YcrpaHeHue mynbcaliii KPUBU3HBI HA CETMEHTaX b-CIIIAfHOBOM KPUBOY C € ITMHUYHBIMH BECOBBIMH
kod(punmentamu

IToctpoenne xybudeckoro cruiaitHa B AutoCAD

Ilepenoc Mozmenu KpuBoii B Web-mpunoskerme

ITocTpoenue v-kpuBoii u anmnpokcumanus kyoundeckodr GNURBS kpuBoii
ITocTpoeHne v-KpHUBOH 1 almpOKCUMAITHs b-CIUTaifHOBON KPHBOM 6-0H CTENeHH
ITocTpoeHne v-KpHUBOH 1 almpOKCUMAITHs b-CIUTaifHOBON KPHBOM 8-0H CTENeHH
IMocTpoeHue v-KpHUBOH U anmpokcuMalus b-cruiaitHoBoi kpuBoii 10-oi cTeneHu
[Tepenoc ynyumennoit monenu B AutoCAD

BriBoabl

Eliminating pulsation of curvature on segments of b-spline curve with unit weights

YcerpaneHue myJibcallii KPHBU3HBI HA cerMeHTax D-cruiaifHoBoM KPUBOH ¢ e TMHHIHBIMH
BECOBBIMH KO3((PUIMEHTAMH

B-spline curves of unit weights of low degrees possess the expressed oscillation of the curvature
on the segment of spline.

B-cmiaiiHoBBIE KpHBBIE HU3KUX CTETICHEH C €IMHUYHBIMHU BecaMy 00J1aJal0T BHIPAKEHHOM
OCIWJUISIIMEN KPUBU3HBI HA CETMEHTE CIUIaiiHA.

In AutoCAD 2012 you can build a cubic spline on the base polygon (by defining points). One of
the major drawbacks of cubic splines is large oscillation of curvature (pulsation of the curvature)
on the spline curve segments. Pulsation of curvature on spline segment particularly clearly is
detected on the polyline whose points are uniformly distributed on the circle.

B AutoCAD 2012 M0»XHO cTpouTh KyOUUYECKUI CIUIaliH Ha OMOPHOM JIoMaHOH (Ha
OTpeAeNAoNuMX Toukax). OJHUM U3 CYIIECTBEHHBIX HEIOCTATKOB KYOMUECKUX CIIaifHOB
siBJIsieTCs OOJbIIAst OCUMIUIALINS KPUBU3HBI (MTyJIbCAllUsl KPUBHU3HBI) HA CETMEHTAX CIIafHOBOU
KkpuBoil. [lynbcanus KpUBHU3HBI HA CETMEHTAX CIUIaliHa OCOOEHHO YETKO BBISABIISIETCS Ha
JIOMaHOMH, TOYKH KOTOPOI paBHOMEPHO PACIOJIOKEHBI HA OKPYKHOCTH.

In the Web-FairCurveModeler problem is solved radical way



B Web-FairCurveModeler 3Ta npo6;iema peiaercs paaiuKajJbHbIM 00pa3om

Show features Web-FairCurveModeler to improve the quality of cubic b-spline, built on the base
polyline whose points uniformly distributed on a circle.

[Mokaxem Bozmoxxnoctu Web-FairCurveModeler mis ynydrienust kadectBa Kyoudeckux b-
CIUIAHOBBIX, MOCTPOCHHBIX HAa OMIOPHOMN, TOYKH KOTOPOH PABHOMEPHO PACIIOIOKEHBI Ha
OKPYXHOCTH.

The resulting spline curve can be represented by a cubic NURBzS curve or b-spline curve of
high degrees (6/8/10).

PesynbTupyromas crutaiiHoBas KpuBasi MOKET ObITh MpezcTaBiieHa Kak kyonueckas NURBzS
KpuBasi WK b-cruiaiiHoBast KpuBast BbICOKUX creneHeit (6 / 8 / 10).

Construction of a cubic spline in AutoCAD

Ilocmpoenue Kyouueckozo cnaaiitna ¢ AutoCAD

Construct a cubic spline in AutoCAD 2012 on the base polygon whose vertices belong pentagon
(Fig. 1), drawn on the unit circle.

