Example 3. The exact approximation of conical curves by rational b-spline curves

Example 3. Tounasi annpokcuManus KOHHYECKUX KPUBBIX PAIMOHATIbHBIMH b-
CIJIAIfHOBBIMM KPHBBIMH

Hcnonp3yiiTe 1aHHbIe, TOATOTOBJICHHBIC B TpuMepe 1. B nmpumepe 1 web-nipunoxenue
CTPOUT V-KPUBYIO Ha OMIOPHOM JIOMaHOM, CHATOM ¢ OKPYKHOCTH H alllPOKCUMHPYET €€
kyonueckoit NURBzS kpuBoii (puc. 1).
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Puc. 1. Web-npunoxeHne CTpOUT V-KPUBYIO U anmpokcuMupyet ee kKyoudeckoit NURBzS
KPUBOM.

Ha skpane otobpaxatorcst rpaduku KpUBOH (KpacHOTO 1IBETA), KpUBU3HBI HAJl KPUBOM
(3eneHoro mnBeTa), KpuBU3HBI BUsa F(X)(kpacHOro 1BeTa), ypaBJIsiONINi MOJUTOH (ToTy00ro
1[BETA).

[epeiinute Ha crpanuiyy NURBzS3D (kHonka 'to Bezier Spline'). KouBeprupyiite
NURBZS kpuByto B palimoHai by b-criaitHoByto kpuByto (kHomnka ‘“To Conic Real Bezier
Spline’).
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Puc. 2. Kouseprupoanre NURBZS kpuBoii B panrioHanbHyr0 D-crutaifHOByI0 KpUBYIO.

Anroput™ [MydTteeB 2012 Bunnwnia] Web-npuioxkeHus mpeodpasyeT reOMeTpUIECKYIO
NURBZzS kpusyto B peannbHyto NURBzS kpuByto crenenu 6.



[Moguumute creneds peanbHoii NURBZS kpuBoii 10 xemaemoit crenean m (m < 11)
(xnomka ‘Elevate Spline Degree’). Anroputm [Muftejev 2009] web-nipunoskeHus HoJHIMAET
creneab NURBZS kpuBoii.

U 3arem npeodpasyiite peanpayto NURBZzS kpuByro B paninoHalbHYyI0 b-CIIIaitHOBYIO
kpuBymo (kHomka Convert to B-Spline). Web-npunoxenue ¢ momosto BS-anropurma
[Muftejev 2009 MAI] nipeoOpasyeT peabHy0 palliOHAIBHYIO CILUIAHOBYIO KpUBYIO besbe B
paMoOHANBHYIO b-CIIaHOBYIO KPUBYIO, COBIAIAIONIYIO ¢ KOHUYECKOUM KPUBOM.

BrimonauTe 3KCcnipecc-aHann3 KauecTBa KpruBoil. OToOpasute rpaduk KpUBU3HBI B BUJIE
¢ynkimu F(x). Ha puc. 1, 2 rpaduk kpuBu3Hbl Bujga Gpynkuuu F(X) npeacrasiser
TOPU30HTAJIBHYIO JINHHUIO).

s Tounoro ananmsa nepenecute NURBS mozens B Mathematica B mpuioxenue.
Haxmute kHoniky 'NURBS Model to Excel', ckonupyiite B Oydep maMsaTé BeCh TEKCT
MHOT'OCTPOYHOT0 TeKCTOBOTO moJis 'Instructions and Messages’.

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 A1

[ns 6onee ToHKoro aHanmsa NURBS mogzenv ncnonbsyetca gokymeHT Mathematica.
Mepenante Ha ctpaHuuy NURBzS 3D (kHonKa [to Bezier Spline]).

Haxkmute kHonky [NURBS Model to Mathematical.

Bblgenute n ckonupyiTe TekcT U3 nonsa “Instructions and Messages”.

OTKpoiiTe KHUry Excel. BctaBbTe Ha nucTe JIMCT1 CKONMPOBAaHHbIV TEKCT, HauMHan ¢ AaYeirku Al.



2 Nepesogunk Google %/ [ NURBS3D: Modeling NUF ||

€& - C' | [ fair-nurbsru/RNURBS3D.aspx | =
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Edit Create Curve: Read Data: Write Data:
Mode: ‘Venices ‘ [Segmems ] [Verlices ] [ Prepare DaLa] [ NURBS fram AutaCAD] [ MNURBS to AutoCAD]

Pozition: D S-Palyline to AutoCAD
Set POZZD NURBS fram Excel

Tiew -
View Params: | Zoom All [ NURBS fiom tabls X Y 2 W RBS to Excel z

| [1u
[o]ex]alm] v [=] —
Open the workbook Excel. Paste on Sheetl copied text, starting at cell Al

[lepeiinute B Excel u BcTaBbTe, HauMHas ¢ stueiiku Al, TekcT u3 6ydepa namsrTu.

~- )= Examplesixs [Pexum cosmectumocru] - Microsoft Excel o
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Fig. 7. Transferring of NURBzS model to Excel.

Puc. 7. MepeHoc NURBzS mogenu B Excel



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.

[ns aHanusa ucnonbayercs AokymeHT '‘Analyze NURBS.nb' Mathematica. C nomoubto AOKyMeHTa
MOXHO O3HaKOMUTbCA co cxemolt nepeHoca NURBS moaenn ns Web-npunoxkeHns 8 Mathematica n
nposeaeHus aHanmsa NURBS kpusoii B Mathematica . 3arpy3suTte AOKYMEHT.

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.

