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Perspective Simulation

Perspective simulation is achieved using the projection
matrix GL_PROJECTION to map the 3D image into the 2D
viewport (eye coordinates).
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Matrix Mode

Specify which matrix is the current matrix

vold glMatrixMode (Glenum mode) ;

GL_MODELVIEW Applies subsequent matrix operations to the modelview matrix stack.

GL_PROIJECTION Applies subsequent matrix operations to the projection matrix stack.
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|[dentity Matrix

Load Identity matrix

void glLoadIdentity () ;

O OO =
O O O
O = O O
_ O O O
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Load Generic Matrix

Load Identity matrix

vold glLoadmatrixd (const GLdouble * m);
vold glLoadmatrixf (const GLfloat * m);

Example
float m[l6]={1.0£,0.0£,0.0£,0.0f,
0.0£,1.0£,0.0£,0.0%,
0.0£,0.0£,1.0£,0.0%,
0.0£,0.0£,0.0£,1.0f}; //example of identity matrix

O OO =
O O O
O = O O
_ O O O

glLoadMatrixf (m) ;
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Translation Matrix

void glTranslatef (GLfloat tx, GLfloat ty, GLfloat tz);

void glTranslated (GLdouble tx, GLdouble ty, GLdouble tz);
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Scale Matrix

void glScalef (GLfloat sx, GLfloat sy, GLfloat sz);

void glScaled (GLdouble sx, GLdouble sy, GLdouble sz);

sx 0 0 0
H 0 sy 0 0
0 0 sz O

sy Scale
Vector O O O 1

SZ

/ s
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void glRotatef (GLfloat angle,

void glRotated (GLdouble angle,

R,(0) =

R,(0) =

R.(0) =
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Combining

Rotation Matrix

[#(1=8+ts Bl=d—> fgl—.q—ys(w
ry(ll—c)+z2s ¥’ (l—e)+¢c yx{ll —¢c)—uxs 0
r:(l—c)—ys yxll—e)+as *l-c)+c 0
\ 0 0 0 M
where ¢ = cosf, s=sin#

GLfloat rx,

GLdouble rx,

GLfloat ry,
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GLfloat rz);

GLdouble ry,

GLdouble rz);

ry
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Rotation
Vector
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Rotation around a generic vector matrix
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TRS Complex

For a generic object

void BuildObjMatrix ()
{

glMatrixMode (GL MODELVIEW) ; // select the modelview mode transformation of the entities
glLoadIdentity () ; // loads the identity matrix

glTranslatef (obj.tx,obj.ty,obj.tz); // translate the object to the desired position

glRotatef (obj.yaw ,0.0f,1.0f,0.0f); // rotation around Y axis

glRotatef (obj.pitch,1.0f,0.0f£,0.0f); // rotation around X axis

glRotatef (obj.roll ,0.0f£,0.0f,1.0f); // rotation around 7 axis

glScalef (obj.sx,0obj.sy,obj.sz); // Scale object

For the Camera
void BuildCameraMatrix ()

{

glMatrixMode (GL MODELVIEW) ; // select the modelview mode transformation of the entities
glLoadIdentity () ; // loads the identity matrix

glRotatef (-pov.yaw ,0.0f,1.0f,0.0f); // rotation around Y axis

glRotatef (-pov.pitch,1.0f,0.0f,0.0f); // rotation around X axis

glRotatef (-pov.roll ,0.0f,0.0f,1.0f); // rotation around 7 axis

glTranslatef (-pov.tx, -pov.ty,pov.tz); // translate the camera to the desired position

For the camera, NO SCALE and OPPOSITE ORDER
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TRS Complex

void BuildObjMatrix(...)
{

glMatrixMode (GL MODELVIEW) ; // select the modelview mode transformation of the entities
glLoadIdentity () ; // loads the identity matrix
glTranslatef (obj.tx,obj.ty,obj.tz); // translate the object to the desired position
glRotatef (obj.yaw ,0.0f,1.0f,0.0f); // rotation around Y axis
glRotatef (obj.pitch,1.0f,0.0f,0.0f); // rotation around X axis
glRotatef (obj.roll ,0.0f,0.0f,1.0f); // rotation around 7 axis
glScalef (obj.sx,0bj.sy,obj.sz); // Scale object
}
Xt X,
Yt = (SxR. xR, X R, X T) x |70
Ze | r p y Z
t o

Mo
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TRS Complex

void BuildCameraMatrix ()

{

glMatrixMode (GL MODELVIEW) ; // select the modelview mode transformation of the entities
glLoadIdentity() ; // loads the identity matrix

glRotatef (-pov.yaw ,0.0f,1.0f,0.0f); // rotation around Y axis

glRotatef (-pov.pitch,1.0f,0.0f,0.0f); // rotation around X axis

glRotatef (-pov.roll ,0.0f,0.0f,1.0f); // rotation around 7 axis

glTranslatef (-pov.tx, -pov.ty,pov.tz); // translate the camera to the desired position

= (Ry X R, X R X T) x |21
11 v SR
Mc
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3DGE Workflow

#define N_ENTITIES 100 <«

Number or entities in our simulation
Just a simple variable to use as counter

. . 4__________________———————————‘—‘—_—_—_—_—_—_—_—_——_—_—_—_—_—_—_—— Array of entities
int i; *___——____________________————————_———__——~
TEntity Entity[N_ENTITIES];

Simulation Loop

. load entities somewhere

do { - » Generates the geometry information

. generate entities configuration somewhere
BuildCameraMatrix () ; —_—
for (i=0;i< N_ENTITIES;i++)
{ —

