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TERAPIX

& Production of large, “clean” and well-calibrated/science images
Production of calibration/data-description images;(weighttflagimaps)
Astrometric and photometric solution
Image warping
Image homaogenization
Image co-addition
Quality assessments

& Production of “Final” source catalogs
Detection
Measurement
Classification

#& Users tools:

Automatic pipeline /' data base with remoie User aGeess
vizualisation,

survey follow-up, etc...
& WUser, assistance:

Pliimages pracessed by Terapix
or- Pl does their.own at Terapix.remotely.

& Fundings
INSU '+ PNG + EC-FP5-AV0 + EC-FP5-AstroWise + AP + CEA



Terapix organisation

Terapix Project Office
Y. Mellier : PI
O. Boulade: Co-PI
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Data Flow

 Terapix reception: 2000-3000 images/runi(2:1 TB;, maximum) ,
 Terapix production : Weight+Flag images + stacked images (~ 4.5 TB)
» Goals: 300 Kpixel/sec, 100 object/sec (realworking time: 8hrs/24)
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» SEXxtractor i

» Astrometrix/SCAMP = « DataTransfer
* SWARP * SNOOPPIX
* QualityFITS
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Overview of the

TERAPIX
pipeline

CFHT ESO SUBARU CTIO
| I

data + mask + logs

CFHT : ELIXIR |

MissFITS: FITS keyword homogenization

PREREPIX

WeightWatcher: weight maps

SExtractor Detection

I
ASTROMETRIX: local or global

PHOTOMETRIX

Image Flux Rescaling

I
SWarp:weightmaps
I
SWarp : individual
I
homogenization

SWarp : co-addition

MASKING

—— SExtractor: final catalogues
l




Software

ﬂ Data reduction modules:
POSIX-compliant C/C++ and/or PBLEFPERLE-TK

Mast of them are being developed and arermaintained on-site :
Perfectly matched to MEGACAM images
Perfect control; fast response in case of problems

Many tasks are performed within eachimoedule
Efficiency (minimizesinputs/outpuls)
Simplifies the pipeline atiiigherievels
Passible thanksite permanenisGedicated  HEaMITEMLErS
Distributed to the general’community/A.S.A.D

Tremendously Improves robustness and portability (code, instruments,
file.formats)

Brings up new ideas
Helps in'foercing people to write a detailed documentation

Source packages now comply with GNU standard (Autoconf); binary
packages are Linux RPMs

Releasediunder. GPL



Software (cont.)

@ Pipeline; stand-alone programs + SPICGA + [DBclient
SNOOPPIX: spots data at CADC
Datatransfer: send data to Terapix/CADC and erganise data on disks
QualityFITS: input/output quality assessments teols + metadata
MissFITS: manage FITS files
WeightWatcher: Create weight-maps for:images
SWarp: Resample and co-add/images
SEXxtractor: Source extraction
PSEEX: Build a PSE model'of-a field

ASTROmetrix/PHOTOmetrix: localland global astrometry + photometric
normalization/calibration

SCAMP: New Astrometric/photometric, saftware

ﬂ Simulation+visualisation teols; €/C++ stand-alone programs
Stuff: Simulation of galaxy pepulations
SkyMaker: Image simulation
RPanorapix: Large image visualisation
Stiff: Image compasiting;and conversionito TIEE
SExBench: hardware benchmarking software
SkyWatcher: Survey/dataisky follow up



Software distribution

Home = 1.Activities - 1.S5oftware - SWarp

1.Activities
1.5oftware
Spica
Datahase
CVS access
Hews
Download
SWam
Links
Z.Hardware
Hews
The Terapix cluster
Legacy hardware
Links
3.Documentation
Reports
Meetings
Press
Z2.Ahenda
1.Calendar
Z.Meetings
3.Locations
4.Tools
1.Instruments
MegaCam
MegaPrime
Z.Archives
CADC
cD3
3.Data reduction
Spica access
a.Participants
1.Human resources
People
Project vacancies
2.Funding agencies
3.Contracts
AVO
ASTRO-WISE
CADC-Terapiz
STAR TAP
b.3cience
1.CFHTLS
2.DESCART
Mews

and co-ad
using any arhitrary
projection defined in the
standard.

