1. Modeling NURBzS-curves of high quality

1. MoaeanpoBanne NURBZS-kpuBBIX BHICOKOT0 Ka4yecTBa

The most indicative test - a curve fit to the points of the circle. The test gives an
unambiguous answer to the question about the quality of the curve constructed by this method.
From the condition of the requirements of minimizing the number of extrema of curvature is
obvious that the curve is really high quality (Class A) must coincide with the circle.

HauOosnee mokaszareiabHbId TECT - MOCTPOCHUE KPUBOM HA TOYKAX OKPYXKHOCTU. TecT aaer
OJIHO3HAYHBI OTBET HA BONIPOC O KAdyeCTBE KPHUBOM, IIOCTPOCHHOM JIaHHBIM MeTonoMm. M3
yCJI0BUA Tp€6OBaHI/IH MUHHUMH3AOUN KOJIMYCCTBA OJKCTPEMYMOB KPUBHU3HBI, OYCBU/HO, UYTO
KpHUBasi ICUCTBUTEJIHLHO BHICOKOTO KauecTBa (Kjiacca A) JOJKHA COBIAAATh C OKPYKHOCTBIO.

1.1. Preparation of the data in the CAD-system

1.1. IHoaroroska nanneix B CAD-cucreme

Draw a circle of radius 100 in AutoCAD. Draw a 3D-polyline on a circle. Draw a closed
NURBS curve (_SPLINE) on the points of the 3D-polyline (fig. 1).

IToctpoiite B AutoCAD okpyxHocts pamumyca 100. Ilocrpoiite 3D-nmomanyro  Ha
okpykHoctu. Hapucyiite 3amkayTyto NURBS kxpuByto ( SPLINE) ¢ npuBsizkoii K TOYKaMm
JomMaHoil (puc. 1).
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Fig. 1. Spline drawn by points on a circle in AutoCAD.

Puc. 1. Crnaiin, HapricOBaHHBIN O TOUkaMm Ha okpyxkHocTu B AUtOCAD.

With the utility v_test.fas can be displayed graphs of the curvature of NURBS curves (fig.
2).

C nomortpro KoMaH 1 yTuiuThl V_test.fas moxHo otoOpasute rpaduku kpuuzaei NURBS
KpuBbIX (puc. 1), BeiBecTu B ipoTokona AUtoOCAD oOuue mapameTpsl KpUBO BUa
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Fig. 2. The curvature graph of the spline.
Puc. 2. I'paduk KpuBU3HBI CILIaiiHA

1.2. Improvement of the spline in a web-application

1.2. Yay4dmenue cnjiaifHa B Web-npuioxennu

AutoCAD > Web-application
AutoCAD > Web-npuao:kenue

Insert the AutoCAD command prompt the following text

(entget (car (entsel "select NURBS™)))

press ENTER, select the NURBS curve. Copy the part of Protocol from the text window of
AutoCAD, containing DXF-model of the NURBS curve

((-1. <Object name: 7ef9e460>) (0. "SPLINE") (330. <Object name: 7ef9ccf8>) ... (11 -
99.6307 8.58586 0.0) (11 59.1859 -80.6042 0.0))

Paste the copied text of the DXF-model of the NURBS curve in the text field [Instructions
and Messages]. Click [NURBS model from AutoCADY], and then click [Create]. Web-
application creates a cubic NURBzS curve and displays the graph of the curvature of the curve
(fig. 3). Click [Draw Curvature as F (x)]. The graph of the curvature appears as a horizontal line.

BcraBbre B komananyto ctpoky AUtoCAD crienyromuii Tekct
(entget (car (entsel "select NURBS")))

Haxxmute ENTER, Bei6epure NURBS kpuByto. Cxonupyiite u3 TeKCTOBOr0 OKHa 4acTh
nporokona AutoCAD, conepxaniyro DXF-monens NURBS kpuBoit

((-1 . <wms obbekTa: 7ef9e460>) (0 . "SPLINE") (330 . <lms oOwekTa: 7ef9ccf8>) ...

