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Fake Shadows

-- What we would like to be able to do is cast a shadow on aground plane, i.e. cast a shadow
of our cube rotating onto our checkerboard.

Figure 1. Light source at infinity.

-- The most common trick is to redraw the objects of the scene scaled by zero in the vertical
direction (y coordinate).

buildnonmovingviewmatrix();

drawthefloor();

buildmovingviewmatrix();

drawcube();

buildshadowviewmatrix(); [* Moving matrix « M as below */
drawcube(Half-toned and Grey);
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Fake Shadows continued

-- Let’slook at the mathematics necessary for Simple Shadows...

Single Point Source Infinitely Far Away

--wehavel = (xI Y| ZI) in the direction of the light source.

--apoint P (xIO yp zp) on some object of the scene will cast a shadow on the ground plane
at (Xs 0 Zs)'

-- the cast shadow starts at P and moves away from the light source in the opposite direction
until it hitsy = 0 (the ground).

Ppoi nt light

Solve for a with the requirement that Ys= 0.

0= yp -asy,
or
a :yp/yl
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Fake Shadows continued
-- How do we compute the x and z coordinates?

Xg = xp -aex = xp - (yp/yl)-xI

Zg = zp -aez = zp - (yp/yl)-zI

-- How do we write this as a matrix operation?

P =PeM

Pl

[xs 02, 1]

P = [xp yp zp 1]

1000
M = X0z0
0010
0001
where
and
Z:-zllyI
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Sample Code Sketch for Fake Shadows

11

/1 draw_t he_scene

/1 This function draws the picture.
11

voi d draw_t he_scene()

{

/1l Set the background color to cyan (RGBA) and clear the z-buffer
gldearColor(0.0, 1.0, 1.0, 0.0);
gl d ear (G._DEPTH BUFFER BI T | GL._COLOR_BUFFER BIT);

/1 Build the accumul ative rotation matrices
/1 This conputation stonps the top of the Mdel Vi ew stack
bui | d_accurul ative_matrices();

/1 Set the projection matrix.

/1 The near and far val ues are distances fromthe viewer
/1 to the near (1.0) and far (10000.0) clipping planes.
gl Mat ri xMode( GL_PRQIECTI ON) ;

gl Loadl dentity();

gl uPerspective(45.0, 1.25, 1.0, 10000.0);

// Load the Mddel View matrix with a unit matri x.
gl Mat ri xMode( GL_MODELVI EW ;
gl Loadl dentity();

/1 W are at the viewpoint and | ooking towards

/'l the reference point of the object.

/1l Up vector is the vector orienting our view vol une around
/1l the line of sight.

gl uLookAt (0.0, 0.0, 200.0, /1 View point.
0.0, 0.0, -511.0, /1 Ref point, point we are |ooking towards.
0.0, 1.0, 0.0 ); /1 Up vector.

/1 The floor does not nove so draw it now.

/1 x (0.0) and z (-511.0) are the center of the floor
/1y (-200.0) is the plane for the floor

/1l The last value is the width of the floor (500.0).
drawt hefl oor (0.0, -200.0, -511.0, 500.0);

/1 Concatenate onto the Mdel View matrix the results of our
/1 accumul ative transformations.

/1 The coordinate passed in is the point about which

/1 we would like our operations (rotations/scales) to occur
/1 Think of this point as the center of the displayed object.
concat enate_accunul ative_matrices(0.0, 0.0, -511.0);
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/*********************************************/

/*********** NE\NS'_'A[DNCG:)E START ***********/

/*********************************************/

/| Disable z-buffering
gl Dept hMask( GL_FALSE) ;

/| Enabl e bl ending for shadow
gl Enabl e( GL_BLEND) ;

/1 Set blending paranmeters for source (shadow)
gl Bl endFunc(G._SRC ALPHA, GL_ONE_M NUS_SRC ALPHA);

/!l Set shadow color to bl ack
gl Color4f (0.0, 0.0, 0.0, 0.4);

/1 Push a copy of the top matrix
gl Pushatri x();

/1 Set the projection matrix.

/1 The near and far val ues are distances fromthe viewer
/'l to the near (1.0) and far (10000.0) clipping planes.
gl Mat ri xMode( GL_PRQIECTI ON) ;

gl Loadl dentity();

gl uPerspective(45.0, 1.25, 1.0, 10000.0);

/!l Load the Model View matrix with a unit matrix.
gl Matri xMode( GL_MODELVI EW ;
gl Loadl dentity();

/'l W are at the viewpoint and | ooking towards

/'l the reference point of the object.

/1 Up vector is the vector orienting our view volume around
/1 the line of sight.

gl uLookAt (0.0, 0.0, 200.0, /1 View point.
0.0, 0.0, -511.0, /'l Ref point, point we are |ooking towards.
0.0, 1.0, 0.0); /'l Up vector.

/'l Translate the shadow down to the floor |evel
gl Transl atef (0.0, -199.9, 0.0);

/1l Draw a flat object to sinulate the shadow. Since we are scaling
//'y to O, we also get a translation to the x-z plane automatically.
gl Scalef (1.0, 0.0, 1.0);

/'l Translate the center of cube back to original |ocation
gl Transl at ef (REFX, REFY, REFZ);

gl Mul t Matri xf (transacc_ptr);
gl Mul t Mat ri xf (rxacc_ptr);
gl Mul t Matri xf(ryacc_ptr);
gl Mul t Matri xf(rzacc_ptr);
gl Mul t Mat ri xf (scal eacc_ptr);
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/1 Translate cube to the origin
gl Transl atef (- (REFX), -(REFY), -(REF2));

/'l Draw t he shadow cube
dr awshadowcube(0.0, 0.0, -511.0, 100.0);

/'l Restore the top of the matrix
gl PopMat ri x();

/| Disable blending for shadow
gl Di sabl e( G._BLEND) ;

/'l Enable z-buffering
gl Dept hMask( GL_TRUE) ;

/*********************************************/

/*********** NE\NS'_'Am/VCGDE END *************/

/*********************************************/

/'l Draw the cube.

/1 Anything drawn after the concatenate noves with the accumnul ative
/1 transformations.

drawcube(0.0, 0.0, -511.0, 100.0);

/1 Swap the buffers as we are doing doubl e buffering.

gl XSwapBuf f er s( gl obal _di spl ay, gl obal _wi ndow);

} /1l end of draw_ the_scene
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/*********************************************/

/*********** NE\NS'_'A[DNCG:)E START ***********/

/*********************************************/

/1 Draw a cube shadow with center (Xx,y,z), having the designated sidel ength.
/1 Function same as drawcube, but w thout any gl Col or() conmands.

voi d drawshadowcube(float x, float y, float z, float sidelength)

/1 float Xx,vy, z; center of the cube in 3-space.
/1 float sidelength; | ength of cube's side.
{

fl oat hal fside; /1 length of half the side of the cube.

float p[4][3]; /] array to hold coords for the cube faces.

/1 Conpute the halfside.
hal f si de=si del engt h/ 2. 0;

/' Back face.

p[ 0] [ O] =x- hal f si de;
p[ 0] [ 1] =y+hal f si de;
p[ 0] [ 2] =z- hal f si de;

p[ 1] [ 0] =x+hal f si de;
p[ 1] [ 1] =y+hal f si de;
p[1][ 2] =z- hal f si de;

p[ 2] [ 0] =x+hal f si de;
p[ 2] [ 1] =y- hal f si de;
p[ 2][ 2] =z- hal f si de;

p[ 3] [ 0] =x- hal f si de;
p[ 3] [ 1] =y- hal f si de;
p[ 3] [ 2] =z- hal f si de;

gl Begi n( GL_QUADS) ;
gl Vertex3fv(p[0]);
gl Vertex3fv(p[1]);
gl Vertex3fv(p[2]);
gl Vertex3fv(p[3]);
gl End() ;

