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Chapter 1 « What Can the Karma Viewer Do?

Overview

The MathEngine Karma Viewer, or MeViewer, is a basic 3D rendering and interactive viewing tool
that is included as part of the integrated Karma software package.

NOTE: Karma does not require that this renderer be used. Any third party
renderer can be used with dynamics and/or collision. The viewer is a visualisation
tool that can be used by developers to display the virtual world they are building. It
is certainly not designed to be used as a high quality renderer in a finished
product.

Karma includes sample programs that demonstrate how to use the software. The purpose of
MeViewer is to allow the sample programs - and any prototype game or test code that you write -
to display a 3D scene and to allow interaction with the scene.

A straightforward extensible user interface is provided that includes camera operations such as
pan, rotate, zoom, change the lighting and shading, stop and restart the animation.

While this guide provides a comprehensive description of MeViewer, it is recommended that you
use it in conjunction with the supplied source code.

MeViewer has undergone substantial changes, that are reflected in the changed API, since the
previous version. Please refer to Chapter 2 « Programming the Viewer for details about this.

Architecture

In order that applications using MeViewer look the same on all platforms, and to aid the rapid
development of support for new platforms, MeViewer has been split into two layers. The front end,
that provides the API, is platform independent. The only API call that executes platform specific
code is RRun. This front end creates object geometries in data structures detailed in Geometry
Data Format on page 30 that can be drawn by any platform supporting 3D. The back end is
platform specific, and reads the data structures created by the front end, drawing them on screen
in a well defined way (see Back-End Interface on page 34). User input is handled by the back end.

In the rest of this document, MeViewer will generally refer to the front end, whereas the term
renderer will normally mean the back end.

Coordinate System

Like most graphics applications, MeViewer uses a Left Handed cartesian coordinate system, with
X increasing from left to right as you view the screen, y from bottom to top, and z into the screen.
Please note that this is purely for display purposes: Karma is independent of choice of
handedness, and if you work consistently with a right-handed coordinate system, the
transformation matrices generated will be suitable for display with a renderer which uses that
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Overview

system. Positions are specified by floating point values of type defined by AcneReal . The
exception to this is the 2D layer which uses coordinates from (0,0) in the top left corner of the
screen to (640,448) in the bottom right.

Colors

All colors are specified as RGBA, except some used by lights, that are RGB. The RGBA model
uses relative intensities varying between 0 and 1 for the primary colors red, green, and blue, and a
transparency value alpha. An alpha value of 0 represents complete transparency regardless of the
color values, and an alpha value of 1 complete opacity.

File Loading

MeViewer generates primitive geometries (such as spheres and boxes) procedurally, but user
geometries (see Object Geometry Files on page 32) and textures (see Textures on page 24) are
loaded from files. The locations in which MeViewer searches for files is specified in the

R Def aul t Fi | eLocat i ons array defined in MeVi ewer . c.

In order to accelerate geometry loading, MeViewer caches the last object file that it loaded. If
loading time is significant, objects using the same geometry file should be created together to
minimize file reads.

Platforms Supported

The Viewer runs on the Sony PlayStation2, Windows 98, Windows NT, Windows 2000, Linux and
IRIX. OpenGL is supported on all platforms except PlayStation2, and Direct3D on Windows 95/98
and Windows 2000. Note that version 3.2 (or above) of Mesa is required for Linux platforms and
DirectX 7.0 (or above) is required for Direct3D on Windows platforms.

Building the Viewer into Applications

The Viewer is included as part of the compressed Karma archive, and its header files and libraries
can be found in the src/ component s/ MeVi ewer 2 subdirectory of the directory tree when you
have uncompressed the archive that you have downloaded.

The source code of the example programs provided with Karma demonstrates how to use the
Viewer.
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Chapter 2 « Programming the Viewer

Overview

The MeViewer API (Application Programming Interface), is a set of functions designed to provide
to Karma developers with the basic rendering functionality required to demonstrate their simulation
code. Itis not intended as a replacement for commercial 3D graphics libraries such as OpenGL or
Direct3D.

Two libraries (MePr of i | e and MeConmandLi ne) will be used together with MeViewer but will not
be covered in this manual. The source files and header files for these libraries can be found in
...\met ool ki t\src\conponent s\ Med obal s\src and ...\ netool ki t\include
respectively.
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Using the Viewer in an Application

Using the Viewer in an Application

Let’s look at the Rai nbowChai n. c sample program from Karma. It provides a good example of
how you can use the Viewer in your own programs. All of the following calls are described in more

detail in the remainder of this chapter.

First Steps

You need first to include MeVi ewer . h and to declare a rendering context of type RRender, which is
traditionally named r c. Then the application declares pointers to the two graphics structures of
type RG aphi ¢ that will appear in the RainbowChain tutorial: a ball and a plane.

#i ncl ude "MeVi ewer. h"

/* Render context */
RRender *rc;

/* graphics */

RGr aphi ¢ *sphered NBALLS];
RG aphi ¢ *pl aneG

Initializing the Renderer

In the main routine of RainbowChain, we pick up the renderer type (-gl , - d3d, - nul I , - bench,

- profil e all explained elsewhere in this chapter) from the command line:

/* Initialise rendering attributes. */

options = MeComandLi neQpti onsCreate(argc, argv);
rc = RRender Cont ext Create(opti ons, 0, ! MEFALSE);
MeCommandLi neOpt i onsDestroy(opti ons);
if (!'rc)

return 1;

Then we initialize the camera:
RCaner aRot at eEl evation(rc, (MeReal)1.1);
RCaner aRot at eAngl e(rc, (MeReal)O0. 2);
RCaner aZoon(rc, 10);

Add a a visual performance bar:

RPer f or manceBar Creat e(rc);

Create the help system:

RRender Cr eat eUser Hel p(rc, help, 1);
RRender Toggl eUser Hel p(rc);
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Chapter 2 « Programming the Viewer

And assign the keyboard call-back function:
RRender Set Acti onNCal | Back(rc, 2, Reset, 0);

Creating the Graphics

IFinally, we create the graphical objects, spheres for the chain and a plane for the floor.
for(i=0; i<NBALLS; i++)

HSVt oRGB( (( MeReal )i/ (MeReal ) NBALLS) *360, 1, 1, color);
spheredi] = RGraphi cSphereCreate(rc, ball Radius, color,
McdModel Get TransfornPtr(ball[i]));
}

color[0] = color[1] =color[2] = color[3] = 1;
pl aneG = RGraphi cG oundPl aneCreate(rc, 24, 2, color, 0);
RG aphi cSet Texture(rc, planeG "checkerboard");

Running the Simulation

Then we call RRun()) to run the simulation and render the graphics.
RRun(rc, tick, 0);

RRun() controls the event loop (the main loop) for the simulation. ti ck is a function which is
called before rendering each frame, and in this application contains the code which updates the
positions of each ball in the chain using Karma dynamics.

