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Abstract

Nowaday microcomputers have an important role in many fields such as Engineering, Science,
Business and Art. At present the ability of fxardeare that used to be on the hrend workstation can be effort
withmore performance and lower price. From this situation many programming method for 3-dimension
visual realism has been invented including Ray Tracing, the methed based on the principles of geometrnic
optics. This project presenting Ray Tracing application' on architect's interior design assisting by use Ray
Tracing to generate the 3-D visual scene for architect's convenience to design and communicate to their

customer about their idea. This project written on Borland C++ and some graphic utifities.
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[ wkw "attrib.c" R f
[ wkew Object attribute Functions *EE [
/% ® WERBERRCR N BB RR R wuf

tinclude <¢<stdio.h»
#include <stdlib.h>
#include "struct.h”
#include "trace.h"

/* A function to print the surface attributes of an object #*/
void PrintSurfaceAttrib (OBJECT *This) {

printf('"Surface Attributes:\n");

printf('" Object’s Color: Red=%g, Green=%g, Blue=%g\n",
This->Properties.Color.Red,
This->Properties.Color,Green,
This~>Properties.Color.Blue);

printf(" Ambient=%g, Diffuse=%g, Brilliance=%g, Specular=%g, Roughness=%3g\n",

This->Properties.ambient,
This->Properties.Diffuse, R
This->Properties.Brilliance,
This->Properties.Specular,
This->Properties. Roughness);
printf(" Reflectivity=%g\n",This->Properties.Reflection);
}

void SetSurfaceAttrib (OBJECT *This, double Red, double Green, double Blue,
double Ambient, double Diffuse, double Brilliance,
double Specular, double Roughness, double Reflection)

This->Propertiaes.Color.Red = Red;
This->Properties.Color.Green = Green;
This->Properties.Color.Blue = Blue;
This->Properties.Ambient = Ambient;
This->Properties.Diffuse = Diffuse;
This->Properties.Brilliance = Brilliance;
This->Properties.Specular = Specular;
This->Properties.Roughness = Roughness;
This-»Properties.Reflection = Reflection;

{



ExxREE AV, H Hukwix
typedef struct {
double x_width;
double y_width;
double z_width;
} Roonm;
// type define for object
typedef struct A_Plane{
struct A_Plane *next;
VECTOR £_point;
VECTOR s_point;
VECTOR 1_point;
SURFACE s_attrib;
} PlaneObj;
typedef struct {
char 0bj_id{3];
double width;
double length;
double height;
int rotate;
int Obj_num;
struct Plane ®Next;
} Obj_Header;
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[RER "dumpioc.c" wmE f
FELES Dump format Input/Output functions wEwf
/*ﬂi 3 3 . /

#include <stdio.h»
ginclude <stdlib.h>
#include <ctype.h>
#include ‘'misc.h"
2include "vga.h"

/% Data file header definition for the dump data file =/
struct Hdr {

unsigned Width;

unsigned Height;

1

®

Create a separate set of variables for dump file input and
dump file output on the chance that input and output occurs
simultaneously. Six local buffers for the storage of the pixel
color data will be established. Three for input and three for
output. Buffers are each 1024 bytes in size to accommodate the
largest raster lines supported by this code.

%/

/¥ Input Variables #/

static FILE #*InputDumpimageFile;
static struct Hdr InHdr;

static unsigned InRowNumber;
static unsigned InColumnNumber;
static BYTE RedIn [MAXCOLS];
static BYTE GreenIn {MAXCOLS];
static BYTE Blueln [MAXCOLS];

/% Output Variables #/

gtatic FILE *OutputDumpImageFile;
static struct Hdr OutHdr;

static unsigned OutRowNumber;
static unsigned OutColumnNumber;
static BYTE RedOut [MAXCOLS];
static BYTE GreenOut[MAXCOLS];
static BYTE BlueOut [MAXCOLS];

/z
Open the dump file in preparation for sequential reading or writing
the pixel values from or to disk. The Mode determines the mode in
which the file is opened.
x/
int OpenDumpFile (char *FileName, char Mode,

unsigned *IWidth, unsigned *IHeight) ({

Mode = toupper(Mode); /* make mode upper case for compare */

if (Mode == ’W’) { /* if file opened for writing =%/
/% Attempt to open the output file for writing #/
if (!(OutputDumpImageFile = fopen(FileName, "wb'}))
return({ EOpeningFile);

/% Fill in and write the dump image header %/
OutHdr.Width = *IWidth;
OutHdr.Height = *IHeight;

if (fwrite(&OutHdr,sizeof(struct Hdr),l,OutputDumpImageFile) != 1)
return(EWrtFileHdr );
OutRowNumber = 0; /% start write with row number zero %/
OQutColumnNumber = (; /% start write at lst buff position */
else if (Mode == ’R’) { /% if file opened for reading */

/% Attempt to open the output file for reading */
if (!{InputDumpImageFile = fopen{(FileName,''rb"))})
return(EOpeningFile); .

/% Attempt to read the dump file header #/
if (fread(&InHdr,sizeof(struct Hdr),1,InputDumpimagefile) != 1)
return(EReadFileHdr );

/# Retrieve and return the image parameters from the header */

#IWidth = InHdr.Width;

#IHeight = InHdr.Height;

InColumnNumber = InHdr.Width; /* prime the pump for disk read %/
}
else /* if bad mode specified #/

return(EBadParms);

return(NoError);

}
/%



This function closes the specified dump files after access.
’»'):/
int CloseDumpfiletchar YMode) {

int ErrorCode;
Mode = toupper{Mode); /* make mode upper case for .compare */
switch{Mode) ({

case 'R’: /* close request on input file */

if ((ErrorCode = fcloset InputDumplmageFile)) != 0)
return( ErrorCode);

break;
case 'W’: /* close request on output file %/
if ((ErrorCode = fclose(QutputDumpImageFile)) != 0)
return( ErrorCode);
break;
case ’'A’: /¥ close request on all files */
ErrorCode = fclose(InputDumpImadgeFile);
ErrorCode = fclose({OutputDumplmageFile);
if (ErrorCode != NoError)
return{ ErrorCode};
break;
default:

return( EBadParms);

return(NoError);

}
/* Read the next sequential pixel from the input dump file. */
int ReadPixel (ColorRegister *Color) {

/% Check to see if a disk write is required */
if (InColumnNumber == InHdr.Width) {

/* Yes a disk read is required. Reset ColumnNumber to zero #/
InColumnNumber = 0;

/# First read the row number from the file and discard =*/
if( fread( &InRowNumber,sizeof(unsigned),l, InputDumpimageFile) != 1) {
fclose( InputDumplmageFile);
return{ EReadScanlLine);
}
2%
- Now read the Red then the CGreen then the Blue data
from the file.
*/f
if (fread({RedIn,InHdr.Width.}l,InputDumpimageFile) != 1) {
fclose(InputDumpImageFile);
return({ EReadScanLine);

}

if (fread(GreenIn, InHdr.Width,l,InputDumpimageFile) != 1) ¢
fclose(InputDumpimageFile);
return( EReadScanLine);

1

if {(fread(Blueln, InHdr.Width,1l, InputDumpImageFile) != 1) {
fclose(InputDumplmageFile);
return( EReadScanline);
}
}
/* Retrieve and return the pixel’s color data from the buffers */
Color-»Red = RedIn {[InColumnNumber];
Color->Green = GreenIn{InColumnNumberl];
Color->Blue = BluelIn [InColumnNumber++];
return{NoError};

}
/% Write the next sequential pixel value to the output dump file. */
int WritePixel (ColorRegister *Color) {

/%

Break up the pixel into its color components and store in
appropriate buffer awaiting write to disk.
-

RedOut [OutColumnNumber] = Color->Red;
GreenOut[OutColumnNumber] = Color->Green;
BlueOut [OutColumnNumber++] = Color->Blue;

/* Check to see if a disk write is required */
if (OutColumnNumber == OutHdr.Width) [

/* Yes a disk write is required. Reset OutColumnNumber to zero ¥/
OutColumnNumber = 0;

/* First write the row number to the file ¥/
if( fwrite(&OutRowNumber,sizeof(unsigned),1,0utputDumpImageFile) != 1) {



fclose(OutputDumpimageFile);
return{ EWrtScanline};

OutRowNumber++;

/%

Now write the Red then the Green then the Blue data

to the file.

w/

if (fwrite(RedOut,OutHdr.Width,l,OutputDumpimageFile) != 1} {
fclose{OutputDumpImageFile);
return{ ENrtScanline);

if (fwrite(GreenOut,QutHdr.Width,l,0utputDumpIimageFile) != 1) {
fclose(OutputDumpIimageFile);
return{ EWrtScanLine);

if (fwrite(BlueQut,OutHdr.¥Width,l,0utputDumpImageFile) != 1) {
fclose(OutputDumpImageFile);
return(EWrtScanLine);

}

return(NoError);

}

YA
A small driver program to test the dumpio.c code. It copies one dump
format file to another. It uses the full error checking provided by
the functions. To use this code the filenames specified in the
"OpenDumpFile" calls should be changed to names of vour files. To
convert this code into a function code library, a header file called
"dumpio.h" should be created which has function prototypes for:
"OpenDumpFile', "ReadPixel", "WritePixel" and "CloseDumpFile".

#f

void main(void) {

unsigned ImageWidth, ImageHeight;
unsigned long TotalPixels;
ColorRegister PixColor;

/% Open the input and the output dump files #/

if (OpenDumpFile(''c:\\dkbtrace\\code\\colors.dis",'r’,&ImageWidth, &ImageHeight) != NoError)
exit(-1);

if(OpenDumpFile("temp.dis",’w’ &ImageWidth, kImageHeight) != NoError)
exit(-1);

/% Calculate total pixels in image to copy %/
TotalPixels = (unsigned long) ImageWidth * ImageHeight;

while({TotalPixels=~)

if (ReadPixel(&PixColor) != NoError)
exit(-1);
if (WritePixel(&PixColor) != NoError)
exit(~-1);
}
/% Close both the input and the output file %/
if (CloseDumpFile(’a’) != NoError)
exit(-1);



HERKNK GUI , H *wwmak

zinclude <dos.h>
2include <strind.h>
zinclude <graphics.h>

¢define
sdefine
tdefine
2define
zdefine
tdefine
tdefine
sdefine

zdefine
zdefine
4define
gdefine
2define
#define
sdefine
¢define
4define
idefine
sdefine
#define
#define
2define
sdefine
#define
sdefine
tdefine
sdefine
tdefine
tdefine
2define
sdefine
4define
2define
¢define

tdefine
tdefine
#define
#define
$define
2define
tdefine
gdefine
gdefine
#define

idefine
zdefine

//LIB

TRUE

1

FALSE 0

IN O

ouT 1

THICK 0

THIN
TEXT

1
0

IMAGE 1

ALTA
ALTB
ALTC
ALTD
ALTE
ALTF
ALTG
ALTH
ALTI
ALTJY
ALTK
ALTL
ALTM
ALTN
ALTO
ALTP
ALTQ
ALTR
ALTS
ALTT
ALTU
ALTV
ALTW
ALTX
ALTY
ALTZ

ALT1
ALT2
ALT3
ALT4
ALTS
ALT6
ALT7
ALTS8
ALTS
ALTO

30
48
46
32
18
33
34
35
23
36
37
38
50
49
24
25
16
19
31
20
22
47
17
15
21
44

120
121
122
123
124
125
126
127
128
129

ALTMINUS
ALTPLUS

130
131

void dlay(int ticks);
long getticks();
int altkev();

int ctrlkevy();
int lshiftkey();
int rshiftkey();

void flushkevs();
unsigned char getvidmode();

/ /MOUSECLASS
class Mcursor {
int shown;

int current;

int xpos;
int ypos;

void mouse_interrupt();

int ml;
int m2;
int m3;
int m4;

int
int

button;
count;

long tickcount;
int disabled;
public:

int

void
void
void
void
void
void
void
void
int

init();

changeto(int);
dget_status();

show();

hide();
set_hor_bounds(int,int);
set_ver_bounds(int,int);
Mcursor: :conditional_off(int x1,int yl,int x2,int
Mcursor::position(int,int};

LBP();

¥2);



int RBP():

int <qetcurrent( };
int mousext ),

tnt mousev();

int mx();

int a@ve();

void unarm();

void arm();

int LBDCLK();

}s

sdefine UPARROW 1
2define DOT 2
tdefine PENCIL 3
zdefine CROSSHAIR 4
tdefine ARROW 35
sdefine FINGER 6
sdefine POINT 7
tdefine CLOCK 8
idefine DISK 9
tdefine IBAR 10
sdefine PAINTCAN 11
zdefine HAND 12
2define ERASOR 13
zdefine GUNSIGHT 14
tdefine SCISSORS 15
s:define JAWS 16

/ / INPUT

volid beep();

char #*strdel(char *,int):

char *strins(char #,int,char};

class Gstring {
protected:

int x:
int v;
int xpos:
int lendth;
int ucase,
char laststring(31];

