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(57) Abrege/Abstract:
Disclosed Is an image processing device that can reduce the computational burden of image processing pertaining to character

motion and express appropriate motion in which a given part of a character makes precise contact with a contactable object. Said
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(57) Abrege(suite)/Abstract(continued):
Image processing device (100). generates motion information by mixing a plurality of sets of sample motion information In

accordance with arbitrary mixing ratios; determines the reachable positions (P) that a character (C) can reach when moved In
accordance with the generated motion information; associates the mixing ratios with coordinate Iinformation that indicates the
determined reachable positions (P); associates each reachable position (P) with a virtual sphere (B) disposed In a virtual space
such that said reachable position (P) lies thereon; outputs virtual spheres Iin accordance with the state of the character (C) in the
virtual space on the basis of virtual sphere information; accepts the selection of a virtual sphere that contacts a contactable object;
and controls the motion of the character (C) on the basis of the motion information corresponding to the mixing ratio associated
with the coordinate information indicating the reachable position (P) associated with the selected virtual sphere.
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5201 Arrange virtual spheres in virtual space
in accordance with character state

5202 Determine virtual sphere in contact with
ground surface (ground-contact sphere)

5203 Select ground-contact sphere in accordance

with user input

5204 Obtain mixing ratio corresponding to selected

ground-contact sphere

§205 Generate next motion information using

obtained mixing ratio

5206 Mixing-ratio correction process
5207 Perform processing in accordance with motion
information (generate character motion)
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SS

BEGLEAE, SLUVERLETOT S L

(57) Abstract: Disclosed 1s an 1mage processing device that can reduce the
computational burden of 1image processing pertaining to character motion and
express appropriate motion in which a given part of a character makes precise
contact with a contactable object. Said 1image processing device (100): gener-
ates motion information by mixing a plurality of sets of sample motion informa-
tion in accordance with arbitrary mixing ratios; determines the reachable posi-
tions (P) that a character (C) can reach when moved 1n accordance with the gen-
erated motion information; associates the mixing ratios with coordinate infor-
mation that indicates the determined reachable positions (P); associates each
reachable position (P) with a virtual sphere (B) disposed in a virtual space such
that said reachable position (P) lies thereon; outputs virtual spheres in accor-
dance with the state of the character (C) in the virtual space on the basis of vir-
tual sphere mformation; accepts the selection of a virtual sphere that contacts a
contactable object; and controls the motion of the character (C) on the basis of
the motion information corresponding to the mixing ratio associated with the
coordinate mformation indicating the reachable position (P) associated with the
selected virtual sphere.
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DESCRIPTION

IMAGE PROCESSING APPARATUS, IMAGE PROCESSING METHOD,

+J

AND IMAGE PROCESSING PROGRAM

Technical Field
[0001]

The present invention relates to an 1image processing
apparatus, an 1image processing method and an 1mage processing

P

program for generating motions of images (a video game character

and the like) expressed by three-dimensional or two-dimensional

computer graphics, for example.

Background Art
[0002]
Various video games including a video game called an RPG

(role-playing game: a game in which a player plays a role of a

character in a world of the game, and accomplishes a predetermined

object while enjoying a process that the character grows through

various experiences) and a simulation game have been provided.

[0003]

p—— .

Heretofore, various kinds of image processing technologies

have been proposed which allow a motion of a character that appears

e

in such a video game or the like to be expressed variedly (for

example, Patent Literatures 1 and 2).

Prior Art Literature
Patent Literature

[0003]
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Patent Literature 1: Japanese Patent Application
Publication No. 2003-62326
Patent Literature 2: Japanese Patent Application

Publication No. 2003-¢67773

—

Summary of the Invention

Problems to be solved by the Invention

[0005]

e

However, 1in order to express a motion of the character

composed of polygons more appropriately in response to a change

r—

of a field, much calculation is required, and this leads to an

increase 1in a processing load. For this reason, 1n the

conventional image processing technology, for example, surface
data are collected in advance over a wide range and calculation
result obtained by calculating it in advance is used, whereby the

processing load is reduced and speeding up 1s achieved. However,

it has been desired to reduce the processing load further.

[0006]

On the other hand, as for a home-use game machine or the

like, its processing power is limited. 1In a case where surface
data on a surface of the ground over a wide range or the like 1s
used, there has been a problem that a processing load exceedlng
processing power is applied even though preliminary calculation

has been carried out.

(0007 ]

Further, such a problem is not limited to a technology field

regarding a video game, and it has become a problem in the overall

technology fields associated with generation of computer graphics

and animations.

[0008]
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The present invention has been made 1n order to solve

p—

the problem described above, and 1t 1s an object of the

*

present 1nvention to appropriately express a motion of a

character, and to reduce a processing load 1n 1mage

processing.

Means for Solving the Problems
[0009]
An 1mage processing apparatus according to the present

invention 1s directed to an 1mage processling apparatus that

F
P

generates a motion of a character by controlling an action o:

the character 1in a virtual space, the 1image processing

apparatus including: a sample motion 1information storage

section that stores sample motion information therein, the

sample motion information indicating a sample motion that

serves as a base for the motion of the character; a motion

information storage section that stores motion 1information

F

therein, the motion information indicating the action of the

character; a motion blender that generates motion information

ﬁ

by blending plural pieces of the sample motion information

stored in the sample motion information storage section with

an arbitrary Dblend ratio; a motion information reglsterer

that registers the motion information generated by the motion

blender 1n the motion information storage section; a

reachable position detector that detects, on the basis of the

motion information generated by the motion Dblender, a

P

reachable position of a predetermined site of the character

P

at the end of movement when the character 1s caused to move;

a blend ratio associlator that assoclates coordilinate

information with the arbitrary blend ratio, the coordinate

information indicating the reachable position detected by the

reachable position detector; a virtual sphere arranger that

arranges a plurality of spheres 1in a range 1in which the

3
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reachable position exists 1in the virtual space; a virtual
sphere corresponder that causes virtual spheres to correspond
to the reachable position, the wvirtual spheres being the

spheres arranged by the virtual sphere arranger; a virtual

sphere information registerer that regilsters virtual sphere

information 1n a virtual sphere information storage section

L

for storing the wvirtual sphere information, the virtual

sphere information being 1information on the virtual spheres
caused to correspond to the reachable position by the wvirtual
sphere corresponder; and a character controller that controls
the action of the character in the virtual space on the basis

M

of the motion information stored in the motion information

storage section, wherein the character controller 1includes:

an outputter that outputs the virtual spheres 1n accordance

ﬁ

with a state of the character in the virtual space on the

F

basis of the virtual sphere information stored 1n the virtual

sphere information storage section; a contact determiner that
determines whether there 1is a virtual sphere that 1s 1in
contact with a contact allowed object among the virtual
spheres outputted by the outputter, the contact allowed

object being an object with which the character can come 1into

contact; and a selection receiver that receives selection otf

the virtual sphere determined by the contact determiner to be

in contact with the contact allowed object, and wherein the

F

character controller controls the action of the character on

the basis of the motion information corresponding to the

arbitrary Dblend ratio assoclated with the coordinate

information, the coordinate information 1indicating the
reachable position caused to correspond to the virtual sphere
for which the selection receiver receives the selection.

[0010]

By configuring it as described above, 1t 1s possible to

g—
.

appropriately express a motion of a character, and to reduce

4
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a processing load in 1image processing.
[0011]

The image processing apparatus according to the present

invention may be configured so that the character controller

r~ ¢

includes: a blend ratio specifier that specifies the

arbitrary blend ratio according to the wvirtual sphere for

which the selectilion receiver receives the selection; a blend

ratio corrector that corrects, on the basis of the coordinate

information associated with the arbitrary blend ratio

specified by the blend ratio specifier and a position of the

contact allowed object in the virtual space, the blend ratio
so that the motion information according to the arbitrary

blend ratio meets a predetermined condition; and a motion

information specifier that specifies the motion 1information
according to the arbitrary blend ratio corrected by the blend
ratio corrector, wherein the character controller controls

F F

the action of the character on the basis of the motion

information specified by the motion information specifier.

