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Astronomical Catalogs Supported by WCSTool An Evolving Software Package

For five years, WCSTools as provided image astrometry for astronomers who
Catalog or Format No. Stars Bytes  Region Search Image Search needaccurate positions for objects they wish to observe. Other functions have
been added and improved since the package was first released.

USNO-A2.0 Catalog 526,280,881 6,315,370,572sua2(sca) imua2(imcaf

GSC Il Catalog 455,851,237 ? sgsc2sca)  imgsc2(imcal

2MASS Point Source Catalog  155,569,24948,988,432,908stmc (sca) imtme (imcaf) a imwcs has been improved in several ways:

USNO-SA2.0 Catalog 55,368,230 664,418,868susadsca),  imusa2(mea) & Fits may be repeated, with and without tightening the tolerance on

GSC-ACT Catalog 25,541,952 1,231,787,520sgsca(sca)  imgsca(imcal matches between image and catalog stars.

HST Guide Star Catalog 25,541,952 1,231,787,520sgsc(sca) imgsc(imcay _ 4 )

Tycho-2 Catalog 2,539,013 528,721,576sty2 (sca) imty2 (imeay a Any of severalmagnitudesin a referencecatalogcanbe usedto order the

USNO/Hipparcos ACT Catalog 988,758  318,380,076sact(sca) imact (imca) brightest stars for matching.

PPM Catalog 378,910  22,734,656sppm(sca)  imppm (imcaf) a4 A WCS canbefit to aninitial setof X-Y/RA-Dec matches,with optional

SAO Catalog 256,996 15,539.876ssadsca) - imsao(imea) full match and fit of additional image stars.

IRAS Point Source Catalog 245,889 7,376,698 siras(sca) imiras (imcaf)

Hipparcos Catalog 118218 4492312 ship (sca) imhip (imcay

Starbase tab-delimited ASCII varies varies scat imcat & WCSTools includes and uses Mark Calabretta's latest release of WCS-

Space-Delimited ASCII varies varies scat imcat LIB,version 2.7,for projections, and supports multiple world coordinate systems

Local Binary varies varies scat imcat in a single header.

USNO-AL.0 Catalog 488,006,860 5,856,082,320sual(sca) imual(imcaf)

52:8 JSTDDCZ:;IZQ i:;iﬁ: zz;;z;i:iz:ﬁﬁ: ' :::fca;;'::: ! & Catalogsare now searchableover the World Wide Web. The catalogsearching
routine can belocatedon either end (or both ends!)of sucha web connection,and
the output from one catalog search can be used as the input to another search.

The GSC I Catalog over the World Wide Web a Support hasbeenadded for new catalogs,suchasthe GSC-ACT and 2MASS
Point Source Catalog, asthey have comeout. Accessover the web to the GSCII

All WCSTools programs which access the GSC Ii Catalog the web. Code to assemble and senc Catalog Server at the SpaceTelescopeSciencelnstitute is supported asa default.
Slbace ablos, @ naie WCSTool Catlon e, are an ot opon o he caaiog oo A simple commandline interface can searchany supported catalog, returning in-
are parsed and sorted just like local Starbase files. formation in several standard formats.

The following example searches a 3 arcminute radius circle around 10:00 30:00 J2000 and retu
mﬁ)séiveswmsuennu[ there, sorted by their distance from the search center. The verbose yieatieds the 4 scathasbeenmadeto work more like a filter, sothe output of a searchof one
catalog can be used as input for a search of another catalog. It has also been

3295023 p-+hy 190 16,00 9000 32000 extended so it can be used as part of a web site which serves archived spectra.
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The goalof this project is to havea goodsetof commandline tools for dealingwith

i g5 st i gy exera=1000000 . h - "
0030 A O3 OObim 5 OB 30 10000t images their headers, sourcecatalogs,and relationships betweenthem. The FITS
%ié‘é’éh‘g R i o e g g2 Sapen vt 511019 ourd WCS standard will be completelysupportedwhenit is agreedupon, and accesgo
S ) ; ; ;
ﬁf%?“;@?% BAZID. | Dec200n | Magr Mag) Mgl Maght Arcsec more catalog-serving web sites will be added in the future.