/1 draw the front face.
p[ 0] [ O] =x+hal f si de;
p[ 0] [ 1] =y+hal f si de;
p[ 0] [ 2] =z+hal f si de;

p[ 1] [ 0] =x- hal f si de;
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p[ 1] [ 1] =y+hal f si de;
p[ 1] [ 2] =z+hal f si de;

p[ 2] [ 0] =x- hal f si de;
p[ 2] [ 1] =y- hal f si de;
p[ 2] [ 2] =z+hal f si de;

p[ 3] [ 0] =x+hal f si de;
p[ 3] [ 1] =y- hal f si de;
p[ 3]1[ 2] =z+hal f si de;

gl Begi n( GL_QUADS) ;
gl Vertex3fv(p[0]);
gl Vertex3fv(p[1]);
gl Vertex3fv(p[2]);
gl Vertex3fv(p[3]);
gl End();

/1 Draw the top.

p[ 0] [ O] =x- hal f si de;
p[ 0] [ 1] =y+hal f si de;
p[ 0] [ 2] =z- hal f si de;

p[ 1] [ 0] =x- hal f si de;
p[ 1] [ 1] =y+hal f si de;
p[ 1] [ 2] =z+hal f si de;

p[ 2] [ 0] =x+hal f si de;
p[ 2] [ 1] =y+hal f si de;
p[ 2] [ 2] =z+hal f si de;

p[ 3] [ 0] =x+hal f si de;
p[ 3]1[ 1] =y+hal f si de;
p[ 3] [ 2] =z- hal f si de;

gl Begi n( GL_QUADS) ;
gl Vertex3fv(p[0]);
gl Vertex3fv(p[1]);
gl Vertex3fv(p[2]);
gl Vertex3fv(p[3]);
gl End();

/1 Draw the bottom
p[ 0] [ O] =x- hal f si de;
p[ 0] [ 1] =y- hal f si de;
p[ 0] [ 2] =z- hal f si de;

p[ 1] [ 0] =x+hal f si de;
p[ 1] [ 1] =y- hal f si de;
p[1]1[ 2] =z- hal f si de;

p[ 2] [ 0] =x+hal f si de;
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p[ 2] [ 1] =y- hal f si de;
p[ 2] [ 2] =z+hal f si de;

p[ 3] [ 0] =x- hal f si de;
p[ 3] [ 1] =y- hal f si de;
p[ 3]1[ 2] =z+hal f si de;

gl Begi n( GL_QUADS) ;
gl Vertex3fv(p[0]);
gl Vertex3fv(p[1]);
gl Vertex3fv(p[2]);
gl Vertex3fv(p[3]);
gl End() ;

/1 Draw the left side.
p[ 0] [ O] =x- hal f si de;
p[ 0] [ 1] =y- hal f si de;
p[ 0] [ 2] =z- hal f si de;

p[ 1] [ O] =x- hal f si de;
p[ 1] [ 1] =y- hal f si de;
p[ 1][ 2] =z+hal f si de;

p[ 2] [ 0] =x- hal f si de;
p[ 2] [ 1] =y+hal f si de;
p[ 2] [ 2] =z+hal f si de;

p[ 3] [ 0] =x- hal f si de;
p[ 3] [ 1] =y+hal f si de;
p[ 3] [ 2] =z- hal f si de;

gl Begi n( GL_QUADS) ;
gl Vertex3fv(p[0]);
gl Vertex3fv(p[1]);
gl Vertex3fv(p[2]);
gl Vertex3fv(p[3]);
gl End() ;

/1 Draw the right side.
p[ 0] [ O] =x+hal f si de;
p[ 0] [ 1] =y- hal f si de;
p[ 0] [ 2] =z- hal f si de;

p[ 1] [ 0] =x+hal f si de;
p[ 1] [ 1] =y+hal f si de;
p[1][ 2] =z- hal f si de;
p[ 2] [ 0] =x+hal f si de;
p[ 2] [ 1] =y+hal f si de;
p[ 2] [ 2] =z+hal f si de;

p[ 3] [ 0] =x+hal f si de;
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p[ 3] [ 1] =y- hal f si de;
p[ 3]1[ 2] =z+hal f si de;

gl Begi n( GL_QUADS) ;
gl Vertex3fv(p[0]);
gl Vertex3fv(p[1]);
gl Vertex3fv(p[2]);
gl Vertex3fv(p[3]);
gl End() ;

/'l the cube is drawn.

}

/*********************************************/

/*********** NE\NS'_'Am/VCGDE END *************/

/*********************************************/
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A Two-Pass Z-Buffer Shadow Algorithm

-- Lance Williams (SIGGRAPH ' 78, pg. 270-274) devel oped a shadow-generation method
based on two passes through a z-buffer algorithm, one for the viewer and one for the light
source.

-- His algorithm determines whether a surface is shadowed by using image precision calcula
tions.

Step 1: A view of the sceneis constructed from the point of view of the light source.

-- Only the z-values and not the shading values need to be computed and stored.

ZV

N

|

Light source at the
Viewing Position
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A Two-Pass Z-Buffer Shadow Algorithm continued

Step 2: A view of the scene isthen constructed from the point of view of the observer’seye
using a z-buffer with the following modification.

-- Whenever apixel is determined to be visible, its object-precision coordinates in the ob-
servor’sview (X0, y0, z0) are transformed into coordinates in the light source’ s view (X0,
y0’, z0').

-- The transformed coordinates X0’ and yO' are used to select the value Z in the light
source’ s z-buffer to be compared with the transformed value z0'.

- If Z is closer to the light than zO', then there is something blocking the light from the

point, and the pixel is shaded as being in shadow. Otherwise the point is visible from
thelight and it is shaded as lit.

-- We can think of the light’ s z-buffer as a shadow map (smilar to a texture map). Mul-
tiple light sources can be accommodated by use of a separate shadow map for each light
source.

-- Here is the same information again, with the math spelled out...

-- A linear transformation exists which maps (x, y, z) into

observer

(X, Y, Z)Iight source view'

€ Plight source view = Pobserver *M

-- Aseach Pobserver is generated, it istransformed by M and tested for visibility to the

light source using the z-val ues;; ght_source

--if Pobserver astransformed is not visible to the light source, it isin shadow and
should be shaded accordingly.

-- i.e. given the ambient coloring.

CS-4470 Part 5 Page 14 of 45 June 23, 1996



A Two-Pass Z-Buffer Shadow Algorithm continued

-- Like the regular z-buffer visible surface algorithm, this algorithm requires that each rendered
pixel be shaded.

-- Here this means that shadow calculations must be performed for the pixel, even if its ulti-
mately painted over by closer objects.
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/

Sample IRISGL Codefor the Two-Pass Shadow Algorithm

shad. c -

A sinple demo of real-tine shadows.

Rol f van Wdenfelt - July 1992
al so hacked by

Paul Haeberli - 1992
thanks for help from

Mark Segal - 1992

$Revision: 1.9 $

COWMENTED BY: Matthew Johnson & Chri st opher Upson

Usi ng Texture Mapping' by Segal, Korobkin,

Foran, Haeberli, COWUTER GRAPHI CS, 2 July 1992

Oiginal Code Located In: ~upsonc/fastshadows

**/
**/
**/
**/
**/
**/
**/
**/
**/
**/
**/
**/
**/

**/

Met hodol ogy: Texture Mapping. See 'Fast Shadows and Lighting Effects **/
van Wdenfelt, **/

**/
**/
**/

**/

IR R R SRR R R R E R EE R SRR R R E R EEEEEREEEEREEEREERREEEREEEREEEEREEEREEEEREEEEEEREEEEEEREEES

*/

/

IR R R SRR R R R E R EE R SRR R R E R EEEEEREEEEREEEREERREEEREEEREEEEREEEREEEEREEEEEEREEEEEEREEES

*/

#i
#i
#i
#i
#i
#i
#i
#i

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

#defi ne
#defi ne

#defi ne
#defi ne
#defi ne
#defi ne
#defi ne

#defi ne
#defi ne
#defi ne

#defi ne

"stdio.h"
"string. h"
"mat h. h"
"gl.h"

"gl /device. h"
"gl/image. h"
"vect. h"
"sgi obj . h"

NLI GHTS 3 /* Nunber of noveable lights */
SSI ZE 512/ * Screen size in pixels square; */
/* must be power of 2 */

MENU_LI GHTVI EWL
MENU_EYEVI EW 2
MENU_TOGE.ECOLOR3

MENU_DI SCoH4
MENU QUIT 5
SHADZNEAR( 0x0000) [ * The near clipping plane */
SHADZFAR( Oxf f f f) [* The far clipping plane */