[TocTpotite kyonueckuii craiid B AutoCAD 2012 Ha omopHO# JIoMaHOH, BEPIIUHBI KOTOPOH
MPUHAJIEKAT MATUYTOJIBHUKY (pHC. 1), BIMCAHHOMY B €IMHUYHYIO OKPYKHOCTb.
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Fig. 1. Cubic spline on a closed base polygon, the vertices of which are uniformly distributed on

the unit circle.

Puc. 1. KyOnueckwii cruialiH Ha 3aMKHYTOW OITOPHOW JJOMAaHOM, BEPIITUHBI KOTOPOM
PacCIIOI0KEHBI PABHOMEPHO HA €IMHUYHON OKPYKHOCTH.

Enable the option display the control vertices of s-polygon (Fig. 2)
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Fig. 2. Displaying control vertices of s-polygon.



Puc. 2. OtoOpakeHue ynpaBJstOIMIMX BEPIITUH S-TIOJIUTOHA.

Use the command v_test of application v_test.fas to analyze the quality of the constructed curve
(Fig. 3).

Hcnonp3yiiTe KoMaHy v_test mpuiokeHus v_test.fas s aHanm3a kauecTBa OCTPOESHHOM

KpuBoi (puc. 3).
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Fig. 3. The curvature graph and the graph of centers of curvature of constructed spline.

Puc. 3. I'paduk KpuBU3HBI U LIEHTPOB KPUBU3HBI IOCTPOEHHOTO CIIIaiiHa.

The protocol are displayed the geometric characteristics the curve

B npoTokoJ1 BEIBOASTCS T€OMETPUUYECKUE XapaKTEPUCTHKH KPUBOM

"Real Length =" 6.2528
"Approximated Length =" 6.25176
"Potential Energy =" 6.35975
"Min Curvature =" 0.909883

"Max Curvature =" 1.17595



As we can see, for a cubic b-spline curve with unit weights pulsation of curvature is significant:
pulsation = (- 1.17595 0.909883) = 0.266067.

Kak BuguM, 17151 KyOU4ecKo D-crtailHOBOW KPUBOM ¢ € IMHUYHBIMHA BECOBBIMHU
Koa(purmenTaMu myIbcalys KpUBU3HBI CYIIECTBEHHA!

nysibcanus = (- 1.17595 0.909883) = 0.266067.

At the pentagon runout is more than 26% of the nominal value of the curvature.

Ha nsatuyronsHuke 6ueHne cocrapiseT 0osiee 26 % 0T HOMMHAJIBHOTO 3HAUYEHUSI KPUBU3HBI.
Such a curve needs to be improved.

Takyro KpUBYIO HYXKHO YJIYyYIIUTb.

Improve curve in Web-FairCurveModeler.
VYayumum kpusyo B Web-FairCurveModeler.

We derive to protocol the DXF-spline model. Paste into the command line the following
fragment AutoLISP:

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

Briseniem B npotokos DXF-monens crutaitna. BctaBuM B KOMaHAHYIO CTPOKY CJIETYIOIIUAN
¢dparment komana AutoLISPa:

(entget (car (entsel "select NURBS™))) <ENTER>
Specify a curve.

YKa)xuTe KpUBYIO.
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Fig. 4. DXF-spline model in the AutoCAD 2012 protocol.

Puc. 4. DXF-mozens crinaiina B mpotokosie AUtoCAD 2012.

Highlight and saved into the clipboard the DXF-model of spline:

Brinenute u coxpanute B Oydepe namsitu DXF-monens crutaitna:

((-1 . <Mwms obbekra: 7ffff605b50>) (0 . "SPLINE") (330 . <lwms

obwekra: 7ffff6039f0>) (5. "22D") (100 . "AcDbEntity") (67 . 0) (410 .

"Model") (8 . "0") (100 . "AcDbSpline™) (210 0.0 0.0 1.0) (70 . 2059) (71 . 3)
(72.12) (73.8) (74 .0) (42 . 1.0e-010) (43 . 1.0e-010) (40 .0.0) (40.

