4. Preparation NURBS templates of analytical curves
4. MMoaroroka NURBS ma6/10HOB aHAJIMTHYECKUX KPUBBIX

Approximation of analytic curves performed on the page Hermite3D using geometric
Hermite determinant. Parameters of geometric Hermite determinant can be prepared as a text
table or a table of parameters of the geometric Hermite determinant in MathCAD

AnmnpoKkcuMalvs aHAIUTUYECKUX KPUBBIX BbIIONHSETCS Ha cTpanuie Hermite3D c
MCII0JIb30BaHUEM T€OMETPUYECKOTO onpeaenures Ipmura. [lapamerpsl reomeTpuyeckoro
onpeAenuTeNst DpMUTa MOTYT OBITh IOJITOTOBJICHBI B BUJI€ TEKCTOBOW TAaOJIUIIBI UITH B BUJIE
Ta0JINLBI TApaMETPOB reoMeTpuueckoro onpenenurens pmura B MathCAD.

4.1. Preparation of text table

4.1. IIoAroTOBKA TEKCTOBOM TA0 MBI

Parameters of geometric Hermite determinant can be prepared either manually or
programmatically in the form of a text table.

Each line is limited by parentheses, and contains the following sequence of data, separated
by a space:

(XYZ DX DY DZ CVT VCvtX VCvtX VCvtX), where X, Y, Z - coordinates of the point

DY, DZ, CVT - the coordinates of the tangent vector

CVT - the value of the curvature,

VCvtX, VCvtX, VCvtX - the coordinates of the curvature vector, which is directed along the
principal normal of the curve at this point.

[TapameTpsl T€OMETPUYECKOTO OMPEACIUTENST IPMUTA MOXKHO MOATOTOBUTH BPYUHYIO WITH
MPOrPaMMHO B BHJI€ TEKCTOBOM TAOIHUIIBI.

Kaxxnast ctpoka orpaHu4eHa KpyribIMU CKOOKaMH U COJIEPIKUT CIIEIYIOILYIO
MOCIIEA0BATEIHHOCTh JAHHBIX, Pa3AeIECHHBIX OJHUM MPOOEIOM:

(XY ZDXDY DZ CVT VCvtX VCvtX VCvtX), rae X, Y, Z - KOOpAUHATHI TOYKH,
DY, DZ, CVT - koopauHATHI KacaTeJILHOTO BEKTOPA,

CVT - 3HaueHue KpUBU3HBI,

VCvtX, VCvtX, VCvtX - kooparHaThl BEKTOpa KPUBHU3HBI, HAPABICHHOTO 110 TJIABHOU
HOPMAaJI KPUBOMW B TAaHHOM TOYKE.

You can specify the zero coordinates of curvature vector. The vectors of curvature of a plane
curve to be calculated. For spatial curve is the curvature vector in the plane defined by the
adjacent segments of the polyline.

Mo>kHO 3a/1aTh HyJIeBbI€ 3HAYEHUSI KOOPJIMHAT BEKTOPA KPUBHU3HBI. BEKTOPBI KPUBU3HBI
TUIOCKOM KPUBOM OyyT BBIUKCICHBI. J[J1s1 MpOCTpaHCTBEHHOM KPUBOI BEKTOP KPUBU3HEI OyIIET B
MJIOCKOCTH, OIIPEICIIEHHOM IBY3BEHHUKOM JIOMaHOM.

For example, you can define an analytic curve “circle™ the following table data:
((-100.00.00.00.01.00.00.01 0.0 0.0 0.0)
(0.0100.00.01.00.00.00.01 0.00.0 0.0)
(70.7107 70.7107 0.0 0.707107 -0.707107 0.0 0.01 0.0 0.0 0.0)
(0.0-100.00.0-1.00.00.00.01 0.0 0.0 0.0)
(-100.00.00.0 0.0 1.0 0.0 0.01 0.0 0.0 0.0))

Hamnpumep, MOXKHO ONpeAeuTh aHAIUTUYECKYIO KPUBYIO "OKPY>KHOCTB" cieayrolen
TaOJIMIIEA JaHHBIX:

((-100.00.00.00.01.00.00.010.00.00.0)



(0.0100.00.01.00.00.00.010.00.00.0)

(70.7107 70.7107 0.0 0.707107 -0.707107 0.0 0.01 0.0 0.0 0.0)

(0.0-100.00.0-1.00.00.00.010.00.00.0)
(-100.00.00.00.01.00.00.01 0.0 0.0 0.0))

To enter the data table, select the text in Notepad. Copy text and paste text into a pure multi-
line textarea "Instructions and Messages" web application. Press the [Data from Hermite Table]
and [Create]. Display the graph of the curvature as a function F (x) [Draw Curvature as F (x)]

(Fig. 20).

