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ABSTRACT 
This paper propose an original algorithm which establish the relation between a point and a contour composed from 

primitives: segment of straight line, arc of circle, arc of ellipse and another primitives defined by functions. 

Determination of relation with a contour C of a point P Relpoint {P,C}{INTERIOR, EXTERIOR, BELONG TO 

VERTEX, BELONG TO CONTOUR} it make with add the predicative formulas and the algorithm it present used 

te logical draft. 
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INTRODUCTION 
Problem of position relation a point P face to a 

contour C in this paper is studed consider the point P 

and contour C in the same plan , so the position 

relation possible is: Relpoint {P, C}{INTERIOR, 

EXTERIOR, BELONE TO VERTEX, BELONG TO 

CONTOUR}. 

The knowledge the relation of a point P face to a 

contour C it ask of many problem of computational 

geometry, artificial intelligence or another [1] [2]. 

It make the observation that Winston [3] propose an 

algorithm which is based on observation that the 

number of intersections between a half line which 

origin in the point P(xp, yp) and the contour C ,is odd 

if the point is interior end it’s a stake if the point is 

exterior. But it possible to apper the situations which 

are very difficult to resolve with algorithm [3]. 

Im this paper Dora Florea proposed an original 

algorithm for decided the position relation of a point 

face to a contour C. 

 

 

THEORETICAL CONSIDERATION 

The contour C it consider composed by a chain of 

primitives ch1(Vh)h=1..m, what are defined by vertexes 

and ther implicite functions (1). 

 

 ch(Vh)={(x1h,y1h),(x2h,y2h),fh(x,y)}h=1..m  

                                                                   (1) 

In Fig.1 it presents a contour C composed from 

primitives Vh,h=1..5 and possible position of a point 

so:P1interior C , P2 exterior C, P3 belong to vertex C, 

P4 belong to contour C. 

For obtaining the relation of a point with the contour 

C of INTERIOR and EXTERIOR , the algorithm 

propose computing the modul algebraic of angles 

sum k determined by vector which have the origin in 

the point P(xp, yp) and the extremites obtaining by 

intersection of the straight line x=xp and y=yp with 

the  contour (fig.2). 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Possible position of point face to contour C 
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Fig.2 Two position of a point P(xp,yp) 
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In the Fig.2(a) it presented a contour composed by 7 

primitives which have a point P(xp,yp)in the interior 

of contour and for the determined that the point is 

interior,by computer, it draw the straight line x=xp 

and y=yp.It observed that the intersection with the 

contour is R1 ,R2 ,R3 , and R4 . The angles forms by 

the intersection R1 ,R2 ,R3 , and R4 with the point 

P(xp,yp) are θ1  , θ2  , θ3  ,and θ4 and the sum of angles 

is 3600. 

In the Fig.2(b) it presented a contour composed by 6 

primitives which have a point P(xp,yp)in theexterior 

of contour and for the determined that the point 

isexterior, by computer, it draw the straight line x=xp 

and y=yp. It observed that the intersection with the 

contour is R1 ,R2 . The angles forms by the 

intersection R1 ,R2  with the pont P(xp,yp) it zero. 

For the computing the angle θk between two vectors  

RkP and Rk+1P   with P  common point [7], it used the 

relation (2) : 

 

𝜃𝑘 = 𝑠𝑔𝑛[(𝑉𝑅𝑘𝑃
̅̅ ̅̅ ̅̅ × 𝑉𝑅𝑘+1𝑃

̅̅ ̅̅ ̅̅ ̅̅ ) ∙ 𝑛̅]𝑎𝑟𝑐𝑐𝑜𝑠 [ 𝑉𝑅𝑘𝑃
̅̅ ̅̅ ̅̅ ∙

𝑉𝑅𝑘+1𝑃
̅̅ ̅̅ ̅̅ ̅̅  ]/[ ǀ𝑉𝑅𝑘𝑃

̅̅ ̅̅ ̅̅ ǀǀ𝑉𝑅𝑘+1𝑃
̅̅ ̅̅ ̅̅ ̅̅ ǀ    

                                         (2) 

 

where 𝑛̅ is the unit normal vector 𝑛̅ = 𝑟̅ × 𝑗 ̅  and 

n=vers 𝑃𝑣̅ ⟘(𝑉𝑅𝑘𝑃
̅̅ ̅̅ ̅̅ , 𝑉𝑅𝑘+1𝑃

̅̅ ̅̅ ̅̅ ̅̅ ) . 

