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}
return;

obj_mference( intnobj)
{

Obj_table '̂ obj_pt,*basej3t;
int ij,k;

obj_pt = &object[nobj]; 
if ( obj_pt->nhole — 0) 
return 2;
for ( i=0; i<NOBJ_BASE; i++)
{

b a^e jt = &obj_base[ij;
if ( obj_pt->gen_notO] —  ba5ej3t->gen_.no[0])

if ( obj j5t->nhole =  base_ct->nhole)
{

k = obj j3t->nhole; 
for(j=l;j<k+l;j++)
{

if( objj3t->gen_no[j] != base_pt->gen_no|j]) 
goto next obj,

}
goto found_obj;

} else
goto next obj;

}
next_obj: continue;

}
return 0; 

found_obj;
objj3t->no = basej5t->no; 
obj j3t->name = basej3t->name; 
return 1;

}
/*
int add obj_base0
{

return;

obj_.analysis(flg,b,fbu,w)
but_t »b;
win_t *fbu,*w;

{
register en, key;
coor_t svpos;
int i,n, infer_out,k;

switch (fig) {
case F_RFSH; showhut(b,BUBCOL,BUTCOL); break; 
case F_EXEC:

Gcursor(O);
G cursor(3 ,&svpos);
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else if  (en) break;
printf("\ii");

printf("\n Number o f Object:%d",Nobj);
i f  ( *io_key =  'y') {

Iprintf(io,"\n Object Inference result:"); 
1$rintf(io,"\n Number o f Object:%d",Nobj);

}
n = 2;
for ( i= l; i<Nobj+l ; i+ +)

infer_out =  obj inference( i ); 
printf("\n inference result:%d",infer_out); 
if  ( infer_out =  0 ) 
add_obj_baseO; 
if  ( infer_out —  1 )

k =  object[i].no -1; 
display_otable( l ,k ); 
display~otable( 2 , i ); 
i f  ( *io_key =  'y') { 
printf("\n Save dada. Waiting..."); 
save_otable( l,k  ); 
save__otable( 2 , i );

} ^
if  ( infer_out —  2 ) {

k = object[i].gen_no[0]; 
display_gtable(3 ,k); 
display_gtable( 3 ,n ); 
if(* io_k ey  — 'y') { 
printf("\n Save data. Waiting..."); 
save_^ b le( 3 ,n );
}

printf("\n Click to continue"); 
for (en = 0;;)

if  (Gcursor(2))
if  (Gcursor(3,0) =  0) en = 1; 
else if  (en) bre^;

printf("\n");
n+=2;

}
show but(b ,B U B C O L ,B U T C O L );
Gcursor(4,&svpos);
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}
return;

Gcursor(l);
break;

I*
int add_£en_baseO
{

return;
}
V
int blob_veriiy( int n )
{

register en;
Genjable
int

*gen,*blob_ptr;
k;

}

k = blob[n].no -1; 
gen = &gen_base[k]; 
bIob_ptr = &blob[n];

display_gtable(l,k); 
blob_ptr->narae = gen->name; 
display_gtabie(2,n); 
printfC Click to continue"); 
for (en = 0;;)

if(Gcursor(2))
if (Gcursor(3,0) =  0) en = 1; 
else if (en) break;

printf("\n"); 
return 1;

int blob rule(intn)
{

Gen table *blob_ptr;

flg_triangle = 0; 
flg^quart = 0; 
blob_ptr = &blob[n];

if ( blob_ptr->circle =  1)
{

blobjptr->no = 1: 
return 1;

)
if ( blob_ptr->arc mini = 0  && blob_ptr->line_num = 3 )
{

flg_triangle = 1; 
goto trianglejest;

}
if ( b!ob_ptr->aro_num = 0  && blob_ptr->line_num ==4)
{

flg_quart= 1;
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}
goto qusrt_test;

six_gonJest:
if ( blob_ptr->arc_num = 0  && blob_ptr->line_nuin = 6  )
{

if ( blob_ptr->eqa_num • = 6 ) { 
blobjDtr->no = 4; 
return 1;
}
return 0;

}
windowjtest;

if ( blob_ptr->aro_num =  1 && blob_j5tr'>line_nuni = 3  )
{

ifi[ blobj3tr->eq_90 —2 )
{

blob_ptr->Do = 10; 
return 1;

}
}
return 0; 

trianglej:est;

if ( blob_ptr->eqi_nuni==0)
{

iff blob_ptr->gt_90 =  0 ) { 
blob_ptr->no = 5; 
return 1;

}
if(blob_ptr->gt_90=l){ 

blob_ptr->no = 6; 
return 1;

>
}
if( blob_ptr->eql_num =  2 && blob_ptr->eq_90=0 ) { 

blobj3tr->no = 7; 
return 1;

}
iff bIob_ptr->eql_num =  3 H blob_ptr->eqa_nurn = 3  ) { 

bIobj3tr->no 8; 
return 1;

}
iff blob_ptr->eq_90 —  1) { 

blob_pfr->no = 9; 
return 1;

}
return 0; 

quartjtest:

if ( bIob_ptr->eql_num==4)
{

iff b!ob_ptr->eq_90 >= 1) {
b!ob_ptr->no = 2; /* square */ 
return 1;

}

287



APPENDIX A

}

ilX blob_ptr->eqa_num=2 ) {
bIob_jstr->no =11; /* parrell ♦/ 
return 1;

}

if ( blobjptr'>eql_num>=3)
{

if( blob_ptr->eq_90 >= 2 ) {
blob_ptr->no = 2;/* square */ 
return 1;

}
}
if ( blob_ptr->eql_nam=2)
{

Lf( b!ob_ptr->eq_90 >2 ) {
biOb_ptr->no = 3;/’  rectangle */ 
return 1;

}
if ( blob_ptr->eqa_num=2 && blob_ptr->gt_90~2) { 

blobjptr->no = 11; I* parrel */ 
return 1;

5
}
if ( blobj3tr->eq_90=2 && blobjptr->gt_90=l && blobjptr->les_90=l ) { 

blob_ptr->no = 12;

}

}

retiun 0;

return 1;

savc_blob infXintn)
{

register en;
Gen_table
int

*gen,*blob_pir;
k;

k=blob[nl,no -1; 
gen = &gen_base[k]; 
blob_ptr= &blob[n];

save_gtable(l,k); 
blob_ptr->narae = gen->name; 
save_gtable(2,n);

return;

int blob_inference( int n )
}

{
int rule_out;
rule_out = blob_rule( n );
printf("\n Inference processsing: %d", rule_out);
printf("\n flg_triangle=%d flg_quart=%d",flg_triangle,flg_quart);

if ( rule_out =  0 )
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add_gen_baseO: 
if ( ruie_out =  I )
{

flg_retiy = blob verify! n): 
i f ( ‘<‘io _ k e y = y ) {

printf("\n Save data. Waiting..."); 
save_b!ob_mf( n );

}
}
return! flg_retry);

Head File; macro.h

/• Limits definition */
#define DTB 2 
#define Tbelta 0.1745 
#define NUMbkS 
#define iCK 3 
.fdefine DHT 4 
^define Lratio 0.05 
#define Rratio 0.025 
#define Num_out_arc 3 
#defiae PI 3.141592654 
#define Belt r 0.1

/* Color Definition */ 
#define RED Oxcl 
^define BLUE OxOd 
#dofine GREEN 0x31 
Adeline BGCOL 0x05 
^define BUBCOL 
#define BUHCOL 
#def3ne BUTCOL 
#define CUHCOL

/* backgroud color: gray blue ♦/ 
OxOd /♦ button back ground: blue */
Oxcl /♦ button highlight: red */
Oxfe /* buttun text color: white */
0x31 1* green */

#define LUT F2D

#define F RFSH 
#define F~EXEC 
#define f” RECO

typedef struct { 
char 
int
win_t

} but_t;

♦bjext;
(*b_proc)0;
b_wln;

typedef struct
{

coor_t 
coor t

PI;
P2;
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mt type;
int sym;
double bta;
double len;

} Primitive;

tyi edef struct
{

int no;
char *name;
int circle;
int liu8_num;
int arc_num;
int eql_num;
int eqa_num;
int c;q_90;
int gt_90;
int les_90;
float corapct;
float thin;
int area;
int peri;
int xo,yo;

} Gen_jtable;

typedef struct
{

int
char
int
int
float

}Obj_table;

no;
♦name;
nhole;
gen_no[4];
r_area[4];

/♦ function protypes ♦/ 
intverify(intn); 
int inference! int n ); 
int rule( int n ); 
int add_baseQ;
int gen_display(int flg,but_t ♦b,\vin_t *fbu, win_t ♦w);
int showbut( but_t *b, int btol, int tcol);
int b_quit( int fig, but_t *b);
int b_live( int fig, but_t *b, win_t *fbu, win_t *w);
int b_blob_analysis( int fig, but_t *b );
int setuplutsQ;
int mair^ );

File Name; imagep.h

/♦ Frame buffer */ 
/*win_t fbu[4];*/
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/* terminate flag */ 
int term;

I* Comer points */
coorjt Ieft_t,left_b.right_t,right_b,topJ,tO;:' r,bottomJ,bottom_r;
coor_t left,right,top,bottom,PIm,PamJ*c,P ,P2;
co o rj A[6],B[6],C[6]JD[6],cp[20],cpl[?v; ,
coorjt brk[).28],maxh;
int Ak,Bk,Ck,Dk,brk_num,Nq);
int brow_st,brow_end,bcoi_st,bcol_end;

Blobs */
winjt bbox[25(5]; 
int Nblack,Nwhite,barea[256];
short btree[256][4]; 
int Nobj;
/* primitives */ 
int 
int 
int
double 
float

xam,)'am,xlm,ylmpcI,yl,x2,y2,xo,yo,xc,yc,plabel,Bnum;
f!g_circle,flgJine,flg^arc,flg_dir,flg_multi,flg_p,flg_brk,flg_mh,flg_arc_low;
flg_triangle,flg_quart,flg_retry;
afe,belta,dd,hh,R,ro,Rx^iax_dh, fit_ratio;
kxy;

Primitive
Gen_table
Obj_tabie

pr[20]r.rl[20];
bIob[256];
object[10];
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APPENDIX B
C Source Code for the Fruit luspection Machine Vision System
File Name: MV.C

#include <graph.h>
^include <math.h>
S'flclude <ma!loc.h>
#in,rlude <stdlib.iii»
#include <stdio-.>
#molude <conio Ji>
#indude <dos.h>
#include <process.li>
^include <niemory.h>
#include <string.h>
#inc!ude <time.{i>
^include "mvme"U.h"
#indude "mvblst.h"
#indude "mv.h"

/* Function prototypes */ 
int main(void);

/* Array and enum for main menu */ 
ITEM mnuMainQ =
{ /* Highlight Char PosV

{ 0, "Quit" }, 
{ l,"Live"
{ 0, "Snap" }, 
{ 0, "Analysis" }, 
{ 0, 'Teaming" }, 
{0, "Write File" }■
{ I, "Read File" }.
{ 0, "Display Data"
{ 0, "Classification"
{ 0,"" }

};

/* Oefine constants (0, 1,2,...) for menu choices */ 
enum CHOICES 
{

QUIT,LIVE. SNAP,ANALYSIS,LEARNING,WRITE,READ.DISPLAY,CLASSIFICATION, 
HISTOGRAM=lO,’lHRESHOLD,MEASUREMENT,EXIT

};

/* Globa) video configuration */ 
stmct videoconfig vc;

int mainO 
{

short rowMid, coMid;
short fColor, IFirstTime -  TRUE;
short iMode, iLastMode, iMainCur = 0, iModesCur=0, iAuIyCur=0;
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/‘ allocate space for Raw data ‘/

BufSeg=(unsigned char_huge *)_lialloe(OxlOOOOL,sizeof(unsigned char)); 
if(BufSeg=:NULL)

{ printf("lnsufficient memory available. \n"); 
exit(l):

}
/‘ Allocate memoiy for binary data */
Binary_data= ( unsigned char_far ‘ )_finaIloc(0xfE00); 

if  ( Binary_data= NULL )
{ printJ("Tnsufficient memory available. \n"); 

exit(l);
}

/ ‘ Allocate memory for BitMap 
BitMap = (acsigned char far *)_finalloc(0xe000); 

if(BiM ap=-NULL)
{ printf("InsufScient memory available. \n"); 

e>at(l);
}

r  Initializing Global Table */

GDTl.zero2=0;
GDTl .s_acc_right=0x93;
GDTl.d acc_right=0x93;
GDTI.s_!ength=OxSOOO;
GDTl.d length=0x8000;

GDT2.zero2=0; 
GDT2.s__aco_right=i'x93; 
GDT2.d__acc_right=0x91; 
QDT2.sJength=0x8000; 
GDl'2.dJength=Ox8000;

fcr(j=0;j<16;j-H-)
{

GDTl.zerol[j]=0;
GDTl.zero3[j]=0;

}
GDTl.zero3[16]=0;
GDTl.zero3[17]=0;

for(j=0; j  < 16; j++)
{

GD'r2.zeroT[j]=0;
GDT2.zero3jj]=0;

}
G»12.zero3[16]=0;
GD17..zero3[17]=0;

/* Screen */

_disp!aycursor(_GCURSOROFF); 
_getvideoconSg( &vc ); 
rowMt'i •- vc.numtextrows /  2;

293



APPENDIX B

colMid = VC jiumtextcols /  2; 
_cleaiscreen(_GCLEARSCREEN);

leafn_num=0;
classify_flag==0;
wbi!e(TRUE)
{

I* Select from menu. 
colMid = 50;

iMainCur = Menu( rowMid, colMid, nmuMain, iMainCur );

i* Branciito menu choice. */ 
switch! iMainCur )
{

case QUIT;
A End the program *!

