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Work since last IVOA Interop

We improved the architecture of the models

We caretully checked them for typos and
Inconsistencies

The models were further corrected so they now pass
the VO-DML scripts - i.e., they are correct VO-DML

The documentation was completed

Currently we are working on designing shortcuts for
common cases; that’s the hard part
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STC2 Models

* 1. Coordinate systems, frames, and values

* 2. Coordinate measures
Dependency on (1)

¢ 3. Transformations
Dependency on (1)

e https://volute.g-vo.org/svn/trunk/projects/dm/STC/
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Color Coding

are classes
are data types
Red lines are generalizations
Green lines are associations
Blue lines are compositions

Red boxes are elements from a different model that
serve as parent elements in the present model

Green boxes are elements from a different model that
are associated with elements in the current model

2017-10-27 IVOA Interop Santiago October 2017: STC 2 Status 4



Coordinate Systems, Frames, Values

A coordinate value is associated with:

A coordinate axis, one or more of which make up:
A coordinate space, which is part of:

A coordinate frame

Coordinate value, and associated axis, space, and frame, all belong
to a specific coordinate domain
Related coordinate frames are associated with each other in:

A coordinate system

Reference position and solar system ephemeris are reluctantly
moved to the coordinate frames
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Coordinate Domains

All of the above are realized in the following domains:
e Time
e Space
e Spectral
e Redshift
e Polarization
* Pixel

e (Generic
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Coordinate Measures

In real life coordinate values are seldom the
impersonal exact numbers, but need to be qualified

To provide proper meaning, add:
e Errors/uncertainties of various ilk

e Resolution
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Transforms

Are assembled from sequences of atomic transforms:
e Translation
e Scaling
e Rotation
e Projection
e Polynomial
e Enumeration

They operate between a native and a target coordinate
frame
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Current Status

Coordinates
» Model completed, VO-DML syntax validated
o Draft of WD is on Volute

Measures
» Model completed, VO-DML syntax validated
o Draft of WD is on Volute

Transforms
» Model finalized, VO-DML syntax validated
 First draft of WD on Volute

Working on the shortcuts
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Appendix: Diagrams
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Coordinate Systems

[1 domainMax:Quantity[0..1]
[1 cyclic:boolean[0..1]=false

[1 naxis:integed1]
[1 numPicinteged1]

=

pknoonrdsystemJ
[1 pixelFrame:PixelFrame]1..#] [1 genericFrame:GenericFrame[*] [1 timeFrame:TimeFrame[*]
[1 spaceFrame:SpaceFrame[*]
R ——— ’ + +genericFrame [1 redshiftFrame:RedshiftFrame[*]
[1 polarizationFrame:PolarizationFrame[*]
[1 coordSpace:CoordSpace[1] = [1 spectralFrame:SpectralFrame[*]
% i +spectralFrame ili
4 05 [1 refPosition:Location[1]
Feoordspace [ planetaryEphem:string[0..11=DE405
" -
[1 coordaxis:Axis1..3] [1 refPosition:Location[1] SHTE AT
[1 planetaryEphem:string[0..1}=DE405
I . +redshiftfran
13| +coordaxis [1 refPosition:Location[1] .
[1 planetaryEphem:string[0..11=DE405
[1 name:string[1] e
[ refPosition:Location[1] * :spaceFrame
A [1 epoch:Epoch[0..1]
[1 planetaryEphem:string[0..1}=DE405
[ CoordAxis | =polarizationFrame
[+pixelFrame
[T nati i gati q0.1] 1.* *
[1 domainMin:Quantity[0..1] _h
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Coordinates

2017-10-27

pkg coords
wdataTypes
BasicCoordValue
[1 name:string[1] *coordhods [ |
wdataTypes wdataTypes
CoordValue MultiCoordValue
[1 coordaxis:Axis[1] [1 cmpt:CoordValue[1..%]

o

+coordAxis 1

{subsets stc?_coordinatesjcoords. CoordValue. coordAxis}
[1 nativeAxisindex:nennegativelntegerd0..1]
[1 domainMin:Quantity[0..1]
[1 domainMax:Quantity[0..1]
[1 cyclic:boolean[0..1]=false

L +coordAxis {subsets stc2_coordinates:coords.Coordpalue.coordAxis}
1
| |
wdataTypes «wdataTypes «dataTypes
PhysicalCoordValue RealCoordValue IntegerCoordValue

[ cval:Quantity[1] [1 cvalreal1] [1 cvalinteged1]
[1 coordAxis:CoordAxis[1] {subsets stc2_coordinates:coords CoordValue. dbadis)

wdataTypes
DiscrateCoordValue

[1 coordAxisDiscretefxis[1] {subsets stc?_coordinates:coords. CoordValue. coordAxis}
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Generic Domain

pkg generic ]