0.0) (40.0.0) (40.0.0) (40.1.17557) (40 . 2.35114) (40 . 3.52671) (40 .
4.70228) (40 . 5.87785) (40 . 5.87785) (40 . 5.87785) (40 . 5.87785) (10
-0.951057 0.309017 0.0) (10 -0.823776 0.700746 0.0) (10 -3.33067e-016 1.29925
0.0) (10 1.23566 0.401492 0.0) (10 0.763682 -1.05112 0.0) (10 -0.763682

-1.05112 0.0) (10 -1.07834 -0.0827118 0.0) (10 -0.951057 0.309017 0.0))

Transfer of curve model to web-application

Hepenoc mooenu Kpusoii 6 Web-npunosncenue



To improve the quality of spline open web-application WebFairCurveModeler> Enter your

username and email address> Go to NURBS3D.

Jlns yaydiieHus KauecTBa CIulaiiHa oTkpoiite web-npuinoxenune WebFairCurveModeler >

Beenute norun u noutoBbii anpec > [lepeitnure Ha crpanuyy NURBS3D.

Paste the text from the clipboard memory in the text box Instructions and Messages (I & M)>
NURBS Model from AutoCAD> [Create]. Web-application reconstruct the original spline (Fig.

5).

BcraBbTe TekeT u3 Oydepa mamsaT B TeKCTOBOE moJie Instructions and Messages (I1&M) >
NURBS Model from AutoCAD > [Create]. Web-npuioxeHue mepecTpOUT UCXOTHBIN CIUTAMH

(puc. 5).

[& Mail.Ru: nours, nowck s ur » /' [7 NURBS3D: Modeling NURE <\

C' [3 fair-nurbs-ru.lgb.ru/NURBS3D.aspx

[ 6909066000000 @ |,

[ S —

Format:
© Clamped
© Float

Edit:
Mode: \Vertices

Pozition: [
Set Poz: g

Create Curve:

Read Data:

Instructions and Messages

Quality Params of Curve:
lnength = 6.2486660187125205

ax Curvature = 1.175967292699348
Min Curvature = 0.909881093224568

Potential Energy =
6.366355911352651

BuEezenn rpaduK KDMBMSHE M
mapaMeTpH KpMEOH#: ITMHA KpPMEOH,
MaxcIMaTbHAR KpMEMZHA KDHEOH,
MMEMMATEEAS KDMEMIHA KDMEOH,
ZHaveHME DOTEHUMANEHOR SHEPTMM
yOpyTo# pefixu msbopMMposamHHOR TO
KOHTYpy KpwBoH. CaMemoi BamHEnm
nmapaMeTpaMi KauecTBa KpHUBOR
RENSOTCE NOPANOK TNAIKOCTY KDUEOHR M
NIABHOSTE MIMEHSHMA KDMEMSHHE. 3T
napaMeTpH OUSHMEASTCA IO Tpaduxam
KpmEusHm: 1) no rpaduKy KpMEMSHH,
NOCTDOSHEOR HEMOCDEICTESHHO Ha
kpwsoi (xmomka Draw Curvaturs) .

IIs DOCTPOSHMA SamaeTcs Ko2bdmumenT
MacwraBupoBanus rpaduka (TexcTomos
nome Scale:[ ]). Sxauvesme
kosbbuipmenTa =a, naeT oTHomeme
BemuMHn MacmTabuMpoBaREOR
MaKCUMATEHOR KDUEMSHH K ITMHE

m

Write Data:

[ Segments | | Vertices | [ Prepare Data| [ Create |

[ NURBS Model from AutoGAD | [ NURBS Model to AutoCAD |

S-Polyline to AutoCAD

[ NURBS Model from Excel |

View Params: | Zoom Al
glaeleo ® @l=[m]o]

Fig. 5. Initial spline on page NURBS3D.

[ NURBS Model from KOWMPAS 3D | | NURBS Model to KOMPAS 3D -

Puc. 5. Ucxonnsii crinaiin Ha ctpanuiie NURBS3D.

In the text box | & M the parameters of spline are displayed:
B TexcroBom nosie I&M BeIBOATCS TapaMeTpsl CILIaHA:
Length = 6.2486660187125205

Max Curvature = 1.175967292699348

Min Curvature = 0.909881093224568

Potential Energy = 6.366355911992651



Convert the spline to NURBzS format ([Convert to Bezier Spline]> [Create]) and go to NURBzS
([to Bezier Spline]) (Fig. 6).

