfer engine (GTE) 61, a graphic processing 
unit (GPU) 62, a frame buffer 63, an image decoder 64, a 
video output terminal, etc. 

[0064] The GTE 61 executes processing such as a matrix 
operation, a vector operation, etc. for coordinate transfor 
mation in response to a request from the CPU 51. For 
example, in rendering processing of a three-dimensional 
space, the GTE 61 carries out the perspective transformation 
of projecting a three-dimensional object approximately 
expressed by plural polygons onto a virtual camera screen, 
that is, the projection transformation of the respective ver 
texes coordinate of the plural polygons. If the GTE 61 is 
equipped With a parallel operating mechanism of executing 
plural operations in parallel, the coordinate transformation, 
the perspective transformation and the processing of calcu 
lating the light source, etc. can be performed at higher speed. 

[0065] The frame buffer 63 comprises so-called a dual port 
RAM. That is, the draWing operation of GPU 62 or the data 
transmission from the main memory 53 can be performed 
simultaneously With the read-out operation for display. Not 
only an area for storing image information output as a video 
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output from the monitor 31, but also an area for storing a 
color lookup table (CLUT) Which is accessed by the GPU 62 
When the drawing processing is performed is kept in the 
frame buffer 63. 

[0066] In response to a command from CPU 51, the GPU 
62 performs (1) the processing of the image information into 
the frame buffer 63 While properly using the GTE 61, (2) the 
processing of reading out the content of the frame buffer 63, 
converting the content thus read out to a video signal and 
then outputting the video signal from the video terminal, etc. 

[0067] In response to a request from the CPU 51, the 
image decoder 64 reads image data of a still image, a moving 
picture or the like from the main memory 53, decodes the 
image data thus read and then stores the decoded image data 
into the main memory 53. This reproduced image data are 
stored in the frame buffer 63 by the GPU 62, and used as a 
background image. 
[0068] The sound system 70 is equipped With an SPU 
(Sound Processing Unit) 71 for generating music sounds, 
effective sounds, etc. in response to an instruction from the 
CPU 51, a sound buffer 72 in Which Waveform data, etc. are 
stored by SPU 71, an audio output terminal, etc. The SPU 71 
has a function of decoding audio data, a function of repro 
ducing the Waveform data stored in the sound buffer 72 
directly or after modulating the Waveform, etc. The music 
sounds, the effective sounds, etc. generated by the SPU 71 
are output from the speaker 32 through the audio output 
terminal. 

[0069] Further, the optical disc controller 80 is equipped 
With an optical disc device 81, a decoder 82, a buffer 83 and 
a sub CPU 84 connected to the decoder 82. 

[0070] The optical disc device 81 reproduces recording 
signals (the application program, the audio Waveform data, 
etc.) from an optical disc mounted in the disc mount portion 
3, and the decoder 82 decodes are production signal With an 
error correction code (ECC), for example. Data from the 
optical disc device 81 is temporarily stored in the buffer 83, 
thereby increasing the speed of the data read-out from the 
optical disc. 

[0071] A communication control system 90 is equipped 
With a communication controller 91 connected to the slot 
portions 7A, 7B described above. The communication con 
troller 91 controls the communications betWeen the device 
mounted in the memory card connection portion 8 (the 
memory card 10, the portable electronic equipment or the 
like) and the CPU 51 and the communications betWeen the 
operating device 20 mounted in the controller connection 
portion 9 and the CPU 51. When it is necessary to save the 
setting data of the video game being executed or the like, the 
communication controller 91 Writes the data into the 
memory contained in the memory card 26 or the portable 
electronic equipment connected to the memory card portion 
8 under the control of the CPU 51. 

[0072] As shoWn in FIG. 13, the operating device 20 
connected to the control connection portion 9 has plural keys 
21A, 21B, 22A, 22B, 22C, 22D, 23 for accepting the 
operation of the game player. In accordance With the instruc 
tion from the communication controller 91, the operating 
device 20 transmits the status of these keys. The commu 
nication controller 91 transmits the status of the keys of the 
operating device 20 to CPU 51. Accordingly, the instructions 
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from the game player are input to the CPU 51, and the CPU 
51 performs the processing corresponding to the instructions 
from the game player on the basis of the game program 
being executed. 

