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What is Open CASCADE Technology?

Open CASCADE Technology (OCCT) is a powerful open-source C+ + library, consisting of thousands of
classes and providing solutions in the area of:

Surface and solid modeling: to model any object.
« 3D and 2D visualization: to display and animate objects.
Data exchange: to import and export standard CAD formats.

Rapid application development: to manipulate custom application data.

OCCT is also applicable in many other areas of CAD/CAM/CAE, including AEC, GIS, and PDM. OCCT is
designed for the industrial development of 3D modeling and visualization applications that require good
quality, reliability, and a robust set of tools.

OCCT libraries are distributed in open source for multiple platforms under GNU Lesser General Public
License (LGPL) version 2.1 with an additional exception.
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FORAN - Industries &
Applications

FORAN is a ship design CADICAM system that,
because of high-level features like adaptability
and customization, can be used to design and
build any type of ship or marine structure. The
wide-ranging functionality of this marine
design software meets the needs of all the
various industries in the marine sector.
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FORAN - Design Phases

FORAN is a CAD/ICAMICAE system for marine
design. It is multidisciplinary and fully
integrated and can be used at every phase of
the ship design process, and in every discipline
as it stores information in a single database.
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Literature

“Introduction to solid modeling” “Solid modelling and CAD “Parametric and Feature Based
by Martti Mantyla systems” by lan Stroud and CAD/Cam: Concepts,
Hildegarde Nagy Techniques, and Applications”
by Jami J. Shah and Martti
 Introduction-level book for a + Assembly structure. Mantyla
newcomer. : :
» General pieces of advice
» Requirements to geometric about data model » Feature concept.
modeling: geometric question organization. s Butaretric modeling concent
concept. g PL.

= Various modeling techniques:
wireframe, boundary
representation, voxels. Their
advantages and drawbacks.

» Difference between geometric
modeling and other kinds of
engineering software.



Literature

“A Practical Guide to Splines” by
Carl de Boor

« OCCT follows this book for
underlying spline mathematics.

» Code samples are based on
Fortran.

» |ndexes start from 1.

Carl de Boor

Mathejr\n?a'iliiceg A P_raCtiCral
sciences - Guide to
Splines

Revised Edition

5

"3 ) "
¥ Springer
s Wawrai

“The NURBS Book” by Les
Piegl and Wayne Tiller

SMLib kernel is based on
this book.

The best book about b-
splines.

A lot of code samples.

Code samples are based
on C/C++.

Indexes start from 0.

“Geometric Modeling” by
Nikolay Golovanov

« (C3D Toolkit is built on this book.
» Covers a wide set of problems.

+ Utilizes the recipe-based approach.

EYIHFEBHER  (W28)

Les Plegl o
Wayna Tiler

NIKOLAY GOLOVANOV

RERPHRRH



What is in distribution?

Documentation Programming samples
» Automatically generated Programming samples using
from Doxygen comments. different GUI:
» Manually written user and + MFC.
developer guides. . C#
RS, 5
+ Java.

Test harness application

TCL-based command interpreter.
A set of predefined commands.

Most of OCCT API is available in
Test Harness.

Test Harness is a prototyping
framework of OCCT.

This application is used to test
OCCT itself,
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Build Makefiles

Open console and go to the build folder. Type "mingw32-make" (Windows) or "make" (Ubuntu) to start build process.
mingw32-make
or

make

Parallel building can be started with using **"-jN"** argument of "mingw32-make/make", where N is the number of building threads.

mingw32-make -j4
or
make -j4
Install OCCT Libraries

Type "mingw32-make/make” with argument "install” to place the libraries to the install folder
mingw32-make install
or

make install

Where to build the binaries:  d:/tmp/occt-build-vc 10-x64 * | Browse Build...

Where is the source code;  D:jocct

Search: [¥] Grouped [7] Advanced | SR Add Entry \ Remove Entry
Mame Value

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

[ Configure ][ Generate JCurrentGenerator: None

Specify the generator for this project

|visual Studio 10 2010 Win64 -

@ Use default native compilers
) Spedfy native compilers
1 Spedfy toolchain file for cross-compiling

1 Specify options for cross-compiling

[ Finish ][ Cancel
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« WindowsZg 1%
« Zfrcustom.batPE BT E =
FEREMIRIN, BEIFnT
msvc.bat3 JF &) Visual Studio
HTHRIE.

B custom.bat - Notepad2 -

File Edit View Settings ?
DERE 9| s EH QDK E
1f@aecho off

2 rem
3

iset
sset
6set
7set
sset
9
10 set
11
12 rem
13set
14 set
15 set
16 set
17 set
18 set
19set
20set
21set
22s5et
23set
24 set
25 set
26
27 set
28
29 rem
<

Ln1:43

This environment file was generated by genconf.tcl script at 2020.11.04 12:58

PRIFMT=vCXproj

VCVER=vcl4

ARCH=64

VCVARS=C:\Program Files (x86)\Microsoft Vvisual Studio\2017\Professional\VvC\vcvarsall.bat
SHORTCUT_HEADERS=false

"PRODUCTS_PATH=%~dp0. ."

optional 3rd-parties switches
HAVE_FREEIMAGE=false
HAVE_FFMPEG=Talse
HAVE_TBB=true
HAVE_GLES2=false
HAVE_D3D=Talse
HAVE_VTK=false
HAVE_LIBLZMA=false
HAVE_RAPIDISON=true
HAVE_OPENVR=true
HAVE_OPENCL=Talse
CHECK_QT4=false
CHECK_JDK=false
BUILD_Inspector=false

QTDIR=%PRODUCTS_PATH%\qt5.11.2-vcl4-64

Additional headers search paths

Col1 Sel0 2.66 KB ANSI CR+LF INS Batch Files




If you have Visual Studio projects already available (pre-installed or generated), you
N >l , S prd can edit file custom.bat manually to adjust the environment:
ﬁ- z—h 2 —l’ ® VCVER - specification of format of project files, defining also version of Visual
X2 T Studio to be used, and default name of the sub-folder for binaries:

Visual Studio version Windows Platform Binaries folder name
i . vc10 2010 (10) Desktop (Windows API) vcl0
* Windows zﬁ T+ vell 2012 (11) Desktop (Windows API) veli
\ N vcl2 2013 (12) Desktop (Windows API) vclZ2
* EB% Jﬁﬁ-lﬁ -l’ﬁ HH vcl4 2015 (14) Desktop (Windows API) vcl4
vcl4-uwp | 2015 (14) UWP (Universal Windows Platform) | vc14-uwp
vcl41 2017 (15) Desktop (Windows API) vcl4
vc141-uwp | 2017 (15) UWP (Universal Windows Platform) | vc14-uwp
vcl42 2019 (16) Desktop (Windows API) vcl4
vcl42-uwp | 2019 (16) UWP (Universal Windows Platform) | vc14-uwp

® ARCH - architecture (32 or 64), affects only PATH variable for execution

® HAVE * —flags to enable or disable use of optional third-party products

® (SF OPT * —paths to search for includes and binaries of all used third-party
products

® SHORTCUT _HEADERS —defines method for population of folder inc by header
files. Supported methods are:
B Copy - headers will be copied from src;
B ShortCut - short-cut header files will be created, redirecting to same-named

header located in src;

B "HardLink* - hard links to headers located in src will be created.
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T = =i XX class Package Class
THERZ: TK B it

public: //! Bname public methods

« R4 . <package-name>_ <class- ool

//! Breturn squared value

>4

Standard_Real the

Standard_Expeort Standard Real Sgquare

I lal I le private: //! \Ename private methods

Auxiliary method

e WAHI Y. [EAE aWidthOfBox: 70" ..

iard_Integer myCounter; //!< usage counter

bR 241 theWidth
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* OCCT library is designed to be truly modular and extensible,
providing C++ classes for:

Basic data structures (geometric modeling, visualization,
interactive selection and application specific services);
Modeling algorithms;

Working with mesh (faceted) data;

Data interoperability with neutral formats (IGES, STEP);

* The C++ classes and other types are grouped into packages.
Packages are organized into toolkits (libraries), to which you
can link your application. Finally, toolkits are grouped into

seven modules.

Module

Library

Package

Class

= . input
GUI Framework { Ot, MFC, .NET)
e S5
2 ggﬁ QCAF: Open GASCADE
< g- geg Application Framework
£y
F5| 98 <
=@ &
aa] | &l | &
ool /| Wdslng] Modeling] Mesh N
=0 Data | Algarith, 2
% & & =}
=
o g, Ry Sk
Z0di |

Foundation Classes (handles, portability)

Other
CAD
Systems




Module FoundationC\asses

Foundation Classest 1t AOCCT 5 15 /= ) S F fit— L B 48 45 My R Dy e

o FEARKHIE N : Boolean, FRF- EEEFISLE,

KL FEASCIIFTUnicode 747 H ;

HE XA 2. Array, List, Queue, Set, Hash Table(Data Map);

W F I EUE FE A & AR F

S RE LA SRR E 3 4544 5

o ALK,

FoundationClassestHit g it — L3 FH Th e
BIReTREN (B ATEX R Z 2RO

- FECE NS S (WA

o FEARPIRIAEA A2

NCollection_Array

NCollection_Vector
NCollection_List
NCollection_IndexedMap
NCollection_IndexedDataMap

T

L2
Ref. Counter = 1

Referenced
Instance

OCCT class STL C++11STL
equivalent equivalent

Lower and upper indexes are defined

o iRy at the construction time

std:vector Indexation starts from 0
std:list std::forward_list OCCT list is one-directional list
std:set std::unordered_set OCCT uses hash map instead of tree

std:map std:zunordered_map  OCCT uses hash map instead of tree

H1

Ref. Counter = 2

Referenced
Instance

H2 = H1;



Module FoundationClasses

o fRAT 2 E T EEICLIb/EISLib
* BRI 2 B E 1T & BSpICLib/BSplSLib

AppDef_Gradient_BFGSOfMy

—1 1N . N <K . GradientOfCompute
e ZXZI
N I | AppDef_Gradient BFGS0The
Gradient
\Il ~ ~i~
* 5[15'” = math
BRepApprox_BSpGradient
.y a _BFGSOMyBSplGradientOfTheCompute
LineOfApprox

l BRepGProp_TFunction ] math_BFGS

BRepApprox_Gradient
_BFGS0MyGradientbisOfTheCompute

| BRepGProp_UFunction | LineOfApprox
I CPnts_MyGaussFunction ‘ BRepApprox_Gradient
d _BFGSOMyGradientOfTheCompute
LineBezierOfApprox

B,
math_Function

FairCurve_BattenLaw l

Geomint_BSpGradient
_BFGSOMyB SplGradientOfThe
| GCPnts_DistFunction | ComputelineOMWLApprox

Geomlnt_Gradient_BFGSOMy

I GCPnts_DistFunction2d l GradientbisOfTheCamputeLineOMYLApprox

math_FunctionWithDerwative Geomint_Gradient_BF GSO0fMy
GradientOfTheComputelineBezier

OfWLApprox




Module ModelingData

« Modeling Data Nil 5+ K7~ (BRep) MI3DHAYRILE IR S5M) . BRept A & PR AL (Topology) H1JL{7] (Geometry)
KRNI JUA AT CAPR A B B2 R, 2R A0l s $RANEE LR S e B K .

o UK/~ (BoundaryRepresentation) tFRA BRep Ko, T ) Ui&ER i i Tt = NIRRTE. SEARIA T
I e I P IR R R s, RN S & Fr e 1 i i e O b Had FokFox, AR RamitaE, mia X
el EORR RN . AR B BB IR AR RS BB LTE S (Geometry) MIFHAMEE  (Topology)
AN TTH . AME BFIRTEAR BT s 4. HENERERR, BEAIKRILS R “F27 o AR JUAE R
WWMELLE “H528”7 EWULA. #lan, AR RAL T E—A i b, @ XX — i 5 R8s w2 UE B .
BeAh, JLRFIR. TS =4E2% 0] P gAML E GRAJAEER) ZEE UM E R, —Bcekid, JUE BERIREARR KN
b ALE AIRIREE . B R FRRES, DRR R — T — — 8 — SR ER, gl S SRR B A
JURT e RS B R HAE BN R . X, R TS MisEAEES, Tl EEEXEER. o
A2 gE— MEM P AR SR Z F R R, il 17U SR 2 [ FIERTT A #Ah 5 T — A2 AL EANE E
PIF s . PR SEAR S JUME B OCHE — 2l , BRI aAaL B A1 .



