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Transformations

Define (not implement) a mapping from one
Coordinate Frame to another

Mirrors FITS WCS conventions and standards
General extension to all Frames, including Generic

Allows enumerated coordinates
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Transformations and Frames

Transformations have to be defined between
coordinate frames

Therefore all properties required by the transform
need to be included in the frame

That includes the flavor/geometry
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Transforms in STC2

Transforms are integral parts of coordinate frames
Based on FITS WCS specification

e Contain equivalents of the familiar FITS keywords

e Implemented as sequences of atomic transforms
Pixel frames to WCS frames
Between physical coordinate frames

e Owned by native frame, point to target frame

e Multiple transforms allowed (FITS alternate coord frames)
Enumerations

e Applies to polarization

e Accommodates sparse data such as photon event lists
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Pixel Frames and Coordinates

Pixel Frames are defined in Transforms; they cannot
exist without a transform

Pixel coordinates are simple n-dimensional values
The Pixel Space consists of one or more Pixel Frames
A Pixel Frame maps to a WCS Coordinate Frame

Multiple parallel mappings are allowed
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Frame Transforms

pkg frametransforms ]

[ mapping

il g

<mapping | [ handedness Handedness[0. 1j=left

«cdataTypes
PixelCoordinate
{self.pixelCoord.size=self.naxes}

«semanticconcepts coordinateDomain:siring

“targetFrame
1

* |1 naxes:nonnegativelnteged1]

[ targetFrame:CoordFramel1]

& 1.4 {ordered}

{ordered}
1

“transform

o 1] {self.

naxes}

a

[1 coordFrame:PixelConrdSystem(1]
[1 naxes:nonnegativeintzged1)=1
a

[1 naxesnonnegativelnteger1j=1
[ pixelaxes Pixelaxis[1. 3] {ordered}

coordFrame pixeiCoord: RealQuantiy[1..3] {ordered}
coordinateDomain (Property)

[1 handedness Handedness[0..1)<left topConcept =
[1 pixelFrame:PixeFrame[1..]
[1 pixetSpace PixelSpace[1]

I

+piceFrame

{CoordFrame mapping.size=0}

[ naxisnennegativenteged1]
[1 numpixnonnegativenteged1]

[1 nativeaxistnonnegativentageri]
[1 nativeAxis2 nonnegativentegerd.. 1]
1 nativexis3nonnegativenteger0..1]

[1 nativeRefvalRealQuantity[1]

{self coeff size=seff order=1}

[0 ordernonnegativeinteger1]
[0 coeffrealt.?] {ordered}

1 projection:Projection1]

{self.ec.size=npi}

[T npixnonnegativeitegert}=1
[1 ecRealQuantity(1.] {ordered}

e —
[1 nativeRefvalRealDoublet(1]

- |
[1 rotationAngle:reall1]

|
[ cdMatrbc Matrox2x2]

{self coeff size=self order"seif order=1}

[1 ordernonnegativeinteger1]
[1 coeffreall1. {ordered}

[ projection:Projection1]

{self.ec.size=self.npix}

[ npixnonnegativeinteger(1j=1
[1 ecRealDoublet[1. 4] {ordered}

/= 1
[ nativeRefvatRealTriplet[1]

[ scalereal3)

[1 rotationAngles:reall2]

.
[ cdMatrixMatrixax3[1]

- |
[ projection:Projection[1]

{self ec size=self npix}

[ npixnonnegativelntegedtl=1
[1 ecRealTriplet1."] {ordered}

]

{self pixelType size=self.npid

o

{self pixeMType. size=self.npix)

o

{self pixeMype. size=self.npix}

]

{self.pixeMType size=self.npix)

[ npixnonnegativeinteger 1=1
[ pixeMType FolStokes[1.."] {ordered}

[ npixnonnegativeinteger1}=1
[1 pixeMype FolCircula1."] {ordered}

[ npixnonnegativeintegerj=1
[ pixelypeFolinear1. "] {ordered}

[1 npixnonnegativelnteger1}=1
1 pixelype Folector{1.."] {ordered}
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Polarization

By necessity an enumerated coordinate axis

Stokes
e [[Q UV
Circular
e LI, RR, LR, RL
Linear
e XX, YY, XY, YX
Vector
e I, PolFlux, PolPercent, PolAngle
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| Components Useful beyond STC

* Constraining units

e Utility Data Types
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/ Units Handling

The units model has not been worked out completely

Requires a mechanism to restrict units to what is
appropriate in the context

Introduced semantic concept Coordinate Domain:

e Within a Coordinate it sets the top concept allowable for
units

e Subsetting sets the top concept for each type of coordinate

e It provides a consistent units constraint mechanism that is
independent of context
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Coordinate Domain Taxonomy

[ Time } > ISOTime
Space —> JD
Spectral —> MJ]D

Redshift —> timeOffset

Polarization
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Coordinate Domain Taxonomy

[ Time ]

Space

Spectral > Frequency

Redshift > Energy
: Polarization —> Wavelength
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Coordinate Domain Taxonomy

[ Time ]

Space — y/

Spectral —> DopplerVel | [ OpticalDV ]

Redshift . [ RadioDV :
: Polarization [RelativisticDVj
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Coordinate Domain Taxonomy

[ Time ]

Space =3 Stokes
Spectral —>  (Circular
Redshift —3 Linear

: Polarization > Vector
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Quantities and Derived Data Types

Quantities include units

Handy derived data types:
e Quantity vector: scalar, doublet, triplet
e Matrix: 2x2, 3x3

