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The materials from the latest Solar Terrestrial Relations Observatory (STEREO) Ahead Subsystem Telemetry Assessment Review were distributed electronically to the STEREO community on May 4, 2026, and announced at the STEREO Weekly Planning Meeting/Telecon on that same date.

In past years, a meeting was held at the Applied Physics Laboratory (APL) and via Zoom to allow subject matter experts to present their slides and interact with the audience.  As National Aeronautics and Space Administration (NASA) has directed that STEREO be reclassified as a Heliophysics System Observatory (HSO) Foundational Science mission, it is appropriate to look for ways to reduce costs, and hence it was decided to cancel the in-person slide flip-through, and simply let community members review the slides as their time and interests dictated.

Note that we also intentionally and judiciously reduced the scope of the assessment this year, choosing to omit reports on the following subsystems:

· Autonomy
· Flight Software
· IEM
· Thermal

In addition, the RF assessment was reduced to a single slide.  We feel that after 19 years of nominal operations the health of these subsystems is being sufficiently assessed by the daily monitoring conducted by the Mission Operations Team, and therefore the deeper, annual dives can be dropped with little risk.

As always, community members were invited to reach out to the appropriate APL staff with any questions or comments.

The objectives of the review were for the selected subsystems to report their status as it pertains to:

· Subsystem performance
· Overview of major subsystem activities
· Anomalous behaviors
· Changes in nominal operating conditions
· Trends that could impact future operations

And, in continuance of a practice started a couple of years ago, the instrument teams and the STEREO Science Center were invited to share their own health assessments, and all of them did so.

The assessment review period was January 1, 2025 through December 31, 2025.  
No new action items were identified this year.

The individual presentation packages (10 in all) are available on the Mission Operations Center (MOC) STEREO Data Server at:

https://sds.jhuapl.edu/teams/dir.php?path=./moc/Subsystem_Telemetry_Assessments/2026_Assessment

For convenience, Owen Dudley compiled them together into a single file and made it available to the community via drop box, where it was available for 10 days.  Instructions on how to access this drop box were distributed to the community.

What follows is a summary of the presentations, with highlights from each.

1. Introductory Material (by Dan Wilson and Owen Dudley)
· The previous review was conducted on Feb. 11, 2025.
· There were no action items from last year’s review to cover.
· In August of last year Jimmie Dickey resumed his role as Mission Director, after a nine-month active duty tour overseas.  Cliff Williams filled in ably during his absence.
· STEREO-A's position relative the Earth, Sun, and the planets is captured as of 1/1/2026 and 12/31/2026 for situational awareness.  During the year, STEREO-A’s distance from Earth will grow from 0.84 AU to 1.16 AU, while its separation angle with Earth grows from 50.9° to 73.0°.
· Regarding the status of the MOC:
· Daily telemetry collection was ~6.5 Gbits per day, and often much higher.
· For 2026 the 720 Kbits per second downlink rate is available at all antennas until approximately summer, with the possible exceptions of DSS-24 (Goldstone) and DSS-65 (Madrid) whose performances will be monitored for a possible change to 480 Kbps in early 2026.  Thereafter, the rate for 34-m antennas will reduce to 480 Kbps as the distance to Earth increases.  The rate for 70-m antennas will remain at 720 Kbps.
· Cooperation with ESA for use of its 3 deep space stations (35-m) continues when needed to supplement DSN during periods of high loading.
· Total manpower for Spacecraft Controllers is ~2.9 staff-months/month.
· All MOC workstations, including the planning/assessments workstations, have been refreshed within the last seven years. 
· Special events in the past year included:
· SECCHI COR2 Deep Exposure Campaign for each Parker Solar Probe (PSP) perihelion
· SECCHI stepped calibrations rolls every 3 months
· Momentum dumps every 5-6 weeks
· Battery discharge cycling twice per year
· 6th EEPROM refresh on IMU-B (gyros/accelerometers) was conducted in November 2025 (repeated every ~3 years)
· Regarding the status of the spacecraft bus:
· STEREO-A continues to operate nominally using “no gyro operations” (where the remaining IMU life is preserved for emergencies).
· Brief intermittent losses of fine pointing continue to occur when one or more reaction wheels sit at or near the zero speed avoidance threshold for a prolonged period.
· 16 occurrences in the ~10.5 years since coming out of solar conjunction in July 2015.
· Last occurrence was 2025-196/197.
· Probable cause is wheel bearing lubricant distribution.
· Reaction wheels are rated for 15-year lifetime; no evidence yet of pending failure.
· Operating with 4 wheels; can tolerate the failure of any one wheel seamlessly.
· Enough remaining propellant for decades of momentum dumps.

