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Ypok 1: BBEAEHNE



MaTepuansbl Kypca:

https://sites.google.com/site/modelingpractice



OpenCascade — 310 bmbnmnoteka (SDK)

Pa3paboTka nporpamMmMmHoro obecnevyeHmns B HaLw
[IHN — 3TO peaKo HanncaHue koada c Hyns. ns
co3gaHnsa kommepyeckun ycnetdHoro MO
MUPOBOIO YPOBHS TpebyeTcA npuBneyeHmne

CTOPOHHUX ONONMOTEK.
CGAL

o
- /JASCADE

/ TECHNOLOGY



Llenb Kypca

* [1peanoXuTb HOBbIM MHCTPYMEHT AN
Balllero apceHarna paspabortyumka n
nccnegoBartens

— Llenb 1: BbI MOXETE cO34aBaTb HAyKOEMKOE
nHxxeHepHoe 10

— Llenb 2: Bbl BXOOAUTE B aKTyalbHYI0
nccrnenoTBarnbCKyo obnacTtb

BHUMAHMUE!

bes komnbioTepa 3gecb AEJIATb




Y4TO HY>XXHO 3HATL?

* A3bIK C++;

* OCHOBbI rEOMETPUYECKOTIO
MOAOENNPOBaHUS:
— YucnexHble metoabl;
— BbluncnutenbHas reoMeTpuA.

» ba3oBada «MHXeHepHas KynbTypa:

— TepMuHbI «u3aenme», «cbopkar, «aeTanb,
CAIIP v np. He gOIMKHbI BBEpPraTb B CTYMOP.



OpenCascade He YHUKarneH

* ACIS fgpsAnAL

e Parasolid SIEMENS
* SMLib

 C3D

* RGK

* OpenCascade

< QPENCASCADE



[Tpumepbl HXKeHepHoro 10

S, Mecres  Orolpeneme W, Bocerwemen,  [laworomrs  flcronot v Tpae  Oyvaicn

ACIS: ANSYS SpaceClaim
* Parasolid: SolidWorks
C3D: KOMPAS-3D

* OpenCascade: FreeCAD

30Ha NPUMEHEHUSA: NMHXEHEPHOE U
Haykoemkoe 10O

[MpoekTupoBaHn —— AHanun3 (NPOYHOCTb, KonebaHus,

e ! ... |

—— [NlponsesoacTs
(o)




[lpoekTnpoBaHune n Pacyet

B nto6om criyyae Hy>kHa MatemaTndeckas

MOAeEernb camMoro oobekTa —
reomeTpuyeckasi Moaensb.

Trent 900 whole engine model: ® 2003 Rolls-Royce plc




To4yHOe nNpeacraBneHne
o0beKTa

* Constructive Solid Geometry

(CSG)
VOLUME SHELL FACE EDGE

set of primitive shapes such as

— the shape is determined using
blocks, cylinders, spheres etc.

Boolean set operations (Union,
A7
1 A

Intersection, Difference) on a
VERTEX

* Boundary representation (B-
REP)

— the shape is represented as a
collection of faces, edges, and
vertices.
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HeTo4yHOE npeacraBneHme
o0beKTa

* Facetting * Voxel

— e.g. STL mesh file — Applications: medical
— - - scans (CAT, NMR,

ERArde tdt Wew dowt Fomat Tods Deaw Oewnsion Modfy | STUispet Window =18 x|
BG[voddae sl[Geiae  sli[= s -l e-.g.:_ <[ It d
DFE SL&R XBAN v o0 & "5 Regaw ffl et Q@R ThE o u rasoun

= About B
A
24¥. " o~
S | (17
o % A _[i i
e ) [ ({11} , ‘
co S LR
(ol |
~ . p ¥
oS
@

@~
« It
-l e
B r
A7

[;-3-..-“1”.5 node ) =]
anand T
lvpot a STL e STUNPORT




1960

1970

1980

1990

2000

|

McTopua CAD

Graphics, wireframe modelling, surface modelling

Commercial wireframe modelling, commercial surface
modelling, solid modelling, surface modelling

