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PACS Photometer
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Figure 3.2. Snapshot a QLA screen during FM ILT testing where an external blackbody

is seen through a 4mn aperture, simulating a source, much more extended than a
point source. Top: red array, bottom: blue array.
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PACS Photometry AOT

Four PACS photometry modes:
* point source photometry

» small source photometry
* raster map photometry

* scan map photometry



PACS Photometry AOT

Four PACS photometry modes:
* point source photometry

» small source photometry
e rasterfiapg-photometry

* scan map photometry



PACS Photometry AOT

Point Source

MNod 1 chop A
MNod 1 chop B
MNod 2 chop A
MNod 2 chop B

(nod1 chop A — nod1 chop B) — (hod2 chop A — hod2 chop B)

Point-source AOT
footprint on the sky

Figure 4.1. Source positions in point-source photometry AOT. Sketch
showing the source positions as a function of the nod and chopper
positions. The Y-axis is to the left, the Z-axis to the top. Chop positions
are defined by the internal chopper, while nod positions are defined by
the satellite pointing. Dithering at each chopper position, performed
with the internal chopper is not represented.




PACS Photometry AOT

Small Source

e P S .-

oh-source nodded

off-source hod1 chop A off-source
nhod1 chop B hod2 chop B nhod2 chop A

Figure 4.3. Footprint of detector on the sky in small-source photometry.
The pointing sequence is colour coded and goes black, red, green,
blue. By the Y-axis (long axis) motion alone, the horizontal gap
between the 4 top and bottom matrices is still completely blind. The
Z-axis motion allows to cover this area and leads to complete
coverage. The completely covered area 3.2 by 1.5 arcmin at the end of
the observation is indicated as a hatched zone.




PACS Photometry AOT
can Map Mode

T S S AN s

The satellite slews continuously
along parallel lines at a user-

specified speed (10, 20 or 60
arcsec/s)

Cross-scan distance

Scan leg length

Figure 4.6. Example of PACS photometer scan map. Schematic of a
scan map with 6 scan line legs. After the first line, the satellite turns left
and continue with the next scan line in the opposite direction, just like
in the raster map case. The reference scan direction is the direction of
the first leg. Note that the turn around between line does take place as

simplistically drawn in the figure.




The PACS Data

« Raw PACS data:ccompressed telemetry file



The PACS Data

« Raw PACS data: compressed telemetry file

* Simple processing

(on-board averaging of 4

frames, Tirai 10 Hz sampling) and compression of

the data on-board. |
more science data t

"his enable us to downlink
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The PACS Data

« Raw PACS data: compressed telemetry file

* Simple processing (on-board averaging of 4
frames, final 10 Hz sampling) and compression of
the data on-board. This enable us to downlink
more science data than it would be possible with
the current down-link telemetry rate

 Decompressed PACS Frames This dataset
contains tor the difrerent detectors in one camera
(photoconductor array or bolometer camera) all
signals for subsequent integration intervals.




Product Definition

There is a Herschel-wide convention on processing levels of the different instruments.

Sequence .



Product Definition

There is a Herschel-wide convention on processing levels of the different instruments.

¢ Raw Telemelry : All telemetry packets produced by the instrument in the course of the observation. In PACS
|A, we store/manipulate this level as a PacketSequence

V
e [ evel 0 data.

Level 0 data is a complete set of data requested to do the scientific data reduction. It is savedin a Level 0
Data Pool in form of Fits files. After Level O data generation no connection to the Database is possible any
more, Therefore Level O data need to contain all information needed from the Database (e.g. uplink
information).

o Science data

Science data are organized in user friendly classes. The Frames class for reduced data and the
PhotRaw class for additional raw channel data will be the basic data products for this processing steps.

o Axillary data

Auxiliary data for the time span covered by the Level 0 data, such as the spacecraft pointing (attitude
history), the time correllation, selected spacecraft housekeeping, etc

The information is partly merged as status entries into the basic science cla rames and PhotRaw
or available as Products (Pointing)

o Decoded HK Data + Calibration files
HEk. data Tables with converted and raw HK. values.




Product Definition

There is a Herschel-wide convention on processing levels of the different instruments.

1 by the instrument in the course of the observation. In PACS
| HL;I gence,

se data are saved in the Product Pool,

( _]"—'-; fr':l r Saturation, Flags Bad Pixel,
hopper angle).




Product Definition

There is a Herschel-wide convention on processing levels of the different instruments.

vation, In PACS
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Product Definition

There is a Herschel-wide convention on processing levels of the different instruments.

or optimal results many of the processing steps involved to generate level-2 data may reguire human
interaction, based both on instrument understanding as well as understanding of the scientific aims of the
observation,
The resultis an Image Product.




Product Definition

There is a Herschel-wide convention on processing levels of the different instruments,

2 by the instrument in the course of the observation. In PACS

vel-2 data products are used as input. These prc
Sia not oI T tHe Snecifie IRstAiment BLEAre nsua bined with theoretical models, other observations,
laborat fa, catalogues, etc. Their formats should be WO compatible and these data products should be
i access,




The hipe java-environment

» Brand new java environment

v new plot
v new display
v~ new libraries

» advantages & disadvantages:

v customized for non-standard data reduction

v s0 far tested only by Herschel calibration-astronomers
and not by community

v to go beyond pipeline scripts, astronomers have to get
used to Object-oriented coding, Pools, Classes,
Products, ArrayDatasets, TableDatasets, etc



PACS pipeline & hipe

'he PACS Photometer Pipeline is composed of
‘asks:

» most of the tasks are written in Java
» several are still Jython prototypes




PACS plpellne

Istore = LocalstoreFactory. getitared

store = Producti>torage()

store.registerilstore)

result = browseProduct{store)

ohs=result[] . product

Trames=obs.leveld.refs[ J.product. refs[0].product

pp=obs.auxiliary.pointing

calTree = geticalTreead i 2

frames = TindBlocks{frames)

