2. Modeling of b-spline curves of high quality

2. MoaeaupoBaHue b-crniiaiiHOBbIX KPHBbIX BBICOKOI'0 Ka4eCTBa

Repeat steps 1.1 and 1.2. (Example 1).
[Toropute mynkTs 1.1, 1.2. (Example 1).

2.1. Creation of b-spline curve of degree m =6

2.1. ITocTpoenne b-cniaiiHOBoI KPUBOIi cTeneHd m = 6

In the region Approximation switch radio button (*) by b-spline. Set the degree of the spline
m = 6 in the text box Degree [...].

Click [Create].

Brurounte B pernone Approximation nepexirodarens (*) by b-spline. Ycranosute crenenp
crlaiiHa m = 6 B TekcToBOM nosie Degree|...].

Haxxmute knonky [Create].
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Fig. 9. Approximation by b-spline curve of degree m = 6
Puc. 9. Annpokcumarus b-cruraiiHoBo#t KpuBoii cTenenn m = 6.

Copy the text from the text field “Instructions and Messages” the parameters of the built b-
spline curve to a notebook.

Quality Params of Curve:

Length = 628.4686218052126

Max Curvature = 0.010194911534591589

Min Curvature = 0.009822714205604472

Potential Energy = 0.06280748313036714

Ckomnupyiite u3 TekcroBoro mnous “Instructions and Messages” B OJOKHOT MapameTpsbl
MOCTPOCHHOM b-cruraliHoBOM KpUBOIA.

Quality Params of Curve:

Length = 628.4686218052126

Max Curvature = 0.010194911534591589

Min Curvature = 0.009822714205604472



Potential Energy = 0.06280748313036714
2.2. Creation of b-spline curve of degree m =8

2.2. IlocTpoenne b-cniaiiHoBoO KPUBOIi cTeneHd m = 8

Then repeat the creation of b-spline curve of degree 8.
3aTeM OBTOPHTE MOCTPOCHUE D-CIUIaitHOBON KPUBOM CO CTENEHBIO 8.
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Fig. 10. Approximation by b-spline curve of degree m =8
Puc. 10. Anmpokcumarius b-criaiitHoBo# KprBoO#t cTerneHn M = 8

Copy the text from the text field “Instructions and Messages” the parameters of the built b-
spline curve to a notebook.

Quality Params of Curve:

Length = 628.4292338542845

Max Curvature = 0.010052437098011756

Min Curvature = 0.009955185823318653

Potential Energy = 0.06280652686599163

3anuiuTe napamMeTpsl B OJOKHOT

Quiality Params of Curve:

Length = 628.4292338542845

Max Curvature = 0.010052437098011756
Min Curvature = 0.009955185823318653
Potential Energy = 0.06280652686599163

2.3. Creation of b-spline curve of degree m =10

2.3. IlocTpoenne b-cniaiinoBoii kpuBoii 10-0ii crenenn
Then create the b-spline curve of degree 10.
3arem moctpoiite b-craiHoBYy0 KpUBYIO co cTenenbio 10.
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Fig. 11. Approximation by b-spline curve of degree m = 10

Puc. 11. Annpokcumanus b-craiitHoBol KpuBoit creneHn m = 10

Copy the text from the text field “Instructions and Messages” the parameters of the built b-
spline curve to a notebook.

Quality Params of Curve:

Length = 628.4239566283096

Max Curvature = 0.010039413378914824

Min Curvature = 0.009944895743134296

Potential Energy = 0.06280699929556782

3anuiuTe napameTpsl B OJOKHOT.

Quiality Params of Curve:

Length = 628.4239566283096

Max Curvature = 0.010039413378914824

Min Curvature = 0.009944895743134296

Potential Energy = 0.06280699929556782

Compare the parameters in the notebook of created b-spline curves of degrees 6, 8, 10.
Calculate and compare the values of the curvature fluctuations

(- 0.010194911534591589 0.009822714205604472), (- 0.010052437098011756
0.009955185823318653), (- 0.010039413378914824 0.009944895743134296) = 0.000372197,
9.72513e-005, 9.45176e-005.

CpaBHHTE B OJIOKHOTE MapaMeTpbl MOCTPOCHHBIX D-CrimaliHOBBIX KpUBBIX creneneit 6, 8, 10.
Beruucnute v cpaBHUTE 3HaYeHUs] OMEHUI KPUBU3HBI

(- 0.010194911534591589 0.009822714205604472), (- 0.010052437098011756
0.009955185823318653), (- 0.010039413378914824 0.009944895743134296) = 0.000372197,
9.72513e-005, 9.45176€e-005.

2.4. Writing NURBS model to CAD systems

2.4. 3anuce NURBS mogenun B CAD cucremsbl



Web > AutoCAD
Writing is similar writing NURBzS model (see section 1.3).

Web > AutoCAD
3anuchk npousBoautcs ananorndyno 3amucu NURBzS monenu (cm. . 1.3).

