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Data Processing Pipeline
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All ALFALFA data processing takes place within the
environment of IDL.

All IDL procedures have been fully developed at
Cornell University.

Development of the package is virtually complete.
The package has been exported to and operates at
several sites. Local groups have to provide a current

IDL license,

LOVEDATA, Inc.
of I'thaca NY
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The basic data unit of ALFALFA is a 'scan”,
which consists of 10 minutes of data.

Since we sample the sky at 1 Hz, a scan
consists of 600 spectra for each ALFA beam
(plus one spare) and each polarization. Each
spectrum covers 100 MHz sampled by 4096
spectral channels, so a scan consists of

2x8x600x4096 floating point fluxes + HOR

The size of a scan is ~260 Mbytes.
When converted to IDL, a scan is referred to
as a "d” structure.
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A typical ALFALFA observing session is 3-10 hours long,
consists of

20-60 scans 2 0.5-2 Gbytes

First-level data processing (within days of observing)
Increases data archival burden by ~2.5

Gridding, signal extraction (within 6-9 months of
observations) more than triples archival burden yet again.

Ultimately, ALFALFA data and data products will add up
to several tens of TByfes.

For archival, we intend to take advantage of Cornells
IT Th. Center, which is organizing an interdisciplinary
Cyberinfrastracture Initiative which will include NAIC.
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=> The basic structure carrying the bulk of the data ("d", "dred")
utilized throughout the processing is based on a format defined by
P. Perillat at NAIC. Other most relevant structures are

* pos, which carries the positional info of every 1-sec spectrum
taken in the survey

* ncalib, which carries a history of temperature and flux
calibrations

- grid, which contains all the information within, and leading to
producing a 3-D cube

» src, containing data and ancillary info for each extracted source.

-
A=A (= A\



i T
Calibration

extraction

gridding

extraction Visualization

E Measurement>

ALFALFA
Data Processing
Pipeline




PR 0.9 ?‘!.

A TS L
s
R i e 1

- _::ﬁ/ ,M’_M ‘g - I:._

ALFALFA data processing moves through the following main steps. _

1. FITS conversion to IDL structures
=>» same day as observing session ends

2. IDL structures ("d") of raw data shipped to Ithaca
=> same day as observing session ends

3. Calibration to T,,; , Bandpass correction
("dred” structures), creation of "pos” structures

=> within 2-3 weeks of data taking
(data processing logs accessible (requires password) at:

4. RFI-flagging, visual data inspection of 2-D (frequency-time)
images, data quality assessment, 2-D signal extraction

=> within one month of data taking
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ALFALFA Data Processing Steps (continues):

5. Production of 3-D tiles: gridding raw data into regularly

sampled 3-D sets of 144x144x1024 pix (that is

2.4deg x 2.4deg x 5400 km/s) data cubes
(grids). 6rid centers are spaced 8 min in RA and 2 deg in
Dec. Conversion to flux density scale. Four sections cover
4 different velocity ranges, per space grid
Grid management via web interface.
Grid baselining, flatfielding, cross-calibration

=> within 9 months of completed, 2-pass observations
of given tile
6. Grid inspection , 3-D signal extraction

7. Flux Measurement, cataloging

= within 12 months of completed 2-pass observations
of given tile
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Bandpass correction (BPD)

Bandpass

correction is done B

in the RA vs. Bl Boafans ,Pol B | |#homerdora Mealib File
fr‘equenCY domain :}532984829 Scan Nunber [ %309 Date (YDDD)

for each
beam/polarization
map.

An entire
observing session — — ——
IS pr'OCZSSZd at L2808 oS0 fif stop ' ' ' ; “Pol A ol B |

once. |328 57 24,56 Declination F [z5.2 |24.5

Yhome/doradol0/galax  Filelist Browze, .. |

4831 Drift Start (AST sec after 03007 5433 Start Time (zec after 0100}

ERdz0 Drift Stop (AST sec after 0:00) B4188 Stop Time (sec after (000

Coordinates

|i21 53 00,249 RA start

Beam #
median Crat

In"’er‘ac"’ion Wi"'h . Data file: Board Status b .725‘5 D '.f 22, .T % Plot Erats_
user takes place B (EIL Sl S SR R S _ Plot Tsus
|B0.9 |2a.4 Z

through an easy Fo F1 F2 F3 F4 F5 0 e LA TP
GUI } ; |Bo.8 |BLE |23.8 | B30 |87

Uz CRAT median

Once parameters
are set, processing
runs as a
background job.

