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1. Project Goal

The final goal of this project is to develop an intuitive 
technique that captures 3D geometry of physical objects 
and create its animation by using a mobile projector 
camera system (pro-cam system). There are several 
research issues included in this project, which are closely 
related to computer vision and computer graphics studies: 
(a) 3D geometry capture, (b) 3D registration (c) rigging 
(d) skinning and (e) motion editing and retargeting. As 
we wanted to obtain novel outcomes that have not been 
claimed in existing studies during this one year project, we 
focused on issues (c) and (e) and decided to apply existing 
methods as for the rest of the research issues.

2. Technical breakthrough

The technical breakthroughs and contributions of this 
project are summarized in the following three points:

(1) A framework for automatic computer animation:
In this project, we proposed a novel framework for 
automatic computer animation and developed a system that 
accepts a 3D character model which is created at runtime. 
Previous systems cannot deal with such a 3D model 
because they need to be prepared by a manual rigging 
process, which are suitable for nonprofessional users. The 
proposed framework solves this problem by employing 
an automatic rigging algorithm. The proposed algorithm 
can automatically generate an animation skeleton for 
a given 3D character model, including an anatomical 
meaning of each joint. The relationship between motion 
data and this animation skeleton is created by identifying 
the corresponding joints between the motion data and the 
skeleton. The motion data of each joint is automatically 

transferred to the 3D model that has been rigged via the 
automatic rigging algorithm. Because all processes can be 
completed without any user intervention, persons without 
sufficient computer animation knowledge and skills can 
use the system. In order to allow such persons to modify 
computer animation results given by the system, intuitive 
and less laborious motion editing techniques are devised 
so that users can generate new motions in an easy manner. 
The system based on the framework as shown in Figure 1 
is being tested by nonprofessional users.

(2) Automatic Rigging Algorithm:
An automatic rigging algorithm is one of the core parts 
of the framework as described in (1). The features of this 
algorithm are (a) rapid calculation using pseudonomarl 
vector, (b) accurate skeleton elicitation by skeleton-
growing method, and (c) anatomical joint allocation based 
on template matching. The proposed algorithm extracts a 
1-D curve that captures topology of a 3D character from 
its vector field. A vector at each voxel of the 3D character 
is calculated using a pseudonormal vector. By using such 
a calculation, the computation time is significantly reduced 
compared with using a typical potential field. A curve 
skeleton is then extracted from the pseudonormal vector 
field by using a skeleton-growing method. The proposed 
algorithm uses high-curvature boundary voxels to search 

Figure 1: The proposed framework
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for a set of critical points and skeleton branches near high-
curvature areas. It then detects some critical points near the 
protrusions of the object, which should be high-curvature 
areas. Next, the detected critical points are used as seed 
points to grow the curve skeleton. The algorithm generates 
an inverse kinematic skeleton for a character by locating 
an appropriate template skeleton on the extracted curve 
skeleton of the input 3D character model and classifying it 
into an appropriate category. The classification conditions 
are developed from the characteristics of each kind of real 
animals. On the basis of the classification result, a suitable 
template skeleton is retrieved from the database. Each 
bone of the template skeleton can then be located on the 
appropriate skeleton segment of the input skeleton graph by 
using the extracted anatomical meanings. Example results 
by applying the proposed algorithm is shown in Figure 2. 
In contrast to previous methods, the algorithm does not 
require the input 3D character models to have certain poses 
or orientations. Furthermore, the algorithm does not need 
any user intervention for all the rigging processes.

(3) Motion Editing and Motion Retargeting
In order to enable users to revise motions generated 
automatically, the system provides the users with a motion 
editing user interface. A timeline-based motion-editing 
technique allows users to perform motion-editing tasks 
easily and quickly. A motion sequence is summarized and 
displayed in the 3D environment as a set of editable icons. 
Users can edit the motion data by performing a sequence 
of operations on a single key frame or over an interval. The 
recorded sequence is then propagated automatically to a set 
of target key frames or intervals, which can be either user 
defined or system defined. In addition, a simple interaction 
method for manipulating the duration of specific intervals 
in the motion data is provided. Methods for combining and 
synchronizing two different motions are also provided in 
this system. In contrast with methods in previous works 
that allow only temporal editing, the proposed system 

provides editing techniques for both geometry and temporal 
editing.

3. Innovative Applications 

As discussed in "Project Goal", one of the applications 
to be developed is a system that captures 3D model of 
user's favorite puppets, allows her to create her computer 
animation and interacts with them in an augmented reality 
environment using a mobile pro-cam system. Also the 
proposed framework alleviates a problem of a current 
computer animation system that asks users to conduct 
a time-consuming and laborious task by allowing them 
including novice users to create computer animation in an 
easy manner. 

4. Academic Achievement

Through this project, we have published two journal papers 
(The Visual Computer Journal and Computer Animation 
and Virtual Worlds) and three international conferences 
(a poster presentation in SIGGRAPH ASIA 2011 and oral 
presentations in International Conference on Multimedia 
Expo 2012 and ACM CHI 2012 workshop). One paper 
submitted to an international conference is under review.

5. Achievement in Talent Fostering

The student involved with this projected has two journal 
and two international conference paper publications during 
only this project period. He is now in the final year of his 
Ph.D. course and expected to obtain his Ph.D. degree this 
September. He wants to be involved with this project after 
graduating from University of Tokyo and returning to his 
country to work as a university lecturer.

6. Collaboration with Microsoft Research

During the project period, we had a meeting with Dr. 
Yasuyuki Matsushita and received a lot of suggestions 
and comments from him. Through the discussion, we 
decided not to intensively investigate our own 3D capture 
technique, rather to use the Microsoft Kinect so that we 
could concentrate on more innovative parts of this project. 

Figure 2: Example results of the proposed automatic rigging 
algorithm.
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The introduction of Kinect into this project is planned 
after we complete the implementation of the proposed 
computer animation system. Kinect will be used in several 
applications by integrating with a mobile projector-camera 
system.

7. Project Development

During this project, we concentrated on the basic framework 
and algorithms for computer animation. Thus, we will 
develop applications which demonstrate the validity of the 
research outcomes of this project and conduct evaluation 
experiments to obtain feedback from users. To continue 
and extend this project, we plan to apply a couple of 
research funding programs such as the grant-in Aid for 
Scientific Research from JSPS or those by other funding 
organizations. We will also write and submit papers to 
prestigious journals or conferences to make the outcomes 
of the project public to research communities.
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