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return;
}
obj_inference{ int nobj )
{
Qbj_table *obj_pt,*base_nt;
int ik
obi_pt = &object[nobj);
if { obj_pt->nhole == 0 )
return 2;
for ( i=0; i<NOBJ_BASE; i++)
{

base_pt = &obj_basefij;
if { obj_pt->gen_no[0] == base _pt->gen_nof0] )
{

if ( obj_pt->nhole = base_st->nhoale )
{

k = obj_pt->nhole;
for( j=1; j<dct1; j4+)
{

if{ obj_pt->gen_nol[j] {=base_pt->gen_noli] )
goto next_obj,

goto found_obj;

} else
goto next_obj;
}
next_obj: continue;
retum O

found_obj:
obj_pt->no = base_pt->no;
obj_pt->name = base_pt->name;

return };
}
fil
int add_obj_base()
{
refurn;
}
*/
obj_analysis(flg,b,fbu,w)
but t *b;
win_t  *fbu,>w;
{
register en, Key:
coor_t svpes;
int i,n, infer_outk;
switch {flg) {
case F_RFSH: showbut(s, BUBCOL,BUTCOLY); break;
case F_EXEC:
Geurson(0);
Geursor(3,&svpos);
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¢lse if (en) break;
tf(ll\nll)

printf{"\n Number of Object:%d",Nobj);
if (%io_key ="y} {
“fprintfio,"\n Object Inference result:");
forintf(io,"\n Number of Object:%d",Nobj);
}
n=2;
f{‘or { i=1; i<Nobj-+1; i++)

infer_out==obj inference(i )
printf{"\n inference result: %d" infer_out);
nf (infer_cut==0)
add_obj_base();
i{f (infer_out=1)

k = object{il.no -1;
display_otable( 1,k );
display_otable( 2,i );

if ( *io key ='y') {

printf{"n Save dada Waiting...");
save_otable{ 1.k ;

s}:ave_otable( 2.1

}
if ( infer_out=12){
k = object[i].gen_no[0];
display le(3,k);
dlspiay_gfable( 3n);
if (*io_key="y") {
printf{"\n Save data. Waiting...");
iave _gtable( 3,0 );

rintf{"\n Click to continue *);
or (en = 0;3)
if (Goursor{2)}
if (Geursor(3,0)=10) en=1,
else if (en) break;
printi{"\n");
nt=2;

.z.howbut(b,BUBCOL BUTCOL);
Geursor{4,&svpos);
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Gewsor(1);
break;

return;
}

/l
int add_gen_base()

retum;
}
*/
int blob_verify( intn)
{
register en;
Gen_table *gen, *blob_ptr;
int k;
k=blob[n}.nu - 1;
gen = &gen baselk];
blob_ptr = &blob[n];
display_gtable(t k);
blob_ptr->name = gen->name;
display_gtable(2,n);
printf{(" Click to continue ");
for (en = 033)
if (Goursor(2))
if (Geursor(3,0) =90)en=1;
else if (en) break;
printf{™n");
return 1;
}
in¢ blob_rule{intn)
(
Gen_table *blob_ptr;
flg_triangle = 0;
flg_quari=0;

blob_pir = &blobin];
if ( blob_ptv->circle==1}

blob_ptr->no = 1;
return 13

}
if { blob_ptr->arc_num ==0 && blob_ptr->line_num =3 )

flg_triangle = 1;
goto triangle_test;

}
if { blob_ptr->arc_num —0 && blob_ptr->line_num ==4}

flg_quart=1;
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gote quart_test;
}
six_gon_fest:
if { blob_pfr->arc_num ==0 && blob_pir->line_num ==6 )

if ( blob_ptr->eqa num:=§) {
blob_ptr->no = 4;

retumn I3
}
return 0;
}
window_test:

if ( blob_ptr->arc_num =1 && blob_ptr->line_num =3 )

if{ blob_pe->eq 90 ==2)

blob_ptr->no = 10;
retum I;
}
}
return 0;
triangle_test:

if { blob_pir->eql_pum==0)

iff blob_ptr->gt 80==0) {
blob_ptr->no = 5;
teturn 1;

}

if{ blob_ptr>gt 90==1) {
blob_ptr->no = 6;
Tetur 1

}

}

if{ blob_pir->eql_num ==2 && bleb_ptr->eq_50==0) {
blob_ptr->ne=17;
et I

¥

ift blob_ptr->eql_pum =3 || blob_ptr->eqa_nurn ==3 ) {
blob_ptr->no=28;
return 1;

}
if{ blob_ptr->eq 90==1) {
bleb_ptr->no =9;
return &5
}
retum 0;
quart_test:

if ( blob_ptr->eqi_num=—%}
if{ blob_ptr->eq 90>=1) {

blob_ptr->no=2; /* square */
returt: 15
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if{ blob_ptr->eqa_num=2 ) {
blob_ptr->no = 11; /* parrell */
return 1;

}
}
i_f ( blob_ptr->eql_num>=3 }

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

}

}
if ( biob_pir->eql_num==2}

i blob_ptr->eq 90>2 } {
biob_pir->no = 5;/* rectangie */
retum 1;

}

if ( blob_ptr->eqa_num=—2 && blob_ptr->gt_90=2) {
biob_pt->no = 11; /* pazrel */
retem 1;

}

}
if ( blob_ptr->eq 902 && blob_ptr->gt_90==1 && blob_ptr->les_%0=—=1) {
biob_ptr->no =12,

remrn §;
}
return 0;
}
savs_blob_inf(intn)
{
register en;
Gen_table *gen,*blob_pir;
int &

k =blob[n).a0- §;
gen = &gen_base[k};
biob_ptr = &blobln];

save_gtable(1,k);
blob_pir->name = gen->name;
save_gtable(2,n);

return;

int bleb_inference( intn )

{

int rule_out;

rule_out=hlob_rle(n );

printf("\n Inference processsing: %d", rule_out);

printR™a flz_triangle=%d flg_quart=Yed"fig_triangle,flg_quart);

if (rule_out==0)
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add_gen_base();
if {rule_out==1)
{
flg_retry = blob_verify( n );
if(*io_key ="y") {
printf{"\n Save data. Waiting..."};
save_blob_inf{n );

}

}
requen( fig_retry),

Head Uile: macro.h

/* Limits definition ¢/
#define DT 2
#define Thelta 0.1745
#define NUMbk 3
#define KK 3

fidefine DHT 4
#dofine Lratdo 0.05
#define Rratie 0.025
#define Num_out_arc 3
#defme PI 3.141592654
#zefme Deler 0.1

* Color Definition */

#define RED  Oxcl

#defin= BLUE 0x0d

#define GREEN 0x31

#detine BGCOL 0x0S  /® backgroud color: gray blue ¥/
#define BUBCOL Ox0d  /* button back ground:  blue
#define BUHCOL Oxel  /* burton highlight: red

#define BUTCOL Oxfe /% buttun text color: white
#define CUHCOL 0x31 1 green
fidefine LUT_F2D 5

#define F_RFSH 1

#define F_EXEC 2

#define F_RECO 3

typedef struct {

char *b_text;
int (*d_proc)(;
win_t b _win;

} out_t;

typedef struot
{

coor_t Pl
coor_t P2;
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int type;
int sym;
double bta;
double len;

} Primitive;

tyy edef struct

{
nt no;
char  *name;
int circle;
int live_pwm;
int arc_aum;
in{ eql_pum;
int eqa_pum;
int g 90;
int . 90;
int les_99;
float  compet;
float  thin;
int area;
int peri;
int X0,y0;

} Gen_table;

typedef struct

{
int no;
char  *name;
int nhole;

int gen_no[4];
float  r_area[4];
}Obj_table;

{* function protypes */
int verify(inta }; 3
int inference{ int n ); 3
intrule(intn};

intadd base();

int gen_display(int fig but_t *b,win_t *fbu, win_t *w);
int showbut{ but_t *b, int beol, 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_unalysis( int fig, but_t *b );

int setupluts();

int mair();

File Name: imagep.h

/* Frame buffer */
/*win_t fbul4]:*/
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/* terminate flag */
int term;

/* Corner points ¥/

coor_t left_tleft_b.right tright bitop_lto: rbottom_lbottom_r;
coor_t lefrighttop,bottom,Pim,Pam,Pc,F P2;

coor_t A[6),B[6],C161.D[6],cp[20),cpii?y

coor_t brk[128},maxh;

int Ak Bk,Ck,Dkbrk_num,Ncp:

int brow_st,brow_end,beol_st,beol_end;

/* Blaobs */

win_t bbox{256];

int Nislack,Nwhite,bareaf256};

short  btree[236][4];

int Nobj;

/* primitives */

int xam,yam,xim,ylm,x1,y1,x2,y2,x0,yo0,%c,yc,plabel, Bnum;

int fig_circle,fig_line,flg_arc,flg_dir,Ag_multi,flg_p,flg_brk.flg_mb,flg_arc_low;
int flg_triangle,fig_quart,flg_retry;

double afabelta,dd,hb,R ro,Rx,rax_gh, fit_ratic;

float lxy,

Primitive pr203 »ci[20);
Gen_table blob{256];
Obj_table object[101;
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C Source Code for the Fruit Inspection Machine Vision System
File Name: MV.C

#include <graph.t>
#include <math.h>
#laclude <matloc.h>
#include <stdlit.o>
#include <stdio.i.>
#include <conioh>
#include <dos.h>
#include <process.h>
#include <memory.h>
#include <string.h>
#inclode <time.bh>
#iaclude "mvmeny.h"
#inciude "mvbist.h"
#include "mv.h"

/* Function prototypes */
mt mainf void );

#* Array and enum for main menu ¥/

TTEM mnuMainf] =
{ /* Highlight Char Pos */
{0, "Quit" b
{1, "Live" }
{ 0, "Snap” )
{ 0, "Analysis" 1},
£0, "Learning” },
{ 0, “Write File” 1,
{ I, "Read File" 3,

{ 0, "Display Datz" 1},
{ 0, "Classification” },
{o,™ }

Y

/* Define constants {0, 1, 2,...) for menu chojces */

enuin CHOICES

{
QUIT,LIVE.SNAP,ANALYSIS,LEARNING, WRITE,READ DISPLAY,CLASSIFICATION,
HISTOGRAM={0,THRESHOLD,MEA SUREMENT,EXIT

¥

/* Global video configuration */
struct videoconfig ve;

int main(}
short rowMid, colMid;

short fCelor, fFirstTime = TRUE;
short iMode, iLastMode, iIMainCur = 0, iModesCur =0, iAnlyCur=0;
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/*allocate space for Raw data ©/

BufSeg={unsigned char __huge *)_hallo=(0x20000L sizeof{unsigned char)};
if (BufSeg==NULL}
{ priati{"Insufficient memory available, \n*);
exit(1);

}
/# Allocate mermory for binary data ¥/
Binary_data = { unsigned char __far *_fmalloc(0x£T00);
if ( Binary_data ==NULL }
{ print®"nsufficient memory available. \n");
exit(1);

}
1* Allocate memory for BitMap */
Bithfap = {uosigned char __ far *)_fmalloc{0xe000);
if { BitMap==NULL }
{ printf{"Insuflisieni nemory available. \n"});
exit(l)

1
/* Initiafizing Global De2a Table */

GDTt.zero2=0,
GDT1.s_sce_right=0x53;
GDT1.d_acc_right=0x93;
GDTL.s_length=0x8000;
GDT1.d_length=0x8000;

GDT2.zero2=0,

GDT2:s_ace_right=tx93;
GDT2.d_acc_right=0x93;
GDT2.5_length=0x3000;
GDT2.d_length=0x8000;

for(§=0; j <16; j++)

GDTl.zerol{j]=0;
GDT1.zero3[jj=0;

H
GDT1.zero3{16}=0;
GDT1.2er03[17)=0;

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

GDT2,zeralfi}=0:
GDT2.zero3{ji=0;

}
GDT2.zero3[16}=0;
GD12.2ero3{17)=8;

¥ Sereen */
_displaveursor{ _GCURSOROFF );

_getvideoconfig( &ve );
rowMiZ = ve.aumtextrows / 2;
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colMid = veanumtexteols / 2;
_clearsereen({ GCLEARSCREEN );

Jearn_num=_0;
classify_flag=0;
while{ TRUE )
{

£* Select from menu. ¥/
colMiid = 50;
iMainCur = Menu( rowMid, colMid, mauMain, tMainCur );

/* Bracch to menu chaice. */
switeh( iMiainCur }

case QUIT:
7% End the program */
#* Disable driver ¥/
DisableDriver(;
/* Free Memory */
_ifvee(BitMap};
fiee(Binary_dawa);
hiree{BufSeg);
_setvideomode( _DEFAULTMDE );
returm FALSE;
case LIVE;
get_image();
break;
case SNAP:
Freeza();
break;
case LEARNTG:
learn(};

break;

case ANALYSIS:
itoage_analysisO);
break;

case WRITE:
file_ioCw';
break;

case READ:
fife_io(r);
break;

case DISPLAY:
display_data();
break;

case CLASSIFICATION:
Freeze();
classify(;
break;

}
File Name: MYMENU.C

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

Menu - Putsa ment on screea and reads inpuz for it

Box - Puts a box on screen (fill &t yourself)

GetKey - Geis ASCII or function ksy

_outchar - Displays character using cuzrent text position and color

LA I .