Konseprupyiite criaitn B NURBzS dopmar ([Convert to Bezier Spline] > [Create]) u
nepeiiaure Ha ctpanuiy NURBzZS ([to Bezier Spline]) (puc. 6).

/[ NURB253D: Modeling Bezic || =

€ > C' [ localhost49298/http/NURBZS3D.aspx

Instructions and Messages H

Quality Params of Curve:
Length = 6.248666018712659
Max Curvature = 1.175967282701138

Min Curvature = 0.309881033224568
Potential Energy =
6. 366355911991271)

BupeneHH rpadMk KDMBMSHHE M
napameTpH XpUBOR: IAMHA XDMEOH,
MaKCMMANEHAR KpMEMSHA HpWSci,
MMEMMAZEHAR KDMEWSHA KDWSOH,
sMauesme novemnMansHcHt BHEpTMM
ynpyToit pefixy DedopMMpoBaHHOR Do
KOHTYRY RpMEoR. Calmnor mamHERGt
napaMeTparMi KadYecTE2 KDMEOH NOPANOK
TNamROCTM XDUBOM M MMABEOCTS
MsMensyA XKDWMEMSHE. BTM napaMerTps
OLEHVBAETCHA MO TPAQUKEM KDUBMSHE!
1) no TpadWKy KDUEMSHE, NOCTPOSHHOR
HenocpencTEEHHO Ha KpMBOR (RHOmXA
Draw Curvature). [Lns NOCTDOSHKUA
sanaercs rosdduumesT
Macmrafrposasmus rpaguxa (TercTomOS

nome Scals:[ ]). S=auemms
KO3QQMIMEHRTA IadasT OTHOmEHME
EemMuMEE MacmTaGMpOBANHOR -
MaxCIMEnLEaT s x omume P
Edit: Create Curve: Read Data: Wtrite Data

Mode: verices | [Segments | [Vertices | [Prepare Data
Pozition: El
SetPoz |

x| [ Get Params | Pan

(St Params [ Draw Curvature Graph | (o]
Jleleo ® @[m[M]o e ~rowe

Fig. 6. Spline in the NURBzS format on the page NURBzS3D.

Puc. 6. Crinaitn 8 NURBzS ¢gopmare Ha ctparuiie NURBzS3D.

Go to the page Polyline3D ([to Base Polyline]) (Fig. 7).

[Mepeiinure Ha crpanuity Polyline3D ([to Base Polyline])(puc. 7).
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Fig. 7. Initial spline on the page Polyline3D.

Pozition: g

Puc. 7. Ucxonublit cruiaiin Ha ctpanuie Polyline3D.

Construction of v-curve and approximation by the cubic GNURBzS curve

Ilocmpoenue v-kpueoit u annpoxkcumayus Kyouueckois GNURBZS kpueoii

GD contains the tangent vector and the curvature value, inherited from the original spline.
Remove the sequentially values of curvature at the end points, tangents, and then the last point of
an open polyline. Close the polyline. Rebuild the curve.

I'O conepkutT KacaTebHbIA BEKTOP U 3HAYEHHE KPUBU3HBI, YHACIEIOBAHHBIE OT UCXOIHOIO
CIUIaiiHa. Y 1amuTe NMOCIIe0BAaTENbHO 3HAYCHHUS! KPUBU3HBI B KOHIIEBBIX TOUKaX, KacaTeJIbHbIC
BEKTOPHI M 3aTEM MOCIIETHIOI TOUKY HE3aMKHYTOH JIoMaHO#. 3aMKHUTE JoManyto. [lepectpoiite

KPHBYIO.
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Instructions and Messages

(|

Quality Params of Curve:

Length = 6.2790372032132975

Max Curvaturs = 1.0000021040826053 |5
Min Curvature = 0.399888262800272%
Potential Ensrgy =

5.278045737525304 L4

Derived the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the
Gurve, 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 quality parameters
of the curve is continuous and
smooth changs of curvature. These
parameters 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: [1). The

coefficient gives the ratio of
maximum curvature scaled to the ke
length of the curve, 2), or P

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

¥ fairing Mode: |Vertices [Segments | [Vertices | [ Test Geometric Data | [ NURBS WModel from AutoCAD | [NURBS WMedel to AuteCAD |

Df@g+ [Tangems ] [ Curvatures ] [ Straighten ]

arrangng Pozition: 4 Approximation: [ 3D Palyline from KOMPAS 30 | [ NURBS Model to KOMPAS 30 |

s (o) [Smie)  oprmepme
Topology: et|q Prev | | Next | | Set Index e
.éilnsfd - by B-Spline Select Sample: NURBS Model to DXF

Degree:|3 Base polyline on Circle [+]
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Fig. 7. Reconstructed curve on a closed polyline.

