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It is my great pleasure to hold the 2008 Fall
Graduation Ceremony of Tokyo Institute of
Technology in presence of Executive Vice
Presidents, Director-General, Deans of Graduate
Schools, Directors of Research Laboratories,
Auditors, Library Director and Executive Staff
Members. On behalf of our Institute, I am
delighted to express my sincere congratulations
to each of you on your successful completion of
the courses in the Undergraduate and Graduate
Schools. On this occasion, doctoral degrees
have been conferred on 79 students, master’s
degrees on 110 students, professional master’s
degrees on 5 students and bachelor’'s degrees
on 36 students. In total, 12,177 doctoral
degrees, 38,127 master’s degrees and 66 pro-

fessional master’s degrees have been conferred
since 1955, and 17,151 bachelor’s degrees have
been conferred since 1932.

Tokyo Institute of Technology, or Tokodai, is
highly appreciated by the international commu-
nity. In the World University Rankings published
by a British research organization in 2008, our
Institute is rated the 61st in the overall ranking,
21st in technology and 4th among Japanese
universities. Our Institute has always been a
front runner and played a key role as a reliable
leader in science and technology with the long
tradition of “manufacturing.” We respect cre-
ativity. The mission of our Institute is to culti-
vate solid base for the advancement of science
and technology and to foster creative experts
with the ability to integrate and unify diverse
knowledge to respond to social needs.

Now I would like to introduce some of the
recent remarkable activities of our Institute.
Firstly, as part of the reforms focused on Gradu-
ate Schools, the establishment of the Education
and Research Organization of Information
Science is in progress. Secondly, the Center for
the Study of World Civilizations has been estab-
lished to offer various significant lectures on lit-
erature, art or music delivered by leading
experts. The establishment of the center is
highly appreciated.

In research, twelve projects of our Institute
have been selected to receive grants from the
21st Century Center of Excellence (COE) pro-
gram as well as eight projects for the Global
COE Program by the Ministry of Education,
Culture, Sport, Science and Technology (MEXT).
Associated with these COE programs, unique
and outstanding research projects and reforms
in doctoral programs have been actively pro-
moted. The most notable project in information
science is the completion of “TSUBAME” one of
the fastest-class supercomputers in Asia, which
attracts a great deal of interest from researchers
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across the world. Strategic collaboration with
industry and launches of venture companies
have also been promoted.

In international collaboration, we have active-
ly cooperated with overseas universities and insti-
tutions. Firstly, for example, the International
Graduate Program has been launched and about
100 international students from all over the
world have been accepted in this academic
year. Secondly, the Joint Graduate Course
Program with Tsinghua University in China has
been successfully extended to doctoral pro-
grams. We have also promoted the cooperation
with university courses in Thailand and the
Philippines. Highly appreciated by the interna-
tional community as a leading university in sci-
ence and technology, Tokyo Institute of
Technology has provided excellent educational
programs and conducted outstanding research
to respond to international expectations.

FER—FROFEE

Now some of you are going to get out into the
world, and some of you go on to graduate
schools, so here I would like to give you some
advice on how to exercise your leadership in dif-
ficult situations in this globalized world.

Nowadays the world has been increasingly
globalized economically, and the brilliant
progress in science and technology has brought
about the drastic development in the world of
business. Since progress in science and technol-
ogy is an indispensable basis for national devel-

opment, each industrialized country invests
around 1% of its GDP in science and technology
to promote it. Regrettably, Japan invests only
0.5% while the GDP itself tends to decrease
gradually. Under these circumstances, we
should be fully aware of the importance of sci-
ence and technology and continue to contribute
to society facing various global problems
through the utilization of our integrated knowl-
edge.

The development of university depends a lot
on human resources. Our close alumni network
centered on Kuramae Kogyokai is one of our
main strengths. Having over 90,000 graduates
in the world, Tokyo Institute of Technology has
greatly contributed to global industry. Our
Institute is supported by a great number of
excellent graduates who actively engage in vari-
ous fields.

Established as a Professional Engineering
School in 1881, Tokyo Institute of Technology
will celebrate the 130th anniversary in 2011. It
will be a great opportunity for us to demon-
strate our strength to society, industry and the
international community through various excit-
ing projects. As a joint project with Kuramae
Kogyokai, the construction of a new building
called Tokyo Tech Front (TTF) has already start-
ed. I strongly expect this building will actually
be a “front” runner to lead the whole “130th
anniversary project”, i.e., “Tokodai 130”.

