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ABSTRACT

The procedures used to develop and test the COS FUV fixed pattern noise template to
correct the gridwire shadows in the G130M and G160M gratings are described. 1-D
templates were derived by the FP-split technique. These were replicated over the active
areas of the detectors to create 2-D flat fields that are easily implemented in CalCOS.
The flat fields were tested on a number of high signal-to-noise data sets. The result
show an increase in both the quality of the spectrum and the amount of useable spectra.
Signal-to-noise ratios over regions affected by the gridwire shadows have an average
increase of ∼30% for segment A and ∼26% for segment B in x1dsum combined spectra
utilizing more than 1 FP-POS.

We also describe an alternative approach to deriving 1-D flat field templates
whose results agree well with the templates determined from the FP-split algorithm and
which produces well defined errors. We use these templates to characterize the fixed
pattern noise which remains after the gridwires have been corrected and to estimate the
ultimate signal-to-noise capabilities of COS x1dsum data.

Operated by the Association of Universities for Research in Astronomy, Inc., for the National Aeronautics
and Space Administration.
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1. Introduction
Before launch, the plan for correcting fixed pattern noise in the COS FUV detectors
was to apply a 2-D flat field created from ground data. After launch it was found that
the flats taken on the ground did not agree with in-flight data, so a flat field needed
to be created out of in-flight data. The fixed pattern noise has three broad categories:
Grid wire shadows up to 20% deep, detector irregularities up to 15% deep, and gain
sag features which can approach 100% deep. Figure 1 shows the fixed pattern noise
template (see §2) affecting a portion of each detector segment for each grating. Dashed
red lines indicate the ±2σ of the Poisson noise level. The largest depressions seen are
the grid-wire shadows. They are broad, ∼ 50 pixels each, and occur regularly at 17
locations on Segment A and 22 locations on Segment B. The shapes of the shadows on
each detector segment are different for each gratings since the different gratings fall on
distinct detector locations and illuminate the detectors uniquely.

This report describes the creation and testing of the first version of the in-flight
flat fields which are designed to correct only the gridwire shadows. The reason we
correct for the grid wire shadows before addressing the remaining fixed pattern effects
is twofold. First, they are the largest single source of fixed pattern noise. Second, be-
cause the shadows are perpendicular to the spectrum, their effect on the data is relatively
insensitive to the location of the spectrum in the cross-dispersion direction. The remain-
ing fixed pattern noise is often strongly dependent on the spectrum location in the cross
dispersion direction and will require considerably more effort to fully characterize and
correct.

2. Template Generation
The FP-SPLIT algorithm was used to generate the flat field templates. This is a well-
known iterative technique (Bagnuolo & Gies, 1991 and Lambert et al., 1994) that ex-
tracts both the fixed pattern noise and the SED of the source simultaneously. It does,
however, encounter problems with COS data when applied to a single set of FPPOS
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Normalized Response of Fixed Pattern Noise Templates

Figure 1. Portions of fixed pattern templates for each grating and detector. The dashed
red lines indicate the 2σ noise level, so most features larger than this are real and due to
fixed pattern effects.

spectra for a single CENWAVE, because the FPPOS off-sets used by COS are nearly
identical, instead of non-redundant. However, because of the non-repeatability of the
COS Optics Select Mechanisms(OSMs), when multiple CENWAVEs (especially ob-
tained at different times) are employed, this problem appears to be alleviated. Conse-
quently, we used all of the early data for each white dwarf in programs 11491, 11497
and 11897 with G130M or G160M data. IDL code developed specifically for COS data
by T. Ake was used to generate templates for each grating and segment. The full 1-D
templates determined by the algorithm for the G130M are shown in Figure 2. To pro-
duce a flatfield that only affects the gridwire shadows, regions outside of the grid wire
locations (as identified in the bad pixel table) were set to 1. The resulting 1D grid-wire
templates are shown in Figure 3.

Each 1-D template for the G130M and G160M gratings was then converted to
2-D grid wire flats by replicating it into a 2-D format. Note that we currently have not
produced a flat for the G140L. The strong variation in the response over the G140L is
problematic for the usual techniques, and how much effort and how useful a G140L flat
would be remain to be determined.
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Figure 2. Template produced from the iterative FP-SPLIT technique for G130M data.
This spectrum includes all fixed pattern noise in the detector.

3. Testing

3.1 Data
A collection of data sets were used to test the effectiveness of the flat field in a variety of
high signal-to-noise spectra. The data used were from programs 11625, 12038, 11686
and 11491.