[1 coordSpace:GenericCoordSpace[1] {subsets stc?_coordinates:coordsystem CoordFrame. coordSpace}

[1 coordSpace:CoordSpace{1]

{subsets stcZ_coordinates:coordsystem. CoordFrame.coordSpace}

+coordSpace 1

+coordSpace 4

[1 coordAxis:CoordAxis[1] {subsets stc?_coordinates:coordsystem CoordSpace. coordAxis)

[1 coordAxis:Axis[1..3]

[1 nativeAxisindex:nonnegativeintegedd..1]
- [1 domainMin:Quantity[0..1]
+e00rdAXIS | 1 gomainhlax: Quantity[0..1]
{subsets stcZ_coordinates:coordsystem.CoordSpace.coordAxis) 1 [1 cyclic:boolean(0. 1j=false
‘+coordaxis 1
«dataTypes
GenericCoordValue —1

[1 cvalRealQuantity[1] {subsets stc2_coordinates:coords. PhysicalCoordValue.cval;

cval: Quantity[1]
coordAxis:Coordéxiz[1] {subsets stc2_coordinates:coords. CoordValue coordAxis}

oQ
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2017-10-27

pkag ti

[1 timeScaleTimeScale[1] [1 coordSpace:CoordSpace(1]
[1 refPosition:Location[1] e ———
[1 refDirection-Location[0. 1]
L1 timeOriginTimeStamp[0..1]
[1 planetaryEphem:string[0..1]=DE405
[1 coordSpace:TimeSpace[1] {subsets stc2_ Y CoordFrame. pace}
’ {subsets stc2_coordinates:coordsystem.CoordFrame.coordSpace}
+coordSpace
Time Scale [1 coordaxis ConrdAxis[1] {subssts stc2_ CoordSpace 3 [ coordaxis:Axis(1.3]
n { [T
TDT
T subsets stc? ¢ system. C pas o 1
TAl in: Quantity[0..1
+coordAxis a 't_Y[ 1
AT 1 domainMax:Quantity[0..1]
utc 1 [1 cyclic:boolean]0..1}=false
GPS
TDB +coordAxis
{subsets stc2_t
= dataType:
ada 5
TCG
TimeStamp
TCB
LST [1 cvakQuantity[1]
LOCAL [1 coordAxis:CoordAxis[1] {subsets stc2_ coords.Co 3
«dataTypes
TimeOffset
[1 cvalRealQuantity[1] {subsets stc2_, coords PhysicalC cval}
«dataTypes
m edataTypes amodelelements
JIDTime — cdataTypes
Quantity
[1 cvalRealQuantity[1] {subsets ste2 :coords. PhysicalC cval}
wdataTypes unit:Unit[0..1]
MJD
«dataTypes
edataTypes DatetimeQuantity
150time
value datetime[1]
[1 cvalDatetimeQuantty[1] {subsets stc2_, :coords. PhysicalC cval}
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spaceRefFrame:StoRefFrame{1]

refRosition:Location[1]
equnox:Epoch[D. 1]
epoch:Epoch(0..1]

planetaryEpnhemstring[0..1}=DE40S

1] {subsets stc2_ CoordFrame.

1 {subsets ste2_

‘D coordAxis:Axis[1..3] HaRs

| | JUPTTER
SATURN
URANUS
NEFTUNE

e e
LSR

[1 nativedsisindex nonnegativentzgerd. 1] .

[ domaintin:Quantity[0..1] e

[1 domainas Quantity[0..1] LOCAL_GROUP_CENTER

[ cycicbookan]d. 1j=false e
UNKNOWNRefFos

,  f{subsets sic2_coordinates:coords CoordValue. coordAxis}

«enumerations
Type [ coordaxis CoordAxis[1.3] {subsets sic2_coordinates:coordsystem CoordSpace.coordAxis} |
L 1
: T
B
«dalaTypes
Epach +coordAxis
1.3
[1 typeEpochType(0..1}=J «dataTypes
o
1 yearrealt] e {subsets stc2_t coordAxis}
«dataTypes
SpatialCoordvalue
T T [ cvalRealQuantity[1] {subsets sic2_coordinates:coards. PhysicalCoordValue.cvaly
StdLocation CustomLocation
[ location:StaRefPos[1] [1 epoch:Epoch[0..1]
[n] n:SpatialValue[1]
[0 velocity:Spatialvaluef0..1]
«dataTypes
SpatialValue
1
a «dataTyper
SpatialValue1D
o oordVale[l] {subsets ste2_ WutiCoordValue. empt}
«dataTypes
SpatialValue2D
[ cmpt {subsets stc2 ¢ coords MultiCoordValue cmpfy
«dataTypes
‘SpatialValue3D
[n] = {subsets stc2_¢ MutiCoordValue. cmpt}

cval:Quantity[1]
coordAxis:CoordAxis(1] {subsets stc2_coordinates:coords.CoordValue. coordAxis}