Web> KOMPAS 3D

If the curve is flat, the writing of NURBS model is similar writing NURBzS model (see
section 1.3).

Spatial b-spline curve on a uniform grid can be written in KOMPAS 3D. Build a b-spline
curve of degree 8. When working with KOMPAS 3D use degree 8, as the 10th degree of the
spline will require in KOMPAS 3D setting the 11-th order of NURBS, which is not supported by
COMPASS. Click [NURBS Model to KOMPAS 3D]. Select the text in the text box “Instructions
and Messages” and copy to the Clipboard. Open the notebook. Paste the copied text, and save the
file with extension *. txt.

In the KOMPAS 3D, create or open a document 3D. To construct a spline from the data
table, do operations - Spatial curves - Spline at the poles - Read from file - Specify the file with
table of coordinates of points and weights of s-polygon. Specify the order of the spline. The
order of the spline is one more than the degree of the spline, given in the web-application.

Web > KOMIIAC 3D

Ecmu xpuBas miockas, to 3amuck NURBS monpenu nmpow3BOIuTCS aHAJIOTHYHO 3aIlvicy
NURBzS moxenu (cm. 1. 1.3).

[TpocTpaHcTBEHHYIO D-CIUTaliHOBYIO KPHUBYIO Ha PaBHOMEPHOM CETKE MOYKHO 3alucaTh B
KOMIIAC 3D. Iloctpoiite b-crnaitHoByto kpuByio crenenu 8. IIpu padore ¢ KOMIIAC 3D
HCITONIB3YHTE CTEIIeHH He BhIIe 8, Tak Kak 10-as crenens cruraitHa motpedyer B KOMITAC 3D
3amanus 11-ro mopsimka NURBS, kotopsiit B KOMITAC 3D ne mognepkuBaercs. Haxmure
kaonky [NURBS Model to KOMPAS 3D]. Beigenure TekcT B TEKCTOBOM mosie  “Instructions
and Messages” u ckonupyiite B Clipboard. OTtkpoiite 0;10KkHOT. BcTaBbTe CKONMMPOBAHHBIN TEKCT
U coxpaHuTe B (haiin pacmmpenueM *.txt.

B KOMITIAC 3D cozpaiite wnu oTkpoute AoKyMeHT 3D. Jlyiss mocTpoeHus cClulaiiHa Io
JTaHHBIM TaONMUIEl BeIONHUTE Oneparuu - [IpocTpancTBeHHBIE KpuBbIe - CIUIaifH MO MOJII0CcaM -
Yurate w3 ¢aiina - VYkaxure @ailn Tabmuupl ¢ KOOpAMHATAMHU TOYEK M BECOBBIMU
Kod(puIMeHTaMu S-TIOJIMTOHA. YKaXUTE TOPSAIOK crulaiiHa. [lopsaok crutaiiHa Ha €IWHHUILY
OoJbllie CTENEHH CIUIaiiHa, 3aJaHHON B Web-TTPHII0KEHNH.
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Fig. 12. Writing b-spline curve of degree 8 in the KOMPAS 3D.
Puc. 12. 3anucs b-crutaiinoBoii kpuBoii 8-oii crenenn B KOMITAC 3D.

By default, generated b-spline curves in the closed (clamped) format. In this case, when
writing NURBS curve to KOMPAS 3D in KOMPAS 3D set the option “is not closed”.

In KOMPAS 3D can write a closed b-spline curve in the closed (float) format. For this
purpose, web-application before building b-spline curve in the region switch the Format radio
button (*) Float. When writing NURBS curve to KOMPAS 3D in KOMPAS 3D set the option

“is closed”.

[To ymomuanuio co3narorcs b-craiiHoBble KpUBBIE B 3aKkpbIToM (clamped) popmare. B aTom
ciyqae ripu 3anucu B KOMITAC 3D ycranosute onuuto HezamkHyToct NURBS kpuBoii.

B KOMITAC 3D moxHO 3anucarh 3aMKHYTYIO b-cIutaiiHOBYt0 KpuByto B 3aMKHYTOM (float)
dopmare. [l 3T0r0 B web-npuiioskeHuM nepej NocTpoeHUeM b-crutalHoBOM KPUBOM BKITIOUHUTE
B peruone Format nepekiouarens (*) Float. [Tpu 3anucu napamerpoB b-craiitHoBoit kpuBo# u3
tabmuisl B KOMITAC 3D ycranosute oniuio 3aMkHyTocTH NURBS KpuBoii.

2.5. Analysis NURBS curve in Mathematica

2.5. Anasmm3 NURBzS kpuBoii B Mathematica

After the creation of b-spline curve of degree m = 10, go to page NURBS3D (button [To B-
Spline]). Click [NURBS Model to Excel].

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

[Tocne mocTpoenus b-crutaitHoBoO# kpuBoi cTeneHn m = 10 nepeiiaure Ha CTpaHUILY
NURBS3D (xnomka [To B-Spline]). Haxxmute knoniky [NURBS Model to Excel].