Tranes=photAddInstantPointing{Trames, ppl

ra=Trames. getstatus( ]

dec=frames. getitatusy 2

plotradec=Plotxy{ra,dec,titleText= JHEETite=
Trames = frames.select( Trames.status[ J.data < 8)
frames = fTrames.select( Trames.status[ J.data == 03
ra=frames. getitatus{ 2

dec=frames.getstatusi a

plotradec. addlLaver(Layver:y{ra,decl)

frames = photFlagBadPixels{Tramesl

frames= photFlagsaturation{frames)

frames = photConuDigit2volts(frames) HOW a p|pe||ne SC”pt IOOkS ||ke

frames photCarrectCrosstal kiframes)

frames canvertiChopper2inglelTramash
Trames = photaAssignEabec{franes)

AR A Tew sources to the real dara
print
rs=158.9
ds=-16.48
sigs=0.001
ps=1.e-4
frames.signal=Trames.signal+ps¥,
ExP{-C({Trames. ra-rs)*CO5{3. 14199%ds 180, A sigsa* 2+ frames. dec-dsl Asigs)i®v2h 2.0
rs=158.95
ds=-16.54
sigs=0.001
ps=3.e-5
Trames.signal=Tframes.signal+ps™y,
EXP(-({((Trames. ra-rs)*C05(3.14159%ds, 180 ) /fsigsi*¥ 2+ (Trames. dec-ds)  /5igs)®*27 /2.0
rs=158.85
ds=-16.50
Sigs=0.001
ps=1.e-5
frames.signal=Trames. signal+ps™,
EXP(-({({(Trames. ra-rs)*C05(3.141599%ds, 180, ) fsigsi®¥ 2+ (Trames. dec-ds)  /sigs)®¥21 /2.0

frames = TilterSlew{Trames)
frames = photHighpassFilter(frames, 20073
map = photProject{frames)




PACS pipeline & hipe

'he PACS Photometer Pipeline is composed of
‘asks:

» most of the tasks are written in Java
» several are still Jython prototypes

Pipeline starting point

- Tar ball with all chosen Pipeline Products
(Level O, 1, 2) and data associated to
observation (Cal files, Pointing products, etc)

» Data organized in the Observation Context

 Local pool (storage) on the disk




The Observation Context

1store = LocalstoreFactory. getstored

store = Productitoragel)

store.register{lstore)

result = browseProduct{storel

obs=result D] . product

Trames=ohs.TevelO.refs[ J.product. refs[0].product
pp=ohs.auxiliary.pointing

calTree = geticalTrea( i 3

Trames = findBlocks{frames)
Trames=photaddInstantPointing{frames, ppl

ra=Trames.getstatusy ]

dec=Trames.getstatus{ 3

plotradec=PlotXy (ra,dec,titleText= S¥title=
Trames = Trames.select({ Trames.status[ J.data « 8)
Trames = Trames.select{ Trames.status[ J.data == 0)
ra=frames. getstatus( il

dec=Trames.getstatus( B

plotradec. addLaver(Laverxy{ra,decl)

Trames = photFlagBadPixels{Tramasl

Trames= photFlagsaturationframes)

Trames = photConvDigit2volts({Trames)

Trames photCarrectCrosstalk{Trames)

Trames convertChopper2anglelTramesl
Trames = photiAssignRabec{Trames)

AR Add Few sources to the real data
print
rs=158.49
ds=-16. 48
sigs=0.001
ps=1.e-4
Trames. signal=Fframes.signal+ps®y,
ExP{-CCCframes. ra-rs)C053 3. 14159%d=s 2180, 3 /sigsi*v 2+ (franes. dec-ds), sigs)i**2h,2. 0
rs=158.95
ds=-16.54
sigs=0.001
ps=3.e2-5
Trames. signal=~frames.signal+ps®y,
EXP(-C((Trames. ra-rs)"C0O5(3.14159%ds 180 . ) /sigsli® 2+ (Trames.dec-ds)  sigs)¥ %21 ,/2.0
rs=158.85
ds=-16.50
5igs=0.001
ps=1.e-5
Trames. signal=Trames. signal+ps*™,
EXP(-({(fTrames. ra-rs)"C05(3.14159%ds 180, Jsigs)¥ 2+ (frames.dec-ds)  sigs)¥%21,/2.0

Trames = TiTterSlew(ftrames)
Trames = photHighpassFilter{frames, 2007
map = photProject{frameas)




The Observation Context

result = browsefFia
obs=result 0] . product
Trames=ohs.TevelO.refs[
pp=ohs.auxiliary.pointing

TR 1store = LocalstoreFactory. getstore(

‘f;gﬁﬁﬁﬁiT%m“““ store = ProductStorage()
?mgf e ramee d STOrE. register{lstare)

wrranes. sl 1 result = browseProduct(store)
obs=result[0].product
Trames=obs. 1eveld. refs[ 1.product. refs [0]. product

[p= DhS aux111ary pn1nt1ng

Trames
Trames
Trames
Trames

AR Add Tew sources to
print
rs=158.49
ds=-16. 48
sigs=0.001
ps=1.e-4
Trames. signal=Fframes.signal+ps®y,
ExP{-CCCframes. ra-rs)C053 3. 14159%d=s 2180, 3 /sigsi*v 2+ (franes. dec-ds), sigs)i**2h,2. 0
rs=158.95
ds=-16.54
sigs=0.001
ps=3.e2-5
Trames. signal=~frames.signal+ps®y,
EXP(-C((Trames. ra-rs)"C0O5(3.14159%ds 180 . ) /sigsli® 2+ (Trames.dec-ds)  sigs)¥ %21 ,/2.0
rs=158.85
ds=-16.50
5igs=0.001
ps=1.e-5
Trames. signal=Trames. signal+ps*™,
EXP(-({(fTrames. ra-rs)"C05(3.14159%ds 180, Jsigs)¥ 2+ (frames.dec-ds)  sigs)¥%21,/2.0

