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ABSTRACT

This paper proposes a method for key-frame selection of
captured motion data. In many cases, it is desirable to obtain a
compact representation of the human motion. Key-framing is
often used to express CG animation with a set of frames. In
general, the animation is described by a set of curves that give
the value of the rotation of all joints in each frame. Our method
automatically detects the key-frames in captured motion data by
using frame decimation. We decimate less important frames one
by one, and then rank them by their importance. Our method has
an embedded property, that is, all the frames are ranked by their
importance, and thus users can specify any number of key-
frames from one data set. We demonstrate the validity of our
method in the experimental section by several typical motions
such as walking and throwing.

1. INTRODUCTION

Motion capture systems have been widely used in CG
amusement and human motion analysis such as games and
athlete training. To reuse motion capture data, users need the
motion library that stores existing motion data with human like
character. Large motion databases do not accept the
uncompressed forms, since the motion data are often huge.
Moreover, motion data retrieval and transmission often require
the compact representation of the motion [1]. For manipulation
and rendering, a compact motion format is also required to
reduce tasks. Key-framing is often used to express CG animation
with a fraction of frames. Using interpolation and extrapolation
techniques, general motion can be approximated by several key-
frames. The accuracy of retrieved motion depends very much on
the key-frame selection. In [3], Lim et al. treat the motion data as
trajectory curves in a high-dimensional space and employ a
curve simplification algorithm for key-posture extraction. This
simplification method is also used in motion and emotion
parameterization by M. Kraus [4]. Their method uses all joints of
a human figure model which contains more than 20 joints. For
each joint, the motion data include 3 angles of rotation about X, y
and z coordinates respectively. Obviously, their curve
simplification is time consuming when the total number of
dimensions becomes greater than 60. To reduce its
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computational complexity, Etou, et al [2] use only five joints
assuming that they are significant to characterize the motion. To
achieve higher accuracy, we suggest a novel method which
combines the characteristics of all joints and employ key-frame
selection by iteratively decimating one point in each curve. Our
method ranks all the frames by their importance, and thus
specified number of key-frames can be obtained easily. This
embedded property of our method leads into more accuracy and
more feasibility than previous methods. According to the
forward kinematics, in a motion chain, the transformation of a
parent joint causes a change of its child joint position. The
change of this child joint in turn affects its grand child joint, and
so on. That is, the angles of parent joint are more important than
its child joints. Thus we introduce a weight function for each
joint for more precise key-frame selection.

The remainder of the paper is organized as follows. After a
brief description about the motion data representation, we
explain the algorithm of the generation of the integrate key-
frames with characteristics of all curves in section 3. In the
experimental section, some typical motions are employed to
demonstrate the advantage of our approach compared with
conventional methods. Finally, we draw a conclusion and refer
to some future works.

2. PRELIMINARY
2.1. Motion Data

In CG application, a human figure is modeled by a hierarchical
tree (Fig.1), in which the connections between two neighboring
joints are rigid, for example, the joints of a shoulder and an
elbow move, but the distance between them is not changed. In
this framework, the motion data in the 3D space, x, y, z, are
converted to a series of rotations. Fig. 1 shows a human figure
with multiple joints and links. In different animations, the human
figures with different numbers of joints are utilized.

2.2. Motion Curves
In our work, the animation is represented by a set of curves
g; (k) oflength N, where j =1,2,A ,m are the indices of the

curves and £ =1,2,A ,N are the frame numbers. These give

the value, describing the rotation of all joints as well as the
position of the joint of the root, represented as a function of the



frame. Since for each joint the angle rotation about x, y, z axes
respectively is adopted, and besides the rotation angles, for the
root joint the position in 3D space is extra informed, the number
of the joints is m/3-1.

We denote a set of the key-frames by

Fn:(fl»fZ,---sfnflﬂfn)5
where f,, [ =1,2,A n are frame indices of the key-

frames. We treat the original curve as a set of N key-
frames,

FN:(f‘lsz""’fol’fN) >

that is, all the frames are key-frames. An example of the
motion curves and their approximations are given in Fig.2.

Fig.1 Human figure with multiple joints and links

3. CHARACTERISTIC COMBINED KEY-FRAME
SELECTION ALGORITHM

3.1. Frame Decimation of Motion Curves

Suppose we start the decimation of vertices from the initial

curves FV . The decimating process is iteratively applied until
only two frames, first and N-th frames, remain. When the k-tth
frame f; is decimated, it results in,

FY = (fs fas s fects ot = fn) -

Meanwhile, the decimating algorithm generates a sequence
of sets of frames, F~, F¥™',..., F*. We denote the k-th frame
of F" by F"(k) , k1, 2, 3,.., n eg, if
current F" = (1,5,7,15, 21,..., N), then F"(3)=7.

