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Main Menu (Main3d)

Web-application can be used in CAD-systems in the design of technical objects with functional
curves and surfaces, and graphic packages for modeling curves of high quality of aesthetic
parameters.

Web-npunosxenne MoxxeT ObITh UCTIONBE30BaHO B CAD-crucTeMax mpu mpoeKTHPOBAHUH
TEXHUYECKUX 00BEKTOB ¢ (DYHKIIMOHAJIbHBIMUA KPUBBIMH U TOBEPXHOCTAMH, B TpaUIECKUX
nakeTax JJis MOAETUPOBAaHUS KPUBBIX BEICOKOTO Ka4eCTBA 10 3CTETUUYECKUM IapaMeTpaM.

Onucanue gopmut

Instructions and Messages (I & M) - a text box for displaying instructions and message, for
exchange of models with CAD-systems;

Instructions and Messages (1&M) — TekcToBo€ 1oJie BBIBOIa MHCTPYKIIMK U COOOIIIeHUH, 0OMeHa
'O u NURBS mozensmu ¢ CAD-cucremamu;

[Clear] - to remove all the text from the text field | &M;

[Clear] — kHOmKa OUKMCTKH TEKCTOBOTO OIS [&M;

[Help] - button to go to the description of the page.

[Help] — kHomKa mepexoa K OMUCAHUIO CTPAHHUIIBL.

Region - Modeling Curve on Pages

Buttons:

[Polyline3D] - to Create and Edit Curve on Base Polyline
[Tangen3D] - to Create and Edit Curve on Tangent Polyline
[HermieD] - to Create and Edit Curve on Hermite Scheme
[NURBzS3D] - to Edit Curve on GB-polygon of Bezier Spline Curve
[NURBS3D] - to Edit Curve on S-polygon of B-Spline Curve
Region - Modeling Surfaces on Pages

Buttons:

[Surface3D] - to Create Surface on 3D Mesh

Region Transferrings

Buttons:

[to Main Page]



1. The construction and editing curves

1. ITocTpoenue u pelaKTHPOBAHUE KPUBBIX

In the engineering the models of curves are considered as determinants of the curves. The
determinant of the curve consists of two parts: the geometric part (or geometrical determinant)

and the algorithmic part.

B nH>xeHepHOU reoMeTprur MOJENIN KPUBBIX JINHUM pacCMaTPUBAKOTCS KaK ONPEACIIUTENN
KpuBbIX. Onpeienurenb KpUBOH COCTOUT U3 JIBYX YacTel: FeOMETPUUECKOM YacTu (UiIu

Tr€OMETPUUECKOT0 ONPEAETUTENIS) U AlTOPUTMUYECKOH YacTH.

In the web-application the algorithmic part is procedure generating points of v-curve on locally
convex sections of base or tangent polyline and shape preserving approximation of v-curve by
means of geometric Bezier spline or b-spline curve of high degree (6/8/10). V-curve is a virtual
curve of 5th order of smoothness with a smooth change of curvature, the envelope of a
continuous set of conic curves of double touching. V-curve geometrically exactly approximates
conic curves. Approximation methods by geometric Bezier spline or by b-spline curve can keep

the high quality of v-curve, and the high accuracy of approximation of conic curves.

B web-npunoxeHu# aliropuTMHAYECKast 4acTh MPEACTABIIET MPOIEAYPY F'eHEpaIlii TOYEK V-
KPHBOH Ha JIOKAJIBHO BBITYKJIBIX y4aCTKaX OMOPHOM MJIM KacaTeIbHOMW JIOMAaHOU M
M30T€OMETPUYECKOM alpOKCUMAIIMKU V-KPUBOM MOCPEICTBOM Ir€OMETPUYECKOTO CIliaiiHa be3be
niM b-criiaitHOBO#M KpuBOM BeicOKOM crerienn (6 / 8 / 10). V-kpuBas npeacTaBiser coooi
BUPTYaJIbHYIO KPUBYIO 5-TO TOPSAJIKA HEIPEPHIBHOCTHU C MJIABHBIM U3MEHEHUEM KPUBU3HBIL,
OTH0AOIYI0 HEMPEPHIBHOE MHOYKECTBO KOHUYECKUX KPUBBIX JBOMHOTO COMMPUKOCHOBEHHUS. V-
KpHUBasi TOYHO MPHUOIMKaeT KOHUYECKHE KpUBble. MeTOIbl anmpoKCUMAIMH V-KPUBOM
F€OMETPUUYECKHUM CIUTaiiHOM be3be u b-crtaiiHoBOH KpHBOM MO3BOJISIIOT COXPAHUTh BBICOKOE

Ka4eCTBO V-KPUBOU U TOYHOCTH MPUOJIMKEHUSI KOHUYECKUX KPUBBIX.

Web-application gives the designer 5 types of geometric determinants for modeling curve.

Web-npuioskeHne npeaocTaBiseT J3aiHepy S5 BUIOB FeOMETPUUYCCKUX ONPEACTUTENIeH s

MOJIETUPOBAHUS KPUBOM.



Basic techniques in web-application are modeling the curve by using two types of dual
geometric determinant of order O fixation (classified prof. V.A.Osipov) type as base polyline and
as tangent polyline. Duality properties of geometric determinants of the form base polyline and
tangent polyline defining the v-curve, is inherited from the property of the duality of geometric
determinants of the form 5-point and 5-tangent, defining a conical curve. In modeling curve can
take advantage of a tangent polyline to define the shape of the curve, as well as base polyline for
positioning curve. In essence, these two methods are one way: a way to model the curve with the

generalized dual determinant of order O fixation.

bazoBeiMU MeTO1aMU B Web-TIpHIIOKEHUH SBIISIFOTCS. METO/IbI MOJACIIMPOBAHUS KPUBOH C
MIPUMEHEHHUEM JIBYX TyaJIbHBIX BUJOB T€OMETPUUYECKOTO onpeaenutens 0-ro mopsiaka puxcanuu
(o knaccudukanuu npod. B.A.Ocunosa) Buaa onmopHoi JJOMaHON U KacaTeJIbHOM JIOMaHOH.
CBOWMCTBO TyaJIbHOCTH F€OMETPUUYECKUX ONPEIECTUTENICH BUIa OTIOPHOM JIOMAHOU U
KacaTeJIbHOW JIOMAHOW, ONPEAEISAIONINX V-KPUBYIO, HACIIETYETCA U3 CBOMCTBA 1yalbHOCTH
F€OMETPUYECKUX OMPEACIIUTENICH BUIA S-TH TOYEK U 5-TH KacaTEIbHbIX, OMPEACIITIOIINX
KOHHYECKYIO0 KpUBYIO. [Ipr MoteTmpoBaHM KPUBOI MOYKHO MCIIOJIB30BaTh IPEUMYIIIECTBA KaK
KacaTeJbHOU JIOMaHOU Tl onpeesieHus: GopMbl KpUBOM, TaK U OTIOPHOM JIOMAHOM /ISt
MMO3UITMOHUPOBaHUS KpUBOM. [10 CymiecTBy 3TH 1Ba METO1a TIPEACTABIISIFOT OJIUH CIIOCO0:
croco0 MOJCIUPOBAHUS KPUBOW € TTIOMOIIbIO 0000IIEHHOTO AyaabHOTO onpeneauTes 0-ro

nopsiika puxcamuu.