J1s1 BBOJA TaHHBIX BBIIEIUTE TEKCT TAOIHIIBI B 0710KHOTE. CKOMUPYHUTE TEKCT, U BCTABHTE
TEKCT B YMCTOE MHOTOCTpOYHOE ToJie textarea "Instructions and Messages" web npunosxeHusi.
Haxxwmure kaomnku [Data from Hermite Table] u [Create]. Oto6pa3ute rpaduk KpuBU3HBI B BUJE
dbyukiuu F(X) [Draw Curvature as F(X)] (puc. 20).
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Edit Create Curve: Read Data
Mode: W Segments | WVertices | Test Geometric Data | Create | Data fram Hermite Tahle

Tangents | Curvatures | Straighten | Approximate
Pozitions [ | (‘: g i?ziphne Data fram Hermite Table in MathGAD
S ID— MM —ISET Incex Degree:la_ Select Sample:
MVeneﬂrangenﬂCurvamre [Clothaid an Hermite scheme

Insert | | Add [Vertex

dnye| | E@RO=CO0@

Instructions and MMessages Clear
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Write Data:

NURES Model to AutoCAD

20. Approximation on Hermite scheme.
20. AnmpokcuManus 1mo cxeme JpMuTa.
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Note the curvature graph form F (x) as a horizontal line. The method approximates the

geometrically exact conical curves.

OOpatuTe BHMMaHuWe Ha rpaduk KpuBU3HBI BHaa F(X) B BHAE TOPH3OHTAIBHOM JIMHHH.
MeToa reoMeTpUIeCcKH TOYHO aMpOKCHMHUPYET KOHUYECKUE KPUBBIE.

4.2. Preparation a table of parameters of the Hermite geometrical determinant in the

MathCAD

4.2. IloaroroBka TadJMIbI NAPAMETPOB FeOMETPHUYECKOT0 ONpeaeuTe/Isi JPMHUTA B

MathCAD

The scheme of preparation of clothoid parameters in the MathCAD for the approximation in

the web-application is described in the document Clothoid.xmcd. The same document can be
used for the preparation of the parameters of the Hermite geometric determinant of the any

analytical curves.



This MathCAD document prepares a table of parameters to approximate the initial site of
the clothoid (Fig. 21)

Cxema moAroToBku mapameTpoB kioTouasl B MathCAD st anmpokcumariuu B Web-
npuiiokeHnu onucana B jokymente Clothoid.xmcd. DTot ke JoKyMEHT MOKHO HCIIOJIb30BATh
TS TIOAATOTOBKHU TTAPaMETPOB TEOMETPHUECKOTO OIPEICIUTENS DPMHTA JIFOOBIX aHATUTHICCKUX
KPHBBIX.

JlaHHBIH TOKYMEHT FOTOBUT TaOJIMILy ITAPAMETPOB JIJIs AllIIPOKCHMAIIMH HAYaIbHOTO
ydacTka Kiotouasl (puc. 21)
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Fig. 21. Clothoid.
Puc. 21. Knorouna.

Preparing the site of the clothoid in the interval 0 <=t <= 3 (Fig. 22)
[ToaroraBnuBaeTCs y4acTOK KJIOTOMIBI Ha oTpe3ke 0<=t <=3 (puc. 22)
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Fig. 22. The site of the clothoid in the interval 0 <=t <=3

Puc.22. YyacTok kjaoTouibl Ha oTpe3ke 0<=t <= 3.

To create NURBZzS spline on Hermite scheme is prepared a base polyline with vectors of the
coordinates RX, RY, RZ of 21 points of clothoid with fixed tangent vectors RDX, RDY, RDZ,
the values of the curvature RKX, RKY, RKZ and curvature vectors RVKX, RVKY, RVKZ.

