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IntroductionIntroduction

�� XX--ray microray micro--CT and multiCT and multi--detector helical CT scannersdetector helical CT scanners
�� HighHigh--resolution 3D digital images of various anatomical resolution 3D digital images of various anatomical 

tree structurestree structures
�� Coronary or hepatic vasculature (Coronary or hepatic vasculature (∆ ∼ ∆ ∼ 2020µµm)m)
�� Airway tree (Airway tree (∆ ∼∆ ∼ 0.6mm or 6000.6mm or 600µµm)m)

�� Sheer size and complexity of treesSheer size and complexity of trees
�� Essentially impossible to define them interactivelyEssentially impossible to define them interactively

�� Automatic ApproachesAutomatic Approaches
�� High percentage of apparently correct branchesHigh percentage of apparently correct branches
�� None guarantee geometrically accurate tree structuresNone guarantee geometrically accurate tree structures



Automatic ApproachesAutomatic Approaches

�� Image segmentation, thinning and centerline Image segmentation, thinning and centerline 
analysis in voxel level (Selle analysis in voxel level (Selle et al.et al. 2002, Wan 2002, Wan et alet al. . 
2002, Quek 2002, Quek et alet al. 2001, and Yim . 2001, and Yim et alet al. 2000) . 2000) 

�� Centerline analysis with junction analysis (Antiga Centerline analysis with junction analysis (Antiga 
et al.et al. 2004)2004)

�� Principle pathway (Karau et al. 2001, Johnson et al. Principle pathway (Karau et al. 2001, Johnson et al. 
2000)2000)

�� High percentage of apparently correct branchesHigh percentage of apparently correct branches



Output of Automatic Approaches: Output of Automatic Approaches: 

Imperfect TreesImperfect Trees

Ideal Surface and Ideal Surface and 
Skeleton of TreeSkeleton of Tree

Processed Surface and Processed Surface and 
Problematic SkeletonProblematic Skeleton

RudimentaryRudimentary
AutomatedAutomated
DefinitionDefinition



Our GoalOur Goal

�� Develop methods for defining accurate Develop methods for defining accurate 
3D tree structures and quantitative descriptions3D tree structures and quantitative descriptions

�� Use a combination of automated image Use a combination of automated image 
processing and Computerprocessing and Computer--based visual interactionbased visual interaction



FourFour--Stage ApproachStage Approach

�� Tree AnalyzerTree Analyzer



Components of Tree AnalyzerComponents of Tree Analyzer



Diagram of Tree Analysis ModuleDiagram of Tree Analysis Module



Tree AnalysisTree Analysis

ModuleModule



Interactive Tools Interactive Tools 

for 3D Tree Editing and Analysisfor 3D Tree Editing and Analysis

�� Integrated with 3D ImageIntegrated with 3D Image--Processing Tools Processing Tools ““ nvnv””
�� 3D Interactive Rendering System (with Stereo features, etc.)3D Interactive Rendering System (with Stereo features, etc.)
�� Locator ToolsLocator Tools

�� Skeleton PickerSkeleton Picker
�� 3D Site Locator 3D Site Locator –– ShooterShooter
�� IntersectionIntersection--Center LocatorCenter Locator
�� 3D Cursor3D Cursor
�� 3D Bounding Box and its 3D Site Locator3D Bounding Box and its 3D Site Locator

�� Tree DiagnosticianTree Diagnostician
�� Tree Editing ToolsTree Editing Tools



3D Tree Editing Tool Set 3D Tree Editing Tool Set 
�� Pruning Tools (Tree deletion, pruning below a branch, etc.)Pruning Tools (Tree deletion, pruning below a branch, etc.)
�� Axis smoothing (BAxis smoothing (B--Spline, Hermite Interpolation)Spline, Hermite Interpolation)
�� EndEnd--branch Eraserbranch Eraser
�� Axis EditingAxis Editing

�� Add new sites using locator toolsAdd new sites using locator tools
�� Connect two sites (to add a segment or Interpolation [Hermite])Connect two sites (to add a segment or Interpolation [Hermite])
�� Remove a segment (to break connected sites)Remove a segment (to break connected sites)

�� Tree Refinement using KiralyTree Refinement using Kiraly’’ s Tools (Centering, Smoothing, Erasing false branches)s Tools (Centering, Smoothing, Erasing false branches)

 



Tree DiagnosticianTree Diagnostician

�� Detect Possible Tree DefectsDetect Possible Tree Defects

�� Allow the user to examine the defects and editAllow the user to examine the defects and edit



2D Tree Map2D Tree Map
�� Based on visual data miningBased on visual data mining

�� Interactive and distorting techniqueInteractive and distorting technique

�� Visual data exploration to present data in a hierarchical fashioVisual data exploration to present data in a hierarchical fashionn