Terminating the Program

Calling RRun() sends the viewer into a loop, which—depending on your platform and your
underlying graphics package—may not return. For safety, assume that your program will not return
from RRun() .

To stop the program, the user presses <Esc> or clicks the close button, which results in a call to
exi t (), terminating your program. The effect is that no code placed after RRun() can execute.

So if you have any cleanup to do before your program terminates, put it in a function and register
that function with at exi t () . This way the Viewer will call that function before terminating the
program. For example, here is a typical cl eanup() function used in Karma:

RRender Cont ext Destroy(rc);

Register it with at exi t () before calling RRun():
at exi t (cl eanup);

RRun(rc, tick);
/* No code placed after here will ever execute */
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Render Contexts

A Render Contextis a RRender structure (see the MeVi ewer Types. h header file), that holds the
state of a the viewer. Because there is no global render context, nearly all API calls will require a
valid RRender * as their first parameter . Therefore the first task of an application using MeViewer
is to create a render context

RRender * MEAPI RRender Cont ext Creat e( MeCommandLi neOpti ons* opti ons,
MeCommandLi neQpti ons* overri deoptions,
MeBool eat);

Creates a new render context. Fills the RRender with default values. Calls RI ni t in platform-
dependent code. Return value is zero if creation or Rl ni t fail. The opt i ons argument is an
input from the command line, and options specified there are overridden by those specified in
overri deoptions.

Here is an example of how to create a render context:

MeCommandLi neOpti ons *opti ons;

options = MeComandLi neQpti onsCreate(argc, argv);
rc = RRender Cont ext Creat e(opti ons, 0, ! MEFALSE);
MeCommandLi neOpt i onsDest roy(opti ons);

if ('rc) return 1;

i nt MEAPI RRender Cont ext Destroy( RRender *rc );

Cleans up and frees a Render Context

void MEAPI RRender Quit( RRender *rc );

Tells the back-end to quit next frame. The argument r c is the render context to quit.

voi d MEAPI RRender Updat eG aphi cMatrices( RRender *rc );

Updates RObj ect Header matrices from RG aphi ¢ matrix pointers. Also used for timeout and
pause graphic. Called each frame by the back-end. The argument r ¢ is the render context all
of whose RGr aphi c's matrices are to be updated.

voi d MEAPI RRender Updat eProj ecti onMatri ces( RRender *rc );

Update the projection matrix.
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Chapter 2 « Programming the Viewer

Creating Objects

The platform-specific section of MeViewer only displays data in the format discussed in Geometry
Data Format on page 30, which holds lists of triangles, grouped into objects each with associated
color and texture properties. The format is based around the RG aphi ¢ structure. MeViewer
provides functions to create RG aphi ¢ structures representing a number of primitive objects, and
to create empty structures for application defined objects.

To create an RG aphi ¢ object from an object file:

RGraphi ¢ *MEAPI RG aphi cCreate( RRender *rc, char *fil enane,
AcneReal xScal e, AcneReal yScal e,
AcneReal zScal e, const AcneReal color[4],
MeMatri x4Ptr matrix, int is2D,
i nt bKeepAspectRatio );

Creates a RGr aphi ¢ from object file. A new RG aphi c is created using the parameters
passed. The value fi | ename specifies the object geometry file.The values xScal e, yScal e
and zScal e specifies the x, y and z scaling factor respectively. The value col or specifies the
object RGBA color. The value mat ri x is the pointer to the associated transformation matrix.
The value i s2D indicates if object is to be put in 2D render-list And finally, the value
bKeepAspect Rat i o indicates if the aspect ratio is to be preserved when object is normalized

Or you may want to create an empty one:

RGr aphi ¢ *MEAPI RG aphi cCreat eEnpty( int nunVertices );

Allocates memory for RGr aphi c. The nunVer ti ces argument specifies how many vertices in
RGr aphi ¢ and should be multiple of 3. Fills in nunVerti ces and pointers in RG aphi c. This
function returns a pointer to the resulting RG aphi c, or 0 if it fails to do so.

Once you created a RGr aphi ¢ object, you may delete or destroy it using:

voi d MEAPI RG aphi cDestroy( RG aphic *rg );

Frees memory allocated for RGr aphi c. The argument r g is the RG aphi ¢ to destroy. This
function also frees memory allocated for the associated RObj ect Header and vertex list.

voi d MEAPI RG aphi cDel ete( RRender *rc, RGraphic *rg, int is2D);

Removes RG aphi ¢ from list and then frees up memory. Hence, there is so no need to call
RGr aphi cDest r oy afterwards. The arguments r ¢ and r g are the render context that the
graphic is associated with, and the graphic to delete respectively. The i s2D argument queries
whether the graphic is in the 2D list.
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Creating Primitives

The functions to create primitives are:

RGraphi ¢ * MEAPI RGraphi c2DRect angl eCreat e( RRender *rc,
AcneReal orig_x,
AcrmreReal orig y, AcneReal width,
AcrreReal hei ght,
const float color[4]);

Creates a RGr aphi c rectangle with the specified RGBA color. The argument r ¢ is the render
context into whose 2D list the resulting RG- aphi c is put. The arguments orig_x and ori g_y
are the x co-ordinate of the left edge of the rectangle and the y co-ordinate of the top edge of
the rectangle respectively. The arguments wi dt h and hei ght represent the x and y
dimensions of the rectangle.This function returns a pointer to the resulting RGr aphi c, or 0 for
failure. The associated RG aphi c is added to the 2D render-list (see Render Lists on page 16).

RGraphi ¢ * MEAPI RGraphi cG oundPl aneCreate ( RRender *rc,
AcnmeReal side_l ength,
int triangl es_per_side,
const float color[4],
AcrmeReal y_position );

Creates a RGr aphi c representing a ground-plane. The plane is a square in X, z. The value

si de_| engt h is the length of the side of the square and t ri angl es_per _si de specifies the
number of triangles per side of the square. The value y_posi ti on sets the y position of the
square.

RGraphi ¢ * MEAPI RG aphi cBoxCreate( RRender *rc, AcneReal w dth,
AcrreReal height, AcneReal depth,
const float color[4],

MeMatri x4Ptr matrix);

Creates a Box of width (x) wi dt h, height (y) hei ght and depth (z) dept h. The argument
col or is the RGBA color of the object and nat ri x is a pointer to the object's transformation
matrix.
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RGaphi ¢ * MEAPI RG aphi cConeCreate( RRender *rc, AcneReal radius,
AcrreReal upper _hei ght,
AcrreReal | ower _hei ght,
const float color[4],
MeMatri x4Ptr matrix );

Creates a Cone. The argument r adi us is the radius of the base of the cone, upper _hei ght
is the length (z) from the origin to the apex and | ower _hei ght is the length (z) from the
origin to the base. The variable col or is the RGBA color of the object and matri x is a pointer
to the object's transformation matrix.