Module ModelingData
Geometry Versus Topology

_;[t Is important to understand the differences |
between geometry and topology when using Open
CASCADE.

m Geometry is representation of simple shapes
which have a mathematical description (Cylinder,
Planes, Bezier and B-Splines surfaces...).

m Topology involves structuring geometry in order
to:
m Delimit a geometric region limited by boundaries
s Group regions together to define complex shapes



Module ModelingData

* Topology

Vertex: XN —A4 LAl A

Edge: HIPI/MVertexPR @ JLfaT 415 21
FER ISR

Wire: HIAERIEdgel A& I FE;
Face: HIWirelRER2|00H F1H ;

Shell: HZ AN B 5%

Solid: H15¢ R & 13 2 H)— > M S

Compound Solid: ZANHAHZER]Solid
A

u ! ["compound |
- ‘ : p 3

|  TopoDS Shape |

—

L Location i |

TopoDS_TShape |

] Orientation 1

TopoD=_ Compound

TopoD5_CompSalid

TopoDS Edge

TopoD=_Face

Topolis Shape

TopoDs_Shell

TopoDS_ Salid

TopoDS Wertex

TopaDs_Wire

i
i

List of subshapes |




Module ModelingAlgorithms

Topology #H ANV
— TR B
— HEEAEM. (KE. IR, EmRE
— NI (BEsh. e

— BT TUAT B P NURBSE
— U IR AAA:

 Box. Cylinder. Cone. Sphere. Torus;

— % & B Sweep:
» Prism-Linear Sweep;
* Revolution-Rotational Sweep;
* Pipes-General-form sweep;
— Boolean Opereations:
« Common

 Fuse
e Cut

Shapes containing pipes with variable radius produced by sweeping



Module Visualization

 Visualizationt® H: 2 {itBRepti 1Y f
MeshZi 4 i) ] #R AL T BE 5

« Visualizationf5iti 3¢ PR il A2 B ik $E
ML 5

« Camerallksh A, ([#T7£1E
LR B B B i
WAE T SCIALE A2 B RE, a0 FR2 .
Al ekl = 4EA A s

o WDLIRERBIREE. MR AkIEH
J5 s

o PRfk=gERR A RSP ARIEDIRE




Module Data Exchange

o FrifE i DataExchangefii H S #F 3 \ F HH 4n M A% s

— STEP(AP203 : Mechanical Design, this covers General 3D
CAD; AP214: Automotive Design, AP242)

—IGES (5.3)
_ gITF(2.0)

— VRML

— OBJ

—STL




Module Application Framework

« Open CASCADE Application Framework(OCAF )2~

SRR, fefit /7 —AMRE

— R B AE S

=]
>/

— B AR AL (open/save) ;

— CHFZ O
— Undo-RedoXfjft;
— Copy-PasteIjfit;

R HIHEZE

=




Module Draw Test Harness

. Draw Test Harnesss& — ™M&E T MXOCCT /) T
Ae ) L H;
— T HIATCl/TK;
— 2DFI3DA A
— HE X%
- ﬁﬂi.’l‘j%%” SR
JCRAL = RGO
. Draw Test HarnessH1 523, TOCCT P8R BRI

Digedr 4, AIULAIEMERER, SASHEL
285, OCAFMEZR B =5
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Non-parametric and parametric geometry

Additional information can be found in documentation:

Non-parametric geometry

These types are manipulated by value.

These classes have no inheritance.

Foundation Classes User's Guide.
Modeling Data User's Guide.
Modeling Algorithms User's Guide.

Parametric geometry

» Entities from Geom (Geom2d ) are manipulated by
Handle (useful for data sharing), while controller classes
are manipulated by value.

» Hierarchy of classes in general follows STEP (ISO 10303)
standard.

 Provide methods to go back and forth from Geom to gp

Additional information can be found in documentation:
Modeling Data User's Guide.
»  Modeling Algorithms User's Guide.



Non-parametric geometry

Model classes (two-dimensional classes are available via adding “2d" suffix, gp _Pnt2d):

* gp_Pnt —Cartesian point.

* gp_Vec - Vector.

* gp_Dir - Direction (non-null vector with magnitude equal to 1.0).

* gp_Trsf - Euclidean transformation. It is possible to set translation, rotation, and scaling independently.
« gp_AxT — Axis. Axis is point plus direction.

« gp_Lin, gp_Circ, gp_Elips, gp_Hypr, gp_Parab, gp_Cylinder, gp_Sphere, gp_Torus
— primitives representing curves and surfaces.

Controller classes:
* Direct construction — gce_MakeCircle, gce_Makelin

» Constrained construction (2d only) - GecAna_CircZd2 TanRad



Limitation of non-parametric geometry

Non-parametric geometry provides useful set classes, but there are some principle limitations with them:

Typical geometric questions cannot be answered:
What is the value of curvature at this point?

What is the tangent vector to curve at this point?

What is the minimum Euclidean distance between the curve and the given point?
Do these objects intersect?

Some objects are infinite, and there is no way to make them finite:
Line, Hyperbola, Parabola.

Plane, Cylinder.

It is not possible to represent free-form and non-trivial objects:
How to represent aircraft fuselage? (Bezier and B-spline).

How to represent offset surface? (normal is required).

How to represent sweeping surfaces? (linear extrusion and revolution).



Parametric geometry

Model classes (two-dimensional classes are available in the Geom?d package):

Curves - descendants of the Ceomn_Curve:
» Geom_Line
e Conics: Geom_Circle, Geom_Ellipse, Geom_Hyperbola, Geom_Parabola
* Free-form: Geom_BSplineCurve, Geom_BezierCurve
» Geom_OffsetCurve
» Trimming concept: Geom_TrimmedCurve

Surface - descendants of the Ceom_Surface;

« Elementary surfaces: Geom_Plane, Geom_CylindricalSurface, Geom_SphericalSurface,
Geom_ToroidalSurface, Geom_ConicalSurface

* Free-form: Geom_BSplineSurface, Geom_BezierSurface

« Sweeping surfaces: Geom_SurfaceOfLinearExtrusion, Geom_SurfaceOfRevolution
« Geom_OffsetSurface

» Trimming concept: Geom_RectangularTrimmedSurface



Parametric geometry

Controller classes (two-dimensional classes are available via adding “2d" suffix to package name, gce2d):

» Direct construction- gce_MakeCircle, gce2d_MakeCircle

IS

» Constrained construction (2d only) - Geom2dGec _CirclZ2d3Tan

W 1
Iv.f.;f.m. W H)If“' >
: bt 5 \
L = :

c




Trimming concept

Some parametric objects, like line (Geom_Line) or plane (Geom_P1lane), are infinite as their non-
parametric counterparts. How to bound them?

* Curve = bound using starting and finishing parameter = Geom_TrimmedCurve

« Surface — bound using rectangular domain — Geom_RectangularTrimmedSurface

The OCCT has no protection from surface evaluation outside boundaries. This functionality is used in high-
level algorithms such as offset algorithm, but it is recommended to avoid evaluation outside the parametric
domain.

- F r

original domain u original and requested u resulting domain u
domains




ModelingData

* Geometry Curve

{ Geom_Geometry jeg——o

Geom_Curve

Geom_BoundedCurve

—

Geom_Caonic

Geom_Line

Geom_BezierCurve

Am_aﬁpline[}uwe
-

Geom_TrimmedCurve

Geom_Circle

Geom_ OffsetCurve

ShapeExtend_ComplexCurve

Geom_Ellipse

Geom_Hyperbola

Geom_Parabola




Geometry Curve — Line

g0 2é:L_5(1 0, 3) ﬁﬁjj(o 1, 0)&Y
HASERA:

Clu)=(1,03)+u-(0,1,0)

BN CAWINDOWS\system32\cmd.exe

Draw[6]> axo

Drawl[7]1> line 1

Draw[8]> fit
Draw[9]>

103

010




Geometry Curve — Circle

EHEIR DA R TR OLRN=RAP, =AHEN,
Dx, Dy®rMMBHERERr, HBEIRA.

Clu)= P+r-(c05(u)-D_i. +5in(u)-D}. ), ue [0,2-;?).

EO&FRY (1,2,3) , FRrE (4) , BRETEN
£ENG (0,0,1) , EEXFME (1,0,0) FYHEA
(0,1,0) , HBHAEN:

C(u)=(1,2,3)+4-(cos(u)- (1,0,-0) + sin(u)- (0,1,0))

24 2 2




Geometry Curve — Ellipse

HRNMIEESS =4 0P, Z41FRHFREN, Dmaj.

DminFfI@- M EfsLErrmajfirmin, Hrmin<=rmaj,

RN TSP, EZEmsANSYELE, BKH. =2

EEE’JHI’?/\”JjJDmaJ, Dmin, <31, 58 ERYFR
S %rmaj, rmin, HEHSEFRN:

C(u) =P+r,, -cos(u)- D, +r, -sin(u)-D, , ue [{1,2 7).
fEpFOomP= (1, 2, 3) , FHEEAEEN= (0,

0, 1), Ju:?:FEIaTamDmaJ- (1, 0, -0) , m&ﬁm

Dmin= (-0 0) | K#H¥ZH5, EHkRy
%TE’J?"%%‘iﬁ&j}

Clu)=1(1,2,3)+5-cos(u)-(1,0,~0)+ 4 -sin(u)- (0,1,0).

‘ CAWINDOWS\system32\cmd.exe
Draw[20]> ellipse e 1230015 4
Draw[21]> fit

Draw[22]>




Geometry Curve — Parabola

B

WL EIREE S =@/ AP, =4 IF A PRIRER AR ERE T[]
N, Dx, Dyfi— AﬂEﬁE’H— ., WPkBmiTaP, BAL

TEMBANGIEA L, EAKENT H?“%ﬁﬁﬁj}
Clu)= P+ :}-DI +u-Dy, ue(-w,m) = f#0;

WimidSP= (1, 2, 3) , N T¥EAERN= (0,
0, 1) , WHEMNAR P AME@Dx= (1, 0, —-0) ,
Dy= (-0, 1, 0) , &EAKEf=16, SHTEH:

Clu)=(1,23)+ 2_4 (1,0,~0)+2-(~0,1,0).

ER C: \WINDDWS\lsystemSE‘\cmd exe = (] X




Geometry Curve — Hyperbola

WHACEXHIBEE=HEP, =HIF R ARERRLERITT
@ AN, Dx, DyMPIEHSLEKY, Ky, WEZEPR
BREEANNET E, ES8ABEO T

C(u)=P+k, -cosh(u)- D, +k, -sinh(u)- D, , u & (—o0,).

HaP= (1, 2, 3) BuUFMFEARMAEEN= (0, O,
1) , HEREIEDx= (1, 0, -0) , Dy=
0) , Kx=5#Ky=4, HESHAEA:

Cl(u)=(1,2,3)+5-cosh(u)-(1,0,0)+4-sinh(«)-(0,1,0).

