Effective Date: 18 July 1980

IUE DATA REDUCTION

XVII. Mean Reseaux and Dispersion Constants

In memorandum XI of this series (IUE Newsletter No. 7), the rationale for
adopting mean calibration files for IUE image processing production use was
explained. The chief advantage of mean files over the usual biweekly calibra-
tions is that thermal fluctuations are averaged out, yielding calibrations
more appropriate to the "typical" IUE image. Extensive studies of the temporal
and thermal behavior of reseau positions and dispersion constants have been
made since the publication of memorandum XI (see reference 1 for preliminary
results), allowing a complete set of mean calibration files, for both disper-
sions, to be determined and quantitatively evaluated. Herein we report the
calculation, evaluation, and implementation of mean calibration files, effective
in all standard IUESIPS production at GSFC as of 10:00 GMT 18 July 1980. Note
that the new mean low-resolution dispersion constants used as of that date

differ slightly from the earlier means presented in IUE Newsletter No. 7.

MEAN RESEAUX

Calculation and Display

To determine reseau positions as accurately as possible for use in con-
structing means, 16 LWR 60% or 77% UVITF images exposed between day 73 of
1978 and day 204 of 1979, and 20 SWP 60% or 77% UVITF images exposed between
day 85 of 1978 and day 334 of 1979 were collected. UVITF images were chosen
so as to avoid contamination by the platinum spectrum and/or the possible
effects of uneven illumination of the TFLOOD lamps in the biweekly
WAVECAL + TFLOOD calibration images on which reseaux have normally been
measured in the past.

In addition, several improvements were made in the details of the proce-
dure followed by the FNDRES program which locates the reseaux. These include
the use of a better template for the large reseau in row 11, column 11, and the
use of 3 more reseaux in SWP and 2 more reseaux in LWR near the tube edges so
as to reduce the amount of extrapolation required to achieve the full 13-by-13
grid of reseaux used in the geometric correction process. Furthermore, the
average positions found on the UVITF images with the improved FNDRES were cal-

culated without the row-and-column smoothing procedure usually applied to
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reseaux measured on a single image. This smoothing, consisting of polynomial
fitting of the found reseau positions along each row and column of the reseau
grid (done with the program RESOFIXL), introduced undesirable effects discussed
further below. Statistical peculiarities in individual images tend to be
removed in the averaging process used to construct the current means.

The mean found reseau positions for the SWP camera are given in Table 1.
The values are given in line and sample pairs (line value on top), arranged on
the page according to row and column number (1 to 13) within the reseau grid.
The means for the LWR camera are given in Table 2. For both cameras, the 10
scatter about the mean positions is ~ 0.10 - 0.20 pixels over most of the tube,
except near the edges where extrapolation of the found positions is required
and where the scatter increases to values ~0.30 - 0.40 pixels. In general, the
scatter in the SWP values is slightly higher than the LWR scatter.

The geometrically correct reseau grid (i.e., the reseau locations to
which the geometric correction step maps the found reseau positions) for
each camera is centered on line number 390, sample number 410 (these are
the pixel coordinates for the reseau in row 7, column 7 of the grid). 1In
SWP, all reseaux are spaced 56 pixels apart in the line and sample directions
in the correct reseau grid. 1In LWR, the spacing is 55 pixels. Using these
correct reseau grids and the mean found reseau positions reported here, it
is possible to generate a display which illustrates the geometric distortion
corresponding to the mean found reseau positions. In Figure 1 we show the
positions of the 169 reseaux in the correct SWP grid as diamonds; the vectors
indicate the displacements from the correct positions to the corresponding

mean found positions, magnified by a factor of 2. The amount of distortions

is therefore exaggerated for display, although the directions and relative
proportions of the displacement vectors are correct. In Figure 2 we show the

similar result for LWR.

Effects of Smoothing

As mentioned above, no smoothing of the found positions was employed in the
construction of the mean reseau files. Several specific experiments were con-
ducted to determine the effects of applying the usual smoothing algorithm to
reseau sets. The mean reseau positions were smoothed and compared to the un-
smoothed values. Figures 3 and 4 illustrate these comparisons, made with the
same display technique used to generate Figure 1 and 2, except that here we plot
the unsmoothed mean positions as diamonds and the displacements to the correspond-

ing smoothed mean positions as vectors, but now with a magnification factor of 80.
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Note that for both cameras the effect of the smoothing is to generate correlated
displacements along some of the rows and columns of the grid. Further checks

of the mean reseau files against recently acquired individual images processed
with and without smoothing indicate that the smoothing appears to impart a
small-amplitude oscillation of neighboring reseau positions which is regarded

as artificial.

