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Introduction

Purpose of Cookbook

This cookbook will step through the creation of an extension for each family. It details the extension, and
aids in the creation of your own extensions.

How to use this Cookbook

The first section, Creating Your Own Component, describes the part of an extension that is common to all
and the general steps to take to get started. The Database Overview chapter at the end of the book, gives you
the mathematical background and the definition of the different 3D terms used throughout the
documentation. If you find anywhere an unknown 3D concept or term, chances are that it is explained in the
Database Overview chapter. The remaining chapters give an overview of each extension family, and
describe the included sample code.

Family Chapters

Each chapter which describes an extension family begins with a section describing the Interface ID and
header files used by the family. An overview of the methods used by the family follows. Finally, each
example extension included for each family is detailed.

Where to Find Specific User Interface Examples

The following examples demonstrate setting up functionality without using a user interface:
e  Exporter\DXF

Importer\Imp

PostRenderer\Sand

Modeler\Step2 and \Step3

FinalRenderers\WireRenderer

The following set up an auto PMap (simplistic Ul):
e Modifiers\Barycenter

LightSourceGels\Gel
FinalRenderers\MixRenderer
SceneCommands\StairCommand
Modelers\Step1

For examples which use a PMap and an rsr file (created using MCSketch), to define the following user
interface elements, refer to the these samples:

Table 1:
UI Element Samples
Checkbox PostRenderer sample: ColorBalance
Color Chooser Backgrounds sample: Background, LightSources sample: Light, VolumetricEffects
sample : Simple Volumetric Effect
Icon Primitive samples: Flat, Sphere, Star, and Teapot

©2001-2007 DAZ 3D, Inc. All rights reserved.
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Table 1:

UI Element

Samples

Radio Button group

Modifiers sample: NonUniformScale, Constraint sample: ScrewConstraint, Lighting-
Models sample : Simple Lighting Model

Scrollable Edit Backgrounds\Background, Shader\Checker and Rainbow, LightSource\Light

Text

Sliders Camera\Camera, PostRenderer\ColorBalance,
Modifier\Explode and NonUniformScale, Constraint\ScrewConstraint,
Tweener\Tweener, TerrainFilters\Simple Terrain Filter

Dialog box SceneCommands\Staircase

Create windows Modelers\Step4

Set up menus Modelers\Step4

Set up/update Prop- | Modelers\Step4

erties

Set up Sequencer Modelers\Step4

hierarchy

Before you begin

Chapter 2 -, “Creating Your Own Component” will guide you through creating a MSVC++ project in order
to create an extension. Before you develop an extension, make sure you have done the following:

1. Read the section in this cookbook describing the family you are interested in, and make the appropriate
technical/algorithmic decisions related to your own application.

2. Review the examples in the SDK that relate to the type of extension you want to create. The cookbook
chapters will give you details on what samples are available.

3. Use the example in the SDK as a framework to do your own extension. Each family has an example.
Read the section below to start your new extension project.

©2001-2007 DAZ 3D, Inc. All rights reserved.
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Creating Your Own Component

This chapter contains step-by-step information that guides you through the process of creating a new
component project of your own for any family type.

Your project

Your extension project should typically have at least two folders: Source Files and SDK Files. Source Files
contains the files specific to your extension and SDK Files contains the files needed from the SDK to
compile your extension.

SDK Files:

The standard files generally needed in your SDK Files folder will include the following:
SDK\Include\Common\BasicCOMExtImplementations.h, .cpp
SDK\Include\Common\BasicCOMImplementations.h
SDK\Include\Common\COMUtilities.h
SDK\Source\COMUftilities.cpp
or
CarraraLib
You will also need:

SDK\Include\Carrara\BasicMyExtensionType.h
This file is the interface of the basic implementation of your extension’s family (shaders, light sources, etc.).
You may need to include different Basic***.h and Basic***.cpp files depending on the family you use.

Source Files:

The standard files in your Source Files folder will include the following:
MyExtension.h
MyExtension.cpp
MyExtensionDef.h
MyExtension.def
Each of these files will be described in detail below.

Architecture of your extension

As you already know, your extension works like a COM object that needs to communicate with the shell
application. In order to perform this communication and to define a User Interface (UI), you will have to
create resources and link them to your extension.

The whole system of communication is based on IDs. So, a class that needs to be instantiated by the Shell
must have an ID, defined in the resources of the extension. This ID, called a GUID, must be unique.
Therefore, when you select your extension in the UI of Carrara (in a menu for instance), a GUID is found in
the corresponding resource and a request for the creation of an object matching this GUID is sent. At this
point, you simply have to respond to this request by the instantiation of your class.

As aresult, you will have at least to create these files:

e  MyExtension.h and MyExtension.cpp (the interface and implementation files of your main class)
e  MyExtension.r (the resource file which is read by the Shell)

e  MyExtension.def (defines the extension’s name)

Copying a Sample

The easiest way to create a component project is to start from an existing sample. What you may want to do

©2001-2007 DAZ 3D, Inc. All rights reserved.
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is copy the entire folder of one of the samples and then adapt the files in it. In the following example, we use
the Terrain Filter sample.

MyExtension.r, MyExtension.rsr

These files should be added to the resource project, not the main project. The MyExtension.r file contains a
description of the resource. You can also add a .rsr file generated by MCSketch to add your user interface
elements. If you have a .rsr file, you need to include (not #include) the file in the .r file. With a .rsr file, the
PMap resource will be used to automatically generate a simple UI. Here is an example of .r file taken from
the Terrain Filter sample:

#i ncl ude " External 3DAPI . r"

#i ncl ude " Copyri ght.h"

#include "sinpleterrainfilterDef.h" /* contains the IDs we created */

#include "interfaceids.h"

#i f ndef qUsi ngResour ceLi nker
include "sinpleterrainfilter.rsr";
#endi f

You can define several components in a resource file. The resources of the same component are identified by
the number following the ’(’ of each resource definition. Here we have only one component whose number
ID is defined by R_SimpleTerrainFilterID (whose value is defined in SimpleTerrainFilterDef.h).

This number also matches a potential node part created with MCSketch.

/1 Sinmple Terrain Filter

resource ' COWP' (R _SinpleTerrainFilterlD, "Sinple Filter", purgeable)

{
"tfil', /* terrain filter famly ID */
"sinp', /* our conponent ID */
"SDK Sinple Filter", /* name of our conponent displayed in the U */
"Filter", /* nanme of the fanmily displayed in the U */
FI RSTVERSI ON,
VERSI ONSTRI NG,
COPYRI GHT,
kRDAPI Ver si on
s
resource 'GU D (R SinpleTerrainFilterlD, "Sinple Filter", purgeable)
{
{
R 11D | 3DExTerrainFilter, /* QU D of the famly */
R CLSID Sinpl eTerrainFilter /* GJ D of our conponent */
}
H
resource 'PMap' (R SinpleTerrainFilterl D, "Sinple Filter", purgeable)
{
{
‘stre',"'re32', 0, "Strength","",
}
¥

MyExtension.h, MyExtension.cpp

Your main class will derive from a basic implementation of a family. In this example, we derive from

TBasicTerrainFilter. Three points must be addressed regarding the interface of your main class:

o add the STANDARD_RELEASE macro directly after the declaration of your constructor and destruc-
tor (for more informartion, see the Overview book)

e add a static data field to store your component GUID (here: sClassld)

e override the GetParamsBufferSize, GetExtensionDataBuffer and ExtensionDataChanged

©2001-2007 DAZ 3D, Inc. All rights reserved.
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methods if needed (for more information, see the Overview books)
class TSinpleTerrainFilter : public TBasicTerrainFilter

{
public:
struct TParaneterMap // this is the set of U paraneters
{
TPar anet er Map() ;
real fStrength;
s
publi c:
static const MCGUI D sClassld; /* stores the class ID (GU D) */
public:
TSi npl eTerrainFilter();
~TSi nmpl eTerrainFilter();
STANDARD_REL EASE;
virtual void* MCCOVAPI Cet ExtensionDataBuffer();
virtual int32 MCCOVAPI GetParansBufferSize() const
{ return sizeof (fParaneterMap);}
virtual void MCCOVAPI Shuffle() {}
virtual void MCCOVAPI Filter(TMCArray<real >& hei ghtFi el d, TVector 2& hei ght -
Bound, const Tl ndex2& si ze, const TVector2& cell Size);
virtual bool ean MCCOVAPI CanBuil dPreview() { return true; }
prot ect ed:
real Get Val ue(real x, real y);
prot ect ed:
TPar anet er Map f Par anet er Map;
s

In the implementation file, besides the definition of your own methods, you need to:

e define your static field and assign it to the constant value used in the resource file:

const MCGQUID TSinpl eTerrainFilter::sC assld = { R CLSID SinpleTerrainFilter };
e add and adapt the following methods called by the Shell:

voi d Extension3DInit (I MCUnknown* utilities)

{
/1 Performyour dll initialization here
}
voi d Ext ensi on3DCl eanup()
{
/1 Performany nec clean-up here
}

This method instantiates our main class if the matching class/d has been passed in.
TBasi cUnknown* MakeCOMMbj ect (const MCCLSI D& cl assl d)

{
TBasi cUnknown* res = NULL;
if (classld == TSinpleTerrainFilter::sC assld)
res = new TSinpl eTerrainFilter;
return res;
}

©2001-2007 DAZ 3D, Inc. All rights reserved.
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MyExtensionDef.h

It’s a good idea to gather your ID definitions in a separate file. In the case of the Terrain Filter sample, we

only have two constants to define:

e  our component GUID (used in the .r file and the .cpp file):

#define R _CLSI D Sinpl eTerrainFilter 0x31f be7d9, 0xd041, 0x4941, Oxae, 0Oxa3,
0xb9, 0x36, 0xd3, O0xl1ld, 0x70, 0x27

e and the component number ID (used in the .r file):

#define R SinpleTerrainFilterl D 128

MyExtension.def

This file aims at giving your extension a name and only has one line to be changed:
LI BRARY  SinpleTerrainFilter
EXPORTS

MCDI | | ni t

MCDI | Get Cl assOhj ect

MCDI | CanUnl oadNow

MCDI | Cl eanUp

MCDI | | ni t Excepti onTransl at or

MCDI | Cl eanUpExcept i onTr ansl at or

©2001-2007 DAZ 3D, Inc. All rights reserved.
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Family-Specific Resources
This chapter describes the format for family-specific resources.
‘Modu’ resource
The Modu resource is used to give references to the components of an External Module.
type ' Modu' {
literal longint;/* Famly */
literal longint;/* Cass */
pstring[63]; /* Nanme */
pstring[63]; /* SubFami |y Nane */
literal int; /* Wndowl D */
literal int; /* MBarl| D */
literal int; /* TBarl D */
literal int; /* PrefsMappi ngResl D */
literal int; /* PrefsViewResl D */
literal int; /* DefaultPrefsReslD */
literal longint;/* Wrkspace class signature */
literal longint;/* version */
pstring[31]; /* Version string */
pstring[ 255]; /* Conment */
literal int; /* mnimzed iconlD */
literal longint;/* w ndow context menulD or -1 */
literal int; /* bool ean: is docunment nodul e, used for external nodul es
*/

b

'CMNU' resource

The CMNU resource is used in an External Module to build menus.
type 'CMNU' ({
i nteger;
fill word[2];
i nteger textMenuProc = 0;
fill word;
unsi gned hex bitstring[31]
bool ean di sabl ed, enabl ed;
pstring;
wi de array {
pstring;
byt e nol con;
char noKey = "\0x00",
char noMark = "\0x00",
fill bit;
unsi gned bitstring[7]plain;
align word;
| ongi nt noconmmand = O;
b
byte = 0;
}

check = "\0x12";
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'MBAR' resource

The MBAR resource is used in an External Module to build a Menu Bar.
It contains an array of ‘CMNU’ ID resources.

Example :

resource 'MBAR' (125,"My External Modeler",purgeable) {
{ 118 , 110 }

i

resource 'CMNU' (118,"Item 1",purgeable) {

i
resource 'CMNU' (125,"Item 2",purgeable) {

I

'TBAR' resource

The TBAR resource is used in an External Module to build a ToolBar. It describes a list of icons with
keyboard shortcuts, an action number and a tooltip name.
type 'TBAR' {
pstring;
integer = $$CountOf (ToolArray);/* Number of tools*/
wide array ToolArray{
integer; /* tool resource ID */

fill BYTE;
char noKey = "\0x00";/* tool char equiv*/
integer noAction = -1, noDisabling = -2;/* action number*/

pstring; /* tool name*/
bi
}i

Example:

resource 'TBAR' (kPreviewZoomTBAR, "Preview Zoom Tools", purgeable)

{

"Preview Zoom Tools", straightLayout,

{
k2DPanToolID,"2D Pan"," ", noAction, alwaysEnabled, style inset {120};

k2DZoomToolID, "2D Zoom","z", noAction, alwaysEnabled, style inset {121};

i

If no action number is specified, then the icon will behave like a tool icon. If an action number is specified
(just like in a CMNU resource), then the icon will behave like a button.

‘prfs' resource
The ‘prfs’ resource gives the default preferences values of an extension.
type 'prfs'{

cstring;

i
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The string contains data in the rdd.ini format.
Example with 2 variables: BCOL and FCOL.
resource 'prfs' (144) {
"{\n"
" BCOL 2\n"
"FCOL 5\n"
"I\n"

The Component Private resources (“Cmpp’’)

Some external components like the exporter, the importer, and the geometric primitives have an extra
resource called “Cmpp”. This resource has a different structure for each family.

Exporter and Importer

The “Cmpp” resource has the following structure for these two families:

type ' Cmpp' { /* "RDin'" private data */
| ongi nt; /* Fam |y Signature */
| ongi nt; /* Cdass Signature */
| ongi nt; /* flags */

literal longint;/* creator (for Macintosh exporters only) */
/'l The following is the 'FTYP format of RFrame, with only 1 entry
FTYPDATA

}

Where FTYPDATA is:
#def i ne FTYPDATA\
integer = $$Count O (TypeArray); /* Nunber of types*/ \
wi de array TypeArray{\
literal longint; /* Reference */\
cstring;/* Nane */ \
i nteger = $$Count Of (MacTypeArray); \
wi de array MacTypeArray{ \
literal longint; /* Mac type */ \
oo\
i nteger = $$Count Of (Ext TypeArray); \
wi de array ExtTypeArray{ \
literal longint;/* Extension (last char ignored) */ \
oo\
s

And the different flag values are :
#define i sAlienType 0O
#define i svainType 1

#def i ne hasExport Options 2

For example, the DXF Importer and Exporter “Cmpp” resources are:
resource ' Cnpp' (128) {

"30in',
dxf ',
i sAli enType,
' RD3A', /1 creator
{
"DXF ', /'l Reference
" DXF", /1 Nane

{"TEXT" },// List of MacOS types
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{"DXF "' },// List of extensions

}s
}s
resource ' Cnpp' (129) {
' 3Dou’ ,
" dxf
i sAl'i enType,
"ttxt', /1 creator
{
"DXF ', /'l Reference
" DXF" /1 Nane

{"TEXT" },// List of MacCS types
{"DXF " },// List of extensions

b
b
Primitives
This resource contains the ID (a short) of the main icon of the primitive (it will be shown in the hierarchy
window).
type ' Cnpp" {

integer; /*lcon | D/

b

The two icons in the toolbar (not selected and selected) have their ID calculated like this: not selected ID =
main ID + 50, and selected ID = main ID + 100.

Because the Shell does not support Windows Icon, you must not define a “Cmpp” resource in a Windows
resource file.

Module

The editing capabilities of a modeler are defined in this resource.
type 'Cmpp' {// Private data of external nodeler
longint;// Can edit patches ?
longint;// Can edit facets ?
[ ongi nt = $$Count of (primtivel DList);
array primtivel DLi st {
literal longint;// primtive ID
| ongi nt; /1l Native flag
i
b

In file I3DExMdr.h, you will find the C data structure corresponding to the ‘Cmpp’ resource:
typedef struct{

| ongf CanEdi t Pat ches;

| ongf CanEdi t Facet s;

| ongf Primtivel DNb;

SExModel erPrimtiveDataf PrimtivelList[1];

} SExMbdel er Dat a;

The first field of ‘Cmpp’ (fCanEditPatches) must be TRUE if modeler can edit any patch based object,
FALSE is not.

The second field of ‘Cmpp’ (fCanEditFacets) must be TRUE if modeler can edit any facet based object,
FALSE is not.

The last field (fPrimitiveList) is simply a list of primitive Class IDs. All those primitives are editable in the
modeler. The field of ‘Cmpp’ just before (fPrimitive]lDND) is the number of primitive Class IDs in the list (it
is the size of the list).
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Scene Operations

This resource is used to know in which case the Scene Operation can be called by the Shell. This resource
only contains a long (4 bytes) in which each bit has a different signification:

31 2423 16/15 8|7 0
A A
30 objects — 23 objects 15 objects
more than 30 objects no objects needed

For example, if your Scene Operation can only work when there are 2 or 4 objects selected, you have to put
this value in the Cmpp resource:
00000000 00000000 00000000 00010100 = 20 = 0x14

Or, if your Scene Operation can be used when there is 1 or more object selected, you will have:
11111171 111122117 111211111 11111110 = OxFFFFFFFE

And if your Scene Operation does not need any selection, it will be:
00000000 00000000 00000000 00000001 =1

If you do not define the Cmpp resource, your Scene Operation can be used in every case (by default the
value is OxFFFFFFFF).

This resource can be created on both cross-Platform and Windows-only sides, but for the Windows resource
do not forget to put the long in the Motorola format (Highest byte first).
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Writing an AtmosphericShader

Family ID : ‘atmo’

Interface ID : [ID I3DExAtmosphericShader

Interface file : I3DExEnvironment.h

Basic Implementation file: BasicEnvironment.h, BasicEnvironment.cpp

Overview

An atmospheric shader creates the illusion of a volumetric atmosphere by passing the light rays through a

filter. The filter can alter the color of the rays according to the atmospheric effect being created.

There are two methods which must be implemented:

e  SegmentFilter(TVector3& beg, TVector3& end, TMCColorRGB& filterOut, boolean
indirecLight)

e DirectionFilter(TVector3& origin, TVector3& direction, TMCColorRGB& filterOut, boolean
indirectLight)

SegmentFilter() is called for a finite ray (of which we know the beginning and the end). DirectionFilter()

is called for an infinite ray (of which we know the beginning and the direction). See the reference manual

for more specific information on the interface methods.

Location in the User Interface

An Atmospheric shader is accessed from the Properties tray after selecting the scene from the objects list.

Example: Fog

Description

This example simulates fog within the scene. A minimum altitude and a maximum altitude along the z-axis
define the area of the fog. It is infinite along the x-axis and y-axis.

Az

Zmax

Zmin

Parameters

The following variables are used for the user-input parameters:
fcol or: This is used as the filter color for light rays found
within the fog area.
f Zmax: The maxi mum val ue of the fog area along the z-axis.
fZm n: The m ni mum val ue of the fog area along the z-axis.
fVisibility: The distance of visibility within the fog area.
These are defined in Fog.h as follows:
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/| Data storage of our extension :
struct FogData

{
TCol or RGBA f Col or; /'l "Color" of the fog
real f Zmax; /1 Mninmumaltitude of the fog
real fzZm n; // Maximum al titude of the fog
real fVisibility; // Distance of Visibility

H

These are then mapped to the user interface parameters using the PMap resource in Fog.r.

Note that the parameters within the FogData struct must be in the same order as in the PMap.

The source color is filtered according to the color of the fog and the distance of visibility within the fog. The
resulting filtered color is found by using this formula:

FilteredColor = SourceColor x Attenuation Factor + FogColor x (1 - Attenuation Factor)

The Attenuation factor, also known as the filter coefficient, is a ratio of the distance within the fog of the
source and of the distance of visibility. It is expressed using this formula:

) distance in the fo
Attenuation Factor =1 - g

distance of Visibility

If the distance within the fog is greater than the visibility, the filtered color is returned as the fog color.
Functions

Two main functions must be implemented. The first, SegmentFilter(), is for finite light rays (for instance,
the ray between a spot light and an object). The second, DirectionFilter(), is for infinite light rays (for
instance, a light ray which doesn’t intersect any of the objects in the scene).

Fog::SegmentFilter

MCCOVErr Fog: : Segnent Fil ter (TVector 3* beg, TVector3* end, TCol orRGB* filterQut)
The SegmentFilter() function must find the first and last point of a vector within the fog area.

First point in the fog Start of beam

R\

haN

Last point in the fog
End of beam

To find the coordinates of the First or Last point in the fog, you can use the following expressions:
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Az
Start (Zs)
Searched Point (P)
Zmax
XorY
End (Ze)

Z -7
Xp :Xs"'(XE_Xs)X( max- Zs)
(ZE_ZS)
VA -7
YP:Ys"‘(YE_YS)XM
(Zy = Zs)

These expressions are implemented in SegmentFilter():
MCCOVErr Fog: : Segnent Fil ter (TVector 3* beg, TVector3* end, TCol orRGB* filterQut)
{

real di stancel nTheFog;

TVect or 3beanvect or;

TVect or 3beam nf ogbeg, beam nf ogend;

real filtercoef, col orcoef;

if ((beg->z > fData.fZmax) && (end->z > fData.fZmax))
{
/1l the light beamis above the fog don't do anything

else if ((beg->z < fData.fZmin) && (end->z < fData.fZnin))

{
/1 the light beamis under the fog don't do anything
}
el se
{

/'l The Light beam crosses the fog
if (beg->z > fData.fZmax)

{
beam nf ogbeg. z = fDat a. f Zmax;
beani nf ogbeg. x = beg->x + (end->x - beg->x) / (end->z - beg->z) *
(fData.fZmax - beg->z);
beam nf ogbeg.y = beg->y + (end->y - beg->y) / (end->z - beg->z) *
(fData.fZmax - beg->z);
}
else if (beg->z < fData.fZmn)
{
beani nf ogbeg. z = fData.fZm n;
beanm nf ogbeg. x = beg->x + (end->x - beg->x) / (end->z - beg->z) *
(fData.fZm n - beg->z);
beanm nfogbeg.y = beg->y + (end->y - beg->y) / (end->z - beg->z) *
(fData.fzZmin - beg->z);
}
el se
{
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beani nf ogbeg. x = beg- >x;
bean nf ogbeg.y = beg->y;
beani nf ogbeg. z = beg->z; // the begining point of the light beamis in the
fog
}
if (end->z > fData.fZnax)
{
beani nf ogend. z f Dat a. f Zmax;
beam nf ogbeg. x = beg->x + (end->x - beg->x)/(end->z - beg->z) *
(fData.fzZmax - beg->z);
beani nf ogbeg.y = beg->y + (end->y - beg->y)/(end->z - beg->z) *
(fData. fZmax - beg->z);
}

else if (end->z < fData.fZnin)

{

beani nf ogend. z fData.fZn n;
beam nf ogend. x beg->x + (end->x
(fData.fzZm n - beg->z);

beani nfogend.y = beg->y + (end->y
(fData.fZm n - beg->z);

beg->x) / (end->z - beg->z) *

beg->y) / (end->z - beg->z) *

}

el se

{
beam nf ogend. x = end- >x;
beani nfogend.y = end->y;

beam nfogend.z = end->z; // the ending point of the |light beamis in the fog
}
You can then find the distance within the fog by calculating the norm of the last point minus the first point.
beanVect or. x = beam nfogend. x - bean nf ogbeg. x;
beamvector.y beam nf ogend.y - beam nf ogbeg.y;
beamvect or. z beam nf ogend. z - beam nf ogbeg. z;
di stancel nTheFog = sqrt (beanVector. x*beamvect or. x + beanVect or. y*beanVec-
tor.y + beanVector.z*beanVector. z);
filtercoef = 1.0f - distancelnTheFog / fData.fVisibility;

if (filtercoef < 0.0f)

{

filtercoef = 0.0f;
}
colorcoef = 1.0f - filtercoef;
filterQut->R = filterQut->R*filtercoef + fData.fCol or.R*col orcoef;
filterQut->G filterQut->Gfiltercoef + fData.fCol or. G col orcoef;
filterQut->B filterQut->B*filtercoef + fData.fCol or.B*col orcoef;

}
Fog::DirectionFilter

MCCOVErr Fog::DirectionFilter(TVector3* origin, TVector3* direction, TCol or RGB*
filterQut)

DirectionFilter() is similar to the SegmentFilter(), but you are given only the beginning point of the light

beam and its direction. The light beam is infinite in this direction.

To determine the distance of the beam in the fog, you calculate the entry point and the exit point of the light

beam.

MCCOVErr Fog::DirectionFilter(TVector3* origin, TVector3* direction, TCol or RGB*
filterQut)

{

real di stancel nTheFog;

TVect or 3beanVect or;

TVect or 3beani nf ogbeg, beam nf ogend;
real filtercoef, col orcoef;
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if ((origin->z > fData.fZnax) && (direction->z >= 0.0f))

{
/1 Don't do anything
}
else if ((origin->z < fData.fZmn) && (direction->z <= 0.0f))
{
/1 Don't do anything
}
el se
{
if ((origin->z > fData.fZmax) || (origin->z < fData.fZmn))
{
beani nf ogbeg. z = fDat a. f Znax;
beam nfogbeg. x = origin->x + direction->x*(fData.fZmax - origin->z) /
direction->z;
beamn nfogbeg.y = origin->y + direction->y*(fData.fZmax - origin->z) /
direction->z;
beani nfogend. z = fData.fZm n;
beam nfogend. x = origin->x + direction->x*(fData.fZmin - origin->z) /
di rection->z;
beam nfogend.y = origin->y + direction->y*(fData.fZmin - origin->z) /
direction->z;
}
else if (direction->z > 0.0f)
{
beani nf ogbeg. x = ori gi n->x;
beani nf ogbeg.y = ori gi n->y;
beani nf ogbeg. z = ori gi n->z;
beam nf ogend. z = fDat a. f Znax;
beani nfogend. x = origin->x + direction->x*(fData.fZmax - origin->z) /
direction->z;
beam nfogend.y = origin->y + direction->y*(fData.fZmax - origin->z) /
direction->z;
}
else if (direction->z < 0.0f)
{
beani nf ogbeg. x = ori gi n->x;
beani nf ogbeg.y = origi n->y;
beani nf ogbeg. z = ori gi n->z;
beam nfogend. z = fData.fZm n;
beamn nfogend. x = origin->x + direction->x*(fData.fZmin - origin->z) /
di rection->z;
beam nfogend.y = origin->y + direction->y*(fData.fZmin - origin->z) /
direction->z;
}
el se
{

/1 direction->z=0.0
*filterQut = fData.fColor;
return MC_S CK;

}

The same formula as in SegmentFilter() is then used.
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Writing a Background

Family ID : ‘back’

Interface ID : I[ID I3DExBackground

Interface file : I3DExEnvironment.h

Basic Implementation files: BasicEnvironment.h, BasicEnvironment.cpp

Overview

A background is used to simulate an environment around all objects. The image data of the background is
wrapped to an imaginary sphere surrounding the scene, and can be reflected and refracted by the objects
within.
The I3DExBackground interface has the following methods:
e GetBackgroundColor(TMCColorRGB &resultColor,const TVector3 &direction)
e GetBackgroundColor(TMCColorRGB &resultColor,real &confidence,const Back-
GroundArea &area)

These two implementations are similar to shaders. The first implementation of GetBackgroundColor()
defines the color at each point in the image. The variable direction is a vector from the camera to the point
being rendered.

The second implementation uses a BackGoundArea. This is similar to a ShadedArea (see , “Writing a
Shader”). It is used to calculate an average for each pixel.

You must implement the point version of GetBackgroundColor(). You can optionally implement the
BackGroundArea version.

Location in the User Interface

Backgrounds and Backdrops are accessible in the Properties tray of the Assemble room, after selecting the
Scene from the Instances list. It is important to note that a background won’t show up in the final image, if a
backdrop has been selected too.

Example: Back

Description

This example of background will simulate a sunset above the horizon line, and a flat ground color below the
horizon line.

Parameters
The following variables for the user-input parameters are used:
f SunCol or: The color returned for the sun.

f SunDi anmeter: The dianeter of the sun.
fWest Di rection: The direction of the sun.

f West Col or: The col or of the sky around the sun.
f East Col or: The col or of the sky opposite the sun.
f Eart hCol or: The col or returned bel ow the horizon |ine.

These are defined in Back.h as follows:
struct BackDat a
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TMCCol or RGBA f SunCol or;
r eal f SunDi anet er;
r eal fWestDirection;
TMCCol or RGBA f Zeni t hCol or;
TMCCol or RGBA f West Col or;
TMCCol or RGBA f East Col or;
TMCCol or RGBA f Eart hCol or;

}s

These are then mapped to the user interface parameters using the PMap resource in Back.r.
Note that the parameters within the BackData struct must be in the same order as in the PMap.

Functions

Back::GetBackgroundColor

MCCOVEr r Back: : Get Backgr oundCol or ( TMCCol or RGB &col or, const TVector3 &direction)

The BackGroundArea version of GetBackgroundColor() will not be implemented in this example. This
implementation uses direction to determine where in the sky or ground the pixel is located, and then returns

the appropriate color in the variable color based on the Ul parameters.

MCCOVEr r Back: : Get Backgr oundCol or ( TMCCol or RGB &col or, const TVector3 &direction)

{
real in_sun;
in_sun=(direction)[0] *f West Vector[0] + (direction)[1]*fWestVector[1] +
(direction)[2]*fWest Vector[2];
if ((direction)[2]<0.0)
{ /1 You |l ook the earth and not the sky
col or =f Dat a. f Eart hCol or;
}
else if (in_sun>fSunLimt)
{ I/l You look directly at the sun
col or =f Dat a. f SunCol or ;
}
else if (in_sun>0.0)
{ /1 You look in the West Direction
/1 col or - >Mbde=0;
color.R =fData.fWstCol or.red*in_sun+f Dat a. f Zeni t hCol or. red* (1. O-
in_sun);
color.G =fData.fWstCol or.green*i n_sun+f Dat a. f Zeni t hCol or. green*( 1. 0-
in_sun);
color.B  =fData.fWstCol or. bl ue*i n_sun+f Dat a. f Zeni t hCol or . bl ue* (1. 0-
in_sun);
}
el se
{ /! You look in the East Direction
/1 col or - >Mbde=0;
color.R =-fData.fEastCol or.red*i n_sun+fData.fZenith-
Col or.red*(1. 0+i n_sun);
color.G =-fData.fEastCol or.green*in_sun+fData.fZenith-
Col or. green*(1. 0+i n_sun);
color.B =-fData.fEastCol or. bl ue*i n_sun+f Dat a. f Zeni t h-
Col or. bl ue*(1. 0+i n_sun);
}
return MC_S OK;
}
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Writing a Camera

Family ID : ‘came’

Interface ID : I[ID I3DExCamera

Interface file : I3DExCamera.h

Basic Implementation files: BasicCameraLightGel.h, BasicCameraLightGel.cpp

Overview

Cameras define the projection from the 3D scene to the 2D rendered image on the screen.
I3DExCamera has the following methods:
e SetTransform(const TTransform3D& transform )
SetTransform() is called prior to any of the other methods. It can be used for pre-processing, and for
assigning the camera transforms to a private variable.
e CreateRay(const TVector2&screenPosition, TVector3& resultOrigin, TVector3& result-
Direction)
e CreateRay(const TVector2& screenPosition,const TVector2& screenDerivate, Ray3D
&ray)
CreateRay() calculates a ray from the screenPosition to the camera. It should return true if a ray could be
calculated, and false otherwise. The ray tracer uses this method.
e IsProjectionAffine( void )
IsProjectionAffine() should return true only if the w’ component (the 4th one) from the projection is
always 1.0.
e PreProject3DTo2D(const TVector3& cameraPosition, TVector4& projectedPosition
PreProject3DTo2D() can be used to quickly check if a point is behind the camera by using its projection.
e  Project3DTo2D(const TVector3& cameraPosition, TVector3& screenPosition )
Project3DTo2D() must be implemented for your camera to be used by the Hybrid Ray Tracer renderer.

e GetStandardCameralnfo(TStandardCameralnfo& cameralnfo )
For your camera to be used by the interactive renderer, you must implement GetStandardCameralnfo().
For more information on TStandardCameralnfo, see data structures chapter in the reference.

Location in the Interface

Cameras can be added from the Insert Menu in the Assemble room. If an Icon is provided in a Ulmg
resource, a button will also be added to the tool set.