[0012]

The image processing apparatus according to the present

invention may be configured so that the character controller

includes: a virtual distance specifier that specifies a

virtual distance from the reachable position to the position
of the contact allowed object 1n the wvirtual space, the

reachable position  Dbeing indicated Dby the coordinate

information associated with the arbitrary Dblend ratio

specified by the blend ratio specifier; and a correction

amount specifier that specifies the amount of correction of

the arbitrary blend ratio required to bring the reachable

pr——

position in line with the position of the contact allowed

object on the basis of the virtual distance specified by the

virtual distance specifier, and wherein the Dblend ratio

corrector corrects the arbitrary blend ratio 1in accordance

o
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with the amount of correction specified by the correction

amount specifier.
[0013]

Further, an 1image processing method according to the
present invention 1s directed to an 1image processing method

:‘ r—

of generating a motion of a character by controlling an

P

action of the character in a virtual space, the processing

method including: motion blend processing for generatlng

ﬁ

motion information by blending plural pieces of sample motion

information stored 1in a sample motion 1nformation storage

section with an arbitrary blend ratio, sample motion

information storage section that stores sample motion

information therein, the sample motion information 1indicating

a sample motion that serves as a base for the motion of the

character; motion information registering processing for

registering the motion information generated in the motilon

blend processing in a motion information storage section, the

motion information storage section storing the motion

information therein, the motion information 1indicating the

ﬁ

action of the character; reachable position detecting

yr—
v

processing for detecting, on the basis of the motion

pr—
p—

information generated in the motion blend processing, a

P F

reachable position of a predetermined site of the character

at the end of movement when the character 1s caused to move;

blend ratio associating processing for associating coordinate

information with the arbitrary blend ratio, the coordinate

information indicating the reachable position detected 1n the

reachable position detecting processing; virtual sphere

arranging processing for arranging a plurality of spheres 1in

a range in which the reachable position exists in the virtual
space; virtual sphere corresponding processing IOr causing
virtual spheres to correspond to the reachable position, the

virtual spheres being the spheres arranged in the virtual

S
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sphere arranging processing; virtual sphere 1nformation

gr—

reglstering processing for reglistering virtual sphere

information 1n a virtual sphere information storage section

for storing the virtual sphere 1information, the wvirtual

sphere 1nformation being 1nformation on the virtual spheres
caused to correspond to the reachable position in the virtual

sphere corresponding processing; and character controlling

processing for controlling the action of the character 1n the

pr—

virtual space on the basis of the motion i1nformation stored

in the motion information storage section, wherein the
character control processing 1ncludes: outputting processing

for outputting the virtual spheres in accordance with a state

of the character 1in the virtual space on the basis of the

virtual sphere 1information stored 1in the wvirtual sphere

information storage section; contact determlning processing

for determining whether there is a virtual sphere that 1s 1in
contact with a contact allowed object among the virtual
spheres outputted in the outputting processing, the contact
allowed object being an object with which the character can
come 1into contact; and selection receiving processing for

F

receiving selection of the virtual sphere determined 1n the

contact determining processing to be 1in contact with the

—
fp—

contact allowed object, and wherein the action of the

character 1S controlled on the basis of the motion
information <corresponding to the arbitrary Dblend ratio
associated with the coordinate information, the coordinate

information 1indicating the reachable position caused to

correspond to the virtual sphere for which the selection 1is

received in the selection receiving processing.
(0014 ]

Moreover, a non-transitory storage medium comprising
computer readable instructions according to the present

invention 1is directed to a non-transitory storage medium

y
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comprising computer readable instructions which, when executed

by a computer, cause the computer to execute an 1mage

F

processing method for generating a motion of a character by

F

controlling an action of the character in a virtual space, the

lmage processing method comprising: motion blend processing

for generating motion information by blending plural pieces of

sample motion information stored 1n a sample motion

information storage section with an arbitrary blend ratio, the

sample motion information storage section storing sample

motion 1nformation therein, the sample motion 1nformation

indicating a sample motion that serves as a base for the

motion of the character; motion 1nformation registering

processing for registering the motion information generated 1n

the motion blend processing 1n a motion 1information storage

section, the motion information storage section storing the

motion information therein, the motion information 1indicatiling

the action of the character; reachable position detecting

processing for detecting, on the Dbasis of the motion

information generated 1in the motion blend processing, a

-

reachable position of a predetermined site of the character at

the end of movement when the character 1s caused to move;

blend ratio associating processing for associating coordinate

information with the arbitrary blend ratio, the coordinate

information indicating the reachable position detected 1n the

reachable position detecting processing; virtual  sphere

arranging processing for arranging a plurality of spheres 1n a

range 1in which the reachable position exists 1in the virtual

space; virtual sphere corresponding processing for causing
virtual spheres to correspond to the reachable position, the

virtual spheres being the spheres arranged 1n the virtual

sphere arranging processing; virtua. sphere 1nformation

reglstering processing for registering virtual sphere

information in a virtual sphere information storage section

8
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for storing the virtual sphere information, the virtual sphere

information being 1nformation on the virtual spheres caused to
correspond to the reachable position 1n the wvirtual sphere

corresponding processing; and character controlling processing

*

for controlling the action of the character in the virtual

F

space on the basis of the motion 1information stored 1n the

motion 1nformation storage section, wherein 1n the character

control processing the 1mage processing method causes the

computer to execute: outputting processing for outputting the

#

virtual spheres 1n accordance with a state of the character 1in

ﬁ

the wvirtual space on the Dbaslis of the wvirtual sphere

information stored 1in the virtual sphere 1information storage

section; contact determining processing for determining
whether there 1s a virtual sphere that 1s 1n contact with a
contact allowed object among the virtual spheres outputted 1n
the outputting processing, the contact allowed object being an
object with which the character can come 1nto contact; and

pr——

selection receiving processing for receiving selection of the

virtual sphere determined 1n the contact determining
processing to be in contact with the contact allowed object,

and wherein the 1mage processing method causes the computer to

execute: processing for controlling the action of the

P

character on the basis of the motion information corresponding

to the arbitrary blend ratio associated with the coordinate

information, the coordinate information indicating the

reachable position caused to correspond to the virtual sphere

for which the selection is received in the selection receiving

processing.

'

P

ffects of the Invention

10015

7]
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According to the present 1nvention, 1t 1s possible to

express a motion of a character appropriately, and 1t becomes

possible to reduce a processing load in image processing.

Brief Description of the Drawings

[0018]

FIG. 1 1s a block diagram showing a configuration example

)

of an image processing apparatus according to one embodiment of

the present 1nvention.

FIG. 2 1s an explanatory drawling showing an example of

I

storage state of virtual sphere information.

FIG. 3 1is a flowchart showing an example of virtual sphere

information generating processing.

FIG. 4 1s an explanatory drawing for explaining the virtual

sphere information generatling processing.
for explaining the virtual

FIG. 5 1s an explanatory drawing :

sphere information generating processing.

FIG. 6 is an explanatory drawing for explaining the virtual

sphere information generating processing.

FIG. 7is a flowchart showing an example of motion generating

processing.

FIG. 8 1s an explanatory drawing for explaining the motion

generatlng processing.

natory drawing for explaining the motion

FIG. 9 1s an exple

generating processing.

Mode for Carrying out the Invention

001 7]

Hereinafter, an example of one embodiment according to the

"erence to the

present invention will be described with re:

10
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appending drawlngs.

[0018]

FIG. 1 is a block diagram showing a configuration example

-y

of an image processing apparatus 100 according to one embodlment

of the present invention. As shown in FIG. 1, the image processing
apparatus 100 includes a program reading section 10, a control
section 11, a storage section 12, a display section 13, an audio
output section 14, an operation receiving section 15, and a motion

processing section 160.
[0019]

The program reading section 10 has a function to read out

a necessary program from a storage medium i1nto which a storage

medium, in which various kinds of programs are stored, 1s embedded.
In this regard, in the present embodiment, the program readilng
section 10 has a mounting section into which a game cartridge 20,

in which a game program is stored, 1s detachably mounted.

[0020]

The control section 11 carries out the game program

(including an image processing program) read out from the program

reading section 10, and carries out various controls such as an

F

action control for controlling an action (motion) of a character,

ﬁ
p—

and an audio control for outputting sound effects 1n accordance

with a motion carried out by the character.

