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1. Introduction

VIS component provides adaptation functionality for visualization of OCCT topological shapes by means of VTK library. This developer’s guide describes the way how to apply VIS classes in an application. 

 Two scenarios are considered:

· high-level API usage - simple scenario

· low-level API usage - advanced scenario

 The simple scenario considers usage of tools provided with VIS component such as specific VTK data source, specific picker class and specific VTK filters.

 The advanced scenario is oriented to experienced users with specific needs. It presumes an implementation of application logic in user’s specific classes with help of low-level API usage of VIS component.

 This document describes both scenarios of VIS integration into application for developers which are supposed to be familiar with VTK and OCCT libraries.

2. Component Architecture
This chapter explains what is read from DXF files, how it is done and the methods available to get the most out of the process.
VIS component consists of the following packages:

· IVtk – interfaces

· IVtkOCC – implementation of interfaces related to shapes, their meshing and selection algorithm using OCCT

· IVtkVTK – implementation of interfaces related to mesh data and viewer parameters using VTK

· IVtkTools – classes for convenient usage of OCC and VTK implementation to work with OCCT shapes in VTK viewer 

 The reason for such code splitting is to separate interfaces, their implementations according to dependencies from a particular library (OCCT, VTK) and handy classes for particular implementations combination.

 Therefore IVtk interfaces package doesn’t depend on VTK libraries at all and needs OCCT libraries only because of collections usage.

Implementation classes from IVtkOCC depend on OCCT libraries only and need not VTK.

Implementation classes from IVtkVTK depend on VTK libraries only and need not OCCT except collections.

 For an application it is enough to use first three packages (IVtk, IVtkOCC and IVtkVTK) to be able to work with OCCT shapes in VTK viewer. However for convenient work the IVtkTools package is provided in addition as a part of the component.
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Figure 1. VIS component packages dependencies

 

 IVtk package contains following classes:

	 Class name
	Description

	IVtk_Interface
	The base class for all the interfaces of the package. Provides inheritance for Handle (Smart Pointer) functionality.

	IVtk_IShape
	Represents a 3D shape of some arbitrary nature. Provides its ID property. Implementation of this interface should maintain unique IDs for all shapes. Those IDs can be easily converted into original shape objects at application level.

	IVtk_IShapeData
	Represents triangulated data. Provides methods for adding coordinates and cells (vertices, lines, triangles).

	IVtk_IShapeMesher
	Interface for triangulator of 3D shapes which is intended to be used for constructing IShapeData from IShape input shape.

	IVtk_IShapePickerAlgo
	Interface algorithm for 3D shapes picking in a view. Provides methods for finding shapes and their parts (sub-shapes) in a given location according to a chosen selection mode.

	IVtk_IView
	Interface for obtaining view transformation parameters. It is used by IShapePickerAlgo.


 IVtkOCC package contains implementation classes depending on OCCT:
	 Class name
	Description

	IVtkOCC_Shape
	Implementation of IShape interface as a wrapper for TopoDS_Shape.

	IVtkOCC_ShapeMesher
	Implementation of IShapeMesher interface for building meshes from TopoDS shapes.

	IVtkOCC_ShapePickerAlgo
	Implementation of 3D shapes picking algorithm based on OCC technologies (3D projector and selection manager).

	IVtkOCC_ViewerSelector
	OCCT shapes selector implementation used by ShapePickerAlgo. ViewerSelector (INTERNAL CLASS, not a part of public API) provides Pick() methods and connection to the visualization layer with help of IView interface.

	IVtkOCC_SelectableObject
	OCCT shape holder used in selection algorithm implementation for computing selection primitives of a shape for a chosen selection mode.


 IVtkVTK package contains implementation classes depending on VTK:
	 Class name
	Description

	IVtkVTK_ShapeData
	Implementation of IShapeData interface for VTK polydata. This class also stores information related to sub-shape id and sub-shape’s mesh type IVtk_MeshType (free vertex, shared vertex, free edge, boundary edge, shared edge, wireframe face or shaded face). This information is stored in VTK data arrays for cells.

	IVtkVTK_View
	Implementation of IView interface for VTK viewer. This implementation class is used to connect ViewerSelector to VTK renderer.