RGraphi ¢ * MEAPI RG aphi cCyli nder Creat e( RRender *rc,
AcneReal radius,
AcrreReal hei ght,
const float col or[4],
MeMatri x4Ptr matrix);

Creates a Cylinder. The argument r adi us is the radius of the cylinder, hei ght is length (z) of
the cylinder, col or is the RGBA color of the object, mat ri x is a pointer to the object's
transformation matrix. The origin is located at the middle of the height (z).

RGraphi ¢ * MEAPI RG aphi cLi neCreate( RRender *rc,
AcrmeReal *origin, AcneReal *end,
const float color[4],
MeMatri x4Ptr matri x);

Creates a Line, where ori gi n is the start location of the line (x, y, z), end is the end location
of the line (x, y, z), col or is the RGBA color of the object and matri x is a pointer to the
object's transformation matrix

RGaphi ¢ * MEAPI RG aphi cSphereCreate( RRender *rc, AcneReal radius,
const float color[4],
MeMatri x4Ptr matri x);

Creates a Sphere, where r adi us is the radius of the sphere, col or is the RGBA color of the
object and mat ri x is a pointer to the object's transformation matrix. The argument r c is the
render context into whose 3D list the resulting RG aphi c is put. This function returns a
pointer to the resulting RGr aphi c, or O for failure.
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RGraphi ¢ * MEAPI RG aphi cSquar eCreat e( RRender *rc, AcneReal side,
const float color[4],
MeMatri x4Ptr matrix);

Creates a Square, where si de is the length of the side of the square, col or is the RGBA
color of the object and mat ri x is a pointer to the object's transformation matrix. The
argument r c is the render context into whose 3D list the resulting RG- aphi ¢ is put. This
function returns a pointer to the resulting RGr aphi ¢, or O for failure.

RGraphi ¢ * MEAPI RG aphi cTorusCreat e( RRender *rc,
AcneReal i nnerRadi us,
AcneReal outer Radi us,
const float color[4],
MeMatri x4Ptr matrix);

Creates a Torus, where r adi us is the outer radius of the torus, col or is the RGBA color of
the object and mat ri x is a pointer to the object's transformation matrix. The argumentrc is
the render context into whose 3D list the resulting RGr aphi c is put. This function returns a
pointer to the resulting RG aphi c, or O for failure.

RGraphi ¢ * MEAPI RGraphi cText Create( RRender *rc, char *text,
AcmeReal orig_x, AcneReal orig.y,
const float color[4] );

Creates a RG aphi ¢ representing text. The RG aphi c is placed in the 2D list. It uses “font”
as the texture. The argument r ¢ is the render context into whose 2D list the resulting

RGr aphi c is placed, t ext _i n is the text to display (this is parsed first, allowing for variable
substitution to take place in RParseText). The values ori g_x and ori gi n_y represent the x
co-ordinate of the left edge of the text and the y co-ordinate of the top edge of the text
respectively. The argument col or The RGBA color of the text. This function returns a pointer
to the resulting RGr aphi ¢, or O for failure.
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RGaphi ¢ * MEAPI RG aphi cFrustunCreat e( RRender *rc,
AcreReal bott onRadi us,
AcmeReal topRadi us,
AcrmeReal bottom AcneReal top,
int sides, const float color[4],
MeMatri x4Ptr matrix );

Creates an arbitrary frustum. The argument r ¢ is the render context into whose 3D list the
resulting RG aphi c is placed. The values bot t onRadi us and t opRadi us represent the
radius of the approximation to a circle that forms the bottom and the top of the frustum
respectively. The values bott omand t op represent the z co-ordinates, in the frustum's
reference frame, of the bottom and the top of the frustum respectively. The argument si des
is the number of sides of the regular polygon at each end of the frustum, col or is the RGBA
color of the graphic and matri x i s a pointer to the local-world transform for this graphic.
This function returns a pointer to the resulting RG aphi ¢, or 0 for failure.
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Manipulating RGraphic Objects

int MEAPI RG aphi cLi neMoveEnds( RG aphic *lineG
AcnmeReal *origin, AcneReal *end );

Moves the ends of an RG aphi ¢ which is a line. The argument | i neGis a pointer to the
RGraphic representing a line, or i gi n is a three-vector containing the co-ordinates of the start of
the line and end is the three-vector containing the co-ordinates of the end of the line. This
function returns 0 for success or 1 for failure (an MeWar ni ng will be printed before returning in
this case).

voi d MEAPI RGraphi cSet TransfornPtr( RG aphic *g, MeMatrix4Ptr matrix );

Sets the transform pointer for an RG- aphi c¢. The argument g is the RG aphi ¢ in question and
mat ri x is the transformation matrix to assign to g.

voi d MEAPI RGraphi cSet Col or( RGraphic *g, const float color[4] );

Sets the color of an RG aphi ¢. The argument g is the RGr aphi ¢ in question and col or is the
RGBA color to assign to the RG aphi c. Note that this sets the ambient and diffuse components
of the color and that the emissive and specular components are zeroed.

voi d MEAPI RGraphi cGet Col or ( RGraphic *g, float color[4] );

Gets the color of an RG aphi ¢. The argument g is the RGr aphi ¢ in question and col or is the
returned ambient RGBA color of the RGr aphi ¢

voi d MEAPI RConvertTri StripToTriList( RG aphic* rg, RObjectVertex* strips,
int* stripSize, int* stripStart, int nunStrips );

Converts a set of triangle strips to a list of triangles. Useful for back ends that do not support
triangle strips, converting convex hulls and meshes to triangle lists. The parameter r g is ignored
at present and st ri ps is a pointer to the first vertex of the first strip to be converted. All vertices

for each strip follow in one contiguous chunk. The argument st ri pSi ze is an array whose ith
element contains the number of vertices in the ith strip, stri pStart is an array whose ith

element contains the index in‘strips’ of the first vertex of the it" strip and nunst ri ps is the
number of strips to process.
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Render Lists

Graphics objects are considered to be of one of three types: 2D, 3D, and particle systems. When
the renderer draws a frame, it walks through three linked lists, one for each type. Particle systems
will be discussed in Particle Systems on page 27. The other two lists are of RGr aphi ¢ objects.
RRender holds the first element of each list, and the RGr aphi cs themselves point to the next in
the list.

voi d MEAPI RG aphi cAddToLi st (RRender *rc, RGraphic *rg, int is2D);

Puts RGr aphi ¢ into render-list in render context r c. The argument i s2D determines whether
r g is added to 3D or 2D list

If a RGr aphi c object has been created, but is not in a list, it will not be rendered. This provides a
mechanism for disabling objects:.

voi d MEAPI RG aphi cRenpveFronLi st ( RRender *rc, RG aphic *rg, int is2D);

Removes RG aphi ¢ from render-list. The argument i s2D specifies whether to look in 2D or
3D list
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Menu System

The Viewer implements a simple menu system to simplify the use of an MeViewer2 application.

