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The Visualization Toolkit (VTK)The Visualization Toolkit (VTK)
Overview



TextbookTextbook
Now in Fourth EditionNow in Fourth EditionNow in Fourth Edition

The Visualization Toolkit
An Object-Oriented Approach To 3D Graphics
Will Schroeder, Ken Martin, Bill Lorensen
ISBN 0-13-954694-4
Prentice Hall

Work on first edition began in 1994



What Is VTK?What Is VTK?
A visualization toolkit
– Designed and implemented using object-

oriented principles
– C++ class library (250,000 LOC, <100,000 

executable lines)
– Automated Java, TCL, Python bindings
– Portable across Unix, Windows
– Supports 3D/2D graphics, visualization, image 

processing, volume rendering

A visualization A visualization toolkittoolkit
–– Designed and implemented using objectDesigned and implemented using object--

oriented principlesoriented principles

–– C++ class library (250,000 LOC, <100,000 C++ class library (250,000 LOC, <100,000 
executable lines)executable lines)

–– AutomatedAutomated Java, TCL, Python bindingsJava, TCL, Python bindings

–– Portable across Unix, WindowsPortable across Unix, Windows

–– Supports 3D/2D graphics, visualization, image Supports 3D/2D graphics, visualization, image 
processing, volume renderingprocessing, volume rendering
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VTK Is Not a SystemVTK Is Not a System

EmbeddableEmbeddable
–– Plays with other softwarePlays with other software

SeparableSeparable
–– Can pull out Can pull out ““piecespieces””

AdaptableAdaptable
–– Not dependent on GUINot dependent on GUI
–– Not dependent on rendering libraryNot dependent on rendering library



VTK ArchitectureVTK Architecture

Hybrid approachHybrid approach
–– compiled C++ (faster algorithms)compiled C++ (faster algorithms)
–– interpreted applications (rapid development)interpreted applications (rapid development)

(Java, (Java, TclTcl, Python), Python)
–– A A toolkittoolkit

C++
core

Interpreter

Interpreted layer
generated 
automatically



InterpretersInterpreters

TclTcl
JavaJava
PythonPython

InterpretersInterpreters provide faster turnprovide faster turn--around;around;
suffer from slower executionsuffer from slower execution
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Example CodeExample Code

http://www.vtk.org/examplehttp://www.vtk.org/example--code.phpcode.php
Create a sphereCreate a sphere
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C++ CodeC++ Code
#include "#include "vtkSphereSource.hvtkSphereSource.h""
#include "#include "vtkPolyDataMapper.hvtkPolyDataMapper.h""
#include "#include "vtkActor.hvtkActor.h""
#include "#include "vtkRenderWindow.hvtkRenderWindow.h""
#include "#include "vtkRenderer.hvtkRenderer.h""
#include "#include "vtkRenderWindowInteractor.hvtkRenderWindowInteractor.h""

void main ()void main ()
{{

// create sphere geometry// create sphere geometry
vtkSphereSourcevtkSphereSource *sphere = *sphere = vtkSphereSource::NewvtkSphereSource::New();();
spheresphere-->SetRadius(1.0);>SetRadius(1.0);
spheresphere-->SetThetaResolution(18);>SetThetaResolution(18);
spheresphere-->SetPhiResolution(18);>SetPhiResolution(18);

// map to graphics library// map to graphics library
vtkPolyDataMappervtkPolyDataMapper *map = *map = vtkPolyDataMapper::NewvtkPolyDataMapper::New();();
mapmap-->>SetInput(sphereSetInput(sphere-->>GetOutputGetOutput());());

// actor coordinates geometry, properties, transformation// actor coordinates geometry, properties, transformation
vtkActorvtkActor **aSphereaSphere = = vtkActor::NewvtkActor::New();();
aSphereaSphere-->>SetMapper(mapSetMapper(map););
aSphereaSphere-->>GetPropertyGetProperty()()-->SetColor(0,0,1); >SetColor(0,0,1); // sphere color blue// sphere color blue



