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1. Main program

/* This programallows the user to input an arbitrary anpunt (<10) of points with the nouse
After that the set up polygon is separated in el ements existing of two subsequent |ines, which
intersect at the corner point. For these elenents the coordinate franes to conpute the clothoid
are set up and 50 points for both the proximal and the distal element are computed (in order to

plot it).

Then the user can define arbitrary points in the xy plain and for these points the cl osest

el ement is conputed and shown graphically on the screen
The used function are the foll ow ng:

1) fresnel: conmputes the values for the approxi mation of the fresnel integrals

2) derivativezero: determnes the point on the clothoid if the clothoid

s the cl osest el enent

3) closestpoint: determnes the closest point (needed to know in which corner the arbitrary

point is)

4) closestline: conmputes the closest line if the point is not close to the clothoid

5) relative_coordinate: conputes the coordinates relative to a chosen po
of a point that is given in relative coord
6) closest_elenment: determnes the closest elenment by dividing the area

nt or the global coord

n sub-areas in which

the point is closest to the clothoid, thus only the necessary conputation is

done
The used vari abl es
rhotext: string for input querie of rho

i, j, € i, iii: count variables for |oops
m is set to 1 one if |last defined point equals the first point
n: nunber of points (-> n-2 nunber of corners/el enents)

prod: variable used to conpute the scal ar product

C, S: values of fresnel integrals

normc2, normd2: length of c2 and d2 in order to nake themunit |l ength
s_vec: values needed to conpute the coordinates of the clothoid
eye[2][2]: 2x2-identity matrix

rhool d: variabl e needed to store corner.rho

hel p: help variable to store a tenporary val ue

poi nt _on_el em stores the coordinates of the closest point, the curvature of the correspondi ng

cl osest elenment and its tangent
corner: stores all the information of a corner: direction of the |ines,

coordi nate franes,

the parameters determ ning the clothoid, the values of the clothoid and the point of
intersection of the perpendicul ar through the starting and endi ng poi nt

*/

#i ncl ude <coni o. h>

#i ncl ude <stdio. h>

#i ncl ude <mat h. h>

#i ncl ude <graph. h>

#i ncl ude <stdlib. h>

#i ncl ude <stddef. h>

#i ncl ude <tine. h>

#i ncl ude <dos. h>

#i ncl ude <i 86. h>

#i ncl ude <tine. h>

#i ncl ude <sys\tineb. h>
#i ncl ude "nousesupport. h"

/* ___________________________________________________________________________ */
A L used functions = @ ---e-ioeeiaiaaia */
/* ___________________________________________________________________________ */

void fresnel (float x, float *C, float *S);

float derivativezero( Pairs corner, Lines position, float *pp, int nunberofpoint, int si);
fl oat cl osestpoint(Lines position, int n, int *nunberofpoint, Lines I,

float *vec_to_point);
float closestline(Pairs corner[nunofpoints], Lines position

Lines I, float *s, float *r, int g, int h);
void relative_coordinate(int cx, int cy, Lines *I, int n, int sig);
voi d cl osest _el ement (Lines position, int n, int mLines |, Pairs corner[nunofpoints],

poi nt OnEl em *poi nt _on_el en);

/* ____________________________________________________________________________ */
mai n()

char rhotext[80], mnsg[80];
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int i, j, e, n, mii, iii, eel*, flag*/;
float prod, C, S, help, normc2, normd2, eye[2][2], rhoold[nunofpoints], s_vec[50];
Lines I, c, position;
poi nt OnEl em poi nt _on_eI em
static Pairs corner[nunof points];

struct tinmeb startl_tinme, endl_tine;

A input of points that build up the walls --------------- */

=rmouse(& , &c); [//return nunber of points

// in order to get a closed polygon add first two points as |ast points

n¥l,

I points[i][0]=l.points[0][O];
I . p0| nts[i][1] =l .points[0][1];
: p0|nts[ 1[0]=Il.points[1][0];
I . p0|nts[ 1[1]=l.points[1][1];
i+

for (11=0; ii<n-2; ii++)

sprintf(rhotext,"rho for %. corner: ", ii+1);
_settextposition(1,1);

_outtext(rhotext);

scanf ("% ", &corner[ii].rho);

sprintf(rhotext," ")
_settextposition(1l,1);

_outtext(rhotext);

for (e=0;e<n-2;e++) // loop over all elenents (corner)

corner[e].point[0]=l.points[e+1][0]; // point of intersection (corner point)
corner[e].point[1] =l.points[e+1][1];

corner[e].t_prine[0]=l.points[e+1][0]-1.points[e][0]; // direction of first line
corner[e].t_prime[1] =l .points[e+1][1]-].points[e][1];
corner[e].normtpr=sqgrt(corner[e].t_prinme[0]*corner[e].t_prime[0]+
corner[e].t_prime[1l] *corner[e].t_prine[1l]);
corner[e].t_prinme[0] =corner[e].t_prinme[0]/corner[e].normtpr;
corner[e].t_prine[l] =corner[e].t_prine[l]/corner[e].normtpr;

corner[e].t_g[0]=l.points[e+2][0]-]I p0|nts[e+1][0], /1 direction of second line
corner[e].t_ [1]—I poi nts[e+2] [ 1] -1.points[e+l1][1];
corner[e].normtg=sqgrt(corner[e].t_g[0]*corner[e]. t _g[0] +
corner[e] t_g[1]*corner[e].t_g[1]);
corner[e].t_g[0]=corner[e]. [O]/corner[e] normtg
cornerfe].t g[l]:corner[e].t g[1]/corner[e].normtg
/1 define 2x2 identity matrix
for (i=0;i<2;i++)
for (j=0;j<2;j++)
eye[i][j] = (i==]) ? 1: O
}
/* --- set coordinate frames for proximal and distal segnment of the clothoid --- */
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/* proximal cl, c2 di stal di, d2*/
corner[e].cl[0] =corner[e].t_prime[O0];
corner[e].cl[1] =corner[e].t_prinme[1];

corner[e].dl[0]=corner[e].t_g[O0];
corner[e].dl[1] =corner[e].t_g[1];

