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(7) ABSTRACT

An apparatus generating a closed-loop periodic motion data
from open time-series motion data given for moving a
multi-joint rigid body object, and comprising an open peri-
odic motion generating unit for making local movements of
a multi-joint rigid body object periodic and generating an
open periodic time-series motion data, a closed-loop motion
generating Unit for reading out the position data of the
whole object among the open periodic time-series motion
data, generating the position data of the whole object made
its motion closed-loop, replacing the position data of the
whole object among open periodic time-series motion data
stored in a storage unit with the generated data, and storing

(22) Filed: Jul. 30, 1998 the generated data in the storage unit.
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Fig.3
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Fig.5
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The motion connecting unit 13 reads out plural
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via the data bus 12, and connects them

)
The open periodic motion generating unit 14 reads out
the contents of the storage unit 16, —— 513

and generates open periodic time-series motion data

The closed-loop motion generating unit 15 makes
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Fig.11
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Fig.13
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Fig.24 (a)
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Fig.26 (a)
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MOTION DATA GENERATION APPARATUS,
MOTION DATA GENERATION METHOD, AND
MOTION DATA GENERATION PROGRAM
STORAGE MEDIUM

FIELD OF THE INVENTION

[0001] The present invention relates to a motion data
generation apparatus, a motion data generation method, arid
a motion data generation program storage medium, which
are used in a field of computer graphics animation, and,
more particularly, to an apparatus and a method for auto-
matically generating closed-loop periodic motion data from
time-series motion data resulting from connecting single or
plural open time-series motion data given for moving a
multi-joint rigid body object.

BACKGROUND OF THE INVENTION

[0002] Definitions will be described before discussing a
main subject. In the computer graphics animation, as shown
in FIG. 6(a), a skeletal structure equivalent to the bones of
a multi-joint rigid body object is defined to move a human
and a creature modeled by the multi-point rigid body object
realistically, and the motion of a human is decided by the
motion of the skeletal structure.

[0003] InFIG. 6(a), ES denotes an end site corresponding
to that of a human; JT, a joint corresponding to that of a
human; LK, a link corresponding to a bone of a human; ST,
a segment corresponding to a higher hierarchical part con-
stituting a human, such as a neck, arm, or leg.

[0004] Motion data of the skeletal structure is time-series
data. A concept of motion data of an object, such as a human
and a creature modeled by a multi-joint rigid body object, in
the computer graphics animation will be described with
reference to FIG. 6(b). In the figure, a model of multi-joint
rigid body object is a human. As described above, the motion
data is generally time-series data. The motion data com-
prises three posture angles Aa, Av, and Ah used for control-
ling the posture of the whole object, a slide vector indicating
the amount of parallel translation used for controlling the
movement of each joint, and a joint angle Aj indicating the
amount of rotation.

[0005] To indicate the position of a whole object O, a point
P is predetermined and fixed inside each object. To indicate
the posture of the whole object O, a movement direction
vector Va, an upward direction vector Vv, and a lateral
direction vector Vh are defined, and called posture vectors.

[0006] With a coordinate system introduced by the fixed
point P and the posture vectors Va, Vv, and Vh, the position
of each joint of the object can be inherently determined. As
opposed to this, in the computer graphics, each object has its
own coordinate system, called an object coordinate system,
for defining its shape. Hence, the origin of the object
coordinate system is the point P indicating the position of the
whole object O. Unit vectors defining the object coordinate
system are the posture vectors.

[0007] The posture angles Aa, Av, and Ah are the amounts
of rotation about the three axes of a world coordinate system
(%, ¥, 2). To calculate the posture vectors Va, Vv, and Vh at
a certain time, the posture vectors in the initial state are
rotationally converted about X, Y, and Z axes by the respec-
tive amounts of rotation. The posture of the whole object is

Dec. 6, 2001

thus controlled at each time. The movement of a joint is
controlled by parallel translation by a slide vector, and
rotation about each axis, in a local coordinate system defined
for each joint. Although the foregoing discussion is based on
multi-joint rigid body object, this invention is not restricted
to a rigid body or a multi-joint object. Other kinds of body
or a single joint, or the combination of those can be
employed in this invention.

[0008] The motion data comprises three posture angles
used for controlling the posture of the whole object, a slide
vector indicating the amount of parallel translation used for
controlling the movement of each joint, and a joint angle
indicating the amount of rotation.

[0009] To indicate the position of a whole object, a point
is predetermined and fixed inside each object. To indicate
the posture of the whole object, a movement direction
vector, an upward direction vector, and a lateral direction
vector are defined, and called posture vectors. This situation
is shown in FIG. 6(b). With a coordinate system introduced
by the fixed point and the posture vectors, the position of
each joint of the object can be inherently determined.

[0010] As opposed to this, in the computer graphics, each
object has its own coordinate system, called an object
coordinate system, for defining its shape. Hence, the origin
of the object coordinate system is the point indicating the
position of the whole object. Unit vectors defining the object
coordinate system are the posture vectors. The posture
angles are the amounts of rotation about the three axes of a
world coordinate system. To calculate the posture vectors at
a certain time, the posture vectors in the initial state are
rotationally converted about the three axes by the respective
amounts of rotation. The posture of the whole object is thus
controlled at each time. The movement of a joint is con-
trolled by parallel translation by a slide vector, and rotation
about each axis, in a local coordinate system defined for
each joint.

[0011] Asshown in FIG. 7(b), the time-series motion data
of the position of an object at an initial time does not match
that at a last time. The local movements of the object are
different at all between at the initial time and at the last time.
This motion is called an open non-periodic motion. That is,
when the same open non-periodic motion is continually
repeated, the state at the last time transfers abruptly to the
state at the initial time, while the object suddenly jumps
from the position at the last time to that at the initial Lime.
Therefore, the motion cannot be repeated.

[0012] An open periodic motion is a motion, as shown in
FIG. 7(b), in which the position of the object at the initial
time does not match that at the last time, but the states of an
object at the last time and at the initial time are almost the
same, so the object transfers from the state at the last time
to that at the initial time, naturally and smoothly. When the
same open periodic motion is continually repeated, the
transition of the state of the object is always natural and
smooth, but as to the position of the object., the object
suddenly jumps from the position at the last time to that at
the initial time. Therefore, the motion cannot be repeated,
either.

[0013] As opposed to those, a closed-loop periodic motion
is a motion, as shown in FIG. 7(c), in which as to both the
state and the position of an object, there is no abrupt



US 2001/0048441 A1l

transition, or no sudden jump to anywhere not expected.
Therefore, the motion can be repeated.

[0014] Time-series motion data as a result of connection of
plural time-series motion data becomes an open non-peri-
odic motion unless the data is subjected to a special pro-
cessing described below in this invention.

[0015] By the way, recently, in the field of computer
graphics animation, always required is realistic motions of a
creature, such as a human, modeled by a multi-joint rigid
body object.

[0016] Three-dimensional time-series data representing
such motions are generated by an animator using a method
including key-framing interpolation, or a motion capture
technique which is a 3-D motion measuring technique
capturing real movements.

[0017] Tt takes a long time to process motions generated
by such methods, and the motions are generated basically as
open time-series data which is a unit having a minimum
meaning as a movement, taking into account that the gen-
erated movement is reused. Hence, those small pieces of
motion must be connected to get a series of motion over a
long time. However, the motion data resulting from connec-
tion of open time-series motion data becomes inevitably
open time-series motion data.

[0018] There are several conventional methods of con-
necting motion data. The most primitive one of those
methods is a method such that an expert called the foregoing
animator estimates a motion connecting between motions,
and producing the motion data of the connecting motion by
handiwork. However, the method has poor productivity, and
because the work of estimating a motion in three-dimen-
sional space depends on the experience of an animator, the
connecting motion produced is often unnatural. When a
closed-loop motion is produced, the unnaturalness also
exists.

[0019] In this situation, there has been proposed a first
prior art aiming to automate the connection of motions in a
case where the local movement of an object or body is
periodic, that is, Munetoshi Unuma, et al., Fourier Principles
for Emotion-based Human Figure Animation“, SIG-
GRAPH95 Proceeding, pp 91-96, 1995.

[0020] In this prior art, the time-series data of front and
back motions to be connected to each other are Fourier-
expanded, the motion in the connecting interval is extrapo-
lated in the frequency space, and the result is inversely
Fourier-expanded to produce a motion in the connecting
interval. In other words, by exploiting the periodicity, pre-
diction is performed to produce the data connecting motions.
However, it is not possible to produce a closed-loop periodic
motion as the motion of a whole object.

[0021] A second prior art is, Charles Rose, et al., Efficient
Generation of Motion Transitions using Spacetime Con-
straints“, SIGGRAPH 96 proceeding, pp 147-154. 1996,
which is a motion connecting method in the condition that
the periodicity of a local motion of an object or a body is not
necessarily required.

[0022] Inthe second prior art, the motion in the connecting
interval is generated by estimating based on the time-series
data of front and back motions connecting to each other,
exploiting inverse kinematics, inverse dynamics, and opti-

Dec. 6, 2001

mizing calculation. However, this method simply connects
motions, so it is not possible to generate a closed-loop
periodic motion.

[0023] As described above, the first conventional method
is applied only to a motion having originally periodicity.
Besides, it is not possible to generate a closed-loop periodic
motion as the whole motion of an object or body. It also
takes a long time to perform Fourier expansion and inverse
Fourier expansion.

[0024] Further, the second conventional method, as to
motion connection, generates a connecting motion by
extrapolating from front and back motions. Since the
method includes various kinds of numerical calculation, it
takes a long time to get the connecting motion. Connecting
motions by predicting from front and back motions is an
ill-posed problem. Therefore, only if the estimate function of
optimizing calculation matches the conditions of the con-
nection at the time, an appropriate motion is generated. Such
a connecting condition depends on each case of front and
back motions or a connecting situation separately. Hence,
there is no condition satisfied in a general situation, so the
motion becomes unnatural.

[0025] Incidentally, the second conventional method takes
into consideration only torque consumption as an estimate
function, and minimizes this. The minimization of the torque
consumption is only a necessary condition, but not a suffi-
cient condition. Thus, the method cannot handle all situa-
tions. For example, the method does not handle a case where
a smooth or high-speed motion is required.

[0026] That is, although it takes a long processing time for
the second conventional method, the connecting motion
often becomes unnatural. The generated motion as a result of
the connection becomes an open non-periodic motion, when
the starting motions are open.

[0027] As described above, in the first and second prior art
methods, a connecting motion is generated by estimating
based on front and back motions. If the estimation is not
true, the connecting motion is inappropriate. What is more,
a closed-loop periodic motion cannot be generated.

[0028] However, a closed-loop periodic motion plays a
very important role in the production of computer graphics
animation. For example, when motions of dancing or extras
are generated, if all of a series of motions are to be produced,
the amount of motion data becomes huge, so the production
is very hard. Especially for the realization of real-time
animation, this problem is so fatal that the production is
actually implausible.

SUMMARY OF THE INVENTION

[0029] TItis an object of the present invention to provide an
apparatus for automatically generating a closed-loop peri-
odic motion data based on time-series motion data generated
by connecting single or plural open time-series motion data
of moving a multi-joint rigid body object.

[0030] Other objects and advantages of the present inven-
tion will become apparent from the detailed description
desired below; it should be understood, however, that the
detailed description and specific embodiment are desired by
way of illustration only, since various changes and modifi-
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cations within the scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

[0031] According to a first aspect of this invention, there
is provided an apparatus of generating motion data, com-
prising:

[0032] a storage unit for storing plural time-series
motion data; and

[0033] a motion connecting unit for reading out plu-
ral time-series motion data from said storage unit,
connecting the plural time-series motion data to
generate a series of time-series motion data, and
storing the series of time-series motion data in said
storage unit.

[0034] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect plural time-series
motion data and generate new time-series motion data.

[0035] According to a second aspect of this invention,
there is provided an apparatus of generating motion data,
comprising:

[0036] a storage unit for storing two time-series
motion data to be connected, the two time-series
motion data being referred to as front time-series
motion data and back time-series motion data,
respectively; and

[0037] a motion connecting unit for estimating
motion data in future or past as much as a connection
time, in terms of time, for either the front time-series
motion data or the back time-series motion data, to
generate estimated-extended motion data, and syn-
thesizing connecting motion data based on the esti-
mated-extended motion data and motion data in
future or past as much as the connection time, in
terms of time, for either the front time-series motion
data or the back time-series motion data.

[0038] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0039] According to a third aspect of this invention, there
is provided the apparatus of the second aspect wherein said
motion connecting unit, two time-series motion data being
referred to as front lime-series motion data and back time-
series motion data, respectively, estimates motion data as
much as a connection time from the last time of the front
time-series motion data to generate estimated-extended
motion data, and generates connecting motion data based on
the back time-series motion data from the initial time to the
connection time after and the estimated-extended motion
data.

[0040] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0041] According to a fourth aspect of this invention, there
is provided the apparatus of the second aspect wherein said
motion connecting unit, two time-series motion data being
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referred to as front time-series motion data and back time-
series motion data, respectively, estimates motion data as
much as a connection time in the past direction from the
initial time of the back time-series motion data, in terms of
time, to generate estimated-extended motion data, and gen-
erates connecting motion data based on the front time-series
motion data from the last time to the connection time before
and the estimated-extended motion data.

[0042] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0043] According to a fifth aspect of this invention, there
is provided the apparatus of the second aspect wherein said
motion connecting unit, according to a connection time
distribution rate vy, (a) estimates motion data as much as yx(a
connection time) from the last time of the front time-series
motion data to generate estimated backward-extended
motion data, (b) estimates motion data in the past direction
as much as (1-y)x(the connection time) from the initial time
of the back time-series motion data, in terms of time, to
generate estimated forward-extended motion data, (¢) gen-
erates a first half of connecting motion data based on the
front time-series motion data from the last time to (1-y)x(the
connection time) before and the estimated forward-extended
motion data, and (d) generates a second half of connecting
motion data based on the back time-series motion data from
the initial time to yx(the connection time) after and the
estimated backward-extended motion data.

[0044] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0045] According to a sixth aspect of this invention, there
is provided the apparatus of any of the third, fourth, and fifth
aspects wherein said open periodic motion generating unit
uses a function that (a) is O at the initial time of the
connection time, and 1 at the last time of the connection
time, (b) increases monotonically, (c) is differentiable, and
(d) is rotationally symmetrical by 180 degrees about the
middle time of the connection time, within the connection
time.

[0046] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0047] According to a seventh aspect of this invention,
there is provided the apparatus of any of the third, fourth,
and fifth aspects wherein said open periodic motion gener-
ating unit uses a function that (a) is 1 at the initial time of
the connection time, and O at the last time of the connection
time, (b) decreases monotonically, (c) is differentiable, and
(d) is rotationally symmetrical by 180 degrees about the
middle time of the connection time, within the connection
time.

[0048] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect two time-series
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motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0049] According to an eighth aspect of this invention,
there is provided the apparatus of the third aspect wherein
said motion connecting unit estimates that the front time-
series motion data at the last time continues as much as a
connection time from the last time, and generates estimated-
extended motion data.

