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“THE” VISUALIZATION TOOLKIT 

•   VTK 

•   c/c++ 

•   tcl/tk 

•   python 

•   java 

•   R 



THE VISUALIZATION TOOLKIT 

g.e. medical viz algorithms 
! KITWARE 

collection of filters 
MARCHING CUBES  (patented.. 1987-2005) 

educational 
! VTK book 

evolved/extended 
object oriented 

C++ 

GL + Tk (UI) 

now python 

vtk.org 

kitware.com 

vtkpython 
PYTHON MODULE 

pyvtk 
FILE MANIPULATION 



VTK 

visualization algorithms 

scalar 

vector 

tensor 

texture 

volumetric 

modeling techniques 

implicit modeling 

polygon reduction 

mesh smoothing 

cutting 

contouring 

Delaunay triangulation 

imaging algorithms 

directly integrated 

mix 2D imaging/3D graphics 
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INTERACTIVE RENDERERS 

•   OpenGL 
HIGHER LEVEL: 

•   OpenInventor 

•   C++/GL 

•   COIN 

•   Java3D 

•   Java/GL 

•   WebGL 

 !  three.js 

mesaGL 

direct3D 
openGL ES 



        glViewport(0, 0, w, h);  

        // First simple object 
        float* vert = new float[9];     // vertex array 

        float* col  = new float[9];     // color array 

        vert[0] =-0.3; vert[1] = 0.5; vert[2] =-1.0; 
        vert[3] =-0.8; vert[4] =-0.5; vert[5] =-1.0; 
        vert[6] = 0.2; vert[7] =-0.5; vert[8]= -1.0; 

        col[0] = 1.0; col[1] = 0.0; col[2] = 0.0; 
        col[3] = 0.0; col[4] = 1.0; col[5] = 0.0; 
        col[6] = 0.0; col[7] = 0.0; col[8] = 1.0; 

        // Second simple object 
        float* vert2 = new float[9];    // vertex array 

        vert2[0] =-0.2; vert2[1] = 0.5; vert2[2] =-1.0; 
        vert2[3] = 0.3; vert2[4] =-0.5; vert2[5] =-1.0; 

        vert2[6] = 0.8; vert2[7] = 0.5; vert2[8]= -1.0; 

        // Two VAOs allocation 
        glGenVertexArrays(2, &m_vaoID[0]); 

        // First VAO setup 
        glBindVertexArray(m_vaoID[0]); 

        glGenBuffers(2, m_vboID); 

        glBindBuffer(GL_ARRAY_BUFFER, m_vboID[0]); 
        glBufferData(GL_ARRAY_BUFFER, 9*sizeof(GLfloat), vert, GL_STATIC_DRAW); 
        glVertexAttribPointer((GLuint)0, 3, GL_FLOAT, GL_FALSE, 0, 0);  
        glEnableVertexAttribArray(0); 

        glBindBuffer(GL_ARRAY_BUFFER, m_vboID[1]); 
        glBufferData(GL_ARRAY_BUFFER, 9*sizeof(GLfloat), col, GL_STATIC_DRAW); 
        glVertexAttribPointer((GLuint)1, 3, GL_FLOAT, GL_FALSE, 0, 0); 
        glEnableVertexAttribArray(1); 

        // Second VAO setup      
        glBindVertexArray(m_vaoID[1]); 

        glGenBuffers(1, &m_vboID[2]); 

        glBindBuffer(GL_ARRAY_BUFFER, m_vboID[2]); 
        glBufferData(GL_ARRAY_BUFFER, 9*sizeof(GLfloat), vert2, GL_STATIC_DRAW); 
        glVertexAttribPointer((GLuint)0, 3, GL_FLOAT, GL_FALSE, 0, 0);  
        glEnableVertexAttribArray(0); 

        glBindVertexArray(0); 

        glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT); 

        glBindVertexArray(m_vaoID[0]);          // select first VAO 
        glDrawArrays(GL_TRIANGLES, 0, 3);       // draw first object 

        glBindVertexArray(m_vaoID[1]);          // select second VAO 
        glVertexAttrib3f((GLuint)1, 1.0, 0.0, 0.0); // set constant color attribute 
        glDrawArrays(GL_TRIANGLES, 0, 3);       // draw second object 

        glBindVertexArray(0); 

        SwapBuffers(pDC->m_hDC); 

OPENGL/GLUT " 





#include <Inventor/Qt/SoQt.h> 
#include <Inventor/Qt/SoQtRenderArea.h> 
#include <Inventor/nodes/SoCone.h> 