Multistruct (for lack of a better name; 2-D):
e Symmetrical, Bounds, Box, Ellipse, MSMatrix

e For error and resolution specifications

Timestamp:
e [SO-8601, |JD, M]D, Time offset
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pkg stctypes ]

wenumerations «&numerations wdataTypex wdataTypexs «&numerations «&numerations wEnumerations
Projection StdRefPos Epoch Matrix Space StdRefFrame DopplerDefinition PolarizationType
LIN GEQCENTER [1 type:EpochType[1]=) ICRS optical STOKES
LOG TOPOCENTER [1 veardecimal[1] FK4 radio CIRCULAR
TAN BARYCENTER | FKS relativistic LINEAR
SIN HELIOCENTER & & GALACTIC redshift VECTOR
e . T T zdataTypes zdataTypes .
= . 5
EpochType Matrix2x2 Matrix3x3
b &1 mif ] 51 mit ) ST «enumerations aenumerations
mi1:rea mii:rea
L wenumeration: J 9 9 = «enumeration: PolStokes PolVector
ZEA B 9] m12:real[1] @] mi12:real[1]
SpecRefPos h . Handedness
CEA 1 m2treal[1] g1 m2treall] | |
CAR L=R &1 m2Zreal1] g1 m2Zreall] left a PF
MER LSRK g1 midreall] right u PP
SFL LSRD . . g1 m3ireall] W PA
«xenumerations «xenumerations . ) wdataTypes
PAR GEOCENTER X @1 m23realll] :
Time Scale CoordFlavor . . QuantityVector
MoL TOPOCENTER g1 m3Zreall]
el SLasiEE ] o ETiETEE g1 m3zrealt] «enumerations wenumerations
COE HELIOCENTER TAl cartesian PolCircular PolLinear
con stc uTe polar |
coo TDB cylindrical wdataTypes RR XX
BON TCG unitsphere RealScalar LL "
PCO TCB healpt . . RL Xy
=i [1 viRealQuantity[1] adataTypes n T
=L = S RealDoublet
csC GPS polarization
Qsc [1 vi:RealQuantity[1] wdataTypes
POLYNOMIAL <dataTypes 1 v2:RealQuantity[1] RealTriplet
EMUMERATION : .
TimeStamp &1 vi:RealQuantity[1]
i) @1 wvZRealQuantity[1]
9] v3:RealQuantity[1]
«wenumerationx» «enumerations «enumerations «enumerations
Spacelnits TimeUnits FregUnits EnergyUnits
H 3
:1 z k: E . wdataTypes wdataTypes wdataTypes xzdataTypes
" = = I50time i) MJD TimeOffset
mim MHz MeV
um ¥r GHz GeV [ time:datetime[1] [1 time:real[1] [1 time:real[1] [1 offsetreal[1]
au cy
pc
kpc wdataTypes
uTE MultiStruct
deg
arcmin [1 ndimnennegativeinteged1]
arcsec
Angstrom
«dataTypes wdataTypes «dataTypes xdataTypes «dataTypes
Symmedtrical Bounds Box Ellipse MSMatrix
[1 radius:RealQuantity(1] [ loLimit: QuantityVectod1] [1 boxSize:QuantityVectod1] L1 semifxes:QuantityVectod1] L1 matrix:Matrix[1]
[ hiLimit: QuantityVectof1] [1 positionAngles:QuantityVectorf1]
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Poone, Underway
& Remaining to Be Done

e Transformations: FITS-style or AST-style?

¢ Define specialized coordinate types through subsetting?
e Complete standard frames and positions enumerations
e Complete documentation

* Coordinate with Units DM

e Run it through DML generating script

* Resolve VO-DML issues

* Generate library
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VO-DML Issues
Constraints

e An explicit syntax for Constraints would be helpful
Multiplicity of Attributes

e Attributes can only have a specific length, specified in
the model; i.e., an object cannot contain a variable array
of values. For example:

A polynomial object cannot contain an order and an array of
coefticients, its length determined by the order

» One cannot leave the dimensionality of a value (1, 2, or 3) open

« The coordinate values of an enumerated axis cannot be
specified in a vector
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pkg coordsystem ]

1 genericCoordFrame:GenericFrama[*]

+genericCoordFrame, | *

[1 handedness:Handedness[0..1}=left
[1 naxes:nonnegativelntegerf1]

—em—

[1 mapping:FrameTransform[*]

oooQoogo

timeFrame:TimeFrame[0..1]
spaceFrame:SpaceFrame[0..1]
spectralFrame: SpectralFrame[0..1]
redshiftFrame:RedshiftFrams[0..1]
polarizationFrame: PolarizationFrame]0..1]
planetaryEphem:string[0..1]=DE4£05

[ refPosition:SpecRefPos]1]
+timeFrame i 0.1 ,L"j
e 0.1
+zpectralFrame
1 timeScaleTimeScale[1] 3
[ refPosition:SpaceRefPosition[1]
[ refDirection:Position[0..1]
1 timed:TimeStampl0..1] 0.1
+redshiftFrame
[ PolarizationFrame | o
+polarizationFrame
.
1 polfype:PelarizationType[1] 0.1
[1 dopplerDefinition:DopplerDefinition[1]
+zpaceFrame 0.1

spaceRefFrame. SpaceStdRe fFrame]1]
refPosition:SpaceRefPosition[1]
equinox:Epoch[0..1]
flavor.CoordFlaverd1]
ndim:nennegativelntege1]

goooad

«dataTypes
SpaceRefPosition
«dataTypes edataTypes
5tdSpaceRefPos CustomSpaceRefPos

[ location:StdRefPos[1]

1 location:Pesition[1]
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