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LOTS of astronomical
information is already, or
well be available in the
form of very large source
catalogues.



Generally in survey specific
schemas.

We should be able to
match them together.



| think the IVOA needs a
common data model for
source catalogues.



Reminder:
Why data modelling in the
[VOA?
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Data models do this for archives,
oy helping in ...

* Understanding common components in diverse,
structured data sets.

* Using semantically expressive entities

* Posing correct and meaningful queries.

* To lots of archives at once, without enforcing common
(tap_)schema

* Understanding query results.

* Understanding the world of the IVOA, its “universe
of discourse”



Stages in a data modelling effort

*Analysis
| ogical

*Physical



Analysis phase

e Domain model of the “universe of discourse”
* Normalized, but not many details

* Where does what go?



XZMatchOperation

XMatchCatalogue

XMatchSource

~wyeight

E.y. proper motion,
redhift, radial
velocity, ...

N S

Pixel

-position
-bounds
-luminosity

moments measurement

v

PositionMeasurement

-position

v

LuminosityMeasurement

-luminosity

v

ShapeMeasurement

-shape

|P.keis%mentc.ﬁ'!cwator
L




XZMatchOperation

Observation

time I— STC

XMatchCatalogue

XMatchSource

~wyeight

E.y. proper motion,
redhift, radial
velocity, ...

STC

-bounds

B T 7

moments measurement

PositionMeasurement

-position

STC

|P.keis%mentc.ﬁ'!cwator
L

v

LuminosityMeasurement

-luminosity

v

ShapeMeasurement

-shape




XZMatchOperation

Observation

time I— STC

XMatchCatalogue

XMatchSource

~wyeight

timeseries

E.y. proper motion,
redhift, radial

velocity, ...

STC

-bounds

B T 7

moments measurement

PositionMeasurement

-position i

STC

|P.keis%mentc.ﬁ'!cwator
L

v

LuminosityMeasurement

-luminosity

v

ShapeMeasurement

-shape




Logical Modelling

* Application specific
* Full details

* Implementation agnhostic: VO-DML



tifier : char

Salgado etal,
standards effort I F |

in progress(- - =

0.1

.

Provenance

parallax : PhysicalQuantity
[ distance : PhysicalQuantity

|-dopplerDefinition

=R STC::Region
[coordName - String -circle : String
coord1 : PhysicalQuantity polygon : String
|-coord2 : PhysicalQuantity
| referencePosition : String
L spaceframe : STC::Spaceframe
lepoch : double

-

PhotometryDM::PhotometryPoint
-magnitudeValue : PhysicalQuantity

STC::SpaceFrame
-referencePosition : String
l-spaceRefframe : String
|-coorFlavor ; String

<ystemid : String PhotCal
-name : String [-uniqueldentifier : String

l-ucd : String [zeroPointFlux

l-unit : String [ photometryFilter

lvalue - PhysicalQuantity i




Sample (“toy”) source data model used in
VO-DML spec

catalog

Astro Dbject

<=gemanticconcept==-label : string [0..1{vocabularyURI = "hitp: ourl orgizstronomyivocab/Datalbject Types" topConcept = "hitp: Mol orgfastronomy vocabDataObject Types Datalbject Type"
1

-fi
==tfataTypes== el SkyCoordinateFrame
SkyCDDrdil'.la‘(B -riame : string [1]
{-90==zelf latitude value==90 -documentUR] : anyURI [1]
O==zelf longitude value = 360 } -Eguino:  string [0.1]
AbstractSource - + =i
-longitude ; ivos:; RealGuantity [1] s (nalL0- 1]
-name : string [1] -latitude : ivoa::RealGuantity [1]

-dezcription : string [0.1]

-position : SkyCoordinate [1]
-positionError : SkyError [0.1] SourceClassification
-clazsification : SourceClassification [1]