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

corner[e].c2[i]=0.0;
corner[e].d2[i]=0.0;
for (j=0;j<2;j++)
t hel p=corner[e].t_prinme[i]*corner[e].t_prinme[j];
corner[e].c2[i]=corner[e]. c2[|]+(eye[|][J]-h I p)*
(cornerf[e].t g[J] corner[e].t_prime[j]);
hel p=corner[e].t_g[i]*corner[e].t_g[j];
corner[e].d2[i]=corner[e]. d2[|]+(eye[|][J]-h p)*
(corner[e].t_g[j]-corner[e]. pI‘IrTE[J])

}

norm c2=sqrt(corner[e].c2[0] *corner[e].c2[0] +corner[e].c2[1] *corner[e].c2[1]);
corner[e].c2[0]=corner[e].c2[0]/normc2;
corner[e].c2[1] =corner[e].c2[1]/normc2;

norm d2=sqrt(corner[e].d2[0] *corner[e].d2[ 0] +corner[e].d2[ 1] *corner[e].d2[1]);
corner[e].d2[0] =corner[e].d2[0]/normd2;
corner[e].d2[1] =corner[e].d2[ 1]/ normd2;

A R P set paraneters ------------ommim i */
corner[e].al pha=0. 0;
corner[e].p0=0.0;
corner[e].a=0.0;
corner[e].D=0.0;
pr od=0. 0;
for (i=0;i<2;i++) //scal ar product t_g*t_prine

prod=prod+corner[e].t_g[i]*corner[e].t_prine[i];

corner[e].al pha=pi -acos(prod); // alpha is angle between the two |ines
corner[e].pO=sqgrt(1- corner[e] al pha/ pi);

fresnel (corner[e].p0, &C,

corner[e].a=pi*corner[e]. rho*corner[e]

corner[e].D=corner[e]. a*(C+S*l/tan(corner[e] al phal/ 2));

if ( (corner[e].D>(corner[e].normtpr/2)) || (corner[e].D>(corner[e].normtg/2)) )
/1 check if Dis longer than half of one of the adjacent lines and if positive
/1 then reduce to the m ni nrumof both
{
corner[e].D=m n(corner[e].normtpr/2,corner[e].normtg/2);
corner[e].a=corner[e].D (C+S*1/tan(corner[e].al phal/2));
corner[e].rho=corner[e].al(pi*corner[e].p0);
}
} //end of |oop over elenents
I R R R END OF LOOP OVER ELEMENTS ------mcmmmm i e e m e e oo o -
/* ___________________________________________________________________________________________ */
2 */
A Starting point of the cobot ~ ----------- */
/* _________________________________________________________ */

/1 choose startingpoint as ending-point of distant clothoid of first(last) corner

c.points[0][0] =c.points[0][0]+(int)(corner[n-3].d1[0]*corner[n-3].D);
c.points[0][1] =c. points[O][1] +(int)(corner[n-3].d1l[1] *corner[n-3].D);

/1 transformall points to the coordinate systemw th starting point as origin
rel ative_coordinate(c.points[0][0], c.points[0][1], &, n, 1);
for (ee=0; ee<n-2; ee++) // needed because the foll ow ng | oop sonmehow changes the val ue of

corner.rho

r hool d[ ee] =corner[ee] . rho
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A LR T define proximl segment ---------------------- */
for (e=0; e<n-2; e++)

corner[e].point[0]=l.points[e+1][0]; // point of intersection (corner point)
corner[e].point[1]=l.points[e+l][1];

for (j=0;j<=50;]j++)
{

s_vec[j]=j *corner[e].p0/50;

fresnel (s_vec[j], &C, &S);

corner[e].sigma_prox[j][0] =corner[e].point[0]+
(corner[e].a*C-corner[e].D)*corner[e].cl[0] +corner[e].a*S*corner[e].c2[0];

corner[e].sigma_prox[j][1] =corner[e].point[1] +
(corner[e].a*C-corner[e].D)*corner[e].cl[1] +corner[e].a*S*corner[e].c2[1];

A R define distal segment -----------oommianon */
for (j=0;j<=50;]j++)
{

s_vec[]j]=(j +50) *corner[e]. p0/50;

fresnel (2*corner[e].p0-s_vec[j], &C, &S);

corner[e].sigma_dist[j][0] corner[e].poi nt[ 0] +
(corner[e].Dcorner[e].a*C)*corner[e].d1l[ 0] +corner[e].a*S*corner[e].d2[0];

corner[e].sigma_dist[]][1] =corner[e].point[1]+
(corner[e].D-corner[e].a*C)*corner[e].dl[ 1] +corner[e].a*S*corner[e].d2[1];

for (ee=0; ee<n-2; ee++)

corner[ee].rho=rhool d[ ee] ;

