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ABSTRACT
A small fraction of WFC3/IR observations exhibit an anomaly known as banding. The
banding anomaly is characterized by a rectangular region in which background pixel
values are a few DN above or below the rest of the image. This region is centered
vertically, and extends horizontally across the entire image and into the reference pixels.
The height of the band varies from image to image, but is always either 64, 128, 256, or
512 pixels. Banding is not obviously seen until the third readout of an affected exposure.
Furthermore, there appears to be a causal connection between the height of the band in
a given banded image and the readout mode of the IR image(s) that preceded it.
In this report, we describe this anomaly in detail, using surveys of preflight ground-test
and on-orbit data, speculate on possible causes, and suggest strategies that observers
can use to mitigate the effects of banding.

Introduction
IR images with banding exhibit a rectangular region containing pixels with mean background brightness levels that are typically ± 3-5 DN from those in the rest of the image.
This region is vertically centered and extends all the way across the image horizontally
into the reference pixels. The banded region is framed on top and bottom by single row
of pixels with discontinuous brightness levels (see brightness profiles in Figures 3, 5,
and 13, accompanying example images in Figures 4, 6, and 14). Although the height of
the band varies from image to image, it does so only by very specific quantized steps:
all observed banded regions have a height of either 512, 256, 128 or 64 pixels.
The root cause of banding is uncertain but there appears to be a connection between the banding characteristics in an image and the preceding IR image types(s).
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Subarray Images
Dark Calibration Images
Routine internal dark calibration frames (see brightness profiles in Figures 3 and 5,
accompanying example images in Figures 4 and 6) offer one of the best means to characterize the banding phenomenon. First, darks, by definition, record only detector dark
current and are entirely free of external light sources that might mask the effect. Second,
the majority of on-orbit darks are taken as part of only a handful of proposals (11926,
11929, 12093, 12097, and 12349), which, to maximize observing efficiency, are always
executed in specific predefined sequences. The benefit here is the repeatability of the
tests, reducing the number of free parameters.
We thus surveyed all archival SMOV, Cycle 17, and Cycle 18 IR subarray dark
calibration images and found that about 30-35% of all SMOV/Cycle 17 subarray dark
calibration images were banded. As a direct result, six of the fourteen Cycle 17 subarray
superdarks were found to be banded. Table 1 summarizes the findings as a function of
sample sequence and subarray size. Additionally, while every SPARS25 512x512 pixel
subarray (hereafter referred to as “SPARS25/512”) dark calibration image taken during
Cycle 17 was affected by banding, none of the Cycle 18 (including SPARS25/512) darks
taken thus far show any sign of banding.
For completeness, we also checked subarray dark calibration frames taken during
Thermal Vacuum test 3 (TV3). Six SPARS10 ramps for each subarray size were taken
during TV3. Of these, SPARS10/256 and SPARS10/512 exhibit banding. While the
banding in the SPARS10/256 TV3 and on-orbit subarray darks are the same (to better
than 0.5 DN), we found that the TV3 SPARS10/512 darks exhibit banding, while the
on-orbit SPARS10/512 darks do not show any banding.
Looking at the mean pixel levels of the banded and non-banded regions of subarray darks on a read-by-read basis provides insights into the anomaly. As illustrated
by Figure 1, banding starts to become apparent after the third read, although it is unclear if is simply due to the fact that the signal level is very low in the first few reads.
Secondly, if we look at the mean levels in exposure-elepsed time, rather than by read
number (Figure 2), one can see that the slopes of the in-band and non-band curves are
quite different. In fact, the slope and overall shape of the in-band curve is quite similar
to the full-frame curve. The exact reason for this is unknown.
External Science Images
A systematic search of all Cycle 17 and 18 archival external subarray images resulted
in 5% of images with bands. Closer inspection of these images, however, in particular
after recalibrating with the dark reference file subtraction step set to OMIT, revealed
that the banding was due to the superdark. That is, none of the external subarray images
were found to be intrinsically banded; the bands were being imprinted on these images
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Table 1. Cycle 17 Dark Calibration Frames: Affected Sample Sequence/Subarray
Size Modes
Sample Sequence

