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1. Scope

The aim of this document is define a set of calibration tables needed for SPIRE data processing and as such provides a link between AD3 and RD1. As this document is applicable to the calibration plan, the tables defined are labelled as data processing calibration requirements and given DPCR identifiers
While giving an indication of product layout, it is important to note this document is not intended to make any final statements about how the tables will be implemented in the DP system.  A separate calibration products document will detail the layout of the tables described here.

2. Documents

2.1 Applicable Documents

	AD1
	SPIRE Science Requirements

	AD2
	SPIRE Calibration Requirements

	AD3
	SPIRE Pipeline Description (Draft 0.2)

	
	

	
	

	
	


2.2 Reference Documents

	RD1
	SPIRE Calibration Plan

	RD2
	SPIRE Data ICD

	
	

	
	


Introduction

The SPIRE calibration framework is based on developing three strands of calibration documentation, relating to the time estimator, the uplink calibration requirements and the data processing calibration requirements. These three strands are then combined into a single calibration plan where all the SPIRE calibration tables are outlined. 

For the SPIRE data processing, the overall data flow is documented in AD3. This document then describes the calibration tables needed adding more detail and as such sets the calibration requirements from data processing for the calibration plan. 
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Figure 1 SPIRE Top Level Calibration Document Tree For Data Processing Related Calibration Products

In Section 4, the set of calibration tables required by IA, as indicated in AD3, are listed and a description of each file indicating a possible layout is given. It should be noted that this layout is currently only an initial suggestion from the author and the actual layout will be iterated with the DP work package owners. The detailed specification will then appear in the SPIRE calibration products document.
As this document is tied to AD3 Draft 0.2, the DP calibration requirements have been directly tied in with that document, however section 5 mentions some calibration related information which might be required for future iterations of DP.
Finally section6 cross references the calibration requirements with observing modes.

3. IA Processing Steps In Current Data Flow

3.1 DPCR-01 Bad Channel Table

File Description

Bad pixel mask for each array. 

Time Evolution

It is possible that the number of bad pixels will increase slowly with time

Format

Product: Pixel Mask, 

Meta data: Version

Dataset: One Per Array, per applicable time period

Meta Data: Array Identifier, Applicability start and end dates

Columns: Pixel identifier, Flag
3.2 DPCR-02 Conversion Tables For Each Parameter
File Description
Actually this requirement is for a set of files, one for each telemetry parameter, hence numbering several hundred. Each file supplies a table or an algorithm which is used to convert the digitised parameter value from the telemetry into an analogue value. It should be noted that the calibration plan does not include descriptions of these files as these are generated directly from the instrument electronics design. Instead these are documented in RD2.
Time Evolution

These conversions are not expected to evolve with time but provision should be made in the design in case time evolution is found. It is likely that this will take the form of a conversion applicable to a specific time period.
Format

The current implementation uses ASCII files with a header describing the table e.g.
# $Id: CHOPMODE.ETAB,v 1.5 2005/08/09 15:33:49 ssidher Exp $

# filename: CHOPMODE.ETAB

# author: Sunil D Sidher S.D.Sidher@rl.ac.uk

# Start_Columns

# Raw BSMMODE             

# Converted BSMMODE ()

# End_Columns

# Tue Aug 09 2005

RAWTYPE UNSIGNED

CONVTYPE TABLE

UNITS 

START_ETAB_CHOPMODE

0      STOP

1      STEP

2      TOGGLE

STOP_ETAB_CHOPMODE
It is TBD how this implementation will be converted to a time dependent format if deemed necessary.

3.3 DPCR-03 Pixel Gain Table
File Description
This file provides the gains necessary to convert ADU into volts out the detectors (without the offset added). For each detector channel (pixels plus PTC channels), this file will need to provide the LIA gain and the JFET gain. It is assumed that the Range is a fixed parameter, hence not part of this file definition.
Time Evolution
It is unlikely that this file will need to be time dependent.
Format

It is not clear whether errors will be available for these parameters
Product: Gain Table
Meta data: Version

Dataset: One Per Array
Meta Data: Array Identifier
Columns: Pixel identifier, LIA Gain, JFET Gain
3.4 DPCR-04 Offset History
File Description
The offset history is an intermediate calibration file produced by the pipeline and also used by the pipeline. At certain times, the instrument will be commanded to set offsets. The values set are then commanded to appear in the telemetry for a few seconds before the instrument returns to putting detector data in the telemetry. The offset history file is required to store these along with the time set. These are then applicable until the next offset setting.