RMenu* MEAPI RMenuCreate( RRender* rc, const char* nane );

Create a new on-screen menu. The argument r c is the render context that will display the
menu and nane is the title of the new menu. This function returns a pointer to the new menu.

voi d MEAPI RMenuDestroy( RMenu* rm);

Destroy a menu. The argument r mis the menu to destroy.

voi d MEAPI RRender Set Def aul t Menu( RRender *rc, RMenu* nenu );

Make nenu the default menu in a given render context. This means that this menu will be the
one that appears when the menu key is pressed. The argument r ¢ is the render context in
which the menu is to be made the default.

void MEAPI RMenuDi spl ay( RMenu* rm);

Display a menu. The argument r mis the menu to display. Note that the render context in
which this menu will be displayed is found out from rm.

voi d MEAPI RMenuAddToggl eEntry( RMenu* rm const char * nane,
RMenuToggl eCal | back func, MeBool defaultVal ue );

Add a 'toggle' entry to a menu. This is an entry type that has two states, on and off, which
are toggled by pressing the button when the entry is highlighted. The callback is called with
the new value for each change of state.

The argument r mis the menu to which the entry will be added, nane is the text to be
displayed for this menu entry and f unc is the function that will be called when this menu
entry is selected. The value def aul t Val ue is the initial value for this toggle when it is
created
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voi d MEAPI RMenuAddVal ueEntry( RMenu* rm const char * nane,
RMenuVal ueCal | back func,
MeReal hi, MeReal | o,
MeReal increment, MeReal defaultValue );

Add a value entry to a menu. This is a menu entry type which provides a variable which can
be modified by a specified stepsize between a minimum and maximum value by pressing the
appropriate buttons when the entry is highlighted. The callback is called with the new value
for each change of state.

The argument r mis the menu to which the entry will be added, nane is the text to be
displayed for this menu entry and f unc is the function to be called when the value is
changed. The values hi and | o specify, respectively, the maximum value and minimum value
this entry can take. The value i ncr enent is the amount by which the value is changed for
each button press and def aul t Val ue is the starting point for the value.

voi d MEAPI RMenuAddSubmenuEntry( RMenu* rm const char * nane,
RMenu* subnenu );

Add a sub-menu entry to a menu. This is an entry type that, when selected, opens another
menu. The argument r mis the menu to which the entry will be added, nane is the text that
represents that menu entry and subnenu is the menu that will be displayed when this entry
is selected.
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Help System

Any string that is recognized as a variable, but does not appear in the list above will be replaced by
the text $<$unknown$>$.

voi d MEAPI RRender Creat eUser Hel p( RRender *rc, char *hel p[],
int arraySi ze );

Builds the RG- aphi ¢ representing user help. The argument hel p is an array of null-
terminated strings and arraySi ze is the number of elements in the array.

voi d MEAPI RRender Toggl eUser Hel p( RRender *rc );

Toggles the display of user help. Called by platform-specific back-end. Toggles the pause state
of associated render context. The rc argument is the render context for which to toggle the
display of the help text.

The text passed to this function will be put through RPar seText , and should make use of the
variables that this function substitutes to describe the controls for an application.
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The Camera

The camera position is set using spherical polar coordinates to specify a position relative a
specified look-at point. The spherical polar coordinates are the distance from the lookat point, the
angle t het a on the xz-plane anticlockwise from the z-axis, and elevation phi above the xz plane.
Angles are specified in radians, t het a in the range from —mt to m and phi in the range -1/ 2 to
/2. Whilst these values are held in the RRender structure, their values should not normallybe set
or read directly, but rather through the use of the functions listed in this section.

void MEAPI  RCaner aSet LookAt (RRender *  rc, const AcmeVector3 lookAt );

This sets the look-at point to the specified world position lookAt . The camera position is
automatically updated.The argument rc is the render context of the camera whose lookat to be
set.

void MEAPI  RCaner aGet LookAt ( RRender *  rc, AcmeVector3 canl ookat );

The look-at point in world coordinates of the rc render context is stored into the camlookat
vector.

void MEAPI  RCaner aSet Vi ewm{ RRender* rc,
AcmeReal dist, AcmeReal theta, AcmeReal phi);

This causes the camera’s position to be calculated and updated from the RRender look-at point
and the coordinates supplied. The theta and phi angles specify the angle and elevation in
radians.

void MEAPI  RCaner aGet Posi ti on( RRender *  rc, AcmeVector3 canpos);

The camera’s position in world coordinates is calculated and stored into the campos vector.

Camera Movement

MeViewer provides a selection of functions for moving the camera by an incremental distance or
angle. These are

 RCameraZzoom( RRender *rc, AcmeReal dist );

e RCameraPanX( RRender *rc, AcmeReal dist );

¢ RCameraPanY( RRender *rc, AcmeReal dist );

« RCameraPanz( RRender *rc, AcmeReal dist );

* RCameraRotateAngle( RRender *rc, AcmeReal d_theta );
« RCameraRotateElevation( RRender *rc, AcmeReal d_phi );
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The argument r ¢ is the render context whose camera is to be manipulated, di st is the
displacement added to current camera distance, and d_t het a and d_phi are the two rotation
angles in spherical coordinates. Note that these functions will not allow the camera to get closer
than 0. 01f from look-at. For more details, consult MeVi ewer . h.

voi d RCaneraUpdat e( RRender *rc );

Calculates the camera position and updates the camera matrix in the RRender structure from
the look-at and spherical coordinates in that structure. The argument r c is the render context
whose camera is to be manipulated.

It effectively synchronizes the various camera variables. It does not need to be called after using
the other camera functions detailed in this section, but if any values are altered directly it should be
called in order that the changes take effect.
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Lighting

The number and type of lights in a render context is fixed. They are
¢ One ambient light source
« Two directional light sources
¢ One point light
The functions RSwi t chLi ght On and RSwi t chLi ght O f switch lights on and off.

voi d RLi ght Swi tchOn( RRender *rc, RRenderlLight [ight);

Switch on | i ght

voi d RLi ghtSwi tchOFf ( RRender *rc, RRenderlLight /ight);

Switch off | i ght

Ambient Lighting

The RGB value of the ambient light is held in the m_r gbAnbi ent Li ght Col or [ 3] member of
RRender . Any changes to this will take effect immediately (From the beginning of the next frame).
The m bUseAnbi ent Li ght member of RRender can be set to zero to disable the ambient lighting.

Directional Lighting

RRender holds two RDi r ect Li ght structures (m DirectLi ght1 and m DirectLi ght2 ) that

describe the directional lights. These contain the RGB values of the ambient, specular and diffuse
components of the lights, as well as a 3-vector that defines the direction in which the light points.

The light is active if the m bUselLi ght member is non-zero.

If alterations to the RDi r ect Li ght structures are made after RRun has been called, then it is
necessary to set the m bFor ceDi r ect Li ght 1Updat e or m bFor ceDi r ect Li ght 2Updat e
members of RRender to a non-zero value to instruct the renderer to update the lighting for the next
frame.
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Point Light

RRender holds a single RPoi nt Li ght structure, m Poi nt Li ght, that defines the point light. As
with the directional lights, this structure holds the RGB values and active state of the light. In place
of direction, the 3-vector m Posi ti on[ 3] member defines the location of the light in world
coordinates. The attenuation of the light is controlled by the members m At t enuat i onConst ant ,
m At t enuat i onLi near and m At t enuati onQuadrati c.

