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Improving the quality of b-spline curves of arbitrary degrees, created in AutoCAD or
Alias Design

YiyuieHue KauecTBa D-CIJIaiHOBBIX KPHBBIX MPOM3BOJIbLHBIX CTENEHeN,
nocrpoennbix B AUtOCAD uim B Alias Design

1) On base points
1) Ha onmopHBIX TOYKAX

In Alias Designer has technology modeling with control vertices s-polygon b-spline curve of
high degree. When editing is possible to control the curvature of the graph and interactively to
achieve good visual curvature graph.

B Alias Designer nuMeeTcsi TEXHOJIOTHUS MOJICTUPOBAHUS C TIOMOIIBIO YIPABIISIONIUX
BEPIIHH S-TTOJUTOHA D-CIUTaiiHOBOI KpHBOIA JOBOJILHO cTeneHel. [Ipu peakTHpOBaHUH MOYKHO
YCTaHOBUThH KOHTPOJIb Tpa)iKa KPUBU3HBI U B UHTEPAKTHUBHOM PEXKUME IOOUTHCS BU3YAIbHO
xoporero rpaduka KpUBU3HBL.



However, the real problem may be the design of the curve at a given sketch or in the line of
measured points. In this case, the curve fitting to the sketch or the measured points can be quite
time consuming.

OnHaKo IpU peaIbHOM MPOEKTUPOBAHUU MOXKET BOSHUKHYTH 33J1a4a IOCTPOEHUsI KPUBOM Ha
3a/IaHHOM 3CKM3€ WIHM Ha JJMHUU U3MEPEHHBIX TOYEK. B 3TOM cilyyae moaroHka KpuBOM K 3CKH3y
WJIM K U3MEPEHHBIM TOYKaM MOJKET IPEACTABIATE JOBOJIBHO TPYAOEMKHUH MIPOLIECC.

In Alias Design a procedure for the construction on the base polygon (Edit Points) b-spline
curve of degree 5 or 7.
The disadvantage of this procedure is the low quality of approximation curve fit.

B Alias Design umeercst mpoiieiypa nocTpoeHus Ha ornopHo# jomanoii (Edit Points) b-
CIUIAHOBOM KPUBOW CTEIEHU S5 Ui 7.

HenocraTkom laHHOM MpoLieyphl alIPOKCUMALIUU SBJISIETCS] HU3KOE KaueCTBO
aANMpPOKCUMHUPYIOIIEH KPUBOM.

In this case, the designer will help Web FairCurveModeler + AutoCAD.
B sTom ciyyae Ha momonrs au3aitaepy npuget Web FairCurveModeler + AutoCAD.

FCModeler enhances curves constructed in AutoCAD or Alias Designer, not only by
eliminating fluctuations in the curvature of the segments of the cubic b-spline curve, but also by
reducing the variation of the curvature of the curve as a whole, reducing the number vertices of
the curve, reduce the potential energy of b-spline curve arbitrary degree.

FCModeler ynyumiaer kauecTBO KpUBBIX, TOCTpoeHHBIX B AutoCAD wmnu B Alias Designer,
HE TOJBKO ITyTE€M YCTpPaHEHHUsI My IbCallii KPUBU3HBI HA CETMEHTAaX KyOM4YecKo# D-crutaitHoBoOI
KpPHUBOI1, HO M ITyT€M YMEHbBIIIEHUS Bapuallii KpUBU3HBI HA KPUBOM B LIEJIOM, YMEHBIIICHUS
KOJIMYECTBA BEPIIUH KPUBOU, YMEHBIIICHHS MMOTCHIIMAILHON SHEPTUn D-CIIaitHOBON KPHBOM
IIPOU3BOJIBHOU CTEIICHH.

Construction of b-spline curve seventh degree by the control points in Alias Design.
IMocTpoenue b-cniialinoBoii KpuBoii 7-0i cTeNeH MO OMOPHLIM TouKamM B Alias
Design

The technology to improve an open flat curve constructed on the base polygon (Edit Points)
using NURBS seventh degree on a uniform grid.

PaccMOTpUM TEXHOIOTHIO YIIYYIIEHUS HE3AMKHYTOW IUNIOCKOW KPUBOM, IIOCTPOEHHOW HA
onopHoit tomanoi (Edit Points) ¢ momonisto NURBS 7-0if crenenu Ha paBHOMEpHOI ceTKe.

Construct an arbitrary non-closed NURBS curve of degree 7 on a uniform grid on the
support of locally-convex polygon (Fig. 1)

[TocTpoiite mpousBoibHYI0 He3aMKHYTYI0 NURBS kpuByto crenenn 7 Ha paBHOMEPHOM
CeTKE Ha OMOPHOM JIOKaJbHO-BBIMYKIJIOHN JIoMaHoH (puc. 1).
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Fig. 1. Unclosed B-spline curve on a uniform grid of degree 7.
Puc. 1. Hezamknytas B-crumaiiHoBasi KpuBasi Ha paBHOMEPHOM CETKE CTEHeHH 7.
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Examine the quality of the fitting curve (Fig. 2).

HccnenyiiTe kauecTBO MOCTPOSHHON KpUBOH (pHC. 2).
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Fig. 2. The curvature graph of the curve
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The initial base polygonal line - locally convex polygon. However, the approximation is not
shape preserving. There is a site with non-regulated oscillation forms.

Wcxonnas onopHasi J0MaHasi - JOKaJabHO BBITYKJIasd JomaHass. OHaKo annpoKcuManus He
ABJIsI€TCS n30reomeTprudeckoil. Habironaercss yyacTok ¢ HEperiaMeHTUPOBAHHOM OCLMILIALUEN

bopMBI.

Transferring model of the curve to AutoCAD
ITepenoc mogenu kpusoii B AutoCAD

[Tepenecure moaenb kpuBoit B AutoCAD 2012 (puc. 3)
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Fig. 3. The curve in the AutoCAD 2012.

Puc. 3. Kpusas B AutoCAD 2012.

Transferring model in the web-application
Ilepenoc moaen B Web-npuiiokeHue

Transfer the model curve in Web-application Fair Curve Modeler. Insert the command line
(entget (car (entsel "select NURBS™))) <ENTER>

Select the curve.

This AutoLISP-fragment was highlighted DFX-model from a primitive(Fig. 4).

[Tepenecute monens kpuBoii B Web-npunosxenue Fair Curve Modeler. BcrassTe B
KOMAaHJIHYIO CTPOKY

(entget (car (entsel "select NURBS™)))<ENTER>

YKaxuTe KPUBYIO.

Jannsiit AutoLISP-gparmenT Boigenser u3 npumutusa DFX-monens (puc. 4).
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Fig. 4. DXF-model NURBS of the curve in the protocol AutoCAD.

Puc. 4. DXF-monens NURBS kpuBoii B nporokosie AutoCAD.

Highlight the portion of the protocol, which is DXF-model of the curve model:
Briienute U3 npoTokoia y4actok, npeacrasisomuil DXF-monens kpuBoi:

((-1 . <Mwms obbekra: 7ef05fa8>) (0 . "SPLINE") (330 . <lmst oObekTa:
7ef05f60>) (5. "75") (100 . "AcDbEntity") (67 . 0) (410 . "Model") (8 . "0")
(100 . "AcDbSpline™) (210 0.0 0.0 1.0) (70.12) (71 .7) (72 . 22) (73 . 14)
(74 .0) (42 . 1.0e-010) (43 . 1.0e-010) (40 . 0.0) (40.0.0) (40.0.0) (40.
0.0) (40.0.0) (40.0.0) (40.0.0) (40.0.0) (40.1.0) (40.2.0) (40.

3.0) (40.4.0) (40.5.0) (40.6.0) (40.7.0) (40.7.0) (40.7.0) (40.

7.0) (40.7.0) (40.7.0) (40.7.0) (40.7.0) (10 -43.9862 119.15 0.0) (41 .
1.0) (10 -33.9131 133.071 0.0) (41 . 1.0) (10 -13.7213 160.889 0.0) (41 . 1.0)
(10 16.7032 202.542 0.0) (41 . 1.0) (10 188.883 154.087 0.0) (41 . 1.0) (10
109.189 125.792 0.0) (41 . 1.0) (10 499.504 -119.407 0.0) (41 . 1.0) (20
-446.928 -267.031 0.0) (41 . 1.0) (10 75.2019 331.483 0.0) (41.1.0) (10
-377.239 -33.2835 0.0) (41 . 1.0) (10 19.2966 375.711 0.0) (41 . 1.0) (10
111.858 308.398 0.0) (41 . 1.0) (10 173.475 263.414 0.0) (41 . 1.0) (10 204.26
240.894 0.0) (41 . 1.0))

Open the web-application on the page NURBS3D (fair-curve.ru> Register Home> go to
NURBS3D> Paste the snippet from the buffer memory in the text box Instructions and Messages
(I & M)> [NURBS Model from AutoCAD]> [Create] (Fig. 1).