SQ64SUB

SQ128SUB

SQ256SUB

SQ512SUB

RAPID
SPARS10
SPARS25
SPARS50
SPARS100
SPARS200
STEP25

OK
N/A
N/A
OK
N/A
N/A
N/A

OK
BANDING
N/A
OK
N/A
N/A
N/A

OK
BANDING
BANDING
BANDING
OK
OK
N/A

BANDING
OK
BANDING
OK
OK
OK
BANDING

Note. — Adapted from Table 1, WFC3 ISR 2010-16

Figure 1. Mean dark current values for all 16 reads of a SPARS25 512x512 subarray
dark calibration image. The blue dashed curve represents the mean level outside the
banded region, and the green solid curve represents the mean level inside the banded
region. Plot courtesy of Bryan Hilbert, WFC3 ISR 2010-16.
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Figure 2. Mean dark current values for all 16 reads of a SPARS10 256x256 subarray
dark calibration image. The blue curve with shorter dashes represents the mean level
outside of the band, and the red curve with longer dashes represents the mean level
inside the banded region. The black solid curve represents the mean level over the
entire frame of a full-frame SPARS10 dark calibration image.
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by the superdark reference file during the dark correction step of CALWF31 .
As illustrated by the brightness profiles in Figures 7, 9, and 11, and accompanying example images in Figures 8, 10, and 12), banding of this type can be verified
by comparing non-dark-corrected and dark-corrected versions of a particular image.
If CALWF3 induced banding is present, the non-dark corrected version of the image
should not exhibit banding. Since the dark correction calibration step is always performed on external science data, any Cycle 17 external subarray image in one of the
observing modes marked as “banding” in Table 1 will contain banding to some degree.

Banding In Full-Frame Images
Banding has been observed in full-frame external and dark calibration observations with
roughly the same frequency (0.44% of externals and 0.66% of darks are affected). Like
for the subarray darks, banding in full-frames is intrinsic (i.e., not introduced by the
subtraction of the dark calibration file), and thought to be caused by the same mechanism.
The basic characteristics of full-frame banding are similar to that of subarray
banding but with two significant differences. Firstly, the band height is much more
variable. With the exception of the multibanded subarray dark calibration image (Figures 5 & 6), the subarray band is always half the height of the subarray. On the other
hand, the height of the band in full-frame banded images can vary from frame to frame.
For example, there is a 64 pixel band in a full-frame (Figure 14 & 13), a 128 pixel band
in a full-frame (Figure 15 & 16), and so on. Second, many of images with bands smaller
than 512 pixels exhibit a gradient in the background signal above and below the band, as
illustrated by Figures 13 and 14. Regardless of band height, this region seems to always
extend out to where the edges of a 512-pixel band would be. The cause of this glow is
uncertain, but it is thought to be caused by the change in readout mode (Wheeler, 2010).

Possible Causes
Initially, we searched for events in the HST spacecraft telemetry (e.g., detector temperature, bus voltages, and so on) whose occurrence correlated in time with banded images;
no such correlations were found. However, a pattern did emerge from a closer look at
what preceded banded images: for any intrinsically banded image (i.e., not CALWF3
induced), the size of the band is always directly related to the size of the prior subarray
image(s). For example, seven 64x64 subarray darks were taken in the 33 minutes immediately preceding an image which exhibits a prominent 64 pixel wide band (see Figure
14). Additionally, a set of 64x64, 128x128 and 256x256 subarray darks were taken just
minutes before the image in Figure 6, which exhibits nested 64, 128, and 256 pixel-high
1

For more information on the Cycle 17 dark current monitor program please refer to WFC3 ISR
2010-16.
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banding2. This suggests banding is caused by smaller subarray images “imprinting” the
larger images which follow and would explain why bands are only 64, 128, 256 or 512
pixels high.
Determining how close in time an image must be taken after the subarray in order
to cause banding in the full-frame is difficult due to small number statistics. Based on
an initial survey of banded full-frame images, the window appears to be ∼60 minutes; a
systematic survey of full-frame banded images showed that overall, full-frame banded
images had subarray exposures taken less than 20 minutes prior, with only 2 banded
full-frame images triggered by subarray observations taken up to just over 60 minutes
prior.
An additional finding concerning banded full-frame images: Some subarray modes
never produced banding. These modes are as follows: RAPID (all sizes), SPARS100
(256 and 512), and SPARS200 (256 and 512). The observing modes that did produce
banding are as follows; SPARS10 (128, 256 and 512), SPARS25 (512), STEP25 (512),
STEP100 (64 and 512).
Finally, Wheeler (2010) has speculated that the cause of the faint gradient seen
above and below some banded regions (Figures 14 & 13) may be precipitated by a
change in readout mode, however the exact cause is not yet known.

Mitigation
For observers in the planning stages of their observations, we have two recommendations. First, avoid mixing different subarray sizes in a single visit whenever possible.
If all IR observations are the same size, banding does not occur. Second, if mixed
modes are unavoidable, observations should be sequenced by aperture size from largest
to smallest, with observations using the largest aperture coming first.
For those observers who have data that suffers from CALWF3 induced banding,
existing cycle 17 dark calibration are being replaced with new band-free dark calibration
files as they become available. The cycle 18 dark calibration program was specifically
built to avoid banding, and restrictions were put in place to ensure that IR science observations taken after these observations are not affected.