[0050] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0051] According to a ninth aspect of this invention, there
is provided the apparatus of the fourth aspect wherein said
motion connecting unit estimates that the back time-series
motion data at the initial time has continued as much as a
connection time in the past direction from the initial time, in
terms of time, and generates estimated-extended motion
data.

[0052] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0053] According to a tenth aspect of this invention, there
is provided the apparatus of the third aspect wherein said
motion connecting unit estimates that motion data smoothly
shifts to the front time-series motion data at the last time a
connection time after the last time, and generates estimated-
extended motion data.

[0054] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0055] According to an eleventh aspect of this invention,
there is provided the apparatus of the fourth aspect wherein
said motion connecting unit estimates that the motion state
of the back time-series motion data a connection time before
the initial time of the back time-series motion data smoothly
shifts to the back time series motion data with the motion
state of the back time-series motion data at the initial time,
and generates estimated-extended motion data.

[0056] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0057] According to a twelfth aspect of this invention,
there is provided the apparatus of the third aspect wherein
said motion connecting unit estimates that the motion state
of the front time-series motion data a connection time after
the last time of the front time-series motion data is the
motion state of the back time-series motion data the con-
nection time after the initial time of the back time-series
motion data, and generates estimated-extended motion data.

[0058] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect two time-series
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motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0059] According to a thirteenth aspect of this invention,
there is provided the apparatus of the fourth aspect wherein
said motion connecting unit estimates that the motion state
of the back time-series motion data a connection time before
the initial time of the back time-series motion data smoothly
shifts to the motion state of the front time-series motion data
the connection time before the last time of the front time-
series motion data, and generates estimated-extended
motion data.

[0060] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0061] According to a fourteenth aspect of this invention,
there is provided the apparatus of the fifth aspect wherein
said motion connecting unit calculates a connection time
distribution rate in connection, for time-series motion data
holding a connection time distribution rate as additional
information, based on a connection time distribution rate as
additional information for the front time-series motion data
and a connection time distribution rate as additional infor-
mation for the back time-series motion data, and generates
an estimated forward-extended motion and an estimated
backward-extended motion according to the connection time
distribution rate.

[0062] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0063] According to a fifteenth aspect of this invention,
there is provided the apparatus of the fifth aspect wherein
said motion connecting unit calculates a connection time
distribution rate y in connection, for time-series motion data
holding a connection time distribution rate as additional
information, based on a connection time distribution rate y1
as additional information for the front time-series motion
data and a connection time distribution rate y2 as additional
information for the back time-series motion data, by y=(y1+
v2)/2, and generates an estimated forward-extended motion
and an estimated backward-extended motion according to
the connection time distribution rate.

[0064] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data, and able to vary the connection time
distribution rate y.

[0065] According to a sixteenth aspect of this invention,
there is provided the apparatus of any of the third, fourth,
and fifth aspects wherein for time-series motion data holding
additional information about numerically expressed meth-
ods of generating estimated-extended motions, said motion
connecting unit generates an estimated-extended motion, an
estimated backward-extended motion, and an estimated for-
ward-extended motion, according to the additional informa-
tion.
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[0066] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0067] According to a seventeenth aspect of this inven-
tion, there is provided the apparatus of the eleventh aspect
wherein said motion connecting unit, for time-series motion
data holding a value numerically expressing the importance
of the time-series motion data as additional information,
based on the value of the importance of the additional
information for the front time-series motion data and the
value of the importance of the additional information for the
back time-series motion data, determines a method of gen-
erating an estimated backward-extended motion and an
estimated forward-extended motion, calculates a connection
time distribution rate, and generates an estimated forward-
extended motion and an estimated backward-extended
motion.

[0068] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0069] According to an eighteenth aspect of this invention,
there is provided the apparatus of the fifth aspect wherein
said motion connecting unit, for time-series motion data
holding a value numerically expressing the importance of
the time-series motion data as additional information, based
on the value 81 of the importance of the additional infor-
mation for the front time-series motion data and the value 82
of the importance of the additional information for the back
time-series motion data (0=81, 62 =1), determines a method
of generating an estimated backward-extended motion and
an estimated forward-extended motion, calculates a connec-
tion time distribution rate y by y=(81-02+1)/2, and generates
an estimated forward-extended motion and an estimated
backward-extended motion.

[0070] Therefore, it is possible to provide an apparatus for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data, and able to vary the connection time
distribution rate y.

[0071] According to a nineteenth aspect of this invention,
there is provided an apparatus of generating closed-loop
periodic motion data, comprising:

[0072]

[0073] an input/output unit for (a) receiving time-
series motion data including the position data of a
whole multi-joint rigid body object at each time, and
the posture angle data, joint slide vector data, and
joint angle data of the multi-joint rigid body object at
each time, (b) storing the received time-series
motion data in said storage unit, and (c) reading out
closed-loop periodic motion data generated from the
time-series motion data, stored in said storage unit;

[0074] an open periodic motion generating unit for
(a) reading out time-series motion data stored in said
storage unit, (b) generating open periodic time-series

a storage unit;
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motion data by making the local parts of a multi-joint
rigid body object periodic, and (c) storing the open
periodic time-series motion data in said storage unit;
and

[0075] a closed-loop motion generating unit for (a)
reading out the position data of the whole multi-joint
rigid body object among the open periodic time-
series motion data, (b) generating closed-loop
motion data by making the position data of the whole
multi-joint rigid body object closed-loop, i.c., the
movement of the whole multi-joint rigid body object
being made closed-loop, (¢) replacing the open peri-
odic time-series motion data stored in said storage
unit with the closed-loop motion data, and (d) storing
the closed-loop motion data in said storage unit.

[0076] Therefore, it is possible to provide an apparatus for
generating closed-loop periodic motion data from single
open time-series motion data given for moving a multi-joint
rigid body object.

[0077] According to a twentieth aspect of this invention,
there is provided the apparatus of the nineteenth aspect
wherein said apparatus further includes a motion connecting
unit for (a) reading out plural time-series motion data stored
said storage unit via said data bus, (b) connecting the plural
time-series motion data to generate a series of time-series
motion data, and (c) storing the series of time-series motion
data in said storage unit via said data bus.

[0078] Therefore, it is possible to provide an apparatus for
generating closed-loop periodic motion data from time-
series motion data resulting from connecting plural open
time-series motion data given for moving a multi-joint rigid
body object.

[0079] According to a twenty-first aspect of this invention,
there is provided the apparatus of any of the nineteenth,
twentieth aspects wherein said open periodic motion gener-
ating unit (a) estimates motion data as much as a synthesis
time from the last time of time-series motion data to generate
estimated-extended motion data, (b) combines the time-
series motion data from the initial time to the synthesis time
after and the estimated-extended motion data to generate
synthesized motion data, (c) replaces the posture angle data,
joint slide vector data, and joint angle data of the time-series
motion data from the initial time to the synthesis time after
with those of the synthesized motion data, and (d) calculates
the amount of parallel translation for the position data of the
whole multi-joint rigid body object, performs the parallel
translation to the position data of the whole multi-joint rigid
body object, and replaces the position data of the time-series
motion data from the initial time to the synthesis time after
with the resulting position data.

[0080] Therefore, it is possible to provide a method for
generating motion data, the method generating an open
periodic motion from non-periodic motions, when closed-
loop periodic motion data is generated from time-series
motion data resulting from connecting single or plural open
time-series motion data given for moving a multi-joint rigid
body object.

[0081] According to a twenty-second aspect of this inven-
tion, there is provided the apparatus of any of the nineteenth
and twentieth aspects wherein said open periodic motion
generating unit (a) estimates motion data as much as a
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synthesis time in the past direction from the initial time of
time-series motion data, in terms of time, to generate esti-
mated-extended motion data, (b) combines the time-series
motion data from the last time to the synthesis time before
arid the estimated-extended motion data to generate synthe-
sized motion data, (c) replaces the posture angle data, joint
slide vector data, and joint angle data of the time-series
motion data from the last time to the synthesis time before
with those of the synthesized motion data, and (d) calculates
the amount of parallel translation for the position data of the
whole multi-joint rigid body object, performs the parallel
translation to the position data of the whole multi-joint rigid
body object, and replaces the position data of the time-series
motion data from the last time to the synthesis time before
with the resulting position data.

[0082] Therefore, it is possible to provide a method for
generating motion data, the method generating an open
periodic motion from non-periodic motions, when closed-
loop periodic motion data is generated from time-series
motion data resulting from connecting single or plural open
time-series motion data given for moving a multi-joint rigid
body object.

[0083] According to a twenty-third aspect of this inven-
tion, there aspects wherein said open periodic motion gen-
erating unit (a) estimates motion data as much as ax(a
synthesis time) from the last time of time-series motion data,
o being a synthesis time distribution rate (0=a=1), to
generate estimated backward-extended motion data, (b) esti-
mates motion data as much as (1-a)x(the synthesis time) in
the past direction from the initial time of time-series motion
data, in terms of time, to generate estimated forward-
extended motion data, (¢) combines the time-series motion
data from the initial time to ax(the synthesis time) after and
the estimated backward-extended motion data to generate
front synthesized motion data, (d) combines the time-series
motion data from the last time to (1-a)x(the synthesis time)
before and the estimated forward-extended motion data to
generate back synthesized motion data, (e) replaces the
posture angle data, joint slide vector data, and joint angle
data of the time-series motion data from the last time to
ax(the synthesis time) after with those of the front synthe-
sized motion data, (f) calculates the amount of parallel
translation for the position data of the whole multi-joint rigid
body object from the last time to ax(the synthesis time)
after, performs the parallel translation to the position data of
the whole multi-joint rigid body object from the last time to
ax(the synthesis time) after, and replaces the position data
of the time-series motion data from the last time to ax(the
synthesis time) after with the resulting position data, (g)
replaces the posture angle data, joint slide vector data, and
joint angle data of the time-series motion data from the last
time to (1-c)x(the synthesis time) before with those of the
back synthesized motion data, and (h) calculates the amount
of parallel translation for the position data of the whole
multi-joint rigid body object from the last time to (1-ct)x(the
synthesis time) before, performs the parallel translation to
the position data of the whole multi-joint rigid body object
from the last time to (1-a)x(the synthesis time) before, and
replaces the position data of the time-series motion data
from the last time to (1-a)x(the synthesis time) before with
the resulting position data.

[0084] Therefore, it is possible to provide a method for
generating motion data, the method generating an open
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periodic motion from non-periodic motions, when closed-
loop periodic motion data is generated from time-series
motion data resulting from connecting single or plural open
time-series motion data given for moving a multi-joint rigid
body object.

[0085] According to a twenty-fourth aspect of this inven-
tion, there is provided the apparatus of any of the nineteenth
and twentieth aspects wherein said closed-loop motion gen-
erating unit performs parallel translation, using a monotoni-
cally increasing function, to the position data of the whole
multi-joint rigid body object from the last time to an effect
time before, among the time-series motion data, in a way to
match the position data of the whole multi-joint rigid body
object at the last time to that at the initial time.

[0086] Therefore, it is possible to provide a method for
generating motion data, the method generating an open
periodic motion from non-periodic motions, when closed-
loop periodic motion data is generated from time-series
motion data resulting from connecting single or plural open
time-series motion data given for moving a multi-joint rigid
body object.

[0087] According to a twenty-fifth aspect of this inven-
tion, there is provided the apparatus of any of the nineteenth
and twentieth aspects wherein said closed-loop motion gen-
erating unit performs parallel translation to the position data
of the whole multi-joint rigid body object from the last time
to an effect time before, among the time-series motion data,
by applying to the position data of the whole multi-joint
rigid body object at a time t within the effect time, an amount
of parallel translation obtained by multiplying the difference
resulting from subtracting the position data of the whole
multi-joint rigid body object at the initial time from that at
the last time, with the difference between t and the initial
time of the effect time, divided by the effect time.

[0088] Therefore, it is possible to provide a method for
generating motion data, the method generating an open
periodic motion from non-periodic motions, when closed-
loop periodic motion data is generated from time-series
motion data resulting from connecting single or plural open
time-series motion data given for moving a multi-joint rigid
body object.

[0089] According to a twenty-sixth aspect of this inven-
tion, there is provided the apparatus of any of the nineteenth
and twentieth aspects wherein said closed-loop motion gen-
erating unit performs parallel translation to the position data
of the whole multi-joint rigid body object from the last time
to an effect time before, among the time-series motion data,
by applying to the position data of the whole multi-joint
rigid body object at a time t within the effect time, an amount
of parallel translation obtained by multiplying the difference
resulting from subtracting the position data of the whole
multi-joint rigid body object at the initial time from that at
the last time, with the difference between t and the initial
time of the effect time, divided by the effect time, arid raising
the result to the power of B(1=p).

[0090] Therefore, it is possible to provide a method for
generating motion data, the method generating an open
periodic motion from non-periodic motions, when closed-
loop periodic motion data is generated from time-series
motion data resulting from connecting single or plural open
time-series notion data given for moving a multi-joint rigid
body object.
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[0091] According to a twenty-seventh aspect of this inven-
tion, there is provided the apparatus of any of the twenty-
first, twenty-second, and twenty-third aspects wherein said
open periodic motion generating unit uses a function that (a)
is 1 at the initial time of the synthesis time, and O at the last
time of the synthesis time, (b) decreases monotonically, (c)
is differentiable, and (d) is rotationally symmetrical by 180
degrees about the middle time of the synthesis time, within
the synthesis time.

[0092] Therefore, it is possible to provide a method for
generating motion data, the method generating an open
periodic motion from non-periodic motions, when closed-
loop periodic motion data is generated from time-series
motion data resulting from connecting single or plural open
time-series motion data given for moving a multi-joint rigid
body object.

[0093] According to a twenty-eighth aspect of this inven-
tion, there is provided the apparatus of any of the twenty-
first, twenty-second, and twenty-third aspects wherein said
open periodic motion generating unit uses a function that (a)
is O at the initial time of the synthesis time, and 1 at the last
time of the synthesis time, (b) increases monotonically, (c)
is differentiable, and (d) is rotationally symmetrical by 180
degrees about the middle time of the synthesis time, within
the synthesis time.

[0094] Therefore, it is possible to provide a method for
generating motion data, the method generating an open
periodic motion from non-periodic motions, when closed-
loop periodic motion data is generated from time-series
motion data resulting from connecting single or plural open
time-series motion data given for moving a multi-joint rigid
body object.

[0095] According to a twenty-ninth aspect of this inven-
tion, there is provided the apparatus of any of the nineteenth
and twentieth aspects wherein said input/output unit receives
time-series motion data compressed in advance, and said
apparatus further includes a decompression unit for decom-
pressing the compressed time-series motion data, and stor-
ing the decompressed time-series motion data in said storage
unit.

[0096] Therefore, it is possible to an apparatus for gener-
ating closed-loop periodic motion data from single or plural
open time-series motion data given for moving a multi-joint
rigid body object, compressed in advance, transmitted via a
communications network, such as the Internet.

[0097] According to a thirtieth aspect of this invention,
there is provided a method of generating motion data,
comprising:

[0098]

[0099] connecting motions by reading out plural
time-series motion data from said storage unit, con-
necting the plural time-series motion data to generate
a series of time-series motion data, and storing the
series of time-series motion data in said storage unit.

storing plural time-series motion data; and

[0100] Therefore, it is possible to provide a method for
generating motion data, able to connect plural time-series
motion data and generate new Line-series motion data.