The third type of geometric determinant is the base polygon of order 2 fixation (classified prof.
V.A.Osipov), structuring modeled curve by specifying tangents, values of curvature and
curvature vectors at each point of base polygon. By analogy with the type of data used to
construct the Hermite polynomial, this type of data is called a geometric determinant of Hermite.
In the algorithmic part of the determinant used schemes of the approximation by geometric

rational Bezier spline.

TpeThbrM BUIOM T€OMETPUYECKOTO ONIPEIISIIUTENS SIBIISIETCS] OMIOPHAS JIOMaHasl 2-TO MOPsIKa
¢ukcaruu (no kinaccudukanuu mpod. B.A.Ocurosa), CTpYKTYpUPYIOIIask MOJICTUPYEMYIO
KPHBYIO 33JIaHUEM KacaTeJIbHOM, 3HAYCHUSI KPUBU3HBI  BEKTOPA KPUBU3HBI B KaXKIOW TOUKE
OTIOPHOI JIoMaHOoH. [1o aHANIOTHU ¢ BUAOM JIaHHBIX, UCTIOJIB3YEMBbIX ISl IOCTPOCHHUS TIOJTMHOMA

DpMuTa, TakoM BUJI JAaHHBIX HA30BEM I'€OMETPUUECKUM ompeaenuTenemM JpmuTa. B



aHFOpI/ITMI/I‘{CCKOﬁ YaCTH OIPCACIIMTECIIA UCIIOJIb3YOTCA CXEMbI AlIIIPOKCUMAallU IOCPEACTBOM
TreOMETPHUICCKOI0 paliuOHaJIbHOT'O crjaiiHa BC3I)€, IMPUMCHACMBIC UIA alllIpOKCUMAIUU V-

KPUBOM.

The fourth type of geometric determinant - generalized b-polygon (gb-polygon) of geometric
Bezier spline. You can increase the degree (up to 10th) spline. To subdivide gbh-polygon. To
edit control vertices of gb-polygon. If geometric spline accurately approximates a conical curve
(circle or ellipse), the geometric spline can be converted to the real spline curve the sixth degree
(continuous with partial derivatives of order 5), and then increase the degree (up to 10th) and

convert geometrically precise to a rational b-spline curve.

UeTBepThIil BUJI TEOMETPUUYECKOTO ONIPEIEIUTENS - 0000IIEHHBIN b-oaUroH (gb-noaurox)
reoMeTpuueckoro cruiaiina bezbe. MoskHO moBbImaTh creneHs (10 10-oif) crmaiiHa. YIoTHATh
cnernudukarmio (to subdivide gb-polygon) reomerpudeckoro onpenenutens. PegaktupoBars
YIIPaBIISIONINE TOUKH gb-momroHa. Eciin reoMeTprdeckuii CIutaifH TOYHO MPHOITHKAET
KOHUYECKYIO KPUBYIO (OKPYKHOCTB HITH JUTUIIC), TO TEOMETPUIECKUAN CTUTAiH MOKHO
peoOpa3oBaTh B ICHCTBUTEIHHO CIIAMHOBYIO KPUBYIO 6-01 cTeNeHH (HETIPEPBHIBHYIO 10
YaCTHBIX MMPOU3BOIHBIX 5-TO TOPSIZIKA), & 3aTeM MOBBICUTH CTereHb (10 10-0i) u

KOHBCPTUPOBATH T'COMCTPUUCCKU TOYHO B PAIMOHAJIbHYTO b-CHHaﬁHOBy}O KPHUBYIO.

The fifth type of geometric determinant - s-polygon of b-spline curve. You can edit the control

vertices of s-polygon. To subdivide s-polygon. Locally subdivide by adding nodes.

[I9TBIN BUJ TEOMETPUICCKOTO OIIPEICITUTEIS - S-TIOJIMTOH D-crutaitHoBO# KprBOi. MOXKHO
PEIAKTUPOBATH YIPABJISAIOIINE TOYKHU S-TIOJUTOHA. YIUIOTHATH crienudukanuio (to subdivide s-

polygon) reomerpuueckoro onpeaenuTens. JIokaabHO yIIOTHITH JOOABIECHUEM Y3JIOBBIX TOUEK.

(For details, theory of modeling curves of high quality presented in the author's publications

online Spliner.ru -> library of articles.)

(ITompo6HO Teopust MOAEIUPOBAHUS KPUBBIX JTHHHI BEICOKOTO KauecTBa MPEICTaBICHA B

nyOIMKaIusX aBTOPOB Ha caiite Spliner.ru -> oubnroTeka craTei).



Data preparing

IloaroroBKa MCXOAHBIX JAHHBIX

Original geometric determinants can be

1) prepared in CAD-systems and read in the format DXF;

2) were obtained from other pages building and editing curves;

3) read a sample of the lists of samples on the current page;

4) base polygon or tangent polygon can be prepared directly on the graphic screen by location of
the control points.

Hcxoanble reoMeTpUyecKue ONpeaeaTuTeNn MOTYT ObITh

1) nogrotosnensl B CAD-cuctemax u cuuransl B popmare DXF;

2) MOJy4YeHBI C IPYrUX CTPAHULL TIOCTPOCHUS U PENAKTUPOBAHUS KPUBBIX;

3) cunTaHbl Kak 00pa3Lbl U3 CIMCKOB 00Pa3lloB HA TEKYIIEH CTPAHUILIE;

4) onopHas JiomaHasi UJIM KacaTeJbHas JJoMaHasi MOT'YT ObITh MOJrOTOBJIEHBI HEMTOCPEACTBEHHO

Ha Fpa(bﬂquKOM OKpaHC pasMCIICHUEM KOHTPOJIbHBIX TOYCK.

Curves of high quality are constructed in the format of geometrically rational Bezier spline or

rational b-spline curve can be exported to CAD-system in the format DXF.

[TocTpoeHHbIE KpUBBIE BHICOKOTO KauecTBa B (popMaTe reoMeTpUYecKoro paiioHaIbHOTO
crutaiiHa besbe unu pannoHanbHOM b-CritallHOBON KPUBOM MOTYT OBITH SKCIIOPTUPOBAHBI B

CAD-cucrems! B popmare DXF.

Original geometric determinants can be prepared in CAD-systems, and read them in the web-
application. Built in web-application NURBS-curves of high quality can then be transmitted in
CAD-systems. Standard mode of exchange with CAD-systems is carried through DXF-file pages
NURBS3D, NURBzS3D. For the rapid exchange of data between the web-application and CAD
systems AutoCAD 3D and KOMPAS special methods of exchange.

Hcxoanbie IreOMCTPUYCCKUC OMMPCACTIUTCIIN MOKHO I'OTOBUTL B CAD-cucreMax U CUUTBIBATL UX

B web-nipriioskenue. [locrpoernsie B web-nipunoxxenun NURBS-kpuBbIe BBICOKOTO KayecTBa



MO>KHO 3aTeM nepenaBatb B CAD-cucrembl. CtannapTHblil pexum oomena ¢ CAD-cucremamu
ocyiectisercs nocpeacrsomM DXF-gaitno Ha crpanuniax NURBS3D, NURBzS3D. [lns
ObIcTpOro oOMeHa AaHHbIMU Mexay web-nipuiioxxenneM u CAD cucremamu AutoCAD u

KOMIIAC 3D pa3paboTtaHbl crieliMajibHble METOIbI 0OMEHA.

