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Relevance. Rational Bezier surfases and NURBS-surfases are widely
used in modeling curviliniar objects due to the great flexibility and
efficiency of the method. Therefore, it is sense to develop an interpolation
method by these surfases

Method. The work is devoted to the development of a new approach
to interpolation surfases , represented by a set of discret points. The
analytical description of the desired surfases is implemented a rational
Bezier surfases and a NURBS-surfases.To solve this problem, two
approaches are propozed. The first approach is that the weights of the
control points are set in advance and then the coordinates of the points of
the interpolating rational Bezier surfase as well as the NURBS-surfase are
calculated. The second approach is that the coordinates of the control
points are set in advance and then the weights of the control points of
Bezier surfase as well as the NURBS-surfase are calculated. At the
beginning of the process , are set only coordinates, but also parameters are
set to a discret points, that is , each poins has the following definition:
T(x,y,z,u,v) in the three-dimentional space, where u,v — parameters. To
solve the interpolation problem, a system of linear equation is created in
with each equation reflects the equality between the analytical formula for
a surfase and a given point. Moreover, the number of interpolated points it
must be number of control points. Thus, we have a system of N linear
equations, where N is the number of control points.

Results. Two methods of interpolation of a points serials by rational
Bezier surfases and NURBS-surfases. were developed.

Conclusions. The test cases carried out of using computer programs
and calculated of results confirm the validiti of the proposed methods.

Keywords: interpolation, rational Bezier surfases, NURBS-surfases.

Formulation of the problem. To date, when constructing surfases in
various automation systems, rational Bezier surfases and NURBS surfases
are often used. It is a very flexible tool that allows you to create smooth
splines of any order, shapes, and also easy to carry out local control over
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the surfase.

The surfase is represented in a parametric form and for controlling
the shape of the surfase using control points and weight coefficients of
nodes [1].

Rational nonuniform Bezier surfases refer to NURBS and are based
on Bernshtein’s basic functions. The practical application of NURBS
surfases is very diverse, for example: they are often used in computer
graphics to draw smooth surfases that accurately describe the shape of the
three-dimensional objects depicted in drawings , for the task of the surfases
of building the surfaces of rotation, as well as the simulation of the
trajectories of motion on surfase and space in the course of time.The
parametric representation of the surfases allows it to be used in
multidimensional spaces. Interpolation of these surfases enables them to be
used in modeling objects with complex geometric shapes.

Analysis of recent publications. In work [1] on page 135 offers an
algorithm for interpolation with NURBS curves, which is based on the fact
that control points in the second stage are projected onto a curve and these
new points are taken as new control points. In practice, such an algorithm is
difficult to implement and achieves precise results. In the works [2] and [3]
it does not specify how to calculate the weight of control points, which
prevents the construction of an algorithm for interpolation.

The purpose of the article. The purpose of the article is to develop
real algorithms for interpolation with rational Bezier surfases and NURBS
surfases for a given point series.

Main part.

The Rational surface of Besier is determined by a formula [1]:
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-0 pinomial coefficient;
p- control points of surface;
w- weight control points of surface.
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The NURBS-surfase is determinated by the formula:
Z Z Ni (V) NTp (U)Wij Pij

i=0 j=0
r= ! ’

ZZ Ni (V) N, (U)w;
i=0 j=0
where N, (u) normalized basic power function degrees k.

Let given point series R, , 1=1,2,3,... P. Acceptable for each point
specific parameters u,,v,. We will have a point series R, (X; ,y; ,Z;,u;,v; ). We
will interpolate the given point series of the surfase (1). To do this we will
create an equation system:

n m

i Z B! (v)B[" (u)w; p;
Z [I:Onj=0

n

-R]1=0,i=0,1,..n; j=0,1,...m.

Y B wEww, 2)
Or
> Z [._ Z:Bi”(v)B;“(u)Wij pij—._ > B"(V)B" (u)w,;R1=0 3)

i=0,1,..n; j=0,1,...m.

As you can see, the number of interpolated points should not exeed
the number of control points of the surfase, i.e. I=(n+1)x(m+1). Therefore,
the same number of linear equations.

