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Status of This Document

This is a Note. The first release of this document was 15 March 2005.

This is an IVOA Note expressing suggestions from and opinions of the authors. It
is intended to share best practices, possible approaches, or other perspectives
on interoperability with the Virtual Observatory. It should not be referenced or
otherwise interpreted as a standard specification.

A list of current [IVOA Recommendations and other technical documents can be
found at http://www.ivoa.net/Documents/.
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1 Introduction

In this Note the XML implementation of the Space-Time Coordinate metadata
(STC) is illustrated through the UML-like diagrams created by XMLSpy.

The corresponding XML schemata may be found at:

e http://www.ivoa.net/xml/STC/v1.20
http://hea-www.harvard.edu/~arots/nvometa/v1.2/stc-v1.20.xsd
is the top-level schema of the XML implementation STC-X, containing the
coordinate system and coordinate area definitions.

e http://www.ivoa.net/xml/STC/STCcoords/v1.20
http://hea-www.harvard.edu/~arots/nvometa/v1.2/coords-v1.20.xsd
is the STC-X schema with the coordinate value definitions.

e http://www.ivoa.net/xml/STC/STCregion/v1.20
http://hea-www.harvard.edu/~arots/nvometa/v1.2/region-v1.20.xsd
is the STC-X schema for the region specification.

The definition of STC and the linear string implementation STC-S (based on the
current document) are referenced at the end of this document.
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2 Top-level Metadata Elements

2.1 STCmetadata

There are currently four types of STCmetadata elements derived, all based on
the stcDescriptionType consisting of three elements: CoordSys, Coords, and

CoordArea.

R

‘ slt:‘;lﬁl'vlelm(l.mﬂype_‘

‘ B atiribates

STCmetadata
1y [ st stoMetadataT ype |

CatalogEntryLocation

=
sto:catalogEntryLocationT ype

STCResourceProfile

=,
ste:stcResourceProfileType

SearchLocation

=
ste.searchLocationTyre

DataLocationType

attritutes

e 2 ‘
lype st pixelSpaceTyps. T lioe [sterpixelCoordiSystemType |

a steiAstroCoordSystem
o [ steiastroCoordSystemType

crd:AstroCoords
o
cre astroCoords Type

ste:ObservatoryLocation &
st ohservatoryLocationType

erd:AstroCoords
=
cre:astroCoords Type

ste:ObservationLocation 5
steicheervationLocation Type

crd:AstroCoords
=
cro astroCoords Type

steAstroCoordArea
d
ste:astroCoardAreaType

steiPixelCoord: em

crd:AstroCoords
i
creastroCoordsType

ste:AstroCoordArea
"

sterastroCoordAreaType

L SteiAstroCoordSystem
Iype [ steastroCoordSystemType

I
|
|
|
I
|
|
|

+

crd.astroCoordsType

ste:AstroCoordArea
i

steastroCoordAreaType
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3 Coordinate Systems

3.1 CoordSys

Basic CoordSys contains one or more CoordFrames and is required to have an

ID.

There are 5 specific Frame implementations and 1 generic Frame.
There are two specific coordinate systems derived from CoordSys:

AstroCoordSystem and PixelCoordSystem.

stcicoordSysType

E] attriputes

name |10

default

|
|
| (1]
|
|

CoordSys 1
ype | stoocoordSysType |

AstroCoordsystem +
Ivpe |stc:astru€nnrd5ys‘temwpe T

PixelCoordsystem .
Ivpe |stu::pixell$nnrd5ystemwpe i
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‘st{::SpectralFrame !