Time Evolution
By definition this file is time evolving.
Format

This assumes one long history file where rows are added as new offsets are taken. Many  possible alternative implementations exist. 

Product: Offset History
Meta data: 
Dataset: One Sub-Instrument
Meta Data: Sub-Instrument Identifier
Dataset: One Per Pixel

Meta Data: Channel/Pixel identifier

Columns: Start Date/Time, Offset
3.5 DPCR-05 Tsync History
File Description
The Tsync history is an intermediate calibration file both produced by the pipeline and used by it. Time synchronisation operations are inserted into the instrument 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) and be the case that the first synchronisation time occurs before the start of the observation. Therefore it is envisaged that before processing an individual observation, a Tsync pipeline will be run extracting all Tsync values into a separate file.
Time Evolution
By definition this file is time evolving.
Format

Product: Tsync History
Meta data:
Dataset: Only one needed
Meta Data: 
Columns: Tsync Date/Time
3.6 DPCR-06 Pixel Time Offset Table
File Description
Each SPIRE frame has a frame time associated with it, however the detector readouts do not occur all at the same time and there is a very small delay between pixels. This is thought to not be of significance for the photometer but it may be of significance for the spectrometer. The baseline pipeline design only puts absolute times in for all pixels for the spectrometer but the calibration file contains both sub-instruments in case DP users wish to apply the photometer time offsets or if later versions of DP requires this.
Time Evolution
It is highly unlikely that more than one version of this file will be needed.

Format
This will only work if we only use single or full frame readout, if we readout 2 arrays in the photometer we may need to add a column.
Product: Pixel Time Offset Data
Meta data: Version
Dataset: One sub-instrument
Meta Data: 
Columns: Pixel ID, Single Array Time Offset, Full Array Time Offset
3.7 DPCR-07 BSM Operations Table

File Description
This file defines the BSM operations. 
Time Evolution
It is possible that this calibration will be time dependent on a long term basis, therefore provision needs to be made for new versions applying to later time periods while retaining older versions for re-processing.
Format
Product: BSM Operations Table

Dataset: One Per Mode
Metadata: Mode ID

Columns: Beam, Jiggle ID, Chop Sensor, Jiggle Sensor
3.8 DPCR-08 BSM Position Table

File Description
This file contains the calibration between the BSM angular distance from its zero position to any given sensor position. As it is likely that the two sensors are not independent, two functions supplied, one in each axis relating the pair of positions to angle in that axis. It is TBD whether this will be the final representation adopted and this is dependent on further analysis of the BSM data 
Time Evolution
It is possible that this calibration will be time dependent on a long term basis, therefore provision needs to be made for new versions applying to later time periods while retaining older versions for re-processing.
Format
Note this is based on the detailed format which has been designed.

Product: BSM Position Table

Dataset: One

Columns: Chop Angle, Jiggle Angle, Chop Angle Error, Jiggle Angle Error, Chop Sensor, Chop Sensor Error, Jiggle Sensor, Jiggle Sensor Error.
3.9 DPCR-09 Pixel Glitch Table
File Description
In the current pipeline dataflow all detector data will undergo first level deglitching before detector processing. Exactly what is done is still TBD but it is expected that there will be at least three different modes treated separately. These are SMEC scanning, telescope scanning and chopping. For the initial versions of DP it can be assumed that a simple algorithm will be adopted i.e. either median filtering or point to point differentiation and only large glitches will be detected. The threshold for this can be lower for chopping where all points on a chop position are nominally at the same flux than for SMEC scanning where large changes are expected near ZPD and telescope scanning where large changes occur if slewed over a bright point source. It is expected that for later versions of DP, the telescope or SMEC scan speed will be taken into account along with the detector time constants to form a more sophisticated approach which can distinguish between sources and glitches while telescope scanning.
Time Evolution
It is possible that this file will change contents with time and it is also possible that the file structure will evolve e.g. detector time constants added, therefore versioning will be important
Format
Product: Pixel Glitch Table
Meta data: Version

