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Disclosed herein is a motion modeling method and device
using a virtual joint sphere. The motion modeling method
using the virtual joint sphere includes (a) modeling a 3D
virtual character, wherein the 3D virtual character sets a
virtual joint sphere for each body part; and (b) forming a
trajectory for a motion of a target body part of the 3D virtual
character as a specific motion is performed on a surface of
the virtual joint sphere assigned to the target body part, when
reconstructing the motion of the 3D virtual character accord-
ing to the specific motion.
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MOTION MODELING METHOD AND
DEVICE USING VIRTUAL JOINT SPHERE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2019-0144805, filed with the Korean
Intellectual Property Office on Nov. 13, 2019, the disclosure
of which is incorporated herein by reference in its entirety.

BACKGROUND

(a) Technical Field

[0002] The present invention relates to a motion modeling
method and device using a virtual joint sphere.

(b) Background Art

[0003] The best method to understand and share human
motion is to directly observe and communicate with a person
who performs the motion while being in the same space as
the person. However, if it is difficult to directly meet the
person due to a considerable distance or it is required to
share the motion with several persons, it is difficult to apply
this method. Thus, a method of recording the motion and
sharing the motion in the form of an image is most com-
monly used. The image is advantageous in that it is easy to
understand an overall motion at a glance, but is disadvan-
tageous in that it is difficult to grasp a subtle difference in the
motion and to numerically compare the difference in a
digital space.

[0004] In a motion capture region, data on human motion
is measured using a sensor such as an Inertial Measurement
Unit (IMU), and the data is reconstructed as an actual
motion through 3D software. Key frame animation is most
widely used for the motion reconstruction, and sets the key
frame of the overall motion even without using sensor data
and automatically calibrates a region between respective
frames through an algorithm, thus allowing a natural motion
to be configured. However, the motion reproduced through
the key frame animation shows a slight difference from the
actual motion. In the case of the actual motion, even if the
same motion is repeated by the action of human’s muscle
and gravity, the result is not the same each time. Hence, the
motion that is exactly implemented through an algorithm in
the key frame animation does not match the actual motion.
Furthermore, in the calibrating method through the algo-
rithm, as the motion becomes complicated and longer, a
difference between the motion implemented through the
algorithm and the actual motion increases and a user’s
burden increases to calibrate the difference.

[0005] Labanotation is a motion recording method con-
figured for delivering a choreography motion to multiple
students. Just as music is recorded through a musical note,
the motion is recorded by combining various symbols on a
choreographic note and placing them according to body
parts. It is possible to identify a change in wrist movement
as well as changes in direction, angle, and height. Even if
Labanotation uses the same choreographic score, motion is
implemented by a choreographer’s arbitrary interpretation.
Therefore, unlike the intention of a person who records the
choreographic score at first, everybody interprets the motion
differently and consequently implements a different motion.
This is problematic in that a change in small angle of 30

May 13, 2021

degrees or less may not be expressed, and all slight differ-
ences constituting the motion may not be recorded and
transmitted.

SUMMARY OF THE DISCLOSURE

[0006] The present invention has been made in an effort to
solve the above-described problems associated with prior art
and to provide a motion modeling method and device,
intended to model the motion of a motion capture-based 3D
virtual character.

[0007] Furthermore, the present invention is to provide a
motion modeling method and device, capable of visually
displaying a trajectory according to the motion when mod-
eling the motion.

[0008] According to one aspect of the invention, the
present invention provides a motion modeling method of a
3D virtual character using a virtual joint sphere.

[0009] According to an embodiment of the invention, the
motion modeling method using the virtual sphere may
include (a) modeling a 3D virtual character, wherein the 3D
virtual character sets a virtual joint sphere for each body
part; and (b) forming a trajectory for a motion of a target
body part of the 3D virtual character as a specific motion is
performed on a surface of the virtual joint sphere assigned
to the target body part, when reconstructing the motion of
the 3D virtual character according to the specific motion.
[0010] The virtual joint sphere may divide a region at a
predetermined angle around each of axes.