(-0, 1,

EX C\WINDOWS\system32\cmd.exe = O g
Draw[28]> hyperbola h1 23001 5 4
Draw[29]> fit

Draw[30] >




Geometry Curve — Bezier

Bezierfi & E BB 2 BIEIRESr, MIZAIREIM (degree m <= 25) FIHNAIEH = (weight
poles) . HFHIMEIREAr =0/, weight polesFi@m+1PM=%E=: B0, B1..Bn, HFHEEIREAr=1
B, weight polesit A A935 %] £B0 hO... Bm hm, BI2=# &5, hiZ[0, m]IESi%, BIHEAEF.
LHIBRENr =08, BIANEHEEBezierfhZk S, hi=1, BezierfhZ& S ARM TF~:

ZB -h, - 1 u)’"

Clu)= = [{],l]

th ' (1=u)™

T~ EHER T~ AUBezierf 2k 2 B IEBezierfi %, HHEBIBIENMr=1, R¥m=2, HEH S ENXEF
4% BO= (0, 1, 0) , h0=4, B1= (1, -2, 0) , h1=5 B2= (2, 3, 0) , h2=6, Bezierfh

S TR T

Cla)= (0,1,0)-4-(1 -m]2 +(1,-2,0)-5-2-u-(1-u)+(2,3,0)-6-u°
4-(1—1&)1+5-2-1.'-(I—nr}ﬂﬁ-.a.fJ .




Geometry Curve — Bezier

« ZEDraw Test Harness 22 |
Bezierph %

BN C\WINDOWS\system32\cmd.exe = Ll X

Draw|33]> beziercurve be 301041 -205230686
Draw[34]> fit

Draw (351>




Geometry Curve — BSpline

B-SplinefiZ& B2 7 BIEFREAIr, MIZREIM<=25, FHISEn>=2, PRIk, HIEH Rwieght
poles (x,y,z w) F7 = EEmultiplicity knots,

[0000.2502505050.750.75111] -> Knot Sequence

[00.250.50.75 1] -> Knots
[322 23] -> Mults

u, <u,, (1si<k-1)
k
g <m+l,q. <m+1,q,<m (2<i<k-1), qu=m+rr+l,

=l




Geometry Curve — BSpline

* B-Spline iz S 71 1=

ZB h, -

C(u ue[u,,uk]

ZhN

HAPEREZNI B NNEFEX:

le=u<u<u u—u )N, _\u M, ., ~upN,, T
J ' - , N, {u]—[ ) [ ]+( it } ”'H{ }{EE;'EHHJ}

N u)={ s THE ~ -
!“-::u <u,vu,Su I T) N, =N,




Geometry Curve — BSp\ine

BRESLHIZE b FIEFRENMr=1, XEm=1, =%
REn=3, "TREk=5 wEH S Bl= (0,

1, 0) , h1=4, B2= (1, -2, 0) , h2=5, B3
= (2, 3, 0), h3=6;, PTREHEEHUI=0, gl
=1, u2=0.25, g2=1, u3=05, g3=1, ud=

0.75, g4=1, u5=1, gq5=1., B-SplinefiZ &
AR TR

(0,1,0)-4- N, , (u)+ (1,-2,0)-5-N, ,(u)+(2,3,0)-6- N, , (u)

Clu)= :
( ) 4:-N,, (” )+5- N,, [”J +6-N,, (”}

BN C:\WINDOWS\system32\cmd.exe = O
yraw[37]1> bsplinecurve be 1501 0.2510.510.751110
1041 -20482306

yraw[38])> fit
yraw[39]>




Geometry Curve — Trimmed & Offset

* Trimmed Curve: (5] & 2 &% N S ECTE R

C(u)= B(u), ue [umm,umx].

e Offset Curve: RZHZLEEZLIN HEFE A @MES

Cl(u)=B(u)+d- %B:(z;:g] . u € domain(B).

[B'(u).D]




ModelingData

Geom_BezierSurface

® G eO m et ry S U rfa Ce ‘4 Geom_BSplineSurface

Geom_BoundedSurface

Geom_RectangularTimmedSurface

Geom_CanicalSurface

Geom_CylindricalSurface

Geom_Flane
Geom_ElementarySurface -

‘-‘_‘-"——__

Geom_SphericalSurface

Geom_OffsetSurface

Geom_ToroidalSurface

1 Geom_Surface

Geom_SweptSurface
Geom_SurfaceOfLinearExtrusion
GeomPlate Surface

Geom_SurfaceOfRevolution

ShapeExtend_CompositeSurface




Geometry surface — Plane

FHEHEES S =4 /PN =4 1L 245&N, Du, Dv.
FHBIERP, BEZEREAN, ESEITED N

S(ujv)z P+u-D +v-D,, (u,v)e (—-ac,oo)x (—m,m).

BiTAP= (0, 0, 3) , EEEN= (0, 0, 1) BF
BB TR TR

S(u,v)=(0,0,3)+u-(1,0,0)+v-(0,1,0).

CAWINDOWS\system32\cmd.exe — ] X

Draw[41]> plane p 0 0 3 0 0 1
Draw[42]> fit

Draw[43]>




Geometry surface — Cylinder

FAENEEES=4nP, ZHIERZLHFRDY, Dx, Dyl
— P IERSEr, EEEmAHBE AP, J1EADy, EEEA
FEAr, ESBIAIEN TR |

S(u,v)= P+r-(cos(u)-D, +sin(u)-D, )+v-D,, (u,v)e[0,2- 7)x(-0,=).

M@ sP= (1, 2, 3) , #AYHMEDY= (0, 0, 1) , 73
mDx= (1, 0, —-0) , Dy= (-0, 1, 0) , ¥#&Fr=4,
HHSE RN TR

S(u,v)=(1,2,3)+4-(cos(u)- D, +sin(u)-D, )+v-D. .




Geometry Surface — Cone

EHENEEES =% AP, [EXMIREDz, Dx, Dy,
FERSLEAELEY CEBEA (-/2,/2) ) . BEEEE
I a PR ADz, ILmPE S EDX, DyE{THE
HARBEENSEYXHE (referenced plane) . E¥H
HEAEEA—INE, H¥FHhr, ESEAFEO TR

S(u,v)= P+ (r +v-sin(p))- (cos(u)- D, +sin(u)- D, )+ v-cos(e)- D, , (u,v)e[0,2-7)x(-=,=).

@it s=P= (1, 2, 3) , AMEDz= (0, 0, 1) ., [H
EAEMESEEDx= (1, 0, -0) , Dy= (-0, 1,
0) , ¥f2r=4, BEV=07SHEHSEATEOTAR:

S(u,v)=1(1,2,3)+ (4 + v-sin(0.75))- (cos(u )-(1,0,-0 )+ sin(u )- (= 0,1,0))+ v-cos(0.75)-(0,0,1).

BX C:A\WINDOWS\system32\cmd.exe — (| X

Eraw[ﬁ@]} cone ¢ 1 23 0.7h 4
Draw[56]> fit

Draw[57]>




Geometry Surface — Sphere

FREMNEIEEES=H/ AP, —#H/IFXAPFRADz, Dx,
DyAAF A ScHr. RIEKEMIROARP, Fizhr, H
SR AN T

Slu,v)= P+ r-coslv)- (cos(u)- D, +sinlu)- D, )+ r-sin(v)- D,, (uv)e [ﬂ,ﬂ )% [—;T;"E,:T,"E].

oI RP= (1, 2, 3) , AEZHIADz= (0, O,
1) , Dx= (1, 0, -0) , Dy= (-0, 1, 0) ,
12r = ANEKE ST TR

Slu,v)=1(1,2,3)+4-cos(v)-(coslu)-(1,0,-0)+sin(u )-(= 0,1,0)) + 4 - sin(v)-(0,0,1).

CAWINDOWS\system32\cmd.exe

Draw[59]> sphere s 1 2 3 4
Draw[60]> fit
Draw[61]>




Geometry surface — Torus

F

AAENEURE R =4 2P, =4 IERXRIRARDz,
Dx, DyMIEFELErl, r2, RIREHEITLSP,
Ji1m A0z, riIZMEFREE R OE R PRIEEE,
RAENRENFEA2. BRENSHRITES T

7]N.

S(u,v)= P+ (5 +r, -cos(v))-(cos(u)- D, +sinlu)- D, )+ r, -sin(v)- D, , (u,v)e [{}..'-! ) [ﬂu.’. ).

mM@BgeaP= (1, 2, 3) , WMHFEADz= (0,
0, 1) . He#gADx= (1, 0, -0) , Dy=
(0, 1, 0) , r1=8, r2=4, HSHIHEWM T

71~ .

Slu,v)=(1.2,3)+ (8 + 4-cos(v))-(cos(u)- (1,0,~0) + sin(u )- (= 0,1,0))+ 4 - sin(v)- (0,0,1).

BN C:\WINDOWS\system32\cmd.exe

Drawl63]> torus t 1 2 3 8 4
Draw([64]> fit

Draw[65] >




Geometry surface-Linear Extrusion

« MR {FENEEEE =477 DV =4 # 4 <3D curve record>, HSHITEN:
S(u,v)=Cl(u)+v-D,, (u,v)e domain(C)x (- 0,).

« FIERTHEMRFEARIMHAREDY= (0, 06, 08) , ARl HE. RNEEMNSEGREN:
S(u,v)=(1,2,3)+4-(coslu)-(1,0,-0)+sin(u)- (- 0,1,0))+ v-(0,0.6,0.8), (u,v)e [ﬂ,E -7)x (= o0,0).
* 7EDraw Test HarnessH €12 3F B - & M4 (R E v

( =g Draw Test Harness l = |-‘:h] |

B 1:AXON - Zoom 22508108 = B et




Geometry surface-Revolution

C BEHENEIROASHEP, SHFEDN=HMS. Tt E R APE D, Kekt s hC
St HitE. EEEENSRSREN:

S(u,v)=P+V,(v)+cos(u)-(V(v)-¥, (v))+ sin(u)- [D, V(v)]. (u,v)e [{],2 . )x domain(C)

where V(v)=C(v)-P, V,(v)=(D,V(v))-D.

« BiRRNAINER A AR B SP= (-4, 0, 3) , A@D= (0, 1, 0) , iEHEHER—1THE.

