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What is Visualization Toolkit for?

VTK is an open-source software system for image processing, 3D graphics, volume rendering and visualization. VTK includes many
advanced algorithms (e.g., surface reconstruction, implicit modelling, decimation) and rendering techniques (e.g., hardware-accelerated

volume rendering, LOD control).

VTK is used by academicians for teaching and research; by government research institutions such as Los Alamos National Lab in the US or

CINECA in Italy; and by many commercial firms who use VTK to build or extend products.

The origin of VTK is with the textbook "The Visualization Toolkit, an Object-Oriented Approach to 3D Graphics" originally published by
Prentice Hall and now published by Kitware, Inc. (Third Edition ISBN 1-930934-07-6). VTK has grown (since its initial release in 1994) to a
world-wide user base in the commercial, academic, and research communities. A more recent PDF version of the textbook is available

from the link below.



VTK VS.

Feature
Primary Focus

Core Data
Structures

Key
Functionalities

Hardware
Integration

PCL
Integration

Best Use Case

PCL

VTK (Visualization Toolkit)

General 3D visualization, scientific data rendering,
and volume rendering.

Structured/unstructured grids, polygons, volumes,
and meshes.

Rendering pipelines, isosurface extraction, volume
rendering, interactive widgets, multi-viewports.

Focuses on GPUs for display rendering
(OpenGL/VTK rendering pipeline).

VTK serves as the underlying rendering engine for
pcl::visualization.

Medical imaging (CT/MRI), CFD/engineering
visualization, CAD model rendering.

PCL (Point Cloud Library)

3D geometry processing and point cloud
manipulation.

2D/3D point clouds (pcl::PointCloud<T>), octrees,
and Kd-trees.

Point cloud registration (ICP), segmentation,
filtering, surface reconstruction, feature extraction
(e.g., FPFH).

Interfaces heavily with 3D sensors (e.g., LIDAR, RGB-
D cameras, OpenNI).

Uses VTK internally to power visualizers like
pcl::visualization::PCLVisualizer.

Autonomous driving, robotics perception, 3D
scanning, SLAM, and spatial analysis.



First example

#pragma once

#tdefine _SILENCE_CXX17_ ITERATOR_BASE_CLASS DEPRECATION WARNING
#include <vtkAutoInit.h>

VTK_MODULE_INIT(vtkRenderingOpenGL2);
VTK_MODULE_INIT(vtkInteractionStyle);

#include <vtkActor.h>

#include <vtkCamera.h>
#include <vtkConeSource.h>
#include <vtkNamedColors.h>
#include <vtkNew.h>

#include <vtkPolyDataMapper.h>
#include <vtkProperty.h>
#include <vtkRenderWindow.h>
#include <vtkRenderer.h>



void createCone() {
vtkNew<vtkNamedColors> colors;
vtkNew<vtkConeSource> cone;
cone->SetHeight(3.0);
cone->SetRadius(1.0);

cone->SetResolution(10);

vtkNew<vtkPolyDataMapper> coneMapper;

coneMapper->SetInputConnection(cone->GetOutputPort());

vtkNew<vtkActor> coneActor;
coneActor->SetMapper (coneMapper);

coneActor->GetProperty()->SetColor(colors->GetColor3d("MistyRose").GetData());

vtkNew<vtkRenderer> renl;
renl->AddActor(coneActor);

renl->SetBackground(colors->GetColor3d("MidnightBlue").GetData());

vtkNew<vtkRenderWindow> renWin;
renWin->AddRenderer(renl);
renWin->SetSize (800, 600);

renWin->SetWindowName("Tutorial_Stepl");

for (int i = @; i < 1000; ++1i)
{
renWin->Render();

renl->GetActiveCamera()->Azimuth(1);



vtkPolyData

1. bR - g 30 tHFEHY T 4hE7 (Skin / Surface) |
® fH{E—F 3D A o vtkimageData (& 3D E’]{%ﬁ%ﬁi}ﬂ (4l Minecraft) -
vtkUnstructuredGrid {§5& N &S feoméa gtV E D ERS (A0 CT fmtd ’J“”HﬁW%B)
[fj vtkPolyData S e Iae ey NE 7 JE | dtame 3D s At - CAD ERY > 2Bk
= > A& H vtkPolyData 40 & I ARHYZE (VI EZ