[0011] A contact point may include a plurality of direc-
tional regions, and the plurality of directional regions may
be divided at a predetermined angle, and the plurality of
divided directional regions may be displayed in the form of
different visual information according to a direction of a
direction vector for each body part.

[0012] The motion modeling method may further include,
after the step (b), simultaneously moving the virtual joint
sphere of a body part connected to a lower layer of a
hierarchical structure of the target body part according to the
motion of the target body part.

[0013] A trajectory may be formed on the surface of the
virtual joint sphere assigned to the target body part by
reflecting a rotation value of a trajectory of a body part of an
upper layer connected to the target body part.

[0014] According to another embodiment of the invention,
a motion modeling method using a virtual sphere may
include (a) acquiring rotation data on each body part accord-
ing to a specific motion from a sensor attached to a person’s
body part; and (b) forming a trajectory for a motion of a
target body part of the 3D virtual character as a specific
motion is performed on a surface of the virtual joint sphere
assigned to the target body part, using the rotation data on
each body part, when reconstructing the motion of the 3D
virtual character according to the specific motion.

[0015] The motion modeling method may further include,
before the step (a), deriving an initial correction value and
a direction correction value using the rotation data acquired
from the sensor in an initial pose, wherein the rotation data
in the step (b) may be a motion rotation value to which the
initial correction value and the direction correction value are
applied.

[0016] The step (b) may include deriving a direction
vector (v;) for each body part using a skeleton direction
vector (v,) of each body part in the initial pose and rotation
data on each body part; and forming the trajectory by
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displaying a contact point meeting on the surface of the
virtual joint sphere using the direction vector for each body
part according to the specific motion.

[0017] According to another aspect of the invention, the
present invention provides a motion modeling device of a
3D virtual character using a virtual joint sphere.

[0018] According to an embodiment of the invention, a
modeling device may include a memory configured to store
at least one command; and a processor configured to execute
the command stored in the memory, wherein the command
executed by the processor may perform (a) modeling a 3D
virtual character, wherein the 3D virtual character sets a
virtual joint sphere for each body part; and (b) forming a
trajectory for a motion of a target body part of the 3D virtual
character as a specific motion is performed on a surface of
the virtual joint sphere assigned to the target body part, when
reconstructing the motion of the 3D virtual character accord-
ing to the specific motion.

[0019] According to another embodiment of the invention,
a modeling device may include a memory configured to
store at least one command; and a processor configured to
execute the command stored in the memory, wherein the
command executed by the processor may perform (a)
acquiring rotation data on each body part according to a
specific motion from a sensor attached to a person’s body
part; and (b) forming a trajectory for a motion of a target
body part of the 3D virtual character as a specific motion is
performed on a surface of the virtual joint sphere assigned
to the target body part, using the rotation data on each body
part, when reconstructing the motion of the 3D virtual
character according to the specific motion.

[0020] An embodiment of the present invention provides
a motion modeling method and device, thus modeling the
motion of a motion capture-based 3D virtual character.
[0021] Furthermore, the present invention allows a trajec-
tory to be visually displayed according to the motion when
modeling the motion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above and other features of the present inven-
tion will now be described in detail with reference to certain
exemplary embodiments thereof illustrated the accompany-
ing drawings which are given hereinbelow by way of
illustration only, and thus are not limitative of the present
invention, and wherein:

[0023] FIGS. 1 and 2 are diagrams illustrating a basic
structure of a 3D virtual character in accordance with an
embodiment of the present invention;

[0024] FIG. 3 is a diagram illustrating a motion tracking
expression of a right-hand part in accordance with the
embodiment of the present invention;

[0025] FIG. 4 is a flowchart illustrating a motion modeling
method of the virtual character in accordance with the
embodiment of the present invention;

[0026] FIGS. 5 to 7 are diagrams illustrating a trajectory
for a motion in accordance with the embodiment of the
present invention;

[0027] FIGS. 8 and 9 are diagrams illustrating a contact
point in accordance with the embodiment of the present
invention;

[0028] FIG. 10 is a flowchart illustrating a motion mod-
eling method of a virtual character in accordance with
another embodiment of the present invention; and
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[0029] FIG. 11 is a block diagram schematically illustrat-
ing an internal configuration of the modeling device in
accordance with the embodiment of the present invention.