(11 -99.6307 8.58586 0.0) (11 -80.6042 59.1859 0.0))

Beraebre ckonmupoBanubiit TekeT DXF mogenn NURBS kpuBoii B TekcToBoe mouie [Instructions
and Messages]. Haxxmure kaonky [NURBS model from AutoCAD] u 3arem kHotiky [Create].
Web-npunosxenne noctpout kyonueckyro NURBzS kpuByto u BoiBeeT rpaik KpUBH3HbI HAJT



kpuBoii (puc. 3). Haxmure knonky [Draw Curvature as F(x)]. I'paduk kpuBu3HbI 0TOOpa3UTCS
KaK TOPU30HTAIbHAS JTMHHSL.

B rekcroBoe none [Instructions and Messages] BbIBOSITCS T100aIbHBIE TApaMeTpbI
KPUBOM: JUIMHA KPUBOM, 3HAYEHUSI MAKCUMAJIbHOM 1 MUHUMAJIbHOW KPUBU3HBI, 3HAYCHUE
IIOTEHLIUAJIbHON YHEPIUH KPUBOM. J[J1s1 OLIEHKH KauecTBa KPUBOW MO>KHO MCIIOJIb30BaTh
3HA4YEHUE MOTCHLIUAIBHONW YHEPTUN YIPYTOH peiiku, 1eOopMUPOBaHHON IO KOHTYPY KPUBOA.
3Ha4yeHue paBHO MHTErpajly KBajpaTa KpUBU3HBI 10 JUIMHE KpUBOi. Bce dusnueckue
KOHCTaHTBI M1 T€OMETPUUECKHE MTapaMETPhl CEUEHUsI PEIKU NpUBEIEHBI K eaqunule. Cunraercs,
4TO, YEM MEHbIIIEC 3HAYCHUE MOTCHIIMAILHOM JHEPIUU KPUBOM, TEM Ka4€CTBEHHEE KPUBAsl.

' Madeling Curve on Base Polyli =Nl e
<« C M O far-nurbs-ru. 1gb.nu/Folyinesh. aspx AR
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Instructions and Messages Clear j

Quality Params of Curve:
Length = 627.9107716573916
Max Curvature =
0.010000020058766546

Min Curvature =
0.003959983950473661
Potential Energy =
0.06279109731512615

Derived the curvature graph and
curve paremeters: the length of the
curve, the meximum 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 quality parameters

of the curve is continugus and

smooth chenge of curvature. These
parsmeters 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). Thex|
coefficient gives the ratio of P
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Fig. 3. Web-application creates a cubic NURBZzS curve.
Puc. 3. Web-npunoxenune ctpout kyonueckyro NURBzS kpuByto.

1.3. Writing NURBZzS curve to CAD-systems

1.3. 3anucs NURBZS kpusoii B CAD-cucremy

Web-application > AutoCAD
Web-npuiioxenune > AutoCAD

For the writing the NURBzS model to AutoCAD from web-application, click [NURBS
Model to AutoCAD]. Then, select and copy the text in a multiline text field “Instructions and
Messages”. Paste the copied text into the command line AutoCAD.

s 3armcn NURBZzS monenu B AutoCAD 13 web-nipunoxeHus: HaXKMUTE KHOIIKY
[NURBS Model to AutoCAD]. 3atem BbIIeTUTE ¥ CKOMUPYIHTE TEKCT B MHOTOCTPOYHOM
TekcToBoM nosie “Instructions and Messages”. BcTaBbTe CKONMMPOBAaHHBIN TEKCT B KOMAHHYIO
ctpoky AutoCAD.
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Fig. 4. Improved NURBZzS curve in AutoCAD.
Puc. 4. Ynyamennas NURBzS kpuas 8 AutoCAD.

