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Foreword

The International Organization for Standardization (ISO) is a worldwide federation of national

)i
standards bodies (ISO member bodies). The work of preparing International Standards is nor-
mally Carrieﬂ out thr rou 0‘}1 an techn Ual commi tfnos Eu\.b

Lirchidy 1CU Uuv virt tecnnlt

for which a technical commlttee has been established has the right to be represented on that

mnm}\ar ]’\f\f]‘f ;‘nfﬂ?‘ﬂ DA lT] a Q'H]’\lﬂ(‘f
L auTinucr wouy Aj.l.v\aj.\.,uv\/u 1L @ DUV joly

Htan Lot ernats o1 Zationa aouaror PN PN Bon—ecaerarental 1o 1 ison With
cotttrree—itrerRatiohar u;bwumwuu;w, bvvullllll\zlluuu. SThHa—Hot—govermentan it

IS0, also take part in the work. ISO collaborates closely with the International Elegtrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by technical committees are circulated to thle member
bodies for voting. Pubhcatlon as an International Standard requires approval by at|least 75%
af the mam

o o
O 11T i uT

International Standard ISO

Aorctrral aartn
auStTiaGe aulo

manufacturing programming languages.

ISO 10303 consists of the following parts under the genéral title Industrial automatiqn systems
and integration — Product data representation and exchange:

— Part 1, Overview and fundamental principles;
— Part 11, Description methods: The;EXPRESS language reference manual;
— Part 21, Implementation methods: Clear text encoding of the exchange strugture;

— Part 22, Implementation methods: Standard data access interface specificatipn;

— Part 31, Conformance testing methodology and framework: General concepts;

— Part 32, Corformance testing methodology and framework: Requirements pn testing
laboratories and-clients;

— Part41;Integrated generic resources: Fundamentals of product description and support;
— Part 42, Integrated generic resources: Geometric and topological representatjon;

— Part 43, Integrated generic resources: Representation structures;

— Part 44 Integrated generic resources: Product structure configuration:

— Part 45, Integrated generic resources: Materials;
— Part 46, Integrated generic resources: Visual presentation;
— Part 47, Integrated generic resources: Shape variation tolerances;

— Part 49, Integrated generic resources: Process structure and properties;

X1
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— Part 101, Integrated application resources: Draughting;

— Part 104, Integrated application resources: Finite element analysis;

— Part 105, Integrated application resources: Kinematics;

— Part 201, Application protocol: Explicit draughting;

— Rart 202, Application protocol: Associative draughting;

— Rart 203, Application protocol: Configuration controlled design;

— Tart 207, Application protocol: Sheet metal die planning and design;

— TPart 210, Application protocol: Printed circuit assembly product desigirdata;

— TPart 213, Application protocol: Numerical control process plans for“machined parts.

The stru
parts of this International Standard reflects its structure:

— TPart 11 specifies the description methods;

— Parts 21 and 22 specify the implementation methods;

-
- 1

- ]

Should f

Annexes
informat

rture of this International Standard is described in ISO 103@3-17 The numbering of the

Parts 31 and 32 specify the conformance tesfing methodology and framework;
Parts 41 to 49 specify the integrated.generic resources;
Parts 101 to 105 specify the integrated application resources;

Parts 201 to 213 specify-the application protocols.
hirther parts be published, they will follow the same numbering pattern.

A and B form @ integral part of this part of ISO 10303. Annexes C, D, E are for
jon only.

Diskett

Users s

31 1 1 £ IO O 102307 - A | R
Ould IOC Ulat UllS Pdlit U1 15U TUOUO CUHIPIISUS d UISRULIU.

— the short names of entities given in annex A are also included on the diskette;

— the EXPRESS listings (annex C) are provided on the diskette only;

— a method to enable users to report errors in the documentation is given. Full details are
provided in the file.

xii
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Introduction

ISO 10303 is an International Standard for the computer-interpretable representation and ex-
change of product data. The objective is to provide a neutral mechanism capable of describing
product data throughout the life cycle of a product independent from any particular system.
The nature of this description makes it suitable not only for neutral file exchange, but also as a

basis for imp]nmnnﬁng and chnring Prndnrf databases and ar(‘hiving

This International Standard is organized as a series of parts, each published separptely. The
parts of ISO 10303 fall into one of the following series: description methods, integtated resources,
application protocols, abstract test suites, implementation methods, and donformarijce testing.
The series are described in ISO 10303-1. This part of ISO 10303 is a member of the|integrated
resources series. Major subdivisions of this International Standard are:

—  Geometry
— Topology

—  Geometric models

This part of ISO 10303 specifies the integrated-resources used for geometric and fopological
representation. Their primary application is forexplicit representation of the shape ot geometric
form of a product model. The shape representation presented here has been designed fo facilitate
stable and efficient communication when _mdpped to a physical file.

The geometry in clause 4 is exclusively the geometry of parametric curves and syirfaces. It
includes the curve and surface entities and other entities, functions and data types ndcessary for
their definition. A common scheme has been used for the definition of both two-dimensional and
three-dimensional geometry-"All geometry is defined in a coordinate system which is gstablished
as part of the context of the’item which it represents. These concepts are fully defiped in ISO
10303 Part 43.

The topology in clduse™ is concerned with connectivity relationships between objects father than
with the precisé geometric form of objects. This clause contains the basic topologifal entities
and specialised/subtypes of these. In some cases the subtypes have geometric agsociations.
Also included are functions, particularly constraint functions, and data types necessary for the
definitidns of the topological entities.

Thégeometric models in clause 6 provide basic resources for the communication of dgta describ-
ing the precise size and shape of three-dimensional solid objects. The geometric shape models
provide a complete representation of the shape which in many cases includes both geometric
rr—orpretrete - derbr—hrehrded e te—rre—Hreeoehrssten ; rictive solid
geometry (CSG) and boundary representation (B-rep). Other entities, providing a rather less
complete description of the geometry of a product, and with less consistency constraints, are
also included.

)

Xiii
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Industrial automation systems and integration
Product data representation and exchange —

Part 42 : .
Integrated generic resources:

Geometric and topological representation

1 Scope

This part of ISO 10303 specifies the resource constructs for the explicit‘geometric and

opological

representation of the shape of a product. The scope is determined\by the requirements for the

explicit representation of an ideal product model; tolerances and.implicit forms of reptesentation

in terms of features are out of scope. The geometry in claused“and the topology in ¢

lause 5 are

available for use independently and are also extensively,used by the various forms of geometric

shape model in clause 6. In addition, this part of ISO 10303 specifies specialisati
concepts of representation where the elements of representation are geometric.

1.1 Geometry

The following are within the scope of.the 'geometry schema:

— definition of points, vectors; parametric curves and parametric surfaces;
— definition of transformation operators;

— points definedsdirectly by their coordinate values or in terms of the param
existing curve or surface;

definition of conic curves and elementary surfaces;

definition of curves defined on a parametric surface;
~/ definition of general parametric spline curves and surfaces;

— definition of point, curve and surface replicas;

ons of the

bters of an

— definition of offset curves and surfaces;

— definition of intersection curves.

The following are outside the scope of this part of ISO 10303:

— all other forms of procedurally defined curves and surfaces;
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1.2

curves and surfaces which do not have a parametric form of representation;

any form of explicit representation of a ruled surface.

NOTE - For a ruled surface the geometry is critically dependent upon the parametrisation of
the boundary curves and the method of associating pairs of points on the two curves. A ruled
surface with B-spline boundary curves can however be exactly represented by the B-spline surface
entity.

opology

The follofving are within the scope of the topology schema:

efinition of the fundamental topological entities vertex, edge, and face, each with a

speciadlised subtype to enable it to be associated with the geometry of a peint, curve, or
surfade, respectively;

(@)

bllections of the basic entities to form topological structures of ‘path, loop and shell

and cpnstraints to ensure the integrity of these structures;

1.3

drientation of topological entities.

Geometric Shape Models

The follopving are within the scope of the geometric model schema:

data describing the precise geometric form of three-dimensional solid objects;
donstructive solid geometry (CSG)-niodels;

definition of CSG primitivessand half-spaces;

dreation of solid models by sweeping operations;

panifold boundary representation (B-rep) models;

onstraints to'ensure the integrity of B-rep models;

durfacermodels;

iTeframe models;
geometric Sets;

creation of a replica of a solid model in a new location.

The following are outside the scope of this part of ISO 10303:

non-manifold boundary representation models;


https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e

©1s0 ISO 10303-4

— spatial occupancy forms of solid models (such as octree models);

— assemblies and mechanisms.

2 Normative references

i N aalivav

2:1994(E)

The following standards contain provisions which, through reference in this text;

constitute

provisions of this part of ISO 10303.. At the time of publication, the editions-indiqated were

valid. All standards are subject to revision, and parties to agreements based on this part of

ISO 10303. are encouraged to investigate the possibility of applying the most recent

bditions of

the standards indicated below. Members of IEC and ISO maintain régisters of currently valid

International Standards.

ISO/IEC 8824-1:-Y), Information Technology — Open Sysyems Interconnection — Abstract Syn-

taz Notation One (ASN.1) - Part 1: Specification of Basic_Notation.

ISO 10303-1:1994, Industrial automation systems and~tegration — Product data rep
and exchange — Part 1: Overview and fundamentalprinciples.

ISO 10303-11:1994, Industrial avtomation systems and integration — Product data
tion and exchange — Part 11: Description niethods: The EXPRESSLanguage Referen

ISO 10303-41:1994, Industrial automation systems and integration — Product data
tion and exchange — Part 41 : Integrated generic resources: Fundamentals of product

and support.

ISO 10303-43:1994, Industrial automation systems and integration - Product data

tion and exchange — Part' /3 : Integrated generic resources: Representation structurds.

3 Definitions, symbols and abbreviations

3.X) ' Definitions

For the purposes of this part of ISO 10303, the following definitions apply.

ntesentation

epresenta-
e Manual.
epresenta-

lescription

fepresenta-

3.1.1 arcwise connected: an entity 1s arcwise connected 1f any two arbitrary points in its

domain can be connected by a curve that lies entirely within the domain.

3.1.2 axi-symmetric: an entity is axi-symmetric if it has an axis of symmetry such that the

object is invariant under all rotations about this axis.

1)To be published.


https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e

ISO 10303-42:1994(E) ©150

3.1.3 bounds: the topological entities of lower dimensionality which mark the limits of a top-
ological entity. The bounds of a face are loops, and the bounds of an edge are vertices.

P VR IRV R ISR S I Ao v .A,\,] e DM Lo -0 1
Ol IIlatll€lilavical PUlllbb T lll a UUllldlll 2\ LUlll: ead i v 101 WILICIL
m

containing z such that the intersection UNX is homeomorphic to an

o 1 A L ____1_____ +1 .
J.1.4 poullaary. tuie s

there is an open ball U in R
open set in the closed d -dimensional half-space R‘_i.r, for some d < m, where the homeomorphism

carries ¢ into the origin in R‘fr.