BACKCOLOR( 0x00202020) /* The background col or */

W NTI TLESTR "shad v2" /* The window title
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/* Function definitions */

voi d shadowdi spl acez(int node);

float *maket exprops(int dobicubic,int dofastread);

float *maket evprops(int doal pha);

void fromight(float mat[4][4]);

void nyrectf(float x1,float yl1,float x2,float y2,float 2z);
char *computetitle();

/* Mouse and trackball functions */
typedef struct {

float ztrans; [* for zooming in and out */
float trotx, troty; /* for rotating about the x and y axes */
float wi ggle; /* only used for disco node */
} TrackStat e; /* the state of the nouse */

/* Function definitions */

float fgetnmousex(); /* Get the nouse's x coord |ocation */
float fgetnousey(); /* Get the nouse's y coord |location */
voi d nytrackztrans(TrackState *ts,float z); /* sets the z translation */

voi d nytrackrot(TrackState *ts,float x,float y); /* sets the x & y rotations */
voi d mytrackclick(TrackState *ts); /* gets nmouse x & y val ues and checks for */

/* mddl e nmouse button status */
voi d nytrackpol |l (TrackState *ts); /* conputes rotations and translation */

/* computes transformation & i nverse transformation matrices for normal node */
voi d nygettracktransforn(TrackState *ts,float mat[4][4],float invmat[4][4]);

/* computes transformation & i nverse transformation matrices for disco node */
voi d nygetdi scotransform(TrackState *ts, TrackState *ts2,float mat[4][4],
float invmat[4][4]);

i nt nobjs; /* Nunber of objects in the scene */

sgi obj *obj[100]; /* Array allocated to store objects */

| ong wxsi ze; /* W ndow si ze */

| ong wysi ze;

| ong wxor g; /* W ndow origin */

| ong wyor g;

| ong nmenu, | menu;

| ong ZNear; /* Near clipping plane */

| ong ZFar; /* Far clipping plane */

i nt dolightview = 0; /* Eyeview or |ightview toggle */

i nt dobicubic = 0; /* For slower, but nore accurate, appealing shadows */

i nt dozdi spl ace = 1; /* Flag for 'displacepol ygon' comrand use for using */
[* z-buffer as a texture for generating shadows. */

int dofastread = 1; /* Flag that is reset to O unless user inputs -f */

int coloredlights = 0; /* Colored lights toggle */

i nt dotracklight = 0; /* Mouse button noves |ight */

int curlightnum= 0; /* By default, light 1 is edited wleft shift key hack */

int dodrawights = 1, /* If set, the lights are drawn. */

i nt dodisco = 0; /* "disco" npde toggle */

float disco_tine; [* Total tine in disco node. Reset when = 10,000 */

CS-4470 Part 5 Page 17 of 45 June 23, 1996



float disco_step = .03; /* Time step per frame - should be a lot less than 1 */

float light_fov = 20.0; /* Field of view angle of the |ight */
float light_near = 0.1; /* Distance fromlight to closest clipping plane */
float light far = 10.0; /* Distance fromlight to farthest clipping plane */
float eyemat[4][4]; /* Transformation matrix for the eyeview */
float inveyemat[4][4]; /* Inverse transformation matrix for the eyeview */
float eye_dz = -0.0015; /* Eye view z displacenent */
float eye fov = 20.0; /* Field of view angle of the viewer */
float eye near = 0.1, /* Distance fromviewer to closest clipping plane */
float eye far = 10.0; /* Distance fromviewer to farthest clipping plane */
TrackState eyetrack[1]; /* Muse |location values for the eye view */
typedef struct { /* Hol ds shadow map for indicated |ight source */
int texno; [ * Texture nunber */
float r, g, b; /* The light's color */
TrackState track[1]; /* Mbuse val ues in nornmal node */
float mat[4][4]; [* Transformation matrix */
float invmat[4][4]; /* Inverse transformati on matrix */
float texni4][4]; [* Texture transformation matrix */
TrackState disco_track[1]; /* Muse values in disco node */
i nt di sco_changed; /* Di sco node indicator */
unsi gned | ong smap[ (SSI ZE*SSI ZE)/ 2] ; /* Shadow nmap */

} LightBuffer;

voi d newshadowmap( Li ght Buffer *lightsource); /* Create shadow map for */
/* indicated |ight. */

void drawl i ght (LightBuffer *It); /* Draw the indicated Iight */

Li ghtBuffer thelights[8]; /* Array for the 4 lights; colored & uncolored */
Li ght Buf fer *curlight; /* The light being noved around */

float ldentity[4][4] ={ /* ldentity Matrix */
1, 0, 0, O,

0, 1, 0, O,

0, 0, 1, O,

0, 0, 0, 1

CS-4470 Part 5 Page 18 of 45 June 23, 1996



/

Rk b Sk Sk S R R O S O SRR R S Rk I S O O S S R I O O

*/

/* setuplight - */
/* Set up the lights for the scene. Control latitude with rotx and | ongitude */
/* with roty. Translate away from object center with a negative tz. */
/

EIE SRR R I Ik I S Sk I S R O R Ik I Sk I R R I R I R I I I Sk R I I I O O
*/

voi d

setuplight (Li ghtBuffer *lightsource,float rotx,float roty,float tz)

pushmat ri x(); /* Put another copy of top matrix on top of stack. */
| oadmatrix(ldentity); /* Replace top copy with identity matrix.

*/
pushmat ri x(); /* Another copy of identity matrix on top of stack. */
translate(0.0,0.0,tz); /* Translate to 'tz'. */
rot(rotx,"'x"); /* Rotate 'rotx' radians around the x axis. */
rot(roty,'y"); /* Rotate 'roty' radians around the y axis. */

getmatri x(lightsource->mat); /*Place above generated matrix in |ight-
source. */

popmat ri x(); /* Pop the above generated matrix off of the stack. */
rot(-roty,'y'); /* Now, with second identity matrix on top of stack,*/
rot(-rotx,"'x"); /* performinverse x and y rotations and z trans. */

translate(0.0,0.0,-t2z);
getmatrix(lightsource->nvmat); /* Place inverse matrix in lightsource. */

popmatri x(); /* Pop the above inverse matrix off of stack. */
i ghtsource->track->ztrans = tz; /* Store z translation and the x and y */
i ghtsource->track->trotx = rotx; /* rotations in the |ightsource. */

i ghtsource->track->troty = roty;
setlightcolor(lightsource,1.0,1.0,1.0); /* Store full white as the color */

} /* emtted by the Iight source */
/

EIE SRR R I Ik I S Sk I S R O R Ik I Sk I R R I R I R I I I Sk R I I I O O
*/

/* setlightcolor - */
/* Set the color emitted by the lightsource to the indicated val ues. */
/

EIE SRR I Sk I I S O I S R R R Sk I Ik I I R R S R I R I I O Sk A I I I O O I
*/

setlightcol or(lightsource,r,g,b)
Li ght Buf fer *Iightsource;
float r, g, b;

{
Iightsource->r =r;
i ghtsource->g = g;
i ght source->b = b;
}
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/

Rk b Sk Sk S R R O S O SRR R S Rk I S O O S S R I O O

*/
/* positionlight - */
/* Position the light according to its inverse matrix. */
/
EIE SRR R I Ik I S Sk I S R O R Ik I Sk I R R I R I R I I I Sk R I I I O O
*/

positionlight(invmat)
float invmat[4][4];