The author
» Emmanuel BERTIMN

What's new?

hreading  and
tten from scratch]
uppaort for BLA

Download the latest version (V2.08)

Eoth the autoconfigurable source archive and
packages f sailable bel

been opti rovide the best p

PCs.

Source
archive

Monoprocessor Multiprocessor

rp Mailing List

5 together FITS images



2001-2002
3.5TB

2003-2004 The TERAPIX network

7TB - —
' Auto-load asss

2002-2003
10 TB
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Select & file .

& Log file

O Config file
Select action for
the selected file

Save

Open

Snooppix

Daemon action
Start

Stop

Status

Downloaded images
with; _ hte |
with: _ fie |

» Spot the CADC-CFHTLS archive area (Terapix
permited)

» Check data having new Elixired history (new or re-
processed by CFHT)

» Get these data to Terapix repository (Fiber Channel
Bay). Use ftp or http protocol.

« SNOOPPIX has been cloned at CADC to get Terapix-
ed data from the Terapix repository to CADC

Copyright & 2003 Terapix - [AP - 1.C, Malapert
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Datatransfer

® Transfer the data snooped by
SNOOPPIX from the data transfer
repository disks to Terapix
processing disks

# Check the disk space available
on each node and send the data
on disks that still have enough
space to produce weight + flag
map images

& Make statistics on images
(period, RunlD, filter, etc...) and
store meta-data on local DB

& Can run automatically or
manually

12



Data transfer - progress report

Filter usage data transfer - progress report
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Cumulate data from CADC ws. ochservation date

03AF190 Number of images receivedl
03AL01 B cunulated compressed imagesize in GB
g%gtgg% cumulated uncompressed imagesize in GB
03ALo50
03r097 0
ol

Number of images received

03 Mar 22
03 Apr 0L
03 Apr 12
03 Apr 22
03 May 03
03 May 14
03 May 24
03 Jun 04
03 Jun 14
03 Jun 25
03 Jul 06

Semester - Loading date in DB




@ Delivered by Terapix
to the AstroWISE
consortium

@ Provides a complete
image analysis of all
Images

# Check background
# Maps the PSF

# Checks star and
galaxy counts

® Produces weight/flag
maps
@ Quality assessment
for in/fout images

# QualityFITS uses:
SExtractor

PSFex

SWARP

PLplot library tools
Weightwatcher

ETEERER

QualityFI'TS

OBJECT
EXPTIME

FILTER

14



Reaw mosale image

Mot 1o Intamet Exploner users. I it Unabla 10 render propanty the Fansparency In PNG images. Prater ozl C1

mosalc of backgrounds (gamma-2.2)
mesh size = 64 piiels

mosaic of PSF

70687100 filter i, MPS701 ~ stellar number counts

na

00 02 04

Mosaic of weightmap

TOAT 100 filter L MPAYO1 = background histogram

T T T T

— |

L 4
050 3100 3160 3200 3250
background {(ADU)

7087100 filter 1 MPE701 - seeing histogram

T T T T T
average = 102

median = 100 -

standard dev = 0.08

P T S P | .
0.6 0.8 1.0 1.2
FWHM (arcsec)

F0BY100 filter i.MPS701 - galaxy number counts

model fitted Betwesn 200 and 24.0

Y¥image

I 4x4 binned chip

cedil
cedll
ccdlz
ccdld
ccdld
ccdls
cedlf
codl?
cedld
cedll
cedl0
ccdld
ccdl2
ccdld
ccdld
ccdl5
codlf
cedl?

Quality FITS
(cont.)