® The foliowing structures are defined:

* MENU - Defires menu colors, box type, and ceniering
* ITEM - Defines {ext of menu item and index of highlight character
[ ]

* The global variable "mnuAtrib" has type MENU. Change this variable *~
* change menu appearance,
of

#include <string.h>
#iaclude <stddefh>
#include <ctype.h>
#include <graph.h>
#include <bios.h>
#include "mymenu.b”
#inciude "mymouse.h”

1* Prototype for intemal fumction */
static void Itemize{ int row, int ¢ol, int fTur, iTEM itm, int cBlank );

/* Defxult menu attribute. The default works for color or B&W. You can
* oaverride the default value by defining your own MENT! variable and
® agsigning it to muuAtrib, Or you can modify specific fields at
* run time. For example, you could use = different attribute for color
® then for black and white.
¥

MENU mnuAtrit =

_TBLACK, TBLACK, TWHITE, TBRIGHTWHITE, TBRIGHTWHITE,
_TWHITE, _[WHITE, _TBLACK, “TWHITE, TBi.ACK,

TRUE,

(unsigned chac)U", (unsigned char)'s', (unsigned char){F, (unsigaed char)A',
(unsigoed char)™, (unsigned char)'A’

J§

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

* selected menu item.
*

* Params: row and col - If *fCentered” attribute of "mnuAtrib® is true,
* center row and column of menu; ctherwise top left of menn

" altesn - array of structure containing the text of each item

* and the index of the hightigbted hot key

* iCur - index of the current selection~—pass 0 for first item,

* or maintain a static value

%

* Return: The index of the selected item
E

* Uses: mnuAtrib
®f
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int Menu( int row, in’ col, ITEM altem[], int iCur)
{
int i;
int cltem, cchltem = 2; /¢ Coumts of items and chars peritem %/
int acchitemMAXITEM]; /* Ay of counts of character in items ¥/
char achHilite[36]; /° Amay for highlight cheacters w!
long bgColor; /* Sereen color, position, and cursor  #/
short fgColo~;
struct recoord re;
urssigned fCursor;

/* Save screen information. */

fCursor = _displaycursor( _GCURSORO¥YF );
bgColor = _getbkeolor();

fgColor = _gettextcolor();

rc =_geRtextposition();

{* Count itemns, find longest, and put count of each in array. Also,
* put the highlighted character from each in 2 string,
of
for{ cltern = 0: atem[cltem).achltem[0]; cltem++)
1
acchlternfcir. . = strlen( altem[cltem}.achltem };
cchitem = (acchitem{cltem] > cchltem) ? acchltemfcltem] : echlitent;
i = altem[citem].iHilite;
achHilitefcItem] = aliemfcltem].achltera[i];
}
cchitem +=2;
achHilite{cltem] = 0; /* Null-terminate and lowercase string */
strlwr{ achHilite );

/* Adjust if centered, and draw menu box. ¥/
if{ mnuAtib.fCentered )
{

sow ~= ¢ltem / 2;
col -= echdten / 2;

Box( row-++, col++, chem, cchitem };

/* Put items on mepu. */
for( i = 0; i < cHem; {++)

if{i==iCur)

Itemize( row + i, col, TRUE, altem{i}, cchitem - acchltem(i] );
else

Itemize{ row + i, cot, FALSE, altem[i], cchltem - acchltem(i] );

}
SetPirPos( cof + (cchltem / 2}, row + iCur );

iCur = EveniLoop( row, col, altem, iCur, cltem, cchltem,
acchltem, achidilite );

_setbkeolor( bgColor );

_settexteolor( fgColor );

_settextposition( re.row, re.col );

_displaycursor{ fCursor );

return iCur;
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int EventLoop( int row, int col, ITEM altem{], int iCur, int <ltem,
int cehltem, int acchltem(], char achHilite[] )

{
unsigned uKey;  /® Unsigned key code ¥
int iPrev;  /* Previous index xf
EVENT  meEvent;
char *pchT;  /* Teniporary character pointer b
static  jnt fBmbDown = FALSE,
while( TRUE )
\
uKey = GetKey( NO_WAIT),
if{ uKey )
{
switch( uKey )
{
case U_UM {*Upkey *
iPrev = iCur;
iCur = (iCur > 0) ? (~-iCur % cltem} : cliem - I;
break;
case U_DN: {* Down key ¥/
iPrev = iCur;
iCur = (iCur < cltem) ? (++iCur % cltem) : 0;
break;
defauft:
if{ uKey >256) /* Ignore unknown funiction key */
continue;

pchT = strehr{ achHilite, (char)tolower( ulCey ) );

iff pchT i= NULL ) /* If in highlight string, evaluate */
iCur = pch'T - achHilite;/* and faif through */

else
continue;  /* Ignore unkown ASCilkey ¥/

case ENTER:
retum iCur;
}

}
else if{ GetMousekvent( &meFvent ))
{

SetPrVis( SHOW );

/* If mouse is on the menu, respond to various events. */
if{ (meBvent.x >= col) && (meEvent.x < (col + cchltem)) &&
(meEvent.y >= row) && (meEventry < (Tow + cltem)) )

/1 1 button is dowr, drag sclection. %/
{f{ meEvent.fsBtn & LEFT_DOWN)
{

fBmDown = TRUE;

iPrev =iCur;

iCur = meEvent.y - row;

#* 1f button goes up from dowa, select current, */
else if{ fBmDown && (meEvent.fsBn & LEFT_DOWN))
{
‘BmDown = FALSE;
iCur = meEvent.y - row;
teturn iCur;
}
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{* Ignore if no button has been pushad, 5/
else
continue;

/* Ignore if off meau, ¥/
else
i continue;
)
else
continue;

/* Redisplay current and previous if we get here through arrow
* move or drag.
74
Iternize( row +iCur, col, TRUE, altem{iCur],
cchlitem - acchlternfiCur] );
Itemize( row + iPrev, col, FALSE, altem{iPrev],
echltem - acchitem[iPrev] );
}

}
/* Box - Draw menu box, filling interior with blanks of the border color,

E3
* Params: row and col - upper left of box
. rowLast and colLast - height and width

L]
% Return: None
*

* Uses: muauAtib
sf
void Box({ int row, int col, int rowLast, int colLast
{
int i
char achT[MAXITEM + 2J; * Temporary array of characters */

/? Set color and position. */
_settextposition( row, col };
_settextcolor( mnuAtrib.fgBorder );
_setbkeolor{ mnuAwib.bgBorder );

% Draw Hox top, ¥/

achTj0} = mnuAnib.chNW;

memset( achT + 1, mouAtrib.chEW, colLast );
achT[colLast + 11 = mnuAtrib.chNE;
schT]colLast +2] =0;

_outtext{ achT);

/* Draw box sides and center. */
achT{0] = mruAtrib.chNS;

memset{ achT + 1, ', colLast );
achTfcolLast + 1] = mnuAtrib.chNS;
achT[colLast + 2] =0;

for( i = 1;i <=rowLast; ++i }

_settextposition{ row + i, col );

_.atext achT );
}
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/* Draw box botiom, */

_settextposition( row + rowLast + 1, col );
achT[0} = mauAtrib.chSW,;

memset{ achT + |, mpuAtrib.chEW, colLast );
achT[cotLast + 1] = mnuAtrit.chSE;
achTicollLast +2] = 0;

_outtext( achT};

{* Itemize - Display one selection {item) of 2 menu, This function
* is normally oaly used internally by Menie.
%
# Params: row and =ol - top lest of menu
» fCur - flag set if item is current selection
? itm - structure containing item text ard index of hightight
* cBiank - count of blanks to fill

¥
* Return: none
[ 3

* Uses: mauAtrib
2/
void ltemize( int row, int cel, int fCur, ITEM itm, int ¢Blank )
{
int i;
char achTIMAXITEM]; /* Temporary array of characters */

/* Set text position and colar, */
_settextposition( row, col );
if{ fCur )

_settextcolor( mnuAtrib.fgSelect );
_setbkcolor{ mnuAtrib.bgSelect );

}
else

_settexteolor( mnuAtrib.fgNormal );
_setbkeolor( mnuAtrib.bgNormal };

)

/* Display item and fill blanks. */
streat( strepy( achT, " "), itm.achltem );
_outtext{ achT );

memset( achT, ', cBlank-);
achT{cBlank] = §;

_outtext(achT };

/* Set position and coior of highlight character, then display it. */
i = itm,iHilite;

_seftextposition{ row, col +i+ 1);

if( fCur }

{

_settextcolor{ mnuAtrib.fgSelHilite );
_setbkeolor{ mnuAsrib.bgSeiHilite );

}

else

_seitextcolor( mouAtrib.fgNormHilite );
_setbkeoler( mnuAtrib.bgNormHilite };
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}
} _ cutchar im.ochltem(i] );

¢ GetKey - Gets a key from the keyboard. This routine distinguishes
9 petween ASCII keys and function or centrol keys with different shift
* gtetes, It also aceepts a flag to return immediately if no key is
* availeble.
-

* Params; fWait - Code 1o indicate how ta handle keybosrd baffer:

* NO WAIT Return 0 if no key in buffer, else relurn key

¢ WAIT  Retum first key if available, elee wxit for key

® CLEAR WAIT Throw awuy any key in buffer end waii for new key

* Retumn: One of the following:

¢

® Keytype High Byte Low Byte

- rr—— P ——p— p——

* No key available (only with NO_WAIT; 0 Q
* ASCI value 0 ASCUlcode

®  {Jnshified function ot keypad 1 scencode
¢ Shifted fmetion or keypad 2 scancode
* CTRL fimction or keypad 3  swancode
* ALT finction ot keypad 4  scancode
*

¥ Note: getkey cannot return codes for keys not 1ecognized by BIOS
-

it 16, such as the CTRL.UP or the 5 kev en the mmeric keypad.

