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Parameterized Registration with Regularization

e Registration: to find a transformation 7' that minimizes a weighted sum of
a dissimilarity energy and a regularization energy - two antagonist goals.

T =agmin(T), E(T)=Esm(T,X,Y)+Ee(T).
E

where
X.,Y :R3> Q — R: intensity maps for reference and homologous image;

T : Q — Q transformation for the region of interest;
I':{T(0):6 c B}, feasible set of parametric transformations;
x € Q, the coordinate of a spatial location.
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e Conventional Regularization Methods
o global smoothness = e.g., Eig(T) = [ |
o topology preserving = |J(T'(x))| > 0 VX,
where |J(-)| denotes the determinant of (local) Jacobian.
o volume preserving = e.g., Eiq(T) = [(|J(T)| — 1)*

dT||*




Problem with Conventional Methods

e Intensity based registration with global smoothness regularization

e Superposition of extracted bone structure from reference (white) and de-
formed homologous (light blue) images.




Drawback of Conventional Regularization Methods

e homogeneous regularization tends to ignore tissue type difference.
=- bone warping is a common and non-physiological result.

e Observation: bone structures should deform more rigidly than soft tissues.

e Existing Work
o treat different regions independently [little 97, Huesman 03].
e spatial-varying filter [Staring 05].



Proposed Regularization Design

o Geometric regularization is composed of a homogeneous roughness penalty
and tissue type dependent non-rigidity penalty.
Ereg(T) — YsErough(T) +Yr Enonrigid(T)

e Smoothness regularization
2
Erough(T) :/QHdTHFrob

e Tissue type dependent rigidity regularization
Enonrigid<T) — ’Y()_()F(TX), (1)

XEQ

v(X): spatial varying relative regularization weight;
Ty: local transformation;
r(-) penalizes the deviation of transform from being rigid.



Design of non-Rigidity Index r

o Possible designs for functional r : (R® — R3) — Rxg
e “test of affineness”
e topology preserving, volume preserving
e condition number

e We propose ,
r(Tx) = || Jr(X) J7(X) — I || £ rop

e Justifications
o A local map map Tx being rigid < its Jacobian Jr(x) be an orthogonal
matrix.
o A matrix M € R®3is orthogonal < ||[M M’ — I|| =0, where ||-|| denotes
any matrix norm.
o Frobenius norm is a feasible and computationally efficient choice.



Spatial Varying Regularization Weight y(x)

e Spatial varying regularization weight y(x) reflects tissue type difference.

b4 E0gE  (I CUE GEEOS, @1, (06 SHuEilE
" small In elastic tissue regions, e.g., muscle, fat...

also refer to as “local stiffness factor” for physical interpretation.

e Observation:
In X-ray CT, voxel intensity (CT number) is highly correlated with tissue
type, hence a good index for local rigidity.

e Instead of adirectmapy: Q — R, define it implicitly as a function of image
Intensity.
y=hoX
where h: R — R, is a (continuous) monotone increasing map from the
domain of CT numbers to “rigidity level” of an arbitrary unit.



lllustration for Proposed Weight Function

bony structure

Intensity Value (Hu)

Construct the weighting function that softly distinguishes tissue types.
e Sharp rising edge — inter tissue type sensitivity
e Saturation — Intra tissue type robustness
e Simple form (scale and location parameter for tanh)



Experiment Setup
We register X-ray CT images acquired during different breathing phases:

e Description of Registration Technique
o Intensity based, SSD data dissimilarity metric

Esm(T,X,Y) = /Q(x —YoT)?

o Tensor B-Spline parameterization
o Multi-resolution, gradient based optimization

e Description of Experiment Data

Reference: deep inhale breath-hold (80% tidal breath) thorax CT
Homologous: exhale

512 x 512 x 148 with voxel size 0.2 x 0.2 x 0.5cm?.

O
O
O
o pre-crop the reference image to size 259 x 175 x 107.



Slice Views of Data and Derived Weighting Map

Corona View

Sagittal View
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Axial View

Reference X Homologous Y StiffnessMap y



Registration Results
Color scheme: reference image (blue) v.s. deformed homologous (green).




Rigid Transform




Affine Transform




B-Spline Parametrized Transform - Conventional




B-Spline Parametrized Transform - Proposed




Comparison of Extract Geometry

e Extract geometry by thresholding CT number to reveal bone structure.
e Reference (white) v.s. deformed homologous geometry (light blue).

Without registration = Global misalignment



Geometry from Conventional B-Spline Registration
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Ignoring Tissue Difference = Twisted Ribs! (local Minima in Intensity Match)



Geometry from Proposed B-Spline Registration

= General good alignment; more physiological deformation



Summary

e Conclusions
e Tissue-type dependent rigidity regularization design.

e Additive regularization acts as a soft correcting force in rigid structure
and relaxes in elastic regions.

e NO explicit segmentation, robust to partial volume effects.
e Frobenius norm based design is computationally friendly.
e Experiment with clinical data shows physiologically promising results.

e Challenges and Future Work
e Quantitative validation/evaluation methods other than visual inspection.
e Extension to incorporate direction dependent (anisotropic) properties.
e Generalization to other modalities.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Right
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [527.760 828.000]
>> setpagedevice


