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1 Abstract

We describe and illustrate an empirical algorithm that determines optimal parameter value
settings for the clean_flicker_noise step, which performs a correction for so-called 1/f noise, of the
JWST calwebb_detector1 pipeline automatically from properties of the target scene in NIRISS and
NIRCam imaging datasets. This algorithm is implemented as a new parameter called autoparam.
Its default value is False, and it can be activated by setting it to True in parameter reference files.
It has been activated for NIRISS imaging data in JWST calibration pipeline build 12.3 (released
May 26, 2026). While this algorithm has been verified to find optimal parameter values for all
NIRISS imaging data in the MAST archive as of March 2026, results should always be examined
and verified for proper 1/f correction.

2 Introduction

The reference voltage for the readout amplifiers on the near-IR cameras onboard JWST
experience fluctuations during every read of the detector pixel array, causing additive offsets in
the recorded signal levels. These fluctuations are well described by a 1/f power spectrum which
shows up as striping in the fast-read direction of the detector (for NIRISS, this is along columns
in the orientation of JWST pipeline products, which have the observatory’s +V3 axis up and the
+V2 axis to the left) with an amplitude that is different for each stripe or column, resulting in an
appearance of “banding” along the slow-read axis. Since each frame read experiences its own
unique striping pattern, this effect manifests most significantly in integrations with small
numbers of reads, since there are relatively few up-the-ramp samples to average over the voltage
fluctuations. While the effect of this striping pattern to photometric measurements is typically
small, background noise as well as the overall cosmetic quality of images can be affected
significantly.
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In Build 11.1 of the JWST calibration pipeline (released September 9, 2024), the

“clean_flicker noise” step was introduced in the calwebb_detector1 pipeline to allow users to
apply a correction for this striping commonly referred to as “1/f noise”. However, this step has
remained turned off by default due to the challenging nature of this correction for any arbitrary
astronomical scene, as the 1/f signal can in certain cases be confused with actual scientific signal.
This report describes an algorithm to automatically determine the best parameter values for
clean_flicker_noise for applying 1/f corrections of NIRISS imaging datasets, based on certain
properties of the astronomical scene. A small adjustment to the algorithm which also makes it
work well on NIRCam imaging data is also described (see §4).

3 NIRISS Images and Initial Data Reduction

All full-frame Levellb exposures (* uncal.fits) collected with NIRISS since the instrument
reached stable operating conditions on Apr 15, 2022 were downloaded from the Mikulski
Archive for Space Telescopes (MAST) at the Space Telescope Science Institute (STScI). Only
exposures taken with combinations of the Pupil Wheel (PW) and Filter Wheel (FW) that include
medium- and broad-band imaging filters are considered. This includes the short-wavelength
filters, FOOOW, F115W, F150W, F200W, F140M, or F158M in the pupil wheel combined with
the CLEAR element in the filter wheel, and the long-wavelength filters F277W, F356W, F444W,
F380M, F430M, or F480M in the filter wheel with the CLEARP element in the pupil wheel. The
exposures span the commissioning (COM), calibration (CAL), ERO, ERS, GTO, and GO
programs in Cycles 1 and 2 and part of Cycle 3. Images illuminated by the internal calibration
lamps of NIRISS were not retrieved.

The exposures were processed using version 1.17.1 of the JWST calibration pipeline (Bushouse
et al. 2024) and CRDS context jwst 1322.pmap to produce the Level2a slope images (* rate.fits;
units of ADU/sec). To get an impression of the intrinsic structure of the images after an initial
correction for 1/f noise, the clean_flicker_noise step within calwebb_detector1 was activated using
the following parameter settings:

skip: False

fit_method: ‘median’
background_method: ‘median’
apply_flat_field: True
fit_by_channel: False
save_mask: True

The last four of these parameters are briefly explained below.

background_method: This is the method used to calculate the background level across the image.
There are two options':