  IVtkTools package contains following handy classes for convenient usage of VIS component in VTK viewer with OCCT shapes:

	 Class name
	Description

	IVtkTools_ShapeDataSource
	VTK polidata source for OCCT shapes.

	IVtkTools_ShapeObject
	Auxiliary holder class for OCCT shapes to pass them through pipelines by means of VTK information keys.

	IVtkTools_ShapePicker
	VTK picker for actors representing output of pipelines produced from OCCT shapes with OCCT selection algorithm.

	IVtkTools_DisplayModeFilter
	VTK filter for filtering cells of a particular mesh types according to a given display mode IVtk_DisplayMode (Wireframe or Shading).

	IVtkTools_SubPolyDataFilter
	VTK polydata filter for filtering cells related to a given set of sub-shapes ids.


 IVtkTools package also contains handy methods in IVtkTools namespace to simplify configuring vtkMapper instances settings and providing configured vtkLookupTable instances for coloring of shape parts (edges, vertices etc.) in VTK viewer.
3. Simple Scenario (high-level API usage)
3.1. OCCT shape presentation in VTK viewer
To load an OCCT 3D shape into VTK viewer we have to perform following steps:

1. Create an instance of IShape implementation for OCCT initialized by TopoDS_Shape:
TopoDS_Shape aShape;
// Load or create a TopoDS_Shape in the variable a Shape
IVtkOCC_Shape::Handle shapeImpl = new IVtkOCC_Shape(aShape);
2. Create a specific data source for OCCT 3D shapes and set a shape implementation instance to it:
IVtkTools_ShapeDataSource* ds = IVtkTools_ShapeDataSource::New();
ds->SetShape(shapeImpl);

Then user can visualize the loaded shape in usual VTK way starting a pipeline from the created specific source:
vtkPolyDataMapper* aMapper = vtkPolyDataMapper::New();

aMapper->SetInputConnection(ds->GetOutputPort());

vtkActor* anActor = vtkActor::New();

anActor->SetMapper(aMapper);

IVtkTools_ShapeDataSource inherits vtkPolyDataSource class so that it can be directly used as a source of a shape visualization pipeline.

User can always get a shape data source or a shape implementation from VTK actor by means of handy static methods of IVtkTools_ShapeObject class like this:

IVtkTools_ShapeDataSource* dataSource = IVtkTools_ShapeObject::GetShapeSource(actor);

IVtkOCC_Shape::Handle occShape = IVtkTools_ShapeObject::GetOccShape(actor);

It is also possible to get a shape implementation from a shape data source:

IVtkOCC_Shape::Handle occShape = dataSource->GetShape();

3.2. Setting colors of 3D shape parts
To color different parts of a 3D shape according to default OCCT colors user can configure a mapper by means of InitShapeMapper() method from IVtkTools namespace:

IVtkTools::InitShapeMapper(aMapper);

There is a set of types of a 3D shape parts which will be colored in appropriate colors. This set is defined by the enumeration IVtk_MeshType.

To set user defined colors for the mapper configuration the method can also take a pointer to a user’s vtkLookupTable as a second parameter:  

IVtkTools::InitShapeMapper(aMapper, aLookupTable);

User can also set/get a color assigned to a separate 3D shape’s part type in a table of colors giving a type as IVtk_MeshType parameter (colorRole). For example to get/set a color of free edges, following calls can be used:

IVtkTools::SetLookupTableColor(aLookupTable, MT_FreeEdge, r, g, b);
IVtkTools::SetLookupTableColor(aLookupTable, MT_FreeEdge, r, g, b, a);

IVtkTools::GetLookupTableColor(aLookupTable, MT_FreeEdge, r, g, b);

IVtkTools::GetLookupTableColor(aLookupTable, MT_FreeEdge, r, g, b, a);

Here r, g, b - are double values of red, green and blue components of a color from the range [0, 1] and optional parameter a - is the alpha value (the opacity) as a double from the same range [0, 1]. By default alpha value is 1, i.e. a color is not transparent.