(0021 ]

The storage section 12 1is a storage medium for storing

programs and various kinds of data necessary for generating a

F

motion according to a surrounding environment of the character

F

(for example, the degree of slope of the ground on which the

character 1is positioned in a virtual space) (that is, for

generating motion information, and generating a motion of the

11
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character in the virtual space by controlling the character on

P F

the basis of the generated motion information by means of the

control section 11). The storage section 12 1s configured by a

nonvolatile memory such as RAM, for example. In the storage

F
preve

section 12, various kinds of information to be registered and

updated in accordance with virtual sphere information generating

F

processing (will be described 1later) and various kinds O

information used in a game and read out from the storage medlum
embedded in the game cartridge 20 are stored.

10022]

In the present embodiment, the storage section 12 includes:

a sample motion information storage section 12Z2a; a motion

information storage section 12b; a virtual sphere information
storage section 12c¢; and an environment 1information storage

section 12d.

[0023]

The sample motion information storage section 1Za 1s a

storage medium for storing sample motion information indicating

sample motions each of which serves as a basis for amotilion carried

out by the character.

10024 ]

In the present embodiment, the sample motion information

is information for displaying, in accordance with body information

P

of the character (a body height, a body weight, appearance and

ﬁ

the like), an action of the character on a display screen with

3 three-dimensional or two-dimensional state, and is information

containing polygon data and bones that construct the character.

[0025]

The motion information storage section 12pb 1s a storage

medium for storing motion information to which the control section

12
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11 refers when the control section 11 controls the action of the

character. In the present embodiment, the motion information 1s

F

generated by causing a plurality of sample motions to be blended

(blending) by means of the motion blend section 1lb6a.

[0026]

In this regard, the information stored as the motion

information is not limited to one in which the plurality of sample

motions are caused to be blended, and may be configured so that

a single sample motion is stored as a motion, for example. In

this case, 1t may be configured so that it is treated as one 1n

F

which two sample motions are blended 1n a ratio of ten to zero,

for example.
(0027 ]

The virtual sphere information storage section 1l2c 1s a

storage medium for storing virtual sphere information that 1s

information on a virtual sphere used to select appropriate motion

information fromplural kinds of motion information 1n accordance

H

with a state of the character (for example, “during stopping”,

“during movement” or the like), a surrounding environment of the

character, operational inputs from a user or the like. Here, the

virtual sphere means a predetermined sphere (or a group of spheres)

virtually arranged in the virtual space in accordance with a state

| -

 the character. The virtual sphere and the virtual sphere

O

_—

‘ormation will be described in detail in explanation for the

1in1

virtual sphere generating processing (will be described later)

and motion generating processing (see FIGS. 3 and /).

[0028]

"

FIG. 2 is an explanatory drawing showing an example oI a

F

storage state of the virtual sphere information in the virtual

sphere information storage section 12c. As shown in FIG. 2, the

13
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virtual sphere information contains: a sphere number for uniquely

specifying a virtual sphere; a character to which the virtual

gr—

sphere corresponds; a type of motion that is caused to correspond

to the virtual sphere; a central coordinate indicating a central

gr—
p—

position of the virtual sphere in accordance with a position of

the character in the virtual space; a radius of the virtual sphere;

a blend ratio of sample motions constituting a motion caused to

correspond to the virtual sphere; and a contact flag.

10029]

The environment information storage section 12d 1s a storage

medium for storing information on the virtual space in which the

character exists. In the present embodiment, the environment

information storage section 12d contains information (for example,

the ground geometry) indicating a contact allowed object (for
example, the ground or the 1like) that is an object with which the

character can come into contact in the virtual space.

[0030]

The display section 13 is a display device for displaying

a game screen in response to operations by the user 1n accordance

with control by the control section 11. The display section 13

is constructed by a liquid crystal display, for example.
(00311

The audio output section 14 outputs audio 1n response toO

operations by the user or an action of the character in accordance

with control by the control section 11.

[0032]

The operation receiving section 15 receives operational

signals in response to a user operation from a controller

configured by a plurality of buttons, a mouse and the like, and

notifies the control section 11 of its result.

14
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[0033]

The motion processing section 16 has a function to blend

plural kinds of sample motion information with an arbitrary blend

ratio, and a function to carry out blend ratio correcting

processing in motion generating processing (will be described

later) and the like (see FIG. 7).
(0034 ]

In the present embodiment, the motion processing section

16 includes: a motion blend section 16a; a virtual sphere

information generating section 16b; a contact determining section

16c; and a blend ratio correcting section lod.

[0035]

e

The motion blend section 1l6a has a function to generate

motion information by blending a plurality of sample motions with

an arbitrary blend ratio, and to register the generated motion

information into the motion information storage section 1Z2b. In

P

this regard, with respect to blend processing of sample motions,

e

a known motion blending method of carrying out processing to cause

a plurality of motions to synchronize with each other and

processing to interpolate posture of an action every timeframe

is used. Thus, a detailed explanation thereof is omitted herein.

[00306]

The virtual sphere information generating section 16b has

a function to carry out the virtual sphere information generating

processing for generating the virtual sphere information. The

virtual sphere information generating processing will be

described later in detail (see FIG. 3).

10037

The contact determining section 16c has a function to

determine whether the virtual sphere arranged in the virtual space

15
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is in contact with a border line (for example, the ground geometry
or the like) between an area in which the character 1s allowed

to be operated and an area in which the character is not allowed

or not. In this regard, the case of using a method of comparing

coordinates 1in the virtual space as a method for contact
determination will be described as an example 1n the present

embodiment.

[0038]

The blend ratio correcting section lod has a function to

carry out the blend ratio correcting processing in the motion

generating processing (will be described later) (see FIG. 7).

Here, the blend ratio correcting processing 1s processing to

P

correct a blend ratio so that a toe of a character C 1s caused

to come into contact with the ground accurately, for example, when

the motion generated in accordance with the blend ratio 1s carried

out. In the present embodiment, since a method using a known

gr—
p—

kriging method is utilized, a detailed explanation thereof 1s

omlitted herein.

[0039]

Next, an operation of the image processing apparatus 100

according to the present invention will be described. In this

regard, with respect to any action or processing with no
relationship to the present invention, its content may be omitted.

10040]

The image processing apparatus 100 according to the present

embodiment blends the sample motion information stored 1n the

sample motion information storage section 12a in advance with an
arbitrary ratio, thereby carrying out processing to generate a
motion when a 3D CG character moves on a slope, stalirs or the like

in the virtual space.

16
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(0041 ]

e

Hereinafter, a walkingmotion of a humanoid character Cwill

be described as an example. In this regard, 1n the present

embodiment, an interval from the point at which one foot of the

character C gets out from the ground to the point at which 1t comes

into contact with the ground is set to a walking motion for one

al e

step. Namely, “coming into contact with the ground, getting off

therefrom, moving, landing, and coming into contact with the

ground” are set as one walking cycle, and a motion of the character
is determined for every walking cycle. For example, the 1image

processing apparatus 100 searches a next moving motion of a right

foot when a left foot of the character C lands the ground, and

calculates a further next moving motion of the left foot when the

right foot lands the ground.
(0042 ]
Further, the processing carried out by the image processing

apparatus 100 is divided into two kinds including preliminary

calculation for creating necessary information in advance before
operational inputs by the user are received to cause the character
to move and calculation during execution carried out when the

character is caused to move in response to operational l1nputs by

the user.

(004 3]

F

FIG. 3 is a flowchart showing an example of virtual sphere

information generating processing that the image processing

apparatus 100 carries out as preliminary calculation. In the

virtual sphere information generating processing, processing to

generate virtual sphere information in accordance with a kind of

a motion of the character C 1s carried out.

10044 ]

17
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Here, a concept of the processing carried out in the virtual

sphere information generating processing according to the present

embodiment will first be described. FIGS. 4, 5 and 6 are

explanatory drawings for explaining the wvirtual sphere

information generating processing. In this regard, each of FIGS.

4, 5 and 6 1s shown by a two-dimensional drawing for brief

description.

[(0045]

In order to generate virtual sphere information, the image

F

processing apparatus 100 blends combination of a plurality of

sample motions according to a walking motion with various ratios

(that is, blend ratios) froman initial posture FC of the character

C as shown in FIG. 4, and derives reachable positions P1l, P2, P3

of a foot of the character C (in FIG. 4, postures ACl, ACZ, ACS3

of the character C) with respective blend ratios.