[0101] According to a thirty-first aspect of this invention,
there is provided a method of generating motion data,
comprising:
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[0102] storing two time-series motion data to be
connected, the two time-series motion data being
referred to as front time-series motion data and back
time-series motion data, respectively; and

[0103] connecting motions by estimating motion data
in future or past as much as a connection time, in
terms of time, for either the front time-series motion
data or the back time-series motion data, to generate
estimated-extended motion data, and synthesizing
connecting motion data based on the estimated-
extended motion data and motion data in future or
past as much as the connection time, in terms of time,
for either the front time-series motion data or the
back time-series motion data.

[0104] Therefore, it is possible to provide a method for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0105] According to a thirty-second aspect of this inven-
tion, there is provided the method of the thirty-first aspect
wherein said connecting motions, two time-series motion
data being referred to as front time-series motion data and
back time-series motion data, respectively, includes estimat-
ing motion data as much as a connection time from the last
time of the front time-series motion data to generate esti-
mated-extended motion data, and generating connecting
motion data based on the back time-series motion data from
the initial time to the connection time after and the esti-
mated-extended motion data.

[0106] Therefore, it is possible to provide a method for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0107] According to a thirty-third aspect of this invention,
there is provided the method of the thirty-first aspect
wherein said connecting motions, two time-series motion
data being referred to as front time-series motion data and
back time-series motion data, respectively, includes estimat-
ing motion data as much as a connection time in the past
direction from the initial time of the back time-series motion
data, in terms of time, to generate estimated-extended
motion data, and generating connecting motion data based
on the front time-series motion data from the last time to the
connection time before and the estimated-extended motion
data.

[0108] Therefore, it is possible to provide a method for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sun of those of the two
time-series motion data.

[0109] According to a thirty-fourth aspect of this inven-
tion, there is provided the method of the thirty-first aspect
wherein said connecting motions includes, according to a
connection time distribution rate v, (a) estimating motion
data as much as yx(a connection time) from the last time of
the front time-series motion data to generate estimated
backward-extended motion data, (b) estimating motion data
in the past direction as much as (1-vy) (the connection time)
from the initial time of the back time-series motion data, in
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terms of time, to generate estimated forward-extended
motion data, (¢) generating a first half of connecting motion
data based on the front time-series motion data from the last
time to (1-y)x(the connection time) before and the estimated
forward-extended motion data, and (d)generating a second
half of connecting motion data based on the back time-series
motion data from the initial time to yx(the connection time)
after and the estimated backward-extended motion data.

[0110] Therefore, it is possible to provide a method for
generating motion data, able to connect two time-series
motion data arid generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0111] According to a thirty-fifth aspect of this invention,
there is provided the method of any of the thirty-second,
thirty-third, thirty-fourth aspects wherein said connecting
motions uses a function that (a) is 0 at the initial time of the
connection time, and 1 at the last time of the connection
time, (b) increases monotonically, (¢) is differentiable, and
(d) is rotationally symmetrical by 180 degrees about the
middle time of the connection time, within the connection
time.

[0112] Therefore, it is possible to provide a method for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0113] According to a thirty-sixth aspect of this invention,
there is provided the method of any of the thirty-second,
thirty-third, and thirty-fourth aspects wherein said connect-
ing motions uses a function that (a) is 1 at the initial time of
the connection time, and O at the last time of the connection
time, (b) decreases monotonically, (c) is differentiable, and
(d) is rotationally symmetrical by 180 degrees about the
middle time of the connection time, within the connection
time.

[0114] Therefore, it is possible to provide a method for
generating motion data, able to connect two time-series
motion data arid generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0115] According to a thirty-seventh aspect of this inven-
tion, there is provided the method of the thirty-second aspect
wherein said connecting motions includes estimating that
the front time-series motion data at the last time continues as
much as a connection time from the last time, and generating
estimated-extended motion data.

[0116] Therefore, it is possible to provide a method for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0117] According to a thirty-eighth aspect of this inven-
tion, there is provided the method of the thirty-third aspect
wherein said connecting motions includes estimating that
the back time-series motion data at the initial time has
continued as much as a connection time in the past direction
from the initial time, in terms of time, and generating
estimated-extended motion data.
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[0118] Therefore, it is possible to provide a method for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0119] According to a thirty-ninth aspect of this invention,
there is provided the method of the thirty-second aspect
wherein said connecting motions estimating that motion data
smoothly shifts to the front time-series motion data at the
last time a connection time after the last time, and generating
estimated-extended motion data.

[0120] Therefore, it is possible to provide a method for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0121] According to a fortieth aspect of this invention,
there is provided the method of the thirty-third wherein said
connecting motions includes estimating that the motion state
of the back time-series motion data a connection time before
the initial time of the back time-series motion data smoothly
shifts to the back time-series motion data with the motion
state of the back time-series motion data at the initial time,
and generating estimated-extended motion data.

[0122] Therefore, it is possible to provide a method for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sun of those of the two
time-series motion data.

[0123] According to a forty-first aspect of this invention,
there is provided the method of the thirty-second aspect
wherein said connecting motion includes estimating that the
motion state of the front time-series motion data a connec-
tion time after the last time of the front time-series motion
data is the motion state of the back time-series motion data
the connection time after the initial time of the back time-
series motion data, and generating estimated-extended
motion data.

[0124] Therefore, it is possible to provide a method for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data

[0125] According to a forty-second aspect of this inven-
tion, there is provided the method of the thirty-third aspect
wherein said connecting motions includes estimating that
the motion state of the back time-series motion data a
connection time before the initial time of the back time-
series motion data smoothly shifts to the motion state of the
front time-series motion data the connect ion time before the
last time of the front time-series motion data, and generating
estimated-extended motion data.

[0126] Therefore, it is possible to provide a method for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0127] According to a forty-third aspect of this invention,
there is provided the method of the thirty-fourth wherein
said connecting motions includes calculating a connection
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time distribution rate in connection, for time-series motion
data holding a connection time distribution rate as additional
information, based on a connection time distribution rate as
additional information for the front time-series motion data
and a connection time distribution rate as additional infor-
mation for the back time-series motion data, and generating
an estimated forward-extended motion and an estimated
backward-extended motion according to the connection time
distribution rate.

[0128] Therefore, it is possible to provide a method for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0129] According to a forty-fourth aspect of this inven-
tion, there is provided the method of the thirty-fourth aspect
wherein said connecting motions includes calculating a
connection time distribution rate y in connection, for time-
series motion data holding a connection time distribution
rate as additional information, based on a connection time
distribution rate y1 as additional information for the front
time-series motion data and a connection time distribution
rate y2 as additional information for the back time-series
motion data, by y=(y1+y2)/2, and generating an estimated
forward-extended motion and an estimated backward-ex-
tended motion according to the connection time distribution
rate.

[0130] Therefore, it is possible to provide a method for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0131] According to a forty-fifth aspect of this invention,
there is provided the method of any of the thirty-second,
thirty-third, and thirty-fourth aspects wherein for time-series
motion data holding additional information about numeri-
cally expressed methods of generating estimated-extended
motions, said connecting motions includes generating an
estimated-extended motion, an estimated backward-ex-
tended motion, and an estimated forward-extended motion,
according to the additional information.

[0132] Therefore, it is possible to provide a method for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0133] According to a forty-sixth aspect of this invention,
there is provided the method of the thirty-fourth wherein
said connecting motions includes, for time-series motion
data holding a value numerically expressing the importance
of the time-series motion data as additional information,
based on the value of the importance of the additional
information for the front time-series motion data arid the
value of the importance of the additional information for the
back time-series motion data, determining a method of
generating an estimated backward-extended motion and an
estimated forward-extended motion, calculating a connec-
tion time distribution rate, and generating an estimated
forward-extended motion and an estimated backward-ex-
tended motion.

[0134] Therefore, it is possible to provide a method for
generating motion data, able to connect two time-series
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motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0135] According to a forty-seventh aspect of this inven-
tion, there is provided the method of the thirty-fourth
wherein said connecting motions includes, for time-series
motion data holding a value numerically expressing the
importance of the time-series motion data as additional
information, based on the value 81 of the importance of the
additional information for the front time-series motion data
and the value 82 of the importance of the additional infor-
mation for the back time-series motion data (0=081, 82=1),
determining a method of generating an estimated backward-
extended motion and an estimated forward-extended
motion, calculating a connection time distribution rate y by
v=(81-02+1)/2, and generating an estimated forward-ex-
tended motion and an estimated backward-extended motion.

[0136] Therefore, it is possible to provide a method for
generating motion data, able to connect two time-series
motion data and generate new time-series motion data of
which the time length is equal to the sum of those of the two
time-series motion data.

[0137] According to a forty-eighth aspect of this inven-
tion, there is provided a method of generating closed-loop
periodic motion data, comprising:

[0138] administrating inputs and outputs by (a)
receiving time-series motion data including the posi-
tion data of a whole multi~joint rigid body object at
each time, and the posture angle data, joint slide
vector data, and the joint angle data of the multi-joint
rigid body object at each time, (b) storing the
received time-series motion data in a storage unit,
and (c) reading out closed-loop periodic motion data
generated from the time-series motion data, stored in
said storage unit;

[0139] generating an open periodic motion by (a)
reading out time-series motion data stored in said
storage unit, (b) generating open periodic time-series
motion data by making the local parts of a multi-joint
rigid body object periodic, and (c) storing the open
periodic time-series motion data in said storage unit;
and

[0140] generating a closed-loop motion generating
by (a) reading out the position data of the whole
multi-joint rigid body object among the open peri-
odic time-series motion data, (b) generating closed-
loop motion data by making the position data of the
whole multi-joint rigid body object closed-loop, i.e.,
the movement of the whole multi-joint rigid body
object being made closed-loop, (c) replacing the
open periodic time-series motion data stored in said
storage unit with the closed-loop motion data, and
(d) storing the closed-loop motion data in said stor-
age unit.

[0141] Therefore, it is possible to provide a method for
generating closed-loop periodic motion data from single
open time-series motion data given for moving a multi-joint
rigid body object.

[0142] According to a forty-ninth aspect of this invention,
there is provided the method of the forty-eighth aspect
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wherein said method further includes connecting motions by
(a) reading out plural time-series motion data stored said
storage unit via said data bus, (b) connecting the plural
time-series motion data to generate a series of time-series
motion data, and (c) storing the series of time-series motion
data in said storage unit via said data bus.

[0143] Therefore, it is possible to provide a method for
generating closed-loop periodic motion data from time-
series motion data resulting from connecting plural open
time-series motion data given for moving a multi-joint rigid
body object.

[0144] According to a fiftieth aspect of this invention,
there is provided the method of any of the forty-eighth and
forty-ninth aspects wherein said generating an open periodic
motion includes (a) estimating motion data as much as a
synthesis time from the last time of time-series motion data
to generate estimated-extended motion data, (b) combining
the time-series motion data from the initial time to the
synthesis time after and the estimated-extended motion data
to generate synthesized motion data, (c) replacing the pos-
ture angle data, joint slide vector data, and joint angle data
of the time-series motion data from the initial time to the
synthesis time after with those of the synthesized motion
data, and (d) calculating the amount of parallel translation
for the position data of the whole multi-joint rigid body
object, performing the parallel translation to the position
data of the whole multi~joint rigid body object, and replacing
the position data of the time-series motion data from the
initial time to the synthesis time after with the resulting
position data.

[0145] Therefore, it is possible to provide a method for
generating motion data, the method generating an open
periodic motion from non-periodic motions, when closed-
loop periodic motion data is generated from time-series
motion data resulting from connecting single or plural open
time-series motion data given for moving a multi-joint rigid
body object.

[0146] According to a fifty-first aspect of this invention,
there is provided the method of any of the forty-eighth and
forty-ninth aspects wherein said generating an open periodic
motion includes (a) estimating motion data as much as a
synthesis time in the past direction from the initial time of
time-series motion data, in terms of time, to generate esti-
mated-extended motion data, (b) combining the time-series
motion data from the last time to the synthesis time before
and the estimated-extended motion data to generate synthe-
sized motion data, (¢) replacing the posture angle data, joint
slide vector data, and joint angle data of the time-series
motion data from the last time to the synthesis time before
with those of the synthesized motion data, and (d) calculat-
ing the amount of parallel translation for the position data of
the whole multi-joint rigid body object, performing the
parallel translation to the position data of the whole multi-
joint rigid body object, and replacing the position data of the
time-series motion data from the last time to the synthesis
time before with the resulting position data.

[0147] Therefore, it is possible to provide a method for
generating motion data, the method generating an open
periodic motion from non-periodic motions, when closed-
loop periodic motion data is generated from time-series
motion data resulting from connecting single or plural open
time-series motion data given for moving a multi-joint rigid
body object.
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[0148] According to a fifty-second aspect of this inven-
tion, there is provided the method of any of the forty-eighth
and forty-ninth aspects wherein said generating open peri-
odic motion includes (a) estimating motion data as much as
ax(a synthesis time) from the last time of time-series motion
data, o being a synthesis time distribution rate (0=a.=1), to
generate estimated backward-extended motion data, (b) esti-
mating motion data as much as (1-a)x(the synthesis time)
in the past direction from the initial time of time-series
motion data, in terms of time, to generate estimated forward-
extended motion data, (¢) combining the time-series motion
data from the initial time to ax(the synthesis time) after and
the estimated backward-extended motion data to generate
front synthesized motion data, (d) combining the time-series
motion data from the last time to (1-a)x(the synthesis time)
before and the estimated forward-extended motion data to
generate back synthesized motion data, (e) replacing the
posture angle data, joint slide vector data, and joint angle
data of the time-series motion data from the last time to
ax(the synthesis time) after with those of the front synthe-
sized motion data, (f) calculating the amount of parallel
translation for the position data of the whole multi~joint rigid
body object from the last time to ax(the synthesis time)
after, performing the parallel translation to the position data
of the whole multi-joint rigid body object from the last time
to ax(the synthesis time) after, and replacing the position
data of the time-series motion data from the last time to
ax(the synthesis time) after with the resulting position data,
(g) replacing the posture angle data, joint slide vector data,
and joint angle data of the time-series motion data from the
last tire to (1-c)x(the synthesis time) before with those of
the back synthesized motion data, and (h) calculating the
amount of parallel translation for the position data of the
whole multi-joint rigid body object from the last time to
(1-a)x(the synthesis time) before, performing the parallel
translation to the position data of the whole multi-joint rigid
body object from the last time to (1-c) (the synthesis time)
before, and replacing the position data of the time-series
motion data from the last time to (1-a)x(the synthesis time)
before with the resulting position data.

[0149] Therefore, it is possible to provide a method for
generating motion data, the method generating an open
periodic motion from non-periodic motions, when closed-
loop periodic motion data is generated from time-series
motion data resulting from connecting single or plural open
time-series motion data given for moving a multi-joint rigid
body object.

[0150] According to a fifty-third aspect of this invention,
there is provided the method of any of the forty-eighth and
forty-ninth aspects wherein in said generating a closed-loop
motion, parallel translation is performed, using a monotoni-
cally increasing function, to the position data of the whole
multi-joint rigid body object from the last time to an effect
time before, among the time-series motion data, in a way to
match the position data of the whole multi-joint rigid body
object at the last time to that at the initial time.