A LR graphical output ------------------------- */

_setvi deonpde( _VRES16COLCR) ;
_novet o(c. poi nts[0][0]-10, c. poi nt
_lineto(c. points[0][0]+10, c. poi nt

n n

_noveto(c. points[0][0], c. points[0O
_lineto(c.points[0][0],c.points[0
0

rel ative_coordinate(c.points[0][0], c. p0|nts[0][l] &, n, -1);
if (m=1) /1 last point is not first point

_noveto(l.points[0][0],|.points[0][1]);
el se

_moveto(corner[0].sigm

_pr 0] [ 0] +c. points[0][ O],
corner[0].sigma_prox[0][1] +c. poi nts[ 0] );

X|
1]
for (e=0; e<n-2; e++)

for (iii=0; iii<=49; iii++)

_lineto(corner[e].sigma_prox[iii][0]+c.points[0][0],
corner[e].sigma_prox[iii][1] +c. points[0][1]);

for (iii=0;iii<=49; iii++)
t _lineto(corner[e].sigma_dist[iii][0]+c.points[0][0],
corner[e].sigma_dist[iii][1] +c.points[0][1]);

}

if (mM=1) // last point is not first point
_lineto(l.points[n-1][0], |.points[n-1][1]);

el se

_lineto(corner[0].signma_pro [][O]+c.points[0][0],
corner[O]}.sigrm_prox[O][l]+c poi nts[0][1])
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N input of arbitray points to check the right conputation of the cl osest point
rel ative_coordinate(c.points[0][0],

for (i=1; i<10; i++)

mousel(&position, c, |

)
rel ative_coordinate(c.points[0][0],

cl osest _el ement (position, n, m

rel ative_coordi nat e(c. poi nts]
_novet o( posi tion. points[0][0]
_lineto(point_on_elempoint[0

getch();
_set vi deonode( _DEFAULTMODE) ;

return(0); //end of main

}
void relative_coordinate(int cx, int cy, Lines *I, int n, int sig)
int i;
if (sig==
// points relative to chosen origin c
for (i=0; i<n; i++)
| ->points[i][0] -= cx;
| ->points[i][1l] -= cy;
}
if (sig==-1)
/1 points in global coordinate system
for (i=0; i<n; i++)
| ->points[i][0] += cx;
| ->points[i][1] += cy;
return;
}

0
i

c.points[0][1],

c.points[0][1],
corner, &point_on_elen;
c. points[0][

posi tion. poi nt s[ 0]
+c. points[0][0],

Appendix B - 5

_on_elem point[1] +c. points[0][1]);



2. Closest_element

/* This program determ nes which el enent (clothoid, line or point) is closest to an arbitrary
point in the yy-plane. First it conputes the closest point. Starting fromthis we know which
corner is closest. Then the area in this corner is considered: W separate the plane in to sub-
pl anes by the two perpendicul ar lines through the starting and endi ng point of the clothoid and
their intersection. If the point is outside the area which is closest to the clothoid the distance
to all lines is conputed, otherwise it is considered to be closest to the clothoid. In the latter
case we further have to decide which part of the clothoid is closest, the proximal or the distal.
Knowi ng this we can do binary search.

*

/

#i ncl ude <coni o. h>

#i ncl ude <stdi o. h>

#i ncl ude <nmath. h>

#i ncl ude <stdlib. h>

#i ncl ude "nmousesupport. h”

| % e o e e e e e e e e e e e e e e e e * [
A conputation of the closest element ----------- */
/* _________________________________________________________ */
voi d cl osest _el ement (Li nes positi on, int n, int m Lines |, Pairs corner[nunofpoints],

poi nt OnEl em *poi nt _on_el en)
R T USED FUNCTIONS === mmmmmmm oo */

void fresnel (float x, float *C, float *S);
float derivativezero( Pairs corner, Lines position, float *pp, int nunberofpoint, int si);
fl oat cl osestpoint(Lines position, int n, int *nunberofpoint, Lines I,
float *vec_to_point);
float closestline(Pairs corner[nunofpoints], Lines position,
Lines I, float *s, float *r, int g, int h);
/* _____________________________________________________________________________ */

t nunberofpoint, i, ii, closest_line;

oat vec_to_point[2], pp, s[2], r, sss[2], rrr, C S,
di stance_to_clothoi d, distance_to_point, distance_to_line, distance_to_lastline,
m ni mum ~s0, sl1, cospsi2, cospsi3, dd2, psi2, psi3,
pi[2], p2[2], II;

in
|

—_—

poi nt _on_el em >poi nt [ 0] =0;
poi nt _on_el em >poi nt [ 1] =0
nunber of poi nt =0;

1

/1 cl osest point
di stance_t o_poi nt =cl osest poi nt (posi tion, n,
&nunber of point, |, &ec_to_point);

di stance_t o_cl ot hoi d=0;

/* deci si onmaki ng whether the proximal or the distal segment is closest or
none of both
psi is angle between line after closest point and vector pq
cos(psi)=(p*q)/ (I p|*lal) ,
the area which is bounded by the two perpendicul ar |ines
through its starting and ending point has to be considered */

if ((n>=3 && nunberofpoint !'= 1 & & nunberofpoint !'=n) ||
(me=1 && (nunberof point==1 || nunberofpoint==n-1))) // mrl neans that |ast point=first point
{

i f (nunberof point==1 || nunber of poi nt ==n-1)
nunber of poi nt =n- 1;