==enumeration:==

==zemanticconcept==-label : string [0..1] star
A A galaxy
0.* - ==dataType== AGH
- LuminosityMeasurement i i planst
. AlignedEllipse unknown
g ~valle Real@uarﬁ_rty [1] IEE et a1
-ertor : RealCuantity [0.1] e r.eal i
-description : string [0.1] y
m -type : Luminosity Type [1] ==enumeration==
[E— ] LuminosityType
==dataTypes== ;
==dataType== <}— GenericEllipse ;T:fnrtude
SkyError {zelf minor == 0,
5D5550urce =zelf major==self minor }
-positionError : AlignedElipse [1]{subsets positionErrar } -mijor ; real [1]
-minar : real [1]
-pa real [1]
==gataType==
TwoMassSource 4
CircleError
-positionError : GenericElipse [1]{subsets positionErrar } P 1]
==modelimport== A

filter
{url="nttp:ivalute. g-vo.org/svnitrunkiprojectsidmivo-dmiimodelsisampleffilterivo-dmiiFilter vo-dmlxml”,
documentationURL = "hitpdivolute.g-vo.org/svnfrunkiprojectsidmivo-dmifmodelsisampleffiterfvo-dmliFilter.html"}

1 fitter

==modelelement==
PhotometryFilter
fwodml-id = "PhotometryFilter'}




Even simpler

Source

-name : string [1]

-description : string [0..1]

-position ;. SkyCoordinate [1]
-postionError © SkyError [0..1]
-Classification | SourceClassification [1]

o.* -luminosity

LuminosityMeasurement

-value : RealQuantity [1]
-error | RealQuartity [0..1)
-description : string [0..1]
type : Luminosity Type [1]

SkyCoordinateFrame

-latitude : ivoa::quartity::RealGuantity [1]

==modelelement==
PhotometryFilter
:" fvodml-id = "PhotometryFilter}

-fifter

==tataType== 1
SkyCoordinate
-longitude : ivoa::quantty:: RealQuartity [1] -frame

-name ;. =tring [1]
-documertURI : anyURI[1]
-eguino : string [0.1]
-system : string [0.1]




