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In the article the interpolation errors of spiral curves were analyzed on the
example of a Litus spiral using developed software product. There is a problem of
large error with a sharp change in distances between nodes when interpolating
using Gaussian function method. This problem was solved by changing the
standard calculation of the coefficient o, and by introducing a "fake" interpolation
node.

The article considers the basis points location influence on the relative
interpolation error by the Gaussian interpolation function. There are several
examples of favorable and unfavorable basis points location to minimize
interpolation error in interpolation methods based on Gaussian functions. The
research was carried out on the example of spiral curves. The results of
interpolation by Gaussian methods are compared with the Lagrange method using
the Litus spiral as example.

Spiral curves interpolation problems are important for the design of outdoor
and car routes, planning for robots, planning a route for drones and low-power
industrial devices. In addition, it is important that an interpolation method is stable
to the inhomogeneous basis points location, which are the input parameters for
interpolation.

The shape of the Gaussian interpolation curve is influenced by the coefficient
a. The conventional ratio can be changed if the results exceed the specified
accuracy. To avoid a large error, it is recommended to make additional "false™
basis points.

To automate the process of selecting the coefficient « and using a "fake"
node to reduce the interpolation error was a reason of creating a system for
studying spiral functions interpolation.

The research was conducted together with a software application
development using C# programming language with the .Net Core 3.1 framework
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involved. The application displays the results of experiments in real time and has a
graphical interface required for research.

Key words: interpolation, Gaussian interpolation, interpolation error, Litus
spiral.

Statement of problem. Classical interpolation methods are usually used to
process unique curves when one x corresponds to one y. In case of spiral curves,
classical methods can also be used, but only in cases where the interpolation
nodes are located at approximately the same distance from each other, there are
no sharp transitions [2], the curvature and number of nodes is small because a
large number of nodes increases the degree of interpolation polynomial, as it
directly depends on it. This causes unnecessary oscillations, which makes it
impossible to work with such interpolation results. Therefore, it is necessary to
interpolate spiral curves using parametric Gaussian functions.

Recent research and publication analysis. Previous publications have
considered the guided clothoid spline [1], an arc spline approximation to a
clothoid [2], reactive nonholonomic trajectory generation via parametric optimal
control [3]. Path planning and state estimation for unmanned aerial vehicles in
hostile environments [4] and constant peed interpolating paths [5]. Also, we
analyzed interpolation algorithm, based on Gaussian method using elementary
algebraic functions as testing data [6] and construction of smooth lines using
parameterized Gaussian functions [7].

Setting article objectives. To automate the process of selecting the
coefficient o and using a "fake" node to reduce the interpolation error was a
reason of creating a system for studying spiral functions interpolation.

Main part. We set the problem of parametric interpolation as the problem
of constructing such two functions X(t), Y(t) that for some values of the
parameter t; take predetermined values x(i), y(i):

(1)

whereie[1, N].

Let's set t; = i, because for this statement of the problem it is enough that t;
creates a monotonic sequence of numbers.

We assume that the following two functions:

x(i)= X (t)
y(i)=Y(@®

satisfy conditions (1), then the traditional problem of constructing an
interpolation polynomial is formulated as the problem of constructing a
polynomial y=G(x), where x=t, G(t)— density function of the normal
distribution law in case of Gaussian polynomial [6,7].

The parametric interpolation problem is solved with the help of two
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Gaussian polynomials from the parameter of curvature line length i

x<i>=x<t>=§w1(x>
y<i>=v<t>=lewj(y>’

where
vy ()= Ly (y)= 7, je[L N],
and two Lagrange polynomials from the parameter of curvature line length i

x(i)=X()=3x, [ 2=

T ke A A
. Lo A=A,
y)=Y0)=2y ] =5

Consider an interpolation polynomial given by the Lituus spiral curve [5]
with an unevenly distributed interpolation step [6] (Fig.1). Variable o is
selected as in previous research [7]

z(n-1)

(Xmax - Xmin
Where xmax, Xmin — maximum and minimum value of x.