BuildObjMatrix (Entity[i]) ; ”
}

—/

CleanFrameBuffer () ; —_— » Draws the final scene
for (i=0;i< N_ENTITIES;i++)
{ L 0 0 \

DrawEntity (Entity[i]); —_—
}
FlipBuffer() ; —

}While (CheckExitEvent ()) ;
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Triangle Quadrilateral Drawing

glBegin (GL TRIANGLES) ; glBegin (GL_QUADS) ;
glVertex3f (vl.x,vl.y,vl.z); glVertex3f (vl.x,vl.y,vl.z);
glVertex3f (v2.x,v2.y,v2.2); glVertex3f (v2.x,v2.y,v2.2);
glVertex3f (v3.x,v3.y,v3.2); glVertex3f (v3.x,v3.y,v3.2);
glEnd () ; glVertex3f (vd.x,vd.y,v4.2);

glEnd () ;

f=floating point
single precision
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Polygon

glBegin (GL_POLYGON) ;
glVertex3f(vl.x,vl.y,vl.
glVertex3f(v2.x,v2.y,Vv2.
glVertex3f(v3.x,v3.y,Vv3.
glVertex3f(vd.x,v4d.y,v4.
glVertex3f(v5.x,vb.y,Vvb.
glEnd () ;
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GL-LINES

glColordf (1.0f,0.0f,0.0f,1.0f); VO V2 V6
glBegin (GL_TRIANGLE TRIP) ; V4
glVertex3f (v0.x,v0.y,v0.
glVertex3f (vl.x,vl.y,vl.
glVertex3f ( X, V2.Y,V2.
glVertex3f (v3.x,v3.y,Vv3.
glVertex3f (vd.x,v4.y,Vv4.

(vb

(V6

~e

~e

A\
v2

e e

\Y%

V1 V3

~e

glVertex3f (v5.x,v5.y,Vvh. V5

glVertex3f (v6.x,v6.y,V6.
glEnd() ;

~e

~— ~— ~— ~— ~— ~— ~—
~
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~e

GL_TRIANGLE_STRIP
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Color

glColor4£(1.0£,0.0£,0.0£,1.0%) ; glColor4£(0.0f,1.0£,0.0£,1.0f);
glBegin (GL _TRIANGLE) ; glBegin (GL_QUAD) ;
glVertex3f (vl.x,vl.y,vl.z); glVertex3f (vl.x,vl.y,v1l.z);
glVertex3f (v2.x,v2.y,v2.2); glVertex3f (v2.x,v2.y,v2.2);
glVertex3f (v3.x,v3.y,v3.2); glVertex3f (v3.x,v3.y,v3.2);
glEnd() ; glVertex3f (vd.x,v4d.y,v4.z);
glEnd () ;

r € R[0,1]
g €ER[0,1]
b € R[0,1]
a € R[0,1]
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Triangle Strip

vl
glBegin (GL_LINES) ;

glVertex3f (v0.x,v0.y,v0.2);
glVertex3f (vl.x,vl.y,vl.z);
glEnd() ;

vO

CSCI E-74 Virtual and Augmented Reality for Simulation and Gaming



Bebets HARVARD vl HARVARD

LY G Extension School
5 Ll UNIVERSITY

Triangle Strip

Double precision

glBegin (GL _LINE - IP); v3
glVertex3d (v0.x,v0.y,v0.
glVertex3d (vl.x,vl.y,vl.
glVertex3d (v2.x,v2.y,Vv2.
glVertex3d (vl.x,vl.y,vl.
glEnd () ;
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Hidden faces

-
T

| cannot see all the faces at the same time!
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PO |ygo N N orma | Represent the length of V; and 1/,

Vi = (Vg Vay, Vaz) = (vl — v0,,v1, — v0,,v1, —v0,) € R?

Vy = (Vo Vay, Vsy) = (v2, — v0,, 2, — v0,,v2, — v0,) € R® Represent the direction of V; and 1/,

R

vV, =1V, = \/(le —v0,)% + (v1, — vOy)2 + (vl, — v0,)?

)

Vy, = |V, = \/(vzx —v0,)% + (vzy — vOy)2 + (v2, — v0,)?2

vl, —v0, vl, —v0, vl, —v0,
11 I | 21 . | 21 >
v2, —v0, vZ2, —v0, v2, —v0,
127 I | /Y B 21 )

Vi =1Vl = (

Vy = IVl = (
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Scalar Product 7, 0:

Vl . VZ = V]_VZ cos O =

Vl iy VZ = (leVZ.X' + VlyVZy + VlZVZZ) €E R
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Scalar Product

Vl y VZ = V]_VZ cos 6
Vl * VZ - (leVZx + VlyVZy + VlZVZZ) € R

Polygon Polygon
L X
) \ 1 1

if V,-V, <0 thendraw primitive
else discard
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GL CULL FACE

glEnable (GL_CULL FACE) ;

. Only 3 faces
glDisable (GL_CULL_FACE) ;

if V-V, <0 thendraw primitive
else discard
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Polygon Normals

Specifies the normal versor

glNormal3f (GLfloat nx, Glfloat ny, Glfloat nz);

E | vl
xample v2

glBegin (GL POLYGON) ;
glNormal3f(n.x, n.y, n.z);
glVertex3f(vl.x, vl.y, vl.z);
glVertex3f(v2.x, Vv2.y, Vv2.z);
glVertex3f (v3.x, v3.y, v3.z);
glEnd() ;

v2
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