Commercial solid modelling, surface modelling,
product modelling, applications

‘ommercial solid modelling, surface modelling,
Commercial solid modelling face modelling
product modelling, applications

Commercial solid modelling, surface modelling,
product modelling, PDM, PLM, applications

|.Stroud, 2011
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CocTaB OunbnmoTeku

MaTt. ObecneyeHue (CAGD)

MopgenunpoBaHue (CAGD + CAD)
O6MeH gaHHbIMU

dacetep — Busyanunsauums

CepBuchl

0

100

200

300

400

500

Application Framework (OCAF)
Configuration |

Data Exchange

Documentation |

Foundation Classes

Mesh

Modeling Algarithms & Modeling Data

Samples
Shape Healing

:III_IAIHI___LI_A - |

Visualization

Vis v

2
; o

“\odell/; o %

o

>

Foundation
Classes

https://dev.opencascade.org
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ELle pa3: 4YTo Takoe

OpenCascade?

«Although there are facilities for displaying graphics
in Open CASCADE, the real function of the library is
to do the math. There are dozens of graphics libraries
(if not hundreds), but there are very few solid
modeling libraries, and Open CASCADE is the only
open source solid modeler»

(B3ATO ¢ odomnumansHoro gopyma OCCT).



MaT. obecneyeHumne

basoBasi nuHenHas anrebpa
— Solvers
— Eigen values & vectors
— SVD
MeToabl nokanbHOW U rmodanbHON oNTUMU3aLun
— Newton, BFGS, FRPR, Powell
— PSO
NHTepnonsauusa n annpokcumaums
— By points or sections (discrete data)

U(l) - ZZ:() ﬂ;,-Lk(;.I?H < €.

L()(;IT) =10
Ly(z) = =,
3. A
Ly(zx) = 5% —5
2i — 1 -1
Li(x) = : rL;_1(z) — : L;_o(x)

— By continuous function (e.g. from offset surface to polynomial)

f’g\:\\ Q. N
\. Q. . TN . .

o NN\ Bf) = D1/ (a) = wil® +X- /
Q = JR"
Qr"/ Z:l

v/’\QQ\:

QQ \ %

Q N\

@ 3 = o

.2 ;
D2j’ dX — min.
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MopaenunpoBaHue

[loBepXxHOCTHOE

KnHemarunyeckmne NOBEPXHOCTN

CKUHHWHT

TBepOooTenbHoe

[Mpnama
YKNOH

TOHKOCTEHHOE TENOo

byneBbl onepauun

[N 3D View - Driver1/Yiewerl/Yiew1(*)

OCCT Boolean Common

" Analysis Situs [Skinning]

Skin Surface

[M 3D Yiew - Driver1 /Viewer1,/Yiew1{(*)

OCCT Boolean Cut

16



OOMeH AaHHbIMIN

« dopmartsbl:
— HenTtpanbHble popmatsl: STEP (1ISO 10303), IGES
— [lonuroHanbHble doopmaThbl: STL, VRML

e JlaHHblE:
— [eomeTpu4

— MeTa-gaHHble (COopKun, UBETa, UMEHA, Crou, crieunanbHble
aTpunoyThl)

—i0i x|




OpraHusaumsa B FS

[lakeT 1/ Knacc 1
[lakeT 1/ Knacc 2
[lakeT 2 / Knacc 1
[lakeT 2 / Knacc 2

n

Adaptor2d
Adaptor3d
AdvApp2Var
AdvApprox
AIS

APIHeaderSection

AppBlend
AppCont
AppDef
AppParCurves
Approx
ApproxInt
AppStd
AppStdL
Aspect
BinDrivers
BinlLDrivers
BinMDataStd
BinMDataXtd
BinMDF
BinMDocStd
BinMFunction
BinMNaming
BinMXCAFDoc
BinObjMgt
BinTObjDrivers
BinTools
BinXCAFDrivers
Bisector
BiTgte

Blend
BlendFunc
Bnd

BndLib
BOPAlgo
BOPCol

BOPDS
BOPTest
BOPTools

BRep
BRepAdaptor
BRepAlgo
BRepAlgoAPI
BRepApprox
BRepBlend
BRepBndLib
BRepBuilderAPI
BRepCheck
BRep(Class
BRepClass3d
BRepExtrema
BRepFeat
BRepFill
BRepFilletAPI
BRepGProp

