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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: 
 

Highly efficient optical short pulse sources and digital multi-channel detection for WDM/OCDM hybrid access networks                         

 

2. Term of Research: From  July 1, 2011               To  June 30, 2013                        

 

3.  Total Budget 
 

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

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

4.  Project Organization   

a. Japanese Principal Researcher

Name Masanori Hanawa 

 
Institution / 
Department 
 
Position 

 
Interdisciplinary Graduate School of Medicine and Engineering, 
University of Yamanashi, Japan 
 
Associate Professor 

b. Korean Principal Researcher 

Name Chang-Soo Park 

 
Institution / 
Department 
 
Position 
 

 
Department of Information & Communications, Gwangju Institute of 
Science and Technology 
 
Professor 

 

 

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

Name Institution/Department Position 
Yasuhiro Okamura

Monir Hossen 

 

 

 

 

 

Shohei Nozaki 

Hayato Uematsu 

Tomoya Hagihara 

 

 

 

 

 

 

Information and Mechanical System 

Engineering,  Division of Engineering, 

Interdisciplinary Graduate School of 

Medicine and Engineering, University of 

Yamanashi 

 

 

Electrical and Electronic Engineering, 

Division of Engineering, 

Interdisciplinary Graduate School of 

Medicine and Engineering, University of 

Yamanashi 

 

Ph.D. candidate

 

 

 

 

 

 

Ms. E. candidate 

 

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

Name Institution/Department Position 
 

Yong-Kyu Choi 

Young-Bok Kim 

Won-Bae Kwon 

 

 

 

 

 
 
 
 
 
 

 

 

 

Department of Information & 

Communications, Gwangju Institute of 

Science and Technology 

 

Ph.D. candidate 
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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 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

  

For Final Fiscal Year(FY2013) 

Total:   0            persons 

For Final Fiscal Year(FY2013) 

Total:    0              man-days 

Numbers of Exchanges during the Past Fiscal Years 

FY2011: Total   3         persons 
FY2012: Total   6         persons 

  
b. from Korea to Japan 

Name Home Institution Duration Host Institution 
 
 
Yong-kyu 
Choi 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
GIST 
 
 

 
 
May 13 – May 17 
 
 

 
 
Univ. of Yamanashi 
 
 

For Final Fiscal Year(FY2013) 

Total:      1         persons 

For Final Fiscal Year(FY2013) 

Total:     5            man-days 

Numbers of Exchanges during the Past Fiscal Years 

FY2011: Total   0        persons 
FY2012: Total   2          persons 
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6. Objective of Research 

Japan and Korea lead the race in FTTH (Fiber-To-The-Home) system development, other countries 
are far behind. The desire for Japan and Korea, to have more high speed and more secure FTTH 
systems, fuels the development. It seems natural therefore, for the two countries, to work together in 
fiber optical communication systems as the two countries have similar goals. 
 The Japanese principal researcher’s lab, the ICSL (Information and Communication Systems 
Laboratory) in the University of Yamanashi, has studied for fabrication technologies of FBGs and its 
applications in high speed communication systems, such as OCDM (Optical Code Division 
Multiplexing) systems. The ICSL has an outstanding technology to fabricate special FBG devices, 
and also has facilities to do basic system experiments using the lab-made FBGs. Our research 
activities cover from FBG type devices to some optical communication systems, including an 
OCDM-PON system (OCDM-Passive Optical Network). On the other hand, the Korean principal 
researcher’s lab, the OCL (Optical Communications Laboratory) in the Gwangju Institute of Science 
and Technology, is a strong player of optical system researches including optical fiber 
communication systems. The OCL has studied WDM-PON (Wavelength Division 
Multiplexing-PON) systems and many related topics. 
 WDM/OCDM hybrid PON testbed was developed in the past joint research project from 2008 to 
2010, based on the ICSL’s special FBG devices and the OCL’s WDM-PON demonstration system. 
The ICSL’s special FBG fabrication technology enabled to realize OCDM en/decoders, and the 
OCL’s sophisticated system experiment environment enabled to evaluate the performance of the 
WDM/OCDM hybrid testbed using the en/decoders made by the ICSL, Japan. The previous joint 
research project formed an extremely tight relationship between the ICSL and the OCL.  