Trames = TiTterSlew(ftrames)
Trames = photHighpassFilter{frames, 2007
map = photProject{frameas)




The Observation Context

result = browsefFia
obs=result 0] . product
Trames=ohs.TevelO.refs[
pp=ohs.auxiliary.pointing

Sl — LocalstoreFactory. getstore(

pies=photAddInstantPointing(f

,wﬁeﬂﬁﬂwc Productstorager )

i -ﬂ1F+ﬁHI1F+ﬁHﬂW
Trames = = 5 = LT T LT

ranes - hrnwsePruduct[stDr::::>

Trames
Trames
Trames
Trames

Trames=obs. 1eveld. refs[ 1.product. refs [0]. product
[p= DhS aux111ary pn1nt1ng

AR Add Tew sources to
print
rs=158.49
ds=-16. 48
sigs=0.001
ps=1.e-4
Trames. signal=Fframes.signal+ps®y,
ExP{-CCCframes. ra-rs)C053 3. 14159%d=s 2180, 3 /sigsi*v 2+ (franes. dec-ds), sigs)i**2h,2. 0
rs=158.95
ds=-16.54
sigs=0.001
ps=3.e2-5
Trames. signal=~frames.signal+ps®y,
EXP(-C((Trames. ra-rs)"C0O5(3.14159%ds 180 . ) /sigsli® 2+ (Trames.dec-ds)  sigs)¥ %21 ,/2.0
rs=158.85
ds=-16.50
5igs=0.001
ps=1.e-5
Trames. signal=Trames. signal+ps*™,
EXP(-({(fTrames. ra-rs)"C05(3.14159%ds 180, Jsigs)¥ 2+ (frames.dec-ds)  sigs)¥%21,/2.0

Trames = TiTterSlew(ftrames)
Trames = photHighpassFilter{frames, 2007
map = photProject{frameas)




The Observation Context

P Product Browser -D_IA_ PAL BROWSER_1_15
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Search
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quality - herscheliaobs quality. Quality Context [spgpool:29]




The Observation Context

P Product Browser -D_IA_ PAL BROWSER_1_15
Window Help
Attributes

Creator: [ i Creation Date: from |

Instrument: to

Model Name: | Applicable Date: Trom
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® Search ) Refine submit reset form
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leveld - herschel.ia.pal.MapContext [spgpool:64]

levell - herschel.ia.pal.MapContext [spgpool:65

logObsContext - herschel.ia.obs.QPLog [spgpool.37]
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guality - herschel.ia.obs.quality. QualityContext [spgpool:29]
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Pacs Photometry Data Volume

Blue Bolometer: 32 x 64 = 2048 channels

Red Bolometer: 16 x 32 = 512 channels

Readout frequency: 40Hz averaged on board to 10Hz
All data stored as doubles: 8 bytes

data volume of Level O data:

 Blue bolometer: Signal 2048 x 10 x 8 ~ 164 Kb/s
Noise 2048 x 10 x 8 ~ 164 Kb/s
Ra 2048 x 10 x 8 ~ 164 Kb/s

Dec 2048 x 10 x 8 ~ 164 Kb/s



Pacs Photometry Data Volume

Blue Bolometer: 32 x 64 = 2048 channels

Red Bolometer: 16 x 32 = 512 channels

Readout frequency: 40Hz averaged on board to 10Hz
All data stored as doubles: 8 bytes

data volume of Level O (Level 1) data:

 Blue bolometer: Signal 2048 x 10 x 8 ~ 164 Kb/s
Noise 2048 x 10 x 8 ~ 164 Kb/s
Ra 2048 x 10 x 8 ~ 164 Kb/s
Dec 2048 x 10 x 8 ~ 164 Kb/s

~ 2.6 Gb/hour

 Red Bolometer: ~ 0.6 Gb/hour

Most of AOT are much longer than 1h:

memory issue in the data processing!!!




Pacs Photometry Data Volume
Memory issue

Possible solutions:

 PACS photometry data processing feasible only
on very powerful machines: at least 8G of ram

» Store Signal, Noise, Ra, Dec as float and not
double

* Chunking of PACS photometry data (on the
basis of repetition factor for point/small source
aot, scan legs for scan maps aot)

» Clever memory interaction
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pipeline is AOT independent
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Only for Point Source,
Small Source
and Chopped Raster AOT
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The pipeline step by step
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Thepipeline step by step

LevelOto Level 0.5 .- --—
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“....__incl.decoded Label, OBCP.... .-

M=

Mask creation and
manipulation

PhotBadPixelsh

photFlagBadPixel .

Photaalljmits photFlagSaturation
X Datasetinspector
Rl - pho I o tsfjj Datasets and Produrts '
| ¢ 7 Datasets _
EUERE s Lk - ‘ photCorrectCrosstall| & 3 dme: Pacsstatus: Status| |
¢ [ Products
photCorrectGlitch o [C712: Frames: Frames ||
[photMM T Deglitching) ¢ Cframes: Frames: Framed ;|

[ Meta data (20) ,
D o
o~ [ Status: Pacsatatus: 5|

| o= 7 BlockTahle: BlockTa) &

findBlocks o [ DetectarPositions: Al |
i oy e | convertChopper2 H H
ChoppersngleRedundant -
convXyStage2Pointing g B . O g hev v |
Mame of the new mask: | j

copmmesos » [EE—— (L L

Under inv.géﬁz'i-_u_,é;:l;r;_ LE:V;ES F;!;'!E:_ ARt bk :II::SE::;(::__SS =
| | Implement-:-:-;:_l-_“"“-—— s don't add this mask add this mask “"“-..__ e e e e e

e e add mask

WP T remove displayed mask

I 1o be done

Fow 14, Column S



The pipeline Cosmetics

Level0OtoLevel05 - --— —--__.
i Level D Products :
'SFIF'I'IFF' HIK, Pointing, Qualit'_-,f...._..

