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ABSTRACT

In present, the movement of robot arm depends on the steps of program which the
position and direction have already been assigned.The robot arm can not assign the movement
by itself. So in ihis thesis,the technigue of principal axis comparison is applied for robot arm in
order to identify the shape of object. Then the robot arm can assign its movement to pick up
the required object by itself. By this way, although the object is rotated in different direction,
the robot arm can identify the shape of object correctly. So it is an idea to develop ability of

thinking for robot arm in order to work more efficiently.
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6.1 &wmidsznouvyosuTuna 'g'u RM-501

1) Robot Unit (RM-501) Usznausu&ausine fagiii 6.1

Wrist roll !
N4

Hand attachm T s
siwdet chment Wrist

Body

Curled wiring

sU7 6.1 dnwEn BUaNTas Robot Unit

va o

Robot Unit HAniaxTRsefiugnsl¥lumsed 1

¥

JEENIT R 15 degree of freedom Tﬁﬁﬁ‘ﬁ@ﬁi’a
mmﬂmmummmé\i
Waist rotation 300°
ﬁﬁh‘lum? Shoulder rotation 130°
ARaulvg Elbow rotation 90°
9899858 Wrist rotation & 900
FINN"] Wrist roll + 180°
ﬁwuﬁﬂzgazgﬁﬁuﬁuiﬁ 12 kg ( 3auiwiinees Hend §og )
mwm?aq\ﬂqm 400 mm/sec
FNPANNARNALAA DU BFLLY + 0.5 mm

A9 1 AUENLTFII8Y Robot Unit
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#include <stdio.h>
#include <graphics.h>
#include <dos.h>
#include <conio.h>
#include <alloc.h>
#include <stdlib.h>
#include <math.h>
#include <string.h>

#define BW 0

#define COLOR 1

#define port 0x300

#efine SIZE 512

#define PI 3.141592

#define POINT 20

#define DBEGREE(x) 180%x/PI

#define Coslaw(a,b,c) acos((a*atb*b-c*c)/(2*a*b))

int load();
void Graphic();
int Digitize();
void Input image();
void smooth();
void edge();
void threshold();
unsigned char pix();
void putpix();
int thin();
void position();
void cursor();
void save();
void display();
void fill();
void delete();
void label();

int strip();
void trace();
void nextscan();
int scan();

int chkend();



int chkbreak();
int boolean();
int chain();
void reduce();

int  sym();

void dispchain();
char encode() ;
void breakpoint();
int neighbor();
void freechain();
void over angle();
void combine();
void eigen();

int is fig();
void convert();
void initRobot () ;
void resetRobot () ;
void arm();

typedef struct node *ptype;
struct node { int x,y;
char c;
ptype nxt; } ;
ptype head;
struct { int x,y; } plane[POINT], front,rear,center,obj;
char fig;
unsigned char huge image[SIZE][SIZE];
float H= 114;
float wide;
unsigned char WANT;

void main()

{ int 1,3;
unsigned char m,n,error=0;
do
{

initRobot () ;

if (Digitize())



{ Graphic(COLCR) ;
for (n=0; thin(n)=1; n++);
thin();

for (r=0; n<POINT; n++)
{ plane[n].x = -1;
plane[n].y = -1;
}
gotoxy(1,1);
for (j=1, fig=0; J<SIZE-1 && error=0; j++)
for (i=1, head=NULL;i<SIZE-1 && fig<40 && error=—0;i++)
if (pix(i,])==5)
{ if (fig=0)
{ if (chain(i,j,-1)==1)
{ reduce();
dispchain() ;
breakpoint () ;
over angle();
combine() ;
for (m=0,n=0; m<4; n++)
if (plane(n].x>0 && plane[n].y>0)
{ plane[m] = plane[n];
cursor (plane[m].x,plane(m].y) ;
5
}
for (n=0,wide=1.0; n<4; n++)
wide *= pow( pow((plane[n+l].x)-(plane[n].x),2.0)
+ pow((plane[n+1].y)*0.82-(plane[n].y)*0.82 ,2.0) ,0.125);
} else
{ exror = 1;
gotoxy (25,15) ;
printf("!! CHAIN ERROR !!");
break;
}
figt+;
} else
if ( chain(i,j,-1)==1)
{ eigen();
fig++;



freechain(head) ;

}
if (error==0)
{ convert (&front.x, &front.y,54.3);
convert (&rear.x ,&rear.y ,50.0);
convert (&obj.x ,&bj.y ,1);
center.x = rear.x + (int) (0.55*( (front.x)-(rear.x)));
center.y = rear.y + (int) (0.55*((front.y)-(rear.y)));
cursor (center.x,center.y);
setcolor (1) ;
line(center.x,center.y, front.x, front.y);
setcolor (8) ;
line(center.x,center.y,obj.x,obj.y);
arm() ;
}
position(&i, &j);
closegraph() ;
}
resetRobot () ;
clrscr();
printf ("\nPress any key to continue,ESC. to end program");
}
while (getch()!=27);
clrscr();
return;
}

void Graphic(int mode)