Ortkpoiite web-nipunoskenue Ha crpanuie NURBS3D (fair-curve.ru > 3apeructpupyiitech
Ha TJIaBHOM cTpanulle > nepeiaute Ha crpanuity NURBS3D > BceraBbre hparmenT us oOydepa
naMsTH B TekctoBoe modie Instructions and Messages (1&M) > [NURBS Model from AutoCAD]
> [Create] (puc. 1).
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Instructions and Messages _Clear

Quality Paraws of Curve:
Length = 1357.9207767645637
Max Curvature =
0.020971331053922366

Min Curvature =

0.00002 1488594351315748
Potential Energy =
0.0604258946028306174

BHBENEHH DpadMr RPMEMSHH M
napaMeTpH RpEBOA: LIMES EPHEOHA,
MARCHMANEHAA KDMBHSHA KDHEOW,
MMHMMANBHAA EPMBHSHA RpHBO,
SHAMEHNE NOTEHUMANEHOR SHEPOEEA
vapyToil peiirk DedopMMpORaNHOR To
ROHTYPY HRpPMBOH. CEMMMM BEaHEMN
napaMeTpaMM EeuUSCTEBA RpHBOI
AENMOTCA MOPANOE DNANROCTH RDHBOR i
NNABHOCTS MSMEHEHMA KPMBMSHE. 3T
NApEMETPH ONEHMBEETCA OO TpaMEAM
mpuEnsE: 1) oo rpaduey SpMERSHN,
nocTpoemHNl HENMOCpERcTEEHHO Ha
kpuBOi (RHODEA Draw Curvature) .
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Fig. 5. The model of the curve imported from AutoCAD.
Puc. 5. Monens kpuBoii, umnoprupoBanHoit n3 AUtoCAD.
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Most indicative the curvature graph as a function F (x) ([Draw Curvature as F (x)]) (Fig. 6)
HawuGornee noka3zareneH rpaduk kpuBu3Hbl kak Gynkmus F(X) ([Draw Curvature as F(x)])

(puc. 6).

[ Bxon | [ NURBS3D: Madeling MURE =

€« C [ fair-nurbs-rulgb.ru/NURBS 30 aspx

Instructions and Messages _Clear

Quality Paraws of Curve:
Length = 1357.9207767645657
Max Curvature =
0.020971331053922366

Min Curvature =
0.000021488594351315748
Potential Energy =
0.060425946025306174

BHBENEHH DpadMr RPMEMSHH M
napaMeTpH RpEBOA: LIMES EPHEOHA,
MARCHMANEHAA KDMBHSHA KDHEOW,
MMHMMANBHAA EPMBHSHA RpHBO,
SHAMEHNE NOTEHUMANEHOR SHEPOEEA
vapyToil peiirk DedopMMpORaNHOR To
ROHTYPY HRpPMBOH. CEMMMM BEaHEMN
napaMeTpaMM EeuUSCTEBA RpHBOI
AENMOTCA MOPANOE DNANROCTH RDHBOR i
NNABHOCTS MSMEHEHMA KPMBMSHE. 3T
NApEMETPH ONEHMBEETCA OO TpaMEAM
mpuEnsE: 1) oo rpaduey SpMERSHN,
nocTpoemmnli HEMOCpemcTEEHHO HA
rpuBO (RHODEA Draw Curvature) .

Hni NOCTPOSHAA SRORSTCA KOIVPHUMEET
MacwraBupoBaHMT Npadura (TeRcTOEOE
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Fig. 6. The curvature graph as a function F (x).
Puc. 6. Otobpaxenue rpaduka kpuBu3HbI Kak GyHkmn F(X).
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On the pages of curve modeling of web- application can be accurately estimated the quality
of modeling curve (Fig. 5,6).

Ha cTpanuiiax MoenupoBaHusi KpUBbIX WED-TIprIIo)KeHNs: MOKHO TOYHO OLIEHUTh KQ4eCTBO
MOJICIIUPYeMOi KpHuBO#i (puc. 5,6).

Displays graphs of curvature. The curvature graph above the curve and the curvature graph
form F (x).

BriBonstes rpaduku kpuBHu3HBL ['paduk KpUBH3HBI HaJl KpUBOM U rpad)UK KpUBU3HBI BUJIA
F(x).

According to the graph of the curvature of the curve is easy to estimate the shape and quality
of the curve: the order of smoothness, character of the distribution the curvature of the curve.

ITo rpaduxy KpuBHU3HBI HaJl KPUBOH JIETKO OLIEHUBAETCs (popMa U KaueCTBO KPUBOM:
MOPAAOK INIaAAKOCTH, XaAPAKTEP paCHpCACIICHUSA KPUBU3HbI I10 KpHBOﬁ.

According to the graph of the curvature of the form F (X) is easy to count the number of
vertices of the curve (curvature extrema) - the most important indicator of the quality of the
curve.

ITo rpaduky kpuBH3HBI Buaa F(X) I€rko MoacYUTHIBACTCS KOJIMYECTBO BEPIIMH KPUBOM
(3KCTpEeMyMbl KPUBU3HBI) — Ba)KHEHUIIHI IMOKa3aTeb Ka4yecTBa KPUBOM.

The text box shows some of the geometric characteristics of the curve are essential for
assessing of the quality:

B TekcTOoBOM 10J1€ 0TOOPaKAIOTCSI HEKOTOPBIC T€OMETPHUYECKUE XapaKTEPUCTUKU KPUBOH,
CYIICCTBCHHBIC JJI1 OUCHKH Ka4CCTBA:

Max Curvature - the maximum curvature of the curve. Min Curvature - minimum curvature.
Curvature variation (the difference between maximum and minimum values of the curvature) -
an important indicator of the quality of the curve. The smaller the difference between the
smoother the curve.

Max Curvature — makcuMaibHast KpuBu3Ha KpuBoit. Min Curvature — MuHIMaIbHas
KpHBU3HA. Bapnaum{ KPHUBU3HBI (pa3HOCTB MCKIY MaKCUMaJIbHBIM 1 MUHUMAJIbHBIM 3HAYCHHUEM
KPHUBH3HBI) — BAKHBIHN TMOKa3aTeIb KauecTBa KpUBOW. UeM MEHBIIIE pa3HOCTh, TeM OoJiee IIaBHAS
KpHBas.

Potential Energy - the most important indicator of the quality of curves of high order of
smoothness m (m> 2).

Potential Energy — BaxxHe#Imii moka3areiib KauecTBa KPUBBIX BHICOKOI'O TOPSAKA M
raajakocT (M > 2).

The method of flexible rail (physical spline) is still considered the gold standard of modeling
curves of high quality. Elastically deformed flexible rail takes the form of a minimum potential
energy.

Merton rubkoi peiku (hU3nIecKoro CruraifHa) 10 CUX MOpP CYUTAETCS ATAJIOHHBIM METOJIOM
MOJICJIMPOBAHUS KPUBBIX BBICOKOTO KayecTBa. YIpyro nedopmupoBaHHasi THOKas peilka
npuHUMAaET GOpMYy C MUHUMaIbHON NOTEHIMATbHON YHEPTUEH.

Potential energy curves calculated as the integral of the square of the curvature along the
length of curve. A comparison of curves by value of the potential energy only shows that one of
the curves closer to the model of the physical spline.

HOTGHHI/IaHBHaH OHCPI'Us KPUBBIX PACCUHUTBIBACTCA KAK HHTCTPAJI KBaJ[paTa KPUBU3HBI 110
JuuHe KpuBoi. CpaBHEHHE KPUBBIX 110 3HAYEHUIO MOTEHITMAILHON SHEPTUH MOKa3bIBAET TOJIBKO
TO, YTO OJIHA U3 KPUBBIX OJIrKe K MOACIn (I)I/I?)I/I‘IGCKOFO cIIalfHA.

While comparing the curve may be much worse than the other curve on these first important
indicators, however, it may have less potential energy.

XoTs cpaBHHUBaeMasi KpUBasi MOKET OBITh HAMHOTO XYXKe JIPYroi KpUBOil 1o
NMEPCUNUCIICHHBIM IICPBBIM BaKHEUIIINM IIoKasarTeiisiM, TEM HE MCHEC, OHA MOXKET O6HaZ[aTB
MEHBIIEN MTOTEHIHAIBHON SHEPTHUEM.

This can be explained as follows. Imagine the first rail, deformed elastically at the support
points, and a second rail, broken at the points of support under stress deformation. Individual



pieces of broken rail as line segments will give a total zero of potential energy. In geometric
terms, this means that the spline curve has a defect: tangential discontinuities at the nodal points.