[0151] Therefore, it is possible to provide a method for
generating motion data, the method generating an open
periodic motion from non-periodic motions, when closed-
loop periodic motion data is generated from time-series
motion data resulting from connecting single or plural open
time-series motion data given for moving a multi-joint rigid
body object.
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[0152] According to a fifty-fourth aspect of this invention,
there is provided the method of any of the forty-eighth and
forty-ninth aspects wherein in said generating a closed-loop
motion, parallel translation is performed to the position data
of the whole multi-joint rigid body object from the last time
to an effect time before, among the time-series motion data,
by applying to the position data of the whole multi-joint
rigid body object at a time within the effect time, an amount
of parallel translation obtained by multiplying the difference
resulting from subtracting the position data of the whole
multi-joint rigid body object at the initial time from that at
the last time, with the difference between t and the initial
time of the effect time, divided by the effect time.

[0153] Therefore, it is possible to provide a method for
generating motion data, the method generating an open
periodic motion from non-periodic motions, when closed-
loop periodic motion data is generated from time-series
motion data resulting from connecting single or plural open
time-series motion data given for moving a multi-joint rigid
body object.

[0154] According to a fifty-fifth aspect of this invention,
there is provided the method of any of the forty-eighth and
forty-ninth aspects wherein in said generating a closed-loop
motion, parallel translation is performed to the position data
of the whole multi-joint rigid body object from the last time
to an effect time before, among the time-series motion data,
by applying to the position data of the whole multi-joint
rigid body object at a time t within the effect time, an amount
of parallel translation obtained by multiplying the difference
resulting from subtracting the position data of the whole
multi-joint rigid body object at the initial time from that at
the last time, with the difference between t and the initial
time of the effect time, divided by the effect time, and raising
the result to the power of B(1=f).

[0155] Therefore, it is possible to provide a method for
generating motion data, the method generating an open
periodic motion from non-periodic motions, when closed-
loop periodic motion data is generated from time-series
motion data resulting from connecting single or plural open
time-series motion data given for moving a multi-joint rigid
body object.

[0156] According to a fifty-sixth aspect of this invention,
there is provided the method of any of the fiftieth, fifty-first,
and fifty-second aspects wherein in said generating an open
periodic motion, used is a function that (a) is 1 at the initial
time of the synthesis time, and O at the last time of the
synthesis time, (b) decreases monotonically, (c) is differen-
tiable, and (d) is rotationally symmetrical about these middle
time of the synthesis time, within the synthesis time.

[0157] Therefore, it is possible to provide a method for
generating motion data, the method generating an open
periodic motion from non-periodic motions, when closed-
loop periodic motion data is generated from time-series
motion data resulting from connecting single or plural open
time-series motion data given for moving a multi-joint rigid
body object.

[0158] According to a fifty-seventh aspect of this inven-
tion, there is provided the method of any of the fiftieth,
fifty-first, and fifty-second aspects wherein in said generat-
ing an open periodic motion,used is a function that (a) is 0
at the initial time of the synthesis time, and 1 at the last time
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of the synthesis time, (b) increases monotonically, (c) is
differentiable, and (d) is rotationally symmetrical about the
middle time of the synthesis time, within the synthesis time.

[0159] Therefore, it is possible to provide a method for
generating motion data, the method generating an open
periodic motion from non-periodic motions, when closed-
loop periodic motion data is generated from time-series
motion data resulting from connecting single or plural open
time-series motion data given for moving a multi-joint rigid
body object.

[0160] According to a fifty-eighth aspect of this invention,
there is provided the method of any of the fifty-seventh and
fifty-eighth aspects wherein said administrating inputs and
outputs includes receiving time-series motion data com-
pressed in advance, and said method further includes
decompressing the compressed time-series in said storage
unit.

[0161] Therefore, it is possible to a method for generating
closed-loop periodic motion data from single or plural open
time-series motion data given for moving a multi-joint rigid
body object, compressed in advance, transmitted via a
communications network, such as the Internet.

[0162] According to a fifty-ninth aspect of this invention,
there is provided a storage medium of storing a program of
generating motion data, said program comprising:

[0163]

[0164] connecting motions by reading out plural
time-series motion data from said storage unit, con-
necting the plural time-series motion data to generate
a series of time-series motion data, and storing the
series of time-series motion data in said storage unit.

storing plural time-series motion data; and

[0165] Therefore, it is possible to provide a storage
medium for storing a program generating motion data, able
to connect plural time-series motion data and generate new
time-series motion data.

[0166] According to a sixtieth aspect of this invention,
there is provided a storage medium of storing a program of
generating motion data, said program comprising:

[0167] starting the time-series motion data to be
connected, the two time-series motion data being
referred to as front time-series motion data and back
time-series motion data, respectively; and

[0168] connecting motions by estimating motion data
in future or past as much as a connection time, in
terms of time, for either the front time-series motion
data or the back time-series motion data, to generate
estimated-extended motion data, and synthesizing
connecting motion data based on the estimated-
extended motion data and motion data in future or
past as much as the connection time, in terms of time,
for either the front time-series motion data or the
back time-series motion data.

[0169] Therefore, it is possible to provide a storage
medium for storing a program generating motion data, able
to connect two time-series motion data and generate new
time-series motion data of which the time length is equal to
the sum of those of the two time-series motion data
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[0170] According to a sixty-first aspect of this invention,
there is provided a storage medium of storing a program of
generating closed-loop periodic motion data, said program
comprising:

[0171] administrating inputs and outputs by (a)
receiving time-series motion data including the posi-
tion data of a whole multi~joint rigid body object at
each time, and the posture angle data, joint slide
vector data, and the joint angle data of the multi-joint
rigid body object at each time, (b) storing the
received time-series motion data in a storage unit via
a data bus, and (¢) reading out closed-loop periodic
motion data generated from the time-series motion
data, stored in said storage unit via said data bus;

[0172] generating an open periodic motion by (a)
reading out time-series motion data stored in said
storage unit via said data bus, (b) generating open
periodic time-series motion data by making the local
parts of a multi-joint rigid body object periodic, and
(c) storing the open periodic time-series motion data
in said storage unit via said data bus; and

[0173] generating a closed-loop motion generating
by (a) reading out the position data of the whole
multi-joint rigid body object among the open peri-
odic time-series motion data, (b) generating closed-
loop motion data by making the position data of the
whole multi-joint rigid body object closed-loop, i.e.,
the movement of the whole multi-joint rigid body
object being made closed-loop, (c) replacing the
open periodic time-series motion data stored in said
storage unit with the closed-loop motion data, and
(d) storing the closed-loop motion data in said stor-
age unit.

[0174] Therefore, it is possible to provide a storage
medium for storing a program generating a closed-loop
periodic motion data from single open time-series motion
data given for moving a multi-joint rigid body object.

[0175] According to a sixty-second aspect of this inven-
tion, there is provided the storage medium of the sixty-first
aspect wherein said program further includes connecting
motions by (a) reading out plural time-series motion data
stored said storage unit via said data bus, (b) connecting the
plural time-series motion data to generate a series of time-
series motion data, and (c) storing the series of time-series
motion data in said storage unit via said data bus.

[0176] Therefore, it is possible to provide a storage
medium for storing a program generating closed-loop peri-
odic motion data from time-series motion data resulting
from connecting plural open time-series motion data given
for moving a multi-joint rigid body object.

BRIEF DESCRIPTION OF THE DRAWINGS

[0177] FIG. 1 is a block diagram showing a configuration
of a closed-loop periodic motion data generation apparatus
in accordance with a first embodiment of the present inven-
tion.

[0178] FIG. 2 is a block diagram showing a functional
configuration of the closed-loop periodic motion data gen-
eration apparatus in accordance with the first embodiment of
the present invention.
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[0179] FIG. 3 is a flowchart showing the operation of the
closed-loop periodic motion data generation apparatus in
accordance with the first embodiment of the present inven-
tion.

[0180] FIG. 4 is a block diagram showing a functional
configuration of a closed-loop periodic motion data genera-
tion apparatus in accordance with a second embodiment of
the present invention.

[0181] FIG. 5 is a flowchart showing the operation of the
closed-loop periodic motion data generation apparatus in
accordance with the second embodiment of the present
invention.

[0182] FIGS. 6(a) and 6(b) are diagrams of a skeletal
structure and a multi-joint rigid body object (human) nec-
essary for explaining the data structure of time-series motion
data, respectively.

[0183] FIGS. 7(a), 7(b), and 7(c) are explanatory diagrams
of an open non-periodic motion, an open periodic motion,
and a closed-loop periodic motion, respectively.

[0184] FIG. 8 is an explanatory diagram of motion con-
nection in the second embodiment of this invention.

[0185] FIG. 9 is a flowchart showing motion connection
in the second embodiment of this invention.

[0186] FIG. 10 is an explanatory diagram of motion
connection in the second embodiment of this invention.

[0187] FIG. 11 is a flowchart showing motion connection
in the second embodiment of this invention.

[0188] FIG. 12 is an explanatory diagram of motion
connection in the second embodiment of this invention.

[0189] FIG. 13 is a flowchart showing motion connection
in the second embodiment of this invention.

[0190] FIG. 14 is an explanatory diagram of the genera-
tion of an open periodic motion.

[0191] FIG. 15 is a flowchart of the generation of an open
periodic motion.

[0192] FIG. 16 is an explanatory diagram of the genera-
tion of an open periodic motion.

[0193] FIG. 17 is a flowchart of the generation of an open
periodic motion.

[0194] FIG. 18 is an explanatory diagram of the genera-
tion of an open periodic motion.

[0195] FIG. 19 is a flowchart of the generation of an open
periodic motion.

[0196] FIG. 20 is an explanatory diagram of the genera-
tion of a closed-loop motion.

[0197] FIGS. 21(a) and 21(b) are explanatory diagrams of
the generation of an estimated-extended motion.

[0198] FIGS. 22(a) and 22(b) are explanatory diagrams of
the generation of an estimated-extended motion.

[0199] FIGS. 23(a) and 23(b) are flowcharts of the gen-
eration of an estimated-extended motion.

[0200] FIGS. 24(a), 24(b) are flowcharts of the generation
of an estimated-extended motion
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[0201] FIGS. 25(a) and 25(b) are explanatory diagrams of
the generation of an estimated-extended motion.

[0202] FIGS. 26(a) and 26(b) are flowcharts of the gen-
eration of an estimated-extended motion.

[0203] FIG. 27 is a diagram showing a functional con-
figuration of the closed-loop periodic motion data generation
apparatus according to the first embodiment, further includ-
ing a synthesis time distribution rate variation unit.

[0204] FIG. 28 is a diagram showing a functional con-
figuration of the closed-loop periodic motion data generation
apparatus according to the second embodiment, further
including a synthesis time distribution rate variation unit.

[0205] FIG. 29 is a diagram showing a functional con-
figuration of a closed-loop periodic motion data generation
apparatus in accordance with a third embodiment of the
present invention.

[0206] FIG. 30 is a diagram showing a functional con-
figuration of a closed-loop periodic motion data generation
apparatus in accordance with a fourth embodiment of the
present invention.

[0207] FIGS. 31 (a) and 31(b) are diagrams showing data
structures of data transmitted in this invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiment 1

[0208] A description will be described of a closed-loop
periodic motion data generating apparatus in accordance
with a first embodiment of this invention, referring to
figures.

[0209] FIG. 1 is a configuration of a closed-loop periodic
motion data generating apparatus in accordance with the first
embodiment. In the figure, reference numeral 100 denotes a
CPU for generating closed-loop periodic motion data; 101,
a program memory for operating the CPU 100; 103, a RAM
as a working area; 104, an I/O unit for receiving time-series
motion data from the outside, and outputting the closed-loop
periodic motion data generated by the CPU 100; and 102, a
data bus.

[0210] In the operation of the closed-loop periodic motion
data generating apparatus shown in FIG. 1, the I/O unit 104
receives time-series motion data from the outside, the CPU
100 processes the data according to a program stored in the
program memory 101, using the RAM 103 as a working
area, to generate closed-loop periodic motion data, and the
I/O unit 104 outputs the resulting data outside.

[0211] FIG. 2 shows a functional configuration of a
closed-loop periodic motion data generating apparatus in
accordance with the first embodiment. In FIG. 2, reference
numeral 1 designates an input/output unit for receiving
time-series motion data from the outside and outputting
closed-loop periodic motion data outside; 2, a data bus for
exchanging data between the input/output unit 1 arid each
unit described below; 3, an open periodic motion generating
unit for generating open periodic motion data based on the
time-series motion data; 4, a closed-loop periodic motion
generating unit for generating a closed-loop periodic motion
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by connecting the open periodic motions; and 5, a storage
unit for storing time-series motion data.

[0212] The operation of the closed-loop periodic motion
data generation apparatus will be described in detail with
reference to FIG. 3.

[0213] The input/output unit 1 administrates time-series
motion data input from the outside, and stores the time-
series motion data in the storage unit 5 via the data bus 2 (see
step S1 in FIG. 3). The input/output unit 1 also administrates
the external output, that is, reads the closed-loop periodic
motion data generated from the time-series motion data,
stored in the storage unit 5, via the data bus 2, and outputs
the read data outside. The closed-loop periodic motion data
has the same structure as general time-series motion data, so
the input/output unit 1 is required to output only the general
time-series motion data.

[0214] The open periodic motion generating unit 3 reads
the time-series motion data stored in the storage unit § via
the data bus 2, generates an open periodic time-series motion
data in a way to make the motion of the local part of a
multi-joint rigid body object periodic (see step S2 in FIG.
3). There are three methods for generating the open periodic
time-series motion data, as follows.

[0215] The first method will be explained, referring to
FIGS. 14 and 15.

[0216] Hereinafter, a motion to be made periodic is
referred to as a target periodic motion PM. Initially, time-
series data from the last time TT of the target periodic
motion PM to a given synthesis time after is estimated to
generate an estimated-extended motion EM (see step S81 in
FIG. 15).

[0217] A dummy target periodic motion DPM is gener-
ated, which performs the same motion as the target periodic
motion PM, but starts at the last time of the target periodic
motion PM (see step S82 in FIG. 15). This dummy target
periodic motion DPM, and the estimated-extended motion
from the initial time to the last time, are combined to
synthesize the time-series motion data of the target periodic
motion PM of the synthesis time ST. The motion of the
synthesized time-series data is called a synthesized motion
SM (see step S83 in FIG. 15).

[0218] Note that the synthesized motion SM is drawn as a
dummy for convenience of the explanation in FIG. 14. The
method of the estimation is similar to that described with
respect to a motion connecting means described below.

[0219] Next, how the synthesized motion is generated will
be described.

[0220] The velocity of the estimated-extended motion is
obtained by calculating the difference between the three
dimensional coordinate data indicating the positions of a
whole object of the time-series motion data in the synthesis
time. That is, the velocity at time 1 results from the difference
in the positions of the whole object between at time i+1 and
at time 1. The velocity is a three dimensional vector. Simi-
larly, the velocities in the target periodic motion from the
initial time to the synthesis time after being calculated. After
calculating the velocities, each speed is calculated from the
velocity The speed is defined as the size of the velocity
(vector), as in a usual way. The velocities of the estimated-
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extended motion and the target periodic motion are synthe-
sized with a synthesis function to produce a synthesized
velocity.