Conclusions
In summary, banding can be seen in subarrays and more rarely, in full-frame observations. Banding in internal subarrays such as dark frames is intrinsic to the observation
and appears to be caused by the acquisition of a shorter subarray just prior to the banded
subarray. Banding in external subarray images is caused by the application of a banded
dark reference file during the calibration process. Finally, subarrays cause banding in
full-frame images if they are taken within a few (up to approximately 20) minutes prior
2

It should be noted here that this is the only example ever seen of multiple banding features in a single
image.
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to the full-frame.
To correct banding in existing external images, new dark reference files will be
produced as unbanded dark frames are acquired. To avoid banding in future datasets,
observers should avoid mixing modes (subarray sizes) and avoid taking subarrays just
prior to full-frame images.
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Figure 3. A 3-σ clipped robust mean brightness profile along y-axis of a Cycle 17
SPARS10/256 dark calibration image exhibiting typical 128 pixel high banding. Vertical
dashed lines indicate the predicted locations of all possible band boundaries, given the
aperture size.

Figure 4. A Cycle 17 SPARS10/256 dark calibration image exhibiting 128 pixel high
banding. Band boundaries are marked accordingly.
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Figure 5. A 3-σ clipped robust mean brightness profile along y-axis of a SPARS200/512
dark calibration image exhibiting atypical nested 256, 128, and 64-pixel high banding.
Vertical dashed lines indicate the predicted locations of all possible band boundaries,
given the aperture size.

Figure 6. A Cycle 17 SPARS200/512 dark calibration image exhibiting nested 256,
128, and 64-pixel high banding. Band boundaries are marked accordingly.
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Figure 7. A 3-σ clipped robust mean brightness profile along y-axis of a Cycle 17
SPARS10/256 external science image with dark calibration on (solid black), and dark
correction off (dashed red). Vertical dashed lines indicate the predicted locations of all
possible band boundaries, given the aperture size. Plots based on observations courtesy
of Dr. Neill Reid.

Figure 8. A Cycle 17 SPARS10/256 external science image exhibiting 128 high pixel
calibration-banding reduced with dark correction on (left panel) and dark correction off
(right pane). Band boundaries are marked accordingly. Image courtesy of Dr. Neill
Reid.
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Figure 9. A 3-σ clipped robust mean brightness profile along y-axis of a Cycle 17
SPARS10/256 external science image with dark calibration on (solid black), and dark
correction off (dashed red). Vertical dashed lines indicate the predicted locations of all
possible band boundaries, given the aperture size.

Figure 10. A Cycle 17 SPARS10/256 external science image exhibiting 128 high pixel
calibration-banding reduced with dark correction on (left panel) and dark correction off
(right pane). Band boundaries are marked accordingly.

11

WFC3 Instrument Science Report 2011-04

Figure 11. A 3-σ clipped robust mean brightness profile along y-axis of a Cycle 17
SPARS10/256 external science image with dark calibration on (solid black), and dark
correction off (dashed red). Vertical dashed lines indicate the predicted locations of all
possible band boundaries, given the aperture size.

Figure 12. A Cycle 17 SPARS10/256 external science image exhibiting 128 high pixel
calibration-banding reduced with dark correction on (left panel) and dark correction off
(right pane). Band boundaries are marked accordingly.
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Figure 13. A 3-σ clipped robust mean brightness profile along y-axis of a Cycle 17
Full-frame SPARS50 external science image exhibiting 64 pixel high banding. Vertical
dashed lines indicate the predicted locations of all possible band boundaries, given the
aperture size. Plot based on observations courtesy of Dr. Gabriela Canalizo.

Figure 14. A Cycle 17 Full-frame SPARS50 external science image exhibiting 64 pixel
high banding. Band boundaries are marked accordingly. Image courtesy of Dr. Gabriela
Canalizo.
13

WFC3 Instrument Science Report 2011-04

Figure 15. A 3-σ clipped robust mean brightness profile along y-axis of a Cycle 17 Fullframe SPARS100 dark calibration image exhibiting 128 pixel high banding. Vertical
dashed lines indicate the predicted locations of all possible band boundaries, given the
aperture size.

Figure 16. A Cycle 17 Full-frame SPARS100 dark calibration image exhibiting 128
pixel high banding. Band boundaries are marked accordingly.
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Figure 17. A 3-σ clipped robust mean brightness profile along y-axis of a Cycle 17
Full-frame STEP200 dark calibration image exhibiting 256 pixel high banding. Vertical
dashed lines indicate the predicted locations of all possible band boundaries, given the
aperture size.

Figure 18. A Cycle 17 Full-frame STEP200 dark calibration image exhibiting 256 pixel
high banding. Band boundaries are marked accordingly.
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Figure 19. A 3-σ clipped robust mean brightness profile along y-axis of a Cycle 17
Full-frame SPARS50 external science image exhibiting 512 pixel high banding. Vertical
dashed lines indicate the predicted locations of all possible band boundaries, given the
aperture size. Plot based on observations courtesy of Dr. Gabriela Canalizo.

Figure 20. A Cycle 17 Full-frame SPARS50 external science image exhibiting 512 pixel
high banding. Band boundaries are marked accordingly. Image courtesy of Dr. Gabriela
Canalizo.
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