/J-ASCADE

—

/ TECHNOLOGY &
—

=

-

BREP FORMAT -
DESCRIPTION E
—

‘!—: OPENCASCADE



Copyright © 2013, EDF R&D, OPEN CASCADE S.A.S.

PROPRIETARY RIGHTS NOTICE: All rights reserved. Verbatim copying and distribution of this
entire document are permitted worldwide, without royalty, in any medium, provided the copyright
notice and this permission notice are preserved.

The information in this document is subject to change without notice and should not be
construed as a commitment by OPEN CASCADE S.A.S.

OPEN CASCADE S.A.S. assures no responsibility for any errors that may appear in this
document.

The software described in this document is furnished under a license and may be used or
copied only in accordance with the terms of such a license.

CAS.CADE, Open CASCADE and Open CASCADE Technology are registered trademarks of
OPEN CASCADE S.A.S. Other brand or product names are trademarks or registered
trademarks of their respective holders.

NOTICE FOR USERS:

This User Guide is a general instruction for Open CASCADE Technology study. It may be
incomplete and even contain occasional mistakes, particularly in examples, samples, etc.

OPEN CASCADE S.A.S. bears no responsibility for such mistakes. If you find any mistakes or
imperfections in this document, or if you have suggestions for improving this document, please,
contact us and contribute your share to the development of Open CASCADE Technology:
bugmaster@opencascade.com

'l—': OPENCASCADE

http://www.opencascade.com/contact/



mailto:bugmaster@opencascade.com
http://www.opencascade.com/contact/

Contents 2

Contents

CONTENTS .iiiiiiiiinneeriiiiiiissssneeetisesisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssssssss 2
1. INTRODUCTION ...cuuuuereiiiiiiiissnneeeiisisssssssssessessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssssssssssss 3
2 FORMAT COMMON STRUCTURE .....cccciiitmniiiiinniiiiinniiiieesioiieasosisssosiessosssssssssssssssssssssssssssssssssssssssnsssssssssssssnss 3
3. SECTION <SLOCATIONSS.....ciiteiiiitniiiieniiiiessiitiesssitesssstesssssesssessessssssesssssssssssssssssssssssssssssssssssnssssssnssssssnssssses 5
4 SECTION SGEOIMETRY >...cuiiiiiiiiiiiieiiiiieniiiieniiiieesiiiessiiiessostessostssssossessssstesssssssssssssssssssssassssssnssssssassssssnssssaes 7
4.1 SUBSECTION <3D CURVESS ...eeeutieeieeeiteeieessttesueesttessueesbaesseessbaessseesasessnseesaseesnsessasaesssessnseesnsessseesssessnseesnseesas 7
4.1.1  <3BD CUIVE reCOId 15 — LiN@............ooeeeeeeeeeeee et eetee ettt e e ettt e e ettt e e e st e e e e stteaeesssaaesssaeasasstesennsees 8
4.1.2  <3D CUIVE reCOId 25 — CiIClE...........ccceeeeeeeeee ettt e e ettt e e ettt e e ettt e e e e sttt e e sassaaeesaseaasasteaennsees 8
4.1.3  <3D cUIVE reCOrd 3> — EIlIPSE.........ccc..eeeeeeeeeeeeeeeeee ettt e e ettt e et e e e st e e ettt it e e easeaeeaataeasanteaeennees 9
4.1.4 <3D curve record 4> — PArabOIQ....................ccocueeeeeiuiiieeiiisesiiie e et eeite e et e e e siee s tta e st ae e siieaennaes 10
4.1.5 <3D curve record 55> — HYPErbDOIQ ...................cuoeeeeiuieieeiiiieiiieeeeiee et e st e s siita e ssite e s staeessiteaesans 10
4.1.6 <3D cUIve record 6> — BEZICY CUIVE ................c....uueeeeeeeeeeeeeeeeeeeeeeestiteeaaa e e e e st ttasaaaaeeessstssaaasesesssssssenass 11
4.1.7 <3D curve record 7> — B-SPlINE CUIVE ..................cooecveeeeeeeieesieeeesteeeeesttaesiaeaaesteaasssstaaesssssasesssasannans 12
4.1.8 <3D curve record 8> — TrHMMEd CUIVE.................cccccveeeeeeieescieeeesteeeeesteeeseteaaesteeasssstaaesisssasesssasannnns 14
4.1.9 <3D curve record 95 — OffS@E CUIVE ..............oco.eeeeeeeeeeeeeieeeseeeeseeeeeeteaesiteaaestesassssseaesssssasesssanannans 14

4.2 SUBSECTION SSURFACES S....ieetttteeeeeesiuriereeeesesasnneteeeeeseasmnrseeeeessesaansaneeeeesesannsanneeeeeesaannreeeeesesasannnrneeeeesesannen 15
4.2.1  <SUIFACE rECOIA 15> = PIANE.............cooneieeeeiieeeeeeeeet ettt ettt et e sttt e e sttt e e s stteesssbeeesnsteaennans 15
4.2.2  <SUrface record 25> — CYIINAEL ................ccoccuueeeeeeieeeiiieeeiee et e et ee e e s e e e sttt e e s sstteesssteeesssteaesnaes 16
4.2.3  <SUIFACE FECOIA 3> = CONE. ...ttt e ettt e e sttt e et e e e s tte e e st teassssteesaassaassnssanennaes 16
4.2.4  <SUIFACE rE@COIA 4> — SPREIC...........ccc..oveeeeieeeeeeeee et et e et e ettt e e sttt e e sttt e e s ssteesssseasssssenennans 17
4.2.5  <SUIMFACE FECOIA 55 — TOFUS ............eeeeeeeeeeeee ettt e et e ettt e e et e e e tte e e st e e e ssteaassssaaessssasesssenannnns 18
4.2.6 <surface record 6> = LiN@AT EXLIUSION ..................ccccveeeeeiueieesiiieeesitieaessteaesiaeaaessesaesssseaesssssasesssanansans 18
4.2.7 <surface record 7> — ReVOIULION SUITACE. ...................ooeeeeeieeeieeeeeeeeeeteeescee e e s ee e e e steaeseanaeesranaenans 19
4.2.8 <surface record 8> — BeZIier SUITACE. ....................oooeiueeeeeiiieesiieeeesieeeeetee sttt e e ssiiteesssttesssssseeessiteaessans 19
4.2.9 <surface record 9> — B-SPliNe SUITACE...................cooeouueieeeoeiiieiiiieeesieeeeetteesiteeeesiite e s sstteessieeessiieaesnaes 21
4.2.10 <surface record 10> — Rectangular Trim SUIfACE.................cccccueeroueeeeesiiieesiieeesiieeesieeeesiea e 23
4.2.11 <surface record 11> — OffS@t SUIFACE ..............c...ooeeeueeeeeiiiieeeiie ettt eetee e siee et e s stea e 24

4.3 SUBSECTION K2D CURVESS ..veiiutieeieeeieeeiteesteesteesbeessseessteesaseesaseasaseesaseesaseesuseesuseesasesssseessesssseesnsesssseessseessees 24
4.3.1  <2D CUIVE reCOI 15 — LiN@............oooeeeveeeeeee et e ettt e ettt e e e tee e et e e e s saeaaesstaaassstaaessssasesssenannans 25
4.3.2  <2D CUIVE reCOId 25 — ClICIE...........coceeveeeeeee ettt e e ettt e e et e e e st a e et taaaesstaassnssasesssanannans 26
4.3.3  <2D cUIVE reCOrd 3> — EIlIPSE.........coc..eveeeeeeeeeeeeeeee et ettt e e ettt e e et e e st a e e s taaaessstaaesnsaaaessranannans 26
4.3.4 <2D curve record 4> — PAraDOIQ....................ccocuueeeeiuiiieeeiiis e e esee et e st e e st e e st e e sta e e s iieaenaes 27
4.3.5 <2D curve record 55> — HYPEIrDOIQ ...................ccuueeeeiiiiieeiiie et eeite e st e st e e ssate s s sitaeessiteaesaes 28
4.3.6 <2D cUIve record 6> — BEZICY CUIVE ...............cc..uuueeeeeeeeeeeeieeeeeeaeeeeetiteeaaaeeeestetasesaaeeessstssaaaaesesssssssenaas 28
4.3.7 <2D curve record 7> — B-SPlINE CUIVE ..................cooecvereeeiieesiieeesteeeeesteaeseteaaesteaasssstaassssssaeesssanannans 29
4.3.8 <2D curve record 8> — TrHMMEd CUIVE.................cccccveeeeeeeeescieeeesteeeeesteaescaeaaesttsasssssaaesisssaeesssesannans 31
4.3.9 <2D curve record 95 — OffS@E CUIVE ..............oooueeeeeeieeeeecieeeeteeeesteeeeeeteaesestaaestasasssstaaesssssasesssanansans 31

