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INTERPOLATION CURVE ON THE BASIS OF SINGLE-SINGLE
FUNCTIONS OF HYPERBOLIC SECANT

Pylypaka S., Grischenko I., Kremetz T.

The comparison of the interpolation curve on the basis of the sum
of the functions of hyperbolic secant with other interpolation curves, in
particular polynomials, is considered. It is shown that the proposed
interpolation curve is not inclined to oscillations, regardless of the
number of points through which it passes.

Keywords: interpolation curve, polynomial, hyperbolic secant, sum
of one-type functions.

Formulation of the problem. When constructing contours or
contours of flat shapes, there is the problem of conducting curves of
continuous lines that must pass through a given point series. In systems of
symbolic mathematics Mathematica, Maple, MatLab, MathCAD laid their
interpolation methods, which have a number of features [1]. In addition to
linear interpolation with straight lines, they offer different approaches to
interpolating the point series as continuous curves, and piecewise
interpolation with curve arcs. If, for piecewise interpolation, it is possible
to reduce the oscillation, then there is another disadvantage - the
connection of pieces of arcs with a given degree of smoothness. For
example, the piecewise-cubic interpolation by the Hermite splines ensures
the continuity of only the first derivative, and the second derivative is
discontinuous [1]. In this connection, the problem arises to find an
interpolation curve that is continuous and has minimal oscillations.

Analysis of recent research and publications. There is a research
direction in which the discrete representation of the curve is thickened by
intermediate points with a given density in the absence of oscillations, but
there are no equations of the curve [2, 3]. Some authors drew attention to
the curves, which is the sum of charts of bell-shaped curves [4-6]. Such
interpolation functions allow the passage of a curve through a given
number of points and due to its nature, under certain conditions, are not
subject to oscillations. These functions include a value whose value can be
influenced by the form of the interpolation curve.

Formulating the goals of the article. Consider the features of the
interpolation of a point series by curves based on the sum of functions of
hyperbolic secane and compare with polynomial interpolation.
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Ocnosna wacmuna. Consider the curve, which is the sum of two
functions of hyperbolic secane displaced along the axis Ox to a certain
extent h (Fig. 1). The equation of the total function has the form:

y=Y,+Y, Y,=¢sech(@x); y,=c,sech(a(x—h) (1)
where c1, ¢ — steel values that specify the maximum coordinate value at the

vertex of each graph;
a — became a value whose value affects the form of the graph.
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Fig. 1. Graphs of the functions of hyperbolic secana
ata=1; c1=1;c,=15; h=0,5and their total schedule

In fig. 1 shows two graphs of the hyperbolic section, which are
shifted by the value of h, and their total graph. For x = 0,8 the general
ordinates are obtained by adding ordinates of functions y; and y» . The
figure also shows that with x > 3 and x < -3 the value of the ordinates of all
functions is very small (practically equal to zero). Thus, the behavior of the
total function is predicted: as the growth or decrease of the oscillation
variable is eliminated, since the graph of the total curve practically
coincides with the axis Ox.

The interpolation total function will be considered as parametric, ie
in the form:

X=c,sechla(t —t,)]+c,sech[a(t—t,)]+...+c, sech[a(t —t.)I; )
y =d,sech[a(t —t,)]+d,sech[a(t —t,)]+...+d sech[a(t -t )],
where c¢1 ...cn, di ...dn — coefficients that are provided that the curve (2)
passes through n specified points;

a — the coefficient before an argument to which certain values can be

given;

t;.» —ordinal point number: t1=1; t,=2... tr=n;
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t — variable parameter, which at the given points takes the integer
value (1, 2 ... n) by the number of the point, and between the
points is a fractional.