*t

wsigned Gekey( int fWait )
{
unsigned uKey, nShify;

/* 1f CLEAR_WAIT, draig the keyboard buffer. ®/
ifl fWait= CLEAR WAIT)
while({ _bios_keybrd( KEYBRD_READY))
_bios_keybrd{_KEYBRD_READ };

/* ITNO_WAIT. return 0 if there is no key ready. */
iR [fW=l && ! _bios_keybrd{ KEYBRD READY ))
reiun FALSE;

/* Get key code. */
uKey = _bios_keybrd( KEYBRD_READ );

* 1f Iow byte is not zero, i¥'s an ASCH key. Check scan code to see
® if it's on the numeric keypad. If noy, clear high byte and return,
uf

if{ uKey & 0x00fT)

if{ (uUKev >>8) <69}
retura( uKey & 0x00ff );

/* For function keys and numeric keypad, put scan code in lew byte
¢ and shift state codes in high byte.
*/
uKey >>=§;
uShift = _bios_keybrd( _KEYBRD_SHIFTSTATUS ) & 0x000f;
switch( uShift )
{
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case O:

return{ 0x0100 [ uKey ); /* None (x) ¢/
case i;
case 2:
case 3:

retun( 0x0200 fuKey ), /* Shift (2) ¢/
case d;

return{ 0x03G0 | uKey }; /* Control (3} %/
case 8:

return{ 0x0400{ uKey ), /* Alt{4) */

}

}

* _outchar - Display & character. This is the character equivalent of
* outtext. It is affected by _seltextposition, _settextcolor, and

* _setbkcolor. It should not be used in Icops. Build strings and then
* _outtext to show multiple characters.

%

* Params: ch - character to be displayed
&

* Refurn: none
¥
void _outchar( char ch )

stati¢ char ach[2) ="";  /* Temporary array of characters %/

achf0] = ch;
_outtext( ach };

* ClickOrPress - Checks 1o see if a key has been pressed or a mouse
* button clicked. A click is defined as pressing and then refeasing,
*

: Params; none
: Return: TRUE or FALSE
in: ClickCrPress()
{ EVENT ev;
inti=0;

/* Check for press, */
if{ GetKey{ NO_WAIT )}
returm TRUE;

/% Check for click. If button is down, wait untii it is released. #/
if{ tGetMousekvent{ &ev))

retwn 0;
if{ ev.fsBtn )

{
while( TRUE )
if{ GetMouseEveni( &ev ) && lev.fsBm )
return TRUE;

}
retun FALSE;
}
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File Name: MVMOUSE.C

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

Mouselnit - Ipitiafize mouse

GetiMouseEvent - Get information about tnost recent mouse event

SetPrVis - Set visibility of pointer to HIDE or SHOW

SetPuPos  ~ Set position of pointer

SetPrShape ~ Sel shape of pointer in raphics modes, or
character and color in text nrodes

GetPuPos - Get pointer position and button status

L I IR SN

* The following structure is defined:
L

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

#include <graph.b>
finclude "mymouse.h”

/* Internal information used by various inouse functions. */
struct MOUINFO

int  (Exist, finit, fGraph,
short xVirtual, yVirtual;
short xActual, yActeal;
short xLast, yLest

unsigned fsBinLast, cBtn;
} static mi =
{
,0,0,
0,0,
0,0,
0,0,
0,0
b
#pragma optimize( "lge", off ) /* /01, /Qg, and /Oe cannot be used */
/* with inline assembler */

/¢ Mouselnit - Injtiatize mouse and tums on mause pointer. Initializes
* ali internal variables used by other mouse functions. This function
* should be called whenever a new video mode is set, since interral
* varjables are mode-dependent.
%
* Params: none
“ :
* Return: 0 if no mouse avaifable, otherwise number of buttons available
*f
int Mouselnit()
{
struct videoconfig ve;
char __far *pMode = (char __far #}0x00000449L; /* Address for mode */

* Get video configuration. */
_petvideoconfig( &ve );
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f* Handle special case of Hercules graphics. To use mouse with video
* page 0. assume mode 6. To use mouse with page 1, assume mode 3.
* Since the mouse functions couldn't essily 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 nono mode.
&/
if{ ve.mede == _HERCMONO }
{
_setvideomode{ _TEXTMONO );
*pMode = 6;
}
mi, Hnit=1;
__asm
{
sub  ax, ax ;s Mouse function 0, reset mouse
rmov  mi.cBin, ax 3 Assume 6o mouse buttons
inf 33h
mov rmifExist, ax  ; Setexistence flag for fitture calls
or  ax,ax + I AX =0, there is no mouse
jz nomouse
mov mi.cBt, bx : Save aumber of mouse buttons for return

nomouse;

}
iff 'mi.fExist )
return 0}

/* Set graphics flag. */
iff ve.numxpixels )
{

mi.fGraph = 1;
mi.yActual = vc.oumypixels- 1,
mixActual = vc.aumxpixels - §;
}
else
mi.fGraph =0

/* The mouse works on a virtual screen of 640 x pixels by (8 * textrows)
* yertical pixels, By default, it assumes 640 x 200 for 25-live mode.
* You must call function 8 10 adjust for other screen sizes.
*/
mixVirteal =639;
if{ mi.fGraph }
miyVirtual = ve.numypixels « I;
else
i.yViral = {venumtextrows << 3) - I;

/¥ Reset Hercules graphics mode and reset the height. */
if{ ve.mede =_HERCMONO )

_setvideomode( HERCMONO };
mixVirtual =719;
} -

_.asm

{

movy ax,8 ; Set minimum and maximum vertica’
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sub  ¢x,¢x ; Minimum is 0

mov  dx, miyVirual ; Maximum is 8 * rows (or rows SHL 3)
int 33h ; Adjust for 25, 30, 43, 50, or 60 [ines

mov ax, 1 + Tura on mouse pointer

int 33k

mov  &x,3 ; Get initial position and button status

mt 33k

mov mixLast, cx ; Save internally
mov miyLast, dx
mov  mi.fsBmiast, bx

retumn i.cBm; /* 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 event, 0 if no event

*/

int GetMouseEveat( EVENT __ far *pEvent )
{

int rto;

/¥ Make sure that mouse is initialized and exists, */
if{ tmni.fInit )

Mousenit(};
iff ImifBxist )

return 0;

__asm

{ an
mov ax,3 ; Get Mouse position and button status
imt 32h
sub  ax, ax y Assume no event

emp ox,mixbast  ;Has column changed?

jne evest
cmp (x, mi.yLast ; Has row changed?
jne event
cmp  bx, mi.fsBmLast ; Has butten changed?
je noevent
event:
mov  ax,l s if something changed, event occurred

mov  mi.xLast, ¢X ; Update internal variables
mov Imiylast, dx
mov mi.fsBinLast, bx

noevent:
mov rtn, ax ; Set return value
}
/% If event, put adjust values in structure, */
iflem)

f* 1f graphics mode, adjust virtual mouse position to actual
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# screen coordinates.

#f

if{ mi.fGraph }

{
pEvent->x = (short)({lung)jmixLast * mi.xActual) / mi.xVirtual;
pEvent->y = (short}((long)mi.yLast * mi.yActual) / mi.yViral;

}

* 1f text mode, adjust virtunl mouse position to 1-based
¥ row/columy,

¥/

else

pBvent->x = (mi.xLast >>3) + 1;
pEvent->y = (mi.yLast>> 3) + {;

pEvent->fsBm = mi. SBmLast;
}
return rtn;

}

* GetPrPos - Get mouse pointer position and button status regardiess of
* whether there was an event.
E 4

* Params: pEvent - Pointer to event structure
[
* Return: 0 if ao mouse, otherwise 1
s/
int GetParPos{ EVENT __far *pEvent )

/* Make sure that mouse is initialized and exists. ¥/
if{ tmi.fnit )

Mouselnii();
i Imi.fExist )

retum 0;

. asm
{
mov  ax,3 ; Get Mouse position and button status
int 33k
les di, pEvent
mov  es:pBEvent{di].x, cx
mov  es:pEventfdi].y, dx
mov  es:;pEvent[di].fsBin, bx

}

#* If graphics mode, adjust virtual mouse position to actual
* screen coordinates,

*/

I mi.fGraph }

{

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

7% 1f text mode, adjust virtual mouse position to I-based
* row/column.

*f

else

{
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pEvent->x >>=3;
pEvent->y >>=3;
pEvent->x1+;
pEvent->y++;
}
return 1y
}

* 3. PrrVis - Set pointer visibility.
*
*® Params: state - SHOW or HIDE
]

# Rewurn: O if no mouse, othervise §
*f
int SetPtrVis{ PTRVIS pv)

1* Make sure that mouse is initialized and exists, */
if( Imi.finit )

Mouselnit(;
if( \mi.fExist)

return 0;

__asm
{
mov ax, pv ; Show or hide mouse poiater
int 33k
}
}

{* SetPtrPas - Set mouse pointer position.
»

* Params: x - column positio’, in text modes, actual X coordinate in graphics
* y - row position in text modes, actwal y coordinate in graphics
*

* Return: O if no mouse, otherwise 1
*/
int SetPtrPos{ short x, shorty)

/* Make sure that mouse is initialized and exists. */
if( \mi.finit )

Mouselnit();
if( lmi fExist )

return 0;

#% H graphics, adjust actual coordinates to virtual coordinates, #/
if( mifGraph )

« = (shorf){(fong)x * mi.xActual) / mi.xVirwal;
y = (short}((fong)y * mi.yActual) s mi.yVirual;

/* §ftext, adjust row/column to 0-based virtual coordinates, ¥/
else

{
Xen;
¥
X <<= 3;
y <<=3;

}
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__asm
{
mov  ax, 4 3 Set mouse position
mov cLX
mov dx,y
int - 33h
}
retum 1;
}
/* SetPtrihape - Set mouse pointer shape.
*

* Params: X - column position in text modes, setual x coord’nate in graphics
* ¥ - row position in 1ext modes, actual y coordinate in graphics
&

* Return: { if no mouse, otherwise 1
’k,r

int SetPtrShape( PTRSHAPE _far *ps )
{

1* Maké sure that mouse is initialized aud exists. */
if( Imi. fIni¢ }

Mouselnit();
iff !mi.fExist )

return O3

% If graphics, use poiater shape bitmask array. */

if{ mifGraph)
{
_asm
{
les di,ps
mov by, es:[di].gxHot ; Load hot spot offsets
mov  cx, es:fdil.g.yHot
mov d ,di
adu dx, 4
aov  ax,? ; Set graphics pointer
int 33h
}
7* 1f text, use pointer color/characier valugs. */
eise
{
_asm
{
les dips
mov bx, 0 ; Use software cursor
mov  cl, es:[di}.t.chScreen
mov  ch, es:[di].t.atScreen
mov  dl, es:[di].t.chCursor
mov  dh, esifdil.tatCursor
mov  ax, 10 ; Set text pointer
int 33h
}
return 1,
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}
#pragma optimize( ™, on)

File Name: ANALY JS C

/ttslttottvttttsttéit ! wﬁ‘*tt9“#‘#00“‘##.‘0*‘8!13#2##!ltlna!/

I* 8/
£ ANALYSIS.C Imagean~7vi ¢ 4 measurment 1

fl‘ *l’

[ﬁ#‘ltt'#:#8‘0@tB'!t‘#1‘*‘#3’8“8#RO##’Cﬁ@QOttBQ)!’F#!O‘#0##8/

#include <stdio.h>

#include <stdlibh>

#include <malloc.h>
#include <sigoal.b>

#include <dos.h>

finclude <process.hi>
#include <memory.h>
#include <stringh>

#include <graphh>

#include <math.h>

#include "mvh"