BRepIntCurveSurface

BRepLib
BRepLProp
BRepMAT2d
BRepMesh
BRepOffset
BRepOffsetAPI
BRepPrim
BRepPrimAPI
BRepProj
BRepSweep
BRepTest
BRepToIGES
BRepToIGESBRep
BRepTools
BRepTopAdaptor
BSplCLib
BSplSLib

BVH

CDF

CDM

ChFi2d

ChFi3d

ChFiDS

Name

18



Cbopka (CMake)

‘©3.20-rc2 - C:f/Work/OCC/master-70-dev-build/win64/vc10
—
pols Options Help

ithe source code:  C:fWorkjOCC/master-70-dev

Browse Source. ..
v || Browse Build...
[7] Grouped  [] Advanced | g Add Entry [3¢

3 build the binaries:  C:/Work{OCC master-70-dev-buildfwiné4/vc10

7P_\emove Entn;-

Name Value|

< | n ] »

Press Configure to update and display new values in red, then press Generate to generate selected build

files.
Current Generator: None

Specify the generator for this project
|visual Studio 12 2013 Wing4

@ Use default native compilers
() Specify native compilers
() Specify toolchain file for cross-compiling

() Specify options For cross-compiling

A CMake 3.2.0-rc2 - CVWOMOCClmtefJO-dev-bii

Mame Value

File Tools Options Help |

D:/0CC/products/occt?0products|

olution Explorer
RS
g Solution "OCCT" (63 projects)
a . : CMakePredefinedTargets
b |l INSTALL | —
Modules |2
Applicati

ild <—
Rebuild

‘Where is the source code: C:IWorHOCCImaster-?D-;ﬂeT

‘Where to build the binaries:  C:fWork{OCC/master-70-dev v | Browse Build...
Search: [7] Grouped i d Entry | | ® Remove Entry

Name Value

3RDPARTY_DIR D:/0CC/products/acct?7d0products |
3RDPARTY_FREETYPE_DIR D:/0CC/products/occt?00products/freetype-25....

3RDPARTY_FREETYPE_DLL_DIR D:/OCC/products/occt?0dproducts/freetype-2
3RDPARTY_FREETYPE_INCLUDE_DIR freetype2 D:/OCC/products/occt?d0products/freetype-2.
3RDPARTY_FREETYPE_INCLUDE_DIR_ft2build D:/OCC/products/occt700products/freetype-2
3RDPARTY_FREETYPE_LIBRARY_DIR D:/OCC/praducts/occtT00products/freetype-2.5....
IRNPARTY TCIL_NIR D-OCCnraducts/acctM0nraducts /tclth-86-64

Press Configure to update and display new values in red, then press Generate to generate selected build files.

Current Generator: Visual Studio 10 2010 Winé4

INTOT \LLTS4145) LOMpAre FILES WITH I1leS 1n Packaye Glrectories... 7]
Warning. File C:/Work/OCC/master-70-dev/src/StepFile/step.lex is not listec i
Warning. File C:/Work/OCC/master-70-dev/src/StepFile/step.yacc is not liste
Info: (11:34:53) Create header-links in inc folder...

Info: (11:35:11) Checking headers in inc folder... I
Info: (11:35:15) End the collecting |
Configuring done ~
< . | >
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BN =

INlntepartypa K ypoky 1

An Introduction to Solid Modeling. M. Mantyla. 1988.

The NURBS Book. L. Piegl, W. Tiller.