We are considering three innovative chal-
lenges in Education, Research and Contribution.
I do strongly hope that you could watch the
future progress of Tokodai through this Tokodai
130 event as one of the graduates.

Finally, I wish to reiterate my hearty congrat-
ulations to all of you, and wish you every suc-

cess in your future endeavors.

Thank you very much for your attention.
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It is my great pleasure to hold the 2008 Fall
Entrance Ceremony of Tokyo Institute of
Technology in presence of Executive Vice
Presidents, Director-General, Deans of Graduate
Schools, Directors of Research Laboratories,
Auditors, Library Director and Executive Staff
Members. On behalf of our Institute, I am
delighted to welcome all of you who have been
accepted to the Graduate Schools. I would like
to express my sincere respect to the families
that have supported the students until now. The
total enrollment of the fall entrance is 314, of
which 170 is for the master’s course, including
12 for the professional master’s course, and 144

for the doctoral course. I would also like to
emphasize that 188 students are from overseas.

I hope you are filled with a strong desire to
acquire higher level of skills, broader knowledge
and flexible capabilities through the utilization of
what you have learnt until now. I am sure that
Tokyo Institute of Technology will provide you
with high-quality education and various
research opportunities. I sincerely wish you to
study eagerly on your own will and promote
your self-discovery in a free atmosphere of our
Institute.

Tokyo Institute of Technology, or Tokodai, is
the largest science and technology university in
Japan with a 127-year remarkable history.
Established as a professional engineering school
in 1881, it became Tokyo Higher Technical
School in 1901, which was then located in
Kuramae, Tokyo, and in 1929, it acquired the
university status as “Tokyo Kogyo Daigaku”
(Tokodai). Our Institute has always been a front
runner and played a key role as a reliable leader
in science and technology with the long tradition
of “manufacturing: Monotukuri.” I am pleased
to inform you that we will celebrate the 130th
anniversary in 2011.

Given our long tradition of “manufacturing”
and foreseeing our future, the mission of Tokyo
Institute of Technology can be expressed as fol-
lows:

“"A university, Tokyo Institute of Technology
seeks for a role to contribute to civilization,
peace and prosperity in the world, and aims at
developing global human capabilities par excel-
lence for pioneering research and education in
science and technology including industrial and
social management. To achieve this mission, we
have an eye on educating students with high
morality to acquire not only scientific expertise
but also liberal arts and balanced knowledge of
social sciences and humanities, while research-
ing deeply from basics to practice by academic
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mastery. Through these activities, we wish to
contribute to the global sustainability of rich
nature and comfortable human life.”

As you are aware, Tokodai uses for its English
name the word “institute” instead of “universi-
ty.” The word “institute” means a kind of scien-
tific, educational or social organization in gener-
al, but it also means the basic structure of soci-
ety. Thus, Tokyo Institute of Technology has
always contributed to our society, just as rich
soil serves for agriculture, by cultivating solid
base for the advancement of science and tech-
nology and fostering creative experts with the
ability to integrate and unify diverse knowledge
to respond to social requirements.

Tokyo Institute of Technology has six gra-
duate schools: Graduate School of Science and
Engineering, Bioscience and Biotechnology,
Interdisciplinary Graduate School of Science and
Engineering, Information Science and Engineer-
ing, Decision Science and Technology, and
Innovation Management. We also have four
research laboratories in which specialized
research is conducted with a strong sense of
mission, including Chemical Resources Labora-
tory, Precision and Intelligence Laboratory,
Materials and Structures Laboratory and
Research Laboratory for Nuclear Reactors, and
many other research and education centers.
About 1,200 faculty members conduct world-
class research and lead the global academic
community.

We also emphasize diversity. Tokyo Institute
of Technology provides you with various educa-
tional programs in which you can expand your
horizon of knowledge across disciplines, particu-
larly the Joint Education Course of the Four-
University Alliance among Tokyo Medical and
Dental University, Tokyo University of Foreign
Studies, Hitotsubashi University and our
Institute. We have also launched joint interdisci-
plinary programs with Keio University and

Waseda University. In international collabora-
tion, we have actively cooperated with overseas
universities and institutions through the Center
of Excellence (COE) programs, and the Joint
Graduate Course Program with Tsinghua
University in China has been successfully
extended to doctoral programs.

