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Glossary

	ADU
	Analogue Data Unit 
The (usually 16 bit) value returned from the A-D converter in the instrument electronics.

	Frametime
	Each SPIRE frame contains a 32 bit value which contains the number of (3.2 microsecond) clock ticks since the last synchronisation time, Tsync. In order to process the data from an observation during which several synchronisations may have been made, this value needs to be converted to an absolute on-board time.

	On-board Time
	The absolute time reported by the spacecraft on-board computer (CDMS), to which the instrument time is synchronised. This may be converted on the ground into UTC or any other time system.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Introduction

1.1 Scope

This document aims to give a high level description of the SPIRE pipeline. The aim is describe the flow of data from data frames into level 1 and level 2 products. 
The pipeline can be run in an automated way. When run in this way, the pipeline is referred to as ‘Standard Product Generation’ (SPG). The pipeline can also be run in an interactive way. The flowcharts in this document are split into processing steps denoted by rectangular boxes. In interactive mode, a pipeline user should be able to inspect the data after each processing step.
This document should accompany the data products document which gives a detailed layout of each data product.
For this version only Tsync, Offset and the main pipeline is covered. Separate processing for PCAL will be added later. Calibration processing will either be added to this document or written into a separate document.

1.2 Structure of Document

This document contains three sections. 

1. The first section describes the data processing pipeline used in SPG i.e. all the stages the SPIRE data passes through between its raw state and the SPIRE data products. 

2. The second section describes supplementary pipelines which produce non-calibration data products used by the main pipeline.

3. The third section describes calibration pipelines used to produce calibration files required by the main pipeline.

1.3 Documents

1.3.1 Applicable Documents

	
	

	
	

	
	

	
	


1.3.2 Reference Documents

	RD1
	SPIRE Data Products Specification
	SPIRE-RAL-DOC-002005

	RD2
	DCU Design Description
	SAP-SPIRE-FP-006302

	RD2
	Function Guide for the Fourier Transformation Package
	SPIRE-UOL-DOC-002496

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


1.4 General Approach
Each pipeline described in this document consists of a series of processing steps and is presented in the form of a flowchart showing the links between processing steps and output data products. It is assumed that the ‘unit’ of data dealt with for most processing steps is a building block. However it should be noted that many of the processing steps will be done multiple times (e.g. for a nodding observation each nodding position will be processed as a building block).  For latter stages more than one building block of reduced data may be used (e.g. de-nodding photometer data). Therefore each flowchart is a simple representation of the pipeline, which may be complicated in practice. 
No attempt has been made in this document to describe actual data formats, a standard terminology has been applied where a piece of data is referred to as a ‘file’ and a processing stage is referred to as a ‘process’. It should be noted that these terms are defined for this document only and the physical reality of the data could be any format. However one thing to note is that while the processes within each purple box in the flowchart may be self contained, when running interactively we should be able to stop the processing at any stage between two purple boxes. If the processing is broke in this way a user should be able to access an intermediate product encompassing the data processed through to that stage i.e. while not actually present the flowcharts could be considered as having intermediate products produced at each stage. After inspection the IA user may either continue with standard processing, do steps interactively or use their own processing.
2. Data Processing Pipeline

This section is divided into three parts covering general processing, photometer specific processing and spectrometer specific processing. The general processing section currently covers processing which is done for all observations. The Photometer pipeline section is split into three or four stages with the first two stages common to all observing modes. There is then a split between scanning and chopping modes at stage 3 with the chopping modes having a 4th stage. Each stage is then described separately. 
2.1  Pipeline Stage 1 – Edited Data Products
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2.1.1 Reformat To Timeline Product
The starting point for the pipeline is data frames which, in the SPIRE case, consist essentially of unpacked telemetry packets (a single TM packet may contain one or more data frames as generated by the DRCU). These are combined into timelines containing of all the data requested. They will consist of a frametime in counts plus a single value for each parameter in the frame strung together. Each parameter is still in ADUs. The frames do not necessarily arrive time ordered and it is not envisaged to re-order them at this stage. Each detector channel will at this point be clearly labelled with a detector identifier which will be used in subsequent steps to link with calibration tables used by the processing.
At this point the timelines use frametimes as their time reference and a single frametime is used for all the data in a frame.
2.1.2 Check ADC Flags