Uncalibrated data were retrieved from MAST and processed by CalCOS v2.13.6
twice. The first time all calibration switches and data flags were set to the default
pipeline values, with no flat field applied. The second run had the same configuration
except that 1) the FLATFILE header keyword was set to point to the flat field reference
file being tested; 2) SDQFLAGS was set to 184, so that the gridwire locations were no
longer flagged as bad, and; 3) FLATCORR was set to perform. This run generated a
set of files with the flat fields applied. These two data sets formed the test suite for the
analysis, primarily using the x1d and x1dsum data files.

3.2 Quick Look
A quick look at specific test data with and without flat field correction provided promis-
ing results. Figure 4 below shows sections of the x1d spectral data from one sample
data set, la9h01peq, both with and without the flat field applied. The regular, repeat-
ing pattern of the gridwire shadows is easily identified in the data without the flat field
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Figure 3. (Top) 1D grid-wire templates for each segment and grating. (Bottom)
Portions of the templates to show how individual gridwire structure differs with
grating.
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corrections, and is undetectable in the corrected data.

Figure 4. (Top)Segment A of data set la9h01peq, λ1300 − 1350Å, both with
(green) and without (blue) the flat field applied. (Bottom) Same as the top for
Segment B, λ1220 − 1270Å. Red ticks mark the gridwire shadow locations in
both plots.

Another good visual example of the flat field corrections is given by 2 independent
observations from program 11625 that happened to overlap in wavelength coverage.
Each exposure in 11625 used only one FP-POS but at different cenwaves. Without
applying the flat field the x1dsum spectra reject all data at the gridwire locations, and
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Figure 5. (Blue) x1dsum data from two independent observations from program 11625
without the flat field applied. (Green) The same two observations with the flat field
applied. These four plots give, for each gridwire location, the uncorrected data, the cor-
rected data, and an independent observation with which to compare them. The regions
still missing data in the flat fielded spectra have been flagged as bad for other reasons
such as gain sag.

are therefore zero at these locations. However, by looking at another exposure of the
same target with coverage of the same wavelength range, we can see the missing data.
We then compare this with the x1dsum of the same data set with the flat field applied
to see how well the flat field restores the spectrum compared to the independent data
at the same location. Of particular interest is how well spectral features are corrected.
Figure 5 displays one example of this, and the corrected spectra appear to agree with
the independent data.

3.3 Individual Spectra
To determine quantitatively how well the grid-wire flat fields correct the data, we mea-
sure how well the corrected data at each gridwire location fit the surrounding spectrum
in high signal-to-noise data for objects with smooth spectra. To do this, the spectrum
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around the gridwire location was fit to a low order polynomial. We then measured the
mean difference between the data and the polynomial fit, ∆, and the the expected RMS
scatter, σ, over the region affected by the gridwire. Taking the ratio of the two yielded
a single value, χ ≡ ∆/σ (see Eq.[1]), which measures how well the correction matches
the fit in terms of standard deviations of the expected scatter. An absolute value of χ
less than 1 means that the data points have been corrected to within 1 σ of where the
polynomial fit expects them to be.

χ ≡ ∆

σ
=

1
N

Σ(data− fit)√
1
N

Σ(err)2
(1)

The quantity ∆ is the simple mean of the difference between the spectrum and the
fit , err is the value from the error array at that location and N is the number of points
across the gridwire. A graphical description of these measurements is shown in Figure
6.

Figure 6. Graphical representation of the analysis procedure. A portion of a spectrum
is shown in black, with the gridwire location displayed in blue. A polynomial fit to
only the black portion of the region (unaffected by the gridwire shadow) is over plotted
as a green dashed line. The solid red bar shows the mean of spectrum over the region
affected by the gridwire, and the dashed horizontal lines show the ±1σ envelope. (Top)
Without flat applied. (Bottom) With flat applied.
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For each segment, we determined an average and standard deviation of χ for each
gridwire using all of the data sets and both gratings. These measurements are listed in
Table 1. The data in Table 1 demonstrate that most gridwire shadows are corrected to
within 1 σ, indicating excellent corrections.

