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ABSTRACT 
 
To support various applications, certain Earth-
orbiting spacecrafts (e.g., SRTM, COSMIC) use 
multiple GNSS antennas to provide tracking data 
for precise orbit determination (POD). POD 
using GNSS tracking data from multiple 
antennas poses some special technical issues 

compared to the typical single-antenna approach. 
In this paper, we investigate some of these issues 
using both real and simulated data. 
Recommendations are provided for POD with 
multiple GNSS antennas and for antenna 
configuration design. The observability of 
satellite position with multiple antennas data is 
compared against single antenna case. The 
impact of differential clock (line biases) and line-
of-sight (up, along-track, and cross-track) on 
kinematic and reduced-dynamic POD is 
evaluated. The accuracy of monitoring the 
stability of the spacecraft structure by 
simultaneously performing POD of the 
spacecraft and relative positioning of the 
multiple antennas is also investigated. 
 
 
INTRODUCTION 
 
Multiple GNSS antennas have been used on 
certain Earth-orbiting spacecrafts, for various 
reasons, to provide tracking data for precise orbit 
determination. Some missions may require 
precise positioning of different sensor locations 
on board the spacecraft, in addition to the center 
of mass of the spacecraft (e.g. for SRTM 
mission, Bertiger, et al., 2000). Some spacecraft 
design may require the GNSS antenna be placed 
to point to certain direction, away from multipath 
sources. In such cases multiple antennas may be 
used to compensate the limited sky view (e.g., 
Kuang, et al., 2008). For multipurpose scientific 
missions, spacecrafts with complex structure are 
expected to carry multiple instruments with 
different functions and the complexity of the 
spacecraft structure will limit the options for 
GNSS antenna placement. Multiple GNSS 
antenna tracking may provide larger total view of 
the sky when the field of view for single antenna 
deployment is limited. Whenever one antenna is 
added, however, a differential clock bias 
parameter for that antenna should be added to the 
estimates in the position solution because the 
line bias is not usually calibrated for the 
deployment. Further more, the continues carrier 
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