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void display()

{
gIMatrixMode(GL_PROJECTION);
glLoadldentity();
gluPerspective(45, 1, 0.1, 100);
glMatrixMode(GL_MODELVIEW);
glLoadldentity();

drawObjects();
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Camera Movement
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float cameraX, cameraY, cameraZ, cameraHeading;

void display()

{
Bl GadTdRHE ()
glRotatef(-cameraHeading, 0, 1, 0); :
: glTranslatef(-cameraX, -cameraY, -cameraZ);

drawObjects();

Camera Movement

O Navigation
u Fly-through (6DOF)
m Walk-through (2DOF)




Hidden Surface

Hidden Surface Removal
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Hidden Surface Removal
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glEnable(GL_DEPTH_TEST);
w W/l AA
glEnable(GL_CULL_FACE);
glCullFace(GL_FRONT);
glCullFace(GL_BACK);
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Z-buffer
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OpenGL Z-buffering
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glutInitDisplayMode(GLUT_SINGLE | GLUT_RGB | GLUT_DEPTH);

glEnable(GL_DEPTH_TEST);
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glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);
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glEnable(GL_CULL);
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Projections and Shadows
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Projections and Shadows
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Projections and Shadows

Glfloat m[16] /I shadow projection matrix
m[0] = m[5] = m[10] = 1.0;

m[7] = -1.0/yl;

glColor3fv(polygon_color);
glBegin(GL_POLYGON);

.. Il draw polygon normally

glEnd();

gIMatrixMode(GL_MODELVIEW);
glPushMatrix();

glTranslatef(xl, yl, zl); /I translate back
glMultMatrixf(m); /I project shadow matrix
glTranslatef(-xI, -yl, -zl); // move light to the origin
glColor3fv(shadow_color);
gIBegin(GL_POLYGON);

.. Il draw the polygon again

glEnd();

glPopMatrix();

Planar Shadow []J. Blinn, 88]




Planar Shadow [J. Blinn, 88]

Projection Shadow

z

S _I) Sx:|x+7y(px_lx) SZ:I2+|_7y(pZ_IZ)
y l,=p, v Py s.] [n-l+d-1n, -1, ~In, ~Id
| l, | :lx(ly—py)+|y(px—lx) :lz(ly—py)ﬂy(pz—'z) s,| | -n, n-l+d—In, -1,n, -1,d
S = x+|y_py(px_ ) l,-p, l,-p, s, || -ln, ~1,n, nd+d-Ln,  —Ld
s, =0 :M :ipLJ"Iyipz 1 = -n, -n, n-l
l,—-p Il —p
| y Py
Sz:|z+| ’ (pz_lz) : y
-p = —
b s=1+t(p=1) [ (1at(p=1))+d =0
n-s+d=0
s 1, -, o op, n-1+t(n-(p-1))=—d
0| |0 0 0 0jp, t(h-p-n-1)=—d-n-I
sz O _IZ Iy 0 pz _d_n.l
1 0 -1 0 | 1 Sxi]'y x_]xpy+Opz t: :I
y s, =0 n p_n.|
Sz=0px_1zpy+]'ypz
W=Opx_ py+0pz +]'y
Projection Shadow Projection Shadow Matrix
s=l+ ”I'”d (p-1) sx:|X+n”|"+mOI (p,-1,)
nA=np P s n-l-ln,  —Iln ~Ln, -Ln, Tp
o |y Nl+d (p.-1) L(n-1=n-p)+(n-1+d)p, —(n-1+d)I, x y x
F T T p T nl—n-p Sy |_ -I,n, nd=ln, —In, -, | p,
s ot e a0y CLnd-tnp,~1,np, ~Ln,p,+(n-1+d)p, ~I,n-1-1d s, -In, -Ln, nd-Ln, -Ln, |p,
Y nd-n-p S -n,p,—n,p,—n,p,+n-l 1 -1L,n, -1,n, -Ln, nd=ln, 1
SZ=|Z+nn|"+ndp(pz_|z) _(n-1+d-1,n)p,~Ln,p,~Ln,p, ~Ld F9dgn=[n,n,n,n,]
-n,p,—n,p,—n,p,+n- I %%|=[| 1,1 where | =3 3 332 o] l, =0, |=7]<j3§%o]ﬂjlw=l
S, n:l+d-Ln, =ln, -1, =Ld-p,
s, =l,n, n-l+d-In, =l,n, -l,d | p,
s, —1,n, -I,n, nl+d-ln, —1d|p,
1 -n, -n, -n n-lf 1




Projection Shadow Matrix

/I create a shadow matrix that will project the desired shadow
void shadowmatrix(GLfloat shadowMat[16], GLfloat plane[4], GLfloat lightpos[4])
{
GLfloat dot; // dot product of light position and ground plane normal
dot = plane[0] * lightpos[0] + plane[1] * lightpos[1] + plane[2] * lightpos[2]
+ plane[3] * lightpos[3];
shadowMat[0] = dot - lightpos[0] * plane[0];
shadowMat[1] = 0.f - lightpos[0] * plane[1];
shadowMat[2] = 0.f - lightpos[0] * plane[2];
shadowMat[3] = 0.f - lightpos[0] * plane[3];
shadowMat[4] = 0.f - lightpos[1] * plane[0];
shadowMat[5] = dot - lightpos[1] * plane[1];
shadowMat[6] = 0.f - lightpos[1] * plane[2];
shadowMat[7] = 0.f - lightpos[1] * plane[3];
shadowMat[8] = 0.f - lightpos[2] * plane[0];
shadowMat[9] = O.f - lightpos[2] * plane[1];
shadowMat[10] = dot - lightpos[2] * plane[2];
shadowMat[11] = 0.f - lightpos[2] * plane[3];
shadowMat[12] = 0.f - lightpos[3] * plane[0];
shadowMat[13] = 0.f - lightpos[3] * plane[1];
shadowMat[14] = 0.f - lightpos[3] * plane[2];
shadowMat[15] = dot - lightpos[3] * plane[3];

void renderShadow(void) {
renderOccluders(); // 1. Step - Render all object that cast shadows
glClear(GL_STENCIL_BUFFER_BIT); // clear stencil buffer
glEnable(GL_STENCIL_TEST); // 2. Step - Render all receivers
glStencilOp(GL_KEEP, GL_KEEP, GL_REPLACE);
while (pReceiver) {
glStencilFunc(GL_ALWAYS, pReceiver->getld(), ~0);
render(pReceiver);
pReceiver = pReceiver->getNext(); }
glDisable(GL_TEXTURE_2D); // 3. For every receiver plane (pReceiver)
glDisable(GL_DEPTH_TEST);
glEnable(GL_BLEND);
glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA);
glColor4f(0.0f, 0.0f, 0.0f, 0.5f); // shadow color
glStencilOp(GL_KEEP, GL_KEEP, GL_ZERO);
while (pReceiver) {
glStencilFunc(GL_EQUAL, pReceiver->getld(), ~0);
glPushMatrix();
gIMultMatrixf((GLfloat *) pReceiver->getShadowMatrix());
renderOccludersFast(); // texturing, use constant shading only (GL_FLAT) etc
glPopMatrix();
pReceiver = pReceiver->getNext(); }
glDisable(GL_BLEND);
glDisable(GL_STENCIL_TEST);
glEnable(GL_DEPTH_TEST);
glEnable(GL_LIGHTING);
glEnable(GL_TEXTURE_2D);
}
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