It is possible to get a table with default OCCT colors by means of the following method:

vtkLookupTable* aTable = IVtkTools::InitLookupTable();

The coloring is based on a scalar array attached to cell data and containing codes of shape’s parts for each cell. So user can turn on/off the parts coloring as follows:

aMapper->ScalarVisibilityOff(); // use a color of actor’s property
aMapper->ScalarVisibilityOn();  // use colors from lookup table
3.3. Select display mode of a shape

Output of 3D shape data source can be presented either in wireframe or in shading display modes. To select a display mode user can apply a specific filter IVtkTools_DisplayModeFilter passing through it only cells according to the given mode. The set of modes is defined by IVtk_DisplayMode enumeration.

For example, user can get a result in a shading mode the following way:

IVtkTools_ShapeDataSource* ds = IVtkTools_ShapeDataSource::New();

IVtkTools_DisplayModeFilter* dmf = IVtkTools_DisplayModeFilter::New();

dmf->AddInputConnection(ds->GetOutputPort());

dmf->SetDisplayMode(DM_Shading);
vtkDataSetMapper* aMapper = vtkDataSetMapper::New();

aMapper->SetInputConnection(dmf->GetOutputPort());

By default, the filter outputs a result in a wireframe mode.

3.4. OCCT shapes and sub-shapes selection in VTK viewer

IVtkTools package provides IVtkTools_ShapePicker handy class to perform selection of OCCT shapes and sub-shapes in VTK viewer and access the picking results. The typical usage of IVtkTools_ShapePicker consists in the following sequence of actions:

1. Create a picker and set its renderer as a pointer to vtkRenderer:
IVtkTools_ShapePicker* aPicker = IVtkTools_ShapePicker::New();
aPicker->SetRenderer(aRenderer);

2. Turn on / off a selection mode for the picker to define a type of OCCT 3D shapes to be available / unavailable for picking giving a necessary shape’s type as a value from IVtk_SelectionMode enumeration. 
For example the following call allows selection of edges on all selectable actors of the renderer which represents OCCT 3D shapes:
aPicker->SetSelectionMode(SM_Edge);
If it is necessary to limit selection by a particular shape or actor appropriate overloaded methods could be used with IVtk_IShape handle:
IVtk_IShape::Handle aShape = new IVtkOCC_Shape(occShape);
aPicker->SetSelectionMode(aShape, SM_Edge);
or vtkActor pointer as a parameter:
aPicker->SetSelectionMode(anActor, SM_Edge);
Different selection modes can be turned on/off for a picker at the same time independently from each other.
To turn off a selection mode the additional optional Boolean parameter is used with “false” value, for example:
aPicker->SetSelectionMode(aShape, SM_Edge, false);
3. Call Pick method passing the mouse coordinates:
aPicker->Pick(x, y, 0);
By default the renderer passed in the step 1 is used. User can use additional optional parameter as a pointer to vtkRenderer to perform pick operation for another renderer:
aPicker->Pick(x, y, 0, aRenderer);

4. Obtain top level picking results as picked top VTK actor:
vtkActorCollection* anActorCollection = aPicker->GetPickedActors();
or as picked top shape id:
IVtk_ShapeIdList ids = aPicker->GetPickedShapesIds();
These methods return a single top picked actor or a shape by default. To get all the picked actors or shapes it is necessary to send “true” value in the optional Boolean parameter:
anActorCollection = aPicker->GetPickedActors (true);
ids = aPicker->GetPickedShapesIds (true);
5. Obtain sub-shapes picking results as ID(s) of a picked sub-shape(s) of a shape:
IVtk_ShapeIdList subShapeIds = aPicker->GetPickedSubShapesIds(shapeId);
This method also returns a single id of a top picked sub-shape and has the same optional Boolean parameter to get all the picked sub-shapes of a shape:
subShapeIds = aPicker->GetPickedSubShapesIds(shapeId, true);
Note please, it is more efficient to create a picker instance and specify the renderer to be used only once, because the picking algorithm calculates some internal data when the renderer or some of its parameters are changed so it makes sense to minimize the number of such updates.
OCCT picking algorithm implementation class calculates new transformation matrix for projection building each time when some parameters of a view are changed.
Shape’s selection primitives for each selection mode are built once appropriate selection mode is turned on for this shape in SetSelectionMode() method.
3.5. OCCT shapes and sub-shapes selection in VTK viewer

IVtkTools_SubPolyDataFilter is a handy VTK filter class to filter cells related to the selected sub-shapes by a given sub-shapes IDs list. It can be used to produce vtkPolyData from the input vtkPolyData, using selection results from IVTkTools_ShapePicker.