4.4 SUBSECTION <3D POLYGONSS ...vteeuteeeuteeeseesteesueesstesseessseessseesaseesaseessseessseesuseesssessasesssseessesssseesnseessseessseessees 32
4.5 SUBSECTION KTRIANGULATIONS S ...ceeeteeeuuttrteeeeeesaauusteeeeessaaauuseeteeeeaaaanseeaeeaesesaansaeseeeeessaaasssseaeeeesesaunsseeeaessesaanse 33
4.6 SUBSECTION <POLYGONS ON TRIANGULATIONS S ... eettteteeeseaauureeteeeesaaauseeaeeeesesaannssaeeeeessaannseeaeasesesaunseneeeessesaanne 35
4.7 GEOMETRIC SENSE OF A CURVE ..eiiiiiitittteeeeeeetietteee e e s ettt e eeesaaunbeeteeeeseaaababeeeeeeesaaanabbeeeeeesaannnrbeaaeeesaaannreeaeas 36
5. SECTION SSHAPESS>......cittiiiiteiiiiieeiiiiieeiiiitesiiiitesiiiiesssisttessosttsssosttsssostssssssssssssssssssssssssssssssnsssssanssssssnsssssnnsnss 37
5.1 COMMON TERMS .uvteeutteeutteettestteesteessttessseessbaessseesabaeessaeeabeeessaesabeeeseeebeeesteenbeeessbeebteesabeesteesnseensseesaseenseeas 38
5.2 QVERTEX DATAS ..t eutteeutteeteesteeesseesstaeeseesabaesaseesasaesaseesabeesasaesabeesaseesabeesaseesabeesaseesabeesateesabeenateesaseensseesaseenseeas 39
53 CEDGE DATAS .iitttetee e s e ettt e e e e e st e e e e e e s e s n e e eeeeeese s ns s et e eeeese s nn s e e et eee s e s anna e e eeeeeesaannneeeeeeesannnneneeeeesesannnes 40
5.4 CFACE DATAS . itttuueeeeeeettuuuuaeeeeeettesuaseeeeeetseaaaaeeeeeessassssseeesensssssssseeesessssnssseeeesessssssseseeeesssssneeseseessnsnsseseeennnns 41

6. REFERENCES .......cieuiiiiiiiiiiiniiiiieniiiieeiiiiesiiiiessiotsesssistessssssesssssssssssssessssssenssssssnssssssssssssssssssssassssssnssssssnnsssses 42
2 - o 24 11 0 Y 43



Introduction 3

1. Introduction

BREP format is used to store 3D models and allows to store a model which consists of vertices,
edges, wires, faces, shells, solids, compsolids, compounds, edge triangulations, face
triangulations, polylines on triangulations, space location and orientation. Any set of such models
may be stored as a single model which is a compound of the models.

The format is described in an order which is convenient for understanding rather than in the order
the format parts follow each other. BNF-like definitions are used in this document. Most of the
chapters contain BREP format descriptions in the following order:

1) format file fragment to illustrate the part;

2) BNF-like definition of the part;

3) detailed description of the part.

2. Format Common Structure

ASCII encoding is used to read/write BREP format from/to file. The format data are stored in a file
as text data.

BREP format uses the following BNF terms:

1) <\n>;
2) < \n>;
3) < >

4) <flag>;
5) <int>;
6) <real>;

7) <2D point>;

8) <3D point>;

9) <2D direction>;
10) <3D direction>;
11) <+>;

<\n> is the operating-system-dependent ASCII character sequence which separates ASCII text
strings in the operating system used.

<_\n> — ok <\n>;

< >= wng.

<_>is a not empty sequence of space characters with ASCII code 21h.

<f|ag> — HO!I | Hl";
<int> is an integer number from — 2% to 2% —1 which is written in denary system.

<real> is a real from —1.7976931348623158-10°* to 1.7976931348623158-10°® which is
written in decimal or E form with base 10. The point is used as a delimiter of the integer and
fractional parts.

<2D point> = <real> <_> <real>;

<3D point> = <real> (<_> <real>) " 2;
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<2D direction> is a <2D point> X Y so that x® + y2 =1.

<3D direction>is a <3D point> X Yy Z so that x* + y2 +2°=1.

<+> is an arithmetic operation of addition.

The format consists of the following sections:
1) <content type>;
2) <version>;
3) <locations>;
4) <geometry>;
5) <shapes>.

<content type> = “DBRep_DrawableShape” < \n> <_\n>;
<content type> have other values [1].

<version> = (“CASCADE Topology V1, (c) Matra-Datavision” |
“CASCADE Topology V2, (c) Matra-Datavision™) <_\n>;
The difference of the versions is described in the document.

Sections <locations>, <geometry> and <shapes> are described below in separate chapters of the
document.
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3. Section <locations>

Example

Locations 3

1
0 0 1 0
1 0 0 0
0 1 0 0
1
1 0 0 4
0 1 0 5
0 0 1 6
2 11210

BNF-like Definition

<locations> = <location header> <_\n> <location records>;
<location header> = “Locations” <_> <location record count>;
<location record count> = <int>;

<location records> = <location record> " <location record count>;
<location record> = <location record 1> | <location record 2>;
<location record 1> = “1" <_\n> <location data 1>;

<location record 2> = “2” <_> <location data 2>;

<location data 1> = ((<_> <real>) *4 < \n>) * 3;

<location data 2> = (<int> <_> <int> <_>)* “0" <_\n>;

Description

Oz G2 Gz Qi

<location data 1> is interpreted as a 3 x 4 matrix Q =| 0,;, 0,, 0,3 0,4 | which describes

O30 Q52 Y3z Usa

transformation of 3 dimensional space and satisfies the following constraints:

ql,l q1,2 ql,3
1) d # 0 where d =|Q2| where Q, =|0,; 0y, U5 |;
q3,l q3,2 q3,3

2) Q] =Q," where Q, =Q,/d"*.

The transformation transforms a point (X, Y, Z) to another point (u,V,W) by the rule



Section <locations> 6

u Opp X+0y Y+0Qi3-2+0y,
v :Q'(X y ¢ 1)T: oy X+0y, Y+0Ups-2+(,,
W O3 X+03, Y+0U33-2+03,

Q may be a composition of matrices for the following elementary transformations:

100 qy
1) parallel translaton— {0 1 0 q,, |;
00 1 g,

2) rotation around an axis with a direction D(DX ,D,,D, ) by an angle ¢ —

D2 -(1-cos¢)+cosg D, -D, -(1-cosg)-D, -sinp Dy -D,-(1-cosgp)+D, -sing 0
D, -D, -(1-cosg)+ D, -sing DZ-(1-cosg)+cosg D, -D, -(L-cosg)-D, -sinp 0|;
D, -D, -(1-cosp)-D, -sing D, -D, -(1-cosg)+ D, -sing D2 -(1-cos¢)+cosg 0
s 00O
3)scaling— [0 s 0 O where Se(—oo,oo)\{O};
0 0 s O
-1 0 0 O
4) central symmetry—| 0 -1 0 O0};
0 0 -10
-1 0 0 O
5) axissymmetry— | 0 -1 0 O0];
0O 0 10
10 0 O
6) plane symmetry— |0 1 0 O
0 0 -10

<location data 2> is interpreted as a composition of locations raised to a power and placed above

this <location data 2> in the section <locations>. <location data 2> is a sequence
L p, ... I, p, of n>1 integer pairs . p, (1<i<n). <flag> 0 is the indicator of the

n

sequence end. The sequence is interpreted as a composition Lﬁl L,p” where L, is a location
n 1

from |, -th <location record> in the section <locations>. <location record> numbering starts
from 1.
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4.

<geometry> =

<2D curves>

<3D curves>

<3D polygons>

<polygons on triangulations>
<surfaces>

<triangulations>;

4.1 Subsection <3D curves>

Example

c
I—‘OOOOI—‘I—‘!—‘I—‘OOOOE
OI\)I\)OOOI\)OOOI\JOO%

[

w

RPRRRRRRRRRRRELO
OCWOWOOOWOOOWOo

BNF-like Definition

Section <geometry>

<3D curves> = <3D curve header> <_\n> <3D curve records>;

<3D curve header> = “Curves” <_> <3D curve count>;

<3D curve count> = <int>;

<3D curve records> = <3D curve record> * <3D curve count>;

<3D curve record> =

<3D curve record 1> |
<3D curve record 2> |
<3D curve record 3> |
<3D curve record 4> |
<3D curve record 5> |
<3D curve record 6> |
<3D curve record 7> |
<3D curve record 8> |
<3D curve record 9>;
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4.1.1 <3D curverecord 1> —Line

Example

1103010

BNF-like Definition

<3D curve record 1> ="“1" < > <3D point> <_> <3D direction> <_\n>;

Description

<3D curve record 1> describes a line. The line data consist of a 3D point P and a 3D direction

D . The line passes through the point P, has the direction D and is defined by the following
parametric equation:

C(u)=P+u-D, ue(-o,x).

The example record is interpreted as a line which passes through a point P = (1,0,3), has a
directon D = (0,1,0) and is defined by the following parametric equation:
C(u)=(10,3)+u-(0,10).