To ensure that less important frames are decimated before
more important ones, we need a cost function to measure the
importance of the frames. The cost function D" (j, k), k=1, 2, ...,

n, for j-th curve (joint) in F" , is defined by the difference of the
distance between before and after the decimation of the A-th
frame correspondingly. At the beginning of the

algorithm D" (;, k) is calculated as follows. Assume that one
of the frames F" (k) is being decimated. After the
decimation, the previous g; (FN (k—l)) and next key-

frames g ; (F Nk + 1)) are interpolated by a straight line.

Thus the new values at the frame & are calculated by these
two frames. The absolute difference between the original
and the new values is set to DV (j,k) . Then we define the

total sum of DV (; k) for all j as a cost function at the first
iteration

DV (k)= D" (j.k) (1)

For example of Fig. 3, the length of the arrow is assigned
to D" (j,k) . The frame with the least cost is considered least
important and then is decimated.

After the decimation of the frame F” (k) in F" at a

iteration, we need to update the cost of neighbors of the
frame, F"(k-1) ( =F"'k-1) ) and
F"(k+1)(= F"(k)). First, we assume that F"~! (k - 1)
would be decimated at the next iteration and then
similarly g (F ol (k—2)) and g (F ol (k)) are

interpolated by the straight line. This is illustrated in
Fig.4(a) and (b). This procedure changes values at frames

between F"'(k—2) and F" (k). In Fig.4(a) the arrows

illustrate the errors between original curves and the curve
at the level n-1, which is denoted by e( j,k —1, u) , where

F" ' (k=2)<u<F"" (k). The arrows of Fig.4(b) shows
the errors €'(j,k—1, u) after the decimation of

F Kk -1).

N

(a) (b)
Fig.2 (a) Motion curves with 17 frames, from up
to down, head, right should, left ankle joints
(b) Approximations with 7 vertices after
decimation of frames

Hence, for each joint, we calculate the difference of the sum
of the error

D" (k)= ek =L u) =k =1Lu) ()

u



where the range of  the summation is
F"™(k-2)<u < F"" (k). The same procedure is done for

F"'(k) to calculate
D" (k)= ek Wy =€k w) (3

where F" ' (k-1)<u< F" ' (k+1).

£ (k)

Fig.3 Cost of frame F" (k) .

3.2. Generation of the Intergrative Key-frames

To generate the key-frames with the combined properties of all
the motion curves of a whole body, we should pay attention to
the characteristics of all joints in each motion chain. We first
calculate the error D" (j,k) for each jth curve. Moreover,
according to the hierarchical tree, the transformation of a parent
joint causes a change of the position of its child joint. This
change in turn affects its grand child joint location, and so on.
Finally the changes are accumulated to the end- effector. Motion
is inherited down the hierarchy from the terminator to the end-
effector, which means the error of the lower nodes in the
hierarchy affects the whole motion more than the higher nodes.
Thus we introduce a weight function W4)), j=1, 2,...m. Then
assigning different W{j) for different jth curve, we can get the

sum E" (k) :
E" (k) =ZW(J)D(J2/€)

We decimate the frame F"(k) with the minimum
error E” (k) .

In the end, our algorithm is stated as follow:

Stepl. For all the frames F" , calculate the cost
function p" (k) in (1) and set n= N .

Step2. The frame £ with minimum D”(k) is decimated

and its index is removed from F”. And then
setF" ' =F".

Step3. The cost function is updated by (2) and (3).
Step4. If the specified number of key-frames is remained,
then stop. Otherwise go to Step.3.

4. EXPERIMENTS

We apply our key-frame selection algorithm to motion
data. The motion is described by BVH format [4].

Here we show the results of two typical motions,
“swagger”, “ballet”, “throw” and “kick”. Table.1 shows
the description of these motions.

F ' (k-1

PR k- 2) F (k)

(a)

F''(k-1)

F;'_'(k—Z)

(b)

Fig4 Solide and dotted lines are original curves and
lines connected between key-frames, respectively, (a)
level n-1, (b) curve after the decimation. The arrows
represent (a) e( j,k—1, u) and (b) €'(j,k—1, u).

