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Abstract

Nowadays the Internet has become part of the social infrastructure essential for individual life
and corporate activities. The number of people subscribed to wired broadband service, such as fiber
optic service, is more than 30 million and the spread of public wireless LANs and mobile WiMAX
is accelerating broadband adoption. However, we can hardly say that the Internet connection inside
high-speed, long-distance train has kept pace.

Therefore, we conducted a joint survey with Railway Technical Research Institute. In addition, we
investigated the actual quality of service on the Tsukuba Express, the Narita Express and the
Tokaido Shinkansen. The result of these investigations clarified the requirements for in-train
communication systems: high-speed communication, stability of communication, mobility and IP
dual stack support. High-speed communication means providing each passenger a communication
speed comparable to the broadband speeds they are accustomed to. Stability of communication
means continuous communication even when train is moving quickly. This means less than 5 %
packet loss. Mobility means achieving less than 100 ms high-speed handover and not making
passengers conscious of moving. And finally, we need to perform all this in a IPv4 / IPv6 dual
stack environment to facilitate the future development of the Internet.

To achieve this, we propose a two-prong approach involving a communication system using
free-space optics along with a dual stack mobile IP system. Communication system using
free-space optics is physical layer system which communicates bi-directionally by infrared laser
with mobile tracking function. Dual stack mobile IP system is a network layer system which allows
a train-wide IPv4 / IPv6 network to seamlessly change its point of attachment without requiring
any modifications of passengers PCs.

We produced and build these systems with which we conducted an experiment using a vehicle in
place of a train. As a result, we realized effective communication speed of 931 Mbps and low
packet loss of 0.88 % at 40 km/h and observed high-speed handover of 67 ms at 60 km/h.

Moreover, we succeeded in realizing all requirements in a dual stack environment.