7087100 mesaie PSF orientalion and ellipticity map - filler i MP8701

pixel {1,1) is at lower left

PSF orientation and ellipticity map

background sigma_bky
(ADUY (ADU)
31604 1237
3125.0 1258
al4z.a 117.9
3139.8 126.1
1273 120.3
J108.6 1227
31784 1234
31043 128.5
3166.2 1417
1726 1183
3152.0 1527
31646 134.0
alseT 125.7
alree 1zz.z
31873 136.5
5138.5 129.3
31566 1264
3165.0 1242

background

(magfarcsecz)
20.28

mag auto

7087100-mosaic Rh—mag — filter i MP9701

18+

nsexdet

2 3 4
flux radius (pixels)

seeing seeing sloaded saccepted
(pix) {arcsec)

572 1.05 23 27
5.35 0393 52 45
5.34 039 48 40
5.39 1.00 43 a7
549 1.02 14 42
5.69 1.06 14 41
5.79 1.07 60 55
6.04 112 it} it}
B.34 117 23 27
5.26 098 a0 33
519 097 33 36
g.20 037 43 40
5.35 1.00 50 39
S4z 1.01 67 59
5.50 1.03 43 T
5.55 1.04 51 4z
5.70 1.08 53 46

5.92 110 43 33

schi2




Pipeline SPICA : PHP/SQL technologies

& «web » interface

Fully portable, used
remotely

Users accounts

Selection criteria
Included for user
selection of images and
configuration files

Fully automated mode
(all images)

Elixir - Login - Mozilla

T Elle Edit View Go Bookmarks Tools Window Help

Back | Forward Heﬁm Stop ! bt b |3 Pint
AYHome  _#Spica Peplcabdd #Sell Phardwarefr g clubic g tootella

Welcome to 8

= eed fir = figuration and rule files.
Q |Derlne 4 Nnew process name

IName |@ |

ur defined pri
Process
1d

=
&=

T View Final data . Config management |
Pipeline  Launch Delete Config Status aatiel Archive iguration

bertrand
bertrand

0P OOO
eo6eReeOeO

|—i_|_|_|_|_|_\_|_|0

Spica administration

Make configuration files

tion

Modify configuration files



EEC

= TEDA WJJJJJJ
e :f Y2V JJJJJ . S Bl
A ( ®
Server Admin Spica - Automatic Image Mode
@ Input Qualityfits - Spica - Output Qualityfits Images available 263
- . Warning \node2 is down Input quality assessment |231|/85%
Spica o 0% y
Output quality assessment | O 0% yfits Processed data i
) Exp Input Quality Zpica Output Quality  Sent to
e f el | el time R R Dec Asgesment  processing  Assessment CADC
7074400 03AF19 rMPSS01 560 2003-06-24 15083000 Scc000 [IEN U H H
7074410 03AF19 rMPO601 560 2003-06-24 15:08:28.9%,  4:59:55.3 [N N N N tunid Filter Node
7074420 03AF19 rMPI601 560 2003-06-24 15:08:30.30 \459450 [IEN U 0| N Numberl % Name | Number | % Name |[Numberl| %
e e I I o i —— 0| [Pl wpia) Rkl Sl
7074450 03AF19 rMPO601 560 2003-06-24 15:08:29.20  So0:04 [E U N N G| LME 2701 59|22 % [edle5 18]10 %
eaLuL| 50|28 % Ir.1P3601 || |56 %] [Eodes| 2721 %]
03AL03 2721 % [Lode? 59|23 %
03AL05 49([28 % {Liodes 1] &%
Search | Display| Runld |Fitter |Node |Exp_time (min/max) | Atrmass (min/mag) | Mseeing (min/maz) | Mbkg (min/max) |
Go| |0 [ R S| =l|[1400se 3045 |[1.085 ;[1.561 | 07386 ,[1.9881 |[18.45¢ [21.83
P A 2 - d All 20 images displayed. Use the form to select more or less
Warning : node2 is down
< Warning : node3 is down
2ldld dadld RAaSE Warning : nodes is down
» '
D)= C Image  RunlD  Filter Exg)“me Date Cbs RA Dec  Equinox Airmass Maesing () Mbhkg(mag) Node
[ 957030 03ALOS r 180 2003-03-22 14:08:43.70 53:3530.9 2000 1.234 0.9009 19.97 MNodel
[T 8957040 O03AL0S r 180 2003-03-22  14:08:37.98  54:02:30.8 2000 1.245 1.01932 19,956 Nodel
[ £957050 03ALO0S r 180 2003-03-22 14:03:32.09 54:30:30.8 2000 1.258 1.0097 19.95 Nodel
[T 8957060 OQ3AL0S r 180 2003-03-22  14:08:2605 5458309 2000 1.27 1.22132 19.94  Nodel
[~ 6957070 03ALOS r 180 2003-03-22 14:08:19.83 5526:30.9 2000 1.283 0.9702 19.93 Nodel
[T £9570%0 03ALOS i 5 2003-03-22  14:08:12.43  55:5430.9 2000 1.296 1.2161 19.94 MNodel
[~ 5958180 03AL0S r 180 2003-03-23  $:40:39.80 -3:18:250 2000 1.089 0.9715 20.92 MNodel
[T 6958190 03ALOS i 180 2003-03-22  £:40:39.80 -251:00.0 2000 1.087 0.9972 20.91 Nodel
[T 8958200 O03A105 r 180 2003-03-23  §:40:39.80 -223:00.1 2000 1.085 1.0641 209 Nodel




