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Abstract On this paper we present a solution to detect and know if a point M is inside a polygon (Ak)ke{l.,..,n} or

outside. In the case where the point M is at outside the polygon, a simple optimization method will be applied to determine
the distance between the point M and the polygon Ay, ..., A, that is to say between the point M and the point P of the border
of the polygon closest to M: The Neighboring Point. The introduction of complex numbers in algebra and geometry is very
useful. We therefore proceed with our purely geometric methods as well as with complex numbers, using the triangulation
of a convex polygon and a very specific complex application that we have just constructed. So our contributions are: A
very simple and fast tracking algorithm, and therefore an extremely low cost per iteration (An Algorithm for Judging Points
Inside or Outside a Polygon), The neighboring Point and The spacing in the case where the point M is at outside the
polygon, so without going through the quadratic optimization, we will give the simplest and fastest way to calculate the
distance d between the point M and the polygon (Am),, (1, ... ,,} and determine the point P of the boundary of the closest

(neighboring) polygon to M . Above all it is an article full of examples for all the cases and methods and which are ready to
be programmed and applied.
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1. Introduction

The question of whether a point lies inside a polygon is a fundamental problem in computational geometry and has
applications in various fields, including computer graphics, geographic information systems (GIS), and robotics.
Here are some relevant works and algorithms related to this topic:

Ray Casting Algorithm: The Ray Crossing (ray intersection) Casting algorithm is One of the primary methods
to solve the PIP problem (the Point-in-Polygon Problem) and a widely used method to determine whether a point
is inside a polygon. This involves casting a ray from the test point and counting the number of times it intersects
the edges of the polygon. If the count is odd, the point is inside the polygon; if it is even, the point is outside.
The point of the ray that hits the polygon is called the “witness point”, it was derived by Nordbeck and Rystedt
in 1967 [9], [10], [12]. There are many works that have designed algorithms for the point in a polygon problem
based on the ray casting algorithm like in [8], [11] using equations from vector geometry or other modifications
and approximations.
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A. ARBAI, M. ABOUNAIMA AND A. BELLEKBIR 1855

There is also a method to test if a point is inside a polygon by summing the oriented angles relative to that point.
If it’s zero, we’re outside the polygon. When a point is inside a polygon, the sum of the angles between this point
and the points constituting the polygon is equal to 360°.

The introduction of complex numbers in algebra and geometry is very useful see [1], [2], [3], [5].... That is, if a
polygon has for summit (Ay)req,....n} Of affixes (zx)req1,... n) and the point concerned is M with affix z then,

M is inside the polygon <= Z arg <ZH1_Z> ‘ =27
1 Zk — %

with Zn4+1 = Z1.

Another similar method using the areas (or surfaces) of the triangles formed by this point and two successive
extremities ordered in either a clockwise direction or viceversa, and then we compare the signs of the areas or just
compare the sum of the surfaces (absolute values of the areas) with the total surface of the polygon.

Also, we can do a complex analysis:

Let 2y be the affix of the point to be tested. We integrate m along the curve crossing the polygon. If the
point is inside, the integral is 1 or -1 (depending on the chosen orientation), otherwise it is O.

To see an overview of previous algorithms we just have to see the [7] paper
In reality, the problem is a bit more complicated.

The reason is that all computer calculations are performed with a finite number of significant digits. In this field,
we cannot test the equality of two real numbers, because a real number does not exist in computer science. We can
only test the equality between two floating points, or at least compare the difference of two floating points to a
given small epsilon... Without forgetting the fact that it is necessary to avoid the cases where the intersections are
vertices of the polygons which one cannot control.

In all cases, calculations of intersections, sum of areas or angles (arguments), and complex integrals (along the
curve crossing the polygon) must be stopped at all costs.

We, in this paper, we will proceed by our purely geometric method, using the triangulation of a convex polygon
and a very specific application that we have just constructed.

The most appropriate method would be that of traingulization followed by a search for the point on all the
triangles (one by one) until falling on the triangle which contains the said point otherwise it is outside the polygon.
Except for us, we are going to use (and this is our first contribution) another original method which requires less
calculation to be carried out.

And we will finish at the end with another contribution that of finding the Closest Point on a Polygon using a
simple optimization method

The triangulation of a convex polygon is trivial and is calculated in linear time, for example starting from a
vertex and adding edges to all the other vertices. In 1991, Bernard Chazelle [6] showed that any simple polygon
can be triangulated in linear time. The proposed algorithm is however very complex, and simpler algorithms are
still being researched.

For this we will need a convex polygon (convex polyhedron) of vertices (Ax);cyy, ., ordered monotonically
(increasing or decreasing) clockwise.

Before going any further, we will continue in our introduction indicating the classic and intuitive methods and
calculations to solve the Point-in-Polygon Problem (P.I.P.): The Order of points in a polygon, Spotting & Tracking
a point, The Closest Point on a Polygon and The Quadratic optimization.
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1856 SPOTTING AND TRACKING ALGORITHM

1.1. Order of points in a polygon: The scheduling

Let (Am)1gmgn be a polygon with affix (Zm)1gmgn-

Problem 1. How we can order the points { A,;,,1 < m < n}in {A(m), 1<m< n} orsimply in{B,,,1 <m <n}
of a monotonously (increasing or decreasing) clockwise?