Solid Modelling and CAD Systems. How to Survive a CAD System. I. Stroud. 2011.
O630p Open CASCADE Technology. C. CnsaagHeB // isicad.ru



Ypok 2: Hello World



Toyka Bxoaa: Draw

* MHTepnpetaTop Tcl ¢ nonb3oBaTeNbCKUMMU
pacLUNPEHNSMMU

« [ocTyn Ko Bcen 6a30Bon PyHKLMOHANBHOCTU sSiapa
* bbicTpoe npoTtoTUNMpoBaHue



ba3oBble KOMaHAb

> pload ALL
>boxalll
> axo; fit

> vinit

> vdisplay a
>> f

>> S

>> Ctrl + RMB

[ssensen

ew - Driverl/Viewerl/View1(*)

raw

(o] B i

File" Load

Views Display Samples

Curves Surfaces Help

& Samples

Samples I
© Modeling |
QCCT Tutoril bottle shape

CAD shape
Milling cutter
Drill

MBB Gehause Rohteil (classic i
Snowflake - creation of 2d dra
@ XDE
® Demos

# Visualization

The following example constructs ANC-101 object of CAY

#

#

# This model was used as a test part for comparing modeling syste
# again in 1983. The tests were organized by Computer Aided Manuf
# International (CAM-I).

#Category: Modeling

#Title: ANC101 (classic test for CAD modeling from CAM-I)

ipload MODELING

set my pi 3.1415926535897931
set aModelHei 178.25

set aPlatformlength 426.25
set aPlatformWid
set aPlatformiei 58.9
set aPrismLengt!
set aPrismWidch

set aPrismHeight [expr $aModelHeight - $aPl rmHeight]

set aPrismXOffset [expr SaPlatformLength - $aPrismlength - 69.75]
set aPrismYOffset [expr (SaPlatformWidth - §

PrismWidth) /2]

# & base of the model
box _platform $aPlatformlength SaPlatformWidth $aPlatformHeight

# Make screw holes on the platform

set ascrewHoleRadius [expr 26.2/2]

set ascrewHoleOffset 31

peylinder _screwhole $aScrewHoleRadius $aPl rmHeight
ttranslate _sc le $aScrewHoleOffset SaScrewHoleOffset O
beut _platform _platform _screwhole

Run sample

5
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e ACIS Scheme AIDE

Z%E:Scheme ACIS Interface Driver EX
File Edit Vew Display Options Debug Tests Help

check= clean

Running te=t: warp_ twi=t4
Demon=trate=m:
Api_twi=t_ entity
Entity check result=:
check= clean
15
ARoi=m=> (view:gl)
glvriew 2262840]
Roims

=10l x|

AHanoru

=

g

i

e C3D Test Application

|5

E———r—me— - = e - - -
"

ey .

Peub Bcerga naeTt o NPOCTENLLEN «TOYKE

BXO4a», a He O NOJIHOUEHHOM peLleHNN.
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Co3gaHue NpocTenLlero
NPUNOXEHUS

* BapuaHThbl

— Bawa pyHKunsa main() // HeT Busyanunsauum
— [punoxeHue c HTepnpeTaTopom Draw // .exe
— [NpunoxeHune kak nnarnH anga Draw // .dll

« CKkayaunTe peLlleHne c canTta Kypca:
— https://sites.google.com/site/modelingpractice/



CHoBa K Teopun: Geometry vs Topology

* be3 NoHMMaHuAa pasHULbl MeXxay reoMeTpuen u
TOnonornen paboTa co CTPYKTypamMun AaHHbIX
OpenCascade — 3TO paboTa Bcnenyto.

* [lepBble reomeTpuyeckmne aapa He UMenu aToro
pasgeneHus.

« Cenyac 3710 pasgeneHne —4yacTtb ctaHgapTa (I1SO 10303).
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Geometry vs Topology

Geometry = real locations

Queen's
Park med

Mornington

Qter -
£~

Notting | -
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logy
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. Kilburn  South Lords
Queen's Park pjgh Road nmwme“

= connections

=
Pad%‘ton

Maida Vale Nacame: *Graat:
Midde-Eastem Tussauds Portland
Food /2218 Street

To Paris

British
Library

D

Bothnal Gree
Workingmans ¢

Markots Hip

Bars
Warren Street{ J Wellcome
Middle- Marylebone %= Collection
Eastern London Zoo
tortobello Rd
Market k Middle-Eastern Food
Big Rd Hyde Dept. JHigh-Stroet} Fumitureo  British
Houses JMarket Park Stores ] Fashion) Museum
ﬁg Hyde  Hyde Electronics /
e Park  Park Books / Guitars
Tourists
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Shope Park Theatres Mansion | _Street
Trocadero / House
STrde Harrods Not Eros Tatalgar
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" i )" A
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s London Eye /
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Geometry vs Topology