Physical representations

* Implementation: TAP for example

* For interpretation using logical representation:
Mapping



2mass

sdss

hipparcos
@vizier

EIDDI

dta;qnat;cn ral| deo| clat|ecx maj |=rr min|err ang| ] m|j cmsig|] msigoom)| ] _snc| h m|b cesiglh msigoon
char double| doukle | char | char| deuble| dogble|  inc|dogble| double|  dooble| double|double| double|  douhble
deg| deg| | | mrca=c| arc=ec| degl mag| mag]| mag| I mag| mag]| mag
nall null| aall| aall| aall| null null| aall| null| aall| null| aall| null| aall| null
DO4Z24416+4116152 10.684025 41.270501 Soh4ind4.1Ta 4ldlémls. 242 0.13 0.12 111 10.063 nall null nall 9.35% nall null
BO42441444116000 10.689844 41.266682  O0h4Indd 15a S1d16mf0.06a 0,13 8,12 83 12,865  0.084 f.088 306.5 9.818  auld null
DO4243TT+4116048 10, 682383 41,367825  O0h4In43.77a  41d16m04.83a  0.10 0.08 69 12.446  0.060 0.061 142.0 11.783  0.062 0. 042
DO42448444116148 10, 686846 41.370714  O0h4Imdd B4m  41d1émls.8T= 0013 4,11 €1 12.872  0.060 0.061 231.0 9.433  nuld null
DO42448T7+4114008 10.88E5E3 41.246827 Gb0h4ind4. 8T 41d1émb0 .58 b.10 4.08 53 10.484 oall nulil onll 12.684 b.032 0.6a31
D04924502+4116130 10.&687611 41.270302 Joh4im4s.03a 41dléml.05a 0.18 a.14 173 13.0585 0.108 0.10% 195.2 9.504 aall null
DO492449496+4116016 10.6B5270 41.267124% Q0h4im4d.46a 41dl&mdl.ES5a 0.13 0.12 o0 12.070 0.03313 0.035 483.5 139.301 aall null
DD4Z4464+4116106 10.6BED1S 41.3269E30 Q0h4ind4.E4a 41dlemll.ETa D.13 0.12 20 9.33% aall null nall 9.585 0.070 0.07C
DO4Z4464+4116052 10.686026 41.269226 O0h42md4.E5s  41dlsm0S.2la  0.13  0.12 90 9.299  null null null B.606  mull null
DOAZ4403+11161068 10, 683465 41.269676  O0N4Znd4.03s  4ldlsml0.832  0.13 Q.11 119 11.507  0.055 0.056 B12.1 E.744  null null
DO4Z443344116085 10.684737 41.269035 OOndInd4.34s  41d1Em0E.538  0.08  0.07 B7 9.453 0.051 0.052 5385.6 §.668  0.050 9.051
00424458+44116103 10685657 41.263880 O0h4Imdd Bés  41dléml0.38a 0.13 0.12 80 10.773  0.067 0.068 1826.7 #£.833  null nuil
D09i449T+4116034 10.6B7419 41l.2&6TE3Z doh4imed . 98a 41ldlémdX.98a .12 .12 23 12.371 D.03% Q.03E 26E.5 9.86Z7 aall null
D04924420+411600%2 10.&6EB4180 41.266541 Joh4imdd .20a 41dl&md0.95a 0.12 0.12 101 10.065 aall null pall 9.374 aall null
DO4Z243B6+4116123 10.6B27T7T7 41.270111 Q0h4ind3.87a 4ldlEémlz.40a D.10 o.09 111 3.577 aall null aall 11.&683 D.0356 0.05¢&
DO4Z4398+4116028 10.683263 41.267456 O0h4Znd3.58s  41d15m0Z.843  0.13  0.12 79 12.136  0.028 0.040 455.0 9.226  null null
DO4Z43E54+4116014 10.682713 41.267056 O0R42nd3.85s  41dlsmol.40a  0.13  0.12 69 10.176  null nuil null 11.876 0.04% 0.0t
abjid ra | dec U g T i ||z | rem |[cameol|feld specabjid [ class | redshift |[plate
1237680191504712292(|319.42017205)| -2 01560551 5(|19.453272||17.512213 |16 457823 15.9]115-1"15.-16&995"3&33 301 5 45 |4933710530549838848|(GALAXY) 0091911 ||4382
1237680191504842797| 319.6726666 || -2.89320328(|18.006258||18_408295)117.027491 16.59“23" 1547355 ||B083|| 301 5 47 | 4933T00634945188864|( STAR |-9.116632E.5||4382
1237660241388240997|| 51.95792979 || 0.44178806 || 17.90674 ||16.767458(|16.243202(/16.038309](15.933502][3438]| 301 || 5 [[146][2325593891405098112] STAR |[-2.435169E-4)[2069