Level 0 Frames
... __incl.decoded Label, OBCP,.. ..

PhaotBadPixelsMask - phOtFIagBadPl)(El

PhotSatLimits - ‘ photFlagSaturation

RhglGain - photConvDigit2Volts

W e —— Manipulation of the
T poComati signal: correction of
cross-talk and glitches

[ fnoBlocks | removal

convXyStage2Pointing
Lhippditiertheshold >~ cleanPlateauFrames

Under investig
| | implemented -
p
L Prototype
I 1o be done




The pipeline Cross-talk correction

LevelOtoLevel05 _.---— —---.

; Level O Products ;
“... Science, HK, Pointing, Quality, ... ..~

Cross-talk correction Based on
GRS calibration file (based on PACS test data)

“«....__incl.decoded Label, OBCP,.. .-~

PhotBadPixelsMask - phOtFIagBadPlXE| . \
: Crosstalk in the left red Bolometer Matrix
HERE ~|  photFlagSaturatior as seen in PacsQla for

PhotGain - photConvDigit2Volt FI LT_EII:B Bdm m_E 5x2 E-I'EIStEF_E 00612 22_(} 1.tm

PhotCrossia e photCorrectCrossta . ) .
_ Before correction After correction
photCorrectGlitch
[ phatMMTDeglitching)

findBlocks

ChoplJiterfiveshold - cleanPlateauFrames

Under investigation | evel 0.5 Frames.

l | implemented
L | Prototype
I 1o be done

Column 1 Column 16



The pipeline Deglitching

Level 0to Level 0.5 .

Level 0 Frames
o _incl.decoded Label, OBCP.... .-

PhotBadPixelsMask bm
~|  photFlagSaturation Deglitching based on the

" photConuDigitoVolts Multiresolution Median Transform
PhatCrosstakhlamx »|  photCorrectCrosstalk
phoConecioRe (Isocam Data Processing,
e Starck et al. 1999)

findBlocks
converiChopper2Angle

Method tested on alpha and
proton irradiation

convXyStage2Pointing

| ||mp|en'|er|_n_=-._ -

Lhippditiertheshold >~ cleanPlateauFrames
L | Prototype

Under invgsiiiaion | evel 0.5 Frames.
I 1o be done




The pipeline Deglitching

Multiresolution Median Transform

Alpha Irradiation Tests

sample

*The pixel signal can be corrected or masked out (up to user)

Still to be done: error estimate of the deglitching correction
*Alternative method: Wavelet Transform Modulus Maxima Lines Analysis
(status: implemented but not tested)



The data structure

LevelOtoLevel05 . _---— —---_
i Level O Products 1
“... Sdence, HK, Pointing, Quality,.... .~

Level 0 Frames g
... __incl.decoded Label, OBCP,., .-~

PhotBadFixelsMask - m
PhotSatLimits .| photFlagSaturation
PhotGain = photConvDigit2Volts
PhotCrossialkhatrx - ‘ photCorrectCrosstalk

photCorrectGlitch
[ phatMMTDeglitching)

‘ findBlocks ’

ndant

convXyStage2Pointing
khiopdittsriweshald - cleanPlateauFrames

Under investigation | eyel 0.5 Frames.

| | implemented S — G

L | prototype DataPool
I 1o be done S R

Block Table shows structure
of observations through
OBCP block.

OBCP block number identifies:
e Calibration block

e Science block

» Science data type: AOT mode



simple conversion...

LevelOtoLevel0.5 .. .--— —--__

; Level O Products ;
... Bcience, HK, Pointing, Quality,,... .-

" Level 0Frames
o incl.decoded Label, OBCP.... .-~

PhaotBadPixelsMask - phOtFIagBadPl)(El

PhotSatLimits - ‘ photFlagSaturation

e e e Block Table shows structure
Pha -‘ photCorrectCrosstalk Of ObservatlonS th rOugh
e OBCP block.

[ phatMMTDeglitching)

[ adde
[ nekde | OBCP block number identifies:

e Calibration block

» Science block
MI ° SC|ence data type AOT mode

P unser g Conversion of chopper position

5. - -._.-:-____ B Sl

| | implemented oS R —— pEEE S . .y w . .
— B technical unit in physical unit

I 1o be done S R

Painting B

converiChopper2Angle




The plpellne Pointing information

Level 0 to Level 0. 5 e
; Level O Products
" | I'ICE!. HK., Pointing, Quality,.... .

Level 0 Frames
lincldecote G REROBCRRIINST T T

PhotBadPixelsMask - m
PhotSatLimits .| photFlagSaturation

PhotGain = photConvDigit2Volts
PhatCrosstalkhatrix -‘ photCorrectCrosstalk

photCorrectGlitch
[ phatMMTDeglitching)

findBlocks
converiChopper2Angle

Under inv 55“95'“"” Level 0.5 Frames.

L Ipr ototype DataPool

I 1o be done S R

2 - .
| | Impleme rh='1 B i [ |

PhotSddInstantPointing is accessing:

* The Herschel pointing Product

* The SIAM product which provides
position of PACS virtual aperture
(center of the bolometer)

respect to the spacecraft pointing

« Ra and Dec of virtual aperture

(plus error) stored for each frame in the
Status table



The plpellne Pointing information

Level 0 to Level 0. 5 e ——
; Level O Products
| ence, HK, Pointing, Quality,,... "

Level 0 Frames

el PhotSddInstantPointing is accessing:
PhotBadPixelshask [ |I ] I
RN » The Herschel pointing Product

PhotSatLimits - ‘ photFlagSaturation

" photComDigtVots  The SIAM product which provides

PhaotCrossialkamx B ‘ p h ot CD r'rec'tc rossta | k

e position of PACS virtual aperture

[ phatMMTDeglitching)