4.1.2 <3D curve record 2> — Circle

Example

212300110-0-01014

BNF-like Definition

<3D curve record 2> = “2” < > <3D circle center> <_> <3D circle N> <_> <3D circle Dx> <_>
<3D circle Dy> <_> <3D circle radius> <_\n>;

<3D circle center> = <3D point>;
<3D circle N> = <3D direction>;

<3D circle Dx> = <3D direction>;
<3D circle Dy> = <3D direction>;

<3D circle radius> = <real>;

Description

<3D curve record 2> describes a circle. The circle data consist of a 3D point P, pairwise
orthogonal 3D directions N, D, and D, and a non-negative real r . The circle has a center P

and is located in a plane with a normal N . The circle has a radius r and is defined by the
following parametric equation:

C(u)=P +r-(cos(u)- Dy +sin(u)-Dy ), uel0,2-7).
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The example record is interpreted as a circle which has its center P = (1,2,3), is located in plane

with a normal N = (0,0,1). Directions for the circle are D, = (1,0,—0) and D, = (— 0,1,0). The
circle has a radius r=4 and is defined by the following parametric equation:

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

4.1.3 <3D curve record 3> - Ellipse

Example

312300110-0-01054

BNF-like Definition

<3D curve record 3> = “3" < > <3D ellipse center> < > <3D ellipse N> <_> <3D ellipse Dmaj>
<_><3D ellipse Dmin> <_> <3D ellipse Rmaj> <_> <3D ellipse Rmin> <_\n>;

<3D ellipse center> = <3D point>;
<3D ellipse N> = <3D direction>;
<3D ellipse Dmaj> = <3D direction>;
<3D ellipse Dmin> = <3D direction>;
<3D ellipse Rmaj> = <real>;

<3D ellipse Rmin> = <real>;

Description

<3D curve record 3> describes an ellipse. The ellipse data consist of a 3D point P, pairwise
orthogonal 3D directions N, D . and D, and non-negative reals I, and I so that

r . The ellipse has its center P, is located in plane with the normal N , has major and

min < rmaj

minor axis directions D, and D

j min » Major and minor radii I

j and I, and is defined by the

following parametric equation:

UE[O,2~7Z).

min ?

C(u)=P+r,, -cos(u) D,y + Iy, -sin(u)- D

The example record is interpreted as an ellipse which has its center P = (1,2,3), is located in
plane with a normal N =(0,0,1), has major and minor axis directions Dmaj =(1,0,—O) and

D.., = (— 0,1,0), major and minor radii T,

maj

parametric equation: C(u) = (1,2,3)+ 5. COS(U) . (1,0,—0)+ 4. sin(u)- (0,1,0).

=5 and r,, =4 and is defined by the following
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4.1.4 <3D curverecord 4> — Parabola

Example

412300110-0-01016

BNF-like Definition

<3D curve record 4> = “4” < > <3D parabola origin> < > <3D parabola N> < >
<3D parabola Dx> <_> <3D parabola Dy> <_> <3D parabola focal length> <_\n>;

<3D parabola origin> = <3D point>;
<3D parabola N> = <3D direction>;
<3D parabola Dx> = <3D direction>;
<3D parabola Dy> = <3D direction>;

<3D parabola focal length> = <real>;

Description

<3D curve record 4> describes a parabola. The parabola data consist of a 3D point P, pairwise
orthogonal 3D directions N, D, and D, and a non-negative real f . The parabola is located in

plane which passes through the point P and has the normal N . The parabola has a focus
length f and is defined by the following parametric equation:

2

u
Clu)=P
)=+,

f~DX +U-D,, ue(-ow,m) = f=0;

C(u)=P+u-Dy, ue(-o,0) <« f =0 (degenerated case).

The example record is interpreted as a parabola in plane which passes through a point
P =(1,2,3) and has a normal N =(0,0,1). Directions for the parabola are D, =(1,0,—0) and

D, :(—0,1,0). The parabola has a focus length f =16 and is defined by the following

2
parametric equation: C(u)=(1,2,3)+ :—4 -(1,0,-0)+u-(-0.10).

4.1.5 <3D curve record 5> — Hyperbola

Example

512300110-0-01054

BNF-like Definition

<3D curve record 5> = “5” < > <3D hyperbola origin> < > <3D hyperbola N> < >
<3D hyperbola Dx> < > <3D hyperbola Dy> < > <3D hyperbola Kx> <_> <3D hyperbola Ky>
< \n>;
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<3D hyperbola origin> = <3D point>;

<3D hyperbola N> = <3D direction>;

<3D hyperbola Dx> = <3D direction>;
<3D hyperbola Dy> = <3D direction>;
<3D hyperbola Kx> = <real>;

<3D hyperbola Ky> = <real>;

Descripton

<3D curve record 5> describes a hyperbola. The hyperbola data consist of a 3D point P,
pairwise orthogonal 3D directions N, D, and D, and non-negative reals k, and k,. The

hyperbola is located in plane which passes through the point P and has the normal N . The
hyperbola is defined by the following parametric equation:

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

The example record is interpreted as a hyperbola in plane which passes through a point
P=(1,2,3) and has a normal N=(0,0,1). Other hyperbola data are D, =(1,0,—O),

D, =(—0,1,0), ky =5 and k, =4. The hyperbola is defined by the following parametric
equation: C(u)=(1,2,3)+5-cosh(u)-(1,0,0)+4-sinh(u)-(0,1,0).

4.1.6 <3D curve record 6> — Bezier Curve

Example

612010 41-20 5230 6

BNF-like Definition

<3D curve record 6> = “6" < > <3D Bezier rational flag> < > <3D Bezier degree>
<3D Bezier weight poles> <_\n>;

<3D Bezier rational flag> = <flag>;
<3D Bezier degree> = <int>;
<3D Bezier weight poles> = (<_> <3D Bezier weight pole>) * (<3D Bezier degree> <+> “1");

<3D Bezier weight pole> = <3D point> [<_> <real>];

Description

<3D curve record 6> describes a Bezier curve. The curve data consist of a rational flag r, a
degree m <25 and weight poles.
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m

The weight poles are m+1 3D points B, ... B, if the flag r is 0. The weight poles are
m+1pars B, h, ... B, h, ifflag r is1. Here B, is a 3D pointand h, is a positive real

m m

(0<i<m). h =1 (0<i<m)iftheflag r is 0.

The Bezier curve is defined by the following parametric equation:

Zm:Bi -h,-Clut-(1—u)™
C(u)=-"=2

= ,uelo]]
Zhi-C;.uV(l—u)m’i

where 0° =1.

The example record is interpreted as a Bezier curve with a rational flag r =1, degree m=2 and
weight poles B, =(0,1,0), h, =4, B, =(1,-2,0), h, =5 and B, =(2,3,0), h, =6. The Bezier
curve is defined by the following parametric equation:

Clu)= (010)-4-(1—uY +(L-2,0)-5-2-u-(L—u)+(2,3,0)-6-u?
- 4-1-uf+5-2-u-(1—u)+6-u’ .

4.1.7 <3D curverecord 7> — B-spline Curve

Example

710 135 0

10 20 5230 6
010.2510.510.7

41 -
5111

1
1
BNF-like Definition

<3D curve record 7> = “7" <_> <3D B-spline rational flag> < > “0" <_> <3D B-spline degree> <_>
<3D B-spline pole count> <_> <3D B-spline multiplicity knot count> <3D B-spline weight poles>
<_\n> <3D B-spline multiplicity knots> <_\n>;

<3D B-spline rational flag> = <flag>;

<3D B-spline degree> = <int>;

<3D B-spline pole count> = <int>;

<3D B-spline multiplicity knot count> = <int>;

<3D B-spline weight poles> = (<_> <3D B-spline weight pole>) » <3D B-spline pole count>;

<3D B-spline weight pole> = <3D point> [<_> <real>];

<3D B-spline multiplicity knots> =
(<_> <3D B-spline multiplicity knot>) ~ <3D B-spline multiplicity knot count>;

<3D B-spline multiplicity knot> = <real> <_> <int>;
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Description

<3D curve record 7> describes a B-spline curve. The curve data consist of a rational flag I, a
degree m< 25, pole count N> 2, multiplicity knot count Kk , weight poles and multiplicity knots.

The weight poles are n 3D points B, ... B, if the flag r is 0. The weight poles are n pairs

n

B, h, ... B, h, ifthe flag r is 1. Here B, is a 3D point and h; is a positive real

n n

(1<i<n). h =1 (1<i<n)iftheflag r is 0.

The multiplicity knots are K pairs U, ¢, ... U, 0, .Here U; is a knot with a multiplicity
g, 21 (1<i<Kk) so that

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

k
G <m+1, g <m+1, g <m (2<i<k-1), D g =m+n+1.
i=1

The B-spline curve is defined by the following parametric equation:

iBi 'hi ' Ni,m+1(u)
_ =l

C(u) cuelu,u,]

where functions N, ; have the following recursion definition by j

_"T') Ni,i—l(u) 4 (Uiﬂ' _u)' Ni+lyi*1(u)

u U, U, —Uu

N”(u):{lcmguq” N, ()= (2<j<m+1)

0CU<UiVUi+1SU i+j-1 Y i+j — Yial

where
j-1 i
U =u; (1<j<k, D g +1<i<>q).
1=1 1=

The example record is interpreted as a B-spline curve with a rational flag r =1, a degree m=1,
pole count Nn=3, multiplicity knot count k=5, weight poles B, = (0,1,0), h, =4,
B, =(1,-2,0), h, =5 and B, =(2,3,0), h, =6, multiplicity knots u, =0, @, =1, u, =0.25,
q,=1,u;=05, g,=1, u, =0.75, g, =1 and u; =1, g5 =1. The B-spline curve is defined
by the following parametric equation:

C(u):(

010)-4-N,,(u)+($-2,0)-5-N,,(u)+(2,30)-6-N,,(u)
4‘N1,2(u)+5‘N2,2(U)+6'N3,2(u) .
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4.1.8 <3D curverecord 8> — Trimmed Curve

BNF-like Definition

<3D curve record 8> = “8” <_> <3D trimmed curve u min> <_> <3D trimmed curve u max> <_\n>
<3D curve record>;

<3D trimmed curve u min> = <real>;

<3D trimmed curve u max> = <real>;

Description

<3D curve record 8> describes a trimmed curve. The trimmed curve data consist of reals U,
and U, and <3D curve record> so that U.;, <U_. . The trimmed curve is a restriction of the

]g domain(B). The trimmed

X

base curve B described in the record to the segment [umin U pnax

curve is defined by the following parametric equation:
C(U)= B(U), ue [umin ’Umax]'

The example record is interpreted as a trimmed curve with U, =—4 and U, =5 for the base
curve B(u)=(1,2,3)+u~(1,0,0). The trimmed curve is defined by the following parametric
equation: C(u)=(1,2,3)+u-(1,0,0), ue[-45].