DETAILED DESCRIPTION

% &

[0030] As used herein, the singular forms “a”, “an”, and
“the” are intended to include plural forms as well, unless the
context clearly indicates otherwise. It is to be understood
that the terms “comprises” and/or “comprising”, or
“includes” and/or “including” when used in this specifica-
tion, specify the presence of stated features, numbers, steps,
operations, elements, components, and/or combinations
thereof, but do not preclude the presence or addition of one
or more other features, numbers, steps, operations, elements,
components, and/or combinations thereof. Furthermore, the
terms “part” and “module” described in this specification
mean a unit for processing at least one function or operation,
which may be implemented by hardware or software or by
the combination of hardware and software.

[0031] Hereinafter, reference will now be made in detail to
various embodiments of the present disclosure, examples of
which are illustrated in the accompanying drawings and
described below.

[0032] Referring to FIGS. 1 and 2, a basic structure of a
3D virtual character will be described in brief.

[0033] As shown in FIG. 1, the modeled 3D virtual
character is modeled while having fifteen main body parts
and one global coordinate system. Hence, the 3D virtual
character has rotation-axis correlations defined, respectively,
for sixteen body parts.

[0034] The rotation axis for each body part is shown in
FIG. 2. It is obvious that FIGS. 1 and 2 are only an example
illustrating the hierarchical structure of the body part of the
3D virtual character for the convenience of understanding
and description, and the hierarchical structure may vary
depending on the implementation method.

[0035] As shown in FIGS. 1 and 2, the global coordinate
system of the 3D virtual character is based on a left-hand
coordinate system whose Z-axis faces forwards and Y-axis
faces upwards. Furthermore, FIGS. 1 and 2 illustrate the
state of the local coordinate system for each body part
together with symbols.

[0036] Asshown in FIGS. 1 and 2, the 3D virtual character
according to an embodiment of the present invention is
modeled based on the hierarchical structure of the body part.
Hence, the movement of the body part located at an upper
layer affects the body part of a lower layer connected thereto.
[0037] According to the embodiment of the present inven-
tion, rotation data acquired from a sensor attached to the
body part may be expressed in a quaternion expression
method. The quaternion expression method is composed of
four factors, namely, q,,q;, q..9s. Here, qo, represents a
rotation angle, and (q;,9,,9;) represents rotation-axis vec-
tors.

[0038] As such, it is advantageous to calculate accurate
results without causing a gimbal-lock problem about any
rotation by using the quaternion expression method.
[0039] In the embodiment of the present invention, the
rotation value of each body part is calculated using the
quaternion to implement the motion.

[0040] The basic pose of the 3D modeling is assumed to
be a T-pose, and an equation for calculating the rotation of
each body part is defined using two symbols, that is, Q and

q.
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[0041] Q represents a difference in local coordinate system
between a current body part in the T-pose and a body part
immediately above the current body part with quaternion.
For example, referring to FIG. 2, Q, represents a difference
in local coordinate system of the right upper arm part. Since
there is a z-axis rotation difference of —90 degrees between
C, and C, corresponding to the upper part, Q4=(0.707, 0, O,
-707) may be calculated.

[0042] As another example, since Qs is equal in local
coordinate system to C, that is the upper part, Qs=(1, 0, O,
0) may be calculated. Since another bone may be added
between respective body parts in the 3D modeling, the
rotation values of the local coordinate system are not all the
same. However, if the Q value is calculated for each body
part, it is possible to implement the movement of the whole
body regardless of the modeling.

[0043] q is a quaternion symbol that is assigned to each
body part when the movement of the body occurs, and
denotes a change in rotation value. For example, a motion
tracking process for the right-hand part C6 as an example is
shown in FIG. 3. In other words, the right-hand rotation
equation of FIG. 3 is made from right to left. Therefore,
assuming that the rotation of the hip determines the direction
of the whole body, a series of rotational movements may be
calculated in the order of the waist, shoulder and arm after
the rotation of the hip is calculated.