It precises that in the relation (2) for computing the 

angle 𝜃𝑘  , it used the vectorial produce and scalar 

produce of two vectors 𝑉𝑅𝑘𝑃
̅̅ ̅̅ ̅̅ , 𝑉𝑅𝑘+1𝑃

̅̅ ̅̅ ̅̅ ̅̅  what have the 

origine in the point P(xp,yp) and the extremites in the 

points Rk , Rk+1 what represents the intersections of 

cotour C with straight lines x=xp , y=yp. 

If note the vector 𝑉𝑅𝑘𝑃
̅̅ ̅̅ ̅̅  =(v1k,v2k) and 𝑉𝑅𝑘+1𝑃

̅̅ ̅̅ ̅̅ ̅̅  = 

(v1k+1,v2k+1) ,[7], where v1k=∣xk-x∣ ,v2i=∣yk-y∣ , 

v1k+1=∣xk+1-x∣ , v2k+1=∣yk+1-y∣ , the relation (2) 

become: 

 

𝜃𝑘 = 𝑠𝑔𝑛 (𝑣1𝑘 𝑣2𝑘+1 −  𝑣𝑘𝑖  𝑣1𝑘+1 )× 𝑎𝑟𝑐𝑐𝑜𝑠 

 (𝑣1𝑘𝑣1𝑘+1 + 𝑣2𝑘  𝑣2𝑘+1 )/           

  (√𝑣1𝑘
2 + 𝑣2𝑘

2  √𝑣1𝑘+1
2 + 𝑣2𝑘+1

2 )                         (3) 

 
In the relation (2) the angle 𝜃𝑘  has the positive sign if 

the trihedral angle (𝑉𝑅𝑘𝑃
̅̅ ̅̅ ̅̅  , 𝑉𝑅𝑘+1𝑃

̅̅ ̅̅ ̅̅ ̅̅  , 𝑃𝑣̅ ) is direct.  

Author Dora Florea in this paper propose the 

interference rules which lead at the determination of 

the position point P(xp,yp) face to a contour ,and they  

are show through the relations (4). 

It noted through 𝐷 = 𝐶 ∪ 𝐼𝑛𝑡𝐶the field determined 

by the close contour C and the rules are folowing: 

 

R1: 𝐼𝑓𝑆 = ∑ 𝜃𝑘 = 3600 ⊢ 𝑃(𝑥𝑃, 𝑦𝑝) ∈ 𝐷\𝐶 𝑟
𝑘=1 or  

   P(xp,yp)  INTERIOR C 

 

 

R2:   𝐼𝑓𝑆 = ∑ 𝜃𝑘 = 00 ⊢ 𝑃(𝑥𝑃 , 𝑦𝑝) ∉ 𝐷 𝑟
𝑘=1 or  

 

P(xp,yp)EXTERIOR C 

        (4) 

R3:   𝐼𝑓˥𝑅1˥𝑅2˄∃𝑃(𝑥𝑝, 𝑦𝑝) ≡ 𝑃ℎ,ℎ=1..𝑛 ⊢ 

 

𝑃(𝑥𝑝, 𝑦𝑝)𝐵𝐸𝐿𝑂𝑁𝐺 𝑡𝑜 𝑉𝐸𝑅𝑇𝐸𝑋 𝑜𝑓 𝐶 

 

R4:  𝐼𝑓˥𝑅1˥𝑅2˥𝑅3 ⊢ 𝑃(𝑥𝑝, 𝑦𝑝)𝐵𝐸𝐿𝑂𝑁𝐺  𝑇𝑂 𝐶 

 

In the first rule R1 (4) it decide that if the sum of 

angles 𝜃𝑘  is 3600 the point P(xP, yp) is interior of 

contour C. 

In the second rule R2 (4) it decide that if the sum of 

angles 𝜃𝑘  is 00 the point P(xP, yp) is exterior of 

contour C. 

The three rule R3 (4) it decide that  if the rules R1 

and R2 are negatives and the point P(xP, yp) is 

identic with a vertex of contour C , the point 

P(xP, yp) is a vertex of contour C. 

In the third rule R4 (4) it decide that if the rules 

R1,R2 and R3 are negatives , the point P(xP, yp) 

belong to contour C. 

 

 

COMPUTING ALGORITHM 

The logical draft for determination the position 

relative of a point P(xp, yp) face to a contour C it 

show in fig. 4. 

It make the observation that in the logical draft it was 

considered for the first date the testing if the point 

P(xp,yp) belong to a vertex of contour , than 

verification if the point P belong to contour through 

the relation fh(xp,yp)=0 , where h∈[1..m] . If the test is 

negative , it call the subroutine SUM for computing 

the sum of angle θk for decide if the point is interior 

or exterior of contour. It imposed this sketch for the 

reduce the volume of computing. 