Letbe 2., = Ty, + 1Y With (2, ym) € TR2.

We therefore build {B;,,, 1 < m < n} from the following algorithm:
k=1:21)=2; (& By=A;) such that z; = Min{z,,/1 <m <n};
k=2:z@) =2; such that

|Z(1) 7Zj| :M’m{|z(1) *Zm| #0/ 1< mgn&ym Sy(l)}

& By =A; such that

d(B1,A;) = Min{d(B1,An) #0/1<m <n&ym <yu)};

Z(2) T2(1)

k:(3<k<n) zp =2 (& Bpy=A4;) such that Wk:ﬁ(k):b’j:arg<m>.

n: ..
Bm = BaB1 Ay, = arg (M)

Z(2) T*(1)

and v,,, = B, (by ordering the 3,, {A;,1 < i < n} according to the trigonometric-sense).

Remark 1. z(y) (so and B1(z(1))) is arbitrary. We can take any z(y).

By, is the point with affix z(,,).

1.2. Spotting & Tracking a point:
Problem 2. How to know if the point M (z) is inside or is outside the polygon (Am), <, <, With affix (zm) ;<< ?

we will study case by case to finally be able to see the robustness of the algorithm deduced by too many
calculations and formulas, especially when n is very large.

1.2.1. Case for n=3

Letbe z = x 4+ iy, 2m = Tm + tym Ym € {1,2,3} and (A1, Az, A3) a triangle such A,,(z,,) Vm € {1,2,3} and
We know that:
M is inside the triangle (A1, Az, A3) if and only if

3 — — —
= (041, a9, 043) S [O, 1] suchthat ay + s + a3 =1& oy MA| + asMAg + asM A3 =
Saj(z1—2)+tas(zea—2)+asz(z3—2)=0
=

i

Z = 121+ oz + (323
& (al,a%ag) € [0,1]3 loag+as+ag=1
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Sz=0121 +agze + (1 — a1 — az) z3 & (aq, a9, ) € [0, 1]2

=

e Let be

z—z23 = a1(z1— 23)+ag (20— 23)
& (a1,00,) € [0’1]2

Z1 =21 — 23 = |Zl‘€i01 :Xl +ZY1
o =29 — 23 = |Z2‘€i02 = X5 +1Ys
Z=z—23=1Z|e% =X +iY

1857

— Z =041 +asdy
X =a1 X1 +axXs
Y =Y +axYs

I

I

bl

aq
(6]

=)

_ 1 Y. X X
T X1Yea—XoY, _Yl Xl Y

XY —XoY

0= Y ey
_ R
X2 = X1V, Xov;
o = i
— _ e,y
. Q2 = 1Z,]sin(02—01)
since
XY — XoY =|Z| cos 0| Zs|sin @y — | Zs| cos b2 | Z| sin O
XY2 — XQY = |Z‘ |Z2‘ sin (02 — 0)
X1Y — XYl = |Z‘ |Zl‘ sin (9 — 91)
lerg — X2Y1 == ‘Zl| ‘Zgl sin (62 - 61)
) S.iﬂ((eez—e@)) < |‘le|
(a1, a2) € [0,1]" = ~ oG 2
. 0< Sin(911—92) < \722|
with
0 — 0 = ang 221
01 — 0 = arg [721:;33}
0 — 01 = arg [2=21]
|Z1] = |21 — 23]
|Z2| = |22 — 23]

1Z] = |z — 23]
* Or in another way

< J(a1, as,a3) € 0, 1]3 /
ap(x—x1)+az(z—x2) +ag(x—2x3)=0
a1 (y—y1) +aa(y—y2) +az(y—ys) =0
(651 + (6) + a3 = ].
(1 +as + az)x — (121 + sy + azxs) =0
& I (a1, a2,a3) €0, 1]3 /q (1 +as+az)y — (a1yr + agyz + azys) =0
(65} + (6] + a3 = ].
121 + Qoo + 3xr3 = T
& 3(ar,as,03) €[0,1]° / { a1y + asye +asys =y
(65} + (6] + a3 = ].
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e3Jdae0,1® Jda=b

ry X2 T3
with o = (0117 Otg,Olg)/ b= (l‘,y, 1)/ and & = Yr Y2 Y3
1 1 1
ry X2 T3
det (@) =|y1 v2 ys
1 1 1

= det (@) = (z1y2 + 22y3 + x3y1) — (T1y3 + T2y1 + T3Y2)
= det (@) = (z1 — 2) (y2 — y3) — (w2 — 23) (Y1 — ¥2)