/* Disable driver */
DisableDriverQ;

/* Free Memory *t 
_Ifree(BitMap);
_ffiree(Bmaiy_data);
_hfree(BufSe^;

_seivideomode(JDEFAULTMODE ); 
return FALSE; 

case LIVE;
getimageO; 
break; 

case SNAP:
FreezeQ;
break;

case LEARNING; 
leamO;

break;
case ANALYSIS:

image_analysisO; 
break; 

case WRITE:
filejol'w'): 
break; 

case READ:
fi!e_io{V);
break;

case DISPLAY;
display_dataO;
break;

case CLASSMCATION;
FreezeO;
classifyO;
break;

}
}

File Name: MVMENU.C

/* MVMENU.C - Module of functions to put menus on the screen and handle keyboard 
* input To use i t  include the MENU.K file in your program. The following
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* functions are public:
*

Menu
* Box
* GetKey

Puts a menu on screen and reads input for it 
Puts a box on screen (fill it yourself)

Gets ASCII or function key
* _outchar - Displays character using current text position and color

* The following structures are defined:

* MENU
* ITEM

- Defines menu colors, box type, and centering 
- Defines text of menu item and index of highlight character

* The global variable "mnuAtrib" has type MENU. Change this variable
* change menu appearance.
■>/

#include <string.h>
#include <stddef.h>
#include <ctype,h>
#include <graphJi>
^include <bios.h>
#include "mvmenu.h"
^include "mvmousei"

/* P ro to re  for internal function */
static void Itemize! int row, int col, int fCur, ITEM itm, int cBlank);

/* Defeult menu attribute. The default works for color or B&W. You can
* override flie default value by defining your own MEN^t variable and
* assigning it to nmuAtrib. Or you can modify specific fields at
* run time. For example, you could use a difFereitt attribute for color
* than for black and white.
*/

MENU mnuAtrib =
{

TBLACK, JIBLACK, JfWHITE, TBRIGHTWIfiTE, _TBRIGHTWHITE,
“twhite, _rwHnE, _tblack, _twhite, _tb!,ack,
TRUE,
(unsigned char)’!)', (unsigned char)^i', (unsigned char)'fy, (unsigned char)'A', 
(imsigned char)’’’, (unsigned char)'A'

}:

/* Menu - Puts menu on screen and reads menu input, from keyboard. When a
* highlighted hot key or ENTER is pressed, returns the index of the
* selected menu item.
*

* Params: row and col - If  "fCentered" attribute of "mnu.A.trib" is true,
center row and column of menu; otherwise top left of menu 

altem - array of structure containing the text of each item 
and the index of the highlighted hot key 

iCur - index of Site current selection-pass 0 for first item, 
or maintain a .static value

* Return: The index of the selected item
*
‘ Uses: mnuAtrib 
*/
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int Menu( int row, in; col, ITEM altemO, int iCui*)
{

inti;
int citem, cchitem =  2; /* Counts of items and chars per item */
int acchItem[MAXITEM]; /* Array of counts of character in items ^1
char achHilite[36]; /* Array for highlight characters */
long bgColor; /* Screen color, position, and cursor
short fgColor;
struct fccoord re;
unsigned fCursor;

/* Save screen information. V
fCursor =_dispIaycursor( _GCURSOROFF );
bgColor= _geffikcolorO;
fgColor =_jettextcolorO;
rc = _gettextpositionO;

/* Count items, find longest, and put count of each in array. Also,
'* put the highlighted character from each in a string.
•/

fo'v citem = 0; '5dtem[cltem].achltem[0]; cltem++)
t

acchItem[cU*. = strlen( altem[cltem].achltem);
cchitem = (acchltem[cltem] > cchitem) 7 acchltem[cltem]: cehlteni;
i = altemicItemJ.lHilite;
achHilite[cItem] = altem[cltem].achltem[i];

}
ccWtem+=2:
achHiIite[cItem] = 0; /♦ Null-terminate and lowercase string V
strlwr( achHilite);

/♦ Adjust if  centered, and draw menu box. •/ 
if( mnuAtrib.fCentered )
{

row-= citem / 2; 
col -= cchitea.' /  2;

}
Box( row++, col++, citem, cchitem);

/* Put items on menu. *[ 
for( i = 0; i < citem; i++)
{

if(i — iCur)
ItemizeC row + i, col, TRUE, altemji], cchitem - acchitemji]); 

else
Itemize! row + i, col, FALSE, altem[i], cchitem - acchltem[i]); 

SetPtrPos( col + (cchitem / 2), row + iCur);

}

iCur = EventLoop( row, col, altem, iCur, citem, cchitem, 
acchitem, achUilite);

_setbkcolor( bgColor );
_settextcolor( fgColor);
_settextposition( rc.row, rc.col);
_displaycursor( fCursor); 
return iCur;
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int EventLoopC int row, int col, ITEM altem[], int iCur, int citein, 
int cchitem, int acchitemt], char achHlIiten)

{
unsigned uKey; /* Unsigned key code ♦/
int iPrev; /* Previous index */
EVENT meEvent;
char *pchT; /* Temporary character pointer */
static int fBmDown = FALSE;

whiie(TRUE)

uKey = GetKey( NO_WAIT); 
if(uKey)
{

Switch! uKey)
{

caseU_UP; /*Upkey */
iPrev = iCur;
iCur = (iCur > 0) ? (--iCur % citem): citem -1;

case UJDN: /* Down key ♦/
iPrev = iCur;
iCur = (iCur < citem) ? (++iCur % citem); 0; 
break; 

default:
if( uKey > 256 ) /* Ignore unknown function key */ 

continue;
pchT = strchr( achHilite, (char)tolower( uKey ) ); 
if( pchT != NULL ) If in highlight string, evaluate *J

iCur -■ pchT - achHilite;/* and fell through */ 
else

continue; /* Ignore unkown ASCII key */ 
case ENTER; 

return iCur;
}

}
else if( GetMouseEvent( &meRvent) )
{

SetPtrVis(SHOW);

/* If mouse is on the menu, respond to various events. */ 
if( (meEvent.x>= col) && (meEvenLx < (col + cchitem)) && 

(meEvent.y >= row) && (meEventy < (row + citem)) )
{

/* If button is dowi:, drag selection. */ 
if( meEvent.fsBm & LEFT_DOWN )
{

fBtnDown = TRUE; 
iPrev = iCur;
ICur = meEvent.y - row;

}
/* If button goes up from down, select current, V  
else if( fBtnDown && !(meEvent.fsBtn & LEFT_DOWN)) 
(

BtuDown = FALSE; 
iCur = meEvent.y - row; 
return ICur;

}
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}

/* Ignore if no button has been pushed. */ 
else

continue;

/* Ignore if off menu. 
else

continue;
}
else

continue;

I* Redisplay current and previous if we get here through arrow
* move or drag.
*/

}
}

Iteroize( row + iCur, col, TRUE, alfempCur], 
cchitem - acchItem[iCur]);

Itemize! row + iPrev, col, FALSE, aItem[iPrev], 
cchitem - acchItem[iPrev]);

Box “ Draw menu box, filling interior with blanks of the border color.

* Params: row and col - upper left of box
* rowLast and colLast - height and width

* Return: None

* Uses: mnuAtrib 
*/

void Box( int row, int col, int rowLast, int colLast)
{

inti;
char achT[MAXlTEM + 2]; /♦ Temporary array of characters */

/* Set color and position. ♦/ 
_settextposition( row, col); 
_settextcolor( mnuAtrib.f^order); 
_setbkcoIor( mnuAtrib.bgBorder );

/* Draw (Sox top, */
achT[0] = mnuAtrib.chNW;
rasmset( achT + 1, mnuAtrib.chEW, colLast);
achT[colLast + 1] = mnuAtiib.chNE;
achT[colLast + 2] = 0;
_outtext( achT );

/* Draw box sides and center. */ 
achT[0] = mnuAtrib.chNS; 
memset( achT + 1,", colLast); 
achT[colLast +1] = mnuAtrib.chNS; 
achT[colLast + 2] = 0; 
for( i =  1; i < =  rowLast; -H -i)

{
_settextposition( row + i, col); 
_.*attext(achT);

}
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}

/* Draw box bottom. */
_settextposition( row + rowLast + 1, col); 
achT[0] =nmuAtrib.chSW; 
memsetC achT +1, mnuAtrib.chEW, coILast); 
achT[colLast + 1] = mnuAtrib.ohSE; 
ashT[colLast + 2] = 0;
_outtext(achT);

I* Itemize - Display one selection (item) of a menu. This function
* is normally only used mtemally by Menu.
*
* Params: row and col - top left of menu
* ftCur-flag set if item is current selection
* itm - structure containing item text and index of highlight
* cBlank - count of blanks to fill

* Return: none
*
* Uses; mnuAtrib 
V

void Itemizef int row, int col, int fCur, ITEM itm, int cBlank)
{

inti;
char achXp»lAXITEM]; /* Temporary array of characters */

/* Set text position and color. */
_settextposition( row, col); 
iflfCur)
{

_settextcolor( mnuAtrib.fgSeIect);
_setbkcolor( mnuAtrib.bgSelect);

}
else
{

_settextcolor( mnuAtrib.fgNonnal);
_setbkcolor( mnuAtrib.bgNormal);

}

/* Display item and fill blanks. */ 
strcat( strcpy( achT,"" ), itm.achitem );
_outtext( achT); 
meraset( achT,' cBlank-); 
achT[cBlank] = 0;
_outtext( achT);

/* Set position and color of highlight character, then display it. */ 
i = Itm.iHilite;
_settextposition( row, col + i + 1); 
if(fCur)
{

_settextcolor( mnuAtrib.fgSelHilite);
_setbkcolor( mnuAtrib.bgSelHilite );

}
else
{

_settextcolor( mnuAtrib.fgNormHilite);
_setbkcolor( mnuAtrib.bgNormHilite);
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}
_outchar( itmxchItCT[i]);

}

/* GetKey - G«sts a key from tfie keyboard. This routine distinpishes 
between ASCII keys and function or central keys wi& different shift 
states. It also accepts a flag to return immediately if no is
available.