#include <Inventor/nodes/SoDirectionalLight.h> 
#include <Inventor/nodes/SoMaterial.h> 
#include <Inventor/nodes/SoPerspectiveCamera.h> 
#include <Inventor/nodes/SoSeparator.h> 

int main(int , char **argv) 
{ 
  // init Inventor 
  QWidget *window = SoQt::init(argv[0]); 

  if (window == NULL) exit(1); 

  // create sceme root 
  SoSeparator *root = new SoSeparator;  
  root->ref(); 

  // create camera 
  SoPerspectiveCamera *camera = new SoPerspectiveCamera; 
  root->addChild(camera); 

  // light 
  root->addChild(new SoDirectionalLight); 

  // material 
  SoMaterial *material = new SoMaterial; 

  material->diffuseColor.setValue(1.0, 0.0, 0.0); 
  root->addChild(material); 

  // cone 
  root->addChild(new SoCone); 

  // create window 
  SoQtRenderArea *renderArea = new SoQtRenderArea(window); 

  // set up camera 

  camera->viewAll(root, renderArea->getViewportRegion()); 

  // set up rendering window 
  renderArea->setSceneGraph(root); 
  renderArea->setTitle("Hello Cone"); 

  renderArea->show(); 

  // show window and enter main loop 
  SoQt::show(window); 
  SoQt::mainLoop(); 

  // release memory 
  delete renderArea; 
  root->unref(); 

  return 0; 
} 

OPEN INVENTOR " 
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INTERACTIVE RENDERERS 

•   OpenGL 
HIGHER LEVEL: 

•   OpenInventor 

•   C++/GL 

•   COIN 

•   Java3D 

•   Java/GL 

•   WebGL 

 !  three.js 

mesaGL 

direct3D 
openGL ES 
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RAY TRACERS 

•   POVRay 

•   RenderMan$$ 

MODELLERS: 

•   Blender 

•   Maya$$ 



BLENDER " 

BLENDER GALLERY| VARIOUS AUTHORS | COURTESY OF BLENDER.ORG/FEATURES-GALLERY 



POVRAY " 
POV-RAY GALLERY| NEWT  | 2005| COURTESY OF HOF.POVRAY.ORG 



" RENDERMAN 

RENDERMAN GALLERY| PIXAR| 2014| COURTESY OF COMMUNITY.RENDERMAN.PIXAR.COM RENDERMAN GALLERY| PIXAR| 2008| COURTESY OF RENDERMAN.PIXAR.COM/VIEW/GALLERIES 

TSUNAMI RESEARCH | ROGER EDBERG| 2005| COURTESY OF ARCTIC REGION SUPERCOMPUTING CENTER 
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GUI TOOLKITS 

•   QT 
•   python 

•   GTK+ 
•   python 

•   TK (TCL/TK) 

•   iOS, Android, 
Java Swing, 
Cocoa, Motiff.. 
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WEB BASED UI 

•   dHTML: HTML5 
 + CANVAS/SVG 

 JavaScript 
 + jQuery 
 + jQueryUI 

•   Processing 
•  Java 

•   Flash 



MODERN PROGRAMMING LANGUAGES   +   GRAPHIC ENVIRONMENTS 

C++ 

JAVA 

LUA 

OBECTIVE-C 

JAVASCRIPT 

PYTHON 

cinder 

Processing 

Löve (Moai, …) 

Swift 

D3* 

kyvy? 
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•   dHTML: HTML5 
 + CANVAS/SVG 

 JavaScript 
 + jQuery 
 + jQueryUI 

•   Processing 
•  Java 

•   Flash 
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VISUALIZATION SYSTEMS 

•   ParaviewVTK 

•   LLNL VisItVTK 

•   Ensight$ 

•   tableau$ 
•  D3WWW 

•   Many EyesWWW 
•  Wiki based 

•   ModrianR, 
  TomCat, 
  Mollegro 





SIMULATION OF BLUNT-FIN-INDUCED SHOCK-WAVE AND TURBULENT BOUNDARY-LAYER INTERACTION|  HUNG, & BUNING | 1985|  COURTESY OF THE JOURNAL OF FLUID MECHANICS 
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INFOVIS PACKAGES 

mondrian  (R based) 
rosuda.org/Mondrian 

xmdv 
davis.wpi.edu/~xmdv 

molegro data modeller (bio) 

topcat (astro) 

many eyes (online wiki) 

tableau$ 
 ORIGINS: PROTOVIS/POLARIS +DATACUBES (STANFORD) 

 OPENSOURCE WEB COUNTERPART:  D3.JS 

WWW.INFOVIS-WIKI.NET 



MONDRIAN " 



TOPCAT  ☞ 



MANYEYES 

☞ 



IBM’s WORDLE " 



TABLEAU " 



D3JS ☞ 



iVu ☞ 