. int shown:
int escape;
int retrn;
int tab;
int uparrow:
int dnarrow:
int infad:
int inbgd;
int firstchar:
int curpos;
int curson:
void showcurst);
void hidecurs();

public:
Gstring();
“Gstring{};

void init(int.int,int,int);
void show(};
void inputi);
void get_inputf(};
void get_form_input{);
void get_form_mouse_input();
char #*getstrindg{);
void reset();
void presetichar #*);
int isshown();
void check_for_blink();
int returnhit(};
int escapehit()};
int uparrowhit();
int dnarrowhit(};
int tabhit();
void setincolors(int,int);
int hit();
Y

//GROBJECT
class Point
{
protected:
int x,y,color;
viewporttype vref;
public:
Point();
void move(int ptx,int pty);
virtual void draw();
void create(int ptx,int pty,int c);
void restoreviewport();
void Setcolor{(int c); !
virtual void setloctint ptx,int pty);
virtual void erasef);



int Getcolor();
int Getx();
int Getv();

¥
/I /:x***x**:x*****:«****m*******»c*x***:::tx:k*:x******xx:s:o:m*x***m*xx***x*x*****x**

class Colorbutton:public Point
P

protected:
int color;
int width;
int height;
public:

void inittint,int,int,int,int);
void showtint};
int clicked(};

int hit();
int getcolor();
1

N7
//***m**************m***x*********x*****m**x********m******x*f%*******m***

class Closebutton:public Colorbutton
{
public:
void show();

1
/ /***:k‘»:*:0:*************m****x************»:***************************#x****

class Icon:public Point

{
protected:
int state;
public:
void far *picture;
Icon(});
“Icon{);

void init(int,int,char*);
void show();
R void chooset);
int hit{);
int clicked();
int ispressed();
I

//QZR:K*H:ZKIH****:&:N*mX#ZK*W*****:K***:N*****x********‘*******:R********:ﬁ*iﬁ:"*m:ﬁ**!ﬂtki&'

class Gcheckbox:public Point
{
protected:
int checked;
char *desc;
int length;
public:
Gcheckboxit )
“Gcheckbox();
void init(int,int,char #*};
void show();
void check();
void uncheck();
int is_checked();
int hit();
1

//:&:*?ﬁ**:&**lk*‘#*?k*‘4¢*’*****‘»N*ﬂ:**Z!C**Zk':K*********:&:**********:K**‘N**'—k*****:ﬁ********

class Gradio:public Gcheckbox
{
public:
void show();
void check();
void uncheck();

b
/ /*******#**ﬂ:*******************#*****:K*****************x*****************

class Acticon:public Icon

{
protected:
void *picture(32};
int state;

int numpix;
public:
Acticon();
“Acticon();
void init(int,int,char®);
void show(int);
void choose();
int ispressed();
void animate(int);



vold packforthtint):

//wt**m*m*x*mmm*m**mm***m*mm********k**m*x*********t********x*x**#x**m***x

rlass Button:public Point

{

protected:

public:

int

int state,sizex,sizey;
char btntxt[40];

int file_text;

void far *picture;
void getpic(char*);

Buttont);

“Buttont );

virtual void showt);

virtual void press();

void init(int ptx,int pty,char* text,int);
int hit();

pressed();

1

//**mx#*mm**m*******mm*t*****x*****m********x***************m********m****

class Bitmap:public Point

£

protected:

int sizex,sizey;
int size;

void far #picture;
int shown;

int clickcount;

long last_tick;

public:

Bitmap(};

“Bitmap();

void init{int,int);
void load{char ¥);
void save(char #);
void show_XOR();

void show_COPY():
void show_AND(};

void show_OR()};

void show_NOT();

int is_shown{);

void hide();

void moveto(int,int);
int capture(int,int,int,int);
int hit();

int clicked();

int LBDCLK();

int LBSCLK();

int xsize();

int yvsize();

int bitmapx();

int bitmapy();

void changexy(int,int};

1

//*wm*m*m*m*m***m**m*x*m**m********x*x*****m******#*****************x**xmm

class Panel:public Point

£

protected:

public:

int w;

int h;

int in_or_out;

int thick_or_thin;

Panel();

“Panel();

virtual void show();

void init(int,int,int,int,int,int);

1

//*********************************#***8******************8*******#*******

class Bevel:public Point

{

private:

public:

int w;

int h;

int thick_or_thin;
Panel outerbevel;

Panel innerbevel;

void init(int,int,int,int,int);
virtual void show();

1

//**m***#**mm****m*x*********u***#****x******x*******mm*m*x*************m*



class OKbox:public Point
r
protected:
.3utton OKbutton:
Button ESCbutton;
Panel panel;
char text{90];
void *screen;
int OKorNOT;
public:
OKbox();
“0Kboxt );
void init(int,int.char#*);
int showt);
1,

i

//m:s»:x**#aczmw:«. #* E 2 3 WM.

class Gwindow:public Point
{
protected:
Closebutton closebox;
int wyhj
int fad,bgd;
int tfgd, thed;
int . active;
char title{48];
void *beneath;
public:

Gwindowt );
“Gwindow( }:
void init(int,int,int,int,int,int,int,int,char *);
void show();
void redraw();
void hide();
int closeboxhit();
int sizecornerhitt);
int titlebarhit();
void resize();
void movei )}
int write_to_disk();
int read_from_disk():
int totalGwindows( );
}s

/ JGMENY
tvpedef char gitemarrav[S01[101;

class Gmenu
protected:
int on;
int x,v,w,h;
int num;
gitemarray ditems:
int menuchoice;
int oldbarx,oldbary;
void ¥ptr;
void *menubar;
public:
Gmenut J,
“Gmenu( );
void inittint xloc.int vloc,int numentries,gitemarray gitem);
int show();
void hide();
int isshown();

i

/ /‘-Rm*ﬂtﬁ""i““"’*' * ,E HEABHRBRELERBERERBE LR R RRRERCERIBBRRER R LR KRB RRRE RS

class Gmenubutton {
protected:
int on;
int x,vy:
int offfdqd,offbgd:
int onfgd,onbgd;
char id[20};

public:
Gmenubutton( ) ;
“Gmenubutton();
void init(int xloc,int yloc,int f£fgd,int fbgd,
int nfgd,int nbgd,char txt[20]);
void show();
void press();
int hit();
};

/ /GPRINT

void dprintf(int xloc,int vloc,char *fmt,...});
void gprintc(int xloc, int vloc, char *fmt,...);
void gprintxy({int xloc,int yloc,char *fmt,...);



/ /SOUNDQ

2define TimerTick O0x§
¢define noisemax 8192
4define ON 1

tdefine OFF 0

idefine C 523
sdefine CS 554
#define D 587
¢define DS 622
#define E 659
#define F 698
4define FS 740
tdefine G 784
2define GS 831
2define A 380
g#define AS 932
ddefine B 988
#define Cl 1046

2define SN 32
#define EN 63
#define QN 125
£define HN 250
gdefine WN 500

#define ENT 20
#define QNT 41
4define HNT 83

#define BN 30000,5
#define SR 30000,32
#define ER 30000,63
tdefine QR 30000,125
4define HR 30000,250
#define WR 30000,500
#define NM 30000,1

class Soundqf
protected:
float speed_factor;
public:
SoundQ( );
“SoundQ():
void plaviint,int):
void adjust_speed(float);
}s

typedef struct

int duration:
int fregq;
} noise;

void empty_sound_gqueue( }:

void init_sound(void);

void restore_sound{void);

int submit_sound(int freq,int delay);

void interrupt soundsystem(...);
//SCREEN
extern "C" void _Cdecl vga256_driver(};

class Screen {

protected:
static int hude alwayszero();

public:
Screen();
“Screen();
int VGA_480_16();
int VGA_350_16();
int VGA_200_16();
int VGA_200_256();
void £ill(int);

b



AR LIGHT-C E o 5

/mm#xxmmx*w*m***mxm*m < %® S 0 R vmw/
[ wEn "light.c" rHE S
JEE Light Rav / Light Source Code W& [
/mmmmmmxxam«m»m»ammm = /

finclude <stdio.h»
#include <stdlib.h>
sinclude <math.h>
3include "mymem.h"
#include "struct.h"
#include "trace.h"
#include "vectors.h"

/%
The following two functions are used in testing for shadow. They
calculate information about lightray/object intersections.

kS

double MakeLightRay (OBJECT ¥*LightPtr, VECTOR Point, RAY #Ray) {
double DistanceT:

/*

Create a rav from the point of intersection to this light source.
Ray origin is the point. Ray direction is direct ray from center
of light source to point. Since hoth rays are positional, the new
ray is just the difference between the other rays.

5

Rav->0rigin = Point;

VSub(LightPtr->0bjSpecific.L.Center,Point,Ray->Direction);

/®

Find and return the length or distance of this ray. Make unit vector of
direction.

®/

VLength(Ray=->Direction.DistanceT);
VNormalize(Ray->Direction,Ray~>Direction);

return(DistanceT);

COLOR GetlightColor (OBJECT *LightPtr, OBJECT *ObjectPtr, RAY *Ray,
double Distance) {

OBJECT *ShadowObjPtr;
COLOR Color;
double DistanceT;

/% Assume light source is obhscured by some object */
Color.Red = Color.Graen = Color.Blue = 0.0;

/%
Traverse the object list looking for obscuring ohject. Do not test
to see if object itself is obscuring the light source.
%/
ShadowQbjiPtr = ObjectList;
while (ShadowObjPtr) {
if (ShadowObjPtr != ObjectPtr) {

DistanceT = ShadowObjPtr->Intersect(ShadowObjPtr,Ray);

£

If an intersection is found and it is between the light and

the object and not past it then return black for color.

%/

if ((DistanceT » EPSILON) && (DistanceT ¢ Distance))

return({Color);

}

ShadowOb jPtr = ShadowObjPtr->Next;
A
) -
If we got here, no objects obscure the light from the specified
light source to the intersection point. Therefore, return the
colors specified for the light source.
*/
Color.Red =
Color.Green =
Color.Blue =
return(Color);

}

/% Declare a light source #/
OBJECT %MakeLight (double X, double Y, double Z,
double Red, double Green, double Blue) {

LightPtr->Properties.Color.Red;
LightPtr->Properties.Color.Green;
LightPtr->Properties.Color.Blue;

OBJECT *ObjectPtr = NULL;

ObjectPtr = malloc(sizeof(OBJECT));

if (ObjectPtr != NULL)
memset({ObjectPtr,’\0’,sizeo0f(0BJECT));
ObjectPtr->Tvpe = Light;
ObjectPtr~>0bjSpecific.L.Center.X
ObjectPtr->0bjSpecific.L.Center.Y
ObjectPtr->0bjSpecific.L.Center.2

X;
Y;
Z,;



Red;
Green;
Blue;

OhjectPtr->Properties.Color.Red
ObjectPtr->Properties.Color.Green
ObjectPtr->Properties.Color.Blue
AddToList({&LightList,0bjectPtr);

[ L 1]

&

return{ObjectPtr);
}

&
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[¥%% "linklist.c" BEE [
JRES Linked List Functions wwE f
/ /

¢include <stdio.h>
#include <stdlib.h>
#include "mymem.h"
#include “"struct.h"
%include "trace.h"

/S:

Given a ptr to the ptr to the list and a ptr to an object,
add the object at the head of the list.

:g/

void AddToList (OBJECT #*ListPtr, OBJECT *Item) {

if (*ListPtr == NULL) {
#*ListPtr = Item;
Item~>Next = NULL;

else {
Item=->Next = *ListPtr;
®¥ListPtr = Item;
}
}

/% .

Given a ptr to ptr to the list, traverse the list deleting each
object on the list. Return the number of objects deleted.

%/ . .

unsigned FreelList (OBJECT %*#*LigtPtr) {

OBJECT #TempPtr;
unsigned Number = 0;

while (*ListPtr) {
Number++;
TempPtr = *ListPtr;
sListPtr = (*ListPtr)->Next;
free (TempPtr);

}
ListPtr = NULL;
return (Number);

}
/%

Given a ptr to a list, traverse the list and print out the

information about each object on the list. The function called to
print an object is contained in the object itself. Return the number

of objects in the list, .
*/
unsigned PrintLlist (OBJECT *ListPtr) {

unsigned Number = 0;

while (ListPtr) {
Number++;
ListPtr->Print(ListPtr);
ListPtr = ListPtr->Next;

return (Number);



remxer MISC,H *R¥K®X

/mﬂuuhw. *® % REBRBIKE :
/% "misc.h" nE®
[RE® Miscellaneous item include file Rk |
/*28!: X /

/* Define new types ¥/
¢ifndef __BYTE

sdefine __ BYTE

typedef unsigned char BYTE;
sendif

zifndef _CompletionCode_
sdefine _CompletionCode_
tvpedef int CompletionCode:

#endif
tdefine TRUE 1
#define FALSE 0

#define VIDEO 0x10

/% Common Macros %/

#define MIN(a,b) (fa)>(b)) ? (b):{a}
#define MAX(a,b) ((2a)>(b)) ? (a):(h)
#define SQUARE(x) (x)*®(x)

#define MAXSCREENWIDTH 1024
4define MAXBYTESPERSCAN MAXSCREENWIDTH
4define MAXSCREENHEIGHT 768
sdefine MAXPALETTECOLORS 16
#define MAX256PALETTECOLORS 256
/# EBrror Bit Definitions */
#Zdefine NoError 0
zdefine EBadParms -1
¢define EFileNotFound -2
g¢define EOpeningFile -3
4define EReadFileHdr -4
4define ENotPCXFile -5
4define ECorrupt -8
#define EWrtFileHdr -7
#define EWrtOutFile -8
%define EReadScanLine -9
#define EWrtScanLine ~10
#define EPCCFile ~11
#define EGraphics -12
4define ENotiemory -13
#define EWrtExtPal -14
4define ENotGIFFile -15
4define EReadRowNum -186

4define EReadData =17



[ FREERBRE LR R ER R AW R BREEER WRERXE

[ EER "mquan.c"s Ty
[www Median Cut Color Quantizer Program HEX |
[R%® produces 256 color images wxn
[ Hm® from "dump" format color image data files BEX
[re ** /

#include <stdio.h>
#include <conio.h>
¢include <dos.h>
#include <process.h>
#include <string.h>
ginclude <alloc.h>
¢include "misc.h"
¢include "vdga.h"
tinclude "gif.h"
#include "pcx.h"

i
Memory allocation bits used to keep track of how much far heap memory
has been allocated by this prodram.