Params; W ait -  Code to indicate how to handle keyboard boffen 
NO_WAIT Return Oifno key in buffer, else return key 
WATT Return, first key if available, else wait for key
CL£AR„WAIT Throw away say k ^  in buffs- m d  wait for new key

Return: One of the following; 

Keytype High Byte Low Byte

No key available (only with NOWA-rr) 0 0
ASCII value 0 ASCII code
Onshifted function ot keypad 1 scan cocte
Shifted fimetioa or keypad 2 scan code
CTRL function or k e y i^  3 scan code
AI..T function or k e y ^  4 scan code

Note: getkey cannot return codes for keys not lecogaized by BIOS 
ict 16, such as the CTRL-UP or the 5 key co the numeric keypad.

unsigned G e tK ^  int fWah )
{

unsiped uKey, uShift;

/* If  CLEAR_WAIT, drain foe keyboard buffer. */ 
iff fWait =  CLEAR_WAIT ) 

while( bios keybrd(_KEYBRD_READY)) 
Jbior.keybrd(_KEYBRD_READ);

/* If  NO WAIT, retura 0 if there is no key ready. •/ 
iff IfW siTS_bios_keybrd( _KEYBRD_READY ) ) 

return FALSE;

/* Get k?y code. V
uKey ~ _bios_keybrd( _KEYBRD_READ);

/* If low byte is not zero, it’s an ASCII key. Check scan code to see
* if it's on foe numeric keypad. If not, clear high byte and return.
“/

iff uKey &0x00ff) 
iff (uKey »  8) < 69) 

rctura( uKey & OxOOff);

/* For function keys and numeric keypad, put scan code in low byte
* and shift state codes in high byte.
•/

uKey » =  8;
uShift = _bios_keybrd( _K.EYBRD_SHIFTSTATUS) & OxOOOf; 
switch( uShift)
{
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caseO:
retum( 0x01001 uKey ) ;/*  None (1) */ 

case 1: 
case 2: 
case 3:

retum( 0x02001 uKey ); /* Shift (2) 
case 4;

retum( 0x03001 uKey ); Control (3) *f 
case S;

retuniC 0x04001 uKey ); /* Alt (4) V

}

/* _outchar - Display a character. This is fee character equivalent of
* _outtext ft is afiected by _settextposition, _settextco!or, and
* _setbkcolor. It should not be used in loops. Build strings and then
* _outtextto show multiple characters.

* Params: ch - character to be displayed
*
* Return: none 
*/

void _outchar( char ch)
{

static char ach[2] = " / *  Temporary array of characters •/

ach[0] = ch;
_outtext( ach );

I* ClickOrPress - Cbed's to see if a key has been pressed or a mouse
* button clicked. A click is defined as pressing and then releasing.
*

* Params: none
#
* Return; TRUE or FALSE 
»/

int ClickCSrPressO
{

EVENT ev; 
inti = 0;

/* Check for press. */ 
if(GetKey(NO_WAlT)) 

return TRUE;

/* Check for click. If button is down, wait until it is released. */ 
if( !GetMouseEvent( &ev ) ) 

return 0; 
if( ev.fsBtn)
{

while(TRUE)
if( GetMouseEvent( &ev) && lev.fsBtn ) 

return TRUE;
}
return FALSE;
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File Name: MVMOUSE.C

/* MVMOUSE.C - Module of mouse functions. To use it, include the MOUSE.H file 
* in your program. The following functions are public:«

Mouselnit - Mtialize mouse
GetMouseEvent - Get information about most recent mouse event 
SetPtrVis - Set visib0ity of pointer to HIDE or SHOW 
SetPtrPos - Set position of pointer 
SetPtrShape - Set shape of pointer in graphics modes, or 

character and color in text mode,s 
GetPtrPos - Get pointer position and button stetus

* The following structure is defined:
*

* EVENT - Defines X, y, and mouse status of a mouse event 
V

#include <graph.h>
#include "mvmouse.h"

/* Internal infonnation used by various mouse functions. V 
struct MOUINFO 
{

int fExist, finil; ffiraph, 
short xVirtual, yVirtual; 
short xActual, yActual; 
short xLast, yLast; 
unsigned fsBthLast, oBtn;

} static mi =
{

1.0,0,
0, 0,
0.0,
0, 0,
0,0

};
Spragma optimize! "Ige", off) /♦ /Ol, /Og, and /Oe cannot be used */

/* with inline assembler */

/* Mouselnit - Initialize mouse and turns on mouse pointer. Initializes
* all internal variables used by other mouse functions. This function
* should be called whenever a new video mode is set, since internal
* variables are mode-dependent.

» Params: none*
* Return; 0 if no mouse available, otherwise number of buttons available 
*/

int MouselnitO
{

stnict videoconfig vc;
char far *pMode = (char _ fa r  *)Ox00000449L; I* Address for mode */

/* Get video configuration. V 
__getvideoconfig( &vc);
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/* Handle special case of Hercules graphics. To use mouse with video
* page 0. assume mode 6. To use mouse with page I, assume mode 5.
* Since the mouse functions couldn't easily detect and adjust for
* page changes anyway, this code assumes page 0. Note also that the
* mouse for Hercules graphics must be set in text mono mode.
»/

if (v c jn o d e =  HERCMONO)
{

_setvideomode(_TEXTKfONO );
*pMode =  6;

}

miftoit
asm

{
sub
mov
int
mov
or
jz
mov

= 1;

ax, ax ; Mouse function 0, reset mouse
mi.cBtn, ax ; Assume no mouse buttons 

33h
mi.fExist, ax ; Set existence flag for future calls 

ax, ax ;D ;DC = 0, there is no mouse
nomouse

mi.cBrn, bx ; Save number of mouse buttons for return
nomoase:
}
ifl Imi-fExist) 

return 0;

/* Set graphics flag. */ 
if( vc.numxpixels )
{

mLfGraph = 1;
mi.yActual = vc.numypbtels -1; 
mi.xActual = vcmumxpixels -1;

}
else

mi.fGraph = 0;

/* The mouse worics on a virtual screen of 640 x pfatels by (8 * textrows)
• vertical pixels. By default, it assumes 640 x 200 for 25-lhie mode.
* You must call function 8 to adjust for other screen sizes.
*/

mi,xVirtual = 639; 
if( mi.fGraph)

mLyVirtual = vc.numypbcels -1; 
else

mi.yVirtual = (vc.numtextrows «  3) -1;

/* Reset Hercules graphics mode and reset the height. */ 
if( vc.mode ==_HERCMONO )
{

_setvideomode( _HERCMONO); 
mi.xVirtual = 719;

}

asm

mov ax, 8 ; Set minimum and maximum verfica'
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sub cx, cx ; Minimum is 0
mov dx, mi.yVLrtual ; Maximum is 8 * rows (or rows SHL 3) 
int 33h ; Adjust for 25,30,43,50, or 60 lines

mov ax, I 
int 33

; Turn on mouse pointer

}

mov ax, 3 
int 33h 
mov mi.xLast, cx 
mov mi.yLast, dx 
mov mi.feBtoLast, bx

; Get initial position and button status 

; Save internally

}
return mi.cBtn; /* Return the number of mouse buttons *!

GetMouseEvent - Check to see if there has been a mouse event If event 
occurred, update event structure.

♦ Params: pEvent- Pointer to event structure
*
* Return: 1 if  events 0 if no event 
«/

int GetMouseEvent( EVENT _ f a r  *pEvent)
{

intrtn:

/* Make sure that mouse is initialized and exists. */ 
if( Imi.flnit)

MouselnitO:
if( Imi.fExist) 

return 0;

mov ax, 3 
int 33h 
sub ax, ax

; Get Mouse position and button status 

; Assume no event

cmp cx, mi jcLast ; Has column changed?
jne event
cmp dx, mi.yLast ; Has row changed?
jne event
cmp bx, mi.fsBtnLast ; Has button changed?
je noevent

event:
mov ax, 1 ; If something changed, event
mov mi.xLast, cx ; Update internal variables
mov mi.yLast, dx
mov mi.fsBtnLast, bx

noevent:
mov rtn, ax ; Set return value

}

/♦ If event, put adjust values in structure. */ 
if(rtn)

/♦ If graphics mode, adjust virtual mouse position to actual
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* screen coordinates.
*/

if( mi.fGraph)
{

pEvent->x= (short)((loag)mi.xLast * mi.xActual) /  mi.xVirtual; 
pEvent->y = (short)((long)mi.yLast * mi.yActual) /  mi.yVirtual;

}
/* If text mode, adjust virtual mouse position to 1-based
* row/column.
*/

else
{

pEvent->x= (mi.xLast»  3) +1; 
pEvent->y= (m i.yLast» 3) + 1;

)
pEvent->fsBtn = mi.fsBtnLast;

}
return rtn;

/* GetPtrPos - Get mouse pointer position and button status regardless of
* whether there was an event
*
* Params: pEvent - Pointer to event structure
*
* Return: 0 if no mouse, otiierwise 1 
*/

int GetPtrPos( EVENT _ fa r  ♦pEvent)
{

/* Make sure that mouse is initiahzed and exists. */ 
if( !mi.flnit)

MouselnitO: 
if( Imi.fExist) 

return 0;

asm

II i

{
; Get Mouse position and button stamsmov ax, 3 

int 33h 
les di, pEvent 
mov es:pEvent[di].x, cx 
mov es:pEvent[di].y, dx 
mov es:pEvent[di].fsBm, bx

I

/* If graphics mode, adjust virtual mouse position to actual
♦ screen coordinates.
*/

if( mi.fGraph)

pEvent->x = (short)((long)pEvent->x * mi.xActual) / mi.xVirtual; 
pEvent->y = (short)((long)pEvent->y * rni.yAcmal) / mi.yVirtual;

h  If text mode, adjust virtual mouse position to 1-based
* row/column.
*1

else
{
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pEvent->x»=3;
pEvent->y»=3;
pEvent->x-H-;
pEvent->y++;

}
return 1;

}

/* SviPtrVis - Set pointer visibility.
♦
* Parsns: state - SHOW or HIDE
♦
* Return; 0 if  no mouse, otherwise 1 
♦/
int SetPtrVis( PTRVIS pv)
{

/* Make sure that mouse is initialized and exists. *! 
if( !rai.flnit)

MouselnitO; 
if( !mi.fExist) 

return 0;

_asm

mov ax, pv 
int33h

; Show or hide mouse pointer

}

/♦ SetPtrPos - Set mouse pointer position,
*

* Params: x - column positin',, in text modes, actual x coordinate m graphics
* y - row position in text modes, actual y coordinate in gr^hics
*

* Return; 0 if no mouse, ofeerwise 1 
*t

int SetPtrPos( short x, short y )
{

/* Make sure that mouse is initialized and exists. */ 
if{ Imi.flnit)

MouselnitO; 
if( imi.fExist) 

return 0;

/* If graphics, adjust actual coordinates to virtual coordinates. *! 
it( mi.fGraph )
{

X = (short)((long)x * mi.xActual) / mLxVirtual; 
y = (shortX(long)y * mi.yActuai) / mi.yVirtual;

/♦ If text, adjust row/colunm to 0-based virtual coordinates. V 
else 
{

X -;
y-s
x « = 3 ;  
y « =  3;

}
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asm

mov ax, 4 
mov X 
mov dx, y 
int • 33h

}
return 1;

: Set mouse position

/* SetPtrS’jape -  Set mouse pointer shape.
*
* Paranis; x - column position in text modes, actual x coordinate in gr^Aics

y-row  position in text modes, actual y  coordinate in graphics
*
* Return: 0 if no mouse, otherwise 1 
*/

int SetPtrShapeC FfRSHAPB _fer *ps )
{

/* Make sure that mouse is initialized aud exists. */ 
if[ !mi.flhjt)

MouselnitO; 
if( Imi.fExist) 

return 0;

/* I f  graphics, use pointer shape bitmask array. */ 
if( mLfGraph)
{

asm

les di, ps
mov bx, es:[di].g.xHot
mov cx, es;[di].g.yHt)t
mov d : , di
ada dx, 4

; Load hot spot offsets

mov ax, 9 
int 33h

; Set graphics pointer

}
}
/* If tejrt, use pointer color/character values, */ 
else 
{

{
_asm

les
mov
mov
mov
mov
mov

di,ps
bx, 0 ; Use software cursor
cl, es:[di].t.chScreen 
ch, es:[di].t.atScreen 
dl, es:[di].tchCursor 
dh, es:[di].t.atCursor

mov ax, 10 
int 33h

; Set text pointer

}
return 1;
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}

#pfagma o p tim iz e !o n  )

FiieNanie; ANALV ilS.C

/»
/* AilALYSIS.C Image L  ̂ imeasunnent *
/»

#include <stdio.h>
#indude <stdlib.h>
#include <maIloc.h>
^include <signal.h>
#include <dos.h>
^include <process.h>
^include <memory.h>
#include <string.h>
#include <graph.h>
#indude <mathJi>
#indude "mv.h"
#indude <time.h>
^include "mvmenuJi"
#indude "mvblsth"
int xleft,yieftpaight,yright;
unsigned char mask0=0x80;
unsigned ehar far *Screen=( rmsigned char far *)OxAOOOOOOO;
/* Function prototypes */ 
int image_analysisO;
// Frame Buffer Operation 
void bmoveO;
void bread! unsigned char x);
//Binaiy'_data operation 
void _frame_to_bmaryO, 
void _pixel_cntO; 
voidjhreshoIdO; 
void remove_noiseO: 
void search_diameterO;
void grayscale_analysis0; ,
void menu_grayscaleQ;
_measurementO:
// Display functions 
void binary_to_bitmapO; 
void binary image_dspO;
II
void valley! key);

