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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 approximation
method by these surfases

Method. The work is devoted to the development of a new approach
to approximation 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 approximation 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 points has the following definition:
T(x,y,z,u,v) in the three-dimensional space, where u,v — parameters. To
solve the approximation problem, the least squares method is used. In the
beginning, a sum of squared functional of the term of the differences
between the analytic formula of the surface and the coordinate of the given
point is created. The optimization problem of minimizing this functional is
solved. For this, a system of linear equations is created, each equation of
which is derivatev of the functional with respect to a given parameter and
equated to zero. In the first approach, the desired parameters are
coordinates of points, and the second weights of given.

Results. Tho methods of approximation of a point series by rational
Bezier surfase were developed.

Conclusions. The test cases carried out of using computer programs
fnd calculation of results confirm the validity of the proposed methods.

Keywords: approximation, uftional Bezier surfaces, NURBS-
surfaces.
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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
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 Bernstein’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 approximation 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]:

> BI()B] (W)W,

n
i=0 j=0
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H(n=D!_ pinomial coefficient:
p — control points of surface;
w — weight control points of surface.
The NURBS-surfase is determinated by the formula:

n

i Ni (V) NTp (U)Wij P;;

=33 : @
Z Ni (V) NTp (u)Wij
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 approximate the given point series of the surfase (1). To do this we
will create an equation system:

- ZZB (V)B] (u)w; p;
> =5 -R1=0,i=0,1,..n j=0,1,...m (3)
i=0 j=0 ZBI (V)BT(U)V\/U

or

n n n

>, 2.2 B W)Bu)w;p; - > > B (VB (uw;R]=0 ,
i=0 j=0 =0 j=0 i=0 j=0

(4)
i=0,1,..n; j=0,1,...m.

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.
ZZB (V) B (U)W = Woq (21— V) *[Woq (1—U)* + 20y, (1—U)U + Wy,u?]
i=0 j=0
+ 2w, (L—V)V[w,, (L—u)® + 2w, (1 — u)u + w,u?] ()
+ WoV2 W, (1—U)? + 2w, (1— U)U + W,,u°].
for
i=0 j=0

will be the same as (5), but instead of w;; you need to set (pj; w;;).
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Using (5) we compose the functional:

K nom ) Bin(V)BJr'n(u)Wij P;;
F:Z { Z [':njz‘:n ~RJ =min,1=012,..k.:
=0 00 ZBin(V)B;n(u)\Nij
©)
F =Z {_f er: [f iB, (v)B(u)w; p, —iiBi"(v)BJf“(u)win,]2 =min,

1=0,1,2,...k.

And take derivatives from it:

Y B W)BI (W, p, — > BB WwW RIS B (VB u)w, =0.

dpij 1=0 i=0 j=0 i=0 j=0 i=0 j=0 i=0 j=0
n

%:ZZ{_ i 2 iB.”(V)B (u)w pij—ii B (v)BM (W)W, R T}
{ iB (W)BJ (W), - iB.”(v)B (WP;R}=0.

were 1=0,1,2,...k.

Thus, we have a system of linear equations for k + 1 equations.

Solving them, we find all p;; and w;.

Analyzing (1) and (2), we see that the NURBS- surface differs only
in that N", is taken instead of B".

Conclusions: Two methods of approximation of point row are
worked out by the rational surfaces of Bezier and NURBS - surfaces.

Test examples by means of the computer program, that validity offer
methods, are conducted.
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AIIITPOKCUMAILIA PAIIIOHAJIBHUMHU TOBEPXHAMM BE3b€
I NURBS-ITIOBEPXHSAMHU

banaes 1O.1. , Jlaromina JI.IL.

Payionanvni  nosepxni  besve i NURBS-nosepxui  wupoko
3aACMOCO8yIOMbCsL 8 MOOEN0BAHHI KPUBONIHIIHUX 00 €KMIB 3ABOAKU BENUKIL
eHyukocmi [ npayezoamuocmi memooa. Tomy akmyanrbHum € po3pobKa
Memooy anpoxcumayii yumu NoBepXHAMU OUCKPEMHO20 POy MOYOK 8
MPUBUMIPHOMY NPOCMOPI.

Poboma npucesuena po3pobyi nosozco nioxody 0o anpoxcumayii
payionanvHolo nosepxmelo bezve, noOAHOI MHONMCUHON — OUCKDEMHUX
MOYOK.

Ananimuynuii  onuc  WYKaMOi  NOBEpPXHI  peanizyemvca i3
3acmocyeanuam payionanvhoi noeepxwi bezve i NURBS-nogepxui. /[ns
D038 s13aHHL YI€L 3a0ayi NPONOHYEMbCS 08A NIOXOOU.

llepwuti nioxio nonseae 6 momy, wo 3a30aneziov 3a0ar0mMbCs 8acu
KOHMPOAbHUX MOYOK I Oalli pO3PAX08YIOMbC KOOPOUHAMU KOHMPOTIbHUX
MOoUYoK iHmepnonouil payionaivroi nosepxui besve a maxooic NURBS-
nogepxui. J[pyeuii nioxio nonseac 8 momy, wjo 3a30aneciob 3a0ar0mubCsl
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KOOpOUHAmMU  KOHMPONbHUX MOYOK [ 0ali po3paxos8yiomvcs 6au
KOHmMpoabHux mouok nosepxti besve a makoxc NURBS-nosepxwni. Ha
NOYAmK)y CMBOPIEMbCSL PYHKYIOHAN K CYyMA K8AOPAMI8 BIOMIHHOCTI MIdiC
AHANIMUYHOIO (OPMYNIO NOBEPXHI MaA KOOPOUHAMOMW 3A0AHOI MOUKU.
Jlani Bupiwyemscs npobiema MiHimizayii yb02o OyHKYioHay.