#include <timeh>

#iaclude "mvmenuk”
#include "mvblsth"

int xleft,yleft,xright,yright;
unsigned char mask0=0x80;
unsigned char far *Screen={ unsigned char far *)0xA0000000;
/* Function prototypes */

int image_analysis(y;

/1 Frame Buffer Operation

void bmove(;

void bread{ unsigued char x);
{/MBinary_data operaticn

void frame_io_binary(,

void _pixel_ent();

void _thresholdQ);

void remove_noise();

void search_diameter();

void grayscale_analysis(); ,
void menu_grayscals();
_measurement();

// Display functions

void binary_to_bitmap();

void bitary_image_dspQ);

i

void valley( char key);

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

{ 0, "Histogram" }
{0, "Threshold" 5
{0, "Measurement”  }
{ 0, "Intensity” },
{0, "Exit" },
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h
enum ANALY

EXIT,THRESHOLD,MEASUREMENT, HISTOGRAM,INTENSITY
h
void sum()

{
unsigned int i

for(i=0i<0xfffe;i+=2)
{

pixel_val= *(BufSeg+i);
pixel_val= pixel_val >> 1;
pixel numfpixef _val] ++;

i=Oxiffe;
pixel_val=*(BufScg+i);
pixel_vat= pixel_val>> I;
pixel numfpixei_val] 4+ ;

}
void bmove()

{
struct GDT far *gdty;
gétp = &GDTI;
regs h.ah=0x87;
fnregs.x.cx= 0x4000;
inregs.x.si= FP_OFF(gdtp);
segreg.es = FP_SEG{gdtp);
_int86x(0x15,&inregs,&outregs, &segreg );
if (outregs.x.cflag)
printf{" Data Transferring Error(First 32K) 1);

/* Another 32k data transferring */

gdtp = &GDT2;

"inregs.h.ah=0x87;

inregs.x.ex= 0xd4000;

inregs.x.si= FP_OTF(gdtp);

segreges = FF_SEG(adip);

_int86x(0x15,&inregs,&outregs,&segreg );

if {outregs.x.cflag)

printf("Data transferring error {Second 32K)I"Y;

}

void bread( unsigned char x)

{
/* ' iitialising soure and destine address */
ac r=(unsigned long )BufSeg;
GDTI1.é_ad0 = (unsigned char)(addr >> 12);
GDT1.d_ad) = (unsigned char)(addr >> 20);
GDT1.8_ad2 = {unsigned char)(addr >> 28);
GDTl,s_adl =0
GDT1.5_ad0=0;

addr=addr+0x8000000L;
GDT2.d_ado = (unsigned char} (addr >> 12);
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GDT2.d_sd! = (unsigaed char){addr >> 20);
GDT2.d_ad2 = (unsigned char){addr >> 28);
GDT2.s _adl =0x86;

GDT2.s_ad0=0;

GDTls_ad2=x;
GDT2.s_ad2=x;
bmove();

| )
void bwrite{ unsigned x)
{ .

/* Initialising soure and destine address */
addr=(unsigned long }BufSeg;

GIDXT1.s_ad0 = (unsigned char)}{addr >> 12);
GDT1.s_adl = {(unsigned char)(addr >> 20);
GDTl.s, 8d2 = (unsigned char)(addr >> 28); ﬂ
GDTLd adl =0;
GDTi.d_ad0=0;

addr=addr+)x8000000L,

GDT2.5_ad0 = {unsigned char} (addr >> 12);
GDT2.s_gdl = (unsigned char)(addr >> 20);
GDT2.5_ad2 = (unsigned charXaddr >> 28);
GDT2.d_sdl = 0x80;

GDT2.d_ad0=0;

GDTLd_ad2=x;

GDT2.d_ad2ex;
bmove();

void pixel cnt(}

vngigned char ad2;
intx.y;

#* Clear up array pixel numf] */
for (=0, j< 128; j++)
‘{ um[i}=0;
F
/* Data transferring and Counting */
for(j=0xf0; j<0xf6; j++)

ad2=(unsigued char)j;

bread(ad2);

for (y=0; y<32; y++)
{

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

pixel_val=*(BufSeg+y*2048+x+2);
pixel_val=pixel_val>>1;
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pixel_num{pixel_valj++;
}

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

for { x=0; x<320; x++)
{
pixel_val=*(BufSeg+y*2048+x*2);

pixel_val= pixel_val>>1;
pixel_numfpixel_val]++;

}
}
}
void threshold(
{

unsigned tong linel;
unsigned short line;
/* threshold pixel values and data transferring %/

col_st=0;
col_end=320,
for(j=0x10; j<0xf6; j++)

{
/* Move 64k data from Frame Buifer to BufSeg %/
bread((unsigned char));
1in0=(j&0xDf)*32;
f*threshold pixel values and put them in Binary_data */
for(line=0; line<32; line-+t+)

linet={(unsigned long)line}*2048;
lin=tin0+ine; :
for ( col=col_st; col<col_end; coli+) 3

pixel_val=*{BufSeg Hinel+col*2);
pixel_val >>=1;
if{ pixe]_val < threshold_val )
*(Binary_data +lin*XWIDTH+col )= 0;
else
*(Binary_data+lin*XWIDTH++col)=1;

}

}

bread( Oxf6 );

fin0=6%32;

for(line=0; line<8; linei-+)

line1=}ine*2048;
iin=lin0+line;
for ( col=ro!_st; col<col_end; col++)

{
pixel_val= *(BufSeg +latel+col*2),
pixel_val >>=1;
if{ pixel_val < threshold_val ) :
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*(Binary_date Hin* XWIDTH-~col )= 0;
else
*(Binary_dstaHin*XWIDTH+col)=1;

}
void _frame_to_binary()

unsigned long  linel;
unsigned short line;

/% Selection of vange */
col_st={};
col_end=320;
for(j=0x0; j<0xf6; j+-+)

{
/* Move 64k duta from Frame Buffer to BufSeg ¢/
bread({unsigned char)j);
HnO=(j&0x0£)*32;
#* Take prayscale values and put them in Binary_data*/
for(line=0; line<32; line++)
line1={{unsigned long)line)*2048;
lin=1in0+line;
for ( col=col_st; col<col_end; col++)
pixel_val=*{BufSeg +linei+col*2);
pixel_val >>=1;
*(Binary_data +lin* XWIDTH+col )= pixel_val;

}
}
bread( 0x{6 );
lin0=6*32;
for(line=0; line<8; line++)
linel=line*2048;
lin=lin0--line;
for { col=col_st; col<col_end; col++)
pixel_val=*{BufSeg +linel+col*2});

pixel_vai >>=l;
*(Binary_data +in*XWIDTH:+col )= pixel_val;

void _pixel_cnt()
* Clear up array pixel_oum{] */
for (j=0; j< 128; j++)
{ pixel_wum[j]=0;

1* Counting pixel intensity cccurence number %/
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for{ jin=10; 1iu<190; lin++)
for ( col=10; col<319; col++)
{

pixel_val=*(Binary_data +lin* XWIDTH+col);
pixel_num([pixel_val] ++;

}
void _threshold(}
for (lin=10; 1in<200; lin++)
for { col=10; ¢ol<320; col++)

pixel_val=*(Binary_data Hin*XWIDTH+col);
it { pixel_val < threshold_val}

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

*(Binary_data +lin* XWIDTH+col)=1;

void binary_to_bitmap()
{

/* clear the memory #/
_fmemset( BitMap,0,0xd000);
/* convert binary data to bitmap ¢/
for { 1in=0; 1lin<200; lin++)

{

for { col=0; col<XWIDTH; col++ )

pixel_val= *(Binary_data +lin*XWIDTH + col);
if { pixel_vai=0)
{

col_bit={(unsigned char) col}&0x07;
mask=mask0>>col_bif;

byte_val= *(BitMap + 1in¥128 +(col>>3));
byte_val=byte_valimask;

*(BitMap + lin* 128 -+(col>>3))=byte_val;

}

}
void valley( char key }
{
unsigned long  peak[6],min{6);
unsigned char  peak_val{6), min_val[6], i,j,m;
/* Searching for peaks */
m=1;
for ( i=1; i<i26; i++)
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if ( pixel_numfi+}] < pixel_num[i} )
for  j=i+2; j<126; j++)
{

if ( pixel_numl[j] > pixel_numl[i} )
£ ii (j>i+DELT)

peakfm] = pixe]_numf(i});

peak_val{m]=i;

m;
=j1;
break;

}
else

{ =-1;
break;

}

}
}
}
Flm=7)

{ printf{ " peak number more than 6 !");

}
if{j==128)
{  peakfm] = pixel_numfi};
peak_val[m}=1i;

mi+;
break;
}
}
/* Searching for two valleys */
m=m-{;
if(m=1)
{  printf "Only one peak: %3d" peak_valim]);
retumm;
}
f(m>2)

for { j=1; j<m; j++)

i= peak_val[j];
min[j}=pixel_num(i];
for { i=peak_val[j]; i< peak_val[j+1]; i++ )
it ( pixel_num[i] < min(j])
{ minff} = pixel_num[i];
min_valfi]=i;

}
}
/* if (key=="M"
{ for (j=1; j<m; j++)

printl " valley (%3d)=%3d *, j,min_vai[j]);
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}
}
#f
}
if{m==2)
i=peak val{i];
min[1]=pixe}_numfi];
for ( i=peak_val[1]; i<peak_val[2]; i++)
{
if ( pixel_num[i] <minf1])
{ min{i}= pixel_mmii);
min_val{1j=i;
}
” if { key="M'}
printf{ " Only one Valley = %3d *, min_val[1]);
3/

}
/¥ if ( (peak{1]<peak[3]) && (peak(3)< peak(2}))
threshold_val=min_val(2];
else
af
threshold_val=min_val[1];

}
data_compress()

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

* Clear memory of BitMap */
_fmemsei( BitMap,0, 0xd000);
/* Compress raw data freezed in frame buffer into the bit-plane named as BitMap, according to the
given threshold value ¥/
for ( k=0xf0; k<0xf; k++)
{

/* Move 64k data from FrameBuffer to BufSeg */
bread(k);
1inG = ( k&0x0£)*32;
/*Write to BitMap */
for ( i=0; i<0xfife; i+=2)
{

col = ( i&0x07€F )>>1;
lin = lin0 -+ (i>>11),
col_bit= ( (unsigned char)co! )& 0x07;

pixel_val=*(BufSeg +i);
pixel_val=pixel_val>>1;
if ( pixel_val<threshold_val }

mask= mask0>>col_bit;

byte_val= *(BitMap+lin*128+ (col>>»3));

byte_val=byte_vat | mask;

*(BitMap+ lin*128 + ( col>>3)) = byte_val;
}
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}
i=0xfife;
col = (i&0x07E )>>1;
lin = linG + (i>>11);
co]_bit = ( {unsigned char)eoi )& 0x07;

pixel val=*(BufSeg +i);

pixel_val=pixel_val>>];

if { pieal_val<threshold_val }
{

mask= mask0>>col_bit;
byte_val= *(BitMap+lin® 128+ (col>>3));
byte val=byte val | mask;

, *(BitMap+ lin*128 + { cab>>3)) = byte_val;

}

void binary_image_dsp(}

{ .
int x,y;

/% printf("\n Starting line(0,200) &End line(C,200) ");
seanrf{"%d%d",&lin_st,&lin_end);
printf{*\n Starting columa(0,40)& End column{0,40) ");

A scanf{"%d%d",&col_st,&col_end);

/

/* Selected image range */
lin_st=10;
lin_end=190;
¢ol_st=0;
cof_ead=40;

/* Display on screen */
_setvideornode{ _VRES16COLOR );

/* clear screen */
_fmemset( Screen, 0, 0x95600);