{ int gdriver = VGA, gmode = VGAHI, errorcode;
struct palettetype pal;
char i;

initgraph(&gdriver, &gmode, "\\cpp\\bgi");

errorcode = graphresult();

if (errorcode != grok)

{ printf ("Graphics error: %s\n",grapherrormsg(errorcode));
printf ("Press any key to halt");
getch();
exit(1);



}
if (mode = B W)
{ getpalette(&pal);
for (i=0; i<16; i++)
setrgbpalette(pal.colors[i], i*4, i*4, i*4);
}
return;

int Digitize()

{ char ans;

clrscr();
outportb (port, 0x00) ;
printf ("\nPress any key to get PICTURE");
getch() ;
outportb(port, 0x02) ;
printf ("\nSave Y/N 2?");
switch (getche())
{ case(’y’):
case(’Y’):ans=1; break;
default :ans=0; break;

if( ans==1 )
{ Graphic(B W);
Input_image();
smooth() ;
edge() ;
threshold() ;
if ( (WANT=getch()) ==27) ans = 0;
else WANT —= 0x30;
closegraph() ;
}

return(ans);

int load()
{ FILE *fp;
int i,3;



unsigned char *ptr;
fpos t pos;

if ( (fp = fopen("\\test.img","r")) == NULL )
return(0) ;
rewind (fp) ;
for (j=0, pos=0L; j<512; j++, pos+=512)
{ fseek(fp,pos,SEEK SET) ;
fgetc(fp);
ptr = fp—>buffer;
for (i=0; i<512; i++)
{ putpixel(i,J,ptr(i]/16);
putpix(i,j,ptr(il);

}
fclese(fp) ;

return(l);

void save()
{ FILE *fp2;
int i,3;

if ( (fp2 = fopen("\\proj\\test.img","wt")) != NULL )
{ rewind(fp2);

for (j=0; j<SIZE; j++)

for (i=0; i<SIZE; i++)
fputc((pix(i,]J)>1)?255:0,fp2);

fclose(fp2) ;
}
return;

void Input image()

{ unsigned char far *eptr;
unsigned char far *optr;
int n;
unsigned char i,c;

eptr = MK FP(0xd000,0000) ;



optr = MK FP(0xe000,0000) ;
for (i=0; i<4; i++)
{ outportb(port,0x07);
for (c=0; c<128; ct+=2)
for (n=0; n<512; )
{
image[i*128+c][n] = * (eptr+(i*16384)+c*128+n/2);
putpixel (n, (i*128+c) , image[i*128+c][n]/16);
n+;
image[i*128+cC] [(n] = *(optr+(i*16384)+c*1284n/2);
putpixel(n, (i*128+c) , image[i*128+c][n]/16);
n+;
}
outportb (port, 0x03) ;
for (c=0; c<128; c+=2)
for (n=0; n<512; )
{
image[i*128+c+1][n] = * (eptr+(i*16384)+c*128+n/2);
putpixel (n,i*128+c+1, image[i*128+c+1][n]/16);
n++;
image[i*128+c+l][n] = * (optr+(1*16384)+c*128+n/2) ;
putpixel (n,1i*128+c+1, image[i*128+c+1][n]/16);
n++;

}
outportb(port, 0x02) ;
outportb(port, 0x00) ;
return;
}
unsigned char pix(int i, int j)
{
return(image(Jj](1i]);

void putpix(int i,int j,unsigned char ch)
{

image(j]([i] = ch;

return;



void threshold()

{ unsigned char imgtem[SIZE];
ik 459
int avg;
unsigned char next;

for (j=0; Jj<SIZE; j++)
for (i=0, next=pix(0,j); i<SIZE; i++ )
{ if (i!=0 && j!=0 && i!=SIZE-1 && j!=SIZE-1)

{avg = ( imgtem[i-1] + imgtem[i] + imgtem[i+1]
+ next + pix(i+1,3)
+ pix(i-1,j+1) + pix(i,j+1) + pix(i+1,3+1) );

if (pix(i,j)*8-avg > 8) avg = 15;
else avg = 0;
}
else avg = 0;
patpixel (i, j,avg);
imgtem[i] = next;
rext = pix(i,j);
patpix(i,J,avy);
}

return;

void smooth()