[0073] In the foregoing description, an embodiment of the 
hardWare construction Which can implement the functional 
construction of FIG. 2 is shoWn. HoWever, the hardWare 
construction Which can implement the present invention is 
not limited to the above embodiment. For example, the 
present invention may be broadly applied to a construction 
containing an entertainment system (containing an informa 
tion processing unit) Which can execute various application 
program games Which are not limited to TV games. 

What is claimed is: 
1. A character display method for making an entertain 

ment apparatus perform the display processing of varying 
the facial expression of a character displayed on a display 
screen from a ?rst facial expression to a second facial 
expression, comprising: 

a read step of reading image data of the ?rst facial 
expression in Which plural control points are set, image 
data of the second facial expression in Which plural 
control points are set, and image data of a third facial 
expression used When the facial expression of the 
character is varied; 

a ?rst setting step of setting the same number of control 
points as those of the image data of the ?rst facial 
expression to the image data of the third facial expres 
sion; 

a ?rst morphing step of generating image data of a 
sequence of facial expressions appearing betWeen the 
image data of the ?rst facial expression and the image 
data of the third facial expression on the basis of the 
control points of the image data of the ?rst facial 
expression and the control points of the image data of 
the third facial expression after the ?rst setting pro 
cessing; 

a second setting step of neWly setting the same number of 
control points as those of the image data of the second 
facial expression to the image data of the third facial 
expression after the ?rst morphing step; and 

a second morphing step of generating the image data of a 
sequence of facial expressions appearing betWeen the 
image data of the third facial expression and the image 
data of the second facial expression on the basis of the 
control points of the image data of the third facial 
expression and the control points of the image data of 
the second facial expression after the second setting 
processing. 

2. A character display method as claimed in claim 1, 
further comprising: 

a step of making the entertainment system hold ?rst 
information indicating the current facial expression of 
the character; 

a step of making the entertainment system read second 
information indicating the facial expression of the 
character after an action on the character occurs; 

a step of making the entertainment system execute the 
?rst setting step, the ?rst morphing step, the second 
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setting step and the second morphing step, While setting 
the facial expression indicated by the ?rst information 
as the ?rst facial expression and the facial expression 
indicated by the second information as the second 
facial expression, if the facial expression indicated by 
the ?rst information is different from the facial expres 
sion indicated by the second information When the 
action on the character occurs. 

3. An information recording medium having a program 
recorded therein, the program enabling a program-execut 
able system to execute the processing of varying the facial 
expression of a character displayed on a display screen from 
a ?rst facial expression to a second facial expression, the 
recording medium recording therein: image data of the ?rst 
facial expression in Which plural control points are set, 
image data of the second facial expression in Which plural 
control points are set and image data of a third facial 
expression used When the facial expression of the character 
is varied, Wherein 

the program comprises, as processing to be executed by 
the system: 

processing of reading the image data of the ?rst facial 
expression, the image data of the second facial 
expression and the image data of the third facial 
expression; 

?rst setting processing of setting the same number of 
control points as those of the image data of the ?rst 
facial expression to the image data of the third facial 
expression; 

?rst morphing processing of generating image data of 
a sequence of facial expressions appearing betWeen 
the image data of the ?rst facial expression and the 
image data of the third facial expression on the basis 
of the control points of the image data of the ?rst 
facial expression and the control points of the image 
data of the third facial expression after the ?rst 
setting step; 

second setting processing of neWly setting the same 
number of control points as those of the image data 
of the second facial expression to the image data of 
the third facial expression after the ?rst morphing 
processing; and 

second morphing processing of generating the image 
data of a sequence of facial expressions appearing 
betWeen the image data of the third facial expression 
and the image data of the second facial expression on 
the basis of the control points of the image data of the 
third facial expression and the control points of the 
image data of the second facial expression after the 
second setting processing is executed. 