®y
#define RGBMEM 1
unsigned MemoryAlloc = 0; /#* variable used to keep track %/

#define SQUARE(x) (X)%(x)

4define COLLEVELS 32 /* number of brightness levels %/
4define NUMAXIS 3 /* num of axes in RGB cube %/

/% Local global variables */

/%

Data file structure information

2:/

static struct {
unsigned Width;
unsigned Height;

} Hdr:
static unsigned Ver = 1;
static unsigned Rev = 0 ;

static unsigned ImageWidth; .
static unsigried ImageHeight;

static unsisned long ImagePixels;

static int MaxValue;

/% Sindle row buffers for reading raw data */
static BYTE RedRowBuf[MAXCOLS];

static BYTE GreenRowBuf[MAXCOLS];

static BYTE BlueRowBuf[MAXCOLS];

#®

RGBCube: Three dimensional array implemented in such a way as to work well

on a machine that has trouble with objects greater than 64K. The indices
into this array are the color components, rgh, normalized to fit in

the range defined by COLLEVELS. The values in the array are frequency counts
of the particular color. The array is set up here to be an array of pointers
to smaller 2 dimensional arrays, so no object is greater than 64K.

®f

gtatic unsigned long far *RGBCube[COLLEVELS];
static unsigned NumBoxes;

static unsigned Verbose;

static unsigned CorrectGamma;

static unsigned GenComFile;

static unsigned GenGIFFile;

.static unsigned GenPCXFile;

static unsigned InstallColors;

/* Gamma correction table - GAMMA = 2.222 %/
static BYTE GammaTable[] =
0, 9,13,16,18,20,21,23,24,26,27,28,29,30+32,33,
34,34,35,36,37,38,39,40,40,41,42,43,43,44,45,45,
46,47,47,48,48,49,50,50,51,51,52,53,53,54,54,55,
55,56,56,57,57,58,58,5%9,59,60,60,61,61,62,62,63
b

/%
Boxes: Structure holding the unsorted generated color boxes. Includes the
low and high value along each axis of RGBCube, and the number of elements
in the box.

®/

struct Box {

unsigned Lo[3];

unsigned Hi[3];

unsigned long NumElements;
} Boxes{MAXNUMCOLREGS];

/*
Sorted version of Boxes.
*/f



struct Box SBoxes[MAXNUMCOLREGS];

%
ColRegs: Holds the determined values of the color registers.
®f

ColorRegister ColRegs{MAXNUMCOLREGS];

/%
SColRegs: Sorted version of ColRegs.
®

ColorRegister SColRegs[MAXNUMCOLREGS];

/* beginning of program functions */

/%
This function will output the message string passed to it if the Verbose
option variable is set true.

®/

void Message(char #String) {
if (Verbose)
printf("%s",String);
}

/%
This function deallocates all far heap memory that has been allocated

*/

void DeAllocMemory( void ) {
register unsigned Index;
/% test MemoryAlloc bit to see what was allocated then dispose %/
Message('"Deallocating program memory\n");

if (MemoryAlloc & RGBMEM)
for {Index=0; Index < COLLEVELS; Index++)
if {RGBCube{Index] != NULL)
farfree((char far *) RGBCubefIndex]);

}

/%
Allocate all memory for the entire program. The MemoryAlloc variable is
used to-keep track of all memory that has been allocated from the far
heap. That way DeAllocMemory can give it all back to the system when the
prodgram terminates.

%/
unsigned AllocMemory( void )} {
redister unsigned Index;
Messgsage("Allocating program memory\n');

/% create COLLEVELS number of pointer to 2 D arrays */

/%
Set the initial values of the RGBCube sub~array pointers to NULL,
so we can do proper checks later to sée if they have been allocated
or not.

%/

for (Index=0; Index < COLLEVELS; Index+#)
RGBCube[Index] = NULL;

for (Index=0; Index < COLLEVELS; Indext+) {
RGBCube{Index] = (unsigned long far *) farcalloc(COLLEVELS®*COLLEVELS,
(unsigned long) sizeof(unsigned long));

if (RGBCubef{Index] == NULL) {
printf{"RGBCube memory allocation failed\n");
printf("\t only %1ld bytes of memory available\n",farcoreleft());
DeAllocMemory();
return(FALSE);

/® clear it to all zeros %/
_fmemset({char far #) RGBCubefIndex],’\0°’,
COLLEVELS*COLLEVELS*sizeof(unsigned long));
1
MemoryAlloc = RGBMEM; /#* indicate success #/

return(TRUE);

/%
This function sets the indices to the numbers of the other axis after



2 main axis has been selected.
:H/

void OtherAxestunsigned MainAxis. unsigned *Qtherl, unsigned *Other2) {

switch {MainAxis) {

case 0:
*0Otherl
#0ther2
break;

case 1:
*0Otherl.
#*0ther2
break;

case 2:
#0therl
#*0Qther?2
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/x:

This function takes a index value into the Boxes array, and shrinks the
specified box to tightly fit around the input color frequency data (ed.
there are no zero planes on the sides of the box).

®f
void Shrink(unsigned Boxindex) {

unsigned axis,aaxl,aax2;
register unsigned ind[3}], fladg;

/% Along each axisg: */

for (axis=0; axis < NUMAXIS; axis++) {
OtherAxes(axis, &aaxl,&aax2);

/* Scan off zero planes on from the low end of the axis */
flag = 0;
for tind[axis]=Boxes|[BoxIndex].Lo[axis];
ind{axis] <= Boxes{BoxIndex].Hi[axis]; ind[axis]++) {
for (ind{aaxl}=Boxes{BoxIndex].Llo(aaxl];
indfaaxl] <= Boxes[BoxIndex].Hif[aaxl]; ind[aaxl]++) {
for (ind{aax2]=Boxes{BoxIndex}.Lo{aax2];
ind[aax2] <= Boxes[BoxIndex].Hif{aax2]; ind{aax2]++)
if {RGBCube[ind[01]{ind[1]*COLLEVELS+ind{2]]) ¢
flag=1;
break;

}
if (flag) break;
b
if (flag) break;
Boxes[BoxIndex].Lolaxis] = ind{axis};

/% Scan off zero planes from the high end of the axis %/
flag = 0;
for (ind[axis]=Boxes{BoxIndex].Hi[axis];
ind[axis]+l >= Boxes[BoxIndex].Lofaxis]+l; ind[axis}--) {
for (ind{aaxl}=Boxes{BoxIndex].Hi[aaxl];
ind{aaxl]+1 »>= Boxes[BoxIndex].Lo{aaxl]+l; ind[aaxl]--) {
for (ind[aax2]=Boxes[BoxIndex].Hi[aax2]};
ind[aax2]+1>=Boxes{BoxIndex}.Lo[aax2]+l; ind[aax2]--)
if (RGBCube[ind[0]1[ind[1]*COLLEVELS+ind[2]1]) {
flag = 1;
break;

}
if (flag) break;
}
if (flag) break;

Boxes[BoxIndex].Hilaxis] = indfaxisl;
}
3

1%
This function selects the optimum colors from the color frequency data,
using the Median Cut algorithm. It prints the number of colors used at
its termination,

*/
void SelectColorBoxes( void ) {

register unsigned SelectedBox, c;

register unsigned ind[3], Max, axis, TargetBox, k;
unsigned aaxl,aax2;

unsigned long LongMax, PlaneSum, ElementSum;

1%
Initialize the first &nd only box in the array to contain the entire RGBCube,
then discard unused zero planes surrounding it.

®/



for (c=0; ¢ ¢ NUMAXIS; c++)
Boxes{0}.Lofc} 0:
Boxes[0].Hi[c] COLLEVELS~-1:

}

Boxes{0].NumElements = ImagePixels;

NumBoxes = 1;

wow

Shrink(0);
/* Perform the following until all color registers are used up %/

while(NumBoxes ¢ MAXNUMCOLREGS) {
/*
Pick the box with the maximum number of elements that is not a single
color value to work with. It will be the box we will ‘split,
®f

LongMax = 0;
SelectedBox = 1000;
for (c=0; c < NumBoxes; ct+) [
if ((Boxes{c].NumElements > LongMax) &&
((Boxes{c].Lo{0] != Boxes{c]).Hi{[O0]) |
(Boxes{c].Lo[l] != Boxes[c]l.Hi[1l]) |
(Boxes{c].Lo{2] != Boxes{c].Hi[2]})) {
LongMax = Boxes[c].NumElements;
SelectedBox = c;
1

}

/®
If we couldn’t find any box that was not a single color, we don’t
need to  assign any more colors, so we can terminate this loop.

®f

if (SelectedBox == 1000)
break;

k]
]
1
1

/# Choose the longest axis of the box to split it along #*/

axis = 0,
Max = Boxes{[SelectedBox].Hil[axis] - Boxes{SelectedBox].Lol[axis];
for (k=1l; k < NUMAXIS; ks+#+) { :
if (Max < (c={Boxes[SelectedBox].Hi[k]-Boxes{SelectedBoxl.Lo[k]))) {
Max = c;
axis = k;

1

/ﬁc

Check to see if any of our previously assigned boxes have zero elements
{may happen in degenerate cases), if so, reuse them. If not, use the
next available box.

ﬂ:/

TardgetBox = NumBoxes;
for (c=0; c ¢ NumBoxesg; c++) {
if (Boxes[c].NumElements == 0
TargetBox = ¢;
break;

Yy {

}
}

OtherAxes{axis, &aaxl,&aax2);
if (Boxes{SelectedBox].Hifaxis] != Boxes{SelectedBox].Lol[axis]}  {

Fz3
Sum planes of box from low end until the sum exceeds half the total
number of elements in the box. That is the point where we will
split it. ’

s/

ElementSum = 0;
for (indlaxis]=Boxes[SelectedBox].Lofaxis];
ind[axis) <= Boxes[SelectedBox].Hi[axis]; ind[axis]++) {
PlaneSum = 0;
for (ind{aaxl]=Boxes[SelectedBox].Lofaaxl];
ind[aaxl] <= Boxes{SelectedBox].Hif[aaxl]; ind[aaxl]++)
for (ind([aax2]=Boxes[SelectedBox].Lolaax2];
ind[aax2] ¢= Boxes[SelectedBox].Hi[aax2]; ind{aax2]++)
PlaneSum += RGBCube{ind[0]]}[ind[1]}#COLLEVELS+ind{2]];
ElementSum += PlaneSum;
if (ElementSum > Boxes{SelectedBox].NumElements/2)
break;
}
1%
If we did not exceed half the total until we added the last plane
(such as in a case where the last plane contains the bulk of the data
points), back up so we do not create the new box as a degenerate box.

%/

if (ind[axis] == Boxes[SelectedBox].Hi[axis]) f{
ind{axis}~--;



}

ElementSum -= PlaneSum;

}
/%

The new box has most of the data the same as the old box, but its low
extent is the index above the point where we needed to split, and its
number of elements is the total number of elements in this whole box,
minus the number in the planes we just summed.

*/

for (c=0; c < NUMAXIS; ct+)
Boxes[TargetBox].Lo[c]
Boxes{TargetBox].Hi[c]

Boxes{SelectedBox]}.Lofc]);
Boxes[SelectedBox].Hi[c];

}

Boxes[TargetBox].Lo{axis] = ind[axis]+l;

Boxes{TargetBox]}.NumElements = Boxes[SelectedBox].NumElements -
ElementSum;

J%

The high extent of our old box is now cut off at the plane we just
split at and the number of elements in it is the number we just
summed .

*f

Boxes(SelectedBox].Hi[axis] = ind{axisl];
Boxes(SelectedBox].NumElements = ElementSum;

/* Digscard zero planes around both our new boxes #/

Shrink(SelectedBox);
Shrink(TargetBox):

/2:

If we used the top box in our list, we have to increment the
total number of boxes used, to make ready for the use of the next
free box.

x:/

if (TargetBox == NumBoxes)
NumBoxes++t;

/* show number of display colors to be used if requested to #*/
if (Verbose)

/%:

printf("%d colors will be used for display of the image\n",NumBoxes}:

This function calculates the actual color register values for each box,
based on the weighted distribution of data in the box. It then sorts the
color registers by brightness (using a calculation described by the VGA
technical reference for calculating brightness).