HSHITRN:
S(u,v)=(=4,0,3)+V,(v)+cos(u)- (¥ [1} V,(v))+sin(u) [UIU].V ]]T [u,l-'}e[ﬂ,Zer]x[ﬂ,var] where
V(v)=(5.2,0)+4-(cos(v)-(1,0,~0)+sin(v)-(- 0,1,0)), ¥, (v)=((0,1,0).7(v))-(0,1,0). — e r—

o fEDraw Test HarnessHH Gl 3 B ~ieke E

I ~# Draw Test Harness l = | (=] |£h] |

Drawli51> cirele ¢ 1 2 3 4
Drawli6e 1> extszsurf ez ¢ @ B.6 B.8B
Drawli?]1> trimv es ez B 1@

Drawli81> vevsurf »= ¢ 4 8 3 B 1 8@
Drawli?1>




Geometry surface-Bezier

°&§%%?MW%@'WEEH$MN VB IEFRE NIV, BHIECREIMU, myv, Fweight poles, u VAV RELERA

o HFru+rv=0F, weight poles@ (mu+1l) (mv+1) N=45Bij ( (i, j) €{0, .., muix{0,...mv}) , hij=
1 (G, j) €{0, .., mux0,.mv}) ;

‘ élru+){(v#OHT weight poles@Z (mu+1) (mv+1) DNERERH SXIBij, hij. Bija=4m, hij2iXEF,

* BezierBiEHISE A EN:

ii B-’-.r' ¥ hﬂ.j . CT;I_ i {] — 1 r""_' : (_'ﬂ-:r e 5 {1 _ V}""v—.-"
S{m 1-‘} = ,.=[|:1'=” ’ {ILI'.}E [D._I]x [{j__]]

S 3k, Gt (l—u) L (=)

i=0 =0

o FUERFRTHMIBezierfiE A uBIBARENIru=1, VEIEFRENMV=1, XEmu=2, mv=1, weight poles}:
BO,0O= (0, 0, 1) , h0,0=7, BO,1= (1, 0, —4) , h0,1=10, B1,0= (0, 1, -2) , h1,0=8, Bl1=
7lj(1 1, 5) , h1,1=11, B20= (0, 2, 3) , h20=9, B21= (1, 2, 6) , h21=12, HEMNSLEHE



Geometry surface-Bezier

S(u,l-‘]= [([]U]} (1-u)
(0,,-2)-8-2-u- {]—u) (1-

[ (l-u} (
8:2-u-(1-u)-(1 (1-
d

9.y’

1—v)+(1,0,4)-10-(1—u) -v+

-V

-V

) [ll:') ii ?" =If - [l—!'f)-\-'—|-
(0,2,3)-9-u* -(1-v)+(1,2,6)-12-u° ,,]

)+
)4+10-(1-u) v+
)

+11:2-u-(1=u)-v+

1—v)+12-u° ]

e Z£Draw Test HarnessH €l 7~Bezierfi | :

|_|:|i|§|ﬂ:h

eziersurf beziersurface 3 2 A8 1 718 41881 28115118 2 3

B 1:AXON - Zoom 28.504969

s B ) |




Geometry surface-Bspline

« BREASHH A O 5 ug B EALru, vEERRSEALr, uikEmu<=25; vikEmv<=25, uizfil ik
nu>=2, ViEHmnv>=2, uE Ak, vET EEkn, weight poles, uE A, VE TR,

* Hru+rv=0/], weight poles/& (mu+1) (mv+1) N=4E5Bij ¢ G, ) €{0, .., mup{0,..mv}) ,
hij=1 C G» ) €{0> ... mu{0,.mv}) :

* Hru+rvA#0lf, weight polesZ (mu+1)  (mv+1) MHEEEHSIBIj, hije Bij&=4Exl, hij&m
KT, IESEEL

o UBLTT A SHEHAKUNT: ul,gl,.. ukugku. X B uisEEH Ngi>=1HT &

u <u, (1<i<k -1),

'&u
g <m,+1,q, <m, +1,q,<m, (2<i<k, -1), qu =m,+n, +1.

o VEET A MEBEFHAKST: ulgl,.. ukv,gkve X HBvisgEEH Aqi>=1H)T

v.<v, (1<j<k, -1),

4
k,
t<m,+1,8 <m,+1,¢,<m, (2<j<k,-1), D t;=m, +n,+1.
j=1




Geometry surface-Bspline

* B-SplinefiH FIZHTREN:

N, n,

ZZB gy

i=l j=1

N;m +1( ) Mj.ml.+l (")

i (u,v) - l_u! ;

bl

Vi J

N}._](u)Z{lcu £E<H_ N, :_(H): (u—_u,.)'N = (”)+(H j__u] Ni“ _!(H) (2<j<m, +1);
O<=u<uvu, ,<u - Up, oy —U; U — Uy
_ 1<y, Vit _(1_1;:')'M'__;— (v) (‘_) _"}'MH.;'—I(V) ; :
M-‘]{H)_{(}c: e Iév’ M}._}.(‘l)— I + = B (2<j<m, +1);
j—l J
w=u, (1<j<k,,» q+1<i<> q),
' I=I I=1
. J
v,=v; (1Sj<k,, D> ,+1<i<>'t).
I=1 I=1




Geometry surface-Bspline

« B-Splinethm~fl%dEN: vEEAREM =1, vEERFREMN V=1, uXEmu=1, vixEmv=1, uf®
Hill =3, vighlSfinv=2, vAEEEMT S8 ku=5, vEEREEE SEkv=4, WHEEH|
Bl,]_: (O’ O’ 1) ’ h1,1:7’ Bl,2: (1) 07 _4> ’ h1,2:10’ 82,1: (O’ 1, _2> ’ h2,1:8’
B22= (1, 1, 50 , h22=11, B3,1= (0, 2, 3) , h3,1=9, B32= (1, 2, 6) , h32=12, uf
BEEA Sul=0, ql=1, u2=025, g2=1, u3=05, g3=1, u4=0.75, g4=1, u5=1, g5=1,
VA BEEET Av1=0, r1=1, v2=0.3, r2=1, v3=0.7, r3=1, v4=1, r4=1. B-Splinefii=
BOTFRU N B :

S(”&V)= [(001) 7-N, ( )Mtz(v)+(10_4) 10- Ntz(”) Mz,z(v)+
(01 2) 8 Nz.z(”)' 2 )LL) 11N, ()M, (v)+
(”) M,, (V)]+




Geometry surface-Bspline

« fEDraw Test Harness 1) %3 3 .7~ BFE 2% BH i

=g Draw Test Harness | | -

Drawl24]1> beplinesurf hs 1 5 81 8.2518.5108.75111148108.218.711 1

aE1718-41881-2811511823%9%12%612
Drawl251>

B 1:AXON - Zoom 47.081750 | o [ B [




Geometry Surface-Rectangular Trimmed

o FEFZEET BT B R LS SE B lumin, umax, vmin, vmax Al — AN . K5 AL BT i T K Bl T PR AR
X [umin, umax]x[vmin, vmax]N1S 2| H . HEH S5 N:

S(H, v] — B(H,F) s (H._. F] = [H min "'Hma.x ]>< [Fmin 3 vmux ] :

o FEFEEET M R B RE BT XN -1, 2]X[—3, 4], #EEIHIEB (u, v = (1, 2, 3) +u (1,
0, 0 +v (0, 1, 0O . HSHIHFEN:

Blu,v)=(1,2,3)+u-(1,0,0)+v-(0,1,0), (u,v)e [— I.E]:-: [—3.4] :




Geometry Surface-Rectangular Trimmed

b ) [ ]

= Draw Test Harness

Drawii4]l> clear
Drawli151> plane trimSurface 1 2 3

° EDraW TeSt HarnessqjﬁU@ﬁEK%%EﬁZﬁiﬁ%ﬁ Drawli6 1> trim trimSurface trimSurface -1 2 3 —4

Drawl171>

o )
P | ] i | -
B 1:AXON - Zoom 0.577286 o | EL 3| [ 1:AxON - Zoom 53740115 E=REERl X




Geometry sSurface-0Offset

o A% i T PRSI O S DA% R N T o A% P T F) A0 28 1 ) T B HH 1T A 925 1R N_E (i ¥ 2 2 d 75 21
I . WA il 2 BT RN -

S(u,v)=Blu,v)+d - N(u,v), (u,v)e domain(B).

N(u,v)= [S; (22,v), S (u, v]]

if [S! (u,v), 8! (u,v)]£0.

o fMAZHTE KRG MEEEEd=—2, HEHEMMTB (u, v) = (1, 2, 3) +u (1, 0, 0) +v (0, 1,
O) o E%%ﬁjﬁ‘%%jﬂ:

S(u,v)=(1,2,3)+u-(1,0,0)+v-(0,1,0)-2-(0,0,1).




Geometry sSurface-0Offset

« &EDraw Test HarnessH R 23 B~ BTG |

-
~# Draw Test Harness

Drawl31> plane aPlane 1 2 3

Drawl4]1> offset offsetSurface aPlane —2
Drawl5]1> color 1 "red"

Drawl6l> offset offsetSurface aPlane —2

Drawl?1> fit
Drawl81> offzet offzetSurface aPlane —20
Drawl?1>

e

L - 20, SRR T,
Fridteie 7 - 20, XHELZILEHE.

B 1:AXON - Zoom 0.577286

=N




Interpolation vs approximation

Interpolation

Interpolation is finding a polynomial which passes

through all points.

The typical problems with them are:

High order polynomial in result (depends on

interpolation algorithm).
Complex result.

Oscillations are possible.

Approximation

Approximation is process of polynomial construction which is
close to a given set of points but not exactly passes through
them. The approximation algorithm has the following
drawbacks:

* Itis much more computationally intensive comparing to
interpolation.

* Requires more efforts to tune parameters comparing to
interpolation.

7




Point projection on curve

OCCT contains various projection algorithms such as projection of point on curve or projection curve on
surface. Unlike interpolation algorithm, sometimes projection does not exist:

Projection
does not exist

Projection exists



J\E:-_ a_j:ll_J éi:fl-)% ModelingData

Topology




Geometry limitations

OCCT surfaces support rectangular trimming. A non-rectangular domain may arise after the Boolean
operation.

How to store the result of the cut operation?

el



Purpose of topology

In general, Topology is a means to describe the limitation of an object.

Open CASCADE Topology is used to describe:

« Boundaries of objects.

* Connectivity between objects (via common boundaries).

Open CASCADE topological entities are called shapes.



Definition of topology

Topological shapes are defined following these two concepts:

» Abstract Topology (TopoDS): defines the data structure by
describing the relation between bounded and bounding

objects.

Example: an edge is described by its boundaries which are

vertices.

«  Boundary representation (B-Rep): completes the definition

of an object by associating topological and geometric
information.

Example: an edge lies on a curve and is bounded by points.

Abstract, boundary representation and algorithm classes are
grouped in different packages.

Abstraction Classes

" TopeDs
" Abstrad topology |
_ dala struciure |

~ BRep
Geometric boundary
represantalion of topalagy

Algorthm classes
~ BRepBuilderAP| i ERepToeols )
f BRepPTimaP| ; —
A ERepOfTsat AP Sel of fools
"~ BRepFilletAP]

{ TopEwp
Exploration of the graph
data structure of shapes

2 BRepFoat

Bookean operation Advanced Modeling
| Features




why boundary representation?

. #\\1\\\

There are several alternatives to B-Rep:

» Constructive solid geometry (CSG). CSG does not allow to 3 §\m\w
model arbitrary figures. & % ' a
: : : N (7
= Drawing. Drawings are not suitable for downstream — \ ,
) : N, |
engineering operations. | 50 "‘
»  Wireframe. Several solids may correspond to a single
wireframe model.
*  Mesh. Meshes do not support curved geometry.
B-Rep has some drawbacks. It is glassy, verbose, and complex. /

B-Rep model uses vertices, edges, and faces as geometry
carriers but also has special topological types. Model
complexity causes fragility.



PDMS CSG

\El PDMS Design - Equipment Application - AVEVA Plant (Project - SAM) - [3D View (1)]

E\ Design Display Edit View Selection Query Settings Utilities Create Modify Delete Position Orientate Connect Window Help

%DHE@E No list

DesignExplorer

Filter []|Hangers8Supports
=4 Design WORL™
#- @ SITE OCADE-TEST
#-[@] TPWL Default_TPwL
i@ SITE SAMPLE-ADMIN
= @ SITE STABILIZER
- @ ZONEEQUIP
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X Object Browser

<Search>

ax Navigate

-
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R
}0 NOZZ P15024-N2
® gP EQUI P15028
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ZONE BUILDING
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Model

Rotate

4 =8 Aveva.Pdm
4 {} Aveva.Pdms
*0 CSGBox
mbinatio
Torus

GDish
GExtrusion

*0 CSGFacetGroup
*0 CSGltem
=0 CSGLine

GPyramid
GRTorus

*0 C5GSphere
=0 CSGTree

Browse: Custom Component Set

ASSEMBLY
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CONGLOMERATION
DIFFERENCE

? INTERSECTION

public enum
CSGOperation
Member of




ModelingData BRep

W%~ (Boundary Representation) B ABRep®R~, & & /UM rh i . T2 LR R,
SEAR B30 FHIE A T SRR R, TR T S H e AR il e SO B = ok R R, i SR
SR, ik N RCRER R

AR TR — BB E R R AR RE B ETEJUEE (Geometry) HIFHAME S (Topology) WA
. HAME BHARIEAA RS, 4. HEEERR, EREIIRL R R R T AR LG B
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Topological shapes

Open CASCADE Technology defines the following types
of topological shapes:

Vertex: a point.

