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NHSC Data Processing Workshop — Pasadena
10th- 14th Sep 2012

Goal:

« Show how SPIRE Photometer pipeline works
(functionalities of major modules).
 Will concentrate on scan map “user pipelines”
(covering small map, large map, SPIRE/PACS parallel mode).

Reference: “SPIRE Data Reduction Guide”

in HIPE (under “Help”) or in:
http://herschel.esac.esa.int/hcss-doc-9.0/load/spire_drg/html/spire _drg.html
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1

A

User Pipelines

» User pipelines (Jython scripts): Simplified version of Standard

Product Generation (SPG) pipelines
* You can find these “user pipelines” in HIPE

File Edit Run

ALY Scripts Window Tools Help
S ** Photometer Large Map user pipeline
* Photometer Parallel user pipeline

v

hotometer Small Map user pipeline

"= Console x ', L: p
** Photometer Point Source user pipeline

Lt Spectrometer Single Pointing user pipeline

HIPE>
Lt Spectrometer Mapping user pipeline
SPG scripts »
@cesa Hifijcc ED »-,,Acg (Cobike
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* Other useful HIPE scripts:

HIPE 9.1.0
File Edit Run Pipelines Bdilsl&dl Window Tools Help
™ SPIRE VSNBSS © Photometer Astrometry Correction
Photometer Baseline Removal and Destriper
Photometer Bolometer Finder
Photometer Calculate Ephemeris SSO Position
Photometer Map Merging
Photometer Solar System Object Motion Correction
Spectrometer Array Footprint Plot
Spectrometer Background Subtraction
Spectrometer Line Fitting
Spectrometer Thumbnail Mosaic Plot
Spectrometer Convolve Spectrum
Spectrometer Noise Estimate

=

| Editor x ",

THETHFTHTHTHT T TN

=
//é
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SPIRE Pipeline & Data Products @

U SPIRE Data Processing Levels

Pre-Processing J
SPIRE -_ - -_— - Level O
Pipeline - Data Product
Delivered | Engineering I
O erS e m— Level 0.5
(in HIPE) %} " Data Product
Il AOT specific )
' Processi :
/7': Level 1
Data Product
) Our_focys ) |: Advanced | !l
("user pipelines’)) I, Processi i —
CS"E"SlT e - Data Product
 Quality Control | =3
- » Data Product /
+ QC

* Raw Data Products

* Raw ADU counts converted
to meaningful units

* Calibrated Timelines

* Image and Spectral maps

* Quality Control
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10 14" Sep 2012 Scan Map Pipeline Flow Chart %

Level 0.5 Photometer 1] »” .
Products  Detector A "reversed sequence relative
imeline
) to the chain of data acquisition
crosstalk Remove electrical
matrix crosstalk
T t ThermI istor Somacktor
emperature 1 bolometer
Ge”"a“"es 6 Jump detector | time
= o w w response
I| concurrent | | l
F"'St_ Ievgl | | deglitcher [ Correct for optical
deglitching T I optical Crosstalk
| Wavelet : crosstalk e

|| deglitcher
- . e e e .

Q LPF E' Correct for
arameter electrical filter

1

SPIRE
Pointing
Product

Channel
Noise
Table

/ Level 2 Products\

Conversion( ) Convert to N\
fablo flux density Photometer / Photometer
L 4 Scan Map
Correlation T.emperature l" Product / Product
arameters drift correction Level 1 Product ) L 4
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10 14" Sep 2012 Scan Map Pipeline Flow Chart %

Level 0.5 Photometer (11 ” "
Products  Detector A "reversed sequence relative
imeline
— to the chain of data acquisition
crosstalk Remove electrical |, gjgnificant for very bright sources
matrix crosstalk
T t ThermI istor Somacktor
emperature 1 bolometer
Ge”"a“"es 6 Jump detector | time
- ek mm e = response
I [ concurrent | ! l
Firstlevel | deglitcher | | Correct for e
deglitching T I optical Crosstalk
I

|| deglitcher
- . e e e .