The Analogue to Digital Converter Flags, stored in the *ADCFLGS parameters of both photometer and spectrometer data has a specific meaning in that it informs the DPU of occurrence of analogue to digital converter latch-up or S/S to DPU interface fault and then of the risk to pack corrupted data. When a flag or more is set the related data of the current frame have to be discarded during on-ground data processing. This check is done by the EDP during the creation of the detector timeline product, i.e. in the Select box, just after the "reformat to timeline product".
2.1.3 Level 0 Products

These are the timelines reformatted into a suitable format for storage/export. 
2.1.4 Spacecraft Processing

This process converts spacecraft ADUs to physical units although it is not clear whether this is needed as the data may have already been converted before ingestion into the database. If required is also not clear whether a SPIRE specific pipeline module is required for this or whether this processing will be provided in a common way for all instruments.
2.1.5 Mask Bad Channels
Here the masking of channels refers to dead channels, which can not be used in subsequent processing. This includes both detector channels and channels from other telemetry. It is likely that we will need to identify bad channels in more than one way during the course of pipeline. The approach taken is that the only channels not worth processing are dead ones. For all other channels we would need a system of flags which could indicate ‘bad’ channels passing through any pipeline stage. The bad channel mask could be applied at any stage but is inserted here in order to minimise unnecessary processing.
2.1.6 Convert ADU to Eng Values

This process converts ADUs for non-detector signal channels to physical units. Either a conversion table or conversion algorithm will be available for each parameter.
2.1.7 Convert ADU to Detector Volts

This step is done with an algorithm:
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where ADU is the raw digital signal from the detectors. This is essentially going back through the circuit (see RD2, DCU Design Description SAP-SPIRE-FP-006302), the factor of 12 comes from an amplifier before the conversion to the 16 bit digital number. Before this the signal is amplified by the LIA and before that by the JFET. Each ADC has a full range of 5V hence Range is set to 5 (or 5000 if calculating Vdet in millivolts). 
The combination of  JFET and LIA gain terms may be different for individual pixels and this should be taken into consideration for pipeline development. Currently the individual values for the photometer and spectrometer are applied for all detectors in each sub-instrument. These parameters should reside in a separate ‘pixel gain table’ calibration file. It is TBD how this file is structured i.e. whether a single conversion number is stored per channel or whether the separate components are stored individually. We assume, at present, that this calibration file is not time dependendent.
Note this equation is not yet complete. There is a further gain term to be added which is a gain loss due to the bandpass filter between the JFETs and the LIAs. This gain term is frequency dependent and will likely be included in the form of a calibration table containing frequency and gain term for each pixel.
2.1.8 Extract Offsets

The appropriate detector offsets for the duration of the building block are then located in, and extracted from, the Offset History. Note as the pipeline could be stopped after each process a way will need to be found of passing the extracted offsets to the ‘Add Offsets’ process which would allow them to be accessible if the pipeline was stopped after this step. This implies a new data product. It is TBD whether this information is appended to the PDT (as currently illustrated in the flowchart) or whether a separate data entity is produced. 
2.1.9 Add Offsets to Detector Volts

The offsets need to be converted to Volts via the following equation:
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(2)
This is done using the same gains as the detector conversion however the algorithm is slightly different as the offset is a 5 bit number and a bit shift operation needs to take place. (I don’t currently understand where the factor of 10 is coming from!)
Once both the offsets and detector outputs have been converted to volts they can simply be added together, for each detector in the timeline.
2.1.10 Time Conversion and Re-ordering
The starting point for this step is frametime is converted to on-board time by calculating the time in microseconds since the last Tsync and adding this to the on-board time of the last Tsync found from the Tsync history. This gives each sample in the timeline an absolute timestamp. Re-ordering can now take place as each data sample in a timeline has an associated absolute time.
2.1.11 Correct Pixel Times