) _:, T xE'_Jst{::CoortlFrame A
R CE bype |stu::u:u:u:urdFrameT§.-'pe
0.0 4
GenericCoordFrame M
Lype | stocoordFrameType i
PixelCoordFrame M

Lype | stocoordFrameType i
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3.2 AstroCoordSys

AstroCoordSystem contains 3 required Frames, an optional Frame, and may
contain any number of generic Frames.
It is derived from coordSysType by restriction.

stezastroCoordSystemType

AstroCoordsystem

bype stezastroCoordSystemType LT_I'I'

zubstGrp | stoCoordSys

3.3 PixelCoordSys

B attributes

(1]

name  |ID
default

,st{::TimeFrame

£

vpe | stectimeFrameType T

,st{::Spa{:eFrame

vpe | stoizpaceFrameType i

aSteiSpectralFrame :

. ste:GenericCoordFrame

- e Etype

sto:coordFrameType [+

substGrn | sterCoordFrame

|
|
|
|
|
|
|
& |
|
|
|
|
|
|
|

PixelCoordSystem is made up of Frames that only have a name

PixelCoordSystem

ype stopixelCoordSystemType

B sitriputes

(1]

name |10
default

substGrp | sto:CoordSys
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4 Coordinate Frames

4.1 TimeFrame

The TimeFrame:

TimeFrame

Iype |31c::timeFrameT\;pe

ES‘{::TiI‘I]&S{:alf‘:

_ |type  |crdtimeScaleType

default | TT

eel enum | TT TDT ET TEB TDB TCG TCB ...

,s‘tc:ReferencePosi'tion

ype |31c::referenc:eF‘ns'rtionTvpe

E : ste:TimeRefDirection

B _i vpe [crd:astrn(:onrdswpe E|+

r T T T T 1

cri:astroCoordsType

attributes

crd:Coordinate ut |

Iype |crd:cnnrdinateT\;pe i

ST
- —ama— E_
1
ey
7

credTime | |
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4.2 SpaceFrame

The OffsetCenter is added to accommodate lists with RA and Dec offsets.
Note that this is intended for pure numeric RA and Dec offsets; true angle offsets
should be handled through a CustomSpaceRefFrame.

[yvpe | sterspaceFrameType

Spaceframe % Lype | stospaceRefFrameType

—(—F

J"ﬁ'.:t{::S|:-m:f:l-'v1efFramf:

J"s::t{::Reff:ne:lli:f:Pcrsiticrn

Lype | storeferencePostionType

5
,{:r{I:CoonWalue

ste:spaceFrameType

kx|

ype | wEany Type

J"s::t{::Ecuzrrl[IFIa’a'uw:rr

|
[

[yvpe | stocoordFlavar Type i

4.3 SpectralFrame
The SpectralFrame is simple:

SpectralFrame

vpe | sterspectralFrameType

2005-03-14T14:46:00

Jst{::Referen{:ePosition

bype |stu::referenu:ePu:us'rti-:unType
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4.4 RedshiftFrame
The RedshiftFrame has a little more:

| sterredshiftFrameType

| B attriputes

| | value_type
| nEme | walue_type !

volefaut | WELQCITY |

RedshiftFrame E—El-lr_(*j}

Iyvpe | storedshiftFrameType

Est{::[l'l}ﬂﬂl&r[leﬁlliﬁﬂll

| type | stodopplerDefintionType
rillzkle | true
| enum | OPTICAL RADIO RELATIVISTIC

,st{::Referem:ePosition

fype | stecreferencePostion Type

4.5 GenericCoordFrame and PixelCoordFrame
The GenericCoordFrame (and PixelCoordFrame) just have a name:

GenericCoordFrame L
Ivpe | stocoordFrameType
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5 Coordinate Frame Components

5.1 SpaceRefFrame

The SpaceReferenceFrame (part of SpaceFrame) uses the names of the
elements in the SpaceRefFrame substitution group to identify the frame, rather
than using a single element with enumerated values; this makes it easier to
extend the list — by just adding members to the substitution group — such as solar

reference systems.

Note that ICRS does not have an Equinox element. The figure below is

truncated.