4. A recording medium as claimed in claim 3, storing 
therein second information indicating the facial expression 
of the character after an action on the character occurs, the 
program comprising: 

processing of making the system hold ?rst information 
indicating the current facial expression of the character, 
and 

processing of making the system execute the ?rst setting 
processing, the ?rst morphing processing, the second 
setting processing and the second morphing processing, 
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While setting the facial expression indicated by the ?rst 
information as the ?rst facial expression and the facial 
expression indicated by the second information as the 
second facial expression, if the facial expression indi 
cated by the ?rst information is different from the facial 
expression indicated by the second information When 
the action on the character occurs. 

5. An entertainment system for providing With a video 
game in Which characters are displayed, comprising: 

storage means for storing image data of plural facial 
expressions each containing control points associated 
With plural sites for every character, and also storing the 
reference image data of a facial expression serving as 
a reference When the facial expression of the character 
is varied; and 

executing means Which allocates the same number of 
control points as control points allocated to the image 
data before the variation to the reference image data, 
executing morphing processing of setting the image 
data before the variation and the reference image data 
as the ?rst frame and the last frame respectively and 
then generating a sequence of frames betWeen the ?rst 
frame and the last frame on the basis of the control 
points, thereby obtaining and animated image data of 
scene in Which the facial expression is varied from the 
?rst frame to the last frame, allocating to the reference 
image data control points Whose number is equal to that 
of control points allocated to image data after the 
variation, and executing morphing processing of gen 
erating a sequence of frames from the ?rst frame to the 
last frame on the basis of the control points, While 
neWly setting the reference image data and the image 
data after the variation as the ?rst frame and the last 
frame respectively, thereby obtaining animated image 
data of scene in Which the facial expression is varied 
from the ?rst frame to the last frame. 

6. An entertainment system as claimed in claim 5, Wherein 
the storage means stores information indicating the current 
facial expression, and stores information indicating a facial 
expression in association With each action on the character, 
and When an action is made on the character, the executing 
means varies the facial expression of the character from the 
current facial expression to the facial expression correspond 
ing to the action if the former facial expression is different 
from the latter facial expression. 

7. Aprogram for making a program-executable system to 
execute processing of varying facial expression of a char 
acter displayed on a display screen from a ?rst facial 
expression to a second facial expression, the program com 
prising, as processing to be executed by the system: 

processing of reading image data of the ?rst facial expres 
sion in Which plural control points are set, image data 
of the second facial expression in Which plural control 
points are set, and image data of a third facial expres 
sion used When the facial expression of the character is 
varied; 

?rst setting processing of setting the same number of 
control points as those of the image data of the ?rst 
facial expression to the image data of the third facial 
expression; 

?rst morphing processing of generating image data of a 
sequence of facial expressions appearing betWeen the 



US 2001/0036860 A1 

image data of the ?rst facial expression and the image 
data of the third facial expression on the basis of the 
control points of the image data of the ?rst facial 
expression and the control points of the image data of 
the third facial information after the ?rst setting pro 
cessing is executed; 

second setting processing of neWly setting the same 
number of control points as those of the image data of 
the second facial expression to the image data of the 
third facial expression after the ?rst morphing process 
ing is executed; and 

second morphing processing of generating image data of 
a sequence of facial expressions appearing betWeen the 
image data of the third facial expression and the image 
data of the second facial expression on the basis of the 
control points of the image data of the third facial 
expression and the control points of the image data of 
the second facial expression after the second setting 
processing is executed. 
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of the pattern having the third shape after the ?rst 
morphing processing is executed; and 

second morphing processing of generating image data of 
a sequence of pattern shapes appearing betWeen the 
image data of the pattern having the third shape and the 
image data of the pattern having the second shape on 
the basis of the control points of the image data of the 
pattern having the third shape and the control points of 
the image data of the pattern having the second shape 
after the second setting processing is executed. 