Q LPF E' Correct for
arameter electrical filter

1

SPIRE
Pointing
Product

Channel
Noise
Table

/ Level 2 Products\

Conversion( ) Convert to N\
fablo flux density Photometer / Photometer
L 4 Scan Map
Correlation T.emperature l" Product / Product
arameters drift correction Level 1 Product ) L 4
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Scan Map Pipeline Flow Chart %

Level 0.5 Photometer 1 » .
Products  Detector A "reversed sequence relative
imeiline
) to the chain of data acquisition
crosstalk Remove electrical
matrix crosstalk
1 flag thermistors affected by “signal jumps”
Cenjpel_'aturee Thermistor V J wuUIvImneLer y Bologmete : ¥
derivatives Jump detectOr time constants
_— e = response
_ 1| concurrent | |
Firstlevel | deglitcher | | Correct for e
deglitching T I optical Crosstalk
I Wavelet crosstalk matrix
deglitcher | |

LPF

Correct for

electrical filter
1

Convert to

flux density
v

ﬁ—

Qarameters( .
Conversion
table

Correlation
arameters

Temperature
drift correction

le

SPIRE
Pointing
Product

Channel
Noise
Table

-

Level 2 Products\
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Photometer / Photometer
Scan Map
Product / Product
Level 1 Product/ \ /
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Level 0.5 Photometer
Products D.e tec.t or
Timeline
]
Electric .
T Remove electrical
matrix crosstalk
1
Cen?pelzaturee Thermistor
derivatives Jump detector
| ] | | 4 | | | | | ]
1| concurrent L+
First level deglitcher I
deglitching T

LPF

Qarameters( .
Conversion
table

Wavelet I
deglitcher | |
R s
Correct for

electrical filter
1

Convert to

flux density
v

Correlation
arameters

Temperature

le

Scan Map Pipeline Flow Chart %

A “reversed sequence” relative
to the chain of data acquisition

Correct for
bolometer
time

.

Bolomete
constants

Correct for
optical
crosstalk

detect & remove glitches shared by multiple detectors

Optical
Crosstalk
matrix

Scan
Product

Photometer /

N

SPIRE
Pointing
Product

Channel
Noise
Table

/ Level 2 Products\

Photometer

/

drift correction
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Level 0.5 Photometer
Products 2015 s
Timeline
]
Electric i
crosstalk Remove electrical
matrix crosstalk

[ |

emperature

C per 6Thermistor
derivatives Jump detector

_—4_—

First level

Concurrent

deglitching

deglitcher

ﬁ

Wavelet
deglitcher

Correct for
electrical filter

LPF
arameter

1

Conversion
table

Convert to
flux density

v

time
response
|
[ |

Correlation
arameters

Temperature
drift correction

Scan
e Product /

Scan Map Pipeline Flow Chart %

A “reversed sequence” relative
to the chain of data acquisition

Correct for
bolometer

Slngle detector deglitcher e

Bolomete
constants

2V Alternative: o-k deglitcher matrix
I ]

N

Photometer /

SPIRE
Pointing
Product
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Level 0.5 Photometer
Products D.e tec.t or
Timeline
]
Electric .
T Remove electrical
matrix crosstalk
1
Cen?pelzaturee Thermistor
derivatives Jump detector
| ] | | 4 | | | | | ]
1| concurrent | |
First level deglitcher I
deglitching T I
I| Wavelet
1| deglitcher | |
ﬁ—
Q LPF ( ,| Correctfor |, -
arameter electrical filter

Conversion
table

1

Convert to

flux density
v

Correlation
arameters

Temperature

Scan Map Pipeline Flow Chart %

A “reversed sequence” relative
to the chain of data acquisition

Correct for
bolometer
time
response

|

Correct for
optical
crosstalk

FFT based

(run after deglitc

& repair
to avoid ringing)

Bolomete
constants

Optical
Crosstalk
matrix

SPIRE
Pointing
Product

Scan
Product /

Photometer /

N

drift correction
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Level 0.5 Photometer
Products D.e tec.t or
Timeline
]
Electric .
T Remove electrical
matrix crosstalk
1
Cen?pelzaturee Thermistor
derivatives Jump detector
| ] | | 4 | | | | | ]
1| concurrent | |
First level I deg"tcher I
deglitching T I
I Wavelet
deglitcher | |

Q LPF E' Correct for
arameter electrical filter

Conversion
table

ﬁ—

1

Convert to

flux density

Correlation
arameters

drift correctlon

L 4 corjvérsi Scan ’
Temperature Product
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Scan Map Pipeline Flow Chart %

A “reversed sequence” relative
to the chain of data acquisition

Correct for

| bolometer Bolomete
ti me constants

Include:
< (1) Non-linearity correction
(2) Volt to Jylbeam

response
|
Correct for Optical
optical Crosstalk
crosstalk i
S? I I?E Channel
Pointing Noise
Product L

/ Level 2 Products\

Photometer

Map
Product

Level 1 Product/
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10 14" Sep 2012 Scan Map Pipeline Flow Chart %

Level 0.5 Photometer (11 ” "
Products  Detector A "reversed sequence relative
imeline
) to the chain of data acquisition
crosstalk Remove electrical
matrix crosstalk
T t ThermI istor Somacktor
emperature 1 bolometer
Ge”"a“"es 6 Jump detector | time
- ek mm e = response
I[ concurrent | | l
Firstlevel | deglitcher | | Correct for e
deglitching T I optical Crosstalk
|

|| deglitcher
- . e e e .