123766024 1388371981 52.15864799 || 0.5100779 (|18.619341||17_304531|16.T6339%9|| 16.53455 |[16.394312)|3438(| 301 5 148 232960265?496]1532{!" STAR ([-1.707261E-5||20469
1237660241925505040) 52.72667419 || 0.88746662 || 17930399116 000446116 418163 ||16.2141 161061 |[343B(| 301 ] 157 || 2329600488472864768)| STAR |-1.622409E-4{|2069
1237660241925505156|| 52.85661760 || 097756273 IS.I?S?M"M.QQMDQ 16.512629 16.3]4194|16.2W!ﬂ6 3438|| 301 & [|152]|2320500663830143936| STAR |-1.234436E-4)|2080
123766230511150T089|[202.55299003|(30. 86892011 l‘-‘.SEM_Tﬂhﬁ.lﬁaIMﬁ 15.206254|14.812856(14.419583|[3918( 301 i 16 |[5209625250001425984[GALAXY][ 0.048369 |[4707
1237663238739787997|| 52.05059022 || 0.14966521 |[19.351822][18.277271]| 18.06134 |17 99919117 995123 )4136] 301 || 4 |[165]2329595265792632852] STAR |-5.1847835E-4)[2069
1237651271358B08122 ISE.FBSHSD!" 63.9613952 19‘.233352" 17.41073 ||[16.419657((16.042131)|15.731907|(1350)| 301 1 205 || 550602195343534080 |[GALAXY | 0.11802 459
1237651271358808125](158.82992158/63 94061555|[19.297365][17.409573[16.431635][16.044048][15. 707916 [1350]] 301 1 [| 293 [| 350601370709813248 |[GALAXY| Q117888 | 489
1230 hip main The Hipparcos and Tycho Catalogues (ESA 1997)
I gimorarioniz) - post The Hipparcos Main Catalogue /18218 rows)
Full _RAJ2000 | _DEJ000 HIP| RAhms | DEdms |Vmag RA(ICRS) m Pix |pmRA pmDE e Pix BTm!g Hpmag| &
Thmis” Cdpmis” mag ﬂil B masr | masyr ma Ill Iu: mag
| 1/00 00 00.216/+01 05 20.43]  1/00 00 0022 |+01 03 20.4| g_m_»::.mnm 185 1.03901332_ 3.54_ 520/ 188 139 9.643(0.020, 9.130/0.019] 0.482 9.2043 0.0020
2000001024 19295582 200000091 -1929 558 | 9.270.00379737 -19.49883745 21,90 181.21 -093 3.10 10.519/0.033 9.378/0.021| 0.999| 9.4017/0.0017
2100 00 01 206|+38 51 33.40) Jﬂﬂﬂﬁﬁllﬂﬁﬂil 334 6.61 0.00500795| 38 33923503 281 524 -2091 063 65760004 6621 0.005-0.01% 66081 0.0007
410000 02.071[-51 533676 4100 0002.011-51 53 36.8 | 8.06/0.00838170/-51.69354612| 7.75 62.85 0.16 0.97 8.471/0.007) 8.092(0.007| 0.370| 8.14980.0011
500 00 02 394| 40 35 2833 50&%0...39—1&35234 855 nmm5344059121445 287 25 9407 111 9.693/0.014) E£.656/0.010) 0.902| 8.7077(0.0018
6000004 43603 56 4725 600 00 04.35 +03 56 47.4 1231001814144 304648893 18.80| 226.29| 1284 4.99 . || 1.336(12.44880.0085
770000 05 283(+20 02 10.01] 700 00 05 41 +2ﬂ 02118 964002254851 2003660216 17 74/-208 12-200 79 130 10.542/0.039)  9.679/0.030| 0.740| 9.67950.0021
5000006562<2553 1126 800000655 +2553 113 9.050.02720160 2588647445 5.17) 19.09) -566 195 10.433/0.055 9.1510.029) 1.102| §.5522(0.167]
000 00 08.477|+36 35 0945 9/00 00 l.'}IE.4EI+3l|5 35 09.4_ 8.59/0.03534189| 3658593777 481 -6.30 B42 099 99620025 E711/0.015) 1.067 8.7534|0.0018
1000 00 08.740) -50 52 01.11] 10/00 00 08.70-50 52 01.5 | 8.59/0.03625309-50.86707360(10.76) 42.23| 40.02) 1.10 9.140/0.011 £.630(0.010| 0.489| 8.6994(0.0020
1100 00 082.961|~46 56 23.99 11100 00 08.95 +46 56 24.0/ 734 0.03729695| 4694000154 429 1109 -202 0.84 7.446/0.005 7.3640.005] 0.081) 7.3777/0.0010
12100 00 09.816/ -35 57 36.81] 12/00 00 09.82/-35 57 36.8 | 5.43/0.04091756/-35.96022482| 4.06] -5.99) -0.10/ 1.16 10.3690.023| §.588/0.010| 1.484| 5.5598/0.0012
1300000 10,008 -22 35 40940 13/00 00 10.000-22 35 409 | 5.80/0.04167970/-22 594650600 3490 845 -1007 148 102160026 SE870.014/ 1.128) 8970710.0017
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z‘ss"