Example: Camera

Description

Camera creates a Conical Camera with a focal length of 25mm and a zoom lens. It is displayed by the
Hybrid Ray Tracer and interactive renderers.
Below is the standard definition of the conical projection:
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Projection plane

Center of v
projection

v

A
N

Parameters

The following variable is used for the user-input parameters:
f ZoonCoef : The anmpunt of zoom

This is defined in Camera.h as follows:

struct CanerabData

{
}s

This is then mapped to the user interface parameters using the PMap resource in Camera.r.
Note that the parameters within the CameraData struct must be in the same order as in the PMap.

int16 fZoonCoef;

Functions

Camera::SetTransform

MCCOVEr r Caner a: : Set Transform( const TTransfornBD& transform)
SetTransform() is used to copy the transformation data:

MCCOVErr Caner a: : Set Transfornm( const TTransfornBD& transform)
{

f Transformrtransform // Copy the data of transform and not the pointer.

fCaneraOrigin = TVector3:: kZero;

f XCaner aDi recti on. Set Val ues( fHal fWdth, 0.0,
f YCarer aDi recti on. Set Val ues( 0.0, fHalfWdth,
fZCarmer aDi recti on = TVector 3:: kNegati vez;

© o
oo

f CaneraOri gi n=f Transf orm Transf or nPoi nt (f CaneraCri gi n);

f XCamer aDi r ect i on=f Transf or m Tr ansf or n\ect or (f XCaner abDi recti on);
f YCaner aDi r ect i on=f Transf orm Tr ansf or miVect or (f YCaner aDi r ecti on);
f ZCanmer abDi rect i on=f Tr ansf or m Tr ansf or nVect or (f ZCaner abDi r ecti on);

return MC S OK;
}

Camera::Project3DTo2D

bool ean Canera:: Proj ect 3DTo2D( const TVect or 3& camner aPosi tion, TVector3& screen-
Position ) const

This functions returns true if the point passed in screenPosition is visible by the camera, and false otherwise.

bool ean Carmer a: : Proj ect 3DTo2D( const TVect or 3& caner aPosi ti on, TVector3& screen-
Position ) const

{

const real distToCOP = - caneraPosition. z;
if ( distToCOP > 0 )

{
const real invwW= 1.0/di st ToCOP;
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screenPosition.x = flnvHal fWdth * caneraPosition.x * i nvW
screenPosition.y flnvHal fWdth * caneraPosition.y * invW
screenPosition.z di st ToCOP;

return true;

}
return fal se;
}
Camera::CreateRay

bool ean Canera:: CreateRay( const TVector2&screenPosition, TVector3& resultOi-
gin, TVector3& resultDirection)

CreateRay() is used by the ray tracer. In this example it is the opposite of the transformation used in

Project3DTo2D():

BOOLEAN Caner a: : Creat eRay( const TVector2&screenPosition, TVector3& resultOri -
gin, TVector3& resultDirection) const

{
resultOrigin = fCaneraOrigin; // originis always at the centerpoint
/1 direction changes since rays converge to the canmera center
resultDirection[0] = fZCanmerabDirection.x + ( screenPosition[0]*fXCanerabDirec-
tion[ 0] +screenPosi tion[ 1] *f YCaneraDirecti on[0] );
resultDirection[1l] = fZCanmeraDirection.y + ( screenPosition[0]*fXCanerabDirec-
tion[ 1] +screenPosi tion[ 1] *f YCameraDirection[1] );
resultDirection[2] = fZCanmeraDirection.z + ( screenPosition[0]*fXCanerabDirec-
tion[2] +screenPosi tion[ 1] *f YCameraDirection[2] );
resultDirection.Normalize();
return true;
}
Camera::CreateRay

bool ean Canera:: Creat eRay(const TVector2& screenPosition, const TVector2& screen-
Derivate, Ray3D &ray) const
CreateRay() generates a ray through a given screen location [-1,1] with a given thickness (screenDerivate).

{

TVector3 &direction=ray.fDirection;

direction.x = fZCameraDi rection.x + screenPosition[0] * fXCanerabDirection.x +
screenPosition[1] * fYCaneraDirection.X;

direction.y = fZCaneraDirection.y + screenPosition[0] * fXCaneraDirection.y +
screenPosition[1] * fYCaneraDirection.y;

direction.z = fZCaneraDirection.z + screenPosition[0] * fXCaneraDirection.z +
screenPosition[1] * fYCaneraDirection.z;

real invNorm= 1.0f / direction.GetMagnitude();

direction *= invNorm

ray.fDx = ( fXCaneraDirection - direction*(direction*fXCanerabDirection) )
*(screenDerivate.x*i nvNorm ;

ray.fDy = ( fYCanmeraDirection - direction*(direction*fYCanerabDirection) )

*(screenDerivate.y*i nvNorm ;

ray.fOrigin = fCanmeraOri gi n;
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ray. f Ox=TVect or 3: : kZer o;
ray. f Oy=TVect or 3: : kZer o;

return true;
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Writing a Constraint

Family ID : ‘link’

Interface ID : IID I3DExConstraint

Interface file : I3DExConstraint.h

Basic Implementation file: Basic3ADCOMImplementations.h, Basic3DCOMImplementations.cpp

Overview

A constraint, known as a link in RDS, defines motion links between Tree Elements. It allows you to define
“mechanical” constrains (degrees of freedom) between one Tree Element and its father.
In order to animate the link, you have to put each freedom value (one for each degrees of freedom) in the
“PMap”, even if they do not appear in the User Interface.
This sample creates a link that acts like a screw. So you need to specify that it has only one degree of
freedom, the number of turns, and the axis and the step of the screw.

The following methods must be implemented:
GetNbrFreedom()
GetFreedomRange(int16 index, real& min, real& max)
IncrementFreedomValue(int16 index, real& increment)
GetTransform(TTransform3D& transform)
GetTransformPartialDerivate(int16 index, TTransform3D& transform)
GetNbrFreedom() lets the 3D Shell know the number of degrees of freedom. Because the freedom value
can be limited, you have to give the range of values. This range is defined as a range of increment/decrement
around the value.
In this sample, you don’t want to limit the number of turns so you’ll always return the maximum range of
increment and decrement, with GetFreedomRange(). The Shell can’t directly modify the freedom value, so
you need to implement IncrementFreedomValue(). GetTransform() gives the rotation matrix and
translation vector due to the freedom values. To allow the inverse kinematics mechanism to work with your
constraint, you have to implement the GetTransfromPartialDerivate() function.

See the reference manual for more specific information on the interface methods.

Location in the User Interface

A constraint is accessed from the Properties tray: Motion/Transform button: constraint panel, after selecting
the child object or group.

Example: ScrewConstraint

Description

The sample link acts like a screw. It has one degree of freedom, and you need to specify the number of turns,
the axis, and the step of the screw.

Parameters
The following variables are used for the user-input parameters:
fAXi s: This is the id of the axis.
f St ep: The step of the screw, or 1 turn is a translation of
f St ep.

f FreedonVval ue: The range of values for the degrees of freedom
These are defined in ScrewConstraint.h as follows:
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/| Data storage of our extension :
struct ScrewConstraintData

{
i nt 32f Axi s; // 1D of the axis
real 32f Step; // Step of the screw (1 turn -> translation of fStep)
r eal 32f Fr eedonVval ue;

1

These are then mapped to the user interface parameters using the PMap resource in ScrewConstraint.r.

Functions

ScrewConstraint::GetNBRFreedom

virtual intl6 MCCOVAPI Get Nor Freedon() const

GetNbrFreedom() lets the 3D Shell know the number of degrees of freedom. Because the freedom value
can be limited, you have to give the range of values. This range is defined as a range of increment/decrement
around the value.

int16 ScrewConstraint:: Get Nor Freedon() const

{

}

return 1;

ScrewConstraint::IncrementFreedomValue

MCCOVErr ScrewConstrai nt:: | ncrenent FreedonVal ue(int16 index, real & i ncrement)
The Shell can’t directly modify the freedom value, so you need to implement IncrementFreedom Value().
MCCOMVErr ScrewConstrai nt:: | ncrenent FreedonVal ue(int16 index, real & i ncrement)

{
if (index == 1)
f Dat a. f FreedonVal ue += i ncrenent;

return MC_S OK;

ScrewConstraint::GetFreedomRange

MCCOMVEr r  ScrewConstrai nt: : Get FreedonRange(int 16 i ndex, real & nin, real & max)
const

In this sample, you don’t want to limit the number of turns so you’ll always return the maximum range of

increment and decrement with GetFreedomRange().

MCCOVEr r ScrewConstrai nt:: Get FreedonRange(int 16 i ndex, real & min, real & max)

const
{
if (index == 1)
{
mn = -32767. Of ;
max = 32767.0f;
}
return MC_S OK;
}

ScrewConstraint::GetTransform

MCCOVEr r ScrewConstrai nt:: Get Transforn{TTransfornBD& transform const
GetTransform() gives the rotation matrix and translation vector due to the freedom values.

Note: When the freedom values are initialized the function GetTransform must return the identity matrix
for the rotation and a null vector for the translation.

MCCOVEr r ScrewConstrai nt:: Get Transforn(TTransf ornBD& transform const

{
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intle u,v,w

real al pha, cosa, si na;
real al titude;

TMat ri x33 nB3;

altitude = fData.fFreedonVal ue * fData.fStep;
al pha = fData.fFreedonVal ue * kReal TwoPI ;

if (fData.fAxis == kRadi 0X_id)

{

u=1;

V=2,

w=0;
}
else if (fData.fAxis == kRadi oY_id)
{

u=2;

v=0;

w=1;
}
else if (fData.fAxis == kRadi 0Z_i d)
{

u=0;

v=1,;

wW=2;
}
transformfTranslation[u] = 0.0;
transformfTranslation[v] = 0.0;
transformfTranslation[w] = altitude

sina = Real Sin(al pha);

cosa = Real Cos(al pha); //QuickSi nCos(al pha, sina, cosa);
nB3[u][u] = cosa; nB3[u][v] = sina; nB3[u][w =0.0;
nB3[ v] [ u] -sina; nB83[v][v] = cosa; nmB3[v][w] = 0.0;
nB83[ W [ u] 0.0; mB3[w][v] = 0.0; nB3[wW[W = 1.0;
transform f Rot ati onAndScal e = nB3;

return MC_S OK;

ScrewConstraint::GetTransformPartialDerivate

MCCOMEr r ScrewConstraint:: Get TransfornParti al Derivate(int16 i ndex, TTransfor m8D&
transform const

To allow the inverse kinematics mechanism to work with the constraint, implement the

GetTransfromPartialDerivate() function. A partial derivative transformation is a transformation where

each element is derived by a freedom degree. So you have as much Partial Derivative as freedom degrees:

o, o, ok,

oo oo oo
O L
oo, oo oo oo
Oi 0j, ok

z

L ool oo oa.
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| do.

MCCOVErr ScrewConstraint:: Get TransfornParti al Derivate(int16 i ndex, TTransfor mBD&
transforn) const

{
intlée u,v,w
real al pha, cosa, si na;
TMat ri x33 nB3;
if (fData.fAxis == kRadi oX_id)
{
u=1
v = 2
w=20
}
else if (fData.fAxis == kRadi oY_id)
{
u=2
v =0
w=1
}
else if (fData.fAxis == kRadi oZ_i d)
{
u=2~0
v =1
w = 2
}
if (index == 1)
{
transformfTranslation[u] = 0.0;
transformfTranslation[v] = 0.0;
transformfTranslation[w] = fData.fStep;
al pha = kReal TwoPl * fDat a. f Freedonmval ue;
sina = Real Sin(al pha);
cosa = Real Cos(al pha); //QuickSinCos(al pha, sina, cosa);
nB3[u][u] = -kReal TwoPl * sina;
nB3[u][v] = kReal TwoPl * cosa;
nB3[u][w] = 0.0;
nB3[v][u] = -kReal TwoPl * cosa;
n83[v][Vv] = -kReal TwoPl * sina;
n83[v][w = 0.0;
n83[w [u] = 0.0;
nB3[w][v] = 0.0;
n83[(w [W = 0.0;
transform f Rot ati onAndScal e = nB33;
}
return MC S OK;
}
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Writing a Data Component

Family ID : ‘data’

Interface ID : IID I3DExDataComponent

Interface file : I3DExRenderFeature.h

Basic Implementation file: BasicDataComponent.h, BasicDataComponent.cpp

Overview

A data component is a generic object that contains additionnal data for a given type of object (and these data
can be animated). Moreover, a data component generally delegates the actions associated with these data to
another specific class. For instance, you can create a data component to add a specific effect to all the
primitives or to some lights. For that purpose, besides writing the class that performs the effect, you will
have to associate it with its data component class, which derives from TBasicDataComponent and
implements these methods:

e IsActive(I3DShTreeElement *tree)

e  GetPostRenderList(TMCArray<IDType> &idArray)

if your goal is to create a post renderer (see “Writing a Post Render Filter”),

e GetVolumetricList(TMCArray<IDType>& idArray)

if your goal is to create a volumetric effect (see “Writing a Volumetric Effect”).

IsActive() returns #rue if the data component can be applied to the passed-in parameter.
GetPostRenderList() adds the class ID of your post renderer to the list of post render filters to be applied.
GetVolumetricList() adds the class ID of your volumetric effect to the list of volumetric effects to be
applied.

Your data component must specify, in a resource file, which (one or more) types of object it’ll be added to,
amongst the following:
e Camera
Group
Helper Object
Instance
Light
Primitive Instance

Location in the User Interface

If visible in the user interface, a data component is most often accessed through the Effects panel of the
Properties tray, in the Assemble room. For instance, if the data component applies to lights, you will have to
select a light to be able to see the data component in the panel.

Example: Light Cone (volumetric effect)

Description

In this section, we describe how a data component has been associated to a volumetric effect which can only
apply to some lights (this is the Volumetric Effect sample, described in “Writing a Volumetric Effect”).
Thus, the volumetric effect (Simple Light Cone) will be accessed through the Effects panel of the Properties
tray in the Assemble room when a light is selected. The data component stores all the data needed by the
volumetric effect and knows its class ID. Therefore, if you have three spot lights in your scene and you want
to activate the simple light cone effect for two of them, then you will have three instantiations of your data
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component class but only one volumetric effect instantiation, which will compute the effect for the light
sources that asked for it.

Parameters
The following variables are used for the user-input parameters:
flntensity: Intensity (%
f Radi us: Li ght source radius (in)
f FogCol or: Fog effect color
fFall OFf: quality of fall off

This is defined in IcPMAP h as follows:
struct Light Conel nfo

{
Li ght Conel nfo();
real fintensity; // Intensity (%.
real Radi us; /1 Light source radius (in).
TMCCol or RGBA f FogCol or; /'l Fog col or
real fRall O f; /'l quality of fall off
}.

This is then mapped to the user interface parameters using the PMap resource in SimpleVolumetricEffect.r.
Note that the parameters within the LightConelnfo structure must be in the same order as in the PMap.

The PMap resource will be declared as part of the data component, to which we’ll add a *data’ resource that
specifies the type of object that can use our volumetric effect:

resource 'data' (R_Sinpl eLi ght ConeControl | D)

{
{
i /1l can be applied to lights
}
s
Functions

In this example, we only have two methods to override: IsActive and GetVolumetricList. The data
component class is called TLightConeControl.

TLightConeControl::IsActive
bool ean TLi ght ConeControl ::1sActive(l3DShTreeEl ement *tree)

IsActive returns false if the component has no effects on a given type of light.
bool ean TLi ght ConeControl ::1sActive(l3DShTreeEl enent *tree)

{
}

return DataConponent Util s:: HasLi ght Cone(tree);

We use a function encapsulated in a structure dedicated to the data component.

bool ean Dat aConponent Uti | s:: HasLi ght Cone( | 3DShTr eeEl ement *tree)

{

The passed-in tree element can be regarded as a light:
TMCCount edPt r <I 3DShLi ght source> |i ght;
tree->Querylnterface(l|lD_I 3DShLi ght sour ce, (voi d**) & i ght);
MCAsser t Poi nt er Check(1i ght);

Then we can ask if this type of light supports the light cone effect:

| i ght->GetLightlnfo(hasLightCone,...,..., ... );
return hasLi ght Cone;
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TLightConeControl::GetVolumetricList
voi d TLi ght ConeControl :: Get Vol unetri cLi st (TMCArray<| DType>& i dArray)
GetVolumetricList adds the volumetric effect IDs to the array of volumetric effect IDs that we want to

apply. Here, we only have to add the class ID of our Volumetric Effect.
voi d TLi ght ConeControl :: Get Vol unetri cLi st (TMCArray<I| DType>& i dArray)

{
}

if (fPmap.fEnable) idArray. AddEl en( Si npl eLi ght ConeVol | D) ;
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Writing a Modifier

Family ID : ‘modi’

Interface ID : IID IDExModifier

Interface file : I3dExModifiers.h

Basic Implementation file: BasicModifiers.h, BasicModifiers.h

Overview

Modifiers can be applied to any object or group of objects of the scene, that is any tree except the universe.
They can affect the transform of the tree (position and scaling) and the geometry of the objects that belong to
the tree.

Depending on what you are doing, you don't need to implement all the functions of the modifiers’ API.
With GetModifierFlags, you tell the shell what kind of modifier you implemented: behavior if you only
affect the data stored on a tree (in most cases the transform), deformer if you only change the geometry. If
needed, your modifier can be a behavior and a deformer.

For behaviors, the only required function is Apply(I3DShTreeElement* tree) which gives you full control of
the tree. For example, changing the position and scaling is easy with the TTreeTransform methods of the
tree.

For deformers, you need to implement at least DeformPoint (if your deformation depends only on the 3D
coordinates of the vertices and is continuous) or DeformFacetMesh (if you want more information or need
to separate the mesh in pieces). You should implement SetBoundingBox if you need to keep the bounding
box of the region in which the deformer is applied.

See the reference manual for more information on the I3DExModifier methods.

The NonUniformScale sample shows how to create radio buttons and sliders using a PMap and a rsr file.
The Explode sample also shows how to create a slider, and demonstrates how to create a checkbox. The
Barycenter sample shows how to set up an automatic PMap. The Behavior sample shows how to create a
slider and scrollable edit text boxes.

Location in the User Interface

Modifiers are found on the Modifier tab of the Properties Tray. They are applied to the selected object or
group. You can have several modifiers at several levels on a tree (e.g. on an object and on the group that
contains it). Behaviors are applied starting from the top most group and going down the tree. Deformers are
evaluated upward.

Example: Non-Uniform Scale Deformer

Description

The Non-Uniform Scale Deformer scales objects disproportionately around either the X, Y, or Z axis. The
two remaining axes are given scaling values, which are labeled the ‘U’ and “V’ axes. It illustrates the use of

DeformPoint.
Parameters
The following variables are used for the user-input parameters:
f Axi s: The axis to scale (X Y, or 2).
f UBegScal e: The Begi ning scale value for the U Axis.
f UEndScal e: The Ending scale value for the U Axis.
f VBegScal e: The Begi ning scal e value for the V Axis.
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f VEndScal e: The Endi ng scale value for the V Axis.
f Boundi ngBox: The object’s boundi ng box.

These are defined in NonUniformScale.h as follows:
struct NonUni f or nScal eDat a

{
int32 f AXi s;
real f UBegScal e;
r eal f UEndScal e;
real f VBegScal e;
real f VEndScal e;
TBBox3D f Boundi ngBox;
}.

These are then mapped to the user interface parameters using the PMap resource in NonUniformScale.r.
Note that the parameters within the NonUniformScaleData struct must be in the same order as in the PMap.
Note for advanced users: The f Boundi ngBox field does not appear in the UI. It was added to the PMap to
avoid having to write a clone function. Here is what would look like the clone function:

voi d NonUni f or nScal e: : O one( | ExDat aExchanger ** out Exchanger, | MCUnknown* pUnk-
Quter)

{
TMCCount edCr eat eHel per <I ExDat aExchanger >r esul t (out Exchanger) ;

NonUni f or nScal e * theC one = new NonUni fornScal e ();
Throwl fNi | (t heCl one);

t heCl one- >Set Cont rol | i ngUnknown( pUnkQut er) ;

t hed one- >f Boundi ngBox= f Boundi ngBox;

resul t = (| ExDat aExchanger *)t heCd one;

Functions

The three I3DExModifiers methods that are implemented for this example include: SetBoundingBox(),
DeformPoint(), and DeformBBox(). DeformFacetMesh() is not needed for this example as only the
coordinates of each point are changed .

NonUniformScale::SetBoundingBox
MCCOVEr r NonUni f or nScal e: : Set Boundi ngBox( TBBox3D* bbox)

SetBBox() assigns the variable f Boundi ngBox to the current bounding box from the shell:

MCCOVEr r  NonUni f or nScal e: : Set Bount i ngBox( TBox3D* bbox)
{

}
NonUniformScale::DeformBBox

f Dat a. f Boundi ngBox=*bbox;

MCCOVEr r NonUni f or nfScal e: : Def or mBBox( const TBBox3D & n, TBBox3D &out)

DeformBBox evaluates how the deformation will transform the bounding box in. It uses DeformPoint to
compute the result and puts it in out.
MCCOVEr r NonUni f or nScal e: : Def or nBBox( const TBox3D & n, TBox3D &out)

{
TVector3 TenpPoint[2];
TVector3 point, deforned;

in.fMn;
i n. f Max;

TenpPoi nt [ 0]
TenpPoi nt [ 1]
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int XX, YY, ZZ, checkbound; //Loop Controls
out =i n;

for (XX=1; XX>=0; XX--)

{
poi nt[ 0] =TenpPoi nt [ XX] [ 0] ;
for (YY=1; YY>=0; YY--)
{
poi nt[ 1] =TenpPoi nt[ YY] [ 1];
for (zZz=1;, zz>=0; ZzZ--)
{
poi nt[ 2] =TenpPoi nt[ ZZ] [ 2] ;
Def or mPoi nt (&poi nt, &def or med);
for (checkbound=2; checkbound>=0; checkbound--)
{
i f (deforned[ checkbound] < out.fM n[checkbound])
out.fM n[ checkbound] = def orned[ checkbound] ;
i f (defornmed[ checkbound] > out.fMax[checkbound])
out . f Max[ checkbound] = def orned[ checkbound];
}
}
}
}

return MC_S K;
}

NonUniformScale::DeformPoint
MCCOVEr r  NonUni f or nScal e: : Def or nPoi nt ( TVect or 3& poi nt, TVector3& result)

DeformPoint() is where the deformation takes place. First, # and v are assigned depending on the value of
f Axi s. wis assigned to the scale axis. Then a linear scale is calculated between the beginning and ending
of the bounding box.

The scaling is performed for both the u and v axis using the following formula:

Result = P(B+ wrelative(E — B))

Where P is the variable Point, B is the Beginning Scale, and E is the Ending Scale. The relative scale,
wrelative, is calcuated by this formula:
L B Bmin n)

wrelative = P, (B—max—Bmi
Where Bmin is the bounding box minimum, and Bmax is the bounding box maximum.
MCCOVEr r  NonUni f or nScal e: : Def or mPoi nt ( TVect or 3& poi nt, TVector3& result)
{

int16 u, v, w

real wrel ative;

switch (fData.fAxis)

{

case kRadi oX id:
u=1; //Y Axis
v=2; /1Z Axis
w=0; //X Axis
br eak;

case kRadioY_id:
u=2; //Z Axis
v=0; //X Axis
w=1; //Y Axis
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br eak;

case kRadi oZ_i d:
u=0; // X Axis
v=1; //Y AXis
w=2; //Z Axis

br eak;
defaul t:
br eak;
}
i f ((fData.fBoundi ngBox. fMax[w] -f Dat a. f Boundi ngBox. f M n[ w] ) ==0. 0)
{
*result = *point;
return MC_S OK;
}

wrelative=((*point)[w] - fData.fBoundi ngBox.fM n[w])/(fData.fBounding-
Box. f Max[ W] - f Dat a. f Boundi ngBox. fM n[w] ) ;
if ((fData.fUEndScal e+f Dat a. f UBegScal e) ==0. 0)

(*resul t)[u]=0.0;
}

el se

{
(*result)[u] = (*point)[u] * (fData.fUBegScale + welative * (fData.fUEnd-

Scal e-f Dat a. f UBegScal e) ) ;

if ((fData.fVEndScal e+f Dat a. f VBegScal e) ==0. 0)

{
(*result)[v] = 0.0;

el se

{
(*result)[v] = (*point)[v] * (fData.fVBegScale + welative * (fData.fVEnd-
Scal e-f Dat a. f VBegScal e) ) ;

}

(*result)[w] = (*point)[wW;

return MC_S OK;
In addition to inheriting from TBasicDeformModifier, NonUniformScale also inherites from
TBasicWireframe in order to track scaling from within the 3D window. Multiple-inheritance requires a
custom implementation of AddRef and QuerylInterface. See the code sample for specific information.

Example: Explode

Description

The Explode modifier breaks an object into pieces which then fall influenced by gravity. You can specify the
size of the pieces, the speed of the explosion, and gravity as a percentage.

Some of the functions are implemented similarly as in NonUniformScale. You may want to look at the
source code to see how they are implemented.

Parameters
The following variables are used for the user-input parameters:
fM nSi ze: The m nimum si ze of a facet when an object expl odes.
f Expl osi onFactor: The factor that sets the size of explosion.
f Fl oor: The fl oor of the explosion area.
f Gravi t yCoef: The gravity coefficient.
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bool f Appl yGravity;

f Boundi ngBox: The obj ect’s boundi ng box.
These are defined in Explode.h as follows:
struct Expl odeData {

real fM nSi ze;

real f Expl osi onFact or;
r eal f Fl oor;

real f Gravi t yCoef;
bool f Appl yGravi ty;

TBBox3D f Boundi ngBox; // Boundi ng Box
b
These are then mapped to the user interface parameters using the PMap resource in Explode.r. Note that the
parameters within the ExplodeData struct must be in the same order as in the PMap.

Functions

The I3DExModifiers methods that are implemented for this example include: SetBoundingBox(),
DeformPoint(), DeformBBox() and DeformFacetMesh(). When functions are implemented similarly to
the NonUniformScale sample, they are not documented here.

Explode::DeformPoint
MCCOVEr r Expl ode: : Def or nPoi nt ( TVect or 3& poi nt, TVector3& result)

DeformPoint() is called by DeformBBox(). It specifies whether the gravity coefficient or the floor will
affect the explosion.

MCCOVEr r Expl ode: : Def or mPoi nt ( TVect or 3& poi nt, TVector3& result) {

TVect or 3 Transl at e;
int i;

Transl ate[0] = (*point)[0] * fData.fExplosionFactor;
Translate[1l] = (*point)[1] * fData.fExplosionFactor;
if (fData.fGavityCoef == 0)
Translate[2] = (*point)[2] * fData.fExplosi onFactor;
el se {
real a = 9.8f;
if ((*point)[2] <= fData.fFloor)
Transl ate[2] = 0.0;
el se
Translate[2] = (*point)[2] * fData.fExplosionFactor - fData.fG avityCoef *
(f Dat a. f Expl osi onFactor * fData. fExpl osionFactor);
if ((*point)[2] + Translate[2] < fData.fFloor)
Transl ate[2] = fData.fFloor - (*point)[2];
}
for (i=0; i<3; i++) {
(*result)[i] = (*point)[i] + Translate[i];

}

return MC_S OK;
}

Explode::DeformBBox
MCCOVEr r Expl ode: : Def or nBBox( const TBBox3D & n, TBBox3D &out)
DeformBBox evaluates how the deformation will transform the bounding box in. It uses DeformPoint to

compute the result and puts it in out.
MCCOVEr r Expl ode: : Def or mBBox( const TBBox3D & n, TBBox3D &out) {
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Def ormPoi nt (in.fMn, out.fMn);
Def or mPoi nt (i n. f Max, out. fMax);
return MC S OK;

}

Explode::DeformFacetMesh
MCCOVEr r Expl ode: : Def or nFacet Mesh(real | od, Facet Mesh* in, Facet Mesh** out Mesh) {

DeformFacetMesh() subdivides the facets into smaller pieces, deforms them and recreates a new mesh with
the deformed facets.
MCCOVEr r Expl ode: : Def or nfFacet Mesh(real |od, Facet Mesh* in, Facet Mesh** out Mesh) {

Facet MeshAccunul at or accu;
Facet MeshFacetlterator iter;
iter.Initialize(in);
for (iter.First(); iter.Mre(); iter.Next()) {
expl odeFacet (& ter. Get Facet (), &accu);
}
accu. MakeFacet Mesh( out Mesh) ;
return MC_S OK;
}

Example: Barycenter

Description

The Barycenter shows an example of what you can do in the Apply function. It also demonstrates the use of
data components (see “Writing a Data Component”).

Parameters

The following shows how to set up a data component in a PMap.
resource ' Pvap' (129)

{
{ // TODO Add your paraneters by providing :
/1 four letters ID,
/1 four letters type |ID,
/1 interpolate or zero,
/1 name
"WEG ,'re32', interpolate, "Wight!","",
}
¥
resource 'data' (129)
{
{
"prim /'l can be applied to primtives
}
¥
Functions

The following I3DExTreeElement method is implemented for this example:

ExBarycenter::Apply
virtual MCCOVErr MCCOVAPI Appl y( 1 3DShTr eeEl enent* tree);

©2001-2007 DAZ 3D, Inc. All rights reserved.



Writing a Modifier Page 47

Apply() applies the modifier to the selected object according to the other objects that exist in the universe
(also known as the tree). For example, if you were aligning objects, Apply() would get all of the objects to
perform the alignment.

MCCOVErr ExBarycenter:: Appl y(I 3DShTr eeEl ement * tree)

{

// check for all the instances to find a msc feature
TMCCount edPt r <l 3DShScene> ascene=NULL;

TMCCount edPt r <I 3DShG  oup> agr oup;

TMCCount edPt r <I 3DShTr eeEl enent > atree=NULL;

TMCCount edPt r <I 3DShTr eeEl enent > atreeBi s=NULL;
TMCCount edPt r <| 3DShDat aConponent > agendat a=NULL;
TMCCount edPt r <W\éi ght > wei ght GenDat a=NULL;

const TRender abl eAndTf mArray* i nstances;

real total Wi ght=0;

TVect or 3 sunPos; sunPos[ 0] =0; sumnPos[1]=0; sunPos[ 2] =0;
int jj;

unsi gned | ong nbM sc;

tree->Get Scene( &ascene) ;

ascene- >Cet Tr eeRoot ( &agr oup) ;

agroup->Querylnterface(l|D_| 3DShTr eeEl enent, (voi d**) &atree);
Throw fNi | (atree);

atr ee- >Begi nCGet Render abl es(i nst ances);

TRender abl eAndTf mArray: : const _iteratoriter = instances->Begin();
for (const TRenderabl eAndTfn¥ curlnstance = iter.First(); iter.Mre(); curln-
stance = iter.Next())
{
curl nstance->f |l nstance->Querylnterface(llD_|I 3DShTr eeEl enent,
(voi d**) &t reeBi s);
/*if (atreeBis == tree)
{
TRender abl eFl ags render abl eFl ags = curl nst ance- >f Render abl e- >Get Ren-
der abl eFl ags() ;
render abl eFl ags. Set MaskedVal ue( TRender abl eFl ags: : kSt ati cMask, f al se);
}
*/
if (atreeBis != tree)
{
nbM sc=at r eeBi s- >CGet Dat aConponent sCount () ;
for (jji=nbMsc; jj>0; jj--)
/1 loop on all the msc features
at r eeBi s- >CGet Dat aConponent Byl ndex( &gendata, jj-1);
i f (agendata->Querylnterface(CLSI D ExWi ght, (void**)&wei ght Gen-
Dat a) ==MC_S_(K)
{
real wei ght =wei ght GenDat a- >Get Wi ght () ;
total Wei ght += wei ght;
sunPos[ 0] +=cur | nstance->f T. f Transl ati on[ 0] * wei ght;
sunPos|[ 1] +=cur | nstance->f T. f Transl ati on[ 1] * wei ght;
sunPos|[ 2] +=cur | nstance->f T. f Transl ati on[ 2] * wei ght;
}
}
}
}

i f (total Wi ght!=0)
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{

TTransfornBD tr;

/1 Set the new position of tree

tree->Get d obal TransfornBD(tr);

tr.fTranslation[0] = sumPos[0] / total Wi ght;

tr.fTranslation[1] = sunPos[1l] / total Wi ght;

tr.fTranslation[2] = sunPos[2] / total Wi ght;

tree->Set d obal TransfornB8D(tr);
}

at ree- >EndCet Render abl es() ;

return MC_S OK;

}
Example: Behavior
Description
The Behavior modifier demonstrates how to align the selected object with a relative position to two other
objects. You clone an object with the Clone() function, calculate the relative position between the objects,
then apply the change to the tree structure with the Apply() function.
Some of the functions are implemented similarly as the other samples. You may want to look at the source
code to see how they are implemented.
Parameters
The following variables are used for the user-input parameters:
f Name(bj ect 1: The nane of the first object to which to align.
f Name(bj ect 2: The nane of the second object to which to align.
f Rel Pos: The rel ative position between the two objects.
These are defined in Behavior.h as follows:
struct Behavi or Dat a
{
TMCSt ri ng255f NameCbj ect1;// name of the first object to align to
TMCSt ri ng255f Name(bj ect 2;// name of the second object to align to
real 32f Rel Pos;// relative position between the two objects (0 first, 1 second)
i
These are then mapped to the user interface parameters using the PMap resource in Explode.r. Note that the
parameters within the BehaviorData struct must be in the same order as in the PMap.
Functions
The I3DExModifier methods that are implemented for this example include: Clone(), HandleEvent(), and
Apply(). When functions are implemented similarly to the earlier samples, they are not documented here.
Behavior::Clone

voi d Behavi or:: C one(| ExDat aExchanger ** res, | MCUnknown* pUnkQut er)

Clone() clones the object in memory before the modifier is applied in case of Undo. This allows the
modifier to easily be "undone".

voi d Behavi or:: d one(| ExDat aExchanger** res, | MCUnknown* pUnkQut er)

{
TMCCount edCr eat eHel per <I ExDat aExchanger> result(res);
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Behavi or* cl one = new Behavi or();
result = (I ExDat aExchanger*)cl one;

if (clone)

clone->fData=fData; // copy the Behavi orData
cl one->Set Control | i ngUnknown( pUnkQut er);
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Writing a 3DEXxporter

Family ID : ‘3Douw’

Interface ID : ID I3DExExportFilter

Interface file : I3DExImportExport.h

Basic Implementation file: Basic3DImportExport.h, Basic3DImportExport.cpp

Overview

An exporter allows you to export files from Carrara into a different file format. Generally speaking, writing
an exporter is fairly easy.