It takes about 0.3
hrs of processing
per hour of data

“ Use CRAT fit

Append to Calzession, File:

™ Start Mew Calsession, File:

Append to pos, File:

™ Start Mew pos, File:

32 raw files:

-5
home/doradol 3/ gal axySidlraw
fhomesdoradol3/gal axyidlraw
Fhomeddoradol3/gal axyidlraw
home/doradol 3/ gal axySidlraw
fhomesdoradol3/gal axyidlraw
Fhomeddoradol3/gal axySidlraw

Processed files

Process BF

8 Interp Regionst

2480,3520,0,0,0,0,0,0,0,0,
3480,3520,0,0,0,0,0,0,0,0,
3480,3520,0,0,0,0,0,0,0,0,
2480,3520,0,0,0,0,0,0,0,0,
3480,3520,0,0,0,0,0,0,0,0,
3480,3520,0,0,0,0,0,0,0,0,
2480,3520,0,0,0,0,0,0,0,0,
3480,3520,0,0,0,0,0,0,0,0,

In;grp Regiqn Help [ Ex@p
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Galactic Hydrogen
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Green indicates current bearm
b3S 2 Blue Left click for Slean, Right Click to Exit
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Optical image inspection
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Data/RFI flagging/ QA management “ = %<

Data from each
observing session
are "checked out”
by users for
bandpass
calibration and
RFI-flagging.
Data quality
assessment of each
session is made by
a senior team
member.

“¥? Yahoo! Mail - The be [ClGoogle SummerSchool2

06.01.16 |63pl +151230 |0703-1105 |dor raw |dorl
06.01.17 [36pl + 3 |0541-1056 |dor
06.01.1 9pl +092206 |0723-1055 |dor

06.01.19 |40p2 +094400 |0725-1107 |d

February 2006

06.02.15 0 Iraw [tor

62pl +14
1'1p ) “
06.02.16 | ) _ ' ||dorl3/idlraw |tor
06.02.17 | ' _ dor13/idlraw [tor
06.02 . dorl13/idlraw |tor

06.02 . 24 3fidIraw [tor

06.02.23 |64 5 y [0740-1132 |dor13/idlraw

06.02.24 |65 0736-1139 |dor13/idIraw |tor:

06.02.25 | °F. ] dorl13/idlIra
5

45p2 37 45
06.02.26 |65p2 +134900 0726-1645 |dorl3/idlraw
06.02.27 [66p2 +160336 0734-1640 |dorl3/idlraw
06.02.28 |63p2 +151948 (0744-1630 |dorl3/idlraw

Raw files
Block Dec] RA - Level I Who
: 4 7281 do bb |sb 18

g, B e
TI

06Feb

06Feb

O6Feb

06Feb

49



Gridding <Jpmii,

2.4° x 2.4° x 5400 km/s .

Map center at EA: 12.786666, Dec: 13.000000
T

da"'a CUbes (gr‘idS) ar‘e LI A L . s L B Y L B |_

created via: ]
- Examining "pos”

structures maintained

in a "masterpos” E

- For every grid point, a
record is kept that
describes which
record, from which
scan, which beam,
which pol, does
contribute to
spectrum at that point

- Anarray of "weights”
is carried for each
spectral value of the
grid.

I I N | TN I T | I R N I I N | L1
12,80 1285 12,80 12.75 1270 12,65
R4 [Hrs]




Grid management

Grids are logged
via a web

interface with P —
current status, =
ALFALFA user, pe]
completion dates,
and file comments

manag

& IDL Virtual Observator...

ALFALFA LOG

The Arecibo Legacy F...
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The signals are extracted by cross-correlations of a template
with the spectra (algorithm written by Amélie Saintonge)

— More sensitive than peak-
finding algorithms.