Jnst moctpoenns NURBZS crinaiina mo cxeme DpMuTa MoJAroTaBiMBaeTCs OMOpHas
JoMaHas ¢ BekTopamu 1o koopauHatam RX, RY, RZ wu3 21 touek knoTouasl ¢
¢bukcupoBaHHBIMU KacaTenbHbIME BekTOpamu RDX, RDY, RDZ , 3nauenusmu kpuBuzabsl RKX,
RKY, RKZ u Bexropamu kpuBu3zasl RVKX, RVKY, RVKZ.
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Fig. 23. Polyline on the clothoid.

Puc. 23. JlomaHas Ha KJIIOTOHJIE.

Preparing in Excel worksheet the table of clothoid parameters for the approximation in the
web-application FairCurveModeler:



Insert > Component> Excel> Microsoft Excel> Create an Empty Excel worksheet > Inputs -
Set 12> Outputs - set it to 0> In placeholders variables RX, RY, RZ, RDX, ..., RVKZ are
entered.

HOJ_LI‘OTaBJII/IBaCTCﬂ Ha JIUCTC EXCC] Ta6JII/ILLa [IapaMETPOB KIIOTOMUABI AJIA alllIpOKCUMAIIUU B
web-npunoxennn FairCurveModeler:

Insert > Component > Excel > Microsoft Excel > Create an Empty Excel worksheet >
Inputs - ycranosute 12 > Outputs - ycranosute 0 > B placeholder’ax BBoasTcst mepeMeHHbIe
RX, RY,RZ, RDX, ..., RVKZ

0 0 0 1 0 0 0 0 0 0 0 0
0,149981 0,001767 0 0,999376 0,035336 0 0,471239 0 0 0 0 0
0,299401 0,014117 0 0,990024 0,140901 0 0,942478 0 0 0 0 0
0,445468  0,047369 0 0,949836 0,312729 0 1413717 0 0 0 0 0
0,581095 0,11054 0 0,844328 0,535827 0 1,88495% 0 0 0 0 0
0,693526 0,208377 0 0,634393 0,77301 0 2,356194 0 0 0 0 0
0,764823 0,339776 0 029904 0,955793 0 2,827433 0 0 0 0 0
077591 0488046 0 -0,16031 0,987066 0 3,298672 0 0 0 0 0
0,715438 (,623401 0 -063742 0770513 0 3,769911 0 0 0 0 0
0,592267  0,70501 0 -0,96138 0,2752138 0 424115 0 0 0 0 0
0,445261 0,697505 0 -0,92388 -0,38268 0 4,712389 0 0 0 0 0
0,338798 0,596751 0 -0,42222 -0,90649 0 5,183628 0 0 0 0 0
0,333633 0450939 0 0368125 -0,92978 0 5,654867 0 0 0 0 0
0,439057 0351142 0 0952263 -0,30528 0 6,126106 0 0 0 0 0
0,581564 0374273 0 0,799685 0,60042 0 6597345 0 0 0 0 0
0,640124 0,505302 0 -0,00802 0,995185 0 7,068583 0 0 0 0 0
0,554961 0,61969 0 -0,92978 0,368125 0 7,539822 0 0 0 0 0
0,416148 0591531 0 -0,70432 -0,70988 0 8011061 0 0 0 0 0
0,392494 0452917 0 0439939 -0,89803 0 8483 0 0 0 0 0

(RX RY RZ RIXX RINN RDZ RKX RKY RKZ RVKX RVKY RVKZ)

Fig. 24. The table of parameters of analytical curve prepared in MathCAD for Excel.

Puc. 24. Tabmuia mapaMeTpoB aHAIMTHYECKOW KpuBOH, moarorosiacHHas B MathCAD s
Excel.

By double-clicking the region is allocated with the parameters on the resulting sheet Excel
(Fig. 25a). The selected area is copied to the Clipboard (Fig. 25, b).

ﬂBOﬁHBIM IICJITYKOM BBIACIIACTCSA o0JacTe ¢ mapamMeTpaM Ha MOABHUBIICMCA JIUCTC Excel
(puc. 25, a). Beinenennas oonacte konupyetcst B Clipboard (puc. 25, b).