The example code contains details that apply to the DXF file format. Refer to the source code for more
information. In this example, notice the heavy use of the Querylnterface() call. Make sure you are familiar
with the I3DShObject, 3DShTreeElement and I3DShInstance interfaces.

Make sure you build the right ‘Cmpp’ (Component Private) resource. It contains the information necessary
to the 3D Shell to display your file format extension and name in the Save As dialog. Please refer to , “The
Component Private resources (“Cmpp”)” for all details.

Among all the methods of the I3DExExportFilter interface, you must at least implement DoExport. It is used
to export the scene data. See the reference manual for more specific information on the other methods.

Location in the User Interface

An exporter is accessed either from the File menu> Export command or from the File menu> Save As
command. If you return true in WantsOptionDialog(), your exporter’s options will be shown in a dialog
before saving the file.

Example: DXF

Description

This example shows how to export Carrara scene data into the DXF file format. In this example, light and
camera data are not exported.
In this exporter, the basic algorithm is:

Create the output file I nstanci ate a TMCf st ream
For each object instance in the scene: | 3DShScene: : Get | nst anceByl ndex()
Get the 3D object referenced by the instance |3DShl nstance:: Witelnstance
If it is a Primtive Querylnterface(l1 D | 3DShPrimtive)
Get its global Transfornmation | 3DShTr eeEl ement : : Get A obal TreeTr ans-
form)

Get the Primitive' s geonetry as facets
Transform each facet in d obal coordinates
Wite the facet to the output file

Parameters

No parameters are defined for user input.

TDXFExporter::DoExport

MCCOVEr r TDXFExporter::DoExport(IMCFile * file, | MCUnknown* elem | MCUnknown*
SubEl em
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For 3D exporters, elem maps to I3DShScene and subElem maps to I3DShTreeElement through
QuerylInterface.

DoExport() gets the number of instances in a scene, making sure that each element is a type that can be
exported into the target format. It then writes out the header information, the data for each object and the
object’s facet data when appropriate. Then DoExport() writes the data for the end of the DXF file.

MCCOVEr r TDXFExporter:: DoExport (I MCFile* file, |MUnknown* elem | MCUnknown*
SubEl em
{
TMCf streant stream = NULL;
ui nt 32 nblnst = 0O;
TMCCount edPt r <I 3DShScene> scene;
MCCOVErr error;

error = elem >Querylnterface(llD_|I 3DShScene, (voi d**) &cene);
if (error '= MC S (K

return error;
else if (scene == NULL)

return MC_E_FAIL,

TMCCount edPt r <I MCUnknown> pr ogr essKey;
try
{

nbl nst =scene->Get | nst anceli st Count () ;

/'l Progress bar

TMCSt ri ng255 progressMsg;

voi d* ol dResources = NULL;

gResourceUtilities->SetupConponent Resources('3Din', 'COEA", &old-
Resour ces) ;

gResourcelUtilities->CetlndString(progressMsg, 131, 1);// string 1 of
STR# 131 (see DXF.r)

gResourceUtilities->RestoreConponent Resour ces(ol dResour ces);

gShel lUtilities->Begi nProgress(progressMsg, &progressKey, nblnst);

/1 Open the file

TMCSt ri ng1023 ful | Pat hNane;

file->GetFileFull Pat hNane(ful | Pat hNane) ;

stream = new TMCf strean(ful | Pat hNane. Str Get (), TMCi ostream : out);
Throwl fNi | (stream;

stream >SetInfo(gShell Utilities->CGetCreator(), IDITYPE('T, 'E, 'X,
T

Wit eDXFBegi n(strean;

TMCCount edPt r <l 3DShl nst ance> i nst ance;
for (uint32 i=0; i<nblnst; ++i)

{
scene->Cet | nst anceByl ndex( & nstance, i) ;
Witelnstance(stream instance, i);
gShel lUtilities->IncrenmentProgress(1l, progressKey);
}

Wit eDXFEnd(stream;

del ete stream
gShel lUtilities->EndProgress(progressKey);

}
catch (...)
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{
del ete stream
gShel I Utilities->EndProgress(progressKey);
t hr ow;

}

return MC_S X;
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Writing a Final Renderer

Family ID : “find’

Interface ID : I[ID I3DExFinalRenderer

Interface file : I3DExFinalRenderer.h

Basic Implementation file: BasicFinalRenderer.h, BasicFinalRenderer.cpp

Overview

A renderer controls the way you output your scene data into an image or movie format. The renderer
interface allows you to create a new external renderer for Carrara.

The renderer module needs interfaces to the following required elements from the Carrara shell : the camera,
the tree top (usually the universe), the environment (atmosphere, backdrop & background), the ambient
light, and the offscreen area (which is used as a zone in which to draw). Since it may have parameters
defined by the user in the scene settings, the renderer is related to 3DExDataExchanger and may use a
PMap.

There are two final renderer samples:

e A simple wireframe renderer with no special features, a minimum implementation

e A mix renderer that includes a ZBuffer, an environment, a Phong reflection model, an interface
to G-buffers, and support for tiled offscreen. In that example, more of the renderer interface is
used.

I3DExFinalRenderer provides following methods for both samples:

SetTreeTop(I3DShGroup* treeTop);

SetCamera(I3DShCamera* camera);
SetEnvironment(I3DShEnvironment* environment);
SetAmbientLight(const TMCColorRGB &ambiantColor);
SetFieldRenderingData(int32 fieldRenderingSettings,int16 firstFrame) ;
GetRenderStatistics(I3DRenderStatistics** renderstats) ;
PrepareDraw(const TMCPoint &size,const TBBox2D& uvBox,const TBBox2D& production-
Frame, boolean (*callback) (int16 vv, void* priv),void* priv);
FinishDraw();

RenderVolumetrics(boolean renderEffects);
RenderBackGround(boolean enable);

OptimizeTileSize(TMCPoint& inOutTileSize);
GetTileRenderer(I3DExTileRenderer** tileRenderer);

WireRenderer implements the following methods:

RenderScene(const TMCRect* area)

BlocCopy(RTData* pixels)

Rasterize(TFacet3D facet, TTransform3D L2C, I3DShInstance* CurrentInstance )
PixelSet (int32 x, int32 y, TMCColorRGBA* color)

DrawLine(int16 x1, int16 y1, int16 x2, int16 y2, TMCColorRGBA* Color )
MixRenderer implements the following additional methods:
MixRenderer::InitZbuffer()

AllocMem()

ReleaseMem()

GetLights()

FreeLights()

RenderScene(const TMCRect* area)

ZBufferSet (int32 x, int32 y, real val)
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e Interpolate(float A, float B, long y1, long y2, long dy, float *array)

o FillPoly(TFacet3D facet, I3DShInstance *CurrentInstance, ShadingIn *myShadingln, ShadingOut
*myShadingOut, int numVertices)

e  BackgroundColor(TVector2 theScreenUV, TMCColorRGBA& resultColor)

See the reference manual for more specific information on the interface methods.

Location in the User Interface

A renderer is accessed from the Properties tray after clicking the Render button to switch to the Render
room.

Example: WireRenderer

Description

This example shows how to create a renderer with a minimum of features. However, the following items are
needed:

e aview resource for the user to choose a renderer

e an interface to the camera (absolutely necessary to change between the different coordinate
systems)

e an interface to the image area (the full image to be rendered)

e an interface to the offscreen (an area into which the renderer draws, in this example it has the
size of the image area)

e an interface to the top of the tree hierarchy (to get all the objects to be drawn).

To create this renderer, you’ll need to do the following:

Tell the shell to render the image in one single pass (no tiling)
Transform the tree into a sequence of instances in which we get the objects (each instance has
a transformation matrix from local coordinates to global coordinates associated)

e From the camera, get the transformation matrix from global coordinates system to the camera
coordinates system

e C(Create a facet iterator to get each mesh facet in local coordinates

e Transform the vertices’ local coordinates in screen coordinates then project them in screen
space

e Draw lines between the points

Parameters

In this example, there are no user-input parameters, but the following structures are defined in
WireRenderer.h:
This structure is used to draw the image.
struct FlatBuffer
{
uint16* r;
ui nt 16* g;
ui nt 16* b;
b

This structure is used during rendering
struct InstanceAndTransform / This structure will be useful during rendering

{

| 3DShl nst ance*f | nst ance;
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TTransf or nBDf T;
}s

If there were user-input parameters, they would need to be mapped to the user interface parameters using a
PMap resource in WireRenderer.r.
Note that the parameters within the WireRendererData struct must be in the same order as in the PMap.

Functions

WireRenderer::SetTreeTop

MCCOVErr W reRenderer: : Set TreeTop(| 3DShG oup* treeTop)

The SetTreeTop() function specifies which tree needs to be rendered (generally the universe). A scene has
two parts: a hierarchical tree and an objects list. The Scene Tree defines the positions and the relationship
between Tree Elements. Basically, for each level in the tree, a transformation is defined, thus by composing
transformations from the root to the considered object, you get its position in the Global System.
MCCOVErr W reRenderer: : Set TreeTop(| 3DShG oup* treeTop)

{
f TreeTop = treeTop;

return MC_S OK;
}

WireRenderer::SetCamera

MCCOVErr W reRenderer:: Set Canera (| 3DShCaner a* canera)

SetCamera() specifies the rendering camera. The camera is also used to change between the different
coordinate systems (local and global).

MCCOVErr W reRenderer:: Set Canera (| 3DShCanera* canera)

{

f Canera = canera;
return MC_S OK;

WireRenderer::SetEnvironment

MCCOVErr W r eRender er: : Set Envi ronnent (| 3DShEnvi ronment * envi ronnent)
SetEnvironment() sets up the background, backdrop, and atmospheric shader.
MCCOVErr W reRenderer: : Set Envi ronnent (| 3DShEnvi ronnent* environment)

{
if (!environment || environment->HasBackground()) fBackground=environnment;
if (!environment || environnent->HasBackdrop()) fBackdrop=environnent;
if (!environment || environnment->HasAt nosphere()) fAtnosphere=environnent;
return MC_S OK;

}

WireRenderer::SetAmbientLight
MCCOVErr W r eRender er: : Set Ambi ent Li ght (const TMCCol or RGB &anbi ent Col or)

SetAmbientLight() sets the ambient light color.
MCCOVErr W r eRenderer: : Set Anbi ent Li ght (const TMCCol or RGB &anbi ent Col or)
{

f Anbi ent Col or = anbi ent Col or;

return MC_S OK;
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WireRenderer::SetFieldRenderingData

MCCOVErr W reRenderer:: Set Fi el dRenderi ngDat a (bool ean useFi el dRendering, i nt16
firstFrane)

SetFieldRenderingData() specifies multiple frames for video compositing and updates an option found in

Scene Settings under the Renderer panel in the Properties tray.

MCCOVErr W reRenderer: : Set Fi el dRenderi ngDat a (bool ean useFi el dRendering,int16
firstFrane)

{
}

return MC_S OK;

voi d WreRenderer::GetRenderStatistics(l3DRenderStatistics**renderstats)
{
}

WireRenderer::RenderScene

voi d WreRenderer::Render Scene(const TMCRect* area)

RenderScene() is called by PrepareDraw(). It allows us to draw the image in the buffer.

voi d WreRenderer::Render Scene(const TMCRect* area)

{
TTransfornBD G2C ;//Transformati on from d obal to Canera
TTransfornB8D L2C ;//Transformati on from Local to Canera
TTransfornBD L2G ;//Transformation from Local to d obal

TMCCount edPt r <Facet Mesh>anesh ;// Facet Mesh data
TMCCol or RGBBA col or;

fBuffer.r = new uint16[fl mageHei ght *f | nageW dt h] ;
fBuffer.g = new uint 16[ f I nageHei ght *f | nageW dt h] ;
fBuffer.b = new ui nt 16[f | mageHei ght *f | mageW dt h] ;

/1 clean the buffer
for (int32 i=0; i<flnageHeight*flmageWdth; i++)

{
fBuffer.r[i]=0;
fBuffer.g[i]=5000;
fBuffer.b[i]=5000;
}

f Camer a- >Get @ obal ToCaner aTr ansf or n{ &&2C)
bal to Canera,

; I/\We get transformation fromd o-
/lactually in Screen Coord
Facet MeshFacetlterator facetlterator;

i nt32 theKind;//Used to stock the kind of an instance
t heKind = 0;

TRender abl eAndTf mArray: : const _iteratoriter = flnstances->Begin();
for (const TRenderabl eAndTfnt current = iter.First(); iter.Mre(); current =
iter.Next())
{
t heKi nd = current->flnstance->Cetl nstanceKi nd();
if((theKind == 3) || (theKind == 4))
conti nue;

L2G = current->fT ;//In InstanceAndTransformfT is not a Transl ati on as we

may i magi ne
[/ but a AFFI NETRANSFORM cad Transl ation + Rotation
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//we get transformation fromLocal to d obal system

/1 Then we get our conplete transformation fromlocal to Canera Coordinate
L2C = KRC*L2G

current->flnstance->CGet FMesh(0. 0, &anesh) ;//get a pointer to | FacetMesh
interface

facetlterator.Initialize( anesh ) ;//Initialization for a using of a facet
iterator

TFacet 3D f acet;

for ( facetlterator.First(); facetlterator.Mre(); facetlterator.Next())
{ Il browsing into facets list

facet = facetlterator. Get Facet();

Rasterize( facet, L2C, current->flnstance );

WireRenderer::PrepareDraw

MCCOVErr W reRenderer: : PrepareDraw (const TMCPoi nt & si ze, const TBBox2D&

uvBox, const TBBox2D& producti onFranme, bool ean (*call back) (intl6 vv, void
*priv),void* priv)

PrepareDraw() is called just at the beginning of the rendering of each frame. The argument size defines the
size of the image to render, and uvBox specifies the screen coordinates of the image. (Note that it can be
outside the production frame.) Note that productionFrame specifies the screen coordinates of the production
frame.

MCCOVErr W reRenderer:: PrepareDraw (const TMCPoi nt & si ze, const TBBox2D&

11
I
I
I

uvBox, const TBBox2D& producti onFrane, bool ean (*call back) (intl6 vv, void
*priv),void* priv)

fl mageArea = TMCRect (0, O, si ze. x, si ze.y);

flmgeWdth = size.x;//W get the dinmensions of

fl mageHei ght = size.y;//the inmage to be drawn

fDepth = 8; /1 For conpatibility with Put32

fOFfscrOffset[0]
fOFfscrOf fset[1]

fl mageW dt h/ 2;
f I mageHei ght/ 2;

f Zoong 0]
f Zoon 1]

f 1 mageW dt h/ 2;
f 1 mageHei ght/ 2;

fUUM nMax. fM n[ 0] =(total area.left-fOffscrOffset[0])/fZoonf0];
f UUM nMax. f Max[ O] =(total area.right-fO fscrOffset[0])/fZooni0];
fUYM nMax. fM n[ 1] =-(total area. bottom fOf fscrOf fset[1])/f Zooni 1] ;
f UVUM nMax. f Max[ 1] =-(total area.top-fOffscrOf fset[1])/f Zoonf 1] ;

f TreeTop->Queryl nterface(l | D_| 3DShTr eeEl enent, (voi d**) & Tr ee) ;
Throwi fNi | (fTree);

f Tr ee- >Begi nGet Render abl es(f | nst ances) ;
Render Scene( &f | nageAr ea) ;

return MC_S OK;
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WireRenderer::FinishDraw

MCCOVEr r W r eRender er: : Fi ni shDraw ()
FinishDraw() is called when the drawing is finished; it deletes temporary components.
MCCOVErr W r eRender er: : Fi ni shDraw ()

{
f Tr ee- >EndGet Render abl es() ;
f Tree=NULL;

del ete flnstances;
flnstances=NULL;

delete fBuffer.r;
delete fBuffer.g;
del ete fBuffer.b;

return MC_S

WireRenderer::BlocCopy

voi d WreRenderer:: Bl ocCopy(RTDat a* pi xel s)
BlocCopy() is called by the DrawRect call. It copies a tile of the buffer to the RTData element pixels.
voi d WreRenderer:: Bl ocCopy(RTDat a* pi xel s)

{
int i,j;
i nt 32 hei ght =f Drawi ngAr ea. bot t om f Dr awi ngAr ea. t op;
int32 wi dt h=f Drawi ngArea. ri ght-fDraw ngArea. | eft;
for (j=0; j<height; j++)
for (i=0; i<width; i++)
{
pi xel s->r[i+j*width] = fBuffer.r[i+fDrawi ngArea.left + (j+fDraw n-
gArea. top)*fl nageW dt h] ;
pi xel s->g[i +j*width] = fBuffer.g[i+fDrawi ngArea.left + (j+fDraw n-
gArea. top) *fl mageW dt h] ;
pi xel s->b[i+j*width] = fBuffer.b[i+fDrawi ngArea.left + (j+fDraw n-
gArea. top)*fl nageWdt h];
}
}
}

WireRenderer::GetTileRenderer

GetTileRenderer() is called once for each rendering thread if your renderer supports multiple rendering
threads (ie returns true in IsSSMPAware). In the case of the WireRenderer, we return the renderer itself (this)
because we do not support multi-threading. Otherwise we would need to create a new object that would
implement the I3DExTileRenderer interface each time this function is called.

void WreRenderer:: GetTil eRenderer (1 3DExTi | eRenderer** tileRenderer);

{
TMCCount edCet Hel per <l 3DEXTi | eRenderer> result(til eRenderer);
result = this;
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WireRenderer::Init

Init is called at the beginning of the rendering of each tile. It is given the rectangle of the tile in pixels (rect)
inside the image as well as the coordinates of the tile in screen coordinates (uvBox)

void WreRenderer::Init(const TMCRect & rect, const TBBox2D& uvBox)
{

fCurrentTil eRect = rect;
f Current U/Box = uvBox;

}
WireRenderer::GetNextSubTile

GetNextSubTile is called by the shell to determine if there is another sub tile to render. Here we return false
because we do not support sub tiles. (using sub tiles allows you to update the image as the rendering is being
performed).

bool ean W reRenderer:: CGet Next SubTi | e( TMCRect & rect)
{

}

return fal se;

WireRenderer::RenderSubTile

RenderSubTile is called after GetNextSubTile if it did not return false. In this case, it never happens.

WireRenderer::FinishRender

FinishRender is called at the end of the rendering of a tile. You can use it to perform a final pass on the
pixels of the tile. If you used sub tiles, you should have already filled the color buffer but you might want to
use this call to fill the G-Buffers since they do not need to be updated for the UI.

In our example, we are not using the sub tiles so this is were we fill the color buffer. The color buffer for this
tile is defined in the struct RTData. We simply call BlocCopy to copy the pixel color of the image into the
final image.

voi d WreRenderer:: Fini shRender (const RTDat a& pi xel s)

{
fDrawi ngArea = fCurrentTil eRect;

Bl ocCopy( &pi xel s);
}

WireRenderer::Rasterize

void WreRenderer::Rasterize(TFacet3D facet, TTransfornB8D L2C, | 3DShl nstance*
Currentl nstance )

Rasterize() draws the facets in the buffer, transforming the coordinates from Local to Camera. To learn

more about the toolbox mentioned below, refer to Toolbox.h in the WireRenderer directory.

void WreRenderer:: Rasterize(TFacet3D facet, TTransfornB8D L2C, |3Dshl nstance*
Currentlnstance )

{

//We transform Vertex in Local to Vertex in Camera Coord using L2C
TVector3 vertexl, vertex2, vertex3;

W reTransfornPoi nt (vertexl, L2C, facet.fVertices[0].fVertex);
/1 This is a call fromthe tool box we have created

W reTransf ornPoi nt (vertex2, L2C, facet.fVertices[1].fVertex);

W reTransfornPoi nt (vertex3, L2C, facet.fVertices[2].fVertex);

TMCCol or RGBAcol or, notused;
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Current | nst ance- >Get Mai nCol ors(col or, notused);

TVector2 screenVertexl;
TVect or 2scr eenVert ex2;
TVect or 2screenVert ex3;

r eal zQut ;

/ /W transformVertex in Screen Coord in Vertex in Screen Space, from3D to 2D
bool ean resultl f Caner a- >Pr oj ect 3DTo2D( &vertexl, &screenVertexl, &zCut);
bool ean result?2 f Caner a- >Pr 0j ect 3DTo2D( &ert ex2, &screenVertex2, &zCut);
bool ean resul t3 f Canmer a- >Pr 0j ect 3DTo2D( &vert ex3, &screenVertex3, &zCQut);

/| Bef ore di splayi ng each pixel, we have to apply Zoomtransformation, and to
center

screenVert exl1[ 0]

screenVertexl1[ 1]

fOFfscrOfset[0] + (screenVertex1[0] * fZoon{O0]) ;
fOFfscrOfset[1] (screenVertexl[ 1] * fZoonil1]) ;

+

screenVert ex2[ 0]
screenVertex2[ 1]

fOFfscrOffset[0]
fOffscrOfset[1]

(screenVertex2[0] * fZoon{O0]) ;
(screenVertex2[1] * fZoon{1l]) ;

screenVert ex3[ 0]
screenVert ex3[ 1]

fOFfscrOfset[0] + (screenVertex3[0] * fZoon{O0]) ;
fOFfscrOfset[1] - (screenVertex3[1] * fZoon{1]) ;

DrawLi ne( (i nt16)screenVertex1[ 0], (int16)screenVertexl[1],
(int16)screenVertex2[0], (intl1l6)screenVertex2[1], &color ) ;

DrawLi ne((int16)screenVertex2[0], (intl16)screenVertex2[1],
(int16)screenVertex3[0], (intl1l6)screenVertex3[1], &color ) ;

DrawLi ne( (i nt16)screenVertex3[0], (intl16)screenVertex3[1],
(int16)screenVertex1[ 0], (intl1l6)screenVertexl1l[1], &color ) ;

WireRenderer::PixelSet

voi d WreRenderer::PixelSet (int32 x, int32 y, TMCCol or RGBA* col or)
PixelSet() allows you to change the value of a pixel, and is called by DrawLine().
void WreRenderer::Pixel Set (int32 x, int32 y, TMCCol or RGBA* col or)

{
if ((x>0)&&(x<fl mageW dt h) &&(y>0) &&( y<f | mageHei ght))
{
fBuffer.r[x + flnageWdth*y] = col or->R
fBuffer.g[x + flnageWdth*y] = col or->G
fBuffer.b[x + flnageWdth*y] = col or->B;
}
}

WireRenderer::DrawLine

voi d WreRenderer::DrawLi ne(int16 x1, int16 yl1l, intl16 x2, int16 y2, TMCCol or RGBA*
Col or )

DrawLine() draws a line using the Bresenham Drawliner algorithm.

voi d WreRenderer::DrawLi ne(int16 x1, int16 yl1, intl16 x2, intl16 y2, TMCCol or RGBA*
Col or )

{

{
int16x,y, xi,yi,i,c,dx,dy;

X=x1;
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y=yl;

Pi xel Set (x, y, Color);

if (x1 < x2)
Xi =1;

el se
Xi=-1;

if (yl <y2)
yi =1,

el se
yi=-1,

dx=abs(x1-x2);
dy=abs(yl-y2);

if (dy > dx)
c=dy >> 1;

for (i=1;i<dy;i++)

{
y=y+yi;
c=c+dx;
if (c >=dy)
{
c=c-dy;
X=X+XI ;
}
Pi xel Set (x, y, Color);
}
}
el se
{
c=dx >> 1,
for (i=1;i<dx;i++)
{ .
X=X+XI ;
c=c+dy;
if (c >= dx)
{
c=c-dx;
y=y+yi;
Pi xel Set (x, y, Color);
}
}

Example: MixRenderer

Description

This example shows how to create a renderer with additional features.
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These features include: a ZBuffer, an environment, a Phong reflection model, an interface to G-buffers, and
support for tiled offscreen. In addition, more of the renderer interface is used.

Parameters

In this example, there are no user-input parameters, but the following structures are defined in
MixRenderer.h:

This structure is used to draw the image:

struct FlatBuffer

{
ui nt 16* r;
ui nt 16* g;
ui nt 16* b;
}s

This structure creates an automatic PMap:
struct RendParans
{ I//Create a pMap-like structure
long frontier;
H
This structure is used during rendering:
struct InstanceAndTransform// This structure will be useful during rendering

{

| 3DShl nst ance* fl nstance;
TTransfornB8D fT;

}

If there were user-input parameters, they would need to be mapped to the user interface parameters using a
PMap resource in MixRenderer.r.
Note that the parameters within the RendParams struct must be in the same order as in the PMap.

Functions

Many of the functions in the MixRenderer sample need to be set up similar to the WireRenderer sample.

MixRenderer::InitZbuffer

void M xRenderer::InitzZbuffer()
The InitZBuffer() function initializes the ZBuffer.
void M xRenderer::InitZzZbuffer()

{
/1 Seens very clear, we initialize the Zbuffer
fzZbuffer = new float[fl mageHei ght *f | mageW dt h] ;
for ( int i=0; i<flnageHeight*flmageWdth; i++)
fzZbuffer[i] = FPOSI NF;
}

MixRenderer::AllocMem

void M xRenderer:: Al ocMem)
The AllocMem() function allocates memory for use as a buffer.
voi d M xRenderer:: Al ocMem()

{
/1 According to the shading flags we instanciate only the requested itens
array
if ( rightX == NULL)

{
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right X = new float[flnageHei ght];
left X = new float[flmgeHei ght];

rightZ = new float[fl mageHei ght];
leftZ = new float[fl mageHei ght];

ri ght d obal PosX = new fl oat[fl nmageHei ght];
| ef t d obal PosX = new fl oat[fl nageHei ght];
ri ght @ obal PosY = new fl oat[fI| nageHei ght];
| ef t d obal PosY = new float[flnageHei ght];
ri ght d obal PosZ = new fl oat[fIl mageHei ght];
| ef t d obal PosZ = new float[flnageHei ght];

ri ght @ obal Nor X = new fl oat[f | nageHei ght];
| ef t d obal Nor X = new fl oat[flnageHei ght];
ri ght @ obal NorY = new fl oat [f | mageHei ght];
| ef t d obal NorY = new float[flnageHei ght];
ri ght d obal NorZ = new fl oat[fl mageHei ght];
| ef t d obal NorZ = new float[flnageHei ght];

if (( fFlags.fNeedsW == (uint)true ) &% ( rightU == NULL))

rightU = new fl oat[flnageHei ght];
leftU = new float[fl mageHei ght];
rightV = new float[fl mageHei ght];
leftV = new float[flmageHei ght];

if (( fFlags.fNeedsPointLoc == (uint)true ) && ( rightLocPosX == NULL ))

ri ght LocPosX = new float[fl nmageHei ght];
| ef t LocPosX = new fl oat[flnmageHei ght];
ri ght LocPosY = new float[fl mageHei ght];
| ef t LocPosY = new fl oat[flmageHei ght];
ri ght LocPosZ = new float[fl mageHei ght];
| eft LocPosZ = new fl oat[flnageHei ght];

if (( fFlags.fNeedsNormal Loc == (uint)true ) && ( rightLocNorX == NULL ))

ri ght LocNor X = new fl oat[fl mageHei ght];
| ef t LocNor X = new fl oat[flnageHei ght];
ri ght LocNorY = new float[fl mageHei ght];
| eft LocNorY = new fl oat[flnageHei ght];
ri ght LocNorZ = new float[fl mageHei ght];
| eft LocNorZ = new fl oat[flnmageHei ght];

MixRenderer::ReleaseMem

voi d M xRenderer: : Rel easeMen()
The ReleaseMem() function releases memory once a buffer is no longer needed.
voi d M xRenderer: : Rel easeMen()
{
/1 According to the shading flags we instanciate only the requested itens
array
if (leftX != NULL) {delete leftX |eftX=NULL;}
if (leftz !'= NULL) {delete leftZz;, |eftZ=NULL;}
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if
if
if
if
if
if
if
if
if
if
if
if
if
if

if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if

e e R R R R R Ran e R Ran e Ran e

e e e e e e e e e e e R e

leftU!= NULL) {delete leftUy;
leftV !I= NULL) {delete leftV;

| eft A obal PosX !

| eft A obal PosY
| eft A obal Posz
| eft A obal Nor X
| eft d obal NorY
| eft A obal Nor Z

NULL) {delete
NULL) {delete
NULL) {delete
NULL) {delete
NULL) {delete
NULL) {delete

| ef t U=NULL; }

| ef t V=NULL; }

| ef t d obal PosX;
| ef t d obal PosY;
| ef t d obal PosZ;
| ef t A obal Nor X;
| eft d obal Nor;
| eft A obal Nor Z;

| ef t G obal PosX=NULL; }
| ef t G obal PosY=NULL; }
| ef t G obal PosZ=NULL; }
| ef t A obal Nor X=NULL; }
| ef t A obal Nor Y=NULL; }
| ef t @ obal Nor Z=NULL; }

| eft LocPosX !'= NULL) {delete |eftLocPosX; |eftLocPosX=NULL;}
| eft LocPosY !'= NULL) {delete |eftLocPosY; |eftLocPosY=NULL;}
| eft LocPosZ ! = NULL) {delete |eftLocPosZ; |eftLocPosZ=NULL;}
| eft LocNor X !'= NULL) {delete |eftLocNorX; |eftLocNorX=NULL;}
| eftLocNorY !'= NULL) {delete leftLocNorY; |eftLocNorY=NULL;}
| eftLocNorZ !'= NULL) {delete leftLocNorZ; |eftLocNorZ=NULL;}
right X !'= NULL) {delete rightX rightX=NULL;}
rightZ !'= NULL) {delete rightz, rightZ=NULL;}
rightU != NULL) {delete rightU, rightU=NULL;}
rightV != NULL) {delete rightV, rightV=NULL;}

ri ght d obal PosX !

ri ght d obal PosY
ri ght d obal Posz
ri ght @ obal Nor X
ri ght d obal NorY
ri ght d obal Nor Z
ri ght LocPosX !
ri ght LocPosY !
ri ght LocPosZ !
ri ght LocNor X !
ri ght LocNorY !
ri ght LocNorZ !