OT0 MOXKHO OOBACHUTH cleayroumm oopasoM. IlpencraBpre cebe nepByro penky,
)IC(I)OpMI/IpOBaHHyI-O YHOPYTro Ha OIMOPHBIX TOYKAX W BTOPYIO pCﬁKy, CJIOMaHHYIO B TOYKax OIIOPbI
1o HanpspkeHueM nedopmannu. OTaenpHble KYCKU CJIOMaHHOM pefiKU Kak MpsMOJIMHENHbIE
OTPE3KU AaAyT B CYMMC HYJICBOC 3HAYCHUC HOTGHHI/IaHBHOﬁ OHCPIrUuu. B TCOMCTPHUYICCKOM IIJIaHC
9TO 3HAYUT, 4YTO cIIalffHOBas KpuBas UMCCT [[CCI)CKTI Pa3pbIBbI KaCATCIBHBIX B Y3JIOBBIX TOYKAX.

On the other hand, if the spline is defective form with breaks of curvature, which means the
physical spline is composed of pre-deformed pieces. Completely different physics. Whole rail
without breaking it, so it is impossible to bend.

C npyroil cTOpoHBI, €CIIU CIUIAWH UMeeT 1e(hEeKT BUJIAa Pa3pbIBOB KPUBU3HBL, TO 3TO 3HAYUT,
(bu3MYeCcKuil CIIaiiH COCTaBIIeH U3 3apaHee 1e(popMUPOBaHHBIX KYCKOB. AOCOIIOTHO ApyTras
¢uzuka. LlenpHyro peiiky, He clloMaB, TaK U30THYTh HEBO3MOKHO.

If the spline has discontinuities of the third derivative, then it means that the corresponding
physical spline is pieces of different materials.

Ecnu crutaiiH nMeeT pa3pbiBbl TPEThEH TPOU3BOJHOM, TO 3TO 3HAYUT, YTO
COOTBETCTBYIOIIMI (PU3UUESCKUH CIUTAH MMEET KYCKH M3 pa3HOr0 MaTepuala.

Curves behave like a physical spline only at sufficiently high order of smoothness. That is, a
comparison of the potential energy of curves is meaningful only at sufficiently high quality of
compared curves. Curves must have at least 3 order of smoothness with a smooth change of the
third derivative.

Kpussie BenyT ce0s moxosxe Ha (PU3NYSCKUN CIIAiH TOJBKO MPHU JOCTATOYHO BEICOKOM
MOPAAKE I''TaAKOCTH. To €CTb, CPAaBHCHUC KPHUBLIX I10 HOTGHHI/IaJII)HOfI SHEPruv UMECT CMBICII
TOJIBKO ITPpHU AOCTATOYHO BBICOKOM KaUC€CTBC CPpaBHHUBACMbBIX KPUBLIX. Kpanle JOJI’KHBI UMCThb,
10 KpaliHen Mepe, 3 OPSAIOK IVIAJIKOCTH C IIJIaBHBIM U3MEHEHUEM TPEThEU IMPOU3BOIHOM.

Note the large number of vertices in the graph of the curvature of the curve of the form F(x).
OOparute BHUMaHUE Ha OOJIBIIIOE KOJUYECTBO BEPIIUH KPUBOM HA rpaduke KPUBU3HBI BU/IA

F(x).

Convert the format of the curve of b-spline representation to representation of the Bezier
spline curve ([Convert to Bezier Spline]> [Create]) (Figure 8).

[TpeoOpa3syiiTe hopmMaT KpUBOKM U3 b-CIUIAHOBOTO MPEACTABICHUS B IIPEICTABICHHE
crutaitHoBoit kpuBoii besbe ( [Convert to Bezier Spline] > [Create]) (puc. 8).
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Instructions and Messages _Clear

Quality Parsms of Curve:
Length = 1357.5207767645687

Max Curvature = 135.792077676457
Min Curvature = 0.1391414243477874
Potential Energy =
2533622.4227334918

EiBeNieHs TPAQMR RpUBMSHH ¥
napaMeTpH RpHECH: LMES RPHEOH,
MAKCIMANLHAA EPMBHSHA RpHBOIH,
MMHMMANBHAA EpPMBMIHA RpHBON,
sHaUSHNe NOTEHUMANEHOE IHEPrEE
vopyroii pelirn mepopMupoRamHoi no
ROHTYPY KpMEOR. CEMMMM BecRHER
napaMeTpaMN KSUSCTER RPHEOH
AENANTCA MOPANOR DRSIROCTH RpHBOIE X
NSBHOCTE MIMEHSHMA RPMBMSHE. 3TH
NAPSMSTPH ONSHMESSTSA N0 TPaOMEA
RPMEMSHM: 1] T DPAdMEY RPMEMSHH,
NOCTPOEHHON HEMOCPENCTEEHHO Ha
mpuEoH (kHODEa Draw Curvature) .
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Draw Curvature Graph
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Fig. 8. Spline curve in the format of a Bezier curve of degree 7.
Puc. 8. Kpusas B popmare crutaitHoBo# kpuBoi besbe crenenu 7.
And go to the NURBzS3D ([To Bezier Spline]) (Fig. 9).
U nepeiinure Ha crpanuy NURBzS3D ([To Bezier Spline]) (puc. 9) .
[] view-source:localhost:492¢ [ view-sourcelocalhost:A92¢ » ||\ =
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Instructions and Messages

Quality Params of Curve:
Length = 1357.8207767645627
Max Curvature =
0.020971331053922362

Min Curvature =
0.000021488594351315744
Fotential Energy =
0.06042894602829623

n

Bnenesns TDadMK KDWBMSHE M
napaMeTPH KPWEOM: LAIMHa KDWEOH,
MaCUManBHAS KPMEMSHA KDWEOH,
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rpuscit nopEdox
THaOKOCTH KDPWMEOH M N2BHOCTE
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Edit Create Curve: Read Data: Wirite Data
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¥ [Set Params | Draw Curvature Graph

Set DXF
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Fig. 9. Page NURBzS3D.
Puc. 9. Crpanunia NURBzS3D.

Rebuild the Bezier spline curve ([Create]) and go to the page Polyline3D ([to Base
Polyline]) (Fig. 10).

n

[Tepectpoiite crnaitHoBy10 kKpuByto besbe ([Create]) u mepeiiaute Ha crpanuity Polyline3D

([to Base Polyline]) (puc. 10).
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Instructions and Messages _Clear :'

Quality Parsms of Curve:
Length = 1357.5207767645687

Max Curvature = 135.792077676457
Min Curvature = 0.1391414243477874
Potential Energy =
2533622.4227334918

Derived the curvature graph and
curve paramsters: the length of the
curve, the maximumm curvature of the
curve, the minimum curvature of the
curve, the value of the potential
energy of elastic strips along the
contour of che deformed curve. The
most important cquality paraweters
of the curve is continuous and
smooth change of curvature. These
paramsters are estimated by the
curvarure of the graphs: 1) the
curvature of the graph, built
directly on the curve (the button
Draw Curvature). To construct the
scaling factor is given by the
graph (the text hox Scale: [1). The
coefficient gives the ratio of

waximum curvature scaled to the 7|
length of the curve, 2], or “
Fairings: Edit: Create Curve Eead Data: TWrite Data:
¥ fairing Mode: frenices Segments | Vertices | Test Geometric Data | Create NURBS Model from AutoCAD | NURBS Mode! to AutaCAD |
I foiring + Tangents | Curvatures | Straighten I
aranging Torition: lj— Approzimation 3D Palyline fram KOMPAS 30 | NURBS Model to KOMPAS 30 |
@ by Bezer Spline
Topelo, Setp Prev | MNext | Set Index
f‘pclosffi (o] et | ot ndex | Dr by B-Spline Select Sample NURBS Model to DXF | | |
EETeE: E Base polyline on Circle hd
& unclosed Delete |VertesTangent/Curvature I i =l a
Add [Vertex View Params B
Reset

Geometric InsertFix | VertexTangentEnd Curvatures Zoom All | Zoom | Pan
Deferminant, X Get Params | Draw Curvature Graph |
Reset GD Y[ SetPamms Sealefo1

— : IS
= © Hlo 0 18 u ¥ke we w35,
Fig. 10. Transferring to page Polyline3D.

Puc. 10. ITepexon Ha ctpanuiy Polyline3D.

Construction of v-curve and the curve approximation by GNURBzS
IHocTpoenune v-kpuBoii u annpokcumanus nocpeactsoM GNURBZS kpusBoii

Construct a v-curve [Create] (Fig 11).
[Moctpoiite V-kpusyto [Create] (puc 11).

