.14, 19 March: Affine transformations, LLNL VisIT

1) Download Moodle/Week 10/Pgm11_Affine_Transformation.nb

How can we align two volumes? For example, in an MR, the patient is breathing.
In a stress test, the sample is distorting. During heating, the sample is swelling. All
of these are examples of data sets that can be aligned with a combination of
translation, rotation, shearing, and scaling transformations. The general term is
affine transformations (straight lines are preserved).




TranslationTransform

TranslationTransform/|v]
gives a TransformationFunction that represents translation of points by a vector v.

P | MORE INFORMATION

¥V EXAMPLES

S ——— n[131:= funcTrans = TranslationTransform[{a, b, ¢, d}]

Generate a function representing a translation by the vector {a, b}: 1 0 0 0Ja:

in[1]:~ TranslationTransform[{a, b}] 0 1 0 0|b
1 0la Out[131)= TransformationFunction| 0 0 1 0|c

Out[1]= Transformationsunction[ 0 1|b 0 00 1|d
00l ‘D00 0|1,

Apply the transformation function to a vector:

In[2):= %[{x, y}]
Out[2]- {a+Xx, b+y}

in[132)= funcTrans|[{x, v, z, t}]

Out(132)= {a+x, b+y,c+2,d+t}



RotationTransform

Rotate around the x axis:

RotationTransform|[¥]

In[1]:= cow = ExampleData[{"Geometry3D", "Cow"}, "GraphicsComplex"];
gives a TransformationFunction that represents a rotation in 2D by # radians about the origin.
In[2]:~ Manipulate[Graphics3D[{EdgeForm[None], GeometricTransformation [
cow, RotationTransform[kPi/8, {1, 0, 0}11}1,
) . {k, -1, 1}, SaveDefinitions - True]
RotationTransform|[¥, p]

gives a 2D rotation about the 2D point p.

RotationTransform|[#, w]
gives a 3D rotation around the direction of the 3D vector w.

RotationTransform|[¥, w, pl Out[2]- l
gives a 3D rotation around the axis w anchored at the point p. |

RotationTransform| {u, v}]
gives a rotation about the origin that transforms the vector u« to the direction of the vector v.

RotationTransform| {u, v}, pl
gives a rotation about the point p that transforms u« to the direction of v.

RotationTransform|¥#, {u, v}, ...] NOte: FOI‘ d I'OtathIl, the

gives a rotation by & radians in the hyperplane spanned by u« and v.

determinant of the rotation matrix
MORE INFORMATION iS —I_ 1 °

EXAMPLES

Later, we’ll see determinants near
" Basic Bxamples +1 due to rescaling.

A 2D rotation transform by & radians:
Inf[11:= r = RotationTransform([6&]

Cos [8] -Sin

: A determinant of -1 indicates a
Out[1]= Transformationf‘unction” Sin[g] Cos[2] |0 ‘ . . .
5 511 change in handedness (inversion).

o
o




Finding related points in two data sets. This can be done by eye or

“ImageCorrespoindingPoints”

=

Step 2. Find related points

listRelatedPoints = ImageCorrespondingPoints[imageBefore, imageAfter];
Dimensions[listRelatedPoints]

TableForm[listRelatedPoints[[All, 1 ;; 10, All]] ]

pointsBefore = listRelatedPoints|[[1, All, All]];

pointsAfter = listRelatedPoints[[2, All, All]];

[134)= {2, 748, 2}

35)/TableForm=

721.349 147.2 519.804 536.477 560.88 659.294 708.308 23.5232 105.075 557.335
513.032 509.188 508.321 508.412 508.304 508.256 508.505 506.31 506.228 502.478
719.863 148.422 519.548 536.461 560.64 658.604 707.933 25.1461 105.541 557.551

573.724 520.12 551.174 552.974 554.99 563.313 568.534 505.918 511.732 548.633




FindGeometricTransform New in 8

FindGeometricTransform|pts,, pis,]
finds a geometric transformation between two geometries pts, and pts,, returning the
alignment error together with the transformation function.

MORE INFORMATION

« FindCGeometricTransform returns an expression of the form {err, trfun}, where err is an
estimate of the average alignment error, and trfun is a transformation function. The function
trfun can be applied to the positions prs, to align them with the positions pits, .

« The geometries pts, and pts, can be given as lists of position coordinates or Mathematica
graphics objects.

« FindCGeometricTransform/|image,, image, ] uses corresponding points between the two
images to find the geometric transformation.