MixRenderer::GetLights

voi d M xRenderer:: GetLights()
The GetLights() function gets a count of all of the light sources, then places them in an index. It is used by
PrepareDraw().
voi d M xRenderer:: GetLights()

{

NULL)
NULL)
NULL)
NULL)
NULL)
NULL)

NULL) {delete
NULL) {delete
NULL) {delete
NULL) {delete
NULL) {delete
= NULL) {delete

{del ete
{del ete
{del ete
{del ete
{del ete
{del ete

ri ght @ obal PosX;
ri ght @ obal PosY;
ri ght @ obal Posz,;
ri ght @ obal Nor X;

ri ght @ obal PosX=NULL; }
ri ght d obal PosY=NULL; }
ri ght @ obal PosZ=NULL; }
ri ght @ obal Nor X=NULL; }
ri ght @ obal NorY; rightd obal Nor Y=NULL; }
ri ght @ obal Nor Z; ri ght d obal Nor Z=NULL; }
ri ght LocPosX=NULL; }
ri ght LocPosY=NULL; }
ri ght LocPosZ=NULL; }
ri ght LocNor X=NULL; }
ri ght LocNor Y=NULL; }
ri ght LocNor Z=NULL; }

ri ght LocPosX;
ri ght LocPosY;
ri ght LocPosz;
ri ght LocNor X;
ri ght LocNor;
ri ght LocNor Z;

TMCCount edPt r <l 3DShTr eeEl enent > aTr ee;
TMCCount edPt r <| 3DShScene> scene;
f TreeTop->Queryl nterface(l | D_| 3DShTr eeEl enent, (void **) &aTree) ;
Throwi fNi | (aTree);
aTree- >CGet Scene( &scene) ;

/1 fLights
/1 fLights
f NbLi ght s

for (int32 index=0;

{

i ndex<f NbLi ght's;

new TMCCount edPt r Ar r ay<l 3DShLi ght sour ce>[ f NbLi ght s] ;
new Li ght Tabl e;
scene- >Cet Li ght sour cesCount () ;

i ndex++)

TMCCount edPt r <I 3DShLi ght source> | i ght;
scene->Cet Li ght sour ceByl ndex( & i ght, i ndex);

f Li ght s[i ndex]

= |ight;
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MixRenderer::RenderScene

voi d M xRender er:: Render Scene(const TMCRect* area)

The RenderScene() function is called by the the PrepareDraw method. It allows you to draw the image in
the buffer.

voi d M xRender er:: Render Scene(const TMCRect* area)

{

/'l nstanceAndTransform *i nstances ;// Pointer to an array of tree el enent
/1long nbrinstances ;// Anpunt of elenments in tree hierarchy
TTransfornBD G2C ;//Transformati on from d obal to Canera

TTransfornBD L2C ;//Transformati on from Local to Canera

TTransfornBD L2G ;// Transformati on from Local to d obal

TMCCount edPt r <Facet Mesh>anesh ;// pointer to | FacetMesh interface

TFacet 3Df acet ;
TMCCol or RGBAcol or, notused;
int32 t heKi nd=0;//Used to stock the kind of an instance

f TreeTop->Querylnterface(l | D_| 3DShTr eeEl enent, (voi d**) & Tr ee) ;
Throwl fNi | (f Tree);
f Tr ee- >Begi nCGet Render abl es(f | nst ances) ;

f Canmer a- >Get d obal ToCaner aTr ansf orm( &X2C) ; //We get transformation fromd o-
bal to Canera,
/lactually in Screen Coord

Facet MeshFacetlterator* facetlterator = new Facet MeshFacet!|terator;
TRender abl eAndTf mArray: : const _iteratoriter = flnstances->Begin();

for (const TRenderabl eAndTfn¥ current = iter.First(); iter.Mre(); current =
iter.Next())
{
t heKi nd = current->flnstance->Cetl nstanceKi nd();
if ((thekKind == 3) || (theKind == 4))
conti nue;

L2G = current->fT ;//In I nstanceAndTransformfT is not a Transl ati on as we
may i magi ne
//but a AFFI NETRANSFORM cad Transl ation + Rotation
//we get transformation fromLocal to d obal system

// Then we get our conplete transformation fromlocal to Canera Coordi nate
L2C = RCL2G

current->f 1 nstance->Cet Shadi ngFl ags(f Fl ags); //W get flags from shaders
current ->f 1l nstance->Cet | ndex(fl ndex);

/ /W need to know whet her the napping concerning the instance is paranet-
rical or projectional

/*if ( current->flnstance->Get Mappi ngKi nd() == kParanetri cMappi ng )
f Paranetri cMappi ng = true;

el se

{

f Paranetri cMappi ng = fal se;

f Fl ags. f NeedsPoi nt Loc = true;//DoShade wi |l need Coord in Local system
to conpute uv coordi nates.

fFl ags. f NeedsUV = false;//W don't need to conpute uv coord, DoShade
do it by using Coord in Local system
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f Fl ags. f Needsl soUWV = fal se;//idemfor isoU/
pel
f Paranetri cMappi ng = true;

AllocMen(); //We allocate the right buffers for the right itens

current ->f 1 nstance->CGet Mai nCol or s(col or, not used) ;
current ->f |l nstance->CGet FMesh(0. 0, &anesh) ;//get a pointer to | FacetMesh
interface

facetlterator->Initialize( amesh ) ;//Initialization for a using of a
facet iterator

for ( facetlterator->First(); facetlterator->Mre(); facetlterator-
>Next ())
{ /1l browsing into facets list

facet = facetlterator->CetFacet();

Rasterize( facet, L2G L2C, current->flnstance );

}

/IW're now filling the pixels which don't refer to any object and thus
have been | eft aside
for (int y =0; y < flmageHei ght ; y++)

{
TMCCol or RGBA col or;
int line = y*flmageW dt h;
TVect or 2 screenXy,
screenXY[ 1] = (real)y;
for (int x=0; x<flmageWdth; x++)
{
if (fzZbuffer[line+x] == FPCSI NF)
{
color.R = 0O;
color.G = 0;
color.B = 0;
screenXY[0] = (real)Xx;
Backgr oundCol or (screenXY, col or);
Pi xel Set (x,y, &col or);
}
}
}
Rel easeMemn() ;

}

del ete facetlterator;

f Tr ee- >EndGet Render abl es() ;
f Tr ee- >Rel ease() ;

f TreeTop- >Rel ease();

MixRenderer::ZBufferSet

void M xRenderer::ZBufferSet (int32 x, int32 vy, real val)
The ZBufferSet() function sets the ZBuffer.
void M xRenderer::ZBufferSet (int32 x, int32 y, real val)

if ((x>0)&&(x<flmageW dt h) &&(y>0) &&( y<f | mageHei ght))
{

}

fZbuffer[x + flmageWdth*y] = val;
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MixRenderer::Interpolate

void M xRenderer::Interpolate(float A float B, long yl, long y2, long dy, float
*array)

The Interpolate() function linearly interpolates the values between A and B and stores them in array.

voi d M xRenderer::Interpolate(float A float B, long yl, long y2, long dy, float

*array)
{
fl oat sl ope;
float x;
slope = (A - B)/dy;
if (dy <0) x = A
el se x = B;
for (int j =yl j <=y2,; j++)
{
if (] >08&&j < flnageHeight) array[j] =x; //Cippingy axis in Screen-
Pi xel Space
x += sl ope;
}
}

MixRenderer::FillPoly

void M xRenderer::Fill Poly(TFacet3D facet, |3DShlnstance *Currentlnstance, Shad-
i ngl n *nyShadi ngl n, Shadi ngQut *nyShadi ngQut, int nunVertices)
The FillPoly() function fills in the polygons, however, it needs counter-clockwise oriented triangles.
A

C

FillPoly is a major piece of code for the MixRenderer, since it is where rasterization takes place. The most
common approach to rasterization is to use a barycentric algorithm. Considering a point on the facet you
interpolate its coordinates, normal, and screen position from the 3 vertices.

Example : finding the depth of a point from depth of 3 vertices.

P, = ad,+BB,+TC,; o=|AP|/A,B=|BP|/A,T =|CP|/A; A=|AP|+[BP|+|CP|

The advantages of this method are:
e itissimple
e itrequires no memory allocation, thus reducing memory leaks and suballocation errors

Its main drawback is obvious : you have to recalculate every coefficient for every point.

void M xRenderer::FillPoly(TFacet3D facet, |3DShlnstance *Currentlnstance, Shad-
i ngl n *nyShadi ngl n, Shadi ngQut *nyShadi ngQut, int numVertices)

{

long ymn , ynmax;
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| ong
ym n
y max

/] Be

yl,y2, dy;
| PCSI NF ;
| NEG NF ;

careful, facets are not oriented, and our polygon-filling needs counter-

cl ockwi se oriented triangles

int

PointOrder[3] ={ 0, 1, 2};

TVector3 res = M xNor mal Facet (f ScreenPoi nt[ 0], fScreenPoint[1], fScreen-

Point[2]);
if (res[2] >0)
{
Poi ntOrder[1] = 2;
PointOrder[2] = 1,
}

//'We interpolate along triangle edges, ie we interpolate vertically
//We just interpolate itenms wanted by the RayDream Shader
//Basically, to interpolate, we use two arrays : one left and one right.

I11f

the next vertex (counterclockw sely speaking), is bel ow we use |eft

array
//else we use right array.
/I Roughl y speaking, we use bilinear interpolation

for (

{

int k =0 ; k <nunVertices ; k++ )
int i = PointOder[Kk];
1 = (long)(fScreenPoint[i][1]+0.5);

y

int t = PointOder[(k+1) %unVertices];
y2 = (long) (fScreenPoint[t][1]+0.5);

if (yl >y2)

{

if (y2 <ymn) ymn =y2;

if (yl >ymax ) ymax = yl;

dy = y2-yl;

Interpol ate(fScreenPoint[t][0], fScreenPoint[i][O0], y2, y1, dy,
ri ght X);

Interpol ate(fScreenPoint[t][2], fScreenPoint[i][2], y2, y1, dy,
rightz);

Interpolate(fd obal Vertex[t].fVertex[0], fd obal Vertex[i].fVertex[O0],

y2, y1, dy, rightd obal PosX);

Interpol ate(fd obal Vertex[t].fVertex[1], fG obal Vertex[i].fVertex[1],

y2, y1, dy, rightd obal PosY);

Interpol ate(fd obal Vertex[t].fVertex[2], fG obal Vertex[i].fVertex[?2],

y2, y1, dy, rightd obal Posz);

Interpol ate(fd obal Vertex[t].fNornmal [0], fd obal Vertex[i].fNormal[O0],

y2, y1, dy, rightd obal NorX);

Interpol ate(fd obal Vertex[t].fNornmal[1], fd obal Vertex[i].fNormal[1],

y2, y1, dy, rightd obal NorY);

Interpol ate(fd obal Vertex[t].fNormal[2], fd obal Vertex[i].fNormal[?2],

y2, y1, dy, rightd obal NorZz);

if ( fFlags.fNeedsUV == (uint)true )

{
Interpolate(facet.fVertices[t].fUV[0O], facet.fVertices[i].fUVO],

y2, y1, dy, righty);

Interpolate(facet.fVertices[t].fUV[1], facet.fVertices[i].fUV1],
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y2, y1, dy, rightV);
}
if ( fFlags.fNeedsPointLoc == (uint)true )
{
Interpolate(facet.fVertices[t].fVertex[0], facet.fVerti-
ces[i].fVertex[0], y2, y1, dy, rightLocPosX);
Interpolate(facet.fVertices[t].fVertex[1], facet.fVerti-
ces[i].fVertex[1], y2, yl, dy, rightLocPosY);
Interpol ate(facet.fVertices[t].fVertex[2], facet.fVerti-
ces[i].fVertex[2], y2, yl1, dy, rightLocPosZz);
}
if ( fFlags.fNeedsNornal Loc == (uint)true )
{
Interpol ate(facet.fVertices[t].fNormal[0], facet.fVerti-
ces[i].fNormal [0], y2, yl1, dy, rightLocNorX);
Interpolate(facet.fVertices[t].fNornmal[1], facet.fVerti-
ces[i].fNormal [1], y2, y1, dy, rightLocNorY);
Interpolate(facet.fVertices[t].fNormal[2], facet.fVerti-
ces[i].fNormal [2], y2, y1, dy, rightLocNor2);
}
}
else if (yl <y2)
{
if (yl<ymn) ymn=yl;
if (y2 >ymx ) ymx = y2 ;
dy =y2 - yl;
Interpol ate(fScreenPoint[t][0], fScreenPoint[i][O0], yl1, y2, dy,
leftX);
Interpol ate(fScreenPoint[t][2], fScreenPoint[i][2], yl, y2, dy,
leftz);
Interpol ate(fd obal Vertex[t].fVertex[0], fd obal Vertex[i].fVertex[O0],
yl, y2, dy, |eftd obal PosX);
Interpol ate(fd obal Vertex[t].fVertex[1], fd obal Vertex[i].fVertex[1],
y1l, y2, dy, |eftd obal PosY);
Interpol ate(fd obal Vertex[t].fVertex[2], fG obal Vertex[i].fVertex[?2],
y1l, y2, dy, |eftd obal PosZz);
Interpol ate(fd obal Vertex[t].fNornmal [0], fd obal Vertex[i].fNornmal[O0],
y1l, y2, dy, |eftd obal NorX);
Interpol ate(fd obal Vertex[t].fNormal[1], fG obal Vertex[i].fNormal[1],
y1l, y2, dy, |eftd obal NorY);
Interpolate(fd obal Vertex[t].fNormal[2], fd obal Vertex[i].fNormal[?2],
y1l, y2, dy, |eftd obal Nor2);
if ( fFlags.fNeedsUV == (uint)true )
{
Interpolate(facet.fVertices[t].fUV[0], facet.fVertices[i].fUVO],
yl, y2, dy, leftU;
Interpolate(facet.fVertices[t].fUV[1], facet.fVertices[i].fUV1],
yl, y2, dy, leftV);

(uint)true )
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facet.fVerti

facet.fVerti

facet.fVerti

facet.fVerti

facet.fVerti -

facet.fVerti

{
Interpol ate(facet.fVertices[t].fVertex[O0],
ces[i].fVertex[0], yl, y2, dy, |leftLocPosX);
Interpol ate(facet.fVertices[t].fVertex[1],
ces[i].fVertex[1], yl1, y2, dy, |leftLocPosY);
Interpolate(facet.fVertices[t].fVertex[2],
ces[i].fVertex[2], yl, y2, dy, l|leftLocPosZ);
}
if ( fFlags.fNeedsNornmal Loc == (uint)true )
{
Interpol ate(facet.fVertices[t].fNormal [0],
ces[i].fNormal [0], y1, y2, dy, |leftLocNorX);
Interpolate(facet.fVertices[t].fNormal[1],
ces[i].fNormal [1], y1, y2, dy, leftLocNorY);
Interpol ate(facet.fVertices[t].fNormal[?2],
ces[i].fNormal [2], y1, y2, dy, |eftLocNor2);
}
}
}
/In-gones filling

fl oatdelta;
fl oat z;

fl oatdel taZ, deltad obal PosX, deltad obal PosY, deltad obal PosZ,
del t ad obal Nor X, del t ad obal NorY, deltad obal Nor Z,
del t aLocPosX, deltalLocPosY, deltalLocPosZ,
del taLocNor X, del taLocNorY, deltalLocNorZ,

del taU, deltaV,

f1 oat d obal PosX, d obal PosY, d obal PosZ,
d obal Nor X, d obal NorY, d obal NorZ,
LocPosX, LocPosY, LocPosZ,
LocNor X, LocNorY, LocNorZ,
UV,

TVector2 uv;

if (ymin<O0) ymn=0;

if ( ymax > flnageHei ght) ynax = flnageHei ght-1;

//We fill and interpolate horizontally f
for (longy =ynin ; y <= ynmax ; y++ )

{

//Slope initialization for each item

romleft array to right array

if ( (delta =leftXy] - rightXy]) ==0)

{
deltaz = 0;
del t ad obal PosX = 0; deltad obal PosY = 0; deltad obal PosZ = 0;
del tad obal Nor X = 0; deltad obal NorY = 0; deltad obal NorZ = 0;
deltaU = 0; deltaV = 0;
del taLocPosX = 0; deltalLocPosY = 0; deltalLocPosZ = 0O;
del taLocNor X = 0; deltalLocNorY = 0; deltaLocNorZ = O;

}

el se
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{
deltaz = (leftz[y]-rightZ[y])/delta;
del t ad obal PosX = (| eftd obal PosX[y]-rightd obal PosX[y])/delta;
del t ad obal PosY = (| eftd obal PosY[y]-rightd obal PosY[y])/delta;
del tad obal PosZ = (| eftd obal PosZ[y]-rightd obal PosZ[y])/delta;
del tad obal Nor X = (Il eftd obal Nor X[ y]-ri ght d obal Nor X[y])/del ta;
del tad obal NorY = (Il eftd obal Nor Y[y]-rightd obal NorY[y])/delta;
del tad obal NorZ = (1l eftd obal Nor Z[y]-right d obal NorZ[y])/del ta;
if ( fFlags.fNeedsUV == (uint)true )
{
deltaU = (leftUy]-rightUy])/delta;
deltaV = (leftV[y]-rightV[y])/delta;
}
if ( fFlags.fNeedsPointLoc == (uint)true )
{
del taLocPosX = (leftLocPosX y]-rightLocPosX[y])/delta;
del taLocPosY = (leftLocPosY[y]-rightLocPosY[y])/delta;
del taLocPosZ = (Il eftLocPosZ[y]-rightLocPosZ[y])/delta;
}
if ( fFlags.fNeedsNornmal Loc == (uint)true )
{
del taLocNor X = (l eftLocNor X[ y]-rightLocNorX[y])/delta;
del taLocNorY = (leftLocNorY[y]-rightLocNorY[y])/delta;
del taLocNorZ = (leftLocNorZ[y]-rightLocNorZ[y])/delta;
}
}

//First value initialization
z = leftZ]y];

G obal PosX = | eft d obal PosX[y];
G obal PosY = | eft d obal PosY[y];
A obal PosZ = | eft d obal PosZ[ y];

d obal Nor X = | eft @ obal Nor X[ y];
G obal NorY = | eft d obal Nor Y[ y] ;
G obal Norz = | eft d obal Nor Z[ y] ;

if ( fFlags.fNeedsPointLoc == (uint)true )

{
LocPosX = | eft LocPosX[ y];
LocPosY = | eftLocPosY[y];
LocPosZ = | eftLocPosZ[y];
}
if ( fFlags.fNeedsNornal Loc == (uint)true )
{
LocNor X = | eft LocNor X[ y];

LocNorY = | eftLocNor Y[ y];
LocNorZ = | eftLocNor Z[ y];

if ( fFlags.fNeedsUWV == (uint)true )
{

leftUy];

leftV[y];

u
\%
}

/I Fromleft array to right array
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for (int x = (int)(leftX[y]+0.5) ; x < (int)(rightX[y]+0.5) ; x++ )
{

if ( x > fFrontier & x < flnageWdth )
{ //Cipping in x-axis

int ind = y*flmageWdth + x;

/1 Zbuffer test
if (z <fzbuffer[ind] )

{
fZbuffer[ind] = z;
if ( fFlags.fNeedsPoint == (uint)true )
{
ny Shadi ngl n- >f Poi nt [ 0] = d obal PosX;
ny Shadi ngl n->f Poi nt[1] = d obal PosY;
ny Shadi ngl n->f Poi nt[ 2] = d obal Posz;
}
if ( fFlags.fNeedsNornal == (uint)true )
{
ny Shadi ngl n- >f GNor nal [ 0] = @ obal Nor X;
ny Shadi ngl n->f GNor nal [ 1] = G obal Nor;
ny Shadi ngl n->f GNornal [ 2] = d obal Nor Z;
}
if ( fFlags.fNeedsUV == (uint)true )
{
uv[0] = U;
uv[ 1] = V;
nyShadi ngl n->f UV = uv;
}
if ( fFlags.fNeedsPointLoc == (uint)true )
{
ny Shadi ngl n- >f Poi nt Loc[ 0] = LocPosX;
ny Shadi ngl n- >f Poi nt Loc[ 1] = LocPosY;
ny Shadi ngl n- >f Poi nt Loc[ 2] = LocPosZzZ;
}
if ( fFlags.fNeedsNornmal Loc == (uint)true )
{
ny Shadi ngl n- >f Nor mal Loc[ 0] = LocNor X;
ny Shadi ngl n- >f Nor mal Loc[ 1] = LocNorY;
ny Shadi ngl n- >f Nor mal Loc[ 2] = LocNor Z;
}
//We fill Shadingln structure and we get Shadi ngQut structure

Current | nst ance- >DoShade( * myShadi ngQut , * my Shadi ngl n) ;

TVert ex3D t hePoi nt ;

t hePoi nt. fVertex[ 0] = d obal PosX;
t hePoi nt. fVertex[1l]] = d obal PosY;
t hePoi nt. fVertex[2] = d obal PosZz;
t hePoi nt. f Normal [ 0] = d obal Nor X;
t hePoint. fNormal [ 1] = d obal Nor;
t hePoi nt. f Normal [ 2] = d obal Nor Z;

TVect or 2 pos;
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pi xel

i ngQut,
}
}

zZ +=

pos[0] = x - fOfscrOfset[0];
pos[0] /= fZooniO];
pos[1l] = -y + fOfscrOfset[1];
pos[1] /= fZooni1];

TVector3 resultOrigin, resultDirection;
//We get resultDirection giving the view direction for each
f Caner a- >Cr eat eRay( &pos, &resultOrigin, &esultDirection);

/ /W get col or pixel

TMCCol or RGBA col or;

col or. R = 10000;

color.G 00;

color.B 00;

Pi xel Col or ( nyShadi ngQut, thePoint, fFlags.fChangesNormal,
resultDirection, resultOigin, color);

/1 W display each pixel
Pi xel Set (x,y, &col or);

/1Fill the gBuffer
/1if ( fHas@GBuffer32 == true )
/1 StoreGBuffers(& hePoint , f32Data.channel, x, y, z, &uryShad-

nmy Shadi ngl n- >f W) ;

del t az,

d obal PosX += del t ad obal PosX;
d obal PosY += del t ad obal PosY;
d obal PosZ += del t ad obal PosZ;

d obal Nor X += del t ad obal Nor X;
d obal NorY += del t ad obal Nor;
d obal Nor Z += del t ad obal Nor Z;

LocPosX += del t aLocPosX;
LocPosY += del t aLocPosY;
LocPosZ += del t aLocPosZ;

LocNor X += del t aLocNor X;
LocNorY += del taLocNorY;
LocNor Z += del t aLocNor Z;

U +=
Vo=

del t ay;
del taV,

MixRenderer::BackgroundColor

voi d M xRender er: : Backgr oundCol or (TVector2 t heScr eenUV, TMCCol or RGBA& result-

Col or)

The BackgroundColor() function is used to fill pixels of infinite depth in Zbuffer.
voi d M xRender er: : BackgroundCol or ( TVect or2 t heScreenUV, TMCCol or RGBA& result-

{

Col or)
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TVect or 2UVPoi nt ;
TVector3rayOrigin, rayDirection;

resultColor.R = (float)O0. 2;
resultColor.G = (float)O0. 3;
resultColor.B = (float)O0. 4,

UVPoi nt[0] = theScreenUV[0]-fOFfscrOffset[0];
UVPoi nt[0] /= fZoon{O0];

UVPoi nt[1] = -theScreenUV[ 1] +Hf OFfscrOf fset[1];
UVPoi nt[1] /= fZoon{1];

f Caner a- >Cr eat eRay( &UVPoi nt, & ayOrigin, & ayDirection);
bool ean ful | AreaDone=f al se;

/11f there is no backdrop but a background, it appears behind the scene
i f (fBackground)

{
}

f Backgr ound- >Get Envi r onnent Col or (rayDi recti on, ful | AreaDone, resul t Col or);
/1 Overrides the background
i f (fBackdrop)

f Backdr op- >Get Backdr opCol or (UVPoi nt, full AreaDone, f UYM nMax, result-
Col or);

}
i f (fAtnosphere)
{
f At nrosphere->DirectionFilter(rayOrigin,rayDirection,resultColor);
}
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Writing a Light Source Gel

Family ID : ‘gel’

Interface ID : [ID I3DExLightsourceGel

Interface file : I3DExGel.h

Basic Implementation file: BasicCameraLightGel.h, BasicCameraLightGel.cpp

Overview

A Light Gel is a colored slide placed in front of a light source to modify the color and intensity of the light
beam.
I3DExGel has the following method:

o GetGelValues(TVector2* gelScreenPosition, TMCColorRGB &result)
As with GetColor() from I3DExLight GetGelValues() returns true if the point from gelScreenPosition is
affected by the Gel and false otherwise. The change is passed in the variable result. The point in
gelScreenPosition is a 2D point on a virtual slide with values from -1.0 to 1.0 on each axis.

Location in the User Interface

Gels are added in the Assemble room from the Effects panel of the Properties tray while a light is selected.

Example: Gel

Description

Gel creates a star shaped slide. The user is able to set the number of points for the star from 3 to 30.
To create the star effect, the coordinates of gelScreenPosition are converted to polar coordinates:

v':

Gel Screen
The angle o is used to find the branches of the star by taking the modulo:

a' = (a x nbBranches)%360

e o’ is an angle between 0 and 360°
e pnbBranches is the number of branches of the star
o’ is then converted to a color factor as shown below:
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color intensity
A

> o
0° 360°
Transformation function
The peaks are periodically spaced in the a-Space:
color intensity
A
> o

°° o =360° o =360° o = 360° 300"

Example of a-peaks with nbBranches=4

Parameters

The following variables are used for the user-input parameters:
f NbBr anches: The nunber of points on the star.
These are defined in NonUniformScale.h as follows:
struct Cel Data
{

b
These are then mapped to the user interface parameters using the PMap resource in Gel.r. Note that the
parameters within the GelData struct must be in the same order as in the PMap.

int16 f NoBranches; // Nb of branches of the star

Functions

Gel::GetGelValues

bool ean Cel :: Get Gel Val ues( TVect or 2* gel ScreenPosi ti on, TMCCol or RGB &resul t)
GetGelValues implements the formula described above to create the star gel. It will always returns true as
the value in result is always changed by the gel.
bool ean Gel :: Get Gel Val ues(TVect or 2* gel ScreenPosi ti on, TMCCol or RGB &resul t)
{

real al pha;

real graylevel;

al pha=at an2((*gel ScreenPosition)[ 1], (*gel ScreenPosition)[0]); //QuickArcSin-

Cos((*gel ScreenPosition)[1], (*gel ScreenPosition)[0], al pha);
al pha*=f Dat a. f NbBr anches;
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whi | e (al pha<0.0) al pha+=kPI*2.0; // Modulo 2 pi
whi | e (al pha>kPlI *2.0) al pha-=kPI*2.0; // Mdulo 2 pi

i f (al pha<kPI/2.0)
{
grayl evel =1. 0- al pha/ (kPI /2. 0);

el se if (al pha>kPl *1.5)

{
grayl evel =(al pha-kPlI *1.5)/ (kPl/2.0);
}
el se
{
grayl evel =0. 0;
}

resul t. R=grayl evel ;
resul t. G=grayl evel ;
resul t.B=grayl evel ;

return true;
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Writing a 3D Import Filter

Family ID : ‘3Din’

Interface ID : ID I3DExImportFilter

Interface file : I3DExImportExport.h

Basic Implementation file: Basic3DImportExport.h, Basic3DImportExport.cpp

Overview

Writing an import filter is easier than trying to create a file with the Carrara file format.

There is one method which must be implemented:
Dolmport(IMCFile* file, IMCUnknown* elem, IMCUnknown* subElem);

Dolmport() is used to import the scene data.

Note the heavy use of the QuerylInterface() call. Make sure you are familiar with the [3DShPrimitive,
I3DShTreeElement and I3DShInstance interfaces.

Make sure you build the right ‘Cmpp’ (Component Private) resource. It contains the information necessary
to the 3D Shell to display your file format extension and name in the Open and Import dialogs.

Please refer to the family-specific resources section in the Cookbook for all details.

Location in the User Interface

An importer is accessed either from the File menu> Open command or the File menu> Import command. If
you return true in WantsOptionDialog(), your importer’s options will be shown in a dialog before loading
the file.

Example: Imp

Description

This example is a facets importer. The file format is text based and the extension on the PC is .eas for
“Easy”. This file can be created with any text editor.

An easy file is a set of surfaces displayed as follows :
number of points
first point
second point

last point
After the last surface, a zero must be added to specify the end of the file, followed by a space or a carriage

return to prevent reading failure. For example, a square will be defined as follow:
4 number of points

0 00 first point (x, y, and z)

0 1 0 second point

1 1 0 third point

1 0 0 last point

0 no more surfaces, don’t forget to add a space or a carriage return
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Parameters
No parameters are defined for user input.
Functions

Imp::Dolmport

MCCOVErr | np: : Dol mport (I MCFi | e* file, |IMCUnknown* firstPtr, |MCUnknown*
secondPtr)

The DoImport() function creates a 3D object then inserts it in the scene. Next it creates a default rendering

camera and light source.

The first part of this function determines where you need to insert your 3D data.

Start by getting a pointer on the scene and a pointer on the Tree Element under which to insert your data.
Often, this Tree Element will be NULL. In this case, you need to insert under the Scene Tree Root. It is a
sensible thing to call 3DShScene::CreateTreeRootIfNone() to make sure there is one, just in case.

In the following code example, we choose to create a group if fatherTree is provided. This is a choice we

make. The variable fopTree is where we shall insert our data in the end:

MCCOVErr | np: : Dol nport (I MCFile* file, |IMCUnknown* firstPtr, |MCUnknown* sec-
ondPtr)

{

TMCf streant stream = NULL;

TMCCount edPt r <I 3DShScene> scene;

TMCCount edPt r <I 3DShTr eeEl enent > f at her Tr ee;
TMCCount edPt r <| 3DShTr eeEl emrent > t opTr ee;
MCCOMErr error;

error = firstPtr->Querylnterface(llD_|I3DShScene, (voi d**) &cene);
if (error '= MC S (K

return error;
else if (scene == NULL)

return MC_E_FAIL,

if (secondPtr != NULL)

{
error = secondPtr->Querylnterface(lID_|I3DShTreeEl enent, (voi d**) &f at her -
Tree);
if (error '= MC_S OK)
return error;
else if (fatherTree == NULL)
return MC_E FAIL;
}
TMCCount edPt r <I MCUnknown> pr ogr essKey;
try
{
/1 e met hod to obtain stream******

TMCSt ri ng1023 ful | Pat hNane;

file->GetFileFull Pat hNane(ful | Pat hNane) ;

stream = new TMCf strean(ful | Pat hNane. StrGet (), TMC ostream :in);
Throwl fNi | (strean);

TMCSt ri ng255 progressMsg;

voi d* ol dResources = NULL;

gResourcelUtilities->SetupConponent Resources('3Din', 'COEA , &old-
Resour ces) ;

gResourceUtilities->CGetlndString(progressMsg, 130, 1);// string 1 of
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STR# 130 (see Inp.r)
gResourceUtilities->RestoreConponent Resour ces(ol dResources);

gShel I Utilities->Begi nProgress(progresshMsg, &progressKey);

if (fatherTree == NULL)

{
TMCCount edPt r <|I 3DShG oup> t opGr oup;
scene->Creat eTreeRoot | f None() ;
MCCOVErr err = scene->Cet Tr eeRoot ( & opGroup) ;
t opG oup->Queryl nterface(l | D | 3DShTr eeEl enent, (voi d**) &t opTree);
}
el se
{

gConmponent Utilities->CoCreatel nstance(CLSI D_St andar dG oup, NULL,
MC_CLSCTX | NPROC_SERVER, |1D_I 3DShTreeEl enent, (void**) &t opTree);

Throw fNi | (topTree);

t opTr ee- >Set Scene( scene) ;

father Tree->I nsertlLast (topTree);

scene- >Cr eat eRender i ngCaner al f None(' coni', (fatherTree == NULL));// Cre-
ate a conical rendering canmera if none, and a Distant light if we not
inporting in an existing scene

DoReadEasyFi |l e(stream scene, topTree);

del ete stream
gShel l Utilities->EndProgress(progressKey);

}

catch (...)

{
del ete stream
gShel l Utilities->EndProgress(progressKey);
t hrow;

}

return MC S OK;

Because the Easy format does not have the notion of cameras and light sources, we shall use a built-in API
call designed just for that: CreateRenderingCameralfNone creates a conical camera (we use the Conical
Camera Class ID ‘coni’), and a default Distant Light if we are not importing in an existing scene (in this
case, the second parameter is TRUE).

Of course, you can create any type of standard camera and light sources, and place them where you want in

3D.

©2001-2007 DAZ 3D, Inc. All rights reserved.



Page 84 Writing a 3D Import Filter

©2001-2007 DAZ 3D, Inc. All rights reserved.



Writing a Modeler Page 85

Writing a Modeler

Family ID : ‘modu’

Interface ID : IID I3DExModule

Interface file : 3DExModule.h

Basic Implementation file: BasicModule.h, BasicModule.cpp

Overview

A modeler allows for the creation of geometry. The geometry is stored in a geometric primitive of a type
supported by the modeler, such as a spline primitive for the Spline modeler. You can create any type of
module such as another renderer. In this example, you’ll learn how to create a modeler.

I3DExModule has the following methods:

e [Initialize(IMCUnknown* inElement)
Destroy()
Hydrate()
Dehydrate()
Activate()
Deactivate()
Import(IMCUnknown* inElement, void* inlmportData)
BuildMenuBar()
GetPreferredRoom(IDType& roomld)
WantsToBelnCurrentRoom()
SubModuleClosedMainWindow(I3DShModule* subModule)
SubModuleAboutToBeDestroyed(I3DShModule* subModule)
SubModuleAboutToBeHydrated(I3DShModule* subModule)
AboutToCloseMainWindow()

Location in the User Interface

Switching to the modeling room will open the default modeler for the currently selected object.