{
pushmat ri x(); /* Puts another copy of top matrix on stack. */
mul tnatri x(i nvrmat); /* Miltiply top matrix by light's inverse matrix*/
nynmakel i ght (0,0.0,0.0,0.0);/* Assign lighting properties to light O. */
popmat ri x(); /* Pop the above generated matrix off of stack. */
}
/
EIE SRR R I Ik I S Sk I S R O R Ik I Sk I R R I R I R I I I Sk R I I I O O
*/
/* nymakel i ght - */
/* Define the lighting properties of the given |light. */
i****************************************************************************
*/
nmymekel i ght (i, x,y, z)
int i;
float x, vy, z;
{
float |i_desc[14];
li_desc[0] = AMBIENT; /* Anbient |ight associated with this source */
li_desc[1l] = 0.1, /* In this case, the anmbience is a dull white */
i _desc[2] = 0.1;
i _desc[3] = 0.1;
li_desc[4] = LCOLOR; /* Specifies the color and intensity of the */
i _desc[5] = 1.0; /* light that is emitted formthe |ight source*/
i _desc[6] = 1.0; /[* In this case, it is a full white light. */
Ii_desc[7] = 1.0;
li_desc[8] = POSITION;, /* The positon of the light in the scene is at*/
i _desc[9] = x; /* the indicated x,y and z coordi nates. The */
i _desc[10] =vy; /* light is a local light. */
i _desc[1l1l] = z;
i _desc[12] = 1.0;
i _desc[13] = LMNULL;
| rdef (DEFLI GHT, i +1, 14,1i _desc); /* Define this light source */
| mbi nd( LI GHTO+i ,i+1); /* Enable this light (turn it on) */
}
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*/
/* | func - */
/* */
/
EIE SRR R I Ik I S Sk I S R O R Ik I Sk I R R I R I R I I I Sk R I I I O O
*/
| func(n)
{
n =n-1;
i f(n>=0 && n<NLI GHTS) {
i f(curlight)
newshadowrap(curlight);
curlight = & helights[n];
dolightview=1; /* Set viewfromlight toggle */
curlightnum=n; /* Set current light for editing */
wintitle(conmputetitle());
}
return O;
}
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#define LSCALE (0.25) /* Scale for normal lights */
#define CLSCALE(O.75) /* Scale for colored lights */
#defi ne SPECSCALE (0.50) /* Scale for specul ar conponant of the light. */

/
ER R IR R I R R R R R R I I I R R R R R I R R R R R I I R R R R I I I I R R R R I I R R R I I I R R R I I I R
*/
/* setlcolors - */
/* Dependi ng on val ue of coloredlights toggle, change the enission colors of */
/* the lights accordingly. */
/
ER R IR R I R R R R R R I I I R R R R R I R R R R R I I R R R R I I I I R R R R I I R R R I I I R R R I I I R
*/
setl col ors()
{
i f(coloredlights) {
setlightcol or (thelights+0, 1. 0* CLSCALE, 0. 0* CLSCALE, 0. 0* CLSCALE) ;
setlightcol or (thelights+1, 0. 0* CLSCALE, 0. 6* CLSCALE, 0. 0* CLSCALE) ;
setlightcol or (thelights+2,0.0* CLSCALE, 0. 0* CLSCALE, 1. 0* CLSCALE) ;
setlightcol or (thelights+3,1. 0* CLSCALE, 0. 5* CLSCALE, 0. 0* CLSCALE) ;
} else {
setlightcol or(thelights+0,1. 0*LSCALE, 1. 0* LSCALE, 0. 6* LSCALE) ;
setlightcol or(thelights+1,1. 0*LSCALE, 0. 6* LSCALE, 1. 0* LSCALE) ;
setlightcol or(thelights+2,0.6*LSCALE, 1. 0*LSCALE, 1. 0* LSCALE) ;
setlightcol or(thelights+3,1. 0*LSCALE, 1. 0*LSCALE, 1. 0* LSCALE) ;
}
}
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*/
/********************************** '\/AIN

**************************************/

i****************************************************************************

*/

mai n(argc, argv)

int argc;

char *argv[];

{
short val;
int dev, i; /* dev = identifier for input device read. */
int firstobj = 1; /* Counter for objects input on comand |ine.*/
float *tevps; [* Texture environment properties. */
i nt needredraw, /* Flag indication need to redraw the scene. */
TrackState *track; /* Stores nouse positions for novenents. */

if(arge<2) { [/* If user forgets to input objects for the scene */

fprintf(stderr,"usage: shadow obj1l.sgo [obj2.sgi obj3.sgo . . .\n");
exit(1);
}
if (!strenp(argv[1],"-f")) {
dof astread = !dof astread;
firstobj++ /* hack for cnmd line parsing */
printf("dofastread %\ n", dof astread);
}
m nsi ze( SSI ZE, SS| ZE) ; /* Sets mininumsize of graphics w ndow. */
keepaspect (5, 4); /* Sets x to y aspect ratio for graphics w ndow */
wi nopen("shad"); /* Create a graphics wi ndow called 'shad'. */
wintitle(conputetitle()); /* Add a title bar to graphics w ndow (GW. */

getorigin(&worg, &worg); /* Returns position of |lower |eft corner of GV */
getsi ze( &wxsi ze, &wysize); /* Returns dinensions of the graphics w ndow. */
matrixinit(); /* Places identity natrix on top of Mdel View */
shadeinit(); /* Initializes obj naterial & lights for scene. */

ZNear = getgdesc(GD ZMN); [/* Returns the min and nax depth values that */
ZFar = getgdesc(GD_ZMVAX); /* can be stored in the z-buffer of the */
/* normal franebuffer */

/* Queue devices to be used for input so that events occuring within the */
/* device are entered into the event queue, a tine ordered list of input */
/* events. */
gdevi ce( LEFTMOUSE) ;

gdevi ce( M DDLEMOUSE) ;

gdevi ce( Rl GHTMOUSE) ;

gdevi ce( LEFTSHI FTKEY) ;

gdevi ce( LEFTCTRLKEY) ;

qgdevi ce( LEFTALTKEY) ;

gdevi ce( TABKEY) ;

gdevi ce( SPACEKEY) ;

gdevi ce( ESCKEY) ;
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gdevi ce( (KEY) ;
gdevi ce( VKEY) ;

/* Define two popup nmenues */

| menu = defpup("Light Views % 9%-|light 1]light 2|light 3",Ifunc);

menu = defpup("Options % |light views % eye view colored |lights toggle
| di sco nmode| quit", | menu);

RGBnode() ; /* Set rendering and display node to bypass color nmap */
doubl ebuffer(); [/* Set display node to doubl e buffer nbpde */
gconfig(); /* Reconfigures the GL nodes of the current w ndow */

subpi xel (TRUE); /* Positions screen vertices exactly; does not force */
/* themto the center of pixels. */
zbuf f er (TRUE) ; /* Enable z-buffer operation to store depth val ues */
/* for pixels in the franebuffer and for depth maps. */
zfunction(ZF_LEQUAL); /* Function passes if incom ng pixel z value is */

/* <or =to z value currently stored. */
pi xmode(PM SI ZE, 16); [/* Set # of bits per pixel to 16 for reads & wites*/
readsour ce( SRC ZBUFFER); /* Sets source for pixels to the z-buffer */
cpack(0); /* Set RGBA color to black with full transparency for */
/* the framebuffer. */
clear(); /* dear the screen. */
swapbuffers(); /* Exchange front & back buffers so back will be drawn  */
nobjs = 0;
for(i=firstobj; i<argc; i++) { /* Reads in the objects to be shadowed */
obj [ nobj s] = readsgiobj (argv[i]); /* fromthe command |ine. */
nobj s++;

}

nytrackztrans(eyetrack,-2.0); /* Eyeview z-trans set to -2.0 */

nmytrackrot (eyetrack,0.0,0.0); /* Eyeview x and y rotation set to 0.0 */

setuplight(thelights+0, 30.0, 0.0,-1.5);/* Set up the lights at the given */

setuplight(thelights+1l, 40.0,120.0,-1.5);/* location and orientation */
setuplight (thelights+2, 50.0,240.0,-1.5);

setuplight(thelights+3, 60.0,270.0,-1.5);/* Choose z to avoid clipping */
setlcolors(); [/* Set colors of light to dull initially */

/*frontbuffer(l);*/

tevps = naketevprops(0);/* Define the properties of the texture environnent*/

tevdef (1,0, tevps); /* Define texture mappi ng environment w above props*/
tevbi nd(O0, 1); /* Bind/activate the above defined texture env */
gennewshadowraps() ; /* Generate shadow maps for each |ight */
curlight = 0; /* None of the 3 noveable lights is being noved */
drawi t (); /* Draw initial scene */
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while (1) { /* main | oop */

while (qtest()) { /* while there are events in the event queue */
dev = qgread(&val); /* get the event at the head of the queue */
switch (dev) { /* do the foll owi ng depending on the event */
case CKEY: /* Reduce the z-displacenent of the eye view */
if(val) {

eye _dz -= 0.0001;
fprintf(stderr,"eye dz is %g\n", eye_dz);
needr edraw = 1;