Vertex]

Edge: a part of a curve limited by vertices. T (Edge)

e ! S e
Wire: a set of edges (connected by their vertices).
Face: a part of a surface limited by wires.

Shell: a set of faces (connected by their edges).
Solid: a part of space limited by shells.
Compsolid: a set of solids connected by their faces.

Compound: a group of any topological shapes.




Graph structure

The following graph shows an example of relations between sub-shapes of a complex shape (a solid in this

case):

Solid S
Y
Shell Sh
Face F F F
21 Y ¥
Wire wW W W
Jﬁf/’ ; = * x *
Edge E E }_E;_/E E
A S S S Y
Vertex VI IV |V V V V|




Connectivity of shapes

Two shapes are connected if they share some bounding sub-shape(s).

Example: Let's consider two edges — 21 and 2. Each of them is limited by its boundaries, which are vertices

(viT and v1lforel and v2f and v2 1 for £2). When these two edges share a common vertex v3, they are
connected.

S ) -~ &7
e ™, 2 = e P
= i e V2 | - Y
-~ S - b .
el vof Ny V3 o
N, =" —8 / - =~ ]
o e L ¥ \ ® -
7 e o .
L] 1 [
. v "
Y. T V Vi i [_

vif| [vii] vaf| [val vif| [v3] |val




Hierarchy of shapes

TopoDS_Shape is the root class for all classes

of topological shapes.

TopoDS_ Shape

—TopoDS Vertex

TopoDS Face

TopoDS Shell

TopoDS_ Edge

TopoDS Wire

TOPDDS—SD l ld Sl

TopoDS_CompSolidé

TopoDS Compound

TopoDS_Vertex keeps information about point
(zero-dimensional object).

TopoDS_Edge keeps information about curves
(one-dimensional object). TopoDS_Wire is a
collection of edges.

TopoDS_Face keeps information about surfaces
(two-dimensional object). TopoD5_Shellisa
collection of faces.

TopoDS_Solid, TopoDS_Compsolid keeps
information about solids.

TopoDS_Compound represents a shape which is
a collection of shapes.




Structure of shape

TopoDS _Shape

The TopoDS_Shape class defines a shape by:
* A TopoDS_TShape handle (TopoDS package).

* A local coordinate system (I opl.oc package).

* An orientation (TopADbs package).

TopoDS_TShape

|
Location / —¥

P,
QOrientation /ﬁ

TopoDS_TShape: a handle class which describes the object in its
default coordinate system. This class is never used directly,
TopoDS_Shape is used.

ToplLoc_Location: defines a local coordinate system which places
a shape at a different position from that of its definition.

Example: all these boxes share the same [Shape but have different
locations.

TopoDS_TShape

AT




Structure of shape

TopAbs_Orientation: describes how a shape delimits a geometry in terms of material (or inner and
outer regions).

The orientation and location parameters of the shape are also assumed to affect its sub-shapes when
considered in the context of that shape. When a shape is explored to sub-shapes, orientation, and location
of the sub-shape is combined with that of the main shape. This ensures consistent interpretation of
parameters of the sub-shape in the context of each shape that refers to it. For example, the edge shared by
two connected faces will have opposite orientations when explored in the context of those faces.




Location modification

Data sharing concept, available in OCCT, allows re-use topological information and instance model several
times by means of the location. Location within a shape is a set of consecutive transformations which are
manipulated as a single transformation.

Note: empty location and existing identical locations are considered as different. As a result, LsSame( ) check
will return false.

Location methods are as follows: // Construct location.
‘ gp Axl axis(gp_ Pnt(aX, a¥, aZz),
« Location gp Vec (aDX, aDY, aDZ));
« Move -
gp Trst T;
« Moved T.SetRotation (axis, aR):;

// Update existing location.
aShape.Move (T) ;



Orientation: vertex within an edge

OCCT orientation concept aims at the completion of
the boundary representation by information about
inner and outer regions. This information is a set of
rules affecting shape correctness.

The orientation itself has no meaning for a vertex.
Vertex orientation makes sense only when vertex
bounds some edge. Edge is constructed using a pair
of vertices (at least one vertex using twice in case of
the periodic curve); the first vertex has
TopAbs_FORWARD orientation, and the second one
has TopAbs_REVERSED orientation by a convention.

Note: BRepBuilderAPI_MakeVertex constructs a
vertex with TopAbs_FORWARD orientation.

foi{;_anEkaV.Mo

{

Pnt aPl(10.0, 0.0,

4 )

const TopoDS Vertexé&

W?HD*::vektex{anExpEV.
D Pnt& abPnt = BRe

const qp
if (av.Orientation/()
{

gtd: rocout <<

5 BRI
j& anFdge = BRepBullderAPT Ma
Explorer anExpEV (anEdge, TopAbs
re(); anExpEV.Next ())

"Forward

<< aPnt.X()

aP2 {200y D0, 0.0} ;

VERTEX) ;

aV =

Current());

Rep Tool::Pnt (aV);
== TopAbs FORWARD)
vertex i1s: "

el LI |

<< aPnt.Y() << "

<< abPnt.Z{)

<< std::endl;

else if (aV.Orientation() == TopAbs REVERSED)
{
// There is inner orientation. That is why
/) else-1f expression is needed.

Std!roout €<

"Reversed

vertex isg: "

< apnt'}({} e Ll

<< aPnt.¥Y ()
<< aPnt.Z ()

e Mo

<< std::endl;

ceEdge (aPl,

abk2);



Orientation: edge within a wire

The face is a part surface bounded by edges. Edges are organized into wires to be able to track each loop
(outer or inner) individually.

There are no limitations when a wire is free; edges can be added to wire without constraints.

The right-hand rule comes in action when wire belongs to a face; each edge in a wire should be orientated
to have material on a left side according to parameter increasing direction on a curve. What to do with

the wrongly oriented curve?

It is possible to rebuild a curve, but it is preferable to revert the underlying curve virtually. The second
option was chosen in the OCCT.



Orientation: face orientation in a solid

Solid is a part of modeling space bounded by faces organized into a shell. Normals in the solid should point
outside the material by a convention. Differential geometry states that normal to surface in point can be evaluated
using the following formula (“x” stands for cross product):

N (g, vo) = sy (U, vo) X s,(ug, Vo)

Normal is calculated up to a sign, so an alternative formula exists where partial derivatives are swapped (the OCCT
uses the formula presented above). How to ensure the correct normal orientations in a solid?

The face orientation determines the sign before normal:
« TopAbs_FORWARD — normal is evaluated according to the formula above.
« TopAbs_REVERSED — normal is multiplied by -1.0.

Note: solid may represent the whole modeling space except a part of space bounded by solid boundaries. Normals

will point inside the bounded part of space in that case.
)




Shape manipulations

The TopoDS_shape class and it descendants provide various
useful methods such as:

Access to [Shape

* IsNull() - checks whether TShape is null or not.

« Nullify() -nullifies TShape smart pointer.

Access to location

« Location() - returns existing location.

« Move() —applies transformation to actual shape.

« Moved() —returns new shape with applied transformation.

ShapeType( ) - returns the type of the TopoDS_Shape

Shapes comparison:

» IsPartner() —the same TShape

« IsSame() - the same TShape and location.

sEqual() -thesame [Shape, location and orientation.

Shapel

TopoDS_TShape

Location

Orientation

Shape1

TopoDS_TShape

Location

Qrientation

Shape1

TopoDS_TShape

Location

Orientation

Partner

Same

Equal

Shape2

TopoDS_TShape

Location

Orientation

Shape?2

TopoDS_TShape

Location

Orientation

Shape2

TopoDS_TShape

Location

Orientation




Shape downcasting

TopoDS_Shape objects are manipulated by value. That is
why special methods are implemented to supply downcast
functionality:

 TopoDS::Vertex() Returns a TopoDS_Vertex
« TopoDS: :Edge() Returns a TopoDS_Edge
« TopoDS::Wire() Returnsa TopoDS_Wire

* TopoDS::Face() Returns a TopoDS_Fe¢

#p]

d
« TopoDS::Shell() Returns a TopoDS_Shell

0lid() Returns a TopoDS_Solid

P

o TopalDss:

» TopoDS::CompSolid() Returns a
TopoDS_CompSolia

* TopoDS: :Compound() Returns a TopoDS_Compound

Note: exception is raised when an inappropriate conversion
is done.

Example: the first block is correct, but
the second is rejected by the compiler.

// Correct.
1f (aShape.ShapeType () == TopAbs VERTEX)
{

const TopoDS Vertex& avVl =

DS: :Vertex (aShape) ;

=

// Rejected by compiler.
1f (aShape.ShapeType () == TopAbs VERTEX)
{
TopoDS Vertex aVZ = aShape;
}



Collections of shapes

The TopTools package provides:
» Classes to compute hash code for a shape with or without orientation.

» Instantiation of collections for shapes.

DREP DUl 1ael Doy
TopTools MapOfShape anEmap = anltl.Value();

PaﬁTgc33_Lietftf#ﬁtqrﬁfoethEﬁape anltl (anEdges) ;
for (;anItl.More();anItl.Next())
BEB.Remove (aWire, anltl.Value()):;

for (anItl.Initialize(edges); anltl.More();anItl.Next())
{
TopoDS Shape anEdge = anlItl.Value();
if (anEmap.Contains (anEdge))
ankdge.Reverse () ;
BB.Add (aWire, anEdge);



Exploration tools

Exploring a topological shape means finding its sub-shapes, possibly matching specific criterion.

[ ]

lopoDS_Tterator class explores the first level sub-shapes of the given shape (from the list in its
[Shape).
TopExp_Explorer class explores all sub-shapes in the given shape, with a possibility to select the
kind of entities (for example, faces only).

TopExp Explorer anExp(aShape, TopAbs EDGE) ;

for (; anExp.More(); anExp.Next ())

{
TopoDS Edge ankEdge = TopoDS: :Edge(ankExp.Current())

L8

}
TopExp::MapShapes() method explores sub-shapes and puts them in a map (thus detecting the

same elements). /\
— ]
J/ \E

TopExp_Explorer returns 4 vertices TopExp::MapShapes returns 3 vertices




Exploration tools

«  TopkExp::MapShapesindAncestors() method returns all the entities that reference another one.

=1 = ES E4

F‘I‘FS |=2||=5 FS‘FS |=4‘|=5

In Open CASCADE Technology, there are no back pointers from a sub-shape to its ancestor shapes.
Instead, TopExp: :MapShapesiAndAncestors() may be used to restore this information. For example,
if you want to find all faces that contain a given vertex or an edge, you may use this method.



Boundary representation

The Boundary Representation (B-Rep) describes the model objects in three dimensions.

In B-Rep modeling, entities are represented by their boundaries.

Model in 3D Faces bound model Edges bound faces
B-Rep immerses Geometry into Topology:

- Geometry: a face lies on a surface, an edge lies on a curve, and a vertex lies on a point.
« Topology: connectivity of shapes.
Thus the description of a model object becomes complete.
B-Rep description is based on:
TopoDS package - to describe the topological structure of objects.

* Geomand GeomZd packages - to describe the geometry of these objects.




B-Rep entities

BRep_TVertex, BRep_TEdge, and BRep_TFace are defined to add geometric information
to a topological model.

BRep_TVertex, BRep_TEdge, and BRep_TFace inherit TopoDS_TShape.

The geometric information is stored in a different way according to the topological entity.
Entities that store geometric information allows to describe:

* An edge: a curve limited by vertices.
» A face: a surface limited by edges.

