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Chapter 1 « What Can the MathEngine Viewer Do?

Overview

The MathEngine Viewer is a simple 3D rendering and interactive viewing tool that is included with
MathEngine products such as the MathEngine Dynamics Toolkit and the MathEngine Collision
Toolkit.

NOTE: MathEngine products are designed to work well with any third-party
renderer.

MathEngine products include sample programs that demonstrate the power and simplicity of the
product. The purpose of the MathEngine Viewer is to allow the sample programs—and any
prototype game or test code that you write—to display a 3D scene and to allow a user interact with
these programs.

It provides a simple user interface—pan, rotate, zoom, change the lighting and shading, stop and
restart the animation, and so forth—which you can easily add to.

Platforms Supported

The MathEngine Viewer runs on Windows 95/98, Windows NT, Windows 2000, Linux, Irix, and
Sony PlayStation2. It allows you to use either OpenGL or Direct3D as the underlying graphics
package and also provides some display support for PS2. Here is the distribution:

Platform OpenGL Direct3D Renderware
Windows 95/98 X X

Windows NT X

Windows 2000 X X

Linux X

Irix X

PlayStation2 X

Installation Procedure

The MathEngine Viewer will be installed automatically when you install the MathEngine product.
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Overview

Building the MathEngine Viewer into Applications

After installing a MathEngine product that uses the MathEngine Viewer, you can find the Viewer’s
header files and libraries in the sr c/ conponent s/ MeVi ewer subdirectory of the product’s
directory tree.

For an example on how to build the MathEngine Viewer into a game or other application, fhave a
look at any of the example programs provided.
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Chapter 2 « Using the MathEngine Viewer

Overview

This chapter explains the MathEngine Viewer’s user interface and explains how a programmer can
embed the Viewer in an application.
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User Interface

User Interface

Most example programs and demonstration programs use the MathEngine Viewer both for
rendering and to provide a standard user interface for viewing the rendered scene and

controlling the simulation.

MathEngine Viewer

Commands

For any program that uses the MathEngine Viewer, you can usually manipulate the rendered
scene by using the standard viewer commands below:

Control Keys

Control Keys

Action

cursors

move camera

ctrl+cursors

move light

F1 Application-specific Help
F2 change shade model

F3 toggle texture

F4 toggle axis display

F5 toggle stats display

F6 toggle text

F7 toggle camera info

F8 toggle display lists

F9 toggle fullscreen

F10 toggle pause

F11 toggle mouse manipulation
F12 toggle renderer help
<Esc> quit
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Mouse Controls

Mouse Controls Action

drag in center orbit camera

drag near left edge pan camera up/down

drag near bottom edge pan camera left/right

drag near right edge pan camera towards/away

drag near top edge zoom camera in/out

SHIFT + pick graphic translate object left/right and up/down
CTRL + pick graphic translate object towards/away

ALT + pick graphic rotate object

Notes for Windows and UNIX

e The standard commands are displayed automatically by the MathEngine Viewer, usually at
the beginning of an application’s execution.

e F1 displays Help provided by the application program, usually for keyboard commands
such as <Space> or <Enter>.

e F12 provides Help for the MathEngine Viewer itself.

e F1 and F12 stop the simulation while they display the Help. Press F1 or F12 again to
resume the simulation.

¢ Not all programs support the pick graphics commands.

e Many demonstration and sample programs involve throwing balls from the camera towards
objects in the scene. You can manipulate the camera in order to aim before you throw.

e Some programs override the default Viewer commands. Press F1 to check for any
overrides and to receive application-specific Help.

¢ Clicking the right-mouse button on a rendered scene provides a menu of commands.

Notes for Sony Playstation2

The Sony PlayStation2 is normally used with a control pad, not a mouse and keyboard. Most of
the controls listed above are not supported. You can, however, rotate the camera by using the
left and right buttons on the control pad.

Searching the Code for User Interface Details

For the demo programs and example programs that are distributed with MathEngine Toolkits: if
the program uses the MathEngine Viewer, you can see how application-specific commands are
implemented by editing the source file of the program, and searching for RUseKey or
RUsePadKey.