[ Polyline3D: Modeling Curv % \ [] view-sourceflocalhost492¢ = ' [ view-sourcedlocalhost492¢ » ' [ view-sourceflocalhostd92 « | =

<« C' | [1 localhost49298/http/Polyline3D.aspx
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Instructions and Messages

o >

Fairings: Edit: Create Curve: Read Data: Write Data:

[ fairing Mode: vertices [ Segments | [Vertices| [ Test Geametric Data | [ NURBS Model from AutoCAD | [ NURBS Model to AutoCAD |
[ fairing +

. [Tangants ] [ Curvatures ] [ Straighten ]
anangmg Porition: [g Approximation: [.3D Pelyline frem KOMPAS 3D | [ NURBS Model to KOMPAS 3D |

Select Sample: NURBS Model to DXF

ase polyline on Circle

~IER

Tapology: Set:g

c v B-Spline
© closed

glullele ®wla =
Fig. 11. V-curve in the base polygon.
Puc. 11. V-xpuBas Ha OIIOpHOI IOMaHOM.




At the end points to set a fixed value of the tangent vectors and curvatures, inherited from
the spline curve. Fixed values of the curvature can disrupt smooth curvature on the boundary
areas of the curve. Remove the values of curvature ([Curvature]> [Delete]) (Fig. 12).

B KOHICBBIX TOUKAX YCTAHABJIMNBAIOTCA (I)HKCHpOBaHHI)IC KaCaTCJIbHBIC BEKTOPbI U 3HAYCHUA
KpPpUBHU3HBI, YHACJICIOBAHHBIC OT CIUIaTHOBOM KpI/IBOﬁ. CDI/IKCI/IpOBaHHBIC 3HAUCHUA KPUBU3HDBI
MOTYT HapyllaTh IJIaBHOCTh KPUBHU3HBI HA TPAHUYHBIX YYACTKAaX KPUBOM. Y NAIUTE 3HAYCHHUS
kpuBu3HbI ([Curvature] > [Delete]) (puc. 12).
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7 [ Polyline30: Madeling Cur.

Tnstructions and Messages _Clear

Guality Params of Curve:
Length = 1326.037360170669

Nax Curvature = 0.47544513660843857
Min Curvature =
0.0010123486334217265

Potential Energy =
0.29752944602707426

Derived the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the
curve, the minimmm curvature of the
curve, the value of the potential
energy of elastic strips along the
contour of the deformed curve. The
most important guality parameters
of the curve is continuous and
smooth change of curvature. These
paramsters are estimated by the
curvature of the graphs: 1) the
curvature of the graph, built
directly on the curve (the button
Draw Curvature). To cOnStruct the
scaling factor is given by the
graph (the text hox Scale: []1). The
coefficient gives the ratio of
maximum curvature scaled to the

Fairings Edit Create Curve
W fairing Mode: [Cunatures | Segments | Vertices | Test Geometric Data | _Create
™ fairing + Tangents | Cuwatures | Straighten |

arangng Poxzition: 'j— Aéairogmmog o

i wF el ]y
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Fig. 12. Editing curvature at the end points.

Read Data:
NURES Maodel from AutoCAD |

TWrite Data:
NURBS Model to AutaGAD |

3D Folyline from KOMPAS 30 |

K

MURBS Model to KOMPAS 30 I

Select Sample:
[Base palyline on Circle -

NURES Mode! to DXF |

Puc. 12. PenaktupoBanue KpUBU3HBI B KOHEUHBIX TOYKaX.
Rebuild the v-curve [Create] (Fig. 12). Ensure the smooth curvature graph on the curve.
[Tepectpotite V-kpuByto [Create] (puc. 12). Yoenurech B ruiaBHOCTH rpaduka KPUBU3HBI Ha

BCEH KPUBOI.
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Instructions and Messages _Clear

Quality Paraws of Curve:
Length = 1339.0500790049104
Max Curvature =

0.00543 6968930356148

Min Curvature =
0.0038121360541127558
Potential Energy =
0.049032227081376625

ature graph and
the length of the

es
= of the graphs:
e of the graph, builc
directly on the curve (the button
Draw Curvature]. To cOnStTuCt the
scaling factor is given by the
graph [the text box Scale: []). Thew|
cosrricient gives the ratio of P

Fairings: Edit: Create Curve Eead Data: TWrite Data:
¥ fairing Mode: frenices Segments | Vertices | Test Geometric Data | Create NURBS Model from AutoCAD | NURBS Mode! to AutaCAD |
I foiring + Tangents | Curvatures | Straighten I
aranging Torition: lj— Approzimation 3D Palyline fram KOMPAS 30 | NURBS Model to KOMPAS 30 |
@ by Bezer Spline
Setﬁ P! Next | Set Ind
T;pilogg [pro| ot | et ndex| © by B-Splne Select Sample NURBS Model to DXF |
close: Deg;reaE B lyli Circl hd 8
* unclosed Delete [VertexTangent/Curvanire [Base palyline an Circle Rd| |a
_ Add [Vertex View Params B
ese
Geotetric InsertFix | VertexTangentEnd Curvatures Zoom All | Zoom | Pan
Determinant. X (et Params | Draw Cunvature Graph |
Reset GD T Set Params Scale:l:EI 1
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Fig. 13. Curve with fixed tangent vectors without fixed boundary values of curvature.
Puc. 13. KpuBas ¢ pukcrupoBaHHBIMU KacaTeIbHBIMA BEKTOpaMH 0e3 (GUKCHPOBAHHBIX
I'PaHUYHBIX 3HAUCHUN KPHUBU3HBI.

Advice. If you want to put a fixed value of the curvature, the end points to woo curvature
values that are close to the required value by controlling only the configuration of the base
polygon. You can add more points if you want the absolute curve passing through the input base
points. Only at values close enough to what is required, set fixed values of curvature (Curvature>
Place the cursor at the desired point> [Get Params]> Enter the desired cell Value> [Set Params]).

Coget. Eciti He00X0IMMO TIOCTaBUTh (DMKCUPOBAHHBIC 3HAYCHUSI KPUBU3HBI, TO JOOCHTEChH
Ha KOHIICBBIX TOYKax 3HAYCHUN KPHUBU3HBI, OJIM3KUX K Tpe6y€MBIM S3HAYCHHUAM, ITYTEM
yIPaBJICHHUSI TOJIBKO KOH(MHUTYypalKe OMmopHON JoOMaHOW. MOXHO JTOOABIISTH JOTOTHUTEIIbHBIC
TOYKH, €CJIN TpedyeTcs 0e3yCI0BHOE MPOXOKICHUE KPUBOM Yepe3 UCXOHbIC OTOpHbIe Touku. U
TOJIBKO TIPH 3HAYCHHSX, TOCTATOYHO OJIM3KUX K TpeOyeMbIM, 3a/1aiiTe PUKCUPOBAHHBIC 3HAYCHUS
kpuBH3HbI (Curvature > YcranoBute Kypcop B TpedyeMoil Touke > [Get Params] > Bseaure
TpedyeMoe 3HaueHue siueiiky Value > [Set Params]).

Construction of v-curve and approximation by b-spline curve 8th degree
ITocTpoenne v-KpuBOii M aNINPOKCUMANMSA NOCpeacTBOM b-cniiaiiHOBOil KpuBOH 8-0H
CTCIICHHU

By default, v-curve is approximated by cubic NURBzS curve (cubic Bezier spline curve).
Go to the approximation of the curve by v-b-spline curve 8th degree (turn on Approximation:
switch (*) by B-Spline> [Create])> Set Degree: [8]> [Create]) (Fig. 14 ).

[To ymomuanuio v-kpuBas annpokcumupyetcst kyondeckoit NURBzS kpuBoii (kyonueckoit
cruIaitHOBOM KpuBOit besbe). [lepeiiauTe K anmpoKCcUMaIuu V-KpUBOH TTOCPEICTBOM b-
CIJIAfHOBOM KPHUBO 8-0i1 cTemneHu (BKIOUNTE B 00JacTH Approximation: nepekitouarens (*)
by B-Spline > [Create]) > YcranoBure ctenensb Degree [8] > [Create]) (puc. 14).
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Tnstructions and Messages _Clear

Guality Params of Curve:
Length = 1340.0345566810663
Nax Curvature =
0.008394750806113392

Min Curvature =
0.0037704563435035696
Potential Energy =
0.04503916633851721

Derived the curvature graph and
curve paramsters: the length of the
curve, the meaximmm curvature of the
curve, the minimum curvature of the
curve, the walue of the potential
energy of elastic strips along the
contour of the deformed curve. The
MOST important (uUality parawsters

of the curve is continuous and
swmooth change of curvature. These
paramsters are estimated by the
curvature of the graphs: 1) the
curvature of the graph, built
directly on the curve (the button
Draw Curvature). To construct the
scaling factor is given by the

graph (the text box Scale: []). The;l
coefficient gives the ratio of P

Fairings Edit Create Curve
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Fig. 14. V-curve, approximated b-spline curve eighth degree.
Puc. 14. V-xkpuBas, annpokcuMupoBaHHas b-cIriiaifHOBOM KpuBoOi 8-0i1 cTeneHu.

