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Computational Geometry
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13.4. Faster Than a Speeding Bullet

e given:
— Obstacles do not overlap

— start and target positions lie outside of obstacles

e algorithm. ..



Faster Than a Speeding Bullet

travel = distance(s,t)+ Z (arclength—linesegmentlength)

intersecting
circles



Representation Point

typedef double point[2];
const int X = 0;
1;

const int Y =

int main ()

{ point p;

plX] = ...;
plYl = ...;
}



Representation Circle

typedef struct

{ point center; // center of circle
double r; // radius of circle
} circle;

int main ()

{ circle c;

c.center[X] = ...;
c.center[Y] = ...;

C.r = ...;



Representation Line



Representation Line

typedef struct

{ double a, // a, b and c are coefficients in equation ax + by + ¢ = 0,
b, // describing the line.
C,

} line;

int main ()
{ line 1;

l.a ce

1.b ce e

l.c ce
+

b (or a) is normalized to 1



Closest Point On Line

void closest_point (point p_in, line 1, point p_c)
{ line perp; // perpendicular to line 1 through point p

if (fabs(l.b) <= EPSILON) // vertical line
{ p_clX] = -1.c;

p_clY] = p_in[Y];

return;

}

if (fabs(l.a) <= EPSILON) // horizontal line
// analogous

// Otherwise ...

} // closest_point



Closest Point On Line

e find perpendicular line (how?)

e find intersection point (how?)



Perpendicular Line

y=mx+ kl
IS perpendicular to
y=—(1/m)x + k2

void point_and_slope_to_line (point p, double m, line *1)

{ ...
}
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Point and Slope To Line

void point_and_slope_to_line (point p, double m, line *1)
{

1->a = -m;

1->b = 1;

1->c = - ((1->a)*p[X] + (1->b)*plY]);
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Closest Point On Line

void closest_point (point p_in, line 1, point p_c)
{ line perp; // perpendicular to line 1 through point p

if (fabs(l.b) <= EPSILON) // vertical line
{ p_clX] = -1.c;

p_clY] = p_in[Y];

return;

}

if (fabs(l.a) <= EPSILON) // horizontal line
// analogous

point_and_slope_to_line (p_in, 1/(1.a), &perp);
intersection_point (1, perp, p_c);

} // closest_point
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Intersection Point
(general case)

a1z + b1y + c1
a>x + boy 4+ co
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Intersection Point
(general case)

a1box + b1boy + c102
biasx 4 b1boy + bico
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Intersection Point
(general case)

a1box 4 b1boy + c102
biazx + b1boy + byco

(a1bp —biao)x + c1bo — bico

bico — c1bo

a1b> — bian
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Intersection Point
(general case)

a1box + b1boy + c10o
biasx + b1boy + bico

(a1bp —biao)x + c1bo — bico

bico — c1bo

r =
a1bo — b1as

ajc2 —c1az

a1bp — bian

unless lines are parallel / equal. ..
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Point In Box

bool point_in_box (point p, point bl, point b2)

{
return ( (p[X] >=
(plX] <=
(plY] >=
(plY] <=

min
max
min

max

(b1[X], b2[X]1)
(b1 [X], b2[X]1)
(b1[Y], b2[Y])
(b1[Y], b2[Y])

-

EPSILON) &&
EPSILON) &&
EPSILON) &&
EPSILON) );
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Triangles and Trigonometry
e sin(a), cos(a), tan(a)
o (sin(a))? + (cos(a))? =1
e degrees vs. radians: 360 degrees =~ 27
e cos(a) = sin(a+ (7/2))

e arcsin(x), arccos(x), arctan(x)
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13.2.3. Solving Triangles

e Pythagoras: a2 4+ b2 = ¢?

e In general:

a® = b° 4 c? — 2bc cos(a)

e In general:

a b C

sin(e) _ sin(8) _ sin(y)
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13.2.3. Solving Triangles

e In general:

a’® = b° 4 c® — 2bc cos(a)

e In general:

a b C

sin(e)  sin(8) _ sin(y)

e given two angles and one side. ..

e given two sides and one angle. ..
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13.2.3. Solving Triangles

area A(T) of triangle T'. ..
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13.2.3. Solving Triangles

area A(T) of triangle T

e A(T) = (1/2)ab, for altitude and base

2A(T) =

Ax ay 1
be by 1
cx cy 1

— axby — a;ybx _I_ a/ny — a/ny _I_ bey — ngby

(in absolute value). ..
Here, a = (az,ay), b = (b, by), ¢ = (cz,cy) are vertices
(not lengths of edges)
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13.3. Circles

e line tangent to circle

e intersection points of two circles
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To Which Side of a Line

point c is to right of a — b, if

a/gjby — a/ybx _I_ any — any _I_ bey — bey< 0]
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Area of Convex Polygon
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Area of Convex Polygon

triangulation from arbitrary vertex

26



13.6.7. Is This Integration?
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https://onlinejudge.org/index.php?option=com_onlinejudge&Itemid=8&category=41&page=show_problem&problem=1150

13.6.3. The Knights of the Round Table?
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https://onlinejudge.org/index.php?option=com_onlinejudge&Itemid=8&category=41&page=show_problem&problem=1136