}
br eak;
case VKEY: /* Increase the z-displacenent of the eye view */
if(val) {
eye_dz += 0.0001;
fprintf(stderr,"eye dz is %g\n", eye_dz);
needr edraw = 1;
}
br eak;
case LEFTMOUSE:
if(val && (!'dodisco || !'dolightview)) {

/* Move the last light selected in lightview around */
/* the object with the nmouse while LEFTSH FTKEY is */
/* depressed.
*/
if (!dolightview & getbutton(LEFTSH FTKEY)) {

dotracklight = 1; /* Track light's position.*/

wintitle(conputetitlie()); /* Display windowtitle. */

curlight = &helights[curlightnuni; /* Current light */

/* is last light selected.*/
nytrackclick(curlight->track); /* Get nouse x &y positions. */
whil e(getbutton(LEFTMOUSE)) { /* Wile left nmouse button is */

nmyt rackpol | (curlight->track);/* depressed, update light's */

drawit (); /* position and draw scene. */
}
dotracklight = 0; /* Cease tracking the |ight, */
wintitle(conputetitle());
curlight = 0; /* set current light to default  */
needredraw = 1, /* and set redraw the scene flag. */
} else {
/* Rotate viewpoint around the object using nouse. */
/* Viewpoint noved is either the eyeview or one */
/* of the light viewpoints, if selected. */
i f (dolightview) /* 1f viewing froma |ight. */
track = curlight->track;
el se /* If viewing fromthe eyeview */

track = eyetrack;
nmytrackcl i ck(track);
whi | e(get butt on( LEFTMOUSE) ) {
nytrackpol | (track);
drawit(); /* Draw the scene. */

br eak;
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case M DDLEMOUSE:

if(val && (!'dodisco || !'dolightview)) {
/* Move last light selected in Iightview around object with */
/* object with nouse while LEFTSH FTKEY i s depressed. */
if (!dolightview && getbutton(LEFTSH FTKEY)) {
dotracklight = 1; /* Track light's position. */
wintitle(conputetitie()); /* Display windowtitle. */

curlight = &helights[curlightnun; /* Current light is */
/* last light selected. */

nmytrackcl i ck(curlight->track);
whi | e(get button(M DDLEMOUSE)) { /* Wiile middl e nouse button */
nmytrackpol | (curlight->track);/* depressed, track light's */

drawit(); [* position & draw t he scene. */
}
dotracklight = 0; /* Cease tracking the light, */
wintitle(conputetitle());
curlight = 0; /* set current light to default */
needr edraw = 1, /* and set redraw the scene flag.*/
} else {

/* Move closer to or farther from object using nouse. */
/* Viewpoint noved is either eyeviewor froma light. */

i f (dolightview) /* 1f viewing froma |ight. */
track = curlight->track;
el se /* If viewing fromthe eyeview */

track = eyetrack;

nmytrackcl i ck(track);

whi | e(get butt on(M DDLEMOUSE) ) {
nmytrackpol | (track);

drawit(); /* Draw the scene. */
}
}
}
br eak;
case RIGHTMOUSE: /* Bring up popup menu */
if (val) {

swi t ch(dopup(nenu)) {
case MENU EYEVI EW

i f(curlight) /* \W are noving a light around, */

newshadowrap(curlight);/* generate a new shadow map for*/
curlight = 0; /* it. Then reset current |ight*/
dol i ghtvi ew = 0; /* to the default and stop */
wintitle(conputetitle()); /* viewing froma |ight. */
br eak;

case MENU TOGE.ECOLOR: /* Toggle colored lights on or off. */
coloredlights = coloredlights ? 0 : 1;
setlcolors(); /* OF lights based on toggle value. */
br eak;
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case MENU DI SCO /* Toggl e di sco nmode on or off. */
dodi sco = dodisco ? 0 : 1;

if (dodisco) { /* If toggled on, initialize */
i ni tdi sconode(); /* disco track position. */
} else { /* If not on, */

gennewt ransforms(); /* Generate new transform matrices */
gennewshadowmaps(); /* and shadow maps for each light. */

needr edraw = 1; /* Set the redraw the scene flag. */
}
wintitle(conputetitle()); /* Display proper windowtitle. */
br eak;
case MENU QUIT: /* Exit the program */
exit(0);
}
needredraw = 1; /* Set the redraw the scene flag. */
}
br eak;
case REDRAW /* Redraw wi ndow i f user resizes it. */

reshapevi ewport(); /* Reset viewport to new w ndow size. */
getori gi n( &wor g, &wor g) ;
get si ze( &wxsi ze, &wysi ze);

needr edraw = 1; /* Set the redraw the scene flag. */
br eak;
case ESCKEY: /* Exit the program */
exit(0);
br eak;
defaul t: /* In case any other keys are pressed. */
br eak;
}
} /* end while(qgtest()) */
if (dodisco || needredraw) { /* If in disco node or redraw flag is set.
*/
drawit(); /* Redraw the scene if user selected option */
needr edraw = 0; /* requires it. i.e. changing viewpoints. */
i f (dodisco) discotinestep();
}
} /* end while(1) */
}
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/*************************************************************************/
/* initdisco - * [

/[* Initializes the values in the disco track for each noveable |ight. */
/*************************************************************************/

i ni tdi scomode()

L
int i;
disco tinme = 0.0; /* reset tine */
for(i=0; i<NLIGHTS; i++) {
thelights[i].disco_track->ztrans = 0.0;
thelights[i].disco_track->trotx = 0.0;
thelights[i].disco_track->troty = 0.0;
thelights[i].disco_track->w ggle = 0.0;
thelights[i].disco_changed =1
}
}

/*************************************************************************/

/* discotimestep - */
/* Cal cul ates changes in light locations during each disco tine step. */
/*************************************************************************/

di scoti mest ep()

{

int n, I numcycl e2, cycl e3;
float t;

Li ght Buf fer *I anp;

n = (int)disco_tine;
t = (disco_tine-n)/(1.0-disco_step);
I num = n % NLI GHTS
if (I num < NLICGHTS)
lamp = &t helights[lnuni;

el se
lamp = &t helights[O];
cycle2 = (n % (2*NLI GHTS)) / NLI GHTS
cycle3 = (n % (3*NLIGHTS)) / NLIGHTS
switch (I num {
case O:
| anmp- >di sco_track->wi ggle = 25.0*fsin(2.0*MPI *t);
| anp- >di sco_changed = 1;
br eak;
case 1:
| amp- >di sco_track->troty = 120. 0*(t +cycl e3);
| anp- >di sco_changed = 1;
br eak;
case 2:
| anp- >di sco_track->trotx = (180.0-2. 0*l anp- >t rack->trot x)
*(cycl e2?1.0-t:t);
| anp- >di sco_changed = 1;
br eak;
defaul t:
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br eak;

}

/* advance eyemat */
eyetrack->troty += .5;
if (eyetrack->troty > 360.0)
eyetrack->troty -= 360.0;
nyget tracktransfornm(eyetrack, eyemat, i nveyenat) ;

disco_time += disco_step

if (disco_tinme > 100000)
disco tine = 0.0;

/*************************************************************************/

/* gennewtransforns - */
/* Results in the generation of new transformati ons and inverse */
/* transformations for each noveable Iight. */

/*************************************************************************/

gennewt r ansforns()

{
Li ght Buf fer *I anp;
int i;
for(i=0,lamp=thelights; i<NLICGHTS; i++, |anp++) {
myget t rackt ransf or n( | anp- >t r ack, | anp->mat, | anp- >i nvmat ) ;
}
}

/*************************************************************************/

/* gennewshadowraps - */

/* Results in the generation of new shadow maps for each noveable light. */
/*************************************************************************/

gennewshadownaps()

L
int i;
for(i=0; i<NLIGHTS; i++) {
thelights[i].texno = i+1
newshadowrap(t hel i ghts+i);
}
}