For detector frames there is an additional time correction due to the fact that there is delay between the samples of successive pixels relative to the frametime. Therefore this step would take a table indicating the pixel readout order and the time delay for that pixel and then add this to time calculated for that frame. Each pixel would require its own timeline, this may be accounted for in the timeline product or it may imply a change of product at this stage. Although necessary for the spectrometer it is not clear that this step is required for the photometer as there is no obvious benefit from doing this except possibly if we want to time correct before the demodulation step. However this could also be accounted for in the calibration scheme.
2.2 Pipeline Stage 2 – Detector Processing
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2.2.1 Extract Chop and Jiggle Positions (BSM Modes Only)

If processing is done on the building block level it is likely that a single building block will contain a set of jiggle pointings. For the purpose of first level deglitching only the chop and jiggle markers are needed and not the actual positions. Therefore this step will produce a file which will contain the jiggle markers and chop markers in a time series. The file will also contain the converted chop and jiggle position to the relative offset in angle on the array of the BSM from the BSM zero position.  
It should be noted that the BSM timeline runs a lot faster than the detector timeline therefore will contain more points per time interval (typically by about a factor 5). It is assumed that allocating a chop position to a detector readout is done in the demodulation step. 
2.2.2 Add Nod and Raster Positions

This process uses the S/C housekeeping timeline to associate a nod and a raster position with the building block. If we maintain the baseline of single building block processing we can assume we will have one telescope pointing per building block therefore the nod id and the raster id can be added to the metadata. Note this is the addition of identifiers rather than actual positions.  In the case of non-nodding or non-rastering the expectation is that the identifier fields in the meta data will reflect this.
2.2.3 First Level Deglitching
While this process is part of the generic pipeline, it should be noted that the same box may do very different things depending on whether the photometer or spectrometer were used and depending on which operating mode was used.

This deglitching refers to the identification of spikes in the data which are due to cosmic ray hits on the instrument. Exactly how this is done will depend on the observing mode and the detector array (photometer and spectrometer arrays having different time constants). 
For photometer scanning modes and spectrometer scan modes glitches can be identified by point to point comparison as the signature of a spike is much faster point source. We may define a glitch threshold in a calibration file which will be different for different observing modes.
For chopping modes the point to point comparison of signal level has to be made at a fixed chop position which means that the different chop positions within the timeline need to be identified and treated separately. 
The identified glitched data samples are then flagged in the set of flags which will be passed through the pipeline. It is TBD at this point as to whether the next stage which would be to correct for the effects of the glitch, i.e. to remove tails, should be done here or after the detectors have been processed to find the absorbed power.
Although early versions of this process could just identify glitches that look like spikes, it is expected that this will later develop into the ability to detect and flag glitches with tails.
NB: Even an instantaneous deposition of energy in the bolometer crystal will affect several sample points. Exactly how many depends on how often samples are taken (every 40 or 62.5 ms for PDT and every 12.5 ms for SDT) in respect to the length of the impulse response function and when the disturbance happens to strike with respect to when samples are taken. If the bolometer or the read-out electronics are disturbed, this will not show up as a single point being off.
[image: image7.png]L

tector lime Mesponse to @ Lirac

E og
3
5 o4

0.2}

Spactromater

T T
Fhetamster

i

L

o

700
Time [ms




 

Photometer IRF is for PLW which is the ‘worst’ case, i.e. contains the slowest bolometers
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2.2.4 Correct For RC Roll Off

The detectors are operated with an AC bias i.e. the voltage across the bolometer is AC. The detectors have a time constant as a result of their resistance and the capacitance in the detector harness, therefore the detector response is a function of bias frequency. The detector calibration provides correction factors to bring the signal observed at any given bias frequency to that observed in DC mode, so that observations taken using different bias frequencies can be combined. 
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Figure 1

