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Introduction
The Helioseismic and Magnetic Imager (HMI) instrument on the Solar
Dynamics Observatory (SDO) is making measurements of the
solar shape over the rising phase of solar cycle 24. These
measurements are performed every six months during a
calibration maneuver where the SDO spacecraft is rotated 360
degrees in 32 steps around the spacecraft to sun line.
The basic HMI observation takes full disk solar images across the
Fe absorption line at 617.3 nm with 1 arc-second resolution. The
position of solar limb is measured by fitting the observed limb
darkening function to determine both the apparent solar radius
and the shape of the solar limb.
The analysis of the HMI limb shape indicates that the solar
oblateness has stayed roughly constant over the initial 3.5 years
of observation.
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HMI Flight Instrument

HMI Optics Package (HOP)

HMI Flight Instrument
HMI Electronics Box (HEB)
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HMI On-Orbit Performance
The HMI instrument started science observing on 1 May 2010 after a
two month on-orbit commissioning period. The instrument has
operated continually since then except for a two day period in
April of this year due to a reboot of the control processor.
Both shutter/camera pairs have taken 28.5 million images during the
last 3.5 years. The telemetry downlink has been exceptional with
recovery of 99.96% of all the images taken.
Loss of science data due to eclipses and periodic spacecraft
maneuvers is less than 2% of total observing time.
Calibration sequences are run weekly in order to track the
instrument focus and filter tuning and to update the flatfields.
The observing focus is maintained at a constant value by adjusting
the front window heater settings. The exposure time and filter
tuning settings are adjusted by updating the observing sequence
parameters.
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HMI Front Window Temperatures

This plot shows the HMI front window and telescope temperatures from February
2010 to August 2013. The periodic temperature increases occur during the twice
yearly eclipse seasons to prevent the front window from getting too cold. There is a
long term increase in the temperature due to aging of the front window.
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HMI Optical Bench Temperatures

The optical bench temperatures show an annual variation because the initial
thermal control scheme ran the heaters at a constant duty cycle. The thermal
control scheme has been recently modified to adjust the heater duty cycles to
maintain a more uniform temperature of 20 degrees C.
6

HMI Operating Focus

The HMI focus has been maintained at a roughly constant value by
adjusting the the temperature of the front window.
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HMI Total Transmission Variation

The HMI transmission is decreasing at about 4.5% per year due to radiation
darkening of the front window. The image exposure time is adjusted
periodically to compensate for this degradation.
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HMI Shutter 1 Performance

The top plots shows the difference between the commanded and measured shutter exposure
times over the on-orbit operations. The steps in the plot in July 2011 and January 2013 are the
result of increasing the exposure time from 120 ms to 125 ms and then to 130 ms to
compensate for the decreased transmission. The bottom plot is the measured exposure time
divided by the standard deviation of the measured exposure time.
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SDO Roll Calibration Maneuver
•

The HMI Roll Calibration Maneuver
– The SDO roll maneuver is essential to determining the solar shape in order
to remove instrument optical distortion and is based on similar maneuvers
performed by the SOHO spacecraft.
– The HMI observing sequence takes continuum tuned and line core
images with one camera in 2 circular and 4 linear polarizations for the
primary solar shape determination.
– The standard velocity/line of sight magnetic sequence of images is taken
with the other camera to provide a cross-check of the instrument
wavelength calibration.

•

Roll Maneuvers practiced during SDO Commissioning
– The first roll maneuver completed on 9 April 2010 with 15 minute dwells at
16 positions spaced at 22.5º roll steps.
– The second roll maneuver completed on 16 April 2010 with 7.5 minute
dwells at 32 positions spaced at 11.25º roll steps.
– The 6 subsequent roll maneuvers have been performed at 6 month
intervals (typically April and October). Line core measurements were
added to the observing sequence for these maneuvers. The spring and fall
roll maneuvers have the spacecraft rotate in opposite directions.
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Roll Calibration Maneuver Details
• Roll	
  Campaign	
  

– Every	
  6	
  months	
  SDO	
  will	
  be	
  rolled	
  in	
  order	
  to	
  
calibrate	
  instruments.	
  

• Roll	
  Sequence	
  

– A	
  complete	
  roll	
  of	
  the	
  spacecraft	
  takes	
  6	
  hours.	
  
– 10	
  minutes	
  slew	
  followed	
  by	
  7.5	
  minutes	
  of	
  
observing	
  time.	
  

• Stability	
  Mode	
  

– Image	
  Stabilization	
  System	
  (ISS)	
  loop	
  is	
  open	
  during	
  
slews	
  and	
  closed	
  in	
  between.	
  

• Observing	
  Program	
  

– With	
  the	
  HMI	
  side	
  camera,	
  	
  a	
  series	
  of	
  ﬁltergrams	
  is	
  
taken	
  at	
  the	
  continuum	
  and	
  line	
  core	
  wavelength	
  
centered	
  at	
  6173Å.	
  Polarization	
  states	
  are	
  stepped	
  
through	
  a	
  set	
  of	
  linear	
  and	
  circular	
  polarization	
  
settings.	
  	
  
– Around	
  35	
  images	
  are	
  available	
  at	
  each	
  roll	
  step	
  and	
  
polarization	
  state.	
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Animation of SDO Roll Maneuver
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HMI Pointing Stability during Roll Maneuver

The HMI Image Stabilization Loop was opened during the roll slews and closed
during the observing dwells. The left plot show the image center for all continuum
observations during the roll. The right plot shows the image center location during the
observing dwells and has a scatter of +/- 0.2 arcseconds.
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HMI Observations during April 2013 Roll
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Center and Limb Determination

LDF

α

β
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Limb Brightness and Displacement Correlation

Brightness and limb displacement for all 2-degree binned roll data showing the effect of
facular brightness contamination. The analyzed data show no significant correlation between
the local limb position and brightness except for bright limb contributions. The dotted line
shows the shape-brightness correlation slope observed in the corresponding MDI data.
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SDO Roll Maneuver Dates
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Alpha & Beta Fits during Rolls #7 and #8
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Solar Shape Determination - Rolls #7 and #8
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Shape Determination from First Six Rolls

The oblateness (star) and hexadecapole (dash) coefficients for the first six rolls. The dashed
and dotted lines show the mean and standard error of the weighted average of these shape
amplitudes. The triangle symbols show the 3-day mean sunspot numbers (right-side plot axis)
centered at the time of the HMI measurements.
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Update with Oct 2012 and Apr 2013 Roll Data
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Summary
•

•

•
•

Eight roll calibration maneuvers have been performed during the
SDO mission to date. The first two rolls were during the SDO
commissioning activities, and six additional roll maneuvers have
been completed at six month intervals. SDO roll maneuvers are
planned for the remainder of on-orbit operations.
The analysis of the HMI limb shape indicates that the solar
oblateness has stayed roughly constant over the initial 3.5 years
of observation. There does not appear to be any correlation with
the solar cycle sunspot number.
The mean p2 value of all the rolls is -4.45 and the mean p4 value is
0.26. The error bars in the p2/p4 plot are approximately ± 0.6.
The constancy of the solar oblateness measurements indicates
that the observed solar cycle variation of the solar irradiance is
not due to changes in the Sun’s shape. Further analysis of the
HMI limb measurements may determine if there is a uniform
radius variation with the solar cycle.
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