Interpolation for y = F(1 / sqrt(Phi)) Lituus spiral
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Fig. 1. Interpolation of the Litus spiral by the Gaussian function
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The Litus spiral was chosen because between the first and second basis
points you can see a fairly large distance relative to the distances between the
points from the third to the fifteenth. This arrangement of points is quite
unpredictable for the method of setting the parameter o, due to which the
accuracy of the interpolation polynomial in the area of the second and third basis
points deteriorates (Fig. 1).

This disadvantage is also inherent in the Lagrange polynomial, but the
error in this case is several orders of magnitude greater.

To reduce the interpolation error by the Gaussian function, in this study it
Is proposed to take into account the non-uniformity of the reference points
before choosing the coefficient a. Depending on convexity of the curve at a
point, decrease or increase it by the corresponding delta.

a'=a=xo,
where 6— selected value by which you want to decrease or increase the standard
variable.

Fig. 2 shows the results of interpolation by the Gaussian function
at 6 = 0.169.

Interpolation for y = F(1 / sqrt(Phi)) Lituus spiral
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Fig. 2. Interpolation of the Litus spiral with a changed coefficient o

Thus, it can be noted that the standard coefficient o is sometimes
impractical to use, as it can give significant errors in the presence of jumps
between some basis points, which necessitates reducing or increasing the value
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of the coefficient to reduce the error of the interpolation polynomial. To reduce
the interpolation error, can be introduced the concept of "fake" or "distorted"
interpolation node. To do this, it is needed to determine the segment where a
large error jump occurs and enter as a given auxiliary node, which will be
calculated as the middle of the segment between two adjacent points where a
large error occurred.

X+Xx, Nty

X=—"2 2 y=2Li <=

b

2 2
The Gaussian interpolation function with "false™ interpolation nodes is
presented in Fig. 3.
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Fig. 3. Interpolation of the Litus spiral without noticeable jumps between nodes

In the figure we can see Gaussian interpolation polynomial, without
pronounced jumps between interpolation nodes, repeats the shape of the Litus
spiral with high accuracy.

Conclusions. The interpolation errors of spiral curves were analyzed on
the example of a Litus spiral using developed software product. There is a
problem of large error with a sharp change in distances between nodes when
interpolating using Gaussian function method. This problem was solved by
changing the standard calculation of the coefficient o, and by introducing a
"fake" interpolation node.
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OCOBEHHOCTHU PACHIOJIOKEHUSA BASUCHBIX Y3J10B I'AYC-
O YHKIUN HA IPUMEPE CIITUPAJIEIIOJOBHBIX KPUBbBIX

Cupnopenko 10.B., 3anesckas O.B., 'opoaeukuii H.B., Haiigeim A.B.

B cmamve ananuzupyromes owubKku unmepnonsayuu CnupaibHblx KPUGbIx Ha
npumepe cnupanu Jlumyca ¢ ucnonv3osanuem paspabomanHo20 npocpamMmHOZ0
npooykma. Cywecmsyem npobiema O0IbUWOU NOSPEUIHOCU  HPU  PE3KOM
UBMEHEHUU PACCMOSIHULL MeXHCOY VIIAMU NPU UHMEPNOIAYUU MeMOoO0oM QYHKYUU
laycca. Oma npobrema Oviia peuwiena uzmeHneHuem Kodgguyuenma o, u
86edeHueM « Parbuuso2oy y3na UHMePnoIAYUU.

B cmamve paccmampusaemcsi énusinue pacnonodicenus 6a3UcHbix mo4ex Ha
OMHOCUMENLHYIO NOSPEUWHOCHb UHMEPNOAAYUU CROCOOOM UHMEPNONSAYUOHHOU
Taycc-gpynkyuu.  Tlpusooumcsi  HeCKOIbKO — Npumepos — Oaconpusimuoco U
HeOIA2ONPUSIMHO20 — PACNONONCEHUSL  OA3UCHBIX ~ MOYeK Ol MUHUMUBAYUU
NOSPEUWHOCMU UHMEPNOSYUU 6 UHMEPNOTAYUOHHBIX MemoOax, OCHOBAHHBIX HA
Layce-pynkyuu.  Hccnedosanuss nposoounucs Ha npumepe  CnupaileéuoHbIX
kpusblx.  Pesyiemamer  unmepnonayuu  memodamu I aycca-gynukyuu
cpasnusaromest ¢ memooom Jlaezpansica na npumepe cnupaau Jlumyca.