Read Data:
NURES Maodel from AutoCAD |

TWrite Data:
NURBS Model to AutaGAD |

3D Folyline from KOMPAS 30 | MURBS Model to KOMPAS 30 I

Select Sample:
[Base palyline on Circle -

NURES Mode! to DXF |
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Pay attention to the identity of the approximations in Fig. 13 and Fig. 14. Turn on the option
to display the graph of curvature ([Draw Curvature as F (x)]) (Fig. 15).

OOpaTtuTe BHUMaHUE Ha UJICHTUYHOCTh alllpoKcuMaIuii Ha puc. 13 u Ha puc. 14. Bximtounte
oniuio oToOpaxeHus rpaduka kpuusnel ([ Draw Curvature as F(x)]) (puc. 15).
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Instructions and Messages _Clear

Quality Paraws of Curve:
Length = 1340.0345566810663
Max Curvature =
0.008394750806113392

Min Curvature =
0.0037704963439035696
Potential Energy =
0.049035916633851721

ature graph and
the length of the

es
= of the graphs:
e of the graph, builc
directly on the curve (the button
Draw Curvature]. To cOnStTuCt the
scaling factor is given by the
graph [the text box Scale: []). Thew|
cosrricient gives the ratio of P
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Fig. 15. The curvature graph as a function F (x).
Puc. 15. I'paduk xpuBu3HBI Kak GyHKIUA F(X).

Compare the number of vertices (11) of the original curve (Fig. 6) improvement of the curve

(6) (Fig. 15). Compare geometric characteristics:

Original curve:
CpaBHuTte konuuectBo BepiuH (11) ucxogHoi kpuBoii (puc. 6) ynydieHHONH KpuBoii (6)

(puc. 15). CpaBHUTE T€OMETPUUYECKHUE XAPAKTEPUCTUKU:

Ncxonnon kpuBoii:

Length = 1357.9207767645687

Max Curvature = 0.020971331053922366
Min Curvature = 0.000021488594351315748
Potential Energy = 0.060428946028306174

Improved curve:

VYiyunieHHON KPUBOA:

Length = 1340.0345566810663

Max Curvature = 0.008394750806113392
Min Curvature = 0.0037704963439035696
Potential Energy = 0.04903916633851721

Received a radical improvement in the quality of the curve on the same base polygon:

2222

RU 2 [ )
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almost 2-fold reduced the number of vertices of the curve, significantly reduced the variation of

curvature, significantly reduced the potential energy curve.
[TonydeHo paguKaibHOE yIYYIIEHUE Ka4YeCTBa KPUBOUM HA OJTHOW M TOM K€ ONOPHOM

JIOMAHOM: MOYTH B 2 pa3a yMEHBIIIEHO KOJIUYECTBO BEPIINH KPUBOH, CYIIIECTBEHHO YMEHbBIIIEHA

Bapualnus KpUuBU3HbI, 3BHAYUTCIIbHO YMCHBIICHA ITOTCHIIMAJIbHAS SHCPI U KpHBOﬁ.

Transfer model of improved curve in AutoCAD
ITepenoc mogeu yiay4ymeHHoil kpuBoii B AutoCAD



Transfer the curve in AutoCAD (Fig. 16) ([Nurbs Model to AutoCAD]> Select the text in
the text box, | & M> Insert text from the clipboard to the command line> ENTER)

[Tepenecure kpuByto B AUtOCAD (puc. 16) ([Nurbs Model to AutoCAD] > Beinenute TekcT
B TekcToBOM 1osie |&M > BeraBbre TekeT u3 6

enmp:

ybepa B KomanHYI0 cTpoKy > ENTER).
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Fig. 16. Transferring of improved b-spline curve of degree 8 in AutoCAD 2012.
Puc. 16. Ilepenoc ymyurneHHoi b-crinaitHoBoit kpuBoii crenernu 8 B AutoCAD 2012.

Transferring model of improved curve in Alias Design

Ilepenoc monenn yay4umeHHoii kpupoii B Alias Design

Then transfer the model in Alias Design. Import improved curve in the format *. IGES. In
Alias Design Read the IGES-file in a drawing with the original curve (Fig. 17).

[Tepenecute 3aTtemM mojenb B Alias Design. UmnopTupyiiTe yaydiieHHYI0 KPUBYIO B
dopmate *.IGES. B Alias Design cunraiite IGES-(aiin B ueprex ¢ ncxoaHoi kpuBoi (puc.
17).
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Fig. 17. Improved b-spline curve eighth degree in Alias Design.
Puc. 17. Ynyumennas b-crutaiiHoBas kpusast 8-oii crenenu B Alias Design.
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The original and improved curves incidents of the same base polygon. Rebuild imported

curve (Palette> Curve Edit> Rebuild) (Fig. 18).
HcxonHas v ynydileHHass KpUBbIE HHIIUAEHTHI OJTHOW U TOW K€ OIIOPHOM JIOMAHOM.
[epectpoiite ummoptupoBanuyio kpusyio (Palette > Curve Edit > Rebuild) (puc. 18).
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Puc. 18. Ilepectpoennast b-crnaiitHoBast KpuBasi 8-0if CTENIEHN Ha PAaBHOMEPHOM CETKe.

Remove the original curve. Double-check the results of the improvement curve in web-

application FairCurveModeler. Examine the quality of the improved curve means Alias Design

(Shelves> Evaluate> Select the testing curve). Pay attention to the quality of the improved ¢
- the curvature graph is a smooth curve (Fig. 18).
VY nanure ucxoaHyro KpuByto. [lepenpoBepbTe pe3yabTaThl YIIyUllleH s KpHBOil B Web-

urve

npuioxennu FairCurveModeler. UccnenyiiTe kauecTBO yaydieHHON KpuBOii cpeacTBamu Alias

Design (Shelves > Evaluate > YkaxuTte uccienyemyio kKpuByto). O6paTtute BHUMaHHE Ha

o o
Ka4yeCTBO YJIYUIIEHHON KpUBOH - rpaduk KpUBU3HBI [IPEICTABIISET IJIABHYIO KPUBYIO (puc. 18).
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Fig. 18. The curvature graph of imported improved curve.
Puc. 18. I'paduk KpuBHU3HBI UMIOPTUPOBAHHON YIYUIIEHHON KPUBOIA.

By’

R 2008
Al P e =

Ensure the identity of the curvature graph improved NURBS curve in Fair Curve Modeler in

Fig. 14 and in Alias Design Fig. 18.
VYoenurech B MACHTUIHOCTH TpadukoB kprBu3Hb ynyunienHoit NURBS kpusoii B Fai
Curve Modeler na puc. 14 u B Alias Design puc. 18.

2) By direct method of fitting of curve by control polygon
2) MeToaom npsiMoii OATOHKH KPUBOii YNPABJISIIOIIHAM IOJIUTOHOM

r

And so, the quality of the spline curve seventh degree constructed on the same points with

method of Alias Design, is unsatisfactory.

W Tak, KauecTBO CIJIAHHOBOM KPUBOM 7-0M CTENEHU, IOCTPOEHHOM HAa ONIOPHBIX TOYKAX I10

merony Alias Design, aOcoMOTHO HEYAOBIETBOPUTENBHO.
Moreover, the cubic spline curve, based on the same points, has the best quality. In
AutoCAD, to the cubic curve easily go, if we go to the edited points (Fig. 19).

bonee Toro, kybuueckas crijaifHoBasi KprBas, IOCTPOEHHAs Ha TEX )K€ TOUKax, o01aaeT

ayqmuM kadectBoM. B AutoCAD k kyOudeckoi KpUBOH JIETKO TIEPEHTH, eCIi MEePenTH K
oropubsiM ToukaMm (edited points)(puc. 19).
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Fig. 19. The cubic spline curve constructed on the same base points
Puc. 19. KyOudeckas crtaifHOBast KpuBast Ha T€X e OTIOPHBIX TOYKAX.

"Real Length =" 1335.63
"Approximated Length =" 1335.26
"Potential Energy =" 0.0524504
"Min Curvature =" 0.00258835
"Max Curvature =" 0.011567

But trademark method of Alias Design, CATIA and other CAD-systems for modeling
curves of class A, is the construction of a high degree spline curve directly by the control
polygon.