4.1.9 <3D curve record 9> — Offset Curve

Example

R Ow©
(SN
N O

3100

BNF-like Definition

<3D curve record 9> = “9" <_> <3D offset curve distance> < _\n>
<3D offset curve direction> <_\n>

<3D curve record>;

<3D offset curve distance> = <real>;

<3D offset curve direction> = <3D direction>;

Description

<3D curve record 9> describes an offset curve. The offset curve data consist of a distance d , a
3D direction D and a <3D curve record>. The offset curve is the result of offsetting the base
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curve B described in the record to the distance d along the vector [B'(u), D]¢6. The offset
curve is defined by the following parametric equation:

C(u)=B(u)+d [E:(u—) u e domain(B).

,D]
[B'(u).D]’

The example record is interpreted as an offset curve with a distance d =2, direction
D:(O,l,O), base curve B(u):(1,2,3)+u-(1,0,0) and defined by the following parametric
equation: C(u): (l,2,3)+ u -(1,0,0)+ 2- (0,0,1).

4.2 Subsection <surfaces>

BNF-like Definition

<surfaces> = <surface header> <_\n> <surface records>;
<surface header> = “Surfaces” <_> <surface count>;
<surface records> = <surface record> ~ <surface count>;

<surface record> =
<surface record 1> |
<surface record 2> |
<surface record 3> |
<surface record 4> |
<surface record 5> |
<surface record 6> |
<surface record 7> |
<surface record 8> |
<surface record 9> |
<surface record 10> |
<surface record 11>;

4.2.1 <surfacerecord 1> — Plane

Example

100300110-0-010

BNF-like Definition

<surface record 1> = “1" <_> <3D point> (<_> <3D direction>) * 3 <_\n>;
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Description

<surface record 1> describes a plane. The plane data consist of a 3D point P and pairwise
orthogonal 3D directions N, D, and D,. The plane passes through the point P, has the

normal N and is defined by the following parametric equation:
S(u,v)=P+u-D, +Vv-D,, (u,v)e(~o0,00)x(~0o0,0).

The example record is interpreted as a plane which passes through a point P = (0,0,3), has a
normal N = (0,0,1) and is defined by the following parametric equation:

S(u,v)=(0,0,3)+u-(1,0,0)+v-(01,0).

4.2.2 <surface record 2> — Cylinder

Example

212300110-0-0104

BNF-like Definition

<surface record 2> = “2" <_> <3D point> (<_> <3D direction>) * 3 <_> <real> <_\n>;

Description
<surface record 2> describes a cylinder. The cylinder data consist of a 3D point P, pairwise
orthogonal 3D directions D,, D, and D, and a non-negative real I . The cylinder axis passes

through the point P and has the direction D,. The cylinder has the radius r and is defined by
the following parametric equation:

S(u,v)=P+r-(cos(u)- D, +sin(u)-Dy )+v-D,, (u,v)e[0,2-7)x(-o0,).

The example record is interpreted as a cylinder which axis passes through a point P = (1,2,3)
and has a direction D, = (0,0,1). Directions for the cylinder are D, = (1,0,—0) and

D, :(—0,1,0). The cylinder has a radius r=4 and is defined by the following parametric
equation: S(u,v)=(1,2,3)+4-(cos(u)- D, +sin(u)-D, )+Vv-D,.

4.2.3 <surface record 3> - Cone

Example

312300110-0-0104
0.75
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BNF-like Definition

<surface record 3> = “3” <_> <3D point> (<_> <3D direction>) * 3 (<_> <real>) * 2 < \n>;

Description

<surface record 3> describes a cone. The cone data consist of a 3D point P, pairwise orthogonal
3D directions D,, D, and D,, a non-negative real r and a real ¢ € (—7z/2,7/2)\{0}. The

cone axis passes through the point P and has the direction D,. The plane which passes
through the point P and is parallel to directions D, and D, is the cone referenced plane. The
cone section by the plane is a circle with the radius r . The direction from the point P to the cone
apex is —Sgn(go)- D, . The cone has a half-angle |(/)| and is defined by the following parametric
equation:

S(u,v)=P +(r +v-sin(p))- (cos(u)- Dy +sin(u)- D, )+v-cos(p)- D, , (u,v)e[0,2-7)x (—o0,).

The example record is interpreted as a cone with an axis which passes through a point
P:(l,2,3) and has a direction DZ:(O,O,l). Other cone data are D, :(1,0,—0),

D, = (— 0,1,0), r=4 and ¢ =0.75. The cone is defined by the following parametric equation:
S(u,v)=(12,3)+(4+v-sin(0.75))- (cos(u)- (1,0,-0)+sin(u)- (- 0,1,0)) + v - cos(0.75)-(0,0,1).

4.2.4 <surface record 4> — Sphere

Example

412300110-0-0104

BNF-like Definition

<surface record 4> = “4” <_> <3D point> (<_> <3D direction>) * 3 <_> <real> <_\n>;

Description

<surface record 4> describes a sphere. The sphere data consist of a 3D point P, pairwise
orthogonal 3D directions D,, D, and D, and a non-negative real r. The sphere has the
center P, radius r and is defined by the following parametric equation:

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

The example record is interpreted as a sphere with its center P :(1,2,3). Directions for the
sphere are D, = (0,0,l), D, = (1,0,—0) and D, = (— 0,1,0). The sphere has a radius r =4
and is defined by the following parametric equation:

S(u,v)=(1,2,3)+4-cos(v)-(cos(u)- (1,0,-0)+sin(u)- (- 0,1,0))+ 4-sin(v)-(0,0,1).
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4.2.5 <surfacerecord 5> —Torus

Example

512300110-0-01084

BNF-like Definition

<surface record 5> = “5” <_> <3D point> (<_> <3D direction>) * 3 (<_> <real>) * 2 <_\n>;

Description

<surface record 5> describes a torus. The torus data consist of a 3D point P, pairwise
orthogonal 3D directions D,, D, and D, and non-negative reals I, and r,. The torus axis

passes through the point P and has the direction D, . I is the distance from the torus circle

center to the axis. The torus circle has the radius I,. The torus is defined by the following
parametric equation:

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

The example record is interpreted as a torus with an axis which passes through a point
P:(l,2,3) and has a direction D, :(0,0,l). D, :(1,0,—0), D, :(—0,1,0), =8 and
I, =4 for the torus. The torus is defined by the following parametric equation:
S(u,v)=(1,2,3)+(8+4-cos(v))-(cos(u)- (1,0,-0)+sin(u)-(~0,1,0))+ 4-sin(v)-(0,0,1).

4.2.6 <surfacerecord 6> — Linear Extrusion

Example
6 0 0.6 0.8
212 00110-0-01014

6
3
BNF-like Definition

<surface record 6> = “6” <_> <3D direction> <_\n> <3D curve record>;

Description

<surface record 6> describes a linear extrusion surface. The surface data consist of a 3D
direction D, and a <3D curve record>. The linear extrusion surface has the direction D,, the

base curve C described in the record and is defined by the following parametric equation:
S(u,v)=C(u)+v-D,, (u,v)e domain(C)x (- oo,).

The example record is interpreted as a linear extrusion surface with a direction D, = (0,0.6,0.8).

The base curve is a circle for the surface. The surface is defined by the following parametric
equation: S(u,v)=(1,2,3)+4-(cos(u)-(1,0,-0)+sin(u)-(-0,1,0))+v-(0,0.6,0.8), (u,v)e[0,2- 7)x(~o0,00).
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4.2.7 <surfacerecord 7> — Revolution Surface

Example

7-403010
212300110-0-0104

BNF-like Definition

<surface record 7> = “7” <_> <3D point> <_> <3D direction> <_\n> <3D curve record>;

Description

<surface record 7> describes a revolution surface. The surface data consist of a 3D point P, a
3D direction D and a <3D curve record>. The surface axis passes through the point P and has
the direction D. The base curve C described by the record and the axis are coplanar. The
surface is defined by the following parametric equation:

S(u,v)=P +V, (v)+cos(u)-(V(v)-V, (v))+sin(u)-[D,V(v)], (u,v)e[0,2-7)x domain(C)
where V (v)=C(v)-P, V,(v)=(D,V(v))-D.

The example record is interpreted as a revolution surface with an axis which passes through a
point P = (— 4,0,3) and has a direction D = (0,1,0). The base curve is a circle for the surface.
The surface is defined by the following parametric equation:
S(u,v)=(~4,0,3)+Vp (v)+cos(u)- (v (v)-Vp (v)+sin(u)- 010}V ()], (uv)e[0,2-7)x[0,2-7) where
V(v)=(5,2,0)+4-(cos(v)-(1,0,-0)+sin(v)- (- 0,,0)), V5 (v)=((010),V(v))-(0,10).