« A solid: space limited by faces.



Geometry in BRep_TVertex

BRep_TVer tex geometry is stored as:
A 3D point (gp_Pnt) - for all vertices

A list of point representations that can be:

Standard_Transient

T

BRep FPointRepresentation

Y

EIRep_F'nintOnCunfe

‘ BRep_FointsOnSurface

il

N

BRep PointOnCureOnSurface

BRep_ PointOnSurface

« A point on a curve (GCeom_Curwve, parameter) - if a vertex bounds an edge.

* A point on a curve on a surface (Geom_Sur face, Geom2d_Curve, parameter) -

vertex bounds an edge lying on a surface.

if a

« A point on a surface (Geom_Sur face, Uparameter, Vparameter) - if a vertex bounds a

face.
v




BRep_CurveOn2Sufaces

Geometry in BRep_TEdge

BRep_CurveOnSurface ]-q—‘ BRep_CurveOnClosedSurface

n BRep_Polygon3D

l BRep_PolygonOnSurface |-¢—‘ BRep_PuolygonOnClosedSurface ‘

| BRep_PolygonOnTriangulation )-1—' BRep_PolygonOnClosedTriangulation I

BRep_TEdge geometry is stored as a list of curve representations that can be :

* A 3D curve and two parameters on a curve (Geom_Curve, FirstParameter, LastParameter).

A curve on a surface, two parameters on a curve and two pairs of parameters on a surface (GCeom2d _Curve,
FirstParameter, LastParameter, Geom_Surface, FirstUVCoord, LastUVCoord).

The SameParameter property indicates whether different representations of the edge are parametrized
synchronously i.e., points with the same parameter value on the 3D curve and each of 2D curves coincide (within

the edge’s tolerance)

vl - . v

A | g~

1 uz



Geometry in BRep_TFace

BRep_TFace geometry is stored as a Geom_Surface

Geom_Surface

BRep_TFace




Precision in B-Rep

Several geometric representations may be attached
to a topological (B-Rep) object. For example, a
vertex can be represented by:

* 3D point;
* parameter on a curve;

* pair of parameters on a surface.

These representations are similar but rarely identical.

For modeling algorithms, it is necessary to know
exactly the precision associated with this
approximation. The numeric value of this precision is
associated with each B-Rep shape and is called
tolerance. It defines the zone in which all
geometrical representations of the object are
located.

In BRep_TVertex precision defines the radius of
a sphere around a 3D point:

' %
' Y
] ]
[ + |
I'n |'I
%, 7

In BRep_TEdge precision defines the radius of a
oipe around a 3D curve

S

In BRep_TFace precision defines the thickness
above and below a surface

i —
— e
& P ——
..-'.-'

Thickness — -~ =~

e



Precision in B-Rep

Since tolerance is associated with geometry carriers, it is defined by the algorithms creating
or modifying the geometry in B-Rep.

Open CASCADE Technology requires that:
Tolerance(Vertex) >= Tolerance(Edge) >= Tolerance(Face)




Package: BRepAdaptor

OCCT enables topological entities usage in geometric algorithms via the adapter pattern.
Adapters for boundary representation work as trimmed curves and surfaces, thus eliminating
the necessity of manual trimming. The following adapters are available:

« BRepAdapter_Curve - curve adapter accepting edge.
- BRepAdapter_CurveZd — curve adapter accepting edge and face.
« BRepAdapter_CompCurve — curve adapter accepting wire.

« BRepAdaptor_Surface - surface adapter accepting face.

Note: Handle version of adapters are available. For instance, ERepAdaptor_HSurface class
is handled-version of the surface adapter.



ModelingData BRep

«  JjlilGeometry
— BRep_Tool

BBRep_Tool class provides methods to
access the geometric information in a mode
| :

= Tolerance(...) Returns a Standard_Real

= Surface(...) Returns a Geom_Surface

m Curve(...) Returns a Geom_Curve

s CurveOnSurface(...) Returns a
Geom2d_Curve

= Pnt(...) Returns a gp_Pnt



B-Rep particularities

Representation of the same face in 3D space (3D topology) and in parametric space (UV topology)

are usually topologically similar.

Sometimes 3D topology and UV topology are different.

degenerated edges.

It is the case of seam edges and




B-Rep particularities

« A seam edge is an edge, which defines a seam on a closed face (usually built on a periodic
surface). In this case, one 3D topology corresponds to several UV topologies.

* An edge is said to be degenerated when one or several UV 2d curves correspond to a single 3D
vertex. Such edge does not have a 3d curve representation and includes the same vertex twice

(with opposite orientations).

s, CTET )
E2 E3 -
E?2 \ E3 J}E 3 RorF E3 E3
’ : - (f _E_2 ok

E1




ModelingData BRep- Edge

- FRRRISTIK)IL Special edge types
« 45470 (seamedge) : BIZER—ANH b H B KK
- 1B1kil (degenerated edge) : IXFPILALT HH I AIAT oAb, FE =4 R PIRBL N — N AT

= — —— - pr—
[ 112 AXOM - Zoom B6.559313 - \OJEZ ] — 2 -20- - Toom 59.205639 =l =

degenarated edge 1
./”.

degenerated edge 1 peurve
P

S

~ seam-edge pcurves (two) -~

. ! \\5'9'3-" n-edge degenearated edge 2 pourve

degenerated edge 7




ModelingData BRep- PCurve

e PCurve - Curve On Surface

+ TR 0T 7 ) B T T 25 007 [ v D 2

= ! _S = = # 4. view the pcurves of a sphere face

0

! 3:-20- - Zoam G0ATERTE =ae X ji
| .

— |

spheras 1

# make the topo face
mkface s 5

# extract pcurves
pcurve s

# display pcurves in 2d viewer
avzd

2dfit

fit

# display sphere face in 3d viewer
vdisplay s

" 1: AXON - Zoom 16.795225 SEIEET 2 20- - Zoom 60ATEATE i = Sl

" 1:AXCM - Zoom 380521491 fe=anuy x|




PCurve-Parametric Curve
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[ 3D View - Driver1/Viewer1/View1(*)
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ModelingData Question

« Geometry Surface AT AT KSEBIREL? 81 3D View - Driver1/Viewer1/View1(" - o x
= 7‘3"3‘(15 A EK, sk E EE Sk

= X

virtual void DO (const Standard Real U, const Standard Real V, gp_Pnt &P) const =0
Computes the point of parameter UV on the surface. More...

virtual void D1 (const Standard Real U, const Standard Real V, gp_Pnt &P, gp Vec &D1U, gp Vec &D1V)

const =0
Computes the paoint P and the first derivatives in the directions U and V at this point. Raised if
the continuity of the surface is not C1. More...

virtual void D2 (const Standard Real U, const Standard Real V, gp Pnt &P, gp Vec &D1U, gp Vec &D1YV,
gp_Vec &D2U, gp Vec &D2V, gp Vec &D2UV) const =0
Computes the point P, the first and the second derivatives in the directions U and V at this

point. Raised if the continuity of the surface is not C2. More... ller.rle

iDraw[13]> vnormals propeller —length 50
Draw[14]>




ModelingData Question

« Geometry Curve AT 4B KSEBIRE
% AATEEZNER., K& KE.
WRETE, NRFEEEE.

()

virtual void DO (const Standard Real U, gp _Pnt &P) const =0
Returns in P the point of parameter U. If the curve is periodic then the returned point is P(U) with U =
Ustart + (U - Uend) where Ustart and Uend are the parametric bounds of the curve. More...

virtual void D1 (const Standard Real U, gp Pnt &P, gp Vec &V1) const =0
Returns the point P of parameter U and the first derivative V1. Raised if the continuity of the curve is
not C1. More...

virtual void D2 (const Standard Real U, gp_Pnt &P, gp_Vec &V1, gp Vec &V2) const =0
Returns the point P of parameter U, the first and second derivatives V1 and V2. Raised if the
continuity of the curve is not C2. More...

151 Standard_Real CPnts_AbscissaPoint::Length(const Adaptor3d_Curved& C,

152 const Standard_Real Ul,
153 const Standard_Real U2)
154 {

155 CPnts_MyGaussFunction FG;

156 //POP pout WNT

157 CPnts_RealFunction rf = f3d;

158 FG.Init(rf, (standard_Address)&C);

159 // FG.Init(f3d, (standard_Address)&cC);
160 math_GaussSingleIntegration TheLength(FG, Ul, U2, order(C));
161 if (!TheLength.IsDone()) {

162 throw Standard_ConstructionError();
163 1}

164 return Abs(TheLength.value());

165



Extrema

* Extrema FuncExtCS
* Extrema GenExtCS

J,l’ TR T R S S SR T O S U R S RS S R O S ST P R S ST

Fonction permettant de rechercher une distance extremale entre une courbe C
et une surface S.

Cette classe herite de math_FunctionwithDerivative et est utilisee par

les algorithmes math_FunctionRoot et math_FunctionRoots.

{ FA1(E,,v) = (Cley=Stu,v)).prett) ¥
{ F2(t,u,v) = (C()-SCu,v)).Dus(u,v) } standard_Boolean Extrema_FuncExtCs::Value(const math_Vector& UV,
{ F3(t,u,v) = (C(t)-SCu,v)).Dvs(u,v) } math_vector& F)
{ Dtf1(t,u,v) = Dtc(t).Dtc(E)+(C(t)-S(u,v)).Dttc(t) g " e ]
= | IDte(t) | | **2+(C(t)-5Cu,v)).Dttc(t) } if (ImyCinit || ImySinit) throw standard_TypeMismatch();
{ pufl(t,u,v) = -Dus(u,v).Dtc(t) } )
{ DvFL(t,u,v) = -Dvs(u,Vv).Dtc(t) } e 3:’;83
{ Dtf2(t,u,v) = Dtc(t).Dus(u,v) } miv ; UV(B)f
{ buf2(t,u,v) = -Dus(u,v).busCu,v)+(C(t)-5Cu,v)).Duus(u,v) ;
= -||Dus (u,v) | | #¥2+(C(t)-5(u,v)).Duus(u,v) } // gp_Vec Dtc, Dttc;
{ pvf2(t,u,v) = -Dvs(u,v).Dus(u,v)+(C(t)-SCu,v)).buvs(u,v) } gp_Vec Dtc:
{ DEfa(t,u,v) = Dec(t).Dvs(u,v) } /// gp_Vec Dus, Dvs, Duvs, Duus, Dvvs;
{ buf3(t,u,v) = -Dus(u,v).Dvs(u,v)+(C(t)-5Cu,v)).Duvs(u,v) 1} gp_Vec Dus, Dvs;
{ pvf3(t,u,v) = -Dvs(u,v).Dvs(u,v)+(C(t)-SCu,v)).Dvvs(u,v) } myC->D1(myt, myPl, Dtc);
---------------------------------------------------------------------------- wf myS—>D1 (myU,my\V,myP2 ,Dus ,Dvs);

gp_Vec P1P2 (myP2,myPl1);

=
N

F(1) P1P2.Dot (Dtc);
— F(2) P1P2.Dot(Dus);
) ' F(3)