/* Array and enum for sub-menu Analysis */
ITEM mnuAnly[] =
{

*/

*/

{0, "Histogram"
{0, "Thieshold" }.
{ 0, "Measurement" }.
{0, "Intensity"},
{ 0, "Exit" }.
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};
enum ANALY
{

EXIT,THRESHOLD,MEASUREMENT,mSTOQRAM.INTENSI'T/
};
void sUmO
{

unsigned int i;

foi-(i=0;i<0xfH‘e;i+=2)
{

pixel_val= ^CBalSeg+i); 
pixel_val= pixel_val» I; 
pixel_num|pixel_val] ++;

}

}

i=0xfffe;
pixel_vai=*(BufSeg+i); 
pixel_val=pixel_val» 1; 
pixel_numfcixel_val] ++ j

void bmoVeO
{

struct GDT far *gdtp;
gdtp = &GDTl;
iuregsJi.ah=t)x87;
inregs.x.cx= 0x4000;
inregs.x.si= FP_OFF(gdtp);
segreg.es = FP__SEG(gdlp);
_int86x(0xl5,&inregs,&outregs,&segreg):
if (outregs.x.cflag)

printfl" Data Transferring Error(First 32K)!");

/* Another 32k data transferring */

gdtp»&GDT2; 
inregsJi.ah=0x87; 
inregs.x.cx= 0x4000; 
inregs.x.si= FPJDFF(gdtp); 
segreg.es “= FF_SEG(gdtp);
_ mt86x(0xl 5,&inregs,&outregs,&segreg ); 
if{outregs.x.cf]ag)

printf("Data transferring error (Second 32K)!");
}

void bread( unsigned char x)
{

/♦ ' ritialising soure and destine address */ 
at f=(iinsigned long )BufSeg;
GDTl.d_ad0 = (unsigned char)(addr» 12); 
GDTl ,d_adl = (unsigned char)(addr »  20); 
GDTl .d_ad2 = (unsigned char)(addr »  28); 
GDTl.s_adl =0;
GDTl.s_ad0=0;

addr=addr+0x8000000L;
GDT2.d_ad0 “  (unsigned char) (addr »  12);
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GDT2.d_adl ■= (unsigned char)(addr» 2 0 ) ;
GDT2.d„ad2 = (unsigned char)(addr»  2S);
GDT2.S ad 1=0x80;
GDT2.s~adO=0;

GDTl.s_ad2=x;
GDT2.s_ad2=x;
bmoveO;

}

void bwrite( imsigned x)
{

/* Initialising sours and destine address */ 
addr=(unsigned long )BufSeg;
GDTl.s_adO =  (unsigned char)(addr » 1 2 ) ;
GDTl .s__adl = (unsigned char)(addr »  20);
GDTl.s_ad2 = (unsigned char)(addr »  28);
GDTl.d_adl =0;
GDTl.d_ad0=0;

addr=addr+Ox8000000L,
GDT2.s_adO =•- (unsigned char) (addr » 1 2 ) ;
GDT2.s_adI = (unsigned char)(addr» 20);
GDT2.s_ad2 =  (unsigned charXaddr» 28); 
GDT2.d_adl=0x80;
GD-I7.d_ad0=0;

GDTl.d ad2=x;
GDT2.d”ad2=x;
bmoveO;

}
void pixel_cntO
{

Unsigned char ad2; 
intx,y;

/* Clear up array pixel_numQ */

for 0=0; j<  128; j++)
{

_num[j]=0;
/

J* Data transferring and Counting */

for0=0xiD; j<0xfd; j++)
{

ad2=(unsigned char)j;
brMd(ad2);
for ( y=fl; y<32; y++)

{
for(x=--0;x<320;x++)

{
pixel_yal=*(BufSeg+y*2048+x'*‘2); 
pLxel_val= pLxel_val»l;
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pisel_num[pixei_val]++;

}
}
bread(0xf6);
for ( y<8;  y++)

{
fcr ( x=0; x<320; x-H-)

{
pixel_val=*(BufSeg+y*2048+x’̂ 2); 
pixel_val= pixel_val»l; 
pixel_nuDi|i)ixel_val]-H-;

}
}

void tlireshoIdO
{

unsigned long linel; 
unsigned short line;

/* threshold pixel values and data transferring */

col_st=0; 
co!_end=320; 
for(j=0xfD; j<0xf6; j++)
{

/* Move 64k data from Frame Buffer to BufSeg '*'/ 
bread((unsigned char)j);
Iin0^&0x0f)^32;

/♦threshold pixel values and put them in Binary_data */ 
for(line=0; line<32; line++)
{

linel={(unsigned long)line)*2048; 
lin=linO+line;

for ( col=colj5t; col<coI_end; col++)
{

pixel_val= *(BufSeg +linel+col*2);
pfatel_val»=l;
if( pbcel_val < threshold_val)

*(Binary_data +lin*XWIDTH+eol )= 0; 
else

*(Binary_data+lin*XWlDTH+col)=l;

}
}

}

bread( 0xf6); 
lin0=6*32;
for(line=0; line<8; lineH-+)

{
linel=line*2048;
lin=linO+line;

for ( col=<‘ol_st; col<col_eud; col++)
{

pixel_val= *(BufSeg +liuel+col*2);
pbcel_val » = 1 ;
if( pbcel_val < threshold_val)
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*(Binary_data +lin*XWID1HTCol )= 0; 
else

*(Bmaty_data+lin*XWIDTH+col)=l;

}

void _frame_to_binaiyO
{

unsigned long linel; 
unsigned short line;

/* Selection of range */ 
col_st=Q; 
col_end=320; 
for(j=0xf0; j<0xf6; j++)
{

I* Move 64k data from Frame Buffer to BufSeg ♦/ 
bread((unsigned char)j);
Iin0=0&0x0f)*32;

/* Take grayscale values and put them in Binary_data*'/ 
for(line=0; line<32; liue++)
{

linel=((imsigned long)line)*2048; 
lin=linO+line;

for ( col=col st; col<col_end; coH-+)
{

pixel_val= *{BufSeg +lineI+coP2); 
pixel _val»= l;
*(Binary_data +lin*XWIDTH+col )= pixel_val;

}
}

}
bread( 0xf6 ); 
lin0=6*32;
for(line=0; line<8; line-H-)

{
linel=line*2048;
lin=linO+line;

for ( col=col_st; col<col end; col++)
{

pbcel_val= (BufSeg +!inel+eol*2); 
pb:el_val»=l;

♦(Binary_data +lin*XWIDTH+col )= pixel val;
}

}

}
void jpbcel_cntQ
{

/* Clear up array pixel_munQ ”/

for 0=0; j< 128; j++)
{

pixel num[j]=0;
}

/* Counting pbcel intensity occurence number *!

312



APPENDIX B

for( iin=10; iui<190; lin-H-)
{

for ( col=10; coI<310; col-H-)
{

pixel_vaI=»(Bmaiy_data +lin*XWIDTH+col): 
pixel_nuni[pixel_val] ++;

}
}

}

void _thresho!dO
{

for ( lin=10; lin<200; lin++)
{

for ( col=10; col<320; col++)
{

pixel_val=*(Binary_data +lin*XWIDTH+col); 
if ( pixel_val < threshold_vaI)

♦(Binary_data +lin*XWIDTH+col)=0; 
else

*(Binary_data +lin*‘XWIDTH+col)=l;

}
}

void binary_to_bitmapO
{

/* clear the memory */
_finen!set( BitMap,0,OxdOOO);
/♦ convert binary data to bitmap */ 
for ( lin=0; lin<200; lin++)

{

for ( col=0; coKXWlDTH; col-H-)
{

pLxel_val= ♦(Binary_data +lin*XWIDTH -t- col); 
if ( pixel_val==0)

{
col_bit=((unsigned char) col)&0x07;
mask=mask0»col_bit;
byte_val= *(BitMap + lin*128 -t-(col»3));
byte_val=byte_vallmask;
*(BitMap^-lin♦128+(col»3))=byte val;

}

}
}

}
void valleyC char key)
{

unsigned long
unsigned char

/* Searching for peaks */ 
m=l;
fo r(i= l;i< 1 2 6 ;iH )

peak[6],min[6J; 
peak_val[6], min_val[6], ij.m;
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{
if ( pixei_num[i+l] < pixel_num[i])

{
for(j=i+2;j<126:j++)

{
if ( pixel_numU] > pixel_mnn[i]) 

{ if(j>i+DELT)
{

}
else

peak[m] =pixel_num[i];
pea«c_val[m]=i;
ai++;
H-1;
break;

break;

}

if (m  =  7 )
{ printf(" peak niunber more than 6!"); 

break;
}

i f ( j= 1 2 6 )
{ perikim] = pixel_num[i]; 

peak_val[m] = i; 
m-H-; 
break;

}

}

/* Searching for two valleys *! 

if ( m —  ! )
{ print^ "Only one peak; %3d",peak_val[m]); 

return;
}

if(m >2)
{

for(j=l;j<m;j+-t-)
{

i= peak_va![j]; 
min[j]=pixel_num[i]; 
for( i=peak_valOI; i< peak_val[j+I]; i++) 

{
if ( pixel_num[i] < mm(j])

{ minjj] =pixel_num[i]; 
niin_val(J]=i;

}
}

}
A if(key= 'M ’)

{ for(j=l;j<m ;j++)

printf(" valley (%3d)= %3d", j,min_vallj]);
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}
if ( m—2 ) 

{

/*

*/

i=peak_val{l];
mm[l]=pixel_num[i];
for ( i=peak_vai[l]; i<'peak_val[2]; i++)

if ( pixel_num[i] < m m [l])
{ min[l]=pbcel_num[i]; 

min v^[l]=i;
}

}
if  ( k ey = ’M ')

printfl[" Only one Valley =  %3d ", min_val[l]);

}
/* if  ( 03eak[I]<peak[3]) && (peak[3]< peak[2])) 

threshold_val=min_val[2];
else

V
threshold_val=min_val[l];

}

data_compressO
{

unsigned char k; 
unsigned short i; 
int x,y;

I* Clear memory ofBitMap */
_finemset( BitMap.O, OxdOOO);

/" Compress raw data freezed in frame buffer into the bit-plane named as BitMap, according to the 
given threshold value ♦/ 

for ( k=OxfO; k<0xfc; k++)
{

/* Move 64k data from FrameBuffer to BufSeg */ 
breadfk);
Iin0 = (k&0x0f)*32;
/* Write to BitMap */ 
for ( i=0; i<0xfffe; i+=2)

{
col = ( i& 0x07ff)»l;
lin = linO + ( i » l  1);
col_bit= ( (unsigned char)col )& 0x07;

pixel_val=*(BufSeg +i); 
pixel_val=pbcel_val» 1; 
if ( pixel_val<threshold_val)

{
mask= maskO»col_bit;
byte_val= ♦(BitMap+lin*128+ (col»3));
byte_val=bj'te_val j mask;
*(BitMap+ lin* 128 + ( col»3)) ^  byte_val;

}
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}
i=Oxfffe;

col = (i&0x07ff)»l;
lm = iinO + ( i» ll) ;
col_bit=( (unsigned char)coi )& 0x07;

pixeI_val=*(BufSeg +i): 
pixel_val=pixel_val»l; 
if ( pctel_val ;threshold_val)

{
mask= nsaskO»col_bit;
byte_val= »(BitMap+Iin*128+ (col»3));
byte_val=byte_va! | mask;
’*(BitMap+ lin*128 + ( col»3)) = byte_val;

}

void binary_image dspO
{

int x,yj
/♦ printf("\n Starting line(0;200) &End line(0;200)"); 

scanf("?^%d",&lin_st,&iin_end); 
printf("\n Starting column(0,40)& End coluiim(0,40) "); 
scanli("%d%d",&col_st,&col_end);

/*  Selected image range */ 
lin_st=10; 
lin_end=190; 
col_st=0; 
coi_end=40;

I*  Display on screen */ 
_setvideomode( _VRES16COLOR );

/* clear screen */
_ftnemset( Screen, 0,0x9600);

