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Work since last IVOA Interop

We reworked the design and the division into separate
models

In parallel with STC application in the Cube Model

Close interaction between model development and
application implementation

Concentrating on three models

One model done, the other two close to completion
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STC2 Models

1. Coordinate systems, frames, and values

2. Coordinate measures
Dependency on (1)

3. Transformations
Dependency on (1)
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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
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Coordinate Systems, Frames, Values

A coordinate value is associated with:
A coordinate axis, one or more of which make up:

A coordinate space, which has also a flavor and 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, which contains item common to all
frames such as reference position and solar system
ephemeris
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Coordinate Systems, Frames, Axes

2017-05-15

pkg coordsystem )

1.3

[ CoordFrame | ’

[1 pixelFrame:PixelFrame[1..#]

1

[1 genericFrame:GenericFrame[*]

[1 coordSpace:CoordSpace[1] +genericFrame *

+coordSpace

[1 coordaxis:Axis[1..3]

+coordAxis

[1 name:string[1]

Ji)

gooooQog

timeFrame:TimeFrame[*]
spaceFrame:SpaceFrame[*]
redshiftFrame:RedshiftFrame[*]
polarizationFrame:PolarizationFrame[*]
spectralFrame:SpectralFrame[*]
refPosition: Location[1]
planetaryEphem:stringl0..1}=DE405

T

"

_ +timeFrame -

_ <

+redshiftFrame

[1 epoch:Epoch[0..1] *

[ nativeax gat

[+pixelFrame

[1 domainMin:Quantity[0..1]
[1 domainMax:Quantity[0..1]

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

M0..1] 1% i

[1 naxis:integed1]
[1 numPicinteged1]

=
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Coordinate Values

2017-05-15

pkg coords
wdataTypes
BasicCoordValue
[1 name:string[1] *coordhods [ |
wdataTypes wdataTypes
GCoordValue MultiGoordValue
[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

4 ‘+ooordAxis  {subsets stcZ_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. coordAxis}
wdataTypes
DiscrateCoordValus

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

2017-05-15

pkg sp:ctralDomﬂinJ

[1 coordSpace:SpectralSpace]1] {subsets stc2_

¥ CoordFrame. pace}

+coordSpace

{subsets stc2_t

3V CoordFrame. pace}

[1 coordSpace:CoordSpacel1]

+coordSpace

«dataTypexs
SpectraiValue

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

wdataTypes

adataTypes

Energy

Wavelength

«dataTypes

1 coordAxis:CoordAxis[1] {subsets stc2_ y .CoordSpace. is}
———— 1
a 1
a Quantity[0..1]
{subsets stc2_t y C o Quantity[0..1]
1|1 eyclicbookan(. . 1)=false

[1 cvarQuantity[1]
[ coordaxis:Coordaxis[1] {subsets ste2

coords.Co
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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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Coordinate Measure

pkg uncertainty
[1 coord:BasicCoordValue{0..1]
1 errorError0..1]
[1 resolution:Resclution[0..1] +error
0.1
| [ Resowtiond | [ Erorip |
uti
resolution [ resolutionSigma:Uncertainty1D[0..1] [ staterrorUncertainty1D{0..1]
[1 resolutionFWHM:Uncertainty1D[0..1] L1 sysErrorUncertainty10[0..1]
[ ranErrorUncertainty1D{0..1]
- [ ResolutionzD | [ Emorzp |
[1 resolutionSigma:Uncertainty2D{0..1] L1 statErrorUncertainty20[0..1]
[1 resolutionFWHM:Uncertainty2D[0..1] L1 sysErrorUncertainty20[0..1]
[ ranErrorUncertainty2D{0..1]
L [ Resolutionsp | [ Emoap |
[1 resolutionSigma:Uncertainty30(0..1] L1 statErrorUncertainty30[0..1]
[1 resolutionFWHM:Uncertainty30[0..1] L1 sysErrorUncertainty20[0..1]
[ ranErrorUncertainty3D{0..1]
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Uncertainty Data Type