= det () = | "1 T2 T2
Yr —Y2 Y2 —Ys

det (‘D) =0« (AQAl) Il (AgAQ) — (A17A2, A3) are aligned

(A1, Aa, Ag) aregular triangle = det () # 0
= & is invertible

£
a=d"1p
with &1 = b [Adj (9)]f
Y2 Y3 Y1 Y3 Y1 Y2
1 1 1 1 1 1
. Ty X3 1 X3 r1 X2
Adj(®) = [ =37 ' 11 11
T2 X3 . Tr1 X3 rT X2
Y2 Y3 Y1 Y3 Y1 Y2
=
1 Y2 — Y3z X3 — T2 T2Y3 — T3Y2
O '=— | ys—y1 w1 —23 T3y — T1Y3
| ‘ Y1 — Y2 T2 —T1 T1Y2 — T2

|®| = (21 — 22) (y2 — y3) — (2 — x3) (Y1 — ¥2)

Conclusion: .
I Tro I3 X
Y1 Y2 Y3 y | €[0,1® & M is inside the triangle (A, Ay, As)
1 1 1 1

)

1 Y2 —Ys T3z — T2 T2Ys — T3Y2 z 5
@ Ys— Y1 T1— T3 T3Y1 — T1Y3 y | €10,1]
Y1 — Y2 T2 —T1 T1Y2 — T2Y1 1

with |®] = (21 — 72) (y2 — y3) — (z2 — 23) (y1 — Y2)

)

(Y2 —ys)+y(rs—m2)+(T2ys—T3ys) 1
(z1—z2)(y2—ys)—(z2—23)(y1—y2) —
z(ys—y)+y(@i—z3)+ (w391 —T1ys) 1
(z1—22)(y2—y3)—(z2—x3)(y1—y2) —
z(y1—y2)+y(re—z1)+(z1y2—2291) <1
(z1—22)(y2—ys)—(v2—x3)(y1—y2) —

0<
0<
0<
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1.2.2. Example: Case of the triangle (OIJ):
Let (A; A2 A3) be the triangle such that A; = O (0), Ay =1(1) & A3 = J (i)

SO

.131:0
y1 =0
.’EQZ].
y2 =10
l’gZO
ys =1

M (x + iy) is inside (A3 A3 A3) if and only if

0< z(y2—ys)+y(rs—m2)+(w2ys—w3ys) 1
= (?1*12))(12?ya)*(ﬂgif(ﬁ)(yl7y2)) =
(Y3 —Y1)TYy(T1—x3 T3Y1—T1Y3
0< (3(51—wz))(izzys)—(ﬁg’i—(ﬂfa)(yl—y2)) <1
T\Y1—Y2)TY(T2—T1 L1Y2—T2Y1
0< (z1—22)(y2—y3)—(z2—23)(y1—Yy2) =1

0<—=ax—-—y+1<1

0<z<1

0<y<1
0<z+y<l1
0<z<1
0<y<1

So, M (x + iy) is inside the triangle (OI.J) if and only if

r+y<1
0<x
0<y

indeed it is the interior of the triangle (OI.J)

1.2.3. The general case (n > 4)

Letbe M = (z,y) and (Ax); <)<, a polygon such that {A;,1 < k < n} is monotonically ordered according to
the trigonometric-sense. -

The known method consists of partitioning the polygon {Ax,1 < k < n} into a union of disjoint triangles Ay
such that

Ay = (A1 Ap A1) Yk € {2,3,...,n — 1}, what it means

M is inside the polygon {A;,1 < k <n} <=
—1

1 Tk Tk41 X
Jke{2,3,...,n—1}suchthat | v1 Y Yr+t1 y | €10, 1]3
1 1 1 1

3k € {2,3,...,n — 1} such that

T(Yrk =Ykt 1) FY(@r+1—Tk) H( TR Yb41—Tht1Yk) <1
(z1—2k) (Yp —Yr+1)—(Tx—Tr4+1) (Y1—Yr) =
0< Z(Yr+1—Y1)+Y(@1 =T+ 1) +H(Tk41Y1 —T1Yk+1) <1
(@1—zk) (Y —Yrt+1) — (T —Tr+1) (V1 —Yk) =
(Y1 —yr)+y(zr—z1) (1Y —Tr Y1) 1
- (301*wk)(yk*yk+1)*(l’1«*l’k+1)(y1*yk) -

which is the intersection of three strips (Ribbons).
If not M is outside of the polygon (A;),,,,-

Stat., Optim. Inf. Comput. Vol. 12, November 2024



1860 SPOTTING AND TRACKING ALGORITHM

1.2.4. Case for n=4
Let Ay, Ay, A3, A4 be a quadruplet and M ( ; ) .

problem status :
How to know if M is inside the quadruplet A;, Ay, A3, A4?

The solution:

Order the points Ay, Ay, Az, A4 according to the method cited in the second section;

We divide the quadruplet A (), A2y, A(3), A(4) into two triangles (A1) A2)As)) and (A1) Az)As)), and
We apply the method for n = 3 to these two triangles or the last section The general case for n = 3.