Example 1: Modeler Step 1

Description

The Tree primitive is used by the modeler. It contains the geometry created by your external modeler. It is
very similar to the other examples from the “Writing a Geometric Primitive”.

Parameters
The following variables are used for the user-input parameters:
f NbBr anches: Nunber of branches for the tree.
f Angl e: Angl e between branches.
f Recursi v: Nunber of times to recursively parse each branch.

These are defined in TreePrim.h as follows:
struct TreeData

{
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int 16 f NbBr anches;
float fAngle;
int16 f Recursiv;

}s

These are then mapped to the user interface parameters using the PMap resource in TreePrim.r.
Note that the parameters within the TreeData struct must be in the same order as in the PMap.
To understand this example, it is divided into basic steps.

What you need for a modeler

First, you need a primitive to model. In this case you’ll model a tree. Start by coding the primitive first. Once
you have your primitive you’ll go through the modeler. This one will be able to change parameter of your
tree. But it also needs to send messages to the rest of Carrara. For example the modeler needs to make sure
that the Properties tray gets updated, anytime you change the angle between the tree branches.

The first step

In the sample folder you’ll find a Step!1 folder. In this step you’ll make an extension that allow you to create
a tree primitive. The way to code this step of the modeler is the same as the other primitive’s samples. Refer
to the primitive samples ( “Writing a Geometric Primitive”) to learn more.

struct TreeData

{
int16 fNbBranches;// Number of branches of the 3D Tree
float fAngle;// Angle for branches
intl16 fRecursiv;// Recursivity nunber for tree construction
s

/1 Tree bject definition :
/1l TreePrimtive Qbject

class COMIreePrim: public TBasicPrinitive
{
public :
COMIreePrim();
STANDARD_RELEASE;

/'l | ExDat aExchanger met hods :

virtual voi d* MCCOVAPI Get Ext ensi onDat aBuffer();
virtual MCCOVErr MCCOVAPI Ext ensi onDat aChanged() ;
virtual int16 MCCOVAPI Get Resl () ;

/1 13DExGeonetricPrimtiv nethods

/1l Geonetric Calls

vi rtual MCCOVErr MCCOVAPI Get BBox( TBox3D* bbox);

virtual MCCOVErr MCCOVAPI Enuntacet s( Enunftacet sCal | back cal | back,
voi d* privData,real fidelity);

/1 Shading Calls

virtual uint32MCCOVAPI Get UvSpaceCount () ;

virtual MCCOVErr MCCOVAPI CGet UVSpace( ui nt 32 uvSpacel D, UVSpace-
I nf o* uvSpacel nf 0);

vi rtual bool eanMCCOVAPI Set Dat a(const TreeDat a& dat a) ;

virtual TreeDat aMCCOVAPI Get Dat a()
{

b

return fData;
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Example 2: Modeler Step 2

Description

This step creates a blank’ modeler for the primitive. There are no additional user input parameters as the
parameters are all stored in the primitive.

Functions

The second step:

In this second step, we begin the implementation of the modeler. So now you can create a tree primitive, and
if you go to the model room of Carrara you’ll have a modeler for this primitive. For the moment it won’t do
anything. The goal of this step is to learn how to instantiate a modeler.

What to do ?

First of all we need a MyModelerDef h files. In this file you must have all the R_CLSID. Here you need one
for the primitive and another for the modeler. You can also define useful IDs.

#i fndef _ Model er DEF__
#define _ Model er DEF

/1 Define the External Modeler CLSID

/1 {99E51BCl1- 707B- 11d1- B20A- 004095455A27}

#define R CLSI D Model er 0x99e51bcl, 0x707b, 0x11dl1l, Oxb2, Oxa, 0x0, 0x40, 0x95,
0x45, 0xba, 0x27

#define kModelerI D MODp'// Cass ID
#define kibdel er 134// COW |ID
#def i ne kModel er Prefsl144

#def i ne kModel er Vi ewd35// ' MODv'

/1 Define the COMIreePrimCLSID

/1 B63DF131-707B-11d1- B20A- 004095455A27

#define R _CLSI D_COMIreePri m Oxb63df 131, 0x707b, 0Ox11dl, Oxb2, 0Ox0a, 0x00, 0x40,
0x95, 0x45, Oxba, 0x27

#endi f

The two files of the primitive don’t change much. We just have to create a modeler with the
MakeCOMobject method in the MyPrimitive.cpp file. Just add a line to test the class ID. Ifitis a
MyModeler ID then create a modeler.

TBasi cUnknown* MakeCOMObj ect (const MCCLSI D& cl assld)// This nethod instanciate
{ /1 the object COMITeePrim
TBasi cUnknown* res = NULL;

if (classld == CLSID COMIreePrim res = new COMITeePrim
if (classld == CLSID Model er) res = new Mdel er;

return res;

The MyModeler.h file:
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This file contains the description of the modeler class. This class inherits from TBasicModule (we need to
include BasicModule.h).The most important part in the description of the class is the declaration of the
protected menbers. Most of them are needed to make the modeler communicate with the shell and other
parts. All the TMCCountedPtr will be usefull in order to achieve this goal. We also have a few methods that
are used during the initialization.

cl ass Model er : public TBasi cMdul e

{
public :

Model er () ;
STANDARD_RELEASE;

/1 1 MCUnknown met hods

vi rtual MCCOVErr MCCOVAPI Querylnterface(const MCIID& riid, void**
ppvQoj ) ;

virtual uint 32MCCOVAPI AddRef () ;

virtual MCCOVErr MCCOVAPI Initialize(l MCUnknown* i nEl ement);
vi rtual MCCOVErr MCCOVAPI Destroy();

virtual MCCOVErr MCCOVAPI Hydrate();

virtual MCCOVErr MCCOVAPI Dehydrate();

virtual MCCOVErr MCCOVAPI Activate();
virtual MCCOVErr MCCOVAPI Deactivate();

protected :

TMCCount edPt r <I 3DShMbdul e>f Modul e;

TMCCount edPt r <I M-Docurent >f Doc;

TMCCount edPt r <I SceneDocunent >f SceneDoc;
TMCCount edPt r <I 3DShScene>f Scene;

TMCCount edPt r <I 3DShG oup>f Uni ver se;
TMCCount edPt r <I MFPar t >f W ndow,

TMCCount edPt r <I MFPar t >f Mai nPart ;

TMCCount edPt r <|I 3DShMbdul e>f H er ar chyModul e;

/I -- Dependenci es data
TMCCount edPt r <|I ChangeChannel >f Ti mreChangeChannel ;

//-- Primtive Data
TMCCount edPt r <l 3DShPri m tive>fPrimtiveDat a;
TMCCount edPt r <I Conponent Ani n»f Cl onedConponent ;

virtual MCCOVErr MCCOVAPI | nitializel(l3DShG oup* universe);
virtual MCCOVErr MCCOVAPI | nitialize2(I3DShPrimitive* primtive);
virtual voi dMCCOVAPI Creat eW ndows();

virtual voi dMCCOVAPI DestroyW ndows();

voi d Get Acti onResponder (| MFResponder ** responder);
b

The MyModeler.cpp file:
We’ll describe each method of the Modeler:
QuerylInterface and AddRef: We just have to make sure that the TBasicModule methods are called.
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Functions

Modeler::QuerylInterface
MCCOVEr r Model er:: Queryl nterface(const MCIID& riid, void** ppvObj)

We just have to make sure that the TBasicModule method is called.
MCCOVErr Model er:: Queryl nterface(const MCIID& riid, void** ppvObj)

{
return TBasichMdul e:: Querylnterface(riid, ppvQbj);
}
Modeler::AddRef

ui nt 32 Model er: : AddRef ()

We just have to make sure that the TBasicModule method is called.
ui nt 32 Model er: : AddRef ()

{

}
Modeler::Initialize

return TBasi cModul e: : AddRef () ;

MCCOVErr Model er::Initialize(l MCUnknown* i nEl enent)

Initialize: We test the inElement argument. If it exists it has to be an I3DShGroup or an I3DShPrimitive.
According to the type, we just initialize the universe or the primitive. This is done with the two protected
methods: Initializel (for the universe) and Initialize2 (for the primitive).

MCCOVErr Model er::Initialize(l MCUnknown* inEl enent)

{
/1 Initialize is going to be called twice : once with the Universe, once with
the Master nject
if('inEl enent) return MC_E | NVALI DARG,
TMCCount edPt r <|I 3DShGr oup> uni ver se;
i f(inEl ement->Querylnterface(llD_|I3DShG oup, (void**) &universe) == MC_S K)
{
return Initializel(universe);
}
i f(!fUniverse) return MC_E | NVALI DARG
TMCCount edPt r <l 3DShPrimitive> primtive;
i f(inElenment->Querylnterface(lID I3DShPrimtive, (void**)&rimtive) ==
MC_S XK)
{
return Initialize2(primtive);
}
return MC_E | NVALI DARG
}

Modeler::Initializel

MCCOVErr Model er::Initializel(l3DShG oup* universe)
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Initializel: If the universe exists then we equalize the fUniverse member to the universe argument

MCCOVErr Model er::Initializel(l3DShG oup* universe)

{
/1 Initialization Call #1 : the Universe is passed
i f('universe) return MC_E | NVALI DARG,
f Uni ver se = uni verse;
return MC_S OK;
}

Modeler::Initialize2

MCCOVErr Model er::Initialize2(13DShPrimtive* primtive)

Initialize2: First of all we have to create a Window. This is the goal of the protected method CreateWindow
(described below). Then we register ourselves as listeners of some channels. For this step we just need the
TimeChangeChannel. Finally we keep a backup.

MCCOVErr Model er::Initialize2(13DShPrimtive* primtive)

{
/1 Initialization Call #2 : the Master bject (primtive) is passed

/1-- Load wi ndows and set up U el enents
Cr eat eW ndows() ;

/l-- Register ourselves as listeners to some channels
f Scene- >CGet Ti neChangeChannel ( & Ti meChangeChannel ) ;
Throw fNi | (f Ti meChangeChannel ) ;

f Ti meChangeChannel - >Regi st er Li st ener (this);

/l-- Get target data
fPrimtiveData = prinitive;
Throw fNi | (fPrimtiveData);

return MC_S OK;
}

Modeler::Destroy

MCCOVEr r Model er: : Destroy()

Destroy: As we have created a lot of things, we have to do the clean up when leaving. We destroy the
window. If the hierarchy module exists we delete it. We delete all the protected menbers. We also need to
unregister ourselves from the channel (here we just have to unregister from the TimeChangeChannel).
Finally we call the Destroy method of the TBasicModule.

MCCOVEr r Model er: : Destroy()

{
Dest r oyW ndows() ;

i f (fH erarchyMdul e)
f Hi er ar chyModul e- >Destroy();
fH erarchyModul e = NULL;

/l-- Clear everything

f Uni ver se = NULL;
f Wndow = NULL;
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fPrimtiveData = NULL;
f d onedConponent = NULL;

/l-- Deregister ourselves as listeners
f Ti meChangeChannel - >Unr egi st er Li stener (t hi s);
f Ti meChangeChannel = NULL;

fPrimtiveData = NULL;// WII trigger a release

return TBasi cModul e:: Destroy();
}

Modeler::Hydrate
MCCOVEr r Model er: : Hydrat e()

Hydrate: This method allows us to prepare the data before an activation. This method is called when we
enter the modeling room. Nonetheless, we hydrate ourselves but we also hydrate other modules (here we
have to hydrate the hierarchy module).

MCCOVEr r Model er: : Hydrate()
{
TMCCount edPt r <I MFW ndow> wi n = NULL;
f Wndow >Queryl nterface(lID_| MMW ndow, (void **)&in); Throw fNi | (win);
Wi n->Show(true, true);
gMenulUtilities->Set Currentd obal Tool (kMoveTool I D, true);

//-- Hydrate other Mdul es
if (fH erarchyMdul e)
f Hi erar chyModul e- >Hydr ate();
return TBasi cMdul e:: Hydrate();
}

Modeler::Dehydrate
MCCOVEr r Model er: : Dehydrat e()

Dehydrate: This method is called when we leave the modeling room. We just free as many data as we can
but the modeler still exists.

MCCOVEr r Model er: : Dehydrat e()

{
/'l -- Dehydrate other Mdules
i f (fH erarchyMdul e)

f Hi er ar chyModul e- >Dehydrat e() ;

/l-- Hi de w ndow
TMCCount edPt r <I| MFW ndow> wi n = NULL;
f Wndow >Queryl nterface(lID_| MMW ndow, (void **)&in); Throw fNi | (win);
wi n->Show(f al se, false);
return TBasi cMbdul e:: Dehydrate();

}

Modeler::Activate

MCCOVErr NModel er:: Acti vate()

Activate: After hydrating the module we activate it. It allows us to make it appear on the screen. Once again
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if other Modules are needed we activate them during this call.

MCCOVEr r Model er:: Acti vate()

{
/l-- Select wi ndow
TMCCount edPt r <I| MFW ndow> wi n;
f Wndow >Queryl nterface(l1D | MW ndow, (void**) & n); Throw fN | (w n);
wi n->Sel ect W ndow( ) ;
/l-- Activate other Mdul es
if (fH erarchyMdul e)
f Hi erar chyModul e- >Acti vate();
return MC S OK;
}

Modeler::Deactivate

MCCOVEr r Model er: : Deacti vat e()

Deactivate: Allows us to deactivate other modules. Then all modules disappear from the screen.

MCCOVEr r Model er: : Deacti vat e()

{
/| -- Deactivate other Modul es
if (fH erarchyMdul e)
f Hi er ar chyModul e- >Deacti vate();
return MC_ S CX;
}

Modeler::CreateWindows

void Model er:: Creat eW ndows()

CreateWindow: Called during Initialize2. We initialize protected menbers needed by the modeler. Then we
create the window. Here we create it from the resources. Then we can initialize the fMainPart member.

void Model er:: CreateW ndows()

{
Querylnterface(l | D_|I 3DShivodul e, (void**) &f Modul e);
Throw fNi | (f Modul e) ;

f Doc = f Modul e- >Get Docunent NoAddRef () ;
Throwi fNi | (f Doc) ;

f Doc- >Querylnterface(l|D_| SceneDocunent, (void**) &f SceneDoc);
Throw f Ni | (f SceneDoc) ;

f SceneDoc- >CGet Scene( & Scene) ;
Throwi fNi | (f Scene);

voi d* ol dResources = NULL;
gResourceUtilities->SetupConponent Resources(' nodu', kModel erl D, &ol d-
Resour ces) ;

f Modul e- >Cr eat eW ndowByResour ce( & W ndow, kModel erVi ew, true);
Throwi fNi | (f Wndow) ;
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f W ndow >Fi ndChi | dPart Byl D( & Mai nPart, 'nain');
Throwl f Ni | (f Mai nPart);

gResourceUtilities->RestoreConponent Resour ces(ol dResour ces);

}
Modeler::DestroyWindows
voi d Model er: : DestroyW ndows()

DestroyWindow: We need to free memory.
voi d Model er: : Dest royW ndows()
{

f Modul e = NULL;

f Doc = NULL;

f SceneDoc = NULL;

f Scene = NULL;

f Wndow = NULL;

f Mai nPart = NULL;

Example 3: Modeler Step 3
Description

Functions

The third step:

In this step the modeler contains a view. In this view we represent the Tree primitive in 2D. We also need to
handle the TreePrimitive in a different manner. In fact we need the modeler to be able to use the primitive
data. That’s why we create a new interface /7reePrim. Then our tree primitive inherits from it. We do the
same for the view with an IModelerview. With these two interfaces, our modeler will be able to get the data
it needs. As our primitive and our view support multiple inheritance, we need to code the Querylnterface and
the AddRef method. We need a structure that contains data for drawing.

In order to have a view we need to create it as the primitive and the modeler. So we have to modify the
MakeCOMODbject method (in the TreePrim.cpp file).

TBasi cUnknown* MakeCOMDbj ect (const MCCLSI D& classld)// This method instanciate
{ /1 the objects for Model er
TBasi cUnknown* res = NULL;

if (classld == CLSID COMIreePrim res = new COMIreePrim
if (classld == CLSID Model er) res = new Mdel er;
if (classld == CLSID Mdel erView) res = new Mdel er Vi ew,

return res;

ModelerView.h

struct DrawlreePrivData

{
| MCGr aphi cCont ext *f GC;
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int32 f Numvi ew;
r eal f Zoom

s
TMCPoi nt TreePoi nt 3Dt 02D( TVector3 *v , int nunView , float zoom);

/1 VI EW Obj ect definition :
/1 VI EW Obj ect

cl ass Model erView : public TBasicPart,
public | Model erVi ew
{

public :
Model er Vi ew() ;
virtual MCCOVErr MCCOVAPI Querylnterface(const MCIID &iid, void**
ppvQoj ) ;
virtual uint 32MCCOVAPI AddRef () ;
STANDARD_RELEASE;

virtual void MCCOVAPI Sel f Draw( | MCGr aphi cCont ext * gr aphi cCont ext, const
TMCRect & i nZone) ;

vi rt ual Model er * MCCOVAPI Get Mbdel er NoAddRef () ;
vi rtual voi dMCCOVAPI Set Mbdel er ( Model er* TheModel er) ;
vi rtual voi dMCCOVAPI Set Backgr oundCol or (const TMCRGBCol or & rgbcol or);

pr ot ect ed:

Model er* f TreeModel er;

i nt Vi ewSi de;

fl oat f Zoom
TMCRGBCol or f backgr oundCol or;

s
Void ModelerView::SetBackgroundColor
voi d Mbdel er Vi ew. : Set Backgr oundCol or ( const TMCRGBCol or &rgbcol or )

Description of the view methods
The view will draw the 2D presentation of the primitive.
First we set the background color.

voi d Mbdel er Vi ew. : Set Backgr oundCol or ( const TMCRGBCol or &rgbcol or )

{
if ( (fbackgroundColor.rr !=rghcolor.rr) || (fbackgroundColor.gg != rgb-
color.gg) || (fbackgroundCol or.bb != rgbcol or. bb))
{
f backgr oundCol or = rghbcol or;
}
}

Void ModelerView::SetModeler( Modeler* TheModeler )
voi dMbdel er Vi ew. : Set Mbdel er ( Model er* ThelMbdel er )

We set the modeler which uses the view.

voi dvbdel er Vi ew. : Set Model er ( Mbdel er* TheModel er )
{
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f TreeMbdel er = TheModel er;
}

Modeler* ModelerView::GetModelerNoAddRef()
Mbdel er* Model er Vi ew. : Get Model er NoAddRef ()

We can access the modeler.

Model er* Model er Vi ew. : Get Model er NoAddRef ()
{

}
Void ModelerView::SelfDraw

voi d Model er Vi ew: : Sel f Draw( | MCGr aphi cCont ext * graphi cCont ext, const TMCRect &
i nZone)

return fTreeModel er;

The SelfDraw method will be called each time we need to redraw the view.

voi d Model er Vi ew. : Sel f Draw( | MCGr aphi cCont ext * graphi cCont ext, const TMCRect &

i nZone)
{

PenColor.rr = 0;

PenCol or.gg = O;

PenCol or. bb = 65535;

gr aphi cCont ext->Fi | | Rect (*( TMCRect *) & nZone , *( TMCRGBCol or *) & backgr ound-
Col or);

gr aphi cCont ext - >Set Pen( kCopyPen , kSolidPen , 1 , PenColor);

if ( CGetMdel er NoAddRef () )

{
Dr awTr eePri vData PrivDat a;
/1l Nor branches total of the tree : -------------mmmmmot
TreeData treedata = Get Mbdel er NoAddRef () - >Get Tr eePr i mMNoAddRef () - >Get -
Data();
| ong total Branches = 1;
int i;
for(i=1;i<=treedata.fRecursiv;i++)

t ot al Branches += pow( (fl oat)treedata.fNbBranches,i);

PrivData. fGC = graphi cCont ext;
PrivData. fNunvi ew = Vi ewSi de;
PrivDat a. f Zoom = fZoom
Get Model er NoAddRef () - >Get Tr eePr i nNoAddRef () - >Enunfacet s( Dr awTr ee, (voi d *)
&PrivDat a, 0.0);

}

}

Void DrawTree

voi d Drawlree( TFacet3D *facets, void *privData)

The DrawTree method is the following
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voi d DrawTree( TFacet3D *facets,

{

voi d *privDat a)

I MCG aphi cContext* fGC = (| MCGaphi cContext*) ((DrawlreePrivData *)privData) -

>f GC;

int numView = ((DrawTreePrivData *)privData)->f NunVi ew,
float zoom = ((DrawlreePrivData *)privData)->f Zoom

TMCPoi nt ptO, ptl,pt2;

pt0 = TreePoi nt 3Dt 02D( &(facets->fVertices[0].fVertex)
ptl = TreePoi nt 3Dt 02D( &(facets->fVertices[1].fVertex)
pt2 = TreePoi nt 3Dt 02D( &(facets->fVertices[2].fVertex)
if ( fGC)

{

f GG >DrawLi ne( pt0.x, ptO.y , ptl.x, ptl.y
f GC->DrawLi ne( pt0.x, ptO.y , pt2.x, pt2.y
fGC->DrawLi ne( pt2.x, pt2.y , ptl.x, ptl.y

}

TMCPoint TreePoint3Dto2D

TMCPoi nt TreePoi nt 3Dt 02D( TVector3 *v , int nunView ,

)

’

nunVi ew , zoom);
nunVi ew , zoom);
nunVi ew , zoom);

float zoom)

And here is the TreePoit3Dto2D method that allow us to specify the view number

TMCPoi nt Tr eePoi nt 3Dt 02D( TVector3 *v ,

{
TMCPoi nt pt;
int vl,v2;
short z, xsign;

switch ( nunView )
{
case 1 :
vl = 0; v2
br eak;
case 3 :

I
N

z=0; xsign = 1;

vl = 0; v2 = 2; z=0;xsign = -1;

br eak;
case 6 :

vl = 1; v2 = 2; z=0;xsign = -1;

br eak;
case 4 :

vl = 1; v2 = 2; z=0;xsign = 1;

br eak;
case 8 :

vl = 0; v2 = 1; z=-100;xsign = 1;

br eak;
case 2 :

vl = 0; v2 = 1; z=-100;xsign = -1;

br eak;
def aul t

vl = 1; v2 = 2; z=0;xsign = -1;

br eak;

pt. X
pt.y

Xsi gn*(short)
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return pt;

}
Void Modeler::CreateWindows

void Model er:: CreateW ndows()

In the modeler we now have to create the view during the window creation. We also have to set the our
modeler as the view modeler. We need to modify the Modeler.cpp file:

void Model er:: CreateW ndows()

{
Querylnterface(llD_| 3DShModul e, (void**) &f Modul e);
Throw fNi | (f Modul e);
fDoc = f Mdul e- >Get Docunent NoAddRef () ;
Throwl f Ni | (f Doc) ;
f Doc->Queryl nterface(l|D_|I SceneDocunent, (void**) &f SceneDoc);
Throw fNi | (f SceneDoc) ;
f SceneDoc- >CGet Scene( & Scene) ;
Throwl fNi | (f Scene);
voi d* ol dResources = NULL;
gResourceUtilities->SetupConponent Resources(' nodu', kModel erl D, &ol d-
Resour ces) ;
f Modul e- >Cr eat eW ndowByResour ce( & W ndow, kModel erVi ew, true);
Throw fNi | (f Wndow) ;
f W ndow >Fi ndChi | dPart Byl D( & Mai nPart, ' MODv');
f Mai nPart - >Querylnterface(l1D_| Model erView, (void**) &f MddelerPart);
Throwl f Ni | (f Model erPart);
f Model er Part - >Set Mbdel er (t hi s);
gResourcelUtilities->RestoreConponent Resour ces(ol dResour ces);
}

Example 4: Modeler Step 4
Description

Functions

The fouth step:

The last step is a nice one. We now allow the user to interact with the primitive trough the modeler. A lot of
things must be done before that. But if we start from the step 3 it will not not such a great deal.

Let’s begin with the primitive.

We want it to be animatable and savable. We need to change a few things in the data structure.

class TreeData : public TTi neBased

{
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public :
TreeData();
~TreeDat a() ;

virtual uint32 MCCOVAPI AddRef ();
virtual uint32 MCCOVAPI Rel ease();

i nt 16f NoBranches;// Nunmber of branches of the 3D Tree
floatfAngle; // Angle for branches
int 16f Recursiv;// Recursivity nunber for tree construction

protected :
virtual void RegisterParans();

private :
ui nt 32 f Ref Count ;

b

/1l Tree Object definition :
/'l TreePrimtive Object

class COMIreePrim: public TBasicPrimtive,
publ i c | 3DEXANI mat ed,
public I ExStreanl Q
public | COMIreePrim

public :
COMTr eePrim();

virtual MCCOVErr MCCOVAPI Querylnterface(const MCIID &iid, void**
ppvQoj ) ;

virtual uint32 MCCOVAPI AddRef ();

STANDARD_RELEASE;

/1l 1 Extension
virtual void MCCOVAPI C one(l Extension** res, |MCUnknown* pUnkCQuter);

/'l | ExDat aExchanger net hods :

vi rtual voi d* MCCOVAPI Get Ext ensi onDat aBuf fer () ;
vi rtual MCCOVErr MCCOVAPI Ext ensi onDat aChanged() ;
virtual int16 MCCOVAPI Get Resl D();

/1 1 3DExCeonetricPrimtiv nmethods

/| Geonetric Calls

vi rtual MCCOVErr MCCOVAPI Get BBox( TBox3D* bbox);

virtual MCCOVErr MCCOVAPI Enunfacet s( Enuntacet sCal | back cal | back,

voi d* privData,real fidelity);

vi rtual MCCOVEr r MCCOVAPI EnunfPat ches( EnunPat chesCal | back cal | back, voi d*
privDat a);

vi rtual MCCOVErr MCCOMAPI Get Nbr LOD(i nt 16 &nbr Lod) ;

vi rtual MCCOVErr MCCOVAPI Get LOD(i nt 16 | odl ndex, real &l od);

virtual Facet Mesh* MCCOVAPI Get Facet Mesh(ui nt32 index); // index is the

| od nunber

virtual Facet Mesh* MCCOVAPI Get Facet Mesh(real 1od); /1 lod = |evel of
det ai |

vi rtual bool ean MCCOVAPI CanBeSplit();

vi rtual MCCOVErr MCCOVAPI SplitPrimtive(TMCCount edPtr Ar -

ray<| 3DExCGeonetricPrimtive>& subParts, TMCArray<TTransfornBD>& subPart -
Posi tions);
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}s

/1 Shading Calls
vi rtual ui nt 32MCCOVAPI Get UVSpaceCount () ;
vi rtual MCCOVErr MCCOVAPI CGet UVSpace( ui nt 32 uvSpacel D, UVSpacel nf o*
uvSpacel nf o) ;
vi rtual MCCOVErr MCCOMAPI UV2XYZ( TVect or 2* uv, uint32 uvSpacel D,
TVect or 3* resul tPosition, bool ean* inUVSpace); // Optional - Return
E_NOTIMPL if not inplenmented
vi rtual MCCQOVErr MCCOVAPI Get UVSpaceRDS5( ui nt 32 uvSpacel D,
UVSpacel nf oRDS5* uvSpacel nfoRDS5); // To be inmplenented only if your prim
itive existed in ROS 5 or earlier, so that UV spaces can be mapped prop-
erly to the new 0..1 boundaries
vi rtual MCCOVEr r MCCOVAPI AppendToRender abl es(

const TTransfornBD& wor | dFr omvbd-
el Tf m

TRender abl eAndTf mArray& render -
abl eAndTfm);

vi rtual bool eanMCCOVAPI Set Dat a( const TreeDat a& dat a) ;
vi rtual TreeDat aMCCOVAPI Get Dat a() ;

virtual fl oat MCCOVAPI Get Angl eAndPoi nt ( TMCPoi nt *pt, TMCPoint *ptO0, int
numVvi ew, float zoom);
vi rt ual bool eanMCCOVAPI Cet | f Dat aChanged() ;

/1 | 3DExAni mated cal |l s

vi rtual MCCOVErr MCCOVAPI Regi sterParans();

virtual MCCOVErr MCCOVAPI |nvalidateCaches(int32 itsID);
vi rtual MCCOVErr MCCOVAPI CopyTi neDat a( | MCUnknown *dest);

/'l 1ExStream O calls

virtual MCCOVErr MCCOVAPI Read(| ShTokenStreant stream ReadAttributeProc
readUnknown, void* privbData); // readUnknown shoul d be call ed by extention
if unknown keyword is encountered (instead of calling SkipTokenDat a)
virtual MCCOVErr MCCOVAPI Wite(l ShTokenStreant strean);

voi d CopyDat a( COMIr eePri nt dest) const;

prot ect ed:

Tr eeDat af Dat a; // Tree Data
MCCQOVEr r Updat eBoundi ngBox( TVector3 *Coordi nate );
TVector 3Rotate( TVector3 &Vertex , TVector3 &angle );
TVect or 3Normal ( TVert ex3D*f Vertices );

TVect or 3Cube( Enuntacet sCal | back cal | back, void* privData , float SizeZ,
float SizeXY , TVector3 &angle , TVector3 &ranslate);

MCCOVEr r Get Facet sTr ee( Enunfacet sCal | back cal | back, voi d* privData, int
level , TVector3 angle , TVector3 translate );

TBox3D f Tr eeBox; /1 Boundi ngBox
bool eanf Dat aChanged; // true if Datas changed

private :

friend class TreeDat a;
TMCCount edPt r <I 3DShTi neBasedDat a> f Ti neBasedDat a;

We also need to modify the modeler in order to establish communication. In fact we want it to exchange data
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with the properties palette and the tree hierarchy.

cl ass Model er : public TBasi cMdul e
{
public :
Model er () ;
STANDARD RELEASE;

/1 1 MCUnknown met hods

vi rtual MCCOVEr r MCCOVAPI Querylnterface(const MCIID& riid, void**
ppvQoj ) ;

vi rtual ui nt 32MCCOVAPI AddRef () ;

virtual MCCOVErr MCCOVAPI Initialize(l MCUnknown* i nEl enment);
vi rtual MCCOVErr MCCOVAPI Destroy();

vi rtual MCCOVErr MCCOVAPI Hydrate();

vi rtual MCCOVErr MCCOVAPI Dehydrate();

vi rtual MCCOVEr r MCCOVAPI Acti vate();
vi rtual MCCOVEr r MCCOVAPI Deacti vate();

vi rtual voi dMCCOMAPI Dat aChanged(| ChangeChannel *channel ,
| DType changeKi nd,
I MCUnknown* changedDat a) ;

| COMTr eePr i nt MCCOVAPI Get Tr eePri mNoAddRef () {return f COMITeePrim};

1 3DShPri m ti ve* MCCOMAPI  Get | 3DShPri mNoAddRef (){return fPrimtiveData;};
| Model er Vi ew* MCCOVAPI Get Part NoAddRef () {return fMdel erPart;};

| MFPart* MCCOVAPI Get | M-Part NoAddRef (){return fMinPart;};

| M=Docunent * MCCOVAPI Get DocNoAddRef () {return fDoc;}

vi rtual voi dMCCOVAPI Sel f Prepar eMenus();
vi rtual bool eanMCCOVAPI Sel f MenuActi on(Acti onNunmber acti onNunber);

virtual voi dMCCOVAPI Get Sel ection( | SceneSel ecti on**out Sel ecti on);
virtual voi dMCCOVAPI Cet Sel ecti onChannel (1 ChangeChannel **out Channel ) ;

voi d Get Acti onResponder (| MFResponder ** responder);

/l-- Update Stuff

voi d Begi nl medi at eUpdat e() ;
voi d Post | medi at eUpdat e() ;
voi d Endl nmedi at eUpdat e() ;
voi d | mmedi at eUpdat e() ;

protected :

TMCCount edPt r <I 3DShModul e>f Modul e;

TMCCount edPt r <I M-Docunent >f Doc;

TMCCount edPt r <I SceneDocunent >f SceneDoc;
TMCCount edPt r <I 3DShScene>f Scene;

TMCCount edPt r <I 3DShG oup>f Uni ver se;
TMCCount edPt r <I MFPar t >f W ndow;

TMCCount edPt r <I MFPar t >f Mai nPart ;

TMCCount edPt r <I 3DShMbdul e>f Hi er ar chyModul e;

/'l -- Dependenci es data

TMCCount edPt r <I ChangeChannel >f Sel ecti onChannel ;

TMCCount edPt r <|I ChangeChannel >f Ti mreChangeChannel ;
TMCCount edPt r <I ChangeChannel >f Tr eePr oper t yChangeChannel ;
TMCCount edPt r <l SceneSel ecti on>f Sel ecti on;
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}s