10. Aprogram as claimed in claim 9, further comprising, 
as the processing to be executed by the system: 

processing of holding ?rst information indicating the 
current shape of the pattern on the display screen; and 

processing of reading second information indicating the 
shape after the variation of the pattern; 

Wherein if the shape indicated by the ?rst information is 
different from the shape indicated by the second infor 

8. Aprogram as claimed in claim 7, further comprising, as _ mation When an event providing a start timing to vary 
the processing to be executed by the system: the shape of the pattern occurs, the shape indicated by 

the ?rst information is set as the ?rst shape, the shape 
indicated by the second information is set as the second 
shape, and makes the system execute the ?rst setting 
processing, the ?rst morphing processing, the second 
setting processing and the second morphing processing. 

11. A recording medium having a program recorded 
therein, the program making a program-executable system 
execute processing of varying the shape of a pattern dis 
played on a display screen from a ?rst shape to a second 
shape, the recording medium recording therein; image data 
representing the pattern having the ?rst shape in Which 
plural control points are set, image data representing the 
pattern having the second shape in Which plural control 
points are set and image data representing the pattern having 
a third shape used When the shape of the pattern is varied, 
Wherein 

processing of holding ?rst information indicating the 
current facial expression of the character; and 

processing of reading second information indicating the 
facial expression of the character after an action on the 
character occurs; 

Wherein if the facial expression indicated by the ?rst 
information is different from the facial expression 
indicated by the second information When the action on 
the character occurs, the facial expression indicated by 
the ?rst information is set as the ?rst facial expression 
and the facial expression indicated by the second 
information is set as the second facial expression, and 
makes the system execute the ?rst setting processing, 
the ?rst morphing processing, the second setting pro 
cessing and the second morphing processing. 

9. Aprogram for enabling a program-executable system to 
execute processing of varying shape of a pattern displayed 
on a display screen from a ?rst shape to a second shape, 
comprising, as processing to be executed by the system: 

the program comprises, as the processing to be executed 
by the system: 

read processing of reading the image data of the pattern 
having the ?rst shape, the image data of the pattern 
having the second shape and the image data of the 
pattern having the third shape; 

read processing of reading image data representing the 
pattern having the ?rst shape in Which plural control 
points are set, image data representing the pattern 
having the second shape in Which plural control points 
are set, and image data representing the pattern having 
a third shape used When the shape of the pattern is 
varied; 

?rst setting processing of setting the same number of 
control points as those of the image data of the 
pattern having the ?rst shape to the image data of the 
pattern having the third shape; 

?rst setting processing of setting the same number of 
control points as those of the image data of the pattern 
having the ?rst shape to the image data of the pattern 
having the third shape; 

?rst morphing processing of generating image data of 
a sequence of pattern shapes appearing betWeen the 
image data of the pattern having the ?rst shape and 
the image data of the pattern having the third shape 
on the basis of the control points of the image data 
of the pattern having the ?rst shape and the control 
points of the image data of the pattern having the 
third shape after the ?rst setting processing is 
executed; 

?rst morphing processing of generating image data of a 
sequence of pattern shapes appearing betWeen the 
image data of the pattern having the ?rst shape and the 
image data of the pattern having the third shape on the 
basis of the control points of the image data of the 
pattern having the ?rst shape and the control points of 
the image data of the pattern having the third shape . . . second settin rocessin of neWl settin the same 
after the ?rst sett1ng processing is executed; g p g y g number of control points as those of the image data 

of the pattern having the second shape to the image 
data of the pattern having the third shape after the 
?rst morphing processing is executed; and 

second setting processing of neWly setting the same 
number of control points as those of the image data of 
the pattern having the second shape to the image data 
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second morphing processing of generating image data 
of a sequence of pattern shapes appearing betWeen 
the image data of the pattern having the third shape 
and the image data of the pattern having the second 
shape on the basis of the control points of the image 
data of the pattern having the third shape and the 
control points of the image data of the pattern having 
the second shape after the second setting processing 
is executed. 

12. A recording medium as claimed in claim 11, Which 
stores therein second information indicating the shape into 
Which the pattern is varied, the program further comprising: 

cessing and the second morphing processing, if the 
shape indicated by the ?rst information is different 
from the shape indicated by the second information 
When an event providing a start timing to vary the shape 
of the pattern occurs. 