[ eddie (center of the bolometer)

findBlocks . .
[ corvenchopperznge respect to the spacecraft pointing

* Ra and Dec of virtual aperture

(plus error) stored for each frame in the

Under iny 55“95'“"” Level 0.5 Frames. ____-_"'3'1_;;,_______
| | impleme erted - — e :___t___: = Statu S ta b I e
L IPprototype DataPool
I 1o be done S R




The chopper plateau

Level 0to Level05 _.---— —--__

For chopped observation only

... Science, HK, Pointing, Quality,,... "

RS, Potre Chopper Plateau
(oLl decoted IShel OBERIIINS

PhotBadPixelshiask - ‘ photFlagBadPixel

PhotSatLimits - ‘ photFlagSaturation

PhotGain > photConvDigit2Volts

PhaotCrossialkamx [ ‘ pho‘t CO rrec‘tc I’OSS'talk

photCorrectGlitch
[ photMMTDeglitching)

| findBlocks \

1000

Chopper position

-1500

ChopperSkyAngle -
ChapperAngle P | convertChopper2Angle
ChopperAngleRedundant

i
=2000

_|_IIII|IIII|III |IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIL
TIIIIlIIIIlIII |IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|_

_'_)SC||:| ||
| photAddinstant 0 1540 1560 1580 1600

convXyStage2Pointing

Index
khiopdittsriweshald cleanPlateauFrames

Under invgSi SRR REVE ISR EramEs!
| | implemented - ——d LT

L Prototype
I 1o be done




The chopper plateau

LevelOtoLevel05 _.---— —--__

oot For chopped observation only

“... Science, HK, Pointing, Quality,... .~

ad e

o  Poining Chopper Plateau
SO incldecoced tabeh OBCRINET T
ST e EE— 300@ T T | T T T | T T T | T T T | T T T | T T T T T T T
PhotBadPixelshask o ‘ photFlagBadPixel 2500
PhotSallimits - ‘ photFlagSaturation — = \ |
]
v’ 1500 ithi
PhotGain [ phetConvD|g|t2V0|1S . . Al | frames not Wlth I n
= 1000
m o L
Phalbfassnbatr: - ‘ photCorrectCrosstalk o Chooper plateau are
00
: a, 500 flagged out N
photCorrectGlitch [ . ]
(photMM TDeglitching) R (info stored in a mask)
T 2 500 \'l |
. Chopper Plateau Chopper Plateau
| findBlocks ‘
[ T T T | T T T ‘ T T T | T T T T = J__\ ‘ LI | L | LI ‘ LI | L | LU 1T ]
ChopperSkyAngle A—— 2500 = 2500 C ]
ChapperAngle P | convertChopper2Angle B r ]
ChopperdngleRedundant - 2000 = 2000 — -
o C 7 ] C J
S 1500 - - .9 1s00p =
convXyStage2Pointing ‘ ‘ photAddinstantF = F - 3 F ]
© 1000 = o 100k .
o, r - A - 3
EhhErihek cleanPlateauFra mh g 500 |- = GEL 500 =
e e B : o FE ]
Underinv_gﬁiﬁétion Level 0.5 Frames. T“.ﬁ" 1., 5 0 2 = S Y E_ _E
l | Implementea-_”"—- e T 5 f_ _ s E
L prowotype I R = 1000 = E
_ To be done o | = prlip—— [ G % b G W L2 S T T T T T IS R I =
1470 1472 1474 1476 1478 14€ 1508 1510 1512 1514 1516 1518 1520 1522

Index Index



Level 0.5

Level 0 Products
ce, HK, Pointing, Quality,,... ..

Level 0 Frames
. _incl.decoded Label, OBCP.... .-~

PhotBadPixelsMask - photFIagBadPixel
PhotSatLimits - ‘ photFlagSaturation
PhotGain - photConvDigit2Volts

talkMatrix - ‘ photCorrectCrosstalk

photCorrectGlitch
[ phatMMTDeglitching)

T —
[ fndBlocks |
[ converiChopperzangie From Level 0.5 on the pipeline

iIs AOT dependent

ChoeplJitterThreshold

Under ingfsti
| | implementSh.
L | Prototype
I 1o be done




Point-source and Small Source
from level 0.5 up to level 2

Level 0.5 to Levell and Level 2 : Point Source AOR Level 0.5 to Level1 and Level 2 : Small Source AOR

Level 0.5 Frames. L Level 0.5 Frames.

can Map AQR - Scan Map AOR -

photMakeDithPos | photMakeRasPosCount

photMakeRasPosCount |

photAvgPlateau

photAvgPlateau |

photDiffChep

photDiffChop | Foint Source ADR -

Chopped Raster AOR™
Emall Source AOR —

hopped Raster AGR ' ‘ photAvgNod
photAvgDith |
| ‘ photDiffNodSmall

photDiffNod

FlatField - ‘ photRespFlatFieldCorrection

photCombineMNod

Fiastkield — w | photRespFlatfieldCorrection | photDriftCorrection

o

hotDriftCorrection SubarrayArray > .
| 2 PhotArrayinstrument ————™ photAssignRaDec

(ILT version)

Frames (Level1)

Frames (Level1)

photShiftDith photProject i photProject

Frames (Level 2)

| | LUnder investigation

Under investigation )
Implemented

Implemented
| | Prototype

ok e I o b dore

To be done




Point-source and Small Source
from level 0.5 up to level 2

Level 0.5 to Level1 and Level 2 : Point Source AOR

" Level 0.5 Frames.

photAvgPlateau

photDiffChop

- W

photAvgDith

photDiffNod |

Emall Source AOR
hopped Raster AOR

photCombineMNod

FlatField g photRespFlatfieldCorrection

photDriftCorrection

Frames (Level1) : i

photShiftDith photProject

Frames (Level 2)

Under investigation
Implemented

Frototype

To be done

* Identifies dithering pattern

* |dentifies on-off source and
nodA-nodB position on the basis of
info in the Status table