TMCCount edPt r <I ChangeChannel >f Sel ect i onChangeChannel ;
TMCCount edPt r <|I ChangeChannel >f Tr eeHi er ar chyChannel ;

bool ean

I1--

f I mredi at eUpdat e;

Primtive Data

TMCCount edPt r<I 3DShPrim tive>f PrimtiveDat a;
TMCCount edPt r <I COMTr eePr i n>f COMIT eePri m
TMCCount edPt r <I Model er Vi ew>f Model er Part ;
TMCCount edPt r <I Conponent Ani n»f Cl onedConponent ;

TMCCount edPt r <I 3DShMbdul e>f Properti esMdul e;
TMCCount edPt r <I ChangeChannel >f | mmedi at eUpdat eChannel ;

vi rtual
vi rtual
vi rtual
vi rtual

MCCOVEr r MCCOVAPI I nitializel(l3DShG oup* universe);
MCCOVEr r MCCOVAPI I nitialize2(13DShPrinitive* prinitive);
voi dMCCOVAPI Cr eat eW ndows() ;

voi dMCCOVAPI Dest r oyW ndows() ;

When we want interaction with our modeler we have to handle actions. So we need a standard action
(ModelerAction ) and a mouse action (ModelerMouseAction).

cl ass Model er Action :

{

}s

cl ass Model er MbuseAction :

{

prot ect ed:

Model er Acti on( Tr eeDat a& treedat a,

public:

static void Create(lShAction**,

public TBasi cActi on

Model er * nodel er);

TreeDat a& treedata, Mdel er* nodeler);

STANDARD_RELEASE;

vi rtual
vi rtual
vi rtual
vi rtual
vi rtual
vi rtual
vi rtual

prot ect ed:

MCCOVEr r  MCCOVAPI  Do() ;

MCCOVEr r  MCCOVAPI  Undo() ;

MCCOVEr r MCCOVAPI Redo() ;

bool ean MCCOVAPI W | | CauseChange();

bool ean MCCOVAPI CanUndo();

MCCOVEr r MCCOVAPI  Get Nane( TMCSt ri ng& nane) ;

voi d MCCOVAPI GCet Part ToRedraw( | M~Part** outPart, int32 stage);

TreeDat af O dTr eeDat a, f NewTr eeDat a;
Model er *f Model er;

prot ect ed:

publ i ¢ TBasi cMbuseActi on

Model er MouseActi on( TreeDat a& treedata , Model er* nodel er );

public:

static void Create(lShMuseAction** outAction,

TreeDat a& treedata, Md-

el er* nodel er);
STANDARD_RELEASE;
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}s

vi rtual MCCOVErr MCCOVAPI Do();

vi rtual MCCOVErr MCCOVAPI Undo();

virtual MCCOVErr MCCOVAPI Redo();

virtual boolean MCCOVAPI W | CauseChange();

virtual bool ean MCCOVAPI CanUndo();
virtual void MCCOVAPI GetPartToRedraw(| M-Part** outPart, int32 stage);

vi rtual voi dMCCOVAPI Track( ! MCGraphi cContext* gc, intl6 stage, TMCPoint&
first, TMCPoint &prev, TMCPoint &cur, bool ean noved, | ShMuseAction**nex-

t Action);

vi rtual MCCOVEr r MCCOVAPI Feedback( | MCG aphi cCont ext* gc, intl6

st age, const TMCPoi nt & first, const TMCPoi nt &prev, const TMCPoi nt &cur, bool -
ean noved, bool ean show);

vi rtual MCCOVEr r MCCOVAPI  Constrai n(| MCGr aphi cContext* gc, intl6

st age, const TMCPoi nt & first, const TMCPoi nt &prev, TMCPoi nt &cur, bool ean
noved) ;

vi rtual Model er * MCCOVAPI Get Model er NoAddRef (){ return fModeler;};

prot ect ed:

Tr eeDat af O dTr eeDat a, f NewTr eeDat a;
Model er *f Model er;

int f Acti onNunber, f Nunvi ew,
fl oat f Zoom f Si gnAngl e;

TMCPoi nt f Cont act Poi nt, f Current Poi nt ;
bool ean f Dat aChanged,;

We also create a properties palette for our modeler
cl assMbdel er Prop : public TBasi cUnknown,

publ i c | ChangelLi stener,
public I PropertiesCient

public:

Model er Prop(
| Properti esMbdul e* i nPropertieshdul e,
Model er* nodel er);

~Model er Prop();

/1 I MCUnknown met hods

MCCOVEr r MCCOMAPI Queryl nterface(const MCIID& riid, void** ppvQhj);
ui nt 32 MCCOVAPI AddRef ();

STANDARD_RELEASE;

/'l 1 ChangelLi st ener nethods
void MCCOVAPI DataChanged( | ChangeChannel * channel ,

| DType changeKi nd,

| MCUnknown* changedDat a) ;
/1 I PropertiesCient nethods
void MCCOVAPI Get Sel ecti on(| SceneSel ecti on**out Sel ection);
void MCCOVAPI Get Sel ecti onChannel (I ChangeChannel **out Channel ) ;
| DType MCCOVAPI Get Control | i nghodul el D() ;
Resour cel DMCCOVAPI Get PropRes! D(| SceneSel ecti on* inSel ection);

void MCCOVAPI LoadPageDat a(| MFPart* i nTopPart,
| SceneSel ecti on*i nSel ection);

bool eanMCCOVAPI Handl ePageHi t (1 MFPart *i nTopPart ,
| SceneSel ecti on*i nSel ecti on,
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i nt32 i nMessage,
| MFResponder *i nResponder,
voi d* i nDat a) ;

void MCCOVAPI Get ExtraPart (| MFPart **out ExtraPart);
prot ect ed:

TMCCount edPt r <l Properti esModul e>f Properti esMdul e;
TMCCount edPt r <Model er >f Model er;

/'l channel s
TMCCount edPt r <I ChangeChannel >f | nredi at eUpdat eChannel ;
i

MCCOMErr COMTreePrim::RegisterParams
MCCOVEr r COMTr eePri m : Regi st er Par ans()

The tree primitive:

Detail of the new methods. These methods support animation and load/save ability. For the animation we

need the following methods:

MCCOVEr r COMTr eePri m : Regi st er Par ans()

{
TMCCount edPt r <l Ti neBased> ti neBased;
Querylnterface(l1D_|ITi neBased, (void**)&tineBased);
Throw fNi | (ti meBased);
f Dat a. Set Ani mat ed(true);
t i meBased- >Cet Ti neBasedDat a( & Ti neBasedDat a) ;
gTreel ndex = fTi neBasedDat a- >Set Par antzr oup( & Data, "Tree***",  'Tree');
return MC S OK;
}

MCCOMErr COMTreePrim::InvalidateCaches
MCCOVErr COMTreePrim : I nvalidateCaches(int32 itslD)

MCCOVErr COMTreePrim : I nvalidateCaches(int32 itslD)
{

}
void COMTreePrim::Clone
voi d COMTreePri m: C one(l Extensi on** res, | MCUnknown* pUnkCQuter)

return O;

voi d COMIreePrim: C one(l Extension** res, |MUnknown* pUnkQuter)

{
TMCCount edCr eat eHel per <I Ext ensi on>resul t (res);
COMIreePrimr theC one = new COMITeePrim);
Throwi fNi | (t heCl one);
t heCl one- >Set Control I i ngUnknown( pUnkQut er) ;
CopyDat a(t heC one);
result = (I Extension*) theC one;

}
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void COMTreePrim::CopyData
voi d COMTreePri m: CopyDat a( COMIT eePri nt dest) const

voi d COMTr eePri m : CopyDat a( COMIr eePri nt dest) const

{
dest - >f Dat a. f NoBranches = f Dat a. f NoBr anches;
dest - >f Dat a. f Angl e = f Dat a. f Angl e;
dest->f Dat a. f Recursiv = fData.fRecursiv;

}

MCCOMErr COMTreePrim::CopyTimeData
MCCOVEr r COMTr eePri m : CopyTi neDat a( | MCUnknown* dest)

MCCOVEr r COMTr eePri m : CopyTi neDat a( | MCUnknown* dest)

{
/'l Needs the | ExDat aExchanger to get the internal data.
TMCCount edPt r <I ExDat aExchanger > i 3DDat aExchanger ;
dest - >Queryl nterface(l | D_| ExDat aExchanger, (voi d**) & 3DDat aExchanger);
Throw f Ni | (i 3DDat aExchanger) ;
/1 3. Copy the data
f Dat a. CopyTi neDat a( kWt hAni m (TreeDat a*) i 3DDat aExchanger - >Get Ext ensi on-
Dat aBuffer() );
return MC_S
}

MCCOMErr COMTreePrim::Write
MCCOVErr COMTreePrim : Wite(lShTokenStreant stream

To be able to load and save our primitive we need two other methods

MCCOVErr COMIreePrim : Wite(lShTokenStreant stream
{

/1 W wite our attributes in this order Angle, Branche nbr and Step

stream >l ndent () ;
stream >Put Keyword(' Angl ") ;
st ream >Put Qui ckFi x(f Dat a. f Angl e) ;

stream >l ndent () ;
stream >Put Keyword(' Bran');
stream >Put Long( f Dat a. f NbBr anches) ;

stream >l ndent () ;
st ream >Put Keyword(' Step');
st ream >Put Long( f Dat a. f Recur si v) ;

gShel | 3DUtilities->WiteTi nreBased(stream IDTYPE('T ,'r','e" ,'e"), & Data);

return MC_S OK;
}

MCCOMErr COMTreePrim::Read

MCCOVEr r COMTr eePri m : Read(| ShTokenStreant stream ReadAttributeProc readUn-
known, void* privData)
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MCCOVEr r COMTr eePri m : Read(| ShTokenStreant stream

{

known, void* privData)

/'l the keyword has been read
int8 token[256];

real* Angle = O;

i nt32* Branches = 0;

int32* Recurs = O;

stream >Cet Begi n() ;

try
{
do
{
int16 err=stream >Cet Next Token(token);
if(err!=0) throw TMCException(err,0);
if (!stream >l sendToken(token))
{
i nt 32 keyword;
stream >Conpact Attri but e(t oken, &keyword);
switch (keyword)
{
case IDTYPE('T ,'r',"e" ,"¢e"):
gShel | 3DUti I ities->ReadTi neBased(stream &f Data);
br eak;
case IDTYPE('"A ,'n","'g" ,"I"):
st ream >Cet Qui ckFi x( &f Dat a. f Angl e) ;
br eak;
case IDTYPE('B', 'r', "a', 'n"):
stream >Cet Long( (i nt 32*) & Dat a. f NoBr anches) ;
br eak;
case IDTYPE('S', 't', 'e', 'p'):
stream >CGet Long( (i nt 32*) &f Dat a. f Recur si v) ;
br eak;
defaul t:
readUnknown( keyword, stream privData);
}
}
}
while (!stream >l sendToken(token));
}
catch(...)
{
t hrow;
}

return MC S OK;
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Writing a Light Source

Family ID : ’lite’

Interface ID : I[ID I3DExLightSource

Interface file : I3dExLight.h

Basic Implementation files: BasicCameraLightGel.h, BasicCameraLightGel.cpp

Overview

A light source creates light within a 3D scene. A light source extension has complete control of the light
intensity returned to the 3D Shell. A light can be finite, as in a spot light, or infinite, as in a distance light
source.
13dExLight has the following methods:

e SetTransform(TTransform3D* transform)

SetTransform() is called prior to any of the other methods. It can be used for pre-processing, and for
assigning the light transforms to a private variable.
e  GetDirection(const TVector3 &point,TVector3 &resultDirection,real &resultDistance)

GetDirection() receives a 3D point, called point, on the surface of an object. It is expected to return the
distance between the point and the center of the light source in resultDistance, and the direction vector
between the point and the light source in resultDirection.
e GetColor(const TVector3 &point,const TVector3 &direction,const real distance, TMCCo-
lorRGB &result,boolean &callForShadowEffect)

In GetColor() the specifics of the light extension are implemented. A 3D point, called point, contains a
point on the object’s surface. GetColor() should return true if this point is illuminated by the light, and false
otherwise. The variable direction and distance contain a direction vector between the point and the light
source, and the distance between the point and the light source. The variable result is used to return the
final color for the point as calculated by the light extension. The boolean variable callForShadowEffect
should return true if the light casts shadows, so that ShadowEffect() will be called during the calculation of
shadows.
e IsVisibleInPerspective()

IsVisibleInPerspective() returns true for lights which are visible in the perspective window. Lights which
are not visible in the perspective window, such as infinite lights, return false.
e ShadowEffect(real distance, TMCColorRGB &result)

ShadowEffect() is used to return the color of shadows in result based on the distance between the point on
the object’s surface and the light source, as given in the variable distance.

e ForEachShadowBuffer(ForEachShadowBufferCallback proc,void* priv)
ForEachShadowBuffer() is implemented for lights which support Shadow Buffering, as opposed to Ray-
Traced shadows.

e  GetLightInfo(boolean &hasLightCone,boolean &hasLightSphere,real &halfAn-

gle,TTransform3D &transform)

This is used to define several flags for the light source, particularly for lights similar to the spot light.
e  GetStandardLight( TStandardLight& light )

GetStandardLight() is an optional method used by the interactive renderer for a quick implementation of
the light.
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Location in the User Interface

Lights are added to a scene in the Assemble room from the Insert menu. If an Icon is provided as a Ulmg
resource, a button will be added to the toolbar as well. A light’s properties are edited in the Properties Tray.

Example: Beams Light

Description

This example creates a multi-spot or beams light. An example of the output of this light is below.

This picture was made with only one BeamsLight at the center of the scene.
Parameters

The following variables are used for the user-input parameters:
f Hor Aper t ur eAngl e: The Horizontal Angular Limt (-45 to 45).
f Ver Aper t ur eAngl e: The Vertical Angular Limt (-45 to 45).
flntensity: Li ght Source Intensity.
f NoBeansHori zont al | y: Number of Beans Horizontally.
f NoBeansVertically: Number of Beans Vertically.
f Li ght Col or: The color of the light.
f BeamAper t ur e: Angul ar limt of each individual beam

These are defined in Light.h as follows:
/| Data storage of our extension :
struct LightData

{

intl6 f Hor Aper t ur eAngl e; /1 Angular Linits of the light source

intl6 f Ver Aper t ur eAngl e; /1

real flntensity; /'l Light source intensity

intl6 f NoBeansHori zontal ly; // # of Beans Horiz. and Vert.

intl6 f NoBeansVertically; /1

TMCCol or RGBA f Li ght Col or; /1 Default color

intl16 f BeamApert ure; /'l Angular Linmt of the singular Beam
i

These are then mapped to the user interface parameters using the PMap resource in Light.r.

Note that the parameters within the LightData struct must be in the same order as in the PMap.

There are four functions in this example which are not methods of I3DExLightSource: LocalToGlobal(),
GlobalToLocal(), LocalToGlobalVector(), and GlobalToLocalVector(). They are used by GetColor() to
convert direction from global to local coordinates.
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Functions

Light::SetTransform
MCCOVEr r Li ght:: Set Transform( TTr ansf or nBD* transform

SetTransform() is called prior to any other methods. In this example it is implemented to copy the
transformations into the private variable fTransform:

MCCOVEr r Li ght:: Set Transform( TTr ansf or nBD* transform

{

f Transf ormF*transform
return MC_S K

Light::IsVisibleInPerspective

bool ean Light::1sVisiblelnPerspective()

IsVisibleInPerspective() is used to indicate if a light is visible in the 3D view. Infinite light sources, such as
the distant light, would return false. Lights such as bulb lights or spot lights return true.
bool ean Light::1sVisiblelnPerspective()

{

return true; // the source is not a distant light (like the sun)
/1 so it can be in the 3D perspective display.

}
Light::GetDirection
MCCOVErr Light:: GetDirection(const TVector3 &point, TVector3 & esultDirec-

tion,real &resultDi stance)

GetDirection() must calculate a vector from the lightsource center to the 3D position on the object’s surface
passed to the variable point. The vector is returned in resultDirection, and the length is returned in
resultDistance.

MCCOMVErr Light::GetDirection(const TVector3 &point, TVector3 & esultDirec-
tion,real & esultD stance)

{
(resultDirection)[0]=f Transform f Transl ati on[ 0] - (point)[0];
(resultDirection)[ 1] =fTransform fTransl ation[1]-(point)[1];
(resultDirection)[2]=fTransform fTranslation[2]-(point)[2]; // Vector from
surface point to the Light
resul t Di stance=sqrt((resultDirection)[0]*(resultDirection)[0] + (resultDi-
rection)[1]*(resultDirection)[1]
+(resultDirection)[2]*(resultDirection)[2]);
(resultDirection)[0] /= resultDi stance;
(resultDirection)[1] /= resultDi stance;
(resultDirection)[2] /= resultD stance;
return MC_S OK;
}
Light::GetColor

bool ean Light:: Get Col or (const TVector3 &point, const TVector3 &direction, const
real distance, TMCCol or RGB &result, bool ean &cal | For ShadowkEf f ect )

GetColor() implements the specifics of the light extension.
For the BeamsLight, regularly spaced beams are created as illustrated below.

©2001-2007 DAZ 3D, Inc. All rights reserved.



Page 110 Writing a Light Source

XorY axis
o
) o
7, axis
Maximum o
Aperture

This figure shows how the BeamsLight will illuminate the scene. Each beam will be separated by the angle:

_ MaxAperture
NbBeams — 1

If the number of beams is equal to one, the beam will be on the Z-axis as theta or phi will be equal to zero.

The local coordinate of the direction vector is calculated. After using GlobalToLocalVector() for
conversion, the beam index for the Horizontal and Vertical beams can be calculated:

9 + l) x (NbBeams + 1))

Index,; . = Nearestinte erO]((—
Hor & MaxAperture 2

With both the Horizontal and Vertical index, the nearest direction beam is found with these formulae:

Index,, 1
0 = MaxApertureHor x ( — —)
NbBeamsHor—1 2

Indexy,, 1
¢ = MaxApertureVer x( —)

NbBeamsVer—1 2

X = sinO - cos

V= 1|y = sing

z = cosO - coso
Once the two vectors are in the same coordinates system, the dot product is used to calculate the angle
between the main direction of the beam and the given direction:

> >
cos(AngleBeamDirection) = D -V
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To determine if the given direction is in the light beam, a comparison is made between half of the cosine of
the beam aperture and the cosine of AngleBeamDirection. 1f the latter is larger, then the point is in the beam
and the light illuminates the point.

The callForShadowEffect value is returned as true to tell the renderer that the light source creates shadows,
and that the renderer must call ShadowEffect().

GetColor() implements the equations above to create the light. It also returns TRUE if the light illuminates
the point, and FALSE otherwise:

bool ean Light:: Get Col or (const TVector3 &point, const TVector3 &direction, const

{

real distance, TMCCol or RGB &resul t, bool ean &cal | For ShadowkEf f ect )

TVector3 | ocal Vector,refDir;

real angl e, nearest _dir, hor, ver, theta, phi,r;
real cost het a, si nt het a, cosphi, si nphi ;

r eal cosdi fferenti al Angl €;

r eal angl eLi m t =360. 0;

cal | For Shadowkf fect =true; // We al ways want shadows for this |ightsource
d obal ToLocal Vect or (&f Transform di recti on, & ocal Vector);

/1 initialize result to default color (intensity included)

resul t =f Dat a. f Li ght Col or;

result.R*=fData.flntensity;

result.G=fData.flntensity;

result.B*=fData.flntensity;

/'l Nearest direction vector determ nation

i f (fData.fNoBeansHorizontally!=1)

{
/1l direction is calculated in the Spherical Coordinates (see Spheric Cam
era)
/'l -- Horizontal Determnination
angl e=at an2(| ocal Vector[0], | ocal Vector[2])*180. 0/ 3. 14159265358979323846;
/' Qui ckArcSi nCos( | ocal Vector[O0], | ocal Vector[2], angl e);
if (angle>anglelLimt/2.0)
{
angl e-=angl eLim t;
}
i f ((angl e>f Hor Ang+f BeamAngl €e) | | (angl e<-f Hor Ang- f BeamAngl e) )
return false; // the point is outside the maxi mum horizontal aperture
near est _dir=(angl e/ (f Hor Ang*2. 0) +0. 5) *((real ) f Dat a. f NoBeansHor i zont al | y-
1.0);
hor =f | oor (nearest _dir);
i f (nearest_dir-hor>0.5)
hor +=1. 0;
if (hor>((real)fData.fNoBeansHorizontally-1.0))
hor=((real)fData.fNoBeansHori zontal | y-1.0);
i f (hor<0.0)
hor =0. 0;
/'l hor nust be between 0 and f NbBeansHorizontal | y-1
t het a=f Hor Ang*2. 0* (hor/ ((real ) f Dat a. f NoBeansHori zontal | y-1)-0.5);
}
el se
{

t het a=0. 0;

if (fData.fNoBeansVertically!=1)
{
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/'l -- Vertical Determ nation
r=l ocal Vect or[ 0] *| ocal Vect or[ 0] +l ocal Vector[2] *| ocal Vector|[2];
r=sqrt(r);

angl e=at an2( | ocal Vector[1],r)*180. 0/ 3. 14159265358979323846; // Qui ckArcS-
i nCos(| ocal Vector[1],r, angl e);

if (angle>(angleLinmt/2.0))

{

}
i f ((angl e>f Ver Ang+f BeamAngl e) | | (angl e<-f Ver Ang- f BeamAngl e) )

return false; // the point is outside the nmaxi numvertical aperture

angl e-=angl eLim t;

near est _di r=(angl e/ (f Ver Ang*2. 0) +0.5) *((real ) f Dat a. f NoBeansVertical |l y-
1.0);
ver =f| oor (nearest _dir);
if (nearest_dir-ver>0.5)
ver +=1. 0;
if (ver>((real)fData.fNoBeansVertically-1.0))
ver=((real)fData.fNoBeansVertically-1.0);
if (ver<0.0)
ver =0. 0;
/1 ver nmust be between 0 and f NoBeansVertically-1
phi =(f Ver Ang*2.0) *(ver/((real )fData. fNboBeansVertically-1.0)-0.5);

}
el se
{
phi =0. 0;
}

/'l nearest direction vector

/1 Spherical Coordinates of the direction vector
si nt het a=si n(theta/ 180. 0*3. 14159265358979323846) ;
cost het a=cos(t heta/ 180. 0*3. 14159265358979323846) ; // Qui ckSi nCos(t het a, si n-
t het a, cost het a) ;
si nphi =si n( phi/180. 0*3. 14159265358979323846) ;
cosphi =cos( phi/180. 0*3. 14159265358979323846) ; // Qui ckSi nCos( phi, si n-
phi, cosphi);
ref Di r[ 0] =si nt het a*cosphi ;
refDir[ 1] =si nphi ;
ref Di r[ 2] =cost het a*cosphi ;
/1 Direction conparaison
cosdi fferential Angl e=refDi r[ 0] *| ocal Vector[0] + /1 dot product to get the
cosinus of the angle
refDir[1] *l ocal Vector[1] +
refDir[2]*l ocal Vector[2];
if (cosdifferential Angl e<fBeanilinit)
return false; // the point is outside the Beam
return true;

}
Light::ShadowEffect
MCCOVEr r  Li ght: : ShadowEf f ect (real di stance, TMCCol or RGB &resul t)

The Beams Light creates pure black shadows, so 0 is returned for the RGB channels in the variable result.
MCCOVEr r Li ght: : ShadowEf f ect (real di stance, TMCCol or RGB &resul t)

{
resul t. R=0.0;
resul t. G=0.0;
resul t. B=0. 0;
return MC_S X
}
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Writing a Post Render Filter

Family ID : “post’

Interface ID : IID I3DExPostRenderer

Interface file : I3DExPostRenderer.h

Basic Implementation file: BasicPostRenderer.h, BasicPostRenderer.cpp

Overview

A Post Render Filter operates on the pixels of an image after rendering. In addition to the pixel color data,
G-Buffers are provided with information about the distance, XYZ position, XYZ normals, Surface UV,
Alpha Channel, Diffuse color values, and more. See the Reference manual section on the
I3DExPostRenderer interface for a complete list.
With the G-Buffers, a wide variety of effects can be achieved. For example, the distance channel is used by
the Depth of Field settings to simulate camera focus as a post render effect.
I3DExPostRenderer has the following methods:

e GetBufferNeeds(uint32 &needs, void* renderer)

This method indicates which G-Buffers will be needed by the extension.
e PrepareDraw(IShRasterLayer *input,const TMCRect &bounds,IShChannel *buff-
ers[],I3DShScene *scene,TBox2D &uvBox)

PrepareDraw() is called prior to post-rendering.
e DrawRect(const TMCRect &outputRect,const TChannelDataBucket* output|[])

DrawRect() is where the desired effect is implemented.
e  FinishDraw()

FinishDraw() is used for any needed cleanup.

Location in the Interface

Post Render Filters are found on the Properties tray, under the filters tab, when the scene is selected from the
object list.

Example 1: Sand

Description

Sand is a simple example which manipulates the RGB data of each pixel. The value of each channel is
passed to a function, which generates a random value between 0 and the maximum value of each channel - 1.
If the random value is greater than or equal to the original, then the channel is turned off. Otherwise, it is set
to its maximum value of 16,384. The result is a ‘sandy’ effect.

No G-Buffers are needed, and there are no Ul parameters.

Functions

Sand::GetBufferNeeds
voi d Sand: : Get Buf f er Needs(ui nt 32 &needs, void *renderer)
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GetBufferNeeds() is used to indicate which G-Buffers are needed. None are used in this example:
voi d Sand: : Get Buf f er Needs(ui nt 32 &needs, void *renderer)

{
/I No GBuffers are needed for this exanple

needs = O;

}

Note: the second example needs G-Buffers.

Sand::PrepareDraw

MCCOVEr r Sand: : Prepar eDraw( | ShRast er Layer* input, const TMCRect & bounds,
| ShChannel * buffers[], |3DShScene* scene, |3DShCanera* renderingCanera,
const TBBox2D& producti onFrane)

The next function is PrepareDraw(). This function is called prior to DrawRect(). In this example, the
private variable fColorOffscreen is assigned to the input:
MCCOVEr r Sand: : Prepar eDr aw( | ShRast er Layer* i nput,

const TMCRect & bounds,

| ShChannel * buffers[],

| 3DShScene* scene,

| 3DShCaner a* renderi ngCaner a,

const TBBox2D& producti onFrane)

{
//fColorOffScreen is assigned to the input buffer
f Col or O f screen=i nput ;
return MC S OK;
}
Sand::DrawRect

MMCCOVEr r  Sand: : DrawRect (const TMCRect & out put Rect, const TChannel Dat aBucket *
output[], const TBBox2D &uvBox)

The third function is where the output takes place. In DrawRect(), each RGB channel is passed through the
RandomColor() function to turn the channel on or off:
MCCOVEr r Sand: : Dr awRect (const TMCRect & out put Rect, const TChannel Dat aBucket *
output[], const TBBox2D &uvBox)
{
const TChannel Dat aBucket *col or[ 3];
uint16 index[3]={0,1, 2};
f Col or O f screen->Get Ti | e(out put Rect, col or, i ndex, 3, eTi | eRead) ;

int32 x,y;
i nt 32 wi dt h=out put Rect. Get Wdt h();
i nt 32 hei ght =out put Rect . Get Hei ght () ;

for (y=0;y<hei ght;y++)

ui nt 16 *newRed=(ui nt 16*) out put [ 0] - >RowPt r 16(y) ;
uint 16 *newG een=(ui nt 16*) out put [ 1] - >RowPt r 16(y) ;
uint 16 *newBl ue=(ui nt 16*) out put[ 2] - >RowPt r 16(y) ;

uint16 *ol dRed =(ui nt16*) col or[ 0] - >RowPt r 16(y) ;
uint16 *ol dG een =(uint16*)col or[ 1] - >RowPt r 16(y) ;
uint16 *ol dBlue =(uint16*)color[2]->RowPtr16(y);
for (x=0;x<w dt h; x++)
{

newRed[ x] =RandontCol or (ol dRed[ x]) ;

newG een[ x] =Randontol or (ol dG een[ x]);
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newBl ue[ x] =RandontCol or (ol dBl ue[ x]) ;

}
}

f Col or O f screen->UnCet Ti | e(col or, i ndex, 3, fal se);

return MC_S X;

Sand::FinishDraw

MCCOVEr r  Sand: : Fi ni shDraw()

The final method, FinishDraw(), is called after DrawRect():
MCCOVEr r  Sand: : Fi ni shDraw()
{

f Col or O f scr een=NULL;

return MC_S OK;

Example 2: Color Balance

Description

In this example, a post render filter is implemented which adjusts the color balance. The Distance Channel

of the G-Buffers is used to add a feature to ignore the background.

Parameters

The following variables are used for the user-input parameters:

fRIntensity: Adj ust mrent value to the Red channel, as a percentage.

fAntensity: Adj ust mrent value to the Green channel, as a percent-
age.

fBlntensity: Adj ust mrent value to the Blue channel, as a percentage.

f1 gnor eBack: A bool ean value to ignore the background.

These are defined in ColorBalance.h as follows:
struct Col orBal anceDat a

{
real fRintensity; /1 Intensity in %
real fA ntensity; /1 Intensity in %
real fBlntensity; /1 Intensity in %
bool  flgnoreBack; /'l Ignore Background;
b

These are then mapped to the user interface parameters using the PMap resource in ColorBalance.r. Note
that the parameters within the ColorBalanceData struct must be in the same order as in the PMap.

Functions

ColorBalance::GetBufferNeeds

voi d Col or Bal ance: : Get Buf f er Needs(ui nt 32 &needs, void *renderer)

GetBufferNeeds() is implemented to indicate that the Distance Channel is needed:
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voi d Col or Bal ance: : Get Buf f er Needs(ui nt 32 &needs, void *renderer)

{
// Uses the Distance Channel

needs=( 1<<k32Di st ance) ;

}

ColorBalance:PrepareDraw

MCCOVEr r  Col or Bal ance: : Prepar eDr aw( | ShRast er Layer* i nput, const TMCRect & bounds,
| ShChannel * buffers[], |3DShScene* scene, |3DShCamnera* renderingCanera,
const TBBox2D& producti onFrane)

In PrepareDraw(), the private variable fColorOffScreen is assigned to the input and fZBuffer to the Distance
Channel:
MCCOVEr r  Col or Bal ance: : Prepar eDr aw( | ShRast er Layer *i nput, const TMCRect

&bounds, | ShChannel *buffers[],|3DShScene *scene, TBox2D &uvBox)

{
/1fColorOfScreen is assigned to the input buffer

f Col or O f scr een=i nput ;

/1 fZBuffer is set to the Distance Channel
f ZBuf f er =buf f er s[ k32Di st ance] ;

fDi stanceBuffer = new real[];

return MC_S OK;
}

ColorBalance::DrawRect

MCCOVEr r Col or Bal ance: : DrawRect (const TMCRect & out put Rect, const TChannel -
Dat aBucket* output[], const TBBox2D& uvBox)
In DrawRect(), the setup for the output is similar to Sand. In addition, a local variable, dist, is assigned to
the corresponding Distance Buffer value for each pixel:
MCCOVEr r Col or Bal ance: : DrawRect (const TMCRect & out put Rect, const TChannel -
Dat aBucket * output[], const TBBox2D& uvBox)
{
const TChannel Dat aBucket *col or[ 3];
uint16 index[3]={0,1, 2};
f Col or O f screen->Get Ti | e(out put Rect, col or, i ndex, 3, eTi | eRead) ;

real *di st=NULL;

int32 x,vy;
i nt 32 wi dt h=out put Rect. Get Wdt h();
i nt 32 hei ght =out put Rect . Get Hei ght () ;

voi d *baseAddress=(voi d*)fDi stanceBuffer;
f ZBuf f er - >Get Dat a( out put Rect, &f Di stance, baseAddress, eTil eRead);

for (y=0;y<hei ght;y++)

{
ui nt 16 *newRed=(ui nt 16*) out put [ 0] - >RowPt r 16(y) ;
ui nt 16 *newG een=(ui nt 16*) out put [ 1] - >RowPt r 16(y) ;
ui nt 16 *newBl ue=(ui nt 16*) out put [ 2] - >RowPt r 16(y) ;

uint16 *ol dRed =(ui nt16*)col or[ 0] - >RowPt r 16(y) ;
uint16 *ol dGeen =(uint16*)col or[ 1] - >RowPt r 16(y) ;
uint16 *ol dBlue =(uint16*)color[2]->RowPtr16(y);

d

st = (real *)fDi stance. RowPtr32(y);
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If the value of dist is equal to the background, and Ignore Background (fIgnoreBack) is true, then the
original value of the pixel is returned. Otherwise, the value of each channel is multiplied by the intensity
percentage set in the UL. Note that the result is checked to see if it is greater than 16,384 (0x4000h), which
is the maximum value for each channel:

for (x=0;x<w dt h; x++)

{
/1 I'n the Di stance Channel, the background color is 0x1e20
if (dist[x] !'= 1e20f || fData.flgnoreBack == fal se)
{
newRed[ x] = ol dRed[x] *(fData.fRI ntensity);
if ( newRed[x] > 0x4000) newRed[x] = 0x4000;
newG een[x] = oldGeen[x]*(fData.fd ntensity);
if ( newGeen[x] > 0x4000) newG een[x] = 0x4000;
newBl ue[ x] = ol dBl ue[ x] *(fData.fBlntensity);
if ( newBlue[x] > 0x4000) newBl ue[ x] = 0x4000;
else //Pixel is part of the Background and |gnore Background is True
{
newRed[ x] = ol dRed[ x];
newG een[ x] = ol dG een[x];
newBl ue[ x] = ol dBl ue[ x] ;
}
}/ 1 For Xx
Y/ For vy

f ZBuf f er - >UnCet Dat a( & Di st ance, f al se);
fCol or O f screen->UnCGet Ti |l e(col or, i ndex, 3, fal se);

return MC_S OK;

ColorBalance::FinishDraw

MCCOVEr r  Col or Bal ance: : Fi ni shDraw()

Finally, FinishDraw() is called. Any variables which were set in PrepareDraw() are cleared:
MCCOVEr r  Col or Bal ance: : Fi ni shDraw()

{

f Col or OfF f scr een=NULL;
f ZBuf f er =NULL;

delete [] fDi stanceBuffer;
f Di st anceBuf f er =NULL;

return MC S OK;
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Writing a Geometric Primitive

Family ID : ‘prim’

Interface ID : [ID I3DExGeometricPrimitive

Interface file : I3DExPrimitive.h

Basic Implementation file: BasicPrimitive.h, BasicPrimitive.cpp

Overview

A geometric primitive describes the geometry of an object. It is possible to implement it in one of three
ways: geometry only, geometry with a custom ray tracing method, or as a volumetric primitive.