Conclusions: Assuming that A;, Ay, As, A4 are ordered according to The scheduling method seen previously,

then

1 1 1

r1 T2 X4
or { y1 Y2 Y4

1 1 1 1
then M is inside the quadruplet Ay, Ao, A3, Ay

)

1 X9 I3 ! x
YioYy2 Y3 Y ) €0, 1]3
1
x
Yy

< z(y2—y3)+y(rs—z2)+(z2y3 —=3Y2) <1
= (z1—®2)(y2—y3)—(z2—w3)(y1—y2) —
< @lys—y)ry(zi—2s)+(@sy1 —21ys)
= (z1—22)(y2—ys)—(z2—x3)(y1—y2) —
< z(y1—y2)ty(re—z1)+(z1y2—2291) <1
- ($1—Iz)(yz—yS)—(Tz—IS)(yl—yz) -

or
z(y2—ya)+y(ra—z2)+(T2y4—T4y2)
< (z1—22) (Y2 —ya)— (T2 —24) (y1—Y2) =1
< ta—y ) ty(@i—za)F(Tay1—219a) -~ q
= (z1—22)(y2—ya)—(z2—a)(y1—y2) —
e(yr—y2)ty(@z—w1) +(e1y2—22y1) 1
= (z1—2)(y2—ya)—(w2—x4)(y1—y2) —
And, if
r1 X2 I3 - x
3
Yy Y2 Y3 Y ¢ [Oa 1]
1 1 1 1
and
Tr1 T2 T4 - x
3
Y1 Y2 Ya y | ¢[0,1]
1 1 1 1

then M is outside the quadruplet A;, Ay, Az, Ay.

Example n = 4:

= ()= (§) o= (1) ()= ()

How to know if M is inside the quadruplet A;, Ay, A3, A4?

We divide the quadruplet A1), A2), A(3), A(a) into two triangles (A1) A(2)A(3)) and (Aq)A) A ), and
We apply the method for n = 3 to these two triangles.

Aj, Ag, Az, Ay are ordered according to The scheduling method, then ( using the part “Case for n = 4”)

Stat., Optim. Inf. Comput. Vol. 12, November 2024
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we have
1 =0,20=0,23=1,24=1,y1 =0,y =1,y3 =1, 44 =0
and,
z(y2—ys3)+y(zz—x2)+(z2ys—x3Y2)
0 Gr—22)e-vo)—(@a—a) (1 —2) = 1
0< z(ys—yy)+y(@1—za)+(Tay1 —T1y3) 1
= (z1—2)(y2—y3)—(z2—x3)(y1—y2) —
0< c(yr—y2)+y(z2—r1)H(@1y2—2291)
= (z1—m2)(y2—y3)—(z2—x3)(y1—y2) —
0< e(ys—ya)+y(za—ws)+(Tsya—rays) 1
= (z1—23)(ys—ya)—(z3—x4)(y1—y3) —
0< zya—y)+y(@i—za)+(@ay1 —T1ya) 1
= (?1*303))(13??M)*(ﬂﬁif(u)(yl7y3)) -
Z(Y1—Y3)TYT3—=T1 T1Y3—T3Y1
0 < Gi2e) sy~ (wa—2a) (51 —vs) = 1

or

T
0<=¥<1 0<z=l<
0< =<1 or 0< =<1
0< =<1 0< =52 <1
(i
0<y<1 0<z—-—y<1
0<y—a<1 or 0<y<1
0<z<1 0<z<1
()
0<z<1&0<y<l1
r—1<y<zorz<y<l+4+z
(i
0<z<1&0<y<l1
r—1<y<l+z
(i

0<r<1&0<y<]1
ly —x[ <1

i (obviously)

ININ
ININ

{0

=M < z ) is inside the quadruplet A, <

o O

1.3. Closest Point on a Polygon:

Y () D))

1861

In the case where the point M is outside a polygon, the closest point of this polygon is the point on the perimeter
(within the boundaries of the polygon) that is closest to a given reference point (often called a target point or query

Problem 3. In the case where the point M, < ZJCO ) is outside the polygon A, ..., A,, it would be interesting to
0

1.3.1. Quadratic optimization:
Each polygon (A,), <, <, i$ a convex polyhedron of the form

Stat., Optim. Inf. Comput.

point). This concept is often used in computational geometry and computer graphics for various purposes, such as
collision detection, path finding, or spatial analysis.

know how far the point My moves away from the polygon A, ..., A,, and to know where is the closest point in the
polygon?

Vol. 12, November 2024



1862 SPOTTING AND TRACKING ALGORITHM

@-(“’><ceIRP

Y

with @ a matrix of dimension p x 2.

The distance between the point M, and the polyhedron is the minimum of

(o () (5))

with M z is a point of the polygon (polyhedron), who means such @ - < ; > <ec.

Bmd(Mb(;j)Jf(i))zz%@—xw”+@—yw2

it is therefore necessary to minimize

d(Mo, M) = (x—20)"+(y—yo)°
= x2+y2—2x0x—2y0y+x3—|—y§

Hence, we must minimize the quadratic function (since 22 + y2 no depend on x and y)
f (x,y) = %XtBX - th = 1'2 + y2 — 21’0$ — 2y0y

under the constraints ®. ( ;3 ) <c

with B = ( 0 92 ) =2 and b = ( 200 >

Problem:
1
Min <2XtBX — th>

. X <e¢

which is a known problem under The quadratic optimization.