Puc. 7. IlepecTtpoeHHast kpuBasi Ha 3aMKHYTOM JTIOMaHOM.

This v-curve in format of the cubic NURBzS. By default, v-curve is approximated NURBzS of
the cubic curve.

Oto v-kpuBas B popmate kyonueckoit NURBzS. Ilo ymonuanuto v-KpuBasi anmnpoKCUMUPYETCSI
kyonueckoit NURBzZS kpuoii.

Parameters v-of the curve in the format of NURBzS:

[Tapametps! v-kpuBoi B popmate NURBZS:

Length = 6.2790372032132975

Max Curvature = 1.0000021040826053

Min Curvature = 0.9999992629002729

Potential Energy = 6.279045737525304

Pulsation = (- 1.0000021040826053 0.9999992629002729) = 2.84118e-006.

[Mynbcamms = (- 1.0000021040826053 0.9999992629002729) = 2.84118e-006.



Construction of v-curve and approximation by the b-spline curve of 6! degree

Ilocmpoenue v-kpueoit u annpoxkcumauus b-cnaaiinoeoii Kpueoil 6-oit cmenenu

Go to the format of b-spline curve. In the region of Approximation: Enable the option (*) by B-
Spline. Degree set at 6.

[lepeiinute k popmaTy b-crinaiiHoBol KpuBoil. B obnactu Approximation: Bxirounrte onuuro
(*) by B-Spline. Ctenenp ycranoBuTe Ha 6.

Rebuild the curve (Fig. 8).

[Mepectpoiite kpuByto (puc. 8).

(& Mail.Ru: nowrs, nomcks ur /[ Polyline3D: Modeling Cur. %\ | =

&« C'  [3 fair-nurbs-ru.lgb.ru/Polyline3D.aspx el =

Instructions and Messages

N
(|

Quality Params of Curve:

[Length = 6.282148547160382
ax Curvature = 1.000017109070121
in Curvature = 0.9999829152260035

Potential Energy =
6. 282155084618418)

Derived the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the
Gurve, 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 guality parameters
of the curve is continuous and
smooth change of curvature. These
parameters 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
coefficient gives the ratio of
maximum curvature scaled to the ke
|1engeh of the curve, 2), or P

Fairings: Edir Create Curve: Read Data: Write Data:

¥ fairing Mode: |Vertices [Segments | [Vertices | [ Test Geometric Data | [ NURBS WModel from AutoCAD | [NURBS WMedel to AuteCAD |

Df@g+ [Tangems ] [ Curvatures ] [ Straighten ]

arramngng Poritior: 4 Approximation: [ 3D Polyline from KOMPAS 30 | [ NURBS Madel to KOMPAS 30 |

s (P ) (Soiim)  orymage

Topology: et 4 Prev | | Next | | Set Index e

.éilnsfd - by B-Spline Select Sample: NURBS Model to DXF

_ Degree: g Base polyline on Circle [+]

OC L/e/o ® @1=][#]o] ST

Fig. 8. V-curve, approximated by b-spline curve of degree 6.

Puc. 8. V-kpuBasi, annpoKCUMUpOBaHHas b-CIIalilHOBON KPUBOM CTENIEHU 6.

Quality Params of Curve:

Length = 6.282148547160382

Max Curvature = 1.000017109070121
Min Curvature = 0.9999829152260035
Potential Energy = 6.282155084618418

Pulsation = (- 1.000017109070121 0.9999829152260035) = 3.41938e-005.



[Mynecamus = (- 1.000017109070121 0.9999829152260035) = 3.41938e-005.

Construction of v-curve and approximation by the b-spline curve of 8" degree

Ilocmpoenue v-kpueoit u annpoxkcumauus b-cnaaiinoeoii Kpueoil 8-oit cmenenu

Reconstruct the curve. Increase the degree to eighth.