Ho ¢upmennsiii metox Alias Design, CATIA u apyrux CAD-cucrem, npeqHa3HauYeHHbBIX
JUISL MOJIETTUPOBAHUS KPUBBIX Kjlacca A, 9TO OCTPOSHUE CTUIAMHOBOW KPUBOW BBICOKOM CTENIEHU
HaANPSMYIO C TIOMOIIBIO YIIPABIIAIOIIEH JTJOMAaHOM.

It can be shown, and we will show that it is impossible to achieve a higher quality than the
quality of the v-curve, by controlling the shape of the s-polygon of initial spline curve seventh
degree.

Mo:zxHO II0Ka3aTh, U MBI JAJICC IIOKAXXEM, 4YTO HEBO3MOXKHO IIO6I/ITI>C$I 0o0J1e€ BEICOKOT'O
KauecTBa, YeM KaueCTBO V-KPHBOW, IMyTeM yIrpaBiieHUs POpPMOIl S-TTOJIUTOHA HCXOTHOU
CILJIATHOBOM KPUBOM 7-0i1 CTEIICHHU.

Will continue to test in AutoCAD. In AutoCAD since version 12, there was the possibility
of modeling of high degrees spline curves by control polygons. We assume that the construction
of a spline curve using control points in Alias was the first step of approximation.

[ponomxum tect B AUtoOCAD. B AutoCAD c Bepcun 12 nosiBuiiach BO3MOKHOCTh
MOACIIUPOBAHUA CTIJTATHOBBIX KPHBBIX BBICOKHX CTEIeHEN ¢ IMOMOIIBIO YIIPABJIAIOIINX
IIOJIMT'OHOB. ByﬂeM CUHUTATb, YTO MOCTPOCHUC CIUIafHOBOU KpHBOﬁ 10 OIIOPHBIM TOYKaM B Alias
OBLIO MIEPBBIM IIATOM MTPUOFKECHHS.




Fit spline curve of degree 7 for a fixed curve or base polyline by means of s-polygon
Ioaronka cruiaiiHOBOW KPUBOM cTeneHU 7 K (PMKCUPOBAHHON KPUBOW WJIH JIOMAHOM
OMOPHBIX TOYEK S-MOJTUTOHOM

Spend some time to correct the configuration of s-polygon and fit curve using control
vertices with visual control, you can achieve spline curve visually accurate passing through base
points with a smooth change of curvature (Fig. 20).

3arpaTHB HEKOTOPOE BpeMs Ha UCIPaBIIeHUE KOH(PUTYypalUU S-TIOJUTOHA U MTOATOHKY
CIUIaifHOBOM KpUBOI K (PMKCHPOBAHHON KPUBOM MIIM JJOMAHON OMOPHBIX TOYEK C BU3YaIbHBIM
KOHTPOJIEM IJIIaBHOCTHU, MOYKHO ,I[O6I/ITBC5[ BU3YaJIbHO TOYHOT'O IIPOXOXKIACHHUA CIIalfHOBOM
KpHUBOH 11O OHOpHHM TOYKaM C IUIABHBIM I/ISMCHGHI/IeM kpuBu3sHbl (puc. 20).
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Flg 20. Correction of s- polygon and fitting to the base points of spline curve seventh
degree.

Puc. 20. UcnpaBrienue S-MoJUTroHa U MOATOHKA K OTIOPHBIM TOYKAM CIIJIaiHOBOW KpUBOH 7-
OH CTEIEHH.

Examine the quality of curve by using the command v_test of utility v_test.fas (Fig. 21).

Hccnexyem kauecTBO € MOMOIIBIO KOMaH/IbI v_test yruiuthl v_test.fas (puc. 21).



— AHOCAD L2 - YMEBHAR BEPCHA_Test Unclosed Degree.dug

nu\eaﬂ@\xnn-:ﬂa @ |GQ 'hIElﬂEFBEIHI (& st -] -g-@mg
[T ERE BT T (T N D T

-] [Beprosnnl 120 kaprac]

’
)
=
<
(=)
-
@
€3
I~
r=t
=
&
=
=
=
B
=
A
e

=] »
FEHFNEE RS EESE CEF C TN

e Bgu ] FIEI I FIGLE
Flg 21. The curvature graph of spline curve after correction and fitting.
Puc. 21. I'paduxu KpuBU3HBI CIJIAHIHOBOM KPUBOM MOCIIE UCIIPABIECHUS U ITOJATOHKH.

Curvature changes more smoothly.
Kpusuzna mensiercs 6osee miaBHO.

A comparison of the potential energy curves is justified in case of equal the orders of
smoothness and smoothness of change of curvature and the values of the variation of curvature
of curves.

CpaBHeHI/Ie HOTCHLIPI&]'ILHOIZ OHEPTHUU KPUBBIX ITPABOMEPHO NIPpHU OAUNHAKOBOM Ka4€CTBC
CpaBHHUBACMbBIX KPUBBIX 110 MOPAJAKY INIaJIKOCTH.

Let us see the value of the potential energy of curve.

HOCMOTpI/IM BCIMYHHY HOTCHHI/IaJIBHOﬁ OHEpPTUun I(pPIBOIZ.

"Real Length =" 1335.68

"Approximated Length =" 1335.28

"Potential Energy =" 0.0502638

"Min Curvature =" 0.00300127

"Max Curvature =" 0.00996832

The potential energy of curve is greater than that of v-curve. And it can not be less.

[TorennnanpHas SHEPTHs KPUBOH OOJbINE, YeM y V-KpuBOW. M 0Ha HE MOXKET OBITh MEHBIIIE.

This is explained as follows.

B-spline curve of seventh degree with unit weights has, just like low of degree splines,
however, to a lesser extent, the pulsation of the curvature on the segment of the spline. This is a
generic disease of b-splines with unit weights of control vertices. Manually controlling the shape
of the spline with weights you can, but it is impossible to improve the shape.

OOBSICHAETCS 9TO CICTYIONTUM.

B-crnnaiinoBsas KpuBas 7-01 CTEHEHH C C€ANHUYHbBIMHU BECaMU 06J1a,uaeT, TakK K€ KaK 1
CIJTaiHbl HU3KUX CTENEHEM, MpaB/ia, B MEHbIIIEH CTEIEHH, MyJIbcallueld KPUBU3HBI HA CETMEHTE
cmiaiiga. 91o poaoBas 0oJ1e3Hb b-CIIIaifiHOB C CANHUYHBIMU BECAMU YIIPABJIAFOIINUX TOYCK.
Bpyunyro ynpansate Gpopmoii crutaliHa ¢ TOMOIIBIO BECOB MOYKHO, HO YIydIiaTh GopMy
HEBO3MOXHO.



V-curve method in approximating by b-spline curve of 8th degree uses the v-curve of a
single subdivision.

MeTon v-KpuBOil IIpH anmpoKCUMAaIUK TOCPEICTBOM b-CIIIaiiHOBON KpUBOM -0l CTENEHU
HCIIOJIB3YCT IMapaMCETPhbL V-KpHBOﬁ OJHOKPATHOI'O YINIOTHCHUSI.

Number of control vertices of approximating b-spline curve - 22. It allows to approximate
the v-curve with high accuracy with preservation of the highest quality of v-curve.

KosmgecTBo ynpaBisomux TOYEeK anmpoKCUMHUpYoIei b-craitHoBo# kKpuBoii - 22.
MMeHHO 7TO ITO3BOJISIET AIIIPOKCUMHUPOBATH V-KPUBYIO C BBICOKOUW TOYHOCTBIO U C COXpaHCHHEM
BBICOYANIIEr0 Ka4yeCTBa V-KPUBOM.

An increase of control points for manual fitting only exacerbate the situation. The more
management options, the more difficult to agree on their mutual influence in the managed
system.

Already, the current number (14) of control vertices is much higher than the initial number
(7) of base points.

VYBenuueHue yrnpasisiFoLIMX TOYEK IPU pyYHOU MTOATOHKE TOJIBKO YCYI'yOuT cutyanuto. Yem
0omnbIe IMapaMCTpOB YIIPABJICHUA, TCM CIIOKHEC COIIaCOBATb UX B3AUMHOC BJIIMAHUC B
YIIPABJISIEMON CUCTEME.

VYaxke ceiiuac Tekymiee KoaudecTo (14) ynpapisirolux TOYEK HAMHOTO IPEBHIIIIACT
MCXOJIHOE KOIMYECTBO (7) OMOPHBIX TOYEK.

Thus, v-curve method allows us to construct the curves of a higher quality than the direct
method of fitting the spline curve of high degree with control s-polygon.

Takum oOpa3om, MeTO]1 V-KpUBOI MO3BOJISET CTPOUTH KpUBBIE 00JIe€ BBICOKOTO KaueCTBa,
YeM METOJ MIPSMOM TMOJITOHKHU CIUIAHHOBOW KPUBOW BBICOKOM CTEMEHU C MOMOIIBIO
YHOPABJIAIOMICTO S-ITOJINUTOHA.