P1P2.Dot(Dvs);

return Standard_True;

w N
NN
N N
[l
NN N
NN N



ModelingData Ahal

AppDef_BSpParFunctionCOfty
BSplGradientOBSplineCompute

AppDef_ParFunctionOfy Gradientbis
OfBSplineCompute

* Geometry Curve: C(u

AppDef_ParFunctionOfy Gradient
OfCompute

| Extrerna_GlobOptFuncCCCO |

math Function

[ AppDef ParFunctionDfTheGradient |

I Extrerna_GlobOptFuncConics |

Ama_G\nhOptFuncCQuadric |

AppDef_TheFunction

math_Multiplet/arFunction

BRepApprox_BSpParFunction
OftyBSplGradientOfTheComputeline
OfApprox

‘QPMS_D\StFUHCIiDnZdMV |

| GCPnts_DistFunctionhdy ‘

math_Multiple’arFunction

BRepApprox_ParFunctionOf
MyGradientbisOfTheComputeline
Offpprosx

WithGradient
—

BRepApprox_ParFunctionOf
MyGradientOfTheComputeLineBezier
OfApprox

* Geometry Surface: S(u, v

Extrema_FuncPSDist

| Extrema_GlobOptFuncCCC I

Geomlnt_BSpParFunctionOf
MyBSplGradientOfTheComputeline
OfYLARprox

math_MultipleVarFunction

Geomlnt_ParFunctionOfy Gradientbis
OfThe ComputelineOfyLApprox

Geomlint_ParFunctionOftdy Gradient
OfTheComputeLineBezierOWyLApprox

rnath_kultiplearFunction
WithHessian

| Extrema_GlobOptFuncCCC2 |

Extrema_GlobOptFuncCS |

FairCurve_Energy

FairCurve_EnergyOfBatten |

FairCurve_EnergyOfvvC ‘

Y
math_Function

‘Adaptor3d_interF unc

Bisector_FunctionH

Bisector_Functioninter

Extrema_PCFOEPCOELPCOf

LocateExtPC

Extrema_PCFOfERCOfELPCOf

LocateExtPC2d

GCPnts_DistFunction

Extrema_PCFOfEPCOExPC

Extrema_PCFOEPCOfExtPC2d

Extrerma_PCLocFOfLocEPCOf
LocateExtPC

Extrema_PCLocFOfLocERCOf
LocateExtPC2d

I Geom2dGee_FunctionTanGirCu |

GCPnts_DistFunction2d |

rath_FunctinntithDerivative GeomZdGee_FunctionTanCuPrt

) Geom2dGee_FunctionTanObl

Geom2dint_MylmpParToolOf
ThelnterseciorOfThelnt CanicCurve
OfGlnter

ExtPCOfTheProjPCurOfGinter

HLRBRep_MylmpParToolOfhe
IntersectorDiThelntCanicCurveOf
Clnter

HLRBRep_PCLocF OfTheLocate
ExtPCOfTheProjPCurOfCinter
HLRBRep_TheQuadCurnFuncOf
TheQuadCuvExactinterCSurf

IntCurve_MylmpParTaelOfint
ImpConicParConic

IntCurveSurface_TheQuadCury
FuncOfTheQuadtunExactHinter
IntPatch_ArcFunction

math_TrigonemetricEquation
Function
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ModelingAlgorithms

PY B Re p Bu I |d e rA P | d BReplLib MakeFace::Init(const Handle{Geom Surface
nst Standard Real Um,

Standard Real UM,
Standard Real Vm,

* BRepBuilderAPI_MakeFace | const Standard el

Standard Real TolDegen)
myError = BReplLib FaceDone;

Standard Real UMin = Um;
Standard Real UMax = UM;
tandard Real VMin = Vm;
Standard Real VMax = VM;

Standard Real umin,umax,vmin,vmax,T;
{andle (Geom_Surface) S = SS, BS = SS;
Handle(Geom RectangularTrimmedSurface) RS =

(Geom RectangularTrimmedSurface)::[

IRS.TsNu11())

- RS-3>B
Standard Boolean OffsetSurface =

‘PE(Geom_OffsetSurface));

BS->Bounds (umin, umax, vmin,vmax) ;
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* Primitives
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ModelingAlgorithms

* Primitive - Box

BRepPrimAP|_MakeBox(dx. dy. dz) BRepPrimAPI_MakeBox(P, dx. dy. dz]

dz

B 3D View - Driverl/Viewerl/View1(*) — O L dz

P dy

BRepPrimAPI_MakeBox(A, dx, dy. dz]

UV




ModelingAlgorithms

* Primitive - Cylinder

Z A

fJ

~Q__

e

Z/

T Angle

v

=& Draw Test Harness — O >

Draw[1l]> pevlinder po 1 2

B 3D View - Driverl/Viewerl/View1(*) — O X
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 Primitive - Cone

=& Draw Test Harness — O >

B 30 View - Driverl/Viewerl/View1(™) — O .
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* Primitive - Sphere

2 4
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* Primitive - Torus




BRepMesh Architecture

Creation of model data structure: source TopoDS_Shape passed to algorithm is analyzed and exploded into
faces and edges. The reflection corresponding to each topological entity is created in the data model. Note
that underlying algorithms use the data model as input and access it via a common interface which allows
creating a custom data model with necessary dependencies between particular entities (see the paragraph
"Data model interface");

Discretize edges 3D & 2D curves: 3D curve as well as an associated set of 2D curves of each model edge is
discretized in order to create a coherent skeleton used as a base in face meshing process. If an edge of the
source shape already contains polygonal data which suits the specified parameters, it is extracted from the
shape and stored in the model as is. Each edge is processed separately, the adjacency is not taken into
account;

Heal discrete model: the source TopoDS Shape can contain problems, such as open wires or self-
intersections, introduced during design, exchange or modification of model. In addition, some problems like
self-intersections can be introduced by roughly discretized edges. This stage is responsible for analysis of a
discrete model in order to detect and repair problems or to refuse further processing of a model part in case
if a problem cannot be solved;

Preprocess discrete model: defines actions specific to the implemented approach to be performed before
meshing of faces. By default, this operation iterates over model faces, checks the consistency of existing
triangulations and cleans topological faces and adjacent edges from polygonal data in case of inconsistency
or marks a face of the discrete model as not required for the computation;

Discretize faces: represents the core part performing mesh generation for a particular face based on 2D
discrete data. This operation caches polygonal data associated with face edges in the data model for further
processing and stores the generated mesh to TopoDS_Face;

Postprocess discrete model: defines actions specific for the implemented approach to be performed after
meshing of faces. By default, this operation stores polygonal data obtained at the previous stage to
TopoDS_Edge objects of the source model.

L) Meshing Parameters : IMeshTools_Parameters

& BRepMesh Workflow

.'i’opoDSﬁShape

&= |MeshData_Model : [1] —*0 IMeshData_Meodel : [1]

Create Model Data Structure Discretize Edges 3D & 2D Curves

Heal Discrete Model Preprocess Discrete Model
|
Discretize Faces Postprocess Discrete Model

W

@Mesh

B

General workflow of BRepMesh component




Discretize edges 3D & 2D curves

- E#UZEdge
* GCPnts_TangentialDeflection

* GCPnts_UniformAbscissa h/f\\
Mora vertices than needed |
|

Warticas are spaced uniformiy owver the curea

7
\/ [

Less vartices than neaded

* GCPnts_UniformDeflection
¢ GCPnts_QuasiUniformDeflection
* GCPnts_QuasiUniformAbscissa

lTinear deflection
® <= angular deflection




Discretize faces

« A Face




Delaunay Triangulation

« = AN E

* Triangle http://www.cs.cmu.edu/~quake/triangle.html|

* DELABELLA - Delaunay triangulation library
https://github.com/msokalski/delabella

A Two-Dimensional Quality Mesh Generator and Delaunay Triangulator.

Jonathan Richard Shewchuk
Computer Science Division
University of California at Berkeley



http://www.cs.cmu.edu/~quake/triangle.html
https://github.com/msokalski/delabella

Discretize faces

« Deflection Control ¥ & 2]
I3 N A RORFE RS

BRepMesh_DelaunayDeflectionControlMeshAlgo d

BRepMesh_DelaunayNodelnsertion
MeshAlgo< RangeSplitter,
BaseAlgo >

BRepMesh_DelaunayDeflection

ControlMeshAlgo< RangeSplitter,
BaseAlgo >

< linear deflection;
N1.Angle(N2) < Anglelnterior;
N2.Angle(N3) < Anglelnterior;

Linear and angular interior deflections

[§ BRepMesh_DelaunayDeflectionControlMeshAlgo.hxx - Notepad2

File Edit View Settings ?
DE@OE 9 s 20 AL EHQQ 2K E

210
211

// Check geometry of the given triangle. If triangle does not suit specified deflection, inserts new point.

void splitTriangleGeometry(const BRepMesh_Triangle& theTriangle)

212
21z |
214 it (theTriangle.Movability() !|= BRepMesh_Deleted)
215 {
216 Standard_Integer aNodexIndices[3];
217 this->getStructure()->ElementNodes (theTriangle, aNodexIndices);
218
219 TriangleNodeInfo aNodesInfol[3];
220 getTriangleInfo(theTriangle, aNodexIndices, aNodesInfo);
221
222 gp_Vec aNormal;
223 gp_Vvec alinkvec[3];
224 if (computeTriangleGeometry(aNodesInfo, aLinkvec, aNormal))
225 {
226 myIsAllDegenerated = Standard_False;
297
228 const gp_XY aCenter2d = (aNodesInfo[0].Point2d +
229 aNodesInfo[l].Point2d +
230 aNodesInfo[2].Point2d) / 3.;
231
232 usePoint(aCenter2d, NormalDeviation(aNodesInfo[0].Point, aNormal));
233 splitLinks (aNodesInfo, aNodexIndices);
234 }
235 1)
236}
Ln1:474 Col1 Sel0 14.7 KB

ANSI LF INS C/C++ Source Code

~




Range splitter

Range splitter tools provide functionality to generate internal surface
nodes defined within the range computed using discrete model data
The base functionality is provided b _
BRepI\_/Ies_h_De_fauItRan?eSplltter which can be used without
modifications in case of planar surface. The default splitter does not
generate any internal node.

BRepMesh_ConeRangeSplitter, BRepMesh_CylinderRangeSplitter
and BRepMesh_SphereRangeSplitter are specializations of the
default splitter intended for quick generation of internal nodes for
the corresponding type of analytical surface.

BRepMesh_UVParamRangeSplitter implements base functionality
taking discretization points of face border into account for node
eneration. Its successors BRepMesh_TorusRangeSplitter and
RepMesh_NURBSRangeSplitter extend the base functionality for
toroidal and NURBS surfaces correspondingly.

@ BRe

pMesh_DelabellaMeshAlgoFactory.cxx - Notepad2

File Edit View Settings ?

05 G H| ¢ aB A EH QY DR
79//
80 // Function: GetAlgo
81 // Purpose :
82//
sz Handle(IMeshTools_MeshAlgo) BRepMesh_DelabellaMeshAlgoFactory: :GetAlgo(

84
85
86 {
87
88
89
a0
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

<

Ln1:146 Col1 Sel0

const GeomAbs_sSurfaceType thesurfaceType,
const IMeshTools_Parameters& theParameters) const

switch (theSurfaceType)
{
case GeomAbs_Plane:
return theParameters.InternalVerticesMode ?
new NodeInsertionMeshaAlgo<BRepMesh_DefaultRangeSplitters::Type :
new BaseMeshAlgo: :Type;
break;

case GeomAbs_Sphere:
{
NodeInsertionMeshAlgo<BRepMesh_sSphereRangeSplitters: :Type* aMeshAlgo =
new NodeInsertionMeshAlgo<BRepMesh_SphereRangesplitters>::Type;
aMeshAlgo->SetPreProcessSurfaceNodes (Standard_True);
return aMeshAlgo;
1

break;

case GeomAbs_Cylinder:
return theParameters.InternalverticesMode ?
new DefaultNodeInsertionMeshAlgo<BRepMesh_CylinderRangesplitters::Type :
new DefaultBaseMeshAlgo: :Type;
break;

4.79 KB ANSI LF INS C/C++ Source Code




Mesh Data Structure

B HULEdgefs 22 BL&

* Poly_Polygon2D
* Poly_Polygon3D

* Poly_Triangulation

BRep Tool Class Reference

Provides class methods to access to the geometry of BRep shapes. Mare...