[lepecTporM KpuBYy10. YBEJINYUM CTENIEHD 10 §-0M.

[E Mail.Ru: nowrs, nomck s ur /[ Polyline3D: Modeling Curv » \ | =

&« C' [3 fair-nurbs-rulgb.ru/Polyline3D.aspx

g
1

Instructions and Messages

v
[

Quality Params of Curve:

[Length = 6.2821475409143614

ax Curvature = 1.000002754400678 |
in Curvature = 0.9999982030868725

Potential Energy =
6. 282156090333807]

Derived the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the
Gurve, 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 quality parameters
of the curve is continuous and
smooth changs of curvature. These
parameters 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 give
graph (the text box Scale: []). The
cosfficient gives the ratic of
maximum curvature scaled to the S
length of the curve, 2), or P

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

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

[Tangems ] [ Curvatures ] [ Straighten ]

arranging Pozition: 4 Approximation: [ 3D Palyline from KOMPAS 30 | [NURBS Wodel to KOMPAS 30 |
© by Bezier Spline

Topology: Setjq © by B-Spline Select Sample: NURBS Model to DXF

@ closed :
Degree:|3 Base polyline on Circle [+] =

Fig. 9. V-curve, approximated by b-spline curve of degree 8.

Puc. 9. V-kpuBas, annpokcuMUpOBaHHasl b-CIUIaifHOBOM KpUBOIi cTeneHu 8.

ITapameTpsl KauecTBa KpUBOIA:

Length = 6.2821475409143614

Max Curvature = 1.000002754400678

Min Curvature = 0.9999982030868725

Potential Energy = 6.282156090333807

Pulsation = (- 1.000002754400678 0.9999982030868725) = 4.55131e-006

[Mynbcamms = (- 1.000002754400678 0.9999982030868725) = 4.55131e-006



Construction of v-curve and approximation by the b-spline curve of 10" degree

Ilocmpoenue v-kpueoii u annpoxkcumayus b-cnaaitnogoii kpueoit 10-oii cmenenu

Continue experiment. Increase the degree to 10th (Fig. 10).

[Tponomxkaiite sKCcIIepUMEHT. Y BenuubTe crenenb 10 10-oii (puc. 10).

/[ Plyline3D: Modeling Cur

-

C [ localhost:49298/http/Palyline3D.aspx

Instructions and Messages

Quality Params of Curve:

[Length = 6.282147526974593
ax Curvature = 1.000003226712114
in Curvature = 0.3%999981441193138

Potential Energy =
6.282156104281179

Derived the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the)
curve, the minimum curvature of the|
curve, the walue of the potential |&
snsrgy of slastic strips along the
contour of the deformed curve. The —
most important gquality parameters

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

graph (the text box Scale: []). The
cosfficient gives the ratic of
maximum curvature scaled to the
length of the curve, 2), or

schedule form F (x) (the button

[Draw Curvature as F (x)]). )

Fairings: Edit Create Curve: Read Data: Write Data:
¥ fairing Mode: |Vertices [segments | [Vertices| [ Test Geometiic Data | [ NURBS Wodel from AutoCAD | [ NURBS Wadel to AutaCAD |
Df‘an"mg + [ Tangents | [ Cunatures | [ Straighten |
arranging Pozition: 0 Approximation: [ 3D Palyline from KOMPAS 3D | [ NURBS Model to KOMPAS 3D |
@ by Bezier Spline
Topalogy: St | (Pre] (Tew] [Setlncen) Soae
— by B-Splne Select Sample: NURBS Model to DXF
_ Degree: Base polyline on Circle [~]

Bic [D]elo ® @/

(] o e

|

Fig. 10. V-curve, approximated by b-spline curve of degree 10.

Puc. 10. V-kpuBas, anmpokcuMHpoOBaHHas b-criaitHoBo# KpuBoit cTenieHu 10.

The quality parameters:

[TapameTpsl KauecTBa:

Length = 6.282147526974593

Max Curvature = 1.000003226712114

Min Curvature = 0.9999981441193138

Potential Energy = 6.282156104281179

Pulsation = (- 1.000003226712114 0.9999981441193138) = 5.08259¢-006

[Tynecamus = (- 1.000003226712114 0.9999981441193138) = 5.08259e-006
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Note that on the 8th degree reaches a minimum value of pulsation for a given precision of
approximation of 0.0000001. Raising up to the 10th not reduces the pulsation of curvature on the
segment.