For example, user can get sub-shapes representation for VTK viewer by the following way:

// Load a shape into data source (see 3.1).
...

IVtkTools_ShapeDataSource* ds = IVtkTools_ShapeDataSource::New();

ds->SetShape(shapeImpl);

...
// Create a new subpolydata filter for sub-shapes filtering.
IVtkTools_SubPolyDataFilter* subShapesFilter = IVtkTools_SubPolyDataFilter::New();

// Set a shape source as an input of the subpolydata filter.
subShapesFilter->SetInputConnection (ds->GetOutputPort());

// Get all picked sub-shapes ids of the shape from a picker (see 3.4).
IVtk_ShapeIdList subShapeIds = aPicker->GetPickedSubShapesIds(ds->GetId(), true);

// Set ids to the filter to pass only picked sub-shapes.
subShapesFilter->SetData (subShapeIds);

subShapesFilter->Modified();

// Output the result into a mapper.
vtkPolyDataMapper* aMapper = vtkPolyDataMapper::New();

aMapper->AddInputConnection (subShapesFilter->GetOutputPort());

...
4. Advanced scenario (low-level API usage)
4.1. OCCT shape presentation
The pure way of VIS usage (low-level scenario) in VTK pipeline is shown on the Figure 2. Low-level way of VIS usage with VTK. This scenario doesn’t need to use IVtkTools. Mesher produces shape data using implementation of IShapeData interface for VTK and then result can be retrieved from this implementation as a vtkPolyData 

[image: image2.png]IShape

IShape
Mesher

IShapeData
Implementation
far VK

vikPolyData





Figure 2. Low-level way of VIS usage with VTK
So a VTK visualization pipeline for OCCT 3D shape presentation can be initialized like this:
1. Create an instance of IShape implementation for OCCT initialized by TopoDS_Shape:
TopoDS_Shape aShape;
// Load or create a TopoDS_Shape in the variable a Shape
...
IVtkOCC_Shape::Handle shapeImpl = new IVtkOCC_Shape(aShape);
2. Create an empty instance of IShapeData implementation for VTK:
IVtk_IShapeData::Handle dataImpl = new IVtkVTK_ShapeData();
3. Create an instance of IShapeMesher implementation for OCCT:
IVtk_IShapeMesher::Handle mesher = new IVtkOCC_ShapeMesher();
4. Triangulate OCCT shape by means of the mesher and get a result as a shape data:
mesher->Build(shapeImpl, dataImpl);
vtkPolyData *polyData = dataImpl->GetVtkPolyData();

Then the resulting vtkPolyData can be used for initialization of VTK pipeline.

To keep and pass the mapping between sub-shapes, their mesh types and resulting mesh cells through a pipeline the implementation of IVtk_IShapeData for VTK - IVtkVTK_ShapeData stores sub-shape’s id and mesh type in VTK data arrays for each generated cell.

As a result generated VTK cells data has following named VTK data arrays:
1) “SUBSHAPE_IDS” – array of vtkIdTypeArray type, contains a shape id for which a cell is generated. 
The name of this array is defined in IVtkVTK_ShapeData::ARRNAME_SUBSHAPE_IDS public static constant field;

2) “MESH_TYPES” - array of vtkShortArray type, contains a type code of a shape’s part for which a cell is generated according to the IVtk_MeshType enumeration.

The name of this array is defined in IVtkVTK_ShapeData::ARRNAME_MESH_TYPES public static constant field.