=ilx
B Wrdie alB)x
- v
TAsn2s Boaia PROMETEY CTOM s Sgenty Lomress LY w
- T 1 e - -
| E b ki m e D o T o
R a3 = faawr. - -
Beraser) i il | - il | Al 89 i ! Yiromot Soguaneposats Ome oo Cepimactes  Habow
o 7 et |22 04 & A Exa *, & g o o[ R OIpeMTADI NI ~ u‘u&m-‘m“' ;]W“"' L5 ngwwap- -q;tmv:'
Feep churey Uighdr T (e ny s Yecap - Cruse Parden FramThorearue
a1 -2 &0
-
Mepenscnw ansuae & flect! v FOMadame chsm
n_pst = 21
A T e c o 7L VR e ey 28 PRSI NS R T R e e "
4 1 0445363 0047365 0 0M5836 0312749 0 1413717 o o 0 o
5 | 0381090 0104 0 6,834328 0535327 0 1381558 0 o o L)
& | 0693526 0,208877 0 06339 0,7M01 0 215619 0 0 0 o
710784523 033976 0 029808 0955793 0 23733 0 0 0 o
B | 077591 0483036 0 016031 093066 0 32%672 0 0 0 o
8| 0715433 0423401 0 -063M2 07701513 0 3705511 o 0 0 o
10} 0592287 0,050 0 -09618 0275218 ¢ 42118 o 0 o [
11 0445261 0697505 0 -092338 .038263 0 4712385 o o o o
12} 033373 0596751 0 042222 050549 0 5183628 o 0 0 o
13| 0333833 04209537 0 0308125 -0,52978 0 545867 o 0 0 o £
34| 0439057 0351142 0 0U52263 -0,0578 0 6,126106 0 0 o [ -
15 0581564 0.3MI3 0 0799655 060042 0 5597345 o o o o
16] 0640121 0505202 0 00502 0955185 0 7063583 o o 0 0
17| 0354561 0,61565 0 052978 0388125 0 73382 o o o (]
15| 0416348 0591531 0 -00132 -0, )& 0 #0106 o 0 o [
151 0350454 0452547 0 0439939 .03%03 0  B4ER3 o [} o o
20| 051705 0390036 0 0581548 0151237 0 83953533 o 0 0 [}
21{ 0605721 0496313 0 3.51E-16 1 0 9478 o 0 0 o
i = : “‘ -
KIS 2"
Fress Fi for b, BT T Paes
Loy B e © 32 Moeasew - Fahond -t Ex Merost Encel . | T uvetied - Fovasdl | I8 el o0 - | ) et v | @ xcomuciovin. | @ (AR EAND B 2o

a)

b)

L SE

- v, |y Woaavrs V UWSWROe LA v o0
:qmm m.;,,’.A-A-.,.*m,:m"m
o LA
8| o7rsn omsos (XA W -9 A-WBE ey
s | 071508 623001 Y SRS a2 segayy
10| 0392267 0,201 a5 e
11| caasar oearses 4 o Do | &
12| 033878 0596751 _ P B
13| 033633 043039 Latr s 79 a
140439057 OBIM2 @ swe ey
15 | 0581564 o 2n s RN
16| 0,68012¢ 050532 Add lrout Varable s Be7
17| 0554961 0.81965 A4 Qo Vriable sen 701
18] odreias o3msn  Meeeeleavems ' joa M
19| om0 o057 “_._' dta ' 086
1| osiwe a0 T 3539 MoS13
21 | ceos71_o436313 e Aty s  PBus a2
n >a s e
e g A Cuable Eakoation " ST 06y =
e Bunaicma
; nes
L) - wos2s
worr W

-

LR A,
tagoerars

Lenwpasare

Bergmerte

(newsnmmas e ames

L

Bramerte

LAANET.

Crewctumy cogepmemos

]

(oprepiens

Bcraawty npmr sy

Sopear peree

Fatiparte s Pa( pwmssonrt 008 (Teeiea
s anaioma

Turepigma
A Y AkEEs

BOQOQQQQOQQOOIII 'i

Fig. 25. Transferring of parameters to web-application: a) selecting the area, b) copying an

Excel spreadsheet to the Clipboard.

Puc. 25. Tleperoc mapameTpoB B WeD-NpHIIoKeHHE: a) BBIICTICHUE 00JIACTH,

b) xonuposanue Tadbauiel Excel B Clipboard.

Opened web-application FairCurveModeler on page Hermite3D and pasted in the purified
multi-line text field “Instructions and Messages” copied area of cells. Pressed [Data from

Hermite Table in MathCAD] (Fig. 26).