/* Displaying */
for ( y=lin_st; y<lin_end;y-H-)

{
for ( x=col_st; x<col_end; x++)

{
*(Screen+y*80+x) = *( BitMap + y* 128 +x);

}
}

/* drav/ing diameter ♦/ 
_setcolor(2); 
_setlinestyle( OxffEF); 
_moveto( xleft,ylc:ft); 
_lineto( xright,yright);
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/* set cursor position ‘*1
regs,h.ah=2; 
regs.h.bh=0; 
regs.h.dh=13; 
regs.h.dl=0;
int86(0x 10,&regs,&regs); 
printfi;"\n TTireshold value= %d",threshold_val); 
printf("\n Diameter = %d ", diameter); 
getchO;

}

void remove_noiseO
{

unsigned short p4=0,p8=0,area=0;
unsigned char a0,al,a2,a3,a4,a5,a6,a7,a8;
int col_end_b; 
float pi;
Selected image range */

linjst=10;
lin_end=200;
col_st=20;
col_end=40;

// col_end_b=col_end*8;
for ( lin=lin_st; lin<lin_end; Iin++)

{
for ( col=col_st; col<300; col++)

{
aO = ♦(Binary_data+ lin^XWIDTH + col); 
if ( aO =l) /* aO=l is foreground */

{
al= ♦(Binaryjiata +0in-l)*320 +col-l); 
a2= ♦(Binaryjdata + (lin-l)^320 +col); 
a3= *(Binary_data + (lin-l)*320 -i-col+l); 
a4= ♦(Binary_data ■) lio*320+co'+l); 
a5= *(Binary_data +(lin+l)*320 +col+l); 
a6= ♦(Binaiy_data +0in+l)*320 +&el); 
a7= *(Binary_data +(lin+l)*320 +txil-l); 
a8= ♦(Binary_data+lin*320 +C0I-I); 
if ( al II a2 II a3 || a41| a51| a61| a71| a8 ) 

p8-H-; 
else

*(Bir,ary_data+ lin’XWIDTH + col)=0;

}
}

}
void search_diameterO
{

intx,y;

x!eft=0,
yleft=0;
xright=0;
yright=0;
diameter=0;
for ( x=20; x<300; x++)
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{
for ( y=20; y<180; y++)

/
pixel_val= *(Bmary_data + y*320 + x); 
if(pLxel_val==l)

{
xright=x;
yright=y;

}

}

for ( x=300; x>10; x~)
{

for ( y=20; y<180; y++)
{

pixeLval^ *(Binary_data + y*320 + x); 
if  ( p ixel_val= l)

{
xlefl?=x;
yleft=v;

}
}

}
diameter=xright-xleft;

}

Void grayscale_analysLsO
{

int x,y,pointl,point2,points;
mtpixsl_num_r2,pixel_num_r3,pixel_num_r4,foreground;
int

max_num,max_va!,avg_nmn,sub_sum,sub_vaI,max_sub,i,cut_point,avg_grayscale,suin_num; 
float rate2,max_r; 
long sum_pixel_val; 
char key;
_frarae_to_binaryO;
_pbcel_rntO;
/• Display on screen */
_cleaiscreen{ _GCLEARSCREEN );
menu_grayscaleO;
while( (kej^getchO) != ESCAPE)
{
/♦ clear screen */

_clearscreen( _GCLEARSCREEN ); 
switch(key)
{

case 'R';
_measurementO;
_fi^e_to_binaryO;
_pixel_cntO;
_settextposition(20,0);
printf(" Plotting. Please waiting...");

I* Selected image range */ 
lin_st=10; 
lin end=I90;
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coljst=l;
col_end=40;

pixel_num_r2=0; 
pixel_num_r3=0; 
pixeljnuin_r4=0;

/* Displaying */ 
for ( x=10; x<310pi++)

{
for ( y=I0; y<190;y++)

{
pixel_val= '•'(Binary _data+ y*320 +x); 
if(pixel_val<=thr^old val)

{
_setcolor(0);
_setpixel(x,y);

}
if ( pixeI_vaI>threshold_val && pixel_val< cut_pointl )

{
_setcolor(l);
_setpixel(x,y);
pixel_numj2-H-;

}
if ( (pixel_val>= cut_pointl) && pixel_val<cut_point2 )

{
_setcoIor(2);
jsetpixel(x,y);
pixel_num_r2-H-;

}
if { Opixel_val>= cutjpoint2) && pkei_val< cutjpoint3 )

{
_setcolor(3);
_s3tpixel(x,y);
pixel_num_r3++;

if ( pixel_val >= cut_poinG)
{

_setcolor(4);
_setpixel(x,y);
pixel_num_r4-H-;

}

}
}

»//♦ set cursor position 
regs.h.ah=2; 
rogs.h.bh=0; 
regs.h.dh=13; 
regs.h.dl=0;
int8S(0xl0,&regs,&regs);
printf("\n Grayscale distribution analysis by assigning color to selected ranges "); 
printf("\n RangeO: [0-threshold] (black color)pointl= %d ",cut_pointl); 
printf("\n Rangel: [threshod-pointl] (blue color)pointl= %d ratiol=%P',cut_pointl,ratiol); 
printf("\n Range2: [pointl-point2] (Green color) poinl2= %d ratio2=%f ",cut_point2,ratio2); 
printfC’Nn Range3: [pomt2-pomt3]0ight blue color) point3= %d ratio3=%f',cut_point3,ratio3); 
printf("\n Range4: >point3 ( Red color )");
printf("\n pointl -  point3 ratio=%f*,ratio4); 
getchO;
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break;

case 'C;
printfC \n laput cut point:"): 
scan8;"%d",&cut_point);
I” Calculating average number of pixels */ 
avg_num=0;
inax_nuni=pfa:el_nuni[cut_poin'''*-
max_val=0;
sum_pixel_val=0;
sum_num=0;
for ( i=cut_point; pixel_num[i]>0; i+-i-)

{
sum_num += pixel_num[i]; 
if ( pixel_num[i] > max_num)

{ may_num = pixel_num[i]; 
max_val = i;

}
sum_pixel_val += (long)i*((long)pbcel__nura[i]);

}
/♦ Object mean suface gray level V 
avg grayscale^ (intXsum pixel val/sum num); 
avg_nura = sum_niW(i-cut_point); 
sufa_sum=0;
for ( i=cut_point; i<128; i++)

{
sub_val=pbiel_num[i]-avg_num;
if(sub_val>0)

sub sum+= sub_val;
}

max_sub=pixel_nura[max_val] - avg_num; 
max_r= {(float)avg_num )/((float)pKel, numtmax_valj); 
printf("\n Average number=%d; Total num of pbtel above 

avg=%d",avg_num,sub_suro);
printf("\n Max val=?'od at % d; Average Graysca!e=%d;\n max sub=%d; 

ratio=%f',max_num,max_va!,avg_grayscale^axjsub,max_r);
getchO;
break;

}
menu_grayscaleO;
}
_fmemset( Screen, 0,0x9600);

measureraentOT
unsigned short sumjixel_num=0;
unsigned char a0,al,a2,a3,a4,a5,a6,a7,a8;
long sum_mulrl_val_num=0;
int col_end_b;

get_color0;
/• Transfer data */
_framejo_binai'y0;
_pixel_cntO:
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/* Befdre threshold the Btaary_data */

area=0;
for ( i=ihresholc!_val; i<128;i++)

{
area+=(irasigned short)pixel_num[i]; 
sum_miilti_val_num += ((long)!) ♦ ((Iong)(pixei num[i]));

}
mean_5rayscale = (int) ( sum_multi_val_num,'((long)area)); 
cut_pointl = (unsigned char) ( (float)mean_grayscale*0,92); 
cut_point2 = (unsigned char) ((float)mean_grayscale*0.95); 
cut_point3 = (unsigned char) ( (float)mean_grayscale*0.98); 
sum_pix6l_num=0;
for( i=lhreshold_val; i<cut_pointl;i++)

sum_pixel_num+=(unsignedshort)pixel_num[i]; 
ratiol =((flonO sum_pixel_num)/((float)area); 
sum_j»ixel_nmn=0;
for ( i= threshold_val; i<cut_point2; i++) 

sumjpixel_num+=pixel_num[i]; 
ratio2=((f!oat)sum_pixei_nuni)/((nr )a a)' 
sumj(ixel_num=0;
for(i=thieshold_val; i<cutjx)int3; i++) 

sum_pixel_num+=pixelmum[i]; 
ratios =((float) sumjpixel_nuin)/((float)area); 
sum_pixel_num=0; 

for ( }=cut_pointl; i< cutjpointS; i++) 
sum_pfatel_num-H=pb!el_num[i]; 

ratio4 =((fio2t) sum_pixel_num)/((float)area);
/* Threshold then calculate perimeter and area */ 

jlhresholdp; 
remove_noiseO: 
search_diameterO;
/* Selected image range */
lin_st=10;
lin_eud=190;
col_st=20;
col__end=40;
col_end_h=310;
area0=0;
p4 = 0;
p8 = 0;
for ( lin=!in_st; lln<!in_end; lin++)

{
for ( col=col_st; col<col_end b; col++)

{
aO = *(Bina»y_data+ lin*XWIDTH + col); 
if ( aO—0 ) /* a0=0 is foreground */

{
areaO++;
al= *(Binary_data+(lin-l)*320 +coI-l); 
a2= ’*(Binary_data + (lin-l)*320 +col); 
a3= *(Binary_data + 0in-l)*320 +col+l); 
a4= *(Binary_data +lin*320 +coI+l); 
a5= *(Binary_data+(nn+l)*320 +col+l); 
a6= *(Binaiy_data +0in+l)*32O +col); 
a7= ♦(Binar)'_data +(lin+l)*320 +col-1); 
a8= '*'(Binary_data +lin*320 +col-l); 
if (a l II a2 II a3 II a4 il a5 II a6 II a7 II a8)
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p8 ++J
if(a?.|la4|! a6 ||a8 ) 

p4 ++;

}
}

pi= 12.56637*'((float)area0)/((float)p4®(float)p8); 
perimeter-- (unsigned short)sqrt(((double)p4)*((doubie)p8));

}

sample_dst0
{

double sum_x,sum_sqr, 
sum_x=0;
for ( i=0; i<SampIe_num; i-H-)

sum_x -̂ = (double)sample[i].diaraeter; 
mean_sample.diameter = (int)(sum_)^(double)sampIe_num); 
sum_sqr = 0;
for (i=0; i<sample_nuin; i-H-)

sum_sqr += (double)( (sample[i].diameter - mean_sample.diameter)*(sampleiil.diameter 
-mean sample.diameter));

std„.i‘jv_sample.diameter = sqrt( sum_sqr/((doubie)sample_num));
//

sum_x=0;
for ( i=0; i<sample_num; i-H-)

sum_x -<-= (doubie)sample[i].meao_^yscale; 
mean_sample.mean_^yscale = (int)(sum_x/(double)sample_num); 
sum_sqr = 0;
for(i=0; i<sample_num; i-H-)

sum_sqr -f= (double)( (sample[i] anean_grayscaie - 
mean_sample.mean_grayscale)®(sample[i]4nean_grayscale - mean_sample.mean_grayscale)); 

std_dev_sarapie,mean_grayscale = sqrt( sum_sqr/((double)sample_num));
//
//

sum_x=0;
for ( i=0; i<sample_num; i-H-)

sum_x -♦•= (doubIe)sample[iJ,area; 
inean_sample.area=(unsigned short)(sum_x/(double)sample_num); 
sum_sqr = 0;
for(i=0; i-<saraple_num; i-H-)

sum_sqr -(■= (double)( (sample[i].area - mean_sample.area)*(sample[i].area - 
mean_sample.area));

sto_dev_sample.area = sqrt( sum_sqr/((double)sarople_num));
n

sum_}.=0;
for ( i=0; i<sample_num; i-f-t-)

sumjc +- (double)sample[i].perimeter; 
mean_sample.perinieter= (unsigned short)(sum_x/(double)sample_num); 
sum_sqr=0;
for (i=0; i<sampie_num; i-H-)

sum_sqr -)-= (doub!e)( (sample[i].perimeter - 
mean_saraple.perimeter)*(sample[i].perimeter - mean_sample.perimeter)); 

std_dev_sample.perimeter= sqrt(sum sqr/((doubIe)sample_num));
//

sura_x=0;
for ( i=0; i<sample_num; i-Ĥ )

sum_x -̂ = (double)sample[i].compactness;
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mean_sample.compactness = (float){sum_x/(doubIe)saniple_num); 
sum_sqr = 0;
for {i=0; i<sample_num; i++)

sum^sqr += (double)( (saraple[i].compactness - 
mean_sample.compactness)*(saraple[i}.conipactness - mean_sample.compactness)); 

std_dev_sample.compactness = sqrt( sum_sqr/({double)sajnple_num));
//

sum_x=^;
for ( i=0; i<saniple_nuin; i++)

sumjc (double)sample[i].ratiol; 
mean_sampte.iatiol = (float)(suni_x/(double)sample_num): 
suin_sqr=0;
for (i=0; i<sample_ num; i++)

sinn_sqr+=(double)((sample[i}.rat3o] -mean_sample.ratiol)*(samp!e[i3.ratiol 
mean_samp!e.ratiol));

std_dev_sample.ratiol = sqrt( sum_sqr/((double)sample_num));
//

sum_x=0;
for ( i=0; i<sainple_num; L++)