1.3.2. Example n = 4:

In the case where the point M < z;o > is outside the polygon A, Ao, A3, A4 with
0

= (9)oa= () oa= (1) oaim (3 a0

1
Min <2XtBX — th>

{0§x§1

0<y<1
w1thB—<0 2>—2I2andb—<2y0 >
T

IX'BX —b'X =2 +y? — 2wz — 2yoy (X = ( y ))
The problem:

min(z? + y? — 2x9z — 2yoy) on

Stat., Optim. Inf. Comput. Vol. 12, November 2024
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0<y<l1
once (x,y) = (z1,y1) found, the distance between point M and polygon Ay, Az, A3, A4 will be

{0§x§1

d= a3 +yi — 2wzt — 2yoy1 + T4 + Y5

1.3.3. Remark:

1. The problem can be solved by the following methods:

- Activation algorithm

- Conjugate gradient algorithm (from extensions)
- Projected gradient algorithm

- Augmented Lagrangian algorithm

- Interior points algorithm

- Nelder-Mead method.

2. All these alternative methods are robust and lead to long, complex
and expensive algorithms.

3. Tt therefore remains, how to find this point (z, y)? hence our contribution see the last section.
2. Contributions

As we said, the introduction of complex numbers in algebra and geometry is very useful see [1], [2], [3], [5]....
We therefore proceed with our purely geometric methods as well as complex numbers, using the triangulation of a
convex polygon and a very specific application that we have just built.

In this paper, we will share some of our last original contribution:

- A very simple and fast tracking algorithm, and therefore an extremely low cost per iteration: An Algorithm
for Judging Points Inside or Outside a Polygon (We use the basic notions of algorithmic see [4]).

- The neighboring Point and the spacing in the case where the point M is outside the polygon, without going
through the quadratic optimization, we will give the simplest and fastest way to calculate the distance d
between the point M and the polygon (A,,){1<m<n} and determine the point P of the boundary of the
closest (neighboring) polygon to M.

- Above all it is an article full of examples for all the cases and methods and which are ready to be programmed
and applied.

This work will be devoted to the study of the following outlines:
* A very specific application,
* Tracking algorithm,

* The neighboring Point and the spacing “the remoteness”.

Stat., Optim. Inf. Comput. Vol. 12, November 2024
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2.1. THE application

We define the geometric application in the Euclidean plane P with an orthonormal frame R (O, 1, J) with I of
affix 1 and J of affix ¢

F : R?—R?
M— M’

such as
2 =az+bz

z is the affix of M and 2/ is that of M.
So we will associate to F' the linear map f

f . C—C
z+—az+ bz

with (a,b) € C?

Our map F' can transform any triangle (OAB) into any other triangle (OCD) with specific a and b. Since it
transforms any segment [M, N] into another segment [M’, N'].

So it suffices to find a and b such that

Proposition 1.

Proof
Letbe M (21), N (z2), F (M) = M’ (f (1)), F (N) = N' (f (22)). P (2) € [M,N] et P' (/) = F (P)
We know that

P(z) € MN] = 3(a,8) e Ri /a+ S =1and z = az + Bz
F(M)=M"(f(z)) = [ (1) = az + bz,

F(N)=N'"(f (22)) = [ (22) = az2 + bZ2

P’(’) F(P)= 2z =f(2)=az+bz

— 2/ = f(2) = a(az + B22) + b(az1 + BZ2) (because (o, B) € R2)
= 2/ = f(2) = a(az +bz1) + B (azz + bZ2)
:>Z'—f( ) =af(z1) + Bf (22)

= P’ € [M'N’|
hence the transformation of any segment [M N| is another segment [M’'N']. O
Proposition 2. (OAB) is a triangle =—> (O, F (A) , F (B)) is a triangle.
—
And M € (OAB) = F (M) € (O,F(A),F (B)).
—
with (OAB): all inside the triangle.

Stat., Optim. Inf. Comput. Vol. 12, November 2024
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Proof

—
Let be M € (OAB).
If M, A and B have the affix z, z; and z, respectively,
so F' (M), F (A) and F (B) are respectively of affix f(z), f (z1) and f (z2),
with f (2) = az + bz, f (21) = az + bz71 and f (22) = azs + bZ3
—
M € (OAB) & O have the affix 0 = 3 (o, 8,7) € R3 /a+ S+~ =1and z = az + B2z + 70
= z=az + Bz = Z = az1 + % (as (o, B) € R?)
= az + bz = a(az; + B22) + b (az1 + 572)
= f(2) = af (21) + Bf (22) + 7 (0) (since f (0) = 0)
= F(M)e (0,F(A),F(B)). O

—N =
Proposition 3. F' (M) ¢ (O,F (A),F (B)) = M ¢ (OAB).

Proof
The contrapositive of the previous proposition. O

Remark 2. F-Type maps preserve only the shape of polygons (not for circles) and don’t necessarily preserve
distances and angles. But they remain interesting and useful in our case, which we will see below.