[0044] Since the basic structure of the 3D virtual character
has been described with reference to FIGS. 1 to 3, the
method of modeling the motion of the virtual character will
be described below in more detail.

[0045] FIG. 4 is a flowchart illustrating a motion modeling
method of the virtual character using the virtual joint sphere
in accordance with the embodiment of the present invention,
FIGS. 5 to 7 are diagrams illustrating a trajectory for a
motion in accordance with the embodiment of the present
invention, and FIGS. 8 and 9 are diagrams illustrating a
contact point in accordance with the embodiment of the
present invention

[0046] At step 410, the modeling device 100 models the
3D virtual character.

[0047] As shown in FIGS. 1 to 3, the 3D virtual character
is formed such that each body part has the hierarchical
structure, and the virtual joint sphere is formed in each body
part. Here, the virtual joint sphere may be formed at different
degrees of freedom depending on the moving range of each
body part. Furthermore, it is natural that the size of the
virtual joint sphere formed in each body part is differently
set depending on the moving range of the body part that is
to be expressed.

[0048] At step 415, the modeling device 100 forms the
trajectory for a motion of a target body part of the 3D virtual
character moving as a specific motion is performed on the
surface of the virtual joint sphere assigned to target body
part, when modeling the motion of the 3D virtual character
according to the specific motion

[0049] That is, the modeling device 100 may form contact
points, meeting on the surface of the virtual joint sphere of
each body part, on the surface of the associated virtual joint
sphere to visualize the trajectory of the body part according
to the specific motion.

[0050] FIG. 5 is a diagram illustrating a difference in joint
state (trajectory) when only the shoulder part rotates about
90 degrees from the initial pose (attention pose) according to
an embodiment of the present invention. As shown in FIG.
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5, if only the shoulder part rotates about 90 degrees from the
initial pose, the trajectory is not changed because the lower
arm and the hand part move equally.

[0051] FIG. 6 is a diagram illustrating a difference in
trajectory when the lower arm and the hand part sequentially
rotate about 90 degrees according to an embodiment of the
present invention. As shown in FIG. 6, when the lower arm
and the hand part sequentially rotate about 90 degrees, it can
be seen that the trajectory is formed at a point where each
part comes into contact.

[0052] InFIGS. 5 and 6, since the trajectory of each body
part checks only the movement of the associated body part,
it has the same meaning as rotating the joint according to the
rotation value based on the local coordinate system. There-
fore, in order to measure a change in all movements occur-
ring in the specific body part (joint), it is necessary to
calculate a global rotation value including the upper part
affecting each body part.

[0053] Inorder to calculate the local rotation value of each
trajectory in the same frame section, rotation values are
calculated from a 0-th contact point and an i-th contact point,
and then are defined as Upper_q,, Lower_q,, Hand_q,.
[0054] Subsequently, the rotation values of the affecting
upper parts according to the hierarchical structure of the
body are calculated in sequence. For example, if only the
arm moves with the trunk being fixed, three values, namely,
Upper_q,, Lower_q,, Hand_q,, are required to check the
whole rotating direction of the wrist. Since the rotation
values are based on the local coordinate system, calculation
is performed with Upper_q,*Lower_g,*Hand_q,. Therefore,
if all movements of the wrist are expressed as a trajectory
pattern on the basis of the accumulated rotation values, it
may be represented as shown in FIG. 7.

[0055] FIG. 8 is a diagram illustrating the surface of the
virtual joint sphere. As shown in FIG. 8, the virtual joint
sphere may be divided into a plurality of regions at intervals
of 90 degrees around respective axes, and each region may
be further divided at intervals of 10 degrees.

[0056] For example, in FIG. 8, a change in vertical height
may be expressed along a blue Z-axis, and other horizontal
movements may be expressed in four directions, namely,
forwards, backwards, leftwards, and rightwards. Thus, as
shown in FIG. 7, each region of the virtual joint sphere
includes symbols meaning Front, Back, Up, Down, Left, and
Right, and an angle is marked next to each symbol.