CS-4470 Part 5 Page 29 of 45 June 23, 1996



/

Rk b Sk Sk S R R O S O SRR R S Rk I S O O S S R I O O

**/
/*
/*
/*
/*
/*
/*
/*
/

newshadowrap - */
Creates shadow map for the light source. This is done by drawi ng the scene */
fromthe viewpoint of the light passed in in order to get the depth values */
for the scene fromthe light's viewpoint. The z-values for each pixel of */

the rendered scene are loaded into the light's texture map array - smap. */
These val ues are later used to deternine whether or not a portion of the */
objects in a scene are in shadow when viewed from some ot her point. */

Rk b Sk Sk S R R O S O SRR R S Rk I S O O S S R I O O

**/

voi

d

newshadowrap( Li ght Buf fer *|i ghtsource)

{

ort

float *texps;

shadeof f () ; /* Turn lighting nodel off */
mode( W1 EW NG ; /* Model View matrix is current matrix stack */
| oadmatri x(Identity); /* Replace top of stack with identity matrix */
| set dept h( SHADZNEAR, SHADZFAR) ; /*Set depth range: near & far clipp planes. */
vi ewport (0, SSI ZE-1, 0, SSI ZE-1) ; /* Set w ndow i mage area di mensi ons. */
czcl ear (0, SHADZFAR) ; /* Aears color bit planes to black and */
/* z-buffer to far clipping plane. */
bl endf uncti on(BF_ONE, BF_ZERO); /* Sets bl ended col or value for a pixel to */
/* the source pixel value. */

zfunction(ZF_LEQUAL) ;
ortho(-.5,SSI ZE-.5,-.5,SSIZE-.5,-1,1); /* Sets clipping planes for 3D
ho*/
/* projection. */
| oadmatri x(1dentity);
cpack( 0xf f 00) ; /* Set transparency to opaque and color to black */
myrectf (0,0, SSI ZE- 1, SSI ZE- 1, 1); /*Draw 2-pi xel wi de border with

z=SHADZNEAR* /

*/

nyrectf (1,1, SSI ZE- 2, SSI ZE- 2, 1) ;

vi ewport (2, SSI ZE- 3, 2, SSI ZE-3); /* Render real shadow map inside */
fromight(lightsource->mat); /* Conputes transformmatrix to view scene */
/* fromthe lightsource in question. */
getmatrix(lightsource->texn; /* Transformation nmatrix copied into */
/* |ightsource->texm */

i f (dozdi spl ace)
shadowdi spl acez(1); /* So no shadows will be drawn, only the object

dr awrodel (); /* Draw the sgo objects in the scene. */
i f (dozdi spl ace)
shadowdi spl acez(0); /*Disable 'displacepol ygon' so shadows can be drawn*/

texps = naket exprops(dobi cubi c, dof astread);/*Set up shadow texture props  */
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if (!dofastread) {
I rectread(O0, 0, SSI ZE-1, SSI ZE-1, | i ght sour ce- >snmap) ; /* Reads pixel values */
/* of the scene into the light's smap */

t exdef 2d( 1 i ght sour ce- >t exno, 1, SSI ZE, SS| ZE, /* Converts the 2d i mage */
(unsigned long *)lightsource->snmap,0,texps); /* in smap into */
} else { /* a texture. */

t exdef 2d( I i ght sour ce- >t exno, 1, SSI ZE, SSI ZE, NULL, O, t exps) ;
texbi nd( O, | i ght sour ce- >t exno) ;

}
vi ewport (0, wxsi ze-1, 0, wsi ze-1);

/******************************************************************/

/* maps clip space x,y froma [-1,1] range to [0, 1] range, which */

/* is the range s,t should be. */
/******************************************************************/
float specialmat[4][4] = {

0.5, 0.0, 0.0, 0.0,

0.0, 0.5, 0.0, 0.0,

0.0, 0.0, 1.0, 0.0,

0.5, 0.5, 0.0, 1.0
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/

*****************************************************************************/

/* texsetup - *
/* Sets up the texture matrix for the |ightsource passed in. */
/

*****************************************************************************/

texsetup(lightsource,inveye)
Li ght Buf fer *Iightsource;
float inveye[4]][4];

{

float p[4];

/* Set up texture matrix, but first, make sure MddelViewis ldentity */
/* so S, T,R Qplane equations are the sane. Renenber, texgen(TG CONTOUR) */
/* will transformthe plane equations by that Mdel View matri x. */
pushmatrix(); /* Pushes copy of current matrix on top of stack */
| oadmatrix(ldentity); /* Replace top of stack with Identity natrix */
mode( MTEXTURE) ; /* Texture matrix is current matrix stack */
| oadmatrix(ldentity); /* Replace top of texture stack with Identity matrix */
translate(0.0,0.0,32768.0); /* Translate current matrix to max z */
scal e(1.0, 1.0, 32767.5); /[* Scale current matrix to max z */

transl ate(0.0,0.0,eye_dz); /* Translate current matrix back to eye depth */

mul tmatrix(specialmat); /* Multiply current matrix by the special matrix  */
mul tmatri x(lightsource->texn); /* Miltiply result by light's texture na-
trix*/

mul tnatri x(i nveye); /* Multiply result by eyeview s inverse matrix */
p[0] = 1.0; p[1] =0; p[2] =0; p[3] =0; /* Automatic generation of */
texgen(TX_S, TG_CONTOUR, p) ; /* specified texture coordi nates */
p[0] = 0.0; p[1l] =1; p[2] =0; p[3] =0; /* using a plane defined in EYE */
texgen( TX_T, TG_CONTOUR, p) ; /* coordinates with the specified*/
p[0] = 0.0; p[1l] =0; p[2] =1; p[3] =0; /* plane equati on. */
texgen( TX_R, TG_CONTQOUR, p);

p[0] = 0.0; p[1] =0; p[2] =0; p[3] = 1;

texgen(TX_Q TG_CONTOUR, p);

texgen(TX_S, TG ON, 0); /* Enabl e previously defined */
texgen(TX_T, TG ON, 0); /* replacement for specified texture */
texgen(TX_ R TG ON, 0); /* coordinate. */

texgen(TX_Q TG ON, 0);
mode( MWIEWNG ; /* Switch current matrix stack back to Mdel Vi ew st ack */
popmat ri x(); /* Pop top natrix off the stack - renove ldentity matrix */
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/****************************************************************************/
[* drawit - *
/* Draw the scene using texture mapping for shadow generation. First, any */
/* new shadow maps are generated for noving lights. Then, if viewing from */
/* one of the lights, the scene is sinply drawn fromthat point of viewas */
/* no shadow cal cul ati ons are done. However, if viewing fromthe eye point, */

/* the object is drawn three tinmes, one for each light's textures until is */
/* has been shadowed (textured) by all three Iights. */
/****************************************************************************/
drawit ()

{

Li ght Buf fer *I anp;
int i,j;
float *tevps;

if (!dolightview ({ /* If not viewing the scene froma light's point of */
if (dotracklight) {/* view, but we are noving a light around, then */
/* conpute transformation matrices for the light and */
/* generate a new shadow nmap because its position has*/
/* changed. Thus, so has the way it casts shadows. */
nmyget tracktransform(curlight->track, curlight->mat, curlight->i nvmat);
newshadowrap(curlight);
} else{ /* If not noving a light around, generate transformation */
/* matrices for eye point of view W don't need to generate */
/* new shadow maps because no lights are noving. Therefore, */
/* the current shadow maps are still valid. */
nyget tracktransfornm(eyetrack, eyemat, i nveyenat) ;

}
}
if (dodisco) {/* If in the disco node, generate transfornation natrices and*/
/* shadow maps for each |ight because their positions are */
/* changing. Therefore, the shadows cast will change too. */

for(i=0,lanmp=thelights; i<NLIGHTS; i++, |anp++) {
i f (lanp->di sco_changed) {
myget di scot ransf or n(| anp- >t r ack, | anp->di sco_t rack, | anp- >mat ,
| amp- >i nvat ) ;
newshadowrap(| anp) ;
| anp- >di sco_changed = 0;
}

