
Matching  Transform model
 with various 2D polynomial image distortions

Paris upgrade

F.Bonnarel (CDS)
    



 

 Follow-up of my College Park 
talk

● Data Cubes gather measurement along diferent axes
● Sometmes all indepeendant (event lists),
● Sometmes some are depeendant (ND images)
● « Coordinates » on indepeendant axes.

● Generally peixels are « device » coordinates
● Calibraton perocess allows to mape onto World Coordinates 

→ Process results in a coordinate  transform 
● « STC transform » allows to reperesent these coordinate transforms

● Hey !!! Isn't that done via WCS keywords already ?
● Not satsfactory for distortons



 

 Transform datamodel scope
● Data Cubes gather measurement along diferent axes

● Sometmes all indepeendant (event lists),
● Sometmes some are depeendant (ND images)
● « Coordinates » on indepeendant axes.

● Generally peixels are « device » coordinates
● Calibraton perocess allows to mape onto World Coordinates 

→ Process results in a coordinate  transform 
● « Transform » allows to reperesent these coordinate transforms

● Hey !!! Isn't that done via WCS keywords already ?
● Yes for linear, Not satsfactory for distortons !!!!



 

Coordinate transforms :
Polynomial distortons

● Pixels are generally measurement records in 
the focal pelane of the telescopee

● The linear scheme may be unsufcient to tackle 
peixel to intermediate coordinates 
transformaton

● For large Fields of view the focal pelane may 
become (non pelane) focal surface

● Introducton of distortons –-> 2D Polynomial 
opeeratons on each peixel coordinate



 

Diferent methods to code distortons in WCS :
failure to standardizaton (Brian Schmidt, ADASS XXV 2015) 

● SIP coefcients (A_n_m,B_n_m, n+m ≤ peolynom order ):   peolynomial 
transformaton BBFORB  apepelying bilinear transformaton 

X' = A_0_0*Dx0 * Dy0 + A_1_0*Dx1 * Dy0 +A_1_1*Dx1 * Dy1 +..
Y' = B_0_0*Dx0 * Dy0 + B_1_0*Dx1 * Dy0 +B_1_1*Dx1 * Dy1 +..
X = cd1_1*X'+cd1_2*Y'          Y= cd2_1*X' +cd2_2*Y'
● « TPV » perojecton code    and SCAMP 

– usage of PVn_m pearameters.
–  Polynomial Transformaton AFTBR bilinear transformaton
– Possible « radial » distorton (skipepeed below)
– X' = cd1_1*Dx+cd1_2*Dy          Y’= cd2_1*Dx +cd2_2*Dy
– X = PV1_0+PV1_1*X'+PV1_2*Y'+PV1_4*X'2 +PV1_5*X'*Y'+PV1_6*Y'2+...
– Y = PV2_0+PV2_1*Y'+PV2_2*X'+PV1_4*Y'2 +PV1_5*X'*Y'+PV1_6*X'2 +...

 



 

Diferent methods to code distortons in WCS :
failure to standardizaton (Brian Schmidt, ADASS XXV 2015) 

DSS : no usage of WCS pearameters, no expelicit BiLINBAR 
transform
– FITS KeyWORDS : PPO3,PPO6,XPIXBLSIZ,YPIXBLSIZ,

AMDXn,AMDYn...
– X' (mm) =  (pepe03-xpeixelsiz*x)/1000
– Y'(mm) = (ypeixelsiz*y-pepe06)/1000
– X = amdx1*X'+amdx2*Y'+amdx3+amdx4*X'2+amdx5*x*y+…
– Y = amdy1*Y'+amdy2*X'+amdy3+amdy4*Y'2+amdy5*x*y+…
– (rad,dec) =deProj(TAN ,X,Y) 

Can Trasnform datamodel perovide an homogenous 
descripeton for all these « favors » ?



 

STC2 transform model
● Transforms made of successive 

ordered operations =

● Translations = Tshift2D, Tshift1D
● Linear transformation = Tmatrix
● Polynomial transformation =Tpolynomial
● Projection = Tproj (Projection)
● Scaling = TScale2D,TScale1D
● Rotating = TRotate
● ….



 

College Park Conclusion
● Radial distorton to be considered (3D ->2D 

transform???)
● Bxtension of Polynomial transform to 2D → 2D 

(or 3D → 2D) needed
● Apeart from that, STC transform perovides a 

unifed reperesentaton for building 
transformatons by combinaton of simpele 
opeeratons in any order : Yes !



 

New Trans model



 

What’s new
● BulerRotaton 
● Polynomial2D
● Speectral transformaton
● Compeositon (sequence)
● Concatenaton (pearallel)
● Invert fag and Tforward/Tinvert opeeratons



 

Simple WCS use case 
STC transform representaton (1)

PixelAxis  x,y and VirtualAxis to frame « ICRS » and transform made of 3 opeeratons 

  1    Tconcatenate
                        Tinvert = « true »

1 Tforward.Shif.ofset = -crpeix1
2 Tforward.Shif.ofset = -crpeix2

   2     Tforward.Matrix
                     Tinvert = « true »

Tforward.Matrix. M=2
Tforward.Matrix.N=2
Tforward.Matrix.element

Matrix.element.m=1
Matrix.element.n=1
Matrix.element.value=CD1_1

Tforward.Matrix.element
Matrix.element.m=2
Matrix.element.n=1
…….