%/

void SortColors( void ) ¢

register unsigned Index,c,flag,temp,r,b,qd;
ungidgned indices[MAXNUMCOLREGS];
unsigned long weightedcolor{MAXNUMCOLREGS], rsum,bsum,gsum,tmp;

for (Index=0; Index < NumBoxes; Index++) {

1

/¥ Calculate a weighted sum of the color values in the box #/

rsum = bsum = gsum = 0;
for (r=Boxes{Index}.Lo[0]; r<=Boxes[Index].Hi{0]; r++)
for (b=Boxes{Index].Lo[l]; b<=Boxes[Index].Hi[1]; b++t)
for (g=Boxes{Index].Lo[2}; g<=Boxes[Index].Hi[2]; g++) {

tmp = RGBCube{r][b*COLLEVELS+g];
rsum += r¥*tmp;
bsum += b¥tmp;
gsum += g¥*tmp;

/* Pick the actual color for that box based on the weighted sum */
ColRegs(Index].Red

ColRegs[Index].Blue
ColRegs([Index}.Green

rsum/Boxes[ Index].NumElements;
bsum/Boxes{Index].NumElements;
gsum/Boxes|Index] .NumElements;

0w

Vi

Set up for an index sort of the brightness by first calculating the
weighted brightness of each color (based on the calculation described
in the VGA manual.

*/

for (Index=0; Index < NumBoxes; Index#+) {
indices[Index] = Index;
weightedcolor{Index] = ColRegs{Index].Red #30 +
ColRegs{Index].Blue *11 +



ColRegs(Index].Green%59;
}

/%
Do a bubble sort of the weighted colors via indices. Sort is done in
ascending order.

*/

flag = 1;

while (flag) (
flag = 0;

for (Index=0; Index < NumBoxes-1; Index++)
if (weightedcolor{indices[Index]] > weightedcolor{indices{Index+1]})
temp = indices{Index}; .
indices{Index] = indices{[Index+l];
indices({Index+1l] = temp;
flag = 1;

}

/%
Remap the boxes and the color redisters into SBoxes and SColRegs via the
sorted indices found above.

®/

for (Index=0; Index ¢ NumBoxes; Index++) {
SColRegs{Index].Red = ColRegs[indices[Index]].Red;
SColRegs(Index].Blue = ColRegs{indices[Index]].Blue;
SColRegs{Index].Green = ColRegs[indices(Index}].Green;
SBoxes{Index].NumElements = Boxes{indices{Index]].NumElements;
for (c=0; c < NUMAXIS: c++) {
SBoxes{Index].Hi[c] = Boxes{indices{Index]}].Hi[c};
SBoxes[Index].Lo(c] Boxes[indices[Index}].Lolc];
}

}

/%
This function maps the raw image pixel data from the raw data file into the
new color map we’ve come up with in the SColRegs arrayv.

®/
int DisplavImageData(char *FileName ) f

FILE *ImageFile;

unsigned Row, Col;

redister unsigned c,k,goodindex, PixVal;
unsigned long minerror,error;

unsigned RowNum, Red, Green, Blue;
register int ReturnCode,r,b,g,i;

/=

Set the RGBCube array to a value that can’t be a color register index
{MAXNUMCOLREGS*2) so we can detect when we hit on a part of the array that
~is not included in a‘color box.

®f

for (c=0; c < COLLEVELS; c++)
for (k=0; k < COLLEVELS*COLLEVELS; k++)
RGBCubefcl[k] = MAXNUMCOLREGS®2;

/%
Fill the boxes in the RGBCube array with the index number for that box, so
we can tell what box a particular color index into the RGBCube array is in
by a single access.

*/

for (i=0; i < NumBoxes; it+)
for (r=SBoxes[i}.Lo[0}; r <= SBoxes[i].Hi[0]; r++)
for (b=SBoxes[i}.Lo{l]; b <= SBoxes[i] Hi[1l]; b++)
for (d=SBoxes[i].Lof2]; g <= SBoxes[i].Hi[2]; g++)
RGBCube{r][b*COLLEVELS+g] = 1i;

/%
Rescan the raw image file so that it can now be displayed.

*/

printf("\nPass 2\n");
if (Verbose)
printf("Reading file: %s\n",FileName);

/% Attempt to open the file #*/

if (!(ImageFile = fopen(FileName,"rb")))
printf("File %s not found in Pass 2!\n",FileName);
ReturnCode = EFileNotFound;
goto ErrorExit;

}

/* Read in the header ¥/
if (fread(&Hdr,sizeof(Hdr),l,ImageFile) != 1) {
ReturnCode = EReadFileHdr;

{



doto ErrorExit:

}
IT:

Now attempt to read the raw image file into three
separate buffers: Red, Green & Blue a row at a time.

®/

for (Row=0; Row ¢ ImageHeight; Row++) {
if (fread(&RowNum,sizeof(unsigned),l,ImageFile) != 1) {
printf("\nError reading image row number !\n');
ReturnCode = EReadRowNum;
doto ErrorBxit;

}

/* Now read a line of red data */

if (fread(RedRowBuf, ImageWidth,l,ImageFile) != 1) {
printf("\nError reading red data in Pass 2!\n");
ReturnCode = EReadData;
gotd Errorgxit;

/* Now read a line of green data %/

if (fread(GreenRowBuf,ImageWidth,l,ImageFile) != 1) {
printf("\nError reading green data in Pass 2!\n");
ReturnCode = EReadData;
doto ErrorExit;

}

/% Now read a line of blue data */

if (fread({BlueRowBuf,ImageWidth,l,ImageFile) != 1) {
printf("\nError reading blue data in Pass 2!\n");
ReturnCode = EReadData;
goto ErrorExit;

3
e

For each RGB triplet in this row of image data. Scale values
accordingly.

)

for (Col=0: Col < ImageWidth; Col++) {

Red = RedRowBuf[Col}] »» 3;
Green = GreenRowBuf[Col] »> 3;
Blue = BlueRowBuf[Col] »>> 3;
j%

If this particular color is inside one of the boxes,

assign the color index for this pixel to the value at that

spot in the cube.

*/

if (RGBCube{Red][(Blue*#COLLEVELS)+Green] != MAXNUMCOLREGS#*2) ({
PixVal = RGBCube[Red][Blue¥*COLLEVELS+Green];
SetPixelvalue(Col,Row,PixVal);

else { !

/:x

Otherwise, we need to scan the array of colors to find which is

the closest to our prospective color.

®f

goodindex = 0;

minerror = SQUARE(Red-SColRegs[goodindex].Red)+
SQUARE(Blue~SColRegs{goodindex].Blue)+
SQUARE(Green-SColRegs[goodindex].Green);

/*

Scan all color registers to find which has the smallest error

when it is used for this pixel.

#/

for (k=1; k < NumBoxes; k++) [
error = SQUARE(Red-SColRegs{k].Red)+
SQUARE(Blue-SColRegs{k]}.Blue)+
SQUARE(Green~SColRegs(k].Green);
if {error < minerror) {
minerror = error;
goodindex = k;
}
}
/#* Assign that register to this pixel %/
SetPixelValue(Col,Row,goodindex);
}

}

/* Normal function exit point #/
printf("\n");

fclose(ImageFile);

return(0);

ErrorExit:
fclose(ImageFile);
return(ReturnCode);



}

/%

The purpose of this function is to partially make up

for the normalization of pixel values performed previously.
The values in the color registers are scaled upwards toward
the maximum value of 63 to increase image brightness. Then, if
requested, the color data is gamma corrected.

*/
void ScaleColRegisters(void) {

register unsigned Index;
register unsigned Temp;

/# Find the maximum value of any RGB component value */
MaxValue = -1;
for (Index = 0; Index < MAXNUMCOLREGS; Index++) {
if (SColRegs{Index].Red > MaxValue)
MaxValue = SColRegs{Index].Red;
if (SColRegs[Index].Green > MaxValue)
MaxValue = SColRegs{Index].Green;
if (SColRegs[Index].Blue > MaxValue)
MaxValue = SColRedgs[Index].Blue;
}
/% Scale all color register components accordingly %/
for (Index = 0; Index < MAXNUMCOLREGS; Index++) {

/* temp used to prevent overflow of BYTE value %/
Temp = SColReds[Index].Red #* (unsigned) MAXCOLREGVAL;
Temp /= MaxValue;
if (CorrectGamma)

SColRegs{Index].Red = GammaTable[Templ;
alse

SColRegs{Index].Red = Temp;

Temp = SColRegs{Index].Green ¥ (unsigned) MAXCOLREGVAL;
Temp /= MaxValue;
if (CorrectGamma)
SColRegs{Index].Green = GammaTable[Temp];
else ’
SColRegs{Index].Green = Temp;

Temp = SColRegsfIndex].Blue * (unsigned) MAXCOLREGVAL;
Temp /= MaxValue;
if (CorrectGamma)
SColRegs{Index].Blue = GammaTable[Temp};
else
SColRegs{Index].Blue = Temp;

1
/%

This function produces an executable .COM file for display of the
digitized color image. It writes a small code segment followed by
the 256 color register value followed by the image data to the
specified file.

#f
void WriteComFile(char *FileName) {

FILE *0OutPutFile;

char String{8071;

unsigned Index, PixelValue, Col, Row;

BYTE FileCode[] =
{0xB4,0x0F,0xCD,0x10,0xA2,0x37,0x01,0xB4,0x00,0xB0,0x13,0xCD,0x10,
0xB8,0x12,0x10,0xBB,0x00,0x00,0xB9,0x00,0x01,0xPA,0x38,0x01,0xCD,
0x10,0xB9,0x00,0xFA,0xBE,0x38,0x04,0xB8, 0x00,0xA0,0x8E, 0xC0, 0xBF,
0x00,0x00,0xF3,0xA4,0xB4,0x00,0xCD,0x16,0xB4,0x00,0x%xa0,0x37,0x01,
0xCD,0x10,0xC3,0x00};

.

if (!strchr(FileName,’.’)) { /* ig there an ext ? %/
strepy(String,FileName); /* copy filename to buffer */
FileName = String; /% FileName now points at buffer %/
strcat(FileName,".com"); /% if not add .com ext %/

/* open the output file %/

if ((OutPutFile = fopen(FileName,"wb')) == NULL) {
SetTextMode();
DeAllocMemory(); K
printf("Cannot open Image .COM file\n");
exit(1l);

}

/% write code segment to the file %/
for (Index=0; Index < sizeof{FileCode); Indexs+)
if (fputc(FileCode[Index],OutPutFile) != FileCode[Index]) {
SetTextMode(); -
DeAllocMemory();
printf("Error writing Image .COM code seg\n");



exit(l);

}

/* now write the color register rgb values to the file %/
for (Index = 0; Index ¢ MAX256PALETTECOLORS; Index++) {
if (fputc({SColRegs[Index].Red,OutPutFile) != SColReds{Index].Red) {
SetTextMode();
DeAllocMemory();
printf("Error writing Image .COM red color reg\n");
exit(1l);

if (fputc{SColRegs{Index].Green,OutPutFile) != SColRegs{Index].Green)
SetTextMode();
DeAllocMemory();
printf("Error writing Image .COM green color reg\n");

exit(l);
}
if (fputc{SColRegs{Index].Blue,0utPutFile) != SColRegs([Index}].Blue) {
SetTextMode();
DeAllocMemory();
printf("Error writing Image .COM blue color reg\n");
exit(1);
}

}

/* now write the actual image data to the file =/
for (Row=0; Row < 200; Row++)
for (Col=0; Col < 320; Col++) {

PixelValue = GetPixelvValue(Col,Row); /* read the value from display %/

fputc(PixelValue,OutPutFile);

fclose(OutPutFile);
}

/%
Pass 1 through the data reads the raw data file, scales the raw
data and builds the RGBCube.

&/
int ProcessPagsl(char #FileName) {

FILE *ImageFile;

register unsigned Row, Col;
unsigned RowNum, NumColors, c,k;
unsigned Red, Green, Blue;

int ReturnCode;

printf("\nPass 1\n");
if (Verbose)
printf{"Reading file: %s\n",FileName);

/* attempt to allocate required memory for RGBCube ¥/
if (!AllocMemory()) (
printf("\nMemory allocation error in Pass 1!\n");
ReturnCode = ENoMemory;
¢oto ErrorExit;

/* Attempt to open the file */

if (!(ImageFile = fopen(FileName,"rb"))) {
printf("File %s not found in Pass 1!\n",FileName);
ReturnCode = EFileNotFound;
goto ErrorBExit; ’

}

/¥ Read in the header #*/

if (fread(&Hdr,sizeof(Hdr),l,ImageFile) != 1)
printf("Error reading image header in Pass l!\n",FileName);
ReturnCode = EReadFileHdr;
goto ErrorExit;

/* Make local copies of imade parameters %/

ImageWidth = Hdr.Width;

ImageHeight = Hdr.Height;

ImagePixels = (unsigned long) ImageWidth % ImageHeight; -
/%

Now scan complete image scaling the RGB values from
the range 0..FF to 0..1F by right shifting three bits.
Each row of raw data is comprised of a RowNum and then
a row of RGB color values.

