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Req. 3.2.8 Measure the photometer full system flat-field
3.2.8 - A. History
Version
1.0
1.1
1.2
1.3
2.0

Date
18 Dec 2013
17 Jan 2014
05 Feb 2014
04 Feb 2016
14 Mar 2016

Author(s)
K.Okumura
K.Okumura
K.Okumura
K.Okumura
K.Okumura

Change description
First issue
Additional plot figures included
Slight modifications
Correction from U. Klaas
Final correction from U. Klaas

3.2.8 - B. Summary
The flat-field was first measured before the launch during the ILT using the black body sources of the Optical
Ground Segment Equipment (OGSE). The result of those measurements was further used after the launch in
the standard data reduction, due to the fact that it is not an easy task to determine the response of each pixel
with astronomical sources in space. However, tentative measurements and computations have been carried out
using sources of different spatial extensions, such as point source, compact source and extended source. Finally
the update of the flat-field was decided to be included end 2011 as version 4 of the flat-field calibration file.

3.2.8 - C. Data Reference Sheet

OD

date

173
173
230
345
345
454
454
607
607
780
780

03 Nov 2009
03 Nov 2009
30 Dec 2009
24 Apr 2010
24 Apr 2010
11 Aug 2010
11 Aug 2010
10 Jan 2011
10 Jan 2011
02 Jul 2011
02 Jul 2011

Table 1: Data used for the analysis
OBSID
filter
source
dLegs
[arcsec]
1342186633 blue NGC6543
3
1342186634 green NGC6543
3
1342188696 blue
ARP220
3
1342195480 blue NGC6543
3
1342195481 green NGC6543
3
1342202560 blue
ARP220
3
1342202561 green ARP220
3
1342212487 blue
ARP220
3
1342212488 blue
ARP220
3
1342223566 blue NGC6543
2
1342223567 green NGC6543
2

legs
40
40
40
66
66
66
66
66
66
100
100

length
[arcmin]
6
6
6
6
6
6
6
6
6
6
6

3.2.8 - D. Test Description
The flat-field in the sense of the relative pixel response was first measured before the launch during ILT at
MPE Garching. The measurements were based on observations of the black body sources in the OGSE. These
sources gave a relatively uniform illumination on the detector arrays. However, the illumination by the sources
showed a small departure from the uniformity. In order to obtain the same flux level on different pixels, it was
considered that, for each pixel, the median value of the signals from a PACS chopper scan over the the field
illuminated by the OGSE blackbody is the representative signal for the “representative flux” by the OGSE.
This method however does not allow to homogenize over the Z-axis, which is orthogonal to the chopper scan
direction. Moreover, this method tries to find a flux level as uniform as possible over the Y-axis, but smears
out unfortunately the distortion flat-field by doing so. However, those flat-fields were providing a reasonable
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correction and because of difficulties of measuring a flat-field in space, they were used in the standard data
processing even until April 2012, i.e. for three quarters of the Herschel mission. In this version, the flat-field
of the green filter is simply a copy from that of the blue filter. Although the pixel-to-pixel variation of the
response was well corrected by these flat-fields, it was quite natural to prefer new flat-fields based on new
in-flight measurements, especially because the bolometer biases adopted for the routine phase were different
from the ones mostly used before the launch.
One of the ideas to measure the flat-field in space was to make use of the internal calibration sources. This idea
quickly turned out not to be trivial, because of the variation in the optical field distortion over the chopper
angle range. The calibration sources, which are nearly at the extreme chopper positions, have a different optical
flat-field from the central chopper position, due to the different field distortion. This optical flat-field can be
called distortion flat-field. The flat-field measured on the internal calibration sources contains the flat-field
due to the pixel-to-pixel difference of the response and this distortion flat-field. If the distortion flat-field were
well known over the whole range of the chopper angle including the part on the calibration sources, then the
measured flat-field on the calibration sources could be corrected for the chopper position of the field center,
but this is unfortunately not the case. There is no easy way to assess the field distortion on the calibration
sources, because the optical path is partly different from that of the telescope sky field-of-view and also the
calibration sources are extended and there is absolutely no way to measure directly the distortion. Therefore, it
was decided not to use the calibration sources to try to estimate the flat-field for the standard data reduction.
Another way to measure the flat-field in space is to use directly the sky field with a suitable astronomical source
or sources. All the measurements in space were carried out in the scan map mode with the slow scan speed of
10 arcsec per second. As the slow scan speed was deactivated in the standard AOT for the routine phase, the
observations were done using a non-standard AOT called PacsCal pacsPhotoDACSlowScan except for the first
measurements during the PV phase, when the slow scan was yet available in the standard AOT. The scans are
set on the spacecraft Y-axis in order to minimize the scan area and for the source to fall approximately on each
pixel.
The first method to derive the relative pixel response out of the data containing a point like source was to
use the time line for each pixel. Let us call this “timeline method”. In this reduction method, after removing
glitches, the timeline data for each pixel is first filtered to remove the low frequency noise (see Figure 1). Then
for every pixel the value of maximum minus median over the timeline is computed. The map obtained in this
way is then normalized by the average value over the valid pixels, which are not excluded by the bad pixel
mask. The image obtained corresponds roughly to the relative pixel response, or flat-field.
The second method considered was to make one projected map using only one pixel and iterate it for every
pixel. For this method also, after removing glitches, the high pass filter must be first applied to remove the
low frequency noise. The projection is then performed using the projection algorithm PhotProject, which takes
into account the size of each pixel. Let us call this “mapping method”. For each pixel the flux of the source is
measured by the aperture photometry on the map. No aperture correction was applied because this will be a
constant correction factor for all pixels and therefore is not needed for the relative response measurement. The
normalization by the average value over the valid pixels gives a flat-field.
The “timeline reduction method” is affected by a high noise by construction. The maximum and median values
are both affected by the noise level of one frame. Moreover, the maximum value is also highly sensitive to
the position of the point-like source within the pixel. This noise contribution is systematically seen as an
interference between the pixel grid and the scan leg pattern. This contribution can be reduced, if the source is
compact with a large enough extension compared to the pixel size. Unfortunately, compact sources fullfilling
this requirement in the sky are not bright enough to reach a good signal to noise ratio in the flat-field map,
except for NGC6543. Another way to reduce this systematic noise is to reduce the angular distance between
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Figure 1: Signal variation during the scan mapping on a compact source NGC6543 Left: timeline of one pixel
during the scan on the source, Right: zoom on the maximum signal.