(Global astrometric solution

# Uses both overlapping
detections and a reference
astrometric catalog
(USNQO) :

# Works best with a wide
dithering pattern

Megacam CFHTLS Wide: Pre-survey.

# Current method
(Astrometrix): iterative :
solution... SCAMP used for 2 (Xix _Xjk) + (Vi — yjk)2
Megacam images =2

# Noneedito bring coordinates to
d Common; projection

i<jkeQNQ, Oy + 0y

2 Z (X — XOk) +(y|k Vo)

i ke, i + O,

18



Image resampling and co-addition:
SWarp

FITS/WCS/TNX in input and output (thanks tera moedified version of
's WCSLib v2.6)

Full handling of weight-maps

Work with arbitrarily large images

Up to 9 dimensions (including aimaximum, ofi 2 spherical coordinates)
Choice of interpolation functions (kernels up to 8 taps)
Equatorial/Galactic/Ecliptic coordmates

Built-in background subtraction;and noeise-level' measurement for
automatic pixel'weighting

Automatic centering/sizing of the output field

Multithreaded
Speed: typically 500kpixis on a bi-prac Athlon @1.5GHz

19



Some projections supported in Swarp
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Weichted co-addition
S -




Application
to Megacam:

18 x 560 sec. r' + 17X
260 g’ + 13 x 700 sec. u*
Megacam data




Scientific applications as test bench for Terapix

—
3)
0
n
3]
=
©

=
By

a

# McCracken et al 2001 (CFDF)
Arnouls et al 2001 (CDF)
A Yasuda et al 2001 (Sloan) 2.50
* Metcalfe et al 2000 (HDF N+S3)
¥ Metcalfe et al 2000 (WHDF-WHT)
QO Metcalfe et al 2000 (WHDF—INT)

.75

® VIRMOS FO2

1.00

log N, /0.5mag/deg?

0.25
20<1,5<22

—-0.50
-0.50 0.25 1.00 1.75 2.50
(B_V)AB

Photemetnyz galaxy counts Photemetry: galaxy color-colartracks
VIRMOS/TERAPIX teams: McCracken et al. 2003
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Performances

Configuration
® Datatransfer + QualityFITS + SPICA (detection, astrometry,
warping, co-addition, QualityFITS-out) + DB storage
# 10 Bi-proc nodes working

Performance
@ Data transfer CADC to Terapix: ftp : 20 Megacam
(compressed ) images/hr
# 1000 Megacam images Nov. 2003: 250 hrs (expected soon:
200 hrs): 30 working days (~ 8hrs/day)

Expected input flow

# Big Megacam run: 10 hrs/night; 15 nights, 5min. Exp. Time:
1800 images

# We are almost ok, but we must think about re-processing:
better software tools; faster and more reliable nodes and

CPUs; more optimised compilation options
24



On going developments and prospects

® Image masking

® PSF homogenization

® Improve/increase quality assessment tools
® Image visualisation: Panorapix

® Survey follow up tools: skywatcher

® Prepare WIRCAM tools, if needed

® More complex and precise galaxy morphology
analysis

AT
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