OtMeTuM, 4TO Ha §-OM CTEMEHU JOCTUTAETCI MUHUMAJIbHOE 3HAUEHHE MYJIbCAIlUU TIPH 3aJaHHOM
tounoctu npudmmkenust 0.0000001. [Toeienne crenenu a0 10-0if yxe HE yMEHbIIIAET
MyJIbCALIMIO KPUBU3HBI HA CETMEHTE.

Transfer of improved model to AutoCAD

Ilepenoc ynyuwennoii mooenu ¢ AutoCAD

Transfer the improved model spline AutoCAD 2012 ([NURBS Model to AutoCAD]> Highlight
text in I & M and copy to the memory buffer (Figure 11).

[Tepenecem yayuinenHyro Mmoens cruiaiina B AUtOCAD 2012 ([NURBS Model to AutoCAD] >
Beinenute Teket B &M u ckonupyiite B Oydep namsatu (puc. 11).

/[ Polyline3D: Modeling Cur. \ \ =
€& = C [ localhost49298/http/Polyline3D.aspx b3

Instructions and Messages H

72 31))))
t (append nurbs_lst

Fairings: Edit: Create Curve: Read Data: Write Data:
¥ fairing Mode: [Vertices | [ Segments | [Vertices | [ Test Geometric Data | [NURBS Model from AutoCAD | [ NURBS Model to AutoCAD |
szm"mg+ [ Tangents | [ Cunatures | [ Straighten |
arranging e Approximation:
Pozition: |4 PPt [ 3D Palyline from KOMPAS 30 | [ NURBS Model to KOMPAS 3D |
Set @ by Bezier Spline
Topology: eth | © by B-Spline Select Sample: [NURBS Wodsl to DXF |
@ closed .
- oo Degree: 3 | Base polvline on Circle [~] ‘
=== < s 1946 |
BC260 ® @l=[B]o = a2,

Fig. 11. Copying the DXF-model of curve to the memory buffer.

Puc. 11. Konuposanue DXF-monenu kpuBoii B Oydep nmamaru.

Go to the AutoCAD 2012 and paste the text from the clipboard to the command line (see Figure
12).



[Tepeitnute B AutoCAD 2012 1 BcTaBbTE CKOMMPOBAHHBIN TEKCT U3 Oydepa B KOMaHTHYIO
cTpoky (puc. 12).

O e (533D moennposanue -] Bacoume knrosesce croso/gpazy EMINEC T RT N TOR ]
Tnasian  Teno  Moseprocrs  Cems  Buiyanvsauns  [spamerpusaunn  Bcraska  AsroTaudn Ynpaenenwe  Boieog  Moakn 45&!-;15\&%.1Dq;p‘nv1 Onnaiin € -

) - 18- 18 [, 12]1@ |20 kaprac - B2
@&-QLLLZLQB-G‘QO- g

Q- 12~ [ [@Muposas | (@) T

Koopannaer = Brzyanshaic crm ~ ,

Vihcrpymermanshbie |Cooficrea) ,ﬂmmmep
naHTpEI noAWMEDK . i)

MNanimpel

[ N eprext.aug ClolEs |

[-1Bepsatns] [2D xaprac]

Wiypeans: Bugsl ucneruep

M Ena0E

Hasnrayua Bugei Bugosbic kpars ~

=

(2[5 |
Lger W Mocnowo

Cnoit 0
Tun anHwi

Mocneio)

Macwrab ../ 1
Crune ney... Mougery
Bec nrivii

Macnorol

Tnnepcce...

Mpozpasiia | Nocnoro
 Onnerenasomne Touke & |
Uncnoynp... 19
Vnpasasio... |1
Ynpaensto... 09511
Ynpaensto... |0.309

Ynpasasro... 0
Bec 1 —

Kaprac YB | Crperme

Jzi E
Crocot upe.. | |

2
[Bce/UenTp/ Aunamika /T paHuup/ Npesayuin/MacuTab/Pamka /0BekT] <peansHoe Bpema>: Mopsaox |10 &
_e BHNO/HAETCH pereHepaLus MOZenn. PP

a7 | |
n102002 |

EN . [m= |i‘-‘ \g !