Q LPF E' Correct for
arameter electrical filter

1

SPIRE
Pointing
Product

Channel
Noise
Table

/ Level 2 Products\

Conversion( ) Convert to N\
fablo flux density Photometer / Photometer
L 4 Scan Map
Correlation Temperature Product Product
Qarametersé drift correction Remove 1/f noise .evel 1 Product L 4
due to T-drift
page 13
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Scan Map Pipeline Flow Chart %

A “reversed sequence” relative
to the chain of data acquisition

Bolomete
constants

Level 0.5 Photometer
Products _'?i‘:;‘:‘:it:;
]
Electric i
crosstalk Remove electrical
matrix crosstalk
1
Cen?pe':aturee ThermiStor POUIVITNIELE!
derivatives Jump detector S
- e = = response
I[ concurrent | |
First level 1| deglitcher I Correct for
deglitching T : ontical
I Wavelet crosstalk
deglitcher | |

LPF

e

rameters( .
Conversion
table

Correct for

—.|ﬁ_

electrical filter
1

Convert to

flux density
v

Correlation
arameters

Temperature

drift correction

g
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Exclude flagged]
thermistors
Product

Remove 1/f noise .evel 1 Product /

due to T-drift

Optical
Crosstalk
matrix

SPIRE
Pointing
Product

L — flag thermistors affected by “signal jumps”

Channel
Noise
Table

/ Level 2 Products\
Photometer
Map
Product
\_ J

eéSa HiFi ICC @ ”PPAC\é ( SP%I)

RE



NHSC Data Processing Workshop — Pasadena

10 14" Sep 2012 Scan Map Pipeline Flow Chart %

Level 0.5 Photometer (11 ” "
Products  Detector A "reversed sequence relative
imeline
) to the chain of data acquisition
crosstalk Remove electrical
matrix crosstalk * FFT based
- p ThermI'stor Correct for“
emperature 1 bolometer
Ge”"a“"es 6 Jump detector | time
- ek mm e = response
I[ concurrent | | l
First level deglitcher | | Correct for e
deglitching T I optical Crosstalk
I

|| deglitcher
- . e e e .

Q LPF E' Correct for
arameter electrical filter

1

SPIRE
Pointing
Product

Channel
Noise
Table

/ Level 2 Products\

Conversion€> Convert to N\
fablo flux gensity Photometer / Photometer
Scan Map
Correlation T.emperature l" Product / Product
arameters drift correction Level 1 Product ) L 4
0 0 . ; d ()
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Scan Map Pipeline Flow Chart %

Level 0.5 Photometer
Products D.e tec.t or
Timeline
]
Electric -
T Remove electrical
matrix crosstalk
1
Cen?pelzaturee Thermistor
derivatives Jump detector
| ] | | 4 | | | | | ]
|| Concurrent
First level deglitcher
deglitching T
1| Wavelet
|| deglitcher
ﬁ—
Q LPF ( : Correct for
arameter electrical filter

Conversion
table

g

1

Convert to

flux density

v

Correlation
arameters

Temperature
drift correction

le

A “reversed sequence” relative
to the chain of data acquisition

Correct for
bolometer Bolomete
—> e place-holder
response
|
Correct for Optical
optical Crosstalk
crosstalk i

SPIRE
Pointing
Product

Channel
Noise
Table

P

Level 2 Products\

\
Photometer / Photometer
Scan Map
Product / Product
Level 1 Product/ \ /
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Level 0.5 Photometer
Products 2015 s
Timeline
]
Electric i
crosstalk Remove electrical
matrix crosstalk

Temperature Thermistor
derivatives

[ |

Jump detector

_—4_—_

First level

Concurrent

deglitching

deglitcher

Wavelet
deglitcher

- . e e .