SpaceRefFrame

type | sterspaceRetFrameType

AZ_EL

CustomSpaceRefFrame
|tvpe [ste rame Type

ECLIPTIC

=

GALACTIC |
& [stesiersType

=
=

o

ALACTIC_Il
e [steiicrsType

=
=

=
=
all
g
Ej
1
&

a
8
3
'

e [steersType

]
@
"

steicrsType
GSM
pe [steriersTyp
HCD
ype [steriersTyp
[
pe [steciersTyp
HEE
e [steriersTyp

Elz|E 5
R EE
a S
a a
g g
g g g
p 4
£l E
= 5
= &
i i

Z=
G
il
@
a
&
=
&
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5.2 ReferencePosition

The ReferencePosition uses the same technique:

ReferencePosition

bvpe |stc::referenc:ePos'rtionType |

ste:PlanetaryEphem b |

BARYCENTER Jtype | stoplanetaryEphemType |
type | stostdRefPosType ‘ nillable | true H |

enum | JPL-DE200 JPL-DE40S

ste:CoordOrigin
crobastroCoordsType

CustomRefPos

=
stocustomRefPasType

‘ i~ ste:PlanetaryEphem t
EMBARYCENTER _tvpe | steplanetaryEphemType |
bype | stestdRefPosType triillable | brue H
venum_ | JPL-DE200 JPL- )

l!

GALACTIC_CEHTER
ype | stostdRefPosType

Im

GEOCENTER
ype | stostdRefPosType

Im

HELIOCENTER
vpe | sto stdRefPosType

Im

JUPITER
wpe | stestdRefPosType

Im

LOCAL _GROUP_CEHTER

bype | stostdRefPosType

LS|
R

=

£
stostdRefPosType

LSRD o
ype | stostdRefPosType

LSRK e
ype | stostdRefPosType

MARS ¥
ype | stostdRefPosType

MERCURY
vpe | stcstdRefPosType

Im

MOOH
i | stestdRefPosType

Im

HEPTUNE
wpe | stestdRefPosType

Im

PLUTO
wpe | stestdRefPosType

Im

RELOCATABLE
ype | stostdRefPosType

Im

SATURH
ype | stostdRefPosType

Im

TOPOCENTER
vpe | stostdRefPosType

Im

UHKHOWHRefPos
wpe | stestdRefPosType

Im

URANUS
wpe st stdRefPosType

Im

VEHUS n
wpe | stestdRefPosTyvpe
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5.3 CoordFlavor
The CoordFlavor also determines the flavor by the names of the substitution

group’s elements and is similarly easily extensible.
In addition, these elements have two attributes: the number of axes

(coord_naxes, default 2) and a Boolean indicating whether velocities are present
(coord_vel, default false)

B N
steicoordFlavor Type

| B sttvibutes

CoordFlavor | H
by | sto:coordFlavor Type .

B .
| ste:coordFlavorType

| B attributes

CARTESIAHN

bype |3‘fc:coordFlavorType

h

—
| Steicoor (IFI.WOlT_\,'|>e—|

| =] attribates

POLAR

tvpe |stc:coordFlavanype

o

—
| stcicoor <IFI.W0|T_\,'|>e—|

| [ attribates

SPHERICAL

tvpe |stc:coordFlavanype

b

B .
| stc:coordFlavorType

| B attributes

UHITSPHERE

bype |3‘fc:coordFlavorType

il
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6 Coordinates

6.1 Coords

Coords is the generic coordinates element. It needs to refer to a specific
instance of a CoordSys.

There are two derived classes: AstroCoords (by extension) and PixelCoords (by
restriction).

| crid:coordsType

| ] attritntes

| coord_system_id
Coords | detaut |
Ivpe | crd.coordsType

g
i
g

T . T ,{:rtl:Coonlmate

[+

S Iype |crd:u:u:u:urdinateType T

|
|
|
|
|
|
0. - |
|
|
|
|
|
|

PixelCoordinate -

bype |crd:u:u:u:urdinateType i

[+
Ivpe | crid zcalarCoordinateType

StringCoordinate .

ype |crd:u:u:u:urdinateType i

| ScalarCoordinate

AstroCoords

j
Iyvpe | crd astroCoordsType T

~erd:Value

bype | xEdouble

- 1
cri:pixelCoordsType |
| B attributes |
| coord_system_id |
default |
PixelCoords |
bype |crd:pixelCDDrdsType | crilicoordinate Type _| |
| ‘{:r{I:PierCoor{Iinate =crd:llame | |
type | crdcoordinateType bvpe [ xastring | |
| Tew N |
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6.2 AstroCoords

AstroCoords contains specific astronomical coordinates (time, space, spectral,
redshift) and, optionally, generic coordinates

| criastroCoordsType

B attributes

|
|
|
|
|
|
|
|
|
|
|
|
AstroCoords LJ_F_L
Iype |crd:a31rnCnordsType |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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0.