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

for { x=col_st; x<col_end; x++)
*(Screen+y*80-+x) = “( BitMap + y*128 +x);
}
/* drawing diameter */
_setcolos(2);
_setlinestyle( OxffiT):

_moveto{ xleftyiuit);
_lineto{ xright,yright):
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/* set cursor position *
regs.h.ah=2;
regs.h.bh=0;
regs.h.dh=13,
regs.h.dl=0;
int86(0x10,&regs,&regs);
printf{™r Threshold value= %d" threshold_vai);
printf{"\n Diameter = %4 ", diameter);
getch(;
}

void remove_noise()
£
1nsigned short  pd=D,p8=0,area=0;
unsigned char  a,al,a,33,a4,a5,a6,a7,a8;
int  col_end b;
float pi;
/% Selected image range */
lin_st=10;
lin_end=200;
col_st=20;
col_end=40;
/f col_end_b=col_end*$;
for { lin=lin_st; lin<lin_end; lin++)

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

a0 =*(Binary_data+ lin*XWIDTH + col);
if(a0==1) /*a0=I is foreground */
{

al=*(Binary_data +(1in~1)*320 +col-1);

a2= *(Binary_data + ({in-1)*320 +col);

a3= *(Binary_data + ({in-1)*320 +col+1);
- ad= *(Binary_data 4}in*320 +col+1);

aS= *(Binary_data +H(lin+1)*320 +col+1);

a6= *(Binary_data +(lin+1)*320 +ool);

a7=*(Binary_data +1lin+1)*320 +cai-1);

a8= ¢(Binary_data +lin*320 +col-1);

if (al)a2}/a3 ffad || a$ | a6 [} a7} a8)

o8+
else

*(Bitary_data+ [in*XWIDTH + col)=0;

void search_diameter()
{

int x,y;

xleft=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=*(Binary_data + y*320 + x);
if ( pixel_val==1)
{

Xright=x;
yright=y;
}
}
for { x=300; x>»10; x)
for { y=20; y<180; y++)
{

pixel_val=*(Bicary_data + y*320 +x);
if ( pixel_val=1)
{

xleft=x;
yleft=v;

}

diameter=xright-xieft;

H
void grayscale_analysiz()
{

int x,y,point],point2,poiat3;

int pixel num_r2,pixel_num_r3,pixel_num_r4,foreground;

int
max_onum,max_val,avg_num,sub_sum,sub_valmax_sub,icut_point,avg_grayscale,sum_num;

float rate2,mex r;

long sum_pixel_val;

char key;

_frame_to_binary();

_pixel_cai();

/* Display on screea */

_clearsereen( GCLEARSCREEN );

menu_grayscale(};

while{ (key=getch()) = ESCAPE )

/* clear screen */

_clearscreen{ GCLEARSCREEN };
switch(key)

{

case 'R":

_measurement();

_frame_to_binary();

_bixel_cnt();

_settextposition(20,0);

printf(" Plotting. Please waiting...");
/* Selected image range */

fin_st=10;

lin_end=150;
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col_st=1;
col_end=40;

pixel_num_r2=0;
pixel_num_g3=0;
pixel_npum_r4=0;

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

{
for { y=10; y<1905y++)

pixel_val=*(Binary_data+ y*320 +x);
if { pixel_val <= threshold_val)

_setcolon(0);
_setpixel(x,y);

if ( pixel_val>threshold_val && pixel_val< cut_poiat] )
_setcolor(1);

_setpixel(x,y);
pixel_num_r24-+;

}
if { (pixel_val>= cut_point]) && pixel_val<cut_point2 )
{
_seteolor(2);
_Setpixel(x,y);
pixel_num y2++
}
i { (pixet_val>= cut_point2) && pixel val<cut point3 )
_setcolor(3);
_satpixel(x,y);

pixel_num_r3++;

}
if ( pixel_val >= cut_point3)

_setcolor(4);
_setpixel(x.y);
pixel_num_pr4++;
}
}
/* set cursor position s/
regs.h.ah=2;
regs.h.bh=0;
regs.h.dh=13;
regs.h.dl=0;
int86(0x 10,&regs,&regs);

printf(*\n Grayscale distribution analysis by assigring volor to selected ranges ")

printf{"n Range0; [0--threshold] (black color)point]= %4 “,cut_pointl);

printf{*\n Rangel: [thresiad--point1} (blue color)pointl= %d ratiol=%f",cut_point] ratiol);
printf{"\n Range2: [point1-point2] (Green color) point2= %d ratio2=%f ",cut_point2,ratio2);
printf{("\n Range3; {point2--point3}{light blue color) point3= %d ratio3=%f",cut_point3,ratio3);
printf{"n Ranged: >pointd { Redcolor  }")

printf"\n point! - point3 ratie=%{" ratiod);

getch();
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break;

case 'C:
print{" \a Input cut point:“);
scanf("%d" &cut_point);
/* Caiculating average number of pixels */
avg_num=0;
max_pur:=pixel_num[cui_pointt
max_val=0;
sure_pixel val=0;
sum_sum=0;
for ( i=cut_point; pixel_numii}>Q; i++)}

sum_aum += pixel_numf{i];
if ( pixel_num[i] > max_pum )
{ max_num = pixe!_num(i];
max_val =1i;

sum_pixel_val += (fong)i*{(fong)pixel_numfi]);

}
/% Object mean suface gray level ¥/
avg_grayscale= (int)(sum_pixel_val/sum_num);
avg_num = sum_num/{i-cut_point};
sub_sum=0;
for ( i=cut_point; i<128; i++}

{

sub_val=pixel_num[ij-avg_num;
if (sub_val>0)
sub_sum <= sub_val;

max_sub=pixel_nuwafmax_val] - avg_num;

max_r= ({float)avg_num Y/((float)pixel nuvm[max_val]);

printfi™n Average number=%d; Total num of pixel abave
avg=%d",avg_num,sub_sur);

printf"\n Max val=%sd at %d ; Average Grayscate=%d;\n max sub=%d;
ratio=%f",max_nusm,max_val,avg_grayscale,max_sub,max_t);

geteh();
break;
h
meny_grayscale();
}
_fmemset{ Screen, 0, 0x2600);
}
_measurement()
{
unsigned short  sum_pixel num=0;
unsigned char  a0,al,42,a3,a4,a5,a6,a7,a8;
long sum_multi_val_num=0;
int  col_end b;
get_color(};
/* Transfer data */
_frame_to_binary();
_pixel_cnt();
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/* Before threshold the Binary_data */

_area=0;
for { i=threshold_val; i<128;i++)

area+=(nasigned short)pixel_num{i];
sum_multi_val_pum += ((long)i) * ((long)(pixel_numii]));

}

mean_grayseale = (int) { sum_multi_val_numX(long)area));

cut_point! = (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_pixel_num=0,

for  i=threshold_val; I<cut_pointii+)
sum_pixel_pum+=(unsigned short)pixel_num(il;

ratio} =((float} sum_pixel_num)/{(float)area);

sunt_pixel_num=0;

for { = threshold_val; i<cut_point2; i++)
sum_pixel_nurm-+=pixel_numl{il;

ratio? =({(foat) sum_pixel num)/((f: ja a)

sum_pixel_num=0;

for { i~ threshold_val; i<cut_point3; i++)
sum_pixel_num+=pixel_num{i];

ratio3 =((float) sum_pixet_nurm)/((float)area);

sum_pixel_num=0;

for ( i=cut_pointl; i< cut_point3; i++)
sum_pivel_sum+=pixel_nvmfi];

ratiod =((float) sum_pixel_num)/((float)area);

1% Threshold then calcuiate perimeter and area */

_threghold(};

remove_noise();

search_dizmeter();

/¢ Selected image range */

lin_st=10;

lin_end=190;

col_st=20;

col_end=40;

col_end_b=310;

area(=0;

pd=0;

p8=40;

for { lin=lin_st; lin<lin_end; lin++)

for ( col=col_st; col<col_end_b; col++)

{
a0 =*(Binay_data+ lin*XWIDTH + col);
if(a0==0) /*a0=0is forsground */
{

areal++;

al= *(Binary_data +(lin-1)*320 +col-1);
a2=*(Binary_data + (lin-1)*320 +col);
a3= *(Binary_data + (lin-1)*320 +col+1);
ad= *(Binary_data +lin®320 -+coi+1);

a5= *(Binary_data +(lin+1)*320 +col+1);
a6=*(Binary_data +(lin+1}*320 +col);
a7= *(Binary_data +(lin+1)*320 +col-1);
a8= *(Binary_data Hin?320 +col-1});
if(al)laz|la3(|a4fja5] a6 }a7{ as8)
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p8 4
if(aZ]la4 ) a6 || a8) E

pa ++; |
}

}
pi= 12,5663 74 ((float)area0)/({float)pd *(float)pl);
perimeter = (unsigned short)sqre{{{double)p4 y*{(double)p8));

}
sample_dst(

double surs_x,sum_sqgr,
sum_x=0;
for (i=0; i<sample_num; i++)
sum_x += (double)sample[i].diameter;
mean_sample.diameter = (int)(sum_x/{double)sample_num});
sum_sqr=1{;
for (i=0; i<sample_nwmn; i++)
sum_sqr += {double)( {samplefi}.diameter - mean_sample.diameter)*(samplelil.diameter
-mean sample.diameter});
’ std_.‘>v_sample.diameter = sqri( sum_sqr/((doubie)sample_num));
/
sum_x=0;
for { i=0; i<sample_num; i++)
sum_x += (double)sample[i}. mean_grayscale;
mean_sample.mean_grayseale = (in)(sum_x/(double)sample_nim);
sum_sqr =0,
for {i=0; i<sample_num; i++)
sum_sqr += (double)( (sample[il.mean_grayscale -
mean_sample.mean_pgrayscale)*(sampie[i].mean_grayscale - mean_sample.mean_grayscale));
std_dev_sample.mean_grayscale = sqri{ sum_sqr/({double)sample_num));
i
i
sum_x=0;
for { i=0; i<sample_num; i++)
sum_x += {double)samplefi].areq;
inean_sample.area = (unsigned short){sum_x/(doublcjsample_num);
sum_sqgr = 0;
for (;=0; i<sample_num; i++)
sum_sqr += (double)( (sample[i].area - mean_sample.ares)*(samplefi].area -
mean _sample.ares));
std_dev_sample.area = sqri( sum_sqr/((double)sample_num)}),
#
sum_3. <0,
for (i=0; i<sample_num; i-++)
sum_x += (double)samplefi].perimeter;
mean_sample.perineter = (unsigned short){sum_x/(doubie)sample_num);
sum_sqr = 0;
for (i=0; i<sample_num; i++)
sum_sqr += (double){ {sample{i}.perimeter -
mean_sample.perimeter)*(sample[i].perimeter - mean_sample.perimeter));
std_dev_sample.perimeter = sqri{ sum_sqr/({doubie)sample_num));
b
sum_x=0;
for ( i=0; i<sample_num; i++)
sum_x += (double)samyple(i].compactness;
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mean_sample.compactness = (float)(sum_x/(double)sample_num);
sum_sqr =9,
for (i=0; i<sample_num; j++)
sum_sqr += (double){ (sample[i].compactness -
mean_sample.compactness)*(sample[i].compactness - mean_sample.compaciness));
; std_dev_sample.compactness = sqrt{ sum_sqt/((double)sample_num});
i/
sum_x=03
for { i=0; i<sample_num; i++)
sum_Xx -+= (double)samplefi].ratiol;
mean_sample.ratio} = {float)(sum_x/(double)sample_num);
sum_sqr =0;
for (i=0; i<sample_num,; i++)
surm_sqr -+= (double){ (samplefi}.ratic] - mean_sample.ratio1}*(sample[i}.ratio] -
mean_samiple.ratiol));
std_dev_sample.ratio] = sqrt( sum_sqr/{(double)sample_num});
i
sum_x=0;
for (i=0; i<sample_num; i++)
surp £ 4= (double)sample[i].ratio2;
mean_samy 2ratio2 = (float){sum_x/(double)sumple_num);
sum_sqr =0;
for (i=C; i<sample_num; i++)
sum_sqr += (double)( (sample{i].ratio2 - mean_sample ratio2)*(samplefi].ratio2 -
mean_samplesatio2));
std_dev_sample.ratio2 = sqri( sum_sqr/(/double)sample_num));
f
sura_x=0;
for { i=0; i<sample_nwm; i++}
sum_X += (double)samplefi}.ratio3;
inean_sample.ratio3 = {float)(sum_x/{double)sample_num)
sum_sqr = 0;
for (i=0; i<sample_num; i++)
sum_sqr += (double)( (samplefi}.ratio3 - mean_sample.ratio3)*(samplefi].ratio3 -
wean_sample.ratio3));
std_dev_sample,ratio3 = sqri( swn_sqr/((double)samiple_num));
i
sum_x=0;
for ( 1=0; i<sample_num; i++)
sum_X += (double)sample(i].ratiod;
mean_semple.ratiod = (float)(sum_x/(double)sample_num);
sum_sqr =0,
for (i=0; i<sample_nury; i++)
sum_sqr += (douhle) (sample[i].ratiod - mean_sampie.ratiod)* (samplefi].ratio4 -
mean_sample.ratiod));
std_dev_sample.ratiod = squt( sum_sqri{(double)sampte_num));
H

