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In the beginning there was IRAF...

The IRAF Data Reduction and Analysis System

Doug Tody

National Optical Astronomy Observatories
P.O. Box 26732, Tucson, Arizona, 85726

ABSTRACT [N

The Image Reduction and Analysis Facility (IRAF) is a general purpose software system for
the reduction and analysis of scientific data. The IRAF system provides a good selection of pro-
grams for general image processing and graphics applications, plus a large selection of programs
for the reduction and analysis of optical astronomy data. The system also provides a complete
modern scientific programming environment, making it straightforward for institutions using
IRAF to add their own software to the system. Every effort has been made to make the system as
portable and device independent as possible, so that the system may be used on a wide variety of
host computers and operating systems with a wide variety of graphics and image display devices.

1. Introduction

The IRAF project began in earnest in the fall of 1981 at Kitt Peak National Observatory (NOAO did not yet
exist at that time). The preliminary design of the system was completed early in 1982, and the first versions of the
command language (CL) and the applications programming environment were completed during 1982. The NOAO
IRAF programming group was formed in 1983. The first internal release of the system occurred at NOAO in 1984,
and a beta release of the system to a few outside sites occurred in 1985.
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Reducing data with IRAF

* Wavelength calibration: identify, reidentify

VIPERS:
100,000 spectra

» Spectrum extraction: apfind, aprecenter, sk

apresize, apedit, aptrace, apsum 8500 hours =
(they can be run in a sequence using apall) 1000 Werking days

 Flux calibration: standard, sensfunc

multiple IRAF tasks can be executed via a script, and new
IRAF tasks can be coded using the IRAF programming language
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'The problem with data proliferation

Data archiving is generally observatory-oriented,

and not really astronomer-oriented....

-

File Edit View Terminal

Tabs

Help

root@titan:~# ls sdata/LBT/RAW/MODS/26190201

modslb.20190201.
modslb.208196281.
modslb.2081960281.
modslb.20190201.
modslb.20190201.
modslb.20190201.
modslb.281962681.
modslb.2081960201.
modslb.20190201.
modslb.20190201.
modslb.208196281.
modslb.2081960281.
modslb.20190201.
modslb.20190201.
modslb.20190201.
modslb.281962681.
modslb.2081960201.
modslb.20190201.
modslb.20190201.
modslb.208196281.
modslb.2081960281.
modslb.20190201.
modslb.20190201.
modslb.20190201.
modslb.20819602681.
modslb.2081960201.
modslr.20819602601.
modslr.20819602601.
modslr.20196281.
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pe12.
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pel4.
pal1s.
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ee17.
pa1s.
pa19.
pe26.
0B21.
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pe23.
poz24.
0B25.
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0Be3.
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20190201
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20190201
268190201

.0E06 .
.0ee7 .
.0e83
.0089.
.0e1e.
.Be11.
.Be12.
.B013.
.0014.
.0015
.B016.
.Be17.
.0e1s8.
.0019.
.0020.
.B021.
.B022.
.B@23.
.0024.
.B@25.
.BO26.
L0027,
.BB28.
.B029.
.0e3e.
.B031.
.B@32.
.B033.
.0034.

fits
fits

.fits
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fits
fits
fits
fits
fits

.fits
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fits
fits
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modslr.
modslr.
modslr.
modslr.
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Terminal - root@titan: ~

20190201.
20190201.
20190201.
20190201.
20190201.
20190201.
201962681.
20190201.
20190201.
20190201.
20190201.
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20190201.
20196261.

pa37.
pa3s.
.fits
oo4a.
oe41.
pa4z.
Be43.
oo44.
oe4s.
.fits
oe47.
0e48.
oe49.
paso.
oael.
[ee2.
ooe3.
oaod.
0aes.
0a06 .
[BeeT.
poes.
paeg.
pale.
0e11.
pel12.
pe13.
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0015.

0839

0046
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.0018.
.0019.
L0020
.B021.
.B@e22.
.B@23.
L0024,
.B025.
.BO26.
.0e27
.0eeL.
.0eez2.
.0083.
.0e04.
.0Ee05.
.BO0BE6.
.0eay.
.0e08.
.0E09.
.0e1e.
.Be11.
.Bel12.
.8013.
.0014.
.Be15.
.BO16.
.B0e17.
.0018.
.0a19.
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20190201.
20190201.
20190201.
20190201.
20190201.
20190201.
20190201.
201962681.
20190201.
20190201.
20190201.
20190201.
20190201.
20190201.
20190201.
20190201.
20190201.
20190201.
20190201.
20190201.
20196261.