As with the directional lights, if alterations to m_Poi nt Li ght are made after RRun, then
m_bFor cePoi nt Li ght Updat e should be set to a non-zero value.
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Textures

The Viewer supports a maximum of 25 different textures. These should be 128X128X24bpp
Windows . bnp files. It also supports 256X256 images, but as these take 4 times the memory, one
should take care to reduce the number of textures used appropriately -- this will not be enforced
automatically.

Every time a new texture is specified for an object, an identifier is created for it. The files are
loaded when RRun is called. This means that all textures should have an identifier before the call to
RRun. See RCr eat eText ur el D below for details.

i nt MEAPI RRender TextureCreate( RRender *rc, char *filenane )

Creates a Texture ID for fi | enanme. The argument r ¢ is the render context into which the
texture will be loaded and fi | enane is the name of the texture file to attempt to load.
Returns an ID for a texture filename or returns - 1 if all IDs are allocated.

i nt MEAPI RG aphi cSet Texture( RRender *rc, RG aphic *rg, char *filename );

Sets the texture of a RGr aphi c. The argument f i | enane specifies the name of the texture
(the filename should not include the extension). Returns an ID for a texture filename or
returns - 1 if all IDs are allocated.

Disabling an object’s texture
To disable an object’s texture, set its texture ID to - 1. See Geometry Data Format on page 30 to

find where this is stored. It may also be achieved by calling RSet Text ur e with an invalid filename,
but this will have a larger overhead.
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Controls

The Viewer provides ten buttons and joystick and mouse analog controls to an application. The
application can assign a function to each of these using the following identifiers.

Button Press Controls

Exactly which key corresponds to which call-back being called is determined by the platform-
specific layer. The call-back will be invoked only when the button is pressed, with the single
argument specifying which render context is calling the function.

« Up
* Up2
* Down
* Down2
o Left
o Left2
¢ Right
« Right2
Each of these takes a RRender * render context and a function pointer as arguments:

void MEAPI  RRender Set * Cal | Back ( RRender *rc, RButtonPressCallBack func );

Sets the call-back for *.The wildcard symbol * refers to one of the above identifiers. The
argument rc is the render context whose callback is to be set and func is the callback to
assign to this button

Other call-back functions

void MEAPI  RRender Set Act i onNCal | Back( RRender *rc, int N,
RButtonPressCallBack func,
void *userdata );

Sets the call-back for the Nth Action. The argument rc is the render context whose callback
key is to be assigned. The value N represents the humber of the callback which is to be set
(usually from 0 to 5). The argument func is the function to call when the specified action key
is pressed.
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voi d MEAPI RRender Set Acti onNKey ( RRender* rc, const unsigned int N,
const char key );

Assigns a key to a given Action Callback. The argument r ¢ is the render context whose
callback key is to be assigned. The value N represents the number of the callback to assign
the key to (usually in the range 2-5). The argument key is the key character to assign to the
nth action callback.

Analog Controls

The analog call-back will be called when the platform-defined analog control has changed position.
The arguments to the call-back specify the associated render context and the current (x, y)
position of the controller. The range of these position values is not specified, and so the call-back
should only use the difference in values between successive calls to be truly cross-platform
compatible.

Here is the mouse function:

voi d MEAPI RRender Set MbuseCal | Back( RRender *rc, RMWouseCal | Back func,
voi d *userdata );

Sets the mouse call-back. The argument r ¢ is the render context whose callback is to be set
and f unc is the callback to assign to this button

Here is the joystick function:

voi d MEAPI RRender Set Joysti ckCal | Back( RRender *rc, RJoystickCall Back func
voi d *userdata);

Sets the joystick call-back. The argument r ¢ is the render context whose callback is to be set
and f unc is the callback to assign to this button

MathEngine Karma Viewer. Developer Guide ¢ 26



Particle Systems

Particle Systems

The Viewer supports an unlimited number of particle systems, each with an unlimited number of
particles. The RPar ti cl eSyst emobjects can be considered like RG- aphi ¢ objects, using a
similar linked list. Particles are drawn as single textured triangles that always face the camera.
Note that particle systems are not currently supported on PS2..

RParticl eSystent MEAPI RParticl eSystenCreate ( RRender *rc,
int nunParticles,
MeReal *positions,
char *tex_fil enane,
const float col or[4],
AcrmeReal tri_size );

Allocates memory for a RPar ti cl eSyst em fills in the structure, and adds it to the particle
system render-list in the specified render context. The nunPart i cl es argument specifies how
many particles are defined in the *posi ti ons array. This array is of 4- vect or s that specify
the position of each particle. The 4th element of this vector is not used. The texture filename
*tex_fil ename should be specified as for RSet Text ur e (see Textures on page 24) and has
the same implications as any other texture. The t ri _si ze argument specifies the length of the
side of the triangle that represents each patrticle in world coordinates. The return value will be
zero if the system could not be created.

void MEAPI RParti cl eSyst emAddTolLi st( RRender *rc, RParticleSystem *ps )

This adds a particle system to the render context’s render list. It is called automatically by
RParti cl eSyst entCr eat e() . The argument is r c the renderer to whose 3D list the particle
system will be added and ps is the particle system to add.

void MEAPI RParti cl eSyst enRermoveFronili st ( RRender *rc,
RParticl eSystem *ps );

This removes a particle system from the render context’s render-list, so it will no longer be
displayed. The argument is r ¢ the renderer to whose 3D list the particle system will be
removed and ps is the particle system to remove.

void MEAPI RParticl eSystenmDestroy( RParticl eSystem *ps );

This will free the memory associated with the particle system ps. It should not be called on a
particle system that is still in a render-list. The function RRenovePSyst enfr onli st () should
be used to remove the particle system from any render-lists before it is destroyed.
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Performance Measurement

RPer f or manceBar * MEAPI RPerformanceBar Creat e( RRender *rc );

This function will add a performance bar to the render context r c. It is the responsibility of the
renderer to update this bar with timings. This function returns a pointer to the newly created

performance bar, or 0 if it fails to do so.

voi d MEAPI RPerfornmanceBar Updat e( RRender *rc, AcneReal coltine,
AcrmeReal dyntime, AcneReal rentine,

AcneReal idletine );

Updates the performance bar. This is called by the platform-specific back-end. The argument
r ¢ is the render context whose performance bar is to be updated. The argument col ti ne is
the time taken by the collision detection update in the last frame, dynti me is the time taken
by the dynamics simulation update in the last frame. The argument renti ne is the time
taken by the rendering in the last frame and i dl et i ne is the amount of idle time in the last
frame (e.g. waiting for VSync).