}
void menu_dsp()
{
/*clear screen */
/¥ set cursor position */
regs.h.ah=2;
regs.h.bh=0;
regs.h.dh=13;
regs.h.dl=0;
int86(0x 10,8regs,&regs);
printf{ "\n <A>cto threshold; \n <M>easurement;\n <T>hreshold *);
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printf "\n <H>istogram; \n <G>myscale analysis>; \n <Esc> to exit. ");
'
void menu_grayscale()

Feclear screen ¢/
_Ememset( Screen, 0, 0x9600);
¥ set cursor position ®/
regs.h.ah=2;
regs.h.bh=0;
regs.h.dh=10;
regs.h.dl=9;
int36(0x10,&reps, &regs);
printf "\n Surface Intensity Distribution Analysis \n (1)<Range> select ");
printf{ "n (2) <C>ut poiat selection \n <Esc> to exit. ");

}
int image_analysis(}

char key;
clock_t start,finish;
double duration;

/* Get Binary tmage */

f* Trensfer frame buffer to Binary area */
,‘

_frame_to_binary();

start=clock();

_pixel_¢nt(Q);

threshold_val=58;

_threshold();

remove_noise();

search_diameter();

finish=clock(};

duration=( double )(finich-start)CLOCKS_PER_SEC;

printR™\n Time spending: %2.1fseconds”,duration);

getch(;

bistary_to_bitmap();

binary_iimage_dsp(;
.

{* Display meau */
menu_dsp();
while( (key=getch()) I= ESCAPE)
{

/% Branch {0 menu choices ¥/

switch (key)

{

case 'A"
#* Compress Raw data in Frame Buffer into Binary_data area*/
_frame_to_binary();
_pixel_cnt();

/* Automaticly choose threshold value */
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valley(key);
_threshold();

remaove_noise();
search_diameter();

/* Display on screen */
binaty_to_bitmap();

i »inary_image_dsp(;
_clearscreen( GCLEARSCREEN ),
break;

~aea "

/% set cusor position ¥/
inryzs.ah=2;

Inregs.h.bh=0;

inregs.h.dh=22;

irregs.h.di=0;
_int86{0x10,&inregs,&outregs);
printf{"Input threshold value ="}
scanf{ " %", &threshold_val );

_frame_to_binary();
pixel_cntQ;

_threshold();

remove_noise();
search_diameter();

_fmemset( Screen, 0, 0x9600);
binary_to_bitmap();
binary_image_dsp();

break;

case ‘M

_setvideomode{ VRES16COLOR );
_Clearscreen( _GCLEARSCREEN ),
_settexiposition(10,0);
printR" Input threshold value: ");
scenf("¥ed" A threshold_val); 3

" print{"a Cut pointl: *); ;|
scanf{"%d",&cut_pomtl); ;
printf{™n Cut point2: ");
scanf("%d" &eut_point2);
printf{"o Cut point3: “);
scanf("%d", &cut_point3);

&
_measurement();

printf{"\n P4=%d  P8=%4d",p4,p8);

printf(*"\n Perimeter= %hu",perimeter);

printi{"n AreaG=%huy Area=%hu",areal,area);

printf{"\n PI= %£",pi);

printf{"n Diameter = %d" diameter);

printf{"a Surface Mean Grayscale= %d",mean_grayscale);
printf{™s (Threshold value->cut point 1) Ratio]l=%f",ratiol);
printf("\n (Threshold value->cut point 2) Ratio2=%f",ratio2);
printf{"n (Threshold valte->¢ut point 3) Ratio3=%{" ratio3);
printf{™a (Cut pointl-> cut_point3) Ratied=%1f" ratiod);
printf{"\n Threshold value= %d" threshold_vai};

printf(*\n Componantof Red= %d Green= %d Blue=%d",red,green,blus);
getch(;
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_setvideomode{ _DEFAULTMODE );
break;

case ‘G"
_setvideomode( _VRESI6COLOR );
_clearsereen{ GCLEARSCREEN };
_settextposition(10,0);
printf{" Input thrashold value: ™),
scanf("%d",&threshoid_val);
graysele_analysis();
Ssetvideomode{ _DEFAULTMODE);
break;

case "H":

/¢ Compress Raw dats in Frame Buffer into Binary_dats area®/

_frame to_binary(};
_pixel_ent();
_clearscreen{ _GCLEARSCREEN );
histogram_dsp{);
break;

}
{* Display menu */
meny_dsp();

}
_setvideomode( DEFAULTMODE);
}

learn(}

{
__setvideomode(_VRES16COLCR );
_clearscresn{ GCLEARSCREEN );
if ( leatm_num = 0)

_settextposition(10,0};
printf{" Input threshold value: ");
scanf("%d" &threshold_val);
,It
printf("\n Cut pointl: ")
scanf{"%d",&cut_pointl);
printf(*\n Cut point2: ");
scanf{"%d",&cut_point2);
printf{"\n Cut pointd; ");
scanf("%d", &cut_pointd);
*/

}

/*  Compress frame data into Binary_data */
_frame_to binary();
_pixel_eni();

/* Measurement */
_measurement();
sample[learn_pum].area=area0;
sample[learn_num].perimeter=perimeter;
samplefiearn_num}.mean_grayscale~mean_grayscale;
samplefiearn_num}.compactness = pi;
sampleflearn_numj.ratiol = ratiol;
sample[learn_num}.ratio? = ratio2;
samplellearn_numj.ratio3 =ratio3;
sample[learn_num].ratiod = ratiod;

remove_noise();
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search_diameter(;
saraple{learn_num].diameter = diameter;

learn_aum++;
sample_num=learn_num;

_setvideomode{ DEFAULTMODE);

classify()
{

unsigned short sum_pixel_oum;
fong sum_mmiti val num;
float min_u;
/* Read the template */
if ( classify_flag = 0)
file_jo{'t);
_setyideomode{ _VRES16COLOR );
_clearsereen{ GCLEARSCREEN };
printf("n mean_d %d std_dev_d %2.3f mean_r%fstd_dev_r %f",mean_sample.diameter,
std_dzv_sample.diameter,mean_sampie.ratiod,std_dev_sampleratiod);
printf{"\ Threshold= %d Delt=%£" thresbold_valx_delt);
if ( std_dev_sample.diameter =={)

{

_setvideomode( DEFAULTMODE);
return(C);

}

/* Image measuremenr */
* Transfer data */
_frame to_binary();
_pixel_cot();
area={;
sum_mull_val_num =90,
for { i=threshold_val; i<128;i++)
{
area+=(unsigned short)pixel_num[i];
sum_muiti_val_num += {(foog)t) * ((long){pixel_num{i}));

}
mean_grayscale = (int) { sum_malti val_pum/({long)area));
cut_pointl = (unsigned char) ( {floatymean_pra:scale*0.92);
cut_point2 = (unsigned char) ({(float)mean_grayscale*0.95);
cut_point3 = (unsigned char) ( {float)mean_grayscale*0.98);

sum_pixel_num=0;
for ( i=cut_pointl; i< cut_poini3; i++)
sum_pixel_num+=pixel_num(i];
ratiod =((floaf) sum_pixel_num)/{(float)area);
/* Threshold thea calculate perimeter and area */
_threshold();
remove_noise();
search_diameter();
printf{"\n Diameter= %d Ratio=%f" diameter,ratiod);
/* Calculate the membership fuction values */
if ( diameter< (mean_sample.diameter - 3.0*std_dey_sample.diameter))
ul.diameter = 0;
else
if { diameter > ( mean_sample.diameter-std_dev_sample.diameter))
ul.diameter = 1;
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else
ul.diameter = (diameter-mean_sample diameter+

3.0%std_dev_sample.diameter)/(2.0°std_dev_sample.diameter);
if ( ratiod > { mcen_sample.ratiod + stq_dev_sampia.ratiod) )

ul.ratio ={;
else

if ( ratiod < (tpeen_sarnple.ratiod-std_dev_sample.ratiod))

ulratio=1;

else

ulaatio= (mean_sample.ratiod +std_dev_sample.ratiod-ratio4)/(2.09std_dev_sample.ratiod);

/* Display results */

printh™n membership function u(dy= %2.1f",ul.diameter);

printf{™u membership function u()= %2.1{",ul.rtio);

print{™a threshold delt=%2.11"x_delt);

win_v = ul.diameter;

if (ul.diameter > ul.ratio)

min_u=ul.ratio;
if (min_u>=x_delt)
printf{™n It belongs to this class");
eise .
printf(™\n it does not belong to this ciass™);

getch();

_setvideomade{ _DEFAULTMODE);

classify_flag=1,
}

display_dataQ)

_setvideomode( _VRES16COLOR );

/* Displaying on the screen */

_clearscreen( _GCLEARSCREEN );

_settextposition{ 0,0);

ariati'Number of samples: %d",sample_nurn);

printf{"nD mean area P Pi ratiol ratio2 ratio3 ratied™);

for ( i=0; i<sample_pum; i++)

printf{"n%d %d %hu %hu %F %f %f %1 %,

sample{i].diameter,sample[i} mean_grayscale,sample[i].area,

sample[i}.perimeter,samplelil.compactness,

sample[f}.ratiol, sample{ijratio2,sample[i]. ratio3,sampiefi].ratiod);

sample_dstQ;

printf"\n Mean");

printi(™n%d %d %hu %hu %F %f %f %f %I,

mcan_sample.diameter,mean_sample.mean_grayscal¢,mean_sample.area,

mean_sample.perimeter,mean_sample.compactness,

mean_sample.ratio[,mean_sample.ratio2,mean_sample.ratio3,mean_sample.ratio4);

printf(""o Standard deviation");

printf{™Ma%f %L %1 %6f Vof %f S6f %L %65,

std_dev_sample diameter,std_dev_sample.mean_grayscale,std_dev_sample.area,

std_dev_sample.perimeter,std_dev_sample.compactness,std_dev_sample.ratiol],

std_dev_sample. ratio2,std_dev_sample.ratio3,std_dev_sample.ratiod);

printf(™n threshold value: %d" threshold_val);

printf{"n Cut point1=%d Cut point2=%d Cut point3=%d “,cut_pointl,cut_point2,cut_point3);
getchQ);