As an example, we take the rational Bezier surfase built by curves of
the second degree:

B%(=1.0,
B*,=2.0,
B%,=1.0.
ZZ Bin (V)B;n (U)Wij = Woo (1_V)2[W00 (1_ U)2 + 2W01(1_ U)u + Wozuz]
i=0 j=0
_ _u)? _ 2 (4)
+ 2w, (- Vv)vw,, (1 —-u)® + 2w, (1-u)u +w,u‘]
+ WoV2 W, (1= U)? + 2w, (1— U)U + W,,u°].
for
ZZ B (v) B;n (W)w; p;
i=0 j=0
will be the same as (4), but instead of w;; you need to set (pjj wij).
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Conclusions:

Two methods of interpolation of point row are worked out by the
rational surface of Bezier and NURBS - surface.

Test examples by means of the computer program, that validify offer
methods, are conducted.
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IHTEPIIOJIAIIS PAINIOHAJIBHUMU ITOBEPXHSIMU BE3b€ 1
NURBS-ITIOBEPXHsMMU
banaes 10.1. , Jlaronina JIII.
Payionanvni  nosepxni  besve i NURBS-nosepxui  wupoxo

3ACMOCO8YIOMbCSL 8 MOOENIOBAHHI KPUBOIHIIHUX 00 €KMIB 3A80AKU 8ENUKILL
eHyukocmi i npayezoamuocmi memooda. Tomy axmyanrbHum € po3pobKa
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Memooy ITHMepnoaayii YumMu HOBEPXHAMU OUCKPEMHO20 POy MOUYOK 8
MPUBUMIPDHOMY NPOCMOPI.

Poboma npucesauena po3pobyi nosozco nioxody 0o inmepnonsayii
payionanvHolo nosepxmelo bezve, noOaAHOI MHONCUHONW — OUCKDEMHUX
MOYOK.

Ananimuynuii  onuc  WYKAHOI  NOBEpPXHI  peanizyemvcsa i3
3acmocyeanuim payionanvhoi noeepxni bezve i NURBS-nogepxmui. /[ns
D038 S3aHHL YI€L 3a0ayi NPONOHYEMbCA 08A NIOXOOU.

llepwuti nioxio nonseae 6 momy, wo 3a30aneziov 3a0ar0msvcs 6a2u
KOHMPOAbHUX MOYOK I Oalli pO3PAX08YIOMbC KOOPOUHAMU KOHMPOTILHUX
MouoK iHmepnooouil payionanvrii nosepxui besve a maxoxc NURBS-
nogepxui. [[pyeuii nioxio nonseac 8 momy, wjo 3a30aneciob 3a0ar0mobCsl
KOOpOUHAmMU  KOHMPOIbHUX MOYOK [ O0ali po3paxos8yiomvcs 6au
KOHMpObHUX mo4ok nosepxti besve a maxoore NURBS-nogepxui.

Ha nouamky npoyecy ouckpemuomy psoy mouoK 3a0aomvCsi He
MINbKU KOOPOUHAMU, ale U MAKoddC napamempu, moomo KOMCHA MOUYKA
mae nacmynnue susnauenns: T(X,Y,2,U,V) 6 mpusumipnomy npocmopi, oe U,V-
napamempu. [na po3e’azanHs 3a0aui  iHMepnoaayii  CMeoproEMbCs
cucmema JNIHIUHUX DPIBHAHL. 6 SKOM)Y KOJICHe pDIGHAHHA 8i000padicac
PIBHICIb MIJHC AHANIMUYHOIO (DOPMYNOI0 NOBEPXHI | 3a0AHOI0 MOYKOIO.

llpu yvomy Kinbkicme iHMEPNOILOBAHUX MOUOK OOPIGHIOE KIILKOCHI
KOHMPOJbHUX MOYOK NOBEPXHI A MAKONC KIIbKOCMI JIHIUHUX PIGHAHb.
Taxum yunom maemo cucmemy i3 N ninitinux pisusus, oe N — kinvkicms
IHMEPNONIbOBAHUX MOYOK | KIIbKICMb KOHMPOJbHUX MOYOK HNOBEPXHI.
Hesioomumu € konmponvHi mouku nogepxui abo 8 opyeomy GUnaoxy eau
KOHMPOIbHUX MOYOK HOBEPXHI.

Pospobneni  0sa memooa  inmepnonayii\  mouxo6o2o  psoy
payionanvuo nosepxreto bezve i NURBS-nosepxuero.

IIpogedeni mecmogi npukiaou 3a OONOMO20I0 KOMN 10MepHOL
npocpamu, SAKi  RIOMEePONCYIomb  OOCMOBIPHICMb  3aNPONOHOBAHUX
Memoois.

Kniouosi  cnosa: inmepnonayia, payionanvui nosepxui besve,
NURBS- nosgepxi.