Ipobnemvt  uHMEPNOIUPOBAHUSL  CRUPANEEUOHBIX KDUBBIX  BANCHbL OIS
NPOECKMUPOBAHUS HCENE3HOOOPONICHBIX U ABMOMOOUTLHBIX Nymell, NIAHUPOSAHUS
08udICEHUsL POOOMOB, NIAHUPOBAHUSL MAPUWPYMA OJisl BOECHHBIX CAMOIENO08, OPOHO8
U DecnunoOmHbIX lemamenbHbix annapamos. Kpome moeo, 8axcna ycmouuusocms
UHMEPNONYUOHHO20 Memood K HeOOHOPOOHOMY PACHONIONCEHUIO  OA3UCHBIX
MoueK, Komopbvle SGIIOMCA  6XOOHbIMU — napamempamu Ol NPOBeOeHUs!
UHMEPNONSYULU.
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Ha ¢opmy unmepnonayuonnou kpusoti I'aycca enusem xkosgpguyuenm ..
Obwenpunamolii.  Kodgpuyuenm Moxcem UBMEHAMbCA, eClu  pe3yibmamsl
npegvluuaom  3a0aHHylo  mounocmoe. Hanpumep, npu Hamuuuu  OOnLUUX
OMKIOHEHULl  Mexcdy  PACCMOSHUAMU 00  OA3UCHBIX — MOYeK  BO3HUKAem
HeoOXo0UMOCMb YMEeHbams Ul yeeIuyueams 3HadeHue xkodgguyuenma ons
VMEHbUEHUsT NO2PeUHOCMU  UHMEPNOIAYUOHHO20 hnonuHoma. Bo usbedcanue
OONLWIOU ~ NOSPEWHOCNU ~— DEKOMEHOYemcst  6HOCUMb  OONOJIHUMEbHbIE
«Ghanvuiusviey 6A3UCHbIE MOYKU MAKUM 00pA30M, YmMoObl U30excams CKaukos
MeAHCOY HEKOMOPBIMU Y3NAMU UHMEPNOJIAYUU.

Lemvio  coz0anusi  cucmemvl 0L UCCLEOOBAHULL  UHIMEPNONAYUU
CNUPANesUOHbIX  (DYHKYULL  ObLIO0  ABMOMAmusuposams  npoyecc  noooopa
Ko3(uyuenma o, U UCNOIBL30BAHUE «DATLUUBO20» V31a OISl YMEHbUICHUS
nozpeuHoCmu UHMepnoaYuU.

Kniouesvie cnoea: ummepnonsayus, unmepnonayuonnas @ynxyus Iaycca,
no2pewHoCms UHMEPNOIAYUU, CRUpatb Jlumyca.

OCOBJIMBOCTI PO3TAIIYBAHHS BASUCHHUX BY3.J11B
I'AYC-®@YHKIII HA ITPUKJIAAI CITTIPAJIEIIOAIBHUX KPUBUX

Cunopenko FO.B., 3anescrka O.B., 'opoaenpkuii M.B., Haligum A.B.

YV cmammi npoananizosano noxubxku inmepnonayii cnipaibHuUx Kpueux Ha
npuknaoi cnipani Litus 3a 00nomocoro po3podiieno2o npocpamHoco NpoOyKmI).
Icnye npobnema eenuxoi nOXuOKU 3 pi3KoH 3MIHOK GIOCMAHEU MIdC 8V31aMu npu
inmepnonayii memooom Gyukyii I'aycca. L{s npobrema O6yna supiuiena uiisixom
3MIHU CMAHOAPMHO20 PO3PAXYHKY KoeqiyieHma o ma 86e0eHHAM «(Panbulueuxy
8Y3/1i8 THMEepnoaAYii.