A quantitative measure of the effects of reseau smoothing may be had by
comparing the signal-to-noise ratios (SNR) for various areas in UVITF flat field
exposures. SNR is determined by the program BOXSTAT2 which computes mean Flux
Number (FN} values within 12-pixel-by-12-pixel boxes in the geometrically and
photometrically corrected images as well as the standard deviations of the 144
FN values from the box mean, in each box. SNR in each box is thus the mean FN
divided by the standard deviation. Because the quality of the photometric cor-
rection depends on the guality of the geometric correction, SNR measurements on
flat-fields is one way to assess small variations in reseau locations. In

Tables 3 and 4 we compare mean values of SNR measured on 60% UVITF flat fields

for a number of areas within the tube face (the target ring is purposely excluded),

for geometric corrections based on various sets of reseau positions. The region

designated as "center" is the portion of the image starting at line 157, sample 157,

and extending for 456 lines and 456 samples. Quadrants I-IV are the 4 quadrants of

this center region, ordered such that quadrant I is at the upper right and

18

quadrant numbers increase in counter-clockwise fashion. (See diagram below Tables 3 & 4).

From Tables 3 and 4, several conclusions are drawn. First, the use of
mean reseau positions does not significantly affect the photometric signal-to-
noise characteristics for the two images tested, compared to the use of reseaux

actually measured on the images themselves. This suggests that the use of mean

reseau sets for production processing is a reasonable procedure. Second, whereas

the reseau-smoothing algorithm yields very slightly but systematically improved
mean SNR when applied to reseaux measured on a single image (first two rows of
each table), there is on average no difference in the SNR of the central regions
with and without smoothing of the mean reseaux (second two rows of each table).
Because of this and the apparently artificial effects of smoothing cited earlier,
the use of unsmoothed mean reseauxseems well justified. Third, there are in
both cameras significant variations in SNR from quadrant to guadrant, independ-
ent of the exact set of reseaux used. The positional variation in SNR has long
been known (e.g., reference 2) but perhaps not adequately stressed to Guest

Observers.




Table 3 - Signal-~to-Noise Ratios (SNR) of Portions of Geometrically and
Photometrically Corrected Image, SWP 1244,

Area
Reseaux Center Quadrant I| Quadrant IIl Quadrant III{Quadrant IV
Found 14.33 10.76 14.50 17.52 14.56
Found & Smoothed 14.80 10.86 15.19 18.17 14.97
Mean 13.90 10.27 13.63 17.21 14.50
Mean & Smoothed 13.89 10.11 13.74 16.92 14.79
Table 4 - Signal-to-Noise Ratios (SNR) of Portions of Geometrically and

Photometrically Corrected Image, LWR 1150

Area
Reseaux Center Quadrant I | Quadrant IT [Quadrant III Quadrant IV
Found 12.95 9.02 12.65 17.86 12.27
Found & Smoothed 13.23 9.23 12.99 18.13 12.56
Mean 12.97 9.10 12.71 17.72 12.37
Mean & Smoothed 12.96 9.12 12.60 17.46 12.65
( ) e "N«‘*N_ ‘
157,157).-" e, (157,612)
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In passing we note that the Intensity Transfer Functions (ITF) in current
use were generated from imagés geometrically corrected using smoothed reseaux
which were located without the FNDRES improvements mentioned earlier. The
possible small effect this might have on the photometric accuracy of images
geometrically corrected with the mean reseaux described here has not yet been

investigated in detail.

MEAN DISPERSION CONSTANTS

The studies of the temporal and thermal variability of dispersion relations
so far conducted (reference 1) have shown that with the longer baseline of data
now available, there is evidence that dispersion relations obtained during the
first year of IUE operation are not the most appropriate to use for current
data. Details and discussions of these studies will be the subject of a future
article in this series; however, on the strength of the findings, the mean
dispersiocn relations calculated here have been derived only from images acquired

since June 1979.