pe22.
pe23.
.fits
PB25.
0O26.
pe27.
BB28.
0e29.
pa3o.
.fits
pa3z2.
BB33.
po34.
Ga3s.
0a36.
BBe37.
0e38.
pa39.
oe40.
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An example
directory from
the LBT data
reduction center
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A tool for a project: VIPGI

the VIMOS Interactive Pipeline and Graphical Inte

A VIPGI

* Data Organizer
* Smart Data Browser
* Interface to Pipeline Tasks
* Data Visualization
* Direct Interface to
Redshift Measurement Tool

* Data Reduction Recipes:
150K lines of C code

* GUI and plotting/browsing:
16K lines of Python code

Pipeline

Organizer Table Parameter Files

rface

Help

ImljiE

[ Actions

Ins. Mode, MOS —

Ohs. Dae: ALL -

Organizerl Reduction] Bmwsmgl Ploting

Unpack Selected Files
Unpack All Files
Rename Selected Filg
Delete Selected Files
Clear Selection

Reload Organizer Tahle

Initialize KBRED
Run KBRED blindly

2Ol

— Data

Raw Data | an ] Gz ] @3 | Q4 ] All Quadrants ]

Show | Raw Data _al Flitec[lTEE o

Disk Usage: All Data [Gh]

|||||||||
00 7.5 15.0 225 30.0 37.5 45.0 525 600

il_lsmg fvestafmarcosfvimosidata‘dataReduction.ory . O
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Data reduction with just a few clicks

Bipeline Organizer Table Parameter Files Help

Smart Browsing; DIE BOE

Data organized by Pointing, S

Mask, and Data Type rowoan | or | az | s | o | ancusan

Ohs. Date: AlLL — Data Categories

— Actions FO2P0Z9_vma1h1 LR_red [ Single Frames List
FO2PO40_vmQ1h1 LE_red

T Frame Type: science —_
. Organizerl Brnwsmgl Flotting FO2P041_wvmQ1kdl LR_red P |
D R I n - f W k IS SIS LI Data Cal.: FO2POSZ_ym@1k1 LR_red
. FOZPOS3_wmG1M1 LR_red x

sc_FO2P052_GQ1_Safits

. . : sc_FOZPOSZ_G_1_BFCSfits

aval |ab|e depend | ng On the et —Ismgle S e sc_FO2P052_@1_1a BFCSAls
1] sc_FOZPOSZ_G_2_BFCSfits

sc_FDZPNSZ_G_7a BFCSts

Se | ected d ata t e —I so_FOzFO52_vnihd_LA_red_Gil_seqfits

yp sc_FOZPOSZ_G1 3 BFCSfits

Locate Spectra sc_FOZP05Z_G1_3a_BFCSits
sc_FOZPOSZ_G_4_BFCSfits

sc_FDZPNSZ_G_4a_BFCSiits
sc_FOZPOSZ_G1_5 BFCSfits

VI P E R S . sc_FO02F052_Q1_5a BFCSIits

. Preliminary Reduction

— Master Calibration Frames

Data Cat: FOZP05Z_vmQ@1k1 LR_red
Compute Spectrophatametry

msFlal_FOZPOSZ_vmM1_LR_red_0Q1 fits

el

msLamp_F0ZP05Z_wmh1_LR_red_Gi1 fits |

X 4 u ad rants Reduce Single Observalions msBias_spec_Q1.fits
Tah_st LTT3216_LA_ted_&1 fis |

X 6 taS kS Reduce Sequence of Obs i
X 20 m i n = wl Disk Usage: All Data [Gh]

q — L 1 1 1 I I I ! |
2 OO hourS — Echbi 00 75 150 225 300 375 450 525 600

: | | |
300 WO rkl n g d ayS |Using fvestaimarcos/vimos/data/dataReduction.or . O
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Integrated data browsing / plotting tools

Browsing and plotting tasks T Il .

.
d eSI n e d to take advan ta e 0BIno Hpisx SPECstart SPECend DBJstart 0BJend 0BJpos OBJx OBy 0BJra 0EJdec
g g il BL 1 62 30 38 34.73 -35.54 0.00 0,00
i BL 63 124 40 47 43.17 45,22 0.00 0,00
E 1 BL 125 186 23 30 26.74 137.25 0.00 0,00 J
oT the data structures o m e e
i 43 231 274 2 28 25,68 115,83 0,00 0,00 Kl ce
5 51 275 326 27 30 28,42 -81,06 0,00 0,00
1 51 327 378 28 34 30,87 62,04 0,00 0,00 1M1 LE_red
1 51 374 430 5 7 5,63 144,42 0,00 0,00 st
2 il 37 430 23 3L 26,91 144,42 0,00 0,00 I (5 4its
" - - 1 45 431 476 pa 27 23,80 -115,17 0,00 0,00 S its
Single multi-extension FITS L e ] e
1 45 523 556 2 30 25,93 76,32 0,00 0,00 [
. B . . ik 45 563 614 26 31 28,45 s for sc_| o B
ik 44 615 653 pa 28 24,14
file storing all the information e e
1 a7 705 752 20 o5 22,22 Cursor eoordinates: -13.4639, 111.003
. . 1 47 753 8oy 23 28 25,06
1 47 sul 848 24 31 26,93 — Mean
n ee e y e pl pe I n e aS S - 57 843 06 5 8 6.8 e — 1-signa
2 57 843 W6 33 43 37,48 L
3 57 849 06 47 50 48,18 8l
1 57 07 964 26 35 30,55
il &7 are AN 17 29 73 A2

