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FEATURES OF DETERMINING SELF-CROSSING POINTS
IN DISCRETE MODELING

Spirintsev D., Naydysh A., Balyuba I, Lebedev V.

The paper proposes a method for determining the DPC self-
intersection point in discrete modeling. An example of using the method in
the method of thickening on the basis of variational formation of
difference schemes of angular parameters is given.

Keywords: singular points, points of self-intersection, variational
discrete geometric modeling (VDGM), absence of oscillations

Formulation of the problem. Points of self-intersection are special
points that require additional resources in practical modeling [1,2]. The
accuracy of their production, as well as the process of constructing an
interpolating curve in their vicinity, significantly affects the accuracy of the
results of geometric modeling, and therefore requires additional research.
Methods of continuous interpolation are not always able to solve these
problems in view of the diversity of the initial data set [3]. For example, in
Fig. 1, several different tasks have been demonstrated, for which the spline
curves integrated into the Solid Works package have a number of
limitations. Conducted by Pugachev E.V. [1], V.M. Naidysh. and others
[2], studies have shown the effectiveness of solving problems with singular
points, in particular, with points of self-intersection by discrete
interpolation methods. However, the possibilities for further development
and improvement of this direction have not yet been exhausted.

Analysis of recent research and publications. Pugachev E.V. was
the first to pay attention to the problem of discrete interpolation of the DRC
with singular points. [1]. Questions that were not considered in [1]
concerning the close relationship of the tangent with tangents at other sites
assigned at a singular point, as well as the order of approximation of the
condensed accompanying broken line (ABL) to the tangent assigned at a
singular point, were considered in studies by V. Naidish . and others [2,6].
However, this direction of research requires further development and
improvement, in particular, about self-intersection points, and the
possibilities of our method of discrete interpolation of the DRC developed
on the basis of variational formation of difference angular parameter
schemes [4] in solving the problem of condensation near self-intersection
points.
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Fig. 1. Limitations when using splines:
a) DRC with rectilinear section; b) fragment of the DRC with a self-
intersection point; ¢) a fragment of the DRC with a return point of the
second kind; d) fragment of the DRC with a point of sharpening (fracture)

Formulating the purpose of the article. The purpose of the paper is
to determine the points of self-intersection in the preliminary estimation of
the type of the discrete curve, as well as the use of the method considered
in the work within the framework of the condensation method on the basis
of the variational formation of the difference schemes of the angular
parameters.

Main part. Take the fragment of the DRC (Fig. 2). Consider the link

(i,i+1),i=0,n—3 and we will investigate it for the possibility of
crossing with the other links of the DRC: (N,N +1),N=i+2,n—1. The

presence of an intersection point, we call it m, with coordinates ( X.,,Y, ),
can be determined from the condition:

{Xm e [Xi: X1

Ym & [Yi ; Yi+1].

1)
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Fig. 2. Scheme for determining the point of self-intersection

If condition (1) is not satisfied, we check that both link nodes
(N,N +1) lay on one side of the link (i,i+1), those, the following

condition must be satisfied:

oy >0 oy <0
or , @
Ons1 >0 On41 <0

where Oy ,0y,;1 — distance from points N and N +1 respectively, to the
line on which the link lies (i,1+1).
_ AXy +Byy +C s _ AXny + By +C 3
Jaeigr M Jarage 0 O
where A,B,C— coefficients of the equation of a straight line passing
through a link (i,i+1);
XN YN XNt YN — coordinates of points N and N+1 respectively.

On

If conditions (1) and (2) are not satisfied, then the intersection point
m belongs to a link (i,i +1). Then the next link of the DRC is considered

and the calculations are repeated. At the last step, the intersection of links
(n-3,n—2) and (n—1,n).

The proposed method is easy to implement and allows for the
preliminary analysis of the initial point series to determine the existence of
points of self-intersection.

We consider the condensation of DRC by the method of variational
formation of difference schemes of angular parameters [4] for the fragment
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of the DRC containing the point of self-intersection. Note that the presence
of self-intersection points does not introduce any changes into the main
algorithm of the method [4].

We show this by the example of a condensation of a discrete plane
curve (Table 1) on a nonuniform grid with a predetermined accuracy & =
0,3 subject to the receipt of a non-oscillating resultant DRC.

Table 1
Initial point number

i 0 1 2 3 4 5 6 7 8

x° 20 35 55 110 | 115 85 67 90 130

yi0 60 35 25 50 70 85 60 20 10

The condensation of the given test example was carried out
according to the main algorithm of the method [7]. To ensure the specified
accuracy of the condensation, two steps of condensation were carried out.
At the second step the condensation condition for the absence of
oscillations [5] was observed

max

Vios| =0,283<03.

After the second step of thickening, the points of the obtained DRC
are connected by segments of ABL, which is considered the final form of
the interpolating curve (Fig. 3).

30 1

0 1'() 2'0 3'0 4'0 5'0 6'0 7'0 8'0 9'0 1 (')O 1 1'0 12'0 1 5'50 14'10
Fig. 3. Two steps of thickening a test DPC containing a self-
intersection point that is not explicitly specified
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Fig. 4. Two steps of thickening a test DSC containing a self-
intersection point, the coordinates of which are known

In Fig. 4 shows the result of two condensation steps for the DCS with
a self-intersection point, the coordinates of which are known in advance.
As in the previous example, the main algorithm of the method was used to
thicken this test curve on the basis of variational formation of difference
schemes of angular parameters [5].

Conclusions. The method proposed in this paper is easy to
implement and allows us to determine the existence of points of self-
intersection when considering the initial point series. This can later be used
both in discrete geometric modeling of plane curves with a number of
features in geometry (points of self-intersection), as well as in continuous
geometric modeling, since it allows one to determine the way the curve is
specified.
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OCOBJIMBOCTI BUBHAYEHHSA TOYOK CAMOIIEPETHUHY B
JAAUCKPETHOMY MOJIEJIIOBAHHI

Cuipianes /[.B., Haitnum A.B., bamo6a I.T"., JIebenes B.O.

Y  pooomi  mponomyemwca - cnocib6  eusnauenHa - MoOYOK
camonepemuny /IIIK ¢ ouckpemnomy mooenrweanni. Hagedeno npuxnao
BUKOPDUCMAHHA CROCO0Y 6 paMKax Memoody 32YuieHHs Ha OCHOGL
eapiamusHo20 hopmysanua pizHUUEBUX CXeM KYMOGUX NAPAMEMPIE.

Knwuosi cnoea: ocobnuei mouku, moOUYKU CAMONEPEMUHY,
eapiamueHe  OuckKkpemmne 2eomempuyne mooenreanna (B/I'M),
8i0CymHicmo ocyuuIAYil.

OCOBEHHOCTH OIIPEAEJIEHHUSA TOYEK
CAMOIIEPECEYEHMUA B IMCKPETHOM MOJIEJIMPOBAHUU

Cnupunues /[.B., Haiinpimn A.B., bamto6a 1.I'., Jlebenes B.A.

B paobome npeonacaemca cnocood onpeoeneHus Mo4KuU
camonepeceuenusn JIIIK. Ilpuseden npumep ucnonv3zoeanus cnocooa 6
PaAMKax memooa cZyuieHus Ha OCHOGe GAPUAMUEHO20 (HOPMUDPOCAHUs
PA3HOCHIHBIX CXeM Y2/106bIX RAPAMEMPOE.

Knrwouesvie cnosa: ocodvle mouku, mouku camonepeceyeHus,
eapuamuenoe OUcCKpemmuoe 2eomempuueckoe mooeauposanue (B/AI'M),
omcymcmeue oCUuIIAYUU.