Segment A Segment B
# 〈χ〉 σ(χ) N 〈χ〉 σ(χ) N

1 1.1907 0.7452 53 0.6122 0.8072 73
2 -0.2629 0.5099 74 -0.6258 0.8524 81
3 0.4868 0.4823 71 -0.2713 0.5748 77
4 0.2794 0.8873 78 -0.8573 0.5243 46
5 0.0101 1.2005 82 -0.9936 0.7180 62
6 -0.2744 0.8100 80 0.4661 0.7387 78
7 -0.0421 0.7281 80 0.0608 0.6814 79
8 -0.3832 0.8053 78 0.4832 0.6601 76
9 -0.3653 0.6114 79 -0.7734 1.2825 80

10 0.2178 0.5008 77 -0.1936 0.6843 77
11 0.2426 0.6295 76 -0.4022 0.5795 70
12 0.7993 1.1035 81 0.0690 0.9115 75
13 0.1582 0.7151 84 0.1361 0.6247 74
14 -0.1199 0.6771 83 0.0338 1.4077 84
15 -0.7763 0.7154 68 -0.2342 0.6920 78
16 0.6305 0.7356 83 -0.3360 1.4477 81
17 0.4668 0.8529 77 -0.1075 0.7398 76
18 0.7179 1.2855 82
19 0.0051 0.6725 80
20 0.0801 0.7002 83
21 -0.6785 0.6318 61
22 0.4684 0.7016 69

Table 1. χ averaged over all test data sets, including both G130M and G160M data. On
average, nearly all gridwire shadows are corrected to within 1σ to the spectrum around
it. Note also that the spread of χ, indicated with σ〈χ〉, indicates some gridwire shadows
have a large variability in this measurement. N shows the number of datasets that were
averaged into each measurement. The number of datasets included for each gridwire
location varies as some measurements must be excluded when the gridwire lies either
off the spectrum (as can happen with the edge locations) or lies on a strong spectral
feature such as the Lyman alpha airglow line. The blank spaces for segment A wires
18-22 is due to Segment A having fewer gridwires than Segment B.
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3.4 Combined Spectra
Although the flat fields appear to do a good job of correcting the gridwire shadows
on the individual spectra, it was also important to determine their effect on the x1dsum
combined spectra. Since using multiple FP-POS had been the standard means of remov-
ing the gridwire shadows, it is of interest to see whether using the corrected gridwire
locations gives more useful data in the final combined spectra.

When utilizing multiple FP-POS observations without flat field corrections, the
contribution of the gridwire region to the combined image will be 0 since it will be
flagged as bad in the bad pixel reference file and not included in the x1dsum spectrum.
By using multiple FP-POS spectra, the missing portions of the spectrum are filled by
other exposures. Consequently, for any particular x1dsum, most of the spectrum will
have contributions from all exposures, with the gridwire locations having at least one
fewer contributing exposures and thus, more noise. In contrast, by applying the flat
field to the individual exposures and including them in the sum, each gridwire location
will now have a contribution from every exposure. This should lead to a reduction in
the noise over the gridwire locations. Utilizing a first order signal-to-noise calculation,
mean signal/standard deviation, over all of the test data sets the average signal to noise
over just the gridwire locations rose from 11.95 to 15.57 for segment A and from 13.72
to 17.35 for segment B. Figure 7 shows a visible example of the signal to noise increase.
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Figure 7. Example of reduction in noise for a x1dsum combined spectra. Location of
the spectrum affected by the gridwire shadow is shown in red. (Top) Gridwire location
without flat. (Bottom) Gridwire location with flat.
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The x1dsum spectra also benefit from applying the flat fields on the edges of the
spectrum. The shifts in wavelength coverage introduced with multiple FP-POS can
leave the first and last two gridwire locations with no data. This happens whenever a
particular gridwire location is outside of the overlapping region for multiple exposures,
and thus will be set to zero as no other contributing spectrum is available. This means
that applying the flat fields yields more usable spectrum as well as reducing the noise.
Figure 8 shows an example of an x1dsum spectrum that is missing data from the last
two gridwire locations compared to the same data set with the flat-field correction.
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Figure 8. (Top) Last two gridwires in a sample x1dsum spectrum utilizing 2 FP-POS
without the flat field applied. (Bottom) Same locations in the spectrum with the flat field
applied.