! More recent versions of clean_flicker_noise have an additional option ‘median_image’' which subtracts averaged groups
across all integrations of an exposure prior to the 1/f correction. This option is only recommended for images with
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e Option ‘median’ (which is the default) first masks all pixels deemed to be either bad pixels
or inhabited by astronomical sources, then calculates the median level of non-masked
pixels along each column or row depending on the direction of fast readout (columns in
pipeline products in the case of NIRISS), followed by an adjustment of the level of each
of those columns to reach the overall median level across rows (i.e., along the slow
readout axis). Note that this option can only work well for background scenes that are
intrinsically flat across the image.

e Option ‘model first performs a smooth 2-D fit to the background structure in the image,
using photutils.background.Background2D. This can be done using one sub-option, namely
the box size for the grid used to fit the background. After subtracting the fitted 2-D
background from the image, the process of option ‘median’ mentioned above is followed,
after which the fitted 2-D background is added back into the image.

apply_flat_field: This parameter allows one to divide the image by the appropriate flat field before
the other 1/f correction steps are performed. While the default setting is False, it is important to
set it to True for all non-flatfielded exposures of astronomical scenes, since if this is not applied,
the background_method options mentioned above will flatten the background, which will then
cause an incorrect flatfielding result in calwebb_image2.

fit_by_channel: This parameter allows one to calculate the medians along the fast readout
direction on a channel-by-channel basis (rather than across the full detector). This facilitates an
improvement of the 1/f correction when the 1/f pattern is significantly different from one readout
channel to another (see below). The default setting is False. Note that this parameter is only
relevant to 4-amplifier readouts (i.e., full-frame images); windowed subarray images always use
fit_by_channel = False.

save_mask: This parameter allows one to save the mask of bad pixels and pixels occupied by
astronomical sources as a fits file for further analysis. The default setting is False.

4  Analysis

4.1 Properties of Astronomical Scenes Relevant to 1/f Correction

There are a few properties of the appearance of the 1/f signal in NIRISS images that allow an
assessment of the relevance of certain properties of the astronomical scene to the optimal
selection of settings of the clean_flicker_noise step. These are described below and illustrated in
Figure 1.

In general, NIRISS (and NIRCam) images in the MAST archive represent three broad types of
astronomical scenes:
1. Sparse field scenes. These are typically relatively short exposures (with relatively few
groups per integration), resulting in relatively strong contributions of the 1/f pattern to the
image background. Examples are shown in the top panels of Figure 1. Note that the 1/f
pattern across detector columns can be different from one readout channel to another

many (> 10) integrations so as to properly average over stripe patterns, which are different for each detector read.
This option was implemented for Time Series Observations such as NIRISS/SOSS data.
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(each channel’s amplifier reading out 1/4™ of the pixels in the image). One relevant
feature in this respect that is specific to the NIRISS detector is that the 1/f pattern in the
“top” channel (in the orientation of datasets produced by the JWST pipeline, see this
JDox article) can be quite different from that in the other three channels.

Crowded field scenes. A large fraction of pixels in such images is occupied by
astronomical sources, rendering it difficult to identify any coherent 1/f signal (at least by
eye). See middle panels of Figure 1 for examples.

Scenes with intrinsic structure in the image background. These come in several subtypes;
examples are images of galaxy clusters, nearby galaxies, and star-forming regions within
our Galaxy. Examples are shown in the bottom panels of Figure 1. While the 1/f pattern
typically is discernable in these images, it is often relatively weak and hard to disentangle
from astronomical source signal(s) in the image. For such cases, background_method =
‘model’ is often the best choice for 1/f noise removal.

4.2 Towards a Parameter Value Selection Algorithm

Several statistical properties of the images were calculated with the aim to find an algorithm that
isolates the optimal combination of parameter values of clean_flicker_noise for a given exposure in
imaging mode. Unsuccessful statistical properties in this context included: clipped mean, clipped
median, clipped standard deviation, mode, skew, kurtosis, and Structural Similarity Index (all
calculated for a 2-D fit to the background using photutils.background.Background2D, calculated
from image pixels not occupied by astronomical sources).

