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Astronomical Catalogs Supported by WCST ools

Catalog or Format No. Stars Bytes  Region Search Image Search

USNO-A2.0 Catalog 526280881 6315370572 sua2 (scat)  imua (imeat)

GSC I Catalog 455,851,237 2 sgsc2 (scat)  imgse2 (imeat)
2MASS Point Source Catalog 155,569,249 48,988,432,908 stmc (scat)  imtme (imat)
USNO-SA20 Catalog 55368230 664418868 susa2 (scat),  imusa2 (imcat)
GSC-ACT Catalog 25541952 1231787520 sosca(scat)  imgsea (imeat)
HST Guide Star Catalog 25541952 1231787520 sosc(scat)  imgse (imeat)
Tycho-2 Catalog 2539913 528721576 sy2(sca)  imty2 (imeat)
USNO/MipparcosACT Catalog 988758 318380076 sact (scat)  imact (imcat)
PPM Catalog 378910 2273465 sppm (scat)  imppm (imear)
SAO Catalog 258996 15530876 sso(sca)  imsao (imear)
IRAS Point Source Catalog 245880 7,376698 sras(scat)  imiras(imcar)
Hipparcos Catalog 118218 4492312 ship (scat)  imhip (imeat)
Starbasetab-delimited ASCI1 varies varies scat imeat
Space-Delimited ASCI| varies varies scat imeat

Local Binary varies varies scat imeat
USNO-AL0 Catalog 488,006,860 5856082320 sual (scat)  imual (imcat)
USNO-SA10 Catalog 54767624 657451488 susal (scat)  imusal (imcat)
USNO J-10 Catalog 19911514 238,938,168 sujc(sca)  imujc (imca)

The GSC Il Catalog over the World Wide Web

All WCSTools programs which access the GSC I Catalog the web. Codeto assemble and send http
queriesto the STScl GSC 11 server s built into the GSC 11 access subroutine. Since tab-separated

anative WC: formet, ave an output option from the catalog server, they
likeloca i
T g 10:00 30:00 J2000 and returns all of
L the

there, sorted by their
http query sent.

S sgsc2 -5 p -vhr 180 10:00 30:00 32000
Sgsc2 3.0.5, 21 Sept enber 2001, Doug Mk SAD
Cnter 101 00: 00000 +30: 00: 00, 00 12000
Areal 0000 27, 71 x +00: 05
gsc2 10 00: 00,000 +30:00: 00. 00 92000 r= 180,00 at epoch 2000. 00
e gSss. St scl_edul cgi - bi ! gsc22quer y. exer a=10: 00: 00, O

0 B30 05 Sonant - oaakob. San- 10000080 { SoSubm { sPequest
Saroibim B 09.59.46, 144 - 10:00'15.856 O, +29.57.00.00 - 130:09,00,00

Catal g hitp:/ Ss. stsci - edul cgi bi n gsc22query. exe - 9/ 10/ 9 found

22
11 “hunber 0 ey

oy
GSC 11 unber RA2000. Dec200 g o) My ot Arcsce
123300138138 09:59:57. 812 +20: 59: 41 61 99.90 19. 02 99.90 5756
3300138175 0959 57 383 129 59 59100 1320 93,90 93,0 03,00 31 2
103300138024 10:00:04. 044 +29: 58 52.62 16, 22 99.90 99,90 99. 90 5.
N63300137081 10.00.00 025 20 20, 35,51 16,30 17.77 99,90 9980 o110
723300136201 09: 59:52 870 +30: 00: 11.59 18,09 1922 99.90 99,90 93 34
33001343 00107 750 150 00:05 6o 1224 1366 5090 8850 1001
Ne3300137937  10: 00: 00, 781 +29: 58: 11. 02 17,41 18.69 99.90 99,90 109, 45

NG330013738 10:00: 07 518 235747 80 16,20 35.o0 35.80 8680 170,71
123300137789 10: 00: 03, 922 +29: 87 11.59 17,77 19.30 99.90 99,90 175.95

Rumni ithavw flag
<plit hae o on the pagey

$ sgsc2 -vwvhr 180 10:00 30:00 J2000
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SCAT used over the World Wide Web

scat can cal itself over the web. Cod p query input into areseton
the command lineis built into the main scat program. Code to assemble and send hitp queries to remote
programs, such as the ESO USNO-A2.0 and GSC servers and the STScl GSC 11 server, aswell as
remote scat servers, is built into the individual catalog access subroutines. Since tab-separated Starbase
tables, anative WCSTools catalog format, are an outpuit option on most catalog servers, they are parsed
and sorted justlike local Starbase files.