*/

Messade("Reading Line: 0");
for (Row=0; Row ¢ ImageHeight; Rowt+) {

if (fread(&RowNum,sizeof(unsigned),l,InageFile) != 1) {
printf("\nError reading image row number in Pass 1l!\n");
ReturnCode = EReadRowNum; '
goto EBrrorExit;

}
if (Verbose) .
printf(""\b\b\bX3d" ,RowNum); /* output row number to display %/



/* Now read a line of red data */

if (fread(RedRowBuf, ImageWidth,l,ImageFile) != 1) {
printf("\nError reading red data in Pass 1!\n");
ReturnCode = EReadData;
doto ErrorExit;

}

/% Now read a line of green data %/

if (fread(GreenRowBuf, ImageWidth,l,ImageFile) != 1) {
printf("\nError reading green data in Pass 1!\n");
ReturnCode = EReadData;
goto ErrorExit;

}

/% Now read a line of blue data */

if (fread(BlueRowBuf,ImageWidth,l,ImageFile) != 1) {
printf("\nError reading blue data in Pass 1!\n");
ReturnCode = EReadData; -
goto ErrorBxit;

}
/=

For each RGB triplet in this row of image data. Scale values
accordingly.

*f

for (Col=0; Col ¢ ImageWidth; Col++) {

Red = RedRowBuf([Col] >> 3;
Green = GreenRowBuf[Col] »>> 3;
Blue = BlueRowBuf[Col] >»>3;

/% Add one to the count of pixels with that color =/
(RGBCube[Red][(Blue*COLLEVELS )+Green] )++;
}
}
/®
Count and print the number of unique colors in the input by scanning the
RGBCube array and looking for non-zero frequencies.

*/ .

NumColors = 0;
for (c=0; c < COLLEVELS; c++)
for (k=0; k ¢ COLLEVELS#COLLEVELS; k++)
if (RGBCube[cl[k])
NumColors++;

if (Verbose)
printf("\n%d unique colors in image data\n",NumColors);
if (Verbose) ;
printf("Pass 1 completed.\n\n");

/® Normal function exit point %/
fclose(ImageFile);
return{NoError);

ErrorExit:
printf("\n");
DeAllocMemory();
fclose(ImageFile);
return(ReturnCode};

}
/%

This function provides help in the advent of operator error. Program
terminates after help is given

®/
void ShowHelp( void ) {

printf("\nThis program quantizes, displays and saves a 256 color image.\n");
printf("It is invoked as follows:\n\n");
printf("Usade: mquan [-c -g ~h ~i -p -<v -x] infilename [outfilename]<cr>\n");
printf('" -c inhibit gamma correction\n");
printf(" -g create a GIF output file\n");
printf(* -~h or ? show help\n");
printf(* -i prevents the color reg values from being installed\n");
printf(" -p create PCX output file\n");
printf(" -v displays program progress information\n");
printf(" ~-x create executable display program\n");
printf(" outfilename is name given to generated display file(s).\n\n");
exit(l);

}

/% main quantizer prodram */
void main(short argc, char *argv[]) {
unsigned FileNameCounter, ArglIndex;

char *ImageFileName;
char *QutputFileName;



clrscr();

printf('"MQUAN --. Median Cut Color Quantizer Program. Ver: %d.%d\n",Ver,Rev);
printf("from the book \"Practical Ray Tracing in C\"\n");

printf{"Written by Craig A. Lindley\n\n");

printf("This program converts 16.7 million 24 bhit color images\n");
printf{"in dump format to 256 color images for display on a vGA\n");
printf("equipped computer\n\n");

/% install default options #/

Verbose = FALSE; /* don’t be wordy */

GenComFile = FALSE: /# don’t denerate an .COM file %/
GenGIFFile = FALSE; /* don’t generate a GIF file %/
GenPCXFile = FALSE: /* don’t generate a PCX file %/
InstallColors = TRUE; /* install calculated colors */
CorrectGamma = TRUE; /# do damma correction */

/* parse all command line arguments */

FileNameCounter = 0; /% count of user specified filenames %/
for (Argindex=1; ArgIndex < argc; ArgIndex++) {
if (*argv[{ArgIndex] != -’} { /* if not a cmd line switch */
/% must be a filename */
if (#*argv[Arglndex] == ’??*) /¥ help requested ? %/
ShowHelp();
if (FileNameCounter > 2) /* only two filenames allowed */
ShowHelp(); /* if more then error exit */

if (FileNameCounter == ()

ImageFileName = argv[{ArgIndex]; /* save input image filename #/
else

OutputFileName = argv[Arglndex]; /* save output image filename ¥/

FileNameCounter++; /* inc count for error check =*/
}
else { /* its a cmd line switch %/
switch (#%(argv{ArgIndex}+1)) { /* parse the cmd line #*/
case 'c’:
case 'C”:
CorrectGamma = FALSE;
break;
case 181:.
case 'G’:
GenGIFFile = TRUE;
break;
case 'h?:
case °'H’:
ShowHelp();
break;
case 'i’:
case ’I’:
InstallColors = FALSE;
break;
case 'p’!
case 'P’:
GenPCXFile = TRUE:
break;
case 'v’:
case ’'V’:
Verbose = TRUE;
break;
case ’'x':
case ’'X’:
GenComFile = TRUE;
break;
default:
printf("Error - invalid cmd line switch encountered\n');
ShowHelp();
}
}

if (FileNameCounter ¢ 1) {
printf{("Error - input filename required\n");
ShowHelp(); ’

}

if ((GenComFile | GenGIFFile | GenPCXFile) && (FileNameCounter != 2)) ({
printf("Error - input and output filename required\n");
ShowHelp();

}

if (ProcessPassl(ImageFileName) == NoError) {
Message('"Selecting optimum color palette\n");
SelectColorBoxes();
SortColors();

/* Check for VESA compliance #*/

CheckForVESA();
/* display the resultant color image with the proper palette #/
SelectVideoMode(ImageWidth, ImageHeight, TRUE);
DisplayImagdeData(ImageFileName}; ’
/%
If we want real colors InstallColors is TRUE. If we want pseudo
colors for special effects, InstallColors is FALSE. In this case



we must call GetAllColorRedgs to store the default RGB values of the
color redisters into the SColReg array.
#f
if (InstallColors) {
ScaleColRegisters{);
SetAllColorRegs(SColReds);

else
GetAllColorRegs(SColReds);

if (GenGIFFile) {
/%
Create a 256 color GIF file of displayed image. Assumes
single bit plane with one byte per pixel.
:K/
WriteGIFFile(OQutputFileName, ImageWidth, ImageHeight,
ImageWidth, ImageHeight,0,0);

}
if (GenPCXFile) {
/%
Create a 256 color PCX file of displayed image. Assumes
single bit plane with one bvte per pixel.
=/
WritePCSFile(QutputFileName, ImageWidth, ImageHeight);

} )
if {GenComFile && (ImageWidth <= 320)) {
/% create an executable file for display of color imasge */
WriteComFile{OutputFileName);
}
}

/* prepare to return to dos */
getch();

SetTextMode();
DeallocMemory();
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Jxx= : "pex.c! a4
[HxR PCX Function Library wEx
/ /

$include <stdio.h»
#include <string.h>
3include ¢process.h>
ginclude <conio.h>
#include <dos.h>
#include "misc.h"
$include "vda.h"
%include "pcx.h"”

/* Externally Accessible Global Variables %/
struct PCX_File PCXData; /¥ BCX File Hdr variable ¥/
unsigned ImageWidth, ImageHeight;

/* Variables global to this file only %/

gtatic FILE #*PCXFile; /% file handle %/
static BYTE ScanLine[MAXBYTESPERSCAN];
static struct ExtendedPalette Color256Palette;

/% Start of Functions ¥/

i

This function opens an image file and attempts to read the
PCX header information.

*®/f

CompletionCode ReadPCXFileHdr (char #*FileName, int Verbose) ({

char String{80];

if (!strchr(FileName,’.’)) { /% is there an ext ? #/
strcpy(String,FileName); /% copy filename to buffer =/
FileName = String; /% FileName now points at buffer #/
strcat(FileName,".pcx"); /* if not add .pcx ext ¥/

}

/% try to open the PCX file ¥/
if ({PCXFile = fopen(FileName,'rb"})) == NULL) {

printf("PCX file: %¥s not found\n",FileName);
return{ EFileNotFound);

}
/*¥ try to read the file header record %/
if (fread({&PCXData,sizeof{struct PCX_File),1,PCXFile) != 1) {

printf("Error reading PCX file header\n");
return{ EReadFileHdr);

/% check to make sure its a PCX file #/
if (PCXData.PCXHeader.Header != PCXHdrTag) {

printf("Error not a PCX file\n");
return{ ENotPCXFile);

/® Yep, we’ve got a PCX file OK. Display info if requested =/
if (Verbose) {

clrscri();

printf("PCX Image Information for file: Zs\n\n",FileName);
printf("\tVersion: %d\n", PCXData.PCXHeader.Version);
printf('"\tCompression: %s\n",

PCXData.PCXHeader.Encode == 0 ? "None":"RLL");
printf("\tBits Per Pixel: %d\n",PCXData.PCXHeader.BitPerPix);
printf("\tXl: %d\n",PCXData.PCXHeader.Xl);
printf("\t¥Y1l: %d\n",PCXData.PCXHeader.Yl);
printf("\tX2: %d\n",PCXData.,PCXHeader.X2);
printf£("\tY2: %d\n',PCXData,PCXHeader.Y2);
printf("\tHoriz Resolution: %d\n",PCXData.PCXHeader.Hres);
printf("\tVert Resolution: %Zd\n",PCXData.PCXHeader.Vres);
printf("\tVMode: %d\n',PCXData.Info.Vmode);
printf("\tNumber of Planes: %d\n",PCXData.Info.NumOfPlanes);
printf('"\tBytes Per Scan Line One Plane: %d\n",PCXData.Info.BytesPerLine);
printf("\nHit <Enter> to proceed - "“C to abort\n");
getchar(); /* wait for operator input ¥/

return({NoError);

static CompletionCode ExpandScanLine (FILE #InFile) {
register short CharRead;
unsigned InPtr,RepCount;
unsigned BytesToRead;

BytesToRead = PCXData.Info.NumOfPlanes * chnaté.Info.BytquerLine;

InPtr = 0; /% initialize input ptr %/
do { ’
CharRead = getc(InFile); /% read a byte from the file #*/-

if (CharRead == EOF) /* error should never read EOF */



return( FALSE); /* abort picture %/
if ((CharRead & 0xCO) == 0xC0) {_/%* a repeat tag ? %/

RepCount = CharRead & “0xCO; /% repeat 1..63 %/

CharRead = getc(InFile); /¥ read byte to repeat %/
if (CharRead == EQF) /* error should never read EOF */
return( FALSE); /* abort picture %/
while (RepCount--} /* expand byte %/
ScanLine{InPtr++] = /* RepCount times =/
CharRead;
1
else . /% just a byte of data #/
ScanLine[InPtr++] = CharRead; /* store in buffer %/
} while {(InPtr < BytesToRead); /% expand a full scan line %/

/%
When we get here, we have an array, ScanLine, which is composed of
NumOfPlanes sections each BytesPerlLine long. For a 256 color VGA images
it is 1 plane of 320, 640, 800 or 1024 bytes. For a 256 color image,
the ScanLine contains one line of raster data. Return an indication
that this operation went smoothly.

L4

return(TRUE};

/*
This function reads and displays a 256 color PCX file.
%/

void DisplayPCXFile (char #FileName, int Verbose)
{
redgister unsigned ScanNum; /* scan line being expanded
and displayed */
register unsigned ColNum, Index; /¥ pixel being read %/
int PCXError;

if ((PCXError =,keadPCXFileHdr(FileName,Verboée)) t= NoError)
exit(PCXError);

/% Header has been read, now we are ready to display the PCX image #*/
/% PCC files cannot be displayed %/

if ((PCXData.PCXHeader.X1l != 0) |i (PCXData.PCXHeader.Yl != 0))

printf("Error PCC file not PCX file\n"):
eXit(EPCCFile);
}

/% Copy image specs to local storage */
ImageWidth PCXData.PCXHeader.Hres;
ImageHeight PCXData.PCXHeader.Vres;

un

/* Select the correct video mode if VESA device else abort %/
CheckForVESA();
SelectVideoMode( ImageWidth, ImageHeight ,TRUE);

/* proceed to unpack and display the PCX file %/
for (ScanNum=0; ScanNum < ImageHeight; ScanNum++) {
if (ExpandScanLine(PCXFile) != TRUE) {
printf("Scanline corrupt in PCX file\n");
exit(ECorrupt);

}
for (ColNum=0; ColNum < ImageWidth; ColNum++)
SetPixelValue(ColNum, ScanNum,ScanLine{ColNum});
1

/* Now read the extended palette structure from the end of the file %/

if (fread(&Color256Palette,sizeof(struct ExtendedPalette),l,PCXFile) == 1)
/% Extended palette read ok. Now check tag. #/
if (Color256Palette.ExtendedPalette == PCX256ColorTag) {
for(Index=0; Index ¢ MAX256PALETTECOLORS; Index#++) ({
Color256Palette.Palette[Index].Red »r= 25
Color256Palette.Palette{Index].Green >>= 2;
Color256Palette.Palette{Index].Blue »>>= 2;

}
SetAllColorRegs((ColorRegister *) &(Color256Palette.Palette));

}
fclose(PCXFile);

/= N
The following functions create a PCX file from a raster image
on the display and writes it to disk.