SUIT .£+=(doubIe)sample[i],ratio2; 
mean_sanif i.ratio2 = (fIoat)(sum_x/(double)stjraple_num); 
siun_sqr = 0;
for (i=0; i<sample_num; i++)

sum_sqr += (double)( (sampIeti].ratio2 - mean_sample ratio2)*(sample[i].ratio2 • 
mean_samplej^tio2));

std_dev_sample.ratio2 = sqrt( sum_sqr/(('double)sample_num));
//

sura_x=0;
for( i=0; i<sample_nuni: i-H-)

susn_X+= (double)sample[i].ratio3; 
mean_sampIejatio3 = (float)(sum_x/(double)sample_num); 
sum_sqr = 0;
for (i=0; i<sample_num; i++)

sura_sqr += (double)( (sample[i].ratio3 - mean_sample.rado3)*(sanipIe[i],ratio3 ■ 
meaB_sample.ratio3));

std_dev_sample.ratio3 = sqrt( suin_sqD'((double)sample_num));
n

sum_x=0;
for ( i=0; i<saraple_nuni; i++)

sum_x += (double)sample[i].ratio4; 
mean_s8mple.ratio4 = (floatXsura_x/(double)samp!e_num); 
sum_sqr“ 0;
for (i=0; i<sample_nuni; i++)

suin_sqr += (doubleX (sample[i}.ratio4 - mean_sample.ratio4)*(sample[i].rario4 - 
mean_sample.ratio4));

std dev_samp!e.ratio4 = sqrt( sum sqr/((double)sample_num));
//
}
void menu_dsp0
{

/"clear screen */
/" set cursor position */
regs.h,ah=2;
regs.h.bh=0;
regs.h.dh=13;
regs.h.dl=0;
intS6(0x 10,&regs,&regs):
printfi "\n <A>uto threshold; \n <M>easurement;\n <T>hreshold ");
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printf("\ii <H>istogram;\n <G>rayscale analysis>; \n <EsO to exit.");

}

void menu^rayscaleO
{

/♦dear screen */
_finemset( Screen, 0,0x9600);
/* set cursor position */
regs.h.ah=2;
regs.h.bh=0;
regsJi.dh=10;
regs.h.dl=0;
int86(0xl 0,&regs,&regs);
printfi "\n Surface Intensity Distribution Analysis \n (5)<Range> select"); 
printfl "\n (2) < O u t point selection \n <EsO to exit.");

}

int image_analysisO
{

char key;
clock_t start,finish; 
double duration;

/* Get Binary image */
/* Transfer frame buffer to Binary area ♦/

/*
_frame_to_binaryO:
start=clockO;
_pixel_cntO:
threshold_val=58;
_thresholdO;
remove_noiseO;
search_diameterO;
finish=clockO;
duration^ double )(finish-start)/CLOCKS_PER_SEC; 
printtP'Vn Time spending: %2.1 fseconds",duration); 
getchO;
binary_to_bitmapO;
bmary_image_dspO;

♦/
/* Display menu */ 
menu_dsp0;

while( (key=getchO) != ESCAPE)
{

/* Branch to menu choices */ 
switch (key)
{

case 'A':
/* Compress Raw data in Frame Buffer into Binary_data area*/ 
_fiame_to_binaryO;
__pixel_cntO;
/* Automaticly choose threshold value */
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valley(key);
_threshoidO;

remove_noiseO;
search_diameterO;
/* Display on screen */ 
binaiy_to_bitniapO; 
t)inary_image_dspO: 
j:learscreen( _GCLEARSCREEN); 
break;

I* set cusor position */
inregsJi.ah=2;
inregs.h.bh=0;
inregs.li.dh^2;
ifiregs.h.dl=0;
_int86(0xl 0,&inregs,&outregs); 
printfi(''Input threshold value ="); 
scanf( " %d",&threshoId_vai);

_frame_to_binaiyO;
_pixe!_cntO:
__thresholdO;
remove_noiseO;
search_diameterO:
_finemset( Screen, 0,0x9600); 
binaryJoJritmapO;
binary_image_d^O:
break;

case 'M':
setvideoraode(_VRES16COLOR );

Iclearscreen( _GCLEARSCREEN );
_settextposition(10,0);
printfl" Input threshold value:");
scanf("%d",&threshold_val);
printf("\n Cut point 1:");
scanfi'"%d",&cut_pointl);
prihtf("\nCutpoint2:
scanfI"%d",&cut_point2);
printf("\n Cut points:");
scanf{"%d",&cut_point3);

_measurementO;

print«:"VnP4=yod P8=%d",p4,p8);
printf{"\n Periineter= %hu",perimeter);
printfl"\n Area0=%hu Area=%hu",areaO,area);
printf{"\n PI= %f',pi);
piTntf(''\n Diameter = %d",diameter);
printf("\n Surface Mean Grayscale= %d",mean_grayscale);
printf{"\ii (Threshold value->cut point 1) Ratio l=%f,ratio 1);
printf("\n (Threshold value->cut point 2) Ratio2=%f',ratio2);
printf("\n (Threshold value->cut point 3) Ratio3=%f,ratios);
printf("\n (Cut pointl-> cutjioinG) Ratio4==%f’,ratio4);
printf("\n Threshold value= %d",threshoId_vai);
printf("\n Componantof Red= %d Oreen= %d Blue= %d",red,green,blue);
getchO;
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}

case 'G':

caseH’:

_setvideomode( _DEFAULTMODE ); 
break;

_setvideomode( _VRES 16C0L0R);
_clearscreen( _GCLEARSCREEN );
_settextposition( 10,0); 
printfi;" Input threshold value:"); 
scanf{"%d",&threshold_val); 
gray sa le  analysisQ;
_setvideomode(_DEFAULTMODE ); 
break;

/* Compress Raw data in Frame Buffer into Binary_data area*/
_fiame_to_binaiyO:
J3!xel_ent0:
_clearscrsen( _GCLEARSCREEN );
histogram_d^0!
break;

}
/* Display menu *!
menu_dsp0;

}
_setvideomode( _DEFAULTMODE);

leamO
{

_setvideomode{ VRES16COLOR); 
_clearscreen( _GCLEARSCREEN ): 
if  ( leam_num =  0)

{

/*

_settextposition(10,0);
printfl" Input dueshold value: ");
scanfI"%d",&threshold_val);

printf("\n Cut point!: 
scanf("%d",&cutjpointi); 
printf("\n Cut point2:"); 
scanfi["%d",&cut_point2); 
printf("\n Cutpoint3:"); 
scanf("%d",&cut_point3);

/* Compress frame data into Binary_data *!
_frame_to_binaiyO;
_j)ixel_cntO:

/* Measurement ♦/ 
jneasurementO; 
saraple[leam_num].area=areaO; 
sample[leani_num].perimeter=perimeter; 
samplefleamjiumj.mean_graysoaIe=meanjgrayscaIe; 
sample[learn_numi,compacmess = pi; 
sample[leam_num].ratiol =ratiol; 
sample[leam_num].ratio2 = ratio2; 
samp]e[leam_num].ratio3 ==ratio3; 
sample[learD_num'j.ratio4 = ratio4;

remove_noiseO;
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search_diameterO;
sample[Ieam_nuin].diamet8r = diameter;

leam_num++;
sample_num=Ieam_num;

setvideomodeC _DEFAULTMODE);
} “

classifyO
{

unsigaed short sum_pixel_num; 
long sum_multi_val_nuni; 
float minju;

I* Read the template */ 
if  ( classifyjElag —  0)

SleJoCf):
_setvideomode( _VRES 16COLOR.);
_clearecreen( _GCLEARSCREEN );
prmtf("\nmean_d %d std_dev_d %2.3fmean_r%f std_dev_r %f',mean_sample.diameter, 

stdjaev_sample.diameter,mean_sample.ratio4,std_dey_samplejratio4): 
printl("\a Threshold= %d Delt=%f ,thieshold_val,x_deIt); 
if  { std_dev_saiTiple.diameter = 0 )

{
_setvideomode( _DEFAULTMODE); 
retum(0);
}

/* Image measuremenr *!
!* Transfer data */
_frame_to_binaryO;
_pixel_cnt0:

area=0;
sum_multi_val_num = 0;
for ( i=threshold_val; i<128;i++)

{
area+=(unsigned short)pixel_num[i]; 
sum_multi_val_num += ((long)i) * ((long)(pixe!_mim[i]));

}
mean_grayscale = (int) ( sum_muIti_val_num/((long)area)); 
cut_pointl = (unsigned char) ( (float)meanjgTaj''icale*0.92); 
cut_pomt2 = (unsigned char) ((float)mean_grayscale*0,95); 
cut_point3 = (unsigned char) ( (float)mean_jrayscale*0.98);

sum_pixel_num=0; 
for ( i=cut__pointl; i< cut_point3; i++) 

sum_pixel_num+=pixel_num[i]; 
ratio4 ={(float) sum_pixel_num)/((float)area);

/♦ Threshold then calculate perimeter and area ♦/
_^thresholdO;
remove_noiseO;
searchjdianieterO:

printf{"\n Diameter= %d Rat!o=%f',diameter,ratio4);
)* Calculate the membership fiiction values */ 
if ( diameterc (mean_sample.diameter - 3.0*stci _dev_sample.diameter)) 

ul.diameter=0; 
else

if ( diameter > ( mean_,saraple.diameter-std_dev_sample.diameter)) 
u 1.diameter = ! ;
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else
ul.diameter = (diameter-mean_sample.diameter+ 

3.0*std_d8v_sample.diametery(2.0*std_dev_sample.diameter); 
i f  ( ratio4 > { mcan_sample.ratio4 + std_dev2sample jatio4)) 

u lja tio  =  0; 
else

if ( ratio4 < (mean_sample.ratio4-std_dev_samp!e.ratio4))
u lja tio =  1;
else

111 jatio= (mean_sample.ratio4 + std_dev_sample.ratio4-ratio4)/(2.0*std_dev_sample.ratio4); 
/* Display results V

printf("\n membership function u(d)= % 2.If .ul.diameter);
membership function u(t}= %2.1f',u2,ratio); 

printfi["\n threshold delt= %2.1f',x_delt); 
min_a= ul.diameter; 
if ( u l .diameter > ul .ratio)

£Qin_u=ul.ratio; 
if ( minju >= xjdelt)

printfi;"\n It belongs to this class"); 
else

printf("\n It does not belong to this class");
getchO:
_setvideomode{ JDEFAULTMODE); 
classify flag=l;

}

display_dataO
{

_setvideomode( _VRES16COLOR);
/* Displaying on the screen */
^clearscreen(jGCI,EARSCREEN);
_settextposition( 0,0);
printfC"Number of samples: %d",sample__num);
printf("\nD mean area P Pi ratio 1 ratio2 ratio3 ratio4");
for ( i=0; i<sampl8_num; i++)
printf("\n%d %d %hu %hu %f %f %f %f % f,
sample[i3.diameter,sample[i].mean_^yscale,sample[i].area,
sample[i].perimeter,sample[i].compactness,
sample[l].ratiol,sample[i]jatio2,sample[i].ratio3,sampie[i].ratio4);
samplejdstQ;
printfi;"\n Mean");
printfi:"m%d %d %hu %hu %f %f%f %f%f',
mcan_sample.diameter,mean_sample.mean_graysca!e,mean_,sample.aiea,
mean_sample.perimeter,mean_sample.compactness,
mean_sampie.ratiolmiean_sample.ratio2,mean_samp!e.ratio3,mean_sampIe.ratio4); 
printfTln Standard deviation"); 
printfr\n% f% f% f% f% f %f
std_dev_sample.diameter,std_dev_sample.mean_grayscale,stdjdev_sample.area, 
std_dev_sample.perimeter,std_dev_sample.compactness,std_dev_sanipIe.ratiol, 
std_dev_sample.ratio2,std_dev_sample.ratio3,std_dev_saraple.ratio4); 
printf("\n threshold value; %d",threshoId_val);
printf("\n Cut pointl=%d Cut poinl2=%d Cut point3=%d ",cut__pointl,cut_point2,cut jo in ts);

getchO:

_setvideomode( _DEFAULTMODE);
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File Name: HISTOGRA.C

/* HISTOGRA.C provides functions for drawing pixel intensity histogram */

#include <conio.h>
#include <stdlib.h>
#indude <graph.h>

Macro definition forHisti/gram Axis */
#define MAXROW 4S0 
^define YMAX 300 
#define XMAX 600 
#define MAXJP 128 
#dcfme XO 40 
#define YO 400 
#define XD 4 
#define YD 4

extern unsigned long pixe!_num[128]; 
unsigned long max _pixel_num, max__y_axis;
short xx,yy,x,y,xl,yl;
unsigned int bscale,i,yyd,tnax_pixel_point;
int mode = _VRES16COLOR; 
unsigned char titlepO];

y_ru!er0
{
/» ploty-axis ruler *! 

yyd=YMAX/10; 
for(i=0;i<ll;i-t+)
{

x=XO;
y=YO-yyd*i;
_nioveto(x,y);
x=x-XD;
_lineto(x,y);

}
/* print max y-axis value */

_settex^sition(6,0);
__strset( title,'');
_outtext( title );
_settextposition(6,0);
sprintf(title,"%lu",max_y_axis);
_outtext( title );

}
histogramO
c
/* Plot tlie Histogram of Pixels intensity value ♦/

fot(i=0; i<MAX_P; i++)
{

yy=pixel_num[i]/hscale;
if(yy>YMAX)

yy=YMAX;
xx=XD*i;
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}
}

x=XCM-xx;
y=YO-yy;
xl=XO+XD+xx;
yI=YO;
_rectangle{ _v5FE.LINTERI0R,x,y,xl,yl);

cls_histogramO

unsigned char mask0[8]={0,0,0,0,0,0,0,0};
unsigned chcr niaskl [8]={0xS}0xfi}0xff,0xfF,0xff,0xff,0xff,0xff};

}

X = XO+l; 
y=Y O -l; 
xl=XMAX; 
yl=YO-YMAX;
_setcoloi-( 0 ); 
jsetfillmask( maskl);
_reotangle( __GFDLLTNTERIOR,x,y ,x 1 ,y D; 
_setcolor(16);

histogram_dspO
{

char key;

/* set video mode ♦/ 
_setvideomode( mode );

/* Draw axis */ 
y=YO-YMAX; 
_moveto(XO,y); 
Jineto(XO,YO); 
x=XO + XMAX; 
_lineto(x,YO);

foi<i=l; i<129; i++)
{

x=XO+XD*i;
y=YO;
_moveto(x,y);
xl=x;
yl=YO+YD; 
_lineto(xl,yl);

}
/♦ draw x-axis ruler */ 

for(i=0; i<17; i++)
{

x = XO + 8»XD*i; 
_moveto(x,YO); 
y = YO + 2»XD; 
_lineto(x,y);
X = x/8;
_settextposition(27,x); 
sprintf(tit!e,"%3d", 8*i); 
_outtext( title);

}
/* print titles */
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_settexfpos!tion(2,35); 
_outtext(" Histogram "); 
_settextposit5C n(28,'S);

, 11%.
_setteortpo.'ition(4,0);
_outtext( " Relative Number of Occurrences of Pixel value");

/* Data */

/* Look for Max value */

max_pixel_num=pixel_num[0];
max_pixel_pomt=0;
for( i=l; i< MAX_P; i++)
{

if(pixel_num[i]> max_pixel_num)
{

max_pixel_point=i; 
max_j3!xel_num = pixel_num[i];

}
}
_settextposition(5,30);
sprintf(title,"MaxNumber=%lu",max_pixel_num); 
_outtext( title )•
_settextposition(6,30);
sprmtf(tit!e,"Intensity value=%u",max_pbcel_pomt); 
_outtext( title);

/* Calculate the scale of histogram 
max_y_axis=inax_pixeljium; 
hscaie = maxjixeLnumA'MAX;

/* plot histogram V 
yjTilerO; 
histogramO;
while( (key=getchO) 1=27)
{

switch(key)
{

case
hscale= hscale»l; 
max_y_axis=m'jt_y_axis» 1;

y_rulerO;
histogramO;
break;

case
hscale= hscale'*‘2; 
max_y_axis=max_y_axis*2;

y_rulerO;
cls_histogramO;
histogramO;
break;
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}
}

_setvideomode( _DEFAULTMODE); 
refdm(O);

File Name! VBLST.C

/* VBLST.C Video Blaster Card Functions */
#include<conio,h>
#mcIude<dos.h>
#meIude<stdio.h>
#include<stdlib.h>
#include<stringJi>
#include<graph.h>
^include "mvblst.h"

/* Clieck if VBLSTDRV is installed and find the interrupt vector */

int FindVhlstdrv(char ‘ saDriverSig)
{

void far *IpIntrVect;
int i,found=0,wSiglen=strlen(szDriverSig);

/♦check from 80h to BFh ♦/ 
for(i=0x80;i<0xC0 && 'found; I++)
{

IpIntrVecHvoid far ♦)_dos_getvect(i); 
FP_OFFgpIntrVect)=SIG_OFFSET; 
if(!_fstmiomp0pIntrVoct,(char far ♦)szDriverSig,wSig!en))
{

found=i;
break;

}
}
refurn(found);

}

/♦ Call VBLSTDRV with registeis set with appropriate value */

int CallVblstdrv(union REGS *regs,struct SREGS *segress)
{

static char ♦s^rrMessage[]={
"Video Blaster driver is busy",
"VIDEOBLST environment variable is not present or" 
"incorrectly set",
"Video Blaster is not found at the specified 10" 
"address",
"Interrupt not detected using the specified interrupt" 
"number",
"Function specified is invalid",
"Parameter passed to the ftinction is out of range", 
"Function is invalid in a particular Fh-window mode", 
"unable to open PCVIDEO.CFG file", 
"PCVIDEO.CFG file is not a valid Video Blaster” 
"configuration file"
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int £RetVal=TRUE;

int86x(wVBIntrNum,regs,regS;Scgfegs);

if (regs->xxflag)
{

printfC'ERROR: %s\n",szErrMessage[regs->x.ax]); 
fRetVaI=FALSE;

}
retum(fRetVal);

}

/» DISALES VIDEO DRIVEP. AND EXIT

void DisablcDriverO
{

regs.x.bx=VB_TERMINATE; 
CalP/blstdrv(&regs,&segregs); 
printf("\nDriver terniinatedW):

regs.x.ax=3;
int86(VIDEO_INT,&regs,&regs);

ex;t(0);
}

I* Input handler

void InputHandlerO
{

int Key;
while((Key=getehO)!=ESCAPE)
{

switchGCey)
{

case CRET;

case 'F':

case 'U':

regs.x.bx=VB_GETDSPSTATTJS; 
if(!CallVblstdrv(&regs,&segregs)) 

DisableDriverO; 
regs.x.ax'^ 1; /* OR */
regs.x.bx=VB_SETDSPSTAUIS; 
if (ICal)Vblstdrv(&regs,&segregs)) 

DisableDriverO; 
break;

regs.x.ax=I;
regs.x.bx-=VB_SETFREEZE; 
if (!CallVb:stdrv(&regs,&segregs)) 

DisableDriveiO; 
break;

regs,x.ax=0;
regs.X,bx=VB_SETFREEZE; 
if (!CallVblstdrv(&regs,&segregs)) 

DisableDriverO; 
break;
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}

/* Create a Video Window 
void DisplayVideoWindowO 
{

■»/

unsigned far ’*‘vidPtr=(unsigned far *)0xB8000000L; 
int5£,y;

/«Dniw Window */ 
for(y=0;y<WIN HEIGHT:y++)

for(x=0;x<WIN WBDTH;x++) 
'*(vidPtrfy»80+x>«x7020;

/* Set color key */
regs.s.bx=VB_SETCOLKEY;
regsjc.ax?=7:
if (!CaliVblstdrv(&regs,&segregs))

DisableDriverO;

/* Set position*/ 
regs.x.bx=VB_SETVn)POS; 
regs.x.ax=Vn>_XORG; 
regs.x.dx=VID_YORG; 
if (ICaU,Vblstdrv(&regs,&segregs))

DisableDriverO;

/* Set vridUi and Height */
regs.x.bx=VB_SETVIDSIZE;
regs.x.dx-VID_WIDTH;
regs.x.ax=VID_HElGHT;
if (!Ca]lVblstdrv(&regs,&segi'egs))

DisableDriverO;

/* Set Video display on */
regs.x.bx=VB_SETDSPSTATUS;
regs.x.ax=l;
if (!CallVblstdrv(&regs,&segregs))

DisableDriverO;

\

void DispIayMoO
{

/* ser cursor position */
regs.h.ah=2;
regs.h.bh=0;
regs.h.dh=WIN_HEIGHT+l;
regs.h.dl=0;
int86(VIDEO_INT,&regs,&regs);

printf("VBLSTDRV Interrupt Number .•%Xh\n",wVBIntrNum);
regs.x.bx=VB_GETVERS10N;
if(!CallVblstdrv(&regs,&segregs))

DisableDriverO:
printfC’VBSlDP..V Vcrs'on :%d.%2d\n",regs.h.ah,regs.h.al);
regs.x.bx=VB_GETi'jFORT;
if (iCallV 'jlstdr’I&regs.&segregs))
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}

DisableDri".-, 0:
print^"B8se I/O Port Address .%Xh\n",regs.x.ax);

regs.x.bx=VB_GETBASEADDR; 
if (!CallVblstdrv(&regs,&segregs))

DisableEWverO:
printf("Video Base Address :%X00000h\n",regs,x.ax);

regs.x.bx=VBJNTRNUM; 
if (!CallVblstdrv(&regs,&segregs))

DisableDriverO;
printfiC'Hardwarc Interrupt Number: %d\n",regs.x.ax);

prmtI("\nPress<F>rseze/<U>n&eeze <CR> to TURN ON/OFF VIDEO" 
"<ESO to continue");

fnune_dspO 
{

regsjc.bx=0xll9;
regs.x.ax=0;
regs.x.dx=0;
if ( !CallVblstdrv(&regs,&segregs)) 

DisableDriverO;

}

get_imageO
{

int keys;
if (wVBIiitrNum=FindVblstdrv(DRIVER_SIG))
{

/* Clear Screen */
// regs.x.ax=3;
// int86(VIDEO_INT,&regs,&regs);

regs.x.bx=VB_INmALIZE;
if(!CallVblstdrv(&regSj&segregs))

DisableDriverO; 
printf("Driver initialzedi \n");

II

H
)
else

{

}

whilef ICllokOrPressO) 
DisplayVideoWlndowO; 
DisplayInfoO;

printfi["VBLSTDRV not installed!"); 
exit(2);
}

void FreezeO
{

regs.x.ax=l;
regs.x.bx=VB_SETFREEZE; 
if (I CallVblstdrv(&regs,&segregs))
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DisableDrivetO;
}
void UnFreezeO
{

regs.x.ax=0;
regs.x.bx=VB_SETFREEZE; 
if (ICallVblstsirv(&regs,&segregs)) 
DisableDriverO;

get colcrO 
{ ~

regs.x.bx=OxlB;
regs.x.ax=4;
if (lCaUVblstdrv(&regs,&segt‘egs))
DisableDriverO:
red = regs.x.ax;
regs.x.bx-OxlB;
regs.x.ax = 5;
if  (!CallVbIstdrv(&regs,&segregs))
DisableDriverO:
green = regs.x.ax;
regsx.bx = OxIB;
regs.x.ax = 6;
if (!CallVbhtdrv(&regs,&segregs))
DisableDrive..‘0:
blue = regs.x.ax;