[004 0]

FIG. 5 shows a plurality of reachable positions P (including

P1, P2 and P3) derived in accordance with rules stored in the

storage section 12 in advance. By configuring it in this manner,

it is possible to obtainmotion information with small differences

F

by adjusting the blend ratios without increasing the amount OL

the sample motion 1nformation.
[(0047]

Next, the image processing apparatus 100 virtually arranges

a plurality of spheres in the range in which the respective

p— r—

reachable positions P of the foot of the character C exist, and

associates the blend ratios with the arranged spheres (virtual

spheres). This makes it possible for the control section 11l to

refer to the blend ratio so that the toe is arranged at the position

when an arbitrary virtual sphere is specified, for example.

18
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(0048 ]

Next, an operation of the image processing apparatus 100

in the virtual sphere information generating processing will be

described (see FIG. 3).
(004 9]

In the virtual sphere information generating processing,

the control section 11 generates plural kinds of motion

F

information by blending a plurality of sample motions 1n

F

accordance with rules (for example, “the widest length of stride

F

and the narrowest length of stride are blended with a blend ratio

obtained by changing the blend ratio by one tenth, such as nine
to one, eight to two, seven to three, .., among sample motions

according to the walking motion”) stored in the storage section

12 in advance by means of the motion blend section l6a (Step S101).

In this regard, the control section 11 may be configured so as

to select motion information wused in the virtual sphere

information generating processing among the motion information

stored in the motion information storage section 12b 1n advance.

Further, in a case where motion information is generated, the

control section 11 may be configured so as to receive selection

— p—

of the plurality of sample motions by the user by means of the

motion blend section 16a. Further, the control section 11 may

P

be configured so as to support selection of a sample motion by

the user by configuring it to display a blendable sample motion

ﬁ

on the display screen on the basis of priorities set to the

respective sample motions in advance (or in a random manner), for
example.

[0050]

F

When the plural pieces of motion information are generated

by means of the motion blend section l6a, the control section 11
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F

calculates the reachable position P (that is, a position of the

F

foot of the character C at the time when the walking motion 1s

F

terminated) of the character C in each of the pieces of motion

information generated by the virtual sphere 1information
generating section 16 (Step S102).
[0051]

P

When each of the reachable positions P 1s calculated, the

P

control section 11 stores, by means of the wvirtual sphere

ﬁ

information generating section 1l6b, information (coordinate

information) indicating the reachable position P with respect to

the position of the initial posture FC of the character C 1in the

storage section 12 so as to cause it correspond to the blend ratio,

and arranges the plurality of virtual spheres in a range 101 1in
which the reachable positions P exist (see FIG. ©6) (Step S103).
(0052 ]

In the present embodiment, the virtual sphere information

generating section 16b uniformly arranges virtual spheres each

having a predetermined radius within the virtual space at which

—— r~—

the foot of the character can reach. Thus, the product of the

F

radius of the virtual sphere and the total number of the virtual

spheres becomes constant. However, the amount of data generated

by the preliminary calculationis linearly increased in accordance

with an increase in the total number of the virtual spheres.

Therefore, it is required to delete the total number of the virtual

spheres by making their sphere radilus larger.

(0053}

Therefore, in the present embodiment, as shown in FIG. 6,

the inside of the range 101 in which the reachable positions P

P

exist is paved with the plurality of virtual spheres B with the

same radius.
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(0054 ]

When the virtual spheres B are arranged, the control section

P

11 associates, by means of the virtual sphere 1information

generating section 16b, the respective virtual spheres B with the
blend ratios caused to correspond to the respective reachable
positions P (that is, assigns the blend ratios to the respective
reachable positions P) (Step S104).

[0055]

In the present embodiment, the virtual sphere information
generating section 16b stores the blend ratio, which 1s caused

to correspond to the reachable position P positioned inside the

virtual sphere B in the virtual sphere information storage section

ol

2c so as to be associated with the virtual sphere B.

[0056]

Namely, the virtual sphere information generating section

16b generates the virtual sphere information, which is information
on the virtual sphere that is caused to correspond to the reachable
position P associated with the blend ratio, by associating the

virtual sphere with the blend ratio, and registers 1t 1n the

virtual sphere information storage section 1lZc.

10057/

In this regard, a blend ratio is not associated with a

virtual sphere B in which any reachable position P 1s not

positioned, and such a virtual sphere B becomes a virtual sphere

that is not to be selected in the motion generating processing

(will be described later, see FIG. 7). Further, in a case where

the plurality of reachable positions P are positioned inside one

virtual sphere B, the virtual sphere information generating

section 16b may be configured so as to calculate an average value

of the blend ratios, which are respectively caused to correspond
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F

to the plurality of reachable positions P, and to store 1t, for

example.

[0058]

When the respective virtual spheres are associated with the

blend ratios, the control section 11 stores, by means

of the

virtual sphere information generating section 1l6bb, the virtual

sphere information specifying the respective virtual spheres B

assoclatedwith the blend ratios in the virtual sphere in:

“ormation

storage section 12c¢ (Step S105), and terminates the processing

herein. Therefore, the respective virtual spheres B are stored

ﬁ

as ones those belong to a group of virtual spheres corresponding

to the same kind of motion (in the present embodiment, the walking

motion) .

10059

reachable positions P exist is paved with the plurality o:

In this regard, the case where the range 101 1n which the

- virtual

spheres B with the same radius has been described 1n the present

embodiment as an example.

virtual spheres is not limited to thilis, and 1t may be con:

However, the method o:

F

T arranglng the

f1gured

so that a sphere with a predetermined radius, which centers on

cach of the reachable positions P, is set to the virtual sphere

B, for example.
[0060]

Further, arrangement

of the virtual spheres

B may also be

one that can cover a movable area of the character C, and 1t may

be configured so that a part o:

B is arranged to be overlapped,

- the plura.

for example.

P

1ty of virtual spheres

In this case, when

the reachable position P is positioned in a portion at which a

part of the virtual spheres

B 1s over.

apped, 1t may be cons:

"1lgured

so that the blend ratio according to the reachable position P 1is
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associated with only one of the virtual spheres (for example, one

in which a distance from the reachable position P to the central

coordinate of its virtual sphere is nearer, or the like), or may

F

be configured so that the blend ratio is associated with both of

the virtual spheres B.

10061]

Next, the motion generating processing carried out by the

image processing apparatus 100 will be described. In this regard,

the motion generating processing will also be described using the

e

walking motion of the character C as an example.

10062]

FIG. 7 is a flowchart showing an example of motion generating

processing that the image processing apparatus 100 carries out

as calculation during execution. In the motion generating

processing, the control section 11 carries out processing 1n

accordance with the motion information, by which processing to

generate a motion of the character C is carried out.

[0063]

Here, a concept of processing carried out in the motion

generating processing according to the present embodiment will

-

first be described. FIGS. 8 and 9 are explanatory drawlngs for

explaining the motion generating processing. In this regard,

FIGS. 8 and 9 are illustrated by a two-dimensional drawing for

brief description.

10004 ]

In order to generate a motion of the character, the 1image

processing apparatus 100 arranges the plurality of virtual spheres

B with which the blend ratios are respectively associated 1n

accordance with a position of the character C in the virtual space,

as shown in FIG. 8. 1In this regard, the case where the virtual
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spheres Bwith which the blend ratios regarding the walking motion
are associated are arranged will be described 1n the present
embodiment as an example. However, the virtual spheres to Dbe
arranged are not limited to this type, and they may be a group

F

of virtual spheres with which blend ratios according to various

kinds of motions by preliminary calculation are assoclated.

10065}

When the plurality of virtual spheres B are outputted, the

image processing apparatus 100 carries out contact determination

between a contact allowed object set up as an object with which

the character C can come into contact in the virtual space (1in

the present embodiment, the ground FG) and the virtual sphere B,

and calculates a blend ratio for causing the foot of the character

C to come into contact with the ground. At this time, the 1mage

processing apparatus 100 allows the virtual sphere B, which 1S

in contact with the ground FG in the virtual space, to be

differentiated from other virtual spheres B by changing the

virtual sphere B into the contacted sphere BR as shown in FIG.

8, for example.

[0060]

ﬁ

In this case, by utilizing the blend ratio of the motion

associated with the contacted sphere BR, such a motion that one

P

foot of the character C is arranged at the central position of

F

each of the virtual spheres can be generated. However, at this

stage, an error that corresponds to up to a radius of the contacted

sphere BR is generated between the ground FG and the toe position

of the character in the virtual space. In order to correct this

P

error, the image processing apparatus 100 takes an approach Ifor

semianalytically correcting the blend ratio using a spatial

statistics method, so-called kriging, for example.
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(00067 ]

When the blend ratio is calculated, the image processing

apparatus 100 selects a contacted sphere RB 1n response to an

operation by the user, for example, and causes the character C

to carry out a motion according to the selected contacted sphere

BR, as shown in FIG. 9, thereby generating the motlon of the

character C. 1In this regard, the image processing apparatus 100

may be configured so as to select the contacted sphere RB that

meets a selection condition set up in advance (for example, 1t

is in the nearest position from the character C).