Running the same search with a vwv flag prints the actual returned information, (the returned lin
split here to fit on the page):

s-ente 8010003010200 Multiple World Coordinate Systems

B e oo mewer  ren WCSTools implements the use of multiple world coordinate systems, with the WCS to which a |
Sesa infio el sewi mm ok S o cmows s applies designated by a suffixed upper-case alphabetic character.
gy 8 8§ ¥ ThuscTYPE1applies to the default WCS, which may be named usiogNAMEA second WCS could

iy S use keywords such &3YPELAGNAWCSNAMEAJp to 27 (no suffix, A-2) different sets of WCS
ok o i s s keywords may be specified.
In the WCSTools programs, the WCS to be used is specified by addirgNAVID the end of a
filename specified on the command line. This is added after the extension of a multi-extension |
: 1 image is specified:

fitsle  extension_name_or_number  9WCS_name_or_letter

imwes always sets the default (no suffix) keywords.

SCAT used over the World Wide Web Sometimes getiing from image pixels to world coordinates is best thought of as a o step proc

y. for example. The g a named WCS conversior
B sty applied to pixel coordinates before WCS conversion x can be applied, could be ¢
indicate the name o letter of the requisite WCS.

scatcan call itself over the web. Code to turn http query input into the same parameters which &
the command line is buit into the maioatprogram. Code to assemble and send hitp queries to n
programs, such as the ESO USNO-A2.0 and GSC servers and the STScl GSC I server, as we . .
remotescatservers, is built into the individual catalog access subroutines. Since tab-separated ¢ Examp|e of Mu|t|p|e WCS in a FITS Header
tables, a native WCSTools catalog format, are an output option on most catalog servers, they a

\d sorted just like local Starb: files. N
and sortedjustiie local Starbase fes. Thanks to Steve Allen, Lick Observatory

$ seteny TMC_PATH htp/itdc-www harvard edulcgi-bin/scat

 stmc -vhr 160 10:00 30:00 J2000 CRVALL = 05
895
st 3.0.5, 21 September 2001, Doug Mink SAO 1
Genter: 160000000 430000000 12000 1
100:27.71 x +00:06:00.0 1

e T0:0.00.000 130,00.00.00 32000 = 160,00 at epoch 2000.00 1
hitpd 00000002 TLON-CAR" | Terrestrial East Longitude
Scalchum RA 0985.46,144 - 100013855 Dec: +26:57.0000  130.0390.00 g AR/ Temestrial North Latfude

"ABREAD: Catalog http:itdc-www.harvard. edulcgi-biniscat - 6/ 7/ 6 four oy -
MASS ot Sourecs ¢ .
2MASS num. RA2000  Dec2000 Mag) MagH MagK  Arcsec image J redundant reiteration of default FITS

1./ reference pixel along FITS axis i
L eference pixe along FITS axis |
along axis | at refpix
T IWesvaie along axis | at refpix
1.7 CTM _i from pixel to WCS
0./ CTM i from pixel to WCS
0./ CTM i from pixel to WCS
1 CTM | from pixel to WCS
I coordinate/projection type of axis j
| coordinatelprojection type of axis |
1 physical unit along WCS axis |
I physical unit along WCS axis |

18.1317411 10:00:07.749 +30:00:04.86 11.166 10.701 10.615 100.78
181316998 10:00:00.830 +2958:29.39 15.066 14541 14.373 9125
18.1316910 10:00:00.845 +29:58:11 65 15.945 15.169 15,017 108.00
181317243 10:00:13174 +29'50:29.74 16.281 15585 0.000 173.80
181316642 10:00:03.900 +2957:11.46 16.440 15.863 15.735 175.09
181317101 10:00:04.015 +29:58/52.65 16.888 15.771 15.377 8519

Running the same search with a vwv flag prints the actual returned information:
$sime -vwvhr 180 10:00 30:00 12000

sime 30,5 2L September 2001, Doug Mink SAQ
© 160000000 +30:00:00.00 J2000 = 180.00 at epoch 2000.00

catalog 2MASS P

00000

mag
frogram scat 3.0, 21 Sepember 2001, Doug Mik SAO
2mass_id magi_magh  magk arcsec