Brinenute u ckonupyiite Tekct u3 noist “Instructions and Messages”.
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Fig. 13. Writing NURBS model of the curve to Excel.
Puc. 13. 3amucs NURBS mozenu kpuoii B Excel.
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Open the workbook in Excel. Paste on Sheetl copied text, starting at cell Al.
Otkpoiite kaury Excel. BcraBpTe Ha nucte JIucTl ckonmupoBaHHBIN TEKCT, HAYMHAS C
ssaeiiku Al.

O 9 -C )= Examplesals [Pexns cosmectamocmv] - Microsoft Excel =
X | fnaoros | Beraska  Paswercaciparvus  Gopuyns  [Janrsie Bug PaGodas rpynna @ - = x
b - -|A K| = -| | S nepenoc rexcra wii - e TS
BFEI e - “:1“ lA—AI "P oo e ﬁ @ 5 Yganuts - ﬂ [ﬁ |
oo | e A s ureucnes o (7 %h W e iy | Houer )
Bydep o6mena = WpudT iE] BHIpaBHWBAHWE £} Hucno Crnm Aueiikn PeakTMpOBaHKe |
\ Q21 -0 5]
o . e [ F &6 [ H 1 [ J [ K [ L M [ N o [ P [ o [g
10 10 111,263 -28,5918 0 1 10 0
1 11 78,5089 -83,7502 0 1 11 0
12 12 275567 -104,847 0 1 12 1
13 13 -13,2475 -108,116 0 1 13 2
14| 14 -48,1294 -94,1522 0 1 14 3
15| 15 -71,6474 -76,3472 0 1 15 4
16 | 16 -87,5191 -54618 0 1 18 5
7| 17 -97,1261 -34,6473 0 1 17 6
18 18 -102,435 -11,2275 0 1 18 7
19| 19 -101,524 11,7108 0 1 19 8
20 20 -96,5648 30,015 0 1 20 9 |
21 21 91,1173 42,1684 0 1 21 10 I _I
22| 22 -87,8418 48,1586 0 1 22 11
23| 23 12
24 24 12
25| 25 12
26 | 26 12
27 | 27 12
28 | 28 12
29 29 12
W 4 » M| sheetl | Sheet2 ~‘Sheet3  'Sheet4 - 'SheetS - Sheet6 . 'Sheet7 ~‘Sheetis , #J m
foToEo | |

g »
: PaBounit cron

Bo @ & |.|@Bo/e|x]|am].7]m]=x
Fig. 14. The intermediate writing of parameters NURBS model in Excel.
Puc. 14. Ilpomexxyrounas 3anuck mapamerpoB NURBS monenu B Excel.

For the analysis is used the document '‘Analyze NURBS. nb ' of Mathematica. With the help
of a document can be viewed with the scheme of transfer of NURBS model of Web- application
to Mathematica and analysis of NURBS curve in Mathematica.




Jns ananu3a ucnonb3yercs nokymeHt '‘Analyze NURBS.nb' Mathematica. C momorisio
JIOKYMEHTa MOKHO 03HaKOMHThCS co cxeMoit nmepeHoca NURBS monenu uz Web-npunosxenus B

Mathematica u nmpoBenenus ananuza NURBS kpusoit B Mathematica .

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 by NURBS curve.
HoxymenT npoBoaut aHanu3 NURBS kpuBoii, pucyer rpaduku KpuBOil M1 KPUBU3HBI,
BBIUNCIISIET MakponapaMmeTpbl KpuBoil. I[Iporpammel ananuza NURBS kpuBbIX IpOU3BOJIBHBIX

CTeleHel B JoOKyMeHTe pa3paboTanbl aBTopamu. OTpenakTupyiTe JOKYMEHT Ui aHAIu3a
ToyHOCTH anmpokcumanuu okpyxHoctd NURBS kpuBoii.

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

B noxymente pucyercs rpadgux NURBS kpuBoii u rpaguk KpuBHU3HBI.
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Fig. 16. Graph of the curvature.
Puc. 16. I'paduk kpuBuzasl NURBS kpuBoii.
The magnitude of the curvature fluctuations < 0.0001. In creating of the b-spline curve in the
web-application, the accuracy of delta = 0.0000001 limits the maximum error of approximation

(the maximum distance from the points of base polyline to b-spline curve).

Bennuuna 6uenus kpusu3nbl < 0.0001. IIpu nmoctpoenun b-crutaitHOBoM KpuBOii B web-
npuioxenuu TouHocTh delta = 0.0000001 orpannymBaeT MakKCUMaJIbHYIO MOTPEITHOCTD
npuOIKeHUs: (MaKCUMallbHOE PACCTOSIHUE TOYKU OTIOPHOM JIOMaHOMU OT b-CritaifHOBOM

KpHUBOH).