Y cmammi posensioacmovcsa enaue po3mauily8anHs OA3UCHUX MOYOK HA
BIOHOCHY NOXUOKY iHmepnoaayii cnocooom inmepnoaayitinoi I ayc-yuxyii.
Hagooumwvca  Oexinbka  npuxknadie  cnpusamiugo2o ma — HeCHpUsmIUEo20
po3mauty8anHs OA3UCHUX MOYOK Ol MIHIMI3ayii noxubxku inmepnoaayii 6
iHmepnonayiunux memooax, ki oazyromscsa Ha Iayc-ghyuxyii. J{ocniodcenms
NPOBOOUNUCS HA NPUKIAOL Chipanenodionux xKpusux. Pezynemamu inmepnonayii
memooamu I ayc-ghynxyii nopisuioromecs 3 memoodom Jlacpandica na npuxiadi
cnipani Jlimyca.

Ilpobnemu  inmepnonsayii  cnipanenodioHux  Kpusux  8axciusi O
NPOEKMYBAHHS  3ANI3HUYHUX MA ABMOMOOIIbHUX WINAXI8, WIAHYBAHHA DYX)Y
POOOMIB, NIAHYBAHHS MAPUPYMY 0I5 BILICLKOBUX JIIMAKIB, OPOHI6 ma Oe3NiIOMHUX
aimanvHux anapamis. Kpim moeo, eadiciusoro € cmitkicmv iHMepnoaayiuHo2o
Memoody 00 HEOOHOPIOHO20 PO3MAULYBAHHS OA3UCHUX MOYOK, SKI € BXIOHUMU
napamempamu 015 NPO8eOeHH s IHMePNOIAYIL.

Ha ¢opmy inmepnonayitinoi xpueoi layca enausae roeghiyicnm o .
3acanvHonputinamuii  Koegiyicum Mmodce Oymu 3MIHEHUM, AKWO Dpe3yibmamu
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nepesuwyoms 3adany moynicme. Hanpuxnao, npu Hassnocmi 6enukux ioXunieHs
MidHC BIOCMAHAMU 00 OA3UCHUX MOYOK, BUHUKAE HeOOXIOHICMb 3MeHuLy8amu abo
30LnbULYBaAMU 3HAYUEHHSL KOepiyieHmy Ol 3MEHUEHHs. NOXUOKU THMePNOIAYIUHO20
noninomy. [[na YHUKHeHHs 8eIUKOi NOXUOKU PEKOMEHOYEMbCSL 6HOCUMU 000AMKOBI
«hanvuusiy OaA3UCHI MOUKU MAKUM YUHOM, WOO YHUKHYMU CMPUOKIE MIdHC
OesIKUMU BY31AMU [HIMEPNONAYIL.

Memorwo  cmeopennss  cucmemu 01 OOCHIONCEHb  THMEPNONAYLL
cnipanenodionux Qyukyiu 0yn0 agmomamuzysamu npoyec niobopy xoegiyienma
O ma BUKOPUCMAHHS «Panbuueo20» 8y31a 01 SMEHUIeHH I NOXUOKU IHMePNOIAYIL.

Jlocniooicentss npogoounucy pazom 3 po3pooKow NPocpamHo2o 000amKy Ha
mosi npoepamysanta C# 3 euxopucmannsam gpetimeopxy .Net Core 3.1. /looamox
8I000padicae pe3yibmamu eKCnepuMeHmie 8 pPexiCUMI peaibHO20 4acy ma Mae
epagiunuti inmepdpetic, HeoOXiOHULL OISt NPOBEOEHHS O0CTIONCEHHD.

Kmrouosi cnosa: inmepnonayis, inmepnonayiuna @yukyia [ ayca, noxubka
inmepnonayii, cnipans Jlimyca.
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