scans. On OD607, two scan observations of NGC6543 were carried out with the same filter and applying a 1.5
arcsec coordinates offset in the direction orthogonal to the scans. The combination of these 2 measurements
gives a finer scan distance of 1.5 arcsec, if the pointing accuracy is good enough. One could take a sum of the
timeline signal around the maximum value instead of the maximum value alone. This will certainly increase
the signal to noise ratio, but the “mapping method” uses much more measurements per detector pixel than this
in any case.
The “mapping reduction method” is less affected by the noise, because the aperture photometry involves a larger
number of measurements for each pixel. In order to optimize the measurements for this reduction method, the
observations were modified to have a larger scan area. This way, a large enough area is obtained around the
source on the map for the pixels at the corners of the detector array, so that the aperture photometry is not
limited by the map edges. The data on OD780 were obtained in this way on the compact source NGC6543.
There is also a fundamental difference between the flat-fields obtained with “timeline method” and “mapping
method”. The “timeline method” uses the value per detector pixel, which implies that the different solid angles
seen by different pixels due to the optical field distortion are included in the flat-field obtained with this method.
On the other hand, the “mapping method” gives a flat-field without this field distortion flat-field, because the
aperture photometry is done on a map projected by using each detector pixel size, which is derived from the
field distortion calibration file. Therefore the pixel size of the projected map is the same for all the detector
pixels by construction. This point turned out to be crucial, when correcting for the flat-field and using an other
mapper for scientific data.