[0221] If it is assumed that the synthesis function takes a
value ¢1’ at the initial time and ‘0’ at the last time, decreases
monotonically, is n-th-order differentiable, and is rotation-
ally symmetrical by 180 degrees about the value at the
middle of the synthesis time, the synthesized velocity is
calculated by (the synthesized velocity) (the velocity of the
estimated-extended motion)x(the synthesis function)+(the
velocity of the target periodic motion from the initial time to
the synthesis time after)x(1-the synthesis function).

[0222] This equation indicates a proportional distribution
according to the value of the synthesis function. Therefore,
if the synthesis function is non-linear with respect to time,
the proportion of distribution changes non-linearly with
respect to time.

[0223] Assuming that the initial time of the synthesis time
is t0, the last time of the synthesis time is te, and the present
time is T, when time is normalized by t=(T-t0)/(te-t0), there
are the following synthesis functions having the t as an
independent variable,

1-t @
(1+cos(nr)/2 2
CH+D(1-0(1-0) (©)]
((6+3)t+1)(1-H)(1-1) ()]
((((70+4£35)t+15)+5)e+ 1) (1-H)A-H)(A-D(1-0)(1-1) 5)
[0224] 1In a case of using the synthesis function (1), the

synthesis is linear, so the continuity is secured only in the
synthesis time. In cases (2) to (5), the synthesis is non-linear.
In cases (2) and (3), first-order continuity is secured. In case
(4), second-order continuity is secured. In case (5), fourth-
order continuity is secured.

[0225] On the other hand, if it is assumed that the syn-
thesis function takes a value ‘0’ at the initial time and ‘1°°
at the last time, increases monotonically, is n-th-order dif-
ferentiable, and is rotationally symmetrical by 180 degrees
about the value at the middle of the synthesis time, the
synthesized velocity is calculated by (the synthesized veloc-
ity)=(the velocity of the estimated-extended motion)x(1-the
synthesis function)+(the velocity of the target periodic
motion from the initial time to the synthesis time after)x(the
synthesis function).

[0226] When the foregoing normalization is performed,
there are the following synthesis functions,

t @

1-(1+cos(me))/2 2
1-2e+1)(1-0)(1-1) (©)]
1-((6t+3) e+ 1)(1-H)(1-0)(1-1)(4)

1-((((70+35)t+15)+5)+ D) (1-H)(1-)(1-H) (1-H)(1-1) O]

[0227] The property of each function is similar to the
foregoing.

[0228] The synthesized speed is also calculated by com-
bining the speed of the estimated-extended motion and that
of the target periodic motion from the initial time to the
synthesis time after, in a way similar to the calculation of the
synthesized velocity. It should be noted that the synthesis
function is not necessarily the same as that used in the
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calculation of the synthesized velocity. The function is
appropriately selected, taking into account the smoothness
of the connection or the calculation time. Note that the
position at the present time i in the synthesis time is
calculated from the previous time i-1 by the following
equation, (the position at the present time 1)=(the position at
the previous time i-1)+(the synthesized velocity at the
previous time i-1)x(the synthesized speed at the previous
time i-1)+(the size of the synthesized velocity at the previous
time i-1).

[0229] A front posture vector is calculated from the pos-
ture angle of the time-series motion data of the estimated-
extended motion. A back posture vector is calculated from
the posture angle of the time-series motion data of the target
periodic motion from the initial time to the synthesis time
after. The front and back posture vectors are combined, in a
way similar to the case of the calculation of the synthesized
velocity, to produce a synthesized posture vector. Note that
the synthesis function is not necessarily the same as that
used in the calculation of the synthesized velocity. The
synthesis function is appropriately selected, taking into
account the smoothness of connection, the calculation time,
and so on. A synthesized posture angle is calculated from the
synthesized posture vector. The synthesized posture vector
corresponds to the synthesized posture angle in a way of one
to many, so unless there is no other conditions, the synthe-
sized posture angle cannot be uniquely determined. How-
ever, if some conditions about the rotational angles of three
direction vectors constituting the posture vector are intro-
duced, the unique determination is possible. For example,
the angle of the upward direction vector is restricted to —90°
to 90°. This restriction has no influence on the calculation of
the synthesized posture vector from the synthesized posture
angle.

[0230] The direction and amount of a front slide are
calculated from the slide vector of a joint in the time-series
motion data of the estimated-extended motion. The direction
and amount of a back slide are calculated from the slide
vector of a joint in the time-series motion data of the target
periodic motion from the initial time to the synthesis time
after. The direction of a slide is a slide vector itself or a
normalized vector the size of ‘1°. The amount of a slide is
the size of a slide vector. The directions of front and back
slides, and the amounts of front and back slides are com-
bined, respectively, in a way similar to the case of the
above-described calculation of the synthesized velocity, to
produce the synthesized direction and amount of the slide.
Note that the synthesis function is not necessarily the same
as that used in the calculation of the synthesized velocity.
The synthesis function is appropriately selected, taking into
account the smoothness of connection, the calculation time,
and so on. Next, a synthesized slide vector is calculated from
the synthesized direction and amount of the slide by (the
synthesized slide vector)=(the synthesized direction of the
slide)x(the synthesized amount of the slide)+(the size of the
synthesized direction of the slide)

[0231] A synthesized Joint angle is calculated by combin-
ing the joint angle in the time-series motion data of the
estimated-extended motion and the joint angle of the time-
series motion data of the target periodic motion from the
initial time to the synthesis time after, in a way similar to the
case of the above-described calculation of the synthesized
velocity. Note that the synthesis function is not necessarily
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the same as in the calculation of the synthesized velocity.
The function is appropriately selected, taking into account
the smoothness of the connection, or the calculation time, or
the like.

[0232] Among the target periodic time-series data from
the initial time to the synthesis time after, the posture angle
data, the slide vector data of a joint, and joint angle data are
replaced with those of the time-series data of the synthesized
motion, as shown in FIG. 14 (see step S84 in FIG. 15). The
amount of parallel translation are calculated for the position
data of the whole object in a way in which, by the parallel
translation, the position data of the whole object in the
synthesized motion at the last time of the synthesis time
matches the position data of the whole object in the target
periodic motion at the time the synthesis time after the initial
time. This parallel translation is applied to the position data
of the whole object in the synthesized motion to generate
open periodic time-series motion data.

[0233] Next, the second method will be explained with
reference to FIGS. 16 and 17. In the second method, for the
time-series data of the target periodic motion PM, the
dummy target periodic motion DPM is generated in such a
way as that the motion at the last time matches the motion
IT at the initial time (see step S91 in FIG. 17). The dummy
target periodic motion is estimated in the past direction from
the initial time to a synthesis time before, to generate an
estimated-extended motion EM (see step S92 in FIG. 17).
As described above, in FIG. 16, the estimated-extended
motion is generated for the dummy for convenience of
explanation. As to the generation of a synthesized motion,
the time-series motion data of the estimated-extended
motion, and those of the target periodic motion in the past
direction from the last time to the synthesis time before, are
processed in a way similar to the first method (see step S93
in FIG. 17). Note that the method of the estimation is similar
to that described with respect to a motion connecting means
described below.

[0234] Among the target periodic time-series motion data
in the past direction from the last time to the synthesis time
before, the posture angle data, the slide vector data of a joint,
and joint angle data are replaced with those of the time-
series of the synthesized motion SM, as shown in FIG. 16
(see step S94 in FIG. 17). The amounts of parallel transla-
tion are calculated for the position data of the whole object
in a way in which, by the parallel translation, the position
data of the whole object in the synthesized motion at the
initial time of the synthesis time matches the position data of
the whole object in the target periodic motion the synthesis
time before the last time. This parallel translation is applied
to the position data of the whole object among the synthe-
sized motion to generate open periodic time-series motion
data.

[0235] The third method will be explained, referring to
FIGS. 18 and 19. In the third method, time-series data from
the last time TT of the target periodic motion PM to ax(a
synthesis time) after is estimated to generate estimated
backward-extended motion EBM (see step S101 in FIG.
19). A dummy target periodic motion DPM is generated,
which performs the same motion as the target periodic
motion PM, and of which the initial time matches the last
time of the target periodic motion PM (see step S102 in FIG.
19). Time-series data in the past direction from the initial
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time of the dummy target periodic motion DPM to (1-a)x
(the synthesis time) before is estimated to generate estimated
forward-extended motion EFM (see step S103 in FIG. 19).
Note that a is a real number of 0=a =1, called a synthesis
time distribution rate.

[0236] As shown in FIG. 27, if a synthesis time distribu-
tion variation unit 3¢ is set up in the open periodic motion
generating unit 3, the user can vary the synthesis time
distribution rate.

[0237] As described above, for convenience of the expla-
nation, the estimated forward-expanded motion is generated
for the dummy DPM. In this case, the time-series motion
data of the target periodic motion in the past direction from
the last time to (1-c)x(the synthesis time) before and the
time-series motion data of the estimated backward-extended
motion, and the time-series motion data of the estimated
forward-extended motion and the time series motion data of
the target periodic motion from the initial time to the ax(the
synthesis time) after, are combined by a way similar to the
first method. The synthesized motion can be divided into a
backward synthesized motion SBM from the initial time of
the synthesis time to (1-a)x(the synthesis time) after, and a
forward synthesized motion SFM of the remaining ax(the
synthesis time) Note that the method of the estimation is
similar to that described with respect to a motion connecting
means described below.

[0238] Among the target periodic time-series motion data
from the initial time to ax(the synthesis time) after, the
posture angle data, the slide vector data of a joint, and joint
angle data are replaced with those of the time-series of the
forward synthesized motion SFM, as shown in FIG. 18. The
amounts of parallel translation are calculated for the position
data of the whole object in a way in which, by the parallel
translation, the position data of the whole object in the
forward synthesized motion at the initial time of the syn-
thesis time matches the position data of the whole object in
the target periodic motion at the time cux(the synthesis time)
after the initial time. This parallel translation is applied to the
position data of the whole object in the synthesized motion.
Among the target periodic time-series motion data in the
past direction from the last time to (1-o)x(the synthesis
time) before, the posture angle data, the slide vector data of
a joint, and joint angle data are replaced with those of the
time-series of the backward synthesized motion SBM, as
shown in FIG. 18 (see step S105 in FIG. 19). The amounts
of parallel translation are calculated for the position data of
the whole object in a way in which, by the parallel transla-
tion, the position data of the whole object in the backward
synthesized motion at the initial time of the synthesis time
matches the position data of the whole object in the target
periodic motion at the time (1-c)x(the synthesis time)
before the initial time. This parallel translation is applied to
the position data of the whole object in the synthesized
motion. Thus, open periodic time-series motion data is
generated.

[0239] The time-series motion data of the open periodic
time-series motion generated by one of the three methods is
stored in the storage unit 5 via the data bus 2.

[0240] The closed-loop motion generating unit 4 reads out
the position data of an object among the open periodic
time-series motion data, and processes the data in the
following way to make the open periodic motion a closed-
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loop (see step S3 in FIG. 3). The process of making a
closed-loop will be described with reference to FIG. 11.

[0241] As described above, the position data of a whole
object represents the time-series data of the coordinate
values of the representing point indicating the position of a
whole object (reference position). The position data of a
whole object is represented by (x(t), y(t), z(t)), where t is
time. The initial time of the time-series data is represented
by ts; and the last time, te. ¢(t) is a function defined at an
interval [0,1], increasing monotonically, where ¢(0)=0, and
¢(1)=1. A predetermined effect time is represented by T. The
position data of a whole object, (x(t), y(t), z(t), where t is
from te-T to te, is processed by the following equations to
produce (X(1), Y(t), Z(t)), which is newly regarded as the
position data of a whole object to make the position data
closed-loop.

X(O)=x(0)- (x(te)—x(ts))x((t+T—te)/T)

Y(O=p(0)-((te)-y (1) x¢((+T—1e)T)

Z(0)-(z(te)-z(ts))x¢((t+T—te)/T)
[0242] where te-T=t=te.

[0243] Note that t, t to the power of B(1 =), or the like can
be used as ¢(t).

[0244] The position data of a whole object in the open
periodic time-series motion data having been stored in the
storage unit 5 is replaced with the closed-loop position data
of the whole object data via the data bus 2. The closed-loop
motion data is stored in the storage unit 5.

[0245] Thus, a closed-loop periodic motion can be gener-
ated. This closed-loop data is stored in the storage unit 5 (see
step S4 in FIG. 3). The contents of the storage unit 2 are
output outside via the input/output unit 1 (see step S5 in
FIG. 3).

[0246] According to the closed-loop periodic motion data
Generation apparatus of the first embodiment, the motion
time at the head or tail of an open non-periodic motion is
extended by estimation. This extended motion and the tail or
head of the open non-periodic motion are combined to
generate a synthesized motion. The synthesized motion
replaces the head or tail of the open non-periodic motion. As
a result, an open periodic motion can be produced without
changing the time-length of an open non-periodic motion.

[0247] 1t should be noted that the first embodiment of this
invention can be realized as a computer program. Therefore,
the program can be transmitted via some storage medium.

Embodiment 2

[0248] An explanation will be given of a closed-loop
periodic motion data generation apparatus in accordance
with a second embodiment of this invention, referring to
figures.

[0249] FIG. 4 shows a configuration of the closed-loop
periodic motion generation apparatus in accordance with the
second embodiment of this invention. The apparatus shown
in FIG. 4 has a configuration similar to that of the apparatus
in accordance with the first embodiment.

[0250] In FIG. 4, reference numeral 1 indicates an input/
output unit for receiving time-series motion data from the
outside, and outputting closed-loop periodic motion data
outside; 12, a data bus for exchanging data between the
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input/output unit 11 and each unit described below; 13, a
motion connecting unit for connecting the time-series
motion data received from the outside; 14, an open periodic
motion generating unit for generating an open periodic
motion based on the time-series motion data; 15, a closed-
loop motion generating unit for connecting open periodic
motions to generate a closed-loop motion; and 16, a storage
unit for the time-series motion data.

[0251] The operation of the closed-loop periodic motion
data generation apparatus will be described in detail with
reference to FIG. 5.

[0252] The input/output unit 11 processes plural time-
series motion data, as in the first embodiment (see step S11
in FIG. 5).

[0253] The motion connecting unit 13 reads out plural
time-series motion data stored in the storage unit 16 via the
data bus 12, and connecting the plural time-series motion
data to generate a series of time-series motion data (see step
S12 in FIG. 5). For the generation, there are three process-
ing methods.

[0254] A first processing method will be explained using
FIG. 8; a second processing method, using FIG. 10; and a
third processing method, using FIG. 12. In FIGS. 8, 10, and
12, three motions 1M1, 2M2, and 3M3 are connected. For
example, the motion 1M1 and the motion 2M2 are initially
connected to each other, and the resulting motion is con-
nected to the motion 3M3. Thus, an arbitrary number of
motions can be connected to each other by repeating con-
nection of two motions, so only the connection of the
motions 1M1 and 2M2 will be described here.