}

| set dept h(ZNear, ZFar); /* Set depth range to maxi mum al | owabl e by system */
czcl ear (BACKCOLOR, ZFar);/* O ear screen to background color and z-buffer to*/

/* maxi mum depth value for far clipping plane. */
bl endf uncti on(BF_ONE, BF_ZERO); /* Sets bl ended col or value for a pixel to */
/* source (inconing) pixel value. */
zfuncti on(ZF_LEQUAL) ; /* Function passes if incomng pixel z value is < */
/* or =to z value currently stored. |If it passes,*/
/* the incomng pixel's color and depth are witten*/
/* into the franebuffer and z-buffer. */

CS-4470 Part 5 Page 33 of 45 June 23, 1996






drawnodel (); /* Draw the object input by the user WTH textures. */

shadeof f (); /[* Turn the lighting nodel off. */
nysettexture(0); [* Turns texturing off. */
popmat ri x(); /* Pop the top matrix off the stack. */
| anp++; /* Go to the next |ight. */
}
}
swapbuffers(); /* Swap front and back framebuffers. */

/*****************************************************************/

/* shadowdi spl ace - */
/[* In effect, turns shadowi ng on and off by enabling and */
/* disabling 'displacepol ygon'. */
/*****************************************************************/
voi d
shadowdi spl acez(i nt node)
{
i f (node)
di spl acepol ygon(1.0);/* Ofsets the z values of rendered pixels for */
el se /* pol ygons by the naxi mum anount . */
di spl acepol ygon(0.0); /* Disables 'displacepol ygon' */
}

/**********************************************************************/
/* fromight - x|
/* Conputes the transformation matrix for view ng */
/* fromthe |ight whose original transformation matrix is passed in. */
/**********************************************************************/
voi d

fromight(float mat[4][4])

{
float n{4][4];
mrode( MBI NGLE) ; /* Al nodeling, view ng and projection transformati ons are*/
/* made using a single matrix. */
pushmat ri x(); /* Push a copy on top of stack to work on. */
perspective((int)(light_fov*20),1.0,light_near,light _far);
mul tmatrix(mat);/* Miltiplies top of stack w/lightsource's position ma-
trix.*/
getmatrix(m; /* Places transformation matrix fromtop of stack into m */
popmat ri x(); /* Pop top matrix off of stack. */
mul tmatri x(n; /* Multiplies top of stack by 'm so viewis fromlight.*/
}
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/******************************************************************/

/* drawrodel - */
/* Draw the sgo objects, and the lights if 'dodrawlights' is set. */

/******************************************************************/

dr awnodel ()

{

i nt

Li ght Buffer *It;

}

cpack(Oxffffffff); /* CQurrent color is set to full white with full opacity.*/

if (dodramights) { /* If flag is set, draw the lights too. */
It = thelights;
for (i=0; i<NLIGHTS; i++) {
draw i ght (It++);
}
}

for(i=0; i<nobjs; i++) { /* Draw the objects for the scene read in earlier */
/* fromthe conmand Ii ne. */
dr awsgi obj (obj [i], DRAW PO NTS| DRAW NORMALS) ;

}

[ rcol or (LMC_ COLOR); /* REB color conmands will set current color. [|f color*/
/* is last thing sent before a vertex, the vertex will */
/* be colored. Qherwise it will be lit. */

/*************************************************************/

/* pack3f - *J

/* Creates the xyz point vector for the vertex of a polygon. */
/*************************************************************/

float *pack3f(float x,float y,float z)

{

static float v[3];
v[0] = x;
v[1] =y;
v[2] = z;
return v,

}

CS-4470 Part 5 Page 36 of 45 June 23, 1996



/********************************************************************/

/* draw ight - */
/* Draws 6 faces of a box. The face that | ooks down the -z axis is */
/* colored according to the light's color. */
/********************************************************************/
voi d

draw i ght (Li ghtBuffer *It)

{

#defi ne DEGRAD (M _PI/180. 0)
float x,vy, z;
float imat[4][4];

x = light_near*fsin(DE&RAD*| i ght _fov);
y =X
z = -(light_near-.01);

pushmatri x();

invertmat (It->mat,imat);

mul tmatri x(i mat);

bgnt mesh();

n3f (pack3f (0,0, 1));

v3f (pack3f (-x,-y,0)); /* vO */
v3f (pack3f(x,-y,0)); /* vl */
v3f (pack3f(-x,y,0)); [/* v3 */
v3f (pack3f (x,y,0)); [* v2 */
endt nesh();

bgnt mesh();

n3f (pack3f (1, 0,0));

v3f (pack3f(x,-y,0)); /* vl */
v3f (pack3f(x,-y,z)); /* v5 */
v3f (pack3f (x,y,0)); [* v2 */
v3f (pack3f (x,y, z)); I* v6e */
endt nesh();

bgnt mesh();

n3f (pack3f (-1, 0,0));

v3f (pack3f(-x,-y,z)); /* v4 */
v3f (pack3f (-x,-y,0)); /* vO */
v3f (pack3f (-x,y,z)); [* v7 */
v3f (pack3f(-x,y,0)); [/* v3 */
endt nesh();

bgnt mesh();

n3f (pack3f (0,-1,0));

v3f (pack3f (-x,-y,0)); /* vO */
v3f (pack3f(-x,-y,z)); /* v4 */
v3f (pack3f(x,-y,0)); /* vl */
v3f (pack3f(x,-y,z)); /* v5 */
endt nesh();

bgnt mesh();

n3f (pack3f (0, 1,0));

v3f (pack3f (x,y,0)); [* v2 */
v3f (pack3f (x,y, z)); I* v6 */
v3f (pack3f(-x,y,0)); [/* v3 */
v3f (pack3f (-x,y,z)); [* v7 */
endt nesh();

bgnt mesh();
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n3f (pack3f (0,0,-1));

c3f (pack3f (lt->r,l1t->g,1t->b));
v3f (pack3f (x,-y,2)); /* v5 */
v3f (pack3f (-x,-y,z)); [* v4 */

v3f (pack3f (x,y,z)); [* v6 */

v3f (pack3f (-x,y, z)); [* v7 */

endt nesh();

popmatri x();
}
/***************************************************************************/
[* nmyrectf - */
/* Cenerates a rectangul ar border. */
/***************************************************************************/
voi d
nmyrectf(float x1,float yl,float x2,float y2,float z)
{

bgnline();

v3f (pack3f (x1,y1, z));
v3f (pack3f (x2+1,y1,2));
endl i ne();

bgnline();

v3f (pack3f (x2,y1, 2));
v3f (pack3f (x2,y2+1, z));
endline();

bgnline();

v3f (pack3f (x1,y1,z));
v3f (pack3f (x1,y2+1, z));
endline();

bgnline();

v3f (pack3f (x1,y2,2));
v3f (pack3f (x2+1,y2,2));
endline();
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/*************************************************************************/

/* maket exprops - */
/* Sets up an array with the shadow texture properties. */
/*************************************************************************/
fl oat *maket exprops(int dobicubic,int dofastread)
{
static float texps[32];
int i = 0;
if (dobicubic) { /* Not used for real-time shadows. */
texps[i++] = TX MAGFI LTER,
texps[i++] = TX Bl CUBI C_GEQUAL; /* Uses snooth weighting of 4x4 region of */
/* image pixels around s,t mappi ng-sl owner*/
texps[i ++] TX_M NFI LTER,
texps[i ++] TX_BI CUBI C_CGEQUAL,;
} else { /* For real-tinme shadows. */
texps[i++] = TX MAGFI LTER, /* Mapping an inage to a larger surface. */
texps[i++] = TX Bl LI NEAR GEQUAL;/* Used for real-time shadow conput a-
tions*/

texps[i++] = TX M NFILTER, /* Mapping an inmage to smaller surface. */

texps[i++] = TX BILINEAR GEQUAL;/* Avg point hit with 4 nearest nei ghbors*/
} /* after each point conmpared with r coord. */
texps[i++] = TX WRAP; /* How do we handl e texture coords outside. */
texps[i++] = TX CLAVP; /* 0-1 boundry: clanmp coords to O0-1 limts.*/
texps[i++] = TX_ | NTERNAL_FORNAT;/* Hnt to trade inmage quality for speed. */
texps[i++] = TX | _16 /* Use texture as shadow map for real-tinme.*/