15. Apattern display method for making an entertainment 
system execute processing to vary the shape of a pattern 
displayed on a display screen from a ?rst shape to a second 
shape, comprising: 

a read step of reading image data representing the pattern 
having the ?rst shape in Which plural control points are 
set, image data representing the pattern having the 
second shape in Which plural control points are set, and 
image data representing the pattern having a third shape 
used When the shape of the pattern on the display screen 
is varied; 

processing of making the system hold ?rst information 
representing the current shape of the pattern on the 
display screen; and 

processing of executing the ?rst setting processing, the 
?rst morphing processing, the Second Setting process- a ?rst setting step of setting the same number of control 
ing and the second morphing processing, While setting 
the shape indicated by the ?rst information as the ?rst 
shape and the shape indicated by the second informa 
tion as the second shape, if the shape indicated by the 
?rst information is different from the shape indicated 
by the second information When an event providing a 
start timing to vary the shape of the pattern occurs. 

points as those of the image data of the pattern having 
the ?rst shape to the image data of the pattern having 
the third shape; 

?rst morphing step of generating image data of a 
sequence of pattern shapes appearing betWeen the 
image data of the pattern having the ?rst shape and the 
image data of the pattern having the third shape on the 
basis of the control points of the image data of the 
pattern having the ?rst shape and the control points of 
the image data of the pattern having the third shape 

13. An entertainment system for displaying a pattern on a 
display screen, comprising: 

storage means Which stores image data representing the 
pattern having a ?rst shape to Which plural control 
points are set, image data representing the pattern 
having a second shape in Which plural control points 
are set, and image data representing the pattern having 
a third shape used When the shape of the pattern on the 
display screen is varied; and 

executing means for setting the same number of control 
points as those of the image data of the pattern having 
the ?rst shape to the image data of the pattern having 
the third shape, generating image data of a sequence of 
pattern shapes appearing betWeen the image data of the 
pattern having the ?rst shape and the image data of the 
pattern having the third pattern on the basis of the 
control points of the image data of the pattern having 
the ?rst shape and the control points of the image data 
of the pattern having the third shape, neWly setting the 
same number of control points as those of the image 
data of the pattern having the second shape to the image 
data of the pattern having the third shape, and then 
generating image data of a sequence of pattern shapes 
appearing betWeen the image data of the pattern having 
the third shape and the image data of the pattern having 
the second shape on the basis of the control points of 
the image data of the pattern having the third shape and 
the control points of the image data of the pattern 
having the second shape. 

after the ?rst setting step is executed; 

a second setting step of neWly setting the same number of 
control points as those of the image data of the pattern 
having the second shape to the image data of the pattern 
having the third shape after the ?rst morphing step is 
executed; and 

a second morphing step of generating image data of a 
sequence of pattern shapes appearing betWeen the 
image data of the pattern having the third shape and the 
image data of the pattern having the second shape on 
the basis of the control points of the image data of the 
pattern having the third shape and the control points of 
the image data of the pattern having the second shape 
after the second setting processing is executed. 

16. A pattern display method as claimed in claim 15, 
further comprising: 

a step of making the entertainment system hold ?rst 
information representing the current shape of the pat 
tern on the display screen; 

a step of making the entertainment system read second 
information representing the shape of the pattern into 
Which the pattern is varied; and 

a step of making the entertainment system carry out the 
?rst setting processing, the ?rst morphing processing, 14. An entertainment system as claimed in claim 13, 

Wherein the storing means stores ?rst information represent 
ing the current shape of the pattern on the display screen, and 
second information representing the shape into Which the 
pattern is varied, and 

the second setting processing and the second morphing 
processing While setting the shape indicated by the ?rst 
information as the ?rst shape and the shape indicated 
by the second information as the second shape, if the 
shape indicated by the ?rst information is different 
from the shape indicated by the second information 
When an event providing a start timing to vary the shape 
of the pattern occurs. 

the executing means, While setting the shape indicated by 
the ?rst information and the shape indicated by the 
second information as the ?rst shape and the second 
shape respectively, executes the ?rst setting processing, 
the ?rst morphing processing, the second setting pro- * * * * * 