Data Set: One per mode

Meta data Mode identifier

Columns: Array ID, Threshold
3.10 DPCR-10 Channel Parameter Table
File Description
This file will contain all fixed detector parameters required to do the detector processing. In essence these allow a simple model of the bolometers to be applied. Note some parameters such as Rbolo are produced by the processing and the means of passing these between processing steps is TBD but for now is considered to be an intermediate calibration file (next section).
Time Evolution
This may be time dependent in the sense of a particular set of parameters applying for a specified time period although the expectation is that the same set of parameters should be applicable for the whole mission.
Format
It is not clear whether errors will be available for these parameters
Product: Channel Parameter Table
Meta data: Version

Data Set: One per sub-instrument
Meta data: Applicable start time, Applicable end time
Columns: Pixel/Channel ID, RLOAD, Capacitance, R0, Δ, G0, T0, β
3.11 DPCR-11 Channel Derived Parameters Table

File Description
This file will contain all detector parameters derived during detector processing that are needed by later processing steps or which may be inspected by a user. It should be noted that V'bolo (AD3 equation 6) should be written to an updated product between the roll off correction stage and the calculation of temperature and conductance stage.
Time Evolution
The expectation is that a separate product will be produced for each observation processed.
Format
Product: Channel Parameter Table
Data Set: One per pixel

Meta data: Pixel/Channel ID
Columns: Time, RCHANNEL, Error, TCHANNEL, Error, Conductance (GT), Error
3.12 DPCR-12 Phase-Gain Table

File Description
This table is used by the detector processing RC roll off correction step. For a given Bias frequency each array will have a nominal phase and associated phase gain term.
Time Evolution
It is not known whether time evolution will be occur but it is possible the nominal phase may change, in which case the associated gain will change. With this proposed format this can be dealt with via the addition of another row.
Format
Product: Phase-Gain Table
Meta data: Version

Data Set: One per bias frequency

Meta data: Applicable bias amplitude, Applicable start time, Applicable end time

Columns: Array ID, Nominal Phase, Gain, Error
3.13 DPCR-13 PCAL History
File Description
This is a placeholder for a not yet defined processing step. In principle the pipeline does not require PCAL to recover the flux on the detectors, however there may be time related effects that the DP does not removed that can be tracked by checking the detector response to PCAL flashes. These could be both on a fast basis i.e. within an observation, or on a slow basis i.e. over time between observations of standard sources. It should be noted that it is possible that PCAL itself may also change slowly with time.
Time Evolution
TBD

Format
TBD
3.14 DPCR-14 Straylight Characterisation
File Description
This is also a placeholder for a not yet defined processing step. The straylight behaviour of the instrument/telescope is an unknown. In principle the use of nodding removes any straylight effects but there may be residual effects that may require additional data processing. 
Time Evolution
TBD
Format
TBD
3.15 DPCR-15 Crosstalk Matrix
File Description
This is also a placeholder for a not yet defined processing step. The crosstalk behaviour of the instrument/telescope is an unknown and it is not yet clear whether any separate processing is required.

Time Evolution
TBD
Format
TBD

3.16 DPCR-16 Flatfield
File Description
In principle this is the purely optical flatfield of the instrument/telescope combination as all other pixel to pixel variations have been removed in the pipeline steps leading up to the flat field application. In reality some gain variations in the channels between the pixels and LIAs may still be present and hence the dominant additive component of the optical flatfield may be coupled with a multiplicative component of LIA gain variations. Another consideration is a possible dependence on BSM position. This will likely be due to straylight and while removed by previous processing and is therefore not factored in to the flatfield definition at this time.
Time Evolution

In principle this is not time evolving but changes in the optical signature of the instrument/telescope combination which are not removed by de-nodding may happen in practice.
Format

Product: Flatfield
Meta data: 
Dataset: One per Sub-Instrument
Meta Data: Sub-Instrument Identifier
Columns: Channel/Pixel identifier, Value, Error
3.17 DPCR-17 Pixel Offset Table
File Description
The pixel offset table is the angular offsets of the pixels in instrument coordinates from the SPIRE boresight. It is expected that the boresight will be defined as the central pixel.

Time Evolution
It is assumed that this will not be time dependent.
Format
Product: Pixel Offset Table
Meta data: 
Dataset: One per Sub-Instrument
Meta Data: Sub-Instrument Identifier
Columns: Channel/Pixel identifier, Z angle, Error, Y angle, Error
3.18 DPCR-18 Pixel Temporal Correction Table
File Description

The contents of this file are TBD as the implementation of this processing step could act in a number of ways. For the calibration team the simplest implementation would simply be to store the detector time constants.