Figure 1 shows a schematic of a bolometer circuit. The bolometer is operated in series with a fixed resistance given by Rload = RLP+RLN. Thus the circuit acts as a potential divider of the bias amplitude with the output signal being dependant on the bolometer resistance which changes with optical signal and the harness impedance which is dependant on bias frequency. The voltage across the bolometer is read out via two JFETs which are themselves biased via Vss and Vdd.
The correction for RC rolloff is an iterative process where the resulting in the derivation of the ‘DC’ voltage drop across the bolometer Vbolo and its resistance Rbolo. The calculation of bolometer resistance R is currently done by an iterative process. The voltage drop Vbias across the two load resistors plus the bolometer is known (from the bias voltage amplitude) as is the voltage drop across the bolometer. Therefore the circuit can be considered as a voltage divider as the load resistances RLP and RLN  are known and the initial value of Ibolo for the bolometer guessed.
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(3)
From Ibolo and Vbolo, the initial value of Rbolo is guessed. Knowing Rbolo and C (a calibration parameter) the bias frequency (ω) can then be used to predict the amplitude gain correction using the RC circuit for a low pass filter. 
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There is another gain term (gainCAP) due to a drop in impedance caused by the phase shift Θ induced in the cable between the bolometers and LIAs i.e. the phase of the AC bias signal provided by the LIAs is not matched by the phase of the signal into the LIAs from the bolometer circuit. The phase is calculated using RC theory:
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(5)
The estimated gainCAP loss is currently calculated empirically i.e. an arbitrary square wave is generated representing the LIA output and a sine wave is also generated with the same frequency but with phase shift Θ. The two waveforms are then multiplied together and integrated. The gain loss is then given by the difference between the current phase and zero phase difference. For the pipeline this method could be replaced with either the correct mathematical formulation or a gain-phase calibration table.

The two gain terms gainRC and gainCAP are then multiplied to give a total estimated gain loss. Once this gain loss is estimated a new value V'bolo  is generated by correcting Vbolo with the gain term. 
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V'bolo is then fed back into the voltage divider (equation 3) to obtain a new estimate of Ibolo and hence Rbolo.  This in turn generates new estimates of gain loss via equations 4 and 5. Eventually this iterative process converges.
 For the pipeline it may be sufficient to only go through this process once however this is still under investigation.
2.2.5 Calculate Temperature and Conductance

The detector signal in volts can now be converted to temperature and conductance. This is theory dependant but for these detectors the following is adopted (e.g. Applied Optics, 2001, Vol. 40, p4921-4932). 
Once Rbolo is known the temperature T can be calculated from
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where R0 and Δ are parameters per channel taken from a calibration file.  The conductance GT is then calculated from 
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where G0, T0 and β are also parameters from a calibration file.
2.2.6 Calculate Absorbed Optical Power

There are several ways of doing this and the main three possibilities are explained in the sections below. More work needs to be done with the test data before one of these is adopted.
2.2.6.1 Using The Thermistors To Find Tsink

The above stages should be done on all channels on each array.  Hence applying equations 3-8 also calculates the temperatures of the thermistors (Tsink). Finding the total absorbed power is just a matter of applying
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(9)
where Tsink is the calculated thermistor temperature. Note for each array there are two thermistors and one potential problem is that the temperature may vary across the array. Therefore we may have to use a model for this where we derive a separate Tsink for each pixel. To calculate the absorbed power the electrical power needs to be subtracted. The electrical power is given by 


[image: image17.wmf]bolo

bolo

elec

R

V

P

2

=











(10)
and uses already calculated values. This method will work in all conditions but has the drawback that the using thermistors may introduce noise.

2.2.6.2 Using the Dark Pixels To Find Absorbed Power

The total absorbed power can be obtained by subtracting the dark pixels to determine the non-optical component. However this method would need to assume that the dark pixels are not detecting straylight and this is still to be determined.

2.2.6.3 Using A Calibrated Responsivity

The responsivity S (volts per watt) is given as dV/dP. The responsivity can be calculated for a set of  known input powers using load curves. These can then be used to directly generate a lookup table of responsivity vs temperature.
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The above graph shows responsivity vs temperature for the SSW pixel A2. The purple line was taken from a load curve where the cold black body was set to 15.5K and the black line where the cold black body temperature was set to 10 K. With this method there are still questions to be answered concerning the linearity range and calibration accuracy that can be achieved.

2.2.7 Correct For Sensitivity Changes

This step uses the results of PCAL processing to correct the detectors further. This may be needed if the three methods adopted to calculate absorbed power are insufficient. The what and how of this is step is very much TBD and will depend largely on the results of test data analysis.