To measure the frame per second (fps) of an application:

voi d MEAPI RRender Di spl ayFps( RRender *rc, AcneReal fps );

Creates the FPS RGraphic. The RGraphic is added to the 2D list.This is called by the platform-
specific back-end. The argument r ¢ The render context in which the frame rate will be
displayed and f ps is the current frame rate.
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Utilities

voi d MEAPI RParseText( RRender *rc, char *text_in, char *text_out,
int outbuffersize );

Parses text, substituting text for variables. Variables defined by $ followed by capitals or
numbers are substituted by text in RRender . The argument r ¢ is the rendering context source
for strings to be substituted. The argument t ext _i n is the input string containing variables to
be substituted and t ext _out is the output string returned with text substituted for variables.
The value out buf f er si ze represents the amount of memory you allocated that is pointed to
by t ext _out (i.e., maximum size of output string).

Any series of capital letters or numbers following a $ character will be considered a variable for
substitution. Those that are currently recognized are

* $UP $DOMN $LEFT $RI GHT

* $UP2 $DONN2 $LEFT2 $RI GHT2

e $ACTI ON1 $ACTI ON2 $ACTI ON3 $ACTI ON4 $ACTI ON5
*  $APPNAME

When these are found, they are replaced by the text held in the RRender structure. This allows the
platform-specific renderer to provide names for the buttons and controls that are described in
Controls on page 25. The application should set the m AppName member of RRender to a null-
terminated string that names the application.

The following functions are called by the RG- aphi cLoad() function:

voi d MEAPI RGraphi cScal e( RG aphic *rg,
AcrmeReal xScal e, AcneReal yScal e, AcneReal zScale);

Scales a RGraphi ¢ using xScal e, yScal e and zScal e as the multiplier for the x, y and z
coordinates of each vertex respectively. Note that the RG aphi ¢ must be centered on
(0,0, 0) in model space.

voi d MEAPI RGraphi cNormalize( RGaphic *rg, int bKeepAspectRatio );

Makes sure RGraphi c liesin[-1, 1] on all axes and is centered on (0, 0, 0) . The value
bKeepAspect Rat i o specifies whether to maintain aspect ratio when normalizing

voi d MEAPI RGraphicFill ObjectBuffer( char *filenane );

Fills R_(oj ect Fi | eBuf f er. The argument fi | enane is the name of the file to load. Makes
sure that R_Obj ect Fi | eBuf f er contains the contents of the specified file.

R_Obj ect Fi | eBuf f er is null terminated. Currently checks if *fi | ename was the last file
loaded.
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Geometry Data Format

As well as being able to render primitives, the viewer can display any object described by a
triangle list. These can be loaded from files, as covered in Object Geometry Files on page 32, or
created at run-time by using the structures detailed below.

An object in MeViewer consists of a single RObj ect Header structure, followed by a number of
RObj ect Vert ex structures, each of which describes a single vertex in the triangle list. The
RGr aphi ¢ structure holds pointers to these as well as providing the linked-list mechanism.

Creating New Objects

The functions RGr aphi cCreat e() and RG aphi cCr eat eEmpt y(), described in Creating
Objects on page 10, should be used to allocate the memory and fill in the RG aphi ¢ structure for
any object. It is possible to create an object with any number of vertices, but it should be borne in
mind that only multiples of three will produce valid objects (remember that MeViewer uses triangle
lists and not strips).

Consisting of merely a triangle list, an object is simply a set of triangles that share the same
transformation matrix, color and texture.

The RG aphi ¢ structure holds pointers to the RObj ect Header and the first RCbj ect Vert ex in an
object. The first RObj ect Ver t ex structure must immediately follow the RObj ect Header in
memory, and so the pointer to it in RGr aphi c is purely for ease of programming vertex
manipulation routines. The m pLWvat ri x member points to the transformation matrix for the
object.

The member m nMaxNunVer t i ces should always be set to the maximum number of vertices that
have memory allocated for them following the RCbj ect Header . This is not necessarily the same
as the number of vertices in the object, which is held in the RObj ect Header . This allows objects
with varying numbers of vertices to be created with a minimum of memory allocation and copying.

Every graphical object in MeViewer has a single RObj ect Header . Its members are:

Member Description

m Matri x This is filled in by the renderer, but should be set to the identity matrix if
the m pLWvat ri x of the parent RG aphi ¢ is null.

m nNunVerti ces This indicates the number of RObjectVertex structures that make up the
object. It must be a multiple of three.

m nText urel D The identifier for the object’s texture. See Textures on page 24 for details.
If it is -1 then the object is not textured.

m bl sWr eFr ane If this is non-zero, the renderer is requested to draw the object in wire-
frame mode. This is not implemented on all platforms.
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Member

Description

m_Col or Anbi ent

The RGBA ambient color of the object.

m Col or Di ffuse

The RGBA diffuse color of the object.

m_Col or Emi ssi ve

The RGBA emissive color of the object.

m_Col or Specul ar

The RGBA specular color of the object.

m_Specul ar Power

A value that indicates the shininess of the object.

RObjectVertex

Each vertex in a MeViewer object consists of a position (m_X, m_ Y, m Z), a normal ( m_NX, m_NY,
m_NZ) and a pair of texture coordinates ( m_U, m V). These can be updated at any time, and the
changes will be reflected as soon as the next frame is drawn.

The normal should have a modulus of 1. Each texture coordinate should be between 0 and 1.
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Object Geometry Files

The viewer provides the ability to load geometries from file, and indeed at the time of writing, all
the primitives created by calls to RCr eat e* described in Creating Primitives on page 11 are loaded
from disk. The file holds only vertex data, not object color or texture information. It is used to create
the RObj ect Vert ex structures described in RObjectVertex on page 31. To do this, the data
required are

e The number of vertices described in the file that make up the object. This must be a multiple
of three.

* For each vertex:
- The position (x, Y, z)
- The normal (nx, ny, nz)
- The texture coordinates (u, v)

File Format

The object geometry files are ASCII text files with the extension . neg. The parser in MeVi ewer . ¢
simply looks for a series of numbers in order, each preceded by a colon ‘" and followed by a
space. However, it is recommended that files are created in the format described here.

On a new line, after any introductory comments (that must not contain any colons), the number of
vertices must be specified as

vc:# /
where # is the number of vertices in the object, which must be a multiple of three.
Each vertex must specified on a new line. It is recommended that a blank line be left after each set
of three vertices, so that the triangles are clearly defined. The vertices are specified as

Xi# y:# z2# nxc#Eny:#Enz:# u# vi#/
where # represents a floating-point value. This may be in any format recognised by the C-library
function at of () . The normal should have modulus 1 and both u and v should be between 0 and 1.

This RG aphi cSave function can be used to produce a viewer object geometry file from a valid
RGr aphi ¢ object that might, for example, have been created procedurally. This may also be used
in conjunction with RNor mal i zeG aphi ¢ to normalize an object in an existing . neg file so that
RNor mal i zeGr aphi c is not called every time the object is loaded.

i nt MEAPI RG aphi cSave( RGraphic *rg, char *filenanme );

Creates a geometry file from a RG aphi c. The argumentf i | enane is the name under which to
save the geometry.