/* shadow conps. |mage pixel size: 16 bits.*/
if (dofastread) { /* Used if user includes -f in conmand line. */
texps[i++] = TX FRAVEBUFFER SRC

texps[i++] = 0.0;
texps[i++] = 0.0;
texps[i++] = wxsize-1;
texps[i++] = wysize-1;

} else { /* What is normally used. */

texps[i++] = TX EXTERNAL_FORVAT; /* \Wat size conponents are being used */
texps[i ++] = TX PACK 16; /* in inage: 16 bit conponents. */
texps[i++] = TX_NOCCPY; /* UNDOCUMENTED, but makes it fast. */

}
texps[i++] = TX _NULL;
return texps;
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/*************************************************************************/

/* maket evprops - */
/* Sets up an array with the texture environnent properties. */
/*************************************************************************/

float *maket evprops(int doal pha)

{
static float tevps[32];
int i =0;
i f (doal pha) {
tevps[i++] = TV_ALPHA;
} else {
tevps[i++] = TV_MODULATE;/* |ncom ng col or conponents are */

/* multiplied by texture values. */
tevps[i++] = TV_COLOR; /* Col or used by TV_BLEND environnment. */
tevps[i++] = 1.0; /* In this case, the color is full white */
tevps[i++] = 1.0; /* and there is no transparency. */
tevps[i++] = 1.0;
tevps[i++] = 0.0;

}
tevps[i++] = TX NULL;
return tevps;

}

/*************************************************************************/

/[* nysettexture - */
/* Either binds the texture passed in or turns texturing off. */
/*************************************************************************/

nysettexture(n)

int n;
{
i f(n==0) {
t exbi nd(0, 0);
} else {
t exbi nd(0, n);
}
}
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/* Static variables used to keep track of object |ocations. */
static float oztrans;

static float otrotx, otroty;

static float trx, try

static int dotrans;

/*************************************************************************/

/* fgetnmousex - */

/* Returns the current x |ocation of the nouse. * [
/*************************************************************************/

fl oat fgetnousex()

{
return ((fl oat)getval uat or ( MOUSEX) - wxorg)/ (fl oat)wxsi ze

/*************************************************************************/

/* fgetnousey - */
/* Returns the current y location of the nouse */
/*************************************************************************/

float fgetnousey()

{
return ((float)getval uat or ( MOUSEY)-wyorg)/ (fl oat)wysi ze

/*************************************************************************/

/* nmytracktrans - */
/* Only used to initialize eye point z translation to 2.0. */
/*************************************************************************/
voi d

nmytrackztrans(TrackState *ts,float z)

{

ts->ztrans = z;

/*************************************************************************/

/* nytrackrot - */
/[* Only used to initialize eye point x &y rotations to 0.0 and 0.0. */
/*************************************************************************/
voi d
mytrackrot (TrackState *ts,float x,float y)
{
ts->trotx
ts->troty

no
=X
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/**************************************************************************/

/* mytrackclick - */
/* For the passed in track state, obtain the x and y | ocations, toggle */
/* the z translation switch based on niddl e nouse button status, and */
/* assign the state values to the static variabl es. */
/**************************************************************************/
voi d
myt rackcl i ck(TrackState *ts)
{
trx = fgetnmousex(); /* Get nouse x position. */
try = fgetnousey(); /* Get nouse y position. */
if(getbutton(M DDLEMOUSE)) /* If middle nouse button is pressed, */
dotrans = 1, /* set flag for z translations. */
el se
dotrans = O; /[* 1If not, set flag for x &y rotations. */
oztrans = ts->ztrans; /* Assign values in passed in track state*/
otrotx = ts->trotx; /* to the static variables. */

otroty = ts->troty;

/***************************************************************************/
/* mytrackpol | - */
/* Take val ues assigned in 'nytrackclick' and determ ne new values for the */
/* passed in track state based on whether or not we're currently tracking */

/* the z translation or the x & y rotations. i.e. whether the niddle or */
/* left nouse button is pressed. */
/***************************************************************************/
voi d

nmytrackpol | (TrackState *ts)

if(dotrans) { /* Handle the z translations. */
ts->ztrans = oztrans+3. 0*(fget mousey()-try);

} else { /* Handle the x and y rotations. */
ts->trotx = otrotx+90. 0*(fget nousey()-try);
ts->troty = otroty+360. 0*(fget mousex()-trx);
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/***************************************************************************/

/* mygettracktransform - */
/* Generates a transformation and inverse transformation matrix for the */
/* light passed in with the current values for its |location based on user */
/* inputs that are stored in the track state for the Iight. */

/***************************************************************************/
voi d

mygettracktransforn(TrackState *ts,float mat[4][4],float invmat[4][4])

{

pushmat ri x(); /* Put another copy of top matrix on top of stack. */
| oadmatrix(ldentity); /* Replace top copy with identity matrix. x|
pushmat ri x(); /* Another copy of identity matrix on top of stack. */
translate(0.0,0.0,ts->ztrans); /* Z Translate to 'ts->ztrans'. */
rot(ts->trotx,"'x'); /* Rotate 'trotx' radians around the x axis. */
rot(ts->troty,'y'); /* Rotate 'troty' radians around the y axis. */
getmatrix(mat); /* Return above generated matri x. */

/* conmpute inverse by reversing transforns */

popmat ri x(); /* Pop the above generated matrix off of the stack. */
rot(-ts->troty,"y'); /* Now, with second identity nmatrix on top of stack, */
rot(-ts->trotx,'x"); /* performthe inverse x and y rotations and z trans. */
translate(0.0,0.0,-ts->ztrans);

getmatrix(invimat) ; /* Return the inverse matrix. */
popmat ri x(); /* Pop the above inverse matrix off of the stack. */
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/***************************************************************************/

/* nygetdi scotransform - */
/* Generates a transformation and inverse transformation matrix for the */
/* light passed in when the disco node is operating. */

/***************************************************************************/
voi d
myget di scotransform(TrackState *ts, TrackState *ts2,float mat[4]][4],

float invmat[4][4])

{

pushmat ri x(); /* Put another copy of top matrix on top of stack. */
| oadmatri x(ldentity); /* Replace top copy with identity matri x. */
pushmat ri x(); /* Another copy of identity matrix on top of stack. */
rot(ts2->wiggle,'y'); /* Performdisco node y wiggle with a y rotation. */
translate(0.0,0.0,ts->ztrans+ts2->ztrans); /* Translate to: */

/* 'ts->ztrans+ztrans+ts2->ztrans' . */
rot(ts->trotx+ts2->trotx,'x'); /* Rotate 'ts->trotx+ts2->trotx' */

/* radians around the x axis. */
rot(ts->troty+ts2->troty,'y'); /* Rotate 'ts->troty+ts2->troty' */
/* radians around the y axis. */
getmatri x(mat); /* Return above generated matrix. */
/* conmpute inverse by reversing transforns */
popmat ri x(); /* Pop the above generated matrix off of the stack */
rot(-(ts->troty+ts2->troty),'y'); /* Wth second identity natrix on top, */
rot(-(ts->trotx+ts2->trotx), ' x'); [/* performthe inverse x and y */
translate(0.0,0.0, - (ts->ztrans+ts2->ztrans)); /* rotations and z trans. */
rot(-ts2->wiggle,'y'); /* Inverse of disco node y wi ggle. */
getmatrix(invimat) ; /* Return the inverse matrix. */
popmat ri x(); /* Pop the above inverse matrix off of the stack. */
}
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/***************************************************************************/

[* conmputetitle - */
/* Displays the proper nmenu title dependi ng upon what actions are taking */
/* place in the scene. */

/***************************************************************************/

char *conputetitle() /* Display proper nenu title for action being taken. */
{

static char s[100];

static char |s[100];

char *p

Is[0] = O;

p =1s;

i f (dodisco) {
sprintf(p,"- disco node ");
p += strlen(p);

}
if (dolightview {
sprintf(p,"- viewfromlight %", curlightnumtl);

}
else if (dotracklight) {

sprintf(p,"- tracking light %", curlightnumtl);
}

sprintf(s,"% %", WNTI TLESTR, | s);
return s;
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