Time Evolution

In principle this will not be time dependent but provision should be made in cases of changes in instrument behaviour e.g. due to contamination.
Format
Product: Detector Time Constants
Meta data: 
Dataset: One per Sub-Instrument
Meta Data: Sub-Instrument Identifier
Columns: Channel/Pixel identifier, Time Constant, Error
3.19 DPCR-19 PSF
File Description
The pixel point spread function is used in map creation. Each pixel will have a unique PSF, some of which will be measured via ground test and others will be inferred from the test data. It is currently not clear what the requirements on the PSF information are. There are probably two options. Each pixel could have a PSF dataset consisting of the PSF map or the PSF could be described as either a 1-D or 2-D function. As the PSF is a purely spatial function this will be normalised, hence is expressed as relative intensity. 

It should be noted that the PSF defined here will be defined for a single wavelength but in reality the PSF is wavelength dependant. It is assumed for the moment that photometer DP will not take this into account as, like colour correction, knowledge of the spectral profile of the source is required. The situation for the spectrometer is more complex, currently the DP does not include this but later we may add a calibration file which gives a correction due to changing PSF size in addition to the PSF itself.
Time Evolution

It is assumed that this will not be time dependent.
Format

This assumes the map format. To avoid a large chunk of data I’m assuming one product per pixel.
Product: Pixel PSF
Meta data: 
Dataset: One
Meta Data: Pixel Identifier, applicable wavelength
Columns: Yangle, Xangle, Relative Intensity, Error
3.20 DPCR-20 Photometer RSRF
File Description

This file is required for colour correction. Note colour correction is not currently an agreed processing step but it is the removal of an instrumental effect and hence requires a calibration product. The simplest calibration product to supply is the full response as a function of wavelength for each pixel. To derive a colour correction, this would then need to be convolved with an assumed spectral profile. Note the file defined here assumes no changes in the RSRF with input flux. 
Time Evolution

It is assumed that this is not time dependant, in fact this can only be measured on the ground. 
Format

Product: Photometer RSRF
Meta data: 
Dataset: One per pixel
Meta Data: Pixel Identifier, short wavelength cutoff, long wavelength cutoff
Columns: Wavelength, Relative Intensity, Error
3.21 DPCR-21 Time Domain Phase
File Description

This file is used to correct time domain (electrical) phase errors, the format is TBD but will follow the definition specified by the WP owner. Spectral frequency vs phase running filter through timeline, composite dataset, one table per pixel, may be able to combine RE properties. In addition to the delay, there may be an amplitude term. To apply this in the time domain the table needs to be transformed taking into account the sampling frequency.
Also thermal behaviour of bolometers will be pixel dependant, may be able to store time constant vs load and/or temperature. Might be one calibration or two.
Time Evolution

This is not anticipated.
Format

Product: Time Domain Phase Correction
Meta data: Version
Dataset: One only (Spectrometer specific)
Meta Data:
Columns: Pixel ID, Correction, Error
3.22 DPCR-22 Bad Scan Mask

File Description

Found from data processing, currently generated manually, no hard definition as yet.
Time Evolution

Intermediate file

Format
Scan go or no go

3.23 DPCR-23 OE at ZPD
File Description

This file specifies the ZPD position of the optical encoder for each spectrometer pixel for each input port.
Time Evolution

This is not anticipated.
Format
Product: ZPD OE Positions
Meta data: Version
Dataset: One for each port (Spectrometer specific)
Meta Data:
Columns: Pixel ID, OE Value, Error
3.24 DPCR-24 LVDT  DC at ZPD
File Description

This file specifies the ZPD position of the LVDT for each spectrometer pixel.
Time Evolution

This is not anticipated.
Format 
Product: ZPD LVDT Positions
Meta data: Version
Dataset: One for each port (Spectrometer specific)
Meta Data:
Columns: Pixel ID, LVDT Value, Error
3.25 DPCR-25 Optical Encoder to OPD
File Description

This file specifies the gives the encoder position to OPD calibration for each spectrometer pixel.
Time Evolution

This is not anticipated
Format
Product: OE Position to OPD
Meta data: Version
Dataset: One per pixel
Meta Data:

Dataset: Pixel

Meta Data: Pixel ID
Columns: OE Value, Error, OPD, Error
3.26 DPCR-26 Optical Encoder vs LVDT