2.2.8 Straylight Removal

This step is a placeholder for the removal of any straylight reaching the detectors. Straylight characterisation will start with ground testing but is likely to only be completed in flight. There can be many sources both from the telescope and the instrument, straylight may be inherent such as a hot spot or it may be an optical path where viewing angle matters. Therefore this is currently a processing step that is difficult to define. We should plan for the straylight to have both additive and multiplicative components which we would need to deal with separately. The straylight characterisation should go into a calibration file, the format of which is TBD depending on the nature of the straylight but in the worse case must show the dependency for every pixel of every other pixel.
2.2.9 Crosstalk Removal

There are potentially two types of crosstalk electrical and optical. However we could characterise this as each pixels reaction to a bright point source on another pixel. It may be difficult to distinguish between the two types therefore they can be characterised together. Like straylight crosstalk can potentially be additive or multiplicative, however unlike straylight it probably can be well characterised by ground testing. 
2.2.10 Removal of Telescope Temperature Drifts

This step uses the S/C housekeeping to check for spatial gradients in the telescope temperature and to then correct the array for this gradient. The algorithm to do this has not yet been developed. It will not be needed for nodding modes as de-nodding will account for this.

For chopped modes it is assumed that temporal gradients will be removed during demodulation. For photometer scan mapping and long spectrometer observations temporal drifts may have to be removed but the method to do this needs to be investigated. 
2.2.11 Flatfielding

Once the previous steps have been done the data coming into this step is the absorbed power by the detector referred to the time of the calibration point. The final step of detector correction is then to correct for optical effects from the telescope or within the instrument which gives a fixed uneven illumination of the detectors. The flat field table will contain a single value for each pixel that represents the difference between the absorbed power that is calculated for a particular pixel for a given standard source and the power actually absorbed. 
2.2.12 Corrected Detector Data
The outcome of the previous steps is absorbed power referred to the entrance of the telescope. The units are Watts/beam referred to a standard input beam.  

3. Photometer

3.1 Photometer Pipeline Stage 3 - For Non-Chopped Modes Only
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3.1.1 Calculate Pointing Information
The pointing derivation is based in instrument coordinates.
1. We start with the pixel offset table which will be defined as angular offsets in instrument coordinates
2. The offset of the BSM from the SPIRE boresight then needs to be added to each pixel offset.

3. This angular offset of each pixel in instrument coordinates is now referred to the SPIRE boresight. It is assumed that the position of the SPIRE boresight on the sky is known directly.
4. This can then be translated into sky coordinates using the spacecraft roll angle.

We should consider that the pixel offsets from the boresight assume a stationary telescope. The fact that not all pixels are read out at the same time means that the time difference between readouts should also be folded in to the pointing correction. I’m assuming for now that this correction is so small we don’t need to worry about it.
Once the position is calculated, this step also needs to calculate the telescope slew velocity, the easiest way to do this is probably to calculate angular distance moved between each step then it is TBD whether this is sufficient for the next step assuming constant time samples or whether the delta time needs to be taken into account.
It is assumed that the output of this step is still referred in time to in the input pointing timeline which is more sparsely sampled than the detectors.
3.1.2 Correct For Scan Velocity

For scanning observations the detectors are experiencing a constantly changing input signal. They have a time constant which means that the signal recorded may be greater or less than the signal they should record due to the illumination history i.e. they may lag a rising slope by showing less signal and a falling slope by showing more signal. The degree of this signal change will depend on the telescope velocity. Therefore a correction needs to be made depending on the illumination history and the time constants. The time constants (in principle for each pixel) will be provided via a calibration file.
3.1.3 Associate Sky Position

The sky position then must be referred to detector readout time, this in principle uses the same interpolation function as for scan velocity but is acting on position data which is two dimensional so the interpolation may need to be done differently.

3.1.4 Photometer Scan Product (Level 1)
The photometer scan product then consists of a set of timelines of pixel pointings in sky coordinates with an absorbed power per standard beam associated with that pointing at the readout time of the pixel.
3.1.5 Re-grid Onto Fixed Sky Grid

The three photometer arrays then need to be interpolated onto a fixed sky grid. There are almost as many ways of doing this as I’ve had hot dinners. For pipeline and in particular quality control purposes we will need to find an automated method. More manual/iterative methods should be reserved for running this in interactive mode.

