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(Abstract)

This paper discusses the design and evaluation of an Early Warning System using the Quasi-Zenith Satellite
System to provide early warnings during an information blackout period, which possibly occur after major
disasters.

During major disasters such as big earthquake and tsunami, the communication infrastructures could be
damaged in which case essential information cannot be delivered to citizens. Transmitting disaster information
through communication satellites, which would not be affected by the damaged information infrastructure on the
ground, could be a means of providing disaster information during the information blackout period. Satellite
cellular phone is one example of such means. However, these phones have not been widely used among citizens
compared to cellular phones and therefore are considered not suitable for transmitting the disaster information to
users in wide areas. On the other hand, distributing disaster information to Global Navigation Satellite System
(GNSS) receivers, which are widely used by people in their mobile phones and car navigations, with an
augmentation signal from positioning satellites have been considered in previous research. GNSS provides
positioning to users utilizing transmission signals, which can be received by GNSS receivers. Recently, GNSS,
which can provide augmentation signals to enhance the position accuracy have been operating and a method to
transmit simple messages with the augmentation signals have been considered. In Japan, Quasi-Zenith Satellite
System (QZSS) will be operational with a four satellite constellation from 2018 and it will be possible for users
to receive the disaster information in many parts of Japan.

This paper shows the design and evaluation of an Early Warning System using the Quasi-Zenith Satellite
System (QZSS) in order to provide disaster information and support the evacuation of many people. Firstly, the
design and evaluation of the system for use in Japan, where there will be at least one satellite at the zenith, will
be discussed and the utility of the system usage for evaluations of users will be shown.

To achieve the objective of this research, the design of the system were done considering information

blackout period, customizing by the types of disasters, and the loss rate of signals. In particular, the message
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format and distribution schedules to provide the necessary disaster information within the limited available data
of a message and reception conditions were designed. Verification and validation for the system requirements
were performed. In verification, the evaluation of the delivery within a scenario of a particular disaster and the
evaluation of reception with the real signal of QZSS were performed. In validation, an evacuation test with users
using a scenario of an earthquake followed by a tsunami were performed. The delivery and reception of the
information of the system was validated and the effectiveness in the inducibility of user actions was qualitatively
validated.

Signals of QZSS can be also provided in other parts of Asia and Oceania. In particular, Asia is the stricken
areas of earthquake and tsunamis. In many areas of Asia, compared to the situation in Japan, an information
infrastructure have not been developed yet and GNSS-based Early Warning System are demanded. In Asia, big
earthquake and tsunamis, such as Indian Ocean Tsunami, are likely to occur and could affect multiple countries.
In addition, the satellite constellation and reception environment also change with the time and location. To
investigate the issues of using the system, which was designed for usage in Japan, in other countries, discussions
on delivery and receptions were performed. As part of the presented results, the reception experiment in Phuket,
where the elevation angle is low, revealed that an improvement in reception is needed for users at this location
and the combination of using multiple satellite constellations was proposed. To evaluate the feasibility of the
proposed methods, analyses of the reception in Phuket with sky image of several areas in Phuket and estimated
satellite positioning were performed. These analysis showed the possibility of improvement in reception and the
feasibility of the methods using multiple satellites in areas where the satellites are at low elevation angles for the

users.
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