2. %EfEYREA ¢ vitkPolyData IY = K% 0T R
® (i vtkPolyData NEBHE H H = H R PHaHAK
1. Points (&) - vtkPoints3D ZEfHHY (x, y, z) PEAZE[ES o 15 & A 2% AHYAELE ©

2. Cells (BEyT / $a$ERE %) : vtkCellArrayE55fr VTK ' i SLBEHEUE FEUEEEAR | o (4l © BE 0 1B 1
HEVAR - BGEERO, 1, 22_52 A -

3. Point/Cell Data ( BM-EE) : vtkPointData / vtkCellDatafff HI{FELE  E FHIEEH » HlIBEE -
EEREE (Normals) ~ JRFE ~ BAJJ ~ UV BE[EEEIESE -




VTK Visualization Pipeline

/£ vtkConeSource & & : B VIK BEM AN B EEREE

Data / Source Mapper Actor Renderer RenderWindow

ZILER  BEREEEE > EEEROUEHAS > BENES S > REMR
VTK BRI A EE —4EE KT - ME Pipeline + Rendering 2518




1. 552 Pipeline : {RVERFIEEMTEE ?

a N 4 N a N 4
vtkConeSource vtkPolyDataMappe vtkActor vtkRenderer vtkRenderWindow
— ] — — —
o / - J o J \_ J
[ Bt ([ Broypata | MR ( emse | (  mEwm
vtkPolyData EEEER Scene Representation £ Camera HRE
\_ / \_ / \_ / \_ /

72 (A9 SetinputConnection() : ¥EAT—1E Pipeline object AY#a L 1% Z| T~ — 1@ object °
2 (P HY SetMapper() / AddActor() / AddRenderer() : B2 EZE I Rendering Scene HIE8 % -
o IBEER : TRRKE + RENERS -




2. vtkConeSource : ERAY?ERE Source

HEFET : vtkNew<vtkConeSource> cone;

Cones W ( APolvDat SetHeight(3.0) : {05 E
vtkConesource vrrolyata SetRadius(1.0) : JEHF£
J t SetResolution(10) : & & 77 [0 fV BE BLAZ
E
GetOutputPort() : BX1S Source AV L
w0 - N —1@& Pipeline object &
Source RY{E# : EEE Y ] EREY Source
K%ﬁﬁ?H%ﬁﬁEﬁE%%r Sphere / Cube / Plane / OBJ Reader / Point

Cloud




3. vtkPolyDataMapper : B} > O] & FAY44 (]

¥ ERE T : coneMapper->SetinputConnection(cone->GetOutputPort());

vtkPolyData W ( vtkPolyDataMapper W Graphics Primitives
(EOERY) J t J

Mapper OJLUBEZRY " &lzZes 1 H VTK Data #5{ Rendering oI LAE BT -
BEENOREMHEERFOUE  TAEEE= - Camera °
Pipeline T 36 A Filter : Source - Filter > Mapper °




4. vtkActor : SZ=9HY ",

HFEIZTL : coneActor->SetMapper(coneMapper);

SetMapper() : & Actor Z {5 F3 (&

Mapper W vtkActor Mapper ° o
e — B EE Ll GetProperty() : IZHIEEE « ERRE -
R J BAAR/N ~ 42E ~ Shading & -

Actor 118 B 28 Transformation :
Position / Rotation / Scale °

[5]—1{& Mapper O] LA#% 22 1& Actor £ 8
B —MATERNTIIREARMNUE

Mapper = Actor
Mapper {Ro TEHER , ; Actor (Rlo "IHS=PRIEFREASMNER /R EE |




5. vtkProperty : 9MER Appearance

HFEIZTL : coneActor->GetProperty()->SetColor(...);