Recommendations on technology of construction high-quality of curves

PeKOMeHIlalll/ll/l IO TEXHOJIOI'MH IMMOCTPOCHHUS KPUBLBIX BBICOKOI'O KayeCcTBa

Prepare the initial data is in the CAD-systems, analysis of the quality and construction of
NURBS curves of the high quality in web-application. Also combine the editing session NURBS
curves in web-application and in a graphical environment CAD-systems. Use when editing in
CAD-systems opportunities of osnaps, views and transformations.

[ToarotoBKy MCXOAHBIX AaHHBIX BbiMoNHANWTE B CAD-cucTemMax, aHamu3 KauecTBa U MOCTPOCHHE
NURBS kpuBbIX BBICOKOTO Kau€CTBa BBINOJHINTE B Web-npuiioxkeHnn. Takke KoOMOUHUpYiiTe
ceanchbl penaktupoanusi NURBS kpuBbix B web-nipuiioskennu u B rpadudeckoii cpene CAD-
cucteM. Mcnonb3yitte npu penaktuposanun B CAD-cuctemax mupokrue BO3MOKHOCTH

MIPUBSI3KHU, YCTAaHOBKH BHJIOB, peoOpa3oBaHUil.

Analysis of the quality of curves

AHaJIN3 Ka4eCTBAa KPUBBIX

The most important quality parameters of the curve are the order of smoothness of the curve and
the smoothness of the change of curvature (the number of extrema of curvature, the difference
between the maximum and minimum curvature). These parameters in the web-application is
evaluated by the curvature graph: 1) the curvature graph, built directly on the curve, or 2) the

graph of the form F (x).

CaMbIMM BaXXHBIMH ITApaMeTpaMU KaueCTBA KPUBOU SIBISIOTCS MOPSAOK IIaAKOCTH KPUBOM U
MJIaBHOCTh U3MEHEHMSI KPUBU3HBI (UM CIIO SIKCTPEMYMOB KPUBU3HBI, PA3HOCTh MEXKIY
MaKCUMaJIbHBIM U MUHUMAJIbHBIM 3HAUEHUSMU KPUBU3HBI). DTH MapaMeTpbl B web-MpuiioxkeHnu
OIICHUBAETCS MO rpadukaM KPUBU3HEL: 1) 1Mo rpaduKy KpUBHU3HBI, TOCTPOCHHOM

HEIOCPEACTBEHHO Ha KpHBOM M 2) 1o rpaduky Buma F(x).



The next most important quality parameter is the value of the potential energy. It is believed that
the two curves of the same order of smoothness, built on the same geometric determinant of the
best curve has less potential energy. The potential energy is calculated for the elastic rods,
deformed contour curve effortlessly stretch the physical parameters and constants given to one.
Value numerically equal to the integral of the square of the curvature along the curve.

Crnenyroomum 1o Ba)XKHOCTH ITapaMeTPOM KadyecTBa SIBJISETCS 3HAYEHHUE MOTEHIUAIbHOW SHEPTUH.
Cuuraercs, 4TO U3 ABYX KPUBBIX OJMHAKOBOIO MOPSI/IKA TJIAJKOCTH, IOCTPOEHHBIX HA OJTHOM U
TOM K€ T€OMETPUUYECKOM OIpEe/IeUTENE, JIydlllas KpuBas 00J1aaeT MEHbIIEH MOTEeHIMAIbHOU
sHeprueil. [loTeHnmanbHas 3Hepryst BBIYUCIAETCS VISl yIpYroi peiku, 1eopMUpOBaHHOMN 1O
KOHTYpPY KpUBOI 0€3 yCUIIuil pacTsKeHUs ¢ PU3NUECKUMHU MTapaMeTpaMu U KOHCTaHTaMH,
IIPUBEJICHHBIMU K €IMHUIE. 3HAYEHHE YNCIEHHO PAaBHO MHTErpally KBaApaTa KPUBU3HBI 110

JUINHE KPUBOM.

To assess the quality of curves except graphs curvature in web-application displays also the
integral curve parameters: the length of of the curve the minimum and maximum values of the

curvature, the value of the potential energy

[LJ'IH OICHKH Ka4€CTBA KPUBBIX KPOMC l"paCbI/IKOB KPHUBHU3HBI B WCb-HpI/IHO)KeHI/II/I BBIBOIATCA
TAKIKC MHTCTPAJIBHBIC ITApaMCTPbI KpHBOﬁ: JJIMHa KpI/IBOf/’I, MHUWHHUMAJIbHAA U MaKCUMaJIbHAas1

3HAYCHHA KPUBU3HbI, 3HAUYCHUC HOTCHHI/IaHBHOf/'I OHCPI'uu.

To analyze the quality of curves in a graphical environment AutoCAD offers utilities v_test.fas.
You can analyze any curves - circles, ellipses, splines. Spline polyline pre convert to real Spline.
The utility generates two types of the curvature graph

- The curvature graph of the curve;

- graph of geometric centers of the circles of curvature.

The protocol in text window the AutoCAD displays the values of the integral characteristics

curve (length, maximum curvature, minimum curvature, the potential energy curve).

Jlst aHaM3a KauecTBa KpUBBIX B Tpaduueckoii cpeae AutoCAD mnpeniaraercst yTuiauTa
Vv_test.fas. MoHO aHaTM3UPOBATh JTFOOBIC KPUBBIC - OKPY>KHOCTH, SJUIUTICHI, CIIJIAWHBL

CrutaitHOBbI€ TTOJTUIMHUU MPEIBAPUTEIHLHO KOHBEPTUPYHTE B peasibHbIN CrutaiiH. Y TunuTa



(¢opmupyeT aBa BUAa rpaUKOB KPUBU3HBI

- rpaMK KpUBU3HBI HaJl KPUBOI;

- rpa)MK T€OMETPUUYECKUX LIEHTPOB OKPYKHOCTEN KPUBU3HBL.

B nporokoun B TekcToBoM 0kHE AutoCAD BbIBOASTCS 3HAUEHUSI MHTETPAJIBHBIX XapaKTEPUCTHK
KPUBOM ([UIMHA, MaKCUMaJIbHAsl KpUBHU3HA, MUHUMAaJIbHAsl KPUBU3HA, IOTEHLIM AJIbHAS SHEPT U

KPUBOI1).

Comparative testing the quality of curves constructed in CAD-systems and improvements to
web-application, shows a significant improvement of the quality of curves for the above
parameters of quality.

CpaBHUTENIBHOE TECTUPOBAHUE KaueCTBA KPUBBIX , MOCTpOeHHBIX B CAD-cucremax n
yIYUIIEHHBIX B Web-TIpUII0’KeHNH, OKa3bIBAET CYHIECTBEHHOE MOBBIIIEHHE KaueCTBA KPUBBIX

10 MPpUBCACHHBIM BBIIIC ITApaMETpaM KadeCTBaA.

1.1. The construction and editing a curve on a base polyline on page Polyline3D

1.1. ITocTpoeHue U peaKTHPOBAHHE KPUBOI HA ONIOPHOM JIOMAHOH HA CTPAHMLIE

Polyline3D

Curve is constructed and edited on the base polygon. The modeled curve is exactly passes
through vertices of base polygon. Form of base polyline Isogeometric determines the shape of
the modeled curve. Base polygon can be equipped with a tangent vectors at the end points and

the points of inflection, values and vectors of the curvature at the end points.