®/

CompletionCode WritePCXHdr(char ®*FileName, unsigned BitsPerPixel;
unsigned MaxX, unsigned MaxY, unsigned Planes,
unsigned BytesPerline) {



unsigned Index;

char String[801;

if (!strchr(FileName,’.’)) {
strcpv(String,FileName);
FileName = String;
strcat(FileName,".pcx");

}

if ((PCXFile = fopen(FileName,

return (EFileNotFound);

/% initialize the PCX file hea
PCXData.PCXHeader.Header
PCXData.PCXHeader.Version
PCXData.PCXHeader.Encode
PCXData.PCXHeader.BitPerPix
PCXData.PCXHeader.X1
PCXData.PCXHeader.Y1l
PCXData.PCXHeader.X2
PCXData.PCXHeader.Y2
PCXData.PCXHeader.Hres
PCXData.PCXHeader.Vres
PCXData.Info.Vmode
PCXData.Info.NumOfPlanes
PCXData.Info.BytesPerLine

LI T L L B O L | IO LI VIR [

,:R

/* is there an ext ? */

/* if not ... ¥/

/* copy filename to buffer ¥/

/* FileName now points at buffer =/

/* add .pcx ext #/

"wtb")) == NULL)

der info %/
PCXHdrTad;

’

1;
BitsPerPixel;
0;
0;
MaxX-1;
MaxY-1;
MaxX;
MaxY:
0;
Planes;
BytesPerLine;

Initialize the 16 color palette structure in the PCX file data.

This 16 color palette will be written to the PCX file even though

the images are 256 color images containing an extended palette.

The extended palette will be written at the end of the PCX raster data.

®f

for (Index = 0; Index < MAXPALETTECOLORS; Index++) {

PCXData.Palette[Index].Red = 0
PCXData.Palette{Index].Green = 0;
PCXData.Palette{Index].Blue = 0

}

/% clear the unused area at the end of the PCX header %/
memset(&PCXDatafInfo.unused,’\0’,sizeof(PCXData.Info.unused));

/* now write the file header to the phvsical file %/
if (fwrite(APCXData,sizeof(struct PCX_File),1,PCXFile)
return{ EWrtFileHdr);

1)

return{ NoError);

static CompletionCode CompressScanLine(FILE #QutFile) {

redister unsigned OutPtr,RepCount,RepChar;
redister unsigned BytesToWrite;

BytesToWrite = PCXData.Info.NumOfPlanes ¥ PCXData.Info.BytesPerLine;
OutPtr = 0; /% ptr to data to compress */
do {
RepChar = ScanLine[OutPtr++]; /% get byte to start compression #/
RepCount = 1; /* byte seen once at this point #/

while ({ScanLine{OutPtr}==R
(RepCount < MaxRepCo

epChar) &&
unt) &

(OutPtr ¢ BvtesToWrite)) (
RepCount++; ° /* count all repetitions of char =/
OutPtr++; /* bump ptr and check again */
}
/%

Repeat sequence found or if chars has either or both MSBs set
than must process as a repetition count and char sequence.

®f

if ((RepCount > 1) !! (RepChar > OxBF)) {
RepCount = 0xCO; /* set two MSBs %/
if (putc(RepCount,QutFile) == EOF) /% write count to file #*/

return({ FALSE); /* if error return error */

}

if (putc(RepChar,0utFile) == EOF)/* write char to file #/
return(FALSE); ' /¥ if error return error ¥/

until all bytes in scan
are compressed %/
indicate operation successful s/

} while (OutPtr < BytesToWrite); /*

return(TRUE); 1#*
}

1%
_ This function writes a PCX file to disk from the image currently
being displayed on the monitor. The image data is. read directly

off of the screen and the palette information is read from the



DAC.

®f

e

void WritePCXFile (char ¥*FileName, unsigned MaxX, unsigned MaxY) {

/%
At
at
80

register unsigned ScanLineNum, PixelNum, Index;
int PCXError;

/% write out PCX header and palette */
if ((PCXError = WritePCXHdr(FileName,> 8, MaxX, MaxY, 1, MaxX)) != NoError)
“exit(PCXError);

ImageWidth = MaxX;
ImadeHeight = Maxy;

this point we will read the displayed image from the screen a scanline
time. For 256 color images there is only a single bit plane
the data read from the screen is placed directly into the ScanLine array

for compressing.

*/

for (ScanLineNum=0;: ScanLineNum < ImageHeight; ScanLineNum++) {
for (PixelNum=0; PixelNum < ImageWidth; PixelNum++)
ScanLine[PixelNum] = GetPixelValue({PixelNum,ScanLineNum);

if (CompressScanLine(PCXFile) != TRUE) /¥ compress a complete scan %/
exit(EWrtScanlLine);

}

/*

Write an extended palette record to the file after the

raster data. Read the 256 color register RGB values and

store them in the Color256Palette structure before writing

them to the PCX file. This structure is tadged to assure validity.

]

Color256Palette.ExtendedPalette = PCX256ColorTad;
GetAllColorRegs( (ColorRegister *) &(Color256Palette.Palette));

for {Index = 0; Index < MAX256PALETTECOLORS; Index+t) {
Color256Palette,.Palette[Index}.Red <<= 23
Color256Palette.Palette[Index].Green <<= 2;
Color25€6Palette.Palette{Index].Blue <<= 2;

J

With all of the color register values read., write fhe

extended palette structure to the PCX file.

w/
if (fwrite(&Color256Palette,
sizeof(struct ExtendedPalette),l,PCXFile) != 1)
fclose(PCXFile); /% close the completed PCX file %/

exit(EWrtExtPal);
/* file has heen written prepare to close up shop #/

fclose(PCXFile); /* close the completed PCX file %/
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[ REE "pex. ht FEK [
[Hxw PCX include file HEK S
[xEx for PCX access functions L8R/
VA2 HERERBEEERE /
#define MAXSCREENWIDTH 1024
2define MAXBYTESPERSCAN MAXSCREENWIDTH
zdefine MAXSCREENHEIGHT 768
2define MAXPALETTECOLORS 16
tdefine MAX256PALETTECOLORS 256

/* PCX File Structures and Defines */

tdefine PCXHdrTagd 10 /#* tag in valid PCX file #/
zdefine MaxRepCount 63 /% max # of repeat bytes #/
gdefine PCX256ColorTag 12 /#* tag for extended palette in PCX file %/
struct PCXFileHeader f{
BYTE Header; /# marks file as PCX file =/
BYTE Version; /# 0 = version 2,5 %/
/# 2 = 2,8 with palette info */
/¥ 3 = no palette info 2.8 or 3.0 %/
/* 5 = 3.0 with palette info */
BYTE Encode; /* File encodind mode */
BYTE BitPerPix; /* Bits per pixel #*/
unsigned X1; /* Picture dimensions inclusive */
unsigned Y1;
unsigned X2;
unsigned Y2
unsigned Hres; /% Graphics adapter Horiz resolution #/
unsigned Vres; /¥ Graphics adapter Vertical resolution */
};
struct PCXInfo {
BYTE Vmode; /% Ignore should always be zero #*/
BYTE NumOfPlanes; /* Number of bit planes */
unsigned BytesPerline; /* Bytes Per Line in picture %/
BYTE unused[607]; /* £ills out header to 128 bytes #/

struct PCX_File {

struct PCXFileHeader PCXHeader;
ColorRegister Palette[MAXPALETTECOLORS];
struct PCXInfo Info;

};

/#* Max size of 48 bytes =/

/¥ Extended palette data structure for 256 color PCX files */
struct ExtendedPalette {

BYTE ExtendedPalette;

ColorRedgister Palette[MAX256PALETTECOLORS]}; /% Max size of 768 bytes #/

H
/% PCX C Function Prototype Declarations */
void DisplayPCXFile (char *FileName, int Verbose);

void WritePCXFile (char *FileName, unsigned MaxX, unsigned MaxY);

4
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#include <stdio.h>
ginclude <stdlib.h>
ginclude "mymem.h"
4include <math.h>
sinclude '"struct.h"
sinclude "trace.h"
#include "vectors.h"

/%

The following plane intersection function is based upon the
substitution of the 3D parametric equation of a line into the formula
for a plane. See text for details.

%/ :

double PlanelIntersect (0OBJECT *This, RAY %Ray)

double vd, Vo, T

/%

Calculate the dot product of the planes normal and the
rays direction.

®f

VDot(This->0bjSpecific.P,Normal,Ray->Direction,Vd);

if (vd <= EPSILON) /* ray is parallel to plane. No intersection %/
return(0.0); /* return t=0 #/

VDot(This->0bjSpecific.P.Normal,Ray->0rigin,Vo);
Vo += This->ObjSpecific.P.Distance;
Vo #= =~1.0}

T = Vo/vd;
if (T < 0.0) /* intersection behind ray origin 4</
return(0.0); /* return t=0 */
return{(T); /% else return t ®/
}
IE

The following function returns a unit normal to a plane. The normal to
the plane is that given in its definition.
*/

VECTOR PlaneNormal (OBJECT #This, VECTOR Point) {

VECTOR Normal;

Normal.X = This->ObjSpecific.P.Normal.X;
Normal.Y = This-»>ObjSpecific.P.Normal.Y;
Normal.Z = This~>ObjSpecific.P.Normal.Z;
return{Normal);

/* A function to print the contents of a plane object */
void PlanePrint (OBJECT *This) {

printf("\n\nPlane’s normal is: <(A=%g,B=%g,C=%g> with distance D=%g\n",
This->ObjSpecific.P.Normal.X,
This~»0ObjSpecific.P.Normal.Y,
This->0ObjSpecific.P.Normal.Z,
-1.0%This->0bjSpecific.P.Distance);

PrintSurfaceAttrib(This);

/* Declare an object of type plane */
OBJECT %MakePlane (double A, double B, double C, double D) {

OBJECT *0ObjectPtr = NULL;

ObjectPtr = malloc(sizeof (OBJECT));

if (ObjectPtr != NULL) {
memset(0ObjectPtr,’\0’,sizeof (OBJECT));
ObjectPtr->Type = Plane;
/#* Assign functions for intersection, normal and printing %/
ObjectPtr->Intersect = Planelntersect;

ObjectPtr->Normal = PlaneNormal;
ObjectPtr->Print = PlanePrint;
ObjectPtr->0ObjSpecific.P.Normal.X = A;
ObjectPtr->0ObjSpecific.P.Normal.Y = B;
ObjectPtr->0ObjSpecific.P.Normal.2 = C;
0bJeCtPtr->0bJSpecxflc.P Distance = =D;

/% Make the normal in case it wasn’t entered that way */
VNormalize(ObjectPtr->ObjSpecific.P.Normal, ObjectPtr=->0ObjSpecific.P.Normal);
AddTolList(&0bjectList,0bjectPtr);

}
return(ObjectPtr);
} .
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[RwE “rays.c" ]
YEZ Ray Creation and Shading Functions . HEE [
[ ERBREREEERRRELCRRRR KK KEKE /

2include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include <conio.h>
2include <time.h> ~
3include '"struct.h"
2include "trace.h"
2include '"vectors.h"

/%
Global variables used throughout this file and program
®

DISPLAY Display;

VIEWPOINT View;

COLOR BackGround;

static unsigned RecurselLevel;

static unsidned Ver = 1;
static unsigned Rev = 0;
double VTemp; /¥ temp variable used by macros #/

/* Definition of the two major lists we will use %/

OBJECT #ObjectList; /% 1list of objects #%/
OBJECT *LightList; /% list of light sources %/
1%

Shade the point at which the ray strikes the object.

*f

void Shade(OBJECT #0ObjectPtr, RAY #*Ray, VECTOR Normal,
VECTOR Point, COLOR #Color) - {

double K, Ambient, Diffuse, Specular, DistanceT;
RAY LightRay;

RAY ReflectedRay;

OBJECT #®*LightSourcePtr;

COLOR LightColor, NewColor;

/%
Calculate the reflected ray R from the normal N and incoming ray V. The
formula for the reflected ray is denerally:

. R = 2(V dot NIN - V
assuming V points away from the point of intersection, which it
does not do in our model since the ray originates at the eye. We
must therefore reverse V to correspond to our model. To do this,
we must scale V by -1,0. The result is then:

R = =2N(V dot N) + V

which is the formula we will use here.
The reflected ray is that which will be traced to find color contributions
to the point being shaded if the surface being shaded is reflective. The
reflected ray starts at Point and has a direction away from the surface.

®/
VDot (Ray=->Direction,Normal,K);
K %= -2,0;

ReflectedRay.Origin = Point; /* structure copy %/

K = Normal.X + Ray->Direction.X;
K ®* Normal.Y + Ray~>Direction.Y;
K *# Normal.Z + Ray->Direction.Z;

ReflectedRay.Direction.X
ReflectedRay.Direction.Y
ReflectedRay.Direction.2
/%

We do not have to normalize the reflected ray because
both V and N were unit vectors. The calculated reflected
ray is then automatically a unit vector.

f

*®

Start the calculation of the color with the ambient contribution.
This is light that is everywhere in a scene.