Color Opacity Point Size

Line Width Representation Shading

Representation . Points / Wireframe / Surface

Shading : Flat / Gouraud / Phong 5
Opacity O LAf#{3ERB Mesh ; Point Size / Line Width ¥ Point Cloud FI4RERTEE FH -

NamedColors R 2 F B HEEEE - A2 Rendering Pipeline BYZ /[ °



6. vtkRenderer : —{[& 3D 35 = / Viewport

vtkRenderer - Eront N O Top N
AddActor(coneActor) : IB¥YENIAS \_ VRN )
=,

SetBackground() : B EB = °

GetActiveCamera() : BEX 3 BRI 4 Side A . 3D A
Camera °

o] LI B Z & Renderer + 20 Z%1E

Viewport ° K / K /

Renderer & " Z2BIEE | A2E[E oS HE -
RenderWindow O] LA &1 2 — &5}, %% 1@ Renderer °



7. vtkCamera : JRE T {RIEHEE

RINIZZNE : renl->GetActiveCamera()->Azimuth(1);
Position Focal Point View Up
[ Camera HEH & e WESER -

Azimuth() : &% =REE O Camera °

Elevation() : = Fc4EHR A -
Zoom() / Dolly() : AXEEBRES BN E -

ResetCamera() : i& Renderer B &8 %2 Camera  EY)1HFEARE -

BEEH# = ; £ camera z EH# Cone
MEMNEXESEE "BEAE,. - L2 Actor °




8. vtkRenderWindow : EIFRYZERIRE

i

a i
vtkRenderer W vtkRenderWindow ( = & / OS Window

)

- J

AddRenderer(ren1) : ¥ Renderer A% RenderWindow ©
SetSize(800, 600) : FRERER T -

SetWindowName() : REMRE EE

Render() : &5K VTIK ET—R)EZ -

{R9#2 = B B F RenderWindow + Render() - ;8 5 28T 3217 Interactor °
VTK_MODULE_INIT(...) B E ¥R {E RenderingOpenGL2 / InteractionStyle £ -



9. VTK_MODULE_INIT : BT BRIy EZEMEEIEEIE ?

VTK_MODULE_INIT RenderWindow %87~

(OpenGL Rendering Backendw
(vtkRenderingOpenGL2)

:
)\ !
W

VTK_MODULE_INIT(vtkinteraction BENRIE

Style)

Mouse / Keyboard
Interaction Support

D 2D

:

EmTAZE "EY—EVviIKYH,  mETEED /BAELE VvIKEEFEIIYR{EEA -
RenderingOpenGL2 : &3 VTK f£ 8 OpenGL rendering backend °

InteractionStyle : 12t B ) E B HEFRAE -

AE VIK ARZS / CMake 52 E O] BER 2 A RINRHAYIR{ER T -

10



10. {/RAY for E : HE 2 £ Camera Animation

[ pndey ) ((Emm@ ( wedeg (Azimuthm]
) k ) t ) .

—REE : o= —R - B Active Camera /K fie#E 1°

10000 X @ E3E i J:ﬁmﬁﬁﬁﬁl 1E|$£_C$M:MF<91 - fEREA—TEEGR RS -
MREBMEIFWGEIT /Bl H—J@JE AP ZA0A RenderWindowlnteractor + Timer °
SNt " BFEE Visualization 1 #E A " Real-time Visualization 1 B A -




12. BZREBECER VIK O EEE
SOURCE FILTER MAPPER ACTOR RENDERER

E e R ? Bt EEEE ? Ml"”"iﬁﬁt_ﬁ@?'—’ BRENH TR {21352 ==

RENDER WINDOW CAMERA PROPERTY
E MR E R & B ? IEMR1EE ? R B ?