20092009--22--1919 1212

C++ CodeC++ Code
// a // a rendererrenderer and render windowand render window
vtkRenderervtkRenderer *ren1 = *ren1 = vtkRenderer::NewvtkRenderer::New();();
vtkRenderWindowvtkRenderWindow **renWinrenWin = = vtkRenderWindow::NewvtkRenderWindow::New();();
renWinrenWin-->AddRenderer(ren1);>AddRenderer(ren1);

// an // an interactorinteractor
vtkRenderWindowInteractorvtkRenderWindowInteractor **ireniren = = vtkRenderWindowInteractor::NewvtkRenderWindowInteractor::New();();
ireniren-->>SetRenderWindow(renWinSetRenderWindow(renWin););

// add the actor to the scene// add the actor to the scene
ren1ren1-->>AddActor(aSphereAddActor(aSphere););
ren1ren1-->SetBackground(1,1,1); // Background color white>SetBackground(1,1,1); // Background color white

// render an image (lights and cameras are created automatically// render an image (lights and cameras are created automatically))
renWinrenWin-->Render();>Render();

// begin mouse interaction// begin mouse interaction
ireniren-->Start();>Start();

}}



Graphics ModelGraphics Model

Instances of render window (vtkRenderWindow)

Actor instances
(vtkActor)

Renderer instances
(vtkRenderer)



Graphics ModelGraphics Model

RenderWindowRenderWindow -- contains final imagecontains final image
RendererRenderer -- draws into render windowdraws into render window
Actor Actor -- combines properties / geometry combines properties / geometry 
Lights Lights -- illuminate actorsilluminate actors
Camera Camera -- renders scenerenders scene
MappersMappers -- represent geometryrepresent geometry
Transformations Transformations -- position actorsposition actors
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TCL CodeTCL Code
package require package require vtkvtk
package require package require vtkinteractionvtkinteraction

# create sphere geometry# create sphere geometry
vtkSphereSourcevtkSphereSource spheresphere
sphere sphere SetRadiusSetRadius 1.01.0
sphere sphere SetThetaResolutionSetThetaResolution 1818
sphere sphere SetPhiResolutionSetPhiResolution 1818

# map to graphics library# map to graphics library
vtkPolyDataMappervtkPolyDataMapper map;map;
map map SetInputSetInput [sphere [sphere GetOutputGetOutput]]

# actor coordinates geometry, properties, transformation# actor coordinates geometry, properties, transformation
vtkActorvtkActor aSphereaSphere
aSphereaSphere SetMapperSetMapper mapmap
[[aSphereaSphere GetPropertyGetProperty] ] SetColorSetColor 0 0 1; # blue0 0 1; # blue



20092009--22--1919 1616

TCL CodeTCL Code
# create a window to render into# create a window to render into
vtkRenderWindowvtkRenderWindow renWinrenWin
vtkRenderervtkRenderer ren1ren1
renWinrenWin AddRendererAddRenderer ren1ren1

# create an # create an interactorinteractor
vtkRenderWindowInteractorvtkRenderWindowInteractor ireniren
ireniren SetRenderWindowSetRenderWindow renWinrenWin

# add the sphere# add the sphere
ren1 ren1 AddActorAddActor aSphereaSphere
ren1 ren1 SetBackgroundSetBackground 1 1 1;# Background color white1 1 1;# Background color white

# Render an image; since no lights/cameras specified, created au# Render an image; since no lights/cameras specified, created automaticallytomatically
renWinrenWin RenderRender

# prevent the # prevent the tktk window from showing up then start the event loopwindow from showing up then start the event loop
wm withdraw .wm withdraw .
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ComparisonComparison
# create sphere geometry# create sphere geometry
vtkSphereSourcevtkSphereSource spheresphere
sphere sphere SetRadiusSetRadius 1.01.0
sphere sphere SetThetaResolutionSetThetaResolution 1818
sphere sphere SetPhiResolutionSetPhiResolution 1818

# map to graphics library# map to graphics library
vtkPolyDataMappervtkPolyDataMapper map;map;
map map SetInputSetInput [sphere [sphere GetOutputGetOutput]]