Improvement of NURBS curve by construction of v-curve on polygon of nodes
Yayumenne NURBS kpuBoii mocTpoeHuem V-KpuBOii Ha JIOMAHO# Y3JIOBBIX TOUEK

Possible to improve the quality of curves constructed using the direct method of specifying
s-polygon. Improvement performed by the construction of v-curve on knot points of the initial
spline.

MosxHO yIIyduiaTb Ka4€CTBO KPUBBIX, TIOCTPOCHHLIX C ITOMOIIBIO IIPSAMOI0 METOAa
3aJJaHUEM S-TIOJIMTOHA. YIIYUIlIEHUE MPOU3BOJUTCS TOCTPOCHUEM V-KPHUBOM TI0 Y3JIOBBIM TOUKaM
HCXOJIHOTO CIIaiHa.

We assume that the spline curve in Fig. 20, 21, is constructed by the direct method using the
s-polygon. Will improve curve in web-application by constructing v-curve on knot points of the
initial spline.

Bynewm cuntath, uTO crutaiiHOBast KpuBas Ha puc. 20, 21 noctpoeHa NpsiMbIM METOAOM C
MIOMOIIIBIO S-TIOJIMTOHA. Y Ty4IINM KPUBYIO B WED-IIPUIIOKEHHH TIOCTPOSHUEM V-KPUBOH Ha
JIOMAHOM Y3JIOBBIX TOUYEK MUCXOJHOTO CIUIAlHA.

We transfer to web-application on page NURBS3D the model of spline curve (Fig. 22).
[Tepenecem B Web-nputoskenue Ha crpannity NURBS3D mozens criiaitHoBOM KpHBOH (pHC.

22).
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Puc. 22. Ucxonusii crinaita nmeperocutcs Ha crparaniy NURBS.

AU i

Then spline from b-spline representation is converted to a Bezier spline curve representation
and a polyline of spline nodes with boundary conditions is transferred to the page Polyline3D

(Fig. 23).

3ateM cruiaiiH u3 D-CrutaifHOBOTO MpeICTaBICHUS] KOHBEPTUPYETCS B ITPECTABICHHE
CIIAaTHOBOM KpUBOM be3be U ToMaHast y3J10BBIX TOUYEK CIUIAliHA ¢ TPAHUYHBIMU YCIOBUSAMHU

nepeHocurcst Ha crpanuiny Polyline3D (puc. 23).
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Fig. 23 Polyllne of nodes with boundary conditions on page Polyline3D.
Puc. 23. JlomaHast y3710BbIX TOYEK C IPAaHUYHBIMHU YCIIOBHAMU Ha ctpanuie Polyline3D.

U il 2 "
= 09.04.203 |

We remove the boundary conditions of the form of fixed vectors of curvature and
reconstruct the curve only with boundary conditions of the form of the tangents (Fig. 24)



VY aanum rpaHUYHBIC YCIOBUS BUIAa (PUKCUPOBAHHBIX BEKTOPOB KPHUBU3HBI H IIEPECTPOUM

KPHUBYIO TOJIBKO C TPAaHUYHBIMU YCJIOBHUMHM BHJIa KacaTeNbHbIX (puc. 24)
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Quality Params of Curve:

Length = 1339.3837767218172
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Min Curvature =
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Potential Energy =
0.04543987855081354

m

Displayed the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the |

curve, the minimum curvature of the
curve, the value of The potential
energy of elastic strips along the
contour of the deformed curve. The
most important gquality parameters

of the curve is continuous and
smooth change of curvature. These 7

parameters are estimated by the 4
Fairings: Edit: Create Curve: Read Data: Write Data:
[ fairing Mode: |Vemce5 | [ Segments | [ Vertices | [ Test Geometric Data | [ NURBS Model from AutaCAD | [ NURBS Model to AutoCAD |

Dfairing + [ Tangents | [ Cunatures | [ Straighten |

arranging Poriiow | Approximation: 3D Polyline from Table NURBS Model to Tabls

Setlr | (Ea) (i) (o) oy Bener Splhe |
QO ® & @[] €[1z]o]q] —
Fig. 24. Reconstructed curve without fixed vectors of curvature at the end points.

Puc. 24. Ilepectpoennas kpuBas 0e3 (PUKCUPOBAHHBIX BEKTOPOB KPUBU3HBI B KOHIIEBBIX
TOYKaX.

Reconstruct the curve with approximation by b-spline curve of 10th degree (Fig. 25).
[TepectporM KpUBYIO ¢ anmpokcumMaleit b-crutaitHoBoii kpuBoii 10-o0ii crenenu (puc. 25).
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Min Curvature =
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Displayed the curvature graph and
curve parameters: the length of the B

curve, the maximum curvature of the
curve, the minimum curvature of the
curve, the value of the potential
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contour of the deformed curve. The
most important gquality parameters

of the curve is continuous and 52
smooth change of curvature. These

Fairings: Edit: Create Curve: Read Data: Write Data:
[ fairing Mode: |Vemce5 | [ Segments | [ Vertices | [ Test Geometric Data | [ NURBS Model from AutaCAD | [ NURBS Model to AutoCAD |
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Fig. 25. V-curve is approximated by b-of spline curve of tenth degree.

Puc. 25. V-kpuBas anmnpokcuMupoBanHas D-crutaitHoBoii kpuBoii 10-0ii cTeneHu.

Examine the parameters (button [Params]) (Fig. 26).
[TpoBepum mapameTpsl (kHOMKa [Params]) (puc. 26).
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Fig. 26. Checking the curve.
Puc. 26. [IpoBepka nmapameTpoB KpUBOil.

[Teperecem b-craitHoByto kpuByto B AutoCAD (puc. 27)
Transfer the b-spline curve to AutoCAD (Fig. 27)
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Fig. 27. B-spline curve tenth degree transferred to AutoCAD.
Puc. 27. B-craiinoBast kpuBasi 10-o0it crerrenn nepenecera B AUtOCAD.

Check the quality of the graphs of curvature (Fig. 28).
[IpoBepuM KauecTBO 10 rpadukaM KpUBHU3HBI (pHcC. 28).
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Fig. 28. The curvature graph.
Puc. 28. I'papuxu KpUBU3HBL.
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Check integral parameters displayed in the text window AutoCAD:

[TpoBeprM HHTETpaATBHBIC ITApaMETPhI, BBIBEICHHBIE B TeKCTOBOE OKHO AULOCAD:
"Real Length =" 1340.58

"Approximated Length =" 1340.2

"Potential Energy =" 0.0494648

"Min Curvature =" 0.00394087

"Max Curvature =" 0.00998152

And so. The potential energy of curve is smaller and curvature graphs are smoother.
U Tak. [loTeHnmanbHas sHEprusi KpUBOW HUXKeE U rpadUKu KpUBU3HBI 00Jiee MIaBHBIE.

| draw your attention to the complexity of modeling curve on end sections of the curve with
s-polygon in closed (clamped) format. In the closed (clamped) format the influence of control
vertices near the ends of the curve on the shape of the curve is extremely unstable, especially at
high degrees of spline. This is noted, for example, in the guidelines for modeling curves in
CATIA. Recommendations are made to eliminate the strong influence on the shape of the second
vertex of the curve. Strong influence happens because the designer intuitively distributes control
vertices with uniform length between the control vertices.

OoOpamato Barie BHUMaHM€e Ha CI0KHOCTh MOAEIIMPOBAHUS KOHIIEBBIX YUaCTKOB KPUBOH S-
MOJUTrOHOM B 3akpbiToM (Clamped) dopmate. B 3akpsirom (Clamped) hopmate BiusHue
YIPABJISIONINX TOYEK, OMIM3KUX K KOHIIaM KPUBOM, HAa (OopMYy KpUBOH KpaitHe HEYCTOHYHBO,
OCO6€HHO, IIpHU BBICOKUX CTCIICHAX cIiaiiga. 9to OTMCUACTCs, HAIIPUMEP, B PYKOBOJCTBAX 110
monenupoBanuio KpuBbix B CATIA. [latoTcst pekoMeHIaIuy 1Mo yCTPaHEHUIO CUIILHOTO BIUSHUS
BTOPOI1l BepLIMHBI HA popMy KpuBoil. CHIIbHOE BIUSHHUE IPOUCXOIUT TOTOMY, YTO AU3alHED
MHTYUTHBHO PacloyiaraeT yrpasJsiOLINe BEPIIMHBI C PABHOMEPHOU JIMHOW MEXIY
YHOpaBBIIOIMKUMA BEPpHIMHAMMU.