—aJ5E : VTIK = A Pipeline 3£ " &1l , —Z%% "3p5=BEEE , -
Source / Filter fRMAE 1} ; Mapper / Actor / Renderer / Camera {&[@ Visualization °
Property =9MER ; RenderWindow =& s ; Interactor IB S FHELE) -
ZIREEZEEE - BEEM vikXXX class B FHERZ -



TN

#tdefine #include <vtkRenderer.h>
_STLENCE_CXX17 _ITERATOR_BASE CLASS DEPRECATION_WARNING

#include <vtkAutoInit.h>
VTK_MODULE_INIT(vtkRenderingOpenGL2);
VTK_MODULE_INIT(vtkInteractionStyle);

#include <vtkRenderWindowInteract

enum class ObjectType {

Cone,
Sphere,
#include <vtkActor.h>
Cube
#include <vtkCamera.h> s
J

#include <vtkConeSource.h>
fiinclude <vtkSphereSource.h> // According to different object type to show
#include <vtkCubeSource.h> different object

#include <vtkNamedColors.h> void CreateObject(ObjectType objectType){
#include <vtkNew.h>

#include <vtkPolyDataMapper.h> }

#include <vtkProperty.h>

#include <vtkRenderWindow.h>
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Surface / Wireframe / Points

Point Size
Line Width
Edge &~
Edge Color
Vertex ZH7T~

Shading

Lighting
Ambient

Diffuse
Specular
Specular Power
PBR

Metallic
Roughness
Backface Culling

VTK =t
SetColor()
SetOpacity()

SetRepresentation...()

SetPointSize()
SetLineWidth()
SetEdgeVisibility()
SetEdgeColor()
SetVertexVisibility()

SetInterpolationToFlat/Gouraud/Phong()

SetLighting()
SetAmbient()
SetDiffuse()
SetSpecular()
SetSpecularPower()
SetInterpolationToPBR()
SetMetallic()
SetRoughness()
SetBackfaceCulling()
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Change the
actor color

https://examples.vtk.org/site/
ColorNamesSeries/ColorName

Patches.html

HTML name Decimal code HTML name Decimal code HTML name Decimal code

R G B R G B R G B

Red colors Green colors Brown colors

GreenYellow 173 255 47 Cornsilk 255 248 220
__ Chartreuse 127 255 2] BlanchedAlmond 255 235 205
__ LawnGreen 124 252 Bisque 255 228 196
DarkSalmon 233 15e 122 __ NavajolWhite 255 222 173
LightSalmon 255 160 122 __ Wheat 245 222 179
_ PaleGreen 152 251 152 Burlyhood 222 184 135

Pink colors

MediumVioletRed m YellowGreen 154 2@5 50



https://examples.vtk.org/site/ColorNamesSeries/ColorNamePatches.html

Change the actor color, capacity, and position

void createCone(double R, double G, double B) {
vtkNew<vtkNamedColors> colors;

vtkNew<vtkConeSource> cone;
cone->SetHeight(3.0);
cone->SetRadius(1.0);
cone->SetResolution(10);

vtkNew<vtkPolyDataMapper> coneMapper;
coneMapper->SetInputConnection(cone->GetOutputPort());

vtkNew<vtkActor> coneActor;

coneActor->SetMapper(coneMapper);
//coneActor->GetProperty()->SetColor(colors->GetColor3d("MistyRose").GetData());
coneActor->GetProperty()->SetColor(rR, G, B); // 0.0 ~ 1.0
coneActor->GetProperty()->SetOpacity(0.5); // Set the opacity to 50%
coneActor->SetPosition(2,0,0);

}



Representation

// Set the representation to surface
coneActor->GetProperty()-> SetRepresentationToSurface();

// Set the representation to Points
coneActor->GetProperty()-> SetRepresentationToPoints();
coneActor->GetProperty()->SetPointSize(5); // Set the point size

// Set the representation to wireframe
coneActor->GetProperty()-> SetRepresentationToWireframe();
coneActor->GetProperty()->SetLineWidth(4.90);

OR

coneActor->GetProperty()-> SetEdgeVisibility(true);
coneActor->GetProperty()-> SetkEdgeColor(1.0, 1.0, 1.0);