# actor coordinates geometry, properties# actor coordinates geometry, properties……
vtkActorvtkActor aSphereaSphere
aSphereaSphere SetMapperSetMapper mapmap
[[aSphereaSphere GetPropertyGetProperty] ] SetColorSetColor 0 0 1; 0 0 1; # blue# blue

// create sphere geometry// create sphere geometry
vtkSphereSourcevtkSphereSource *sphere = *sphere = vtkSphereSource::NewvtkSphereSource::New();();
spheresphere-->SetRadius(1.0);>SetRadius(1.0);
spheresphere-->SetThetaResolution(18);>SetThetaResolution(18);
spheresphere-->SetPhiResolution(18);>SetPhiResolution(18);

// map to graphics library// map to graphics library
vtkPolyDataMappervtkPolyDataMapper *map = *map = vtkPolyDataMapper::NewvtkPolyDataMapper::New();();
mapmap-->>SetInput(sphereSetInput(sphere-->>GetOutputGetOutput());());

// actor coordinates geometry, properties, transformation// actor coordinates geometry, properties, transformation
vtkActorvtkActor **aSphereaSphere = = vtkActor::NewvtkActor::New();();
aSphereaSphere-->>SetMapper(mapSetMapper(map););
aSphereaSphere-->>GetPropertyGetProperty()()-->SetColor(0,0,1); >SetColor(0,0,1); //blue//blue
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What Is The Visualization What Is The Visualization 
Pipeline?Pipeline?

A sequence of A sequence of process objectsprocess objects that operate on that operate on 
data objectsdata objects to generate geometry that can be to generate geometry that can be 
rendered by the graphics enginerendered by the graphics engine

Data

Filter

Data to graphics
system

Data

Data Filter Actor

ActorMapper

Mapper

Source



Visualization ModelVisualization Model

Data ObjectsData Objects
–– represent datarepresent data
–– provide access to dataprovide access to data
–– compute information particular to datacompute information particular to data

(e.g., bounding box, derivatives)(e.g., bounding box, derivatives)

Process ObjectsProcess Objects
–– Ingest, transform, and output data objectsIngest, transform, and output data objects
–– represent visualization algorithmsrepresent visualization algorithms
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Data Objects / Data SetsData Objects / Data Sets

vtkDataObjectvtkDataObject is a is a ““blobblob”” of dataof data
–– Contains an instance of Contains an instance of vtkFieldDatavtkFieldData
vtkDataSetvtkDataSet is data with geometric & is data with geometric & 
topological structure; and with topological structure; and with attributeattribute datadata

Geometry
& Topology

Data Set
Attributes

Points
& Cells

Point Data
Cell Data



Dataset ModelDataset Model

A dataset is a data object with structureA dataset is a data object with structure

Structure consists ofStructure consists of
–– cells (e.g., polygons, lines, cells (e.g., polygons, lines, voxelsvoxels))
–– points (xpoints (x--yy--z coordinates)z coordinates)
–– cells defined by connectivity list referring to cells defined by connectivity list referring to 

pointspoints
–– implicit representationsimplicit representations
–– explicit representationsexplicit representations

Cell

Points



Dataset TypesDataset Types

vtkPolyData
vtkStructuredPoints

vtkStructuredGrid
vtkUnstructuredGrid

vtkRectilinearGrid



Data Set AttributesData Set Attributes

ScalarsScalars -- 11--4 values (4 values (vtkScalarsvtkScalars))
–– single value ranging to RGBA colorsingle value ranging to RGBA color
VectorsVectors -- 33--vector (vector (vtkVectorsvtkVectors))
TensorsTensors -- 3x3 symmetric matrix (3x3 symmetric matrix (vtkTensorsvtkTensors))
NormalsNormals -- unit vector (unit vector (vtkNormalsvtkNormals))
Texture CoordinatesTexture Coordinates 11--3D (3D (vtkTCoordsvtkTCoords))
Field DataField Data (an array of arrays) ((an array of arrays) (vtkFieldDatavtkFieldData))



Process ObjectsProcess Objects

Source

Mapper

Filter1 or more outputs

1 or more outputs

1 or more inputs

1 or more inputs



Pipeline Execution ModelPipeline Execution Model

direction of update (via Update())