2. Guidance and Control (G&C) (by Marissa Reynolds)

· There were no G&C system configuration (parameter) changes since last year’s review.
· As noted above, the EEPROM on IMU-B was refreshed per manufacturer’s recommendations in order to maintain sufficient charge.  The next refresh will be scheduled for 2028.
· Plots of pointing error and jitter metrics showed that STEREO-A continues to perform well-within its performance requirements, even without the benefit of the IMU.  (This is largely due to the excellent performance of the SECCHI Guide Telescope, which continues to provide 250 Hz pitch and yaw errors to the attitude control flight software.  STEREO-A continues to rely on its Star Tracker (ST) for inertial attitude knowledge and uses it to control the roll angle around the Sun line.)  For example, below is a plot of pitch vs yaw errors in arc-seconds for the 24-hour period covering day 14 of 2026:

[image: ]
This plot shows we mostly stayed inside the one-sigma box for jitter and did stay inside the one-sigma box for accuracy all day.  This particular day was chosen to illustrate pointing performance on a day within the 6-week momentum cycle when reaction wheel speeds were low, but a plot of performance on a high-speed day, while not as impressive as the above plot, still shows that STEREO is meeting its requirements.
· Plots of Star Tracker attitude solution quality, number of stars in solution, background mean, and temperatures are nominal, although the quality dips very low whenever the ST field of view dwells on regions of the sky with few stars.  This happened three times last year, lasting for 10-20 days at a time.  Such occurrences are predictable, and the Mission Operations Team is always alerted in advance.  Also, when viewed over the life of the mission, there has been some increase in the noise on the quality index, commensurate with long duration exposure to space conditions.  Julie Halverson has commented in previous years that the Lunar Reconnaissance Orbiter (LRO) mission, which is almost as old as STEREO, is seeing similar behavior.
· Momentum dumps continue to be performed without gyro data, and performance remains acceptable.
· Reaction wheel performance is nominal.  Trend plots of wheel temperatures and steady-state currents are not showing signs of degradation, such as increased friction, despite continuous operation for 19+ years.  As noted above, there was another occurrence (the 16th) of intermittent loss of fine-pointing for almost 22 hours when wheel 2 was at low speed.
· Plots of temperatures and currents of G&C components are uneventful.
· The best estimate of remaining life in IMU-B is ~1400 hours, which is why it is kept powered off.  But such estimates are not thought to be very reliable.  (IMU-A failed in 2007.)

3. Flight Software (FSW) and Autonomy Subsystems – no report this year (all nominal)

4. Propulsion Subsystem (by Stewart Bushman)

· Remaining propellant is estimated at 35.87 ± 0.46 kg, up from 33.33 kg at the previous review.  Note that, as there is no “fuel gauge,” remaining propellant is computed from pressure and temperature measurements.  In previous years, pressure was computed by averaging the outputs of the two pressure transducers, but one of these sensors has been showing worsening aging effects.  So, starting with this assessment, pressure, and hence remaining propellant is being computed from the remaining “good” sensor, as the “bad” sensor measurement was falsely pulling the average pressure down.  This explains how the remaining propellant value could increase from the last assessment despite 10 momentum unloads having been executed.  The remaining propellant is sufficient for decades of additional operation.  Note that the uncertainty on the estimate (± 0.46 kg) has been substantially decreased since last year to account for the removal of the “bad” pressure sensor reading.  See Stewart’s slides 8ff for a detailed analysis of this topic, but note that some details in the publicly-released report have been obscured for ITAR considerations.
· Ten momentum dumps were performed during the review period, all nominal.
· Stewart notes that the failing pressure sensor does not present any risk to the subsystem or its performance.  (The pressure readings are not used by onboard software.)  The only risk is to our ability to track the HUGE amount of remaining propellant.

5. Power Subsystem (by Mike Butler)

· Two battery discharge maintenance events were conducted last year, on June 11th and December 4th.  (As STEREO nominally points at the Sun all the time, its battery is never used.  The battery discharge events, initiated in 2012, cause the battery to be partially discharged, which serves to redistribute the battery's electrolytes to prevent a cell-to-cell short within a pressure vessel.  This was a lesson learned from the WMAP mission.  See NESC-RP-10-00608, “Wilkinson Microwave Anisotropy Probe Battery Operations Problem Resolution Team (PRT),” Denney J. Keys, August 2010.)  This year’s tests were nominal.
· Battery temperature, pressure, and current were nominal throughout the reporting period.  Likewise for solar array temperatures and voltages.  Main bus voltage and current were also nominal, as were the Peak Power Tracking (PPT) currents and temperatures, and the Power Subsystem Electronics (PSE) voltages and temperatures.
· Mike monitors the individual battery Common Pressure Vessel (CPV) voltages, which have remained tightly clustered since launch with the exception of CPV 11.  The divergence of CPV 11 from the rest of the pack started in 2019 but increased markedly in 2024.  Based on Mike’s recommendation, the battery trickle charge rate was increased from C/150 to C/100 on February 19, 2025, to see if the CPV 11 voltage would recover back into family.  Post event monitoring shows that CPV 11 voltage divergence has decreased measurably, as intended, but its voltage continues to fade.  It ended the year at 2.945V.  Note that the nominal value is 2.5V, and the current degradation rate is 20.5µV/day.  At this rate, it will take almost 60 years before the voltage crosses below the nominal value.  Even if the rate accelerates and the CPV fails, the spacecraft can continue to operate nominally.  (During the STEREO-B recovery effort in 2016, we demonstrated that the spacecraft can even operate with two failed CPV’s as long as the spacecraft remains Sun-pointing.)  See Mike’s slides 16-18 and 21.