}
/1 pl: starting point p2: endi ng poi nt
p1[ 0] =cor ner [ nunber of poi nt - 2] . poi nt [ 0] -

cor ner [ nunber of poi nt - 2] . D*cor ner [ nunber of poi nt-2].c1[0];
p1l[ 1] =cor ner [ nunber of poi nt- 2] . poi nt[ 1] -

cor ner [ nunber of poi nt - 2] . D*cor ner [ nunber of poi nt-2] . c1[ 1] ;
p2[ 0] =cor ner [ nunber of poi nt - 2] . poi nt [ 0] +

cor ner [ nunber of poi nt - 2] . D*cor ner [ nunber of poi nt- 2] . d1[ 0] ;
p2[ 1] =cor ner [ nunber of poi nt-2] . poi nt[ 1] +

cor ner [ nunber of poi nt - 2] . D*cor ner [ nunber of poi nt- 2] . d1[ 1] ;
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Il =(p2[ 0] -pl[0])/ (corner[nunberofpoint-2].c2[0]-corner[nunberof point-2].d2[0]);
paraneter of line: x=pl+ll*c2 (or x=p2+l1*d2)

//'s: point on bisector where perpendicular |lines through starting and
/1 ending point of cl. intersect

cor ner [ nunber of poi nt - 2] . s[ 0] =p1[ O] +I | *cor ner [ nunber of poi nt-2] . c2[ 0] ;

cor ner [ nunber of poi nt - 2] . s[ 1] =p1[ 1] +I | *cor ner [ nunber of poi nt - 2] . c2[ 1] ;

dd2=sqrt( (position. points[0][0]-corner[nunberofpoint-2].s[0])*
(position.points[0][0]-corner[nunberofpoint-2].s[0])+
(position. points[0][1]-corner[nunberofpoint-2].s[1])*
(position.points[0][1]-corner[nunberofpoint-2].s[1]) ); //length of vector from
//position to s
cospsi 2=0; /*psi2 angle between vector fromintersecton to arbitray point and perpendi cul ar
t hrough begi nni ng point */
for (i=0; i<=1; i++) /* scalar (vector fromintersecton to arbitray point)*
(per pendi cul ar through begi nning point) */

cospsi 2=cospsi 2+cor ner [ nunber of poi nt-2] . c2[i]*
(corner[nunberof point-2].s[i]-position.points[0][i]);

}
psi 2=acos(cospsi 2/dd2); [// |c2|=1
cospsi 3=0; /*psi3 angle between vector fromintersecton to arbitray point and perpendicul ar
t hrough endi ng point */
for (i=0; i<=1; i++) /* scal ar product (vector fromintersecton to arbitray point)*
(perpendi cul ar through ending point) */

cospsi 3=cospsi 3+cor ner [ nunber of poi nt-2].d2[i]*
(corner [ nunber of point-2].s[i1]-position.points[0][i]);

}
psi 3=acos(cospsi 3/dd2); [// |d2|=1

if (psi2>=0 && psi 2<(pi/2-corner[nunberof poi nt-2].al pha/ 2)
&& psi 3>=(pi/ 2-corner[ nunber of poi nt-2] . al pha/2) && psi 3<(pi - corner [ nunber of poi nt -

2] . al pha))
{
/1 proximl elenment is closest
di stance_t o_cl ot hoi d=deri vati vezer o( cor ner [ nunber of poi nt-2], position, &pp
nunber of poi nt, 1);
if (pp !'=0)
{
fresnel (pp, &C, &S);
poi nt _on_el em >poi nt [ 0] =cor ner [ nunber of poi nt - 2] . poi nt [ 0] +
(cor ner [ nunber of poi nt-2] . a*C
cor ner [ nunber of poi nt - 2] . D) *cor ner [ nunber of poi nt-2] . c1[ 0] +
cor ner [ nunber of poi nt - 2] . a* S*cor ner [ nunber of poi nt-2].c2[ 0] ;
poi nt _on_el em >poi nt [ 1] =cor ner [ nunber of poi nt - 2] . poi nt [ 1] +
(corner [ nunber of poi nt-2] . a*C
cor ner [ nunber of poi nt - 2] . D) *cor ner [ nunber of poi nt-2] . c1[ 1] +
cor ner [ nunber of poi nt - 2] . a* S*cor ner [ nunber of poi nt-2].c2[ 1] ;
sO0=cor ner [ nunber of poi nt - 2] . r ho*( pi - cor ner [ nunber of poi nt - 2] . al pha) ;
sl=cor ner [ nunber of poi nt - 2] . a*(pp);
poi nt _on_el em >cur vat ur e=s1/ ( cor ner [ nunber of poi nt - 2] . rho*s0) ;
poi nt _on_el em >t angent [ 0] =cos( (s1*s1)/ (2*cor ner [ nunber of poi nt - 2] . r ho*s0)) *
cor ner [ nunber of poi nt-2].c1[ 0] +
sin((sl*sl)/(2*corner[ nunberof poi nt-2].rho*s0))*
cor ner [ nunber of poi nt-2].¢c2[ 0] ;
poi nt _on_el em >t angent [ 1] =cos((s1*s1)/ (2*cor ner[ nunber of poi nt-2].rho*s0))*
cor ner [ nunber of poi nt-2] . c1[ 1] +
sin((s1*s1)/(2*corner[nunberof point-2].rho*s0))*
cor ner [ nunber of poi nt-2].c2[1];
}
}

else if (psi3>=0 && psi 3<(pi/2-corner[nunberof poi nt-2].al pha/2)
&& psi 2>=(pi/ 2-corner [ nunber of poi nt- 2] . al pha/2) && psi 2<(pi - cor ner [ nunber of poi nt -
2] . al pha))