To find the coefficients c1 . cn, d1 .. dn There are two linear systems of
equations in n equations in each. For complex systems, the corresponding
coordinates of each of n points are replaced by the current values of x and y
in the left-hand side of each equation (2):

X, =c,;sech[a(l—-1)]+c,sech[a(l-2)]+...+c,sech[a(l—n)];

X, =¢,sech[a(2 -1)]+c,sech[a(2—-2)] +...+ c,sech[a(2 — n)];

©)
X, =¢,sech[a(n—-1)]+c,sech[a(n —2)]+...+ c,sech[a(n —n)];
y, =d;sech[a(l-1)]+d,sech[al-2)]+...+d_ sech[a@—n)];
y, =d,sech[a(2-1)]+d,sech[a(2-2)]+...+d, sech[a(2-n)];
N C)
Y, =d;sech[a(n-1)]+d,sech[a(n-2)]+...+d sech[a(n—n)].

In systems (3), (4), instead of the variable t (point numbers), its value is
set, and the coefficient a is considered to be predefined.
In [1], the interpolation of the point series on the test case of a discretely
represented curve (DRC) according to the given coordinates of ten points
(Table 1) is considered in the paper [1].
Table 1
Coordinates of points of the test DRC

0 1 2 3 4 5 6 7 8 9

0 20 45 53 57 62 74 89 95 | 100

>

y 0 0 -47 | 335 | 26 | 387 | 104 0 100 0

The author of the paper [1] considered various methods of interpolation
of the DRC using algorithms embedded in the common systems of
computer mathematics listed at the beginning of the article. They are based
on the use of algebraic curves: polynomials, splines, fractional-rational
curves. The author concludes that the use of these types of interpolation
does not produce the desired result. Let's compare the interpolation of the
point series (Table 1) with a polynomial and an interpolation curve (2).

The degree of a polynomial will be one less than the number of points
through which the curve must pass:

y = by +b X +b,x* +b,x* +... + byx°. (5)
We will alternate in (5) the coordinates of all ten points from the
table. 1 and we get a system of ten linear equations.
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The solution of the system will be the values of ten unknown
coefficients b, by, by, b3, ... bg:

0; 156456.85(8B966196; -23827.2560877762,;
1492.1070461178582,; -50.98491962155754;
b =:1.049397989085476; -0.01340263114904959;

(6)
0.0001041®©00035587383; -4.5176350B471402%10"-7,

8.39271029937338*10"-10

Analyzing the obtained coefficients of the polynomial (5) we
conclude that their values in absolute value are in a large range of real
numbers, requiring for operations with them corresponding electronic
resources. For low-power computing machines, the construction of an
interpolation curve for the considered algorithm becomes problematic.

In fig. 2 by an equation (5) with the substitution of the coefficients
found in it (6), an interpolation curve is constructed which has at the
beginning such an extremum, which made it show the curve itself on a
reduced scale along the axis Oy.
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Fig. 2. Interpolation curve, constructed according to equations (5), which
passes through a point series whose coordinates are given in Table 1.

-0.5

We construct an interpolation curve in the same point series by
equations (2). The coefficients ¢ and d, obtained as a result of the solution
of systems (3) and (4) for a = 0.5, have the following values:

{35.8327; —214.4113; 351.2788;  -267.9846; 172.29; }
5

 1-27.6349: -126.3872: 278.046:  -245.7517;  183.202
’ {—7451- 24613 — 44984 59882 —6337];} -
= 7

54746; -37053; 18671 -637; 1113
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The coefficients ¢ and d in (7) are dimensional, which does not
require high accuracy of calculations. In addition, the parametric equations
(2), as well as the polynomial equation (5), include the same number of
component functions, but the functions in (2) are the same as in (5), where
the power index of each subsequent function increases.

In fig. 3, an interpolation curve was constructed by equations (2), and linear
interpolation was performed.
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Fig. 3. Interpolation curve, constructed according to equations (2), which
passes through a point series whose coordinates are given in Table 1.