-A.

NOTEES
1- d+ is defined to be the set of all mathematical points (21, ..., z4) in R% with z; > 0.

2 — Kor this purpose the word “open” has its usual mathematical meaning. It does motorelate to

CTQON 1NnOn

“open surface” as defined elsewhere in this parn of ISO 10303.

3.1.5 bohindary representation solid model (Bren): a tvpe of seomethic) model in which
el eU UUullualJ lcplcacllbablull OUIllU 1iiuvuCa \u Cy, @ UJPC vi BCUlllCULI\» 111uucl 1L Vviiiuvll
the size dnd shape of the solid is defined in terms of the faces, edges and wertices which make

up its bofindary.
3.1.6 clgsed curve: a curve such that both end points are the same.

3.1.7 clgsed surface: a connected 2-manifold that divides, space into exactly two connected
componehts, one of which is finite.

3.1.8 completion of a topological entity: a set\consisting of the entity in question together
with all the faces, edges and vertices referenced{directly or indirectly, in the definition of the
bounds of that entity.

3.1.9 copnected: equivalent to arcwise connected.

3.1.10 cpnnected component: g'maximal connected subset of a domain.

3.1.11 constructive solid geometry (CSG): a type of geometric modelling in which a solid

is defined| as the result of-a-sequence of regularised Boolean operations operating on solid models.

3.1.12 cpordinate space: a reference system that associates a unique set of n parametesrs
with eacl] peint in an n-dimensional space.

3.1.13 curve: a set of mathematical points which is the image, in two- or three-dimensional
space, of a continuous function defined over a connected subset of the real line (R!), and which
is not a single point.

3.1.14 cycle: a chain of alternating vertices and edges in a graph such that the first and last
vertices are the same.
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3.1.15 d-manifold with boundary: a domain which is the union of its d-dimensional interior

and its boundary.

3.1.16 dimensionality: the number of independent coordinates in the parameter

space of a

geometric entity. The dimensionality of topological entities which need not have domains is

specified in the entity definitions. The dimensionality of a list or set is the maxim
dimensionalities of the elements of that list or set.

3.1.17 domain: the mathematical point set in model space corresponding to arent

3.1.18 euler equations: Equations used to verify the topological consisten¢y of ob
ious equalities relating topological properties of entities are derived from’ the invar
number known as the Euler characteristic. Typically, these are used-as quick che

um of the

ity.

ects. Var-
iance of a
ks on the

integrity of the topological structure. A violation of an Euler condition signals an “itnpossible”

object. Two special cases are important in this document. The, Euler equation foi
discussed in 5.2.3. Euler conditions for surfaces are discussedi® 5.4.23 and 5.4.25.

3.1.19 extent: the measure of the content of the domain of an entity, measured in
propriate to the dimensionality of the entity. Thusy/length, area and volume ar
dimensionalities 1, 2, and 3, respectively. Where necessary, the symbol = will be used
extent.

3.1.20 finite: an entity is finite (sometimes called bounded) if there is a finite upper,
the distance between any two points inits domain.

3.1.21 genus of a graph: the integer-valued invariant defined algorithmically by
traversal algorithm described-i-the note in 5.2.3.

3.1.22 genus of a surface: the number of handles that must be added to a sphere
a surface homeomorphite 'to the surface in question.

3.1.23 geometrically founded: a property of geometric_representation_itemg
their relationiship to a coordinate space in which the coordinate values of points and
on which-they depend for position and orientation are measured.

3.1:24 geometrically related: the relationship between two geometric_represe

items in the same context by which the concepts of distance and direction between
defined.

graphs is

units ap-
b used for
to denote

bound on

the graph

o produce

asserting
directions

mtation_-
them are

3.1.25 geometric coordinate system: the underlying global rectangular Cartesian coordi-

nate system to which all geometry refers.

3.1.26 graph: a set of vertices and edges. The graphs discussed in this document are generally
called pseudographs in the technical literature because they allow self-loops and also multiple

edges connecting the same two vertices.
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3.1.27 handle: the structure distinguishing a torus from a sphere, which can be viewed as a
cylindrical tube connecting two holes in a surface.

3.1.28 homeomorphic: domains X and Y are homeomorphic if there is a continuous function
f from X to Y which is a one-to-one correspondence, so that the inverse function f~! exists,
and if f~! is also continuous.

clidean splace, R™, and Y separates R™ into exactly two connected components, one of which
is finite, and X is contained in the finite component.

3.1.30 inkerior: the d-dimensional interior of a d-dimensional domain X contained in'R™ is
the set ofl mathematical points  in X for which there is an open ball U in R™ cdntaining z
such that|the intersection U N X is homeomorphic to an open ball in R9.

3.1.31 lit: an ordered homogeneous collection with possibly duplicate miembers. A list is
represented by an enclosing pair of brackets, i.e. [A].

3.1.32 rr1lodel space: a space with dimensionality 2 or 3 in whickithe geometry of a physical
object is defined.

3.1.33 open curve: a curve which has two distinct end péints.

3.1.34 open surface: a surface which is a manifold, with boundary, but is not closed. I.e.,
either it ip not finite, or it does not divide space inte exactly two connected components.

3.1.35 orientable: a surface is orientable-if a consistent, continuously varying choice can be
made of the sense of the normal vectors to the surface.

NOTE - This does not require & continuously varying choice of the values of the normal vectors;
the stirface may have tangent plane discontinuities.

3.1.36 oyerlap: two entitiesoverlap when they have shells, faces, edges, or vertices in common.

3.1.37 pprametér)range: the range of valid parameter values for a curve or surface.

3.1.38 parameter space: the one-dimensional space associated with a curve via its uniquely

deﬁned P raimetrisation or the two-dimensional space assaciated with a surface

3.1.39 placement coordinate system: a rectangular Cartesian coordinate system associated
with the placement of a geometric entity in space, used to describe the interpretation of the
attributes and to associate a unique parametrisation with curve and surface entities.

3.1.40 self-intersect: a curve or surface self-intersects if there is a mathematical point in its
domain which is the image of at least two points in the object’s parameter range, and one of
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those two points lies in the interior of the parameter range. A vertex, edge or face self-intersects

if its domain does.

NOTE - A curve or surface is not considered to be self-intersecting just because it is closed.

3.1.43 space dimensionality: the number of parameters required to define thelo
point in the coordinate space.

3.1.44 surface: aset of mathematical points which is the image of a cofitinuous functi
over a connected subset of the plane (R?).

3.1.45 topological sense: the sense of a topological entityCas’derived from the o
attributes.

EXAMPLES
1 — The topological sense of an edge is from the edge start vertex to the edge end verte

2 — The topological sense of a path follows the edges in their listed order.

3.2 Symbols

For the purposes of this part of ISO 10303, the following symbols and definitions apy

3.2.1 Geometry and mathematical symbology

The mathematical, symbol convention used in the geometry schema is given in table

3.2.2 {Topology symbols

An atteémpt has been made to define precisely the constraints that shall be met by the t
entities. In many cases these are defined symbolically. This subclause describes th
used for this purpose. It should be noted that the definitions given here are indey
EXPRESS definitions and usage.

ation of a

on defined

rder of its

=

opological
b notation
endent of

The topological constructs are vertex, edge, path, loop, face (and subface) and shell. These

will be referred to by the following symbols V, E, P, L, F and S, respectively.

Some of these entities take particular forms and a superscript is used to distinguish between

these forms if necessary.

EXAMPLE 3 - A loop may be a vertexloop, an edgeloop or a poly_loop. These forms are

denoted as LY, L¢, LP.
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Table 1 — Geometry mathematical symbology

| Symbol | Definition |
a | Scalar quantity
A | Vector quantity

() | Vector normalisation
Normalised vector (e.g. a = (A) = A/|A])

a
X | Vector (cross) product

- | Scalar product
A — B | A is transformed to B

A(u) | Parametric curve
C(z,y, z) | Analytic curve
o(u,v) | Parametric surface

S(z,y, z) | Analytic surface

C, | Partial differential of C with respect to z

o, | Partial derivative of o(u,v) with respect to
- | Partial derivative of § with respect tox
|| | Absolute value, or magnitude or detérminant

R™ | m-dimensional real space

Table 2 liists the symbols used in the topology schema.

An undirected edge is an entity of type edge which is pot of the subtype oriented _edge. In some
instanced of the entity definitions, a topological attribute may take the form of a (topological

+ logica
distingui
FE; or §°

) pair, this is generally represented by-the oriented subtype. A subscript is used to

5h between the topological and the (topological + logical) pairing. For example, E and
and S7.

Several tpopological entities use an Qrientation Flag to indicate whether the direction of a refer-

enced en

tity agrees with or is opposed to the direction of the referencing entity. If the Flag is

TRUE, the direction of the referenced entity is correct but if the Flag is FALSE, the direction

of the re
Orientat

ferenced entity should-be (conceptually) reversed. It can happen that there are several
on Flags in thechain of entities from the high-level referencing entity to the low-level

referenced entity. The\direction of a low-level entity with respect to a high-level entity is ob-
tained by evaluating,the not exzclusive or (©) of the chain of Orientation Flags. For example, a

Face refe
a Curve

rences aJ.oop + Loopflag, a Loop references an Edge + Edgeflag and an Edge references
H Cupveflag. The Face’s “FaceCurveflag” is given by

FaceCurveflag = Loopflag ©® Edgeflag ® Curveflag

where not ezclusive or is interpreted as true if the two flags have the same value and is defined
by the truth table:

TeGT =T
TOF = F=FOT
FoF = T.
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Table 2 — Topology Symbol Definitions

| Symbol | Definition

|

V Vertex

% Number of unique vertices
E Undirected edge

& Number of unique undirected edge$
E Oriented edge

& Number of unique oriented edges
G¢ | Edge genus

P Path

P Number of unique paths
GP | Path genus

L Loop

L Number of unique loops
L; Face bound

L Numbet of unique face bounds
Le Edgeloop

L Poly loop

L Vertex loop

G'~ | Loop genus

F Face

F Number of unique faces
H? | Face genus

S Shell

S Number of unique shells
Se Closed shell

S5° Open shell

Sv Vertex shell

Sw | Wire shell

H? | Shell genus

= Extent :
{A} | Set of entities of type A
[A] | List of entities of type A
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Thus

FOTOF=T.

3.3 Abbreviations

For the purposes of this part of ISO 10303, the following abbreviations apply.

10

N Pl ranTa 1 3 .
13- re ppbetrderisrepresettationsalid nuadel:

CSG:| constructive solid geometry.
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4 Geometry

The following EXPRESS declaration begins the geometry_schema and identifies the necessary
external references.