Here, for example, is how cd_t oppl e implements its commands:
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User Interface

#i f ndef PS2
RUseKey('s', stepEvolve);
RUseKey('a', toggleAutoEvolve);
RUseKey(' ', shoot);
RUseKey(' k', killAl);
RUseKey('w , wakeAll);
RUseKey('f', toggleFriction);
RUseKey('\r', reset);

#el se

RUsePadKey( PADRup, stepEvolve);
RUsePadKey( PADcircl e, shoot ) ;
RUsePadKey( PADR eft, killTALl);
RUsePadKey( PADRdown, wakeAl |);
RUsePadKey( PADtri angl e, toggleFriction);
RUsePadKey( PADsquar e, reset);

#endi f
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i MathEngne [DpenGIL]

The mouse and keyboard controls listed above allow you to pan, zoom, pause, and so forth.

If you enter F12, you get an abbreviated version of the MathEngine Viewer Help information, with
some commands missing.

If you enter F1, you get any application-specific help provided by the application program itself.

NOTE: Whenever Help is displayed, the simulation pauses. To resume the
simulation hit the Help Key (either F1 or F12) again.

You (the application programmer) can also display and process other commands on the graphics
screen (such as “<Enter> to restart simulation”). As well, you can display performance statistics
(shown above) at the bottom left corner.)

<Esc> closes both windows and exits the program.
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Command-line Options

Any application that you build using the MeViewer interprets the following command-line options:

Option Description

- gl OpenGL graphics (default)

-d3d Direct3D graphics

-nul | No graphics: the simulation will run with no graphics window.

- bench Benchmarks: the simulation will run with no graphics window, but will

display statistics in the console window. The application will terminate
after a fixed time.

-timeout [n] Application exits after n frames

-profile [n] [ Profiles for n frames after m frames of settletime
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Embedding the Viewer in an Application

Let’s look at the Bounce sample program from the Dynamics Toolkit. It gives a good example of
how you can use the Viewer in your own programs.

First Steps

You need first to includes 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 RGr aphi c that will appear in the Bounce tutorial: a ball and a plane.

#i nclude "Mt. h"
#i ncl ude "MeVi ewer. h"

/* Render context */
RRender *rc;

/* ball graphic */
RGr aphi ¢ *sphereG

/* plane graphic */
RGr aphi ¢ *pl aneG
Mainline Logic

In the main routine of Bounce, we pick up the renderer type (-gl , - d3d, - nul | , - bench, -
profil es all explained elsewhere in this document) from the command line:

int main(int argc, const char **argv)

const RRender Type renderer = RParseRender Type( &argc, &argv) ;

We use the renderer type later on, when we initialize the Viewer:

/* initialise rendering attributes */
rc = RNewRender Cont ext (renderer, kRQualitySnooth);

Then we initialize the camera:

f;
1.
4

rc->mcanmeraCfset = 4
rc->m _caner aAngl e 0.
rc->m caner aEl evati on

0
= 1
i = 4;

rc->m caner aLookAt[ 0] =
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Embedding the Viewer in an Application

RUpdat eCaner a() ;
We assign the <Enter> key and Space Bar key to two call-back functions, Reset and shoot .

RUseKey('\r', Reset);

RUseKey(' ', shoot);
Then we assign a function called hel p to become the application’s help routine (called by F1, as in
any MeViewer application) and we create the title of the application’s window.

RCr eat eUser Hel p(hel p, 2);

rc->mtitle = "Bounce V.1.0 tutorial - ww. nat hengi ne. conf;
Next, we create the two graphical objects, a sphere corresponding to a ball and a plane
corresponding to a surface (e.g., a floor) on which the ball may fall. Note that the plane is really
one of the faces of a cube:

sphereG = RCreat eSphere(rc, 2, color, 0);

RSet Text ur e(sphereG, "Me_bal |l 3");

pl aneG = RCreat eCube(rc, 24, (MeReal)(0.2), 24, color, 0);
RSet Text ur e( pl aneG "checkerboard");

Running the Simulation

Then we call RRun() to run the simulation and render the graphics.