/1] distal elenent is closest
di stance_t o_cl ot hoi d=deri vati vezer o( cor ner [ nunber of poi nt-2], position, &pp
nunber of poi nt, -1);
if(pp !'= 0)
{

fresnel (2*cor ner [ nunber of poi nt - 2] . p0- pp, &C, &S);
poi nt _on_el em >poi nt [ 0] =cor ner [ nunber of poi nt - 2] . poi nt[ 0] +
(cor ner [ nunber of poi nt-2]. D
cor ner [ nunber of poi nt - 2] . a*C) *cor ner [ nunber of poi nt-2] . d1[ 0] +
cor ner [ nunber of poi nt - 2] . a* S*cor ner [ nunber of poi nt- 2] . d2[ 0] ;
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poi nt _on_el em >poi nt [ 1] =cor ner [ nunber of poi nt - 2] . poi nt [ 1] +
(corner [ nunber of point-2]. D
cor ner [ nunber of poi nt - 2] . a*C) *cor ner [ nunber of poi nt - 2] . d1[ 1] +
cor ner [ nunber of poi nt - 2] . a* S*cor ner [ nunber of poi nt - 2] . d2[ 1] ;
sO=cor ner [ nunber of poi nt - 2] . rho*(pl cor ner [ nunber of poi nt - 2] . al pha) ;
sl=cor ner [ nunber of poi nt-2] . a*(pp);
poi nt _on_el em >cur vat ur e=(2*s0- sl)/(corner[nunberofp0|nt 2] . rho*s0)
poi nt _on_el em >t angent [ 0] =cos( (2*s0-s1)*(2*s0-s1)/
(2*cor ner [ nunber of poi nt-2].rho*s0) )*
cor ner [ nunber of poi nt-2] . d1[ 0] -
sin( (2*s0-s1)*(2*s0-s1)/
(2*cor ner [ nunber of poi nt-2].rho*s0) )*
cor ner [ nunber of poi nt-2].d2[ 0] ;
poi nt _on_el em >t angent [ 1] =cos( (2*s0-s1)*(2*s0-s1)/
(2*cor ner [ nunber of poi nt-2].rho*s0) )*
cor ner [ nunber of poi nt - 2] . d1[ 1] -
sin( (2*s0-s1)*(2*s0-s1)/
(2*cor ner [ nunber of poi nt-2].rho*s0) )*
cor ner [ nunber of poi nt - 2] . d2[ 1] ;

}
} /1 end of if

if (n>=2)

/1l find the closest |ine
m ni nun+1000;
di stance_to_|ine= cl osestline(corner, position, I, &, &, 0, 0);
if (fabs(distance_to I|ne)<n1n|nun1&& r>corner[n-3]. D && r<corner[n-3].normtg-corner[0].D)

m ni mun=f abs(di stance_to_line)
cl osest _|ine=1;
for (11=0; ii<=1; ii++)
sss[ii]=s[ii];
rrr=r;

(i=1; i<n-2; i++)

// Distance to all lines except the first one which was conputed before
di stance_to_line=cl osestline(corner, position,
I, &, &, i, i);
if (fabs(distance_to_Iline)<m ninum & r>corner[|-l] D & r<corner[i-1].normtg-corner[i].D
m ni nun¥f abs(di stance_to_|ine);
cl osest _|line=i+1
for (11=0; ii<=1; ii++)
sss[ii]=s[ii];
rrr=r;
}
}
}
i f (mni munxdi stance_to_clothoid || distance_to_clothoid == 0)
poi nt _on_el em >poi nt[0] =sss[0]; // line is closest
poi nt _on_el em >poi nt [ 1] =sss[ 1]
for (11=0; ii<=1; ii++)
if (closest_line ==
poi nt _on_el em >tangent[ii]=corner[0].cl[ii];
el se
poi nt _on_el em >tangent[ii]=corner[closest_line-2].cl[ii];
}
poi nt _on_el em >cur vat ur e=0. 0;
}
else if (mnimnedi stance_to_point && distance_to_clothoid == 0)
poi nt _on_el em >poi nt [ 0] =I . poi nt s[ nunber of poi nt-1][ 0] ; /1 point is closest
poi nt _on_el em >poi nt [ 1] =l . poi nt s[ nunmber of poi nt - 1] [ 1]
}
} // end of if
return;
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3. Closestline

#i ncl ude "nousesupport. h"
A R function to conpute the distance to aline ------------------- */

float closestline(Pairs corner[nunofpoints], Lines position
Lines I, float *s, float *r, int g, int h)
/* position: arbitrary point
g and h are needed to deci de whether the distance to the last line or to any
other line is conputed (g==h for any line, h!=g for last line)
s: coordinate of the point on the line
r: distance fromstarting-point of line to intersection wth perpendicul ar
through arbitrary point*/

float distance=0.0;
if (g==h)

distance=((|.points[h][O]-position.points[O][O])*corner[g].cl[l]+
(position.points[0][1]-I.points[h][1])*corner[g].cl[0])/
(corner[g].c2[0]*corner[g].cl[1]- corner[g] c2[1] *corner[g].c1[0]);
posi tion. poi nts[ 0] [ 0] +di st ance*corner|[g] . 0
??S|t|on poi nt s[ 0] +d|stance*corner[g] CZ[L