=] =]

[1 cmptCoordValue[1..q

2017-10-27

IVOA Interop Santiago October 2017: STC 2 Status

15



2017-10-27

Spectral Domain

pkg spectral T

[1 refPosition:Location[1]

[1 planetaryEphemstring[0..1}=DE405

[1 coordSpace:SpectralSpace[1] {;

ts stc2_ci

.CoordFrame. coordSpace}

ts stc2_ci

[1 coordSpace:CoordSpace[1]

+coordSpace 1

E—

coordAxis: Axis[1..3]

[ cvalRealQuantity[1]

«dataTypes

Ji)

wdataTypexs

Energy

[ refrindex:real0..1}=0.0

Y .CoordSpace. 0 1]
[1 domainMin:Quantity[0..1]
HCOOMAAXIS | 3 gomainMax: Quantity[0..1]
1 [1 cyclicboolean]0..1}=false
& ste2
1
=
cval} [ cvalQuantity[1]
a is:C is[1] {subsets stc2_|
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Redshift Domain

pkg redshift /

[1 refPosition:Location[1]

[1 coordSpace:R iftSpace[1] {subsets stcZ_c i :coordsyst
[1 planetaryEphem:string[0..1]=DE405

.CoordFrame.coordSpace}

+coordSpace 1 {subsets stc2_coordinates:coordsystem CoordFrame.coordSpace}

[1 coordéxis:CoordAxis[1] {subsets stc2_coordinates:coordsystem.C

[1 coordSpace:CoordSpace[1]

1
+coordSpace

[1 coordAxis:Axis[1..3]

nativeAxisindex: nonnegativeintegerd0..1]
domainMin: Quantity[0..1]

+coordAxis

{subsets stc2_coordinates:

.CoordSpace. (3 S

wdataTypes
RedshiftValue

domainMax: Quantity[0..1]
cyclic:boolean[0..1]=falze

ogoQog

+oc::r_nrﬂ.-"-’u(1i3‘H stc2_ i :coords. CoordValue. coordAxis}

[1 cvalRealQuantity[1] {subsets stc?_coordinates:coords. PhysicalCoordValue.cvaly

wenumerations
DopplerDefiniti

) «dataTypes «dataTypes
; DopplerVelocity Redshift
radio
relativistic [1 dopplerDefinition:DopplerDefinition[0..1}=optical
redshift

[1 cvakQuantity[1]
[1 coordAxis:CoordAxis[1] {subsets stc2_coordinates:coords. CoordValue.coordAxis}
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Polarization Domain
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Pixel Domain

[ea gt T
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2017-10-27

[1 coordTimeStamp[0..1] {subsets stc2_measurements:uncertainty. CoordMeasure. coord;
[ errorError1D[0..1] {subsets stc?_measurements:uncertainty. CoordMeasure. errory
L1 resolution:Resolution1D(0..1] {subsets stc2_measurements:uncertainty.CoordMeasure.resclution}
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Uncertainty

pkg uncertainty J

[1 coord:BasicCoordValuel0..1]
errorErrof0..1]
= -

[1 resolution:Resolution[0..1] +Error

+resolution 0.1
0.1

[ resclutionSigma:Uncertainty10[0..1] [1 statErrorUncertainty10[0..1]
[1 resolutionFWHM:Uncertainty1D[0..1] [1 sysErrorUncertainty1D{0..1]
[ ranErrerUncertainty1D(0..1]

[ ResolutionzD | [ Erorzn |
L1 resclutionSigma:Uncertainty20[0..1] [ statErrorUncertainty2D[0..1]
[1 resclutionFWHM:Uncertainty2D[0..1] [1 sysErrorUncertainty2D{0..1]

[ ranErrerUncertainty2D[0..1]

L [ Resolutionap | [ Errorap |
[ resclutionSigma:Uncertainty30[0..1] [ statErrorUncertainty3D[0..1]
[1 resolutionFWHM:Uncertainty30D[0..1] [1 sysErrorUncertainty30(0..1]

[ ranErrerUncertainty3D[0..1]
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Uncertainty Types