To add a custom ray-tracing method you must inherit from the class IRaytracablePrimitive and
TBasicPrimitive. To create a volumetric primitive you must inherit from the class IVolumePrimitive and
TBasicPrimitive. See the reference guide for more information on these interfaces.

I3DExPrimitive uses the following methods:
e  GetBBox(TBox3D* bbox)

GetBBox() defines the initial bounding box for the primitive.
e  EnumPatches(EnumPatchesCallback callback, void* privData)

EnumPatches() implements the geometry of the object for spline patches.
e  GetNbrLOD(int16 &nbrLod)
e  GetLOD(int16 lodIndex,real &lod)

LOD stands for Level of Detail. LOD management allows the Shell to get multiple Facet Meshes from the
primitive depending on the rendering needs. An LOD value can be thought of as an "error" level such that a
low LOD value, indicating a low amount of error, produces a corresponding high number of polygons.
An LOD index of 1 indicates the best possible quality. If your primitive has a fixed set of facets,
GetNbrLOD() should return 1 to indicate a single level of detail. Otherwise, the lodIndex is used to
calculate the Jod. See the default implementation in BasicPrimitive.cpp as an example.

e GetFacetMesh(uint32 index, FacetMesh** outMesh)

e GetFacetMesh(real lod, FacetMesh** outMesh)

GetFacetMesh() is used to calculate the facets of the primitive based on the LOD or LOD Index. Only one
of these functions should return a FacetMesh. 1f GetFacetMesh(uint32 index) is implemented, then
GetFacetMesh(real lod) should return NULL.

e  GetUVSpaceCount()
e  GetUVSpace(uint32 uvSpacelD, UVSpacelnfo* uvSpacelnfo)
e  GetUVSpaceRDS5(uint32 uvSpacelD, UVSpacelnfoRDS5* uvSpacelnfo)

GetUVSpaceCount() defines the number of UV spaces for the primitive. GetUVSpace() defines the UV
values for each UV space.
GetUVSpaceRDS5() should be implemented if your primitive was ported from RDS 5 or earlier. It is used
to convert the UV space from the RDS 5 version to the current version so that RDS files containing the
primitive imported into the current application can be displayed and rendered correctly.
e  UV2XYZ(TVector2* uv, uint32 uvSpacelD, TVector3* resultPosition, boolean* inUVS-
pace)

This is an optional method to convert UV coordinates to XYZ coordinates for your object.
e CanBeSplit()

This method should return true if the primitive implements SplitPrimitive().
e  SplitPrimitive(TMCCountedPtrArray<I3DExGeometricPrimitive>& subParts,
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TMCArray<TTransform3D>& subPartPositions)

SplitPrimitive() builds a list of sub-parts of itself. The variable subPartPositions gives the relative position
of each sub part in the object’s local coordinates. Both arrays need to be of same size.
e AppendToRenderables(const TTransform3D& worldFromModelTfm, TRenderableAn-
dTfmArray& renderableAndTfm )

Retrieve the renderables information through AppendToRenderables().
e AutoSwitchToModeler()

AutoSwitchToModeler() returns true if the primitive should open in its modeler immediately after it is
inserted into the scene.

Location in the User Interface

Geometric primitives are added to the scene from the Insert menu in the Assemble room. If an Icon is
provided as a Ulmg resource, then the primitive will also add a button to the Toolbar.

Example 1: Flat

Description

The first example is simple geometry with two facets. There are no user parameters. This example provides
an icon which looks like a flat plane as a UImg resource.

Functions

Flat::GetFacetMesh
MCCOVErr Fl at:: Get Facet Mesh (ui nt 32 | odl ndex, Facet Mesh** out Mesh)

GetFacetMesh() is used to define the geometry. When you define the Vertices of your Facets, you must do
it in the Trigonometric order. If you don't do that you'll get an error message saying that you have invalid

normals.
MCCOVErr Fl at: : Get Facet Mesh (ui nt32 | odl ndex, Facet Mesh** out Mesh)
{

Facet MeshAccumnul at or acc;

real size = 10. 0f;

TFacet 3DaF,;

TVect or 3nor nal ;

nor mal [ 0] =0. Of ;
nor mal [ 1] =0. Of ;
nor mal [ 2] =1. Of ;

aF. f U/Space=0;
aF.fVertices[0].fVertex][0]=-size;
aF.fVertices[0].fVertex][1]=-size;
aF.fVertices[0].fVertex[2]=0.0f;
aF.fVertices[0].fUV[O0]=0.0f;
aF.fVertices[0].fUV[1]=0.0f;
aF.fVertices[0].fNormal =nor nal ;

aF.fVertices[1].fVertex[O0] =si ze;
aF.fVertices[1].fVertex[1] =-si ze;
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aF. fVertices[1].fVertex[2]=0.0f;
aF.fVertices[1].fUV[0]=1.0f;
aF.fVertices[1].fUV[1]=0.0f;

aF. fVertices[1].fNormal =nornal ;

aF.fVertices[2].fVertex[O0] =-size;
aF.fVertices[2].fVertex[1] =size;
aF. fVertices[2].fVertex[2]=0.0f;
aF. fVertices[2].fUV]0]=0.0f;
aF.fVertices[2].fUV[1]=1.0f;
aF.fVertices[2].fNormal =nor nal ;

acc. Accunul at eFacet ( &aF) ;

aF.fVertices[0].fVertex[O0] =size;
aF.fVertices[O0].fVertex[1]=size;
aF.fVertices[O0].fVertex[2]=0.0f;
aF.fVertices[0].fUV[O]=1.0f;
aF.fVertices[0].fUV[1]=1.0f;

aF.fVertices[1].fVertex[O0] =-size;
aF.fVertices[1].fVertex[1]=size;
aF.fVertices[1].fVertex[2]=0.0f;
aF.fVertices[1].fUV[0]=0.0f;
aF.fVertices[1].fUV[1]=1.0f;

aF.fVertices[2].fVertex[O0] =size;
aF.fVertices[2].fVertex[1]=-size;
aF.fVertices[2].fVertex[2]=0.0f;
aF.fVertices[2].fUV[O]=1.0f;
aF.fVertices[2].fUV[1]=0.0f;

acc. Accunul at eFacet ( &aF) ;

acc. MakeFacet Mesh( out Mesh) ;
return MC S OK;

Flat::GetBoundingBox
voi d Fl at:: Get Boundi ngBox( TBBox3D* bbox)

The initial bounding box is defined by implementing GetBoundingBox(). As this is a flat horizontal plane,
fmin[2] and fmax[2] are set to 0 to indicate no height along the Z-axis:
voi d Fl at:: Get Boundi ngBox( TBBox3D* bbox)
{

bbox->f M n[ 0] =-10.0f; //X

bbox- >f Max[ 0] =10. Of ;

bbox->f M n[ 1] =-10. 0f; //Y

bbox- >f Max[ 1] =10. 0f ;

bbox->fM n[2]=0.0f; //Z

bbox- >f Max[ 2] =0. Of ;

return MC S OK;
H

Flat::GetUVSpace
MCCOVErr Fl at: : Get UVSpace(ui nt 32 uvSpacel D, UVSpacel nf o* uvSpacel nf 0)

The UV space is described in GetUVSpace(). In this example, we only need to define fWraparound as false
because the object is already normalized such that the shell can calculate the UV values.
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MCCOVErr Fl at: : Get UVSpace(ui nt 32 uvSpacel D, UVSpacel nf o* uvSpacel nf o)

{
if (uvSpacel D == 0)
{
uvSpacel nf o->f Waparound[ 0] = false; // No Wap around
uvSpacel nf o- >f Waparound[ 1] = fal se;
}
return MC_S X;
}

Flat::GetUVSpaceCount
ui nt 32 Fl at:: Get UVSpaceCount ()
The number of UV spaces is defined in GetUVSpaceCount(). There is a single UV space covering the

entire surface.
ui nt 32 Fl at:: Get UVSpaceCount ()

{
}

return 1; // the flat is describe with only 1 UV-Space

Example 2: Star

Description

The 2nd example is a 3D Star. This example provides an icon which looks like a star as a Ulmg resource.

A Star with 5 branches
Parameters

The star has the following UI parameters:
fnbBranches: The nunber of points on the star, ranging from2 to 20.

This is defined in Star.h as follows:
struct StarData

{
int16 f NbBranches; // Number of branches of the 3D Star (from2 to 20)

b

This is then mapped to the user interface parameters using the PMap resource in Star.r. Note that the
parameters within the StarData struct must be in the same order as in the PMap.

The star is constructed by creating instances of the basic geometry rotated around a center point. The angle
between instances is calculated as shown below:
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Functions

\360°/(2*Nb Branches)

__—— RMax

RMin

Calculating the angle between instances

Star::GetFacetMesh
MCCOVErr Star:: Get Facet Mesh (ui nt32 | odl ndex, Facet Mesh** out Mesh)

GetFacetMesh() is used to define the geometry. When you define the Vertices of your Facets, you must do
it in the Trigonometric order. If you don't do that you'll get an error message saying that you have invalids

normals.
MCCOVErr Star:: Get Facet Mesh (ui nt32 | odl ndex, Facet Mesh** out Mesh)

{

TFacet 3D st ar Facet ;
TVect or 3 nornmal ;
Facet MeshAccunul at or st ar MeshAcc;

real angl e, angl estep, radi usl, radi us2;//,radi usswap, si nus, cosi nus;
real k360=3.1415926535897932384626233f * 2. 0f;

angl e=0. 0f ;

angl est ep=k360/ ((real ) f Dat a. f NoBranches) * 0. 5f;
radi us1=10. Of ;

radi us2=4. 0f ;

/'l Inferior Facets

/1 -- Common Vertex of each inferior facets
starFacet.fVertices[0].fVertex[0]=0.0f;

star Facet.fVertices[O0].fVertex[1]=0.0f;

star Facet.fVertices[O0].fVertex[2]=-4.0f;

st ar MeshAcc = MakeSt ar Facet ( star MeshAcc, starFacet, 2, 1, fData.fNbBranches
)

/1 Superior Facets

/1l -- \We change the z value for the conmon Vertice of superiors Facets

starFacet.fVertices[0].fVertex[2]=4.0;

st ar MeshAcc = MakeSt ar Facet ( star MeshAcc, starFacet, 1, 2, fData.fNbBranches
)

st ar MeshAcc. MakeFacet Mesh( out Mesh) ;
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return MC_S OK;

}
The UV definitions for this object are identical to Flat.

Example 3: TeaPot

Description

The Teapot example uses bi-cubic patches. A list of patches, found in TeaPotData.h, is used. The
callback() function is called once for each patch. This example does not include UV data for the patches.
There are no user-input parameters. This example provides an icon which looks like a tea pot as a Ulmg
resource.

Functions

TeaPot::EnumPatches
MCCOVEr r TeaPot : : EnunPat ches( EnunPat chesCal | back cal | back, void* privData)

EnumPatches() is implemented to create the TeaPot from the patch data:
MCCOVEr r Teapot : : EnunPat ches( EnunPat chesCal | back cal | back, void* privData)
{

int16 indexPatch;

TPat ch3D Teapot Pat ch;

i nt 16 uPat chl ndex, vPat chl ndex;

if (callback == NULL) return MC S CK;

Teapot Pat ch. f u[ 0] =0. Of ;
Teapot Pat ch. fu[ 1] =0. Of ;
Teapot Pat ch. f v[ 0] =0. Of ;
Teapot Pat ch. f v[ 1] =0. Of ;
Teapot Pat ch. f UVSpace=0;
Teapot Pat ch. f Reser ved=0;

for (indexPatch=0;i ndexPatch<NUM PATCHES; i ndexPat ch++)

{
for (uPatchl ndex=0; uPat chl ndex<4; uPat chl ndex++)
{
for (vPatchl ndex=0; vPat chl ndex<4; vPat chl ndex++)
{
Teapot Pat ch. f Verti ces[ uPat chl ndex] [ vPat chl ndex] [ O] =ver -
tex[ vertex_i ndex[indexPat ch][uPat chl ndex] [ vPat chl ndex]-1][0] * kTeapot -
Si ze;
Teapot Pat ch. f Verti ces[ uPat chl ndex] [ vPat chl ndex] [ 1] =ver -
tex[ vertex_i ndex[i ndexPat ch] [ uPat chl ndex] [ vPat chl ndex]-1][1] * kTeapot -
Si ze;
Teapot Pat ch. f Verti ces[ uPat chl ndex] [ vPat chl ndex] [ 2] =ver -
t ex[ vertex_i ndex[i ndexPat ch] [ uPat chl ndex] [ vPat chl ndex] -1][2] * kTeapot -
Si ze;
}
cal | back( &Teapot Pat ch, pri vDat a) ;
}

return MC S OK;
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}

Example 4: Sphere

Description

This example implements a geometric sphere, as well as a custom method for ray-tracing the primitive.
There are no user inputer parameters. This example provides an icon which looks like a sphere as a Ulmg
resource.

A Sphere

Note the inheritance in the object definition in Sphere.h includes IRaytracablePrimitive:
cl ass Sphere : public TBasicPrimtive, public |IRaytracablePrinmtive

This multiple-inheritance requires a custom implementation of AddRef() and QueryInterface() to specify
which ID should be returned.

EnumPatches() is used to create the geometry in a manner similar to the TeaPot example. The sphere
example differs in that each patch is created with a mathematical formula forming one eighth of a sphere.
See the full implementation below.

The boundingbox and UV space implementation are also similar to the previous examples.

Functions

Sphere::UV2XYZ

MCCOVEr r Sphere: : UV2XYZ( TVector 2* uv, uint32 uvSpacel D, TVector3* resultPosi-
tion, bool ean* inUVSpace)

This example implements UV2XYZ(). This method is used to convert from UV coordinates to XYZ

coordinates.

MCCOVEr r  Sphere: : UV2XYZ( TVector2* uv, uint32 uvSpacel D, TVector3* resultPosi-
tion, bool ean* inUVSpace)

{
real phi,theta;

real sinphi,cosphi;

real sintheta, costheta;

*i nUVSpace=tr ue;

if (((*uv)[0]<0.0f) || ((*uv)[O]>=kUrax)) *inUVSpace=fal se;
if (((*uv)[1]<0.0f) || ((*uv)[1]>=kVmaex)) *inUVSpace=fal se;
if (*inUY/Space == bool ean(true))

phi =(*uv)[0];
t het a=(*uv)[ 1] - (kVmex/ 2);

/'l Spherical Coordinates To XYZ- Coordi nat es
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si nphi =si n(phi);
cosphi =cos(phi); //phi.DegreeGetSi nCos(sinphi, cosphi);
sintheta=sin(theta);
cost heta=cos(theta); //theta.DegreeCet Si nCos(sintheta, costheta);
(*resul t Posi tion)[0] =cosphi *cost het a;
(*resul t Posi tion)[ 1] =si nphi *cost het a;
(*resul t Posi tion)[2]=sintheta;
(*resultPosition)[0] *= kDefaul t Spher eRadi us;
(*resultPosition)[1l] *= kDefaul t Spher eRadi us;
(*resultPosition)[2] *= kDefault SphereRadi us;

}

return MC_S_OK;

}
Sphere::RayHit

MCCOVErr Sphere:: RayH t ( bool ean* didHi t, Ray3D* aR, RayHi t Paraneters*

RayHi t Par ams, RayHi t3D* hit)

A custom ray-trace method can now be implemented. If you can give the real coordinate of an intersection
between a ray and the surface of the object, it is possible to optimize the ray-tracing methods. The final
image is better because the object is not approximated.

RayHit() is implemented to determine if an intersection between the ray being calculated and the sphere
occurred:

MCCOVErr Sphere:: RayH t ( bool ean* didH t, Ray3D* aR, RayHi t Paraneters*

RayHi t Par ans, RayHit3D* hit)

{
TVector3 Origi nToCent er;
real Di recti onNor n2;
r eal dot Product ;
real t; /1l Sphere Center = Ray Origin +t * Ray Direction
TVector3 CH; /1 position of the center projected on the ray
real di st CH2; /'l square of the distance of the projected point
real resT,;
real del t a, del t a2;
real radi us2=kDef aul t Spher eRadi us* kDef aul t Spher eRadi us;

OiginToCenter[0] =-aR->f Origin[0];
OiginToCenter[1] =-aR->f Origin[1];
OiginToCenter[2] =-aR->f Origin[2];

DirectionNorn2 = aR->fDirection[0] *aR->fDirection[0] +
aR->fDirection[1]*aR->fDirection[1] +
aR->fDirection[2]*aR->fDirection[2];

dot Product = aR->fDirection[0] *Ori gi nToCenter[0] +
aR->fDirection[1] *Origi nToCenter[1] +
aR->fDirection[2]*Origi nToCenter[2];

t =dot Product/ Di r ecti onNor n2;

CH O] = aR->fOrigin[0] + aR->fDirection[0]*t;
CH 1] = aR->fOrigin[1] + aR>fDirection[1]*t;
CH 2] = aR>fOrigin[2] + aR>fDirection[2]*t;

distCH2 = CHO]*CH 0] + CH 1]1*CH 1] + CH[ 2]*CH[ 2];
if (distCH2 > radius2)
{

*didHt = fal se;

}
else if (distCH2 == radius2)
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}

{
resT =t,;
*didHit = true;
}
el se
{
/1 di st CH2<r adi us2
*didHt = true;
delta2 = (radius2-distCH2)/DirectionNorng;
delta = sqrt(delta2); //delta2. CGet SquareRoot (delta);
resT = t-delta;
if (resT<=RayHit Parans->tni n)
{
resT = t+delta;
}
}
if (resT<=RayHit Parans->tni n)
{
*didHt = fal se;
}
if (resT>RayHit Par ans- >t nax)
{
*di dHi t =f al se;
}
if (*didH t== bool ean(true))
{
hit->fPointLoc[0] = aR->Oigin[0] + aR->fDirection[0]*resT;
hit->fPointLoc[1l] = aR->Oigin[1l] + aR->Direction[1]*resT;
hit->fPointLoc[2] = aR->fOrigin[2] + aR->fDirection[2]*resT,
hi t - >f Nor mal Loc[ 0] = hit->fPointLoc[0] / kDefaultSphereRadi us;
hi t->f Normal Loc[ 1] = hit->fPointLoc[1] / kDefaultSphereRadi us;
hi t->f Normal Loc[ 2] = hit->fPointLoc[2] / kDefaultSphereRadi us;
hit->ft = resT;
hit->fCalclnfo = GetDetails;
}
return MC_S OK;

Sphere::GetRayHitDetails
MCCOVErr Sphere:: Get RayHi t Det ai | s(RayHi t 3D* hit)
If a hit occurs, GetRayHitDetails() is called:
MCCOVErr Sphere:: Get RayHi t Det ai | s(RayHi t 3D* hit)
{ real phi,theta,rxy;

real sinphi,cosphi, sintheta,costheta;

if (!hit->fShoul dSet UV && ! hit->f Shoul dSet | soUV)

phi = atan2(hit->fNornmal Loc[ 1], hit->f Normal Loc[0]);

Cos( hi t->f Nornmal Loc[ 1], hit->f Nornmal Loc[0]);

return MC_S OK;

/1 phi . Degr eeSet Fr onfSi n-

rxy = hit->fNornal Loc[ 0] *hit->f Nor mal Loc[ O] +hi t - >f Nor mal Loc[ 1] *hi t - >f Nor nal -

Loc[ 1];
rxy = sqrt(rxy); //rxy.GetSquareRoot (rxy);

theta = atan2(hit->f Normal Loc[ 2], rxy); //theta.DegreeSetFronfi nCos(hit->fNor-

mal Loc[ 2], rxy);
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i f (hit->fShoul dSet UV)

{
hit->f UV 0] = phi;
i f (theta>kVmax)
{

theta = theta - (kVnax*2);

}
hit->fUV[ 1] = theta+(kVmax/?2);

}

i f (hit->fShoul dSetlsoUV)

{
si nphi = sin(phi);
cosphi = cos(phi); //phi.DegreeCetSi nCos(sinphi,cosphi);
sintheta = sin(theta);
costheta = cos(theta); //theta. DegreeGet Si nCos(sintheta, costheta);
hit->flsoU 0] = -sinphi*kDefaultSphereRadi us;
hit->flsoU 1] = cosphi *kDef aul t Spher eRadi us;
hit->flsoV[2] = 0.0f;
hit->f1soV[0] = cosphi*sintheta*kDefaul t Spher eRadi us;
hit->flsoV[1] = sinphi*sintheta*kDefaul t Spher eRadi us;
hit->flsoV[2] = costheta*kDef aul t Spher eRadi us;

}

return MC_S

}

MCCOMET'rr Sphere::IsInfiniteBB
MCCOVErr  Sphere: : |slnfiniteBB(bool ean & slnfinite)
IsInfinteBB() is implemented to indicate that the sphere has finite bounds:

MCCOVErr Sphere::IslnfiniteBB(boolean & sInfinite)
{

islnfinite = fal se;
return MC_S OK;
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Writing a Shader

Family ID : ‘shdr’

Interface ID : IID I3DExShader

Interface file : I3DExShader.h

Basic Implementation file: BasicShader.h, BasicShader.cpp

Overview

Shaders define a value for each point in the UV space of an object. They are used by the renderer to
calculate the appearance of an object in the rendered image. A shader is comprised of a group of channels
(color, transparency, reflections, etc.) which are combined to form a complete shader.
The most common type of shader extension is a sub-shader. A sub-shader is like a building block which can
be combined with other sub-shaders by the user to create a more complex shader. A sub-shader is added to
an individual channel and returns a value, color, or vector by implementing at least one or more of the
following functions:

¢ GetValue(real& result,boolean& fullArea,ShadingIn& shadinglIn)

e GetColor(TMCColorRGB& result,boolean& fullArea,ShadingIn& shadingln)

e GetVector(TVector3& result,Shadingln& shadingIn)

In each of these examples, the input Shadingln describes a single point in the UV space.
In addition to sub-shaders, it is possible to implement a shader which controls all channels by implementing
an additional method:

e DoShade(ShadingOut &result, ShadingIn& shadingln)

All shaders and sub-shaders must also implement the following methods:
e IsEqualTo(I3DExShader* aShader)
e  GetShadingFlags(ShadingFlags& theFlags)
¢  GetlmplementedOutput()

IsEqualTo() is used by the shell to compare two shaders. GetShadingFlags() tells the shell which
parameters to use. For more details on the ShadingFlags structure, see the descriptions of the data structure
in the reference guide. GetImplementedOutput() indicates which method will be implemented
(GetValue(), GetColor(), etc.), and if a ShadedArea implementation will be used.

Location in the User Interface

Shaders and sub-shaders are found in the Texture room. Sub-Shaders are added to each channel of a shader
individually. They can be combined with functions (mix, add, etc.) to form more complex shaders. Shaders
are selected from the shader list.

Example 1: Checker

Description

The first example is a sub-shader which returns a value to create a checkerboard across the surface of an
object. It implements both the shadingln and ShadedArea methods.

Parameters

The following variable for the user-input parameters is used:
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fNb[2]: The horizontal and vertical nunber of checkers.

This is defined in Checker.h:
int32 fNb[2];// Contains the Horizontal (fNo[O]) and Vertical (fNo[1]) val ues

The elements within the array are mapped to the UI using a basic PMap. Note that they must be in the same

order as in the PMap.
The Horizontal and Vertical checkers are mapped along the UV space of the object.

U-V Coordinates on a Surface

The UV coordinates of the object are labeled nbSquareU and nbSquareV:

u
The following formula is used to calculate the pattern:
u—-u,,.
n, = —2 . nbSquareU
Umax = Ymin

Each number in the square is the addition of the integer part of nu and nv. The even and odd values form a
checkerboard.

Functions

Checker::IsEqualTo

bool ean Checker: : | sEqual To(| 3DExShader* aShader)
This simply returns True if this shader and the shader passed to the function are equal, and False otherwise:
bool ean Checker: : | sEqual To(| 3DExShader* aShader)

{
return ((fNb[O0]==((Checker*)aShader)->fNpb[0]) &&
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(fNo[ 1] ==(( Checker *) aShader)->f Nb[1]));
}

Checker::GetShadingFlags
MCCOVEr r Checker : : Get Shadi ngFl ags( Shadi ngFl ags& t heFl ags)

GetShadingFlags() tells the 3D Shell which parameters the sub-shader uses. This way, only the minimal
number of parameters are calculated (for more details on the ShadingFlags structure, see the descriptions of
the data structure in the reference guide).

In this implementation, the need for UV-Coordinates is indicated:

MCCOVEr r Checker : : Get Shadi ngFl ags( Shadi ngFl ags& t heFl ags)

{
t heFl ags. f NeedsUV = true;// W need UV coordinates
t heFl ags. f Const ant Channel sMask = kNoChannel ;
return MC_S X;

}

Checker::GetlImplementedOutput
EShader Qut put Checker: : Get | npl enent edQut put ()
In the function GetlmplementedOutput(), kUsesGetValue is returned to indicate that we will use

GetValue() (the shadingln implementation).
EShader Qut put Checker:: CGet | npl enent edQut put ()

{
return kUsesGet Val ue;// We use Get Val ue
}
Checker::GetValue

MCCOVEr r Checker: : Get Val ue(real & resul t, bool ean& ful | Area, Shadi ngl n& shadi ngl n)

In this example, a value of either 0.0 or 1.0 is returned to define the checkerboard. In the first

implementation of GetValue(), a value is returned for each UV point. Shadingin defines the point, and the

return value is assigned to the variable result. fMul was assigned to fNb in ExtensionDataChange():

MCCOVEr r Checker: : Get Val ue(real & resul t, bool ean& ful | Area, Shadi ngl n& shadi ngl n)
/1 Wthout shading area

{
real tenpx = shadingln.fuUvO0] * fMil[O0];
real tenpy = shadingln. fuv1] * fMil[1];
if (MyEven(int32(Real Fl oor(tenpx) + Real Fl oor(tenpy))))
{
result = kReal Zero;
}
el se
{
result = kReal One;
}
full Area = true;
return MC S OK;
}
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Example 2: Rainbow

Description

The second example is a sub-shader which returns a color for a point. This sub-shader uses the surface
normal, with either Local or Global Coordinates, to generate a color in the RGB color cube.

»Green

0,5

Red

Parameters

The following variables are used for the user-input parameters:
flntensity: The intensity, as a percentage.
f ModeLocal Ord obal: Flag to use |ocal or global coordinates.

These are defined in Rainbow.h as follows:
struct Rai nbowShader Publ i cDat a

{

intl6 flntensity; // Intensity of the rainbow
int32 f ModeLocal Ord obal ;// Mde of the rainbow ( Local or d obal )
i

These are then mapped to the user interface parameters using the PMap resource in ColorBalance.r. Note
that the parameters within the RainbowShaderPublicData struct must be in the same order as in the PMap.

Functions

Rainbow::GetShadingFlags
MCCOVEr r  Rai nbow: : Get Shadi ngFl ags( Shadi ngFl ags& t heFl ags)
Unlike the checker example, the Rainbow Shader uses the Normal rather than the UV coordinates.

GetShadingFlags() is implemented to reflect this:
MCCOVEr r  Rai nbow: : Get Shadi ngFl ags( Shadi ngFl ags& t heFl ags)

{
t heFl ags. f NeedsUV = fal se;
t heFl ags. f Const ant Channel sMask = kNoChannel ;
return MC_S OK;

}

Rainbow::GetImplementedOutput
ui nt 32 Rai nbow. : Get | npl enent edQut put ()
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Rainbow::

As in the checker example, GetlmplementedOutput() is used to indicate that GetColor() is implemented,
with only the Shadingln method used:
ui nt 32 Rai nbow: : Get | npl ement edQut put ()

{
}

return kUsesGet Col or ;// the Rai nbow Shader is a Col or Shader

GetColor

MCCQOVETr r

shadi ngl n)

GetColor() is implemented to convert the UV coordinates to a point in the color cube:

MCCQOVETr r

{

Rai nbow: : Get Col or ( TCol or RGBA& resul t, Shadi ngl n& shadi ngl n)

real tenp = RainbowPublicData.flntensity;

i f (Rai nbowPubl i cDat a. f ModeLocal Or @ obal ==1)

(((shadi ngl n. f Nor mal Loc. x) *t enp)/ 2) +0. 5;
(((shadi ngl n. f Normal Loc.y)*tenp)/2)+0.5;
(((shadi ngl n. fNormal Loc. z) *tenp)/ 2) +0. 5;

oo
oo

(((shadingl n. fGNormal . x)*tenp)/2)+0.5;
(((shadi ngl n. fGNornal .y)*tenp)/2)+0.5;
(((shadi ngln.fGormal .z)*tenp)/2)+0. 5;

oo
oo

t enp/ =100. O;
{
result.
result.
result.
}
el se
{
result.
result.
result.
}
full Area

= true;

return MC_S OK;
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Writing a Lighting Model

Family ID : ‘shdr’

Interface ID : IID I3DExShader

Interface file : I3DExShader.h

Basic Implementation file: BasicShader.h, BasicShader.cpp

Overview

A lighting model describes the way the light interacts with the objects it intersects. A very well-known and
widely used model is Phong’s model, based on three components: ambient light, diffuse light and specular
light. Yet, other models are possible and sometimes physically more accurate.

The interface of the Carrara shaders enables you to implement a lighting model as a shader, which provides
the user with infinite possibilities (having several objects with different behaviors regarding their lightings).

We want this particular type of shader to control all channels, so besides the methods seen in “Writing a
Shader”, we need to implement:
e DoShade(ShadingOut &result, ShadingIn& shadingln)

In the basic shader class (7BasicShader), the method which deals with the lighting is:
e ShadeAndLight(LightingDetail& result, const LightingContext& lightingContext, I3DShShader*
inShader)
But, since this method calls subroutines, you can choose to only override the subroutines:
e CalculateDirectLighting(LightingDetail& result, const LightingContext& lightingContext)
(which is most often the only one you have to override)
CalculateReflection(TMCColorRGB& reflectionColor, const LightingContext& hightingContext,
const ShadingOut& shading)
CalculateCaustics(TMCColorRGB& causticColor, const LightingContext& hightingContext,
const ShadingOut& shading)
CalculatelndirectLighting(TMCColorRGB& indirectDiffuseColor, const LightingContext&
lightingContext, const ShadingOut& shading)
ApplyTransparency(TMCColorRGBA& resColor, const LightingContext& hightingContext,
const ShadingOut& shading)
ApplyAlpha(TMCColorRGBA& resColor, const LightingContext& hightingContext, const Shad-
ingOut& shading)

Location in the User Interface

A Lighting Model is accessed through the Top Shader menu of the Shader dialog of any object (in the
Texture Room).

Example: Anisotropic Lighting
Description

In this example, we implement an anisotropic lighting model, which means that the light interacts with the
object given a particular spatial direction, whereas there is no such direction in Phong’s model. Nonetheless,
we keep the three-component base idea of the latter. We actually only change the normal vector used in the
default model.