[0255] As shown in FIGS. 8 and 9, in the first processing
method, time-series motion data from the last time TT of the
motion 1M1 to a connection time CT1 after is estimated to
produce an estimated-extended motion EM1 (see step S51 in
FIG. 9). This estimated-extended motion and the time-series
motion data of the motion 2M2 from the initial time to a
connection time CT2 after are subjected to processing
similar to the generation of a synthesized motion by the first
method of the open periodic motion generating unit 3 of the
first embodiment, to generate a connecting motion CT1 (see
step S52 in FIG. 9). The time-series motion data of the
connecting motion and the motion 2M2 the connection time
after the initial time are successively connected to the
motion 1M1 to generate a series of connected motion.

[0256] Next, three estimating methods of generating an
estimated-extended motion will be explained. In a first
estimating method, on the assumption that the object con-
tinues to be in a static state, as shown in FIG. 21(a) it is
estimated that the same data as the motion data at the last
time of front time-series motion data FTM continues only
for the connection time CT. That is, the state of the motion
at the last time is repeatedly copied as much as the connec-
tion time CT (see step S12 in FIG. 23(a)). Hence, high-
speed processing is possible.

[0257] A second estimating method is based on the
assumption that the object stops smoothly. As shown in FIG.
22(a), estimated-extended motion data EM is generated by
estimating that the motion smoothly transfers the connection
time CT after the last time to the same motion data as that
of the front time-series motion data FTM at the last time.
The state of the motion of the front time-series motion data
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at the last time is shifted by the connection time from the last
time in terms of time (see step S13a in FIG. 24(a)).
Thereafter, an estimated-extended motion EM is generated
by interpolation using an interpolating function IC, such as
a spline function, with the front time-series motion data
before the last time (see step S13b in FIG. 24(q)).

[0258] A third estimating method is based on the assump-
tion that the estimated-extended motion approximates to the
back time-series motion data. As shown in FIG. 25(a), the
estimated-extended motion data EM is generated by esti-
mating that the motion state of the front time-series motion
data FTM at the last time is the same as that of the back
time-series motion data from the initial time to the connec-
tion time CT after. The motion state of the front time-series
motion data FTM from the last time to the connection time
after (see step S14a in FIG. 26(a)) is regarded as the motion
data of the back time-series motion data BTM from the
initial time to the connection time CT (see step S14b in FIG.
26(D)). Thereafter, the estimated-extended motion is gener-
ated by interpolation using an interpolating function IC,
such as a spline function, with the front time-series motion
data before the last time (see step S14c¢ in FIG. 26(a)).

[0259] The second processing method by the motion con-
necting unit 13 will be explained. As shown in FIGS. 10 and
11, the estimated-extended motion EM is generated by
estimating the time-series motion data in the past direction
from the initial time of the motion 2M2 to the connection
time before (see step S61 in FIG. 11).

[0260] The time-series motion data from the last time of
the motion 1M1 to the connection time CT before, and the
estimated-extended motion in the past direction from the
initial time of the motion 2M2 to the connection time before,
are combined in a way similar to the generation of a
synthesized motion by the first method in the open periodic
motion generating unit 3 of the first embodiment, to generate
a connecting motion CM (see step S62 in FIG. 11). The
time-series motion data of the connecting motion and the
time-series motion data of the motion 2M2 are successively
added to the motion 1M1 from the initial time until a period
of (the last time)—(the connecting time), to generate a series
of connected motions (see step S63 in FIG. 11).

[0261] Next, three estimating method for generating an
estimated-extended motion will be described. A first esti-
mating method is based on the assumption that a motion is
in a static state in past. As shown in FIG. 21(b), it is
estimated that the same data as the motion data of the back
time-series motion data BTM at the initial time continues in
past as much as a given connection time. That is, the motion
state at the initial time is repeatedly copied in past as much
as a given connection time to generate an high-speed pro-
cessing is possible.

[0262] A second estimating method is based on the
assumption that a motion smoothly starts from the standstill.
As shown in FIG. 22(b), the same data as the back time-
series motion data at the initial time is shifted from the initial
time to the connection time CT before. It is estimated that a
motion smoothly starts from the shifted state. An estimated-
extended motion is generated by shifting the motion state of
the back time-series motion data BTM at the initial time as
much as the connection time CT in the past direction from
the initial time in terms of time (see step S13c in FIG.
24(b)), and interpolating by an interpolating function IC,
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such as a spline function, with the back time-series motion
data after the initial time (see step S13d in FIG. 24(b)).

[0263] A third estimating method is based on the assump-
tion that an estimated-extended motion approximates to the
front time-series motion data FTM. As shown in FIG. 25(b),
the motion state of the back time-series motion data BTM a
given connection time before the initial time is estimated to
be the same as the motion state of the front time-series
motion data FTM the connection time before the last time.
That is, the estimated-extended motion is generated by
regarding the motion state of the back time-series motion
data BTM from the initial time to the connection time before
as the front time-series motion data from the last time to the
connection time before (see steps S14d and S14e in FIG.
26(D)), and interpolating by an interpolating function IC,
such as a spline function, with the back time-series motion
data after the initial time (see step S14f in FIG. 26(b)).

[0264] The third processing method by the motion con-
necting unit 13 will be explained. As shown in FIGS. 12 and
13, the motions 1M1 and 2M2 are disposed on the time axis
in such a way as to match the time of the last time motion
TT1 of the motion 1M1 to the time of the initial time motion
TT1 of the motion 2M2 (see step S71 in FIG. 13) Time-
series motion data from the last time of the motion 1M1 to
a period of yx(the connection time) after is estimated to
generate an estimated backward-extended motion (see step
S72 in FIG. 13). Time-series motion data from the initial
time of the motion 2M2 to a period of (1-y)x(the connection
time) before is estimated to generate an estimated forward-
extended motion EMF1 (see step S73 in FIG. 13). Note that
the range of y is 0==65 =1, called a connection time
distribution rate.

[0265] As shown in FIG. 28, if the motion connecting unit
13 further includes a connection time distribution rate varia-
tion unit 13a, the user can vary the connection time distri-
bution rate.

[0266] The time-series motion data from the last time of
the motion 1M1 to (1-y)x(the connection time) before and
the time-series motion data of the estimated forward-ex-
tended motion generated by estimating from the motion
2M2 (see step S74 in FIG. 13), and the time-series motion
data of the estimated backward-extended motion generated
by estimating from the motion 1M1 and the time-series
motion data from the initial time of the motion 2M2 to
yx(the connection time) after, are combined in a way similar
to the generation of a synthesized motion by the first method
in the open periodic motion generating unit 3 of the first
embodiment (see steps S74 and S75 in FIG. 13), to generate
a front connecting motion CMF1 and a back connecting
motion CMB1, respectively. Note that the front and back
connecting motions CMF1 and CMB1 are collectively
called a connecting motion CM1.

[0267] As described above, the time-series motion data of
the connecting motion and the time-series motion data of the
motion 2M2 from yx(the connection time) after the initial
time to the last time, are successively added to the time-
series motion data of the motion 1M1 from the initial time
to the time of (the last time)—(1-y)x(the connection time), to
generate a series of connected motions (see step S76 in FIG.
13).

[0268] Next, methods of generating an estimated back-
ward-extended motion and an estimated forward-extended



US 2001/0048441 A1l

motion will be explained. The Generation of the estimated
backward-extended motion is carried out by the three esti-
mating methods described in the first method in the motion
connecting unit 13. On the other hand, the estimated for-
ward-extended motion is generated by the three estimating
methods described in the second method in the motion
connecting unit 13. The three methods each for the estimated
backward-extended motion And the estimated forward-ex-
tended motion are independent of each other, so the number
of possible combinations of the generating method is 3.

[0269] When the motions 1M1 and 2M2 are connected to
each other, the starting motions are changed after the con-
nection. As to time, the connection time distribution rate y
can control how long time the motion 1M1 or 2M2 is
influenced by changes in the connecting motion. That is, the
closer y approaches to ‘0°, the more changes in the connect-
ing motion influence upon the motion 1M1, i.e., the less
upon the motion 2M2. As opposed to this, the closer vy
approaches to ‘1°, the less changes in the connecting motion
influence upon the motion 1M1, i.e., the more upon the
motion 2M2. Particularly when y=', the motions are influ-
enced equally in terms of time. The influence also depends
on the estimating method. According to the result of experi-
ments, among the three estimating methods described each
for in the first and second processing methods in the motion
connecting unit 13, the third estimating method has the least
influence on either of the first and second methods. It may
be attributed to the estimation in which either of estimated
motions closes to the motion to be connected. However, the
third estimating method needs a longer processing time than
the first estimating method. Therefore, to control the influ-
ence of changes in the connecting motion, proposed are the
following methods.

[0270] In a first method, there is a connection time distri-
bution rate y for each time-series motion data as additional
information. The value may be shared in both cases of the
generation of the estimated backward-extended motion and
the generation of the estimated forward-extended motion, or
the separate values may be held in both of the cases. A finer
control is possible when the values are held separately.
When two time-series motion data to be connected are front
time-series motion data and back time-series motion data,
the closer the connection time distribution rate approximates
to ‘0°, the more the front time-series motion data is affected,
and the less the back time-series motion data is influenced,
as described above. As opposed to this, the closer the
connection time distribution rate approximates to ‘1°, the
less the front time-series motion data is affected. It is
assumed that the rate y (see FIG. 12) is calculated by y=f (1,
82). It is necessary for this function to satisfy the following
conditions.

If y1=0 and y2=0, y=A(y1, y2)=0 @
If y1=1 and y2=1, y=A(y1, y2)=1 2
If y1=% and y2=% y=Ay1, y2)=% (©)]
If y1=0 and y2=1, y=A(y1, y2)=% €]
If y1=1 and y2=0, y=A(y1, y2)=% O]

[0271] As such a function, for example, if it is a linear
function, there is y=f(y1, y2)=(y1+y2)/2. The estimated for-
ward-extended motion and the estimated backward-ex-
tended motion are generated depending on the connection
time distribution rate y.
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[0272] In a second method, numerals are assigned to
methods of generating estimated-extended motions and the
numerals are given to time-series motion data as additional
Information. The foregoing connection time distribution rate
may be added as further additional information, or may be
predetermined as a common value. Note that if the connec-
tion time distribution rate is added to the additional infor-
mation, a finer control is possible.

[0273] For example, the first, second and third processing
methods each for the generation of the estimated backward-
extended motion and the generation of the estimated for-
ward-extended motion are assigned ‘1°, ‘2°, and ‘3°°,
respectively. Those numerals are given to each time-series
motion data as additional information. The estimated back-
ward-extended motion and the estimated forward-extended
motion are generated according to the additional informa-
tion.

[0274] In a third method, the importance (priority) of
time-series motion data is given to the time-series motion
data as additional information. It is assumed that it is better
that the time-series motion data having the high importance
is as least affected by connection as possible. For example,
additional information for the front time-series motion data
and the motion 1M1 has the importance 91, arid additional
information for the back time-series motion data and the
motion 2M2 has the importance 62, where 0=061, 82=1. The
method of generating the estimated backward-extended
motion is determined by the following rule.

[0275] (1) if 0=082= 5, the first estimating method

[0276] (2) if s=02=7%, the second estimating
method

[0277] (3) if 25=02=1, the third estimating method

[0278] The method of generating the estimated forward-
extended motion is determined by the following rule.

[0279] (1) if 0=31 =5, the first estimating method

[0280] (2) if 'A=01=7%, the second estimating
method

[0281] (3) if 25=081=1, the third estimating method

[0282] Next, the connection time distribution rate y is
determined by y-g(d1, 82)=(81-02+1)/2. In the equation,
1-82 represents unimportance, and the larger this value is,
the longer the effect time of connection may be. The
equation is the function y=f(y1, y2)=(y1+y2)/2 where y1=01
and y2=1-02. The equation has a very natural feature that if
01=982, it is always y=%.. Note that this additional informa-
tion representing the importance may be separately held for
the estimated backward-extended motion and the estimated
forward-extended motion to time-series motion data This
case makes possible a finer control.

[0283] All the above-described methods of connecting
motions can be applied to the case of the foregoing synthesis
time distribution rate.

[0284] The connection time distribution rate y and the
importance 9, as shown in FIG. 31, are added to the header
HD of time-series data, and transmitted outside. Note that
this case has two formats shown in FIGS. 31(a) and 31(b).
In FIG. 31(a), a reference position RP, a posture P, and a
joint angle JA are transmitted together in the same time
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zone. In FIG. 31(b), a reference position RP, a posture P, and
a joint angle JA are repeatedly transmitted in this order.

[0285] Time-series motion data of a series of motions
generated by connecting plural motions is stored in the
storage unit 16 via the data bus 12.

[0286] The open periodic motion generating unit 14 per-
forms a process similar to that of the open periodic motion
generating unit 3 of the first embodiment, to the time-series
motion data of a series of motions generated by the motion
connecting unit 13, stored in the storage unit 16, to generate
an open periodic time-series motion (see step S13 in FIG.
5). The time-series motion data of the open periodic time-
series motion generated is stored in the storage unit 16 via
the data bus 12.

[0287] The closed-loop motion generating unit 15 reads
out the position data of a whole object among the open
periodic time-series motion data stored in the storage unit 16
via the data bus 12, and subjects the data to a process similar
to that of the closed-loop motion generating unit 4 of the first
embodiment, to make the data closed-loop (see step S14 in
FIG. 5). The position data of a whole object among the open
periodic time-series motion data stored in the storage unit 16
is replaced with the closed-loop position data of the whole
object which is instead stored in the storage unit 16 (see step
§$15 in FIG. 5).

[0288] Thereafter, the contents of the storage unit 16 are
output outside via the input/output unit 11 (see step S16 in
FIG. 5).

[0289] As described above, in the closed-loop periodic
motion data generation apparatus according to the second
embodiment, the motion time at the head or tail of a first
open non-periodic motion is extended by estimation, and
this extended motion and the tail or head of a second open
non-periodic motion are combined. The synthesized motion
replaces with the head or tail of the second open non-
periodic motion. Further, the motion time at the head or tail
of the second open non-periodic motion is extended by
estimation, and this extended motion and the tail or head of
a third open non-periodic motion are combined. The syn-
thesized motion replaces with the head or tail of the third
open non-periodic motion. Therefore, an open periodic
motion can be generated from plural open non-periodic
motions without changing the time length of the plural
motions.

[0290] Furthermore, the process of generating a synthe-
sized motion and the process of generating a connecting
motion in the second embodiment can be made common.

[0291] Further, in the second embodiment, if the open
periodic motion generating unit 14 and the closed-loop
motion generating unit 15 do not performs their processes,
the apparatus can be used as a motion connecting apparatus.
In this case, the apparatus can be realized by a computer
program, and can be transmitted via a storage medium.

[0292] Further, the apparatus according to the second
embodiment can be used as a motion connecting apparatus.
The closed-loop periodic motion data generation and the
motion connection is the bases of the technique which will
be important in future in the production of games or graphi-
cal agents. So this invention has great importance.