« FindCGeometricTransformworks with points in any dimensions as well as with built-in 2D
and 3D graphics primitives.

« FindCeometricTransformtakes a "Transformation” option. By default it automatically
finds the most suitable geometric transformation for the given sets of positions.

« Possible settings for the "Transformation” option include:

"Translation” transiation only

"Rigid" transiation ang rotation
"Similarity" translation, rotation, and scaling
"Affine" linear transformation and translation
"Perspective" linear fractional transformation



{error, funcTranRotScale} = FindGeometricTransform|[pointsAfter, pointsBefore,
"Transformation" -» "Translation"]

35.4573 M Very close to the difference in image

{0 527775, TransformatlonFunctlon g ;! 23.051 Slze (before tO after rotatlon).

{error, funcTranRotScale} = FindGeometricTransform|[pointsAfter, intsBefore,
"Transformation” -» "Rigid"]

+ 0.996497 -0.0870749 |(45.7699

{0.39384,TransformationFunction[ 0.0869174 0.995543 14112 “}
0 0 4

{error, funcTranRotScale} = FindGeometricTransform|[pointsAfter, pointsBefore,

'Transformation” -» "Similarity"] If we rotated by _5 degrees, the
0.9959 ~0.0869419 N¥¥5.9519 . . .
Qu69415 09959 A0.031075: |]} negative sign would move to the

! lower left corner element.

{ 0.40718, TransformationFunction

{error, funcTranRotScale} = FindGeometricTransform|[pointsAfter, pointsBefore,
"Transformation"” -» "Affine"]

r 0.996581 -0.0872686 | 45.8063

{0.394, TransformationFunction[ 0.0870661 0.995319 (0.127272 “}
0 0 1

{error, func'I'ranRotScale} = FindGeometricTransform[pointsAfter, pointsBefore,

"Transformation” -+ "Perspective”] For this transform, the error (RMS?)
0-995768 -0.0873998 | 45.9133 1 gyer the 748 corresponding points
TransformatlonFunctlon 0.0870113 0.995107 0.134926 | .
-4 99798 x 10’ -5.80351x 10’ 1. is about 0.39 p1xels.




= Step 5. Apply the geometric transformation:

;= imageAfterAffine = ImageTransformation|[imageAfter, funcTranRotScale, DataRange -» All];
imageAfterAffineCropping = ImageCrop|[imageAfterAffine, {widthBefore, heightBefore}, {Right, Top}];
GraphicsRow|[ {imageAfterAffine, imageAfterAffineCropping}, ImageSize -» 700]




= Step 6. And then subtraction, binarize, dilation, edge detection, morphological component analysis and
component properties, and image addition

49]:=
imageDifference = Dilation[Binarize[ImageDifference[imageAfterAffineCropping, imageBefore], 0.3],
4];
imagePerimeter = Dilation[EdgeDetect[imageDifference], 1];
imageComponents = MorphologicalComponents [imageDifference];
(* imageComponents// Colorize =)
ComponentMeasurements [imageComponents, "Count"]
GraphicsRow| {ImageAdd [ imageBefore, imagePerimeter],
ImageAdd [imageAfterAffineCropping, imagePerimeter]}, ImageSize -» 700]

52 {1 >834, 2 - 1615, 3 - 310, 4 - 810, 5> 244, 6 - 678,
7-1017, 8159, 951777, 10 » 2074, 11 - 90, 12 - 81, 13 —» 193} WhOOpS' Missed the 118// to 113//.




LLNL VisIT

* free
e PC, Mac, cluster
e imports HDEbS

e GUI
e Python scripting

Glob

Active window | 1 - Auto apply
Sources
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e optimized for sequences of data sets

77% done: Executing pipeline. (0% of stage 8/9)
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LLNL VisIT

1) Menu bar/Controls/ Command
2) Menu bar /Operator Attributes/Slicing / ThreeSlice Cornenands
3) In Commands, press Record S o

4) In ThreeSlice, change one number and press Apply
5) In Commands, press Stop SR Active tab ,

| Append commands to existing text

l_l I 2 3 4 5 6 7 2 Macros |

The result is a short Python program.

ThreeSliceAtts = ThreeSliceAttributes()
ThreeSliceAtts.x = 150
ThreeSliceAtts.y = 100

ThreeSliceAtts.z = 200
ThreeSliceAtts.interactive = 1

SetOperatorOptions (ThreeSliceAtts, 0)

> Execute Clear Make macro

Post Dismiss