— | coord_system_id
default |
T crd:Coordinate
k- JI e A [+
R vpe |crd:cnnrdinateTvpe

PixelCoordinate e

Iype |crd:cunrdinaieT\;pe T

ScalarCoordinate 0

Iype |crd:sca|arC00rdina’[eType T

StringCoordinate e

Iype |crd:cunrdinaieT\;pe T

Ll Velocity2D :

H
1 ibype [crd:vec‘tnrxnordinatewpe ]
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6.3 Coordinate

The simple Coordinate just has a Name. Its simplest derived classes add only a
Value (PixelCoordinate) or a Values and an optional Unit (StringCoordinate).
ScalarCoordinate is the generalized full coordinate type.

-
| cril:coordinate Type |

. E . ]
Coordinate cril:Hame |
yioe | crd coordinateType Iype | xzatring

t N — I

_ _ = |
PixelCoordinate crd:Hame

[vpe | crd coordinsteType

bype | xastring |

“crd:Value

bype | 2z double

Scalar Coordinate .

[+
[vpe | crd scalarCoordinsteTygpe

cri:coordinateType _|

N " E o |
StringCoordinate | _@3_ crd:Hame |
Iyvpe | ord coordinateType | t':.fpe|xs:31ring |
0o ]

attributes

=
crdiValue

j

ype | waatring
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6.4 ScalarCoordinate

ScalarCoordinate, in addition to the Name, has an optional Unit and the full 5
coordinate components (Value, Error, Resolution, Size, and PixelSize), each of
which may be an actual value or an IDREF pointing to another element in the
document. Not all components need to be present, but at least one of them
ought to. Note that components other than Value may appear in pairs, which
would indicate a range.

|
|
|
|
|
|
|
|
| ScalarCoordinate H_r_‘l
|tvpe [ord: scalarCoordinate Type |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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6.5 AstronTime

AstronTime is especially designed for astronomical application. It needs to
contain a Timescale and an absolute time. The latter may be expressed in a
subset of ISO-8601 or as Julian or Modified Julian Day. In all cases this may be
an actual value or an IDREF to another element in the document. Note that
(M)JD values are xs:decimal in order to achieve necessary precision.
RELOCATABLE TimeOrigin s especially for simulations. In addition, time may
be expressed as relative (elapsed) time in which case the AbsoluteTime element
provides the reference time; in such a situation will will almost certainly want to

use an IDREF for one of AbsoluteTime’s derived types.

astronTimeType [H ==

E "
crd:Timescale

tvpe | crdtimeScaleType

enum | TTTDTETTEBTDB TCG TCET...

2005-03-14T14:46:00

ype | xsIDREF

Ll

crid:Absolute Time

Iype | sEany Type

F1S0Time

type | x5 dateTime

Frerr oo |
ISOTimeRef
ype | x= IDREF

= IDTime
ype | ¥z decimal

| S—————
JOTimeRef
Iype | x5 IDREF

| S —
MJDTime
Iype | s decimal

Erammr oo |
MJIDTimeRef
Iype | xzIDREF

ETimelilrigin

Iype |xsstring

enum | RELOCATABLE

W
=
=
=l
=

=

&
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6.6 SpatialPosition

Spatial Position is more complicated Coordinate type since it refers to a

compound axis; i.e., it may be 1-, 2-, or 3-dimensional.

Position1D A
tvpe |crd:scalarCoDrdina’feType T

r )
| crd:coordinateType

=
erd:Hame

bype | wa atring

Position L
bype | crocoordinate Type

Position2D

[+
ype | crd vector2Coordingte Type

Position3D

[+

[+
bype | crd vector3CoordinateType

In particular, the multi-dimensional components other than Value are more

complicated. Value would be a vector of 3 doubles in Position3D, but the others
might include additional position angles or might be formally expressed by a 3x3
matrix. The attributes of a position angle provide its units as well as its definition.