KpuBasi ctpoutcs u pegakTupyeTcs Ha ONOpHOM JJoMaHoH. MojenupyemMasi KpuBasi TOUHO
MIPOXOJIUT Yepe3 TOUKU OMOPHOU ToMaHOW. DopMa ONIOPHOUM JJOMAHOM U30T€OMETPUUECKHU
onpenesieT GopMy MOACIUPYEMOH KPUBOH. MOKHO OCHAIIATh OTMIOPHYIO JIOMaHYIO
KacaTeJIbHBIMU BEKTOPaMHU B KOHIIEBBIX TOUYKAX U B TOUKaX repernda, 3Ha4eHUsIMU U BEKTOpaMU

KPHUBHU3HbI B KOHICBLIX TOYKAX.

In the process of building and editing the curve is approximated by the geometrical shape
preserving cubic spline Bezier. You can approximate the shape preserving b-spline curve of high

degree. Transition to a b-spline curve appropriate to carry on the plane and on the space curve



with lots of inflection and a space curve with severe torsion. In this case, improving the quality

of curves on sites of inflection and ensures smooth torsion a spatial curve.

B npouecce noctpoeHus U peIakKTUPOBAHUS KPUBAs U30I€OMETPUYECKHU alllIPOKCUMUPYETCS
FEOMETPUUECKUM KyOuueckum crutaitHoMm beszbe. M0)KHO M30reoMeTpuIecKu
anIpoOKCUMHUPOBATh b-cIiIaitHOBOM KpUBOM BbICOKOM cTeneHu. [lepexon k b-craiiHoBOM
KPHUBOM 11€71€C000pa3HO BBINOIHATH HA IUIOCKOM U HA POCTPAHCTBEHHOW KPUBOI C y4acTKaMH
neperuda v Ha MPOCTPAHCTBEHHOW KPUBOI ¢ BhIpaXKEHHBIM KpyueHHeM. B aTom ciydae
yJydliaeTcs KaueCTBO KPUBBIX Ha yJacTKax rneperuda u o0ecrneuynBaeTcs INaBHOCTh KPYdeHUs

MIPOCTPAHCTBEHHOU KPUBOM.

The method allows to accurately approximate the conic curves. Ensure a smooth change of
curvature on base polyline of arbitrary shape. For closed curves ensures the continuity and
smoothness of the change of curvature of the curve as a whole, including the point of closure of
the curve. After creating the curve graphs of the curvature and the integral parameters of the

curve displayed.

Merto Mo3BoJISIET TOUHO MPUOIMKATh KOHWYEeCcKUe kpuBble. OOecnieunBaeTcs MIaBHOCTh
M3MEHEHUs KpUBU3HBI Ha KOH(PUTYpaIisIX OTIOPHON JJOMaHOU Mpou3BOIbHON dopmbl. Jliis
3aMKHYTBIX KPUBBIX 00€CIIeUnBaeTCs HEMPEPHIBHOCTh U MJIABHOCTh U3MEHEHUSI KPUBU3HBI
KPUBOH B ILI€JIOM, BKJIFOUYasl TOUKY 3aMbIKaHUs KpuBoi. [locie noctpoeHuss KpuBOM BBIBOASTCS

rpaduk KpUBU3HBI U UHTETPAJIbHBIE TapaMETPhl KPUBOH.

1.2. The construction and editing a curve to a tangent polyline page Tangent3D

1.2. IlocTpoeHue U peIaKTHPOBAHNE KPUBOIl HA KACATEJIbHOM JIOMAHOW HA CTPAHMIIE

Tangent3D

Curve is constructed and edited on a tangent polyline. The modeled curve precisely matches the
links of tangent polyline. Form a tangent polyline Isogeometric determines the shape of the
modeled curve. You can equip the tangent polyline with fixed points on the links of inflection

and values and curvature vectors at the endpoints.



KpuBas cTtpoutcs U pegakTupyercs Ha KacaTesIbHOM JIoMaHOU. Moaenupyemasi KpuBast TOYHO
KacaeTcs 3BEHbEB KAacaTeJIbHOM JJOMaHoi. PopMa KacaTeabHON JOMAHON U30I€OMETPUYECKH
onpenenser GopMy MOACIUPYEMOM KpruBOil. MOkKHO OCHAIIATh KacaTeIbHYIO JIOMAHYIO
(uKCHpPOBaHHBIMU TOYKAMU Ha 3BE€HBSAX YUYAaCTKOB IEperuda v 3HaU€HUSIMU U BEKTOpaMu

KPUBHU3HBI B KOHICBBIX TOYKAXx.

In the process of constructing and editing the curve is approximated by the geometrical shape
preserving cubic spline Bezier. You can approximate the shape preserving b-spline curve of high
degree. Transition to a b-spline curve appropriate to carry on the plane and on the space curve
with lots of inflection and a space curve with severe torsion. In this case, improving the quality

of curves on sites of inflection and ensures smooth torsion a spatial curve.

B npouiecce noctpoeHus U peJakTUPOBaHUs KpUBas alllPOKCUMUPYETCSI T€OMETPUUECKIM
paloHaIbHBIM KyOUUYecKuM ciutaiiHoM besbe. MoXHO M30reoMeTpruecKy annpoKCHMUPOBATh
b-crutaiiHoBO# KpHBOIi BBICOKOIT cTenenu. [lepexom k b-CrutaitHOBO#M KpUBOH 11€1€c000pa3Ho
BBITIOJIHATH Ha IJIOCKOW U Ha MPOCTPAHCTBEHHOM KPUBOM € ydacTkamu rneperuda u Ha
MIPOCTPAHCTBEHHOM KPUBOM C BBIPAXKEHHBIM Kpy4eHHEM. B 3TOM ciydae ynydiaeTcsi KauecTBO
KpPHUBBIX Ha y4acTKax neperuda u odecrneynBaeTcs MIaBHOCTh KPyYEHHs POCTPaHCTBEHHOM

KPUBOM.

The method allows to accurately approximate the conic curves. Ensure a smooth change of
curvature on tangent polyline of arbitrary shape. For closed curves ensures the continuity and
smoothness of the change of curvature of the curve as a whole, including the point of closure of
the curve. After creating the curve graphs of the curvature and the integral parameters of the

curve displayed.

Touno npubIMKaOTCS KOHUYEeCKUe KpuBble. ObecrednBaeTcsl MIIaBHOCTh U3MEHEHUS KPUBU3HbI
Ha KOH(UTypalnusaX KacaTeJIbHOUW JJOMaHOU MPOU3BOJILHOM (popMBI. )15l 3aMKHYTBIX KPUBBIX
obecrnieunBaeTcs HEMPEPHIBHOCTH U MJIABHOCTh U3MEHEHUSI KPUBU3HBI KPUBOM B 11€JI0M, BKITFOUYAs

TOYKY 3aMbIKaHUs KpuBOH. [locae mocTpoeHus: KpUBOM BBIBOASTCS TpauK KPUBHU3HBI U



HMHTETpAJIbHBIC [TapaMeTPbl KPUBOMU.

1.3. The construction and editing curve in the geometric Hermite determinant page
Hermite3D

1.3. ITocTpoeHue M peaKTHPOBAaHHE KPUBOI HA TeOMETPHYECKOM OIpeaeuTe e IpMUTa

Ha crpanuue Hermite3D

Curve is constructed and edited on a base polygon, structured the modeled curve of Hermite
scheme by specifying the tangents, values of curvature and the curvature vector at each point of
base polygon.

KpuBas ctpoutcs u pegakTupyeTcs Ha OOPHOM JJOMAHOM, CTPYKTYPUPYIOIIEH MOJETUPYEMYIO
KPHBYIO 110 CXeM€e DpMHUTA 3aJJaHUEM KacaTeJIbHOM, 3HAUEHUSI KPUBU3HBI M BEKTOPA KPUBU3HBI B

Ka)XJ0¥ TOYKE OMOPHOU JIOMAHOM.