[0057] Hence, numbers attached to two consecutive sym-
bols may represent an angle shifted from a preceding symbol
region to a following symbol region. For example, an
U2FL2 pattern means a region located at a position rotated
20 degrees upwards and rotated 20 degrees from front to left.
Therefore, it is advantageous in that it is easy to identify
what motion is made by intuitively recognizing the position
of the continuously changing pattern through the symbol.

[0058] As shown in FIGS. 5 to 9, each body part of the
virtual character is specified by the virtual joint sphere.
Here, the size of the virtual joint sphere may be set differ-
ently depending on the moving range of the body part. That
is, the moving range of the virtual joint sphere may be set
differently depending on the moving range of the body part.
[0059] When modeling the motion of the virtual character
using the direction vector derived for each body part, the
contact points where each joint meets on the surface of the
virtual joint sphere are represented by the trajectory, thus
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making it possible to visually express a change in movement
sequentially from the initial pose.

[0060] In this regard, the contact points include a plurality
of directional regions, and the directional regions may be
divided into each other on the basis of a specified angle. In
detail, the contact points formed on the surface of the virtual
joint sphere for each body part may be formed in a circular
pattern. For example, if the contact points are formed in the
circular pattern, the contact points may be divided into two
regions. A first region may be a clockwise region, and a
second region may be a counterclockwise region. Each
region may be defined in a range between 0 and 180 degrees,
and may be divided into twelve sub-regions at intervals of 15
degrees.

[0061] Therefore, on the basis of the derived direction
vector for each body part, the contact points may be visually
displayed while filling the regions clockwise or counter-
clockwise. Of course, when the direction vector for the body
part is not rotated, the region may not be filled with the
contact point.

[0062] FIG. 9 is a diagram showing the surface of the
virtual joint sphere in the motion modeling according to
another embodiment of the present invention, and it can be
seen that each contact point forming the trajectory of FIG.
8 does not fill the pattern region. It can be seen that rotation
is not performed in the joint direction through the contact
points formed on the surface of the virtual joint sphere of
FIG. 8.

[0063] FIG. 9 shows the trajectory for the motion that is
the same as the motion of FIG. 8 but includes the rotation in
the joint direction. The upper arm part rotates 90 degrees as
in FIG. 8 but the wrist rotates, so that the back of the hand
faces upwards. Therefore, since the corresponding motion is
a movement rotating the wrist counterclockwise, it can be
seen that the region gradually expands counterclockwise on
the pattern of the contact points forming the trajectory of
FIG. 8. Subsequently, the motion is performed such that the
lower arm part rotates again to restore to an original state,
and the wrist rotates clockwise. Thereby, the pattern region
of the contact points moving upwards is gradually
decreased, and consequently, the contact point pattern of the
same blank region as that of FIG. 8 is formed.

[0064] As such, according to the embodiment of the
present invention, the contact points on the surface of the
virtual joint sphere forming the trajectory divide the region
to have a plurality of directional regions, and subdivide each
directional region at the angular interval of 15 degrees, thus
making it possible to confirm the rotating direction of the
joint.

[0065] FIG. 10 is a flowchart illustrating a motion mod-
eling method of a virtual character using a sensor in accor-
dance with another embodiment of the present invention.

[0066] At step 1010, the modeling device 100 derives the
initial correction value and the direction correction value.

[0067] The sensor may be attached to each body part of a
user to capture a motion, and may model the motion of the
3D wvirtual character using data output from the sensor
according to the specific motion. In this case, even if the user
performs the same motion, the sensor attached to the body
part may output a different value depending on a direction in
which the sensor is attached to the body. For example, the
sensor may be an IMU sensor.
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[0068] Therefore, an initialization process for the sensor
should be preceded, before modeling the motion of the
virtual character through the motion capture.

[0069] In the embodiment of the present invention, an
initial correction value may be derived using rotation data
acquired from the sensor in the initial pose (e.g. attention
pose).

[0070] In the embodiment of the present invention, it is
assumed that the IMU sensor outputs rotation data on the
current rotation state on the basis of the global coordinate
system.

[0071] In the embodiment of the present invention, it is
assumed that the rotation data output from the IMU sensor
is quaternion data.