{ unsigned char imgtem[SIZE];
int 1,;75;
unsigned char next,avy;
unsigned char sort[9],m,n;

for (j=0; J<SIZE; j++)
{ for (i=0, next=pix(0,Jj); i<SIZE; i++ )
{ if (i!=0 && j!=0 && i!=SIZE-1 && j!=SIZE-1)
{ sort[0] = imgtem[i-1];
sort[1] = imgtem[i];

sort([2] = imgtem[i+1];
sort([3] = next;
sort[4] = pix(i,J);

sort[5] pix(i+1,3);



sort[6] = pix(i-1,3+1);
sort([7] = pix(i,j+1);
sort[8]
for (m=0; m<5; mt+)
for (r=m+l; n<9; nt+)
if (sort[n] < sort[m])
{ avg = sort[m);

pix{i+l,j+1);

sort[m] = sort[n];
sort[n] = avg;
}
avg = sort(4];

}
else avg = pix(i,j);
mutpixel (i,3,avg/16) ;
imgtem[i] = next;
rext = pix(i,j);
pitpix(i,j,avg);
}
putpixel (520, 3,15) ;

}
return;

void edge()
{ wunsigned char imgtem[SIZE],next;
int i,3,GX,GY,GXY;

for (j=0; Jj<SIZE; j++)
{ for (i=0, next=pix(0,j); i<SIZE; i++ )
{ if (i!=0 && j!=0 && i!=SIZE-1 && j!=SIZE-1)
{ GX = -imgtem[i-1] + imgtem([i+1]
—2%next + 2%pix(i+1,7)
-pix(i-1,j+1) + pix(i+1,3+1) ;
GY = -imgtem[i-1] - 2*imgtem[i] - imgtem[i+1]
+ pix(i-1,J+1) + 2*pix(i,j+1) + pix(i+1,3+1) ;
GXY = (abs(GX) + abs(GY))/8 ;
}
else GXY = 0;
/*patpixel(i,j, GXY/16*3 );*/
imgtem(i] = next;



rext = pix(i,J);
patpix(i,3,GXY);
}
putpixel (520,7,0);
}

return;

void position(int *pi,int *pj)
{ unsigned char si[3],s][3],c;

int i,3;
i= SIZE/2;
j = SIZE/2;

outtextxy (550,450,"I :");
outtextxy (550,470,"J ");
setcolor(10);
sprintf (si,"%d",1i);
sprintf(sj,"2d",;3) ;
outtextxy (600,450,si) ;
outtextxy (600,470,s]) ;
cursor (i, j);
while ( (c=getch()) != 13)
{ cursor(i,j);
setcolor (BLACK) ;
outtextxy (600,450,si);
outtextxy (600,470,s3);
if (c==0)
{ ¢ = getch();
(c==77 && i<SIZE-1) i++;
(c=75 && i>0) i-—-;
(=72 && 3>0) J—-;
(c—80 && J<SIZE-1) j++;
}

setcolor (10) ;

sprintf (si,"%d",1i);
sprintf (sj,"sd",3);
outtextxy (600,450,si) ;
outtextxy (600,470,s3) ;
cursor (i,3);



}

*pi = 1
*pj = Ji
return;

‘void cursor (int i,int j)
{ char n;
unsigned char hor([9],ver([9];

for (n=—4; n<5; ntt)

{ hor[n+4] = getpixel(i+n,J);
putpixel (i+n,Jj,15-hor[(n+4] );
ver [n+4] = getpixel(i,j+n);
putpixel (i,j+n,15-ver[(n+4] );

}

return;

void display()
£ 3nk 1,93
for (j=0; J<SIZE; j++)
for (i=0; i<SIZE; i++)
patpixel (i,3,pix(1,3)*3);
}

int thin(unsigned char iter)
{

fill(iter);

delete();

label();

return( strip(iter) );

void fill(t)

{ unsigned char imgtem([SIZE];
int i,3;
unsigned char next,m,n;

for (j=0; j<SIZE; j++)
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{ for (i=0, next=pix(0,Jj); i<SIZE; i++ )
{ m=20;

n = 0;

if (i>0 && j>0 && i<SIZE-1 && J<SIZE-1)
if ( pix(i,J)<=1)
{ m+= (imgtem(i-1] <=1) ?0:1;
(imgtem[i] <=1) ?20:1;
(imgtem[i+1] <=1) ?0:1;
(next <=1) ?0:1;
(pix(i+1,j) <=1) ?0:1;
(pix(i-1,j+1)<=1) ?0:1;
(pix(i,j+1) <=1) 20:1;
(pii(i+1,j+1)<=1) ?20:1;