181317411 10.00:07.749 +30:00:04.86 11166 10.701 10.615 100.78
181316996  10:00:00.830 +2958:2939 15.066 14.541 14373 91.25
181316910  10.00:00.845 +2958:1165 15945 15.169 15017 108.90
181317243  10.0013.174 +29%50:20.74 16281 15,585 15.734L 173.79
181316642 10:00:03.900 +2957:11.46 16.440 15863 15735 17509
181317101 10:00:04015 +2958:52.65 16.888 15.771 15377 85.18

WCSTools Documentation:

http://tdc-www. harvard.edu/software/wcstools/

This poster in HTML:

http://td .harvard.edt 001

This poster in Postscript:

http://td .harvard.edt 2001/poster.p:

IMWCS Using Prematched stars and the
USNO-A2.0 Catalog

It an image has features which make it hard to match specific stars, itis useful to match up a fe

stars (5 is a reasonable number) to catalogued positions byiiar, as of version 2.8.7, accepts ¢

file of x,y,RA,Decmatched positions and fits an initial world coordinate system to them. That W(

be either written to the image header or used as an initial guess to fit a more complete list of im

positions and a deep catalog, such atkBeaval Observatory A2.0 Cataldg get a betier WCS.
This FITS image courtesy of Andy Szentgyorgyi of the
Harvard-Smithsonian Center for Astrophysics, contains the
planetary nebula NGC 246, the coordinates of whose featur
want to find. The header keywords

Nt of e

Foria e

st Aumiengn
N

MEAN DEC
"WEAN EROCH
a

provide a nominal WCS which is used at the lefS#Oimage
andimua to plot the catalog over the image.

Because the nebulosity confuses automatic star-finding
programs and the reference catalogs, a prematched set of x, y,
tight ascension, and declination coordinates for 5 stars in the
field were placed in the filagc246.stars

7204 14388 004710984 11531892
11491 185,80 0047 09.153 -115252.70
37015 400.11 0046 58.055 1150 36.60
325.49 191,93 004700064 -115249.89
418.23 ‘30,04 004656044 -115432.13

These selected stars are plotted in the image at the right. These
matches are used bywcsto fit a WCS using header and
command-line information for an initial value.

To quickly find the 100 brightest stars in the image, Emmant.
Bertin's SExtractor program was used through a shell sciips¢
which sets up the parameter files it needs and prepares the i
necessary:

s imsox nge2ds i
g2t s ngeads s

Moasuring rom: NCC246. NeV" 1 495 x 51932 bt FLOATING POINT data
(445 Sabroun 5007005 s 00744432 o 0111065
Ot dedcied 115 1 sevvace

%

$ imwua2 ew-d  nge2dbsex U nge2dstars  ngc2defits

Thefinal FITS imagecontains standard FITS world coordinate
system keywords and a logging keyword showing what version of
imwes it the WCS:

IMWCS Fit to M67 Cluster Field

Matched Stars
M Gatalog Stars
Il vean Separaton () x 1000

USNO-420  GSCIl  ZWASSPSC GSCACT  HSTGSC  M67PM

Catalog
IMWCS Fit to Random Field
Matched Sars

100 I Catalog Strs
I Hean Separation () x 100

0
USNOA20 GSCII 2MASSPSCUSNO-SAZ0 USNOJ GSCACT WSTGSC

Catalog

SCAT in the Virtual Observatory

scatcan be used as a filter in a CGI script as well as running as a CG! program tself. In this cas
helps search and serve a catalog of spectra and redshifts from the Smithsonian's z-Machine re
spectrograph which was run on our 60-inch telescope on Mt. Hopkins in Arizona from 1978 thrc
1993. Output fronscatis run through an awk script which adds the links to CGI scripts using the
number found bgcat The links call a Fortran program to plot a spectrum, a C program to list
information about the spectrum, and IRAF SPP programs, through CL shell scripts, to return FI
ASCIl pixel st files. The entire process is managed by a Perl script.