4.2.8 <surface record 8> — Bezier Surface

Example

[@NeNoe]
N R R

BNF-like Definition

<surface record 8> = “8” <_> <Bezier surface u rational flag> <_> <Bezier surface v rational flag>
< > <Bezier surface u degree> < > <Bezier surface v degree> < >
<Bezier surface weight poles>;

<Bezier surface u rational flag> = <flag>;

<Bezier surface v rational flag> = <flag>;

<Bezier surface u degree> = <int>;

<Bezier surface v degree> = <int>;

<Bezier surface weight poles> =
(<Bezier surface weight pole group> <_\n>) " (<Bezier surface u degree> <+> “1");

<Bezier surface weight pole group> = <Bezier surface weight pole>
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(<_> <Bezier surface weight pole>) » <Bezier surface v degree>;

<Bezier surface weight pole> = <3D point> [<_> <real>];

Description

<surface record 8> describes a Bezier surface. The surface data consist of a u rational flag I, , v

rational flag I, , u degree m, <25, v degree m, <25 and weight poles.

The weight poles are (m, +1)-(m, +1) 3D points B ; ((i,j)efo,...,m, }x{0,....,m,}) if
r,+r,=0. The weight poles are (mLI +1)-(mv +1) pairs B, h;
((i, j)e {O,...,mu}x{O,...,mv}) if r,+1,#0. Here Bi,j is a 3D point and hi'j is a positive real

((i,§)e{0,....my}x{0,....m,}). h; =1 ((i, j)e{0,....m, }x{0,....m, yif r, +1, =0.

The Bezier surface is defined by the following parametric equation:

ii B;-h ,ui ,(1_u)mufi 'Cn?]V vl .(1_V)mv—j
S(u,v)= ':Om s _ , (u,v)efoa]x[o4]
.zzh" (L-uc v

where 0° =1.

The example record is interpreted as a Bezier surface with a u rational flag I, =1, v rational flag
r,=1, u degree m, =2, v degree m, =1, weight poles B;,= =(0,01), hoo =7,
o =(L0,-4), h,, =10, B,,=(01-2), h,=8, B,=(L5), h,=11, B,,=(0,23),

h20 =9 and B,, = (1,2,6), h,; =12. The surface is defined by the following parametric
equation:

Suv)=  [001)7-@-u)-A-v)+(1,0-4)10-@-u) v+
(01-2)-8-2-u-(1-u)-1-v)+(LL5)-11-2-u-(1~u)-v+
(0,2,3)-9-u?-(1-v)+(L,2,6)-12-u? -v]+

[7-@-uf -@-v)+10-Q-u) v+
8-2-u-(1-u)-(1- v)+112u( u)-v+
9-u’-(1-v)+12-u? v}
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4.2.9 <surface record 9> - B-spline Surface

Example

91100113254001 710-4 10
01-2 8115 11

023 9126 12

RPOOOO
R NUOINE
=

rOoOOO
P NWR

BNF-like Definition

<surface record 9> = “9” < > <B-spline surface u rational flag>

< >
<B-spline surface v rational flag> < > “0” < > “0” < > <B-spline surface u degree> < >
<B-spline surface v degree> < > <B-spline surface u pole count> < >
<B-spline surface v pole count> < > <B-spline surface u multiplicity knot count> < >
<B-spline surface v multiplicity knot count> < > <B-spline surface weight poles> < \n>
<B-spline surface u multiplicity knots> <_\n> <B-spline surface v multiplicity knots>;

<B-spline surface u rational flag> = <flag>;

<B-spline surface v rational flag> = <flag>;

<B-spline surface u degree> = <int>;

<B-spline surface v degree> = <int>;

<B-spline surface u pole count> = <int>;

<B-spline surface v pole count> = <int>;

<B-spline surface u multiplicity knot count> = <int>;

<B-spline surface v multiplicity knot count> = <int>;

<B-spline surface weight poles> =
(<B-spline surface weight pole group> <_\n>) ~ <B-spline surface u pole count>;

<B-spline surface weight pole group> =
(<B-spline surface weight pole> <_>) ~ <B-spline surface v pole count>;

<B-spline surface weight pole> = <3D point> [<_> <real>];

<B-spline surface u multiplicity knots> =
(<B-spline surface u multiplicity knot> <_\n>) * <B-spline surface u multiplicity knot count>;

<B-spline surface u multiplicity knot> = <real> <_> <int>;

<B-spline surface v multiplicity knots> =
(<B-spline surface v multiplicity knot> <_\n>) ~ <B-spline surface v multiplicity knot count>;

<B-spline surface v multiplicity knot> = <real> <_> <int>;
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Description

<surface record 9> describes a B-spline surface. The surface data consist of a u rational flag I,
v rational flag I,, u degree m, <25, v degree m, <25, u pole count n, =2, v pole count

n, > 2, u multiplicity knot count K,, v multiplicity knot count Kk

knots, v multiplicity knots.

s weight poles, u multiplicity

The weight poles are N, -n, 3D points B, ; ((i, j)e{1,...,nu}><{1,...,nv}) if r,+r,=0.The
weight poles are n, -n, pairs B; ; hi,j ((i,j)e{l,...,nu}x{l,...,nv}) if r,+r,#0. Here B,

is a 3D point and hi]j is a positive real ((i,j)e{1,...,nu}><{1,...,nv}). hi’jzl
(i, j)eft...n, x{L...,n, it r,+r,=0.

The u multiplicity knots are K, pairs U, @, ... U, 0y, - Here U; is a knot with multiplicity
g, 21 (1<i<Kk,) so that

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

kU
g <m, +1, g, <m,+1, g <m, (2<i<k,-1), D g =m,+n, +1.
i=1

The v multiplicity knots are Kk, pairs v, t, ... Vi, 1, - Here v; is a knot with multiplicity
t; 21 (1< j<k,)sothat
Vi <v;, (1<j<k, 1),

ky
t<m,+1,t <m,+1,t,<m, (2<j<k,-1), Dt;=m, +n, +1.
j=t

The B-spline surface is defined by the following parametric equation:

Z i Bi,j 'hi,j ’ Ni,mu+1(u)' M j,mv+l(v)
S(u,v) == (uv)eluu x|,y |
hl i’ Ni,mu+1(u)' M j,mv+l(v)
i=1 j=1

where functions Ni,'

i and Mi’j have the following recursion definition by |

' u)= + 2<j<m, +1);
0O<u<t v, <u (2<j<m, +1)

[

Nil(u)z{lcﬁisudTM N, (W) (u=1;)-N; 4 (u) (qu—u)'NM,,—,l(u)

i+j ~Uin

M. (1)= 1<V <v<v, " _(V):(V—_i)'Mi,j-l(V)+(\7i+j—V)-Mi+1,j-1(V) (2<j<m +1)
. 0<:V<\7i\/\7i+lg\/’ " Vi i+j_\7i+1 Y ,
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4.2.10

The example record is interpreted as a B-spline surface with a u rational flag r, =1, v rational
flag r, =1, u degree m, =1, v degree m, =1, u pole count n, =3, v pole count N, =2, u
multiplicity knot count k, =5, v multiplicity knot count k, =4, weight poles B, = (001)
h,=7, B,=(0-4), h,=10, B,,=(01-2), h,,=8, B,,=(15), h,,=11,
B,,=(0,23), h,,=9 and B,,=(12, 6) h,, =12, u multiplicity knots u, =0, ¢, =1,
u,=025,9,=1,u,=05, g,=1, u, =0.75, g, =1 and U, =1, g, =1, v multiplicity knots

v,=0,r=1v,=03,r,=1 v,=07, =1 and v, =1, r, =1. The B-spline surface is
defined by the following parametric equation:

S(u,v)= [(0,01)-7-N,,(u)-M,,(v)+(10,-4)-10-N,, (u)-M
(01-2)-8-N,,(u)- My, (v)+ (LL5)-11- N, , (u)- Mzz(v)
(0,23)-9-N,,(u)-M,,(v)+(12,6)-12-N,,(u)-M,

)

12(V
lZ(V

[7'N12(u) M +10'N12( ) Mzz(v)+
8'N22(U) Mlz(v)+ll'N22( ) |\/|22(V)+
9'N32(u) Mlz(v)+12'N32 Mzz(V]

<surface record 10> — Rectangular Trim Surface

Example

10 -1 2 -3 4
112300110-0-010

BNF-like Definition

<surface record 10> = “10” < > <trim surface u min> < > <trim surface u max> < >
<trim surface v min> <_> <trim surface v max> <_\n> <surface record>;

<trim surface u min> = <real>;
<trim surface u max> = <real>;
<trim surface v min> = <real>;

<trim surface v max> = <real>;

Description

<surface record 10> describes a rectangular trim surface. The surface data consist of reals U, ,
Upaxr Vmin @nd Vv and a <surface record> so that U, <U.,, and V. <V_ . The
rectangular trim surface is a restriction of the base surface B described in the record to the set

[umm 1umax]x[vmin ,Vmax]g domain(B). The rectangular trim surface is defined by the following
parametric equation:
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4.2.11

S(u,v)=B(u.v), (V)€ Uiy U % Vi Vi ]

The example record is interpreted as a rectangular trim surface to the set [—1,2]>< [— 3,4] for the

base surface B(u,v): (1,2,3)+u -(1,0,0)+V-(0,1,0). The rectangular trim surface is defined by
the following parametric equation: B(u,v)=(12,3)+u-(10,0)+v-(0,10), (u,v)e[-12]x[-34].