To evaluate the efficiency, we define the error as
position differences of all the joints between the original
motion and the retrieved one. To retrieve the motion from
the selected key-frames, we adopt the piecewise cubic
Hermite interpolation. The error of j-th joint is defined by

Ei= g3l -]

N

and the total error of all joints in all frames by:
1 m/3-1

m/3—1 &/
Jj=1

where g, (k) and g ;(k) are 3D rotation angles of the joint i in

the frame ; of original and retrieved motions respectively. N is
the number of frames and m/3—1 is the number of total
joints.

Fig.5 shows the difference of the error of angle between
E? generated by previous method in [3] and E° generated by
our algorithm when combining the characteristics of all joints of
each motion. In this experiment, the number of the key-frames
retained to retrieve the data is same in both methods. Moreover,
to demonstrate the feasibility of our algorithm we also show the
difference of error of position of throwing motion between the
previous method and ours in Fig.6.



The error of the position in the 3D space of joint i between
the original motion and the retrieved one by equation:

N
1 o r
£y =5 2P -7y )
k=1
and these are summed for all the joints, where Pjo (k) and
P; (k) are position of joint i in frame j of original and
compressed motions respectively in world coordinate.

Table 1 Experimental results

Data Number Sampling Number of
size of joints rate frames
Swagger 324k 23 0.00833s 580
Ballet 183k 20 0.0400s 388
Throw 70k 17 0.033333s 179
Kick 56k 19 0.033333s 147

5. CONCLUSION AND FUTURE WORK

We described a method for the key-frame selection of the
captured human motion data with motion style in this paper. Due
to the redundancy of huge database and discursion in motion
index, a compact motion format is required. Key-framing based
motion compression is considered a direct and effective
compressing method to solve this problem. Treating animation
as a set of curves which give the value of the rotation of all joints
in each frame, our algorithm combines motion characteristics of

all joints as a whole to detect a number of style-based key-frames.

Moreover, the number of key-frames can be specified by user
according to the motion characteristics. The embedded property
of our method leads into more accuracy and more feasibility than
conventional methods.

Finally, we have studied that considering motion
characteristics, we have to pay more attention to some special
joints such as the end effectors than other general types of joints.
Now we are going to add some kinematics constraints to our
method. The inverse kinematics algorithm has been successfully
used in some other previous works of ours, and will be applied
again into the proposed method introduced in this paper in our
future work.
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number of frames when combining the characteristics
of all joints of each motion.

o1

008

008

position error

004

10 Z‘EI EIEI A‘EI S‘EI EIEI T‘EI 8
number of frames

Fig 6. The difference of position error of throwing

motion between previous method and our method

over the number of frames



	Index
	ICME 2005

	Conference Info
	Welcome Messages
	Venue Access
	Committees
	Sponsors
	Tutorials

	Sessions
	Wednesday, 6 July, 2005
	WedAmOR1-Action recognition
	WedAmOR2-Video conference applications
	WedAmOR3-Video indexing
	WedAmOR4-Concealment &amp; information recovery
	WedAmPO1-Posters on Human machine interface, interactio ...
	WedAmOR5-Face detection &amp; tracking
	WedAmOR6-Video conferencing &amp; interaction
	WedAmOR7-Audio &amp; video segmentation
	WedAmOR8-Security
	WedPmOR1-Video streaming
	WedPmOR2-Music
	WedPmOR3-H.264
	WedPmSS1-E-meetings &amp; e-learning
	WedPmPO1-Posters on Content analysis and compressed dom ...
	WedPmOR4-Wireless multimedia streaming
	WedPmOR5-Audio processing &amp; analysis
	WedPmOR6-Authentication, protection &amp; DRM
	WedPmSS2-E-meetings &amp; e-learning -cntd-

	Thursday, 7 July, 2005
	ThuAmOR1-3D
	ThuAmOR2-Video classification
	ThuAmOR3-Watermarking 1
	ThuAmSS1-Emotion detection
	ThuAmNT1-Expo
	ThuAmOR4-Multidimensional signal processing
	ThuAmOR5-Feature extraction
	ThuAmOR6-Coding
	ThuAmSS2-Emotion detection -cntd-
	ThuPmOR1-Home video analysis
	ThuPmOR2-Interactive retrieval &amp; annotation
	ThuPmOR3-Multimedia hardware and software design
	ThuPmSS1-Enterprise streaming
	ThuPmNT1-Expo -cntd-
	ThuPmOR4-Faces
	ThuPmOR5-Audio event detection
	ThuPmOR6-Multimedia systems analysis
	ThuPmOR7-Media conversion
	ThuPmPS2-Keynote Gopal Pingali, IBM Research, &quot;Ele ...