This method is recommended, especially for the approximation of analytic curves.

[LaHHBIﬁ MCTOJ PCKOMCHAYCTCA UCIIOJIb30BATh, ITPCIKAC BCCTO, MJIA l'[pI/I6J'[I/I>K€HI/I$[

AHAJIMTUYCCKUX KPUBBIX.

Geometric determinant of Hermite in web-application Isogeometric approximated by two kinds
of NURBS-curves, geometrical rational Bezier spline of second order smoothness and b-spline
curve of high degree m (m = 6/8/10). Uses the same approximation schemes as the

approximation of v-curve on the base and tangent polyline.

I'eomeTrpuueckuii onpeaenuTesb DpMuTa B Web-TIpuioKeHur 130re0OMeTPUIECKH
annpoxkcumupyetcs 1syMst Bugamu NURBS-kpuBbIX: TeOMETpUYECKUM pallMOHAIbHBIM
crutaitHoMm besbe BTOporo mopsijika riakoCcTH U b-CriiaitHOBO#M KpUBO# BBICOKOM CTEEHH m (m
=6/8/10). Ucrmoap3yroTcs Te e CXeMBbI alllIPOKCUMAIIUH, YTO U TIPH alMpOKCUMAITUH V-

KPUBOW Ha OMIOPHOU U KacaTeIbHOM JJOMAaHOM.

These approximation schemes are realize approximation of analytic curves of high accuracy.



OTHU CXEMBbI allPOKCUMALMK PEAIU3YIOT IPUOIMKEHNE aHAIUTUYECKUX KPUBBIX BHICOKOM
TOYHOCTH.

For the approximation of an arbitrary analytic curve to enter on page Hermite3D table of
parameters of structuring analytic curve of Hermite scheme as a sequence of rows in a text
format.

Jlig anmpokcuManyy poru3BOJIbHON aHATUTUYECKON KpUBOM HEOOX0AMMO BBECTH Ha CTPAHMILIE
Hermite3D TaOnuiy napaMeTpoB, CTPYKTYPUPYIOLINMX aHATUTHUECKYIO KPUBYIO 110 CXEME
9pMHTa, B BUAC MMOCJICIOBATCIIBHOCTU CTPOK B TCKCTOBOM (I)OpMaTe.

Row of the table contains the coordinates of the base point, the coordinates of the tangent vector
of arbitrary length, the exact value of the curvature and the vector of the principal normal curve
of arbitrary length (curvature vector). For planar curves can be given zero coordinates of
principal normal. If set the zero vectors of the principal normal to the curve of space, the
program will set the default value.

CTpOKa Ta6JII/IHBI BKJIHOYACT KOOPANHATBI 0H0pH0171 TOYKH, KOOPAUHATBI KaCATCIIbHOT'O BEKTOPA
HpOI/ISBOHBHOﬁ JJINHBI, TOYHOC 3HAYCHUC KPHUBU3HbI U BCKTOPA TJIaBHOU HOpMaJIA KpHBOI?I
HpOI/ISBOHBHOﬁ JJITNUHBI (BeKTopa KpI/IBI/I3HBI). Z[HSI TUIOCKUX KPUBBIX MOKHO 3aaBaTh HYJICBbBIC
3HAYCHUA KOOpANHAT TJIaBHOU HOpMAJIN. Ecmu 3aJ1aHbl HYJICBBIC 3HAUCHH A KOOPJAUHAT BEKTOPOB
TJIaBHOM HOpMaJIi AJIs1 IPOCTPAaHCTBCHHBIX KpHBOﬁ, TO IIporpaMmma yCTaHOBHUT 3HAYCHU A 110

YMOJYaHHUIO.

An important resource for modeling of curves of high quality - analytic curves of the gold
reserve of wonderful mathematical curves:

conic curves,

clothoid (Cornu spiral)

catenary and other wonderful mathematical curves.

Baxubliil pecypc MOeIMpoBaHus KPUBBIX BHICOKOT'O KAQUueCTBa - AHATTUTHYECKHUE KPUBBIE U3
30710TOr0 (hOHJIa 3aMeYaTeIbHBIX MATEMAaTHYECKIX KPUBBIX:

KOHUYECKHE KPUBBIE,

kiotousa (cnupais KopHio),

LCTIHAs JIMHUA U JPYTHUC 3aMCUATCIIbHBIC KPHUBLIC.



These curves have already found applications in engineering, architecture and construction of
contours ships, road alignment, profile dome.

OTHU KpUBBIE YK€ HAIJIM IPUMEHEHUE B TEXHUKE, APXUTEKTYPE U CTPOUTENIBCTBE MIPU

MOJICIIMPOBAHUU 0OBOJIOB CYJIOB, TPACC IOPOT, MpoduiIei KyrmoJioB XpaMOB.

Preparation of parameters of geometric determinant of Hermite for approximation can be
performed in MathCAD. The description in the "Analytic Curves to Excel.html" sample

preparation table to approximate the initial section of a spiral with a document Clothoid.xmcd. If
you have installed on your computer MathCAD 14, use a "living" document "Analytic Curves to
Excel.xmcd". Load the document on Main Page > button [Download].

HOZ[FOTOBKy MapaMeTpOB IrCOMETPUICCKOTO OIMPCACITUTECIIA apMI/ITa I alllTPOKCUMAIIMU MOYKHO

BeinosHaTs B MathCAD. TIpusoautes onucanne B “Analytic Curves to Excel.html” ripumepa

MOJITOTOBKH TAOJIHIIBI JIJIsl AMPOKCUMAIIUH HAYAJILHOTO Y4acTKa KIIOTOU/IBI C HCIIOJIb30BaHUEM
nokymenTa Clothoid.xmed. Eciu y Bac Ha xommnbtotepe yctanosien MathCAD 14,
ucnonb3yiTe "xuBoi" gokyment “Analytic Curves to Excel.xmcd” . 3arpy3ute 10KyMeHT Ha

['maBro#t Crpanwuie > kHomnka [Download].

Document "Analytic Curves to Excel.html™ is html-document copy of MathCAD document.
With the document is available to study the scheme of preparation of geometric parameters
determinant of the Hermite for the approximation of analytic curves in MathCAD.

Edit the document to prepare the parameters of approximation of an arbitrary analytic curve.

JoxkymenT “Analytic Curves to Excel.html” siistercs html-konueii nokymenta MathCAD. C
MIOMOIIBIO IOKYMEHTA MOYKHO O3HAKOMHUTBCSI CO CXEMOH MOITOTOBKH MTapaMeTPOB
rEOMETPUYECKOTO OMPEACTUTENs DPMUTA ISl AlINPOKCUMAIIUH AHATUTHYECKIX KPUBBIX B
MathCAD.

OTpenakTupyiite TOKYMEHT Ul OrOTOBKH MapaMeTPOB aIllPOKCUMAIIUHU TPOU3BOIHHOM

AHATUTUYECKOU KPUBOM.

Some examples, samples of analytical curves (plane and space), you can use the page
Hermite3D.


http://fair-nurbs.com/doc/w_monography/Web-application/Analytic_Curves_to_Excel.html
http://fair-nurbs.com/doc/w_monography/Web-application/Analytic%20Curves%20to%20Excel.html

HekoTopsie npumepbI-00pa3iibl aHATUTHYECKUX KPUBBIX (IJIOCKUX U IPOCTPAHCTBEHHBIX) BbI
MO>KET€ UCI0JIb30BaTh Ha cTpanulie Hermite3D.