[0072] Even if the user performs the same motion, the
IMU sensor may output a different value depending on a
direction in which the sensor is attached to the body.
Therefore, according to the embodiment of the present
invention, the rotation data output from the IMU sensor is
not used as it is, but the rotation data output from each frame
is calibrated to be used according to the subsequent specific
motion on the basis of the rotation data of the IMU sensor
output from the initial state (initial pose).

[0073] In the embodiment of the present invention, this
process is referred to as a sensor initialization process for
convenience.

[0074] For the initialization or synchronization of the
sensor, in the state where the IMU sensor is attached to the
body part, a user may take the initial pose (e.g. attention
pose).

[0075] To facilitate the understanding and description, the
rotation data (i.e. initialization data) acquired in the initial
pose is defined as q,.

[0076] For convenience, the rotation data acquired in each
frame according to a user’s motion is defined as q,.

[0077] Therefore, by multiplying an inverse value of the
initialization data by the rotation data acquired in each
frame, the same effect as that of initializing (synchronizing)
the entire sensor can be obtained.

[0078] Insummary, the modeling device 100 calibrates the
rotation data acquired from the sensor after the initial pose
using the initial data. This is expressed by Equation 1.

4=4:*00 " [Equation 1]

[0079] Consequently, q, represents a difference in rotation
value of the global coordinate system between the initial
pose (attention pose) and the i-th motion.

[0080] Furthermore, after the synchronization of the sen-
sor, the rotation data of the sensor is changed depending on
the direction where the user looks. Therefore, the process of
matching the entire sensor with one direction standard
should be preceded regardless of a user’s current direction.
[0081] In order to measure the user’s current direction, the
sensor is attached to the waist part and the rotation data is
measured in the front direction. Further, after the rotation
data (q,,’) of the sensor when the user looks north and the
rotation data (q,) of the sensor in the user’s current front
direction are output, the direction correction value is derived
using the inverse value of the rotation data (q,,) when the
user looks north.

[0082]

07"

This is expressed by Equation 2.

[Equation 2]
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[0083] At step 1015, the modeling device 100 acquires the
rotation data on each body joint part according to the specific
motion from the sensor attached to the body part.

[0084] At step 1020, the modeling device 100 derives a
motion rotation value for each body joint part by reflecting
an initial correction value and a motion correction value in
the rotation data on the body joint part.

[0085] If the initial correction value and the direction
correction value are derived, the motion rotation value may
be derived by calibrating the rotation data acquired from
each sensor according to the specific motion after the initial
pose. This is expressed by Equation 3.

qCal:qg*qnfl [Equation 3]

[0086] Consequently, the rotation data output from the
sensor for each frame after the initial pose for capturing the
motion may be calibrated by the initial correction value and
the direction correction value, as shown by Equation 3, to be
applied to each joint of the virtual character.

[0087] At step 1025, the modeling device 100 derives the
direction vector (v;) for each body part using the motion
rotation value for each body part.

[0088] As described above, if the motion rotation value for
each body part is derived, the modeling device 100 accord-
ing to the embodiment of the present invention may derive
the direction vector (v,) after the motion is performed using
the skeleton direction (v,) for each body part of the initial
state (pose).

[0089] This is expressed by Equation 4.

= k3 * —
Vi=dcar Vo 9cal

[0090] At step 1030, the modeling device 100 forms the
trajectory moved as the motion of the body part is performed
on the surface of the virtual joint sphere assigned to each
body part of the virtual character using the derived direction
vector.

[0091] Since the virtual joint sphere assigned to each body
part has been described above, a duplicated description
thereof will be omitted.

[0092] FIG. 11 is a block diagram schematically illustrat-
ing an internal configuration of the modeling device in
accordance with the embodiment of the present invention.
[0093] Referring to FIG. 11, the modeling device 100 in
accordance with the embodiment of the present invention
includes a memory 1110 and a processor 1120.

! [Equation 4]

[0094] The memory 1110 stores at least one or more
commands.
[0095] The processor 1120 is a means for executing the

commands stored in the memory.