4.2. OCCT shapes picking algorithm usage

User can create his own VTK picker for OCCT 3D shapes selection using the implementation of IVtk_IShapePickerAlgo interface for OCCT - the class IVtkOCC_ShapePickerAlgo.
The typical usage of IVtk_IShapePickerAlgo consists in the following sequence of actions:
1. Create an instance of the picker algorithm class implementation for OCCT shapes:
IVtkOCC_ShapePickerAlgo::Handle myOccPickerAlgo = new IVtkOCC_ShapePickerAlgo();
2. Set an instance of IVtk_IView implementation to the algorithm to define viewer parameters. For example, for VTK viewer user can use an instance of IVtkVTK_View class initialized by vtkRenderer:
IVtkVTK_View::Handle view = new IVtkVTK_View (myRenderer);
myOccPickerAlgo->SetView (view);
3. Turn on / off a selection mode on OCCT shape implementation of IVtk_IShape for the picker algorithm to define a type of OCCT 3D shapes to be available / unavailable for picking. User gives a necessary shape’s type as a value from IVtk_SelectionMode enumeration. 
For example the following call allows selection of edges on OCCT shape presented by a VTK actor:
TopoDS_Shape aShape;
// Load or create a TopoDS_Shape in the variable a Shape
...
IVtk_IShape::Handle shapeImpl = new IVtkOCC_Shape(aShape);
...
myOccPickerAlgo->SetSelectionMode (occShape, SM_Edge);
Different selection modes can be turned on/off for a picker algorithm at the same time independently from each other.
To turn off a selection mode the additional optional Boolean parameter is used with “false” value, for example:
myOccPickerAlgo->SetSelectionMode(occShape, SM_Edge, false);
4. Call Pick method passing the mouse co-ordinates:
myOccPickerAlgo->Pick(x, y);
5. Obtain top level picking results as IDs of picked top OCCT shapes:
IVtk_ShapeIdList ids = myOccPickerAlgo->ShapesPicked();

6. Obtain sub-shapes picking results as IDs of a picked sub-shapes of a shape:
IVtk_ShapeIdList subShapeIds = myOccPickerAlgo->SubShapesPicked(shapeId);

5. Test Harness Commands

5.1 IVtk commands 

5.1.1. ivtkinit
Purpose: Creates 3D viewer window.
Syntax: 
ivtkinit
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5.1.2. ivtkdisplay
Purpose: Displays named objects.
Syntax: 
ivtkdisplay name1 [name2] …[name n]
Example

Ivtkinit

# create cone
pcone c 5 0 10
ivtkdisplay c
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5.1.3. ivtkerase
Purpose: Erases named objects. If there are no named objects erases all displayed in the viewer objects.
Syntax: 
ivtkerase [name1] [name2] … [name n] 
Example

ivtkinit
# create sphere

psphere s 10

# create cone

pcone c 5 0 10

# create cylinder

pcylinder cy 5 10

# display objects

ivtkdisplay s c cy

# erase only cylinder

ivtkerase cy

# erase sphere and cone

ivtkerase s c
5.1.4.  ivtkfit
Purpose: Automatic zoom/panning.

Syntax: 
ivtkfit
5.1.5. ivtkdispmode
Purpose: Sets display mode for named object. If there is no named object sets display mode for all displayed objects

mode is 0 (WireFrame), 1 (Shading)

.
Syntax: 
ivtksetdispmode [name] mode(0,1)
Example

ivtkinit

# create cone

pcone c 5 0 10
# display cone

ivtkdisplay c

# set shading mode for cone

ivtksetdispmode c 1
[image: image5.png]



5.1.6. ivtksetselmode
Purpose: Sets selection mode for named object. If there is no named object sets selection mode for all displayed objects
Syntax: 
ivtksetselmode [name] mode on/off(0/1)
Example

ivtkinit
# load shape from file

restore CrankArm.brep a

# display loaded shape

ivtkdisplay a

# set face selection mode

ivtksetselmode a 4 1
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5.1.7. ivtkmoveto
Purpose: Imitates mouse cursor moving to point with input coordinates.

Syntax: 
ivtkmoveto x y
Example

ivtkinit
pcone c 5 0 10

ivtkdisplay c
ivtkmoveto 40 50
5.1.8. ivtkselect
Purpose: Imitates mouse cursor moving to point with input coordinates and performs selection at this point.

Syntax: 
ivtkselect x y
Example

ivtkinit

pcone c 5 0 10

ivtkdisplay c
ivtkselect 40 50