(0068 ]

In this regard, the “generate a motion” herein means that

e

motion information indicating an action of the character C 1s

P

generated, and also means that an action of the character C 1s

produced.

[0009]

Next, an operation of the image processing apparatus 100

in the motion generating processing will be described (see FI1G.
7).
[0070]

In the motion generating processing, the control section

11 refers to the virtual sphere information storage section lZc,

and arranges virtual spheres according to a state of the character

g

C (a kind of a motion allowed for the character C in the virtual

space and the like) in the virtual space (Step S52Z201).
(0071

When the virtual spheres are arranged, the control section

11 determines, by means of the contact determining section loc,

whether there is a virtual sphere that is in contact with the ground

among the arranged virtual spheres B or not, thereby determining

2.9
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the contacted virtual sphere (contacted sphere) (Step S202). 1In

this regard, in the present embodiment, the contact determining

section 16c carries out the contact determination by comparing

the ground geometry for displaying the ground in the virtual space

with coordinates at which the virtual spheres B exist. Here, the

control section 11 sets a contact flag in the virtual sphere

information to “1” with respect to the virtual sphere B for which
it is determined that it is the contacted sphere by the contact
determination.
[0072]

When the contacted sphere is determined, the control section

11 selects the contacted sphere in accordance with user operations

and/or a state of the character C in the virtual space (for example,

a velocity instruction or a direction instruction for the

character C via the operation receiving section 15) (Step 5203).

[0073]

When the contacted sphere is selected, the control section

11 refers to the virtual sphere information storage section 1lZc,
and acquires the blend ratio associated with the selected
contacted sphere (Step S204).

10074 ]

When the blend ratio is acquired, the control section 11

generates, by means of the motion blend section 1l6a, a walking

motion for next one step by means of the acquired blend ratio (Step
S205) .
[0075]

In this regard, 1in the present embodiment, before the

walking motion is generated, the control section 11 determines,

g

on the basis of a kind of an action of the character C and the

acquired blend ratio, whether motion information indicating a
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motion that the character C is to carry out has already been stored

in the motion information storage section 12b or not. Then, 1n

a case where it is determined that the motion information is stored,

the control section 11 generates a walking motion for next one

step on the basis of the motion information stored in the motion

information storage section 12b (that is, the character C 1s caused
to move 1in the virtual space).
[0076]

Namely, in a case where plural kinds of motion information

P

have already been generated when a reachable position P of a foot

of the character C for the walking motion is calculated 1in the

virtual sphere information generating processing (see Step S101

in FIG. 3), the control section 11 1s not required to generate

motion information indicating the walkingmotion for next one step,

and can read out necessary motion information from the motion

information storage section 12b on the basis of the acquired blend

F

ratio. On the other hand, in a case where only a part of motions

of the character C is blended and the reachable position P 1s

calculated at Step S101 (for example, in a case where only a foot

portion of the character C in a plurality of sample motions 1s

blended with a predetermined blend ratio, or the like), the control

section 11 newly generates motion information at Step S205. Here,

the case where motion information is newly generated will be

described as an example.

[0077]

In this regard, in the present embodiment, the control

section 11 registers the motion information, which 1s newly

generated in the motion generating processing, into the motion

information storage section 12Db.

[ 0078]
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When the motion information is newly generated, the control

section 11 carries out, in order to prevent the toe of the character

C from floating from the ground by up to a radius of the virtual

sphere, the blend ratio correcting processing by means of the blend

ratio correcting section 16d (Step S206). In this regard, 1t may

be configured so that an error between the toe position of the

character C and the ground is made smaller by making the radius

of the virtual sphere smaller.

[0079]

When the blend ratio correcting processing is carried out,

F

the control section 11 generates a motion of the character C by

carrying out processing according to the motion information after

correction (that is, processing to cause the character C to move

in the virtual space in accordance with the motion information)
(Step S207), and causes 1t to shift to Step SZ01.
(0080 ]

In this regard, in the present embodiment, the control

section 11 specifies the motion information after correction 1n

accordance with blend ratio after correction specified by the

blend ratio correcting processing by means of the blend ratio

correcting sectilon 1lé6d.

10081]

In the present embodiment, the control section 11 generates

r—
fp—

motion information after correction by blending a plurality of

sample motions, which constitute the motion information newly

generated, with the blend ratio after correction specified by the

blend ratio correcting processing. In this regard, 1t may be

configured so that the control section 11 searches the motion

information according to the blend ratio specified by the blend

ratio correcting processing from the motion information storage
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section 1Z2b.

10082]

In this regard, although the processing during the walking

motion of the character has been explained in the embodiment
described above, it is possible to carry out appropriate motion
expression by carrying out contact determination using virtual
spheres in a similar manner with respect to processing regarding

ﬁ

contact of a tip of a hand in a motion when the character climbs

up a wall, for example. Further, by appropriately adjusting a
size of the virtual sphere, it can be applied to a motion, such

as a swimming motion, in which clear collision with an environment

does not occur, for example.
[0083]

As explained above, in the embodiment described above, the

P

image processing apparatus 100 that generates a motion of the

character by controlling an action of the character in a virtual

space is configured so that: the image processing apparatus 100

includes the sample motion information storage sectilion 1Za that

stores the sample motion information therein, the sample motion

F

information indicating a sample motion that serves as a base for

P

a motion of the character C and the motion information storage

section 12b that stores the motion information therein, the motion

information indicating an action of the character; the motion

information is generated by blending plural pieces of the sample

motion information stored in the samplemotion information storage

section 12a with an arbitrary blend ratio; the generated motion

information is registered in the motion information storage

section 12b; on the basis of the generated motion information,

Jr—

a reachable position P of a predetermined site (for example, toe,

a tip of a hand or the like) of the character C 1s detected at
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the end of movement when the character C i1is caused to move; the

coordinate information is associated with the blend ratio, the

coordinate information indicating the detected reachable

position P; the plurality of spheres are arranged within the range
in which the reachable position P exists 1n the virtual space;
the virtual spheres B are caused to correspond to the reachable

position, the virtual spheres being the arranged spheres; the

virtual sphere information is registered in the virtual sphere

information storage section 12c for storing the virtual sphere

information, the virtual sphere information being information on

the virtual spheres B caused to correspond to the reachable

position P; the image processing apparatus 100 1includes a

character controller that controls an action of the character C

in the virtual space on the basis of the motion information stored

in the motion information storage section 12b; the virtual spheres

are outputted in accordance with a state of the character C in

the virtual space on the basis of the virtual sphere information

stored in the virtual sphere information storage section 12c¢; 1t

is determined whether there is a virtual sphere (for example, the

contacted sphere BR) that is in contact with the contact allowed

object (for example, the ground FG in the virtual space) among

the outputted virtual spheres, the contact allowed object being
an object with which the character C can come 1into contact;
selection of the virtual sphere determined to be 1n contact with

the contact allowed object 1s received; and the action of the

character C is controlled on the basis of the motion information

corresponding to the blend ratio (for example, the blend ratios

associated with the respective virtual spheres B) associated with

the coordinate information, the coordinate information

indicating the reachable position P caused to correspond to the
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virtual sphere for which the selection is received. Therefore,
it is possible to express a motion of the character appropriately,
and it becomes possible to reduce a processing load 1n 1mage

processing.

10084 ]

Namely, it is configured so as to control the character on

P

the basis of the motion information (that 1s, the motion

information corresponding to the virtual sphere) corresponding
to the blend ratio associated with the reachable position caused
to correspond to the virtual sphere, which 1t 1s determined to
be in contact with the contact allowed object among the plurality

of spheres virtually arranged in the range in which the reachable

position of the predetermined site of the character exists, that

is, the virtual sphere that is a sphere caused to correspond to

the reachable position. Therefore, it becomes possible to reduce

a processing load in image processing for amotion of the character,
and it is possible to carry out appropriate motion expression 1n

which the predetermined site of the character is in contact with

the contact allowed object appropriately. In this regard, Dby
making a diameter of the virtual sphere be an appropriate length,

it becomes possible to substantially surely carry out appropriate

motion expression in which it is in contact with the contact

—

allowed object appropriately. The shorter a diameter of the

virtual sphere is, the smaller an error is made. Therefore, it
is desired to make the diameter shorter as much as possible within

the range in which the processing load 1s allowed.