Low Dispersion

The dispersion relations determined from 24 SWP and 24 IWR standard TFLOOD
+ WAVECAL low dispersion images acquired between 1 June 1979 and 1 June 1980
were averaged together term by term to define mean dispersion constants for
each camera. The individual dispersion relations used were those measured using
the original technique of finding reseaux on a companion flat field image and
smoothing those positions using RESOFIXL. The resulting mean dispersion con-
stants are listed in Table 5 to 5 significant digits. Note that, contrary to
the notation used in memorandum XI of this series which described the original
mean low resolution dispersion relations, we denote the respective zero-point
and scale terms as al, bl and a2, b2 instead of ao, bo' al, bl. In so doing, we
adopt a notation consistent with that used in the principal image processing
documentation (reference 3) and in the IUE image header records themselves.

The new mean constants differ from the means reported in memorandum XI
chiefly in the zero-point terms, where the largest difference is +0.86 pixels.

The largest difference in the scale terms is .00002 pixels/ﬂ.

High Dispersion

The dispersion relations determined from 24 SWP and 24 LWR standard TFLOOD +
WAVECAL high dispersion images acquired between 1 June 1979 and 1 June 1980 were
averaged together term by term to define the mean high resolution dispersion

constants for each camera. As for low dispersion, the individual dispersion

20




Table 5 - Mean Dispersion Constants for Low Resolution, Adopted 18 July, 1980.

Camera Aperture al a2 b1 b2
SWP Small 982.21 -.46657 -263.44 .37616
LWR Small ~-298.63 .30244 -265.80 .22579

Table 6 - Mean Dispersion Constants for High Resolution, Adopted 18 July 1980.
(Small Aperture)

SWP LWR

a; .787841752597664  D+3 -.512112131218370 D+4
a, -.174827009628957 D @& .149474938164753 D &
a, .128250164013606  D-5 -.557131203376991 D-6
a, ) .128677678460013 D-2
s -.464346927595875 D @ .279988588392915 D ¢
ag @ g

a, -.245917585466073 D=7 .964982411024015 D-7
b, ~.624447811047980 D+4 .151718662770336 D+5
b, ~.131942801615998 D ¢ -.275447072458253 D &
b, .127355792121042 D-5 .903443905778614 D-6
b, @ .661594536973941 D-1
bg .414873420270391 D @ .222497232868056 D @
b, .293871562110805 D-7 .225207671516958 D-7
b, -.286833642560946 D=6 .227041512913941 D-7




constants as originally measured on the WAVECAL images were used in calculating

the means. Table 6 contains the values of the mean constants.

A SPECIFIC EXAMPLE

An example of the kind of improvements in data guality which can be
realized through the use of mean reseaux and dispersion relations is illustrated
by the tests conducted on the high dispersion image SWP 6602. Selected as an
example of an image for which the original standard processing appeared to
yield a poor background extraction (reference 4), SWP 6602 was reprocessed
using the mean reseaux and dispersion constants. It was found that in certain
orders the use of mean calibration fiies produced an improved (i.e., smoother
and smaller valued) background compared to the original processing. In Figure
5 we illustrate the gross and background extractions for order 108
using both the original and the mean calibration files. Note how the artificial
bumps in the original background extraction are diminished with the mean cali-
bration files, whereas the gross extraction is little affected. Such improve-
ment in the background spectrum leads to measurable changes in the net spectrum,
as illustrated in Figure 6 for order 108, in which depressions due to back-
ground peaks were removed.

The image SWP 7020 was also reprocessed as a test of the mean cali-
bration procedure. This image showed less dramatic improvement than SWP 6602;
in no instance, however, did we find evidence indicating that using the mean

calibration files adversely affected the spectral extraction.
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FIGURE 5a - Gross and background spectra, order 108, using original
reseaux and dispersion constants (SWP 6602) .

Flux Scale is arbitrary.
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FIGURE 5b - Gross and background spectra, order 108, using mean
reseaux and dispersion constants (SWP 6602).

Flux Scéle is arbitrary.
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FIGURE ba - Net spectrum, order 108, using original reseaux and
dispersion constants (SWP 6602).

Flux scale is arbitrary.
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FIGURE 6b ~ Net spectrum, order 108, using mean

reseaux and dispersion constants (SWP 6602).

Flux scale is arbitrary.
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