Fig. 12. Transfer of b-spline curve to AutoCAD 2012.

Puc. 12. Ilepenoc b-crunaitnoBoit kpusoii B AUtoCAD 2012.

Check the quality of the improved curve with the command v_test of utility v_test.fas (Fig. 13).

[TpoBepbTe KaueCTBO YAYUIICHHOW KPUBOW C MOMOIIBI0 KOMaH 1! V_test yruutsl V_test.fas
(puc. 13).
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Fig. 13. Checking the quality of the improved curve.

Puc. 13. IlpoBepka kavyecTBa yaydieHHONH KPUBOH.

In the protocol are printed the parameters of the curve:
B npoTokoiie pacnieqarsiBarOTCs apaMeTpbl KPUBOU:
"Real Length =" 6.28318

"Approximated Length =" 6.28292

"Potential Energy =" 6.28293

"Min Curvature =" 0.999998

"Max Curvature =" 1.0

the conclusions

Buvieoowt

1) B-spline cubic curve created in AutoCAD on a closed polygon as pentagon has a low quality.
Pulsation of curvature reaches the segments to 0.266067, or 26% of the nominal value of the
radius.

1) B-crnaiiHoBasi KyOuueckas Kpuasi, moctpoeHHasi B AutoCAD Ha 3aMKHYTO# JIOMaHO#
MATUYTOJIbHUKA 00J1a1aeT HU3KUM KauecTBOM. [lynbcaliys KpuBU3HBI JOCTUTAET Ha CErMEHTax
110 0.266067 nnu 26% OT HOMUHAIIBHOTO 3HAYECHUS paauyca.

2) The technology is proposed of improving the cubic b-spline curves constructed in AutoCAD
in web-application FairCurveModeler: improving the quality of the curve by the construction v-
curve and approximation of the curve by the cubic GNURBZS curve or a b-spline curve of high
degree.

2) [IpennoxeHa TEXHOJIOTUS yIyYlIeHHUs] KyOU4ecKuX b-CriyiaifHOBBIX KPUBBIX, TOCTPOCHHBIX B
AutoCAD, B web-npunoxenun FairCurveModeler: ynyuienue kauecTBa mocTpoeHueM V-
KpUBOI U anmpokcumanueit v-kpuBoit kyondeckoit GNURBzS kpuBoii unu b-crutaiiHoBOM
KPUBOU BBICOKHX CTETICHEM.

3) The proposed technology significantly improves the quality of cubic b-spline curves
constructed in AutoCAD:



- approximation of v-curve by by the cubic NURBzS curve reduces the pulsation to 2.84118e-
006;

- approximation of v-curve by b-spline curve 6th degree reduces the pulsation to 3.41938e-005.
- approximation of v-curve by b-spline curve 8th degree reduces the pulsation to 4.55131e-006.
- approximation of v-curve by b-spline curve tenth degree reduces the pulsation to 5.08259e-006.

3) IIpenynoxeHHast TEXHOJIOTUS CYLIECTBEHHO YJIy4IlaeT KaueCTBO b-CINIallHOBBIX KyOUYECKUX
KPUBBIX, TOCTpOEHHBIX B AutoCAD:

- alIpoKcUMalus v-KpuBoi nocpeactsoM Kyonueckoilt NURBzZS kpuBoii ymeHbl1aeT
nynbscanuio a0 2.84118e-006;

- aNMPOKCUMAIUs V-KPUBOH b-CIIIaifHOBOW KPHBO# 6-01 CTEIIEHN YMEHBIIAET MYIbCAILIUIO 10

3.41938e-005.

- anMmpOKCUMAITUs V-KPHUBOU b-CIUTaifHOBOM KPUBOM 8-01 CTEIICHH YMEHBIIAST MYJIbCAIHIO 10

4.55131e-006.

- aNMpPOKCHUMAIIUS V-KPUBOM b-CrutaitHoBoM KpuBoi 10-0¥ CTENEeHN yMEHbBIACT MMYJIbCAIIUIO J10

5.08259¢-006.



