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Abstract :

One of the new trends in Earth observation applications is to use cooperating groups of small
satellites instead of a traditional single, large, and multifunctional satellite. Such distribute
satellite systems have the innovative potential to provide higher temporal and spatial resolutions in
Earth observation data and to achieve higher availability. These robust capabilities are especially
important in emergency surveillance tasks. In addition, modern miniaturization technologies enable
realization of electric and mechanical components at very small size and mass. Many small satellites
of few kilograms of mass have already provides valuable missions and services. However,
distributed satellite operations also raise challenging control and coordination requirements for
time synchronization of heterogeneous sensors.

Precise time synchronization has also become essential for today’s mobile network systems. GPS
disciplined oscillators (GPSDO) are becoming more popular as a reliable and accurate timing and
frequency source for many network applications. The GPSDO is a powerful device that consist of a
high-quality crystal oscillator and a GPS receiver. Although the timing signals generated by the
GPS receiver have excellent long-term stability, the short-term stability is often degraded by many
factors including multipath interference and atmospheric conditions. On the other hand, the high-

quality crystal oscillator offers better short-time stability, but it is exposed to thermal, aging, and
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other long-term effects. The combined efforts of the GPS receiver and the high-quality crystal
oscillator make a GPSDO an excellent source for overall timing and frequency stability.

Many small satellites have already carried GPS receivers for their real-time positioning, but
none of them has GPSDO capability. The main purpose of this study is to develop a low cost, yet
accurate and precise GPSDO for small satellite applications. This paper describes the development
and evaluation of a prototype space-capable GPSDO and a brief introduction of our newly proposed

space mission using the precise timing and frequency synchronization provided by the onboard

GPSDO.
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