2.2. Transformation of any triangle

Let apoint M and a any triangle (EF'G) such that M, E, F and G have the affix z, zg, zr and z¢ respectively.

Firstly we transforme (EF'G) in (OAB) using a esay translation, and secondly the map F' transforming (OAB)
into (OIJ).

T F
E —-— O — O
F - A = 1
G - B —= J
M — M, — M
T is the translantion such 7' (E) = O, T (F) = Aand T (G) = B so
A(ZA):F—E
B(ZB):G—E
Ml(zl):MfE
and
ZA = Zp —ZE
ZB = 2@ —ZE
z1 = z—2g

Let the map F' which transforms the triangle (O AB) into a triangle (O1.J) with I and J have for affix respectively
1 and 7. So it suffices to find the complex numbers a and b such that
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since F' (O) = O.
Hence, if A and B have the affix z4 and zp respectively, then
{ F(A)=1 @{ f(za) =1
F(B)=J flzp) =i
aza+bza =1
{ azp +bzg =1

ZA ZA a . 1
2B ZB b - 7
ZA ZA . . . .
~“ ] is an invertible matrix because
ZB ZB
(OAB) is a triangle = O, A, B are not aligned = 24%Z5 ¢ R

ZA ZA
ZBp 2B

a '\ 1 ZB —Za 1
b ) 2aZp —Zazp \ —#B ZA 1

= ZAZB # ZAZp — =24Zp —Zazp # 0

=

q= —ZB~iZa
ZAZB—ZAZB (1)
b —zZBp+iza

T ZAZB—ZAZB

So, if My = F (M), so

zo = az1 +bz1
ZB — 124 —zp +iza __
21 +

Z2 = —  — 1 —
ZAZB — ZAZB ZAZB — RAZB

(ZB —iZa)z1 — (2 —iza) 71
ZAZB — ZAZB

We have:

1- M is inside the triangle (FF'G) < M, is inside the triangle (OAB) < M, is inside the triangle (O1.J)
and

2- M5 (z + 4y) is inside the triangle (OI.J) if and only if

r+y<1
0<zx
0<y

rtiy=zp=—=z=22andy =22 =i(z — 2,)

: _ (zB—iza)z1—(2B—124)Z1
with 25 = ZAZE—ZaiD
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—
(ﬁ—ia)zl—(zB—izA)Z_*_ (ZB—iza)z1—(2B—iz4)Z1
ZAZB—ZAZB ZAZB—ZAZB
X =
2
(E*iﬁ)mf(ZBfiZA)ZjL (zB+1i24)Z1—(ZB+1iZAa) 21
ZAZB—ZAZB ZAZB—ZAZB
xr =
2
(zB—iza)z1—(2—iza)z1 _ (2B+i24)Z1—(ZB+iza)z1
r = ZAZB—ZAZB ZAZB—ZAZB
2
21ZB — Z1%2B
r = —— —
ZAZB — ZAZB
and
y = i(x—2z)
y = i zm1zg —Z1zp (ZB —iZa)z1 — (2B —iz4) 71
ZAZB — ZAZB ZAZB — ZAZB
121ZA — 12124
Yy = 1 ——
ZAZB — ZAZB
Z1ZA — 21ZA
Yy = ——
ZAZB — ZAZB
So,
r+y<1
M isinside (EFG) <= < 0<uz
0<y

Z1ZBHZ12A—Z1ZB—21ZA < 1
ZAZB—ZAZB -
— < ZZB-Zizm (2)
0< ZAZB—ZAZB 2
0 < Z1ZA—Z1ZA
— ZAZB—ZAZB

ZA =R — ZE
such ¢ zp =z —2r ,E(2r), F(zr), G(2¢) and M (z)
21 =72—2E

2.3. Tracking algorithm

Claim 1. Our method consists of transforming each triangle Ay, = (A1 Ay Ag+1) obtained by the triangulation of
the polygon into the triangle (OI.J), which (this last triangle) gives us easy and fast calculations to detect whether
a point is inside or outside a polygon.

So

1- We transforme A, in O : By translation of landmark (change of coordinates)

2- (A1 A Agr1) — (OCKCraq) and M (2) — My (2 — 21) such that A (z1) Ck (21 — 21), Cr1 (Zk+1 — 21)
3- (OCkCxy1) — (O1J) by Fy, and f, such fi (2) = az + bz and My (2 — 21) — M, (tx), with

th=fu(z—2z1)=a(z—21)+b(z—z1)
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a ZB—1ZA
ZAZXBTZAZB

b= —zptiza
ZAZB—ZAZB

A=Ci, B=Cli1,24=2r —21,2B = Zkt1 — 21
SO

— (Zk+1 21) i(zk Zl)

(zn— ZI)EZ(}CZJrkilzé)l)j’zllzsz1)Z(1z)k+l 21)

T (ze—z1) (g1 —21) — (2 —21) (Zr41—21)