Nod 1 chop A
MNod 1 chop B
Nod 2 chop A
Nod 2 chop B

(nod1 chop A — nod1 chop B) — (nod2 chop A — hod2 chop B)

Point-source AOT
footprint on the sky



Point-source and Small Source
from level 0.5 up to level 2

Level 0.5 to Level1 and Level 2 : Point Source AOR

Level 0.5 Frames.

can Map AQR &

photMakeDithPos
photMakeRasPosCount

e —

photAvgPlateau »
photDiffChop

- W

photAvgDith

photDiffNod |

Emall Source AOR
hopped Raster AOR

photCombineMNod

FlatField g photRespFlatfieldCorrection

| photDriftCorrection

DataPool s T—
: . Frames (Level1)

photShiftDith photProject

Frames (Level 2)

Under investigation
Implemented

Frototype

To be done

* identifies dithering pattern

* identifies on-off source positions and
nodA-nodB positions on the basis of
info stored in the Status table
 averages the signal over a chopper
plateau (with the exclusion of

frames flagged by CleanPlateau task)



Point-source and Small Source
from level 0.5 up to level 2

Level 0.5 to Level1 and Level 2 : Point Source AOR

Level 0.5 Frames.

can Map AQR &
photMakeDithPos * identifies dithering pattern
I e * identifies on-off source positions and
nodA-nodB positions on the basis of
photAvgPlateau . .
. info stored in the Status table
__ ooniiches D .
kmall Source AOR e  averages the signal over a chopper
hopped Raster AOR . .
" photAvgDith plateau (with the exclusion of
photDiffNod | frames flagged by CleanPlateau task)
T powcontmened » takes the difference of averaged
HatField g photRespFlatfieldCorrection Chopper plateaus (On'Oﬂ:)

| photDriftCorrection

DataPool g

Frames (LevelT)

photShiftDith photProject

Frames (Level 2)

Under investigation
Implemented

Frototype

To be done



Point-source and Small Source
from level 0.5 up to level 2

Level 0.5 to Level1 and Level 2 : Point Source AOR

Level 0.5 Frames.

can Map AQR &

photMakeDithPos
photMakeRasPosCount
~ photAvgPlateau |
Emall Source AOR

hopped Raster AOR _ :
photAvgDith

photDiffNod |

photCombineMNod

FlatField g photRespFlatfieldCorrection

| photDriftCorrection

DataPool g

Frames (LevelT)

photShiftDith photProject

Frames (Level 2)

Under investigation
Implemented

Frototype

To be done

* identifies dithering pattern

* identifies on-off source positions and
nodA-nodB positions on the basis of
info stored in the Status table
 averages the signal over a chopper
plateau (with the exclusion of

frames flagged by CleanPlateau task)
» takes the difference of averaged
Chopper plateaus (on-off)

» Averages chopped differential
images per nod and dither position



Point-source and Small Source
from level 0.5 up to level 2

Level 0.5 to Level1 and Level 2 : Point Source AOR

Level 0.5 Frames.

can Map AQR &

photMakeDithPos
photMakeRasPosCount
~ photAvgPlateau |

- W

photAvgDith

photCombineMNod

Emall Source AOR
hopped Raster AOR

FlatField g photRespFlatfieldCorrection

| photDriftCorrection

DataPool g

Frames (LevelT)

photShiftDith photProject

Frames (Level 2)

Under investigation
Implemented

Frototype

To be done

* identifies dithering pattern

* identifies on-off source positions and
nodA-nodB positions on the basis of
info stored in the Status table
 averages the signal over a chopper
plateau (with the exclusion of

frames flagged by CleanPlateau task)
» takes the difference of averaged
Chopper plateaus (on-off)

 averages chopped differential
images per nod and dither position

» takes the difference
nodA(on-off)-nodB(on-off)



Point-source and Small Source
from level 0.5 up to level 2

Level 0.5 to Level1 and Level 2 : Point Source AOR

Level 0.5 Frames.

can Map AQR &

photMakeDithPos
photMakeRasPosCount
~ photAvgPlateau |

- W

photAvgDith

photDiffNod |
e e e

photCombineMNod

e e T s e R P L
FlatField g photRespFlatfieldCorrection

Emall Source AOR
hopped Raster AOR

| photDriftCorrection

DataPool s T—
: . Frames (Level1)

photShiftDith photProject

Frames (Level 2)

Under investigation
Implemented

Frototype

To be done

* identifies dithering pattern

* identifies on-off source positions and
nodA-nodB positions on the basis of
info stored in the Status table
 averages the signal over a chopper
plateau (with the exclusion of

frames flagged by CleanPlateau task)
» takes the difference of averaged
Chopper plateaus (on-off)

 averages chopped differential
images per nod and dither position

» takes the difference
nodA(on-off)-nodB(on-off)

« averages nodA-nodB per

dither position



Point-source and Small Source
from level 0.5 up to level 2

Level 0.5 to Level1 and Level 2 : Point Source AOR

Level 0.5 Frames.

can Map AQR &

photMakeDithPos
photMakeRasPosCount
~ photAvgPlateau |

- W

photAvgDith

photDiffNod |

Emall Source AOR
hopped Raster AOR

FlatField

DataPoaol %
i, Frames(Levell) =

photShiftDith photProject

Frames (Level 2)

Under investigation
Implemented

Frototype

To be done

 No ‘flat’ astronomical calibrators

« Internal calibrators are stable but not flat

« Blackbodies used for tests in Lab can be
assumed flat, but some differential distortion

to in-orbit case

« start with ground testing based flat-field

with given instrument settings (bias, gain, etc)
 verify large scale trends from point sources
scan maps/rasters

« Correct drift with internal Calibration sources

+ Preprocessing of the Calibration Block



Flat-Field and Flux calibration

Chooper position

index

Cal Block pre-processing

 extracts cal block from observation

 reduces Cal Block as point-source AOT up to PhotDiffChop
 provides differential image of calibration sources (CS1-CS2 image)
* + noise + HK data (e.g. Gain, bias settings) to correct flat-field and
flux calibration



Flat-Field and Flux calibration

— §5(t) = background suhtracted detector science zignal of a given pixel in volts.