_setvideomode( _DEFAULTMODE);
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File Name: HISTOGRA.C
* HISTOGRA.C provides functions for drawing pixe! intensity histogram ¢/

#include <conioh>
#include <stdlib.h>
#include <graph.h>

/% Macro definition for Histupram Axis ¥/
#define MAXROW 480

#define YMAX 300

#idefine XMAX 600

#define MAX P 128

#define XO 40

fidefine YO 400

fdefine XD 4

#define YD 4

extern umsigoed long pixel_pum{128];
unsigned long  max_pixel pum, max_y_axis;
short xx,yyx,yx1.yl;
unsigned int bscale,i,yyd;max_pixel_point;
int moede=_VRES16COLOR;
unsigned char  utle[20];

y_nierQ
{

/* plot y-axis suler ¥/
yyd=YMAX /10;
for( i=0; i<i1; i++)
{

x=X0;
y=YO-yyd*i,
_moveto{x,y);
x=x-XD;
_lineto(x,y);

{* print max y-axis value ¥/
_setiextposition(6,0);
_strset( title,' 7,
_outtext( title );
_settexiposition(6,0);
sprintf{iitle, "%alu",max_y_axis);
_outtext( title );

}
histogram(Q

{
/* Plot the Histogram of Pixels intensity valug */

for{i=0; i<MAX_P; i++)
{
yy=pixel_num[i)/hscale;
if{ yy>YMAX)
yy=YMAX;
xx= XD*{;
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=X O

y=YO-yy;

x1=XO+XD+xx;

y1=YQ;

_rectangle{ _JFILLINTERIORX,y,x1,y{);

}
cls_histogram(}
{

unsigned char mask0{8]={0,0,0,0,0,0,0,0};
unsigned cher mask 1 [8]={ 0, 0xfT, OxFF, O0x (X, 0x T, 0x ¥, Ox{T, 0x £5};

x =X+l
y=YG-1;
x1=XMAX;
yi=YO-YMAX;
_setcoloi{ ) ;
_setfillmask( mask1};
_rectangle{ GFILLINTERIORx,y,x1,y1};
_seteolor(16);
}

histagram_dspQ
{
char  key;

/* set video mode */
_setvideomode( mode };

/* Draw axis ¥/
y=YO-YMAX|
_moveto(X0,y);
_lineto{ XO,YC );
x=X0+ XMAX;
_lineto(x,YO);

for(i=1; i<129; i++)

{ x=XO+XD*j;
y=YO;
_moveto(x.y);
x1=x;
yI=YO+YD,
_lineto{xLy1);

/* draw x-axis mlec ¥/
for(i=0; i<17; i++)
{

x=X0+ 8*XD*i;
_moveto(x,YO};
y=Y0 +2¥XD;
lineto(x,y);

x=x/8;
_settextposition(27,x);
sprintf(iitle,"%3d", 8*i};
_outtexi( title);

}
/* print tittes */
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_settextposition(2,35);

_outtext(" Histogram ");

. settextpositicn(28,35);

“outtext(" Pixel Value *;

_settextposition(4,0);

_outtext( " Relative Number of Occurrences of Pixel vaiue*);

/* Data ®/

/* Look for Max value */

max_pixe] num=pixel_num[0];
max_pixel point=0;
for{ i=1; i< MAX_P; i++)

if{pixel_numf{i]> max_pixel_num)

max_pixel_point=i;
max_pixel_num = pixel_ouml[i];
}

}
_settextposition(5,30);
sprintf{titie, "Max Namber=%{u",max_pixel_nutn);
_outtext( title );
_settextposition(6,30);
spriaffititle, “Intensity value=Y%u",max_pixel_point);
_outtext( title );

/% Caleulate the scale of histogram */
max_y, axis=max_pixel _num;
hscale = max_pixel num/YMAX;

/* plot histogram */
ruler(;

histogram(};

while( (key=geich(}} '=27)

{

switch(key)
{
case '+
hscale= hscale>>1;
max_y_sxis=m’Xx_y axis>>|;
y_miler();
histogram(};
break;
case "
hscale= hscale*2;
max_y_axis=max_y_axis*2;
_ruler();

¢ls_histogram();
histogram();
break;
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}

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

Fite Name: VBLST.C

{* VBLST.C Video Blaster Card Functions %/
¥include<conioh>

Hinclude<dos.h>

#include<stdio h>

finclude~stdlib.h>

#include<string.h>

#include<graph.h>

¥include "myblst.h"

* Chieck if VBLSTDRYV is installed and find the interrupt vector ¢/

int FindVblstdrv(char *szDrive:Sig)
£
void  far *IpIntrivect;
int i,found=0,wSiglen=strlen(szDriverSig);

f¥check from 80h to BFh ¢/
for{i=0x80;i<0x CO && !found; I++)
{
. IpintrVect=(void far *) dos_getvect(i);
FP_OFF(ipintrVect)=SIG_OFFSET;
ift_fuarnismp(IpIntrVest(char far *)szDriverSig,wSiglen))
{

found=i;
break;
}

return(found);
}

/¥ Call VBLSTDRYV with registets set with appropriate value %/

int CallVblstdrv(union REGS ®regs,struct SREGS *segregs)
{
static char *sZErrMessage[]={

"Video Blaster driver is busy”,
"VIDECBLST environment variable is not present of
"incorrectly set”,
"Video Biaster is not found at the specified iO"
"address”,
“Interrupt not detected using the specified interrupt”
"number”,
"Function specified is invafid",
"Parameter passed to the function is out of range",
"Function is invalid in a particular Fit-window mode*,
"unable to open PCVIDEQ.CFC fil¢",
"PCVIDEQ.CFG file is not a valid Video Blaster”
"configuration file"

b
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int fRetVal=TRUE;
int36x(wVBIntrNumn, regs,regs. scgregs);
if (regs->x.cflag)
{

printf{"ERROR: %s\n",5zErrMessagefregs->x,ax]);
fRetVal=FALSE;

}
retumn(fRetVal);
}

/* DISALEY VIDEO DRIVER AND EX1T *f

void DisabieDriver(

{
regs.x.bx=VB_TERMINATE;
CallVblstdrv(&regs,&segregs);
printf"\nDriver terminated\n");

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

exi(0);
}

{* Input handler */

void  InputHandler()

{
int Key;
while((Key=getchQ)I=ESCAPE)

switch(Key)

case CRET:

regs.x.bx=VB_GETDSPSTATUS;

if (1CaltVblstdrv(&regs,&segregs))
DisableDriver();

regs.x.ax’=1; * OR*/

regs.x,.bx=VB_SETDSPSTATUS;

if {CallVbistdrv{&regs,&segregs))
DisableDriver();

break;

case ‘F:
regsx.ax=1;
regs.x.bx=VB_SETFREEZE;
if (1CallVbistdrv(&regs,&segregs))
DisableDriver();
break;
case 'U"
regs.x.ax=0;
regs.x.bx=VB_SETFREEZE,
if (1CallVblistdrv{&regs,&segregs))
DisabieDriver();
Lireak;
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}

/* Create a Video Window #f

void DisplayVideoWindow(

{
: unsigned far *vidPtr=(unsigned far *)0xB80G00000L;
! int xy;
' /°Drow Window */

for(y=0;y<WR_HEIGHT;y+)
for(=lx<WIN_WIDTH;x++)
*(vidPmr+y* 80+x)=0x7020;

/* Setcolor key ¥/

regs.x.bx=¥B_SETCOLKEY;

reps X.ax=7;

if ({CaliVblstdrv(&regs,&segregs))
DisableDriver);

/* Set position */

regs.x.bx=VB_SETVIDPOS;

regs.x.ax=¥ID_XORG;

regs.x.dx=VID_YORG;

if (1CaltViistdrv(&regs,&segreps))
DisableDriver(};

7% Set vridth and Height ¥/

regs.x.bx=VB_SETVIDSIZE;

regs.x.dx=VID_WIDTH;

regs.x.ax=VID_HEIGHT,

if ((CallVbistdrv(Baegs,&segregs))
DigableDriver(};

* Sel Video display on f

regs.x.bx=VB_SETDSPSTATUS;

regs.x.ax=[;

if (CallVblstdry(Sregs, &segregs))
DisableDriver();

}
void DisplaylnfoQ
{

% se: cursor position */ {
regs..ah=2;

regs.h.bh=0;
regs.h.dh=WIN_HEIGHT+1;
regs.h.dl=0;
int86(VIDEC_INT,&regs,&regs);

print{("VBLSTDRYV Interrupt Number :%Xh\n",wVBlatrNum);
regs,x.bx=VB_GETVERSION;
if (1CallVblstdrv(&regs, & segregs))

DisableDNriver();
printf"VBSTDRY Yers'on :%d.%2d\n" regs.b.ah,regs.h.al);
regs.x.bx=VB_GE11UFORT;
if (L CallVilstdr &regs,&segregs))
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}

DisableDri. {);
printf{"Base 70 Port Address %4Xh\n" regs.x.ax);

regsx.bx=VB_GETBASEADDR;
if (CallVbistdrv(&regs,&segregs))
DisableDriver(J;
printf("Video Base Address :%X00000h\n" regs.x.ax);

regs. X.bx=VB_INTRNUM;
if (ICalVblstdrv(&regs,&segregs))
DisableDriver(};
printf(*Hardware Interrupt Number: %d\n",regs.x.ax);

printf{"\nPress<F>rseze/<U>nfreeze <CR> to TURN ON/OFF VIDEO"
"<ESC> to continue");

frame_dsp()

{

}

regsx.bx=0x119;

regs.x.ax~0;

regs.x.dx=0;

if ({CallVbistdrv(&regs,& segregs))
DisableDriver();

get_image(}
{

i
i

int keys;
if (WVBIntrNum=FindVblstdiv(DRIVER_SIG))
{

* Clear Screen */

regs.x.ax=3;

int§6(VIDEQ_INT, &regs,&regs);

regs.x.bx=VB_INITIALIZE;

if (ICaliVblstdrv(&regs,&segregs))
DisableDriver{();

printf{"Driver initialzed] \n");

while{ !ClickOrPress() )
DisplayVideoWindow();
DisplayInfa();

printf{"VBLSTDRY not instatled!");
exit(2);

void Freeze()

¢

regsaex=1;
regs.x.bx=VB_SETFREEZE;
if (Call Vblstdrv(&rags,&segregs))
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DisatileDriver();

)

void UnFreeze()

{
regs.x.ax=0;
regs.x.bx=¥YB_SETFREEZE;
if (ICallVblstdrv(&regs,&segregs))
DisableDriver();

}
git_color()
{

regs.x.bx =0x1B;
regs.ax =4;
if (|Call Vbistdrv{&reps,&sepregs))
DisableDriver();
red = regs.x.ax;
regs.x.bx = 0x1B;
regs.x.ax = &
if ({CaltVblstdrv{&regs,&segregs))
DisableDriver();
green = regs.x.ax;
regs.x.bx =0x1B;
Tegs. XX = 6;
if (1CallVblatdrv{dregs,&segregs))
DisableDriver();
blue = regs.x.ax;
}

File Nawme: F O.