EXPRESS specification:
*)

SCHEMA geometry_schema;
REFERENCE FROM representation_schema
(representation,
functionally_defined_transformation,
representation_item,
representation_context,
definitional_representation,
item_in_context,
using_representations);
REFERENCE FROM measure_schema
(length_measure,
positive_length_measure,
plane_angle_measure,
plane_angle_unit,
positive_plane_angle_measure,
parameter_value,
global_unit_assigned_context);
REFERENCE FROM topology_schema
(edge_curve,
face_surface,
poly_loop,
vertex_point);
REFERENCE FROM geometric_model_schema
(solid_model,
boolean_resuls,
sphere,
right_circular_cone,
right eircular_cylinder,
torus’,
block,
right_angular_wedge,
half_space_solid,
shell_based_surface_model,
face_based_surface_model,
shell_based_wireframe_model,

edge_based_wireframe_model,
geometric_set);

(*

11
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NOTES
representation.schema ISO 10303-43
. measure._schema ISO 10303-41
1 — The schemas referenced above can be found in: topology.schema clause 5 of this part of ISO 10303

geometric model schema clause 6 of this part of ISO 10303

2 — The references to topology_schema and to geometric.model schema are required only for

the d4fifiition of the geometTric TepIesemtationItenT supertype:

3 - Ske annex D, figures D.1 to D.12, for a graphical presentation of this schema.

4.1 Introduction

The subjdct of the geometry schema is the geometry of parametric curves and surfaces. The
representation_schema (see ISO 10303-43) and the geometric_representation_context de-
fined in tHis Part of ISO 10303, provide the context in which the geometry is defined. This enables
a distinct{on to be made between those items which are geometrically related and those existing
in indepepdent coordinate spaces. In particular, each geometric_representation_item has a
geometrjc_representation_context which includes as an attribype-the Euclidean dimension of
its coordipate space. The coordinate system for this space is referred to as the geometric coordi-
nate systdm in this clause. Units associated with length_measures and plane_angle_measures
are assurred to be assigned globally within this context. Aglobal rule (compatible_dimension)
ensures that all geometric_representation_items insthe same geometric_representation_
context [have the same space dimensionality. The-Space dimensionality dim is an inherited
derived aftribute of all subtypes of geometric_representation_item.

4.2 FKundamental concepts and assumptions

4.2.1 | Space dimensionality

All geomptry shall be defined\in a right-handed rectangular Cartesian coordinate system with
the samd units on each axis. A common scheme has been used for the definition of both
two-dimensional and three-dimensional geometry. Points and directions exist in both a two-
dimensional and a thrée-dimensional form; these forms are distinguished solely by the presence,
or absende, of a thind coordinate value. Complex geometric entities are all defined using points
and diredtionsfrom which their space dimensionality can be deduced.

4.2.2 Geometric relationships

All geometric_representation_items which are included as items in a representation hav-
ing a geometric_representation_context are geometrically related. Any such geometric._-
representation_item is said to be geometrically founded in the context of that represen-
tation. No geometric relationship, such as distance between points, is assumed to exist for
geometric_representation_items occurring as items in different representations.

12


https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e

tefire-thriepi s : e i

(©1s0

4.2.3 Parametrisation of analytic curves and surfaces

ISO 10303-42:1994(E)

Each curve or surface specified here has a defined parametrisation. In some instances the
definitions are in parametric terms. In others, the conic curves and elementary surfaces, the
definitions are in geometric terms.

J.ll blllb 1att61 case a pldLe[[lellb LUUIUII[(LU:! bybl;eﬂl lb Ub(:‘(l to (lellIle Llle pdldl[le ‘S"‘iO‘ﬂ The

geometric definitions contain some, but not all, of the data reqmred for this. The relevant data

the individual curve and surface entities.

4.2.4 Curves

The curve entities defined in 4.4 include lines, elementary conics,-a general param

1ated with

ptric poly-

nominal curve, and some referentially or procedurally defined curves:” All the curves have a well

ve or ldentlfv nnrnfc o1

LOJ I ¥ Liiivs Ul

defined parametrisation which makes it thQl]’\]P to trim a cur

by parameter value. For the conic curves, a method of represéntation is used which
their geometric form from their orientation and position,in(space. In each case, the p
orientation information is conveyed by an axis2_placement. The general purpose

curve is represented by the b_spline_curve entity. <I'his was selected as the most sta
representation for the communication of all types-of polynomial and rational paramet
With appropriate attribute values and subtypes, a b_spline_curve entity is capabl
senting single span or spline curves of expliCit polynomial, rational, Bézier or B-spli
composite_curve entity, which includesithe facility to communicate continuity info
the curve-to-curve transition points, is'provided for the construction of more comple

fhn curve

Ll

separates
sition and
barametric
ble form of
ric curves.
e of repre-
le type. A
'mation at
X curves.

The offset_curve and curve_on’surface types are curves defined with reference t¢ other ge-

ometry. Separate offset_curve entities exist for 2D and 3D applications. The curve
entities include an interseétion_curve which represents the intersection of two surf]
a curve may be represented in 3D space or in the 2D parameter space of either of th

4.2.5 Surfaces

The surfaceCentities support the requirements of simple boundary representation (B,
modelling ‘system and enable the communication of general polynomial and rationa
ric surfaces. The simple surfaces are the planar, spherical, cylindrical, conical an
surfaees, a surface_of_revolution and a surface_of_linear_extrusion. As with
surfaces have an associated standard parametrisation. In many cases the surfaces,
are unbounded; it is assumed that they will be bounded either explicitly or implicitl

on surface
aces. Such
e surfaces.

-rep) solid
paramet-
d toroidal
curves, all
hs defined,

v. Explicit

bounding 1s achieved with the rectangular_trimmed_surface or curve_bounded_surface
entities; implicit bounding requires the association of additional topological information to define
a face.

The b_spline_surface entity and its subtypes provide the most general capability for the com-
munication of all types of polynomial and rational biparametric surfaces. This entity uses control
points as the most stable form of representation for the surface geometry. The offset_surface
entity is intended for the communication of a surface obtained as a simple normal offset from

13
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a given surface. capability to connect together a rectangular mesh of distinct surface patches,
specifying the degree of continuity from patch to patch.

4.2.6 Preferred form

Some of the geometric entities provide the potential capability of defining an item of geome-
try in more than one way. Such multiple representations are accommodated by requiring the
nominati 3 preferred form OT Tnaster forr - 51 fch i

determi

the parametrisation.

NOTE - The master_representation attribute acknowledges the impracticality of ensuring 'that
multfiple forms are indeed identical and allows the indication of a preferred form. This would probably
be dgtermined by the creator of the data. All characteristics, such as parametrisation, domain, and
results of evaluation, for an entity having multiple representations, are derived from the master
repré¢sentation. Any use of the other representations is a compromise for practical Considerations.

4.3 geometry_schema type definitions

4.3.1 | dimension_count

A dimension_count is a positive integer used to define the coordinate space dimensionality of
a geometric_representation_context.

EXPRESS specification:

*)
TYPE dinlension_count = INTEGER;
WHERE

WR1: SELF > 0;
END_TYPH;
(*

Formal gropositions:

WR1: A dimension_count.shall be positive.

4.3.2 | transition_code

This type conveys/the continuity properties of a composite curve or surface. The continuity
referred fo is geometric, not parametric continuity.

EXPRESS‘specification:

*)
TYPE transition_code = ENUMERATION OF
(discontinuous,
continuous,
cont_same_gradient,
cont_same_gradient_same_curvature);
END_TYPE;
(*

14
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Enumerated item definitions:

discontinuous: The segments, or patches, do not join. This is permitted only at the
of the curve or surface to indicate that it is not closed.

boundary

continuous: The segments, or patches, join, but no condition on their tangents is implied.

cont_same_gradient: [he segments, or patches, join, and their tangent vectors, pr tangent

planes, are parallel and have the same direction at the joint; equality of derivati
required.

ves 1s not

cont_same_gradient_same_curvature: For a curve, the segments joifi;/their tang¢nt vectors
are parallel and in the same direction, and their curvatures are equalydt the joint; equality of
derivatives is not required. For a surface this implies that the prineipal curvatures arp the same

and that the principal directions are coincident along the comnion boundary.

4.3.3 preferred_surface_curve_representation

This type is used to indicate the preferred form of vepresentation for a surface curve¢, which is

either a curve in geometric space or in the parametric space of the underlying surfacps.

EXPRESS specification:

*)

TYPE preferred_surface_curve_represéntation = ENUMERATION OF
(curve_3d,
pcurve_si,
pcurve_s2);

END_TYPE;

(*

Enumerated item defimitions:

curve_3d: The'curve in three-dimensional space is preferred.
pcurve_sl:)The first pcurve is preferred.

pcutve_s2: The second pcurve is preferred.

4.3.4 b_spline_curve_form

This type is used to indicate a particular geometric form represented by the B-spline
EXPRESS specification:
*)
TYPE b_spline_curve_form = ENUMERATION OF
(polyline_form,
circular_arc,
elliptic_arc,

curve.

15
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parabolic_arc,

hyperbolic_arc,

unspecified);
END_TYPE;

(*

Enumerated item definitions:

polyline]

functiong.

circular
elliptic_
parabol

hyperbd
curve.

unspeci

4.3.5

This typ
specific f

EXPRES

£ A 4 1 £ 4 R N J 1R 1. 1 -
- 1OI'IIl. A COILIIeECicd qu_uCllLﬁ Ol 11I1T DEBlllclll}D LCPLITOTIIVCUW Uy UCSIBU L D=5 pullt DUaslo

larc: An arc of a circle, or a complete circle represented by a B-spline curve.
arc: An arc of an ellipse, or a complete ellipse, represented by a B-spline.curve.
c_arc: An arc of finite length of a parabola represented by a B-spline curve.

plic_arc: An arc of finite length of one branch of a hyperbola représented by a B-spline

fied: A B-spline curve for which no particular form is.specified.

b_spline_surface_form

e is used to indicate that the B-spline surface represents a part of a surface of some
brm.

S specification:

*)
TYPE b_|
(plan

spline_surface_form = ENUMERATION OF
e_surf,

cylindrical_surf,

coni

cal_surf,

spherical_surf,

toro
surf

idal_surf,

rul
gen
qual
sur
uns
END_TY

_of_revolutiony
_surf,
alised_cone,
ic_surf)
_of,linear_extrusion,
ecified);

(*

i)

Enumerated item definitions:

plane_surf: A bounded portion of a plane represented by a B-spline surface of degree 1 in each
parameter.

cylindrical_surf: A bounded portion of a cylindrical surface.