pkg stctypes J

coataTypes «dataTypes
Uncertainty Matrix
«dataTypes
A Uncertainty1D
% «dataTypes «dataTypes
‘ Matrix2x2 Matrix3x3
adataTypex wdataTypes adataTypex adataTypes [ unitUni [ unitUni
SymmetricaldD Bounds1D AsymmetricaiD POF1D @l mitreall] | @] mitreall]
W] m12:real[1] W] m12:real[1]
[1 radius:RealQuantity{1] [1 loLimit:RealGuantity{0..1] [1 plus:RealQuantity[0..1] g1 m21realt] g1 m21realt]
[1 hiLimit:RealGuantity{0..1] [1 minus:RealQuantity[0..1] gl m22realt] gl m22realt]
9] m13:real[1]
9] m31:real[1]
wdataTypes é] m23:real[1]
Uncertainty2D xdataTypes g1 m32reall]
= PDF2D g1 m3srealt]
«nﬂtlﬁTypen n!datﬂTypEn ‘ndﬂtaTypen wdataTypes mdﬂt!ﬂypen
Symmetrical2D Bounds2D Asymmetrical2D Ellipse CovarianceMatrix2D

[1 radius:RealQuantity[1]

[1 loLimitRealQuantity[2] {ordered}
[1 hiLimitRealQuantity[2] {ordered}

[1 plus:RealQuantity[2] {ordered}
[1 mminus:RealQuantity[2] {ordered}

a
a

semiAxis:RealQuantity(2] {ordered}
posAngle: RealQuantity]1]

L1 matrixMatrie2x2[1]

«dataTypes
Uncertainty3D «dataTypes
PDF3D
«dataTypes «dataTypes wdataTypes «dataTypexs wdataTypes
Symmetrical3D Bounds3D Asymmetrical3D Ellipsoid ‘CovarianceMatrix3D

1 radius:RealQuantity[1]

1 loLimit:RealQuantity3] {ordered}
[ hiLimit:RealQuantity[3] {ordered}

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

a
a

semifxis:RealQuantity[3] {ordered}
posAngle:RealQuantity[2] {ordered}

[ matrix:Matrix3x3[1]
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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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Transforms

pkg frametransforms ]
[ FrameTransform |
«modelimports.
[ nativeFrame:CoordFramel1] «enumerations
“nativeFrame
- [ targetFrame:CoordFrameli] {ordered} PolEnum emodelimports
Prolecty Timgeroce a . - GdataType: 1 e
« >
m 1 [ transformXformi1..] {ordered} stransform i a url=
LoG v -
it Unit
TN «modelimports [ unitUn: W
src,
o url - o 1] {seff. ¢ AR i
516 | | [ 1 w -
ARC documentationURL = wdataTypes «dataTypes. o
AR Matrix2x2 Matrix3x3 =
g @1 mitreat) g1 mitreafi] =
g1 mizrealt) | |g1 mizreair) "
M:E“‘ §1 m2trealt] | |§1 m2trea(n) wr
§1 me2realt] | |§1 mezrealn) e
x &1 mizreaqn 1
noL Gl m3trealt] =
o &1 mesreal) =
o &1 mazrealt) &
e —
mazreal]
coD [ nativeRefvatRealQuantty[1] ‘D natNaReWﬂlRea\Uunnmy[Z]‘ |[| nanveReNm'Ramuuanmy[ﬁ]‘ a1
coo
- |1 I - 1 CormIEED s
PCO stea.
& U documentationURL =
st PR e e a
" [ coeftPolyCoeffiD[1..1] [ rotationAngle:real1] [1 rotationangles:realf2) u
“eoef
[0 ordermteaedt] |, R
[ valerear
| S S ——— L
. «enumerationx «wmodelimports
[ profectionProjecton1] [ camatricMatriczz[1] [1 cduatreeMatricax3[1] s
[PolCoerzn | e i
| T | PohmomEe e documentationURL =
[ ordertintegedt] |Ieoefr o LL
[ orderzmeaet] | v [ coeffPolyCoeff2D[1..4 [1 coeffPolyCoeffaD[1.. @
e
[1 valuerealf] <enum [T Enumelementt | R
| Projection2d | 1@ nativevatResiuantiyii
[
[ PohyCoeran | [T projection:Projection[1] [T projection-Projection[1] 1 evalRealQuantiy{f) «enumerations | | «modelimpart
 — | — PolLi ste2 « inearEnum
[1 ordertintegedi] ~enum e
[ orderZintegeri] 1. *X documentationURL =
e —
[x] 1] 1 nati IQuantity[2] Yy
[0 vauereary | sooeft [1 enumEnumElementalt..4] [1 enumEnumElement3ft..4 O evatReaiuanttyi2l xv
1 YX
* * * * : 5 ]
17
MM ) nativeval RealQuantiy(3] EE
url=
[1 pixeltType PolStokesEnum{1] [1 pixelfType:PolCircularEnum{1] [ pixelfType:PolLinearEnum{1] [1 pixelType:PolvectorEnum{1] [ evatRealQuantiy[3] | e
[ pixelZType PolstokesEnum[0..1] [1 pixelType:PoiCircularEnum(o..1] [ poxeizType:Pr 1 [1 pixei2Type 1] PF
[1 pxel3Type:PolStokesEnum(D..1] [1 pedType:PolCircularEnum0. 1] [1 pixel3Type:P 1 [1 pixel3Typ 11 PP
[ pixeMType:PolStokesEnum(D..1] [ pixeMType:PolCircularEnum(D. ] 1 poxelType:PolL 1 [0 pixel4Type: 1 A
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Current Status