File Description

Health check
Time Evolution

This is not anticipated
Format
Product: Optical Encoder vs LVDT
Meta data: Version
Dataset: One for the stage
Meta Data: SMEC ID (e,g. flight)

Columns: OE Value, Error, LVDT, Error
3.27 DPCR-27 Vignetting as Function of OPD
File Description

The total power on the detectors is a function of SMEC position. This function will be characterised from ground tests. Additive correction most likely.
Time Evolution

This function is not anticipated to be time dependent.
Format

Product: OPD Vignetting
Meta data: Version

Dataset: One per port

Meta data: Port ID
Dataset: One per pixel
Meta Data: pixel ID

Columns: OPD Value, Error, Correction, Error
3.28 DPCR-28 Modulation Efficiency as Function of OPD

File Description

The fall off of fringe amplitude with distance from the ZPD will be characterised from ground tests then applied as a gain factor to the interferograms.
Time Evolution

This function is not anticipated to be time dependent.
Format

Product: OPD ME
Meta data: Version

Dataset: One per port

Meta data: Port ID
Dataset: One per pixel
Meta Data: pixel ID

Columns: OPD Value, Error, Correction, Error
3.29 DPCR-29 SCAL Temporal Drift
File Description

For a given thermometer reading a given flux output at a given time. Long term time evolution, updated at regular infrequent intervals during mission.
Time Evolution

This file is time evolving by definition.
Format
Product: OPD ME
Meta data: Version

Dataset: One
Columns: Start Time, End Time, Correction, Error
3.30 DPCR-30 Telescope emission
File Description

TBD

Time Evolution

TBD

Format

TBD
3.31 DPCR-31 Non-Linear Phase
File Description

Time independent (optical) phase. Table per pixel wavenumber, phase
Time Evolution

TBD

Format
Product: Time Domain Phase Correction
Meta data: Version
Dataset: One only (Spectrometer specific)
Meta Data:
Columns: Pixel ID, Correction, Error
3.32 DPCR-32 Spectrometer Band Edges

File Description

Trevor defines them as the 50% of the mean value in-band
Time Evolution

TBD

Format
TBD
3.33 DPCR-33 Apodisation

File Description

There are many apodisation functions available. It is TBD whether a function will be adopted for standard processing but it is likely that an interactive user will have a suite of functions available to them. For ease of storage these functions are likely to be stored as functions rather than as tables.
Time Evolution

These are not time evolving.
Format

TBD
3.34 DPCR-34 Spectrometer RSRF

File Description

This file contains the relative spectral response function of each pixel. It is likely that three standard resolutions will be adopted. It is TBD whether a single high resolution RSRF needs to be stored or whether there is any variation with resolution. Currently it is assumed that the RSRF is an independent quantity i.e. it is not dependent on operating conditions such as detector temperature.
Time Evolution

It is unlikely that this will be time dependent.
Format

TBD
4. Future Considerations
4.1 Alternative Masking Schemes
The DP run in interactive mode may allow user selected bad pixels e.g. they might wish to ignore a particularly noisy pixel, other criteria could include… 

· User-specified bolometer numbers.

· Outside or inside a user-defined region (spatial and/or temporal).

· Below a user-specified intensity level.

· Fitting trends to the data (e.g. gradients).

· Statistical definition (e.g. 2 sigma around median).

· Logical/mathematical expression using temporal, spatial and intensity coordinates.

We may need to define a few different masks so that this can be achieved e.g. NEP for each detector, and identifiers for the vignetted pixels at edges of the FOV.
4.2 Channel Fringes

An investigation is currently taking place on the removal of channel fringes seen in test data. It is not yet clear whether this can be removed via a standard data processing step but if it can it is conceivable that this step may have a calibration file which characterises the fringes.
4.3 Line Data

Description
DP users will want to identify lines in a reduced FTS spectrum. They may also wish to determine a redshift. To allow these steps to be taken the DP must apply velocity correction to a reduced spectrum and may apply a redshift correction. A line detection algorithm may be applied. A line fitting algorithm may be applied. For line identification a line database will be needed. It is assumed calibration data in the form of a line database will be required for this. Also the processing may be required to produce the reference frame conversions as an intermediate calibration file.
4.4 Source Detection

Description
This refers to DP running an algorithm on a map which detects point (and extended?) sources in the map and reports them to the user. The algorithms chosen may require calibration information but apart from the PSF it is not clear what is required.
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