Dec. 6, 2001

Embodiment 3

[0293] Although in the first embodiment the time-series
motion data input from the outside is original data itself, the
data may be compressed at the receiver when the data is
transmitted via a communications network, such as the
Internet. In this case, a decompression unit 6 is set up, as an
apparatus shows in FIG. 29. In the apparatus, time-series
motion data compressed in advance by the transmitter,
received by an input/output unit 1 is decompressed. From
the decompressed data, an open periodic motion generating
unit 3 generates an open periodic motion, as in the apparatus
in FIG. 2. A closed-loop motion generating unit 4 receives
the open periodic motion and generates a closed-loop
motion Thus, from compressed time-series motion data, an
open periodic motion can be generated without changing the
time-length of an open non-periodic motion

Embodiment 4

[0294] Although in the second embodiment the time-
series motion data input from the outside is original data
itself, the data may be compressed at the receiver when the
data is transmitted via a communications network, such as
the Internet. In this case, a decompression unit 17 is set up,
as an apparatus shows in FIG. 30. In the apparatus, time-
series motion data compressed in advance by the transmitter,
received by an input/output unit 11 is decompressed. As in
the apparatus in FIG. 3, a motion connecting unit 13
connects plural time-series motion data. Thereafter, an open
periodic motion generating unit 14 generates an open peri-
odic motion. A closed-loop motion generating unit 15
receives the open periodic motion and generates a closed-
loop motion. Thus, from compressed time-series motion
data, an open periodic motion can be generated without
changing the time-length of plural open non-periodic
motions.

What is claimed is:
1. An apparatus of generating motion data, comprising:

a storage unit for storing plural time-series motion data;
and

a motion connecting unit for reading out plural time-series
motion data from said storage unit, connecting the
plural time-series motion data to generate a series of
time-series motion data, and storing the series of time-
series motion data in said storage unit.

2. An apparatus of generating motion data, comprising:

a storage unit for storing two time-series motion data Lo
be connected, the two time-series motion data being
referred to as front time-series motion data and back
time-series motion data, respectively; and

a motion connecting unit for estimating motion data in
future or past as much as a connection time, in terms of
time, for either the front time-series motion data or the
back time-series motion data, to generate estimated-
extended motion data, and synthesizing connecting
motion data based on the estimated-extended motion
data and motion data in future or past as much as the
connection time, in terms of time, for either the front
time-series motion data or the back time-series motion
data.

3. The apparatus of claim 2 wherein said motion connect-

ing unit, two time-series motion data being referred to as
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front time-series motion data and back time-series motion
data, respectively, estimates motion data as much as a
connection time from the last time of the front time-series
motion data to generate estimated-extended motion data,
and generates connecting motion data based on the back
time-series motion data from the initial time to the connec-
tion time after and the estimated-extended motion data.

4. The apparatus of claim 2 wherein said motion connect-
ing unit, two time-series motion data being referred to as
front time-series motion data and back time-series motion
data, respectively, estimates motion data as much as a
connection time in the past direction from the initial time of
the back time-series motion data, in terms of time, to
generate estimated-extended motion data, and generates
connecting motion data based on the front time-series
motion data from the last time to the connection time before
and the estimated-extended motion data.

5. The apparatus of claim 2 wherein said motion connect-
ing unit, according to a connection time distribution rate v,
(a) estimates motion data as much as yx(a connection time)
from the last time of the front time-series motion data to
generate estimated backward-extended motion data, (b) esti-
mates motion data in the initial time of the back time-series
motion data, in terms of time, to generate estimated forward-
extended motion data, () generates a first half of connecting
motion data based on the front time-series motion data from
the last time to (1-y)x(the connection time) before and the
estimated forward-extended motion data, and (d) generates
a second half of connecting motion data based on the back
time-series motion data from the initial time to yx(the
connection time) after and the estimated backward-extended
motion data.

6. The apparatus of any of claim 3, claim 4, and claim 5
wherein said open periodic motion generating unit uses a
function that (a) is O at the initial time of the connection
time, and 1 at the last time of the connection time, (b)
increases monotonically, (¢) is differentiable, and (d) is
rotationally symmetrical by 180 degrees about the middle
time of the connection time, within the connection time.

7. The apparatus of any of claim 3, claim 4, and claim 5
wherein said open periodic motion generating unit uses a
function that (a) is 1 at the initial time of the connection
time, and O at the last time of the connection time, (b)
decreases monotonically, (¢) is differentiable, and (d) is
rotationally symmetrical by 180 degrees about the middle
time of the connection time, within the connection time.

8. The apparatus of claim 3 wherein said motion connect-
ing unit estimates that the front time-series motion data at
the last time continues as much as a connection time from
the last time, and generates estimated-extended motion data.

9. The apparatus of claim 4 wherein said motion connect-
ing unit estimates that the back time-series motion data at the
initial time has continued as much as a connection time in
the past direction from the initial time, in terms of time, and
generates estimated-extended motion data.

10. The apparatus of claim 3 wherein said motion con-
necting unit estimates that motion data smoothly shifts to the
front time-series motion data at the last time a connection
time after the last time, and generates estimated-extended
motion data.

11. The apparatus of claim 4 wherein said motion con-
necting unit estimates that the motion state of the back
time-series motion data a connection time before the initial
time of the back time-series motion data smoothly shifts to
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the back time-series motion data with the motion state of the
back time-series motion data at the initial time, and gener-
ates estimated-extended motion data.

12. The apparatus of claim 3 wherein said motion con-
necting unit estimates that the motion state of the front
time-series motion data a connection time after the last time
of the front time-series motion data is the motion state of the
back time-series motion data the connection time after the
initial time of the back time-series motion data, and gener-
ates estimated-extended motion data.

13. The apparatus of claim 4 wherein said motion con-
necting unit estimates that the motion state of the back
time-series motion data a connection time before the initial
time of the back time-series motion data smoothly shifts to
the motion state of the front time-series motion data the
connection time before the last time of the front time-series
motion data, and generates estimated-extended motion data.

14. The apparatus of claim 5 wherein said motion con-
necting unit calculates a connection time distribution rate in
connection, for time-series motion data holding a connection
time distribution rate as additional information, based on d
connection time distribution rate as additional information
for the front time-series motion data and a connection time
distribution rate as additional information for the back
time-series motion data, and generates an estimated for-
ward-extended motion and an estimated backward-extended
motion according to the connection time distribution rate.

15. The apparatus of claim 5 wherein said motion con-
necting unit calculates a connection time distribution rate y
in connection, for time-series motion data holding a con-
nection time distribution rate as additional information,
based on a connection time distribution rate y1 as additional
information for the front time-series motion data and a
connection time distribution rate y2 as additional informa-
tion for the back time-series motion data, by y=(y1+y2)/2,
and generates an estimated forward-extended motion and an
estimated backward-extended motion according to the con-
nection time distribution rate.

16. The apparatus of any of claim 3, claim 4, and claim 5
wherein for time-series motion data holding additional infor-
mation about numerically expressed methods of generating
estimated-extended motions, said motion connecting unit
generates an estimated-extended motion, an estimated back-
ward-extended motion, and an estimated forward-extended
motion, according to the additional information.

17. The apparatus of claim 11 wherein said motion
connecting unit, for time-series motion data holding a value
numerically expressing the importance of the time-series
motion data as additional information, based on the value of
the importance of the additional information for the front
time-series motion data and the value of tile importance of
the additional information for the back time-series motion
data, determines a method of generating an estimated back-
ward-extended motion and an estimated forward-extended
motion, calculates a connection time distribution rate, and
generates an estimated forward-extended motion and an
estimated backward-extended motion.

18. The apparatus of claim 5 wherein said motion con-
necting unit, for time-series motion data holding a value
numerically expressing the importance of the time-series
motion data as additional information, based on the value 81
of the importance of the additional information for the front
time-series motion data and the value 82 of the importance
of the additional information for the back time-series motion
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data (0=31, 92=1), determines a method of generating an
estimated backward-extended motion and an estimated for-
ward-extended motion, calculates a connection time distri-
bution rate y by yx(31-82+1)/2, and generates an estimated
forward-extended motion and an estimated backward-ex-
tended motion.

19. An apparatus of generating closed-loop periodic
motion data, comprising:

a storage unit;

an input/output unit for (a) receiving time-series motion
data including the position data of a whole multi-joint
rigid body object at each time, and the posture angle
data, joint slide vector data, and joint angle data of the
multi-joint rigid body object at each time, (h) storing
the received time-series motion data in said storage
unit, and (c) reading out closed-loop periodic motion
data generated from the time-series motion data, stored
in said storage unit;

an open periodic motion generating unit for (a) reading
out time-series motion data stored in said storage unit,
(b) generating open periodic time-series motion data by
making the local parts of a multi-joint rigid body object
periodic, and (c) storing the open periodic time-series
motion data in said storage unit; and

a closed-loop motion generating unit for (a) reading out
the position data of the whole multi-joint rigid body
object among the open periodic time-series motion
data, (b) generating closed-loop motion data by making
the position data of the whole multi-joint rigid body
object closed-loop, i.e., the movement of the whole
multi-joint rigid body object being made closed-loop,
(¢) replacing the open periodic time-series motion data
stored in said storage unit with the closed-loop motion
data, and (d) storing the closed-loop motion data in said
storage unit.

20. The apparatus of claim 19 wherein said apparatus
further includes a motion connecting unit for (a) reading out
plural time-series motion data stored said storage unit via
said data bus, (b) connecting the plural time-series motion
data to generate a series of time-series motion data, and (c)
storing the series of time-series motion data in said storage
unit via said data bus.

21. The apparatus of any of claim 19 and claim 20
wherein said open periodic motion generating unit (a) esti-
mates motion data as much as a synthesis time from the last
time of time-series motion data to generate estimated-
extended motion data, (b) combines the time-series motion
data from the initial time to the synthesis time after and the
estimated-extended motion data to generate synthesized
motion data, (c) replaces the posture angle data, joint slide
vector data, and joint angle data of the time-series motion
data from the initial time to the synthesis time after with
those of the synthesized motion data, and (d) calculates the
amount of parallel translation for the position data of the
whole multi-joint rigid body object, performs the parallel
translation to the position data of the whole multi-joint rigid
body object, and replaces the position data of the time-series
motion data from the initial time to the synthesis time after
with the resulting position data.

22. The apparatus of any of claim 19 and claim 20
wherein said open periodic motion generating unit (a) esti-
mates motion data as much as a synthesis time in the past
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direction from the initial time of time-series motion data, in
terms of time, to generate estimated-extended motion data,
(b) combines the time-series motion data from the last time
to the synthesis time before and the estimated-extended
motion data to generate synthesized motion data, (c)
replaces the posture angle data, joint slide vector data, and
joint angle data of the time-series motion data from the last
time to the synthesis time before with those of the synthe-
sized motion data, and (d) calculates the amount of parallel
translation for the position data of the whole multi~joint rigid
body object, performs the parallel translation to the position
data of the whole multi-joint rigid body object, and replaces
the position data of the time-series motion data from the last
time to the synthesis time before with the resulting position
data.

23. The apparatus of any of claim 19 and claim 20
wherein said open periodic motion generating unit (a) esti-
mates notion data as much as ax(a synthesis time) from the
last time of time-series motion data, a being a synthesis time
distribution rate (0=a 1), to generate estimated backward-
extended motion data, (b) estimates motion data as much as
(1-a)x(the synthesis time) in the past direction from the
initial time of time-series motion data, in terms of time, to
generate estimated forward-extended motion data, (c) com-
bines the time-series motion data from the initial time to
ax(the synthesis time) after and the estimated backward-
extended motion data to generate front synthesized motion
data, (d) combines the time-series motion data from the last
time to (1-a)x(the synthesis time) before and the estimated
forward-extended motion data to generate back synthesized
motion data, (e) replaces the posture angle data, joint slide
vector data, and joint angle data of the time-series motion
data from the last time to ax(the synthesis time) after with
those of the front synthesized motion data, (f) calculates the
amount of parallel translation for the position data of the
whole multi-joint rigid body object from the last time to
ax(the synthesis time) after, performs the parallel translation
to the position data of the whole multi-joint rigid body object
from the last time to oax(the synthesis time) after, and
replaces the position data of the time-series motion data
from the last time to ax(the synthesis time) after with the
resulting position data, (g) replaces the posture angle data,
joint slide vector data, and joint angle data of the time-series
motion data from the last time to (1-a)x(the synthesis time)
before with those of the back synthesized motion data, and
(h) calculates the amount of parallel translation for the
position data of the whole multi-joint rigid body object from
the last time to (1-c)x(the synthesis time) before, performs
the parallel translation to the position data of the whole
multi-joint rigid body object from the last time to (1-a)x(the
synthesis time) before, and replaces the position data of the
time-series motion data from the last time to (1-o)x(the
synthesis time) before with the resulting position data.

24. The apparatus of any of claim 19 and claim 20
wherein said closed-loop motion generating unit performs
parallel translation, using a monotonically increasing func-
tion, to the position data of the whole multi-joint rigid body
object from the last time to an effect time before, among the
time-series motion data, in a way to match the position data
of the whole multi-joint rigid body object at the last time to
that at the initial time.

25. The apparatus of any of claim 19 and claim 20
wherein said closed-loop motion generating unit performs
parallel translation to the position data of the whole multi-
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joint rigid body object from the last time to an effect time
before, among the time-series motion data, by applying to
the position data of the whole multi-joint rigid body object
at a time t within the effect time, an amount of parallel
translation obtained by multiplying the difference resulting
from subtracting the position data of the whole multi-joint
rigid body object at the initial time from that at the last time,
with the difference between t and the initial time of the effect
time, divided by the effect time.

26. The apparatus of any of claim 19 and claim 20
wherein said closed-loop motion generating unit performs
parallel translation to the position data of the whole multi-
joint rigid body object from the last time to an effect time
before, among the time-series motion data, by applying to
the position data of the whole multi-joint rigid body object
at a time t within the effect time, an amount of parallel
translation obtained by multiplying the difference resulting
from subtracting the position data of the whole multi-joint
rigid body object at the initial time from that at the last time,
with the difference between t and the initial time of the effect
time, divided by the effect time, and raising the result to the
power of B(1=).

27. The apparatus of any of claim 21, claim 22, and claim
23 wherein said open periodic motion generating unit uses
a function that (a) is 1 at the initial time of the synthesis time,
and O at the last time of the synthesis time, (b) decreases
monotonically, (c) is differentiable, and (d) is rotationally
symmetrical by 180 degrees about the middle time of the
synthesis time, within the synthesis time.

28. The apparatus of any of claim 21, claim 22, and claim
23 wherein said open periodic motion generating unit uses
a function that () is 0 at the initial time of the synthesis time,
and 1 at the last time of the synthesis time, (b) increases
monotonically, (c) is differentiable, and (d) is rotationally
symmetrical by 180 degrees about the middle time of the
synthesis time, within the synthesis time.

29. The apparatus of any of claim 19 and claim 20
wherein said input/output unit receives time-series motion
data compressed in advance, and said apparatus further
includes a decompression unit for decompressing the com-
pressed time-series motion data, and storing the decom-
pressed time-series motion data in said storage unit.

30. A method of generating motion data, comprising:
storing plural time-series motion data; and

connecting motions by reading out plural time-series
motion data from said storage unit, connecting the
plural time-series motion data to generate a series of
time-series motion data, and storing the series of time-
series motion data in said storage unit.