CResolution3

[
wEany Type

bype

FResolution3Matrix
crd:couble3Type

Resolntion3PA

- =
bype | crd size3Type

Resolution3Ref
5 IDREF

2005-03-14T14:46:00

0.0
L
FResolution3
crd:double3Type
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6.7 astroCoordsFileType

Coordinates in a FITS file:

The AstroCoords element may refer to a specific binary table HDU in a FITS file
(specified through FITSFile, derived from anyURI), identifying the columns in
which individual coordinate components are contained.

= crd:FITSFile

N —
liee [erafisType
Iype | crd: fitzType

=
cri:Hame

|
|
| bype | wastring
|
|
|

[as’trotoor{lsFileTm:-e [TI]_E)E'_-
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7 Coordinate Area

7.1 CoordArea

CoordArea specifies the volume in coordinate space that is occupied by the
object to which the STC metadata is attached. It requires an IDREF pointing to a
CoordSys. An area may consist of multiple intervals along each axis. Intervals

have a FillFactor.

CoordArea

ype | stoicoordAreaType

R -

ste:coordAreaType _i
[ attributes |
coord_system_id |
__J: steiTimelnterval |
E Elype Lstc:timelrdervaIType i
0 [ttty byttt At
. 0. |
L1 StesSpatialinterval |
L ibype [stospatialntervalType | |
| stewellnterval |
E bype lstc:spatiallrrtervalT\;pe :E |
i L el e e e " _:_‘,
i 0. |
=l
e |
FO S S i
. :lypelstc:spectrallmervalwpe " |
I i o g gy oy Mg gy gy Mgy By gy gy gy g gy S gy R Sty
| 0w |
| ! steedshiftinterval |
I--l
voalyvpe I_S'fn::redshiﬂlntervalwpe "
R L e L L R R L Nt Rk et |
i 0.
i - \E'_,s‘tc:Coortllnterval 5
e bype |Stc:conrdlrrtervalType |

7.2 PixelCoordArea
PixelCoordArea specifies the bounds of a pixilated data object in pixel space.

— e — e — s —— —— —— —— —

H sttributes

PixelCoordArea

| coord_system_id |

type | o pixelCoordAreaTyvpe

,stc:CoortIScalarlmerval

type |stc:courdScalarIrﬂer\-’alType T
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7.3 Spatiallnterval

Spatial area is not only more complicated because it may be multi-dimensional
by itself, but also because there are additional options: a Region (specified
directly or in a file) or a Sphere (or Circle/Cone).

Spatiallinterval
type | sto:spatialinterval Type

F___________|
| ste:positionintervalType

E attributes

unit
detault |

Positionlnterval

type | sto:positioninterval Type

,s’t{::Cm:rrtllnterval

bype |stc:cuurdlntervalT\,fpe i

CoordiVecinterval ]
type |3'tu::u:u:u:urd3‘x-"eu:lr|tervalTvpe i

CoordScalarinterval

=
LT

|
|
|
|
|
|
Coord2Veclhnterval N |
|
|
|
|
type |stu::u:u:u:urdSu:aIarlrrtervalT';.-'pe |

|
|
|
| type |s¢c:coord2VecIrﬂervalTvpe N
|
|
|
|

Region

H
type | stocregionType

| stewregionFileType |

RegionFile steiFile |
type | stecregionFileType | type | waanyJRI |

N ——,

steisphereType

] attributes

|
| _
| unit
|
|
|

detalt |

wefault (deg v

Sphere = lefaut 1.0 1
lype |stosphereType

= -
ste:Radius

bype | xsdouble

|

|

| Es.t{::l}enter
| tvpe | crol double3Type
|

|
|
|
|
|
fll factor | |
|
|
|
|
|
|
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8 Coordinate interval

This is the most fundamental element type to specify an area; it may be 1-, 2-, or
3-dimensional. Bounds may or may not be included. Presence of only one of
the bounds indicates a lower, respectively upper, limit.