Our alumni club “Kuramae Kogyokai” is one of
our main strengths. Having over 90,000 gradu-
ates in the world, Tokyo Institute of Technology
has greatly contributed to global industry. Our
Institute is supported by a great number of
excellent graduates who actively engage in vari-
ous fields. As already mentioned, our Institute
will celebrate the 130th anniversary in 2011. It
will be a great opportunity for us to demon-
strate our strength to society, industry and the
international community through various excit-
ing projects. As a joint project with Kuramae
Kogyokai, a new building called Tokyo Tech
Front (TTF) is now under construction and will
be completed by the next spring. I strongly
expect this building will actually be a “front”
runner to lead the whole “130th anniversary”
projects.

As our mission statement clearly says, Tokyo
Institute of Technology aims to develop global
human resources with capabilities. I would like
to ask each of you to be a person who has a
deep feeling of sympathy for others in our
atmosphere of freedom.

I would like to present you one message :
“world-first.” Please challenge the “world-first.”
Even though it may be small at first, it might
grow up to be big a disruptive event.

Finally, I wish to express my hearty welcome
again to all of you, and wish you great success
in your challenges in Tokyo Institute of
Technology. Thank you very much for your
attention.
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“Content-based 3D Model Retrieval”

5S4 J\= R (Laga, Hamid)** I

In the early days of Computer Graphics (CG),
3D modeling has been the exclusive domain of
experts such as production studios (Pixar, Walt
Disney, Hollywood). As the performance of end-
user graphics hardware is rapidly evolving, and
3D modeling software and 3D acquisition hard-
ware are getting cheaper, today anyone with a
computer and basic CG knowledge can produce
high-quality 3D contents. This resulted in a
large amount of 3D collections spanning various
application domains including Computer Aided
Design (CAD), entertainment, molecular biolo-
gy, and medicine. Furthermore, internet tech-
nology enables sharing 3D data. The amount of
3D models available in online repositories is
growing dramatically shifting the interest from
how to create 3D models into how to re-use the
existing ones.

The concept of data re-using is very common:
using the widely available text-based search
engines, anyone with only few clicks can
retrieve documents, images or videos of inter-
est. A user then can edit the retrieved image
and add it for example to his Power-Point pres-
entation or Photoshop project, creating a new
document which becomes also searchable.

In many applications of computer graphics,
the cost of creating a new 3D model from the
beginning is often expensive. As reported in'?, a
1994 survey shows that designers spend more
than 60% of their time searching for the right
information, and 75% of design activity com-
prises re-use of previous design knowledge to
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address a new problem. In recent years, com-
puter graphics is also starting to benefit from
the search technology. Significant research
amount focus not only on developing search
tools customized to 3D models but also devel-
oping the next generation modeling systems
based on the search technology. In this paper,
we will review our contributions to the field.

1. The 3D modeling process: An object is
defined by its geometry. Virtual 3D objects,
called also 3D models, are made by an arrange-
ment of points (vertices), lines (edges), and
polygons (faces). Shapes with basic geometry
such as spheres, cylinders, and cones, are
called shape primitives.

The process of creating a 3D model on a com-
puter is called 3D modeling. It is often done by
the mean of a modeling software. Once created,
the model is then visualized on the computer
screen. The process that converts a 3D model
into an image viewable on the screen or printer
is called rendering.

3D models can be created either manually,
algorithmically (procedural modeling), or
scanned using specific devices called 3D scan-
ners. Manual modeling almost always begins
with one of the shape primitives. A computer
modeler sculpts his virtual shape starting with
either simple shapes, or shapes scanned using
3D scanning devices, and adding details as the
project progresses. The modeler can also com-
bine simple primitives for creating complex 3D
models. 3D models can be combined to create
virtual worlds.