16
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conical_surf: A bounded portion of the surface of a right circular cone.

spherical_surf: A bounded portion of a sphere, or a complete sphere, represented by a B-spline
surface.

toroidal_surf: A torus, or portion of a torus, represented by a B-spline surface.

surf of revolution: A bounded pnrﬁnn of a surface of revolution

ruled_surf: A surface constructed from two parametric curves by joining wifth)strpight lines
corresponding points with the same parameter value on each of the curves.

generalised_cone: A special case of a ruled surface in which the second’ curve degdnerates to
a single point; when represented by a B-spline surface all the contrel\points along ong edge will
be coincident.

quadric_surf: A bounded portion of one of the class of sutfaces of degree 2 in the variables x,
y and z.

surf_of_linear_extrusion: A bounded portion of a‘surface of linear extrusion repr¢sented by
a B-spline surface of degree 1 in one of the parameters.

unspecified: A surface for which no particular form is specified.

4.3.6 knot_type

This type indicates that the B:spline knots shall have a particularly simple form enfabling the
knots themselves to be defaulted.

For details of the interpretation of these types see the B-spline curve entity definition| (4.4.29).
EXPRESS specification:

*)
TYPE knot_type = ENUMERATION OF
(unifofmy knots,
unspecified,
quasi_uniform_knots,
piecewise_bezier_knots);
END_TYPE;
(*

Enumerated item definitions:

uniform_knots: The form of knots appropriate for a uniform B-spline curve.
unspecified: The type of knots is not specified. This includes the case of non uniform knots.

quasi_uniform_knots: The form of knots appropriate for a quasi-uniform B-spline curve.

17
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piecewise_bezier_knots: The form of knots appropriate for a piecewise Bézier curve.

4.3.7 extent_enumeration

This type is used to describe the quantitive extent of an object.
EXPRESS specification:
*)

TYPE exftent_enumeration = ENUMERATION OF
(invallid,
zero,
finifte_non_zero,
infipite);

END_TYPE;

(*

Enumeralted item definitions:

invalid: | The concept of extent is not valid for the quantity being measured.
zero: The extent is zero.
finite_npn_zero: The extent is finite (bounded) but not zero:

infinite: The extent is not finite.

4.3.8 | trimming_preference

This type is used to indicate the preferred way of trimming a parametric curve where the

trimming is multiply defined.
EXPRES]S specification:

*)
TYPE trimming_preference~=_ENUMERATION OF
(cartylesian, parameter
unspgecified);
END_TYHE;
(*

Enumergdtediitem definitions:

t 3 abai s 4 Lot 4 N 1 4+ o o £ 4
car eSl AL LTITUICAUTO VIIAU hlllllllllll6 IJJ CaAl UCOIAIL tl\)lllb IO tllbl\zll\/u-

parameter: Indicates a preference for the parameter value.

unspecified: Indicates that no preference is communicated.

18
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4.3.9 axis2_placement

This select type collects together both versions of the axis2 placement as used in two-dimensional
or in three-dimensional Cartesian space. This enables entities requiring this information to
reference them without specifying the space dimensionality.

EXPRESS specification:

*)
—— ¥ REaxts2—placement——SEEECT
(axis2_placement_2d,
axis2_placement_3d);
END_TYPE;
(*

4.3.10 curve_on_surface

A curve_on_surface is a curve on a parametric surface. It. may be any of the following

— a pcurve or

— a surface_curve, including the specialised. subtypes of intersection_curve|and
seam_curve, or

— a composite_curve_on_surface;

The curve_on_surface select type collects these curves together for reference purpoges.
EXPRESS specification:

*)

TYPE curve_on_surface = SELECT
(pcurve,
surface_curve,

composite_curyeron_surface);
END_TYPE;
(*

4.311 pcurve_or_surface

This select type enables a surface curve to identify as an attribute the associated |surface or
pcurve.

EXPRESS specification:
*)
TYPE pcurve_or_surface = SELECT
(pcurve,
surface);
END_TYPE;
(*
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4.3.12 trimming select

This select type identifies the two possible ways of trimming a parametric curve, by a cartesian

point on the curve, or by a REAL 1
range of the curve.

iumber defining a parameter value within the parametric

Vv D OQ
EXPRESS s

*)

s
@
s}
O
=
=
o
o
o+
=
o
=
=

TYPE trfimming_select = SELECT
(cartpsian_point,
parapeter_value);

END_TYPE;

(*

4.3.13| vector_or_direction

This typ¢ is used to identify the types of entity which can participate in‘vector computations.
EXPRESS specification:

*)
TYPE vefktor_or_direction = SELECT
(vectpr,
direkction);
END_TYPE;
(*

4.4 geometry schema entity-definitions

This subfclause contains all the explicit geometric entities.  Except for entities defined in a
parametg¢r space, all geometry is(déefined in a right-handed cartesian coordinate system (the
geometrif coordinate system), The space dimensionality of this coordinate system is established
by the cqntext of the geometric_representation_item. The curve and surface definitions are
all given |essentially in tecms of points and/or vectors and/or scalar (length) values.

4.4.1 | geometric representation_context

A geometric representation_context is a representation_context in which geometric_-
represefptation_items are geometrically founded.

A geometric_representation_context is a distinct coordinate space, spatially unrelated to
other coordinate spaces except as those coordinate spaces are specifically related by an ap-
propriate transformation. (See 3.1 for definitions of geometrically founded and coordinate
space.)
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EXPRESS specification:

*)

ENTITY geometric_representation_context

SUBTYPE OF (representation_context);
coordinate_space_dimension : dimension_count;

END_ENTITY;

(*

Attribute definitions:

coordinate_space_dimension: The integer dimension_count of the coordinate sy
is the geometric_representation_context.

4.4.2 geometric representation_item

A geometric_representation_item is a representation.item that has the additid

ing of having geometric position or orientation or both.(OThis meaning is present
of:

NOTE — Any constraints on the allowed range of coordinate_space_dimension are
scope of this part of ISO 10303.

— being a cartesian_point or a direction;
— referencing directly a cartesian_point,or a direction;

— referencing indirectly a cartesian_point or a direction.

NOTE 1 - An indirect reference to"a cartesian_point or direction means that a give
ric_representation_item references the cartesian_point or direction through one or
vening attributes. In many cases this information is given in the form of an axis2_plac

EXAMPLES

4 — Consider a circler” It gains its geometric position and orientation by virtue of a 1
axis2_placementythat in turn references a cartesian_point and several directions.

5 — A manifold solid brep is a geometric_representation_item that through sever
topological representation_items, references curves, surfaces and points. Through
intervening entities curves and surfaces reference cartesian_point and direction.

NOTES

2 — The intervening entities, which are all of type representation_item, need not be

ISO 10303-42:1994(E)

ace which

outside the

nal mean-
by virtue

n geomet-
more inter-
Ement.

eference to

al layers of
additional

of subtype

geometric representation_item. Consider the manifold_solid_brep from the abov

e example.

One of the infervening levels ol representationitem is a closed_shell. This 1s a

topologi-

cal_representation_item and does not require a geometric_representation_context in its own
right. When used as part of the definition of a manifold_solid_brep that itself is a geomet-

ric_representation_item, it is founded in a geometric_representation_context.

3 - A geometric representation_item inherits the need to be related to a representation.-
context in a representation. The rule compatible_dimension ensures that the representa-
tion_context is a geometric_representation_context. When in the context of geometry, this

relationship causes the geometric_representation_item to be geometrically founded.
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EXPRESS specification:

*)
ENTITY g

eometric_representation_item

SUPERTYPE OF (ONEOF(point, direction, vector, placement,

SUBTYPE OF (representation_item);

DERIVE
dim :
WHERE

WR1: S[[ZEOF (QUERY (using_rep <* using_representations (SELF) |
NPT (’GEOMETRY_SCHEMA.GEOMETRIC_REPRESENTATION_CONTEXT’ IN
TYPEOF (using_rep.context_of_items)))) = O;

END_ENTI[TY;

(*

Attribut¢ definitions:

cartesian_transformation_operator, curve, surface,
edge_curve, face_surface, poly_loop, vertex_point,
solid_model, boolean_result, sphere, right_circular_cone,
right_circular_cylinder, torus, block,

right_angular_wedge, hall_space_solid,
shell_based_surface_model, face_based_surface_model,
shell_based_wireframe_model, edge_based_wireframe_model,
geometric_set))

Himension_count := dimension_of(SELF);

dim: THe coordinate dimension_count of the geometric_representation_item.

NOTES

4 —

contlext in which the geometric_representation_item is geometrically founded.

5 -

repiesentation_contexts, all of which“have the same coordinate_space_dimension. See the

rule

Formal g

Che dim attribute is derived from the coordinate_space_dimension of a geometric_representa

A geometric _representation_items geometrically founded in one or more geometric._-

compatible_dimension in 4.5)1.

ropositions:

WRI1: 1]
be of thd

4.4.3

A point

he context of any representation referencing a geometric_representation_item shall
type geometric_reépresentation_context.

point

is a lgcation in some real Cartesian coordinate space R™, for m = 1,2 or 3.

EXPRES

tion_-

S‘specification:

*)
ENTITY

point

SUPERTYPE OF (ONEOF(cartesian_point, point_on_curve, point_on_surface,

SUBTY

point_replica, degenerate_pcurve))
PE OF (geometric_representation_item);

END_ENTITY;

(*
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4.4.4 cartesian_point

A cartesian_point is a point defined by its coordinates in a rectangular Cartesian coordinate
system, or in a parameter space. The entity is defined in a one, two or three-dimensional space
as determined by the number of coordinates in the list.

NOTE — For the purposes of defining geometry in this part of ISO 10303 only two or three-
dimensional points are used.

PRt nE N = Pa V=]

*)
ENTITY cartesian_point
SUBTYPE OF (point);
coordinates : LIST [1:3] OF length_measure;
END_ENTITY;
(*

Attribute definitions:

coordinates[1]: The first coordinate of the point locatioh.

coordinates[2]: The second coordinate of the point Jocation; this will not exist in|the case of
a one-dimensional point.

coordinates[3]: The third coordinate of thé/point location; this will not exist in the case of a
one or two-dimensional point.

SELF\geometric_representation=item.dim: The dimensionality of the space irf which the
point is defined. This is an inheritéd derived attribute from the geometric represenfation item
supertype and for a cartesian point is determined by the number of coordinates in the list.

4.4.5 point_onicurve

A point_on_curve’is a point which lies on a curve. The point is determined by| evaluating
the curve at a‘specific parameter value. The coordinate space dimensionality of fhe point is
that of thecbasis_curve.

EXPRESS\specification:

*)
ENTITY point_on_curve
SUBTYPE OF (point);

basis_curve : curve;
——peint—parameter——parameber—value;
END_ENTITY;
(*

Attribute definitions:

basis_curve: The curve to which point_parameter relates.

point_parameter: The parameter value of the point location.
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SELF\geometric_representation_item.dim: The dimensionality of the space in which the

point_on

_curve is defined. This is the same as that of the basis_curve.

Informal propositions:

IP1: The value of the point_parameter shall not be outside the parametric range of the curve.

