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FINAL REPORT 
For Japan-Korea Joint Research Project 

 AREA

1. Mathematics & Physics 
2. Chemistry & Material Science 
3. Biology 
○4 . Informatics & Mechatronics 
5. Geo-Science & Space Science 
6. Medical Science 
7. Humanities & Social Sciences 

 
1. Research Title: 
 
 Finding objects in geometric data: Theoretical algorithms for geometric matching, 
segmentation and covering                                                                         
 

2. Term of Research: From       7.1.2010        To      6.30.2012         

 

3.  Total Budget 
 

a. Financial Support by JSPS: Total amount:           2,400   thousand yen        
 
    1st Year     600   thousand yen      2nd Year    1,200      thousand yen   
 

3rd Year      600   thousand yen     
 
    b. Other Financial Support : Total amount:           0           thousand yen       
 

4.  Project Organization   

a. Japanese Principal Researcher

Name Takeshi Tokuyama 

 
Institution / 
Department 
 
Position 

Tohoku University, 
Graduate School of Information Sciences 
Professor 

b. Korean Principal Researcher 

Name Hee-Kap Ahn 

 
Institution / 
Department 
 
Position 
 

Pohang University of Science and Technology (POSTECH) 
Department of Computer Science and Engineering 
Associate Professor 

 

 

(Form4-2) 
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 c. List of Japanese-side Participants (Except for Principal Researcher) 

Name Institution/Department Position 
Tetsuo Asano 

 

Naoki Katoh 

 

Yoshio Okamoto 

 

 

Akiyoshi Shioura 

 

Jinhee Chun 

 

Natsuda 

Kaothanthong 

Meng Li  

Japan Advanced Institute on Technology and 

Science 

Kyoto University/ Graduate School of 

Engineering,  

The University of Electro-Communications 

/Graduate School of Informatics and 

Engineering 

Tohoku University/ Graduate School of 

Information Sciences 

Tohoku University/ Graduate School of 

Information Sciences 

Tohoku University/ Graduate School of 

Information Sciences 

Tohoku University/ Graduate School of 

Information Sciences 

Professor 

 

Professor 

 

Associate 

Professor 

 

Associate 

Professor 

Associate 

Professor 

Doctor Course 

Student 

Doctor Course 

Student 

d. List of Korean-side Participants (Except for Principal Researcher) 

Name Institution/Department Position 
Otfried Cheong 

 

 

Chan-Su Shin 

 

Sang-Won Bae 

 

Iris Reinbacher 

 

 

Wanbin Son 

 

 

Sangsub Kim 

 

 

Donghun Yeo 

Korea Advanced Institute of Science and 

Technology(KAIST)/ Department of 

Computer Science 

Hankuk University of Foreign Studies/ 

College of Engineering 

Kyonggi University/ College of Natural 

Science 

Pohang University of Science and 

Technology (POSTECH)/ Department of 

Computer Science and Engineering 

Pohang University of Science and 

Technology (POSTECH)/ Department of 

Computer Science and Engineering 

Pohang University of Science and 

Technology (POSTECH)/ Department of 

Computer Science and Engineering 

Pohang University of Science and 

Professor 

 

 

Professor 

 

Assistant Professor

 

Research Assistant 

Professor 

 

Doctor Course 

Student 

 

Doctor Course 

Student 

 

Master Course 
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Yoonho Hwang 

 

 

Bingbing Zhuang 

 

 

Dongwoo Park 

 

Technology (POSTECH)/ Department of 

Computer Science and Engineering 

Pohang University of Science and 

Technology (POSTECH)/ Department of 

Computer Science and Engineering 

Pohang University of Science and 

Technology (POSTECH)/ Department of 

Computer Science and Engineering 

Pohang University of Science and 

Technology (POSTECH)/ Department of 

Computer Science and Engineering 

Student 

 

Master Course 

Student 

 

Master Course 

Student 

 

Master Course 

Student 
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5.  Number of Exchanges during the Final Fiscal Year* 
  a. from Japan to Korea                        *Japanese fiscal year begins April 1. 