4 3 3 33 38 3
[ T |

imgtem[i-1] = next;
if (n>2 || (m>2 && t==0) || next>1)
patpix(i,J,4);
else putpix(i,]j,0);
if (pix(i,3)>0) putpixel(i,]j,pix(i,])*3);
}
imgtem[SIZE-1] = pix(SIZE-1,3);

}
return;

void delete()
{ int i,3,a,b;
char m,n;

for (j=0; J<SIZE; j+t+)
for (i=0; i<SIZE; i++)

{a=1i;
b=73j;
m= -1;
n = 0;

vhile ( a>=0 && b>=0 && a<SIZE && b<SIZE )
if ( pix(a,b)>1 && boolean(a,b)==0 )
{
scan(a,b, &n, &n,-1);



putpix(a,b,0);
putpixel (a,b,0);
a +=m;
b += n;
} else break;
}

return;

}

void label ()

{ unsigned char imgtem[SIZE];
int i,7;
unsigned charknext,tem,c,t;

for (j=0; Jj<SIZE; j++)
{ for (i=0, next=1; i<SIZE; i++ )
{c=0;
t =0;
tem = pix(i,Jj);
if (i>0 && j>0 && i<SIZE-1 && j<SIZE-1)
{ if (pix(i,3])>0)

t += (imgtem[i] >0) ?1:0;
t += (next >0) ?1:0;
t += (pix(i+1,j)>0) ?1:0;
t += (pix(i,j+1)>0) ?1:0;

if ( imgtem[i] && next && pix(i+1,j) && pix(i,j+1)
{ ¢ += (imgtem[i-1] >0) ?1:0;

C += (imgtem[i+1] >0) ?1:0;

C += (pix(i-1,j+1)>0) ?1:0;

C += (pix(i+1,j+1)>0) ?1:0;

}
if (c==13)
putpix(i,j,3);
if (t<4 && pix(i,j)>0)
putpix(i,j,2);
}
if (tem>0) putpixel(i,j,pix(i,j)*3);
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if (i>0) imgtem[i-1] = next;

next = tem;
}
imgtem[SIZE-1] = pix(SIZE-1,3);
}
return;
}

int strip(unsigned char iter)
{ int i,3;
unsigned char tem;

long remain=0;

for (j=0; j<8IZE; j++)
{ for (i=0; i<SIZE; it++)
{ tem = pix(i,3J);
if ( tem=2 || tem=3) /* meet trace- or cornmer- point */

{ if (iter%2 = 1) /* odd iteration */
trace(i,j,+1); /* out clock */
else /* even iteration */
trace(i,j,-1); /* out counterclock */
putpixel (i,3,pix(i,3)*2);
}
if ( tem—=1 )
patpixel(i,3,0);

if ( tem—4 )
remain ++;
}
}
if (remain>2) return(l);
else return(0) ;

void trace(int i,int j,char dir)
{ int a,b;
char m,n;

a=1ij;
= Uy
m = dir;

o
|



n=0;

if ( scan(a,b,&n,&n,dir)=s8 )

{ putpixel(a,b,0);

putpix(a,b,0) ;

return;

}

if ( pix(atm,b+n)!=2 && pix(a+m,b+n) !=3)

{ dir = dir;

m= 0;
n=1;

scan(a,b, &n, &n,dir) ;

}
do

{ if (pix(a+m,b+n)!=2 && pix(a+m,b+n) !=3)

break;

a +=m;
b += n;

if (a<0 || b<0 || a>=SIZE || b>=SIZE)

break;

if ( (chkend(a,b)==0) && (chkbreak(a,b)=0) )
{ putpix(a,b,1);
putpixel (a,b,0);

}

else { pUtpiX(albIS);

putpixel (a,b,pix(a,b)*2); }

nextscan(&m, &n,dir) ;’
scan(a,b, &n, &n,dir) ;

} while( (atm)!=i || (b+n)!=j);

return;

void nextscan(char *x,char *y,char clock)
{ switch( (*x)*(*y)*clock )

{ case 0 : if (*x=0)
{ *x = clock*(*y);
*y = =¥y}
}
else
{ *y = —clock*(*x) ;
R = ={%¥) }

}

15



—clock* (*X) ;
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clock*(*y) ;

int scan(int a,int b,char *x,char *y,char clock)
{ int t;

for (t=0; t<8; t++)
{ if ( pix(a+(*x),b+(*y)) >1)
return(t) ;
switch ((*x)* (*y)*clock)
{ case 0 : if (*¥x=0) *x = clock* ((*x)-(*Y));

else *y = clock* ((*x)-(*y));
break;
case 1 : *x = 0; break;
case -1 : *y = 0; break;
}
}
return(t) ;

int chkend(int i, int j)
{ unsigned char r=0;

if ( pix(i,3j) >0 )