OrtkpeiBaercs Web-nipunoxxenune FairCurveModeler va crpanune Hermite3D u
BCTAaBJIICTCSI CKOTUPOBaHHAs 00JaCcTh SYEEK B OUHMIIIEHHOE MHOTOCTpOoUHOE Tosie “Instructions

and Messages”. Haxumaercs knomnka [Data from Hermite Table in MathCAD] (puc. 26).
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Edit

Mode: [venices Segmemsl Vemcesl

Read Data

Data fram Hermite Tahle

Create Curve:
Test Geometric Data | Create |

Tangents | Curvatures | Straighten | Approximate
Pexition: [g by Bedier Spline Data from Hermite Tabls in MathCAD
© by B-Splne

Set o Prev | Next | Set Index Degree:la—

Select Sample:

=l x|

A

Instructions and MMessages Clear

ir = zarraylexem = -]
0, 299400976 0,014116995 i

I, 990023656 0, 140901232 o
n,942477796 i 0 i

fi

ir = 3arraylexem =

0,445468229 0,047369222 o
0,949835679 0,312749392 o
1,413716694 o o o

0
ir = 4arraylexem =

0,581095447 0,110540207 o
0,844327926 0,535826795 o
1,884955592 o o o

0
ir = Sarraylexem =

0, 653525951 0,z08877111 0
0,634393284 0,773010453 0
z,35619449 0 0 0
0

ir = garraylexem =

0,764823021 0,339776344 0
0,254040325 0,955793015 0
z,827433388 0 0 0

0
ir = Jarraylexem =
0,775505522 0, 488046018 0

-0, 160311832 0,98706641 o x|
3,258672286 0 0 o,
Write Data:

NURES Model to AutoCAD

Delete |VertewTangent/Curvature
nsert | | adg [Vertex

dnye| | E@RO=CO0@

[Clothaid an Hermite scheme
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Fig. 26. Input of parameters of analytical curve in the web-application
Puc. 26. BBo1 mapaMeTpoB aHATMTHYCCKOM KPUBOI B web-mpuitoskenue.

Then is created a curve NURBZzS 6th degree approximating the Hermite geometric

determinant (the button [Create]) (Fig. 27).

Hanee crpoutcas NURBZS kpuBas 6-oif cTeneHnu, anmpoKCUMHUPYIOIIas TEOMETPUIECKUI

onpenenutenb Ipmuta (kHomka [Create]) (puc. 27) .
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Edit

Mode: [venices Segmemsl Vemcesl

Read Data

Create Curve

Test Geometric Data | Create | Data fram Hermite Table

Tangents | Curvatures | Straighten |
Poztion: g
Set o Prev | Mext | Set Index

Delete |Vertes/Tangent/Curvature
Insert | | Ady [Vertex

B | 8@ L€ 0@

Approzimate

@ by Bezier Spline Data fram Hermite Table in hMathCAD

© by B-Spline

Degree lg—

Select Sample

=[x

WA

Instructions and Messages Clear

Quality Params of Curve:
Length = 2.9991665510060335

Max Curvature = 9.424777961048023
Min Curvature = O

Potential Energy =
38.73146593270147

|

Bupenemn Dpadur KPHBMSIH K
napeMeTpH RpHBOM: DAMHA RpPHMBOIH,
MARCHMANEHAA RPHMBMIHS RPHMBOM,
MMEIMANbHAA RPHBMIHG RPHBOIN,

SHAMEHME OO0TeHUMANPHOR SHEPDIOL
¥Opyroi pefrir nedopMMpOBAHECHR 10
ROHTYPY RPHBOH. COMEMM DBEskHEMIL
napaMeTpaMK REHecTBEA RpHMBOL

ABMOTCA HENPEPHEHOCTE M INSBHOCTD
MSMEHEHMA RPMBMSHH. 3TH ISpSMETHH
OUEHMBRETCR N0 DPAQMRAM RPHBHSIH

1) mo rpaduRy RPMBMSHH, NOCTPOSHHOH
HENOCPENCTBEHHO HA RKPMBOH (RHODRG
Draw Curveture). Jif DOCTPOSHEA
sammeTca rRospimmERT

MACHTERHpOBAHEA DpaduRa [TERCTOBOE
none Scale:[ 1). Jmeuenme
RODDPMIMERTA JaNaST OTHOMENME
BENMMEH MACWTAE PO BAREOR
MARCIMANEHOR RPHMEMSHH R IJIMHE

rpuEOf: 2) MM mo Dpafmmry Emma F(x) x|
(mEomma [Draw Curvature as F(x)1). .