Transferring to editing curve on Hermite scheme should also be used for the final local editing of
the curves constructed on the base and tangent polyline.

[Iepexon Ha pelakTUPOBAHUE KPUBOM IO CXeME DpMUTA PEKOMEHIYETCS TAKKE UCII0JIb30BATh
JJIL OKOHYATCJIbHOI'O JIOKAJIBHOI'O PEAAKTUPOBAHMA KPUBBIX, TIOCTPOCHHBIX HA OHOpHOfI u

KacaTeJIbHOU JIOMAaHOM.

1.4. Editing NURBS curves on pages NURBS3D and NURBzS3D

1.4. PenakrupoBanne NURBS-kpuBbix Ha ctpannnax NURBS3D n NURBzS3D

Formats of models of NURBS curves

®opmartel npeacrabieHus NURBS kpuBbix

In the web-application spline curve can have two date formats or two types of geometric
determinant. In the form of s-polygon of b-spline curve (NURBS curve) or in the form of a
generalized b-polygon (gb-polygon) of spline curve Bezier (NURBZzS curve). You can switch
from one kind of geometric determinant of spline curve to another using the so-called SB-

algorithm and the BS-algorithm.

B web-npuiokeHun CrutaitHoBasi KpUBasi MOXKET UMETh JiBa popMata MpeICTaBICHHS WX J1BA
BHJIa TCOMETPUUYECKHX onpenenuTels. B Buae s-momurona b-crnaitnoBoit kpuoit (NURBS
KPUBOM) WJIM B BUJIE 0000IIEHHOTO b-miosuroHa criaitHoBoit kpuBoit besse (NURBZS kpuBoii).
MoO3KHO TTepeX0JIUTh OT OJHOTO BHUJIA TEOMETPUUECKOTO OTIPEICIUTENS CIUIAHHOBOM KPUBOU K

JPyroMy ¢ nmoMouipto T.H. SB-anroputma u BS-anropurma.

On the page NURBS3D can be converted b-spline curve into Bezier spline curve (in fact, change
the geometric determinant s-type polygon of spline curve on geometric determinant generalized

b-polygon). Next, you need to edit the NURBzS curve on page NURBzS3D.



Ha crpanune NURBS3D M0kHO KOHBEpTHPOBAThH b-CIIaifHOBYIO KPUBYIO B IIPE/ICTABICHUE
CIUIaliHOBOM KpuBO# be3be (110 cyTH, N3MEHUTh T€OMETPUYECKUI OIIPENEIUTEND CIUNIAHHOBOM
KPUBOW BU/A S-TIOJIMTOHA HA TEOMETPHUYECKUI ONpeAeTUTeNb BH/1a 0000IIEHHOT0 b-TIoaurona).
[Tocne aToro HeoOxoauMmo nepeiitu k pepakrupoBanuio NURBzZS kpuBoit Ha cTpanuiie

NURBzS3D.

Conversely, on page NURBzS3D of editing Bezier spline curve using the generalized b-polygon
can go to b-spline curve, ie change the geometric determinant as generalized polygon on
geometric determinant as s-polygon. Next, you need to edit NURBS curve on page NURBS3D.
This procedure BS-conversion can not be realized to a geometric Bezier spline curve
(GNURBZzS curve).

U, nao6opor, Ha ctpanuiie NURBzS3D penaktupoBanus crijaitHOBO#M KpuBoit besbe ¢
MTOMOIIBI0 00001IIEHHOTO b-MOJIMroHa MOKHO NEPENTH K b-CIIaifHOBOI KPUBOH, T.€. U3BMEHUTh
reOMEeTPUYECKUN OTPEIeNTUTENb CIUIaHOBOM KpUBOW BHa 0000IIEHHOT0 b-1oIMroHa Ha
TE€OMETPUIECKUH OIpeeTUTeINh BIIa S-TIoJuroHa. [Tocie 3Toro Heo0XoAMMo TeperTH K
penaktupoBanrto NURBS kpuBoii Ha crpanuiie NURBS3D.

JlanHas niporieypa BS-koHBepTHPOBaHHS HE MOXKET OBITh peaIr30BaHa K T€OMETPUICCKOM

crutaiiHoBo# kpuBoit besbe (GNURBZS kpuBoii).

In the case that the geometric Bezier spline curve is a conical curve (curve of degree 2)
geometric spline can be transformed to a real spline curve in the format Bezier sixth degree,
continuous up to 5-th derivatives, using the original algorithm. Then you can raise the degree of
the curve to NURBzS m = 6/7/8/9/10 and convert using BS-algorithm in the b-spline

representation.

B cnyuae coBmajieHus TeOMETpUUECKON CIIIIAMHOBOW KpUBOM be3be ¢ KOHMUEeCKOW KpUBOU
(kpuBOI 2-Tr0 MOPsIKA) MOKHO TIEPEHTH K pealIbHOM CIIJIalfHOBOM KpHBO# B (hopmarte besbe 6-0i
CTENEHU, HEMPEPBIBHOM JI0 5-X MPOU3BOIHBIX, C TOMOLIBIO OPUTMHAIBHOTO aJIrOpUTMa. 3aTeM
MOkHO TToAHATH cTeneHb NURBzS kpuBoit 10 m = 6/7/8/9/10 u nmpeoOpa3oBath ¢ momoipio BS-

ajiropurmMa B b-crraiinoBoe NpCaACTAaBJICHUC.



1.4.1. Editing geometric Bezier spline curve on gb-polygon on page NURBzS3D

1.4.1. PenakTupoBanue reoMeTpu4ecKoi crniiaiiHoBoM KpuBoii be3be Ha gb-moJMrone Ha

crpanune NURBzS3D

In the web-application provides the following functions for editing Bezier spline curve:

You can increase the power (up to 10th) spline. Subdivide gb-polygon. Edit control vertices of
gb-polygon. If geometric spline accurately approximates a conical curve (circle or ellipse), the
geometric spline can be converted to the real spline curve of sixth degree (with continuous
partial derivatives of order 5), and then increase the degree (up to 10th) and convert

geometrically precise to a rational b-spline curve.

B web-npuiioxxeHun peaqn30BaHbI CIeAYIONIHe QYHKINH peAaKTHPOBAHUS CIUIAHHOBOW KPUBOM
besbe:

Mo>kHO noBeImAaTh cTeneHb (10 10-0i) crutaitna. YInoTHTh cnerudukaruio (to subdivide gb-
polygon) reoMeTprIecKoro onpeAeauTes. PeakTHpoBaTh yIpaBIISIOIIAE TOUKH Zb-TTOJTHTOHA.
Eciu reomeTpudeckuii CrijlaifH TOYHO MPUOJIMKACT KOHUYSCKYIO KPUBYIO (OKPY)KHOCTD WIIH
AJITUTIC), TO TEOMETPUYCCKHUI CIUIAH MOYKHO MPeoOpa3oBaTh B ICHCTBUTEIIBHO CIUTAMHOBYIO
KPUBYIO 6-0¥ CTEIeHH!, HEMPEPHIBHYIO JI0 YaCTHBIX MPOM3BOJIHBIX 5-TO MOPsAKA, a 3aTeM
MOBBICUTH CTENEHb (10 10-0i1) 1 KOHBEPTUPOBATH TEOMETPUUYCCKH TOYHO B PAIMOHAIBHYIO b-

CILUIATHOBYIO KPUBYIO.