Practice? : Multi Actor

// create three actor and set their mapper
// change the property using the method we just learned

void CreateObject(vtkActor* actor,vtkRenderer* render, ObjectType objectType, double X, double Y,
double Z, double R, double G, double B, double radius);

Void multiActor(){
vtkNew<vtkActor> coneActor, cA2, cA3;
vtkNew<vtkRender> renderer;
CreateObject(..);
CreateObject(..);
CreateObject(..);

® Tutorial_Step1 _ ] % |




vtkNew & smartPointer

1 VTK (Visualization Toolkit ) H

1, R

vtkNew Ei vtkSmartPointer E[\&
FH 2 H B B VTK P4 i
H (RLIEfeEH) myEEAlfs
1% HAVEHE R EU IR AG SR
( Memory Leak ) EF-EfI0(

Delete() / UnRegister() - ﬁ%ﬁ%
REVZESAERS | FrA e
IV R CIS 4 VAT

EEEA

Y1 IR

TSR (Reset)

i B FE

1B Ryt zE[E{E

vtkNew<T>

ik 8T ~ RAI A= A 2 HA

(£E{Ll C++ std::unique_ptr

SAMEER])
BEREEEILYH

X REEEE 5B
> WAEENRE B nullptr
fHH -> 2 Get()

X FEE (gEoEIE
RAIl 35

vtkSmartPointer<T>

HLEFAERE - BA/E
A= CEA{DL G+t
std::shared_ptr )

A3 By nullptr » F575
i3 New() BEHHEA M 7
HEC(EL

O TTLIBERHE )
FEET & nullptr

{5 -> B Get() /
GetPointer()

O JEEHES > HNEE
sl Eim Y4



Finished the function CreateObject()

void RenderEfficient() {

vtkNew<vtkRenderer> renl;

renl->SetBackground(©.1, 0.2, 0.4); // Dark blue background

vtkSmartPointer<vtkActor> actor = vtkSmartPointer<vtkActor>::New();

CreateObject(actor, renl, ObjectType::Cube, i * 2.0, 2.0 * c, 0.0, 0.0, 1.0, 0.0);

vitkNew<vtkRenderWindow> renWin;
renWin->AddRenderer(renl);
renWin->SetSize (800, 600);
renWin->SetWindowName("Render Efficient");
for (int 1 = 0; 1 < 1000; ++1i) {

renWin->Render();



Finished the function CreateObject()

void RenderEfficient() {

vtkNew<vtkRenderer> renl;
renl->SetBackground(@.1, 0.2, 0.4); // Dark blue background

std::vector<vtkSmartPointer<vtkActor>> actors;
int numObjects = 10;
35

for (int ¢ = @; c < column; ++c) {

int column

for (int i = @; i < numObjects; ++i) {
vtkSmartPointer<vtkActor> actor =  vtkSmartPointer<vtkActor>::New();
CreateObject(actor, renl, ObjectType::Shpere, i * 2.0, 2.0 * c, 0.0, 0.0, 1.0, 0.9);

actors.pushback(actor);

vtkNew<vtkRenderWindow> renWin;
renWin->AddRenderer(renl);
renWin->SetSize(800, 600);
renWin->SetWindowName("Render Efficient");
for (int i = @; i < 1000; ++i) {

renWin->Render();



The edge

vtkProperty* property = actor->GetProperty();
property->SetEdgeVisibility(true);
property->SetEdgeColor(1.0, 1.0, 1.9); // White edges
property->SetLineWidth(2.0); // Set edge line width

r
® | Tutorial_Step1 = O b




Phong Yt88% %! ( Phong Lighting Model )

vtkProperty 7¢I ifEm — B2 & .
- JEIE00 (Ambient Light) @ 2 BERREICR S MM EMERS - PILBREETEE
> property- >SetAmb|ent(O 2); (25[& 0.0 ~ 1.0)