MathEngine Karma Viewer. Developer Guide ¢ 32



Object Geometry Files

To load a file

RGraphi ¢ * MEAPI RGraphi cLoad( char *fil enane );

Creates new RG aphi ¢ and fills in vertices from file. Note that RObj ect Header is not filled
in. Returns a pointer to the resulting RGr aphi ¢, or 0 for failure.

Blender

Blender is a “free complete 3D animation suite”, available for download from www.blender.nl which
provides access to its meshes using Python scripts. The file bl ender 2neg. py is a script that
exports Blender meshes in the viewer .neg format. Consult the Blender documentation for details
of how to run the script. Note that texture coordinates are only exported if made ‘sticky’ in Blender.
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Back-End Interface

As described in Chapter 1 « What Can the Karma Viewer Do?, MeViewer is designed to support
any platform-specific back-end that is capable of drawing and lighting textured triangles. This
chapter describes the responsibilities of a back-end to MeViewer and how it should interact with
the platform-independent section.

Only two functions in the back-end will be called by MeVi ewer . These are pointed to by Rl ni t and
RRun. The pointers are set by RRender Cont ext Cr eat e, which subsequently calls Rl ni t. The
function RRun is called by the application.

Initialization Function

The initialization function is that which is pointed to by RI ni t and shall be referred to simply as
Rl ni t. It takes a RRender * as its argument and returns an integer which should be zero for
success, or non-zero to indicate failure.

int (*RInit) (RRender *)

Rl ni t should initialize any data structures needed by the back-end including render surfaces. It
should also remember the RRender * that is passed to it, and the back-end use that for all render
context data.

RI ni t should also set the RRender members m But t onText [] to the names of the controls that
will trigger the call-backs listed in Controls on page 25. The members are

e mButtonText[ 0] Up call-back trigger name (e.g. “Up Arrow”)

* mButtonText[1] Down call-back trigger name (e.g. “Down Arrow”)

e mButtonText[2] Left call-back trigger name (e.g. “Left Arrow”)

« m ButtonText[ 3] Right call-back trigger name (e.g. “Right Arrow”)

e mButtonText[4] Up2 call-back trigger name (e.g. “W")

e mButtonText[5] Down2 call-back trigger name (e.g. “S”)

e mButtonText[ 6] Left2 call-back trigger name (e.g. “A")

e mButtonText[ 7] Right2 call-back trigger name (e.g. “D")

e mButtonText[ 8] Actionl call-back trigger name (e.g. “Space")

* mButtonText[9] Action2 call-back trigger name (e.g. “Enter”)

* mButtonText[10] AnalogX call-back trigger name (e.g. “Shift-Drag X”")
e mButtonText[11] AnalogY call-back trigger name (e.g. “Shift-Drag Y”)
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Rl ni t may also perform tasks such as printing platform-specific help to the console.

void (*RRun) ( RRender *rc, RMainLoopCallBack func );

The function pointed to by RRun will be called after the render-context has been established,
and the application is ready to enter the render-loop. The RRender * passed to it can be
ignored, as it is not valid for this to be different to that passed to R ni t .

Textures

As described in Textures on page 24, the texture files should be loaded into memory when RRun is
called. The filenames of the textures are stored in the RRender member m Text ur eLi st [ 25] .
The index in the array corresponds to the texture ID as held in RCbj ect Header structures, and the
array element is either zero to indicate that no texture is associated with that ID, or a pointer to the
filename null-terminated string. It cannot be assumed that used texture IDs are contiguous, so all
25 elements must be checked.

void MEAPI RBnmpLoad( RRender* rc, char *filenane, Rl nage *p_i nmage,
i nt bRequi reBGR );

Loads a 128*128*24 or 256*256*24 .bmp file. Fills in Rl mage struct, and creates 32bit bitmap
at m pl mage of Rl mage. This allocates memory that must be freed later. The argument
filename is the name of the file to attempt to load. The argument p_i nage will store the pointer
to the block of memory containing the image after loading. Note that you should not allocate
memory yourself and pass a pointer in - this will be ignored since the memory is allocated
inside this function. The value bRequi r eBGR sets the output in format BGRA rather than the
standard RGBA.

The image is in bottom-to-top, left-to-right 32bit format. If bRequi r esBGRis zero then the color
format is RGBA, otherwise it is BGRA.

It is the responsibility of RRun to free the memory pointed to by m pl mage when it has finished with
it.

Profiling

The back-end is responsible for controlling MePr of i | e. Before rendering begins, it should call
MeProfileStartTi mi ng(), with the m bProf i | i ng member of RRender indicating whether
MeProfile should log all data or just that for the previous frame. Within the render loop, a call to
MeProfil eStart Frame() should be made at the beginning and end of each frame, and calls to
MeProfil eSt opTi ners() and MePr of i | eEndFr anme() at the end of each frame. Additionally, a
MeProfileStartSecti on and MeProfi | eEndSect i on pair with the identifier Rendering should
be put around the frame drawing code. Another section “ldle Time” should be put around any
frame-rate locking code.
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The timings from MeProfile should be used to call RPer f or manceBar Updat e() with the times
spent in the last frame on the sections relating to collision, dynamics, rendering and idle-time.
Additionally, the back-end should calculate the frame-rate (in frames per second) and periodically
call RDi spl ayFPS with this value.

When the back-end exits, if m bProf i | i ng is set, MeProf i | eQut put Resul t s should be called.
MePr of i | eSt opTi mi ng must always be called.

Camera Movement

The back-end should associate some controller input (e.g. mouse movement) with camera
movement. It is entirely up to the back-end how this is implemented, but it should make use of the
API calls described in The Camera on page 20.

User Help
A controller input (e.g. pressing F1) should result in a call to RToggl eUser Hel p.

Controller Call-backs

The back-end should associate ten button-press inputs with the ten call-backs. It should also
associate an analog input with the analog call-back. The pointers to the functions that should be
called are held in the RRender Cal | Backs structure pointed to by the m pCal | Backs member of
RRender . Before calling them, the back-end must check that they are non-zero, as they do not all
have to be assigned by every application.

The button-press call-backs should be invoked whenever the associated buttons are pressed, with
the back-end’s render context being passed as the argument.

The analog callback should be called only when the (x, y) value of the controller is changed. The
argument to the function should be the back-end’s render context and the x and y values of the
controller. These can be any floating point values that represent the position of the controller.

The Render Loop
The render loop should perform the following until the user quits:
« Swap front and back buffers.

« If the m bPause member of the render context is zero, and the call-back passed as the
argument to RRun is non-zero, then call the call-back.

e Call RUpdat eGraphi cMatri ces.
« Draw the frame to the back-buffer (see Drawing the Frame on page 37).

e Check if the m bQui t Next Fr ame member of the render-context is set. If it is, then quit next
frame.