Coordinates
 Model finalized
o First draft of WD is on volute

Measures
» Model finished, VO-DML syntax to be checked; expected 1 July
» First draft expected at the same time

Transforms
« Model finalized, a few issues to be resolved; expected 1 July
» First draft on volute

Used in Cube Model
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Backup Slides

* Remaining domains
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Generic Domain

pkg genericDomain ]

[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)

a

coordAxis Axis[1..3]

a
= [
+coordAxis o
{subsets stcZ_coordinates:coordsystem.CoordSpace.coordAxis) 1 x|
«dataTypes
GenericCoordValue —1

nativeAxisindex:nonnegativeintegerf0..1]
domainMin: Quantity[0..1]

domainMax: Quantity[0..1]
cyclic:boclean[l.. 1)=false

‘+coordaxis 1

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

oQ

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

[1 refDirection-Location[0. 1]

[ timeOrigin TimeStamp[0..1]

[1 coordSpace:TimeSpace[1] {subsets stc2_

CoordFrame.

{subsets stc2_coordinates:coordsystem.CoordFrame.coordSpace}

+coordSpace

L1 coordAxis:Coordéaxis[1] {subsets stc2

coords. C:

coords.Ce

CoordSpace.
1
senumeraten: }
Time Scale
T
T {subsets stc2_ 'y pa i .11
ET a Quantity[0..1]
Tl +C00rdAXiS | 1 gomainMax Quantity[0..1]
T 1|1 cyclicbookean(0. 1l=false
utc
+coordixis
fel="3 1 {subsets stc2_¢
TDB
= wdataTy
ataTypen
T-JIDES::
i
TCB =2
LST 1 cvatQuantity[1]
LOCAL [ coordaxis:CoordAxis]1] {subsets stc2_
«dataTypes
TimeOffset —
[1 cvalRealQuantity[1] {subsets stc2 L coords PhysicalC cval}
«dataTypes
Jn «dataTypen
JDTime
[1 cvalRealQuantity[1] {subsets ste2 :coords. PhysicalC .cvall
itaTyps
MJD
wdataTypes
150time
[1 cvalDatetimeQuantty[1] {subsets stc2_, :coords. PhysicalC .cval}
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Spatial Domain