Geomertical Entity

» Point

“N_ Curve

D Surface



Geometry vs Topology

Geomertical Entity

( line
arc
Bezier
Bspline

® Point
“N_ Curve 3%
Surface

. NURBS

( Plane

Surface of relovution
{ Bezier

Bspline
\NURBS

30



Geometry vs Topology

Topological Entity

® Vertex

“\_ Edge

Face

31



Geometry vs Topology

Topological Entity

® Vertex
“\_ Edge
Face

—> Point

—> Cuve, Bound by Vertex

—> Surface, Bound by Edge

32



Geometry vs Topology

N

Curve

33



Begin vertex

Geometry vs Topology

Edge = curve bounded by vertex

End vertex

Curve

34



Geometry vs Topology

<

35



Geometry vs Topology

<

36



Geometry vs Topology

VERTEX

\ FACE

/

/-

<

EDGE
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Peann3aunsa B OpenCascade

Geom
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OpenCascade vs ACIS

r Can be nested

Collections of
Compounds |4 el
any primitives

|

Solids with shared faces
Compsolids ‘

‘ Solids Yolumetric shapes

| Connected faces

ected

Connected portions of curves
bounded by vertices

"

Vertices |

-

Boundaries of edges

Highest lewvel ENTITY:
contains multiple solid,
sheet, wire regions

Isolated solids

Bl Connected faces
and wires

Additional decomposition
of shells for efficiency of
algorithms

Connected portions
of surfaces

Connected edges
not attached to

Connected curcuits
of coedges

Connected portions

of curves bounded by
vertices

4
Boundaries of edges ‘ Vertices ,

39



Ypok 3: TBepaotensHoe MoagennpoBaHue



3apgadya 1 (l. Stroud, p.17)




3agada 1, War 1: ackus

65 >— 50 - 85

15
I I B i SE——ss

20 I 30’ | l




3agada 1, Lar 2: dpacku




3agada 1, LLar 3: otBepcTume




3agada 1, 3aknounTenbHbIN War: oomeH

OaHHbIMU

[eomeTpuyeckas moaenb

MeTareomeTpunyeckas mogenb: XDE &

Part Design [1]

Instances (4)
Plate
Cylinders

‘ -

r Cyll » 7 Instances
T Cyl 2 ‘4‘"

~Cyl3

Assembly Design

Part Design [2]

(1)

o O
- B TNaming_UsedShapes
- B TDataStd_TreeNode { NULL , NULL , NULL ,0:1)
- B4 TDocStd_Owner = BinXCAF
= uj 0:1
----- - By TDataStd_TreeNode { 0:, NULL , NULL , NULL )
----- - B XCAFDoc_DocumentTool
[5 m 0:1:1 *h-ipvﬁ
- % TDF_TagSource =9
- B XCAFDoc_ShapeTool

%y TDataStd_Name = Shapes
. B 0:1:1:1 ast

- 0:1:1:2 rod-assembly

- - 0:1:1:3 nut

. - 0:1:1:4 rod

-l 0:1:1:5 |-bracket-assembly
. @ @ 0:1:1:6 nut-bolt-assembly
. B @ 0:1:1:7 bolt

. @@ 0:1:1:8 Fbracket

. @@ 0:1:1:9 plate

B

B

B

-

2 Colors

3 Layers \

4 D&GTs =
A Declaration level

[:1x
0:1:
0:1:
0:1:
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3agada 1, 3aknounTenbHbIN War: oomeH
OaHHbIMU (2)

« 3apava:

— Co3pgartb MeTareoMeTpUYECKyo Moaenb N3 TBEPAOTENbHOMN.
* Vlcnonb3oBaTb KOMaHAbI Draw.
* Wcnonb3oBaTb DF Browser 4ns npogunnpoBKMu.
* HasHauunTb pasnunyHble LuBeTa rpaHam getanm.

— 3anucartb MeTareoMeTpuyecKyto mogerns B popmate STEP.
— Wcnonb3oBaTtb cTopoHHo CATP ana npoBepku.