3.5 Wavecal Region

The current gridwire flat fields are 2-D images that span the entire active area of the
detector. This means that the flat fields are applied to the wavelength calibration spec-
trum, and the background extraction areas for both the science and wavecal spectra. To
determine if applying the flat field to the wavelength calibration region (where the shape
of the gridwire shadows is not known) affects the dispersion solutions in any way, the
differences in the determined wavecal shifts given by SHIFT1A, SHIFT1B, SHIFT2A
and SHIFT2B header keywords were checked on data both with and without the flat
field applied. The data used for this comparison were all the data in the original test
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suite, with the addition of data from Proposal 11488 ”COS Internal FUV Wavelength
Verification” to test all of the FUV observing modes. When comparing these shifts for
data both with and without the flat fields applied, we found a difference of exactly 0
in all 167 data sets. Since there is no effect on the dispersion solution, and since it is
difficult to apply the flat field to just the science spectrum when different cenwaves shift
the spectrum, it was decided to apply the flats to the entire active area.

4. Limiting Signal to Noise and Future Improvements

To characterize the amplitude of the fixed pattern noise which appears in a template, a
firm estimate of the S/N of the fixed pattern templates must be established. This was
done by regenerating the the entire fixed pattern templates in a slightly different manner,
which we term the “direct approach”. It takes advantage of the fact that both the UV
continua of white dwarfs and the optical response of the instrument are smooth, slowly
varying functions of wavelength. Therefore, it is reasonable to fit the overall shape of
uncalibrated (NET) spectra versus wavelength with smooth functions of wavelength.
Once the wavelength dependence is known, the dispersion relationship (which relates
wavelength and pixel position) can be used to normalize the individual spectra in pixel
space. Any component of these residuals between the normalized spectra and unity that
is significantly larger than the expected photometric errors is the fixed pattern noise.
The fitting function can be used to define the absolute flux calibration if the intrinsic
flux distribution of the object is known. The appendix provides the details of the direct
approach, and demonstrates that the resulting 1-D templates are virtually indistinguish-
able from those derived using the iterative approach. Because the templates derived by
the direct approach have well defined errors, they are more suitable for the purposes of
this section.

Templates were constructed from all of the G130M and G160M data from pro-
gram 12086. All CENWAVE and FP-POS observations for each grating were used to
create a weighted mean fixed pattern template for each grating. Figures 9a–d show
frequency distributions which summarize the results. The black and red frequency dis-
tributions of the difference of each point in the template minus the average value for all
of the points in the template (black) and for templates with the gridwires removed (red).
Also shown (in blue), are the frequency distributions (arbitrarily scaled for display) ex-
pected if all of the scatter were from Poisson errors, i.e., a Gaussian whose standard
deviation equals to the RMS of the Poisson errors for each point. If there were no fixed
pattern noise, the black and red frequency distributions would approximate the blue
one. Each plot also lists the RMS scatter (with the photometric contribution removed
in quadrature) for the fixed pattern templates with and without the gridwires, and these
values are summarized in Table 2.

The general behavior of the dispersions can be explained as follows:

• The large negative tail in the distribution disappears and the RMS scatter (standard
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deviation) deceases when the grid wires are excluded. The overall reduction in the
RMS scatter is not very large because the gridwires do not cover very much of the
detector.

• For a given detector, the RMS dispersion is smaller for the G130M than the
G160M since its cross-dispersion profile is larger. As a result, it averages over
the detector irregularities more.

• For both gratings, the FUVA dispersion is larger than the FUVB because the
FUVA is more strongly affected by fixed pattern noise.

Thus, the red curves characterize the effect of fixed pattern noise once the gridwires are
removed. The RMS error due to the remaining fixed pattern noise is anywhere from
3 to 7%, depending on the grating/detector combination. If we make the reasonable
assumption that the fixed pattern noise affecting the spectrum at different FPPOSs is
uncorrelated, then these numbers can be reduced by a factor of 2 by combining data
from all 4 FPPOSs. This means that the ultimate S/N for COS data is between 48
and 30 to 1, depending on the grating/detector combination. To do better would require
either applying the FPPOS algorithm to the spectrum (which only works well for simple
spectra) or attempting to correct the remaining fixed pattern features.

G130M G160M
Stat Segment A Segment B Segment A Segment B

RMS 17.9 23.8 14.9 20.4
Max SN 35.7 47.6 29.9 40.8

Table 2. Maximum signal to noise ratio achievable by grating and detector segment.

5. Conclusions

Our testing has demonstrated that employing the gridwire flat fields to both the individ-
ual and combined exposures results in both improved S/N and a larger useable portion
of the spectrum.