{ n (pix(i-1,3j-1)>1) ?1:0;
(pix(i,j=1) »>1) ?1:0;
(pix(i+1,3-1)>1) ?1:0;
(pix(i-1,3) >1) ?1:0;
(pix (i+1,3) >1) ?1:0;
(pix(i-1,3j+1)>1) 21:0;
(pix(i,j+1) >1) ?1:0;
(pix(i+1,3+1)>1) ?1:0;

]
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}

if (r=1) return(l);

}
return(0) ;

int chkbreak(int i,int j)

{

if (pix(i,j)<=1) return(0);

if ( pix(i-1,3)<=1 && pix(it+1,j)<=1)
{ if ( ( (pix(i-1,3-1)>1) || (pix(i,3-1)>1) || (pix(i+1,3-1)>1) ) &&
( (pix(i-1,3+1)>1) || (pix(i,3+1)>1) || (pix(i+1,3+1)>1) ) )
return(1);
}
if ( pix(i,j-1)<=1 && pix(i,j+1)<=1)
{ if ( ( (pix(i-1,3-1)>1) || (pix(i-1,3)>1) || (pix(i-1,3+1)>1) ) &&
( (pix(i+1,3-1)>1) || (pix(i+1,3)>1) || (pix(i+1,3+1)>1) ) )
return(1) ;
}
if ( pix(i-1,j)<=1 && pix(i,j+1)<=1 && pix(i-1,j+1)>1 )
{ if ( (pix(i-1,3-1)>1) || (pix(i,3-1) >1) || (pix(i+1,3-1)>1) ||
(pix(i+1,3) >1) || (pix(i+1,3+1)>1) )
return(1);
}
if ( pix(i-1,3)<=1 && pix(i-1,3-1)>1 && pix(i,j-1)<=1 )
{ if ( (pix(i+1,3-1) >1)|| (pix(i+1,3)>1) ||
(pix(i-1,3+1)>1) || (pix(i,3+1)>1) || (pix(i+1,3+1)>1) )
return(1);
}
if ( pix(i,Jj-1)<=1 && pix(i+1,j)<=1 && pix(i+l,j-1)>1 )
{ if ( (pix(i-1,3-1)>1) || (pix(i-1,3)>1) ||
(pix(i-1,3+1)>1) || (pix(i,3+1)>1) || (pix(i+1,3+1)>1) )
return(1);
}
if ( pix(i,Jj+1)<=1 && pix(i+l,j)<=1 && pix(i+1,j+1)>1 )
{ if ( (pix(i-1,3-1) >1) || (pix(i,j-1) >1) || (pix(i+1,3-1)>1) ||
(pix(i-1,3) >1) || (pix(i-1,3+1)>1) )
return(1);
}

return(0) ;

17



int boolean(int i,int j)
{ char t1,t2;
t1 = (pix(i-1,3-1)>1)

t2 (pix(i,3-1) >1)
t2 & (pix(i-1,j) >1)
return(tl|t2);

int chain(int i,int j,char dir)
{ int a,b;

char m,n;

ptype ptr;

=i’~
= J;
= dir;

3 8 0 0
|

| (pix(i,3-1) >1)
t1 &= (pix(i+1,3) >1) | (pix(i,3+1) >1)

|

I

(pix(i-1,3+1)>1)

if ( scan(a,b,&m,&n,dir) !=8 ) /* meet trace */
{ if ( (head = (ptype)malloc(7)) == NULL ) return(0);

ptr = head;
do

{ if ( (ptr->nxt = (ptype)malloc(7)) = NULL )

reak;
ptr->x = a;
ptr->y = b;
ptr->c = encode(m,n);
putpix(a,b,3);
putpixel(a,b,12);
a+=m;
b += n;

ptr = ptr->nxt;
nextscan (&m, &n,dir) ;
if ( scan(a,b,&n,&n,dir) ==7)

} while ( (a+m)!=i || (bm)!=]);

ptr->nxt = head;

break;

| (pix(i-1,3) >1);
| (pix(i+1,3+1)>1);
(pix(i+1,3-1)>1) | (pix(i+1,3) >1);
| (pix(i,3+1) >1);
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ptr—>x = a;
ptr->y = b;
ptr—->c

encode (m,n) ;
putpix(a,b,3);
putpixel (a,b,12);
if ((atm)=1i && (b+n)==j)
return(1);
}
return(0) ;

void reduce()