» Update the performance bar as described in Profiling on page 35.
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Drawing the Frame

The back-end should provide a viewport with the aspect ratio of 640:448. As triangles are not z-
sorted, alpha-blending should not be used except for 2D objects. Gouraud shading should be used
by default.

Lighting and Shading

The details of the lighting structures are explained in Lighting on page 22. Every frame, the
ambient light color should be set, and the ForceUpdate members of RRender checked to see if the
other light sources need updating.

The Linked Lists

The particle systems, 3D RG aphi cs and 2D RG aphi cs are held in linked lists. Each RGr aphi ¢
has a member m pNext that points to the next in the list. Each RParti cl eSyst emhas an
equivalent member called m pNext Syst em The first element in each list is held in RRender (see
the following sections for details). The last element in each list is the one whose next member is
set to zero.
Particle Systems

¢ Lighting should be enabled.

e Z-comparison (depth testing) should be enabled.

¢ The model matrix and camera matrix should be identity.

e The projection matrix is the m Pr oj Mat ri x member of the render context.

¢ For each member of the linked list starting with m pPS_Fi r st

- All drawing is in view coordinates.

- Draw a triangle at each position in the RParticleSystem m_Posi ti ons member. This is a
4-vector, with the last element meaning nothing.

- The triangle should be centered on the specified point with edge of the length specified in
the RPar ti cl eSyst emstructure.

- The triangle should be flat in z with the edge on (y-0.5*size) aligned to the x-axis.
- It should be textured according to the ID for the system, with texture coordinates of (0,0),
(0,1) and (1,0.5).
3D Objects
e Lighting should be enabled.
e Z-comparison (depth-testing) should be enabled.
« The projection matrix should be set to m Pr oj Mat ri x in the render context.
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e The camera matrix should be set to m Canmat ri x in the render context.

e For each RGr aphi c in the linked list starting with m pRG Fi r st
- The model matrix should be set to the m Mat ri x member of RObj ect Header .
- Colors should be set as defined in RObj ect Header.
- Texture should be set according to the ID in RObj ect Header .

- Wire-frame mode may be set according to the m bl sW r eFr ame member of
RObj ect Header

- The triangle list described in Geometry Data Format on page 30 should be drawn.

2D Objects
« Lighting should be set to full white ambient.
» Alpha blending should be enabled.
e Z-comparison (depth-testing) should be disabled.
* The projection matrix should be set to m Proj Mat ri x in the render context.
e The camera matrix should be set to m Camvhat ri x2Din the render context.

« Draw the RG aphi cs in the linked list starting with m pRG _Fi r st 2D in the same way as for
3D objects.

MathEngine Karma Viewer. Developer Guide ¢ 38



Numerics

2D Objects 38

3D Objects 37

A

Ambient Lighting 22
Analog Controls 26
atexit 8

B

Back-End Interface 34
Blender 33

Button Press Controls 26
C

Call-backs 36

Camera Movement 20, 36
Controller Call-backs 36
Controls 25

Creating New Objects 30
Creating Objects 10
creating primitives 11

D

Data Format 30
Directional Lighting 22
Disabling an object’s texture 24
F

File Format 32

Files 32

G

Geometry Data Format 30
H

Help 36

Help System 19

I

Initialization Function 34
L

Lighting 22

Lighting and Shading 37
Linked Lists 37

M
Menu System 17
O
Object Geometry Files 32
operating systems 3
overview of Viewer 2
P
Particle Systems 27, 37
Performance M easurement 28
performance measurement
RPerformanceBarCreate 28
RPerformanceBarUpdate 28
RRenderDisplayFps 28
platforms supported 3
Point Light 23
Profiling 35
program termination 8
R
RBmpLoad 35
RCameraGetL ookAt 20
RCameraGetPosition 20
RCameraSetL ookAt 20
RCameraSetView 20
RCameraUpdate 21, 22
RConvertTriStripToTriList 15
Render Loop 36
RGraphic
manipulating 15
primitives 11
RGraphic2DRectangleCreate 11
RGraphicAddToList 16
RGraphicBoxCreate 11
RGraphicConeCreate 12
RGraphicCreate 10
RGraphicCreateEmpty 10
RGraphicCylinderCreate 12
RGraphicDelete 10

Index

MathEngine Karma Viewer Developer’s Guide ¢ 39



Index

RGraphicDestroy 10
RGraphicFillObjectBuffer 29
RGraphicFrustumCreate 14
RGraphicGetColor 15
RGraphicGroundPlaneCreate 11
RGraphicLineCreate 12
RGraphicLineMoveEnds 15
RGraphicLoad 33
RGraphicNormalize 29
RGraphicRemoveFromList 16
RGraphicSave 32
RGraphicScale 29
RGraphicSetTexture 24
RGraphicSetTransformPtr 15
RGraphicSphereCreate 12
RGraphicSquareCreate 13
RGraphicTextCreate 13
RGraphicTorusCreate 13
RInit 34

RLoadBmpFile 35
RMenuAddSubmenuEntry 18
RMenuAddToggleEntry 17
RMenuAddValueEntry 18
RMenuCreate 17
RMenuDestroy 17
RMenuDisplay 17
RObjectVertex 31
RParticleSystemCreate 27
RParticleSystemDestroy 27
RQuit 10
RRenderContextCresate 9
RRenderContextDestroy 9
RRenderCreateUserHelp 19
RRenderQuit 9

RRenderSet* CallBack 25
RRenderSetActionNCallBack 25
RRenderSetActionNKey 26

40 « MathEngine

RRenderSetDefaultMenu 17
RRenderSetJoystickCallBack 26
RRenderSetMouseCallBack 26
RRender TextureCreate 24
RRenderToggleUserHelp 19
RRenderUpdateGraphicMatrices 9
RRenderUpdateProjectionMatrices 9
RRun 8, 35
running ssimulation 8
S
simulation, running 8
T
terminating program 8
Textures 24, 35
The Camera 20
U
Utilities 28, 29
Vv
Viewer

overview 2



	Contents
	Chapter 1 • What Can the Karma Viewer Do?
	Overview
	Architecture
	Coordinate System
	Colors
	File Loading
	Platforms Supported
	Building the Viewer into Applications


	Chapter 2 • Programming the Viewer
	Overview
	Using the Viewer in an Application
	First Steps
	Initializing the Renderer
	Creating the Graphics
	Running the Simulation
	Terminating the Program

	Render Contexts
	Creating Objects
	Creating Primitives
	Manipulating RGraphic Objects
	Render Lists

	Menu System
	Help System
	The Camera
	Camera Movement

	Lighting
	Ambient Lighting
	Directional Lighting
	Point Light

	Textures
	Disabling an object's texture

	Controls
	Button Press Controls
	Analog Controls

	Particle Systems
	Performance Measurement
	Utilities
	Geometry Data Format
	Creating New Objects
	RObjectVertex

	Object Geometry Files
	File Format
	Blender

	Back-End Interface
	Initialization Function
	The Linked Lists



