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Abstract�  The Solar TErrestrial RElations Observatory 
(STEREO) was originally designed as a two to five year 
heliocentric orbit mission to study coronal mass ejections 
(CMEs), solar energetic particles (SEPs), and the solar wind. 
After over ten years of continuous science data collection, the 
twin NASA STEREO observatories have significantly 
advanced the understanding of Heliophysics.  This mission was 
the first to image CMEs all the way from the Sun to Earth and 
to observe the entire sphere of the Sun at one time.  STEREO 
has demonstrated the importance of a point of view beyond the 
Sun-Earth line to significantly improve CME arrival time 
estimates and in understanding CME structure and 
trajectories and the longitudinal distribution of SEPs.  
STEREO was also the first to use one launch vehicle to insert 
two spacecraft into opposing heliocentric orbits, undergo a 3.5 
month long superior solar conjunction, implement unattended 
daily science operations on two deep space observatories, 
maintain 7 arcsec continuous pointing without gyros, and 
detect and attempt to recover a spacecraft after a 22-month 
long communications anomaly at a range of 2 AU.  This paper 
discusses the significant performance results after the first ten 
years of operations of the STEREO mission from its journey 
around the Sun. 
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to be played back twice and verified that all recorded data 
was received.   

On November 17th, the Ahead spacecraft bus 
reconfigurations were completed for returning to nominal 
science operations.  After 454 days of side lobe and solar 
conjunction operations on Ahead, daily SSR playback, 
commanding, and tracking operations resumed.  Daily 
science data return was gradually restored to prime science 
levels of 5 Gbits by December 28th. 

Post conjunction, all instruments resumed nominal data 
collection with no ill effects from being powered down for 
several months.  The HGA feed assembly temperature 
gradually returned to within tested operational limits, < 90o 
C, with no ill effects from being overheated for over two 
years.  Only one lingering issue resulted from the solar 
conjunction on the Ahead observatory.  G&C fine pointing 
losses and the magnitude of the attitude roll error increased 
slightly post solar conjunction.  The SECCHI imaging 
instrument team reported that the magnitude of the attitude 
roll error was periodically affecting the Heliospheric images 
causing the post processing star-fitting algorithm to fail.  To 
improve roll error performance, the G&C X-axis control 
bandwidth was adjusted.  The G&C Rate Merge capability, 
which enables rate measurements from all sensors to be 
combined to form a "better" rate estimate versus picking 
only one sensor as the source of the angular rate 
measurement, was also enabled, which reduced the noise on 
the X-axis angular velocity estimate by ~50%.  However, 
the cause for the changed G&C behavior has not yet been 
determined.  Wear on the reaction wheel bearings seems 
like a possible explanation.  

 

8. LOSS OF AND EFFORTS TO RECOVER THE 
STEREO BEHIND OBSERVATORY 

Having completed its on orbit testing prior to superior solar 
conjunction, communications were lost with the Behind 
observatory on October 1, 2014 after the HCLT-initiated 
system reset was observed during a DSN 70 meter support 
with the radio science receivers recording.  Data extracted 
from the DSN radio science receiver (RSR) data proved 
invaluable as it led to the understanding that the gyro failure 
caused the spacecraft to spin up and turn away from the 
Sun.  Within a few hours, the battery drained, and the 
spacecraft became very cold freezing all propellant.  A 
NASA Failure Review Board (FRB) was convened and 
concluded that the loss of communications was due to a 
simultaneous double failure of G&C sensors.  The first 
failure was the star tracker failing to lock which led to the 
powering on of the gyro unit.  Over time, the spacecraft 
could thaw and slow down allowing the solar arrays to get 
sufficient power.  Therefore the FRB recommended the 
project continue periodically trying to re-establish 
communications with STEREO Behind [18]. 

On the 25th attempt to re-establish communications with 
STEREO Behind, the DSN detected a strong downlink 
carrier at 2227 UTC on August 21, 2016 after contact was 
lost for over 22 months.  At a spacecraft range of 2 AU, the 
observatory was found to be rotating slowly about its 
principal axis of maximum moment of inertia for which the 
uncontrolled attitude allowed some solar array input and 
continuous uplink and downlink communications on the 
LGA at emergency data rates.  Over the next 22 continuous 
days, significant obstacles to recovery were overcome with 
a collaborative effort of the JHU/APL engineering team, 
NASA GSFC, DSN, Flight Dynamics Facility (FDF), GSFC 
Space Science Missions Operations (SSMO) scheduling, 
and Mission Operations teams. This consisted of: 

€ Reliably commanding a rotating spacecraft with 
uncontrolled attitude at a distance of 2 AU 

€ How to power on the spacecraft that was never 
designed to be off without collapsing the battery 
voltage 

€ Acquiring telemetry at 35 bps from a spacecraft 
that is rotating with an uncontrolled attitude  

€ Warming a frozen propulsion subsystem with a 
degraded battery and limited solar array input with 
an uncontrolled attitude 

€ Configuring, loading, and verifying command 
sequences and parameters with very limited 
telemetry 

€ Conducting an autonomous momentum dump in 
the blind and transitioning to Control and Data 
Handling (C&DH) standby mode and successfully 
receiving telemetry on the HGA indicating star 
tracker lock and decreasing system momentum.   

However, system momentum level remained above the 
threshold for re-establishing attitude control with the 
reaction wheels alone.  Due to the uncontrolled attitude, 
communication degraded and the last detection of the carrier 
was on September 23, 2016. 
 
From the last telemetry received on September 18, 2016 and 
the telemetry assessment review held on February 24, 2017, 
main bus voltage is low, 3 out of 11 NiH2 battery cells are 
bypassed, attitude remains uncontrolled, rotating about its 
principal axis of maximum moment of inertia.  While likely 
all ~42 kg of hydrazine remains and is frozen, neither of the 
pressure transducers are functioning.     

From the very limited telemetry (245 packets) received 
during the recovery attempt and many engineering team 
meetings, significant improvements were developed and 
tested on the hardware simulator which included: 

�ƒ Optimizing data rates based on RF link performance, by 
adding 4 new uplink rates and 16 new downlink rates. 
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