Pe3tomupyem

API
— API MogenupoBaHus — MUHCTPYMeEHTarbHble Knaccol (HE
doyHKUMN).
— ToYKM BXo4a: Ha3BaHUA NaKeToB 3aKaH4YMBaAKOTCA Ha «API».
— WcTopua noctpoeHunsa oocTtynHa B API-knaccax.
— HwnarHocTuka yepes metoabl IsDone(), Koabl OLLNOOK.

Ecnun APl HegocTaToO4YEH, MOXHO N3ydaTb UCXOOHbIE KOAbI U
Nofib30BaTbCs cpeacTBamm 6oree HN3KOro YpoBHS, BMNOTb A0
dyHKUNI MaTeMmaTyeckoro obecrnevyeHmnsa oubnmoTexm.

Ecnu ecTb BONpOCHI:
— CmoTpeTb odhmnumanbHyo AOKYMEHTaLMIO.
— CnpawwuBaTtb Ha bopyMme.



INnTepatypa

1. Solid Modelling and CAD Systems. How to Survive a CAD System. I. Stroud. 2011.



Ypok 4: OpenCascade + VTK
[TpunoxxeHune Analysis Situs



Exe & SDK

« CkavaunTe npusoxeHne Ha canuTte npakTukyma:

— https://sites.google.com/site/modelingpractice/
* Analysis Situs (minimal)
* Analysis Situs (SDK)

« Cbopka MSVC2013




Ypok 5: 3agaym pekoOHCTPYKL UK
[TpnnoxxeHne OpenCascade K 3agavyaM peNHXUHUPUHra



3agada 2 (nogroHka unnuHapa c
doUKCMpoBaHHOW OCbHO)

 [1naH pabor:
— Co3gaHue TecToBOro obnaka;
— Co3sgaHne rpyboro npmnbnmxeHust Bpy4YHYIO;
— OnTnMmmnsauma paguyca rpyooro npnonmxeHus.
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3apava 2, lUar 1 (1)

PaBHOMepHOG caMrimpoBaHue NoBepxHOCT unrinHapa.

[Tonb3oBaTernb paboTaeT B NPOCTPaHCTBE MOAENMPOBAHUSA
(ONMHa Wwara gofmkHa 3agaBaTbCs N0 NOBEPXHOCTH).

53



3apaya 2, LUar 1 (2)

TpynHocCTu:

— [NlapameTpusaunst HepaBHoMepHa. Kak obecneunTtb

paBHOMEPHOCTb LLa
=R *X

ﬁR\

— CamnnupoBaHue obecrneymBaeTcsi NyTEM BbIYMCNEHUS TOYEK HA
HeCyLLMX NOBEPXHOCTAX rpaHen. YTo ecnn rpaHb cCoaepKnT
BHYTPEHHNE KOHTYpPbI?



3agavda 2, War 2

B naHHOM 3agaye npegnonaraeTcsi, YTo obrnako To4eK u
rpyboe npubnmxeHne coocHbl. B aTom crniyyae
€OWNHCTBEHHbIM HEU3BECTHbLIM NapamMeTpPoOM OCTaeTCS

paguyc umnumnugpa.

P(u,v) = O + xRcosu + yRsinu + zv.
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3agava 2, War 3

TpebyeTcss MUHMMU3NPOBATb CPEQHEE PACCTOAHME OT TOYEK
R. A0 uMnuHApa s. Ecnun konnyecTtBo ToYek (M + 1), TO
Luenesada PyHKUNA UMeeT BUA;:

. PaccTtosHne oT TOYK1 OO

pls, Ri]. NOBEPXHOCTUN Haxo4uUTCA
Po_ nyTeM UH8ePCUU MOYKU
(point inversion).




[lononHunTenbHbIN YPOK (*): PaspaboTka
anropnTMoB reOMeTPUYECKOro
MO ENNPOBAHUS



AUNNepoBbl ornepaTopsl

e [OTOBbLIX HET

« MoryT ObITb NOCTPOEHLI Ha
— BRepTools_ReShape (M3MeHeEHME TOMOMNOrnn)
— BRepTools_Modifier (pexocT reomeTpun)