[
[ posi tion. p0|nts[g ?] p0|nts[h][0])*corner[g
ts
[ *

n n

0]
1]
*r

1]
(position. p0|n %% [l]-I points[h][1])* corner[g] EZ%O])/

(corner[qg]. O] *corner[g].c2[1]-corner[g].cl[1] *corner[g].c2[0]);
el se

di stance=((!.points[h][0]-position.points[0]]
(position.points[0][1]-1.points[h
(corner[g].d2[0] *corner[g].d1l[1

?%)*corner[g].dl[l]+
sition. p0|nts[O][O]+d|stance*corne1
0
]
I-

1])*corner[g].d1[0])/
corner[g].d2[1] *corner[g].d1[0]);
].d2[0];

].d2[1];

*corner[g] d2[ 1] -

1)* corner[g] d2[0])/
orner[g].dl[1] *corner[g].d2[0]);

[ 0] =po
s[ 1] =posi ti on. poi nt s[ 0] [ 1] +di st ance*cor ne
*r=((position.points[0][0]-I.points[h]]
(position.points[0][1]-1.points[h
(corner[g].d1[0] *corner[g].d2[1

[g
[g
1)
[1
C

return(di stance);
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4. Closestpoint

#i ncl ude <nmath. h>

#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>

#i ncl ude <coni o. h>

#i ncl ude "nousesupport. h"

fl oat cl osestpoint(Lines position, int n, int *nunberofpoint, Lines I,
float *vec_to_point )
/* nunber of poi nt: nunmber of the corner-point that is closest to arbitrary point
vec_to_point: vector fromclosest corner-point to arbitrary point
mn: mnimal distance */

{
int i;
float mn, distance;
m n=1000. 0;
//vec_to_point[0]=0.0;
//vec_to_point[1] =0.0;
Eor (1=0; i<=n-1; |++)

di stance=sqrt ((position.points[0][0]-1.points[i][0])*
(position.points[0][0]-1.points[i][0])+(position.points[0][1]-].points[i][1])*
(position.points[0][1]-].points[i][1]));

i f (distance<m n)

m n=di st ance,
vec_t o_point[ O] =position.points[0][0]-I.points[i][0];
vec_to_point[1] =position.points[0][1]-I|.points[i][1];
*nunber of poi nt =i +1
}
return(mn);
}
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5. Derivativezero

#i ncl ude <nmath. h>

#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>

#i ncl ude <stddef. h>

#i ncl ude "nousesupport. h"
#define iter "iteration.txt"

void fresnel (float x, float *C, float *S);
float derivativezero( Pairs corner, Lines position, float *p

to the clothoid by using binary search

P,

i nt

dCdp, dSdp: derivatives of fresnel integrals with respect to p

derd2 neans derivative of distance squared

si = 1 for point is closest to proximal segenent
si = -1 for point is closest to distal segnent
al, a2: starting and end point

nunber of poi nt,
/* This function conputes the extrenum of the distance of an arbitrary point

int si)

in space

nunber of poi nt: specifies the corner-point that is closest to the arbitrary point*/

{
C, S, k1, k2, dCdp, dSdp;

ti
oat
oat z, sigma[2], ppp, para, f, fprine;
oat cl1[2], c21[2], al, a2;

FI LE*out put _file;
output _file=fopen(iter,"w");
if (si==1)
{
for (i=0; i<=1; i++)

cli[i]=corner.cl[i];
c21[i]=corner.c2[i];

}
al=0;
a2=cor ner. po0;

else if (si==-1)
for (i=0; i<=1; i++)

cli[i]=corner.dl[i];
c21[i]=corner.d2[i];

al=corner. p0;
a2=2*cor ner. po0;

if (si == 1)
t ppp=(a2+al)/ 2;

fprintf(output_file, "anfang: % pO= % 2*p0= %\n", pp

xX=0;

do

{
XX++;
par a=pi * ppp* ppp/ 2;
fresnel (ppp, &C, &S);

(corner. poi nt[0] - position. points[O0]
(corner. point[1]-position. points[O0]
dCdp=cos( pi * ppp* ppp/ 2) ;
dSdp=si n( pi * ppp* ppp/ 2) ;
f pri me=corner. a*dCdp*cos(para)-(corner.a*C
corner. D) *pi *si n(para) +cor ner. a*dSdp*si n( para) +
corner.a*S*pi *cos(para) +

f=(corner.a*C corner. D) *cos(para)+corner. a*S*
pal [
[
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pi *ppp*(corner. point[0] -position.points[0][0])*(cos(para)*c21[0]-

sin(para)*c11[0])+

sin(para)*cll[1]);

if (si
{

pi *ppp*(corner. point[1]-position.points[0][1])*(cos(para)*c21[1]-
if (fabs(fprine)>2*1le-16)
ppp-=f/fprine,
el se
printf("\nDivide by zero!!\n");

fprintf(output_file,"p: % iteratationen: %l corrector: %\n", ppp, xx, f/fprine);

}
whi | e(fabs(f/fprine)>le-3);

== -”

ppp=(a2+al)/ 2,
fprintf(output_file,"anfang: % pO= % 2*p0O= %\n", ppp, al, a2);

xx=0;

do

{
XX++;
par a=pi / 2* (a2- PPP) (a2-ppp) ;
fresnel (a2- ppp, &C, &S);