[0096] As described with reference to FIGS. 4 to 10, the
commands executed by the processor 1120 may form the
virtual joint sphere on each body part, derive the motion
rotation value and the direction vector according to the
motion of each body part, and then display the contact points
meeting on the surface of the virtual joint sphere based on
the derived values, thus forming the trajectory according to
the motion and visually outputting the trajectory. Since this
has been described above, a duplicated description thereof
will be omitted.

[0097] The embodiments of the invention described above
are provided merely for illustrative purposes. A person
having ordinary skill in the art would be able to make
various modifications, alterations, and additions without
departing from the spirit and scope of the invention, and
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such modifications, alterations, and additions are to be
regarded as being encompassed within the scope of claims
set forth below.

What is claimed is:

1. A motion modeling method using a virtual sphere,

comprising:

(a) modeling a 3D virtual character, wherein the 3D
virtual character sets a virtual joint sphere for each
body part; and

(b) forming a trajectory for a motion of a target body part
of the 3D virtual character as a specific motion is
performed on a surface of the virtual joint sphere
assigned to the target body part, when reconstructing
the motion of the 3D virtual character according to the
specific motion.

2. The motion modeling method of claim 1, wherein the

virtual joint sphere divides a region at a predetermined angle
around each of axes.

3. The motion modeling method of claim 2, wherein a
contact point includes a plurality of directional regions, and
the plurality of directional regions is divided at a predeter-
mined angle, and

the plurality of divided directional regions is displayed in

the form of different visual information according to a
direction of a direction vector for each body part.

4. The motion modeling method of claim 1, further
comprising:

after the step (b), simultaneously moving the virtual joint

sphere of a body part connected to a lower layer of a
hierarchical structure of the target body part according
to the motion of the target body part.

5. The motion modeling method of claim 1, wherein a
trajectory is formed on the surface of the virtual joint sphere
assigned to the target body part by reflecting a rotation value
of a trajectory of a body part of an upper layer connected to
the target body part.

6. A motion modeling method using a virtual sphere,
comprising:

(a) acquiring rotation data on each body part according to

a specific motion from a sensor attached to a person’s
body part; and

(b) forming a trajectory for a motion of a target body part

of the 3D virtual character as a specific motion is
performed on a surface of the virtual joint sphere
assigned to the target body part, using the rotation data
on each body part, when reconstructing the motion of
the 3D virtual character according to the specific
motion.

7. The motion modeling method of claim 6, further
comprising:
before the step (a), deriving an initial correction value and
a direction correction value using the rotation data
acquired from the sensor in an initial pose,
wherein the rotation data in the step (b) is a motion
rotation value to which the initial correction value and
the direction correction value are applied.
8. The motion modeling method of claim 6, wherein the
step (b) comprises:
deriving a direction vector (v,7) for each body part using
a skeleton direction vector (v,) of each body part in the
initial pose and rotation data on each body part; and
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forming the trajectory by displaying a contact point
meeting on the surface of the virtual joint sphere using
the direction vector for each body part according to the
specific motion.

9. A computer-readable recording medium product for
recording a program code to perform a method according to
claim 1.

10. A modeling device comprising:

a memory configured to store at least one command; and

a processor configured to execute the command stored in

the memory,
wherein the command executed by the processor performs
(a) modeling a 3D virtual character, wherein the 3D
virtual character sets a virtual joint sphere for each
body part; and
(b) forming a trajectory for a motion of a target body part
of the 3D virtual character as a specific motion is
performed on a surface of the virtual joint sphere
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assigned to the target body part, when reconstructing
the motion of the 3D virtual character according to the
specific motion.

11. A modeling device comprising:

a memory configured to store at least one command; and

a processor configured to execute the command stored in
the memory,

wherein the command executed by the processor performs

(a) acquiring rotation data on each body part according to
a specific motion from a sensor attached to a person’s
body part; and

(b) forming a trajectory for a motion of a target body part
of the 3D virtual character as a specific motion is
performed on a surface of the virtual joint sphere
assigned to the target body part, using the rotation data
on each body part, when reconstructing the motion of
the 3D virtual character according to the specific
motion.