9.0'7'

19.09

630
4223
11.09

599

845

-5, 66
842
1002
-2.02
0.10

1‘:'1'1‘

1 95‘ 10.433 0.055

‘9?69’3'_6.’0’1’4?

099 99620025

1.10/ 9.1400.

0.84| 7.4460.005

91400011

1.16| 10.369.0.023

11007 148! 102160026

'sﬁss‘éjo?dxo

9.1510.029
87110015
8.6300.010
7.364 0.005
8.5880.010

8.8870.014

objid ][ 2 ][ dec ][ u ] £ ] 4 ] 1 [ z ][mn emn[cmcol field specobjid class redshift  |[plate|| m;d
1237680191504712292][319.42017295][-2.91605515][19.453272][17 512213][16.457823][15.911284][15 466995][8083][ 301 || 5 | 45 |[4933710530549838848|[GALAXY]|[ 0.091911 |[4382][5574.
1237680191504842797]( 319.6726666 |[-2.89320328][18.006258|[18 408295][17.027401][16.504183)[ 15.47355 |[s083][ 301 ][ 5 |[ 47 |[4933700634945188864|[ STAR |[9.116632E-5][4382][5574,
1237660241388240997][ 5195792979 |[ 0.44178806 |[ 17.90674 |[16.767498][16 243202][16.038309][15 933592|[3438][ 301 || 5 |[146]]2320503801403098112][ STAR |[-2.435169E-4][2069][5337
1237660241388371981][ 52.15864799 || 0.5100779 |[18.619341][17 314531[16.763399][ 16 53455 |[16.304312|3438][ 301 | 5 |[148]2329602687496120320] STAR |L1.707261E-5][2069][5337:
1237660241923505040[ 52.72667419 ][ 0.88746662 [17.930399|[16 900446][16.418163][16.214106][ 16.1061 |[3438][301 ][ 6 ][152][2320600488472864768][ STAR |[-1.622409E-4]2069][5337

. : a A G X =1 1
[123%462305111507089][202 55299093][39 86892911][17 820675][16.164869][15.296254] 14 812856|[12 319583|[3019][ 301 | 1 ][ 16 |[5299625250001449984|[GALAXY]|[ 0.048569 |[4707|[5565.
[123766%338739787997][ 52.05059022 ][ 0.14966321 |[19.351822][18.277271][ 18.06134 |[17.999191][17.999123][4136][ 301 || 4 |[165][2329595265792632832|| STAR |-5.184785E-4][2069][s337
[123765127058808122][158.78373508|[ 639613952 ][19.283352][ 17.41073 |[16.419657|[16.042131][15.731997][1350|[ 301 || 1 ][295][550602195343534080 |[GALAXY][ 0.11802 |[489][5193¢
1237651271339g08125][158 82092158][63 94061553][19.297565|[17.409573[16.431635|[16.044048][15 707916|[1350][ 301 || 1 |[295][550601370709813248 |[GALAXY]|[ 0.117888 |[ 4895193/

SkyCoordinateFrame
«<ciatalypess 1
Source SlyC o M.m[ﬂ
iy FoaiGuontty e O 1]

nama - strng (1) s | 7 Ar: v

aeacriton, saio0.1] e wox-aavtay-newomery . | o [eystem: stiogio.1)

postion . SkyCoordinats 1)

postecError Sl‘,&m 10.1]

