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ABSTRACT
I review the image stability tests performed during the Servicing Mission Observatory Verifica-
tion (SMOV) campaign for the Wide Field Camera 3 (WFC3).  These tests were performed using 
repeated observations of globular clusters with the telescope oriented at hot and cold thermal 
attitudes.  As expected from ground tests in 2007, the WFC3 image stability is slightly worse than 
specifications.  The maximum drift in the UVIS channel was 1.4 times that of specification, while 
the maximum drift in the IR channel was 1.3 times that of specification; the largest violations 
occurred with the telescope at a hot thermal attitude, but during most visits there were no viola-
tions of the stability specifications.  For comparison, in ground tests, the UVIS channel drifts ex-
ceeded specification by 1.3x - 2x, while the IR channel drifts exceeded specification by 1.3x, with 
the violations occurring nearly constantly during simulations of a hot thermal attitude.  The 
magnitude of image drift in SMOV is thus similar to that observed in ground tests, with the ex-
ceptions to the stability specification occurring in 1/6 of the UVIS visits and 1/3 of the IR visits.

Background
Toward the end of the Servicing Mission Observatory Verification (SMOV) for the Wide 

Field Camera 3 (WFC3), in August 2009, a program was executed to characterize the image sta-
bility of the instrument in both the UVIS and IR channels.  The image stability was also charac-
terized in ground tests during the first and second thermal vacuum campaigns (Brown 2005, ISR 
WFC3 2005-11; Brown 2007, ISR WFC3 2007-18).  In the first campaign, the thermal variations 
induced in the instrument were unrealistically large, relative to expected on-orbit conditions, and 
so the instrument exhibited large drifts.  In the second campaign, the thermal variations induced 
in the instrument were thought to be more realistic, and yet the instrument still failed the contract 
end item (CEI) specifications by a small margin; the UVIS channel drifts were 30% to 100% 
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higher than specification, while the IR channel drifts were 30% higher than specification, with 
the violations occurring during simulations of a hot thermal attitude.

The CEI specification for WFC3 image stability calls for less than 10 milliarcsec (0.25 pix-
els) of drift in 200 minutes (approximately 2 orbits) on the UVIS channel, and less than 20 milli-
arcsec (0.15 pixels) of drift on the IR channel in 200 minutes.  The specification is driven by a 
desire to avoid blurring of the point spread function (PSF) in long exposures (generally up to 
1200 sec) and by the fact that observers frequently plan their observations in 2-orbit visits, with 
dithering to resample the PSF and remove image artifacts.  For example, to double the PSF sam-
pling over the native pixel scale, an observer using the UVIS channel might obtain 4 images over 
2 orbits, with dither positions in pixel space of (0,0), (0,1.5), (1.5,0), and (1.5,1.5).  With perfect 
dithering, this will be appropriate for double-sampling of the PSF, but if that last exposure is at 
(1.75,1.5), the dithering will not be adequate to double-sample the PSF.  Of course, the dithering 
precision needs to be significantly better than 0.25 pixels to resample the PSF in 0.5 pixel steps, 
but given the variations in the HST thermal environment, it is difficult to achieve such pointing 
precision in HST instruments (see Gilliland 2005, ISR TEL 2005-02).

We decided to test the WFC3 image stability on orbit in 3 scenarios:
1. 2 orbits of imaging at an arbitrary thermal attitude, following 10 orbits 
 of stabilization at that attitude,

2. 2 orbits of imaging at a cold thermal attitude, immediately following 10 
 orbits of stabilization at a hot thermal attitude, and

3. 2 orbits of imaging at a hot thermal attitude, immediately following 10 
 orbits of stabilization at a cold thermal attitude.

To minimize the observing time dedicated to this program, the arbitrary thermal attitude was 
chosen to be hot.  Globular clusters at hot (IC 4499) and cold (NGC 7492) thermal attitudes were 
selected to provide point sources with a range of luminosity, ensuring there would be sufficient 
targets to track the image stability (for comparison, the ground tests tracked the image stability 
using a single point source).  To make the program more manageable in the proposal planning 
and scheduling system, the observations were split into 2-orbit visits: five 2-orbit visits hot (sta-
bilizing), followed by another 2-orbit visit hot (satisfying scenario 1 above), a 2-orbit visit cold 
(satisfying scenario 2 above), followed by four more 2-orbit visits cold (to stabilize at a cold atti-
tude), followed by a 2-orbit visit hot (satisfying scenario 3 above).  While this allowed the track-
ing of stability within each 2-orbit visit, I neglected to specify the “SAME ORIENT AS” visit 
requirement between visits, and this complicated the tracking of stability over longer time 
frames, because the nominal roll angle of the telescope changes over the course of the year.  
While the roll is held fixed during a visit by default, between visits it is free to change unless the 
visit requirement is specified.  Because the program executed over nearly 2 days, the hot visits 
executed at distinct orientations at the level of ~0.1 degrees, while the cold visits executed at dis-
tinct orientations at the level of ~0.5 degrees.  This roll must be backed out to analyze the stabil-
ity over time periods longer than one of the 2-orbit visits.  An additional (and unavoidable) com-
plication is the fact that each visit has a new guide star acquisition, which introduces offsets in 
position at the level of 5 to 10 milliarcsec between consecutive visits on the same target and  
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guide stars, and offsets at the level of tens of milliarcsec when switching between targets and 
guide stars (e.g., Gilliland 2005, ISR TEL 2005-02).