8.1 Coordinterval

ste:coordintervalType

|
| = attributes
|

lo_include :

¥ | vlefaul [ true |
| » fill_factor :

efault |10

|

|

|

Coordinterval #H‘ e e |
; —H1 | hi_include |

type | sto coordintervalType

|

|

|

Coord2Vecinterval

Iype | stecoord2Vecinterval Type

CoordiVecinterval
type | storcoord3Vecinterval Type

| 'S steHiLimit3Vee

v
'
pp—— ' |

CoordScalarinterval
Ivpe | stocoord=calarintervalType
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9 Spatial Region

Region is a specialized construct to address the needs for expressing common
spatial shapes in a comprehensive way. A Region may consist of a Shape or be
the result of an operation performed on one (Negation) or two (Union,

Intersection) Regions.

9.1 Negation, Union, Intersection

regregionType |

B attributes |

——— ||

Region

- =
bype |regregionType

!

e | regregionType

Box

vpe | regboxType

Circle

e | reg circleType

Convex
Ex

[+
vpe | reg convexType

ConwvexHull

e | reg.convexHullType

Ellipse

reg.elipseType

Intersection

=
veinter sectionType

| reg:negationType

attributes

reg:Region
reqregionType

Hegation

-
req:negationType

Polygon

reg palyganType

Sector

reg sectorType

Skyindex

req skylndexType

Union

- =
reg.unionType
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9.2 Alisky, Circle, and Ellipse
AlISky is an empty element (except for FillFactor) that is just a convenience.

Region

ANSky

regregionType

Box

reghboxType

Circle

- -
regcircleType

Convex

reg convexType

ConvexHull

Intersection

Hegation

-
wpe | reg negationType

Polygon

req polygonType

ector

v

wpe [reg sectorType

Skyindex

Union

regunionType

n =l
by | reg regionType | :

t

cridouble2Type

regconvexHullType

- -
regintersectionType

red skylndexType

reg:Center

reg:Radius

ype

| reg:ellipseType

| attributes

reg:Center

crd: double2Type

reg:Radius

reg:MinorRadius

Ereg:Pos.!-'\ngIe =

crd:posdngleType

2005-03-14T14:46:00
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crd:posAngleType
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9.3 Polygon, Box, and Sector

I i
reg:regionType

Region |

- =
bype | regregionType | I

Allsky

reg regionType

Box

=
regboxType

reg:Center

crildouble2Type

crildouble2Type

[x]
]
)
]

reg.circleType

Convex

reg convexType

ConvexHull

reg.convexHulType

Ellipse

reg.elipzeType

Intersection

regintersectionType

Hegation

rednegationType

Polygon

=
reg palyganType

reg:vertexTyp

reg:Position
crd:double2Type

reg:PosAnglet
crd: posAngleType

Sector

=
regsectorType

Skyindex

red; skyindexType

Union

regunionType

2005-03-14T14:46:00

cro:double2Type

req. smallCircleType B
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9.4 Convex and Convex Hull
Convex and ConvexHull operate on the Unit Sphere.

Region

AllSky

Box

o [reabariyne
tyvpe | regboxType

Circle

bype | regcircleType =

Convex

- =
Iyvpe |regregionType | :

e regreganiyps T
yvpe | regregionType

=
bype | reg.convexType |

regiregionType |

I B sttributes |

reg:convexType

| attributes

ConvexHull

bype | reg.convexHullType

Ellipse

e [regalipastyns
tyvpe | regelipseType

Intersection

B
bype | reg.intersectionType

Hegation

bype | reg:negationType =

Polygon

i Iregpavarioe
by | red:polygonType

Sector

e regasciariyse
bype | redsector Type

Skyindex

e regs skyindetyps
bype | regskyindexType

Union

e [regurionyns
bype | regiunionType
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10 Changes from Previous Versions

References

A. H. Rots, Space-Time Coordinate Metadata for the Virtual Observatory,
http://www.ivoa.net/Documents/latest/STC.html

A. H. Rots, STC-S (LinearSTC): Space-Time Coordinate (STC) Metadata Linear String
Implementation

http://www.ivoa.net/Documents/latest/STC-S.html
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