4.4.6 point_on_surface
A point_pn_surface is a point which lies on a parametric surface. The point is determined by
evaluating the surface at a particular pair of parameter values.
EXPRESS| specification:
*)
ENTITY point_on_surface
SUBTYHE OF (point);
basis_|surface . surface;
point |parameter_u : parameter_value;
point |parameter_v : parameter_value;
END_ENTITY;
(*
Attribute|definitions:
basis_surface: The surface to which the parameter values-relate.

point_pajrameter_u: The first parameter value of tle point location.

point_parameter_v: The second parameter.yalue of the point location.

SELF\g¢
the point

Informal j

ometric_representation_item.dim: The dimensionality of the coordinate space of
_on_surface. This is the same as that of the basis_surface.

ropositions:

IP1: The

parametric values specified for u and v shall not be outside the parametric range of

es a teplica of an existing point (the parent) in a different location. The replica has
roordinate space dimensionality as the parent point.

ormation : cartesian_transformation_operator;

the basis|surface.

4.4.7 |point_replica
This defin

the same

EXPRESS specification:

*)

ENTITY point_replica
SUBTYPE OF (point);
parent_pt : point;
transt

WHERE

WR1: transformation.dim = parent_pt.dim;
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WR2: acyclic_point_replica (SELF,parent_pt);
END_ENTITY;
(*

Attribute definitions:

parent_pt: The point to be replicated.

transformation: The Cartesian transformation operator which defines the location.df the point
replica.

Formal propositions:

WRI1: The coordinate space dimensionality of the transformation attribute shall b¢ the same
as that of the parent_pt.

WR2: A point_replica shall not participate in its own definition.

4.4.8 degenerate_pcurve

A degenerate_pcurve is an entity with the structur@of'a pcurve, but which in three-dimensional
model space collapses to a single point. It is thusia subtype of point, not of curve.

NOTE - For example, the apex of a cone*could be represented as a degenerate pcurve.
EXPRESS specification:

*)
ENTITY degenerate_pcurve
SUBTYPE OF (point);
basis_surface: surfacg;
reference_to_curve : definitional_representation;
WHERE
WR1: SIZEOF(reference_to_curve\representation.items) = 1;
WR2: ’GEOMETRY_SCHEMA.CURVE’ IN TYPEOF
(reference_to_curve\representation.items[1]);
WR3: reference_to_curve\representation.
items[1]\geometric_representation_item.dim =2;

END_ENTITY;
(*

Attribute definitions:

basis_surface: The surface on which the basis_curve lies.

reference_to_curve: The association of the pcurve and the parameter space curve which
degenerates to the (equivalent) point.

Formal propositions:

WRI1: The set of items in the definitional_representation entity corresponding to the ref-
erence_to_curve shall have exactly one element.

WR2: The unique item in the set shall be a curve.
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WR3: The dimensionality of this parameter space curve shall be 2.

Informal propositions:

IP1: Regarded as a curve in model space, the degenerate_pcurve shall have zero arc length.

4.4.9 evaluated _degenerate_pcurve

This entity represents the result ol evaluafing a degenerate pcurve and assoclates 1t with a
Cartesian point.

EXPRESS ppecification:

*)

ENTITY eyaluated_degenerate_pcurve
SUBTYPHE OF (degenerate_pcurve);
equivalent_point : cartesian_point;

END_ENTITY;

(*

Attribute definitions:

equivalent_point: The point in the geometric coordinate system represented by the degenerate
pcurve.

4.4.10 | direction

This entity defines a general direction vector in two or three dimensional space. The actual
magnitudes of the components have no effect upoit the direction being defined, only the ratios
X:y:z or x:y are significant.

NOTH - The components of this entity, are’ not normalised. If a unit vector is required it should be
normallised before use.

EXPRESS [specification:

*)
ENTITY direction
SUBTYPE OF (geometricirmepresentation_item);
directjon_ratios :~LIST [2:3] OF REAL;

WHERE

WR1: SIZEOF(QUERY(tmp <* direction_ratios | tmp <> 0.0)) > 0;
END_ENTITY;
(*

Attribute definitions:

direction_ratios[1]: The component in the direction of the X axis.
direction_ratios[2]: The component in the direction of the Y axis.

direction_ratios[3]: The component in the direction of the Z axis; this will not be present in
the case of a direction in two-dimensional coordinate space.
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SELF\geometric_representation_item.dim: The coordinate space dimensionality of the di-
rection. This is an inherited attribute of the geometric_representation_item supertype; for
this entity it is determined by the number of direction_ratios in the list.

Formal propositions:

WR1: The magnitude of the direction vector shall be greater than zero.

44 11— vector

This entity defines a vector in terms of the direction and the magnitude of the vector. The value
of the magnitude attribute defines the magnitude of the vector.

NOTE - The magnitude of the vector must not be calculated from the coffigonents of tHe
orientation attribute. This form of representation was selected to reducerproblems with [numerical
instability. For example a vector of magnitude 2.0 mm and equally inclined to the coord|nate axes
could be represented with orientation attribute of (1.0,1.0,1.0).

EXPRESS specification:

*)

ENTITY vector
SUBTYPE OF (geometric_representation_item);
orientation : direction;

magnitude : length_measure;
WHERE

WR1 : magnitude >= 0.0;
END_ENTITY;
(*

Attribute definitions:

orientation: The direction ef/the vector.

magnitude: The magnitude of the vector. All vectors of magnitude 0.0 are regarded as
equal in value regardless of the orientation attribute.

SELF\geometric_representation_item.dim: The dimensionality of the space in which the
vector is defined.

Formal propositions:

WRT: The magnitude shall be positive or zero.

4412 placement

A placement locates a geometric item with respect to the coordinate system of its geometric
context. It locates the item to be defined and, in the case of the axis placement subtypes, gives
its orientation.

EXPRESS specification:

*)
ENTITY placement
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SUPERTYPE OF (ONEOF(axisl_placement,axis2_placement_2d,axis2_placement_3d))
SUBTYPE OF (geometric_representation_item);
location : cartesian_point;
END_ENTITY;
(*
Attribute definitions:
location{ The geomefric position ol a relerence point, such as the centre ol a circle, of the item
to be locdted.

4.4.13| axisl_placement
The direqtion and location in three-dimensional space of a single axis. An axist_placement
is defined in terms of a locating point (inherited from the placement supertype) and an axis
direction;| this is either the direction of axis or defaults to (0.0,0.0,1.0). The-actual direction for
the axis placement is given by the derived attribute z.
EXPRESS specification:
*)
ENTITY 3xisl_placement
SUBTYRE OF (placement);
axis : OPTIONAL direction;
DERIVE
z : direction := NVL(normalise(axis), direction([0.0,0.0,1.0]));
WHERE
WR1: $ELF\geometric_representation_item.dim = 3;
END_ENTITY;
(*
Attribute definitions:
SELF\placement.location: A(teférence point on the axis.
axis: The direction of the local Z axis.
z: The n¢rmalised difeetion of the local 7 axis.
SELF\g¢ometrie representation_item.dim: The space dimensionality of the

axisl_pl«'llcement, which is determined from its location, and is always equal to 3.

yatavaVarl

Formal prepesitions:

WR1: T

4.4.14

The locat

he coordinate space dimensionality shall be 3.

axis2_placement_2d

ion and orientation in two-dimensional space of two mutually perpendicular axes. An

axis2_placement_2d is defined in terms of a point, (inherited from the placement supertype),
and an axis. It can be used to locate and orientate an object in two-dimensional space and to
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define a placement coordinate system. The entity includes a point which forms the origin of the
placement coordinate system. A direction vector is required to complete the definition of the
placement coordinate system. The ref_direction defines the placement X axis direction; the
placement Y axis direction is derived from this.

EXPRESS specification:

*)
ENTITY axis2_placement_2d
———SUBTYPE—OF {placement
ref_direction : OPTIONAL direction;
DERIVE
P : LIST [2:2] OF direction := build_2axes(ref_direction):
WHERE
WR1: SELF\geometric_representation_item.dim = 2;
END_ENTITY;
(*

Attribute definitions:

SELF\placement.location: The spatial position of the réference point which defines| the origin
of the associated placement coordinate system.

ref_direction: The direction used to determine the direction of the local X axis. If
ref_direction is omitted, this direction is taken from the geometric coordinate system.

p: The axis set for the placement coordiriate system.

p[1]: The normalised direction of the placement X axis. This is (1.0,0.0) if ref_direction is
omitted.

p[2]: The normalised direction of the placement Y axis. This is a derived attribute and is
orthogonal to p[1].

Formal propositions:

WR1: The space dimensionality of the axis2_placement_2d shall be 2.

4.4.15 vaxis2_placement_3d

The\location and orientation in three-dimensional space of two mutually perpendiculalf axes. An
aXis2_placement_3d is defined in terms of a point, (inherited from the placement siipertype),
and two (ideally orthogonal) axes. It can be used to locate and orientate a non axi-ymmetric
object i space and 1o defilie @ ptacenent coordinate system. The entity includes a point which
forms the origin of the placement coordinate system. Two direction vectors are required to
complete the definition of the placement coordinate system. The axis is the placement Z axis
direction and the ref_direction is an approximation to the placement X axis direction.

NOTE -~ Let z be the placement Z axis direction and a be the approximate placement X axis
direction. There are two methods, mathematically identical but numerically different, for calculating
the placement X and Y axis directions.
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The first method is likely to be the more numerically stable of the two, and is used here.

A placemsg

axis2_pla
EXPRESS

©1s0

a) The vector a is projected onto the plane defined by the origin point P and the vector z
to give the placement X axis direction as x = (a — (a-z)z). The placement Y axis direction is
then given by y = (z x x).

b) The placement Y axis direction is calculated as y = (z x a) and then the placement X
axis direction is given by x = (y x z).

specification:

*)

ENTITY axis2_placement_3d
SUBTYPE OF (placement);

axis

: OPTIONAL direction;

ref_ditection : OPTIONAL direction;

DERIVE

P
WHERE

WR1: SELF\placement.location.dim = 3;

: LIST [3:3] OF direction

:= build_axes(axis,ref_direction);

WR2: (§OT (EXISTS (axis))) OR (axis.dim = 3);
WR3: (JOT (EXISTS (ref_direction))) OR (ref_directionidim = 3);
WR4: (§OT (EXISTS (axis))) OR (NOT (EXISTS (ref_direction))) OR
(cross_product(axis,ref_direction) .magnitude > 0.0);
END_ENTITY;
(*
Attribute Hefinitions:

nt coordinate system referenced by the parametric equations is derived from the
fement_3d data for conic curves and elementary surfaces.

SELF\plgcement.location: The spatial-position of the reference point and origin of the as-

sociated p

acement coordinate systems

axis: The|exact direction of the local Z axis.

ref_direct
sary an a

ion: The direction used to determine the direction of the local X axis.
justment is,mrade to maintain orthogonality to the axis direction. If axis and/or

If neces-

ref_direction is omitted, these directions are taken from the geometric coordinate system.

p: The a

s for the placement coordinate system. The directions of these axes are derived from
the attribytes, with appropriate default values if required.

p[1]: The normalised direction of the local X axis.

p[2]: The normalised direction of the local Y axis

p[3]: The normalised direction of the local Z axis.