3.2 Photometer Pipeline Stage 3 for Chopped Modes
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3.2.1 Calculate Actual Pointing

This is as described previously, see section 4.1.1.
3.2.2 Add BSM and Pointing Timelines To Detector Timeline

This is a re-binning process as the pointing timeline will be sampled less often than the detector timeline and the BSM timeline will be sampled more often than the detector timeline.
3.2.3 Demodulate Detector Signal

There are many different ways of performing demodulation and the ‘SPIRE’ way has not yet been finalised. Currently the adopted method for the test data is to multiply by a sine and cosine at the same frequency as the modulation frequency. This method was adopted as we are unable to recover phase. Normal data should have phase available so a square wave method may be adopted. Depending on the demodulation method adopted there may be the same number of points as the original data or there may be less, however the assumption is currently that the number of points will be preserved.
3.2.4 Second Level Deglitching

For each jiggle position there should now be a timeline of points that should all contain the same value. This time line can be checked for outliers e.g. by median filtering or differentiation to find glitches not identified by first level deglitching. This step will then mask the points found. If deemed necessary second level deglitching may evolve methods for correcting for changes in signal induced by a glitch, however this is not expected in early pipeline versions. It is possible that in addition to masking the demodulated data, this process could also mask the product used as an input to the demodulation process allowing iteration between demodulation and second level deglitching. The threshold should be selectable by the user in the interactive case and for SPG a threshold could be set externally in a calibration file.
3.2.5 Average Data Per Nod and Jiggle Position
This outputs a single detector value per jiggle position. The two sky positions should also be attached. The reason this is a separate process is that users will want to inspect the data between the second level deglitching step and this step.
3.2.6 De-Nod 
This step is the first pipeline step that cannot work on a single building block of detector data but instead must work on an observation. Each averaged pixel output at a nod position will contain the source minus a reference sky/telescope position for that nod position. The simplest way of de-nodding is to add the two positions i.e. if A1 B2 B3 A4 are the nodding positions then the signal is given by:


[image: image21.wmf](

)

(

)

(

)

2

4

3

1

2

1

B

A

B

A

Signal

-

+

-

=








(10)

(Note For 7-point jiggling only do we only de-nod the central pixel as when we combine pixels the two either side will need to contribute just the demodulated data at one nod position?. For mapping modes I assume we de-nod all pixels.) 
3.2.7 Average all Nod Positions
We will also have several visits to the same nod position so these need to be averaged together. Again, as with each averaging step, outliers may be rejected at this stage.
3.3 Photometer Pipeline Stage 4 for Chopped Modes
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3.3.1 Derive Source Power
For 7 point jiggle maps we now have 7 data points each referring to a jiggle position. As a 7-point jiggle map is for a point source, each of the position has been corrected for mis-pointing so the map should be fitted with a functional representative of the PSF. Some iteration may be required as the source may not be centred in the pixel. 
3.3.2 Combine Pixels

For a 7 point jiggle map with nodding we will get 3 jiggle maps of the source. Assuming source power has been derived for each the three values of source power could be combined into a single value.
3.3.3 Re-grid on to Fixed Sky Grid (Small Map)

The hexagonal grid for a 64 point jiggle needs to be re-sampled onto a fixed (and probably rectangular) sky grid. There are two possibilities here, we could resample with the best resolution for each array or we could resample all arrays onto the grid for PLW. Note the pipeline as currently defined does this starting and ending in sky coordinates. It could be investigated whether it is easier to regrid onto a rectangular grid in instrument coordinates then rotate and regid again into sky coordinates.
3.3.4 Re-grid and combine on to Fixed Sky Grid (Raster Map)

The same exercise as for the 64 point jiggle map will need to take place for the raster map with the additional constraint that there might be overlapping pointings on the sky. These will need to be weighted (according to degree of overlap with the sky pixel) and averaged together.
4. Spectrometer
4.1 Spectrometer Pipeline Stage 3
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4.1.1 Remove Time-Domain Phase

The time-domain phase correction will de-convolve the phase due to the detection filtering (thermal behaviour of the bolometer crystal and read-out electronics) from the SDT. The time-domain phase which will be available per pixel from a calibration file.