Source

Data

Filter

Data

Mapper
Render()

direction of data flow (via Execute())



Creating Pipeline TopologyCreating Pipeline Topology

aFilteraFilter-->>SetInputSetInput( ( bFilterbFilter-->>GetOutputGetOutput());());

The Role of TypeThe Role of Type--CheckingChecking
–– SetInputSetInput() accepts dataset type or subclass() accepts dataset type or subclass
–– C++ compileC++ compile--time checkingtime checking
–– Interpreter runInterpreter run--time checkingtime checking



Decimation, smoothing, Decimation, smoothing, normalsnormals
Implemented in C++Implemented in C++

Example PipelineExample Pipeline

vtkSmoothPolyDataFilter

vtkDecimatePro

vtkCyberReader

vtkPolyDataNormals

vtkPolyDataMapper

Note: data objects are not
shown -> they are implied
from the output type of the
filter



Create Reader & DecimatorCreate Reader & Decimator

vtkCyberReader *cyber = vtkCyberReader::New();
cyber->SetFileName("../../vtkdata/fran_cut”);

vtkDecimatePro *deci = vtkDecimatePro::New();
deci->SetInput( cyber->GetOutput() );
deci->SetTargetReduction( 0.9 );
deci->PreserveTopologyOn();
deci->SetMaximumError( 0.0002 );

vtkCyberReadervtkCyberReader *cyber = *cyber = vtkCyberReader::NewvtkCyberReader::New();();
cybercyber-->>SetFileName("../../vtkdata/fran_cutSetFileName("../../vtkdata/fran_cut””););

vtkDecimateProvtkDecimatePro **decideci = = vtkDecimatePro::NewvtkDecimatePro::New();();
decideci-->>SetInputSetInput( cyber( cyber-->>GetOutputGetOutput() );() );
decideci-->>SetTargetReductionSetTargetReduction( 0.9 );( 0.9 );
decideci-->>PreserveTopologyOnPreserveTopologyOn();();
decideci-->>SetMaximumErrorSetMaximumError( 0.0002 );( 0.0002 );



Smoother & Graphics ObjectsSmoother & Graphics Objects
vtkSmoothPolyDataFilter *smooth = vtkSmoothPolyDataFilter::New();

smooth->SetInput(deci->GetOutput());
smooth->SetNumberOfIterations( 20 );
smooth->SetRelaxationFactor( 0.05 );

vtkPolyDataNormals *normals = vtkPolyDataNormals::New();
normals->SetInput( smooth->GetOutput() );

vtkPolyDataMapper *cyberMapper = vtkPolyDataMapper::New();
cyberMapper->SetInput( normals->GetOutput() );

vtkActor *cyberActor = vtkActor::New();
cyberActor->SetMapper (cyberMapper);
cyberActor->GetProperty()->SetColor ( 1.0, 0.49, 0.25 );
cyberActor->GetProperty()->SetRepresentationToWireframe();

vtkSmoothPolyDataFiltervtkSmoothPolyDataFilter *smooth = *smooth = vtkSmoothPolyDataFilter::NewvtkSmoothPolyDataFilter::New();();
smoothsmooth-->>SetInput(deciSetInput(deci-->>GetOutputGetOutput());());
smoothsmooth-->>SetNumberOfIterationsSetNumberOfIterations( 20 );( 20 );
smoothsmooth-->>SetRelaxationFactorSetRelaxationFactor( 0.05 );( 0.05 );

vtkPolyDataNormalsvtkPolyDataNormals **normalsnormals = = vtkPolyDataNormals::NewvtkPolyDataNormals::New();();
normalsnormals-->>SetInputSetInput( smooth( smooth-->>GetOutputGetOutput() );() );

vtkPolyDataMappervtkPolyDataMapper **cyberMappercyberMapper = = vtkPolyDataMapper::NewvtkPolyDataMapper::New();();
cyberMappercyberMapper-->>SetInputSetInput( ( normalsnormals-->>GetOutputGetOutput() );() );

vtkActorvtkActor **cyberActorcyberActor = = vtkActor::NewvtkActor::New();();
cyberActorcyberActor-->>SetMapperSetMapper ((cyberMappercyberMapper););
cyberActorcyberActor-->>GetPropertyGetProperty()()-->>SetColorSetColor ( 1.0, 0.49, 0.25 );( 1.0, 0.49, 0.25 );
cyberActorcyberActor-->>GetPropertyGetProperty()()-->>SetRepresentationToWireframeSetRepresentationToWireframe();();