The imaging was done with subarrays to allow many short exposures to be obtained in se-
quence while minimizing the time lost to buffer dumps.  Specifically, the UVIS images were ob-
tained in the UVIS1-C512A-SUB aperture (i.e., 512x512 pixels) and the F814W filter, while the 
IR images were obtained in the SQ256SUB aperture (i.e, 256x256 pixels) and the F110W filter.  
Each visit began with 1 UVIS and then 1 IR exposure, and then a repeating series of 10 UVIS, 3 
IR, 10 UVIS, 3 IR, etc., for the remainder of the visit.  The UVIS exposures were 10 sec long, 
while the IR exposures were 29.7 sec long (a multiread sequence with 6 samples in the SPARS10 
sample sequence).  This interleaving of short exposures was similar to that used in ground tests 
of image stability.  The reference pixels in the UVIS and IR subarray apertures are not at the 
same place in the focal plane.  Normally (by default), when an observer interleaves imaging of a 
given target using the two WFC3 channels, the telescope is maneuvered to place the coordinates 
of the target at the reference pixel of each aperture.  To avoid repointing the telescope during this 
test, the “SAME POS AS” requirement was placed on the IR exposures so that the position of the 
target would remain fixed at the reference pixel of the UVIS aperture during each visit.

Analysis
The program executed without problems on August 22, 2009.  The 804 individual exposures 

were processed through the standard pipeline as part of the delivery from the MAST Archive.  
The primary analysis, focusing on the 2-orbit visits, was performed on the FLT images.  For 

the UVIS channel, that processing included bias subtraction, dark subtraction, and flat-fielding, 
but not cosmic-ray rejection or geometric distortion correction.  For the IR channel, that process-
ing included bias subtraction, dark subtraction, flat-fielding, and cosmic-ray rejection (using the 
fit to the multiread ramp), but not geometric distortion correction.   Geometric distortion is not an 
issue within each 2-orbit visit, because the target is not being dithered (other than the small drift 
due to imperfect image stability), and so geometric distortion was skipped to avoid resampling 
the images.  To track the stability, five well-exposed stars were selected in each channel, and 
their positions were measured in each frame using the IRAF center task, employing a Gaus-
sian fit to determine the position of each star.  The image drift in each channel was measured by 
taking the median of the drifts in each star.  Although there are not many cosmic-ray impacts 
within each 10 sec UVIS exposure, any cosmic rays that happened to affect one of the 5 stars in a 
given exposure were mitigated by this median.  The drifts within each visit were measured rela-
tive to the first exposure on a given channel in that visit.

To measure the stability over periods longer than the 2-orbit visits, an additional analysis was 
performed on the UVIS images.  The UVIS images were chosen because of the finer plate scale 
and also because the rotations between visits occurred around the reference pixel within the 
UVIS subarray.  The effect of rotation was small within the UVIS field of view (typically a few 
tenths of a pixel), but the effect was significant for the IR field of view (typically a few pixels).  
The FLT images were corrected for geometric distortion using the IRAF multidrizzle task 
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and the initial in-flight IDCTAB files (Kozhurina-Platais et al. 2009, ISRs WFC3 2009-33 and 
2009-34).  The positions of a few dozen stars in each UVIS frame were measured with the IRAF 
center task, and then the results in each visit were rotated to agree with the orientation of the 
first frame on either the hot or cold target.  The rotations assumed that the images were rotating 
about the reference pixel by the amount of rotation specified in the image header.  As an inde-
pendent check, I also solved for the center of rotation using a simplex algorithm that minimized 
the image drift in the stack of images, under the assumption that the rotation in the header was 
correct.  For the cold target, that fit found the images to be rotating around a point offset from the 
reference pixel by (+4,+16), while for the hot target, that fit found the images to be rotating 
around a point offset from the reference pixel by (+21,+3).   Because the fit assumes perfect im-
age stability and that the rotation in the header is absolutely correct, the disparities in the solution 
for the center of rotation probably reflect the limitations of these assumptions; the images are 
actually drifting (hence this test), the errors in the reported roll are not completely negligible, and 
the new guide star acquisition at the start of each 2-orbit visit introduces changes in position and 
roll inherent to the observatory and not WFC3 itself.