Visually, the Improved NURBZzS curve coincides with the circle.
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Busyaneno, ynyumennas NURBzS xpuBas coBmamaer ¢ okpyxHOCThIO. Ha puc. 4
BBIJICJIEHBI BEPIIMHBI gb-ITOJUTOHA PallMOHAIBHOM KpuBOii besbe.

Web-application > KOMPAS GRAPHIC
Web-npuiioxenune > KOMITIAC T'PA®UK

NURBZzS curves are wrote in COMPAS GRAPHIC in the DXF-format files.

After creating the NURBzS model is transferred to the NURBzS3D page (button [To Bezier

Spline]).

NURBZS xkpussie 3anucbiBatoTcsi B KOMITAC 'PA®UK B popmate DXF-daitnos.
[Tocne nmoctpoerns NURBS moznenu nepeiiqure Ha ctpanuiy NURBzS 3D (knomka [TO

Bezier Spline]).
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o Instructions and MMessages Clear
Quality Params of Curve:
Length = 627.9107716573916
Max Curvature =

|»

0.0100000200587656546
Min Curvature =
0.009599983990478661
Potential Energy =
0.06279105731512615

BMEENEmM DpadME KDHBMSIM M

TapAMETDH RpMBOH: IMMHA RpMBOH,
MARCIANBHAA KPMEMSHA EPMBOIE,
MMEMMANEEAS RPMEMSHA RpMBOH, —
=HaUSHNE NOTEHNMATEHON SHEDDMM
yopyToR pelRM NedOPMMpOBAHHOR mO
ROHTYDY RPMBOH. CAMMMM BERHRIMI
TapAMETDAMNM RAMECTEA RPMEOR TOPANOR
TNANROCTIH RpPMBOR M MNABEOCTE
MSMEHEEMA RpPMBMSHH. STH TApSMeTHH
ONEHMESETCA U0 DPANMKAM RpMBMSHH:

1) mO TpadMEY RPMEMSHH, DOCTHOSHROH
HeMOCPENCTBENHO HA RpMBOR [RHOMEA
Draw Curvature). [T TOSTpOSHMT
samaeTCA ROSGIIMEET

MacmTaBNpOBAHMA TpadMEA (TERSTOBOE

nome Scale:[ 1). NEaueHMe -
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Fig. 5. Opens a page NURBzS3D

Puc. 5. Ilepexon Ha ctpanuiy NURBzS3D

Is preliminary necessary to prepare a master DXF-file containing only the model of NURBS
curve. Open the master DXF-file in Notebook. Highlight and copy the text to the Clipboard.
Paste the copied text into the text box “Instructions and Messages”. Click [Set Sample DXF],
and then click [Get DXF]. Select the text and copy the text to the Clipboard. Open Notepad and
paste the copied text. Save the text file with the extension *. dxf. Go to COMPAS GRAPHIC
(Fig. 6). Open the generated DXF-file.

[IpenBapuTelbHO HEOOXOIMMO 3aroTOBHTH ATanoHHBIH DXF-daiin, comepkamuii TOJBKO
mozaenb NURBS kpusoii. Otkpoiite stanonnsii DXF-¢daitn 6moknoTtoMm. Beigenure Tekcr u
ckonupyiite B Clipboard . BcTaBbTe CKONMMpOBaHHBINM TEKCT B TeKcTOBOE moie “Instructions and
Messages”. Haxxmute knomky [Set Sample DXF] u 3atem kHomky [Get DXF]. Boigenute Tekct
n ckonupyite TekcT B Clipboard. OTkpoiiTe OJOKHOT M BCTaBbTE CKOMUPOBAHHBIA TEKCT.
Coxpanute Teket B Qaiin ¢ pacmmupenuem *.dxf. INepeitnure B KOMITAC 'PA®UK (puc.6).
Otkpoiite chopmupoBanubiii DXF-daiin.
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Fig 6. Writing the NURBzS model of curve to the COMPAS GRAPHIC.
Puc 6. 3anmucs NURBzS monenu kpusoit B KOMITIAC 'PAOUK.