$ setenv TNC_PATH http: // t de- wa. har var d. edu/ cgi - bi nf scat
stmc -vhr 180 10:00 30:00 J2000

stmc 3.0.5, 21 Septenber 2001, Doug M
Genter $0: 50: 00/ 000" +30; 00: 0090 13000
00, QBE27. TL x +00: 06: 00, 00
0:00. 000 +30:00: 00. 00 92000 = 180. 00 at cpoch 2000, 00
- vt har var d. edul cgi - bi n/ scat 2cat al of 0. 00000008
eeZ50, 55300008 yst ane 300085 Bl Uo=350. 0Bokepotn=D006. 00000
Searchlim RA 0659:46,144 - 10.00:13,856 Dec: +29:57.00.00 - +30:03: 00.00

Catal og http: /it dc-wa. har var d. edu/ cgi - bi n/ scat 716 fo
& oSS pornt. Sourcel
2MASS num  RA2000 Dec2000 Mig)  MgH  MgK  Arcsec

18.1317411 10:00: 07. 749 +30: 00: 04,86 11.166 10.701 10.615  100.78
3

2 15.585 0.0
181316642 10: 00: 03 900 +29: 57: 1146 16.440 15.863 15.735 17599
18.1317101 10:00: 04 015 +29: 58: 52,65 16.888 15.771 15.377  85.19

Running ithavwy flag

$ stmc -vuvhr 180 10:00 30:00 J2000

stme 3.0.5, 21 Septenber 2001, Doug Mnk SAO
10: 00:00. 000  +30:00: 00. 00 8600 1= 180,00 at epoch 2000.00

e
catal og 2VAS
ra

arcsec

18.1317411 10:00:07.749  +30:00:04.86  11.166 10.701 10.615 100.78

18.1316998 10:00:00.830  +29:58:29.39 15066 14.541 14.373 91.25
18.1316910 10000000845  +29:58:11.65  15.945 15.169 15.017 10890
181317243 10000013174  +29:50:29.74  16.281 15.585 15.734L 173.79
18.1316642 10:00:03.900  +29:57:11.46  16.440 15863 15.735

181317101 10:00:04.015  +29'58:52.65  16.888 15.771 15.377 85.18

WCSTools Documentation:

hitp://td .harvard.edt stools/
This poster in HTML:
hitp://td harvard.ed cati 001

This poster in Postscript:
http://td .harvard.edt i 2001/poster.p:

An Evolving Softwar e Package
For five years, WCSTools as provided image astrometry for astronomers who
need accurate positions for objects they wish to observe. Other functions have
been added and improved since the package was fir st released.

0 imwes has been improved in several ways:
O Fits may be repeated, with and without tightening the tolerance on
matches between image and catalog stars.
O Any of several magnitudesin areference catalog can be used to order the
brightest starsfor matching.
O A WCScan befit to an initial set of X-Y/RA-Dec matches, with optional
full match and fit of additional image stars.

OWCSTools includes and uses Mark Calabretta’'s latest release of WCS-
LIB,version 2.7, for projections, and supports multiple world coordinate systems
inasingle header.

[J Catalogs are now sear chable over the World Wide Web. The catalog searching
routine can belocated on either end (or both ends!) of such aweb connection, and
the output from one catalog sear ch can be used astheinput to another search.

O Support has been added for new catalogs, such as the GSC-ACT and 2MASS
Point Source Catalog, as they have come out. Access over the web to the GSC 11
Catalog Server at the Space Telescope Science I nstitute is supported as a default.
A simple command line interface can search any supported catalog, returningin-
formation in several standard formats.