100851

In this regard, in the embodiment described above, a

processing load onto the image processing apparatus 100 for

carrying out the processing to output a motion of the character
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is reduced compared with the case where the motion of the character

is outputted by means of a conventional method.

[0080]

Further, in the embodiment described above, 1n a case where

the image processing apparatus 100 is configured to correct the

motion information so that the predetermined site of the character

comes into contact with the contact allowed object (for example,

the ground FG in the virtual space) and the motion of the character

is thereby terminated, it 1s possible to carry out motion

expression of the character so that the predetermined site of the

character 1is 1in contact with the contact allowed object
appropriately, that 1s, more appropriately.

10087/

Further, since the character is controlled using the motion

information generated by blending the sample motions, 1t 1s

possible to ensure readiness, robustness, and calculation

P

efficiency with a certain level against operations of the user

with respect to generation of an animation in which the character

F

MOVES. Therefore, 1in order to improve naturalness of the

animation in a case where a consumer game machine 1sutilized (that

is, in a case where a calculation resource Or a memory resource

is limited largely), it is possible to optimize a quality of the

—  —
e wg—

of a calculation cost.

generated animation and tradeo:

(0088 ]

Further, it is possible to generate a motion with low visual

artifact, such as foot sliding, by reproducing it while switching

a large amount of motion data compared with an approach using

technique based upon a motion graph or a move tree to generate
the motion in response to a user operation or a change 1in

environment. Namely, byutilizing the image processing apparatus

32



CA 02798954 2012-11-08

100, it becomes possible to reduce visually significant visual

artifact in a cycle motion using the minimum of calculation amount

and memory utilization for creating an interactive application.

10089]

Further, in the embodiment described above, the 1image

processing apparatus 100 is configured so as to: specify the blend

ratio according to the virtual sphere (for example, the contacted

sphere BR) for which the selection 1s received (for example,

acquire it from the motion information storage section 12Db);

—

correct, on the basis of the coordinate information (of the

reachable position P) associated with the specified blend ratio

and the position of the contact allowed object (for example, the
ground FG in the virtual space) in the virtual space, the blend

ratio so that the motion information according to the blend ratio

meets a predetermined condition (for example, the toe of the

character C is caused to come 1nto contact with the ground

accurately); specify the motion information according to the

correctedblend ratio (for example, specify themotion information

by blending them with the blend ratio after correction specified

by the blend ratio correcting processing to generate the motion

ﬁ

information after correction); and control the action of the

—

character C on the basis of the specified motion information.

—

Therefore, it is possible to effectively resolve unnaturalness

of an action of the character in the wvirtual space.

[0090]

P

Namely, in a case of expressing a scene 1n which a part oI

the character is in contact with other object in the virtual space,

P

it becomes possible to prevent, by means of motion control using

virtual spheres, a contact error (that is, a distance between the

P

part of the character and other object in the virtual space 1n
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a case where the part of the character is not in contact with the

other object in the virtual space in which the character and the

Jr—

other object are displayed in spite of the fact that the part of

the character is in contact with the other object in calculation)

from being generated.

10091

In this regard, it has not been mentioned particularly 1in

the embodiment described above. However, the image processing

apparatus 100 may be configured so as to: specify a virtual

distance from the reachable position P indicated by the coordinate

information associatedwith the specifiedblendratio (for example,

the blend ratio according to the selected contacted sphere) to

a position of the contact allowed object in the virtual space (for

example, the ground FG in the virtual space) (for example, specity

a toe position correction vector Ap (will be described later) ) ;

specify the amount of correction of the blend ratio required to

—

bring the reachable position P in line with the position of the

contact allowed object on the basis of the specified virtual

distance (for example, specify a blend ratio correction amount

Aw (will be described later)); and correct the blend ratio 1in

accordance with the amount of correction thus specified.

[0092]

By configuring it in this manner, it is possible to 1mprove

P

a quality of the motion of the character generated using the

virtual spheres without an increase in the processing load on the

image processing apparatus by increasing the sample motions.

ﬁ

Namely, it becomes possible to appropriately correct an error of

ﬁ

the motion of the character in the virtual space.

[0093]
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Further, the image processing apparatus 100 may be

configured so as to: determine whether a specific condition 1s

met or not (for example, determine whether posture of the character

F

C in the virtual space, a kind of contact allowed object or the

1ike meets the specific condition or not); specify a sample motion

+hat is not contained in the motion information before correction

in accordance with a determination result; and correct the blend

ratio to be a blend ratio including a ratio of the specified sample

motion so that the motion information meets the predetermined

F

condition (for example, the toe of the character C 1s caused to

come into contact with the ground accurately) in a case where the

F

blend ratio of sample motions is corrected by means of contact

determination (or collision determination) in the virtual space

(that is, in a case where the motion information for controlling

the character is corrected by correcting the blend ratio).

(0094 ]

Namely, for example, the image processing apparatus 100 may

be configured so that the motion 1information meets the

predetermined condition by correcting the blend ratio to 1ndicate

fr—

a blend ratio of three kinds of sample motions, to which a sample

motion for causing a part of the character (for example, a site

corresponding to an ankle) to move is added, 1n a case where the

b

motion for which sample motions indicating two kinds of walking

actions are blended is corrected. By configuring it in this

manner, it becomes possible to enable fine adjustment of a motion.

[0095]

In this regard, although the case where the blend ratios
are respectively associated with the virtual spheres has been
described in the embodiment described above, ones with which the

blend ratios are associated are not limited to ones like a sphere.
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For example, 1t may be a virtual cube.

10090

In this regard, the case where the 1mage processing

apparatus 100 carries out both of the preliminary calculation and

the calculation during execution has been explained as an example

gr—
p—

in the embodiment described above. However, the embodiment of

the present invention is not limited to this. For example, 1t

may be configured as a server-client system 1n which they are

connected via a communication network. n this case, 1t may be

configured so that a server carries out the preliminary

-

calculation and a client (or both of the server and the client

cooperatively) carries out the calculation during execution.

10097

In this regard, the case where the 1image processing

apparatus 100 calculates the plurality of reachable positions P

in accordance with the rules stored in the storage section 12 1in

advance; causes the coordinate information to correspond to the

calculated reachable positions P; subsequently arranges the

plurality of virtual spheres Buniformly; and associates the blend

-

ratios with the respective virtual spheres B on the basis of a

positional relationship between the arranged virtual spheres B

and the reachable positions P, has been described in the embodiment

described above. However, an example of the embodiment according

to the present invention is not limited to this.

[0098]

Namely, it may be configured so that the virtual sphere B
is a sphere structure with a radius in a constant range in which
the toe position of the character C (that 1s, the reachable
position P) 1s centered and it is arranged at the toe position

F
p—

of the character C in the motion created with the blend ratio
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sampled by a proper method, for example. Hereinafter, other

example of the virtual sphere information generating processing

(see FIG. 3) in this case will be described. 1In this regard, the

present embodiment will also be explained using a walking motion

P

of a humanoid character C as an example.

[0099]

In the present embodiment, the virtual sphere information

generating section 16b calculates the virtual sphere B with a

contact frame. Here, the contact frame is a frame 1n which a foot

comes into contact with the ground in a walking motion of the

character C. Since simple algorithm using template matching for

toe speed is utilized for detection of the contact frame, 1ts

explanation is omltted herein.

10100]

In the virtual sphere information generating processing,

the control section 11 blends, by means of the motion blend section

16a, posture of the character C with various blend ratios 1in the

contact frame.

10101}

Subsequently, the control section 11 calculates, by means

of the virtual sphere information generating section 1lob, a

F

relative toe position of the character C (for example, the posture

AC1 of the character C or the like in FIG. 4) with the respective

blend ratios by using the toe position of the initial posture FC

ke

(see FIG. 4) of the character C as the origilnal position.

