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USING ORIENTATION TESTS ON POLYGONS

Point in polygon test

Input:
A polygon p1,p2, ..., pn
A query point ¢

Output:
Yes/No g € P
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USING ORIENTATION TESTS ON POLYGONS

Point in polygon test

Input:
A polygon p1,p2, ..., pn
A query point ¢
Output:
Yes/No g € P

What if the polygon is convex?

Computational Geometry, Facultat d'Informatica de Barcelona, UPC



E]ew\\DIDZ BB,

 18491a3U56384 123456784 12..,

) q_.,“—?847&314_&__6?80111:23‘156980(12...

pol?aovxo‘&% 123459
5638 19




..189563[8 4563 8.

llgonas s 567
T el M4

845989578 - -

Po\?aor\oa : i:g‘;

Coso0Ses “ﬂ@“y
o drionc o (2 obeio )
e br




USING ORIENTATION TESTS ON POLYGONS

Intersection test line - polygon

Input:
¢: a line (through p and q)
P: a polygon (with vertices p1,p2,-..,Pm)

Yes/No they intersect.
If they do, the edges of P intersecting /¢

Oln)
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USING ORIENTATION TESTS ON POLYGONS

Intersection test line - polygon

Input:
¢: a line (through p and q)
P: a polygon (with vertices p1,p2,-..,Pm)

Yes/No they intersect.

If they do, the edges of P intersecting /¢

What if the polygon is convex?
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= cémo Ca.QCuﬁ,a.f’:

int
—_—

{

Midway( int a, int b, int n )

&PTS S
if (a < b) return (a + b ) / 2; .
else return ( (a+b+n) /2) %n <P,
}

Algorithm: HIGHEST POINT OF CONVEX POLYGON
Initialize a and b.

repeat forever
== ¢ < index midway froma to b. — > d ,D

if P[c]is locally highest then return ¢ ~— O(.’\\

if A points up and C points down —> ()
) then[a, b] « [a,c]—> O(1
else if A points down and C points up
—> then [a, b] < |[c, b]
else if A points up and C points up
if Pla] is above P[c]
— then [a, b] « [a, c]
else [a, b] < [c, b]
else if A points down and C points down
if Pla] is below P[c]
—=then [a, b] « [a, ]
N/ ——else[a, 5]  [c, b]
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USING ORIENTATION TESTS ON POLYGONS

Supporting lines point - polygon

Input:
A polygon P with vertices pi,ps,...,pn
A point ¢ not belonging to the convex hull of P

Output:
Lines through ¢ and P that leave all of P to one side

Y/\ P

*q
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USING ORIENTATION TESTS ON POLYGONS

Supporting lines point - polygon

Input:
A polygon P with vertices pi,ps,...,pn
A point ¢ not belonging to the convex hull of P

Out.put: | 6{)\\ vac \ e

Lines through ¢ and P that leave all of P to one side
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USING ORIENTATION TESTS ON POLYGONS

Supporting lines point - polygon

Input:
A polygon P with vertices pi,ps,...,pn
A point ¢ not belonging to the convex hull of P

Output: E;\@g‘%@ g 1= \,CL

Lines through ¢ and P that leave all of P to one side (MJAL o OS5
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What if the polygon is convex? ) 6\,(\ Casman T IA;,%
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Algorithm: TANGENT POINTS (XV\B
fori=0ton —1do
it Xor (p left or on (p;_,, Pi), p leftoron (p;, piyy))
then p; is point of tangency
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USING ORIENTATION TESTS ON POLYGONS

How did we prove the correctness of our solutions?
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USING ORIENTATION TESTS ON POLYGONS

How did we prove the correctness of our solutions?

Geometric property:
No particular one.
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USING ORIENTATION TESTS ON POLYGONS

How did we prove the correctness of our solutions?

Geometric property:
No particular one.

&

Brute-force solution

O(n) time
O(n) space
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USING ORIENTATION TESTS ON POLYGONS

How did we prove the correctness of our solutions?

Sl

Geometric property:

p € P < The number of

intersections of 0P and
Geometric property: any halfline with origin at
No particular one. p is odd.

&

Brute-force solution

O(n) time
O(n) space
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USING ORIENTATION TESTS ON POLYGONS

How did we prove the correctness of our solutions?

Sl

Geometric property:
p € P < The number of
intersections of 0P and

Geometric property: any halfline with origin at
No particular one. p is odd.
Brute-force solution Brute-force solution
O(n) time O(n) time
O(n) space O(n) space
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USING ORIENTATION TESTS ON POLYGONS

How did we prove the correctness of our solutions?

Geometric property:
No particular one.

&

Brute-force solution

O(n) time
O(n) space

Geometric property:

p € P < The number of
intersections of 0P and
any halfline with origin at
p is odd.

4

Brute-force solution

O(n) time
O(n) space

Geometric property:
The solutions are the
angularly extreme vertices
of P as seen from p.
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USING ORIENTATION TESTS ON POLYGONS

How did we prove the correctness of our solutions?

Geometric property:
p € P < The number of
intersections of 9P and

‘__---

Geometric property:
The solutions are the
angularly extreme vertices

Geometric property: any halfline with origin at
No particular one. p is odd. of P as seen from p.
Brute-force solution Brute-force solution Use a max/min algorithm
O(n) time O(n) time O(n) time
O(n) space O(n) space O(n) space
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USING ORIENTATION TESTS ON POLYGONS

How did we prove the correctness of our solutions?
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USING ORIENTATION TESTS ON POLYGONS

How did we prove the correctness of our solutions?

Geometric property:
Distance to line is

unimodal along each
chain of OP.
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USING ORIENTATION TESTS ON POLYGONS

How did we prove the correctness of our solutions?

Geometric property:
Distance to line is

unimodal along each
chain of OP.

4

Binary search solution
O(logn) time
O(n) space
(after preprocess)
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USING ORIENTATION TESTS ON POLYGONS

How did we prove the correctness of our solutions?

Geometric property:

Geometric property: Segments connecting
Distance to line is two vertices decompose
unimodal along each P into two convex
chain of OP. subpolygons.

4

Binary search solution
O(logn) time
O(n) space
(after preprocess)
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USING ORIENTATION TESTS ON POLYGONS

How did we prove the correctness of our solutions?

Geometric property:

Geometric property: Segments connecting
Distance to line iIs two vertices decompose
unimodal along each P into two convex
chain of OP. subpolygons.
Binary search solution Binary search solution
O(logn) time O(logn) time
O(n) space O(n) space
(after preprocess) (after preprocess)
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How did we prove the correctness of our solutions?

Geometric property: <o
Geometric property: Segments connecting
Distance to line is two vertices decompose Geometric property:
unimodal along each P into two convex Ang|e wrt q Is unimodal
chain of OP. subpolygons. along OP.
Binary search solution Binary search solution

O(logn) time O(logn) time

O(n) space O(n) space

(after preprocess) (after preprocess)
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How did we prove the correctness of our solutions?

Geometric property: <o
Geometric property: Segments connecting
Distance to line is two vertices decompose Geometric property:
unimodal along each P into two convex Ang|e wrt q Is unimodal
chain of OP. subpolygons. along OP.

Binary search solution Binary search solution Binary search solution
O(logn) time O(logn) time O(logn) time
O(n) space O(n) space O(n) space
(after preprocess) (after preprocess) (after preprocess)
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FURTHER READING
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Cambridge University Press, 1994 (2nd ed. 1998), pp. 17-35.
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Springer-Verlag, 1985, pp. 36-45.
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