=/

Ambient = ObjectPtr->Properties.Ambient;

Color->Red = ObjectPtr->Properties.Color.Red ¥ Ambient;
Color->Green = ObjectPtr->Properties.Color.Green * Ambient;
Color-»>Blue = ObjectPtr->Properties.Color.Blue % Ambient;
/%

Now we must traverse the LightList to find the contribution
of each light source to the pixel color we are calculating.
/. . !
LightSourcePtr=LightList; /* get us a ptr to list of sources */
while (LightSourcePtr) { /* for each source */

/*

Generate a ray from Point to light source of interest. DistanceT
is the length of the ray from Point to light source. Call
GetLightColor to see if there are any blocking objects along this
Tay.,

*/



/*

DistanceT = MakeLightRavtLightSourcePtr,Point,&LightRay);
LightColor = GetLightColor(LightSourcePtr,0ObjectPtr,&LightRav,DistanceT);

/* Check to see if our object faces the light %/
VDot(Normal,LightRay.Direction,Diffuse);
if ((Diffuse > 0.0) && (ObjectPtr->Properties.Diffuse > 0.0)) {
Diffuse = pow(Diffuse,0bjectPtr->Properties.Brilliance) #*
ObjectPtr->Properties.Diffuse;
Color-»>Red += (LightColor.Red % ObjectPtr->Properties.Color.Red # Diffuse);
Color->Green += (LightColor.Green * ObjectPtr->Properties.Color.Green * Diffuse);
Color~»Blue += (LightColor.Blue * ObjectPtr->Properties.Color.Blue #* Diffuse);
) |
Note: usually the specular component is calculate by seeing how
the incident ray V lines up with the reflected light ray.
The closer they are to being equal, the bigger contribution
made to the color of the object at Point. In our case, we will
do the same thing by comparing how the reflected incident ray
calculated above and called ReflectedRay lines up with the
LightRay. This requires less computation because ReflectedRay and
LightRay already point in the same direction. This works because the
angle between the two sets of rays is the same.
%/
VDot{ReflectedRay.Direction,LightRay.Direction,Specular);
/* add highlight %/
if ((Specular > 0.0) &% (ObjectPtr->Properties.Specular > 0.0)) {
Specular = pow(Specular,ObjectPtr->Properties.Roughness) #
ObjectPtr->Properties.Specular;
Color->Red += (LightColor.Red ¥ Specular);
Color-»Green += (LightColor.Green * Specular);
Color->Blue += (LightColor.Blue * Specular);
} .
LightSourcePtr = LightSourcePtr->Next;
}
/* Now consider reflection #/
K = ObjectPtr->Properties.Reflection;
if (K> 0.0)
RecurselLevel++;
Trace(&ReflectedRay, &NewColor);
Color->Red += NewColor.Red * K;
Color->Green += NewColor.Green # K;
Color-»>Blue += NewColor.Blue #* K;
RecurselLevel=-;

Create a Ray from the eve position through the display
at CurX, CurY.

%/ .
void MakeRay (unsigned CurX, unsigned CurY, RAY %Ray) {

}

/*

double ScrnX, ScrnY;
VECTOR TempVl, TempVZ;

/* Convert the X Coordinate to be a double from -0.5 to 0.5 %/
SernX = (CurX ~ {(double) Display.DisplayWidth / 2.0) /
(double) Display.DisplayWidth;

/* Convert the Y Coordinate to be a double from -0,5 to 0.5 ¥/
ScrnY = (((douhle)(Display.DisplayHeight -1) ~ Cury) -
(double) Display.DisplayHeight / 2.0) /
(double) Display.DisplayHeight;

vScale (View.Up, ScrnY, TempVl);

VScale (View.Right, ScrnX, TempV2);

VAdd (TempVl, TempV2, Ray->Direction);

vAdd (View.Direction, Ray->Direction, Ray->Direction);
VNormalize (Ray->Direction, Ray->Direction);

Ray->Origin.X = View.Location.X;
Ray->0Origin.Y = View.Location.Y;
Ray=->Origin.2 = View.Location.Z;

Given a ray from the eye posgition through the screen, trace that ray
into the 3D universe to see what it intersects, if anything. Call
shader to figure out the color of what is hit.

*/

void Trace (RAY *Ray, COLOR %Color) {

double T, MinT, NormalDir;

OBJECT *MinObjectPtr; _
OBJECT *QhjectPtr;

VECTOR Point;

VECTOR Normal;

/% Initialize color to black */
Color->Red = Color->Green = Color->Blue = 0.0;

/* Recursion limit check %/



if (Recurselevel > MAXRECURSELEVEL)
return;

MinT = BIG;
MinObjectPtr = NULL;
CbjectPtr = ObjectList;
1%
What objects does this ray intersect? T is the parameter of
the intersection. A T of 0.0 means nothing was intersected
by Ray
*®f -
while(ObjectPtr) {
T = (ObjectPtr->Intersect(ObjectPtr,Ray));
if ((T > EPSILON) && (T ¢ MinT)) {
/% Save ptr to closest object intersected %/
MinT = T;
MinObjectPtr = ObjectPtr;
}
ObjectPtr = ObjectPtr->Next;

/* if nothing was intersected, return background color #/
if (MinT == BIG ) (

Color~>Red = BackGround.Red;
Color-»>Green = BackGround.Green;
Color->Blue = BackGround.Blue;
return;

1

/%

If we get here, we know that our Ray has intersected an object
use the parameter MinT to calculate the point of intersection.
®/
Point.X = MinT #* Ray->Direction.X + Ray->Origin.X;
Point.Y = MinT * Ray->Direction.Y + Ray->0Origin.Y;
Point.Z = MinT # Ray-’Direction.Z + Ray->Origin.Z;
/%
Now find the normal to the intersected object at the point
of intersection.
#/ .
Normal = MinObjectPtr->Normal(MinObjectPtr, Point);
/%
Check to see if Normal is pointing towards Ray. If not
we must reverse the direction of the Normal.
*/ )
VDot{Normal,Ray->Direction,NormalDir);
if (NormalDir > 0.0)
VNegate(Normal,Normal);

/#* Shade this point %/
Shade(MinObjectPtr,Ray,Normal,Point,Color);

Vil
This function provides help in the advent of operator error. Program
terminates after help is given

%/
void ShowHelp( void ) {

printf("Trace is invoked as follows:\n\n");
printf("Usage: trace [-1]<¢cr>\n");
printf(" -1 or L renders the larger 320x200 pixel image\n");
exit(1l);
M

/%
Parse the command line to see if larger image format is
required.

®f

void ParseCmdLine(short argc, char *argv(]) (

unsigned Arglndex;

/% Assume we’ll render a small 80x50 pixel image with 256 colors */
Display.DisplayWidth = 80;
Display.DisplayHeight = 50;

printf("\n\nA First Ray Tracer Program - Version: %d.%d\n",Ver,Rev);
printf("from the book \"Practical Ray Tracing in C\"\n");
printf("Written by Craig A, Lindley\n\n"};

/* parse all command line arguments */
for (ArgIndex=1; Arglndex < argc; ArgIndex++) {

if (®argv{ArgIndex] != *'-?) /* if not a cmd line switch */
ShowHelp(); /* then its an error %/
else { /* its a cmd line switch #/
switch (%(argv{ArgIndex]+1)) { /* parse the cmd line switch */
case ’'h’:
case 'H?:
ShowHelp();
break;

case '1°:



case 'L’:
/% Select the large image format #/
Display.DisplayWidth = 320;
Display.DisplavHeight = 200;
break;

default:
printf("Error - invalid cmd line switch encountered\n");
ShowHelp(); )

}
) -
1
}

/%
Pperform the actual ray tracing of the scene described in the
file "trace.c".

*/

void DoRayTrace(vaid) {

unsigned X, Y;
RAY Ray;
COLOR Color;

time_t timer;
struct tm *tblock;

/* Initialize the recurselevel to zero #/
Recurselevel = 0;

/* Open the output file for this image =/
OpenOutputFile("ray.raw",Display.DisplayWidth,Display.DisplayHeight);

/* get the time the ray tracing was started */
timer = time(NULL);

/* converts date/time to a structure #/
tblock = localtime(&timer);

printf{"\nBedin Ray Trace on %s",asctime(tblock));
printf("Tracing Row\n"); /* print the identifier %/

/* Do the ray tracing pixel by pixel, line by line #*/
for (Y = 0; Y ¢ Display.DisplayHeight && (!kbhit()); Y++) {

printf("%4d",¥); /* print the current row */

for (X = 0 ; X < Display.DisplayWidth ; X++) {
dakeRay (X,Y,%Ray); /¥ calculate eye rav for this pixel #/
Trace (&Ray, &Color); /* trace it through the scene */

WritePixelColor(&Color,X); /% output pixel color to disk #*/

}

/* get the time the ray tracing was completed %/
timer = time(NULL);

/* converts date/time to a structure %/
tblock = localtime{&timer);

printf("\nEnd Ray Trace on %s\n'",asctime(tblock));
CloseOutputFile();

FreeList(&0ObjectList); /¥ return memory */
FreelList(&LightList);
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/* Define a three dimensional vector %/

typedef struct ({
double X; /# X, Y , Z components */
double Y;
double Z;

} VECTOR;

/% Define a color structure */

typedef struct {
double Red; /* RGB components of a color */
double Green;
double Blue;

} COLOR;

/% Define a ray */

typedef struct {
VECTOR Origin; /* a ray has an origin and direction %/
VECTOR Direction;

} RAY;

/* Define the position and direction of our view point */
typedef struct

VECTOR Location; /* Where our eye is */

VECTOR Direction; /* Which direction we are looking */

VECTOR Up; /* Which direction is up */

VECTOR Right; /* Which direction is to the right of us */

} VIEWPOINT;

/% Define the display environment #*/
typedef struct {

unsigned DisplayWidth;

unsigned DisplayHeight;
} DISPLAY;

/% All objects have a set of these surface properties #*/
typedef struct {

COLOR Color; /* color of object in RGB */
double Ambient; /¥ ambient factor %/
double Diffuse; /* diffuse factor */
double Brilliance; /* brilliance factor ¥/
double Specular; /* specular RGB */
double Roughness; /* specular coefficient %/
double Reflection; /* reflection 0.0 - 1.0 #/

} SURFACE;

/% All currently defined object types %/
enun ObjectType {NoTAnObject,Light,Sphere,Plane};

/% Define sphere specific info #/
struct ASphere {

VECTOR Center; /* It’s location */

double Radius; /* It’s radius %/

double Radius2: /% It’s radius squared %/
};

/% Define plane specific info #*/

struct APlane {
VECTOR Normal; /* It’s defining normal */
double Distance; /% Distance from origin =/

I

/% Define light source specific info %/
struct ALight {

VECTOR Center; /# It’s location %/
3

/* The generic object definition */

typedef struct AnObject {
struct AnObject *Next; /* ptr to next object in list */
enum ObjectType Type; /* object type for debugging */

/* function pointers for operations on objects %/
double (®Intersect)(struct AnObject ¥, RAY #);
VECTOR (*Normal)(struct AnObject %, VECTOR);
void (#Print)(struct AnObject *);

SURFACE Properties; /* object’s properties */
union {
struct ASphere S; /% object specific info goes here #/

struct APlane P;
struct ALight L;
} ObjSpecific;
} OBJECT;



/

/* ®/
/* SuperVGA 256 BGI driver defines ®/
/* Copyright (c) 1991 ®/
Al Jordan Hargraphix Software */
/% */
/mx

#include <dos.h>

typedef unsigned char DacPalette256(256][31;

extern int far _Cdecl Svga256_fdriver{];

/% These are the currently supported modes */
/% 320x200x256 Standard VGA */
/% 640x400x256 Svga/VESA */

#define SVGA320x200x256
#define SVGA640x400x256
#define SVGA640x480x256
gdefine SVGA800x600x256
#define SVGA1024x768x256 4

#ifndef XNOR_PUT

#define XNOR_PUT 5

tdefine NAND_PUT 6

#define NOR_PUT 7
sendif

#define TRANS_COPY_PUT 8

/ac

/% PalBuf contains RGB values for all 256 colors
/* R,G,B values range from 0 to 63
/* Usage:

/¥ DacPalette256 dac256;

/%

/* setvgapalette256(&dac256);

/* 800x600x256 Svda/VESA */

0
1
2 /% 640x480x256 Svga/VESA */
3
/

%* 1024x768x256 Svda/VESA */

Setvgapalette256 sets the entire 256 color palette %/

void setvgapalette256(DacPalette256 *PalBuf)

{

struct REGPACK reg;

reg.r_ax = 0x1012;
reg.r_bx = 0;

reg.r_cx = 256;

reg.r_es = FP_SEG(PalBuf);
reg.r_dx = FP_OFF(PalBuf);

intr{0x10,&reg);

®f
*/
*/
*f

®/

*f
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/* Define a new BYTE type #*/
2ifndef __BYTE