The properties that turned out to allow such an algorithm to be successful for NIRISS images are
the following:

The maximum slope found along averaged rows or averaged columns, hereafter called
max_slope.

The ratio between the maximum and minimum slopes found along block-averaged rows
or block-averaged columns, hereafter called slope_ratio. The combination of this and the
previous properties yields a robust indication as to whether the scene has significant
intrinsic structure in the background, which is relevant to the choice for
clean_flicker_noise.background_method. See panel (a) of Figure 2.

The fraction of pixels in the image flagged as occupied by astronomical sources. This
property, hereafter called mask_frac, is relevant to the choices of both fit_by_channel and
background_method. See panels (b) and (c) of Figure 2.

The maximum offset (or step size) in count rate between image channels, hereafter called
max_channel_offset. This is calculated from a block-averaged column, looking at statistics
on either side of the channel borders at rows 512, 1024, and 1536. This property is only
measured for full-frame images, and it is mainly relevant to the question whether to use
fit_by _channel = True or False (see panel (f) in Figure 2). It also plays a role in the choice
for background_method for scenes with mask_frac > 0.08 (see panel (d) of Figure 1) and
scenes with mask_frac < 0.08 and max_channel_offset < 0.04 (see panel (e) of Figure 2).
The standard deviation around a linear fit to the clipped-averaged row across the top
channel (i.e., rows 1537-2044), hereafter called upper_channel_sigma. This is a property
that is only measured for full-frame images, and it is relevant to the choice between
fit_by_channel = True or False for cases where both max_channel_offset and mask_frac are
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relatively small (see panel (c) of Figure 2). Note that for the NIRCam full-frame imaging
case, this parameter was replaced by channel_sigma, which is the standard deviation
around a linear fit to an averaged line across the 4 channels.

Figure 1: Count rate images showing examples of the 3 main types of astronomical scenes in NIRISS images in
the MAST archive (see §4.1). The top panels are 2 examples of sparse fields with relatively short exposure times
(i.e., low values of NGROUPS and NINTS), showing relatively clear 1/f noise patterns in the background which
are distinct from one readout channel to another. The middle 2 panels show examples of crowded fields (one of
which includes dark dust clouds). The bottom 2 panels show two different types of scenes with intrinsic
structure in the background, which renders isolation of the 1/f noise pattern more difficult.
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Figure 2: Relations between the image properties mentioned in §4.2. Symbol colors represent different types of
astronomical scenes, as described in §4.1, and are shown in the legend of panel (b). Different colors of shaded
regions within figure panels represent areas populated by different combinations of best values of parameters
background_method and/or fit_by_channel, as shown in the legend near the top center of the Figure. Shaded
regions indicate selections by the algorithm based solely on the values of the two parameters plotted in the
figure panel in question (i.e., the final parameter value selection for a given scene is often based on more than
two properties). Data shown in a given panel include only scenes with parameter values for which the positions
of the data in that panel are relevant to the choice(s) made by the algorithm. See discussion in the text.
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The parameter selection algorithm is shown in Figure 3 below and briefly described here.

1 if (max_channel_offset > 0.04) & (mask_frac < 0.08):
2 background_method = 'median’

3 fit_by_channel = True

4 elif mask_frac > 0.08:

5 fit_by_channel = False

6 if max_offset < 0.07:

7 if max_slope > le-5:

8 background_method = 'model’

9 else:

10 background_method = 'median’

11 else:

12 # To avoid crowded fields getting 'model’
13 if (max_slope > le-4) & (max_channel_offset < 0.16):
14 background_method = 'model’

15 else:

16 background_method = 'median’

17 else:

18 if max_slope > le—4:

19 background_method = 'model’

20 elif max_slope > le-b:

21 if slope_ratio < 5:

22 background_method = 'model’

23 else:

24 background_method = 'median’

25 else:

26 background_method = 'median’

27 if upper_row_sigma > 0.02:

28 fit_by_channel = True

29 else:

30 fit_by_channel = False

Figure 3: Parameter value selection algorithm for NIRISS images in Python.