More Graphics ObjectsMore Graphics Objects
vtkRenderer *ren1 = vtkRenderer::New();

vtkRenderWindow *renWin = vtkRenderWindow::New(); 
renWin->AddRenderer( ren1 );

vtkRenderWindowInteractor *iren = 
vtkRenderWindowInteractor ::New();

iren->SetRenderWindow( renWin );

ren1->AddActor( cyberActor );
ren1->SetBackground( 1, 1, 1 );
renWin->SetSize( 500, 500 );

iren->Start();

vtkRenderervtkRenderer *ren1 = *ren1 = vtkRenderer::NewvtkRenderer::New();();

vtkRenderWindowvtkRenderWindow **renWinrenWin = = vtkRenderWindow::NewvtkRenderWindow::New(); (); 
renWinrenWin-->>AddRendererAddRenderer( ren1 );( ren1 );

vtkRenderWindowInteractorvtkRenderWindowInteractor **ireniren = = 
vtkRenderWindowInteractorvtkRenderWindowInteractor ::New();::New();

ireniren-->>SetRenderWindowSetRenderWindow( ( renWinrenWin ););

ren1ren1-->>AddActorAddActor( ( cyberActorcyberActor ););
ren1ren1-->>SetBackgroundSetBackground( 1, 1, 1 );( 1, 1, 1 );
renWinrenWin-->>SetSizeSetSize( 500, 500 );( 500, 500 );

ireniren-->Start();>Start();



ResultsResults

Before
(52,260 triangles)

After Decimation
and Smoothing
(7,477 triangles)



Filter Overview: SourcesFilter Overview: Sources

ReadersReaders
vtkOBJReadervtkOBJReader
vtkBYUReadervtkBYUReader
vtkCyberReadervtkCyberReader
vtkDataSetReadervtkDataSetReader
vtkMCubesReadervtkMCubesReader
vtkPLOT3DReadervtkPLOT3DReader
vtkPolyDataReadervtkPolyDataReader
vtkRectilinearGridReadervtkRectilinearGridReader

• vtkSLCReader
• vtkSTLReader
• vtkStructuredGridReader
• vtkStructuredPointsReader
• vtkUnstructuredGridReader
• vtkVolume16Reader
• vtkFieldDataReader
• vtkBMPReader
• vtkPNMReader
• vtkTIFFReader



SourcesSources

Procedural SourcesProcedural Sources
vtkEarthSourcevtkEarthSource
vtkConeSourcevtkConeSource
vtkCylinderSourcevtkCylinderSource
vtkDiskSourcevtkDiskSource
vtkLineSourcevtkLineSource
vtkOutlineSourcevtkOutlineSource
vtkPlaneSourcevtkPlaneSource
vtkPointSourcevtkPointSource
vtkTextSourcevtkTextSource
vtkVectorTextvtkVectorText

• vtkSphereSource
• vtkTexturedSphereSource
• vtkAxes
• vtkCursor3D
• vtkProgrammableSource
• vtkPointLoad



FiltersFilters
vtkAppendFiltervtkAppendFilter
vtkAppendPolyDatavtkAppendPolyData
vtkBooleanTexturevtkBooleanTexture
vtkBrownianPointsvtkBrownianPoints
vtkCastToConcretevtkCastToConcrete
vtkCellCentersvtkCellCenters
vtkCellDataToPointDatavtkCellDataToPointData
vtkCullVisiblePointsvtkCullVisiblePoints
vtkCleanPolyDatavtkCleanPolyData

vtkClipPolyDatavtkClipPolyData

• vtkClipVolume
• vtkConnectivityFilter
• vtkContourFilter
• vtkCutter
• vtkDashedStreamLine
• vtkDecimate
• vtkDecimatePro
• vtkDelaunay2D
• vtkDelaunay3D
• vtkDicers