In all cases there are three popular means by
which to represent a 3D model: (1) polygonal
modeling, (2) Non-Uniform Rational B-Spline
(NURBS) modeling, and (3) patch modeling. In
polygonal modeling 3D vertices are connected
in a linear fashion to form a polygonal mesh. In
NURBS modeling, curves are formed by defining
control points and attaching a weight to each
one. The curve follows the points. NURBS are
particularly suitable for organic modeling.

Splines and patches modeling uses curves that
define the surface directly. One can apply a
sub-patch to a model to make it look curvy and
continuously smooth. Spline modeling, although
much less common due to its difficulty, can be
very useful when modeling organic shapes.

3D models can be created either with a dedi-
cated software called 3D modelers, such as 3D
Studio Max, LightWave, and Blender, or using a
scene description language such as POV-Ray or
VRML. Once created, they can be visualized on
the screen, printed on a paper (rendering), or
physically created using a 3D printing device.

2. Content-based retrieval of 3D models:
3D modeling is a complex and time consuming
process as it requires to go through several
steps before having the model ready. On the
other hand, internet is a large-scale resource of
multimedia information including 3D models. In
recent years the amount of 3D models available
on the internet is increasing significantly as
more and more users share their 3D creations.
One can find specialized databases such as the
Protein Data Bank and the National Design
Repository for CAD models, or more general
model collections such as the Princeton Shape
Benchmark and the aim@shape repository.
Novices and experts can benefit from the large-
scale resources available on the internet by re-
using existing 3D models and 3D parts. However
this is subject to the availability of efficient tools
for the indexation and search of these data.

3D Shape Analysis

Ol
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Figure 1 Overview of a 3D shape analysis framework.
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As shown in Figure 1, a search engine for 3D
models has the same architecture as any other
information retrieval system; the data are
indexed off-line, the user specifies his query in a
certain form, then the system matches the
query to the index table and returns the best
matches. Text annotation is very helpful and
allows reducing significantly the search space.
However, manual annotation is time consuming
and requires cross-language matching tools.
Furthermore, 3D models are characterized by
their geometry and functionality which are hard
to express with few keywords.

Content-based methods, which have been
popular for other types of multimedia databases
(such as images and videos), overcome the lim-
itations of text-based search engines. They
allow for example discovering geometric rela-
tionships in the data and expressing some
shape properties that cannot be expressed with
few keywords. Databases of 3D models have
several new and interesting properties that
affect the search algorithms. For instance,
unlike 2D images, 3D models lack a proper
parameterization; 3D models are represented
with irregular graphs of vertices, edges, and
faces. 3D models can have arbitrary and com-
plex topology. Their high dimensionality makes
searches for pose registration, feature corre-
spondences, model parameters, and the design
of query interfaces more difficult.

3D models are subject to high topological and
geometric errors. Compared to 2D images, the
analysis of 3D models does not depend on the
configuration of sensors, emitters, and sur-
rounding objects. Therefore projections, reflec-
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Figure 2 3D Model retrieval challenges.

tions, shadows and occlusions which make
image analysis hard are absent when analyzing
3D models.

Efficient 3D retrieval should support different
query types: text-based search where the user
inputs keywords and retrieves 3D models whose
labels match the query. The user can sketch 2D
outlines and the system returns the 3D models
whose 2D projections match the sketches. The
user can also specify a 3D shape and the sys-
tem returns the models which are similar to it.
In all cases, the user can refine his query by
searching again with the retrieved results.

2.1 3D shape representation: Existing repre-
sentations such as polygon soup, NURBS or
splines, have been designed for rendering
rather than shape comparison. In our previous
work ¥ we proposed a new representation that
maps a 3D polygonal soup model onto the sur-
face of a unit sphere. The unit sphere can then
be unfolded into a regular 2D grid as shown in
Figure 3. In the case of shape matching the rep-
resentation is not required to be one-to-one,
but it should capture the most important fea-

tures of the 3D shape.

Figure 3 Parameterization of polygon-soup models.
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2.2 Feature extraction and selection: To
estimate the similarity between 3D shapes, a
numerical representation, called shape descrip-
tors, should be computed from the shape repre-
sentation. The shape descriptors should be
compact, easy to compute and compare, dis-
criminative by capturing the most salient fea-
tures of the shapes, and invariant to similarity
transformations such as scale and rotation.