RRun(rc, Tick);

RRun() controls the event loop (the main loop) for the simulation. Here is pseudo-code for what
happens in Bounce:

Whil e the user has not pressed the <esc> key [to exit the sinulation])

{

If the user enters ‘\r’, call Reset() [callback function]

If the user enters , call shoot() [callback function]

Call Tick() [callback function] to evolve the sinulation and update
the graphic transforns

Draw t he graphics

}

Finally, once the user has quit the simulation by pressing <Esc>, we free up all memory used by
the Viewer:

RDel et eRender Cont ext (rc);

And that's it.
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Terminating the Program

Calling RRun() sends the MathEngine 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 for MathEngine Toolkits:

voi d cl eanup(voi d)

{
Mit Wor | dDest roy(worl d); //clean up dynam cs

free(keaMenoryArea); //clean up solver work area
RDel et eRender Context (rc); //clean up MeVi ewer
}

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

RRun(rc, tick);
/* No code placed after here will execute with OpenGL */
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Programming Notes

Render Contexts (Worlds)

To create a render context (a “world”), use this function:

RRender * RNewRender Cont ext (RRender Type, RRender Qual i ty);

Here is what the render context’s structure looks like:

typedef struct RRender

{

RGr aphi c
voi d

fl oat

fl oat

RRender Qual ity
RKeyCal | back
RKeyCal | back
RwvbuseCal | back
RWbt i onCal | back

nt

/*

W ndow attri butes.

*/

char

nt
nt
nt
nt

/*

Bool eans.

*/

nt

i nt
i nt
i nt
i nt

nt

i nt
i nt
i nt
i nt

*mfirst; /* linked Iist of graphics */
*m font;

m OGLf ont ;

m t ext Col or [ 3] ;

m_backgr oundCol or [ 3] ;

m_qual ity; /* shading attributes */
m_keyFuncs[ NUM KEYS] ;

m_padkeyFuncs[ NUM_PAD_BUTTONS] ;

m _nousekFunc;

m_not i onFunc;

*mtitle;

m wi ndoww dt h;
m wi ndowHei ght ;
m wi ndowl D;
nm ct r| Down;

m_showText ur e;
m_showAXxi s;
m_showLi ght ;

m showText ;
m_showHel p;
m_showUser Hel p;
m_show nf o;
m_showFPS;

m_useDi spl ayLi sts;
m_pauseDynani cs;
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i nt minitialized;
i nt m_ended;
unsi gned int m paddata; /* Key down info store for joypad */
/*

Stats display variabl es.
*/
fl oat m_t i nePer Fr aneg;
fl oat m_r ender Ti ne;
fl oat m_dynam csTi re;
fl oat m_col |i si onTi ne;
fl oat m t ot al Ti ne;
Ti mer *m_dynami csTi ner;
Ti mer *m col |'i sionTimer;
Ti mer *m_render Ti ner;
/*

Canera and Light Paraneters.
*/
AcneReal m zd i pFar;
AcneReal m_| i ght Pos[ 3] ;
AcneReal m_caner aPos|[ 3] ;
AcneReal m_caner aLookAt [ 3] ;
/*

There five are used by the standard keyboard canmera and |i ght
positioning functions change themto alter initial positions.

*/

AcneReal m_caner a(x f set ;

AcneReal m_camer aAngl e;

AcneReal m_caner aEl evati on;

AcneReal m_| i ght Angl e;

AcneReal m_| i ght El evati on;
} RRender;

Multiple Render Contexts

You can create more than one render context, if needed. To switch between them use:

voi d RSet Render Cont ext (RRender* context);

Lights, Camera...