The objective of this joint research was to develop elemental optical technologies for passive 
optical networks (PON), assumed to be applied to FTTH systems. To realize a novel optical access 
network using wavelength division multiplexing (WDM) and optical code division multiplexing 
(OCDM) technologies, the following topics were investigated in this co-research project;  

 
1) Highly-stable and low-cost optical short pulse generation technology  
2) Multi-wavelength optical short pulse generation technology 
3) Performance evaluation of WDM/OCDM hybrid transmission system 
4) Multi-channel OCDM signal detection 
5) PON control algorithm 
 
The Korea team was responsible to the ones 2) and 3), and the Japan team was responsible to the 

topics 1), 4) and 5). For 1), we investigated VCSEL (Vertical Cavity Surface Emitting Laser)-based 
GSLD (Gain-Switched optical short pulse Laser Diode) shown in Fig. 1 below. The characteristics of 
the VCSEL-GSLD were extensively investigated via many experiments. As for 4), the Japan team 
planned to investigate the feasibility of digital multi-channel detection of OCDM signals (Fig. 2). 
For 5), primitive theoretical study based on numerical simulations was planned.  

 

Not only was the research outcome on the above topics but also fostering young students important 
objective for this collaborative research project. In addition, through presentations by such students 
in domestic and international conferences, the principal researchers promoted acquirement of 
communication competency to explain research outcomes logically and accurately in a public place. 
 

Fig. 2 Multi-channel OCDM signal detection Fig. 1 VCSEL-GSLD 
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7. Methodology 

 
As for 1) given in the section 6, the Japan team extensively investigated the characteristics of the 

VCSEL-based optical short pulse source (OSPS) shown in Fig. 1 via experiments. The 
characteristics were compared with the RSOA-based one shown in Fig. 3 below. Though both 
RSOA and VCSEL can be purchased with reasonable prices in these days, comparing to the 
RSOA-based OSPS, the VCSEL-based one was expected to be simpler and thus more suitable for 
PON since it does not require any optical bandpass filters to determine a lasing wavelength. The 
VCSEL modules were purchased from Raycan Ltd. Korea and installed in the experimental setup. 
The driving signal was generated by an 
existing pulse pattern generator and 
supplied to the VCSEL modules through 
a bias-T after amplification. The bias 
current was also supplied to the VCSEL 
modules via the bias-T. The resultant 
optical short pulses were attenuated by 
an optical variable attenuator to ensure 
the rated input signal level to the 
measuring instruments and measured by 
an optical spectrum analyzer and a 
digital sampling scope.  

 
As for 4), the Japan team initially planned to show the feasibility of the idea only via numerical 

simulation results, but fortunately, the Japan team could receive technical supports (no financial 
support was given) from NICT (National institute of Information and Communication Technology), 
Japan. Thus not only by numerical simulations but also by experiments, the Japan team could 
investigated the feasibility of the multi-channel OCDM detection. The detailed experimental setup is 
shown in Fig. 4. The setup was highly complicated and it required very expensive optical devices 
and electrical instruments. Since all the experiments were done in NICT, only what the Japan team 
needed to prepare for the experiments were lab-made fiber-Bragg-grating (FBG) based optical 
correlators as OCDM encoders (FBG-OCs in Fig. 4). Of course, the numerical simulations initially 
planned were also done to know ideal performance of the proposed scheme. The OCDM signal was 
detected by a phase-diversity 
homodyne receiver and converted 
into digital signals via high-speed 
analog-to-digital converters having 
50GSa/s and 16GHz of the sampling 
rate and RF bandwidth, respectively. 
The digital signals were numerically 
decoded by off-line numerical 
processing in a personal computer 
(PC) and constellation maps were 
obtained and compared with ones 
obtained by numerical simulations. As 
for the evaluation index, error vector 
magnitudes (EVMs) were calculated 
from the constellation maps. 
 

Due to the limited space, description on the subject 5) is omitted here and in the section 8.  
 

 In addition to the above research subjects, the Japan team promoted students in the laboratory 
organized by the Japanese principal researcher to exchange with the Korea team. Although the 
official members of this project are limited as listed in the page 3, other students were also 
exchanged actively with the Korea team members when they visited Japan. The exchanges included 
official seminar in a classroom, discussion on the research subjects and unofficial banquets.  

Fig. 3 RSOA-GSLD Fig. 3 RSOA-GSLD 

Fig. 4 Experimental setup for Multi-channel OCDM signal  