Some segments of linear interpolation almost coincide with the arcs
of the interpolation curve, so they are not shown. If you compare figures 2
and 3, then you can see that in Fig. 3 are some extremes, but they are much
smaller than oscillations in rice. 2. Generally, if you combine graphs (2)
and (3) into one single-picture with a common scale, then the interpolation
curve (Figure 3) in the common drawing will look straight, parallel to the
axis Ox. This indicates that the interpolation curve based on the sum of
hyperbolic secane functions is not subject to oscillations, in contrast to the
interpolation curve, which is a polynomial. In addition, the number of
points of the duodenum does not affect the oscillation in contrast to the
polynomial.

The fragment, isolated on rice, testifies to the dissipation of an
interpolation curve based on the sum of hyperbolic secane functions to
significant oscillations. 2. Compared to the split of the ordinates of the
interpolation polynomial in the left part of the graph in Fig. The 2 right side
Is nearly straight. In fig. 4, where this fragment is depicted separately and
on a different scale along the Oy axis, two interpolation curves are shown:
1 is an interpolation polynomial, and 2 is an interpolation curve based on
the sum of hyperbolic secane functions. As can be seen from the figure, the
interpolation curve on the basis of the sum of functions of the hyperbolic
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section in the sense of oscillations also wins on a limited section of the
DRC.
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Fig. 4. Interpolation curves (1 - a polynomial of the 9th order (5);
2 1s a curve based on the sum of functions of hyperbolic secana (2))
on a fragment of the DRC, isolated on rice. 2

Conclusions. The interpolation curve based on the sum of hyperbolic
secane functions is less susceptible to oscillations than algebraic curves. It
interpolates well enough the dot row, located on a straight line. To obtain
the values of unknown coefficients in the parametric equations of the
curve, it is necessary to solve two systems of linear equations, the number
of which is equal to the number of points of the duodenum.
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HNHTEPHOJJALNOHHASA KPUBASA HA OCHOBE CYMMBbI
OJHOTUITHBIX ®YHKIIUNA TMIIEPEOJIUYECKOI'O
CEKAHCA

[Tununaka C.®., I'pumienko W.1O., Kpemen T.C.

B pabome paccmompeno cpagnenue unmepnoaayuoOHHOU KPUBO
HA OCHOGe CymMMbl (YHKUUIL 2UNEPOOTUYECKO20 CEKAHCA ¢ Opy2umu
UHMEPNOIAYUOHHBIMU  KDUBLIMU, 6 YACMHOCMU  NOTUHOMAMU.
Ilokazano, umo npeonorxcenHas UHMEPNONAUYUOHHAA KPUGAsA He
CK/IOHHA K OCUUNAAUUAM HE3ABUCUMO Om KOIAUUecmeda Mmouek, uyepes
Komopbule oHa npoxooum.

Kntouesvie cnoea: unmepnonayuoHnas Kpueas, NOIAUHOM,
2unepooIuUecKull CeKanc, Cymma 0OHOMURHBIX YYHKUUIL.

THTEPIIOJISIIMHA KPUBA HA OCHOBI CYMH
OJHOTHUIIHUX OYHKIIU I'MITEPBOJIIYHOI'O CEKAHCA

[Tununaka C.®., I'pumenko [LIO., Kpemens T.C.

B pooomi pozenanymo nopieHanHA iHMePROIAUIUHOT KPpUBOi Ha
OCHO6I cymu  yukuin c2inepooniuHoz0 cekamca i3  IHWUMU
iHmepnonayiinumu Kpusumu, 30kpema noninomamu. Ilokazano, wio
3anPONOHOBAHA THMEPNONAYIIHA KPUBA He CXUIbHA 00 OCUUNAULL
He3a1e)CHO 810 KiIbKOCHI MOY0K, uepe3 AKi 60HaA NPOXOOUMb.

Knwuosi croea: inmepnonauiiina Kpuea, noainom, 2inepooniunuil
CeKamnc, cyma 0OHOMUNHUX QYHKUIIL.