}

f=(corner.D corner.a*C)*cos(para)-corner.a*S*sin(para)+
(corner.point[0]-position.points[0][0])*(cos(para)*cll[0]-sin(para)*c21[0])+
(corner.point[1]-position.points[0][1])*(cos(para)*cll[1]-sin(para)*c21[1]);
dCdp=cos(para);
dSdp=si n(para);
fprime=corner.a+(corner.point[0]-position.points[0][0])*pi*(a2-ppp)*
(sin(para)*cll[ 0] +cos(para)*c21[0])+
(corner. point[1]-position. poi nts[ 0] [1])*pi *(a2-ppp)*
(sin(para)*cll[ 1] +cos(para)*c21] l] )+
(corner. D corner. a*C)*pl*(aZ- pp) * S|n(p|/2*(a2 ppp) *(a2- ppp)) +
corner.a*S*pi *(a2-ppp) * cos(p|/2*(a2 ppp) *(a2-ppp));

if (fabs(fprine)>2*1le-16)
ppp-=f/fprine;

el se
printf("\nDivide by zero!!\n");

fprintf(output_file,"p: % iteratationen: % corrector: %\n", ppp, xx, f/fprine);

while (fabs(f/fprine)>le-3);
}
fresnel (ppp, &C, &S);

for (i

=0; 1<=1; i++)

sigma[i]=(corner.point[i]+si*(corner.a*C corner.D)*cl11[i]+

}klzposi tion.points[0][0]- grra[ 0];
k2=posi tion. points[0][1]-sigma[1];

z=0;

corner.a*S*c21[i]);

1

z= sqrt(kl*k1+k2*k2)
fprintf(output_file,"\nznew %\n", z);

*PP=ppp;

fclose(output _file);
return(z);
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6. Fresnd

#i ncl ude <mat h. h>
#i ncl ude "nousesupport. h"

void fresnel (float x, float *C, float *S)

float r_nunmerator, r_denom nator, r12;
float a_denom nator, a03;
fl oat hel pC, hel pS;

r_numer at or =0. 506* x+1;
r_denom nat or =1. 79* x*x+2. 054* x+sqrt ( 2) ;
r12=r _nunerator/r_denom nat or;

a_denom nat or =0. 803* x* x* x+1. 866* x* x+2. 524* x+2;
a03=1/a_denom nat or;

hel pC=si n( 0. 5*pi *(a03-x*x));
hel pS=cos( 0. 5*pi *(a03-x*x) ) ;
*C=0. 5-r 12* hel pC,
*S=0. 5-r12*hel pS;
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7. Mousesupport

/*Bitfields for nouse call nask
Bit(s) Description (Tabl e 2426)
0 call if nmouse noves
1 call if left button pressed
2 call if left button rel eased
3 call if right button pressed
4 call if right button rel eased
5 call if mddle button pressed (Muse Systens/Logitech/ Genius nouse)
6 call if mddle button rel eased (Muse Systens/Logitech/ Genius nouse)
7-15  unused
Not e: sonme versions of the Mcrosoft docunmentation incorrectly state that CX

bit 0 means call if nouse cursor noves

(Tabl e 2427)

Values interrupt routine is called with:
AX =

BX = button state

CX = cursor colum

DX = cursor row

SI = horizontal m ckey count
DI = vertical mckey count*/

#i ncl ude <graph. h>

#i ncl ude <stdio. h>

#i ncl ude <coni o. h>

#i ncl ude <dos. h>

#i ncl ude <i 86. h>

#i ncl ude <mat h. h>

#i ncl ude "nousesupport. h"

#i f ndef FALSE
#define FALSE O
#defi ne TRUE ! FALSE
#endi f

nt MouseEvent = 0
nt MouseMoved = 0
nt RBpressed = 0

nt RBreleased = 0
nt LBpressed = 0

nt LBrel eased = 0;
nt BBpressed 0;

nt MouseAX ;
nt MuseBX
nt MouseCX
nt MouseDX

Leeen

#pragnma of f (check_stack);

voi d _| oadds far MuseHandl er (int
{

#pragnma aux MuseHandl er parm [ EAX]
MouseEvent = 1;

[ EBX]

MouseAX = mex;
MouseBX = nbx;
MouseCX = nctx;
MouseDX = ndx;

i f (MouseBX == 0x3)
BBpressed = 1;
el se i f(MuseAX == 0x8)
RBpressed = 1;
el se i f(MuseAX == 0x10)
RBr el eased = 1;
el se i f(MuseAX == 0x4)
LBrel eased = 1;
el se i f(MuseAX == 0x2)
LBpressed = 1;
el se i f(MuseAX == 0x1)
MouseMbved = 1;

}

#pragnma on (check_st ack);

short | nitMuse(void)

condition mask (sanme bit assignnments as cal

nbx, int
[ ECX]

max, int

ncx, int

[ EDX];
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struct SREGS sregs;

uni on REGS inregs, outregs;
struct videoconfig vc;

int (far *function_ptr)();

_getvideoconfig( &c );
/* check for nouse driver */
inregs.w ax = 0;
int386 (0x33, & nregs, &outregs);
segread( &sregs);

i f(outregs.w ax == 0x0000)
{

_outgtext( "Muse NOT installed..." );
return FALSE;
el se
{
/*set the x range of nouse*/
i nregs.w. ax = 0x0007;
i nregs.w. cx = 0x0000;
inregs.w. dx = (int) vc.nunxpixels;
i nt 386( 0x33, & nregs, &utregs);
/*set the y range of nouse*/
i nregs.w. ax = 0x0008;
i nregs.w. cx = 0x0000;
inregs.w. dx = (int) vc.nunypixels;
i nt 386( 0x33, &J nr egs, &out r egs) ;
i nregs.w. ax = 0x0001; / / show nouse cursor
i nt 386( 0x33, & nregs, &outregs);
/* install nouse watcher */
i nregs.w. ax = 0xC,
i nregs.w. cx = 0x0014; //call mask: call if anything happens with the nouse
inregs.w. si = Oxf;
inregs.w di = Oxf;
function_ptr = MuseHandl er;
i nregs. x.edx = FP_OFF( function_ptr );
sregs. es = FP_SEE function_ptr );
i nt 386x( 0x33, & nregs, &outregs, &sregs );
return TRUE;
}