This can be done only on the vertices with numbers greater than the degree of the spline m.
Strictly speaking, the length of the segment | [0-1], | [1-2], | [2-3], | [3-4] s-polygon must be in
the ratio:
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DTO MOXKHO JIeTIaTh TOJILKO HAa BEPIIMHAX C HOMEPAaMH, MIPEBBIIIAIONIMMH CTEIICHb CIUTaiHA
m. Ctporo rosopsi, amunsl o cermentam 1[0-1], 1[1-2], 1[2-3], I[3-4] s-nonurona nomKkHbI
pacrnonaratbCsi B COOTHOLICHUH

I[0-1]:1[1-2] = 1:2

I[1-2]:1[2-3] = 2:3

I[2-3]:1[3-4] = 3:4

This arrangement of the vertices in the transition to an (float) s-polygon format ensures
uniform distribution of vertices and equal influence on the shape of all the vertices of the curve.
Why is the configuration form of s-polygon in float format? Because all the differential
characteristics of b-spline curve is obtained from the finite difference up to m-th order of s-
polygon in an float format. Therefore, regular, harmonious form of s-polygon in an float format
ensures good quality of finite differences and, ultimately, good quality of differential
characteristics of curve.

Takoe pacnosoxeHre BepIInH MpH nepexojie k otkpeitomy (float) popmary s-nonurona
obecrieunBaeT paBHOMEPHOE PACIIPEICIICHUE BEPIIUH U PABHOIIPABHOE BIIMSHUE BCEX BEPIIHH
Ha ¢popMmy kpuoi. [louemy Tak BaxxHa popma KOHPUTypalluu S-IIOJUTOHA OTKPHITOM (hopmare?
[Toromy, uto Bce nuddepeHnanbHple XapaKTePUCTUKH D-CIIaliHOBOW KPUBOM MOTYYatOTCS U3
KOHEUYHBIX Pa3HOCTEH J0 M-TO MOpsJIKa S-TIOJIMTOHA B OTKPBITOM Gopmare. [TorTomy
peryispHas, npaBwIbHasA, TaApMOHUYHAS (JOpMa S-TIOJIMTOHA B OTKPBITOM (popMaTe rapaHTHPYET
XOpomee Ka4C€CTBO KOHCYHBIX pa3HOCTeI>'I 1, B KOHCYHOM CYCTEC, XOPOLICC KAaUCCTBO
nuddepeHIaTbHBIX XapaKTePUCTUK KPUBOM.

Should visually sufficiently accurately control the length of the first three segments of the s-
range and to strive for specified proportions of the lengths of the segments.

HCO6XOIH/IMO BU3YAJIbHO JOCTATOYHO TOYHO KOHTPOJIUPOBATH AJIUHBI IICPBLIX TPEX
CEIrMEHTOB S-IIOJIUTOHA U HYXHO CTPEMHUTHCA K YKa3aHHBIM IIPOIIOPHUAM NJIUMH CCIMCHTOB.

However, this does not eliminate the instability of influence of the first points on the shape
of the curve. Instability is that the small changes in the coordinates of the vertices too much
(compared to the s-polygon vertices in an float format) influence to the shape of the end parts of
the curve.

OnHAaKo 3TO HE YCTPaHSET HEYCTOMUYUBOCTH BIMSHUS IEPBBIX TOUEK HA (OPMY KPUBOH.
HeyCTOﬁHMBOCTb 3aKJII049acTCAa B TOM, UTO MaJIblC USMCHCHUA KOOPAWHAT 3TUX BCPIIHNH
CJIMIIIKOM CHJIBHO (TI0 CPAaBHEHHIO C BEPIIMHAMHU S-TIOJIUTOHA B OTKPHITOM (popMaTe) BIUSIOT HA
dhopMy HaYaIbHBIX Y4aCTKOB KPUBOM.

Because of this effect is practically difficult to achieve high-quality shape of the curve at the
ends of the curve editing s-polygon in a clamped format.

W3-3a 3TOTO IBIIEHUS TPYAHO IPAKTUUECKU JOOUTHCS BBICOKOKAUECTBEHHON (POPMBI KPUBOM
Ha KOHIICBBIX yYYacCTKaxX IPH PEIaKTUPOBAHUH KPHUBOU S-TIOJIMTOHOM B 3aKpPBITOM (hopmarte.

V-curve method in web-application automatically provides high quality on the shape of the
end sections.

MCTOII V-KpI/IBOfI B Web-nplzmoncem/m aBTOMaTHYeCKH oOecreunBaeT BBICOKOKa4YCCTBCHHYIO
¢dbopMy KpHUBOH Ha KOHIIEBBIX Y4aCTKaX.

In the web-application is proposed also a technique of control the quality of curve and
accurate, high-quality modeling of end sections using the s-polygon in an float format. (See
'Example 8. Using the float format of s-polygon of b-spline curve').

B Web-HpI/IHO}KeHI/II/I pcajin30BaHa TAKKC MECTOAUKA KOHTPOJIA Ka4CCTBA KpHBOﬁ 1 TOYHOTO,
BBICOKOKAQYCCTBCHHOI'O MOJCIMPOBAHUA KOHICBLIX YUACTKOB C UCIIOJIb30BAHUCM S-TIOJIMT'OHA B
otkpbIToM (popmare. (Cm. 'Example 8. Mcrnonb30Banne OTKPHITOrO MIaBaOIEero popMara s-
MOJIUTOHA b-CrIaitHOBO# KpUBOIA').



Conclusions
BriBoabI

1). A comparative analysis of methods - the method of modeling on base unclosed polyline
by b-spline curve of degree 7 on a uniform grid in Alias Design 2012 and the method of
modeling v-curve on unclosed polyline by b-spline curve 8th degree on a uniform grid in the
web-application FairCurveModeler.

1) HpOBC)ICH CpaBHI/ITGHBHHﬁ aHaJIn3 MCTOJO0B — MCTOJla MOJICIIMPOBAHUA HA Ol'[OpHOﬁ
HE3aMKHYTOW JIOMaHO b-cruialiHOBOM KpuBOI1 cTeneHu 7 Ha paBHOMEpPHOH ceTke B Alias Design
2012 u MeToa MOIETTUPOBAHUS V-KPUBOM Ha OMTOPHON HE3aMKHYTOM JIoMaHO# B ¢hopmare b-
CIUTAitHOBOM KPHBOH 8-0if CTEIIEHH Ha PaBHOMEPHOU ceTke B Web-npuioxennn
FairCurveModeler.

2) The insufficiency of the quality of the curve modeled in Alias Design 2012.

2) [loka3aHa HEeyIOBJIETBOPUTEIHLHOCTh Ka4eCTBA KPUBOM, CMOICIMpOBaHHOM B Alias
Design 2012.

3) The possibility of a radical improvement in web application curves modeled in Alias
Design:

- Decreases the variation of curvature,

- Reduces the number of the number of vertices (curvature extrema) of the curve,

- Decreases potential energy of the curve.

3) INoka3aHa BO3BMOXHOCTb PaJMKaIBHOTO YIyUIIeH!Us B WED MpHIIOKEHUH KPUBBIX,
cMoenrpoBaHHbIX B Alias Design:

- YMCHBIIACTCA Bapyallisd KPUBU3HBI,

- YMEHBIIAETCS] KOJIMYECTBO BEPIIINH KPUBO,

- YMCHBIIACTCA MMOTCHIMAIbHAS SHCPIUsl KpHBOﬁ.

4) Shows advantages of the method v-curve also over the method of direct fitting the spline
curve of high degree by control polygon, the advantages in speed, accuracy, and in a higher
quality of constructed curves.

4) IToka3pIBalOTCS MPEUMYIIIECTBA METO/Ia V-KPUBOM TaKKe Mepe METOIOM MPSIMOi
MOJATOHKHU CIUIAHOBOW KPUBOM BBHICOKOW CTEMEHU C TOMONIBIO YIIPABJISIONIETO MOJIUTOHA,
MPEUMYIIECTBA B CKOPOCTH, TOUHOCTH TIOCTPOCHHS U B 00JIee BHICOKOM Ka4eCTBE MOCTPOSHHBIX
KPUBBIX.

5) Thus, the method of v-curve with the approximation by b-spline curves of high degrees
now - the only alternative for modeling curves of the highest quality in Alias Design, AutoCAD
and other CAD-systems.

5) Takum 00pa3oM, METOJ] V-KPUBOIi ¢ anmpoKcuManyeii b-criiaitHOBBIMH KPUBBIMU
BBEICOKHX CTEIICHEN B HaCTOAIICC BPCM: - CAIMHCTBCHHAA AJIBTCPpHATHBA AJISI MOJACJIMPOBAHUS
KpUBBIX BbIcoyaiimiero kauecta B Alias Design, AUtOCAD u B npyrux CAD-cucremax.



