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Global Navigation Satellite System (GNSS) satellites circling the Earth at about 20,000 

kilometers altitude spend, figuratively speaking, most of their time on the sunny side of 

life. Due to the high orbital altitudes the Earth’s body rarely blocks the sunlight from 

reaching a GNSS satellite and that is the way it should be because the Sun’s energy is 

desperately needed for the on-board power supply. To maximize the energy gain the sur-

face of the satellites’ solar panels has to be constantly normal to the incident Sun’s rays 

and to illuminate the Earth hemisphere below the spacecraft with constant signal 

strength, the navigation antenna along the body-fixed z-axis (“yaw-axis”) needs to be 

pointed continuously toward the geocenter.  

 

To meet these two requirements, GNSS satellites have to constantly realign their solar 

panels while at the same time rotating or “yawing” around their z-axes by means of mo-

mentum wheels. Under certain orbital regimes, however, the spacecraft are pushed to 

their physical limits and cannot keep up with the required yaw rates. The situation is fur-

ther complicated by the fact that, during the four-to-eight-weeks-long “eclipse season”, 

the attitude control system (ACS) solar sensors lose sight of the Sun for the period of time 

the satellites transit through the Earth’s shadow region (up to about one hour). 

 

The presentation tackles these issues and outlines the consequences of a mis-modeled 

yaw-angle in the presence of a horizontal satellite antenna phase center eccentricity. It 

demonstrates how the GNSS measurements itself can be exploited to derive the instan-

taneous state of the spacecraft’s yaw-attitude and reflects the latest developments in the 

field of attitude modeling for the Russian GLONASS-M fleet and the recently launched 

GPS IIF-1 satellite. 