In our previous work B¢71 we have developed
a set of descriptors based on spherical wavelet
analysis of the shape function. Our descriptors
have the property of being compact, discrimina-
tive, and fully rotation invariant.

2.3 Bridging the semantic gap: Different
descriptors encode different properties of the
shape. Therefore, none of the descriptors can
achieve best performance on all shape classes.
Furthermore, low level geometric features can-
not capture the high-level semantic concepts of
the data.

In our previous work we approach this prob-
lem from two points of view; First we propose
to learn the space of 3D shapes using super-
vised learning !, The idea is similar to the con-
cept of Bag-of-Features where we extract a
large set of features, eventually of different
types and at different scales. Then we automati-
cally select and combine the salient ones. We
propose a framework based on boosting for effi-
cient feature selection and combination. It has

4

&

]

.
e

been later extended for automatically estimat-
ing the best views of a 3D model (Figure 4) ™,
Best view selection has many applications in
Computer Graphics and online browsing of digi-
tal media contents. The framework we propose
provides an easy method to achieve this.

Another alternative is to adapt the similarity
measure to the distribution of the data set. We
have shown in our previous study ® that the
Euclidean distance is often not optimal and sev-
eral other measures outperform it. The problem
is learning automatically the best, eventually
complex, similarity measure. We proposed a
framework based on boosting which combines
several simple similarity measures to build a
complex one adapted to the distribution of the
data.

3. And what’s the next? How about non-
existing contents, i.e., when the model the user
looks for does not exist in the database? This
issue is very common as the user’s creativity
and needs have no limit. In this case, tools that
combine search technology with 3D modeling
allow the user to synthesize new contents from
existing ones. For example, the user searches a
large database of 3D models to find parts of
interest, cuts the desired parts out of the mesh-
es, and composites them together in different
ways to form new objects™. The user is focus-
ing only on the conceptual design of new mod-
els, while the geometric details come from

il

Figure 4 Boosted Light Field Descriptor allows for automatic best-view selection. The first and second rows show
respectively the first and second best views of objects belonging to different classes of shapes.
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examples in the database.

3D search technology can also be used to
overcome the limitations of existing 3D acquisi-
tion devices. Such devices often produce noisy
and incomplete data sets due to occlusions,
unfavorable surface reflectance properties, or
geometric restrictions in the scanner setup ®.
They developed a method for obtaining consis-
tent 3D models from incomplete surface scans
using the search technology: a database of 3D
models is used to provide geometric priors for
regions of missing data, and the search technol-
ogy is used to retrieve suitable context models
from the database, warps the retrieved models
to conform with the input data, and consistently
blends the warped models to obtain the final
consolidated 3D shape.

As the 3D technology is rapidly evolving, the
users are seeking for more intuitive, intelligent,
and flexible tools in order to reduce the amount
of time spent in learning a 3D modeling system
and hence focus on the creativity side.
Information retrieval, which we believe is the
21st century’s technological breakthrough,
when combined with 3D modeling technologies
can help move quickly to the goal.

Promising research directions are on methods
for combining sketch-based interfaces and
search technology to produce new modeling
tools for novices. A user for example can sketch
a rough description of a 3D model, and the sys-
tem retrieves and suggests replacement parts
from the database. Pushing further this direc-
tion, we believe that future 3D modeling sys-
tems will combine technologies from computer
graphics, information retrieval, and machine
learning for automatic synthesis of 3D models.
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1. 11A13H (K) 183045 ~201:0055

JHREFHEEB Y A4 v [E7 21E9 729 ]
November 13 [Thu.] 18:30—20:00

Ichiro Kawahata Piano Recital “Ichiro with

Bechstein”

2. 11H20H (&) 18M#3053~ 2010045
Jary -4 —=RXXT 5 —< A “Circle
Snare”

November 20 [Thu.] 18:30—20:00
John Wiese Performance “Circle Snare”

3. 11H26H () 18#E30%5~ 2085004

BARBFEI N7 5 —~< A “Life”
November 26 [Wed.] 18:30—20:00
Akio Suzuki Performance “Life”

4. 12H11H (K) 1813045 ~201:0055
HHEBS, TARWH, EHERTY 2T
JVhJayrraryf—+F

December 11 [Thu.] 18:30—20:00
Ensemble Trichord Concert
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