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Research on Orbits of Quasi-zenith Satellite Network Systems

Kazuhiro Kimura

Abstract

Mobile satellite communication network systems have been developed and put
to practical use. However, the network systems using geostationary satellites have a
problem of signal blocking caused by buildings because of a low elevation angle. Low
earth orbit satellite network systems which consist of many satellites are also proposed.
However, the commercial services were abandoned because of high cost. As for the
satellite navigation network system, the global positioning system has been put to full
civilian use. However, it also has the building blocking problem.

To solve these problems, quasi-zenith satellite system (QZSS) is proposed, and
the project to provide communications and navigation services using QZSS has been
started in Japan. The QZSS network consists of three satellites deployed into inclined
synchronous orbits.

In order to realize the system, the author established the method of optimizing
the satellite constellation, satellite orbit maintenance technologies, and network
operation technologies.

The first issue is the optimization of satellite constellation. After the orbital
motion for circular orbit constellations is formulated, the equations for calculating the
optimum orbital parameter are derived. The author also found optimum elliptical orbit
constellations under several typical conditions.

The second issue is satellite orbit maintenance. It was believed that the
constellation is impractical, because the required velocity increment for orbit
maintenance is very large. The author found out that the velocity increment can be
reduced by the trimming of the satellite orbital period and proper selection of the initial
orbit. The method of orbit maintenance is optimized considering the total amount of

velocity increment.



The third issue is satellite network operations. The author introduced indicators
for the satellite crossing distance. The indicators can be easily calculated from the
orbital elements of the crossing satellites, and it is useful for collision avoidance around
the crossing point. Strategies for spare satellite deployment are also investigated.

The experimental satellite "Michibiki", which demonstrates satellite navigation

technologies by QZSS, has been successfully launched in September 2010.
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