SourcaClsssification (1]
tumincsty Identlfylng a row as a Source
LuminosityMeasurement
««modeliements»
e | ResiQuantty ;
m:Rmnv[g.l.ﬂ ' Phatometryfter
~dascription . string 0.1 (vodml-id = “PaotometryFilter'}
type | Luminosty Type [1] fiter
The Hipparcos and Tvcho Catalopues (ESA 1997)
Bost The Hipparcos Main Catalogue (718218 rows)
xu’aoo DEJ"000 HIP RAbms DEdms Vmag RA(ICRS)| Dg,gcns) [ Plx p |
| v “ | o e g

490’ 3'7077 0.0018
1.33612 4488 0.0085
0.740] 9.67950.0021

1.102] 8.5522/0.1671
1.067| 8.7534/0.0018
0489 8.6994/0.0020
0.081] 7.3777.0.0010
1484 85598/0.0012
1128 £9707/0.0017



obyid m || de I s« [ & J[ ¢ [ i J =z | ronferunlcomcollfield]]  specobjia [ | redshift |lplate]| myd
1237680191504712292][319.42017295][-2.91605515][}9.453272][17.512213][16.457823][15.911284][15.466995][8083][ 301 || 5 ][ 45 ]4933710530549838848|[GALAXY][ 0.091911 ][4382][3574.
1237680191504842797)1 319.6726666 |[-2.89320328][§ 8 006258|[18 408295)[17.027491][16 504183 15.47355 |[sos3][ 301 |[ 5 [ 47 |l4035700634945188864|[ STAR |[0.116632E-5|[4382][s574;
1237660241388240997]| 51.95792979 || 0.44178806 |[[17.90674 |[16.767498][16 243202][16.038309[15.933592|[3438][ 301 || 5 ][146][2329593891403098112][ STAR |[2.435169E-4][2069][5337
1237660241388371981]152.15864799 || 0.5100779 |[§8.619341|[17.314531][16.763399][ 16.53455 |[16.394312][3438][ 301 || 5 ][148]]2329602687496120320] STAR |[1.707261E-5|[2069][5337
1237660241925505040} 52.72667419 |[ 0.88746662 |[§ 7.930399][16.900446][16.418163][16 214106][ 16.1061 |3438][301 ][ 6 |[132]2320600488472864768|[ STAR |[-1.622409E-4][2069][5337
1237660241925505156]| 52.85661769 |[ 0.97756273 ][ 8.178764][16.997499][16.512629][16.314194][16207306][3438][ 301 |[ 6 ][152][2329599663839143936|[ STAR |[1.234436E-4][2069][5337¢
1237662305111507089]R02 55299093][39.86892911][§ 7.820675|[16.164869][15.296254][14.812856][14 419583][3019[ 301 || 1 ][ 16 |[5299625250001449984|[GALAXY][ 0.048569 |[4707|[5565.
1237663238739787997][ 52.05059022 || 0.14966321 |[}9.351822][18.277271][ 18.06134 |[17.995191][17.999123][4136][ 301 ][ 4 ][165]]2329595265792632832|| STAR |[-5.184785E-4][2069][5337
1237651271358808122/§158.78373508]| 63.9613952 |[§9.283352]| 17.41073 |[16.419657(16.042131/[15.731997[1350]( 301 || 1 |{295|[ 550602195343534080 ||GALAXY|| 0.11802 |f 489 |[5193/
1237651271358808125Ho.msss 17.409573(16.431635/(16.044048](15.707916|[1350|( 301 || 1 |[295][ 550601370709813248 [[GALAXY]|| 0.117888 | 489 51931

SkyCoordinateFrame

S R i

s hestaem ) | [ arato it

chsssication ! SourcaClsssification 1]

o

<<modeliements»
Photometryfiter

(vodml-id = “Photometryfiltsr}

Identifying two columns as the Position of a
Source, a SkyCoordinate

The Hipparcos and Tvcho Catalogues (ESA 1997)
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