JoKkymeHT BbinonHAeT aHanm3 NURBS KpuBoM, pucyeT rpaduKkm KpMBOIM U KPUBU3HBI, BblUUCAAET
MaKponapameTpbl Kpusoii. Mporpammbl aHanm3a NURBS KpuBbIX B LOKYMeHTe pa3paboTaHbl
asTopamun. OTpenaKkTUpynTe JOKYMEHT ANA aHaAM3a TOYHOCTU annpoKcMmaumnm okpy»kHocti NURBzS

KPUBOWA.
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B Wolfram Mathematica 9.0 - [Example 3 (sheet 3).nb *]

[ File Edit Insert

Palettes Window Help

Format Cell Graphics

4 Example 3 (sheet 3)nb *
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Wolfram Mathematica | PRODUCT TRIAL
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In[589]'= Print [Show[ {Graphics3D[{Blue, Line[CV=], Green, Line [GBP], Red, Line[intP]}],

o @ #l[ewm[o/e[x[a[m]./]r]
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| Output from Above | Create Textcell |
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% Wolfram Mathematica 9.0 - [Example 3 (sheet 3).nb *]

‘Fule Edit Insert Format Cell Graphics Evaluation Palettes Window Help

% Bxample 3 (sheet 2)nb *
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6.2. MpaduK KPUBW3HLI HAM KPUBOIWA

(* Graph curve above the curve x)

CvtGr3D = GraphCurvature3D[intP, int2D, CvtVl, -0.1];

(#Print [CvtGx3D] ;%)

Lesming Center | Help | ComtactUs | Buy Mathematicn % 3 Haifmm ~

Print[Show[ {Graphics3D[{Blue, Line[intP], Green, Line[CvtGr3D]}],

ListPointPlot3D[CVs]}]]
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1.4. Analysis NURBzS curve in Mathematica

1.4. AHanu3 NURBzS kpusoi B Mathematica
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The document 'Analyze NURBS.nb' of Mathematica is used for the analysis of NURBS model.
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Fig. 7. Transferring of NURBzS model to Excel.

Puc. 7. NepeHoc NURBzS mogzenu B Excel

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

Palettes Window Help

[ File Edit Insert Format Cell Graphics

4 Bxample 1 (sheet 1).nb *

Wolfram Mathematica | PRODUCT TRIAL Leaming Gentes | Help | Comtactls | BuyMathematcn || pe ceme ||
e e e = Moo
(#M=Import["D:\\Wolfram Muftejev\\Test.xls"][[7]] //TableForm;x)

(#M=Tmport ["D:\\Wolfram Muftejev\\Test.x1s"][[8]] //TableForm;s)

InE637= Print[M] ; I

1. 3. 6. 2. 3. 1. -80.6042  59.185% 0. 1. 3 Basic Math Assistant
2. -48.7472 10z.572 0. 0.828764 E ~ Caloulator
3. 3.55788 113.497 0. 0.828764
4. 50.4359 86.3494 0. 1. Basw:-
5. 74.5%071 72.056 0. 0.943971 [x | i
6. %1.586 49.1441 0. 0.943971
7. 57.6691 21.464% 0. 1.
8. 108.056 -30.347 0. 0.832665
S. 83.2334 -76.6985 0. 0.832665
10. 33.21%6 -%4.321 0. 1.
11. 13.3347 -101.324 0. 0.9679537
iz. -7.73948 -101.80%5 0. 0.9679297
13. -27.97%6 -96.0059% 0. 1.
14. -75.7712 -82.0777 0. 0.848942
15. -103.905 -41.0102 0. 0.848942
i16. -9%.6307 8.58586 0. 1.
17. -98.0442 26.9558 0. 0.975185
i8. -91.5407 44.2917 0. 0.875185
1s. -80.6042 59.185% a. 1.

3. MNepeHoc w3 Tabnuybl M napameTpos NURBS kpuson

In(364]= row=M[[1, 1]]; (» l-a= cTpora Tabmmum M %)
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Fig. 8. Transferring of NURBzS model to Mathematica.

Puc. 8. MepeHoc NURBzS mozenn B Mathematica.



The document draws the graph of NURBS curve and the curvature graph

B nokymeHTe pucyetca rpadmk NURBS KprBoit 1 rpadmk KpUBU3HDI
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Fig. 9. Graph of NURBzS curve.

Puc. 9. N'padmk NURBzS KpuBoli.
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In309)= Print[ListLinePlot[CvtGr]]; T
0.01000000 3 ]
Basic Math Assistant
0.01000000 + Calculator
0.01000000 |-
[
0.01000000 |- [
0.01000000 | :
0.01000000 [ |
| Tab | Enter | TraditionalForr
0.00999599 - | Input from Above || Greate Input Gel
E 1 | Output from Above | Create Text Cell

| Command Complete |  Make Template

100 200 300 400 300 600

the || v BasicCommands

psa
st two | | * TYpesetting

6.2. ['pachunK KpUBU3HBI Haa KPUBOR

In[400}= (% Graph curve above the curve x)
CvtGr3D = GraphCurvature3D[intP, int2D, Cvtvl, -0.1];

]
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Fig. 10. Graph of the curvature.
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Puc. 10. I'padumku KpmnemsHol NURBzS Kpnson.

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.

BennuunHa 6ueHmns kpuemusHbl < 0.00000001. Mpur NoCTpoeHUmM V-KpmBoi B web-npunoxkeHum
ToyHocTb delta = 0.0000001 orpaHMYMBaET MAKCUMabHYO MOFPELIHOCTb NOCTPOEHMA MHOMECTBa
KOHMYECKUX KPUBbIX ABONHOTO COMPUKOCHOBEHMA BUAA PAa3HOCTU eAMHNYHBIX KacaTe/lbHbIX BEKTOPOB

ABYX NocnegHnx ntepaumin npubamkenms.