Here are the light and camera fields again:
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AcrreReal
AcneReal
AcrreReal
AcneReal
AcrreReal
AcneReal
AcrreReal
AcneReal
AcrreReal

Programming Notes

m zd i pFar;

m_| i ght Pos[ 3] ;

m_caner aPos|[ 3] ;

m_camner aLookAt [ 3] ;

m _caner aCx f set ; /* there five are used by the */
m_camer aAngl e; /* standard keyboard canera and */
m_caner aEl evation; /* and |light positioning functions*/
m | i ght Angl e; /* change themto alter initial */
m | ightElevation; /* positions *

The units are in meters or radians. Here are some further notes about them:

Field Name

Default Value, Other Notes

m zCl i pFar;

Distance to the far clipping plane. Any objects beyond the plane
will not be rendered.

m_caner aPos|[ 3] ;

Set by a call to RUpdateCamera(). See below.

m_caner aLookAt [ 3] ;

Default: {0, 0, 0}, i.e. the camera is pointing at the origin.

m _caner aCf f set ;

Distance from the origin.
Default: 10. User interface: bound to the ‘+'and ‘-* keys.

m_caner aAngl e;

The azimuth: the rotation around the origin, in the horizontal plane,
starting along the z-axis, increasing counter-clockwise when
viewed from above.

Default: 0. User interface: bound to the cursor keys.

m_caner aEl evati on;

Angle of elevation above the z-axis.
Default: 0. User interface: bound to the cursor keys.

m | i ght Angl e; Default: Pl/4.
m | i ght El evati on; Default: Pl/4.
m_| i ght Pos Default: Null

The vector that defines the position of the camera is m _camer aPos. You can set it directly, or call
RUpdat eCaner a() to set the value of the vector based on m caner aCf f set
m_caner aAngl e, and m camer aEl evati on.

Texturing (OpenGL only)

With OpenGL, you can apply texture to a model by using the following:

MathEngine Viewer Developer’s Guide « 17



Chapter 2 « Using the MathEngine Viewer

RSet Texture (RG aphi c* object, char* fileNange);

In Windows, the texture file must be a bitmap (*.bmp) file. In any Unix system, the texture file must
be a tiff file. The filename must not include the extension.

Performance Statistics

The Viewer has functions that allow you to track how much time different parts of your application
consume. Here is how to use them:

voi d Ti ck(RRender* rc)

{
RSt opTi ner (kRRender) ;

RSt art Ti ner (kRCol |'i si on);
/* update collision space*/
RSt opTi ner (kRCol i si on);
RSt art Ti mer (kRDynami cs) ;
/* evolve dynam cs */
Mit Wor | dSt ep(wor | d, step);
RSt opTi ner (kRDynami cs) ;
RSt art Ti mer (kRRender) ;
}

The Viewer displays the statistics in the graphics window. F5 toggles the display of statistics. Like
the display of any other text, displaying the graphics slows down the simulation.

This is very useful to get continuous visual idea of how long the application is spending doing
rendering, dynamics and collision. This method is restricted to these three areas. If you want an
average overall time you can use the - bench command line parameter.

However, there is a third and better way to time your code using the - profil e command line
parameter. This will give a much more detailed breakdown of time spent in different sections of
code, specifically collision, scene partitioning, constraint creation, constraint solving and
rendering, although the user is free to add as many sections as they want. Here are some
examples of it's usage:

bridge -profile 100 - profiles first 100 frames of bridge example including rendering
bridge -profile 100 50 - profiles 100 frames of bridge including rendering after 50
frames of settle time.

bridge -null -profile 50 - profiles first 50 frames of bridge with no rendering.
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In fact this command line option is making use of more general profiling code which resides in the
MeGlobals lib. In this way a user is free to add their own code sections to be timed. All you have to
dois #i ncl ude "MeProfil e. h" which is in MeGlobals/include. The code will look like this:

#i nclude "MeProfile.h"

MeProf i | eSt art Sect i on("My code section",0);

MePr of i | eEndSect i on("My code section");
The second parameter of MeProfi |l eStart Secti on() i sautorun. Ifitis 0, profiling will continue
until explicitly stopped with a call to MePr of i | eEndSect i on() . Ifitis 1 profiling will continue until
the next call to MeProf i | eSt art Secti on(). Hence it is clear that code sections can be

concurrent, therefore don't expect the percentages in the output display to add up to 100%, unless
you really are timing all the code sequentially.

To get output in a gnuplot format:
MePr of i | eSet Qut put Par anet er s( kMePr of i | eCut put Ghupl ot ) ;
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Reference

For reference information about the MathEngine Viewer’s functions, structures, and so forth, read
the header file.
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