We want a lighting model that fits some specific materials for which the default model is not good enough.
Indeed, Phong’s model enables the lighting of surfaces whereas some materials are best regarded as a set of
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lines (instead of a continuous surface). It’s the case for Christmas satin balls or vinyl records. Therefore, the
lighting model we’ll use must be designed for lines.

And the big difference between a line and a surface is that you have multiple normals for a point on a line,
and only one normal for a point on a surface. Thus, we need to decide which one we’ll pick for the
calculation. This vector will replace the normal vector in Phong’s model.

Here are the commonly used notations for the Phong model :

A N (normal)
(toward the light) L
V (toward the eye)

surface

and I is the outcoming light, I, is the ambient light, 19 is the incoming light, k4 and kg are the diffuse and
specular colors, R is the reflection of L at N and n is a roughness parameter.

> 3 > >
I=1I,+(k;xNeL+kx(Re?))xI'

Whereas, when it comes to lightening a line, you have several choices for N (because there is only one
tangent direction). Thus, the new model becomes:

N|(normal chosen)
(toward the light) L

V (toward the eye)

prmal plane

line | ™
The normal vector we’ll use is the projection of the incoming light vector L into the normal plane (defined
as perpendicular to the tangent vector). As a result, the lighting model depends on the choice of a particular
direction, which is why it is called anisotropic. You’ll see that the lighting of a simple sphere will
significantly change when you merely translate it.

Now, when you want to apply such a lighting model to an object (as a shader), there is no obvious line on the
object’s surface! So, we need to create these lines by defining a tangent vector.

Parameters

The following variables are used for the user-input parameters:
fClusterValue: ID of the Iines configuration

f UVAngl e: custom zabl e orientation of the lines
This is defined in SimpleLightingModel.h as follows:
struct PMap
{
TMCCount edPt r <I ShPar anet er Conponent >f Shader; // subl evel shader
int32 f C ust er Val ue;
real 32 f UVANgl e;
s

This is then mapped to the user interface parameters using the PMap resource in SimpleLightingModel.r.
Note that the parameters within the PMap struct must be in the same order as in the PMap.
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Functions

As for every given shader, we need to implement GetImplementedOutput and GetShadingFlags.
Moreover, we’ll use DoShade to compute the shading accordingly to the first sub-shader (it’s a Multi-
Channel shader by default). Finally, the lighting model will be implemented in CalculateDirectLighting.

TSimpleLightingModel::GetImplementedOutput
EShader Qut put TSi npl eLi ghti nghvbdel : : Get | npl enent edQut put ()

In the function GetImplementedOutput(), kUsesDoShade is returned to indicate that DoShade() will be

used for the shading.
EShader Qut put TSi npl eLi ghti nghbdel : : Get | npl ement edQut put ()

{

}
TSimpleLightingModel::GetShadingFlags
MCCOVEr r  TSi npl eLi ght i ngMbdel : : Get Shadi ngFl ags( Shadi ngFl ags& t heFl ags)

return kUsesDoShade;

In the function GetShadingFlags(), we browse all the sub-shaders to get all the necessary flags and we
finally ask for the UV isoparameters (the two vectors that describe the curvature of the surface on a given
point), that we’ll use in our lighting model.

MCCOVEr r TSi npl eLi ghti ngModel : : Get Shadi ngFl ags( Shadi ngFl ags& t heFl ags)

{
TMCPt r Array<l 3DShShader >: :iterator iter(*fShaderList);
for(13DshShader* theShader = iter.First() ; iter.Mre() ; theShader =
iter.Next())
{
i f (theShader)
{
Shadi ngFl ags subFl ags;
t heShader - >Get Shadi ngFl ags( subFl ags) ;
t heFl ags. Conbi neFl agsW t h( subFl ags) ;
}
}
t heFl ags. f Needsl soUV = true;
return MC_S OK;
}

TSimpleLightingModel::DoShade
MCCOVEr r  TSi npl eLi ghti ngModel : : DoShade( Shadi ngQut & esult, Shadi ngl n& t heShadi n-
gl n)

DoShade is used to call the DoShade method of the sub-level shader, if there is one.
MCCOVEr r TSi npl eLi ghti ngModel : : DoShade( Shadi ngQut &result, Shadi ngl n& t heShadi n-

gl n)
{
| 3DShShader* const shader = (*f ShaderList)[O0];
i f (shader)
{
shader - >DoShade(resul t, t heShadi ngl n);
}
return MC_S X;
}
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TSimpleLightingModel::CalculateDirectLighting

voi d TSi npl eLi ghti nghvbdel :: Cal cul at eDi rect Li ghti ng(Li ghtingDetail & result, const
Li ghti ngCont ext & | i ghti ngCont ext)

It’s in this method that we’ll compute the lighting model. The goal is to fill result.fAmbientLight,
result.fDiffuseLight and result.fSpecularLight. In addition, result.fShadingOut provides a lot of
information regarding the point that is being shaded (color, normal vector, glow color, specular color...).

The lightingContext parameter provides us with valuable information related to the lighting, such as:

o lightingContext.fLighting Flags which gives information about the lighting settings that have been
chosen (see the definition of the LightingFlags structure for more information),

o lightingContext.fRaytracer which enables us to reach the different lights of the scene,

e lightingContext.fReflectDir which is the reflection of the viewer vector V at the normal vector N.
[ ]

To be able to compute the diffuse and specular components, we have to determine how lines are drawn on
the surface of the object. The user can choose between three modes:

o the lines are horizontal (just like the latitude lines on the globe),

o the lines are vertical (just like the longitude lines on the globe),

o the lines are in an intermediate mode, whose angle is given by the user.

The choice of the mode leads to the determination of a tangent vector. At this point, we use the principle
described above to choose a normal vector and then apply the Phong model.

For the ambient light, use:
const TMCCol or RGBA& anbi ent Li ght = |ighti ngCont ext. Get Anbi ent Li ght () ;

For the diffuse and specular lights:

result.fDiffuseLi ght = TMCCol or RGB: : kBl ack;
resul t.f Specul arLi ght = TMCCol or RGB: : kBl ack;

These are the diffuse and specular colors, used in the Phong model:
const TMCCol or RGB&di f f Col or = shadi ng. f Col or;
const TMCCol or RGB&specCol or = shadi ng. f Specul ar Col or;

Use the raytracer to get the number of lights and to reach information from each of them:
| 3DExRaytracer* raytracer = |ightingContext.fRaytracer;
const int32 |ightCount = raytracer->CetLightCount();

Store the direct lighting information (color and direction) of each light:
DirectLighting directLighting;

const TMCCol or RGB& |ighting = directLighting.fLightColor;

const TVector3& lightDirection = directlLighting.fLightDirection;

for (int32 lightlndex = O;lightlndex<lightCount; I|ightlndex++)
{

if (raytracer->CetLightlintensity(directLighting,!lightlndex,!|ightingCon-
text,lightingContext.flllunBettings.fShadowsOn))

{

}
}
Once we have selected a mode for the lines, we determine the tangent vector, then the normal vector so that
we can compute the diffuse light and finally we use the vector in the viewing point direction to compute the
specular light.
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Writing a Terrain Filter

Family ID : ‘tfil’

Interface ID : I[ID I3DExTerrainFilter

Interface file : I3DExTerrainFilter.h

Basic Implementation file: BasicTerrainFilter.h, BasicTerrainFilter.cpp

Overview

Terrain Filters are used to generate a terrain (in this case, we call them Generators) or to bring high-level
changes to the shape of an existing terrain. For instance, once you have created mountains, you may want
them to appear eroded. A Terrain Filter is designed to perform this kind of transformation on the height map
of a terrain. To do so, you need to implement these I3DExTerrainFilter methods:
e  Shuffle()
e Filter (TMCArray<real>& heightField, TVector2& heightBound, const TIndex2& size,

const TVector2& cellSize)
e CanBuildPreview()
Shuffle() is the method in which you want to initialize the seed of a random distribution. Filter() is the
method which computes the transformation of the height field. CanBuildPreview() returns true if the filter
can build a preview of the final map by working on a smaller map.

Location in the User Interface

All Terrain Filters are accessed through the Filter menu of the Terrain Modeler dialog.

Example: Conical Crater

Description

This example tends to dig a conical crater at the middle of an existing terrain. The user can choose the radius
of the crater. The filter merely applies a multiplicative factor (between 0 and 1) to the height field.

Az
height field

/\ 1 filter /\

I

radius

Parameters

The following variable is used for the user-input parameters:

f Radi us: radi us of the conical crater.
This is defined in Camera.h as follows:
struct TParaneter Map

{
TPar anet er Map() ;
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real fRadius;
b
This is then mapped to the user interface parameters using the PMap resource in SimpleTerrainFilter.r.
Note that the parameters within the TParameterMap struct must be in the same order as in the PMap.

A Terrain Filter can be seen as a function of a height field which generates a new height field. In this simple
example, the transformation applied to the height field is a multiplicative coefficient that only depends on
the distance between the map’s points and the map’s center. For each point, if this distance is greater than the
crater’s radius (specified by the user), then the factor is equal to 1 (we do not modify the terrain). Otherwise,
the factor is linearly interpolated between 0 (at the map’s center) and 1 (on the crater’s limit).

Functions

In this case, we do not need any random numbers so Shuffle() will have no instructions. Filter() actually
performs the transformation for every point of the height field (terrain map). We can have a preview of this
filter on small maps so CanBuildPreview() will return true.

TSimpleTerrainFilter::Filter

void TSinpleTerrainFilter::Filter( TMCArray<real >& hei ght Fi el d, TVect or 2& hei ght -
Bound, const TIndex2& size, const TVector2& cell Size)

heightField is a 1-dimensional array that contains the heights of the map’s points. To be updated.

heightBound contains the minimum and maximum values of the height field. To be updated .

size gives the number of points in the map along the x-axis and y-axis.

cellSize gives the number of points in each cell (portion of a plane) along the x-axis and y-axis.

Given these parameters, we can go through each point of the map, calculate the multiplicative coefficient
from its coordinates and apply it to the existing height of this point.

Note that the filter must be independent of the size of the map (the filter should work the same whatever the
size). Therefore, the map’s coordinates must be scaled to the [0 ; 1] interval (or any other determined
interval) before calculating the coefficient.

Start with index = 0 ; min = INFINITE ; max = - INFINITE ;
For each point (X, y) of the map, do:

e scale the coordinates: xx = x / size.x and yy =y / size.y,
calculate the factor A(xx, yy),

multiplies heightField[index] by A(xx, yy),

if necessary, update min and max,

increments index.

Note: since the heightField is one-dimensional, the order you choose to browse the points of the map does
matter. The convention is : for every y, for every x, do.
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Writing a Volumetric Effect

Family ID : “Volu’

Interface ID : IID I3DExVolumetricEffec

Interface file : I3DExVolumetricEffect.h

Basic Implementation file: Basic VolumetricEffect.h, BasicVolumetricEffect.cpp

Overview

A Volumetric Effect aims at modifying the perceived colors of the objects and background of the scene, just
like an Atmosphere does. However, as any other effect, a Volumetric Effect applies to a certain type of
object that you choose (lights, primitives, etc.). The idea is that the color is altered along the ray of light that
starts from a given position and reaches the object or the background. For instance, the effect can be
produced by a light (e.g. a light cone effect) or any given object (e.g. aura effect). This enables you to
simulate some nice and complex lighting effects.

For that purpose, you need to implement the following interface methods from I3DExVolumetricEffect:

e Initialise(I3DShScene* scene)

e DirectionFilter(const TVector3& origin, const TVector3& direction, real maxt,
TMCColorRGBA& inOutFilter, boolean isShadowCasting)

Initialise() is called at the beginning of the rendering of a frame and allows you to create caches for your

effect. DirectionFilter() should filter a color along a ray with the Volumetric Effect. When the function is

called, inOutFilter contains the color of an object at the end point. When it returns, inOutFilter should have

been modified to include the filtering effect.

You will also have to implement a Basic Data Component to connect your Volumetric Effect to a certain
type of object (and to the Shell). Two interface methods from the I3DExDataComponent structure (see
I3dExRenderFeature.h) will have to be overridden:

e IsActive(I3DShTreeElement *tree)

e  GetVolumetricList(TMCArray<IDType>& idArray)

See “Writing a Data Component” for more information on data components.

Location in the User Interface

A Volumetric Effect is accessed through the Effects panel of the Properties tray, in the Assemble room. For
instance, if it applies to lights, you will have to select a light to be able to see the Volumetric Effect in the
panel.

Example: Light Cone Effect

Description

The light rays of a basic spot light are only made visible by the energy reflected by the objects it sees. What
you may want to see from your light source, is a light cone. It enables you to easily produce some nice
effects, such as car lights in a foggy night or laser beams in a night club.

To apply such a Volumetric Effect, we need to reach the lights that use this effect and compute the filtering
effect produced by each of them.

The principle of the algorithm is then quite straightforward:

e for each light L in the scene that has the Light Cone Effect activated, do:
e calculate the intersection of the ray with the light cone of L
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e in general, we have two points of intersection, thus the length of the ray inside the cone
e calculate the effect’s intensity coefficient / from this length
e add to the object’s color a color inferred from 7 and L’s color.

Note that we can easily add a fall-off parameter and an effect’s color to the formula. In addition, the atypical
cases of intersection must be addressed and properly handled.

In the following example, we have also used a Post Render Filter for the preview of our Volumetric Effect in
the user interface (see “Writing a Post Render Filter”).

Parameters

The following variables are used for the user-input parameters:
flntensity: Intensity (%
f Radi us: Li ght source radius (in)
f FogCol or: Fog effect color
fFall OFf: quality of fall off

This is defined in IcPMAP.h as follows:
struct Light Conel nfo

{
Li ght Conel nfo();
real fintensity; // Intensity (%.
real Radi us; /1 Light source radius (in).
TMCCol or RGBA f FogCol or; /'l Fog col or
real fRall O f; /'l quality of fall off
}.

This is then mapped to the user interface parameters using the PMap resource in SimpleVolumetricEffect.r.
Note that the parameters within the LightConelnfo structure must be in the same order as in the PMap.
The PMap resource will be declared as part of the data component, to which we’ll add a ’data’ resource in
order to specify the type of object that can use our volumetric effect:

resource 'data' (R_Sinpl eLi ght ConeControl | D)

{
{
i /1 can be applied to lights
}
s
Functions

We want to use a Post Render Filter for the preview of the effect. Therefore we will share data between the
Volumetric Effect object (TLightConeVolumetric) and the Post Render Filter object
(TLightConePostRenderer) by deriving these two classes from a base class (called TSimpleLightCone)
which will contain all the necessary fields and methods. Besides, we’ll have to implement the methods of the
Data Component class (see “Writing a Data Component”).

TLightConeVolumetric::Initialise

void MCCOVAPI Initialise(l3DShScene* scene)

Initialise is needed by both the effect and the post renderer, so we actually define it in the base class.
voi d TSi npl eLi ght Cone::Initialise(l3DShScene* scene)
{

Access the information related to the lights of the scene thanks to the passed-in parameter scene:
ui nt 32 |i ght Nbr =scene- >Get Li ght sour cesCount () ;
TMCCount edPt r <I 3DShLi ght source> | i ght;
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Reach each light of the scene with:

scene- >Cet Li ght sour ceByl ndex( & i ght, i ndex);

We want to know for each light whether the volumetric effect has been activated. So we need to get the light

cone component associated to the current light:

TMCCount edPt r <I ShPar anet er Conponent > conponent ;

Dat aComponent Ut i | s: : Get Li ght Dat aConponent (1 i ght, Si npl eLi ght ConeContr ol | D, &onpo-
nent);

Note that SimpleLightConeControlID is the ID of our Data Component class.

bool ean enabl ed=f al se;

conponent - >Get Par anet er (' ENBL' , (voi d*) &nabl ed) ;

’ENBL’ is the ID of the checkbox of the activation option of the light cone effect, in the user interface.

Make sure that the current light’s type supports this effect (is hasLightCone true?):
| i ght - >Get Li ght I nf o( hasLi ght Cone, hasLi ght Spher e, hal f Angl e, transform;

If it is the case, we add this light to the list of lights that asked for the Light Cone Effect. In addition, we
store information for the calculation (performed in DirectionFilter):

f Li ghts. AddEl en(1i ght);

f ZScal e. AddEl em(t an( Pl *hal f Angl e/ 180. 0) ) ;

TMatri x33 scale( 1,0,0, 0,1,0, 0,0,a);

transfornel nverse(transforn;

transform f Rot at i onAndScal e=scal e*t ransf orm f Rot ati onAndScal €;
transform f Transl ati on=scal e*transform f Transl ati on;

f Transf or ns. AddEl en(t ransforn;

Fill in the PMAP from the component (i.e. the user interface):
Li ght Conel nf o dat a;

conponent - >CGet Paraneter (I DTYPE('I',"' N,
conponent - >Get Paranmeter (I DTYPE(' R ,"' A",
conponent - >Get Paraneter (I DTYPE(' C ,' O,
conponent - >Get Par aneter (I DTYPE(' F' ,"' A",
f Li ght Dat a. AddEl en{ dat a) ;

T,"S),(void*)&data.flntensity);
D,"lI"),(void*)&dat a. f Radi us);
L',"0), (void*)&dat a. f FogCol or) ;
L','L"),(void*)&data.fFall Of);

’

’ ’

Store the colors of the selected lights:
ui nt 32 |i ght ConeNbr =f Li ghts. Get El enCount () ;

f Li ght Col or Buf f ers. Set El emCount (| i ght ConeNbr) ;
f Li ght Col or. Set El emCount (| i ght ConeNbr) ;

for (i=0;i<lightConeNor;i++)

{
f Li ght Col or Buf fers[i]=CGetLi ght Col orBuffer(i,fLights[i],fTransforns[i], fLight-
Color[i])
}
}

TLightConeVolumetric::DirectionFilter

voi d TSi npl eLi ght Cone: : DirectionFilter(const TVector3& rayOrigin, const TVector 3&
rayDirection, real maxt, TMCCol or RGBBA& i nQut Fi |l t er, bool ean i sShadowCast i ng)

DirectionFilter is needed by both the effect and the post renderer, so we actually define it in the base class.
voi d TSi npl eLi ght Cone: : DirectionFilter(const TVector3& rayOrigi n, const TVector 3&
rayDi rection, real maxt, TMCCol or RGBA& i nQut Fi | ter, bool ean i sShadowCast i ng)

{

We don’t want to do anything if we’re casting shadows:
if (isShadowCasting) return; // no effect on shadow casting!

The needed information is already stored in lists created in Initialise:
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const int32 lightCount = fLights. GetEl enCount();
real Rt=0, G =0, Bt =0, At =0;

Apply the filtering effect according to each of the selected lights:
for (int32 Iightlndex=0;1lightlndex<lightCount;Ilightlndex++)
{
real R =0, d =0, Bl =0, Al =0;
real intensity=0;

We want to have the ray coordinates in the local system of this light:
TVect or 3 origi n=Transf or nPoi nt (f Transforns[ | i ghtlndex], rayOigin);
TVect or 3 direction=TransfornVector (fTransforns[lightlndex],rayDirection);

Let’s calculate the intersection of the ray with the light cone. Since we have a starting point and a direction,
we seek the distance (real number) we have to traverse to intersect the light cone.
/1 intersection with the cone : x"2+y"2-2z72=0
real a=direction.x*direction.x+direction.y*direction.y-direction.z*direc-
tion.z;
real b=direction.x*origin.x+direction.y*origin.y-direction.z*origin.z;
real c=origin.x*origin.x+origin.y*origin.y-origin.z*origin.z;

real delta = b*b-a*c;
real t1,t2; // solutions of the intersection with the cone

We can discard the solutions with 0 or 1 point of intersection and only keep the 2-point solutions:
i f (delta>0.000001f && a!=0.0f)
{
delta=sqgrt(delta);
i f (a>0.0f)
{
t1=(-b-delta)/a;
t2=(-b+delta)/a;

}
el se if (a<0.0f)
{
t1=(-b+del ta)/ a;
t2=(-b-delta)/a;
}

real z1,z2; // intersection in |ocal coordinates
z1l=t1*direction. z+origin. z;
z2=t 2*di rection. z+ori gi n. z;

Note that the z-axis of the light is oriented backwards. So, the points located in front of the light source have
a negative z.
if (z1<0.0 || z2<0.0) // good side of the cone
{
Here you handle special cases and calculate the length of the ray inside the cone.
You can then calculate the intensity of the effect (including a falloff parameter if desired).
const real t = fLightData[lightlndex].fFallCOf;
intensity= (t2-t1) / ( (1.0f-t) * dist +t * dist*dist );
Now you calculate the energy gained along the ray:
R =fLightColor[lightlndex].R * intensity;
A =fLightColor[lightlndex].G* intensity;
Bl =f Li ght Col or [l i ghtI ndex].B * intensity;
}
Finally, calculate the contribution of the current light to the filtering effect:
const real lightintensity = fLightData[lightlndex].flntensity;
Rt+=RI *lightintensity * fLightData[lightlndex].fFogCol or.R;
G +=d *lightIntensity * fLightData[lightlndex].fFogColor.G
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Bt +=Bl *l i ght I ntensity * fLightData[lightlndex].fFogCol or.B;
}
}
inQutFilter.R += Rt;
inQutFilter.G += G;
inQutFilter.B += Bt;
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Writing a Scene Command

Family ID : ‘scmd’

Interface ID :I1ID_I3DExSceneCommand

Interface file : I3DExSceneCommand.h

Basic Implementation file: Basic3ADCOMImplementations.h, Basic3DCOMImplementations.cpp

Overview

Scene Commands, formerly known as Scene Operations, add features to the scene. They work in a very
similar manner to regular actions, with Do(), Undo(), and Redo() methods. They allow you to add menu
items.

You can provide a 'scmd' resource to specify additional information.

If you give an Action Number, then no dynamic menu will be created, as it is expected that you will use a
menu item defined in an existing menu. If the Action Number is -1, then you can specify in the next field the
ID of the target menu. A dynamic menu item will be created in there. If the "Sub Family Name" of the
COMP resource is not empty, then a hierarchical sub-menu will be created, and all commands with the same
"Sub Family Name" will be grouped there. Then specify the list of the Rooms in which the Scene
Commmand is valid. Supplying no name means "all".

Note : One instance of each type of Scene Command will be created at the application startup. This instance
will be used only for menu enabling purposes by calling the SelfPrepareMenus() method. All other
methods of these instances will NEVER be called, including Init(). Therefore, the
I3DExSceneCommand::SelfPrepareMenus() procedure should be completely self-sufficient.

The following methods inherited from IExDataExchanger must be implemented:

e  SelfPrepareMenus(ISceneDocument* sceneDocument)

e Init(ISceneDocument* sceneDocument)

e  Prepare()

If you plan to support undo/redo functionality, you need to implement the following functions:

e CanUndo()

e Do()
e Undo()
e Redo()

See the reference manual for more specific information on the interface methods.

Location in the User Interface

Scene commands typically add items to one of the menus.

Example: StairCommand

Description

This sample shows how to create a stairway with every selected object. To do this, you need to duplicate and
translate an object.

Parameters

The following variables are used for the user-input parameters:
f Appl yModi fi er The nodifier selected by the user.
f NbSt ep: The nunber of steps.
f Dx: The rel ative position of x.
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f Dy: The relative position of vy.
f Dz: The rel ative position of z.
These are defined in StairCommand.h as follows:
struct StairData
{
| MCUnknown* f Appl yModi fi er;
int16 fNoStep;
real fDx;
real fDy;
real fDz;
b
These are then mapped to the user interface parameters using the PMap resource in StairCommand.r.
Note that the parameters within the StairData struct must be in the same order as in the PMap.
Functions

StairCommand::SelfPrepareMenus

bool ean St ai r Comrand: : Sel f Prepar eMenus(| SceneDocunent * sceneDocunent)

See note above. SelfPrepareMenus() is called ONLY with the one instance created at the application start-
up. Return true if the menu item should be enabled. Use 'sceneDocument' to get the selection or any other
Scene data you would need to make this decision. Note that this method needs to be self- sufficient (i.e. not
rely on anything else but the 'sceneDocument' parameter).

bool ean Stair Conmand: : Sel f Prepar eMenus( | SceneDocunent * sceneDocunent)

{
}

return (sceneDocunment != NULL);

StairCommand::Init

MCCOVErr Stai rCommrand: : I nit (| SceneDocument * sceneDocumnent)
Init() is called after the Scene Command is instantiated. Use sceneDocument to get the selection or any
other Scene data you would need to perform your action.
MCCOVErr St ai r Conmand: : I nit (| SceneDocunent * sceneDocunent)
{
f SceneDocunment = sceneDocunent;
sceneDocunment -> Cet SceneSel ecti on( & Sel ection);
fSelection -> Cl one(&f C oneSel ection);
f SceneDocument -> CGet SceneSel ecti onChannel (&f SceneSel ecti onChannel ) ;

fData.fNbSte
fData. fDx =
fData.fDy =
fData.fDz =
return MC S OK;

StairCommand::Prepare

MCCOVEr r St ai r Commrand: : Prepar e()

Prepare() allows you to perform any preparation work needed (even posting a dialog). Make sure you
return MC_S OK if it is OK to proceed with the Scene Command. If your Scene Command has a PMap
resource and the corresponding 'Node' Ul resources, then the application will create a modal dialog for you
just after Prepare().

MCCOVEr r St ai r Commrand: : Prepar e()

{

TMCCount edPt r <l SceneSel ecti on>sel ecti on;
i f (fSceneDocunent)

{
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f SceneDocunent - >Get SceneSel ecti on( &sel ection);
f SceneDocunent - >Get Scene( & Scene) ;

}

if (!fTree)

{
TMCCount edPt r <I 3DShGr oup> group;
f Scene- >CGet Tr eeRoot ( &gr oup) ;
if (group->Querylnterface(llD_|3DShTreeEl enent, (void **) & Tree) !=
MC_S XK)

return MC_ S CK;
}
return MC_S OK;
}
StairCommand::Do

bool ean Stai r Conmand: : Do()
The Do() function returns true if you actually changed something in the Scene.
bool ean Stai r Command: : Do()

{
TMCCount edPt r <| 3DShTr eeEl enent >newSt ep;
TTreeTransform stepTransform
TVect or 3 O fset;

TMCCount edPt r <I 3DShMbdi fi er >f Mbdi fi er;

TTreeSel ectionlterator iter(fSelection);

Ofset[0] = 0.0f;// we initialize the offset
Ofset[1] = 0.0f;
Ofset[2] = 0.0f;
for(13DShTreeEl enent* iTree=iter.First(); iter.Mre(); iTree=iter.Next())
{
int1l6 i Step;
for (iStep=0; iStep<fData.fNoStep; i Step++)
{

i Tree->ConCl one( &ewSt ep, kWthAnim true);

if (!'newstep)
return fal se;

i Tree- >l nsert Ri ght (newSt ep) ;

newst ep- >Get Local TreeTr ansf orm( st epTransform;
Ofset[0] += ((real)iStep) * fData.fDx;
Ofset[1] += ((real)iStep) * fData.fDy;
Ofset[2] += ((real)iStep) * fData.fDz;

stepTransform Set Of f set (O f set) ;
newSt ep- >Set Local TreeTr ansf or n{ st epTransform ;

if(fApplyModifier) //1f the user choosed a nodifier, we apply it on
the new i nstances.

{
f Appl yModi fi er->Querylnterface (IID_I3DshModifier, (void**)& Mdi -
fier);
newSt ep- >l nsert Modi fier(fMdifier, -1, kWthAninm;
}
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}

return true;

StairCommand::CanUndo

bool ean St ai r Conmand: : CanUndo()
CanUndo() returns true if the Scene Command is undoable. In this example, it is not undoable.
bool ean St ai r Conmand: : CanUndo()

{
}

return fal se;

StairCommand::Undo

bool ean St ai r Command: : Undo()
The Undo() function returns true if you actually changed something in the Scene.
bool ean Stai r Conmand: : Undo()

{
}

return false;

StairCommand::Redo

bool ean St ai r Conmand: : Redo()
The Redo() function returns true if you actually changed something in the Scene.
bool ean St ai r Conmand: : Redo()

{
}

return fal se;
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Writing a Tweener

Family ID : ‘twee’

Interface ID : [ID_I3DExTweener

Interface file : ‘I3DExTweener.h’

Basic Implementation file: Basic3ADCOMImplementations.h, Basic3DCOMImplementations.cpp

Overview

A Tweener interpolates between two key frames. It positions an object along the path created by the key
frames by returning a value between 0.0 and 1.0 to represent a percentage of the total distance.
The I3DExTweener interface has the following methods:

e SimpleTween(real &result, int32 time, int32 timel, int32 time2)

Simple examples implement SimpleTween() with Tween() returning MC E NOTIMPL. The variable
result should be set to a value between 0.0 and 1.0 to represent a percentage of the total distance between
key frames. Values less than 0.0 or greater than 1.0 can be used to *overshoot’ the key frame positions. The
variables time, timel, and time?2 represent the current time, the time of the first key frame, and the time of the
second key frame respectively.

e Tween(I3DShKeyFrame *res, int32 time, I3DShTweenerChainLink *alink)

Tween() is more powerful than SimpleTween(). Tween() has access to the entire chain, current key frame,
and the time. Anything from the timeline can be used, such as previous key frames and tweeners.
If Tween() is implemented SimpleTween() will not be called.

Location in the User Interface

Tweeners are edited in the Properties Tray after selecting the area between two key frames within the
Sequencer.

Example: Tweener

Description

This Tweener is a variation of the Oscillate tweener. This tweener can ’overshoot’ the end point, as well as
gradually decrease the amount of oscillation. The formula for this oscillator is :

f(t) = cos%‘ exp(—r-1t)

Where T is a pseudo-period and r is used to calculate the decrease. A tweener must return 0.0 at the 1st
frame and 1.0 at the last frame. To accommodate for this, the function is rewritten as:

Aty = 1—(cos(a-t)-exp(-r-t))
with g = ZTE(NbOscillationSvL}J
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This will be implemented in SimpleTween(). The variable a can be pre-calculated in
ExtensionDataChanged() and is stored in the variable fCosCoef. The variable r is stored in fExpCoef.

Parameters
The following variables are used for the user-input parameters:
f NbGsc: The nunber of Gscill ations.
f ExpCoef : The variable 'r’ in the fornul ae above.

These are defined is Tweener.h as follows:
struct Tweener Dat a

{
int16 f NbGsc;

real fExpCoef;
}s

These are then mapped to the user interface parameters using the PMap resource in Tweener.r.
Note that the parameters within the TweenerData struct must be in the same order as in the PMap.

Functions

Tweener::ExtensionDataChanged
MCCOVEr r Tweener : : Ext ensi onDat aChanged()
To avoid calculating fCosCoef (a in the formula) each time the Shell requests a value, it is pre-calculated in

the function ExtensionDataChanged():
MCCOVEr r Tweener : : Ext ensi onDat aChanged()

{
f CosCoef = 2 * PI * ( fData.fNbGsc + 0.25f );
f ExpCoef = (doubl e) f Dat a. f ExpCoef ;
return MC_S K

}

Tweener::SimpleTween

MCCOVEr r Tweener: : Si npl eTween(real &esult, int32 tine, int32 tinel, int32
tine2)

SimpleTween() implements the formula above using time, timel, and time2 to calculate ¢, fCosCoef for a,
and fExpCoef for r. The output is returned in Result:
MCCOVErr Tweener: : Si npl eTween(real &esult, int32 tine, int32 tinmel, int32

time2)
{
int32 delta = tine2 - tinmel;
result= 0;
if (delta == 0)
{
return MC S OK;
}
real t = (1.0f * tinme - tinel) / delta;
result = (1.0f - ::cos(t*fCosCoef) * ::exp( -t * fExpCoef));
return MC_S X;
}
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Numerics
3D star,122

A
atmospheric shader ,21, ,135, ,139, ,141

B
background ,27

C
camera
conicle and spherical ,29
checker shader ,129
CMNU ,15
Cmpp resource ,17
conicle camera ,29
constraint ,33

D
deformer ,41

F
filter (post render) ,113
final renderer ,55

G
gel 77
geometric primitive ,119

I
I3DExPostRenderer ,113
import filter ,81

L

light source ,107
light source gel ,77
lighting model ,135

M
MBAR ,16
Modu,15

0]
oscillate2 tweener ,151
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P

post render filter ,113
primitive ,119
primitive icon ,18

R
rainbow shader ,129
resource

Cmpp resource ,17

S

sandy post rander filter ,113
Scene ,19

scene command ,147
shader ,129

spherical camera ,29

star ,122

star gel ,77

T

TBAR ,16
terrain ,139
tweener ,151

v
volumetric effect ,38, ,142
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