We have also characterized the amplitude of the fixed pattern noise which remains
after the gridwires are corrected. This allowed us to determine the ultimate S/N capa-
bilities of COS data to quantify the effects of the fixed pattern features which remain
after the gridwire shadows are removed. In the future, it may be possible to increase the
ultimate S/N of COS data, but that would require the derivation and application of 1-D
flats which account for all sources of fixed pattern noise on the detector.
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Figure 9. Histograms characterizing the fixed pattern noise for each grating and detec-
tor combination. These plots show the dispersion about the mean of the fixed pattern
templates including the gridwires (black), without the gridwires (red) and the expected
random (Poisson) errors (blue). Each plot also lists the RMS scatter (standard deviation)
for each histogram, with the cases with and without gridwires corrected for the random
contribution.
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Appendix A: Methods for Deriving Fixed Pattern Tamplates

1 Overview

This appendix describes a direct (non-iterative) approach for deriving fixed pattern tem-
plates for COS and gives a detailed comparison of this method and the more widely
used iterative method. While the results of both are nearly identical, the direct method
provides a rigorous error estimate that can be used to assess the signal-to-noise of the
flats.

The idea behind fixed pattern noise is that the instrumental response can be sep-
arated into two distinct contributions: one describing the optical properties of the in-
strument, which is a function of wavelength (termed wavelength space), and the other
describing irregularities in the detector response, which is a function of detector position
(called “fixed pattern noise” in detector space). Typically, the following two assump-
tions are also made:

1. The optical response is a slowly varying function of wavelength.

2. The irregularities in the detector response are rapidly changing functions of detec-
tor position. The function which characterizes this is called a P-flat. In addition,
there may be a detector based response that varies slowly with position, and can
be corrected with a function called an L-flat.

In the UV, white dwarfs are often used as calibration sources because their con-
tinua are smooth and well modeled. Therefore, it is reasonable to fit the overall shape
of their uncalibrated spectra with smooth functions of wavelength and then examine the
residuals of the spectra normalized by the smooth functions in pixel space. The resid-
uals are an estimate of the fixed pattern noise and the fitting function is an estimate of
the uncalibrated flux distribution of the star, which can be used to define the absolute
flux calibration. This approach is termed the direct or non-iterative approach to deter-
mining the fixed pattern noise. There are also commonly used iterative techniques that
extract both the fixed pattern noise and the SED of the source simultaneously. These are
described in Bagnuolo & Gies (1991) and Lambert et al. (1994).

It should be noted from the outset, that there can be exceptions to our basic as-
sumptions in the form of a rapidly varying optical response.

2 Implementation

To derive a fixed pattern template (also termed a 1-D flat) using the direct approach,
at least two independent wavelength settings are needed. These are used to fill in gaps
left by deleting the gridwire shadows and stellar and interstellar (IS) lines, including the
core of Ly α, since these could bias the fits.

The details of the fitting are as follows:

Instrument Science Report COS 2011-03 Page 15



1. Starting with the CORRTAG file (NET spectra can also be used), use the XCORR
and YFULL data to create spectra and assign wavelengths. YFULL is used to be
certain that the extraction box is properly aligned.

2. Align the different exposures in wavelength space. Assign 0 weight to regions
with stellar and IS lines and gridwire shadows. The gridwire shadows are elimi-
nated since they are regularly spaced and always reduce the response, so they bias
the fit.

3. Fit the observed count rate with a polynomial to derive a “continuum1”. For the
results discussed here, an 8-th order polynomial was used for settings which do
not contain Ly α, and a 12-th order polynomial was used for settings with Ly α.
Figure 10 shows examples of the fits for WD0320-539.

4. Divide the individual spectra by the derived continuum in wavelength space. Then
the normalized spectra are averaged in pixel space, filling in the gaps left behind
by eliminating the stellar and IS lines in wavelength space. This average contains
the data for the gridwires which were eliminated from the continuum fit.

5. Determine the errors for the normalized spectra. These are simply σn/fc, where
σn is the error array for the nth NET spectrum and fc is the mathematical fit.

6. Create a weighted mean of the normalized spectra in pixel space, where 0 weight
is assigned for points contaminated by stellar and IS lines. This produces the final
1-D fixed pattern template and its error array in pixel space, viz.