1.4.2. Editing b-spline curve on s-polygon on the page NURBS3D

1.4.2. PenakTupoBanue b-cniiaiiHoBoi KpuBoi Ha s-mojmrone Ha crpannue NURBS3D

In the web-application provides the following editing features b-spline curve:
You can edit the control vertices of s-polygon. Subdivide s-polygon. Locally subdivide by

adding nodes.

B web-nipunoxeHnn peann3oBaHbl ClIeAyOMKe QYHKIIUA PEIaKTHPOBAHUS b-CIUTAfHOBOM

KPUBOI:



MOHO peaKTUPOBATh YIPABIISIONINE TOYKHU S-TIOJIMTOHA. YTUIOTHATH CrielUpUKanuio (to
subdivide s-polygon) reomerpudeckoro onpeaenuress. JIOKaabHO yIUIOTHATH 100aBICHUEM

Y3JIOBBIX TOYCK.

Formats of s-polygon

®opMaThbl S-MOJUTOHA

The application can be used in two formats of forming of "endings™ of s-polygon of NURBS
curve - open floating (float) and closed (clamped). When editing a closed b-spline curves on a
uniform grid is recommended to set the floating point format of spline curve. In this format when
editing any node will maintain a high order of smoothness (m-1) of spline curve of degree mas a
whole at the junction of the first and the last segment.

B npunoxkeHnn MokeT UCIOJIb30BaThCs ABa popmaTa oopmiieHHs "3aKOHIIOBOK" S-TIOJMIroHa
NURBS kpuBoii: oTkpbIThIH, mnaBatouiuii (float) u 3akpeiteiii (clamped). [Ipu pegaktupoBanumn
3aMKHYTBIX b-CIUIafHOBBIX KPUBBIX HA PABHOMEPHOI CETKE PEKOMEH]IYeTCsl YCTaHOBUTH
Iu1aBaroImuii popmar crutaiiHoBoi kpuBoii. B aToM dopmare npu penakTHpoBaHUU 1000
BEPILUHBI OyJIET COXPaHATHCS BBICOKHM MOPSIIOK TIaAKoCcTH (m-1) criiaifHOBOI KpUBOM B 11E€7I0M

B TOYKC CTBIKaA IIEPBOI'0 U MOCJICIHCTO CCTMCHTA.

For high-quality editing of end sections of open curve is also recommended to install the floating
format of "endings"” of s-polygon. Or, at least, to use the floating format for the quality control of
the curve at the ends of the curve. In a closed format the influence of control vertices near the
ends of the curve, the shape of the curve is extremely unstable, especially at high degrees of
spline. This is easily verified as follows. Change the position of the second or third vertex of s-
polygon in the clamped format, so that, in your opinion, the quality of the curve does not get
worse. Go to the floating format. Form s-polygon will change and probably the worse.
Differential characteristics of spline curve defined of divided differences of s-polygon in an open
format. So harmonious, regular, regular form s-polygon in an open format is a necessary

condition for high-quality spline curve.

JI71s KaueCTBEHHOr0 PEIAKTUPOBAHUS KOHIIEBBIX YUYACTKOB HE3AMKHYTOW KPUBOU

PEKOMEHTyeTCs TAKXKE YCTaHABIIMBATh IIaBatomui opmat "3aKoHIIOBOK" s-1moMroHa. Mm,



XOTs OBbl, UCNOJIb30BaTh IIABAIOLIUI (POpMAT /17151 KOHTPOJIS Ka4eCTBa KPUBOM HA KOHIIEBBIX
ydacTKax KpuBOi. B 3akpbIToM (hopMate BiIMSIHHME YIIPABISIOIIMX TOUEK, OJIM3KUX K KOHLIAM
KpUBOH, Ha (hOpMy KpUBOW KpaliHE HEYCTOMYMBO, OCOOEHHO, IIPU BBICOKUX CTEIIEHSX CILIaiiHa.
DTO JIeTKO MPOBEPSIETCs CleayronuM oopazoM. M3menure no3uiuu 2-oit uin 3-ei TOUKH S-
IIOJIMTOHA B 3a)aToM (opMmarte, TaK, 4To, [10 BallleMy MHEHHIO, KaU€CTBO KPUBOW HE YXYALIUTCS.
[lepeiinuTe k muaBaromeMy popmary. @opma s-nonuroHa U3MEHUTCS U, CKOpee BCETO, B
XyAuyto ctopony. Juddepennmanbrpie XapakTepUCTUKHU CIUIAHOBOW KPUBOM OIIPEIEIISIOTCS
pa3JesIeHHBIMH PAa3HOCTSIMH S-TIOJIMrOHa B OTKpeITOM (hopmare. IlosTomy rapmonnyHas,
MpaBWJIbHASL, PETyIspHas popma s-TIOJUTOHA B OTKPBHITOM (popmare sBIsSeTCs HEOOX0AUMbBIM

YCIIOBHEM BBICOKOT'O Ka4eCTBa CIUIATHOBOM KPUBOM.

2. Construction and editing of surfaces on the page Surface3d

2. ITocTpoeHue U peIakTHPOBaHHE NOBEPXHOCTEH HA cTpanune Surface3d

Page is intended to constuct and edit the surface on the 3D Mesh of base points / on tangent
polyhedron, built on the 3D Mesh of points / 3D Mesh, composed of set of s-polygons of b-
spline curves / 3D Mesh of vertices of s-polyhedron of b-spline surface.

Crpanunna npegHazHayeHa i IOCTPOCHUSI U peJaKTUPOBAHUS IOBEPXHOCTH HA OMIOPHOM CETH
TOYEK / KacaTeIbHOM MHOTOTpaHHHUKE, IOCTPOEHHOM Ha CETH TOYEK / CETH TOYEK,
COCTABJICHHOM M3 S-TIOJMIOHOB b-CIIJIAHOBBIX KPUBBIX / CETH TOYCK S-MHOTOTpaHHHKAD-
CIUIAITHOBOM MOBEPXHOCTH.

Model of the surface is called the determinant. Determinant consists of geometric part or of
geometric determinant (GD) and the algorithmic part.

Mozienp MOBEPXHOCTH Ha3bIBAETCs onpeaenurTeneM. OnpenenuTenb COCTOUT U3 FTEOMETPUUECKON
4acTH WK reoMerpuueckoro onpenenurens (I'O) u anropuTMu4ecKkoil 4acTH.

The construction and editing surface is made by setting and changing its parameters of geometric
determinant (GD).

[TocTpoenue u perakTHPOBaHKUE OBEPXHOCTH MPOU3BOAUTCS MOCPEICTBOM 33JaHUS U
WU3MEHEHUS TapaMmeTpoB ee reoMmerpuyeckoro onpeaenutes (I'0).

To model the surface, you can use 9 types of geometric determinants:

- base 3D Mesh — base mesh, two-dimensional array of base points, the points of which belong to
the surface, but, in general, base points do not coincide with the nodal points of the spline
surface;

- extended U base 3D Mesh. Rows of extended 3DMesh define extended polylines, the boundary
points of which do not belong to the curve and define the ends of the tangent vectors of the
curve;



- extended V base 3D Mesh. . Columns of extended 3DMesh define extended polylines, the
boundary points of which do not belong to the curve and define the ends of the tangent vectors of
the curve.