Results
The results of the primary analysis on the 2-orbit visits are shown in Figure 1.  The UVIS 

channel violates the stability specification in the second hot visit (14.1 milliarcsec excursion at 
7.3 hrs) and the second cold visit (10.5 milliarcsec excursion at 28.6 hrs), while the IR channel 
violates the stability specification in the second hot visit (25.4 milliarcsec excursion at 6.5 hrs), 
fourth hot visit (22.9 milliarcsec excursion at 15.3 hrs), last cold visit (23.2 milliarcsec excursion 
at 42.9 hrs), and last hot visit (20.1 milliarcsec excursion at 44.5 hrs).  Excursions of this magni-
tude were seen in ground tests, but there were no violations during realistically flight-like simu-
lations of cold orbital cycling (see Figure 1b of Brown 2007, ISR WFC3 2007-18), while the vio-
lations occurred nearly constantly during realistically flight-like simulations of hot orbital cy-
cling (see Figure 2b of Brown 2007, ISR WFC3 2007-18).  Thus, in general, the violations of 
stability seen by WFC3 in orbit are of a magnitude similar to that on the ground, and they tend to 
occur with the telescope at a hot attitude, but the violations occur with less frequency.

The results of the long-term trending in image stability are shown in Figure 2.  It is clear that 
the drift rate over multi-orbit periods is smaller than that occurring on orbital timescales.  While 
there are significant discontinuities at the boundaries between consecutive visits on the same tar-
get, these visit-boundary offsets are consistent with those seen previously on other HST instru-
ments, due to the guide star acquisition that occurs at the start of each visit, even when the same 
guide stars are used (see Gilliland 2005, ISR TEL 2005-02).  The only large jump seen in Figure 
2 is when the telescope was slewed from the cold attitude to the hot attitude, but the true offset 
cannot be determined, given the fact that these are two distinct targets (there is an arbitrary offset 
between the cold and hot positions shown in Figure 2).  In any case, it is not unusual to observe 
offsets of tens of milliarcsec between images of a target obtained non-consecutively, with obser-
vations of a distinct target interleaved.
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Figure 1: Analysis of image 
stability tests with each 2-
orbit visit considered inde-
pendently.  The image drift 
relative to the position  at the 
start of the visit is shown for 
the UVIS (blue diamonds) 
and IR (red circles) channels, 
for drift on the x-axis (top 
panel), y-axis (middle panel), 
and quadrature sum of the 
drift in each axis (bottom 
panel).  In each panel, verti-
cal lines denote the start of a 
new visit, and the periods al-
located to hot and cold tar-
gets are indicated.  In the bot-
tom panel, horizontal lines 
indicate the CEI specification 
for the UVIS (blue & grey) 
and IR (red & grey) channels.  
The 96-minute orbital varia-
tion in thermal environment 
is clearly seen.  The largest 
excursions in both channels 
occurred during the second 
visit of the hot stabilization 
period, where the UVIS ex-
cursion was 14 milliarcsec 
and the IR excursion was 25 
milliarcsec.  The UVIS chan-
nel barely violates the CEI 
specification in one other 
visit, while the IR channel 
has small violations in 3 
other visits.
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Figure 2: Analysis of image 
stability tests on the UVIS 
channel, considering the 
trends over periods longer 
than 2 orbits.  Unlike Figure 
1, here the drift (blue dia-
monds) is shown relative to 
the first image on a target in-
stead of the first image in a 
visit.  The hot and cold peri-
ods are by definition on dis-
tinct targets, so arbitrary off-
sets have been added to the 
cold case to create an ap-
proximately smooth trend 
(+45 milliarcsec on the x-
axis, and +15 milliarcsec on 
the y-axis).  The small rota-
tions between visits have 
been removed, but residual 
discontinuities in position at 
some of the visit boundaries 
(vertical lines) are apparent, 
consistent with the expecta-
tions for a new guide star ac-
quisition at the start of each 
visit.  The drift in image posi-
tion over longer periods is 
smaller than the orbital varia-
tions seen within a 2-orbit 
visit, implying that the day-
night variation in thermal 
conditions is the dominant 
contributor to image instabil-
ity.  The only large offset oc-
curs at the final cold-to-hot 

transition, but the size of the offset is artificial, given the change in target and guide star.  The 
only clear point that can be made regarding the last 2-orbit visit is that the pointing is close to 
that in the first 2-orbit visit, which might reflect the fact that the environment was first heated 
and then cooled, such that the conditions were similar in the first and last visits.
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