}
voi d Exit Mouse(voi d)
t uni on REGS inregs, outregs;
/* check |nst aI lation again (to clear watcher) */

inregs.w.ax =
i nt 386( 0x33, &J nregs, &outregs );

}

int nouse(Lines *I, Lines *c)
char mnsg[ 80];
uni on REGS i nregs, outregs;
int i, MuseCXold, MuseDXol d;

int rbrel easedol d;
_setvi deonpde( _VRES16COLCR) ;

t Mouse();
el easedol d=RBr el eased;

I ni
rbr
i =0;
while(!RBrel eased) //quit with right npusebutton
{

show position(i, *c, *I);

i f (MouseEvent)

i f(LBrel eased)
{

i nregs.w. ax = 0x0002; // hi de nouse cursor
i nt 386(0x33, & nregs, &utregs);

if (i==0)

{
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c->poi nt s[ 0] [ 0] =MbuseCX;
c->poi nt s[ 0] [ 1] =MouseDX;
| ->poi nts[i][0] =MouseCX;
| ->points[i][1] =MouseDX;

sprintf(msg,"X = 9% Y = g\ n", MuseCX, MuseDX);
_nmovet o( MouseCX, MouseDX);

el se

{
| ->poi nts[i][0] =MbuseCX;
| ->poi nts[i][1] =MouseDX;
sprintf(nsg, "(%, %l)", MuseCX, MuseDX);
_novet o( MouseCXol d, MuseDXol d) ;
_lineto(MouseCX, MouseDX);

}

MouseCXol d=MouseCX;

MouseDXol d=MbuseDX;

novet o( MouseCX+20, MuseDX);
_out gt ext (nsQ) ;

LBrel eased = 0;

i ++;

MouseEvent = 0;
i nregs.w. ax = 0x0001; / / show nouse cursor
i nt 386( 0x33, & nr egs, &outregs);

}
RBr el eased=r br el easedol d;
i nregs. w. ax = 0x0002; // hi de nouse cursor
i nt 386( 0x33, & nregs, &utregs);
Exi t Mouse() ;
return(i);

voi d nmousel(Lines *a, Lines c, Lines I|)

char nsg[ 80];

uni on REGS inregs, outregs;
short flag;

/ILines I|;

I ni t Mouse();
f 1 ag=TRUE;

whi | e(fl ag)

//show position(l, c, |);
i f (MouseEvent)

i f (LBrel eased)
{

i nregs.w. ax = 0x0002; /1 hi de npuse cursor
i nt 386( 0x33, & nregs, &utregs);

a- >poi nt s[ 0] [ 0] =MbuseCX;

a- >poi nt s[ 0] [ 1] =MouseDX;

sprintf(nsg, " (%, %l)", MuseCX, MuseDX);
f | ag=FALSE;

_nmovet o( MouseCX+20, MuseDX);
_outgtext (msg);
MouseEvent =0;

}
}
Exi t Mouse() ;
}
voi d show position(int i, Lines ¢, Lines I)

/1 shows current global position of the nouse in the upper right corner of the screen
char nsg[ 80];
uni on REGS inregs, outregs;
int ol dx, oldy;
float |ength;
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egs. w. ax=0x0003; // get current nouse position
86( 0x33, & nregs, &outregs);

if (i==0)
{
sprintf(nsg, "x y: ;
sprintf(nsg, "x: %l y: %", outregs.w cx, outregs.w dx);

settext p03| tion(1,60);
“outtext(msg);

el se

| engt h=sqrt( (outregs.w cx-|.points[i-1][0])*(outregs.w. cx-I.poi nts[|-1][0])+
(outregs. w. dx-1. pomts[l-l][l])*(outregs w. dx-1.points[i-1][1]) );

sprintf(nsg, "x: y: | engt h: ");

sprintf(nsg, "x: %l y: % length: %", outregs.w cx, outregs.w dx, |ength);

settext p03|t|on(1 40) ;

“outtext (msg);
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8. Mousesupport.h

#i f ndef MOUSESAMPLE_H
#defi ne MOUSESAMPLE_H

#defi ne nunof points 10
#define pi 3. 14159265

typedef struct {
i nt poi nt s[ nunof poi nts][2];

} Lines;
typedef struct {
t point[2];
oat t_prine[2], t_g[2], normtpr, normtg, alpha, p0, a, D cl[2], c2[2],

di[ 2], d2[2], sigma_prox[50][2],

sigma_dist[50][2], rho, s[2];

} Pairs;
typedef struct {

in
fl

int point[2];
float tangent[2], curvature;
} poi nt OnEl em

void _l oadds far MuseHandl er (int max, int nmbx, int ncx, int mdx);
short | nitMuse(void);

voi d Exit Mouse(void);

int nmouse(Lines *I, Lines *c);

voi d nmousel(Lines *a, Lines c, Lines I|);

voi d show_ position(int i, Lines c, Lines |);

#endi f
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