1.4. Analysis NURBzS curve in Mathematica

1.4. Anamu3 NURBzS kpusBoii B Mathematica

For a more sophisticated analysis of the NURBS model the document of Mathematica used.

Go to the page NURBzS3D (button [to Bezier Spline]).

Click [NURBS Model to Mathematica].

Highlight and copy the text from the “Instructions and Messages”.

Open the workbook in Excel. Paste on Sheetl copied text, starting at cell Al

Jns 6osee Torkoro ananmuza NURBS moaenu ucnonssyercs qokyment Mathematica.

[Tepeitnute Ha crpanuity NURBZzS 3D (kHomka [to Bezier Spline]).

Haxxmure kHonky [NURBS Model to Mathematica].

Breinenure u ckonupyiiTe TekeT U3 mojs “Instructions and Messages”.

Ortxkpoiite kaury Excel. BctaBpTe Ha nucte JIuctl ckonmpoBaHHBINA TEKCT, HAUMHAS C
sueiiku Al.

The document 'Analyze NURBS.nb' of Mathematica is used for the analysis of NURBS
model.
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8 8 109,0559 -30,347 0 0,832665

9 9 83,25539 -76,6985 0 0,832665
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Flg 7. Transferring of NURBzS model to Excel.
Puc. 7. Ilepenoc NURBzS monenu B Excel

A P

' Paboumicion - RU 2 [ar i

With the help of the document can be viewed with the scheme of transfer of NURBS model
from the Web-application to Mathematica and analysis of NURBS curve in Mathematica. Load
the document.

Jnis ananusa ucnons3yercs gokyment ‘Analyze NURBS.nb' Mathematica. C momoripro
JIOKYMEHTa MOKHO 03HaKOMHThCS co cxeMoit meperoca NURBS monenn uz Web-npunoskeHus B
Mathematica u mpoBenenus ananuza NURBS kpuBoit B Mathematica . 3arpy3urte 10KyMeHT.

The document analyzes the NURBS curve, draws graphs of the curve and the curvature, and
calculates the potential energy of the curve. Program of analysis of NURBS curves in a
document developed by the authors. Edit the document to analyze the accuracy of the
approximation of the circle NURBzS curve.

HoxymenT BeimogHseT ananu3 NURBS kpuBoii, pucyet rpaduku KpuBOW U KPUBHU3HBI,
BBIYMCIIIET MaKporapaMerpsl KpuBoi. [Iporpammel anasimza NURBS kpuBbIX B JOKyMeEHTE
pa3pa60TaHLI ABTOpaMHU. OTpCHaKTprﬁTC JOKYMCHT IJIA aHaJIM3a TOYHOCTH alllIpOKCHUMAallun
okpyxkHoctu NURBZS kpuBoii.
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Fig. 8. Transferring of NURBzS model to Mathematica.
Puc. 8. [Tepenoc NURBzS moznenu B Mathematica.

E

The document draws the graph of NURBS curve and the curvature graph
B noxymente pucyercs rpaduk NURBS kpuBoii 1 rpaduk KpuBU3HbI
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[ File Edit Insert Format Cell Graphics Palettes  Window Help
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i#% Example 1 (sheet 1).nb *

Wolfram Mathematica | PRODUCT TRIAL Leaming Certes | Help | Comtactls | BuyMaematicn || e venye || oo
e e e = || Makpoes
(#M=Import["D:\\Wolfram Muftejev\\Test.xls"][[7]] //TableForm;x)

(*M=Import["D:\\Wolfram Muftejev\\Test.x1s"][[8]] //TableForm;x)