<surface record 11> — Offset Surface

Example

11 -2
112300110-0-010

BNF-like Definition
<surface record 11> = “11" <_> <surface record distance> <_\n> <surface record>;

<surface record distance> = <real>;

Description

<surface record 11> describes an offset surface. The offset surface data consist of a distance d
and a <surface record>. The offset surface is the result of offsetting the base surface B
described in the record to the distance d along the normal N of surface B . The offset surface
is defined by the following parametric equation:

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

N(u,v) =[S} (u,v).8;(u.v)]

if [S!(u,v),S!(u,v)]=0.

The example record is interpreted as an offset surface with a distance d =—2 and base surface
B(u,v): (l,2,3)+ u -(1,0,0)+V . (0,1,0). The offset surface is defined by the following parametric
equation: S(u,v)=(1,2,3)+u-(1,0,0)+v-(0,1,0)-2-(0,0,1).

4.3 Subsection <2D curves>

Example

N

[cNeoN N el
1 OO

s 24

c
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N
oOOoOr 1 O
PO R
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BNF-like Definition

<2D curves> = <2D curve header> <_\n> <2D curve records>;
<2D curve header> = “Curve2ds” <_> <2D curve count>;

<2D curve count> = <int>;

<2D curve records> = <2D curve record> " <2D curve count>;
<2D curve record> =

<2D curve record 1> |

<2D curve record 2> |

<2D curve record 3> |

<2D curve record 4> |

<2D curve record 5> |

<2D curve record 6> |

<2D curve record 7> |

<2D curve record 8> |
<2D curve record 9>;

4.3.1 <2D curverecord 1> —Line

Example

1300 -1

BNF-like Definition

<2D curve record 1> ="“1" < > <2D point> <_> <2D direction> <_\n>;

Description

<2D curve record 1> describes a line. The line data consist of a 2D point P and a 2D direction

D . The line passes through the point P, has the direction D and is defined by the following
parametric equation:

C(u)=P+u-D, ue(-w,x).
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The example record is interpreted as a line which passes through a pointP=(3,0), has a
direction D :(O,—l) and
C(u)=(3,0)+u-(0,-1).

s defined by the following parametric equation:

4.3.2 <2D curve record 2> — Circle

Example

21210-013

BNF-like Definition

<2D curve record 2> = “2" <_> <2D circle center> <_> <2D circle Dx> <_> <2D circle Dy> <_>
<2D circle radius> <_\n>;

<2D circle center> = <2D point>;
<2D circle Dx> = <2D direction>;
<2D circle Dy> = <2D direction>;

<2D circle radius> = <real>;

Description

<2D curve record 2> describes a circle. The circle data consist of a 2D point P, orthogonal 2D
directions D, and D, and a non-negative real r . The circle has a center P . The circle plane is

parallel to directions D, and D, . The circle has a radius r and is defined by the following
parametric equation:

C(u)=P+r-(cos(u)-Dy +sin(u)-D, ), uel0,2-7).

The example record is interpreted as a circle which has a center P = (1,2). The circle plane is
parallel to directions D, = (1,0) and D, = (— 0,1). The circle has a radius I =3 and is defined
by the following parametric equation: C(u)= (1,2)+3-(cos(u)-(1,0)+sin(u)-(-0,1)).

4.3.3 <2D curve record 3> - Ellipse

Example

31210-0143

BNF-like Definition

<2D curve record 3> = “3" < > <2D ellipse center> < > <2D ellipse Dmaj> < >
<2D ellipse Dmin> <_> <2D ellipse Rmaj> <_> <2D ellipse Rmin> <_\n>;

<2D ellipse center> = <2D point>;
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<2D ellipse Dmaj> = <2D direction>;
<2D ellipse Dmin> = <2D direction>;
<2D ellipse Rmaj> = <real>;

<2D ellipse Rmin> = <real>;

Description

<2D curve record 3> describes an ellipse. The ellipse data are 2D point P, orthogonal 2D

directions D, and D, and non-negative reals I, and I, that I, <T, .. The ellipse has a

center P, major and minor axis directions D, and D, , major and minor radii ., and I

min ?

and is defined by the following parametric equation:

C(u)=P+r,, -cos(u)- D,y + Iy -sinu)- Dy, . u€[0,2-7).

min *

The example record is interpreted as an ellipse which has a center P = (1,2), major and minor

axis directions D, = (1,0) and D, =(— O,l), major and minor radii I, =4 and r; =3 and
is defined by the following parametric equation: C(u)= (1,2)+4-cos(u)-(1,0)+3-sin(u)-(-01).
4.3.4 <2D curve record 4> — Parabola
Example
41210-01 16
BNF-like Definition
<2D curve record 4> = "“4” < > <2D parabola origihn> < > <2D parabola Dx> < >

<2D parabola Dy> <_> <2D parabola focal length> <_\n>;
<2D parabola origin> = <2D point>;

<2D parabola Dx> = <2D direction>;

<2D parabola Dy> = <2D direction>;

<2D parabola focal length> = <real>;

Description

<2D curve record 4> describes a parabola. The parabola data consist of a 2D point P,
orthogonal 2D directions D, and D, and a non-negative real f . The parabola coordinate

system has its origin P and axis directions D, and D, . The parabola has a focus length f
and is defined by the following parametric equation:

2

u
C(u)=P
0)=P+

f-DX +U-D,, ue(-m,m) < f=0;
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C(u)=P+u-Dy, ue(—o,0) <« f =0 (degenerated case).

The example record is interpreted as a parabola in plane which passes through a point P = (1,2)

and is parallel to directions D, :(1,0) and D, :(—O,l). The parabola has a focus length

2
f =16 and is defined by the following parametric equation: C(u)= (1,2)+:—4~(1,0)+u (-01).

4.3.5 <2D curverecord 5> — Hyperbola

Example

51210-0134

BNF-like Definition

<2D curve record 5> = “5" < > <2D hyperbola origin> < > <2D hyperbola Dx> < >
<2D hyperbola Dy> <_> <2D hyperbola Kx> <_> <2D hyperbola Ky> <_\n>;

<2D hyperbola origin> = <2D point>;
<2D hyperbola Dx> = <2D direction>;
<2D hyperbola Dy> = <2D direction>;
<2D hyperbola Kx> = <real>;

<2D hyperbola Ky> = <real>;

Description

<2D curve record 5> describes a hyperbola. The hyperbola data consist of a 2D point P,
orthogonal 2D directions D, and D, and non-negative reals Kk, and Kk,. The hyperbola

coordinate system has origin P and axis directions D, and D, . The hyperbola is defined by
the following parametric equation:

C(u)=P +k, -cosh(u)- D, +k, -sinh(u)-D, , u € (~o0,).

The example record is interpreted as a hyperbola with coordinate system which has origin
P =(12) and axis directions D, =(1,0) and D, =(-0,1). Other data for the hyperbola are

kx =5 and kY:4. The hyperbola is defined by the following parametric equation:
C(u)=(1,2)+3-cosh(u)-(1,0)+4-sinh(u)-(0,1).

4.3.6 <2D curve record 6> — Bezier Curve

Example

61201 41-2 523 6
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BNF-like Definition

<2D curve record 6> = “6" < > <2D Bezier rational flag> < > <2D Bezier degree>
<2D Bezier weight poles> <_\n>;

<2D Bezier rational flag> = <flag>;
<2D Bezier degree> = <int>;
<2D Bezier weight poles> = (<_> <2D Bezier weight pole>) * (<2D Bezier degree> <+> “1");

<2D Bezier weight pole> = <2D point> [<_> <real>];

Description

<2D curve record 6> describes a Bezier curve. The curve data consist of a rational flag r, a
degree m < 25 and weight poles.

The weight poles are m+1 2D points B, ... B, if the flag r is 0. The weight poles are

m

m+1pars B, h, ... B, h, iftheflag r is 1. Here B, is a 2D point and h; is a positive

m m

real (0<i<m). h,=1(0<i<m)iftheflag r isO.
The Bezier curve is defined by the following parametric equation:
B, -h-Cp-u'-(1-u)™

C(u)=-=2

== ,uelo]]
Zhi .Clout(1—u)™

where 0° =1.

The example record is interpreted as a Bezier curve with a rational flag r =1, a degree m =2
and weight poles B, =(0.1), h, =4, B, =(1,-2), h, =5 and B, =(2,3), h, =6. The Bezier

curve is defined by the following parametric equation:

_(01)-4-(1-u) +(1,-2)-5-2-u-(1-u)+(23)-6-u’
Clu)= 4-1-u)’ +5-2-u-(1-u)+6-u? '

4.3.7 <2D curverecord 7> — B-spline Curve

Example

710 135 01 41-2 523 6
010.2510.510.75111

BNF-like Definition

<2D curve record 7> = “7" <_> <2D B-spline rational flag> <_> “0" <_> <2D B-spline degree> <_>
<2D B-spline pole count> <_> <2D B-spline multiplicity knot count> <2D B-spline weight poles>
< \n> <2D B-spline multiplicity knots> <_\n>;
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<2D B-spline rational flag> = <flag>;

<2D B-spline degree> = <int>;

<2D B-spline pole count> = <int>;

<2D B-spline multiplicity knot count> = <int>;

<2D B-spline weight poles> = <2D B-spline weight pole> * <2D B-spline pole count>;
<2D B-spline weight pole> = <_> <2D point> [<_> <real>];

<2D B-spline multiplicity knots> =
<2D B-spline multiplicity knot> ~ <2D B-spline multiplicity knot count>;

<2D B-spline multiplicity knot> = <_> <real> <_> <int>;

Description

<2D curve record 7> describes a B-spline curve. The curve data consist of a rational flag I, a
degree m<25, a pole count Nn>2, a multiplicity knot count K, weight poles and multiplicity
knots.