 

Simple WCS use case 
STC transform representaton (2)

3     SkyProjRotate
Tinvert = true
Skyperojrotate.algorithm =TAN, SIN, etc.
Skyperojrotate.referenceValue[0] = crval1
Skyperojrotate.referenceValue[1] = crval2

                                                 



 

SIP-like WCS  
STC transform representaton (1)

PixelAxis  x,y and VirtualAxis to frame « ICRS » and transform made of 4 opeeratons 

  1    Tconcatenate
1 Tforward.Shif.ofset  = -crpeix1

2 Tforward.Shif.ofset = -crpeix2

                                                 



 

SIP-like WCS  
STC transform representaton (2)

 2 TConcatenate   
Tforward.Polynomial2D

Polynomial2D.Order = n
Polynomial2D.term.coef = A_2_0
Polynomial2D.term.peower[0]=2
Polynomial2D.term.peower[1]=0

Polynomial2D.term.coef = A_1_1
Polynomial2D.term.peower[0]=1
Polynomial2D.term.peower[1]=1

    ……….
Tforward.Polynomial2D
•Polynomial2D.Order = n  (may be diferent than n)
Polynomial2D.term.coef = B_2_0
Polynomial2D.term.peower[0]=2
Polynomial2D.term.peower[1]=0

Polynomial2D.term.coef = B_1_1
Polynomial2D.term.peower[0]=1
Polynomial2D.term.peower[1]=1

 ……….



 

SIP-like WCS 
STC transform representaton (3)

         3 ) Tforward.Matrix
Tforward.Matrix. M=2
Tforward.Matrix.N=2
Tforward.Matrix.element

Matrix.element.m=1
Matrix.element.n=1
Matrix.element.value=CD1_1

Tdorward.Matrix.element
Matrix.element.m=2
Matrix.element.n=1
…….

4      SkyProjRotate
Skyperojrotate.algorithm =TAN, SIN, etc.
Skyperojrotate.referenceValue[0] = crval1
Skyperojrotate.referenceValue[1] = crval                  



 

PV-like WCS 
STC transform representaton (1)

PixelAxis  x,y and VirtualAxis to frame « ICRS » and transform made of 4 opeeratons

 
  1    Tconcatenate

Tforward.shif.ofset = -crpeix1
Tforward.shif.ofset = -crpeix2
 

 3    Tforward.Matrix
Matrix.M=2
Matrix.N=2
Matrix.element

m=1
n=1
value=CD1_1

Matrix.element
m=2
n=1
…….



 

PV-like WCS 
STC transform representaton (2)

3 TConcatenate  
Tforward.Polynomial2D

Order = n
Polynomial2D.term

coef = PV_1_1
peower[0]=0
peower[1]=0

Polynomial2D.term
coef=PV_1_2
peower[0]=1
peower[1]=0

    ……….
Tforward.Poynomial2D

Order = n
Polynomial2D.term

coef = PV_2_0
peower[0]=0
peower[1]=0

Polynomial2D.term
coef=PV_2_1
peower[0]=0
peower[1]=1

    …….         



 

PV-like WCS 
STC transform representaton (3)

 

4          SkyProjRotate
Skyperojrotate.algorithm =TAN, SIN, etc.
Skyperojrotate.referenceValue[0] = crval1
Skyperojrotate.referenceValue[1] = crval2

                                                 



 

DSS-like FITS header soluton-> 
STC transform representaton (1)

PixelAxis  x,y and ViirtualAxis to frame « ICRS » and tranform made of 5 opeeratons
 
  1    Tconcatenate$
                     Tforward.scale 
                             Scale.factor = xpixelsiz
                    Tforward.scale
                              Scale.factor = ypixelsiz
   2     Tconcatenate

–            Tforward.shif
-Shif.ofset = -pp03

–            Tforward.shif
–             - Shif.ofset = -pepe06

  3 Tconcatenate
                 Tforward.scale 
                             Scale.factor = -1/1000
                    Tforward.scale
                              Scale.factor = 1/1000



 

DSS-like FITS header soluton-> 
STC transform representaton (2)

 4 TConcatenate   
Tforward.Polynomial2D

Order = 3
Polynomial2D.term

coef = AMDX1 
peower[0]=1
peower[1]=0

Polynomial2D.term
coef=AMDX2
peower[0]=0
peower[1]=1

    ……….
Tforward.Poynomial2D

Order = 3
Polynomial2D.term

coef = AMDY1
peower[0]=0
peower[1]=1

Polynomial2D.term
coef=AMDY2
peower[0]=1
peower[1]=0

    ……



 

DSS-like FITS header soluton-> 
Transform representaton (3)

 

  5          SkyProjRotate
Skyperojrotate.algorithm =TAN, SIN, etc.
Skyperojrotate.referenceValue[0] = crval1
Skyperojrotate.referenceValue[1] = crval2

                                                 



 

Possible serialisatons

 

  1 ) json : from Tope mapepeing element to leaves
 --→ hierarchy of embedded json objects
      Compeositon : sequence
      Concatenaton : array
      Object names = « vo-dml ids »

2 ) VODML-lite mapepeing (L.Michel peropeosal) atempet  for annotatng tables conatning more than 1 transformaton

                                                 

https://wiki.ivoa.net/internal/IVOA/InterOpMay2019DM/Trans-SIP.js
https://wiki.ivoa.net/internal/IVOA/InterOpMay2019DM/annot_trans.xml


 

Conclusion

 

  1 Most of the peroblems for peolynomial dsitortons solved.
  2 Why do we have Topeeraton/Tfuncton sepearaton (One Opeeraton 

contains only one functon and nothing else)
 3 ° JSON (Or YAML) « Ofcial » serialisaton to be considered to go with 

individual images (FITBX extension?)
 4 )  VODML-lite mapepeing feasible   
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