:define _ _BYTE

typedef unsigned char BYTE;

sendif

#define TRUE 1
sdefine FALSE 0
#define BIG lel0

$define EPSILON le-03
3define MAXRECURSELEVEL 5

/% Max width of the display row is set at 640 pixels */
#2define MAXLINEWIDTH 640

/% Common Macros */

gdefine MIN(a,b) ((a)>(b)) ? (b):(a)
4define MAX(a,b) ((a)>(b)) ? (a):(b)
#define SQUARE(X) (x)®(x)

/* Declarations of lists and other dlobals used in ray tracer */
extern OBJECT *ObjectList;

extern OBJECT *LightList;

extern DISPLAY Display;

extern VIEWPOINT View;

extern COLOR BackGround;

extern double VTemp;

/* Function prototypes for linked listed */
void AddTolList (OBJECT *%ListPtr, OBJECT *Item);
unsigned FreeList (OBJECT *¥ListPtr);

unsigned PrintlList (OBJECT *ListPtr);

/* Function prototypes for attributes %/

void PrintSurfaceAttrib (OBJECT *QbjectPtr);

void SetSurfaceAttrib (OBJECT *ObjectPtr,
double Red, double Green, double Blue,
double Ambient, double Diffuse, double Brilliance,
double Specular, double Roushness, double Reflection);

/% Function prototypes for objects */
OBJECT *MakeSphere (double X, double Y, double Z, double Radius);
OBJECT *MakePlane (double A, double B, double C, double D);
OBJECT *MakeLight (double X, double Y, double 2,

double Red, double Green, double Blue);

/% Miscellaneous Function Prototypes %/

void ParseCmdlLine(short argc, char *argv{]):;

void Trace (RAY #*Ray, COLOR *Color);

void DoRayTrace(void);

double MakeLightRay (OBJECT %LightPtr, VECTOR Point, RAY #*Ray);

COLOR GetLightColor (OBJECT *LightPtr, OBJECT *ObjectPtr, RAY *Ray,
double Distance);

/* Function prototypes for file output ¥/

int OpenOutputFile (char *FileName, unsigned IWidth, unsigned IHeight);
int CloseOutputFile (void);

int WritePixelColor (COLOR *Color, unsigned Col);
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/%

Various Vector manipulation MACROS !
*f ‘

/* Vector Add: a + b = ¢ */
#define VAdd(a, b, c) {(c).X=(a).X+(b).X;(c).¥Y=(a).Y+(b).¥Y;(c).2=(a).Z+(b).2;}

/% Vector Subtract: ¢ = a - b */
#define VSub(a, b, c) {(c).Xi=(a).X=(b).X;(c).¥Y=(a).Y=(b).¥;(c).Z=(a).Z~(b).Z;}

/% Vector Negate: b = -a %/
#define VNegate(a, b) {(b).X==(2).X;(b),.¥Y=-(a).Y;(a).2==(a).2;}

/% Vector Scale: b = k * a =/
#define VScale(a,. k, b) {(b).X=(a).X*(k);(b).¥Y=(a).¥Y*(k);(b).2=(a).Z*%(k);}

/% Vector Dot Product: c = a dot h %/
2define VDot(a, b, c) {c=(a).X*(b).X+(a).Y*(b).Y+(a).Z2%(b).2Z;}

/¥ Vector Cross Product: ¢ = a cross b */

/#* ¢ must be different than a and b %/

#define VCross(a,b,c) {(c).X=(a).Y*(b).Z-(a).2%(b).Y; \
(c).Y=(a).2%(b) . X~-(a).X*(0).Z; \
(c).2=(a) X*¥(b),Y=-(a).Y*(b).X;}

/¥ Vector Length: 1 = len(a) */
#define VLength(a, 1) {l=sqrt{(a).X*(a).X+(a).¥Y%(a).Y+(a).2*(a).Z);}

/* Vector Normalize: u = [a} #/

#define VNormalize(a,u) {VTemp=sqrt((a).X*(a).X+(a).¥Y*(a).Y+(a).2%(a).Z2);\
(u).X=(a).X/VTemp;\
(u).¥=(a).Y/VTemp; \
fu).Z=(a).2/VTemp;}
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zinclude <stdio.h>
3include <process.h>
%include <dos.h>
#include '"misc.h"
¢include "vdga.h"

gstatic union REGS regs;

/* Start of VGA/SuperVGA functions */

/:&

This function restores the text mode of operation after the display
adapter has been in the graphics mode, This function should always
be called when a dgraphic program exits.

=/
void SetTextMode( void ) {

regs.h.ah = 0; /* set video mode function & */
reds.h.al = 3; /% 80x25 text 16 color %/
int86(VIDEQ, &regs, &reds);

}

/%

This function determines if a VESA compliant video adapter is prasent.
If 50 it return to the calling prodram., If not, it outputs an error
message and terminates program operation. If this messade is received
by the user it is an indication that either the display adapter is not
VESA compliant or that the TSR which makes it so has not been loaded.
If neither is the case, the function "SelectVideoMode" will have to
be rewritten to make the appropriate video mode selections using the
mode numbers for the specific display adapter.

3:/
void CheckForVESA (void) ¢
unsigned char GLOBALINF0[256];

/% Determine if a VESA compliant .video adapter is present #/
regs.n.ah = VESAFUNCTIONID;
reds.h.al = 0; /% return SuperVGA mode function */
_Es = FP_SEG{GLOBALINFO};
regs.x.di = FP_OFF(GLOBALINFO0);
int86(VIDEO, &kregs, &regds);
if ((regs.h.al != VESAFUNCTIONID) ;) (regs.h.ah != 0)) {
SetTextMode(); '
printf("\nDisplay adapter not VESA compliant !!!\n");
printf('"See text for details\n\n");
exit(-1);
}
1

/%

These function get/set the video mode from the VGA
video controller. The first two function deal with
standard VGA devices whereas the second two deal with
VESA SuperVGA devices.

*/

unsigned GetStandardVideoMode(void)

\

regs.h.ah = 0x0F; /* request the current video mode */
int86( VIDEO, &regs, &kregs);
return(regs.h.al); /# return it to caller #*/
}
void SetStandardVideoMode{unsigned Mode) (
regs.h.ah = 0; /% set mode function code %/
regs.h.al = Mode; /* this is the requested mode */
int86(VIDEO, kregs,&regs); /% ask nicely ¥/
3
int GetVESAVideoMode(void) {
regs.h.ah = VESAFUNCTIONID; /* request SuperVGA function */
regs.h.ah = 0x03; /% return video mode cmd %/
int86(VIDEQ, &regs, &regs); /% execute request and check result #/
if ((regs.h.al != VESAFUNCTIONID) ;; (regs.h.ah != 0))
return(-1); - /* if error return -1 #/
else
return(reds.x.bx); /% else return video mode to caller %/

int SetVESAVideoMode(unsigned Hodp, unsigned ClearVMemFlag) {

unsigned TempMode;



TemnMode = Mode & Ox7FFF: /* clear bit 15 to clear memory */

+f ¢.ClearvMemFlag) /* if request to not clear memory %/
TempMode != 0x8000: /# set bit 15 to indicate no clear */
regs.h.ah = VESAFUNCTIONID; /* request SuperVGA function */
regs.h.al = 0202; /* set video mode cmd */
regs.x.hx = TempMode; /* this is the requested mode #*/
int86(VIDEOD, &reds, &reds); /% ask nicely */
if ((regs.h.al != VESAFUNCTIONID) ! (regs.h.ah != 0)) -
return{-1); /* if error return -1 #®/
else
returnt0); /* else return 0 */

}

/% Set a VESA compatible VGA card into an appropriate 256 color mode. %/
int SelectVideoMode(unsigned Width, unsigned Height,
unsigned ClearVMemFlag) ¢

int ReturnCode = 0;

if ((Width <= 320) && (Height <= 200))

ReturnCode = SetVESAVideoMode(Mode320x200,ClearvVMemFlag);
alse
if ((Width <= 640) && (Height <= 400))

ReturnCode = SetVESAVideoMode(Mode640x400,ClearvMemFlag);
else
if ((Width <= 640) && (Height <= 480))

ReturnCode = SetVESAVideoMode(Mode640x480), ClearVMemFlag);
else
if ((Width <= 800) && (Height <= 600))

ReturnCode = SetVESAVideoMode(Mode800x600,ClearvMemFlag};
else

ReturnCode = SetVESAVideoMode(Model(024x768. ClearVMemFlag):

return(ReturnCode);

/* Set an individual VGA color register */
void SetAColorReg(unsigned RegNum, unsigned Red,
unsigned Green, unsigned Blue) {

union REGS regs;

/:R

With graphics mode set, we can load a color redister
in the DAC.

%/

/* set a Color Register #*/
reds.h.ah = 0x10;

regs.h.al = 0x10;
regs.x.bx = RegNum;
rees.h.dh = Red;
regs.h.ch = Green;
reds.h.cl = Blue;

int86(VIDEQ, &reds,&reds);
1

/# Get the color components of a VGA color register #/
void GetAColorReg(unsigned RegNum, unsigned *“Red,
unsigned *Green, unsigned #Blue) {

union REGS regs;

/%

With graphics mode set, we can read a color register
from the DAC.

=/

/* get a Color Register’s components #*/
regs.h.ah = 0x10;

regs.h.al = 0x15;

regs.Xx.bx = RegNum;

int86(VIDEOD, &regs,&reds);

/% store the returned values at the pointers */

*Red = regs.h.dh;
*Green = regs.h.ch;
#Blue = regs.h.cl;

}

/%

Set and get the color value of the specified pixel on VCA screen. These
functions will work regardless of current video mode. That is why they
are used here.

*/

void SetPixelValue(unsigned Col, unsigned Row, unsigned Value) {

/% set a graphic pixel #/
regs.h.ah = 0x0C;

reds.h.al = Value;
regs.x.bx = 0}
regs.x.dx = Row; .



regs.x.cx = CTol;
intSA8(VIDEQ, dreds, &regs);
}
unsidgned GetPixelValuetunsigned Col, unsigned Row) {

/* set a graphic pixel %/
regs.h.ah = Ox0D;

regs.x.bx = 0;
reds.x.dx = Row:
regs.x.cx = Col;

int386(VIDEOD, &regs, &reds);
redgs.h.ah = 9
returntregs.x.ax);

)

/% .

Set all 256 color registers

®/ .

void SetAllColorRegs(ColorRegister %Palette) {

/% set a block of Color Redgisters */

regs.h.ah = 0x10;

redgs.h.al = 0x12;

regs.x.bx = 0;

regs.x.cx = MAX256PALETTECOLORS;

_ES = FP_SEG(Palette);
regs.x.dx =FP_OFF(Palette);
int86(VIDED, &regs, &regs);

}

/=

Read all 256 color registers

=/

void GetallColorRegs(ColorRegister *Palette) {

/% set a block of Color Registers */

regs.h.ah = 0x10;

regs.h.al = 0x17;

regs.x.bx = 0;

regs,.x.cx = MAXZ256PALETTECOLORS;

_ES = FP_SEG{Palette);
reds,.x.dx =FP_OFF(Palette);
int86(VIDEO, kregs, kregs);
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tdefine VESAFUNCTIONID 0Ox4F /% VESA function identifier %/
#define MAXNUMCOLREGS 256 /* max number of color registers */
2define MAXCOLREGVAL 63

zdefine MAXCOLS 1024

2define MAXROWS 768

/%

The following define the VGA 256 color modes. The first is a standard VGA
mode whereas all others are VESA SuperVGA modes.

=/

4define Mode3d20x200 0x13

#define Mode640x400 0x100 /* 640x400 256 color VESA
sdefine Mode640x480 0x101 /* 840x480 256 color VESA
2define Mode800x600 0x103 /* S00x600 256 color VESA
tdefine Model024x768 0x105 /* 1024x768 258 color VESA

#ifndef _ BYTE

#define _ BYTE

typedef unsigned char BYTE;
¥endif

8ifndef __ColorRedister

#define __ColorRegister

typedef struct {
BYTE Red: /* RGB components of color %/
BYTE Green; /% register %/
BYTE Blue;

} ColorRegister;

sendif

/% VGA C Function Prototypes */

void
void

SetTextMode (void);
CheckForVESA (void);

unsigned GetstandardVideoMode(void);

void
int
int
int
void
void

void

SetStandardVideoMode (unsigned Mode);
GetVESAVideoMode(void);
SetVESAVideoMode (unsigned Mode, unsigned ClearvVMemFlag);
SelectvVideoMode(unsigned Width, unsigned Height,
: unsigned ClearV¥MemFlag);

SetAColorReg (unsigned RegNum, unsigned Red,

unsigned Green, unsigned Blue);
GetAColorReg (unsigned RegNum, unsigned *Red,

unsigned #*Green, unsigned #*Blue};
SetPixelvValue (unsigned Col, unsigned Row, unsigned Value);

unsigned GetPixelValue (unsigned Col, unsigned Row);

void
void

SetAllColorRegs (ColorRegister *Palette);
GetAllColorRegs (ColorRegister *Palette);

N

video mode

video mode

video mode

video mode

/* 320x200 256 color VGA video mode */
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