}Iﬁttt t**tB‘!ltttitiitttl‘ttﬁtt*lt*ittl{ﬁttittt,
”. */
/* FILEIO.C Read or write data file wf
/™ &/
fi‘i* L L HRARENEKY vvtt‘a‘
¥include <stdio.h>

#include <dos.h>

#include "mv,b¥

file_lo{ rorw)
char rorw;

{
FILE *io;
char *filepame;
char buffer{22] =( 203;

# *buffer=16;
{* Set Cursor position */
regs.iah=2;
regs.h.bh=0;
regs.h.dh=13;
regs.h.di=0;
int86{0x10,&regs,&regs);
{* Input data file name */
cprintf{"File Name <%c> ~> ", rorw);
tilename == _cgets( buffer );
switch( rorw )
{

case ‘w':
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if{aceess(filename,0)==0)

cprintf{"The file %s already exists. Want to overwrite? (y/n)",filename};
ifgetch()i="y"}
return($);

}
if{(io=fopen(filename,"w")}=NULL)
retum(S);
7* Write data into data file */

fprintf{lo,"%d",sample_num);
for ( i=0;i<sample_num;i++)
{

fprintf{io," %d" sample(i}.diameter);
fprintf{io," %d" sample{i].mean_grayscale);
fprintf(io," %hu *,samplefi}.area);
fprintf{io," %hu",sample[i].perimeter);
printf(io," %{",sample[i].compactness);
fprintf(io," %f",sample[i].ratio1);
fprintf{io," %{™,sample[i].ratio2);
fprintf{io," %f°,sample[i).ratio3);
fprinti{io," %" samplefil.ratiod);

3
felose(io);
break;

case 'y

if{{io=fopen(filename,"rt"}y=~NULL)
reben(7);

/* Read data frome data file */

fscanf{io,"%d",&sample_numy);

for ( 1=0; i<sample_num; H+)

{
fscanf{io," %4d",&sample[i].diameter);
fscanflio,” %d" &sample[il.mean_grayscals);
fycanf(io,” %hu ",&samplefi).area);
fsconf{io,” %4hu" &samplefi].perimeter);
fscanf{(io,” %f",&sample{i}.compactness);
fscanfio,” %f",&sample[i}.ratiol);
facanf(io," %", &sample[i] ratio2);
fseanflio,” %f",&sample(i].ratiod);
fscanflio," %{",&samplefi).ratiod):

}

felase(io);

break;

case 'th
if{(io=fopen(filename,"1t"}}==NULL)

return(7);

/* Read template data frome data file */
fscant{io,"%4d",&mean_sample.diameter);
fscanf{io,"%lf" &std_dev_sample.diameter);
fscanf{io,"%{",&mean_sample.ratiod);
fscanilio, "l &std_dev_sampie.ratiod);
fscanf(io,"%d",&threshold_val);
fscanf{io, "9hf",&x_delt);
felosefio);
break;
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}
Head Files: MV.H, VBLST.H MVMENU.H and MVMOQUSE
#MV.H Macros, globlal viarables, structure for MV i

#define
¥define
#define
#define

/f Register
urion
struct

DELT I

XWIDTH 320
ESCAPE 0xiB
NSAMPLE 100

REGSregs;

SREGS segreg
unsigned long addr;
union _REGS inregs.ortregs;
struct _SREGS s¢.°

#/ Memory allocatin
unsigned char __huge *BufSeg;
unsigned char __far *BitMap;
unsigned char __ far *Binary_data;

/{ Pixel viarables
long  pixel_pum[12R),avg_grayscale;
unsigned char pixel_valthreshold_val,cut_point!,cut_point2,cut_point3;
int jJ,mean_grayscate,diameter;
unsigned short avea,areal,pd,p8,peritneter;
float  piratiol ratio?* "~ ratiod,x_delt;

{ image display
unsigned short tin,coll* +
int lin_st)in_end, . -_ ,col_end;
unsigned char col_bit,mask,byte_val;
{f Nnmbers
int learn num,sample num;
/{ Flag
it classify_flag;
struct GDT
{
unsigned char  zel[i6];
unsigned short  5_length;
unsigned char  s_ad0;
unsigned char s adl;
unsigned char  s_ad2;
unsigned char s acc_right;
uasigned short  zero2;
uncigned short  d_length;
unsigned char  d_ad0;
unsigned char 4 _adi;
unsigned char  d_ad2;
unsigned char  d_acc_right;
unsigned char  zero3[18];
}GDT1,GDT2;
sttuct DATABASE
int diameter;
int mean_grayscale;
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unsipgned short ares;
unsigned short perimeter;
float  compaciness;
float  raticl;

float  ratio2;
float  ratio3;
float  ratiod;
} sample[NSAMPLE].mean_sample;
struct DEVIATION
{
doubie diameter;
double mean_grayscale;
double ares;
double perimeter:
double compactness;
double ratiol;
double ratio2;
double ratio3;
double ratiod;

} std_dev_sampie;
struct  Membership_function
float diameter;

float ratio;
} membership,ul,u2;

f‘*‘li (223221321222 ltt(tt‘.tﬁt#‘i‘ttctﬂt’ta&‘tﬂtt.ttilt!ttlﬂ!t!-‘t!

/* MVBLST.H  Fuction protypes, macros, structure etc for YBLST */

;t--ttsﬁﬂt SAREAEI AV CERSRCIRNIETC XD EIERRA XL ORI KR EFINIAUR AR RIS S

/* Include only once */
#ifndef MVBLST_H
#define MVBLST_H

#define VIDEO_INT Dx10
#define TRUE 1
#define FALSE 0

fidefine DRIVER_SIG "VBLAST"
#define SIG_OFFSET 0x1¢3

#define VB_GETVERSION 0
#define VB_INITIALIZE  0x01
#define VB_TERMINATE 0%02

#define VB_GETIOPORT  0x03
#idefine VB_GETBASEADDR 0x04

4define VB_GETLOGWIN 0x05
#define YB_INTRNUM  (x06
#define VB_POLLSIGNAL 0x07

Ydefine VB_GETFITWIN  0x08
#define VB_GETCROP  0xG9
4define VB_GETFREEZE 0x0A
#define VB_GETSIGNAL 0x0B

#define VB_GETACQADDR 0x0C
#define VB_GETCROPXY 0x0D
#define VB_GETCROPSIZE 0x0E

#define VB_GETSCALE  0xOF

339




APPENDIX B

#define VB_VIDINCOLOR 0x10

#define VB_GETSOURCE 0x11

#define VB_GETDSPSTATUS 0x12

#define VB_GETDSPMODE 0x13

#define VB_GETVIDAREA x4

fidefine VB_GETVIDPOS 0x15

#define VB_GETVIDSIZE 0x16 !
#define VB_GETCOLKEY 0x17 i

#define VB_SETBASEADDR 0x104 !
#define VB_SETLOGWIN 0x105
#define VB_SETFITWIN  0x108
#define VB_SETCROP  0x109
#define VB_SETFREEZE  0x10A
#define VB_SETSINGLE  0x10B

#define VB_SETACQADDR 0x10C
#define VB_SETCROPXY 0xi0D
Hdefine VB_SETCROPSIZE Ox10E
Hdefine VB_SETSCALE  OxIOF

#define VB_SETSOURCE ox111
H#define VB_SETDSPSTATUS 0xi12
fidefine VB_SETDSPMODE Ox113
#define VB_SETVIDAREA Oox114
#define VB_SETVIDPOS X115

#define VB_SETVIDSIZE 0x116
rdefine VB_SETCOLKEY 0x!17
#define CRET ox(D

#define ESCAPE OxIB

#define SPACE 0x20

#define WIN_HEIGHT 12
ndefine WIN_WIDTH 40
#define VID_XORG 4
#define VID_YORG 4
#define VID_HEIGHT 550
#detine VID_WIDTH 465

int wVBIntrNum;

union REGS regs;

.. struct SREGS  segregs;

{I'Colars
‘int  red,green,bluebrightness saturation,contrast,hue;

/% public functions */

int FindVblstdrv(char *szDriverSig);

int CallVbistdrv(union REGS *regs,struct SREGS *segreas);

void DisableDriver();

void InputHandler();

void Freeze();

void UnFreeze();

void DisplayVideoWindow();

void Displaylafo(};

get_image();

get_color();

¥endif /¢ MVBLST_H */

* MYMENUH M/

340




APPENDIX B

/* Function prototypes, macros, structure, and global varisbles for
* Meru and relaied functions.
&/

1* Include only once ¥/
#ifndef MVMENU_H
#define MYMENU_H

#define TRUE 1
#defice FALSE (

* Bample key codes for getkey. Additionat codes in the same format may
* be edded.
*
Hdefine t7_UP 0x0148  /* Unshifted ¢/
#define U_ DN 0x0150
#define U_LT 0x014b
#define U_RT 0x014d
#define S_UP 0xG248  /* Shifted ¥/
#defineS_DN 0x0250
#define S LT 0x024b
#define S_RT ©Gx024d

#define N_PLUS 0x014e  /* PLUS and MINUS on numeric keypad */
fidefine N_MINUS 0x014a

#defing ENTER 13 * ASCIL Y/

* Action codes for getkey */
enuwm WAITACTION { NO_WAIT, WAIT, CLEAR WAIT };

/* Text output colors. Note that monochrome can only use _TBLACK,
* _TWHITE, _TBRIGHTWHITE, and TUNDERLINE. 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,
_TRED, _TMAGENTA, = _TBROWYN, ~ _TWHITE,
_TGREY, _TLIGHTBLUE, _TLIGHTGREEN, _TLIGHTCYAN,
_TLIGHTRED, _TLIGHTMAGENTA, _TLIGHTYELLOW _TBRIGHTWHITE,
_TUNDERLINE = 1

IH

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

int fgBorder, fgNormal, fgSelect, fgNormHilite, fpSeitilite;
long bgBorder, bgNormal, bgSelect, bgNommHitite, bgSelHilite;
int fCentered;
unsigned char  ¢chNW, ¢\iNE, ¢hSE, chSW, chNS, chEW;

} MENU;

extern MENU mnuAtnib;

{¥ Structure and maximum length for menu items */
#define MAXITEM 20
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typedef struct_ITEM
{

int  iHilite;
cher achltem{MA®," - SMJ;
}ITEM;

/¢ Public menu, output, and input fussctions */

int Menu( int row, int col, ITEM altem(], int iCur );

int EventLoop( int row, int col, FTEM altem], int iCur, int cftem,
int cchltem, int decklteral], char achHilite{] );

void Be . int row, int co, int rowLast, int colLast };

unsigned GetKey( int fWait );

void _putchar( chur ot );

int ClickOrPress( void );

#endif /* MVMENU_H %/

* MVMOUSE . H 3/
#* Include file for mouse cals, */

* Mouse events */

#defino LEFT_DOWN 0x01F  /* 0000 0010 Lef button pressed */
#define RIGHT_DOWN 0x02  /* 0000 1000 Right button pressed #/
#define MIDDLE_DOWN 0x04 /¢ 0010 0000 Middle button pressed */

/* Mouse event stucture */
typedef struct _EVENT
.{..E x
short X, y;
unsigned fsBin;
} EVENT;

/* Mcuse pointer shape union containing structures for graphics and text */
typedef union _PTRSHAPE
{ .

struet

unsigned char atScreen;
unsigned char chScreen;
unsigned char stCursor;
ungigned char chCursor;

R4

struct

{
unsigned xHot, yHot;
unsigned afsPu{32);

HES
} PTRSHAPE;

/¥ Values for SetPurVis function */
typedefenum _PTRVIS { SHOW = |, HIDE } PTRVIS;

/% Public mouse functions */
int MouseInit( void );
int GetMouseEvent( EVENT __ far *pEvent );
int GetPirPos( EVENT __far *pEvent );
int SetPrPos( short x, short ¥ );
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int SetPtrVis( PTRVIS pv };
int SetPtr™hape{ PTRSHATE _ for *ps );
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