The if statement on line 1 of the algorithm selects sparse scenes similar to the top panels of
Figure 1, for which max_channel_offset is large enough to benefit from fitting the 1/f pattern in a
channel-by-channel fashion. This area of parameter space is the grey box in panel (f) of Figure 2.

For scenes with > 8% of pixels occupied by sources (and/or bad pixels), it is always found to be
beneficial to fit the 1/f pattern across the full detector, mainly because doing this by channel
typically results in poor fits of the 1/f pattern in that case. The choice of background_method for
this case is found to depend on a combination of max_slope and max_channel_offset as shown in
lines 6-16 of the algorithm. The relevant parts of parameter space for the selection of
background_method for sources with mask_frac > 0.08 is shown in panel (d) of Figure 2.

For scenes with mask_frac < 0.08 and max_channel_offset < 0.04, the selection of
background_method is done using a combination of max_slope and slope_ratio, as shown in lines
18-26 of the algorithm and panels (a) and (e) of Figure 2. The selection of fit_by_channel for the
same scenes is done using the value of upper_row_sigma (for the NIRISS case). This reflects the
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1/f pattern often being different for the top channel relative to the other three channels, as
mentioned in §4.1.

The threshold values of the various parameters mentioned above were determined using
empirical checks of the images resulting from applying 1/f corrections with the respective
parameter values.

5 Implementation Details

A flowchart of the parameter value selection algorithm in the calwebb_detector1 pipeline is shown
in Figure 4 below. The full method has been implemented as an option of clean_flicker_noise
called autoparam, defaulted to False for the step, but which can be set to True by means of
parameter reference files for the clean_flicker_noise step?.

Run calwebb_detectorl with these
clean_flicker_noise options:

skip = False,
fit_method = ‘median’,
background_method = ‘median’,
apply_flat_field = True,
fit_by_channel = True,
save_mask = True

and retain the result of the jump step on
disk (or in memory). Also keep _mask file.

|

Run parameter value selection algorithm
on _rate file

|

Run clean_flicker_noise
with the selected parameter

values on the _jump file
(along with
apply_flat_field = True),
followed by ramp_fit and

Resulting
parameter
values changed
relative to initial
run?

Proceed with
running
calwebb_image2
on _rate file (etc)

calwebb_image2 (etc) as
usual.

Figure 4: Flowchart of implementation of automatic parameter value selection algorithm in the
calwebb_detector1 pipeline.

6 Results and a Caveat
Results of the automatic parameter value selection algorithm for the images shown in Figure 1

are shown in the right panel of Figure 5. The biggest differences relative to Figure 1 are seen for
the sparse scenes (i.e., the top panels), due to the 1/f correction now being done separately for the

2 autoparam will be set to True for data taken in the NIRISS Imaging mode as of JWST pipeline build 12.3 (to be
released on May 26, 2026).
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four channels. The optimal 1/f correction settings for the images shown in the middle panels
were the same as those used for Figure 1, while the images shown in the bottom panels were now
processed using background_method = ‘model’ rather than ‘median’. However, this only made a
minor improvement which is virtually invisible by eye.

For all images processed here, the algorithm does a good job of selecting optimal parameter
values for the 1/f correction. However, one should realize that this is an empirical algorithm
based on images taken thus far and while it is likely that the algorithm will select optimal
parameter values for most future images taken with NIRISS (and NIRCam), there may be some
cases for which it does not. Results should always be examined and verified for proper 1/f
correction.

Figure S: Left panel: copy of Figure 1. Right panel: same, but now the images have been processed with the
“optimal” values for the parameters of the clean_flicker_noise step. Note the improvement in 1/f correction
quality for the “sparse” scenes in the top panels.

The Python implementation of the parameter value selection algorithm described here is
available as autoparam.py in the clean_flicker_noise folder within the public GitHub site for the
JWST calibration pipeline.
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