3.2.8 - E. Results
The data from OD607 on a point-like source ARP220 are shown here as examples. The 2 observations are
carried out with the blue filter and they are combined to reach a theoretical scan intervall of 1.5 arcsec.
Figure 2 shows flat-fields obtained by different reduction methods. All the flat-fields are divided by the on
ground measured flat-field as reference to identify any spurious features which would have been caused by the
new processing. The noise level decreases from top to the bottom. The top images are reduced using the
timeline method based on maximum-median. The next ones are also reduced using the timeline method but
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using 10 frames around the maximum value. The third ones are made by the sum of all the frames. The bottom
images are made with the mapping method.
The noise level decreases only because the readouts used in the method increases downwards. As these images
are the ratio to the old flat-field, one can notice the difference between the space measurement and ground
measurement. There is a significant dip on the left edge in the upper left corner of the bottom left matrix
on the blue array. This is caused by the different bias voltages of the bolometers between space and ground
measurements. This shows clearly that it is preferable to use updated flat-fields measured in space with the
finally adopted bias voltages.
Some faint but systematic features can be seen on the bottom images. One of them is the electrical cross-talk
on the first column of each detector matrix. This appears because the ground measurement was done with flat
extended sources which illuminate all the pixels whereas the space measurement was done with a point-like
source locally illuminating around one pixel and therefore the cross-talk flux from the opposite side of each
matrix is minimized. In the standard processing pixel columns affected by cross-talk are masked out, so that a
cross-talk free flat-field is consistent with the overall processing scheme.
Another feature is the alternate bright and dark horizontal pixel line pattern on the blue array. This is caused
by the interference of the pixel grid and the telescope scanning pattern, which moves in the horizontal direction.
This pattern is seen clearly on the blue array, because there the point spread function is sharper compared to
the pixel size than on the red array. The flux falling in a pixel varies quickly with the position of the source
within the pixel. This feature shows that the data is not appropriate to derive flat-fields. The best way to
minimize this effect is to choose a slightly extended source which will reduce the flux variation as a function of
the position within one pixel.
The only compact source with a sufficient flux level was NGC6543. In order to be able to measure the flux with
the aperture photometry for every pixel, the number of scan legs was increased on OD780. Figure 3 shows the
flat-fields made with the mapping reduction method. One can see on the blue array that the horizontal pattern
is not seen anymore. The statistical values can be found in Table 2.

Table 2: Ratio of the new to old
filter minimum maximum
blue
0.60
1.33
green
0.58
1.27
red
0.92
1.37

flat-field
rms
0.06
0.06
0.04

As mentioned before, the flat-fields derived with the mapping method do not contain the distortion flat-field,
whereas the timeline method does. This difference is hardly seen in Figure 2 due to the higher level of difference
between space and ground measurement. But this difference can be better seen for two flat-fields derived by the
two different methods using the same data. Figure 4 shows the ratio of the flat-fields derived by the timeline
method and those derived by the mapping method. It is clearly seen that the lower side of the array is darker
due to the distortion flat-field included in the flat-fields based on the timeline method. The telescope scanning
pattern is also remaining in the latter image.
The final version of the space measurement based flat-fields are shown in Figure 5.

3.2.8 - F. Conclusions
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Figure 2: Ratio of the flat-fields from scanning the point-like source Arp220 to the ground measurement (left
: blue channel and right : red channel). From top to bottom: maximum-median timeline method, 10 frames
around maximum timeline method, sum over whole timeline and mapping method.
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Figure 3: Ratio of the flat-fields from scanning the compact source NGC6543 to the ground measurement.
From top to bottom : blue, green and red.
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Figure 4: The ratio of the timeline method to mapping method, highlighting the inclusion of the distortion
flat-field in the first reduction method.
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Figure 5: The final version of the flat-fields from in-orbit data and based on the mapping method. From the
top to the bottom, 70, 100 and 160 µm.

PACS
Herschel
PACS Photometer flat-field measurement

Document: SAp-PACS-KO-0734-14
Date:
March 14, 2016
Version:
2.0
Page 10

Using a point source to measure a flat-field is not an easy task, especially when the pointing is not precise enough.
We considered only a point source, ARP220, and a compact source, NGC6543, for the flat-field measurements.
Some kind of extended source could be used, however besides the difficulty finding a relatively homogeneous
one, the removal of low frequency noise of scan maps over a relatively extended source is more difficult to handle
in the data reduction. Some tentative sky flat-fields were also generated by using scanamorphus mapping tool.
A number of sky flat-fields produced from the various measurements listed in the data reference sheet was
tested by the PACS-ICC with respect to the impact on photometric accuracy, especially for the point source
mode. The flux variation of using a sky flat-field instead of the pre-flight flat-field was hardly to determine
quantitatively, because the resulting flux of a source is the superposition of the source being detected by many
pixels, thus averaging out any uncertainties in the applied flat-field. Since the sky flat-fields did not degrade the
photometric quality with respect to the results with the pre-flight flat-field, it was decided to switch to the sky
flat-field produced from the NGC 6543 observations on OD 780 with the mapping method. This flat-field should
have the best quality in terms of applying the right bias voltages and having a homogeneous pixel illumination.
It is consistent with the distortion correction done in the mapping process. When applying this flat-field the
user has to make sure that cross-talk masking is enabled, because this version of the flat-field is cross-talk free.

3.2.8 - G. IA scripts used / remarks on PCSS
reduce flatPntScan.py
flatPntSrcIntegr.py
summaryFlat.py
flatOD607combine.py