Write Data:

NURES Model to AutaCAD

[Clothoid on Hermite scheme
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Fig. 27. Approximation of the Hermite geometrical determinant of analytical curve.
PHC.27.AﬂﬂpOKCHMaHHHFGOMCTquGCKOﬂ)OHpCHeHHT@UIapMHTaaHaHHTquCKOﬁ

KPHUBOM.



Pay attention to the quality of the approximation of the clothoid by NURBS curve. The
NURBS template retains a linear graph of the curvature of the clothoid.

Created NURBS template clothoid can be written to the CAD-system AutoCAD (Figure 24,
the method of writing is given in Section 1.3) or KOMPAS GRAPHIC (Fig. 28)

Ob6parure BHUMaHue Ha kadecTBo anmpokcuMarun NURBS kpuBoii kinoronnsr. NURBS
ra0JI0H COXPpaHsACT JIMHEWHBIN 3aKOH NU3MEHEHUS KPpUBHU3HBI KJIIOTOU/IbI.

[Toctpoennsiit NURBS ma6ion kimotoussl MoxHo 3anucate B CAD-cuctembl AutoCAD
(puc. 24, cnoco6 3anucu npuBoautcs B 1. 1.3) uniu KOMITAC I'PA®UK (puc. 28)
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Fig. 28. Writing the NURBS template of clothoid to AutoCAD.
Puc. 28. 3anmuce NURBS mra6iona kinorounsr B AutoCAD.
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Fig. 28. Writing the NURBS template of clothoid to KOMPAS GRAPHIC.
Puc. 29. 3amucs NURBS ma6iona xioronnsl 8 KOMIIAC 'TPADHUK.

And then use as a NURBS template of clothoid for application in tasks requiring the
creation of curves with linear graph of the curvature.
Can be edited the document MathCAD for the preparation of parameters for approximation

of other analytical curve.

N 3arem wucnonb3oBaTh kak NURBS mabmoH kmoTouasl Jis NTPUMEHEHHUS B 3aJauax,
TPEOYIOMMX MOCTPOCHUS IYT C JIMHEWHBIM U3MEHEHNEM KPUBHU3HBI.

MoXHO OTpenakTUpOBaATh nokymeHT MathCAD jaimd MOATOTOBKM — TIapaMeTpoB
anIpOKCUMAIUN JPYrOl aHAIMTUYECKON KPUBOM.

4.3. Analysis of the accuracy of approximation in MathCAD

4.3. Avaym3 TouHoctH annpoxkcumanuu B MathCAD

NURBzS model is transferred to MathCAD (Fig. 30, method, see 1.4).
NURBzS wmozuens neperocutcst B MathCAD (puc. 30, croco0 cwm. m.1.4).
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Fig. 30. NURBzS template of clothoid.
Puc. 30. NURBZS m1a6;10H K10TOUIBL.

Is created the original clothoid (see section 4.3) and the initial site of clothoid in the interval
0 <=t <=3 (Fig. 31) was used to create NURBzS template.

CtpowuTcs ucxonnas kjaorouaa (cm. 1. 4.3) U UCXOIHBIN YU4aCTOK KJIOTOUIBI Ha OTpe3ke 0<=
t <=3 (puc. 31) , ucnonb3oBanubiii st noctpoerust NURBzS mabmnona.
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Fig. 31. The original clothoid site was used to construct NURBS template.
Puc. 31. McxomHblii y4acTOK KJIOTOHMBI, MCIOJB30BaHHBIN st moctpoeHuss NURBzS
mabJioHa.
For comparison, both graphs fit together (Fig. 32).
[ cpaBHeHust 00a rpaduka coBMmematorcs (puc. 32).



0.8 T T T

0.6 E /

0.2 y -
//
s
O _/ |
0 0.2 0.4 0.6 0.8
X, XX

Fig. 32. Combined graphs of clothoid and NURBzS template of clothoid.

Puc. 32. CoBmemiennsie rpapuku kiotouasl 1 NURBZS mabnona kimotoumst
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Fig. 32. Combined graphs of clothoid curvature and NURBzS template curvature.
Puc. 33. CoBmeriennslie rpaguku KpuBu3Hbl kinotou el 1 NURBZS mabnona.

Web-application provides the highest quality approximation - visually graphs are the same.
Web-npunoxkenne obOecriedyrBaeT BbICOUaiillice KavyeCcTBO MNPHONMKEHUS - Tpaduku

BH3YyaJIbHO COBIIAZIAIOT.