Taxum uunom maemo cucmemy i3 N ninitnux pieuann, de N —
KLIbKICMb  anpoxcumyodux mouox Hegidomumu € KOHMpoOIbHI mMoOuKU
nogepxHi abo 6 Opy2omy UNAOKy 8azu KOHMPOJIbHUX MOYOK NOBEPXHI.

Pospobneni o0ea memooa anpoxcumayill  mouko02o  psoy
payionanvro nosepxueto bezve i NURBS-nosgepxuero.

IIposedeni mecmosi npukiaou 3a OONOMO2010 KOMN IOMepHOL
npocpamu, SAKi  RIOMEepO’CYIOmb  OOCMOBIPHICMb  3aNpONOHOBAHUX
Memoois.

Knouoei cnosa: anpoxcumayis, payionanvui noeepxmi be3sve,
NURBS- nosepxi.

AINITPOKCUMAIUA PAIIMOHAJIBHBIMU ITOBEPXHOCTAMUAU
BE3bBE U NURBS-TIOBEPXHOCTSIMMU.

banaes KO.W., Jlaroguna JI.II1.

Payuonanvnvie nosepxnocmu besve u NURBS-  nosepxnocmu
WUPOKO NPUMEHAIOMCA 8 MOOEIUPOBAHUU KPUBOIUHEUHBIX 00beKmMOo8
bnazooaps 6oabwol eubkocmu u pabomocnocoonocmu memooa. Ilosmomy
AKMYQIbHOU  S618emcsi paspabomka memood annpoKCuMayuu Smumu
NOBEPXHOCMAMU OUCKPEMHO20 Ps0ad MOYeK 8 MpexmMepHOM NPOCMPAHCMEe.

Paboma nocesawena pazpabomke H08020 n00xo0a Kk annpoxcumMayuu
PAYUOHANILHOU ~ nosepXHocmbio  bezve,  nooawnHou  MHOMCECMEOM
OUCKpemHbIX mouex. Anarumuyeckoe OnucaHue UCKOMOLU NOBEPXHOCU
peanuzyemcsi ¢ NpUMEHeHuem payuoHaIbHoUu nogepxnocmu bezve u
NURBS- nogepxnocmu. Jna pewenus smoil 3a0auu npeoiazaemcss 08a
nooxooa.

Ilepsvlii no0x00 3akauaemcs 8 mom, 4mo 3apanee 3a0aromcs eeca
KOHMPOAbHLIX ~MOYeK U  Odlblide pacCHUmvléaiomcss KoOpPOUHAMbI
KOHMPOIbHbIX MOYeK UHMEPNOIUpyroulell. payuoHaIbHOU NOBEPXHOCIU
beszve a maxowce NURBS- nosepxnocmu. Bmopoti nooxoo saxnrouaemcs 8
MoM, uYmo 3apanee 3a0armcs KOOPOUHAMbL KOHMPOJbHLIX MOYEK U
oanbule paccuumvl8alomcs 8eca KOHMpOabHbIX moyek nogepxHocmu beszve
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a maxace NURBS- nosepxnocmu.

B nauane npoyecca ouckpemnomy psoy mouex 3a0aiomcs e moabko
KOOPOUHAmbl, HO U MAKdce Napamempsl, Mo eCmb Kaxcods mouka umeem
crnedyrowee onpedenernue: 1 (X, Y, Z, U, V) 8 mpexmepHom npocmpancmee,
2o0e U, V - napamempoi.

B nauane cozoaemcs ¢pyHKyuoHan kax cymma K8aopamos pasiuyus
MedHcoy  aHanumu4eckou Gopmynrou noepxXHOCMU U  KOOPOUHAMAMU
3a0annoti mouku. Jlanee pewaemcs npoorema MUHUMUZAYUU DINO20
@yukyuonana.

Taxum obpazom umeem cucmemy ¢ N nurnelinvix ypasHenutl, 2oe N -
KOUYeCmeo annpoxkcumupyrouux movex HeuzsecmHuvimu A61a10mcs
KOHMPObHble MOUKU NOBEPXHOCU UIU 80 GMOPOM CAydde 8eca Mmoyex
HOBEPXHOCTIU.

Paspabomanvr 06a memooa annpokcumayuu moueuno2o psoa
payuonanvrol nogepxuocmoio bezve u NURBS- nogsepxnocmoio.

IIpogedenvl mecmogvle npuMepvl. ¢ NOMOWDBIO KOMNbIOMEPHOU
nPOPaMMbl, KOMOpbvle NOOMBEPHCOAIOM OOCMOBEPHOCHL NPEOIOHCEHHBIX
Memooos.

Knrouesvie cnosa: annpokcumayus, payuoHAalbHble NOBEPXHOCHU
beszve, NURBS - nogepxrnocmu.