pkg spatialDomain |
“zenumerations, B
SpaceStdRefFrame StdRefPos
[1 spaceRefFrame:SpaceStaRetFrame(1] [1 coordSpace:CoordSpace[1]
ICRS [1 equinox:EpochiD. ] GEOCENTER
FK4 [x} 1] {subsets stc2_ CoordFrame. ‘TOPOCENTER
FKS [ epoch:Epoch[0. 1] BARYCENTER
GALACTIC HELIOCENTER
ECLIPTIC [subsets stc2_ i dFrame. pace} GALACTIC_CENTER
CUSTOM EMBARYCENTER
GALACTIC_| MooN
SUPER_GALACTIC I MERCURY
AZ_EL [1 coordAxes Coordixis[1..3] {subsets stc2_ Coord: ‘ venus
BODY wenumerations t 1 L 1 WARS
GED_C EpochType ‘% JUPTER
GEO_D J SATURN
e s e T i
GsE NEPTUNE
G=M [ nativeAxisindex:nonnegativelntege0..1] PLUTO
SM coordines 1 domainMin:Quantity[0..1] LSR
HGC il 1|1 domanitax Guantiyo 1] LSRK
Epoch
HGs LSRD
{subsets sic?_caordinates: coordsystem CoordSpacs coordivds) | L1 CY0IS booleanl01l-false
HEEQ [T typeEpochTypeld. 1= wdataTypes — LOCAL_GROUP_CENTER
HRTH [ yearreal1] Location eoordixis RELOCATABLE
1 UNKNOWNRefPos
{subsets stc2_coordinates:coords. CoordValue. coordAxis}
cdataTypes
SpatialCoordValue
CEr T [1 evalRealuantity[1] {subsets stc2_coordinates:coords. PhysicalCoordValue eval} [1 cval-Quantity[1]
StdLocation (BT [ coordAxis:CoordAxis[1] {subsets stc2_coordinates:coords.CoordValue.coordAxis}
[1 location:StdRePos{1] [1 epoch:Epoch(0..1]
[1 posiion 1]
[ velocity Spatialalue[0..1]
«dataTypes
SpatialValue | Muiticooravatue |
[1 epoch:Epoch(D. 1] T [1 emptCoordvalus1..]
« »
—
SpatialValuedD
o sordValuelt] {subsets ste2_coordinates:coords WuiCoordvalue.cmpt}
«dataTypes
SpatialValue2D
[x] dvalue[2] {subsets stc2_ MURCoordValue, cmpty
wdataTypes
SpatialValue3D
0 cmpt {subsets stc2_ coords MutiCoordValue. cmpty
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Redshift Domain

[1 coordSpace:R iftSpace[1] {sub

ts stc2_coordinates:c

.CoordFrame.coordSpace}

[1 coordSpace:CoordSpace[1]

+coord3pace 1 |{subsets stcZ_coordinates:coordsystem.CoordFrame.coordSpace}

+coordSpace

o

coordAxis Axis[1..3]

[1 coordAxis:Coordaxis[1] {subsets stc2_coordinates:coordsystem:CoordSpace. coordAxis}

{subsets stc2_coordinates:coordsystem::CoordSpace.coordAxis} 4

a

= 0
+coordAxis o
a

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

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

wdataTypes
RedshiftValue

W_ i :coords. CoordValue. coordAxis}

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

og

i

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

«dataTypes
DopplerVelocity

«dataTypes
Redshift

[1 dopplerDefinition:DopplerDefinition[0..1}

p
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{wobmety ic3_coondinanss-coonds o
i
o a
— =
=] DIU w1} {sbsets ) [ Coordvisie cooraixia)
e wdataTypes
Poltokes
a {rotraots sted_coonfnales
T ohiaTynes
PoiCircular
o w
et Types
PoiLinear
[1 cvalPelineaiEranil] {sabacts atel_coondnsles
L] it
Poloctor
a o
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Pixel Domain
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[ pesiaws Prmianfl 3] (ecbami atcd,
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