{ unsigned char m,n;
int Qiff[9],tem;
ptype p,q,r;

p = head;
do
{ g9 = p—>nxt;
if (p—>c != g—>0)
{ for (n=0; n<9; n++)
{ diff[n] = (p—>c) - (g->C);
if (p—>c=0 && g->c=7) diff[n] += 8;
if (p>c=7 && g->c==0) diff[n] -= 8;
q = g->nxt;
}
q = p—>nxt;
for (r=1,tem=0; n<=9; ni+)
{ = g->nxt;
tem += diff[n-1];
if ( tem—0 && sym(diff,n)=1) break;

}
if (n <= 9)
{ r = p—>nxt;

—->C = p—>C;

for (n=2; m<=n; m+)

{ r = r->nxt;
r->X = p=>X + m*((g->x)—(p—>%) )/ (n+1);
r=>y = p=>y + m*((g->y)-(p—>y))/(n+l);
r->Cc = p—>C;



}

p = p—>nxt;
} while (p != head);
return;

int sym(int *A,unsigned char n)
{ unsigned char t;
for (t=1; t<=n/2; tt+t)

if ( (A[t-1]+A[n-t]) != 0) return(0);
return(1) ;

void dispchain()

{ ptype ptr;
ptr = head;
do

{ putpixel (ptr—>x,ptr->y,3);
ptr = ptr->nxt;

} while (ptr != head);

return;

}

char encode (char m,char n)
{ switch(m)
{ case -1 : switch(n)
{ case -1 : return(3);
case 0 : return(4);
case 1 : return(5);
} ,
case 0 : switch(n)
{ case -1 : return(2);
case 1 : return(6);
. .
case 1 : switch(n)

{ case -1 : return(l);
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case 0 : return(0);

case 1 : return(7);

}
¥

return(0) ;

void breakpoint ()

{ int count,len,tem;
unsigned char seterr,error,bp=0;
char major,minor;

ptype p,d;

= head;
do
{ major = p—>C;
p = p—>nxt;
for (count=1; p->c=—major && p!=head; count+t)
p = p—>nxt;
if ( (neighbor (p->c,major)==1) && (p!=head) )
{ minor = p—>C;
for (len=0; p—>c—minor && p!=head; lent+)
p = p—>nxt;
if (len > count)
{ tem = count;
count = len;
len = tem;
tem = major;
major = minor;
minor = tem;
}
if (count>=5)
seterr = 2;
else seterr = 3;
error = 0;
while (p!=head)
{ if (p—>c = major)
error = 0;
else if (p->c = minor)
{ if (exror=0) g = p;
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error++;
if (error>seterr)
{ P =gq; break; }
}
else break;
p = p—>nxt;
3

}

if (p!=head)

{ plane[bp].x = p—>X;
plane[bp].y = p—>y;
bp++;

¥

} while (p != head);
return;

int neighbor (char c1,char co0)
{ char tem;

tem = abs(cl-c0);

if ( ((c0=0) && (c1=7)) || ((cO=7) && (c1==0)) )
return(8-tem) ;

return(tem);

void freechain(ptype f)
{ ptype q;

do
{ g = f->nxt;
free(f);
f=gq;
} while (f!=head && f!=NULL);
return;

void over angle()
{ unsigned char cnt,n;
int px,py,px1,pyl;
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float A,B,C,theta;

for (n=0,cnt=0; n<POINT; nt+)

{ if (plane[n].x!=-1)

cnt++;
}
px1l = plane[1].X;
pyl = plane[1l].y;
px = plane[0].X;
py = plane(0].y;
= 03
for (theta=0; n<cnt-1; nt+,theta=0)
{ A = pow( (plane[n+l].x) - px  ,2.0)
+ pow( (plane(n+l].y) - Py 12.0);
B = pow( (plane[(n+2)%cnt].x)-(plane[n+1].x),2.0 )
+ pow( (plane[ (n+2)%cnt].y)-(plane(n+l].y),2.0 );
C = pow( (plane[(nt+2)%cnt].x)- px ,2.0)
+ pow( (plane[ (n+2)%cnt].y)- py 2.0 );

theta = acos( (A+B-C) / (2*sgrt(A*B)) )*180/PI;
px = plane[n+l].X;

py = plane[n+l].y;

if (theta >= 140)

{ plane[n+l].x = -1;

plane(n+l].y = -1;

}
}
A = pow( (plane[0].x%) - px ;2.0 )
+ pow( (plane[0].y) - py 2.0 );
B = pow( px1 - (plane[0].x) ,2.0)
+ pow( pyl - (plane[0].y) ,2.0 );
C = pow( px1 - pXx ;2.0 )
+ pow ( pyl - pYy (2.0 )7

theta = acos( (A+B-C)

S~

(2*sgrt(A*B)) )*180/PI;

if (theta >= 140)
{ plane[0].x = -1;

plane([0].y = -1;