�� Provide zoom in/out and detailProvide zoom in/out and detail--onon--demand demand 

 



Depicting Quantitative Tree InformationDepicting Quantitative Tree Information
Local 2D Tree MapLocal 2D Tree Map



Layout of Layout of 
Tree AnalyzerTree Analyzer





Results for a Complex JunctionResults for a Complex Junction
with 5 Adjacent Brancheswith 5 Adjacent Branches

Wan Wan et al.et al. (2002 CBM)(2002 CBM)

Kiraly eKiraly et al.t al. (2003 TMI)(2003 TMI)

Tree AnalyzerTree Analyzer



Situation where two twisting Situation where two twisting 

branches touch each otherbranches touch each other

Tree AnalyzerTree AnalyzerKiraly Kiraly et al.et al.
(2003 TMI)(2003 TMI)



Kiraly Kiraly et al. et al. (2003 TMI)(2003 TMI) Tree AnalyzerTree Analyzer

Application for H61Application for H61



After Tree EditingAfter Tree Editing

�� 5 mins5 mins
�� Join two treesJoin two trees

�� 3 handle loops3 handle loops

�� Clean mess (e.g., clay)Clean mess (e.g., clay)



2D Tree Map (H61)2D Tree Map (H61)
Before tree editingBefore tree editing

After tree editingAfter tree editing



Quantitative Measurements for h61Quantitative Measurements for h61
Before tree editingBefore tree editing

After tree editingAfter tree editing



Tree AnalyzerTree AnalyzerAnalyze (Thinning)Analyze (Thinning)

R216R216--psf020826psf020826



Tree AnalyzerTree AnalyzerAnalyze (Thinning)Analyze (Thinning)



3D Interactive Rendering System 3D Interactive Rendering System 



2D Graphics Views (2D Graphics Views (SlicerSlicer, Projection), Projection)



Tree Diagnostician (Example of a loop)Tree Diagnostician (Example of a loop)



Fixing the loopFixing the loop



Tree MapTree Map



XX--furcationsfurcations

Performance (Time in Second)Performance (Time in Second)

ComparisonComparison of Automated Methodsof Automated Methods

3 3 trifurcationstrifurcations

6    fifth6    fifth--furcationsfurcations

19   forth19   forth--furcationsfurcations

192  trifurcations192  trifurcations

(Total 226 x(Total 226 x--furcations)furcations)

1 1 trifurcationtrifurcation

Kiraly Kiraly et alet al. (2003 TMI). (2003 TMI)

(Sub(Sub--Voxel Level)Voxel Level)

00

00

00

Tree AnalyzerTree Analyzer

(Sub(Sub--Voxel Level)Voxel Level)

N/AN/AH006_512_85H006_512_85

18 trifurcations18 trifurcations

R216R216--psf020826psf020826

N/AN/AH61H61

Analyze TMAnalyze TM

(Voxel Level)(Voxel Level)
Image NameImage Name

94.9794.97

723.34723.34

115.94115.94

Kiraly Kiraly et alet al. (2003 TMI). (2003 TMI)

49.8649.86

274.97274.97

46.8146.81

Tree AnalyzerTree Analyzer

H006_512_85H006_512_85

R216R216--psf020826psf020826

H61H61

Image NameImage Name



DiscussionDiscussion

� Contains tools for general 3D automated analysis, 3D 
visualization, data mining, and quantitative analysis. 

� Suited to analyzing images containing large vascular trees. 
Also applied to  images of the lungs and airway tree. 

� Efficiently diagnose and repair various problems in raw 
extracted trees. 
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Thank you!Thank you!



nvnv –– General ImageGeneral Image--Processing ToolboxProcessing Toolbox

�� Ten Function CategoriesTen Function Categories
1.1. Workspace: Process two or more imagesWorkspace: Process two or more images
2.2. Morphology: Binary and grayMorphology: Binary and gray--scale morphological operationsscale morphological operations
3.3. Filter: ImageFilter: Image--enhancements filtersenhancements filters
4.4. Image ManipulationImage Manipulation
5.5. Image SegmentationImage Segmentation
6.6. Skeleton ManipulationSkeleton Manipulation
7.7. Topology: for topological and connectedTopology: for topological and connected--component analysiscomponent analysis
8.8. Turnkey OperationTurnkey Operation
9.9. SystemSystem--Base OperationBase Operation
10.10. 3D Visualization3D Visualization

�� Total: 104 functionsTotal: 104 functions



Quantitative AnalysesQuantitative Analyses



Comparison to MComparison to Manual Measurementsanual Measurements
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• Better linear regression slope
• Better R-squared value