InE637= Print[M] ; I
| S

1. 3. 6. 2. 3. 1. -80.6042 59.1859 0. 1. 3 Basic Math Assistant

2. -48.7472 102.572 0. 0.828764 E
- Calculator

3. 3.95788 113.497 0. 0.828764
4. 50.4359 86.3494 0. 1. Bas\c-
5. 74.9071 72.056 0. 0.943971 [ v [t [ % |[ = | Documentn
6. $1.586 49.1441 0. 0.943971 (7 & =) 7o)
7. $7.6651 21.4648% 0. 1. (5 s|
8. 109.056 -30.347 0. 0.832665 EREE
S. 83.2334 -76.6985 0. 0.832665 I .
10, 33.2196 ~94.321 0. 1. [Tab_| Ente
11. 13.3347 -101.324 0. 0.9679537 e [ e e
1z. -7.73548 -101.%05 0. 0.9679537 lm"m
13. -27.9796 -96.0059 0. 1. (Sommand Compiete | Mete Templeis
14. -75.7712 -82.0777 0. 0.848942 S
15. -103.905 -41.0102 0. 0.848942
16. -99.6307 8.58586 0. 1. — | v Basic Commands
17. -98.0442 26.9958 0. 0.975185
18. -91.5407 44.2917 0. 0.975185 ~ Typesetting
1s. -80.6042 55.185% 0. 1. ]

3. MepeHoc usz Tabnuubl M napameTtpos NURBS kpueoii ] E

In(364l= row=M[[1, 1]]; (» l-a= cTpora Tabmmum M %) T -

% Wolfram Mathematica 9.0 - [Example 1 (sheet 1).nb *]

i

Palettes Window Help

[ File Edit Insert Format Cell Graphics

i Bxample 1 (sheet 1).nb *

e

[Hanpoﬁm v]ix

Wolfram Mathematica | PRODUCT TRIAL
ListPointPlot3D[CVs]}]]

In[392]:=

Inf393r= nevt = Lenathlcvivll :

Learming Center

| Help | ContsctUs

| BuyMathematica

3

|k

Basic Math Assistant

4 Calculator

[ input fom Above || Create Input Gal
| Output from Above | Create Text cell
| Command Complste | Make Template

v Basic Commands

Typesetting

o @ #[.[@Bo/e|=]» oM

Fig. 9. Graph of NURBZzS curve.
Puc. 9. I'papux NURBZzS xpusoii.
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2 Wolfram Mathematica 9.0 - [Example 1 (sheet 1).nb ] B

[ File Edit Insert Format Cell Graphics Evaluation Palettes Window Help |
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8). Manoe 3HayeHWe NOTEHLMANBLHOM SHEPrUM KPUBON. J

6.1.Ipachuk KpUBU3HBLI Kak hyHKLuUA F(X) no anuHe kpusoi ]

n299k= Print[ListLinePlot[Cvtcr]]; 1
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6.2. M'pachuk KpUBU3HBI HaA KPUBOIA ] the || v Basic Commands
psga
In[400k= (% Graph curve above the curve x) st two || * Typesefting
CvtGr3D = GraphCurvature3D[intP, int2D, Ccvtvl, -0.1]; }
IN[401:=
(+Print[CvtGx3D] ;%) }
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Flg 10. Graph of the curvature.
Puc. 10. I'padukn kpuBusasl NURBZS xpuBoii.

The magnitude of the curvature fluctuations < 0.00000001. In creating of the v-curve in the
web-application, the accuracy of delta = 0.0000001 limits the maximum error in constructing a
set of conic curves of double-contact form of the difference of unit tangent vectors of the last two
iterations of the approximation.

Bennuuna 6uenus kpuusnbl < 0.00000001. [Tpu moctpoenun v-KpuBoit B web-
npuinoxeHun TogHocTh delta = 0.0000001 orpaHnYMBaeT MaKCHMaIBHYIO MTOTPEITHOCTD
MOCTPOCHUS MHOKCCTBA KOHUYCCKUX KPUBBIX I[BOfIHOI“O COIMPHUKOCHOBCHUS BHA Pa3HOCTHU
CAMHHUYHBIX KaCaTCJIbHbBIX BEKTOPOB ABYX ITOCIICIHHUX I/ITCpaI_II/Iﬁ HpI/I6J'II/I>KCHI/I${.