[0102]

When the coordinates of the respective toe positions are

gr—
p—

calculated, the control section 11 generates, by means of the

virtual sphere information generating section 1l6b, virtual

spheres each having a radius r at the coordinates of the calculated
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*

relative toe positions (that 1s, coordinates of the reachable

positions P ), and assigns a blend ratio w into them. Thus, N
pieces of virtual spheres {pi, wi, r} are generated (N 1s an
arbitrary positive 1nteger).

[0103]

ﬁ

In thils regard, there are some methods as the method of

sampling blend ratios. However, 1n the present embodiment, 1n

order to calculate wvirtual spheres so as to fill the virtual

space with them uniformly, the virtual sphere 1information
generating section 16b takes an approach to calculate the blend
ratio by an 1nterpolating method (scattered data interpolation)

of randomly arranged data after sampling the toe position.

Namely, the virtual sphere information generating section 16b

ﬁ

parameterizes posture of the character C 1n the contact frame

using a three-dimensional toe position vector as an 1ndicator.

In the present embodiment, the virtual sphere information

generating section 1lob calculates a blend ratio wg on the basis

F

of an inputted sampling point ps using linear 1nterpolating 1n

which the kriging 1s simplified (see a mathematical formula 1).

(0104 ]

-1
Wi | [ “91“‘91" . |[p1—DN|| 1 "D-p-l“
wy | | IIPy—pyll s Py =Byl 1 lp - Pyl
A 1 1 O 1
vodd | '
(01057

However, since 1nterpolating calculation 1nvolves an error,
a virtual sphere is generated at an actual toe position p’;, and

the virtual spheres {p’i, wi, r} are thereby generated.

10106}

By configuring them as described above, 1t becomes possible

to effectively generate a group of motions so as to fill up the

virtual space uniformly.
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[0107]

In this regard, the image processing apparatus 100 may be

configured so as to cause the blend ratios to correspond to the

P

plurality of virtual spheres by blending the plurality ot sample

P

motions with various blend ratios, select and arrange a group OL

virtual spheres so as to be the closest to uniform arrangement

in the motion generating processing.

[0108]

In this regard, although its explanation has been omitted

in the embodiment described above, a method of correcting the blend

ratio using a kriging method will be described briefly.

(0109]

In the present embodiment, the blend ratio correcting

section 16d introduces an inverse kinematics (Inverse Kinematics)

technology with repetitive data driven. Namely, the blend ratio

correcting section 16d first detects a crossover point between

a ray vertically extending from the central position of the

contacted sphere BR in the virtual space and the ground geometry.

Then, a vector from the central position of the contacted sphere

BR to the detected crossover point is expressed as a toe position

correction vector Ap. The blend ratio correction amount Aw that

P

meets this correction amount 1s calculated on the basis of a

kriging equation. In this regard, "17, which is a final element

of a right side vector in the mathematical formula 1 described

above, is a constraint condition for summation of the sum of the

blend ratios. Namely, by replacing this with “0”, a mathematical

formula 2 for calculating the blend ratio correction amount Aw

p— pr—

corresponding to a moving amount Ap of an effector position 1S

obtained. In this regard, it may be configured so as to utilize
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F

a method of resolving an error using general 1nverse kinematics.

[0110]

Awi 7 [ liey=pd = lipy—pyll 177[ b+ Ap-pil
Awy | 7 | liIpy—pyll - Py~ Pyl 1 o+ A p—Pyl
A 1 = 1 0 0

(0111]

In this regard, there may also be an error 1in the blend

ratio correction amount Aw calculated by means o0of the

mathematical formula 2. In such a case, the error still remains

P

even though a difference between the effector and the ground 1s

inputted. In this case, the 1mage processing apparatus 100 may

be configured so as to: multiply a predetermined coefficient

—
——

under 1.0 by an error vector between the effector and the

ﬁ

ground; and correct the error by means of repeated calculation.

By configuring 1t 1in this manner, repetition based upon

analytical calculation 1s carried out. Therefore, 1t becomes

possible to obtain an excellent property to converge very robust

and with a fewer frequency of repetitions.

[0112]

In this regard, although it has not been mentioned

F

particularly in the embodiment described above, the meaniling of

the word “character” in the present application 1s not limited

to characters as objects that appear 1in the video game. It

F P

includes various kinds of objects that appear at simulation of

physical phenomena or construction of the wvirtual space, for
example. Namely, the present invention allows the processing
load on the image processing apparatus to be reduced compared
with the case where 1image processing with the same level 1s

realized in the conventional method not only in a case where the

image processing apparatus (for example, the 1image processing

apparatus 100) is utilized for realization of the video game but

also 1n
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a case where it 1s utilized in the overall technology fields in
regard to computer graphics.
[0113]

In this regard, although a detailed explanation has been
omitted 1n the embodiment described above, the motion blending

according to the present invention means a technology to generate

a new intermediate motion clip by blending a few similar sample
motion clips. For example, in order to generate a contlnuous
walking motion, 1t 1s reguired that a sample walking motion clip

that interpolates 1s selected and a continuous value optimization

problem for calculating the blend ratio 1s solved. In the

F

conventional method, selection of a sample motion 1s first

simplified by clustering similar actions, such as running and

walking, and illustrating them graphically. Moreover, a method

F

of controlling the 1nterpolating calculation by means of a few

intultive parameters using a technology of scattered data

interpolating (scattered data interpolation) has been proposed.

In the walkingmotion, the blend ratio is automatically calculated

gpr—
o

from a few explicit control parameters such as a direction of

—

— p—

movement, velocility, an angle of gradient of the ground and the

like. Since this method has a smaller amount of calculation, 1t
1s possible to generate a walking animation 1nteractively.

However, the algorithm based upon interpolating does not

necessarily generate an animation with a high quality. For

example, since the interpolating calculation 1nvolves an error,

it is required to correct the motion by means of post-processing
such as 1nverse kinematics. Further, kinetics (dynamics) 1s not
almost always thought 1n generation calculation. Thus, Dby

ﬁ

allowing some decreases of an animation quality, many excellent

properties can be obtained from a blending base method. However,
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since the conventional technique reqgulres redundant

post-processing, there 1s still room for calculation efficiency
and robustness.

10114]

Therefore, in the embodiment described above, an
interactive walking controller based upon motion blending 1s

proposed.

Industrial Applicability
[0115]

According to the present i1nvention, 1t 1s useful to reduce

a processing load of image processing for a motion of a character,

and to carry out appropriate motion expression 1n which a

predetermined site of the character is in contact with a contact

allowed object appropriately.

'

Explanation of Reference numerals

(0116}

10 program reading section

11 control section

12 storage section

13 display section

14 audio output section

15 operation receilving section
16 motion processing section

100 lmage processing apparatus
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PROPOSED CLAIMS

1. An image processing apparatus that generates a motion of

—

a character by controlling an action of the character 1n a

virtual space, the 1mage processing apparatus comprising:

a sample motion 1nformation storage section that stores

sample motion 1nformation therein, the sample motion

information indicating a sample motion that serves as a base

for the motion of the character;

a motion Information storage section that stores motion

information thereln, the motion 1nformation indicating the

P

action of the character;

a motion blender that generates motion 1nformation by

blending plural pieces of the sample motion i1nformation stored
in the sample motion information storage section with an
arbitrary blend ratio;

amotion information registerer that registers themotion

information generated by the motion blender 1in the motion

information storage section;

a reachable position detector that detects, on the basis

of the motion information generated by the motion blender, a

ﬁ

reachable position of a predetermined site of the character at

the end of movement when the character 1s caused to move;

a blend ratio associator that associates coordinate

information with the arbitrary blend ratio, the coordinate

information indicating the reachable position detected by the

reachable position detector;

—
p—

a virtual sphere arranger that arranges a plurality of

spheres in a range in which the reachable position exists 1n

the virtual space;
a virtual sphere corresponder that causes virtual spheres

to correspond to the reachable position, the virtual spheres
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being the spheres arranged by the virtual sphere arranger;

a virtual sphere information registerer that reglisters

virtual sphere information in a virtual sphere information

storage section for storing the virtual sphere 1nformation, the

virtual sphere information being information on the virtual
spheres caused to correspond to the reachable position by the
virtual sphere corresponder; and

A

a character controller that controls the action of the

*

character in the virtual space on the basis of the motion

information stored in the motion information storage section,

wherein the character controller includes:

an outputter that outputs the virtual spheres 1n

P

accordance with a state of the character in the virtual space

on the basis of the virtual sphere information stored in the

virtual sphere information storage section;

a contact determiner that determines whether there 1s a
virtual sphere that is in contact with a contact allowed object
among the virtual spheres outputted by the outputter, the
contact allowed object being an object with which the character
can come 1nto contact; and

F

a selection receiver that receives selection of the

virtual sphere determined by the contact determiner to be 1n

contact with the contact allowed object, and

'
—

wherein the character controller controls the action of

the character on the basis of the motion information

corresponding to the arbitrary blend ratio assocliated with the

coordinate information, the coordinate information indicating

the reachable position caused to correspond to the virtual

sphere for which the selection receiver receives the selection.