5
return;
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void combine()
{ unsigned char m,n,1;

for (m=0; m<POINT; mtt)
{ for (; plane[m].x=-1 && m<POINT; mt+);
if (m==POINT) break;

for (n=m+1; plane[n].x=-1; )

n = (n+1)%POINT;

1 = abs(plane[n].x - plane[m].x);

if ( abs(plane[n].y-plane(m].y) > 1)
1 = abs(plane[n].y - plane[m].y);

if (1 <= 6) *

{ plane[m].x = (plane[(n].x + plane[m].X)/2;
plane[m].y = (plane[(n].y + plane[(m].y)/2;
plane(n].x = -1;

-1;

plane[n].y
}

return;

void eigen()
{
struct{ float max,min;
char name[10]; } Evalue[5] = { {246.990, 124.905,
{407.846, 48.127, "REAR" ko
{ 41.185, 37.814, "CIRCLE" } ,
{ 32.044, 29.776, "TRIANGLE" } ,
{ 53.644, 24.930, "RECTANGLE"} };
float cat,dog;
double a,b,c,d;
unsigned int N;
float meanx , meany;
float vxmax,vymax,vxmin,vymin;
unsigned long Exi,Eyi;
float eigenmax, eigenmin;
int i,3;
int xmin,ymin,xmax,ymax;
ptype r;

"F‘RONT"

Yo
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ymin = r->y;
ymax = ymin;
do

{ if (r->x < xmin)
xmin = r->X;
else if (r->x > xmax)
Xmax = r->X;
if (r->y < ymin)
ymin = r->y;
else if (r->y > ymax)
ymax = r->y;
r = r->nxt;
} while (r!=head);

N = Exi = Eyi = 0;
b=c=d=0.0;

v}
Il

for (j=ymin; j<=ymax; Jj+t)
for (i=xmin; i<=xmax; i++)
{ if (is fig(i,j)=1)
{ N++;
i += 1i;
Byi += 3J;
patpixel(i,j,3);
}
}

meanx

Exi/ (float)N;
Eyi/ (float)N;

meany

for (j=ymin; j<=ymax; j++)
for (i=xmin; i<=xmax; i++)
{
if(is fig(i,j)=1)
i
a += (i-meanx)*(i-meanx);
b += (i-meanx)*(j-meany)*0.82;
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d += (j-meany)* (j-meany)*0.82%0.82;
putpixel(i,J,14);
}

a/N;
b/N;
= T

= d/N;

2 0 o o
I

cat (d+a) * (d+a) ;

dog 4 * ((a*d)-(b*c));

if (cat >= dog)

{
eigenmax = ( (d + a) + (sgrt(cat - dog)) ) / 2;
( (d+a) - (sart(cat - dog)) ) / 2;

eigenmin

}

if (a-eigenmax+c != 0)

{ cat = -(b+d-eigemmax)/(a—eigenmax+c);
vymax = 1/sgrt(l+cat*cat);
vxmax = cat * vymax;

} else

{ vimax = 1;
if (b+d-eigenmax = 0)
vymax = 1;
else vymax = 0;
}
setcolor (RED) ;
1ine (meanx-20%vxmax , meany-20*vymax, neanx+20*vxmax , meany+20*vymax) ;

if (a—eigenmin+c != 0)
{ dog = -(b+d-eigenmin)/(a-eigenmin+c);
vymin = 1/sgrt(1+dog*dog) ;
vxmin = dog * vymin;
} else
{ vxmin = 1;
if (b+d-eigenmin = 0)
vymin = -1;
else vymin = 0;
}
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setcolor (GREEN) ;
line(meanx—zo*vxmin,meany—zo*vymin,meanx+20*vxmin,meany+20*vymin);

/% printf("fig %d |%7.2f %7.2f |",fig,a,b);

printf (" emax =%8.3f [%6.3f,%6.3f]",eigenmax, vxmax, vymax) ;
if (vxmax != 0)

printE (™ theta = %6.2f\n",atan(vymax/vxmax)*180/PI) ;
else printf (" theta = 90.00\n");
printf( " |%7.2f %7.2f |",c,d);
printE(" emin =%8.3f [%6.3f,%6.3f]",eigenmin, vxmin, vymin) ;
if (vxmin != 0)

printf (" theta = %6.2f\n",atan(vymin/vxmin) *180/PTI) ;
else printf(" theta = 90.00\n");*/