'/xﬁﬁb‘z (Diffuse Light) : ZZRIEIGTE - REMREEEICIRB S MRIZRESER
= EARRE - property >SetDiffuse(0.8);

o SJC/IRE S (S ecular nght & Power) : =6 REEIEEBE L ER IR

T =

FREIRM B EJZ (£ - 2B ) - property->SetSpecular(0.5);property-
>SetSpecularPower(30.0); ( BUEHS - IR/ NEERF] )

Specular and Diffuse Reflection

Specular Diffuse
Reflection Reflection

Figure 3



vtkProperty* property = actor->GetProperty();

Rowl: property->SetAmbient(scale);-

m ' Render Efficient _ O

Row2: property->SetDiffuse(scale);
Row3: property->SetSpecular(scale)

//scale: 6.0 ~ 1.0
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vtkSmartPointer<vtkPolyData> Create3DStarData(double
outerRadius, double innerRadius, double thickness) {

vtkNew<vtkPoints> points;
vtkNew<vtkCellArray> polys;

double pi = 3.14159265358979323846;

// EmESULES (Index 0) B FEiih (Index 1)

points->InsertNextPoint(0.0, 0.0, thickness / 2.0);
// ©: Front Center

points->InsertNextPoint(0.0, 0.0, -thickness / 2.0);
// 1: Back Center

// IEH 10 {EZ4&IHES (Index 2 ~ 11)
for (int 1 = 0; 1 < 10; ++i) {

double angle =i * pi / 5.0 - pi / 2.0; // IFLJ5

R —(ETEMA

double r = (i % 2 == @) ? outerRadius :
innerRadius;

. points->InsertNextPoint(r * cos(angle), r *
sin(angle), thickness / 2.0);

}

// FETE 1o {EiE4%1H%E (Index 12 ~ 21)
for (int 1 = 0; i < 10; ++i) {
double angle =i * pi / 5.0 - pi / 2.0;

double r = (i % 2 == @) ? outerRadius :
innerRadius;

points->InsertNextPoint(r * cos(angle), r *

sin(angle), -thickness / 2.0);

[/ mm e

for (int i = 0; i < 10; ++i) {

int next = (i + 1) % 10;

// A ITEHI=AE (REFZRE » JAGFN +2)
vtkNew<vtkTriangle> frontTri;

frontTri->GetPointIds()->SetId(@, 0);
// TEEHL

/7 Am#L%;rontTri—>GetPointIds()—>SetId(1, 2 + i
& A

frontTri->GetPointIds()->SetId(2, 2 +
/] &k

polys->InsertNextCell(frontTri);

next);

// B. HH=MAE (BHEFIERE - A3 -2)
vtkNew<vtkTriangle> backTri;
. backTri->GetPointIds()->SetId(@, 1);

/7 BHETL
backTri->GetPointIds()->SetId(1, 12 + next);

3

o backTri->GetPointIds()->SetId(2, 12 + i);

i HiES

polys->InsertNextCell(backTri);

// C. fEfEE (EH 4 B5AY Quad #HEEHI{R)
vtkNew<vtkQuad> sideQuad;

. sideQuad->GetPointIds()->SetId(@, 2 + i);
// IEHE AR
Ag;geQuad->GetPointIds()->SetId(1, 12 + i);
// ETHIE R
sideQuad->GetPointIds()->SetId(2, 12 + next);
// EE N —E
sideQuad->GetPointIds()->SetId(3, 2 + next);
TEH T —%h

polys->InsertNextCell(sideQuad);

vtkSmartPointer<vtkPolyData> starPolyData =
vtkSmartPointer<vtkPolyData>: :New();

starPolyData->SetPoints(points);
starPolyData->SetPolys(polys);

// 3. sERIEEETRIERER (V1R a B i)

vtkNew<vtkPolyDataNormals> normals;
normals->SetInputData(starPolyData);
normals->ComputeCellNormalsOn();
normals->ComputePointNormalsOn();

/) normals->Update();

// __return normals->GetOutput(); // [ClfEEEHEE0E LG
7 PolyData

}

Create the Star



Include for star

#include <vtkRegularPolygonSource.h>
#include <vtkPolygon.h>
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