Filters (2)Filters (2)
vtkEdgePointsvtkEdgePoints
vtkElevationFiltervtkElevationFilter
vtkExtractEdgesvtkExtractEdges
vtkExtractGeometryvtkExtractGeometry
vtkExtractGridvtkExtractGrid
vtkExtractTensorComponentsvtkExtractTensorComponents
vtkExtractUnstructuredGridvtkExtractUnstructuredGrid
vtkExtractVOIvtkExtractVOI
vtkExtractVectorComponentsvtkExtractVectorComponents
vtkFeatureEdgesvtkFeatureEdges

• vtkGaussianSplatter
• vtkGeometryFilter
• vtkGlyph3D
• vtkHedgeHog
• vtkHyperStreamline
• vtkIdFilter
• vtkLinearExtrusionFilter
• vtkMaskPolyData
• vtkOutlineFilter
• vtkPointDataToCellData



Filters (3)Filters (3)
• vtkMaskPoints
• vtkMaskPolyData
• vtkMergeFilter
• vtkMergePoints
• vtkPolyDataNormals
• vtkProbeFilter
• vtkProgrammableAttributeDataFilter
• vtkSelectVisiblePoints
• vtkSpatialRepresentationFilter
• vtkStreamLine

vtkProgrammableFiltervtkProgrammableFilter
vtkProjectedTexturevtkProjectedTexture
vtkRecursiveDividingCubesvtkRecursiveDividingCubes
vtkReverseSensevtkReverseSense
vtkRibbonFiltervtkRibbonFilter
vtkRotationalExtrusionFiltervtkRotationalExtrusionFilter
vtkShepardMethodvtkShepardMethod
vtkShrinkFiltervtkShrinkFilter
vtkShrinkPolyDatavtkShrinkPolyData
vtkSmoothPolyDataFiltervtkSmoothPolyDataFilter



Filters (4)Filters (4)
vtkStreamPointsvtkStreamPoints
vtkStrippervtkStripper
vtkStructuredGridGeometryFiltervtkStructuredGridGeometryFilter
vtkStructuredGridOutlineFiltervtkStructuredGridOutlineFilter
vtkStructuredPointsGeometryFiltervtkStructuredPointsGeometryFilter
vtkTensorGlyphvtkTensorGlyph
vtkTextureMapToBoxvtkTextureMapToBox
vtkTextureMapToCylindervtkTextureMapToCylinder
vtkTextureMapToPlanevtkTextureMapToPlane
vtkTextureMapToSpherevtkTextureMapToSphere

• vtkTexturedSphereSource
• vtkThreshold
• vtkThresholdPoints
• vtkThresholdTextureCoords
• vtkTransformFilter
• vtkTransformPolyDataFilter
• vtkTransformTextureCoords
• vtkTriangleFilter
• vtkTriangularTCoords
• vtkTriangularTexture



Filters (5)Filters (5)
vtkTubeFiltervtkTubeFilter
vtkVectorDotvtkVectorDot
vtkVectorNormvtkVectorNorm
vtkVectorTopologyvtkVectorTopology
vtkVoxelModellervtkVoxelModeller
vtkWarpScalarvtkWarpScalar
vtkWarpTovtkWarpTo
vtkWarpVectorvtkWarpVector



MappersMappers

Writers
• vtkIVWriter
• vtkBYUWriter
• vtkSTLWriter
• vtkMCubesWriter
• vtkPolyDataWriter
• vtkRectilinearGridWriter
• vtkStructuredGridWriter
• vtkStructuredPointsWriter
• vtkUnstructuredGridWriter
• vtkFieldDataWriter
• vtkBMPWriter

• vtkPNMWriter
• vtkTIFFWriter

Graphics Mappers
• vtkPolyDataMapper
• vtkDataSetMapper
• (volume mappers - later)
• (image mappers - later)


