Deep Impact — Calibration Pipeline Summary

Excerpt from the ‘Deep Impact Instrument Calibration’ Document
By Klaasen, et al., (2006)

6.0 Pipdine Processing

6.1 Standard Steps

For each image, thereis a standad set of procedures and settingsapplied in our pipdine
processing in order to calibrate theimages automeatically (see Figure 100. In generd,
these default settingsare the best the science team has been able to derive for the data set
as awhole and thusdo not necessarily reflect thebest possible processing for any
paticular image However, there are some observationsaroundencounter, especially
with the IR spectrometer, tha contain very valuable scientific information but are not
processed optimally by the default settings For these cases, the automated pipdinehas
theability to specify special settingsfor particular obervations
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Figure 100 - A flowchart describing the image processing pipeline used to calibrate Deep
Impact images. Note that some modules are not applied to all instruments.

Thestandad pipdine beginsby decompressing the imageif it was compressed on the
spacecraft. Images can be compressed usng oneof four 14-bit to 8-bit lookuptables
optimized for different types of exposures. To unampress theimages, areverse lookup
table is used which mapseach 8-bit valueto the average of all corresponding 14-bit
values.

All saturated pixels are flagged in the qudity map (Section 6.2). Then an IR imageis
linearized usng the correction described in Section 5.3.1. A VIS image does not need this
step because theingrument respondslinearly (Section 4.3.1).

Next, adark frameis subtracted from theimage If adark frame has been created by the

science team for the specific obervation, then it is subtracted. Otherwise, adark modd is
used to generate theframe (Sections4.3.3-VIS, 5.3.3-IR).
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After thedak subtraction,a VIS imageundegoes afew extra processing steps not taken
by every IR image First, theelectrical crosstalk (Section 4.3.7.5) isremoved by
subtracting a derived ghog frame. Each quadrant in thisframeis alinear combination of
rotated versionsof the other three quadrants. Next, theimageis divided by aflat field
(Section4.3.6) in order to accountfor variable responsvity across the deector. A flat
field isonly applied to unbinned IR images because the best binned-modeflat field does
not seem to provide any noticeable improvement in SNR (and in the daa produds
published as PDS version 1, unbinned IR images are notflat fielded either). Lastly, VIS
CCD trander smear isremoved usngthe parallel overclock rows if theimage was taken
in modes onethroughsix or a column averaging approximation if theimageisin modes
seven or eight (Section 4.3.4).

After bad pixels are flagged, theimageis radiometrically calibrated to produe aradiance
imagein W/[m*sr um] and an I/F image. For a VIS image, thisis simply doneby
dividing theimage by integration time and then multiplying by the appropriate
conveasion factor derived in Section4.3.5 for the given filter and desired output For an
IR image, the procedureis more complicated as the absplute calibration is wavelength
dependent, which in turn is temperature dependent. First, thewavelength and bandwidth
for each pixel are calculated as described in Section 5.3.4. Then, each pixel ismultiplied
by the appropriate wavelength-dependent calibration factor (Section 5.3.6) and divided
by integration time and the pixel @ spectral bandwidth. Once this radiance imageis
created, a copy is conveted to I/F by dividing by the solar spectrum at thetarget®
distance from the sun and then multiplying by pi.

At this point, two reversible data produds have been created, oneradiance image and one
I/F image, and copies are runthroughtherest of the pipdine which performs a series of
nonreversible steps First, thedaaare interpolated over thebad pixelsand ggps For a
VIS image thisinterpdationis peformed usng thin plate splines anchored by thevalid
data aroundthe edges of each hole. For an IR image, alinear interpolationis performed

in the spaia dimengon only.

Next, adespikingroutineis applied in order to remove cosmic rays. Thisroutine
performs asigmafilter by calculating the median of each NxN box, where N is odd and
then replacing the central pixel with themedian if it is more than M median deviations
fromthemedian. By default, both M and N are set to 3. Themedian deviationof aset S
isdefined as: Med(| S- Med(S)|).