[(Zk+1 —z1) =iz — Zl)} (z—21) = [(ze41 — 21) — i (2 — 21)] (2 — 21)
th=fu(z—21) =

(zk = 21) (2k41 — 21) — (& — 21) (241 — 21)
Then using The Example: Case of the triangle (OI.J)
So, M (x + iy) is inside the triangle (OI.J) if and only if

r+y<1
0<z
0<y

(Gt =20 — il — 2| (2 = 22) = [ = 22) =i (o — 20)] (G = 20)

iy =t =

(zx — 21) (Zog1 — 21) — (26 — 21) (Zg1 — 21)
and [ (a1 — 21) = izk — 21)| (2 = 21) = (2 = 21) = i (20 = 20)] (F= 21) =

=[Gt =20 (2 = 21) = (o1 = 22) G=20)| 4 (= 21) (F=20) = (o — 21) (2 — 1)
we have

(zk — 21) (241 — 21) — (2 — 21) (241 — 21) € iR

(zk41—21) (2 —21) — (2p41 —21) (z — 21) € IR

(zk —21) (z—2z1) — (2 —21) (2 — 1) € IR

$0

Zp+1 — 21) (2 — 21)

2k — 2’1) (Zk+1 - 2’1)

(k1 —21) (2 —21) —

(z — 21) (241 — 21) —

(z —21) (2 — 21

) —
(2 — 21) (2h41 — 21) —

y:

(zk+1—z1)(z—z1)—(zk+1—zl)(z—zl)-‘r(zk—zl)(z—zl)—(zk—zl)(z—zl) <1
r+y<1 (=2 (zrr1—21) = (2 —21) (ZR41—21) -
0<z — 0< (zh+1—21)(2—21) = (2k+1—21)(2— 21
0< — (zr—21)(2r+1—21)— (2 —21) (2E+1—21)

Sy (zkle)(zle)7(zk7z1)(zfz1)

— (zr—21)(2r+1—21) = (2K —21) (2k41—21)

(zrr1—2)(z=21) = (241 —21) (3=21) <1
(zr—21) (Zrr1—21)— (2 —21)(ZRt1—21) —
0< (Zk+1—21)(2—21)—(zk+1—Zl)(z—zl)
(zr—21)(2r41—21)— (2 —21) (21— 21)
0< (zk—21)(2—21)— (2 —21)(2—21)

= Gore) G o) ) (e —21) . . . y "
Our contribution consists of introducing a simple and effective algorithm to detect if the position of a point is
inside or outside a convex polygon.
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Let (Am)1 <<, be a polygon with affixes (21); <,,,<,, and M a point with affix z.

2.3.1. Method & Tracking algorithm:

1. Order the points of the polygon (Am),<,,<, (With affixes (zm),<;,<,) 0 (Bm)i<,<, (With affixes

(21)1<m<n): as explained in the 1st section By, = A(n);

2. Change of frame by translation (U = By 3) such that:
04

(Bm)lgmgn - (Cm)1§m§n

(Cim)1<me<n With affixes (27, — 21), <,,<,, and M. with affix z — 2]
= C7 = O (the new origin of the landmark)

Let 27, = 2, — 2]

= C), with affix 2”7, (and M, with affix z — z});

3. Algorithm:

Fork=2ton -1
fk :C—C
z— apz + biz
such that (C1CCpy1) — (OIJ) with J the affix point 7 and I the affix point 1.
N { L= fi (27k) = ar2"k + bi2"
i = fr(2"kt1) = @k kg1 + k2" k11

an+17izuk

ap =

= b Z kfz’“:; j_z ’;Zk k+1  (according to our Transformation see (1))
e =

» w 5
22 k412 k2 k41

My, (tx) such that t, = fi (2.) = arzc + brzc

étk:ak(z—zi)quk 5727/1 =71+ 1Sk

{ . (ar+br)(2—2, )+ (bx+ar) (F—21)

_ 2 _
sp = (akfbk)(zfzi );i(aikfbk)(zfzi)

If M € (IOJ) (ifrg+ s, <1&0 <7, &0 < s see (2)
Then Fin: M is inside the polygon.

Else k — k+1

M is outside the polygon. ( k = n)

2.4. The neighboring Point and the spacing: The remoteness

In the case where point M is outside the polygon, our contribution consists (without going through quadratic
optimization) of giving the simplest and fastest way to calculate the distance d between point M and the polygon
(Am)1§m <y, and to determine the point P of the boundary of the closest (neighboring) polygon to M.

Our method consiste:

Let (Cin)1 <<y, @ Ordoned polygone such C; = O (the origin of the frame of reference).

- First, we detect the nearest polygon vertex C,,, to the point M.