NB: According to Peter It may be better to do 1st level deglitching only after this time-domain phase-correction. That remains TBD at this time.
4.1.2 Drift Removal

This is a placeholder for the removal of long term time dependent drifts which are independent of SMEC position. The so called baseline correction or vignetting drift is removed after the interferograms have been formed and it is TBD whether time dependent drifts will also be removed at that stage.
4.1.3 Interpolate to Regularly Sampled Interferograms
Parse scans from timelines' can be thought of as changing the baseline for the detector signals from time to SMEC mirror position.  This is accomplished with two interpolations. The following symbols are defined as:
	I
	Detector signal

	t, t', t''
	Time at which a particular value is sampled

	z
	Irregularly-spaced SMEC position grid

	x
	Regularly-spaced position grid


The goal at the end of the 'Parse scans from timelines' is to produces a  set of interferograms, each of which is sampled on the same regular grid in optical path difference, i.e. I(x).

The Spectrometer Detector Timeline contains I(t) and the SMEC Timeline, which contains z(t`).  The Housekeeping timeline is also needed because it contains a parameter that delineates between the different scans in a group (SMECSTAT). The first interpolation in the 'Parse scans from timelines' step effectively changes the z-grid to an x-grid (irregular -> regular). Essentially, we interpolate to find the times when the SMEC mirror reached the regular positions in x.  Symbolically:
z(t`) -> x(t``)

The spectrometer detector timelines, I(t), are then interpolated onto the times when the SMEC was at the regular positions.  Symbolically:

I(t) -> I`(t``)
The regular SMEC positions, x, and the interpolated detector samples, I`, are combined into one interferogram since the t`` values are common.

I`(t``), x(t``) -> I`(x)
Jean-Paul has suggested just using the optical encoder for SMEC position and not LVDT (as shown by the calibration files used) but this left in for contingency. Pointing information will be added at this stage. Alternative ways of performing the interpolation may be possible but will provide the same functionality as the one described above.
4.1.4 Correct For Vignetting

As the SMEC moves away from ZPD the Interferogram is vignetted. A correction for this is likely to be in the form of adding an offset as function of OPD that is taken from a calibration file.
4.1.5 Correct For Modulation Efficiency

As the SMEC moves away from ZPD the modulation efficiency decreases. A gain as a function of OPD per pixel must be applied to undo this effect. Respective calibration files have to be created and read in.
4.1.6 Derive SCAL Emission

The SCAL temperature is extracted from the SCU timeline and this is converted to emission. Lethbridge would need the interferogram or spectrum for the setting used. This is subtracted from the measured data.
4.1.7 Derive Telescope Emission

The telescope temperature is extracted from the spacecraft timeline and this is converted to emission. Lethbridge would need the interferogram or spectrum for the setting used. This is subtracted from the measured data.
4.1.8 Level 2 Deglitching

This will use all interferograms to flag and remove outliers in standard deviation or skewness. What is then done both to flagged points from deglitching level 1 and level 2 is optional. Either the entire scan needs to be removed or some way of filling in flagged points needs to be implemented. Presumably an average of the remaining interferograms will be used.
The deglitching is broken into two steps; the first step scans the set of interferograms in an effort to identify any glitches, the second step removes and replaces the glitches. One of the properties of the SDI products created by the Fourier Transform package is that the samples for each interferogram for a given detector pixel are all on the same position grid. As such, glitches can be detected by comparing the measured signal of each interferogram scan for a given pixel at each OPD position. Glitches are identified by flagging outliers of the scan-to-scan comparison at each sample point using metrics such as standard deviation or skewness. In general, standard deviation is more accurate for observations with a low number of scans, while the skewness technique works better for observations with a large number of scans ( ≥ 10). After identifying the glitches present in the interferograms of the SDI product, the offending points are removed and then replaced. The values of the replacement points are taken as the average of the values from the unaffected interferograms at that OPD position.
4.1.9 Remove OPD Phase

The OPD phase correction will correct for the optical phase of the source due to the beamsplitters or anything else that occurs as a function of OPD and not time. The optical phase will be available from calibration files.
4.1.10 Average Interferograms (optional)
This step will not be done in the pipeline but is an optional step for interactive analysis.