. 150 o
Exit | Shaw Extraction Profile

Flux

T REUUCIaT RES: -

Example: slit browser and e mm“m m“m" ”“
spectrum extraction info plot — | " |||!|!|| )

e —,—,
00 75 150 225 a0

Fixel |
Plotting Extract
- Line GoTosit [ 4lfg
Exit | Previoug | et |
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==

Slit14 Obj 1 A

Integrated data browsing / plotting tools

Within the FITS file
and for each slit:

* 2D Extracted Spec
* 2D Sky
* 1D Extracted Spec
* 1D Flux Calib Spec
* Redshift measurement
* Location info
* Aperture info ————

* Lambda Cal Info

=l . é = ¥
o 4
.
.
100 s ||
I e, ;
a I 8000 Foog @000 5000
ALA] £
et 0

’| PPPPPPPP I GO Replotiill L8 e e Reloay Exit
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From VIPGI to today’s tools

* Two separate paths towards today’s
spectroscopic data reduction

o T
o T

ne Spectroscopic Survey tool Easylife

ne LBT / general purpose new VIPGI
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Easylife for Spectroscopic Surveys

Easylife’s concept is relatively simple
« Store all survey info in a Database
 Join together with a script the various pipeline tasks
* Add quality control steps in between the main tasks
(See Paolo Franzetti’s presentation for details)

Result: 2 people managed with ease the whole
VIPERS data reduction !!
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The new VIPGI

- Vipgi

Project  Parameters Files

Like in the original il
VIPGI: e

Create Bad Pixels Image

Append Bad Pixels Image Data Sets -
Adjust First Guess PINAME -~
Data Organizer
* CAUBRATION  sieve Mask
Smart Data Browser = ... cose o
Chi 5| Il KIDS1453_A it
nterface to Pipeline
Eliana_Palazzi PS19gp_Acquisition
Locate Spectra
Luigi_Mancini H47wid
* . . . Create Master Lamp Mancini Haswid
Data Visualization
Create Sensitivity NOTSPECIFIED FKJ1344+13
Create Sensitivity One Click NOTSPECIFIED PIVOT_Acquisition
Reduce Single Observations Roberto_Gill Gili1g
Roberto_Gilli Gilli18_Acquisition

Reduce Sequence of Obs.

Simone_Antoniuccl D75b_EM_05-104_Acquisition
Apply Atm. Correction

Simone_Antoniucci IRAS_02276+7225

Create Summary File

Simone_Antoniuccl V1057_Cyg

Split 1D Spectra Simone_Antoniucci  V1057_Cyg_Acquisition

Measure Redshift Simone_Antoniucci  V733_cep
M O re Pyt h O n an d Simone_Antoniucci VES_263
Simone Antoniucci  VES_601
less C code
Vincenzo_Testa J1935+1726
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Import H Rescan Hunclassmedl[ Calib. Files l
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The power of
having data
organized into
smart categories
(at the price of
needing a special
data import facility)

Only homogeneous
sets of data are
visualized and can
be selected to run
pipeline taks