	Friday, 8 July, 2005
	FriAmOR1-Annotation &amp; ontologies
	FriAmOR2-Interfaces for multimedia
	FriAmOR3-Hardware
	FriAmOR4-Motion estimation
	FriAmPO1-Posters on Architectures, security, systems &a ...
	FriAmOR5-Machine learning
	FriAmOR6-Multimedia traffic management
	FriAmOR7-CBIR
	FriAmOR8-Compression
	FriPmOR1-Speech processing &amp; analysis
	FriPmSS1-Sports
	FriPmOR2-Hypermedia &amp; internet
	FriPmOR3-Transcoding
	FriPmPO1-Posters on Applications, authoring &amp; editi ...
	FriPmOR4-Multimedia communication &amp; networking
	FriPmOR5-Watermarking 2
	FriPmSS2-Sports -cntd-
	FriPmOR6-Shape retrieval


	Authors
	All authors
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Papers
	Papers by Session
	All papers
	Papers by Topic

	Topics
	1 SIGNAL PROCESSING FOR MEDIA INTEGRATION
	1-CDOM Compressed Domain Processing
	1-CONV Media Conversion
	1-CPRS Media Compression
	1-ENCR Watermarking, Encryption and Data Hiding
	1-FILT Media Filtering and Enhancement
	1-JMEP Joint Media Processing
	1-PROC 3-D Processing
	1-SYNC Synchronization
	1-TCOD Transcoding of Compressed Multimedia Objects
	2 COMPONENTS AND TECHNOLOGIES FOR MULTIMEDIA SYSTEMS
	2-ALAR Algorithms/Architectures
	2-CIRC Low-Power Digital and Analog Circuits for Multim ...
	2-DISP Display Technology for Multimedia
	2-EXTN Signal and Data Processors for Multimedia Extens ...
	2-HDSO Hardware/Software Codesign
	2-PARA Parallel Architectures and Design Techniques
	2-PRES 3-D Presentation
	3 HUMAN-MACHINE INTERFACE AND INTERACTION
	3-AGNT Intelligent and Life-Like Agents
	3-CAMM Context-aware Multimedia
	3-CONT Presentation of Content in Multimedia Sessions
	3-DIAL Dialogue and Interactive Systems
	3-INTF User Interfaces
	3-MODA Multimodal Interaction
	3-QUAL Perceptual Quality and Human Factors
	3-VRAR Virtual Reality and Augmented Reality
	4 MULTIMEDIA CONTENT MANAGEMENT AND DELIVERY
	4-ANSY Content Analysis and Synthesis
	4-AUTH Authoring and Editing
	4-COMO Multimedia Content Modeling
	4-DESC Multimedia Content Descriptors
	4-DLIB Digital Libraries
	4-FEAT Feature Extraction and Representation
	4-KEEP Multimedia Indexing, Searching, Retrieving, Quer ...
	4-KNOW Content Recognition and Understanding
	4-MINI Multimedia Mining
	4-MMDB Multimedia Databases
	4-PERS Personalized Multimedia
	4-SEGM Image and Video Segmentation for Interactive Ser ...
	4-STRY Video Summaries and Storyboards
	5 MULTIMEDIA COMMUNICATION AND NETWORKING
	5-APDM Multimedia Authentication, Content Protection an ...
	5-BEEP Multimedia Traffic Management
	5-HIDE Error Concealment and Information Recovery
	5-QOSV Quality of Service
	5-SEND Transport Protocols
	5-STRM Multimedia Streaming
	5-WRLS Wireless Multimedia Communication
	6 SYSTEM INTEGRATION
	6-MMMR Multimedia Middleware
	6-OPTI System Optimization and Packaging
	6-SYSS Operating System Support for Multimedia
	6-WORK System Performance
	7 APPLICATIONS
	7-AMBI Ambient Intelligence
	7-CONF Videoconferencing and Collaboration Environment
	7-CONS Consumer Electronics and Entertainment
	7-EDUC Education and e-learning
	7-SECR Security
	7-STAN Multimedia Standards
	7-WEBS WWW, Hypermedia and Internet, Internet II

	Search
	Help
	Browsing the Conference Content
	The Search Functionality
	Acrobat Query Language
	Using the Acrobat Reader
	Configuration and Limitations

	Copyright
	About
	Current paper
	Presentation session
	Abstract
	Authors
	Shinichi Takahashi
	Masahiro Okuda
	Shiyu Li