Fite Name! FILEIO.C

^«*****#*A*******»*****«**i>#»<r»****«i»***<i»«*/
/* ♦/
/* FILEIO.C Read or write data file
I* »/
^*'****«*«»t«««*******«*4«*****«*«*i»*«**4i*»4t*^
^include <stdioJi>
^include <dos.h>
#include "mv,h"

file_io{ rorw) 
char rorw;
{
FILE *io;
char “filename;
charbuffer[22]={20J;

// “buffer =16;
I* Set Cursor position ♦/
regs.h.ah=2;
regs.h.bh=0;
regs.h.dh=I3;
regs.h,dl=0;
int86(0xl0,&regs,&regs);
/♦ Input data file name */ 
cprint^"File Name <%c> ->  ",ror\v); 
filename =_cgets( buffer); 
switch! rorw)
{
case 'w ':
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iflaccess(filename,0)=0)
{
cprmtf("The file %s already exists. Want to overwrite? (y/n)",filename): 
lfi;getchO!-y') 

retum(5);
}

if((io=fopen(filenarae,"w"))=NXJLL)
retum(6);

/* Write data into data file */

tprintf(io,"%d",sample_num): 
for ( i=0;i<sample_num;i++)
{
Q)rintf(io," %d",sample[i].diameter);
:^rintfi(io," %d",sample[i].meanjgrayscale); 
f^riatf(io," %hu ",sample[i].area); 
l|)rintfi(io," %hu",sample[i].perimeter); 
fprintf(io," %f',sample[i].compactness); 
liprintf(io," %f',sample[i].ratiol); 
fjprintfCio," %f',sample[i].ratio2); 
fj)rintf(io," %f',sample[i].ratio3); 
fi)rintf(io," % f  ,sample[i].ratio4);
}
fclose(io):
break;

case V :
ifI(io=fopen(filename,"rt"))—NULL) 
returned;

/* Read ^ ta  fiome data file */ 
fscanf(io,"%d",&sample_num); 
for ( i=0; i<sample num; i-H-)

{
fscanflio," %d",&sample[i].diameter)| 
fecanf(io,"%d",&sample[i].mean_graysca]e); 
fscanf(io," %hu ",&sample[ii.area); 
fscanf(io,"%hu'',&sample[i],perimeter); 
fscanf(io,"%f',&sample[i].compactness); 
fscanf(io," %f',&sample[i]jatiol); 
fscanf(io," %f',&sample[i],ratio2); 
ftcanf(io," % f  ,&sample[i].ratio3); 
fecanfCio," % f  ,&sample[i].tatio4):

}
fclose(io);
break;
casef:

if((io=fopen(filenarae,"rt"))=NULL)
retum(7):

/" Read template data fiome data file */
fscanf(io,"%d",&inean_sample.diameter);
fscanf(io,"%lf',&std_dev_saniple.dianieter);
fscanf(io,"%f',&mean_saraple.ratlo4);
fscanf(io,"%lf',&std__dev_sample.ratiod);
fscanf(io,"%d",&threshold_val);
fscanf(io,"%f',&x_delt);
fclose(io);
break;

}
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}

Head Files; MV.H. VBLST.H.MVMENU.H and MVMOUSE

// MV.H Macros, globlal viarables, structure for MV //

#define DELT 1C 
#defme XWIDTH 320 
#defme ESCAPE OxlB 
Sdefine NSAMPLE100 
// Register
union REGSregs;
struct SREGS segref

unsigned long addr;
union _REGS inregs.ontregs;
struct _SREGSsf . '

// Memory allocatin
unsigned char_huge *BufSeg;
unsigned char _ fa r  *BitMap; 
unsigned char__far *Binaiy_data;

// Pixel viarables
long pbcel numfl281.avg grayscale:
unsigned char pkel_val,threshold_val,cutj3omtl,cut_point2,cut_poinG; 
int j,i,mean_grayscale,diameter,
unsigned short area,area0,p4,p8,perimeter; 
float pi,ratiol,ratio2' ratio4,x_delt;

II image display 
unsigned short lin,coi,l' - 
int lin_st,lin_end, _ ,col_end;
unsigned char coi_bit,mask,byte_val;

// Niunbers
int learn num,sample_num;

//Flag
int classify_flag;

struct GDT
{

unsigned char 
unsigned short 
imsigned char 
unsigned char 
unsigned char 
unsigned char 
unsigned short 
unsigned short 
unsigned char 
unsigned char 
unsigned char 
unsigned char 
unsigned char 

}GDT1,GDT2;

zeiol[I6];
sjength;
s_ad0;
s_adl;
s_ad2;
s_acc_right;
zero2;
djength;
d_ad0;
d_adl;
d_ad2;
d_acc_right;
zero3[lS];

struct DATABASE
{

int diameter;
int mean_grayscale;
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unsigned short area; 
unsigned short perimeter; 
float compactness; 
float ratio 1; 
float ratio2; 
float rafio3; 
float ratio4;

} sample[NSAMPLE],mean_saniple;

struct DEVIA'nON 
{

double diameter.
double mean_grayscale;
double area;
double perimete.r
double compactness;
double ratio 1;
double ratio2;
double ratio3;
double ratio4;

} std_dev_sample;

struct Membership_function
{

float diameter; 
float ratio;

membership,u 1 ,u2;

/* MVBLST.H Faction protypes, macros, structure etc for VBLST */

/* Include only once */
#ifiidefMVBLST_H 
#defineMVBLST H

#defme VIDEO INT 0x10
#defilieTRUE 1
#define FALSE 0

#define DRIVER SIG % ^L A S r
#define SIG OFFSET 0x103
^define VB GETVERSION 0
#definsVB INITIALIZE 0x01
#defineVB TERMINATE 0x02
#defmeVB GETIOPORT 0x03
#defineVB GETBASEADDR 0x04
#defme VB GEH,OGWIN 0x05
#defmeVB INTRNUM 0x06
#defineVB POLLSIGNAL 0.\07
#defineVB GETFITWIN 0x08
#defineVB GETCROP 0x09
#defineVB~GETFREEZE OxOA
#defmeVB GETSIGNAL OxOB
#defineVB GETACQADDR OxOC
#def1neVB GETCROPXY OxOD
#defme VB GETCROPSIZB 0.X0E
#defineVB_GETSCALB OxOF
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#define VB. 
#define VB 
MefineVB] 
#define VB 
#defmeVB' 
#define VB. 
#define VB 
#defmeVB‘

SdefineVB 
#defineVB. 
#defiae VB 
jWefiaeVB^ 
#define VB. 
#d8fine VB 
#defineVB. 
#define VB. 
#define VB. 
#define VB. 
^define VB 
#defineVB~ 
#defme VB. 
#define VB 
#defineVB' 
#defineVB 
define VB

VIOrNCOLOR
GETSOURCE

0x10
0x11

GETDSPSTATUS 0x12 
GETDSPMODE 0x13
GETVIDAREA 0x14
GETVIDPOS 0x15 
GETVIDSIZE 0x16
.GETCOLKEY 0x17

SETBASEADDR 0x104
SETLOGWIN 0x105
SETFirWIN 0x108 
SETCROP 0x109 
SETFREEZE OxlOA 
SETSINGLE OxlOB 
SETACQADDR OxlOC
SETCROPXY OxlOD
SETCROPSIZE OxlOE
SETSCALE OxIOF 
SETSOURCE 0x111
SETDSPSTATUS 0x112 
SETDSPMODE 0x113
SETVIDAREA 0x114
SETVIDPOS 0X115 
SETVIDSIZE 0x116
SBTCOLKEY 0x117

^define CRET OxOD
#defme ESCAPE 0x1 B
#define SPACE 0x20

#define WIN HEIGHT 12
^defineWm WIDTH 40
#defmeVID XORG 4
^define VID'y ORG 4
#defineVID HEIGHT 550
#detineVID_WIDTH 465

int wVBIntrNum;
union REGS regs;
struct SREGS segregs;

//Colors
’ int red,green,blue,brightnesSjSaturation,coiitrast,hue;

/* public functions */
int FindVblstdrv(char *szDriverSig);
int CallVblstdrv(union REGS *regs,struct SREGS *segregs);
void DisableDriverO;
void InputHandlerO;
void FreezeO;
voidUnFreexeO;
void DisplayVideoWindowO;
void DisplaylnfoO;
get_iniage0;
get colorO;
#endif/» MVBLST_H V

/♦MVMENU.H "/
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/* Function prototypes, macros, structure, and global variables for
* Menu and rela t^  functions.
*/

/* Include only once */
#ifiidefMVMENU_H
#defmeMVMENU_H

#defineXRUE I 
#define FALSE 0

/* Sample key codes for getkey. Additional codes in the same format may
* be &^cd.
*/

#de6neU_UP 0x0148 /«• Unshifted */
#defineUJDN 0x0150 
#defineU_LT 0x014b 
#defineU RT 0x014d 
#def5neSJJ? 0x0248 /* Shifted*/
#defineS_DN 0x0250 
#defjneS_LT 0x024b 
#deSneS RT 0x024d

#define N_PLUS 0x014e /♦ PLUS and MINUS on numeric keypad*/ 
#defineN MINUS 0x014a

#defme ENTER 13 ./* A sen  */

/* Action codes for ge&ey ♦/
enum WAITACTION { NO_WAIT, WAIT, CLEAR_WATr};

/* Text ou^ut colors. Note that monochrome can only use JTBLACK,
* _TWHTrE, _TBRIQHTWHITE, and_TUNDERLlNE. Graphics black-and-white
* can only use the first three of these. The first eight colors
* can be used as background colors (although they may need to be
* cast to long).
*/

enum TEXTCOLORS
{

_TBLACK, _TBLUE, _TGREEN, _TCYAN,
_TPvED, _TMAGENTA, _TBROWN, _TWHITE,
_TGREY, _TLIGHTBLUE, _TLIGHTGREEN, TLIGHTCYAN, 
_TLIGHTRED, _TLIGHTMAGENTA, _TLIGHTYELLOW, _TBRIGHTWHITE, 
_TUNDERLINE = 1

};

/* Structure and global variable for menu attributes */ 
typedef struct _MENU 
{

int fgBorder, fgNormal, fgSelect, fgNormHilite, fgSelHillte; 
long bgBorder, bgNotmal, bgSelect, bgNomiHilite, bgSelHilite; 
int fCentered;
unsigned char chNW, c’.iNE, chSE, chSW, chNS, chEW;

}MENU;
extern MENU mnuAtrib;

/* Structure and maximum length for menu items */
#defineMAXITEM20
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typedef struct_ITEM
{

int iHilite; 
char achItem[MA2/ 

} ITEM;
iM];

I* Public menu, ou^ut, and input functions */ 
int Menu( int row, int col, ITEM alteroQ, int iCur ); 
int EventLoop( mtrow, int col, FTEM altemQ, int iCur, int citem, 

int ccWtem, int acchlteinO, char achHiliteQ ); 
void Bo int row, int col, introwLast, int coILast); 
unsigned GetKey( int fWait); 
void_outchai( char oat); 
int ClickOrPress( void );

#endif/* MVMENU H */

/» MVMOUSE.H »/
/* Include file for mouse calls. */

/* Mouse events */ 
#definoLEFT DOWN 0x01 
#defineRIGHTJDOWN 0x02 
#define MIDDLEJDOWN 0x04

/* Mouse event shucture */ 
typedef struct _EVENT 
{•

short x,y; 
unsigned feBtn;

}EVENT;

/* 0000 0010 Left button pressed */
/* 0000 1000 Right button pressed *!

/♦ 0010 0000 Middle button pres.sed */

/♦ Mouse pointer shape union containing structures for graphics and text */ 
typedef union _PTRSHAPE 
{

struct
{

unsigned char atScreen; 
unsigned char chScreen; 
unsigned char atCursor, 
unsigned char chCursor;

}t;
struct
{

unsigned xHot, yHot; 
unsigned afsPtr[32];

} g;
} PTRSHAPE;

/* Values for SetPtrVis function */
typedefenum_PTRVlS { SHOW= 1, HIDE} PTRVIS;

A Public mouse functions *! 
int MouseInit( void);
int QetMouseEvent( EVENT _,iar *pEvent); 

int GetPtrPos( EVENT far *pEvent); 
int SetPtrPos( short x, short y );
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APPENDIX R

int SetPtrVisC FIRViS pv "I;
int Se|PtrP>!ape( PTRSHAFE __fer *ps);
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