2 . The image processing apparatus according to Claim 1,

wherein the character controller includes:
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a blend ratio specifier that specifies the arbitrary

blend ratio according to the virtual sphere for which the

selection receiver receives the selection:

F
—

a blend ratio corrector that corrects, on the basis of

the coordinate information associated with the arbitrary blend

ﬁ

rati1o specified by the blend ratio specifier and a position of

the contact allowed object in the virtual space, said arbitrary

plend ratio so that the motion information according to said

arbitrary blend ratio meets a predetermined condition; and

a motion information specifier that specifies the motion

information according to the arbitrary blend ratio corrected

by the blend ratio corrector,

P

wherein the character controller controls the action of

the character on the basis of the motion information specified

by the motion information specifier.

3. The 1image processing apparatus according to Claim 2,

wherein the character controller includes:

a virtual distance specifier that specifies a virtual

distance from the reachable position to the position of the

contact allowed object 1in the virtual space, the reachable

A4

position being indicated by the coordinate 1information

assoclatedwith the arbitrary blend ratio specified by the blend

ratio specifier; and

a correction amount specifier that specifies the amount

yr—

of correction of said arbitrary blend ratio required to bring

the reachable position in line with the position of the contact

allowed object on the basis of the virtual distance specified
by the virtual distance specifier, and
wherein the blend ratio corrector corrects said arbiltrary

F

blend ratio 1in accordance with the amount of correction

specified by the correction amount specifier.

45



CA 02798954 2015-06-22

F

4 . An 1mage processing method for generating a motion of a

character by controlling an action of the character 1na virtual

space, the processing method comprising:

*

motion blend processing for generating motion

P

information by blending plural pieces of sample motion

information stored 1n a sample motion 1nformation storage

section with an arbitrary blend ratio, the sample motion

information storage section storing sample motion information

therein, the sample motion information 1indicating a sample

F

motion that serves as a base for the motion of the character;

F

motion information reglstering processing for

registering the motion information generated in the motilion

blend processing in a motion information storage section, the

motion information storage section storing the motion

information therein, the motion information 1ndicating the

action of the character;

reachable position detecting processing for detecting,

on the basis of the motion information generated in the motion

f—

blend processing, a reachable position of a predetermined site

of the character at the end of movement when the character 1s
caused to move;

blend ratio associating processing for associating
coordinate information with the arbitrary blend ratio, the
coordinate information 1indicating the reachable position

detected 1n the reachable position detecting processings;

virtual sphere arranging processing for arrangling a
plurality of spheres in a range in which the reachable position

exists 1n the virtual space;

virtual sphere corresponding processing for causing
virtual spheres to correspond to the reachable position, the

virtual spheres being the spheres arranged 1n the virtual sphere
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arranglilng processing;

virtual sphere i1informatilion registering processing for

reglistering virtual sphere 1nformation 1in a virtual sphere

information storage section for storing the virtual sphere

information, the virtual sphere information being information
on the virtual spheres caused to correspond to the reachable

position 1n the virtual sphere corresponding processing; and

character controlling processing for controlling the

action of the character in the virtual space on the basis of

the motion information stored in the motion i1nformation storage
section,

wherein the character control processing includes:

outputting processing for outputting the virtual spheres

y—
.

in accordance with a state of the character 1in the virtual space

on the basis of the virtual sphere information stored in the

virtual sphere 1nformation storage section;

contact determining processing for determining whether
there 1s a virtual sphere that 1s in contact with a contact
allowed object among the virtual spheres outputted 1n the
outputting processing, the contact allowed object being an

object with which the character can come 1nto contact; and

selection receiving processing for receiving selection

—

of the virtual sphere determined 1n the contact determining

processing to be i1n contact with the contact allowed object,
and

wherein the action of the character 1s controlled on the

basis of the motion information corresponding to the arbitrary

blend ratio associated with the coordinate information, the

coordinate information indicating the reachable position

caused to correspond to the virtual sphere for which the

selection 1s received in the selection recelving processing.
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5. A non-transitory storage medium comprising computer

readable 1nstructions which, when executed by a computer, cause

the computer to execute an 1mage processing method for

F
p—

generating a motion of a character by controlling an action of

the character in a virtual space, the image processing method

comprising:

motion blend processing for generating motion

information by blending plural pieces of sample motion

information stored 1in a sample motion information storage
section with an arbitrary blend ratio, the sample motion

information storage section storing sample motion information

therein, the sample motion information 1ndicating a sample

——

motion that serves as a base for the motion of the character:;

motion information registering processing for
reglistering the motion information generated 1n the motion

blend processing in a motion information storage section, the

motion information storage section storing the motion

information therein, the motion information 1ndicating the

F

action of the character;

reachable position detecting processing for detecting,

on the basis of the motion information generated in the motion

—

blend processing, a reachable position of a predetermined site

of the character at the end of movement when the character 1is

caused to move:

blend ratio associating processing for associlating

coordinate information with the arbitrary blend ratio, the

coordinate information indicating the reachable position

detected in the reachable position detecting processing;

virtual sphere arranging processing for arranging a
plurality of spheres in a range in which the reachable position

exists 1n the virtual space;

virtual sphere corresponding processing for causing
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virtual spheres to correspond to the reachable position, the
virtual spheres being the spheres arranged in the virtual sphere

arranglng processing;

virtual sphere i1nformation registering processing for

registering virtual sphere i1nformation 1n a virtual sphere

information storage section for storing the virtual sphere

information, the virtual sphere information being 1nformation
on the virtual spheres caused to correspond to the reachable

position 1n the virtual sphere corresponding processing; and

character controlling processing for controlling the

action of the character in the virtual space on the basis of

the motion information stored in the motion information storage
sectlon,
wherein 1n the character control processing the 1mage

processing method causes the computer to execute:

outputting processing for outputting the virtual spheres

1n accordance with a state of the character in the virtual space

F

on the basis of the virtual sphere information stored 1n the

virtual sphere i1nformation storage section;

contact determining processing for determining whether
there is a virtual sphere that 1s 1n contact with a contact

allowed object among the virtual spheres outputted 1n the

outputting processing, the contact allowed object beling an

object with which the character can come i1nto contact; and

selection receiving processing for receiving selection
of the virtual sphere determined in the contact determining
processing to be in contact with the contact allowed object,
and

wherein the image processing method causes the computer

Lo execute:

processing for controlling the action of the character

on the basis of the motion information corresponding to the
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arbitrary Dblend ratio associated with the coordinate

information, the coordinate information 1ndilicating the

reachable position caused to correspond to the virtual sphere

for which the selection is received in the selection receiving

processing.
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Fig. 1 1/7
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Fig. 2
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Fig. 3 3/7

VIRTUAL SPHERE INFORMATION
GENERATING PROCESSING

S101

GENERATE PLURAL KINDS OF
MOTION INFORMATION BY BLENDING

A PLURALITY OF SAMPLE MOTIONS
WITH VARIOUS BLEND RATIOS

S102
CALCULATE REACHABLE

POSITION OF FOOT IN RESPECTIVE
KINDS OF MOTION INFORMATION

S103

ARRANGE A PLURALITY OF VIRTUAL SPHERES
AT CALCULATED REACHABLE POSITION OF FOOT

S104

ASSOCIATE RESPECTIVE VIRTUAL SPHERES
WITH BLEND RATIOS
S105

- STORE VIRTUAL SPHERE INFORMATION



CA 02798954 2012-11-08

4/7

Fig. 4

C(FC)

AGC3

AC1

AC2 —_

P3

P2



CA 02798954 2012-11-08

Fig. ©

o1 &, ’ \
C

ORE0®
U~
9E 550
00000
%0000

S5/7



CA 02798954 2012-11-08

Fig. 7 6/7
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WITH MOTION INFORMATION
(GENERATE MOTION OF CHARACTER)
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