2017-10-27

pkg stetypes |

«dataTypes «dataTypes
Uncertainty Matrix
«dataTypes
A Uncertainty1D
ZF «dataTypes «dataTypes
«dataTypes «dataTypes wdataTypes wdataTypes [ unitunit 1 unitunit
SymmetricallD Bounds1D AsymmetricaltD PDF1D g1 mitreall] || g7 mitireall]
ﬁ m12:real[1] ﬁ] miZreal1]
[1 radius:RealQuantity[1] [1 loLimit:RealQuantity[0..1] [1 plus:RealQuantity[0..1] gl m21real1] g1 m2rrea[1]
1  hiLimit:RealQuantity[0..1] [1 minus:RealQuantity[0..1] ﬁ m22:real[1] ﬂ m22Z:real[1]
ﬁJ mi3:real[1]
@ m31:real[1]
zdataTypes &1 m23reall]
Uncertail wdataTypes &1 mazrea[1]
i PDF2D &1 m3real1]
qdat‘aType» qldataType» ‘qdataType» «dataTypes qdatLType»
Symmetrical2D Bounds2D Asymmetrical2D Ellipse CovarianceMatrix2D

[ radius:RealQuantity[1]

[1 loLimit:RealQuantity[2] {ordered}
1 hiLimit:RealQuantity[2] {ordered}

[1 plus:RealQuantity[2] {ordered}

1 mminus:RealQuantity[2] {ordered}

[1 semitxis:RealQuantity[2] {ordered}

1 matrieMatricz=2[1]

[1 posaAngle:RealQuantity[1]

«dataTypes
Uncertainty adataTypen
<t PDF3D
«dataTypes «dataTypes wdataTypes «dataTypes «dataTypes
Symmetrical3D Bounds3D Asymmetrical3D Ellipsoid CovarianceMatrix3D

[ radius:RealQuantity[1]

[1 loLimit:RealQuantity[3] {ordered}
[1 hiLimit:RealQuantity[3] {ordered}

1 plus:RealQuantity[3] {ordered}
[1 minus:RealQuantity[3] {ordered}

1 semifxis:RealQuantity3] {ordered}

1 matrix:Matrix3x3[1]

[1 posAngle:RealQuantity[2] {ordered}
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2017-10-27

Transforms

pkg frametransforms J

BA78888823 R B 255 §§

<nativeFrame

nativeFrame: CoordFrame[1] {ordered}
targetFrame:CoordFrame[1] 1
naxesnonnegativelnteger{1]
transformcform1..1] {ordered;

Frame.

stransform

[ naxes:nonnegativeinteger1]

b‘II

——

[1 nativeRefvalRealQuantiy[1]

‘ [1 nativeRefvalRealQuantity[2] {ordered} |

‘ [ nativeRefValRealQuantity[3] {ordered} ‘

«dalaTyper
Matrix
[ unitunit
cdataTypes. wdataTypes
Matrix2x2 Matrix3x3
g1 mitrealn] @1 mitrea(n]
1 miZrealt] @1 mizreal]
&1 m2trealt] | | g1 m2trealt]
&1 mozrealt] | | g1 m22realli]
@1 mizreali]
g1 matreali]
&1 m23realli]
§1 m32reali]
&1 mazrealt]

[1 scalereall)

=
[1 scalereal2] ordered

[ valuereald]

[ orderinteged1]

[ targetaxismonneativentzoei]

value:real1]

ordert integer1]
orderZinteger{]

targetAxis:nonnegativelnteger(1]

[1 coeftPolyCoeffiD[1. 7]

e
projection:Projection[1]

[ rotationanglereall1]

R
[1 cdMatrix:Matrix2x2[1]

value:real1]

== ] =) =]

ordertintegerti]
orderZinteger{]
order3integeri]

targetAxis:nonnegativelnteger(1]

[1 coeffPolyCoefi2D{t. 4

- |
[0 scalereald] ordered

e ——
[ rotationAngles:reaf2] {ordered)

|
[ caMatrix:atrix3x3[1]

e ——
[ coeffPolyCoefianit. 4

<enum [ EnumElementt |

projection:Projection[1]

1 projection:Projection{1]

I
[1 nativevalRealQuantity[1]
[1 evalRealQuantityl1]

~enum,

Zcoeff

enumEnumelement2[1. 4

_—“

[ enumEnumelements(1.]

|
|

*

*

oooo

pixeliType PolStokesEnum{1]
pixel2Type:PolStokesEnum{0..1)
pixel3Type-PolStokesEnum(0.1]
pixelType PolStokesEnum(0..1]

[T pixeliType:PolCircularEnum(1] 1 pixelType:PolLinearEnum{i] 1 pixel Type:PolVectorEnum{1]

[1 pixelType:PolCircularEnum(0..1] [1 pixel2Type:PolLi 1 [T pixel2Type 1
[1 pixeBTypePolCicularEnum(0. 1] [1 eixeldType:Poli 1 L1 pxel3Typ 1
[1 pixekType PolCircularEnum(D.. 1] [1 pixeMType:PolLi 1 [ pixeMType 1

senum 1%

[1 nativevalRealuantityl2] {ordered}
[1 evalRealQuanttyl2] {ordered}

[1 nativevalRealQuantity(3] {ordered}
[1 evatRealQuantiy[3] {ordered
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