Lastly, aVISimageis deconvolved usang the methodsdescribed in Section 4.2.3. Thisis
especially important for the HRI-VIS ingrument which is out of focus

6.2 Calibration Quality Map

Alongwith each calibrated image, abyte map is created that defines the daaintegrity for
every pixel. For each byte in the map, representing onepixel, each bit actsas aflag that is
set to 1 if thegiven criterionis met for that pixel. These flagsare:
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. Bad Pixdl - Thispixel isaknown bad pixel.

. Missing - Thedaafor this pixel was notreceived from the spacecraft.

. Despiked - This pixel was modified by the despiking routine

. Interpolated - This pixel has been reclamed by interpdating from its neghboss.
. Some Saturated - Theraw vauefor this pixel is abovethe point where some pixels

are full-well saturated. For VIS ingruments, this occurs at 11,000
DN, whilefor the IR spectrometer, this occurs at 8,000DN.

. Mog Saturated - Thisraw valuefor this pixel is abovethe point where mog pixels
are full-well saturated. For VIS ingruments, this occurs at 15,000
DN, whilefor the IR spectrometer, this occurs at 11,000 DN.

. ADC Saturation - TheADC was saturated for this pixel.

. UltraCompressed - Thepixel wasin acompression bin so largetha the value contains

very little information.

For example, if the pixel isbad and has been reclaimed by interpolation, the decimal
valuein thequdity map will be2° + 2° = 9. Inthenomal FITS format for the caibrated
image, this map exists as thefirst image extenson.

6.3 Signal-to-Noise Ratio Map

In order to provide more information to theend user, thelast extenson of theimage
containsa map estimating thesignd to noise ratio for each pixel. Thesignd istaken to be
thedak- and bias-subtracted image valuein 14-bit DN, while the noise estimate consists
of therootsum-squaed of three different noise sources. shot noise, read noise and
guantization noise. Theshot noisein 14-bit DN isddfined as:

N, = /Raw- Bias
K

wheeK isthegan in electrong14-bit DN and is dependent on theingrument and mode
and Raw and Bias arein 14-bit DN. For thelR spectrometer, Bias is 0 by definition
exceptin Mode6. Thequantization noise is defined as:

Q

N
TV12

where Q isthequantization step in 14-bit DN. For uncompressed data, Q dependsonthe
ADC performance of theingrument (see Sec. 4.3.7.3 and Sec. 5.3.8.3), whilefor
compressed data, Q is set to the bin size in the decompression lookuptable tha the pixel
used or to theuncompressed Q value, whichever islarger. The parameter values needed
for thenoise calculation were determined from ground-based testing of theingruments
and are shown in Table 20.
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Uncompressed
Instrument | K (e/DN,,) Q (DN, Read Noise (DN,,)
IR Unbinned 16 1 2.0
IR Binned 64 1 10
HRI 274 2 0.7
MRI 272 2 10
ITS 305 2 12

Table 20 - Noise paameters determined in groundtests of all ingruments.

6.4 Spectral Registration Maps

In an IR image produd, the second and third extensionsare pixel-by-pixel mapsof the
gpectral registration for theimage The second extengon containsthe effective
wavelength of the pixel, while thethird extengon containsthe spectral bandwidth. The
calculationsof these values are described in Section 5.3.4.

6.5 Optional Steps

Beyondthe automated calibration pipdinedescribed in Section 6.1, amanud calibration
can be performed where theuser can specify higher own settingsand calibrationfilesfor
each step. Also, any processing module can be disabled, and there are two extra ones tha
can beenabled. Thefirst such moduleis anoise-redudion module that is applied after the
despiking routine. This applies the BayesShrink wavelet thresholding algorithn? with a
robug mean noise estimator® to remove some of the noise. Theother step tha can be
enabled applies arubbe sheet geometric distortion correction. Thisis not normally
applied astheoptical distortionthoughthetelescopeis minimal.
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