4.2 Spectrometer Pipeline Stage 4


[image: image24.emf]Interferogram

Product

Transform Double-

sided Interferogram

Compute Phase

Transform

Apodize (optional)

SDS

Spectrum

Product

Level 1 Product

for SOF1, SOF2

High Res Correct Phase Low Res Correct Phase

SDS

Remove RSRF

RSRF

Health

Check

Time

independent

(optical) Phase

Time

independent

(optical) Phase

SSW/SLW

band edges

Change Velocity Frame

Apodisation

Functions


4.2.1 Apodise

Apodisation, if required, removes the spectral artifacts related to the instrument line shape. This is only necessary for high resolution spectra. The natural instrument line shape for a Fourier Transform spectrometer is a cardinal sine or Sinc function. For interferograms that contain features that are at or near the resolution of the instrument (e.g. channel fringes), the natural instrument line shape can introduce artifacts in the calculated spectrum. These artifacts can be diminished by a technique referred to as apodisation whereby the interferogram is multiplied by a tapering or apodising function prior to transformation. A side effect of lowering the spectral artifacts is that the resolution of the resultant spectrum is also reduced. 
In addition to some long-standing apodisation functions, the Fourier transform package makes available a number of functions that optimize the tradeoff between reduction in the ringing artifacts and reduced resolution. The apodisation function is designed to accept a spectrometer detector interferogram (SDI) product as input. On a scan-by-scan and detector pixel-by-pixel basis, the interferograms in the input SDI product are multiplied by the chosen apodisation function. The result is an SDI product that contains apodised interferograms.
4.2.2 Transform
The high resolution interferograms are then zero-padded (default) and Fourier transformed to the spectral domain.
4.2.3 Remove RSRF
The instrumental relative spectral response function then needs to be removed to give the spectral signal from the source. These will be stored in a calibration file.
4.2.4 Change Velocity Frame

The wavelength returned by the spectrometer will be in the spacecraft velocity reference frame. This needs to be transformed to a standard reference frame. The reference frame to be used is TBD.

5. Supplementary Pipelines

5.1 TSYNC History Processing Pipeline
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5.1.1 Extract Tsync Process

Each SPIRE frame contains a 32 bit value which contains the number of (3.2 microsecond) clock ticks since the last synchronisation time, Tsync. In order to process the data from an observation during which several synchronisations may have been made, this value needs to be converted to an absolute on-board time.

Time synchronisation operations are inserted into the timeline at appropriate points in the instrument operations in order to prevent the counter rolling over (i.e at intervals of less than 229 minutes) but it may also be the case that the first synchronisation time occurs before the start of the observation. 

This pipeline is used to make these Tsync times available to the data processing by creating a single Tsync History which will eventually cover the whole mission.  It is expected that this pipeline will be run at appropriate intervals (e.g. between cooler recycles), to extract the Tsyncs for a given time period, and add these into the History. It should be noted that this will require the Tsync History pipeline to be run over the time period covering an observation before the normal pipeline processing can be run. 
5.2 Offset History Processing Pipeline
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5.2.1 Extract Offset Process

The detector signal has a DC offset applied to keep the detector signal within the dynamic range of the electronics. These offset values are set (usually automatically at the start of an observation), then downlinked in telemetry on request. There is no guarantee that the offsets are downlinked during an observation, although it is planned. This pipeline will be run at regular intervals to extract the offset information and create a history of offset values for the whole mission. 
6. Calibration Pipelines

TBW
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Correct for RC Roll off�

Several ways of doing this, could use thermistors to 
calculate temp rise between bolometer and sink then use calculated G and T to give total power then subtract electrical power. Could use dark pixels but may have straylight issues. Could use S vs detector temp directly.�
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Straylight Removal�
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SCU Timeline�

�

Add Nod and Raster IDs�

Extract Chop and Jiggle positions�
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PDP�

Photometer Pipeline Stage 3 
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LVDTDC to OPD�

Drift Removal (optional)�

SDI�

Polynomial drift of �nth order is removed�
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BSM Timeline�

HSK Timeline�

S/C HSK Timeline�

SMEC Timeline�

S/C Pointing Timeline�
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