Correct for

Q LPF ( ,
arameter electrical filter

1

Conversion
table

Convert to
flux density

v

Correlation ) )
arameters drift correction

Temperature

Scan Map Pipeline Flow Chart %

A “reversed sequence” relative
to the chain of data acquisition

Correct for
| bol&:gter
response
' * Telescope pointing &
Correct for optical orientation
optical Crosstalk * SPIRE detectors
crosstalk it positions

le

SPIRE
Pointing
Product

Channel
Noise
Table

/ Level 2 Products\
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10 14" Sep 2012 Scan Map Pipeline Flow Chart %

Level 0.5 Photometer (11 ” "
Products  Detector A "reversed sequence relative
imeline
) to the chain of data acquisition
crosstalk Remove electrical
matrix crosstalk
T t ThermI istor Somacktor
emperature 1 bolometer
Ge”"a“"es 6 Jump detector | time
- ek mm e = response
I[ concurrent | | l
Firstlevel | deglitcher | | Correct for e
deglitching T I optical Crosstalk
|

|| deglitcher
- . e e e .

Q LPF E' Correct for
arameter electrical filter

1

SPIRE / Channel
Pointing ‘ Noise ‘

Prod pefault: Destriper

Conversion( ) Convert tO \ ' ( Level 2 Products\
bl flux density Photometer / Ma Photometer
L 4 Scan P Map
Correlation Temperature ¢ Product / Product
Qarametersé drift correction Level 1 Product ) \ 4
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Scan-By-Scan Processin

» The pipeline processes timelines scan by scan (to ease the demand on RAM).

» Problem: ringing at the two ends of each scan due to FFT based modules.

« Solution:
(1) Before the process, attaching “turn-around” data blocks to ends of the scan.
(2) During the process, the ringing is confined to the “turn-around” data.
(3) After the process, cut-off the “turn-around” data blocks from the scan.

'

Turn- &/ —_—
around
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NHSC Data Processing Workshop — Pasadena nghllghts Of d User Pipeline
107 147 Sep 2012 Jython Script

———
L 0.5

pdt=joinPhotDetTimelines(pdt,pdtLead,pdtTrail) Add turnarounds

hkt=joinNhkTimelines(nhkt,nhktLead,nhktTrail) to Scans
bat=calcBsmAngles(nhkt,bsmPos=bsmPos) Pointing
spp=createSpirePointing(detAngOff=detAngOff,bat=bat,hpp=hpp, siam=siam) information

—
pdt = signalJumpDetector(pdt, tempDriftCorr=tempDriftCorr,kappa = 3.0,.....)
pdt=concurrentGlitchDeglitcher(pdt,chanNum=chanNum, kappa=2.0,.....)
pdt=waveletDeglitcher(pdt, scaleMin=1.0, scaleMax=8.0, ..........ccceeerurrrrern )
pdt=IpfResponseCorrection(pdt,|pfPar=IpfPar) Detector effects
pdt=photFluxConversion(pdt,fluxConv=fluxConv)
pdt=temperatureDriftCorrection(pdt,tempDriftCorr=tempDriftCorr)
pdt=bolometerResponseCorrection(pdt,chanTimeConst=chanTimeConst)
psp=associateSkyPosition(pdt,spp=spp) I Attach Pointing
€ psp=cutPhotDetTimelines(psp, extend=includeTurnaround) I Detach turnarounds
psp=timeCorrelation(psp,timeCorr) Correct timin
(LEVEL1 ) j 9

applyRelativeGains(levell.getProduct(i), gains = chanRelGains) I Extended Emission
psp=removeBaseline(psp,chanNum=chanNum) I Baseline Removal
mapPlw=naiveScanMapper(scans, array="PLW") I Mapping

(LEVEL2 )
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NHSC Data Processing Workshop — Pasadena Status Of SPIRE Scan Map Pipe"ne
10t- 14t Sep 2012 in HIPE 9.1

SPIRE 3-color map of NGC 5315 (a planetary nebula)

» General assessment:
In most cases, data from HSA
are already science quality!
 The official calibration accuracy is
+7% (5% from model, 2% RMS).
* An example (on the right):
The image from HSA looks good.
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summary

« Scan-Map pipeline covers nearly all SPIRE PHOT AOTs (small map,
large map, map in SPIRE/PACS parallel mode).

« |t follows a “reversed sequence” relative to the chain of data acquisition.

* For a general user, Level0_5 should be the best starting point.

 From Level0_5 to Level 1, the pipeline processes any observation data set
scan by scan (to ease the demand on the RAM).

* The current pipeline (HIPE 9.1) does a good job (“science ready”) in general.

« Major remaining issues:

(1) A bug in HIPE 9.0 (affect current archive data): a wrong flag occurred in the
temperature drift correction module. It may cause stripes in some maps.
The bug is corrected in HIPE 9.1 (you have this one!).

(2) Maps of very bright regions are affected by poor temperature drift correction,
which is in turn caused by cross-talks between detectors and thermistors
(even after the cross-talk correction).
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