NOTE — See figure 1 for interpretation of attributes.
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o[3]

location

ref_direction

project
onto plane
normal to
axis

Figure 1 — Axis2¢placement 3D

Formal propositions:

WR1: The space dimensionality of the SELF\placement.location shall be 3.
WR2: The space dimensionality-of axis shall be 3.
WR3: The space dimensionality of ref_direction shall be 3.

WR4: The axis and the ref_direction shall not be parallel or anti-parallel. (This is|required
by the build_axesfunction.)

4.4.16 ‘Ccartesian_transformation_operator

A cartesian_transformation_operator defines a geometric transformation composed |of trans-
Jation, rotation, mirroring and uniform scaling.

TL 1.

Thetist-ofnrormralised—vrectorsudefires—the—columms—ofan u1t1uu5uua,} mratrixF—These vectors
are computed, by the base_axis function, from the direction attributes axis1, axis2 and, in
cartesian_transformation_operator_3d, axis3. If |T| = —1, the transformation includes
mirroring. The local origin point A, the scale value S and the matrix T together define a
transformation.

The transformation for a point with position vector P is defined by

P—-A+STP
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The transformation for a direction d is defined by

d - Td

The transformation for a vector with orientation d and magnitude k is defined by

d - Td

and
k— Sk

For those[entities whose attributes include an axis2_placement, the transformation is applied,
after the |derivation, to the derived attributes p defining the placement coordinate dir€ctions.
For a transformed surface, the direction of the surface normal at any point is‘ebtained by
transfornjing the normal, at the corresponding point, to the original surface. »\For geometric
entities with attributes (such as the radius of a circle) which have the dimen§ionality of length,
the valueg will' be multiplied by §.

For curvgs on surface the p_curve.reference_to_curve will be unaffeétéd by any transforma-
tion.

The cartesian_transformation_operator shall only be applied to geometry defined in a con-
sistent syptem of units with the same units on each axis. With'all attributes omitted, the trans-
formation defaults to the identity transformation. The cartesian_transformation_operator
shall only| be instantiated as one of its subtypes.

NOTE - See figures 2(a-c) for demonstration of effe¢t/ of transformation.
EXPRESSY specification:

*)
ENTITY ¢artesian_transformation_operator

SUPERTYPE OF (ONEOF(cartesian_transformation_operator_2d,
cartesian_transformation_operator_3d))
SUBTYRE OF (geometric_representation_item,

functionally_defined_transformation);

axisi : OPTIONAL-direction;
axis2 : OPTIONAL-direction;
local Jorigin : cartesian_point;
scale : OPTIONAL REAL;
DERIVE
scl +YREAL := NVL(scale, 1.0);
WHERE
WR1: dcX.>0.0;
END_ENTiTY,
(*

Attribute definitions:

axisl: The direction used to determine u[1], the derived X axis direction.

axis2: The direction used to determine u[2], the derived Y axis direction.
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N

shape after ]

transformation

/— shape before

’ £ P
> T TOTOT T TA CrOTT

(rotation)

u[3]<-— v

Figure 2 — (a) Cartesjan’ transformation operator 3D

local origin: The required tranglation, specified as a cartesian point. The actual ttanslation
included in the transformation:is’ from the geometric origin to the local origin.

scale: The scaling value'specified for the transformation.

scl: The derived scale S of the transformation, equal to scale if that exists, or 1.0 otfherwise.

Formal propositions:

WRI1: The deérived scaling sel shall be greater than zero.

4.4.17 cartesian_transformation_operator_3d

A cartesian_transformation_operator_3d defines a geometric transformation in

three-dimemsiomat space composed of TTanstation,; Totation, MITToTing and Umilorm scaling.

The list of normalised vectors u defines the columns of an orthogonal matrix T. These vectors
are computed from the direction attributes axisl, axis2 and axis3 by the base_axis function. If
|T| = —1, the transformation includes mirroring.
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shape after —— |

transformation

(rotation, scaling)

shape before

u[3] < __

—_—

transformation

Y

Lartesian_transformation_operator_3d

SUBTYPE OF (cartesian_transformation_operator);

:= base_axis(3,SELF\cartesian_transformation_operator
SELF\cartesian_transformation_operator.axis2,axis3);

BELF\cartesian_transformation_operator.dim = 3;

Figure 2 — (b) Cartesian transforination operator 3D

.axisli,

EXPRESS$ specification:
*)
ENTITY
axis3|: OPTIONAL direction;
DERIVE
u : LIST[3:3] OF dirlection
WHERE
WR1:
END_ENT[TY;
(*
Attribute definitions:

SELF\cartesian_transformation_operator.axisl: The direction used to determine u[1], the

derived X axis direction. If necessary, u[1] is adjusted to make it orthogonal to u[3].

SELF\cartesian_transformation_operator.axis2: The direction used to determine u[2], the
derived Y axis direction. If necessary, u[2] is adjusted to make it orthogonal to u[1] and u[3].

SELF\cartesian_transformation_operator.axis3: The exact direction of u[3], the derived
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Figure 2 — (¢) Cartesian transformation operator

7 axis direction.

SELF\cartesian_transformation_operator.local_origin: The required translatipn, speci-
fied as a cartesian pointis The actual translation included in the transformation is|from the

geometric origin to thelocal origin.

SELF\cartesian-transformation_operator.scale: The scaling value specified for fhe trans-

formation.

SELF\¢artesian_transformation_operator.scl: The derived scale S of the transfprmation,

equalto scale if that exists, or 1.0 otherwise.

u: The list of mutually orthogonal, normalised vectors defining the transformation matrix T.

‘They are derived irom the explicit attributes axis3, axisl, and axis2 in that order.

Formal propositions:

WR1: The coordinate space dimensionality of this entity shall be 3.
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4.4.18 cartesian_transformation_operator_2d

A Cartesian_transformation_operator_2d defines a geometric transformation in
two-dimensional space composed of translation, rotation, mirroring and uniform scaling.

The list of normalised vectors u defines the columns of an orthogonal matrix T. These vectors
are computed from the direction attributes axisl, axis2 by the base_axis function. If |T| = —1,
the transformation includes mirroring.

EXPRESY specification:
*)

ENTITY qartesian_transformation_operator_2d
SUBTYRE OF (cartesian_transformation_operator);
DERIVE
LisTl2:2

1moe
|3 SR )

ion =

wn La

n

wr

2,SELF\cartesian_transformation_operator.axisi,
SELF\cartesian_transformation_operator.axis2,?);

(

base_axi

WHERE
WR1: $ELF\cartesian_transformation_operator.dim = 2;

END_ENTITY;

(*

Attributd definitions:

SELF\c4rtesian_transformation_operator.axis1l: Thedirection used to determine u[1], the
derived X axis direction.

SELF\c4rtesian_transformation_operator.axis2: The direction used to determine u[2], the
derived Y axis direction.

SELF\c3rtesian_transformation_operator.local_origin: The required translation, speci-
fied as a|cartesian point. The actual\translation included in the transformation is from the

geometriq origin to the local origir,

SELF\cartesian_transformation_operator.scale: The scaling value specified for the trans-
formatior.

SELF\cartesian_ttahsformation_operator.scl: The derived scale S of the transformation,
equal to gcale if that exists, or 1.0 otherwise.

u: The listzof* mutually orthogonal, normalised vectors defining the transformation matrix T.

They are derivedfrom the explicit attributes axisl, and axisZ in that order.

Formal propositions:

WR1: The coordinate space dimensionality of this entity shall be 2.
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4.4.19 curve

A curve can be envisioned as the path of a point moving in its coordinate space.
EXPRESS specification:

*)

ENTITY curve

SUPERTYPE OF (ONEOF(line, conic, pcurve, surface_curve,
offset curve 2d, offset curve 34, rnrva_rpp1irn\\

:1994(E)

SUBTYPE OF (geometric_representation_item);
END_ENTITY;
(*

Informal propositions:

IP1: A curve shall be arcwise connected.

IP2: A curve shall have an arc length greater than zero.

4.4.20 line

A line is an unbounded curve with constant tangent. direction. A line is defined by a |
a direction. The positive direction of the line is\ifi the direction of the dir vector.

The curve is parametrised as follows:

P = opnt
V = dir
A(w) = P+uVv

and the parametric range is(=m < u < oo.
EXPRESS specification:
*)
ENTITY line
SUBTYPE OF (curve);
pnt : cartesian_point;
dir : vector;

WHERE

WR1:’dir.dim = pnt.dim;
END_ENTITY;
(S

boint and

Allribute dennitions:

pnt: The location of the line.

dir: The direction of the line; the magnitude and units of dir affect the parametrisat
line.

ion of the

SELF\geometric_representation_item.dim: The dimensionality of the coordinate space for
the line. This is an inherited attribute from the geometric representation item supertype.
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(©1s0

Formal propositions:

WRI1: Pnt and dir shall both be 2D or both be 3D entities.

4.4.21

conic

A conic is a planar curve which could be produced by intersecting a plane with a cone.

A conic ¢ s
in terms of other geometry.
A conic dntity always has a placement coordinate system defined by axis2_placement; the
parametrif representation is defined in terms of this placement coordinate system.
EXPRESS |specification:
*)
ENTITY cénic
SUPERTYPE OF (ONEOF(circle, ellipse, hyperbola, parabola))
SUBTYPE OF (curve);
positipn: axis2_placement;
END_ENTI[Y;
(*
Attribute |definitions:
position:| The location and orientation of the conic. Fufther details of the interpretation of

this attribute are given for the individual subtypes.

4.4.22

A circle i
the data s

and the ci

circle

5 defined by a radius and the location and orientation of the circle. Interpretation of
hall be as follows:

position.location (centre)
position.p[1]

position.p[2]

position.p[3]

radius

I~ RN

[rcle is parametrised as

A(u) = C+ R((cosu)x + (sinu)y)

The para

TetTisation Tange 15 U< ¢ < 300 degrees.

In the placement coordinate system defined above, the circle is the equation C = 0, where

Clz,y,2) = 2?4+ y* - R?

The positive sense of the circle at any point is in the tangent direction, T, to the curve at the
point, where

38
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p[2]
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/ |
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\)r'\ ref_direction
=
o —ptH—

Figure 3 — Circle

NOTE ~ A circular arc is defined by using(tlie trimmed_curve entity in conjunction
circle entity.

EXPRESS specification:
*)
ENTITY circle
SUBTYPE OF (conic);
radius : positive_length_measure;
END_ENTITY;
(*

Attribute definitions:

SELF\ conic,position.location: This inherited attribute defines the centre of the cif

radius? The radius of the circle, which shall be greater than zero.

NOTE - See figure 3 for interpretation of attributes.