[ scat has been made to work more like a filter, so the output of a search of one
catalog can be used as input for a search of another catalog. It has also been
extended so it can be used as part of a web site which servesarchived spectra.

Thegoal of thisproject isto have agood set of command linetoolsfor dealing with
images, their headers, sour ce catalogs, and relationships between them. TheFITS
WCS standard will be completely supported when it is agreed upon, and accessto
mor e catalog-serving web sites will be added in the future.

Multiple World Coordinate Systems

WCSTool p with the WCS to which akeyword
by asuffixed upper ic character.

Thus CTYPE1 appliesto the default WCS, which may be named using WCSNAVE. A second WCS could
use keywords such as CTYPELA and WESNAWEA. Up to 27 (no suffix, A-Z) different sets of WCS
keywords may be specified.

In the WC: the i specified by totheend of a
filename specified on the ammend i This < a1 (s ion o &l Exension FITS
imageis specified:

fitstile, extension_name_or_nunber %ACS_name_or | etter

imwes always sets the defauit (no suffix) keywords.

fromi thought of
pixel<->focal plane<->sky, for example. The ke.yward WESDEPx, indicating a named WCS conversion
which must be applied to pixel coordinates before WCS conversion x can be applied, could be added to
indicate the name or letter of the reciisite WCS,

Example of Multiple WCSin a FITS Header
Thanksto Seve Allen, Lick Observatory

0
80.

/ Terrestrial East Longitude
I Terrestrial North Latitude

redundant reiteration of default FITS

reference pixel along FITS axis i

reference pixel along FITS axis i
along axis | at refpix

VES val ue along axis | at refpix

frompixel to VCS

from pixel to VCS

from pixel to VCS

from pixel to

at e/ pr oj ection type of axis

coor di nat e/ proj ection type of axis |

physical unit along VICS axis

physical unit along VICS axis |
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IMWCS Using Prematched starsand the
USNO-A2.0 Catalog

sas (Sisaresorabie mumber) to et ogued posucnsw hand. imws, as of version 2.8.7, accepls a
fileof to them. That WCS may
e wien g heair of sl 2621 113 GUeSs 0 ft aMore COmpIEts 5 of mges tx
posiions and a deep ctalog.such asthe US Naval Observatory A20 Catalog, 1o gt a better WCS.

This FITS image, courtesy of Andy Szentgyorgyi of the
Harvard-Smithsonian Center for Astrophysics, contains the
planetary nebulaNGC 246, the coordinates of whose features we
want to find. The header keywords

ber of axes

provide anominal WCS which is used at the left by SAQimage
and imua to plot the catalog over the image.

of x,y,
right ascension, and declination coordinates for 5 starsin the
field were placed in the file ngc246 stars:

72,04 143.88 00 47 10.984  -11 53 18.92
112,91 185.80 00 47 09.153 -1l 52 52.70
370,15 400,11 00 46 56.055  -11 50 36. 60
325,49 191.93 00 47 00.064 -1l 52 49.89

41823 30,94 00 46 56.044  -11 54 32.13

These selected sters are plotted in the image at the right. These
imwesto fita’
commandHine nformation for an intial value

To quickly find the 100 brightest stars n the image, Emmanuel
Bertin's SExtractor program was used through a shell script, imse
filesit i

necessary:

§ fmex ngczas 111
o gl 1112
6 NV 1 495 x 519 1 32 bits FLOING POINT ¢

§ imwaz -ew -d ngo246. sex -u ngc24. stars nge24s. fits

Thefina FITS image contins siandard FITS world coordinate
jersion of

imwosfit the WCS:

IMWCSFit to M67 Cluster Field
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SCAT in the Virtual Observatory
inaCGl script aswell Gl program itself. In this case, it
spectrograph wmm ‘was run on our 60-inch telescope on Mt. Hopkinsin Ari zcna from 1978 through
1993. Output from soript Gl scripts using the ID

number ot Thelinksca 0 plot a spectrur
information abol the spectrum, and IRAF SPP programs, through CL ) scnm; torewn FITS or
ASCII pixel list files. The entire process is managed by a Perl script
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