— 0C(pix) = zignal difference (in V) hetween the two CSs for a given pixel, measured

during the AOR calblock (this could he an interpolarion hetween defferent calblocks, CalBlock pre-proces sin g:

0C=CS1-CS2
o0C noise map
HK info

1f needed, 1.e. due to some smooth time dependency).

J = fixed scalar calfile value Jy/V for a given array and filter combination. This
includes the conversion through the instrument and the telescope, such as the filter
transmission and also the inverse of the responazivity.

o(pix) = flat field for the pivel in the normalized 2D flat field. lhis has a value ,
From Cal files:

PR e o st e J ix), 0C_derived from
0Co(pix) = signal difference (in V) between the two CS5s measured especially for the ’ q)(p ) ’ 0

calibration independently from the science data, 1.e. conastent with the data from PACS test data with same
which the flat field ¢ and the responsivity R were derived. Instrument settings

around the unity.

6 f(t) = back ground subtracted calibrated flux seen by a given pixel in Jy /pixel.

PhotRespFlatFieldCorrection:
of(t)=0S(t) x J/d(pix)
o The flux calihration iz done by the following:

o sCpl) I PhotDriftCorrection:

=550 o) o) B, ca(1V=3F(1) X p(pix)

Monitoring with a calibration block consists monitoring the ratio p of the seconf term:

iCo(pix)  Drift correction

6C(pix)

plpix) =




Point-source and Small Source
from level 0.5 up to level 2

Level 0.5 to Level1 and Level 2 : Point Source AOR

Level 0.5 Frames.

can Map AQR - -

photMakeDithPos
photMakeRasPosCount
~ photAvgPlateau |

- W

photAvgDith

photDiffNod |

Emall Source AOR
hopped Raster AOR

photCombineMNod
FlatField g photRespFlatfieldCorrection

| photDriftCorrection

DataPool e —
| ™ <& Frames(Levell)

‘
(| photShiftDith photProject

Frames (Level 2)

Under investigation
Implemented

Frototype

To be done

* identifies dithering pattern

* identifies on-off source positions and
nodA-nodB positions on the basis of
info stored in the Status table
 averages the signal over a chopper
plateau (with the exclusion of

frames flagged by CleanPlateau task)
» takes the difference of averaged
Chopper plateaus (on-off)

 averages chopped differential
images per nod and dither position

» takes the difference
nodA(on-off)-nodB(on-off)

« averages nodA-nodB per

dither position

* Flat fielding & flux calibration

« Combining dithered images (1/3 of
pixels)



Point Source Level 2 Product

Double differential image
based on PACS test data



Scan map from level 0.5 to 2

Level 0.5 to Levell and Level 2 : Scan Map AOR inversion

Point Source AOR
Small Source AOR
Chopped Raster AOR

SubarrayArray
PhatArraylnstrument

Simple processing =

Intermediate
Files

ToTNoiseCorrelation =~

| Under investigation
Implemented

| Prototype

_ To be done

PhotRespFaltFieldcorrection
photDriftCorrection

Frames (Level 1)

photAssignRaDec
(ILT version)

Level 0.5 to Level1 and Level 2 : Scan Map AOR simple

Foint Source AOR
Small Source ADR
Chopped Raster AOR

-

PhotRespFaltFieldcorrection

OffsetCorrection

makeTodArray

runMadMap

ImageProduct (Level 2)

photDriftCorrection

DataPool

Inversion processing =

SubarrayArray
PhotArrayinstrument

photAssignRaDec
{ILT version)

photHighPassFilter

PhotProject

| Under investigation

4 Implementad
Frototype
[ To be done

i Simplelmage (Level 2)




Scan map from level 0.5 to 2

Level 0.5 to Levell and Level 2 : Scan Map AOR inversion Level 0.5 to Level1 and Level 2 : Scan Map AOR simple

Point Source AOR
Small Source AOR

Chopped Raster AOR PhotRespFaltFieldcorrection Point Source AOR
Small Source AOR -

photDriftCorrection Chopped Raster AOR PhotRespFaltFieldcorrection
photDriftCorrection

Frames (Level 1)

DataPool

DataPool
SubarrayArray photAssignRaDec .
PhatArraylnstrument (ILT ‘JEFSIDH) e s e 3
Inversion Processing -

OffsetCo rrectlon S A photAssignRaDec
Photarrayinstrument {ILT version)

Simple processing =

makeTodArra
s photHighPassFilter

Intermediate

Files
runMadMap

& PhotProject

T2TNoiseCorrelation -~

Simplelmage (Level 2)

| Under investigation | Under investigation

Implemented = e [F— Implemented
| Frototype Frototype

R o b Gone e -y = To be done




Pipeline Spatial Calibration

2" order polynomial fit of distortions as a function of (x,y,a)

In the current CalFile version : pixel coordinates transformed
into XY stage coordinates

Accurately characterized by large point source raster maps
during PACS (Instrument level) tests in lab (for “external-
optical-setup”+PACS, not Herschel+PACS)

Method cannot be simply repeated in orbit: pointing accuracy!
Differential optical modeling ongoing
Verification from scans across point (or double) source



Pipeline Naive Projection

Level D.5 to Levell and Level 2 : Scan Map AOR simple

First Problem: 'Image
sharpening’

FPaint Source ADR
Small Source A0R
Chopped Raster AOR

DataPoo!