6. RF Communications Subsystem (by Matt Cox)

· The distance of STEREO-Ahead from Earth continues to grow since 2023’s minimum.  
· STEREO can close the emergency links (7.8 bps uplink and 12 bps downlink) on its Low Gain Antenna (LGA) using any of the DSN 34-m antennas.  This will remain true for several years, but eventually the 70-m antennas will be needed.
· Regarding the use of the High Gain Antenna (HGA), the 34-m antennas will need to move from 720 Kbps to 480 Kbps in early April for lower elevation passes, and in early Fall for higher elevation passes.  We will need to move to 360 kbps at roughly the same times in 2027.
· All 70-m DSN antenna tracks can likely support 720 Kbps downlink throughout 2026, with the exception of DSS 65 (Madrid) which will likely have to step down to 480 Kbps.

7. Integrated Electronics Modes (IEM) Subsystem – no report this year (all nominal)

8. Thermal Subsystem – no report this year (all nominal)

9. STEREO Science Center (SSC) status (by Shaela Jones and Bill Thompson)
· Continuing to archive MOC ancillary, instrument, and beacon data.
· The SSC data volume has grown to ~306 TBytes (was ~302 TBytes last year).
· The public website at stereo.gsfc.nasa.gov is being decommissioned.
· The main website for the scientific community is at https://stereo-ssc.nascom.nasa.gov/, providing realtime beacon data, daily browse data, Carrington EUV maps and plots, the “Where is STEREO?” orbit tool, image search tool, STEREO publications list, STEREO Science Stories, etc.
· Realtime beacon data is collected during DSN and ESA passes.  In addition, it is collected on a volunteer basis by two stations in Germany and NOAA facilities in Virginia and Alaska   

10. SECCHI status (by Brian Wood)
· All telescopes are healthy and returning data normally.
· There were 42 CME event detections and capture, four special campaigns coordinated with Parker Solar Probe perihelia, and continuation of the Betelgeuse monitoring campaign.
· There were nine watchdog resets last year, after which the instrument was recovered to operational status routinely.  This number is higher than usual, but not unprecedented, and no cause for alarm.  The average since 2008 has been 4.4 resets per year.
· Continuing to monitor the COR1 Zone 1 temperature, which is rising linearly.  Some time in late 2030, we will need to either raise the autonomy rule threshold of 61°C or disable the rule.

11. PLASTIC status (by Toni Galvin)
· Notable Operations Highlights:
· MCP bias was increased in September 2025 to improve efficiency
· Instrument is restored manually after each momentum dump (~monthly)
· Streamlining data format for Space Weather role
· Several recent or soon-to-be published papers were noted, four on Space Weather, and one on Comet 73P/Schwassmann-Wachmann.  See PLASTIC slides 2-6.

12. S/WAVES status (by Keith Goetz)
· Instrument is currently functioning nominally, with no unexpected resets, anomalies, or changes in trends of currents and temperatures.
· Thanks to the APL mission operations team, operations continue to go well, usually with daily command uplinks and twice daily telemetry downlinks.  (The change to twice daily downlinks was made to reduce Space Weather forecast latency.)
· Data products are produced and available, using the new daily processing implementation (introduced in 2022).
· Collaboration with Parker Solar Probe continues as opportunities arise.
· S/WAVES slides 3-7 provide examples of recent S/WAVES daily summary graphics. 

13. IMPACT status (by Peter Schroeder)
· All instruments (MAG, SWEA, STE, SIT, SEPT, LET, HET) and the IDPU/POC-IDPU/POC Ops are functioning nominally.
· The STE-D door, which is closed and reopened for each momentum dump (~monthly), is operating nominally.  No recurrence of the problem noted in 2017 has been observed.
· No latch-ups in SWEA in 2025.  (Typically, we have 0-2 per year.  When these do occur, a command sequence onboard recovers the SWEA High Voltage.)

Once again, I would like to thank our spacecraft subsystem engineers, mission operators, the SSC staff, and the instrument teams for participating in this latest health assessment.  The mission remains in outstanding shape (minus the contribution of STEREO-B), and so we plan on conducting another annual assessment in February 2027.  Questions and comments may be addressed to me at the contact information below.

Daniel S. Wilson
STEREO Mission System Engineer
daniel.wilson@jhuapl.edu
(240) 461-0637 (cell)
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