So, the point of the polygon closest to M is in (Cy,y—1,Ciny] OF [Crig s Crng+1)-

- Second, we determine the projectors points P_ of M in (C,y—1,Cm,] and Py of M in [Chyy Crog+1)-

So our contribution here is to determine the projectors points of the point M in the straight (Cy,,—1,Ch,,) & in
the straight (Ciy,,, Crmy+1) using the complex numbers and the optimization.
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1. Let P the projector point of the point M in the straight ( the line ) (C'D), so

d(P,M) = min d(N,M)
Ne(CD)

d(P,M)* = min d(N,M)*
Ne(CD)

Then, if P (t*), M (2), C (21), D (22) and N (t), so P (¢*) is such

lt" — 2> =  min [|t—z\2}
N(t)e(CD)

N({t)e(CD)<= JacIR/t—zs=a(ze —21)

=t=t(a) =2 +a(z—2)

= t—z2"=|zmtalze—2)—2"=|(a—2) +alz—2)

= fl)=lt—2"=ln—2+? |-zl +a(@-2) (2 —2)+a(n-2) (- 7)

= F(a) =202 — 21 + (T - 2) (22— 21) + (22— 2) (2 - 70)

(72 —2) (22 —21) + (22 = 2) (B2 — 71)

flla) = 0<=a=-

2
2|22 —le
o o= (72 —2) (21 — 22) + (2«’22— z) (Z1 — Z2)
2‘21 —ZQI

i | S S RN A )

2|21722|2 (22 _Zl)

= 2
Z+ 22 (21—22) _

t* = Z— 23
2 2\21—22|2( )

2. Let the nearest polygon vertex Ci,, (2”.m,) to the point M and the projectors points P_ (ti) of M in the
straight (Cpyy—1,Crm,) and Py (%) of M in the straight (Cy,,,Crmg+1)- So, the point P (p) of the boundary
of the closest (neighboring) polygon to M (z) is such

*

|Z—p|:min{|z—z”mo|,{z—tJr 2 —t*

}

)

* APy | (Fme-1=27me)” o
tt = + (z—z mo)

N 2
2 2 Z”7n0—1727/m0|
and )
%« _ 2+2"mg+1 (Z”mo_z”nlo+l) — m
= 2 + ol +1|2 (Z -z mo+1)
mo mo
The method:

1. Ordering the points of the polygon (A;,),.,,<, into (By),<,,<, (as explained in the section: The
scheduling, B, = A(;,)); T o
2. Changing of the frame of reference by translation ()

o

(Bm)1gmgn — (Cm)lgmgn

such that:
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(Bm)y <<, Of affixes (z0,), <, <, and U (—z})

(Cn) 1< of affixes (2], — 21);<,,<, et M. of affix z — 2]
= (1 = O (the origin of the frame of reference)

Let 27, = 2, — 2}

= C,, of affix 2”,,, (& M, of affix z — z1);

3. Calculate dy = min {d (M., Cy,) /m € {1,...,n}};
4. Determine mgy & Cp,, such that dy = d (M., Cy,,);
be

P_(t%) : The projection of M, on the line (Chy,,, Crng+1)
P_(t*) : The projection of M. on the line (Cy,,—1,Crny)
The point P (p) of the boundary of the closest (neighboring) polygon to M. (z — z7) is such

e =2 =t}
The point of the boundary of the closest (neighboring) polygon to M (z) is ) such

0G =0P -7

lz— 2 —pl=min{|z — 2} — 27, |, |2 — 2] — t}

since @ (—2), s0
Q(p+2)
and
d=d(Ms,P)=d(M,Q)=d (M, (An) crmen)
d (M., P) = d (M, Q) because translations preserve distances.

The method diagram:
(Am)i<men The scheduling  (Bm);<pen U(—2)  (Co)i<men
A1 (2’1) — By (Zi) = A(l) — Cl (Z”l) =0
A2 (2:2) — BQ (2/2) = A(Q) — CQ (Z”Q)
A (2m) — B (z,) = Ay — Cm (2" m) = Cp (20, — 21)
M (2) — M. (z—z)

— min {d (M., Cp,) /m € {1,....,n}} = mo & Cpy,
PTOj(mecmoJrl) (M,.) =Py (ti)
Projic, _, c,,) Me) = P- (t*)
— P (p) suchd (P, M.) = min{d (M., Cp,),d (M., Py),d (M., P_)}
The point of the boundary: @ (p + z{)
{ The remoteness: d = d (P, M,,)

3. Conclusion
In this work, we shared our original contribution which is based on the development of a new method and a simple
algorithm which will allow us to define whether a point is inside a polygon or not.

To sum up, we have seen:
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NN R W —

oo

A method of ordering the points of a polygon and the triangulization of a polygon;

- A very simple and fast tracking algorithm using the map F which transforms the triangle (OAB) into a
triangle (O1J), therefore an extremely low cost per iteration, and we avoided all cases like calculations
of intersections, sum of areas or angles (arguments), and complex integrals (along the curve crossing the
polygon), which cause problems at the time to develop and execute a program or software;

- The neighboring Point and the spacing in the case where the point M is outside the polygon, without going
through the quadratic optimization, we gave the simplest and fastest way to calculate the distance d between
the point M and the polygon (A,,){1<m<n} and determined the point P of the boundary of the closest
(neighboring) polygon to M.

- In our next work, we will translate these equations into application, based on daily life. Our next paper will

be dedicated solely to real case studies which we will reveal later.
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