- extended UV base 3D Mesh. 3D Mesh is extended in the direction of U and in the direction of
V. Corner points of the expanded network define network cells in which the vectors of the mixed
derivatives at the corner points of spline surface lie.

- tangent U 3D Mesh, those rows are the tangent polylines;

- tangent V 3D Mesh, those columns are tangent polylines;

- tangent UV 3D Mesh, those sells are tangent to surface;

- V 3D Mesh, those rows are s-polygons of b-spline curves;

- S 3D Mesh — s-polyhedron of b-spline surface.

JInst MOIeTMPOBaHMS MOBEPXHOCTH MOKHO HCIIOJIb30BaTh 9 BUJIOB TEOMETPUYCCKIX
OIIpeeIUTENEH:

- base 3D Mesh - omopHast ceTh, TByMEpHBIN MACCHUB OMOPHBIX TOUEK, TOUKH KOTOPOI
MPUHAUICKAT TIOBEPXHOCTH, HO B OOIIEM Cydae OTIOPHBIC TOUYKU HE COBIAIAIOT C Y3JIOBBIMH
TOYKaMH CIJTAHHOBOM MOBEPXHOCTH;

- extended U 3D Mesh - pacimpenHast onopHasi ceTh, TpaHUYHbBIC CTOJIOIBI KOTOPOit
OTIPEICTISIFOT KOHIIBI KAcaTeNIbHBIX BEKTOPOB B TOUYKAX 2-T'0 U MPEANOCIIEIHET0 CTOIOIOB
pacimpenHoi ceti. CTPOKH paCIIMPEHHOH CETH ONPEICNIIOT PACIIMPEHHBIE CTPOKHU -IOMaHbIE,
IPaHUYHBIC TOYKH KOTOPBIX HE MPUHAUICKAT KPUBOH, 8 ONPEICIISIOT KOHI[BI KAacaTeIbHbBIX
BEKTOPOB KPUBOM

- extended V 3D Mesh - paciupenHas onopHasi CeTh, [PaHUYHBIE CTPOKH KOTOPOW OMPEACISIOT
KOHIIbI KacaTeJIbHBIX BEKTOPOB B TOUYKAaX 2-TO U MPEIMOCIIEAHET0 CTPOK PACIIMPEHHOMN CETH.
CT07011bI paCITMPEHHON CETH OTIPEIEIISIOT PACIIUPEHHBIE CTOIOIBI-IOMAaHbICe, TPAHUYHBIC
TOYKH KOTOPBIX HE MPHHAIICKAT KPUBOH, a OTPEICIISIOT KOHIIbI KACATEIbHBIX BEKTOPOB
KpHBOW;

- extended UV 3D Mesh - cets pacmupena B Hanpasienuu U v B HanpaBjieHu# V, yriIOBbIe
TOYKH PACHIMPEHHOMN CETH ONPECISIFOT SYCHKU CETH, B KOTOPBIX JISKAT BEKTOPHI CMEIIAHHBIX
MPOM3BOIHBIX B YIJIOBBIX TOUYKAX OTCEKA CIUIATHOBOM MOBEPXHOCTH;

- tangent U 3D Mesh - ceTb, CTpOKH KOTOPOH KacaTeabHbIC JIOMaHbIE;

- tangent UV 3D Mesh - ceTb, siaeiiku KOTOPO# KacaroTcsl IOBEPXHOCTH,

- tangent V 3D Mesh - ceTb, cTOJIOIBI KOTOPOH KacaTeIbHBIC JIOMAHbBIE;

- V 3D Mesh - ceTb, cTpOKH KOTOPO# S-TIOJUTOHBI b-CIUTAHOBBIX KPHBBIX;
- S 3D Mesh - cetb — S-MHOTOTpaHHUK D-CITAHOBOM MTOBEPXHOCTH.

There are two kinds of determinant of NURBS surfaces:

1) NURBZzS surface. The surface consists of analytic patches of rational Bezier surface.
Algorithmic part of the determinant is the procedures

a) of constructing on base 3D Mesh the network of virtual of curves of high quality (v-curves) by
the shape preserving approximation of virtual curves by NURBzS cubic curves (rational Bezier
spline curves);

b) the procedure of constructing bicubic NURBZzS surface on a network of NURBzS cubic
curves (rational Bezier spline curves) by the shape preserving approximation.

Hcnonwsyrores nsa Buaa onpeaenurenas NURBS nosepxHocTH:

1) NURBzS noBepxHocTb. [IoBEpXHOCTbh COCTOUT U3 aHATUTUYECKUX YYAaCTKOB PallMOHATBHBIX
noBepxHocTel bespe. AnropuTMudeckasl 4acTh ONPEAEIIUTENSE COCTOUT U3 TIPOLIETYP

a) moctpoeHus Ha 3D ceTu TOUEK CEeTH BUPTYaIbHBIX KPUBBIX BRICOKOTO KauecTBa (V-KPHUBBIX),
M30Tr€0OMETPUUECKON anmpoKCUMALIMKU CETH BUPTYalbHBIX KpUBbIX KyOnueckumu NURBzS
KPUBBIMH (pallMOHAIBHBIMU CIIJITAHHOBBIMU KpUBbIMU be3be),



b) nzoreomerpuueckoit annpokcumanuu cetu Kyonueckux NURBzS kpuBbIx KyOnueckoi
NURBzS noBepxHOCTBIO.

2) NURBS surface. Algorithmic part of the determinant consists of two procedures:

- The procedure for constructing on the rows of 3D Mesh the frame of forming v-curves and the
approximation by frame b-spline curves of high degree m (m = 6/8/10);

- The procedure for constructing the frame of direct v-of curves on the columns of the network
(v-polyhedron), composed of s-polygons of form b-spline curves, the approximation of v-curves
by b-spline curves of high degree n (n = 6/8/10). Network of vertices of s-polygons of direct b-
spline curve is s-polyhedron b-spline surface of high degrees (m, n), (n,m = 6/8/10).

2) NURBS noBepxHOCTb. ATOPpUTMHUYECKAS YACTh OTIPEICTUTENS] COCTOUT U3 JABYX MPOIIEAYD:

- MpOLEIYpbl OCTPOCHUS KapKaca 00pa3yloluX V-KPUBbIX U U30T€OMETPUUYECKOM
anmnpoKCUMaIMU KapKaca b-cruialiHOBBIMU KpUBBIMH BBICOKOM creneHr m (m = 6 / 8 /10);

- MIPOIIeTyphl MOCTPOCHUS HAMIPABJISIFOIIMX V-KPUBBIX Ha CTOJIOLAX ceTu (V-MHOTOTpaHHUKA),
COCTaBJIEHHOW U3 S-TIOJIMTOHOB 00pa3yomKX b-CrIalHOBBIX KPUBBIX, M30I€OMETPUUECKOMN
anmpoOKCUMAINH V-KPHUBBIX D-CIUIaifHOBBIMU KPUBBIME BbICOKO# cTenenu N (N =6/ 8/ 10). Cerhb
BEPILUH S-TIOJIMTOHOB HAMPABJISAIOMIMNX b-CIIaifHOBBIX KPUBBIX IPEJICTABISIET S-MHOTOI'PAaHHUK
b-crutaitHOBO# OBEPXHOCTH BBICOKHUX cTeneneit (m, n), (m,n =6/8/10).

3. Examples and exercises

3. IIpumMepsl U ynpasKHEeHU S

>details>

>nodpoonee>


http://spliner.ru/WEB-app/Examples.htm
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