4.4.23 ellipse

with the

cle.

An ellipse is a conic section defined by the lengths of the semi-major and semi-minor diameters
and the position (center or mid point of the line joining the foci) and orientation of the curve.
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ref_direction

C

\\_gr/"

location -—X

X Y
Figure 4 — Ellipse
Interpretfation of the data shall be as follows:

C = Dposition.location
X = position.p[1]

y £ ) position.p[2]

z. = position.p[3]
Ry = semi_axis_1
Ry = semi_axis2

and the

The pard
In the pl

llipse is parametrised as

metrisafion range is 0 < u < 360 degrees.

A(u) = C+ (Rycosu)x + (Rysinu)y

hcement coordinate system defined above the ellipse is the equation C = 0, where

e ¥ 2 132 2 12 4
Clid, Yy, )——»L/Rl'f'y/fla_l

The positive sense of the ellipse at any point is in the tangent direction, T, to the curve at the
point, where

T = (—C,.,Cy,0).

EXPRESS specification:

*)
ENTITY

40
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SUBTYPE OF (comnic);
semi_axis_1 : positive_length_measure;
semi_axis_2 : positive_length_measure;
END_ENTITY;
(*

Attribute definitions:

SET,F\\(‘nnic position: conic.position.ocation is the centre of the ellipse

and conic.position.p[1] the direction of the semi_axis_1.
semi_axis_1: The first radius of the ellipse which shall be positive.

semi_axis_2: The second radius of the ellipse which shall be positive.

NOTE - See figure 4 for interpretation of attributes.

4.4.24 hyperbola

A hyperbola is a conic section defined by the lengths<of the major and minor radii and the
position (mid-point of the line joining two foci) and orientation of the curve. Interptetation of
the data shall be as follows:

C = . position.location
x =\ position.p[1]
y & position.p[2]
z = position.p[3]
Ry = semi_axis
Ry = semi.imag_ axis

and the hyperbola is parametrised as
A(u) = C 4 (R coshu)x + (Rysinh u)y

The parametrisation range is —co < u < oo.

In the placement coordinate system defined above, the hyperbola is represented by th¢ equation
C = 0, wliere
C(CE,y,Z) = xQ/Ril‘) - y2/R% -1

The positive sense of the hyperbola at any point is in the tangent direction, T, to thle curve at
the point, where

L =1{—Cy,Cs,U).

The branch of the hyperbola represented is that pointed to by the x direction.
EXPRESS specification:

*)
ENTITY hyperbola
SUBTYPE OF (comic);
semi_axis : positive_length_measure;
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p[3]
p[2]
semi_imag

/ axis

p[1

pa

\ semi_axis

ref_direction
X Y

Figure 5 — Hyperbola

semi_imag_axis : positive_length_measure;
END_ENTI[Y;
(*

Attribute |definitions:

SELF\copnic.position: The location and drientation of the curve.
conic.pogition.location is the centra.of the hyperbola and conic.position.p[1] is in the di-
rection of|the semi-axis. The branch defined is on the side of position.p[1] positive.

semi_axig: The length of thé_semi axis of the hyperbola. This is positive and is half the
minimum [distance between thé two branches of the hyperbola.

semi_imag_axis: Thedength of the semi imaginary axis of the hyperbola which shall be positive.

NOTE - See figure 5 for interpretation of attributes.

Formal prppositions:

WR1: The length of the semi_axis shall be greater than zero.

WR2: The length of the semi_imag_axis shall be greater than zero.
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4.4.25 parabola

A parabola is a conic section defined by its focal length, position (apex), and orientation.

Interpretation of the data shall be as follows:

= position.location
position.p[1]

— nposition pl[2]
I LN G |

position.p[3]
focal_dist

VIR e

and the parabola is parametrised as
A(u) = C + F(u’x + 2uy)

The parametrisation range is —oo < u < 0.

In the placement coordinate system defined above, the parabola“s represented by the
C=0,
where

C(z,y,2) = 4F2*L %2

The positive sense of the curve at any point is ithe tangent direction, T, to the cur
point, where

T =(~(,,C,,0).

EXPRESS specification:

*)

ENTITY parabola
SUBTYPE OF (conic);
focal_dist : length_measure;

WHERE

WR1: focal_dist <>.0.0;
END_ENTITY;
(*

Attributedefinitions:

equation

ve at the

SELEX\conic.position: The location and orientation of the curve. conic.position.focation

is the-apex of the parabola and conic.position.p[1] is the axis of symmetry.

focal_dist: The distance of the focal point from the apex point.

NOTE - See figure 6 for interpretation of attributes.

Formal propositions:

WR1: The focal distance shall not be zero.

43


https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e

ISO 10303-42:1994(E) ©150

o[ 2] ref_direction

\ e

‘o PLT]

location

X

Figure 6 — Parabola

4.4.26] bounded_curve

A bounded_curve is a curve of finite dr¢'length with identifiable end points.
EXPRESE specification:
*)
ENTITY jpounded_curve

SUPERTYPE OF (ONEOF(poiyline, b_spline_curve, trimmed_curve,
bounded_pcurve, bounded_surface_curve, composite_curve))

SUBTYPE OF (curve);
END_ENTIITY;
(*

Informal|propositions:

IPl, A d.J 1. £oosd ] +1
. JUUITUCTU CUL VO 1Iad ITIIITT al'T lClLBbll-

IP2: A bounded curve has a start point and an end point.
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4.4.27 polyline

:1994(E)

A polyline is a bounded_curve of n — 1 linear segments, defined by a list of n points,

P, Py...P,.

The 1th segment of the curve is parametrised as follows:

Au)=Pi(i —u)+ Piy(u+1-1), forl<i<n-1

wWhere 1 — 1 < U < ¢ and with parametric tange ol 0 < u < n — 1.
EXPRESS specification:
*)
ENTITY polyline
SUBTYPE OF (bounded_curve);
points : LIST [2:?] OF cartesian_point;
END_ENTITY;
(*

Attribute definitions:

points: The points defining the polyline.

4.4.28 b_spline_curve

A B-spline curve is a piecewise parametric ‘polynomial or rational curve described i terms of

control points and basis functions. The B-spline curve has been selected as the m
format to represent all types of polynomial or rational parametric curves. With aj
attribute values it is capable of representing single span or spline curves of explicit p
rational, Bézier or B-spline type:” The b_spline_curve has three special subtypes
knots and knot multiplicitie§ ¢an be derived to provide simple default capabilities.

NOTES

ost stable
bpropriate
lynomial,
where the

1 — Identification of B-spline curve default values and subtypes is important for perforfnance con-

siderations and)for efficiency issues in performing computations.

2 — A _B:-spline is rational if and only if the weights are not all identical; this can be 1
by tlie_rational b_spline_curve subtype. If it is polynomial, the weights may be defa
being'1.

3 — In the case where the B-spline curve is uniform, quasi-uniform or Bézier (includin
Bézier), the knots and knot multiplicities may be defaulted (i.e., non-existent in the data

epresented
hlted to all

b plecewise
hs specified

by the attribute definitions)

4 — When the knots are defaulted, a difference of 1.0 between separate knots is assumed, and the
effective parameter range for the resulting curve starts from 0.0. These defaults are provided by the

subtypes.
5 — The knots and knot multiplicities shall not be defaulted in the non-uniform case.

6 — The defaulting of weights and knots are done independently of one another.
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7 - Definitions of the B-spline basis functions P; N(u) can be found in [E-1, E-2, E-3]. It should
be noted that there is a difference in terminology between these references.

Interpretation of the data is as follows:

a) The curve, in the polynomial case, is given by:

k
A(u) = Zpi_/v;l(u).

b) In the rational case all weights shall be positive and the curve is given by:

— Zf:() wlplde(u)

A(u) .
ZF:O w; de(u)
where
k+1 = number of control points,
P; = control points,

weights, and
degree.

a &
I

The knpt array is an array of (k4 d +2) real numbers [u_g, % uk41], such that for all indices
jin [—d, k], u; <= u;yq. This array is obtained from the-knots_data list by repeating each
multiplp knot according to the multiplicity. Nl-d, the ath normalised B-spline basis function
of degr¢e d, is defined on the subset

[wi—d, -}, u;y1] of this array.

¢) Iet L denote the number of distin¢t-values amongst the d + k + 2 knots in the knot
list; L yill be referred to as the ‘upper index on knots’. Let m; denote the multiplicity (i.e.,
numbey of repetitions) of the jth diStinct knot. Then:

L
Yomi=d+k+2.

=1
All knot multiplicities except the first and the last shall be in the range 1...d; the first and
last maly have a maximium value of d + 1.

In evalyating the basis functions, a knot u of, e.g., multiplicity 3 is interpreted as a sequence
U, U, u,‘}m the knot array.

The b_spline_curve has three special subtypes where the knots and knot multiplicities are
derived to provide simple default capabilities.

NOTE - see figure 7 for further information on curve definition.
EXPRESS specification:

*)
ENTITY b_spline_curve
SUPERTYPE OF (ONEOF(uniform_curve, b_spline_curve_with_knots,
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control_ppint

Figure 7 — B-spline curve

quasi_uniform_curve, bezier_cufve)
ANDOR rational_b_spline_curve)
SUBTYPE OF (bounded_curve);

degree : INTEGER;
control_points_list : LIST [2:?] OF cartésian_point;
curve_form : b_spline_curve_¥form;
closed_curve : LOGICAL;
self_intersect : LOGICAL;

DERIVE

upper_index_on_control_points ¢ INTEGER
:= (SIZEOF(control_points_list) - 1);
control_points : ARRAY [0:upper_index_on_control_points]
OF cartesian_point
:= list_to_array(control_points_list,0,
upper_index_on_control_points);
WHERE
WR1: (’GEOMETRY_SCHEMA.UNIFORM_CURVE’ IN TYPEOF(self)) OR
(’GEOMETRY_SCHEMA.QUASI_UNIFORM_CURVE’ IN TYPEOF(self)) OR
(’GEOMETRY_SCHEMA.BEZIER_CURVE’ IN TYPEOF(self)) OR
(JGEOMETRY_SCHEMA.B_SPLINE_CURVE_WITH_KNOTS’ IN TYPEOF(self));
END_ENTITY;
(*

Attt £ 24
LAAVVITIVUUC UUCILTIIIUVIVULILD «

degree: The algebraic degree of the basis functions.
control_points_list: The list of control points for the curve.

curve_form: Used to identify particular types of curve; it is for information only. (See 4.3.4
for details).
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closed_curve: Indication of whether the curve is closed; it is for information only.

self_intersect: Flag to indicate whether the curve self intersects or not; it is for information

1
Only.

SELF\geometric_representation_item.dim: The dimensionality of the coordinate space for
the curve.

e 1 Ao Y 4. T ~rar ivnday A tha anna ~AF am bl R N PN »
uppcr_u aex._oin- LU[ILI 1_POl1iltd. 111€ uppel lnucx ol vie allay Ol COLILVIOL POILLLS, t11€ 1IOWEE
index is (J. This value is derived from the list of control points

control_points: The array of control points used to define the geometry of the curve. Fhis is
derived from the list of control points.