if ( fabs( sqrt(eigenmin)—Sqrt(Evalue[O].min) ) < 0.05*sqrt (Evalue(0].min) )
{ front.x = meanx;
front.y = meany;
}
if ( fabs( sart(eigenmax)-sgrt(Evalue[l].max) ) < 0.05*sgrt (Evalue[l].max) )
{ rear.x = meanx;
rear.y = meany;
}
if ( ( fabs(sqrt(eigenmin)-sgrt(Evalue[WANT].min)) < 0.05*sgrt (Evalue[WANT].m
&& ( fabs(sqrt(eigenmax)-sqrt (Evalue[WANT].max)) < 0.05*sgrt (Evalue[WANT].m
{ obj.x = meanx;
obj.y = meany;
printf ("STD[%8.3f,%8.3f] , OBJ[%8.3f,%8.3f]\n",Evalue[WANT].max, Evalue[ WANT
}

return;

int is fig(int i,int j)
{ ptype 1,s;
char mx=0,px=0,my=0,py=0;

r = head;

do

{ if (r->x=1i && r—->y=])
return(1);

if (r—>x=i && r->y!=j)



{ my |= (r->y<j)?1:0;
py |= (py=0 && r->y>j)?1:0;
}
if (r—>y=j && r->x!=1)
{ mx |= (r->x<i)?1:0;
px |= (xr->x>1)?1:0;
}
r = r->nxt;
} while (r!=head);
if (me=1 && px=1 && my=—1 && py—1)
return(1);
else return(0);

}

void convert(x,y,h)
int *x,*y;
float h;

{
*x = (int) ((*x-256)*(H-h) /H) ;

*y (int) ( (*y-256) * (H-h) /H*0.82) ;
*x += 256;
*y += 256;

return;

void initRobot ()
{ printf("\nWAIT FOR A MINUTIE.");

/* Set initial position of Robot Arm */
fprintf (stdprn, "%s\n", "NT") ;

delay(100);

fprintf (stdprn, "%s\n","MI -6000,0,0,0,0,0");
delay(1000) ;

fprintf (stdprn, "%s\n","GC") ;

delay(100);

fprintf (stdprn, "$s\n", "HO") ;

delay(100);

return;
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void resetRobot()
{ fprintf (stdprn,"%s\n","RS");
delay (500) ;

return;

/* Function to move arm to pixel (i,3) */

void arm()

{ float A,B,C,bd,sh,el,wr,r,1,k;

unsigned char cmd[40],

bd str(6], sh str(6], el str(6], wr_str(6];

float x, y, %1, h=2.0,H=27;
float Factor;

/* Calculate radius and angle */

Factor = 70.0/wide;

printf (" wide = %7.3f,Factor = %7.3f\n",wide, Factor) ;

A = pow( front.x - center.x

+ pow( front.y - center.y

B = pow( obj.x - center.x
+ pow( obj.y - center.y
C = pow( front.x - obj.x

+ pow( front.y - obj.y

bd = acos( (A+B-C) / (2*sqrt(A*B)) );

r = sgrt(B)*Factor;
r*sin(bd) ;

y = rxcos(kd);

¢

if (front.y = center.y)

{ if ( (front.x - center.x)*(obj.y - center.y)>0 )

{ x=-x;
bd = -bd;
}
}
else

2,
2,

0]

O O O O O

/
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{ X1 = center.x + (obj.y-center.y)*(front.x-center.x)/(front.y—-center.y);

if ( (front.y - center.y)*(obj.x - x1) >0 )

i = -0



printf(" r = %6.2f,theta = %6.2f",r,bd);
if (o-11 && %<11 && y>-15 && y<8)
printf ("Sorry, my hand may attack my base.\n") ;
else
if ( r<=sqrt(38*38-(H-21.46-h)*(H-21.46-h)) )
{ bd = DEGREE(kd) ;
if (bd>=-150 && bd<=150 )
{ 1=sgrt( (H-h)*(H-h) + r*r );
k = sqrt(21.46%21.46+16*16) ;
sh = (DEGREE(Coslaw(1,22,Kk)) - DEGREE (atan( (H-h) /r))) - 100;
el = DEGREE(Coslaw(22,k,1)) + DEGREE(atan(21.46/16)) -90;

wr 0;

/* pick object at calculated radius ard angle */
fprintf (stdprn, "%s\n","RS") ;
delay(500) ;
fprintf (stdprn, "%s\n","GO") ;
delay(100);
sprintf (cmd, "MI %d,%d,%d,0,0,0\n", (int)bd*40, (int)sh*40, (int)el*40) ;
fprintf (stdprn,"%s\n",cmd) ;
delay(1000);
ﬁprintf(stdprn,"%s\n","OG");
delay(100) ;
fprintf (stdprn,"%s\n","Go") ;
delay(100);
fprintf (stdprn,"%s\n","RS") ;
delay (500) ;
Jelse { printf("Sorry, I can’t turn my arm to pick it.\n"); }
Jelse { printf("Sorry, it’s too far to pick.\n"); }
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