Name Home Institution Duration Host Institution 
Takeshi 
Tokuyama 
 
Yoshio 
Okamoto 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tohoku University 
 
 
The University of 
Electro-Communications

May 24.2012- 
May 27.2012 
 
May 24.2012- 
May 27.2012 

POSTECH, Korea 
 
 
POSTECH, Korea 

For Final Fiscal Year(FY2012) 

Total:       2       persons 

For Final Fiscal Year(FY2012) 

Total:         8        man-days 

Numbers of Exchanges during the Past Fiscal Years 

FY2010: Total       2      persons 
FY2011: Total       3      persons 

  
b. from Korea to Japan 

Name Home Institution Duration Host Institution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

For Final Fiscal Year(FY2012) 

Total:      0       persons 

For Final Fiscal Year(FY2012) 

Total:         0       man-days 

Numbers of Exchanges during the Past Fiscal Years 

FY2010: Total       9      persons 
FY2011: Total      12      persons 
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6. Objective of Research 

Given geometric data (for example, a set of points or objects in the plane or space, or a 

digital image consisting of pixels), we consider fundamental problems to detect a 

specific geometric object in the data, or to recognize the data as the union of basic 

geometric objects. 

The problem of detecting a copy of a given pattern in a data set is called geometric 

matching, and finding a well shaped object from the data set is called segmentation. 

Given a data set, a geometric shape and a fixed number k, the problem of finding a 

union of k copies of the shape (which may be translated or rotated) that together 

contain (a large portion of) the data set is called the covering problem.  

Geometric matching, segmentation, and covering were widely studied theoretically 

and practically, since they are very important in many applications such as computer 

vision, robotics, geographic information systems, sensor network design, and 

manufacturing optimization. 

However, the problems are unfortunately theoretically intractable in general, and 

solutions with a theoretically guaranteed performance (for example with respect to 

running time or approximation factor) can only be given for quite restricted cases. In 

our project, we aim to find a unified novel approach to give theoretically guaranteed 

robust algorithms to solve these problems in a much wider scope. 

 The aim of this project is the proposal of a generalized framework for geometric 

matching, segmentation and covering. We expect that it will significantly further the 

theoretical understanding of these problems, and it will also provide a new approach to 

solving these problems in related applications. Since the problems mentioned above are 

central to many application areas like computer vision, robotics, geographic 

information systems, and many more, we believe that such a generalized framework 

will result in practical algorithms for concrete applications. 

We expect to further intensify the collaboration between Korean and Japanese 

researchers in the field of theoretical computer science, and furthermore, we hope that 

our research will provide the foundations of a new area in computational geometry that 

will have various applications and will attract many researchers and students in the 

future.  
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7. Methodology 

Given geometric data (for example, a set of points or objects in the plane or space, or a 

digital image consisting of pixels), we consider fundamental problems to detect a 

specific geometric object in the data, or to recognize the data as the union of basic 

geometric objects. The aim of this project is the proposal of a generalized framework for 

geometric matching, segmentation and covering. 

We consider the following research problems. 

1. Rectilinear p-center problem with outliers. In this problem, we want to cover a set of 

points by p squares, where the area of the largest square is to be minimized. Instead of 

covering all points, we allow a fixed number of points that need not be covered.   

2. Maximum overlap of convex polytopes under rigid motions. This problem is related 

to shape matching: In general, the larger the overlap between two figures, the larger 

the resemblance between them. This problem can be solved efficiently even in higher 

dimensions if we restrict the motion to translations. If we allow rotations as well, only 

an approximation algorithm for polygons in the plane is known, which does not 

generalize to higher dimensions. 

3. Finding shapes in images. Again, this problem is related to geometric matching: we 

are given a digital image and we want to find a certain shape in it. This is important in 

content based image retrieval, where an image should be classified by content rather 

than by context like color distribution. A main problem here is that the object in the 

picture may be occluded by another object in front of it, and it is interesting to find out 

how much of the boundary lines of the object must be preserved to be still recognizable 

by the algorithm as similar to the given shape. 

We expect that it will significantly further the theoretical understanding of these 

problems, and it will also provide a new approach to solving these problems in related 

applications. like computer vision, robotics, geographic information systems, and many 

more, we believe that such a generalized framework will result in practical algorithms 

for concrete applications. We also expect to further intensify the collaboration between 

Korean and Japanese researchers in the field of theoretical computer science, and 

furthermore, we hope that our research will provide the foundations of a new area in 

computational geometry that will have various applications and will attract many 

researchers and students in the future. 

 
 
 
  