Inversion processing -

photAssignRaDec
{ Niacils rl

Subarrayfray
FhotArrayinstrument

PhotProject

Simplelmage (Level 2)

— mplementad
Protobyps
_ o be done
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Pipeline Naive Projection

Blue : bias = 2.60V, fluxBB2 = 2.00pW/pixel

0,001

nominal : 536874102 : HIGH gain, Sref_only

0,003 0,010 0,030 0,100 0,300 1,000 3,000
frequency [Hz]

First Problem: 'Image
sharpening’

High-Pass Filter:

« filtering away low
frequency drift 1/f and let
the high frequencies band
pass

* the detail of the image is
kept while the larger scale
gradients are removed:
(cutoff frequency?)



PhotProject

Lewel 0.5 to Level1l and Level 2 : Scan Map AOR simple

e data cube processed

o source Ao with simple geometrical

Small Source 40R - : :
Chopped Raster AOR PhotRespFaltFieldcorrection
photDriftCaorrection

s projection:

‘ DataPoo!

Inversion processing -

s H Y ’ .l'rr_r % 5
Subarrayhray photAssignRaDec ai'ywl’y + I;[ ;I—y
FhatArraylnstrurment (ILT version) a3 .
Phatarrayinstrument ersio _ a;l:tﬂ;l:?jw;l?tj _I_ I;EUIF;[‘:;E?J

A7t

Tested on extended

sources, raster data and

scan map data




Projected image _|

Pixels

output Pixelsize {
(customizable)

weights

agywey T Way
. a;gy’i ;cyw;cy

e only geometrical weights in the current version: w =1 (w_= 0 for flagged
Xy Xy

pixels) in the scan map

. Exposure map based weights (0 < W, < 1) only for point/small source AOT



PhotProject Level 2 result

PhotProject result based on PACS test data:
output consists of map, noise map, coverage map



Pipeline MadMap

Level 0.5 to Levell and Level 2 : Scan Map AOR inversion Y Orig i nal C Mad Map Ve rsion (Wmap

Level 0.5 Frames, s d ata )
Paint Source AOR T -
Small Source AOR

Chopped Raster AOR

_ Correctio * MADmap uses a maximum-
T — e likelihood technique to build a map

DataPool & Frames (Level 1)

from an input Time Order Data
(TOD) set by solving a system of
linear equations.

Simple processing =

make TodAray

* |t is used to remove low-frequency
"“E’Ei‘.:‘i”’“_"____ o — drift ("1/f") noise from bolometer data

e while recovering extended source
flux

L mameproduccent2) " Offset correction (Median filter)
R needed! detector signals need to be

s put on a similar scale before

MADmap processing



Pipeline MadMap

* where d is the time ordered data set, n is a time domain vector
of piece wise stationary Gaussian noise, s is the signal in some
basis other than the time domain, and A is the pointing matrix
which is the linear operator which projects from the signal basis
to the time domain. Once the data is formulated in this way the
maximum likelihood map can be derived with MADmap.

*MADmap solves the map making equation:

*Ais the n_t by n_p pointing matrix where n_t is the number of
time samples and n_p is the number of pixels. N is the time time
noise covariance matrix. d is the time ordered data set (the
observation with noise). m is the pixel domain maximum
likelihood estimate of the noiseless signal map given N and d.



Pipeline MadMap

Level 0.5 to Level1 and Level 2 : Scan Map AOR inversion ° The im plementation iS Ccu rrently

Sl based on two JAVA classes:
 MakeTodArray:

ey SCCICCUI  , Builds time-ordered data (TOD)
stream for input into MADmap

Paint Source AOR
Small Source AQOR
Chopped Raster AOR

photAssignRalec
{ILT version)

— N, the time time noise covariance
matrix, is given in a calibration file

ey - - -
e # — in future version N will be
calculated from input data”

T2TNoiseCorrelation

Simple processing =

B — MadCap routine not implemented
. ___rjmgepjducfeual g,

In java yet

| DataPool




Pipeline MadMap

Level 0.5 to Level1 and Level 2 : Scan Map AOR inversion ° The i m plementation iS Ccu rrently

[ levloSFrames based on two JAVA classes:

Chopped Raster AOR PhotRespFaltFi
e

_ el R e  RunMadMap: wrapper that runs
T — _— MadMap module

DataPool & Frames (Level 1)

Paint Source AOR

— Output product consisting of
e —— multiple images:

""‘"“' ) (1) map -- Sky map image
.‘.;;E}EE?;; " — (2) naive map -- Sky map without
——— corrections

T2TNoiseCorrelation -~

(3) coverage map
- | Bl Do

o (4) noise image

| DataPool




Pipeline MadMap

Noive-Map pre : Error-Mop - E .

MadMop ' Cov-Map

Results based on PACS test data



PhotProject vs. MadMap

PhotProject MadMap
e can run on chunked data - can run on chunked data
without any problem without caution
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PhotProject vs. MadMap

PhotProject
e can run on chunked data
without any problem
e does not mind to used
Cross scan legs
simultaneusly

* needs data filtering for
iImage sharpening (still
under investigation)

e appropriate for
cosmological sourveys
(point sources no
structures on large scale)

MadMap
* can run on chunked data
without caution
* requires to used cross
scan legs simultaneusly
— this implies memory
problem (not feasible for
large maps)
* needs to remove
background offsets
» appropriate for extended
sources (remove 1/f noise
without removing large
scale structures)



Open issues

* Pointing accuracy and re-centering



Open issues

* Pointing accuracy and re-centering

« ~6 arcsec FWHM point
spread function at shortest
wavelength

« ~2 arcsec 1sigma pointing
accuracy (a posteriori)
 Offsets not stable over a
long scanmap

* Smearing of the PSF

* recentering?




Open issues

* Pointing accuracy and re-centering

* Filtering:
 how to filter the data
* is High-Pass Filter a good option?
e what about cross-correlated noise?

* data Chunking to reduce volume
* |s that really necessary?
* What's the consequences for MadMap?



Conclusions

« 80% of the pipeline modules are in place
» tests ongoing on real and simulated data
* huge effort on scientific validation

» still working on proper error propagation
* work in progress... but quite advanced

stage ~4 months before launch
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