So in the logical draft presented in fig.4, to ask the 

chain of primitives: ch(Vh), h=1..m ,and the coordinates 

of  point P(xp,yp) of which position face to contour C 

ask to determined.The  swich sw is fixed to 0. Then 

to call subroutine  BELONG TO VERTEX where it 

tested if point P(xp,yp) belong to a vertex of the 

contour C and the positive case it push  sw=1 and 

apper the message “P(xp,yp) belong to vertex of 

contour”,  then the program it stoped. In the case sw 

it not equal with 1 , to call subroutine  BELONG TO 

CONTOUR C. In the case the point P(xp,yp) belong 

to a primitive of chain ch(Vh), h=1..m , it push sw=2 

and apper the message “P(xp,yp) belong to contour” 

then the program it stopped. In the case sw it differit 

of 2, it call the subroutine INTER and in this 
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subroutine first it tested if the primitives from chain 

ch (Vh), h=1..m are orizontal or vertical ; in the positive 

case it consider the  extremities points of the 

primitive as points Rk , Rk+1. Then in the subroutine 

INTER  computes the intersection points of the draws  

straight line x=xp and y=yp.with contour C and results 

the points RK,K=1..KK .   Then call the subroutine  SUM for 

compute the angles θk forms by the intersection 

points RK,K=1..KK   and  the point P(xp,yp). If  the sume S 

of the angles θk is 3600 appear the message  “P(xp,yp) 

interior contour” and programme is stoped. If  the 

sum S of the angles θk is 00 ,appear the message  

“P(xp,yp) exterior contour” and the programme is 

stopped. In the case sume S of the angles θk is not 

3600 or 00 it is an error. 

 

 

CONCLUSION 
Original algorithm proposed  in this paper lead to 

obtain the correct results, resolves the difficult 

situations  which apper if used the algorithm 

proposed by P.Winston [3] based of intersections 

number with contour. In fig. 5 are presented six  

possible positions of a point P face to six contours 

which are difficult of resolved by the algorithm 

proposed by P.Winston [3]. 

In fig.5a the point P is exterior to contour C and 

intersecting the contour C in the right once and the 

left of twice ,with once vertex at right and once 

vertex to left . In fig.5b the point P is interior to 

contour C and intersecting the contour C in the right 

once and the left twice ,with all three points vertex. 

In the fig.5c the pint P is exterior contour C and 

intersecting the contour C in the left into infinities 

points. In the fig. 5d the point P is interior  to contour 

C and intersecting the contour C into  infinities points 

in the left and the right. In the fig.5e the point P is 

interior the contour C and intersecting the contour C 

in the right twice and the left once ,with a vertex right 

and a vertex left. In the fig.5d the point P is interior 

of contour C and intersecting the contour C once in 

the left and twice in the right ,with a point of 

intersection is a point tangent with a primitive.  

In the situations presented in fig.5a,5b,5c,5d ,the 

number of intersections to left or right of point P with 

the contours  it is not conclusive. 

The algorithm presented in this paper and proposed 

by Dora Florea is safe and resolve all the difficult 

situation very simple with the sum of angles . The 

algorithm was tasted with  a program wrote in Visual 

Basic  language and the results which obtained was 

very good. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.4 Logical draft for determination position relation of 

a point P(xp,yp) face to contour C 
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  START 

STOP 

message “P(xp,yp) belong to 

Vertex of contour” 

message “P(xpyp)belong  

to contour” 

message “P(xp,yp) INTERIOR 

contour” 

 

 

CALL SUBROUTINE BELONG TO VERTEX 

if  ƎP(xp,yp)≡Ph where h∈[1..m] →sw=1 

   

      

STOP 

DA 

SW=1 

 

N

U CALL SUBROUTINE BELONG TO CONTOUR C 

If Ǝfh(xp,yp)=0 where h∈[1..m]→sw=2 

DA 

     SW=2 

 

 
      STOP 

CALL SUBROUTINE SUM 

S=k 

S=3600 

SW=0 

STOP 

CALL SUBROUTINE INTER 

 POINTS Rk,k=1..kk 

S=00 

message “P(xp,yp) 

EXTERIOR contour” 

STOP 

STOP 

Dates:chain of primitives: 

 ch (Vh), h=1..m , point P(xp,yp) 

 

   

DA 

NU 

NU 

Message “error”  

  STOP 
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e)                                       f)  

Fig.5  Some possible contours C and some 

possible position of point P(xp,yp)  
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