June 10, 2019

The new VIPGI

~ Vipgi

Project  Parameters Files

Reduction | Browsing B - MODS
rojects: oS¢ |

Create Bad Pixels Image

Append Bad Pixels Image

il

FILETYPE OBSERVING NIGHT ORIGIN EXPTIME DICHNAME ~ QUADRANT
Adjust First Guess
[ (3] [ 3] [mans 3] [sawee 3] [oane (3] (a3
Auto Adjust
FILENAME ~ FILETYPE FILTER NAME DICHNAME QUADRANT EXPTIME
Measure Seeing
sc_Gill18_Non... SCIENCE Clear Dual MODS 18 1200.0 05/11/2018 03:38:03
iz MazrDok sc_Gilli18_Non... SCIENCE Clear Dual MODS 18 12000 03/01/2019 07:16:24
sc_Gill18_Non... SCIENCE Clear Dual MODS 18 1200.0 03/01/2019 07:16:24
Create Image Master Flat sc_Gill18_Non... SCIENCE Clear Dual MODS 18 1200.0 03/01/2019 07:38:15
sc_Gilli18_Non... SCIENCE Clear Dual MODS1B 1200.0 03/01/2019 07:38:15
sc_Gill18_Non... SCIENCE Clear Dual MODS 18 1200.0 03/01/2019 08:0033
sc_Gilli18_Non... SCIENCE Clear Dual MODS 18 1200.0 03/01/2019 08:0033
Preliminary Reduction
sc_Gill18_Non... SCIENCE Clear Dual MODS18 1200.0 03/01/2019 08:22:24
sc_Gill18_Non... SCIENCE Clear Dual MODS18 1200.0 03/01/2019 08:22:24
|
sc_Gilli18_Non. SCIENCE Clear Dual MODS1B 1200.0 03/01/2019 08:44:32
Reduce Single Observations sc_Gilli18_Non... SCIENCE Clear Dual MODS18 1200.0 03/01/2019 08:44:32
Reduce Sequence of Obs. FILENAME ~ FILETYPE QUADRANT
Apply Atm. Correction
Split 1D Spectra FILETYPE INS MODE GRISM QUADRANT
[ Measure Redshift ] [+*aLL 2] [#*ausr 2] [Ga00LDual | & | [+ausr 3
4| FILENAME FILETYPE GRISM CHANNEL QUADRANT VALID FROM
ImMsFlat Mar. FLAT G400L Dual BLUE MODS2B 01/01/1900 01/01/2500
ImMsFlat Mar. FLAT G400L Dual BLUE MODS1B 01/01/1900 01/01/2500

Roberto_Gilli-Gilli18-1D501202-G400L_Dual
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Roberto_Gilli-Gilli18-ID501202-G400L_Dual Roberto_Gilli-Gilli18-1D501202-G670L _Dual Roberto_Gilli-Gilli18-1D531947-G400L_Dual Roberto_Gilli-Gilli18-1D531947-G670L_Dual Roberto Gilli-Gilli18-ID533915-G400L Dual Roberto Gilli-Gilli18-ID52 E]

]

DATE OBS

(N

VALID UPTO

Back H Import H Rescan Hunc\assmed][cahb‘HIes
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The new VIPGI

The data T Project creation =

. Project name: |
Organlzer Can Instrument: {4
Root dir: | i
be fu”y Project type: m
Custom ized Dataset ID:
by the user

GRISM — GRISM 4”‘

according to MASK. NALE = | MASKNUMBER = |
9 . : |

= ==

| Reduction ID: |

CHANNEL
FILTER_MAME

MASK_NUMBER OBSERVING_NIGHT

his/her preferred [sie = " QUADRANT

POINTING

scheme.

Directory tree: File naming:

This involves

CHANNEL
FILTER_NAME

CHANNEL

1 FITER_NAME LI Ll
both the location [.5:™ - - |
= -

GRISM

Of fl|eS On dlSk Higiﬂﬁﬂﬁm Higiﬂﬁﬂﬁm
OBSERVING_NIGHT
and the s
QUADRANT

visualization
through VIPGI ,TI Cancel |

OBSERVING_NIGHT
PI_NAME
POINTING
QUADRANT
TARGET
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Spectra visualization and redshift
measurements: pa ndora ez

SPECTRAL VIEWER - /hestia/marcos/Vipers/data/spectra/stacked/Adriana/highSigma z0.7 0.9 zfupfits

ttttttt

Visualization

tool, but also =
redshiftand
spectral lines . - -
measurement | ..
100l
Can beused | < o
standalone, or
integrated

within VIPGI

Wavelength
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In black:
observed
spectrum

In yellow;

best fitting
template
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Spectra visualization and redshift
measurements: pa ndora ez

ttttttt

RRRRRRR

OOOOOO

mmmmmmmm

Fit type: | Gaussian ~

SPECTRAL VIEWER - /hestia/marcos/Vipers/data/spectra/stacked/Adriana/highSigma z0.7

ssssssssssss

h

.

"MM U {f m

|
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Wavelength
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Spectra visualization and redshift
measurements: Pa ndora ez

In black:
observed
spectrum

In yellow;
best fitting
template

In green:

most common
spectral lines

June 10, 2019

ttttttt

OOOOOO

mmmmmmmm

Fit type: | Gaussian ~

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

uuuuuuuuuuu

/A &
| g |2 ES
= |z S
o ] k1l =418 50 il
= = K (= =) O - V)
s + b F | =)= J= S+

W\WW f\

A

Wavelength
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Final Remarks

 Some twenty years of experience with Spectroscopic
Pipelines at IASF-Milano

Managed all big ESO redshift surveys, like VVDS,
zCOSMOS, CLASH-VLT, VIPERS, VANDELS

Managed almost 10 years of LBT data reduction center

Tools basically ready to be distributed via the INAF SpeclLab:
new VIPGI, pipelines, spectra plotting, redshift measurements

June 10, 2019 INAF Spec Lab Workshop, Monte Porzio 17



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17