NHTEPIIOJISINUSA PAIIUOHAJBHBIMHA ITIOBEPXHOCTSIMU
BE3bE U NURBS-ITIOBEPXHOCTSsIMMU.
banaes HO.W., JIaroguna JI.I1.
Payuonanvuvie nosepxnocmu besve u NURBS-  nosepxnocmu

WUPOKO NPUMEHAIOMCS 8 MOOEIUPOBAHUU KPUBOIUHEUHBIX 00BeKMos
bazodaps 6oavuiol eubkocmu u pabomocnocobrocmu memooa. Ilosmomy
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AKMYANbHOU  AGNAemcs paspabomka Mmemood UHMEPNOIAYUY SMUMU
NOBEPXHOCMAMU OUCKPEMHO20 PAO0a MOYeK 8 MPexXmMepHOM NPOCMPAHCMEe.

Paboma noceswena paspabomxe Ho6oco nooxooa Kk uHmepnoaAyuu
PAyuoHanbHoOU  nosepxHocmvio  bezve,  nooawnou  mHOMCECMEOM
OUCKpemHbIX mouex. AHanumuueckoe ONUCAHUE UCKOMOU NOB8EPXHOCMU
peanuzyemcs € NpUMEHeHUueM payuoHalbHou nogepxnocmu bezve u
NURBS- nogepxnocmu. J{na pewenus smou 3adauu npeonazaemcs 08d
nooxooa.

Ilepsvlii n00x00 3aKaYaemcs 8 mom, 4mo sapanee 3a0aiomcs eeca
KOHMPONbHLIX ~ MOYeK U  Oalbule paccuumvléaiomcs KOOPOUHAMbl
KOHMPONbHBHIX MOYEK UHMEPNOUPYIOUelti payuoHaIbHOU NOBEPXHOCMU
besve, a maxoce NURBS- nosepxnocmu. Bmopoti nooxoo 3akiouaemcsi 8
MOM, 4mMo 3a20035 3a0aMcs KOOPOUHAMbI KOHMPOJIbHLIX MOYeK U 0aibuie
PaAccuumul8aomcs 6eca KOHMPOJbHbIX moyeKk nogepxHocmu besve, a
maxkoice NURBS- nosepxnocmu.

B nauane npoyecca ouckpemuomy psaoy mouex 3a0aromcs He mojibKo
KOOpOUHAMbL, HO U MAKHCe Napamempusl, Mo eCmsb Kaxcoas mouxka umeem
crnedyrowee onpedenernue: 1 (X, Y, Z, U, V) 8 mpexmepHom npocmpancmee,
2oe U, V - napamempui.

s pewenus 3a0auu uHmepnoaAYuY co30aemcs CUCmema JTUHeHbIX
VPasHeHUull 8 KOMOpOM Kajcooe YpaeHeHue omobpadicaem paseHCmseo
MedHCOY AHATUMUYECKOU hOPMYN0U NOBEPXHOCIU U 3A0AHHOL MOYKOLL.

Ilpu smom Koauuecmeo UHMEPNONUPYEMbIX MOUEeK PAGHACMCS
KOUYeCmay KOHMPOIbHLIX MOYEeK NOBEPXHOCMU, A MAKJHCE KOIUYECHBY
JUHelnvlX ypasHenuu. Taxkum obpazom umeem cucmemy uz N jnunetinvix
ypasHenuti, 20e N - Konuuecmeo unmepnoIupyemvix modex u Koau4ecmseo
KOHMPONbHLIX ~ moyeKk  nogepxHocmu.  Heuzsecmuvimu  aensaromces
KOHMPOIbHble MOYKU HNOBEPXHOCMU UIU 80 B6MOPOM Clyude 6eca
KOHMPOIbHBIX MOYeK NOBEPXHOCTIU.

Paspabomanvr  0sa memooa unmepnonsayuu moueunoco paoa
payuonanvHoti nosepxnocmoio bezve u NURBS- nosepxrnocmoio.

IIpogedenvl mecmogvle nNpumepvl. ¢ NOMOWDIO KOMNbIOMEPHOU
NPOSPAMMbl, KOMopble NOOMBEEePAHCOAIom 00CMOBEPHOCHb NPEONOHCEHHBIX
Memooos.

Knrouesvle cnosa: ummepnonsiyus, payuoHaibHvle HOBEPXHOCMU
besve, NURBS - nosepxnocmu.