31. A method of generating motion data, comprising:

storing two time-series motion data to be connected, the
two time-series motion data being referred to as front
time-series motion data and back time-series motion
data, respectively; and

connecting motions by estimating motion data in future or
past as much as a connection time, in terms of time, for
either the front time-series motion data or the back
time-series motion data, to generate estimated-ex-
tended motion data, and synthesizing connecting
motion data based on the estimated-extended motion
data and motion data in future or past as much as the
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connection time, in terms of time, for either the front
time-series motion data or the back time-series motion
data.

32. The method of claim 31 wherein said connecting
motions, two time-series motion data being referred to as
front time-series motion data and back time-series motion
data, respectively, includes estimating motion data as much
as a connection time from the last time of the front time-
series motion data to generate estimated-extended motion
data, and generating connecting motion data based on the
back time-series motion data from the initial time to the
connection time after and the estimated-extended motion
data.

33. The method of claim 31 wherein said connecting
motions, two time-series motion data being referred to as
front time-series motion data and back time-series motion
data, respectively, includes estimating motion data as much
as a connection time in the past direction from the initial
time of the back time-series motion data, in terms of time,
to generate estimated-extended motion data, and generating
connecting motion data based on the front time-series
motion data from the last time to the connection time before
and the estimated-extended motion data.

34. The method of claim 31 wherein said connecting
motions includes, according to a connection time distribu-
tion rate y, (a) estimating motion data as much as yx(a
connection time) from the last time of the front time-series
motion data to generate estimated backward-extended
motion data, (b) estimating motion data in the past direction
as much as (1-y)x(the connection time) from the initial time
of the back time-series motion data, in terms of time, to
generate estimated forward-extended motion data, (¢) gen-
erating a first half of connecting motion data based on the
front time-series motion data from the last time to (1-y)x(the
connection time) before and the estimated forward-extended
motion data, and (d) generating a second half of connecting
motion data based on the back time-series motion data from
the initial time to yx(the connection time) after and the
estimated backward-extended motion data.

35. The method of any of claim 32, claim 33, and claim
34 wherein said connecting motions uses a function that (a)
is 0 at the initial time of the connection time, and 1 at the last
time of the connection time, (b) increases monotonically, (c)
is differentiable, arid (d) is rotationally symmetrical by 180
degrees about the middle time of the connection time, within
the connection time.

36. The method of any of claim 32, claim 33, and claim
34 wherein said connecting motions uses a function that (a)
is 1 at the initial time of the connection time, and O at the last
time of the connection time, (b) decreases monotonically, (c)
is differentiable, and (d) is rotationally symmetrical by 180
degrees about the middle time of the connection time, within
the connection time.

37. The method of claim 32 wherein said connecting
motions includes estimating that the front time-series motion
data at the last time continues as much as a connection time
from the last time, and generating estimated-extended
motion data.

38. The method of claim 33 wherein said connecting
motions includes estimating that the back time-series motion
data at the initial time has continued as much as a connection
time in the past direction from the initial time, in terms of
time, and generating estimated-extended motion data.
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39. The method of claim 32 wherein said connecting
motions estimating that motion data smoothly shifts to the
front time-series motion data at the last time a connection
time after the last time, and generating estimated-extended
motion data.

40. The method of claim 33 wherein said connecting
motions includes estimating that the motion state of the back
time-series motion data a connection time before the initial
time of the back time-series motion data smoothly shifts to
the back time-series motion data with the motion state of the
back time-series motion data at the initial time, and gener-
ating estimated-extended motion data.

41. The method of claim 32 wherein said connecting
motions includes estimating that the motion state of the front
time-series motion data a connection time after the last time
of the front time-series motion data is the motion state of the
back time-series motion data the connection time after the
initial time of the back time-series motion data, and gener-
ating estimated-extended motion data.

42. The method of claim 33 wherein said connecting
motions includes estimating that the motion state of the back
time-series motion data a connection time before the initial
time of the back time-series motion data smoothly shifts to
the motion state of the front time-series motion data the
connection time before the last time of the front time-series
motion data, and generating estimated-extended motion
data.

43. The method of claim 34 wherein said connecting
motions includes calculating a connection time distribution
rate in connection, for time-series motion data holding a
connection time distribution rate as additional information,
based on a connection time distribution rate as additional
information for the front time-series motion data and a
connection time distribution rate as additional information
for the back time-series motion data, and generating an
estimated forward-extended motion and an estimated back-
ward-extended motion according to the connection time
distribution rate.

44. The method of claim 34 wherein said connecting
motions includes calculating a connection time distribution
rate v in connection, for time-series motion data holding a
connection time distribution rate I'1, as additional informa-
tion, based on a connection time distribution rate yl as
additional information for the front time-series motion data
and a connection time distribution rate y2 as additional
information for the back time-series motion data, by y=(y1+
82)/2, and generating an estimated forward-extended motion
and an estimated backward-extended motion according to
the connection time distribution rate.

45. The method of any of claim 32, claim 33, and claim
34 wherein for time-series motion data holding additional
information about numerically expressed methods of gen-
erating estimated-extended motions, said connecting
motions includes generating an estimated-extended motion,
an estimated backward-extended motion, and an estimated
forward-extended motion, according to the additional infor-
mation.

46. The method of claim 34 wherein said connecting
motions includes, for time-series motion data holding a
value numerically expressing the importance of the time-
series motion data as additional information, based on the
value of the importance of the additional information for the
front time-series motion data and the value of the impor-
tance of the additional information for the back time-series
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motion data, determining a method of generating an esti-
mated backward-extended motion and an estimated for-
ward-extended motion, calculating a connection time distri-
bution rate, and generating an estimated forward-extended
motion and an estimated backward-extended motion.

47. The method of claim 34 wherein said connecting
motions includes, for time-series motion data holding a
value numerically expressing the importance of the time-
series motion data as additional information, based on the
value 81 of the importance of the additional information for
the front time-series motion data and the value 82 of the
importance of the additional information for the back time-
series motion data (0=91, 62=1), determining a method of
generating an estimated backward-extended motion and an
estimated forward-extended motion, calculating a connec-
tion time distribution rate y by y=(31-82+1)/2, and gener-
ating an estimated forward-extended motion and an esti-
mated backward-extended motion.

48. A method of generating closed-loop periodic motion
data, comprising:

administrating inputs and outputs by (a) receiving time-
series motion data including the position data of a
whole multi-joint rigid body object at each time, and
the posture angle data, joint slide vector data, and the
joint angle data of the multi-joint rigid body object at
each time, (b) storing the received time-series motion
data in a storage unit, and (c) reading out closed-loop
periodic motion data generated from the time-series
motion data, stored in said storage unit;

generating an open periodic motion by (a) reading out
time-series motion data stored in said storage unit, (b)
generating open periodic time-series motion data by
making the local parts of a multi-joint rigid body object
periodic, and (c) storing the open periodic time-series
motion data in said storage unit; and

generating a closed-loop motion generating by (a) reading
out the position data of the whole multi-joint rigid body
object among the open periodic time-series motion
data, (b) generating closed-loop motion data by making
the position data of the whole multi-joint rigid body
object closed-loop, i.e., the movement of the whole
multi-joint rigid body object being made closed-loop,
(c) replacing the open periodic time-series motion data
stored in said storage unit with the closed-loop motion
data, and (d) storing the closed-loop motion data in said
storage unit.

49. The method of claim 48 wherein said method further
includes connecting motions by (a) reading out plural time-
series motion data stored said storage unit via said data bus,
(b) connecting the plural time-series motion data to generate
a series of time-series motion data, and (c) storing the series
of time-series motion data in said storage unit via said data
bus.

50. The method of any of claim 48 and claim 49 wherein
said generating an open periodic motion includes (a) esti-
mating motion data as much as a synthesis time from the last
time of time-series motion data to generate estimated-
extended motion data, (b) combining the time-series motion
data from the initial time to the synthesis time after and the
estimated-extended motion data to generate synthesized
motion data, (¢) replacing the posture angle data, joint slide
vector data, and joint angle data of the time-series motion
data from the initial time to the synthesis time after with
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those of the synthesized motion data, and (d) calculating the
amount of parallel translation for the position data of the
whole multi-joint rigid body object, performing the parallel
translation to the position data of the whole multi-joint rigid
body object, and replacing the position data of the time-
series motion data from the initial time to the synthesis time
after with the resulting position data.

51. The method of any of claim 48 and claim 49 wherein
said generating an open periodic motion includes (a) esti-
mating motion data as much as a synthesis time in the past
direction from the initial time of time-series motion data, in
terms of time, to generate estimated-extended motion data,
(b) combining the time-series motion data from the last time
to the synthesis time before and the estimated-extended
motion data to generate synthesized motion data, (¢) replac-
ing the posture angle data, joint slide vector data, and joint
angle data of the time-series motion data from the last time
to the synthesis time before with those of the synthesized
motion data, and (d) calculating the amount of parallel
translation for the position data of the whole multi-joint rigid
body object, performing the parallel translation to the posi-
tion data of the whole multi-joint rigid body object, and
replacing the position data of the time-series motion data
from the last time to the synthesis time before with the
resulting position data.

52. The method of any of claim 48 and claim 49 wherein
said generating open periodic motion includes (a) estimating
motion data as much as ax(a synthesis time) from the last
time of time-series motion data, a being a synthesis time
distribution rate (O=a 1), to generate estimated backward-
extended motion data, (b) estimating motion data as much as
(1-a)x(the synthesis time) in the past direction from the
initial time of time-series motion data, in terms of time, to
generate estimated forward-extended motion data, (¢) com-
bining the time-series motion data from the initial time to
ax(the synthesis time) after and the estimated backward-
extended motion data to generate front synthesized motion
data, (d) combining the time-series motion data from the last
time to (1-o)x(the synthesis time) before and the estimated
forward-extended motion data to generate back synthesized
motion data, (e) replacing the posture angle data, joint slide
vector data, and joint angle data of the time-series motion
data from the last time to ax(the synthesis time) after with
those of the front synthesized motion data, (f) calculating the
amount of parallel translation for the position data of the
whole multi-joint rigid body object from the last time to
ax(the synthesis time) after, performing the parallel trans-
lation to the position data of the whole multi-joint rigid body
object from the last time to ax(the synthesis time after, and
replacing the position data of the time-series motion data
from the last time to ax(the synthesis time) after with the
resulting position data, (q) replacing the posture angle data,
joint slide vector data, and joint angle data of the time-series
motion data from the last time to (1-a)x(the synthesis time)
before with those of the back synthesized motion data, and
(h) calculating the amount of parallel translation for the
position data of the whole multi-joint rigid body object from
the last time to (1-a)x(the synthesis time) before, perform-
ing the parallel translation to the position data of the whole
multi-joint rigid body object from the last time to (1-ct)x(the
synthesis time) before, and replacing the position data of the
time-series motion data from the last time to (1-c)x(the
synthesis time) before with the resulting position data.
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53. The method of any of claim 48 and claim 49 wherein
in said generating a closed-loop motion, parallel translation
is performed, using a monotonically increasing function, to
the position data of the whole multi-joint rigid body object
from the last time to an effect time before, among the
time-series motion data, in a way to match the position data
of the whole multi-joint rigid body object at the last time to
that at the initial time.

54. The method of any of claim 48 and claim 49 wherein
in said generating a closed-loop motion, parallel translation
is performed to the position data of the whole multi-joint
rigid body object from the last time to an effect time before,
among the time-series motion data, by applying to the
position data of the whole multi-joint rigid body object at a
time t within the effect time, an amount of parallel transla-
tion obtained by multiplying the difference resulting from
subtracting the position data of the whole multi-joint rigid
body object at the initial time from that at the last time, with
the difference between t and the initial time of the effect
time, divided by the effect time.

55. The method of any of claim 48 and claim 49 wherein
in said generating a closed-loop motion, parallel translation
is performed to the position data of the whole multi-joint
rigid body object from the last time to an effect time before,
among the time-series motion data, by applying to the
position data of the whole multi-joint rigid body object at a
time t within the effect time, an amount of parallel transla-
tion obtained by multiplying the difference resulting from
subtracting the position data of the whole multi-joint rigid
body object at the initial time from that at the last time, with
the difference between t and the initial time of the effect
time, divided by the effect time, and raising the result to the
power of B(1=p).

56. The method of any of claim 50, claim 51, and claim
52 wherein in said generating an open periodic motion, used
is a function that (a) is 1 at the initial time of the synthesis
time, and O at the last time of the synthesis time, (b)
decreases monotonically, (¢) is differentiable, and (d) is
rotationally symmetrical about the middle time of the syn-
thesis time, within the synthesis time.

57. The method of any of claim 50, claim 51, and claim
52 wherein in said generating an open periodic motion, used
is a function that (a) is O at the initial time of the synthesis
time, and 1 at the last time of the synthesis time, (b)
increases monotonically, (¢) is differentiable, and (d) is
rotationally symmetrical about the middle time of the syn-
thesis time, within the synthesis time.

58. The method of any of claim 57 and claim 58 wherein
said administrating inputs and outputs includes receiving
time-series motion data compressed in advance, and said
method further includes decompressing the compressed
time-series motion data, and storing the decompressed time-
series motion data in said storage unit.

59. A storage medium of storing a program of generating
motion data, said program comprising:

storing plural time-series motion data; and

connecting motions by reading out plural time-series
motion data from said storage unit, connecting the
plural time-series motion data to generate a series of
time-series motion data, and storing the series of time-
series motion data in said storage unit.
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60. A storage medium of storing a program of generating

motion data, said program comprising:

storing two time-series motion data to be connected, the
two time-series motion data being referred to as front
time-series motion data and back time-series motion
data, respectively; and

connecting motions by estimating motion data in future or
past as much as a connection time, in terms of time, for
either the front time-series motion data or the back
time-series motion data, to generate estimated-ex-
tended motion data, and synthesizing connecting
motion data based on the estimated-extended motion
data and motion data in future or past as much as the
connection time, in terms of time, for either the front
time-series motion data or the back time-series motion
data.

61. A storage medium of storing a program of generating

closed-loop periodic motion data, said program comprising:

administrating inputs and outputs by (a) receiving time-
series motion data including the position data of a
whole multi-joint rigid body object at each time, and
the posture angle data, joint slide vector data, and the
joint angle data of the multi-joint rigid body object at
each time, (b) storing the received time-series motion
data in a storage unit via a data bus, and (c¢) reading out
closed-loop periodic motion data generated from the
time-series motion data, stored in said storage unit via
said data bus;
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generating an open periodic motion by (a) reading out
time-series motion data stored in said storage unit via
said data bus, (b) generating open periodic time-series
motion data by making the local parts of a multi-joint
rigid body object periodic, and (c) storing the open
periodic time-series motion data in said storage unit via
said data bus; and

generating a closed-loop motion generating by (a) reading
out the position data of the whole multi-joint rigid body
object among the open periodic time-series motion
data, (b) generating closed-loop motion data by making
the position data of the whole multi-joint rigid body
object closed-loop, i.e., the movement of the whole
multi-joint rigid body object being made closed-loop,
(c) replacing the open periodic time-series motion data
stored in said storage unit with the closed-loop motion
data, and (d) storing the closed-loop motion data in said
storage unit.

62. The storage medium of claim 61 wherein said pro-
gram further includes connecting motions by (d) reading out
plural time-series motion data stored said storage unit via
said data bus, (b) connecting the plural time-series motion
data to generate a series of time-series motion data, and (c)
storing the series of time-series motion data in said storage
unit via said data bus.