The weight poles are n 2D points B, ... B, if the flag r is 0. The weight poles are n pairs

n

B, h ... B, h, ifthe flag r is 1. Here B, is a 2D point and h; is a positive real

n n

(1<i<n). h =1 (1<i<n)iftheflag r is0.

The multiplicity knots are Kk pairs u; ¢, ... U, 0,. Here U; is a knot with multiplicity
g, 21 (1<i<k) sothat
U <u,, (1<i<k-1),

3
G <m+l, g <m+l, g<m (2<i<k-1), D g =m+n+1.

i=1

The B-spline curve is defined by the following parametric equation:

Clu)=- , uelu,u,]

Nil(u):{lcm SU<U, . N, j(U)= (U_LTi)'Ni,j—l(u)+(Ui+j_u)'Ni+1,j—1(u) (2<j<m+1)

i+l —

O<=u<u vy,

—Hi i+] i+l

where
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The example record is interpreted as a B-spline curve with a rational flag r =1, a degree m=1,
a pole count nN=3, a multiplicity knot count k=5, weight poles B, = (0,1), h =4
B,=(1-2), h,=5 and B,=(23), h,=6 and multiplicity knots u, =0, g =1, u,=0.25,
q,=1, u;=05, q,=1, u,=0.75, gq,=1 and u; =1, g;=1. The B-spline curve is defined by the
following parametric equation:

) 04N 025,

2 st(u)
4'N1,2( )+5 sz(u)+ .

u)+(23)-6-
6-N,,(u)

4.3.8 <2D curve record 8> — Trimmed Curve

Example

= 00
[
N
[E
o

BNF-like Definition

<2D curve record 8> = “8" <_> <2D trimmed curve u min> <_> <2D trimmed curve u max> <_\n>
<2D curve record>;

<2D trimmed curve u min> = <real>;

<2D trimmed curve u max> = <real>;

Description

<2D curve record 8> describes a trimmed curve. The trimmed curve data consist of reals U,
and U, and a <2D curve record> so that U_; <U_. . The trimmed curve is a restriction of the

max
base curve B described in the record to the segment [u ]C domaln(B). The trimmed

curve is defined by the following parametric equation:

C(u)=B(u), uefu,Upn.l-

min ’ max

The example record is interpreted as a trimmed curve with U, =—4, U_,, =5 and base curve

B(u):(1,2)+u-(1,0). The trimmed curve is defined by the following parametric equation:
C(u)=(2)+u-(10), ue[-45].

4.3.9 <2D curve record 9> — Offset Curve

Example

= ©
=N

BNF-like Definition

<2D curve record 9> = “9” < > <2D offset curve distance> < _\n> <2D curve record>;
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<2D offset curve distance> = <real>;

Description

<2D curve record 9> describes an offset curve. The offset curve data consist of a distance d and
a <2D curve record>. The offset curve is the result of offsetting the base curve B described in

the record to the distance d along the vector (B)(u)—B(u))=#0 where

!

B(u) = (B;< (u), By (u)) The offset curve is defined by the following parametric equation:
C(u)=B(u)+d-(B;(u)-B}(u)), ucdomain(B).

The example record is interpreted as an offset curve with a distance d =2 and base curve
B(u):(1,2)+u -(1,0) and is defined by the following parametric equation:
C(u)=(12)+u-(1,0)+2-(0,-1).

4.4 Subsection <3D polygons>

Example

Polygon3D 1
21

0.1
100200
01

BNF-like Definition

<3D polygons> = <3D polygon header> <_\n> <3D polygon records>;

<3D polygon header> = “Polygon3D” <_> <3D polygon record count>;

<3D polygon records> = <3D polygon record> ~ <3D polygon record count>;
<3D polygon record> =

<3D polygon node count> <_> <3D polygon flag of parameter presence> <_\n>
<3D polygon deflection> <_\n>

<3D polygon nodes> <_\n>

[<3D polygon parameters> <_\n>];

<3D polygon node count> = <int>;

<3D polygon flag of parameter presence> = <flag>;

<3D polygon deflection> = <real>;

<3D polygon nodes> = (<3D polygon node> <_>) * <3D polygon node count>;
<3D polygon node> = <3D point>;

<3D polygon u parameters> = (<3D polygon u parameter> <_>) * <3D polygon node count>;

<3D polygon u parameter> = <real>;
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Description

<3D polygon record> describes a 3D polyline L which approximates a 3D curve C . The polyline
data consist of a node count m>2, a parameter presence flag p, a deflection d >0, nodes

N, (1<i<m) and parameters U, (1<i<m). The parameters are present only if p=1. The

polyline L passes through the nodes. The deflection d describes the deflection of polyline L
from the curve C:

max min
PeC QeL

Q-P|<d.

The parameter U, (1<i<m) is the parameter of the node N, on the curve C:

The example record describes a polyline from m =2 nodes with a parameter presence flag
p =1, a deflection d =0.1, nodes N, = (1,0,0) and N, = (2,0,0) and parameters U, =0 and
u, =1.

4.5 Subsection <triangulations>

Example

Triangulations 6

4210
00000302302000303-20-2243214
4210
00010010300300013130321314
4210
00302312310300021210321314
4210
02012012302300013130321314
4210
00002012010000021210321314
4210
10010312312000303-20-2243214

BNF-like Definition

<triangulations> = <triangulation header> <_\n> <triangulation records>;

<triangulation header> = “Triangulations” <_> <triangulation count>;

<triangulation records> = <triangulation record> " <triangulation count>;

<triangulation record> = <triangulation node count> < > <triangulation triangle count> < >
<triangulation  parameter presence flag> < > <triangulation deflection> < \n>
<triangulation nodes> [<_> <triangulation u v parameters>] <_> <triangulation triangles> <_\n>;

<triangulation node count> = <int>;

<triangulation triangle count> = <int>;
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<triangulation parameter presence flag> = <flag>;

<triangulation deflection> = <real>;

<triangulation nodes> = (<triangulation node> <_>) ” <triangulation node count>;
<triangulation node> = <3D point>;

<triangulation u v parameters> =
(<triangulation u v parameter pair> <_>) ” <triangulation node count>;

<triangulation u v parameter pair> = <real> <_> <real>;
<triangulation triangles> = (<triangulation triangle> <_>) ~ <triangulation triangle count>;

<triangulation triangle> = <int> <_> <int> <_> <int>.

Description

<triangulation record> describes a triangulation T which approximates a surface S. The
triangulation data consist of a node count m >3, a triangle count k >1, a parameter presence

flag p, a deflection d >0, nodes N; (1<i<m), parameter pairs U, Vv, (1<i<m), triangles
nj, nj, n;3 (I<j<k, ny, e{l,...,m} (1<1<3)). The parameters are present only if
p =1. The deflection describes the triangulation deflection from the surface:

max min
PeS QeT

Q-P|<d.

The parameter pair U; V; (1<i<m) describes the parameters of node N, on the surface:

S(u;,,v;)=N,.

177 1
The triangle n;; Nn;, Nn;, (1< j<Kk)is interpreted as a triangle of nodes Nnj,l' Nn,-,z and

N, . with circular traversal of the nodes in the order N, , N
N

s and N, . From any side of

Nj 2

the triangulation T all its triangles have the same direction of the node circular traversal: either
clockwise or counterclockwise.

Triangulation record

4210
00000302302000303-20-2243214

describes a triangulation with m =4 nodes, k =2 triangles, parameter presence flag p =1,
deflection d =0, nodes Nl(0,0,0), N2(0,0,3), N3(0,2,3) and N4(O,2,O), parameters
(u,v,)=(0,0), (u,,v,)=(30), (u;vs)=(3-2) and (u,,v,)=(0,—2), and triangles
(nlll,nl‘z,nl‘3):(2,4,3) and (nzll,nzlz,nm):(2,1,4). From the point (1,0,0) ((~1,0,0)) the

triangles have clockwise (counterclockwise) direction of the node circular traversal.
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4.6 Subsection <polygons on triangulations>

Example
o]
10

10
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BNF-like Definition

ygonOnTriangulations 24

3

3

<polygons on triangulations> = <polygons on triangulations header> <_\n>

<polygons on triangulations records>;

<polygons on triangulations header> =

“PolygonOnTriangulations” <_> <polygons on triangulations record count>;

<polygons on triangulations record count> = <int>;

<polygons on triangulations records> =

<polygons on triangulations record> ~ <polygons on triangulations record count>;

<polygons on triangulations record> =
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<polygons on triangulations node count> <_> <polygons on triangulations hode numbers> < \n>
“p” <_> <polygons on triangulations deflection> <_>

<polygons on triangulations parameter presence flag>

[<_> <polygons on triangulations u parameters>] <_\n>;

<polygons on triangulations node count> = <int>;

<polygons on triangulations node numbers> =
<polygons on triangulations node number> " <polygons on triangulations node count>;

<polygons on triangulations node number> = <int>;
<polygons on triangulations deflection> = <real>;
<polygons on triangulations parameter presence flag> = <flag>;

<polygons on triangulations u parameters> =
(<polygons on triangulations u parameter> <_>) ” <polygons on triangulations node count>;

<polygons on triangulations u parameter> = <real>;

Description

<polygons on triangulations> describes a polyline L on a triangulation which approximates a
curve C. The polyline data consist of a node count m>2, node numbers N, >1, deflection

d >0, a parameter presence flag p and parameters u, (1<i<m). The parameters are
present only if p =1. The deflection d describes the deflection of polyline L from the curve C:

max min
PeC QeL

Q-P|<d.