#include <BRep_Tool. hxx>

Static Public Member Functions

static Standard_Boolean

* Poly_PolygonOnTraingulation

* A HUH FacefS 2 =1 M # -

static const Handle< Geom Surface > &

static Handle< Geom Surface >

static const Handle< Poly Triangulation > &

static Standard Real

IsClosed (const TopoDS _Shape &5)

If S is Shell, returns True if it has no free boundaries (edges). If S is Wire, returns True if it has
no free ends (vertices). (Internal and External sub-shepes are ignored in these checks) If S is
Edge, returns True if its vertices are the same. For other shape types returns S.Closed(). More...

Surface (const TopoDS Face 8F, TopLoc Location &L1)
Returns the geometric surface of the face. Returns in <L> the location for the surface. More...

Surface (const TopoDS Face 8F)
Returns the geometric surface of the face. It can be a copy if there is a Location. More...

Triangulation (const TopoDS_Face &F, TopLoc_Location &L)
Returns the Triangulation of the face. It is a null handle if there is no triangulation. More...

Tolerance (const TopoDS _Face &fF)
Returns the tolerance of the face. More...



Modeling AP|l: BRepOffsetAPI

This package provides additional tools for construction, such as:
BRepOffsetAPL_ThruSections — builds a shell or a solid from a sequence of wire profiles.

 BRepOffsetAPI_DraftAngle —tapers a set of faces of a shape with a given angle.

» BRepOffsetAPI_MakeOf fsetShape - builds offset shape on the given shape.

» BRepOffsetAPI_MakeThickSolid - builds a hollowed solid from a given solid and a set of faces to be
removed.

« BRepOffsetAPI_MakePipe —builds a pipe shape by sweeping a base shape (profile) along a wire (spine).

* BRepOffsetAPI_MakeEvolved - builds an evolved shape from a planar face or wire (spine) and a wire
(profile).

| -
"
—
-




sweep

1315 i T 2 — S R I
Z A ERBIE #2339
A pY Y AT

B ' 3D View - Driver1/Viewer1/View1(*) —

cylinder aCylinder 6

line aLine2d 001 1
trim aSegment aline2d 0 2xpi

mkedge aHelixEdge aSegment
aCylinder 0 6xpi

# there is no curve 3d in the
pcurve edge.
mkedgecurve aHelixedge 0.001

| GeomFill_ConstantBiNormal ]

wire aHelixWire aHelixEdge

| GeomFill_CorrectedFrenet ]

GeomFill_Darboux

GeomFill_DiscreteTrihedron I

circle profle6 000411
mkedge profile profile
wire profile profile
mkplane profile profile

GeomFill_TrihedronLaw

GeomFill_DraftTrihedron |

GeomFill_Fixed
GeomFill_Frenet

GeomFill_GuideTrihedronAC |
| GeomFill_TrihedronWithGuide
GeomFill_GuideTrihedronPlan |

pipe aSpring aHelixWire profile
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B TopologyTransformations - [Compute evolutiv blend on an edge |
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Fillet 2

* Fillet
* Chamfer
* Rolling Ball

NUM

O 5 B 30 View - Driverl/MViewerl//View1(™)

o] Pdilulitlded ol0[o]o|e]al@]s]r
Il s kla s b ML eelel L ale] &

=] slelelelalsle] v 4| =l o]

+{6l(BIP(®[8] t] c1s] slx|o] 1|8 5l
]

2|z| 2|

HE]

HTHE YELLOW BOX
TopoDS_Shape Box = BRepPrimaP|_MakeBox(gp_ Pnt(-400,0,0),

ERepPrimAF|_MakeFillet fillet(Box);

for (TopExp_Explorer ex(Box TopAbs_EDGE); exMore(); exMNext(
TopoDS Edge Edge =TopoDS:Edgelex Currantf));
fillet Add(20,Edge);

i

TopoD3_Shape blendedBox = fillet. Shape():
B

/THE RED SOLID

{hiarning : Onthe acute angles of the boxes afilletis created.
On the angles of fusion a blend is created. i

<

Copy selection to cliphoard Caopy allto cliphosard
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2D File View Window Help = e e
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3D File View Window Help -
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Choose Shapes and Projector

 Default
—-vlrsiblehT ~Chosseaprojector iR — 0 %
shar| es
R Get Shapes | Update 2D | 2D File View Window Help - @ x

" smooth Edges
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[v Draw Hidden line
—Hidden

@ sharp Edges
" emooth Edges
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ModelingAlgorithms

* Boolean Operation - Fuse

TopoDS_Shape aShape =
BRepAlgoAPI_Fuse(S1, S2);

der c E
E:I::'l a%y i) i
up WireFrame display mode




ModelingAlgorithms

* Boolean Operation - Common

TopoDS_Shape aShape =
BRepAlgoAPI_Common(S1, S2);

ommon. sSe b oo

anslate =2 40 0 0
=7

wldd | » setup Shaded display mode




ModelingAlgorithms

* Boolean Operation - Cut

TopoDS_Shape aShape =

BRepAlgoAPI_Cut(S1, S2);




ModelingAlgorithms

* Boolean Operation - Section

TopoDS_Shape aShape =
BRepAIgoAPI_Section(S1, S2);




Boolean Operations algorithm

* Interferences

B ' 3D View - Driver1/Viewer1/View1(*)

BOPDS_Interf

BOPDS_InterfvV 7 BOPDS_InterfFF
BOPDS _|nterfVE BOPDS_|InterfVZ
BOPDS_InterfEE BOPDS_InterfEZ
BOPDS_InterfVF BOPDS_InterfFZ
BOPDS_InterfEF BOPDS_InterfZZ

BOPDS Interf classes




Boolean Operations algorithm

* Analytic Geometric Intersection

ST HRIN TR L%, B, i%_ﬁf%z}%“ijﬁiqu)ﬁj\&%ﬁ
AREFxy 2B A, SEIMERXAGE, BR BT AENKE, X
N BB A IntAna2d, IntAna.,

J. Intersection between Circle and Conic

X HRAESER S I, SEIRENEENREREN R AR, BREASHhERH U\ EHEN R pEhEL:
{I = R-cosa

y=R-sma
A + By’ + 20y + 2Dx + 2By + F =0
A(R-cosa)’ + B(R-sin @)’ + 2C(R-cosa R -sin@)+ 2DR -cosa + 2ER -sina + F =0
A(R-cosa)® + BR*(1- cos” @) +2C(R-cosa XR -sina)+2DR -cosa + 2FR -sma+ F =0
(AR*- BR*)cos’ @+ 2CR’ cosa-sina +2DR -cosa + 2ER -sina + F + BR* = 0



Boolean Operations algorithm

IntAna _QuadQuad, HHXR

Z

— R
i

A Eﬁ

ytic Geometric Intersection

H ’3 HRY KT &,

%'fﬁﬁt{%}\
TH HY ,ﬁ:Tﬁzo TR HYE 2
E%

EMX&mﬁﬁﬂ&hmT

Coefficients(Qxx,Qyy,Qzz,Qxy,0xz,Qy

.NewCoefficien

ts(Qux

,Qyy,Qzz

5 Qxy

[, Qxz

,Qyz

z,0x,Qy,

,0x

Qz,01);

»Qy,

Qz

,Q1,Cy1.Position());




Modeling API: history of modifications

Sometimes, built-in operations are unable to solve a modeling problem. A custom modeling pipeline
is used in that case. The OCCT does not have persistent indexing; topological items may change
unpredictably after an operation. History support allows overcoming this issue. Modeling algorithms
have three methods that allow to know the modification status of an initial shape 'S' after a
topological operation:

« IsDeleted(S) tells if the shape 'S' has
been deleted by the algorithm. |

« Modified(S) lists shapes that represent
the modmed state of the shape 'S' (such

shapes have the same underlying geometry

) . ) =\
« Generated(S) lists shapes generated by ¥

the algorithm from the shape 'S' (such

shapes have new underlying geometry not

existing in 'S") ’A‘ ' /m\
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Draw [est Harness

« HENXTclig%
- RIESEIRLLIL

command to load g commatids

O

& v B ow

7int

Wow oW ow
1 e w

=

<tcl.hs
<stdlib.h>
<string.h>

comment{1ib, "tcl85.1ib")
EqualCmd(ClientData clientData, Tcl_Interp* interp, int objc, Tcl1_0bj
if fobijc I= 3)
{

Tcl_WrongNumArgs (interp, 1, objv, "stringl string2");
return TCL_ERROR;

}

Tcl_0obj* result = NULL;

char® argl = Tcl_Getstring(objv[1]);

char® arg2 = Tcl_getstring(objv[2]);

if (strcmp(argl, arg2) == 0)

{

result = Tcl_NewBooleanObj(l);
}
else
1

result = Tcl_NewBooleanObj(0);
1

Tcl_SetObjResult{interp, result);
return TCL_OK;

Tcl_AppInit(Tcl_Interp* dinterp)

// Imitialize packages Tcl_Init sets up the Tcl library facility.
if (Tcl_Tnit(interp) == TCL_FRROR)

{
}

// Register application-specific commands.
Tcl_CreateobjCommand(interp, "equalcmd", EqualCmd, NULL, NULL);
return TCL_OK;

return TCL_ERROR;

main(int argc, char® argv[])

Tcl_MainCargc, argv, Tcl_AppInit);
return 0;

*CONST objv[])




Automated Testing System

* OCCTE T Draw Test Harness?m1 Ly —&E

OCCTRHBE & i,

1T
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Download Open CASCADE Technology source package, tgz archive:

- opencascade-7.6.0.tgz (230 101 903 bytes)

Download Open CASCADE Technology testing datay.

- lopencascade-dataset-7.6.0

67 976 419 bytes)

5] 'ﬂﬁ/)ﬂljl_t? 5, H

SKARUEER 15

2

~

=
BEo



Automated Testing System

B C:\WINDOWS\system32\cmd.exe — ] X
Hin I ALL”

- REMXBUEN R R E

set env(CSF_TestDataPath)
$env(CSF_TestDataPath)\;d:/occt/test-data

* TR B MR testgrid
s TITIEEM BB testgri
bugs caf moddata* xde

Bl C\WINDOWS\system32\cmd.exe s [} ><

command to

1<



Automated Testing System

* MiIR &

(im] [ Tests summary x = — O 5
- G @ (D 3t | C/ocade/OpenCASCADE-7.6.0-vci4-64/opencascade-7.60/res.. AV 5  ¥= O] e

Summary

2BAD Known problem

181 0K Test passed OK
292-Test skipped due to lack of data file

Generated on 2022-03-17 11:36:04 on eryar

Elapsed time: 0 Hours 0 Minutes 19.8692456 Seconds
Skipped

blend buildevol 6 F9 G2G3G4G5GAGT GBGOHT HoHIHAHSHE HZ HE HO 11 [2 13 |4 5 16 17 18 19 J1 2 U3 )4 IS t
blend complex II ABA9B1B2B3BAB6B7 BS BI C1 C2 C3 C4 C5 C6 C7 CB.CO D1D2D3 D4 D5 D6 DED

blend
KIKSK6 K7 K8KIL1 L2 L3 14 L5 L6 L7 L8 L9 M1 M2 M3 M4 M5 M6 M7 M8 M9 N1 N2 N3 N4 N5 N6 N7 NE N9 O

encoderegularity
blend simple
blend
tolblend_buildvol

blend
tolblend simple
»

-

M [ Testblend buildevol D8 x =F

& C @

Test blend buildevol D8

CASE blend buildevol D8: BAD (known problem)

() 44 | C/ocade/OpenCASCADE-7.6.0-vc14-64/opencascade-7.6.0/res...
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