〈Ti〉 =
∑ T ni

(σni )2

and
〈σi〉 =

1√∑ 1
(σn

i )
2

7. The absolute flux calibration follows by simply dividing the final, weighted mean
polynomial fit by a known SED.

3 Comparison to FPPOS algorithm results

Figure 11 (top) compares templates determined from direct method (red curve) and the
iterative technique (black curve). The iterative results were derived using a COS specific

1For segments containing Ly α, each side of Ly α is fit separately.
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Figure 10. Examples of wavelength space fits to 4 FPPOS NET spectra from
program 12086. Regions containing stellar (including the core of Ly α) and IS
lines have been eliminated, as have the gridwire shadows. These high S/N data
show how well polynomials fit the NET spectra.
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version of the iterative algorithm developed by Tom Ake. Both flats were derived from
the four G160M FPPOS observations at CENWAVE 1577 from Program 12086.

To examine the systematic differences between the two techniques, Figure 11
(bottom) shows the following quantities (all are smoothed by 64 pixels): the ratio of
the “intrinsic NET spectrum” determined from the iterative approach divided by the
polynomial fit determined from the direct method (black); the ratio of the iterative and
direct flats (red) and the sum of the two ratios (blue). Several points are worth noting:

1. Most of the disagreements are ≤ 1%, which is well below the goal of flux cali-
bration. The exceptions are the large excursion in the flux ratios near pixel 12300
which is due to an IS line recovered by the iterative approach and ignored by the
direct approach, and the detector edges, where both approaches may introduced
systematic effects.

2. A 1% offset of the ratio of the flats which comes from eliminating the gridwires in
the direct approach. This makes the integral of the direct approach template less
than one, so when the iterative flat is divided by it, a ratio whose mean is slightly
greater than 1 results2.

3. The ratio of the derived fluxes3 shows high frequency (of order 200–250 pixels)
and low frequency (of order 1000 pixels) features. Since is difficult to attribute
the high frequency features to either the wd SED or the COS optics, and since
their length scale is close to the FPPOS steps, they are probably introduced by
the iterative technique. In contrast, the low frequency structure most likely results
from the direct approach because the wd SED times the response of the COS
optics deviates slightly from the polynomial assumed by the fitting.

4. When the two ratios are combined, it is clear how features in the derived flats and
intrinsic fluxes are related, since the amplitude of the sum rarely exceeds a few
tenths of a percent.

Figure 12 examines the agreement of the two templates independently of the systematic
effects. It shows the means (red) and standard deviations (black) of the the difference
between the two templates (iterative minus direct approach) over 64 point bins. This
interval is small enough that the difference between the two templates can be assumed
to be a constant, and large enough so that a reliable standard deviation between the two
can be determined. The standard deviations for each interval are compared with the
error derived from the direct approach, σ. The same σ, is assigned to both templates so
that the error of the difference shown in the figure is

√
2σ. Once again, the difference

2This will not affect the flux calibration, since the flux will increase by the same amount.
3The direct approach polynomial was multiplied by 1.05 since the spectra used to derive it were not

corrected for dead time.
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Figure 11. Top: Comparisons of 1-D flats determined by the direct (red) and
iterative (black) techniques. Bottom: Ratios of the spectrum from the iterative
approach and the polynomial fit from the direct approach (black), and of the
iterative and direct 1-D flats (red). Both are smoothed by 64 points to highlight
systematic differences. The blue curve is the average of the two ratios.
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Figure 12. The difference between the two templates shown in Figure 11 av-
eraged over 64 pixels (red) and the standard deviations over the same intervals
(black), compared to the standard deviation expected from the errors (blue).

(red curve) is small and contains the high and low frequency deviations described above.
The important result in this Figure is that the standard deviations and the expected errors
agree. This provides confidence in the errors derived from the direct approach.

4 Summary

Each approach has its own strengths. The direct approach provides a well-defined error
array and does not require several off-set positions to provide a useful result. This avoids
complications introduced by changes in the optical properties of the instrument with
grating positions. However, the use of simple functions to describe the product of the
observed SED and the COS optics is limiting, and can introduce small, low frequency
artifacts into the results. On the other hand, the FPPOS algorithm does not demand that
the observed spectrum can be represented by a simple mathematical function, and the
small, high frequency structure it introduces can probably be suppressed by incorporat-
ing more CENWAVE data into the process, since that will provide additional off-sets
and break the redundancy of the FPPOS settings. However, the iterative approach re-
quires the assumption that a single NET spectrum can be used for all of the data. This
assumption is violated at some level for COS data, where the different CENWAVEs are
known to produce distinctly different spectra. However, this assumption probably just
introduces an ill-defined L-flat into the result, and the variations with wavelength can be
removed with the CENWAVE dependent flux calibration, which is needed anyway.
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