. sensitive to total flux, not
only peak flux

. especially important for
low mass systems

Using FFT's, cross-
correlations are fast

"ra“»fa\‘f’F‘*‘ﬂ“«*ﬂu\*u’l”“#’*ﬂd’\m‘ Wity

5500 B0 =500 TO00

- A matched-filter algorithm V. (km/s)
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Signal Extraction M

The process is :

- Repeat for a range of widths
of the template

. e.g. 10 km/s - 600km/s

— Choose the width for which
the convolution is maximized - [l [u
-> position of the signal ||\

~ Calculate the amplitude of the [ by Y
signal from the width

* Run on 2-D datasets -- for the 2 passes separately

- Compare catalogs; choose most probable candidates

* Run on 3-D datacubes after completion of "tile"

* Then compare catalogs --- allows digging lower into S/N

Slide: Amelie Saintonge

.
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Signal

Matched filter in the FFT
domain is used for signal

extraction with a specified
S/N threshold level.

Interactive program allows
user to examine source
detections - catalogs and
preliminary source
parameters are produced.

Extraction

by gt P ny |
o0 — M ‘14 ,’lur.p Tl I AARARY ‘; l‘lﬂul " l\ | r : .W‘ ‘J" T ""‘"t pf i }_I:, },FJJ'-H" Al .';".\" "%5\."‘
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Data cubes and
corresponding 3D

catalogs are examined in
GRIDview.

The upper left display is
a channel map; at upper
right is the
corresponding weights
map.

Controls allow user to
view channel or
integrated maps at
different velocities.

DSS, DSS2, Sloan, NVSS
images can be fetched.

NED and other on-line
catalogs - including
internal ones - can be
accessed and overplotted

Bgm G4700" a2n4E" 51736" iltiees R Pl i v

R4 [HMS] J2000

Channels 807 to 817 Integrated Welocity= 2792.4306 to 2738.3371 km/s  Awg Pol

" 400 52745 51736° fiti 497120 12BN

R [HMS] J2000

Spectral welghts display

PIHEL SPECTRUH

MEASURE FLUK

LCMEDETA, Inc.  lthasa, NV




Flux Measurement

Centroid positions
are determined

Ellipse parameters
are calculated.

Integrated profiles
are created -

measurements are
recorded in src
(source) structures

Data are compared
with database
archives.

File

Flux Density  [mdy]

Settings  [Options  Help

Frofile ot t

he Half level

e (9] + )]
] [} L=l [}

L]

:\Mm

Channel: 934

#00
Channel

4900 1000
BASELTHE:

Dee degrees
®  om
Y n
= =]

o
o
ra

[S0PHOTE:

FIT MODE:

12,8001 2,899 2,854 2,590 2,096 2895 2,864
R hours

MODE: Ellipse

e| Fitting

Hanningt

None




A Cata ngﬂ

ject: HI125351.5+094249 - Mozilla Firefox

File Edit View Go PBookmarks Tools Help

&-»-&

g’;ﬁ |_ file:f{{home/caborgjol/bkent/idl/galflux/html/HI125351.5+094249_5 . html

MiECI[E

“¥7 Yahoo! Mail - The best... |G'|Gcagle | | SummerSchool? - Mai... | | ALFALFA Team Website € IDL Virtual Observator... | | ALFALFA LOG

HI125351 . 5+0942458  FWHM lavel

[
[z}

Flux Density [rody]

Waight
I e
ka4 nio Cha
Ll

waloeity [km,/s)

SDSS

2832.2+/~ 1.9 km/s
0.0 0.0+/- 0.0 km/s
6.41+/- 0.16 Jy km/s
0.00+/- 0.00 Jy km/s
1.77 mJy

20.0 354 mly
43.011.320.0 89.0
0.00.00.00.0

15. mly

2831.0 233.6+/~ 3.8 km/s
2834.5 269.5+/- 3.8 km/s

8
3351.5+094249 [2000]
4.7 x 44 PA=-119.
2621. mly km/s
5243, mly km/s
6.19+/- 0.00 Jy km/s

{1

Done

Cruarker
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