Parameter U, (1<1<m)is n,-th node C(Ui) parameter on curve C .

4.7 Geometric Sense of a Curve

Geometric sense of curve C described above is determined by the direction of parameter u
increasing.
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5. Section <shapes>

An example of section <shapes> and a whole *.brep file are given in chapter 7 “Appendix”.

BNF-like Definition

<shapes> = <shape header> <_\n> <shape records> <_\n> <shape final record>;
<shape header> = “TShapes” <_> <shape count>;

<shape count> = <int>;

<shape records> = <shape record> * <shape count>;

<shape record> = <shape subrecord> < \n> <shape flag word> < \n> <shape subshapes>
< \n>;

<shape flag word> = <flag> " 7;
<shape subshapes> = (<shape subshape> <_>)* “*”;

<shape subshape> =
<shape subshape orientation> <shape subshape number> <_> <shape location number>;

<shape subshape orientation> = “+" | “-" | “i" | “e”;
<shape subshape number> = <int>;

<shape location number> = <int>;

<shape final record> = <shape subshape>;

<shape subrecord> =

(“Ve” <_\n> <vertex data> <_\n>) |
(“Ed” <_\n> <edge data> <_\n>) |
("Wi" < \n><_\n>) |

(“Fa” <_\n> <face data>) |

(“Sh” < \n><_\n>) |

(“So” < \n><_\n>) |

(“CS" < \n><_\n>) |

(“Co” < \n><_\n>);

Description

<shape flag word> f f,f f,f f f, <flag>s f, (1<i<7) are interpreted as shape flags in the
following way:

1) f, —free;

2) f, — modified;

3) f, —IGNORED (version 1) / checked (version 2);
4) f, —orientable;
5) f, —closed,
6) f, —infinite;
7) f, —convex.
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The flags are used in a special way [1].

<shape subshape orientation> is interpreted in the following way:
1) + — forward;
2) - —reversed;
3) i —internal;
4) e — external.
<shape subshape orientation> is used in a special way [1].

<shape subshape number> is the number of a <shape record> which is located in this section
above the <shape subshape number>. <shape record> numbering is backward and starts from 1.

<shape subrecord> types are interpreted in the following way:
1) “Ve" — vertex;

2) “Ed” — edge;
3) “Wi" — wire;
4) “Fa” — face;
5) “Sh” — shell;
6) “So” — solid;

7) “CS” — compsolid;
8) “Co” — compound.

<shape final record> determines the orientation and location for the whole model.

5.1 Common Terms

The terms below are used by <vertex data>, <edge data> and <face data>.

BNF-like Definition

<location number> = <int>;

<3D curve number> = <int>;

<surface number> = <int>;

<2D curve number> = <int>;

<3D polygon number> = <int>;

<triangulation number> = <int>;

<polygon on triangulation number> = <int>;

<curve parameter minimal and maximal values> = <real> <_> <real>;
<curve values for parameter minimal and maximal values> =
real> <_> <real> <_> <real> <_> <real>;

Description

<location number> is the number of <location record> from section <locations>. <location record>
numbering starts from 1. <location number> 0 is interpreted as the identity location.
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<3D curve number> is the number of a <3D curve record> from subsection <3D curves> of
section <geometry>. <3D curve record> numbering starts from 1.

<surface number> is the number of a <surface record> from subsection <surfaces> of section
<geometry>. <surface record> numbering starts from 1.

<2D curve number> is the number of a <2D curve record> from subsection <2D curves> of
section <geometry>. <2D curve record> numbering starts from 1.

<3D polygon number> is the number of a <3D polygon record> from subsection <3D polygons>
of section <geometry>. <3D polygon record> numbering starts from 1.

<triangulation number> is the number of a <triangulation record> from subsection
<triangulations> of section <geometry>. <triangulation record> numbering starts from 1.

<polygon on triangulation number> is the number of a <polygons on triangulations record> from

subsection <polygons on triangulations> of section <geometry>.
<polygons on triangulations record> numbering starts from 1.

<curve parameter minimal and maximal values> U, and U are the curve parameteru

n

bounds: U, SU<U .. .

<curve values for parameter minimal and maximal values> U_. and U, are real pairs

Xmin ymin and Xmax ymax that (Xmin’ ymin ) = C(umin) and (Xmax' ymax): C(umax) where C
is a parametric equation of the curve.

5.2 <vertex data>

BNF-like Definition

<vertex data> = <vertex data tolerance> < \n> <vertex data 3D representation> < \n>
<vertex data representations>;

<vertex data tolerance> = <real>;
<vertex data 3D representation> = <3D point>;
<vertex data representations> = (<vertex data representation> <_\n>)* “0 0”;

<vertex data representation> = <vertex data representation u parameter> <_>
<vertex data representation data> <_> <location number>;

<vertex data representation u parameter> = <real>;
<vertex data representation data> =

(1" <_> <vertex data representation data 1>) |

(“2" <_> <vertex data representation data 2>) |

(“3” <_> <vertex data representation data 3>);

<vertex data representation data 1> = <3D curve number>;

<vertex data representation data 2> = <2D curve number> <_> <surface number>;

<vertex data representation data 3> =
<vertex data representation v parameter> <_> <surface number>;
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<vertex data representation v parameter> = <real>;

Description

The usage of <vertex data representation u parameter> U is described below.

<vertex data representation data 1> and parameter U describe the position of the vertex V on a
3D curve C . Parameter U is a parameter of the vertex V on the curve C: C(u):V .

<vertex data representation data 2> and parameter U describe the position of the vertex V on a
2D curve C which is located on a surface. Parameter U is a parameter of the vertex V on the
curve C: C(u):V :

<vertex data representation data 3> and parameter u describe the position of the vertex V on a
surface S through <vertex data representation v parameter> V: S(u,v)=V .

<vertex data tolerance> t describes the maximum distance from the vertex V to the set R of
vertex V representations:

max|P -V|<t.
PeR

5.3 <edge data>

BNF-like Definition

<edge data> = <_> <edge data tolerance> <_> <edge data same parameter flag> <_> edge data
same range flag> <_> <edge data degenerated flag> <_\n> <edge data representations>;

<edge data tolerance> = <real>;

<edge data same parameter flag> = <flag>;

<edge data same range flag> = <flag>;

<edge data degenerated flag> = <flag>;

<edge data representations> = (<edge data representation> <_\n>)* “0”;

<edge data representation> =

“1" <_> <edge data representation data 1>
“2" <_> <edge data representation data 2>
“3” <_> <edge data representation data 3>
“4” <_> <edge data representation data 4>
“5” <_> <edge data representation data 5>
“6” <_> <edge data representation data 6>
“7" <_> <edge data representation data 7>;

<edge data representation data 1> = <3D curve number> <_> <location humber> <_>
<curve parameter minimal and maximal values>;
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<edge data representation data 2> = <2D curve number> <_ > <surface number> <_>
<location number> <_> <curve parameter minimal and maximal values>

[<_\n> <curve values for parameter minimal and maximal values>];

<edge data representation data 3> = (<2D curve number> < >) N 2 <continuity order> <_>
<surface number> <_> <location number> <_> <curve parameter minimal and maximal values>
<\n> <curve values for parameter minimal and maximal values>];

<continuity order> = “C0” | “C1" | “C2" | “C3" | “"CN" | “G1" | “G2".

<edge data representation data 4> =
<continuity order> (<_> <surface number> <_> <location number>) " 2;

<edge data representation data 5> = <3D polygon nhumber> <_> <location number>;

<edge data representation data 6> =
<polygon on triangulation number> <_> <triangulation number> <_> <location number>;

<edge data representation data 7> = (<polygon on triangulation number> < >) ~ 2
<triangulation number> <_> <location number>;

Description

Flags <edge data same parameter flag>, <edge data same range flag> and edge data
degenerated flag> are used in a special way [1].

<edge data representation data 1> describes a 3D curve.

<edge data representation data 2> describes a 2D curve on a surface.
<curve values for parameter minimal and maximal values> are used only in version 2.

<edge data representation data 3> describes a 2D curve on a closed surface.
<curve values for parameter minimal and maximal values> are used only in version 2.

<edge data representation data 5> describes a 3D polyline.

<edge data representation data 6> describes a polyline on a triangulation.

<edge data tolerance> t describes the maximum distance from the edge E to the set R of edge
E representations:

max max minjQ — P|<t.
CeR PeE QeC

5.4 <face data>

BNF-like Definition

<face data> = <face data natural restriction flag> < > <face data tolerance> <_> <surface
number> <_> <location number> <\n> [“2” <_> <triangulation number>];

<face data natural restriction flag> = <flag>;

<face data tolerance> = <real>;
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Description

<face data> describes a surface S of face F and a triangulation T of face F . The surface S
may be empty: <surface number> = 0.

<face data tolerance> t describes the maximum distance from the face F to the surface S:

max min
PeF QeS

Q-P|<t.

Flag <face data natural restriction flag> is used in a special way [1].

6. References

[1]. The format is part of Open CASCADE Technology (OCCT). Some data fields of the format
have additional values which are used in OCCT. Some data fields of the format are specific for
OCCT.
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7. Appendix

1sion

This chapter contains a *.brep file example.
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