NOTJE - Where part of the data is described as ‘for information only’ this impligssthat if there is
any discrepancy between this information and the properties derived from the curye itself, the curve
data takes precedence.

Formal pfopositions:

WR1: Any instantiation of this entity shall include one of the subtypes
b_splinel curve_with_knots, uniform_curve, quasi_uniform_€urve or bezier_curve.

4.4.29| b_spline_curve_with knots

This is the subtype of b_spline_curve for which thelknot values are explicitly given. This sub-
type shall be used to represent non-uniform B-spline curves and may be used for other knot types.

be referr¢d to as the ‘upper index on knots’. Let m; denote the multiplicity (i.e., number of

Let L defote the number of distinct values;amongst the d + £ + 2 knots in the knot list; L will
s) of the jth distinct knotSThen:

repetitio

L
domi=d+k+2.

=1

All knot multiplicities except the first and the last shall be in the range 1...d; the first and last
may havd a maximum value of d + 1.

In evalualting ‘the basis functions, a knot u of, e.g., multiplicity 3 is interpreted as a sequence

u, u, U, in tIe KNot array.
EXPRESS specification:

*)
ENTITY b_spline_curve_with_knots
SUBTYPE OF (b_spline_curve);
knot_multiplicities : LIST [2:7] OF INTEGER;
knots : LIST [2:7] OF parameter_value;
knot_spec : knot_type;
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DERIVE
upper_index_on_knots : INTEGER := SIZEOF(knots);
WHERE
WR1: constraints_param_b_spline(degree, upper_index_on_knots,
upper_index_on_control_points,
knot_multiplicities, knots);
WR2: SIZEOF(knot_multiplicities) = upper_index_on_knots;
END_ENTITY;

(€3

Attribute definitions:

knot_multiplicities: The multiplicities of the knots. This list defines the nuunber of 4
knot in the knots list is to be repeated in constructing the knot array.

knots: The list of distinct knots used to define the B-spline basis functions.
knot_spec: The description of the knot type. This is for infoxrmation only.

SELF\b_spline_curve.curve_form: Used to identify-particular types of curve; it is
mation only. (See 4.3.4 for details).

SELF\b_spline_curve.degree: The algebraic, degree of the basis functions.

SELF\b_spline_curve.closed_curve: Indication of whether the curve is closed; it is
mation only.

SELF\b_spline_curve.self_interséect: Flag to indicate whether the curve self int
not; it is for information only.

dim: The dimensionality\of the coordinate space for the curve.

SELF\b_spline_curve.upper_index_on_control_points: The upper index on thq
control points; the-lower index is 0. This value is derived from the list of control poin

upper_index_on_knots: The upper index on the knot arrays; the lower index is 1.

SELE\b_spline_curve.control_points: The array of control points used to define {
etry>of the curve. This is derived from the list of control points.

imes each

for infor-

for infor-

prsects or

array of
ts

he geom-

NOTE — Where part of the data is described as ‘for information only’ this implies that

if there is

any discrepancy between this immiormation and the properties derived from the curve itself
data takes precedence.

Formal propositions:

WRI1: constraints_param_b_spline returns TRUE if no inconsistencies in the par
tion of the B-spline are found.

, the curve

ametrisa-

WR2: The number of elements in the knot multiplicities list shall be equal to the number of

elements in the knots list.
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4.4.30

This is a
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uniform_curve

special subtype of b_spline_curve in which the knots are evenly spaced. Suitable

default values for the knots and knot multiplicities are derived in this case.

A B-spline is uniform if and only if all knots are of multiplicity 1 and they differ by a positive
constant from the preceding knot. In this subtype the knot spacing is 1.0, starting at —d, where

d is the degree.

NOTE - If the B-spline curve is uniform and degree=1, the B-spline is equivalent to a polylinge;
EXPRESY specification:

*)

ENTITY yYniform_curve
SUBTYRE OF (b_spline_curve);

END_ENT
(*

[TY;

NOTIE — The value k_up may be required for the upper index on the-knot and knot multiplicity

lists.
k_up

This is computed from the degree and the number of controlpoints.
= SELF\b_spline_curve.upper.index_on_control_points + degree + 2.

If required, the knots and knot multiplicities can be computed-by the function calls:
defaqlt_b_spline_knots(SELF\b_spline_curve.degree, k_up,uniform_knots), and
defadlt_b_spline_knot_mult(SELF\b_spline_curve.degree kcup, uniform knots).

4.4.31

This is a
for the fi

quasi_uniform _curve

special subtype of b_spline_curve’in which the knots are evenly spaced, and except
st and last, have multiplicity 1{ Suitable default values for the knots and knot multi-

plicities dre derived in this case.

A B-splin

e is quasi-uniform if and’only if the knots are of multiplicity (degree+1) at the ends,

of multipllicity 1 elsewhere, @and’ they differ by a positive constant from the preceding knot. A

quasi-uni
the knot

EXPRES]

form B-spline cu@ve which has only two knots represents a Bézier curve. In this subtype
spacing is 1.0,'starting at 0.0.

b specification:

*)
ENTITY

SUBTY
END_ENT
(*

HuasiXuniform_curve
PE-OF (b_spline_curve);

TY;

NOTE - The value k_up may be required for the upper index on the knot and knot multiplicity

lists.

k_up

This is computed from the degree and the number of control points.

= SELF\b_spline_curve.upper_index_on_control_points - degree + 2.

If required, the knots and knot multiplicities can then be computed by the function calls:
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default_b_spline_knots(SELF\b_spline_curve.degree k_up, quasi-uniform_knots), and
default_b_spline_knot_mult(SELF\b_spline_curve.degree, k_up, quasi_uniformknots).

4.4.32 bezier_curve

This subtype represents in the most general case a piecewise Bézier curve. This is a special type
of curve which can be represented as a subtype of b_spline_curve in which the knots are evenly

......

Spaced and nave nighn muitipticitiesStuitable defautt vatues for tite knotsand kot myltiplicities
are derived in this case.

A B-spline curve is a piecewise Bézier curve if it is quasi-uniform except thatthe intgrior knots
have multiplicity degree rather than having multiplicity one. In this sibtype the knpt spacing
is 1.0, starting at 0.0. A piecewise Bézier curve which has only two.knots, 0.0 and 1{0, each of
multiplicity (degree+1), is a simple Bézier curve.

NOTES

1 — A simple Bézier curve can be defined as a B-spline curve with knots by the followirnlg data:

degree (d)

upper index on control points (equal $0.d)

control points (d +*1-cartesian points)

knot type (equal to quasi uniform knots)
knot multiplicities (d+1,d+1)

knots (0.0, 1.0)

No other data are needed, except for a rational Bézier curve. In this case the weights data ((d + 1)
REALSs) shall be given.

2 — It should be neted that every piecewise Bézier curve has an equivalent representation as a
B-spline curve. Bécause of problems with non-uniform knots not every B-spline curve can be repre-
sented as a piecewise Bézier curve.

To define a.piecewise Bézier curve as a B-spline:

= The first knot is 0.0 with multiplicity (d + 1).

— The next knot is 1.0 with multiplicity d (we have now defined the knots for one segment,
unless it is the last one).

— The next knot is 2.0 with multiplicity d (we have now defined the knots for two segments,
again unless the second is the last one).

— Continue to the end of the last segment, call it the n-th segment, at the end of which a
knot with value n, multiplicity (d + 1) is added.
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EXAMPLES

6 — A one-segment cubic Bézier curve would have knot sequence (0,1) with multiplicity sequence

(4,4).

7 — A two-segment cubic piecewise Bézier curve would have knot sequence (0,1,2) with multi-
plicity sequence (4,3,4).

3 — For the piecewise Bézier case, if d is the degree, k + 1 is the number of control points, m is the
numbgr of knots with multiplicity d, and N is the total number of knots for the spline, then

N
thus,m = (k—d)/d
)

il

(d+2+k)

Thus,|the knot sequence is (0,1,...m,(m + 1)) with multiplicities (d + 1,d, .. .d, dpD).
EXPRESS|specification:

*)

ENTITY bezier_curve
SUBTYPE OF (b_spline_curve);
END_ENTI[TY;

(*

NOTYE 4 - The value k_up may be required for the upperndex on the knot and knot multiplicity

lists.

This is computed from the degree and the numberiof“control points.

_ SELF\b_spline_curve.upper_index_on_control_points
B SELF\b_spline_curve.degree

k_up

If reqired, the knots and knot multiplicities can then be computed by the function calls:
default_b_spline knots(SELF\b_spliné:xcurve.degree k_up, piecewise_bezier_knots), and
default_b_spline knot_mult(SELF\byspline_curve.degree k_up, piecewise_bezier_knots).

4.4.33

rational b _spline_curve

A rationgl_b_spline_eurve is a piecewise parametric rational curve described in terms of con-
trol pointg and basis{functions. This subtype is instantiated with one of the other subtypes of
b_spline_turve_which explicitly or implicitly provide the knot values used to define the basis

functions.

All weightis‘shall be positive and the curve is given by:

where

52

Zf:O wlPlde(U’)

Alu) = .
= Vi)
k+1 = number of control points,
P; = control points,
w; = weights, and
d = degree.
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EXPRESS specification:

*)

ENTITY rational_b_spline_curve
SUBTYPE OF (b_spline_curve);
weights_data : LIST [2:7] OF REAL;

DI LT

:1994(E)

ULNLNLIVED
weights : ARRAY [O:upper_index_on_control_points] OF REAL
:= list_to_array(weights_data,O,
upper_index_on_control_pointgy;
WHERE
WR1: SIZEOF(weights_data) = SIZEOF(SELF\b_spline_curve.control’points_list
WR2: curve_weights_positive(SELF);
END_ENTITY;
(*

Attribute definitions:

weights_data: The supplied values of the weights. See)the derived attribute weight
SELF\b_spline_curve.degree: The algebraiccdégree of the basis functions.

SELF\b_spline_curve.curve_form: Used‘to identify particular types of curve; it is
mation only. (See 4.3.4 for details.)

SELF\b_spline_curve.closed_curve: Indication of whether the curve is closed; it is
mation only.

SELF\b_spline_curve.self intersect: Flag to indicate whether the curve self int
not; it is for informatienonly.

SELF\b_spline(curve.upper_index_on_control_points: The upper index on th{
control pointsy the lower index is 0. This value is derived from the list of control poin

SELF\bsspline_curve.control_points: The array of control points used to define
etry of the curve.This is derived from the list of control points

weights: The array of weights associated with the control points. This is derived

~

S.

for infor-

for infor-

ersects or

b array of

ts

the geom-

from the

welghts_data

NOTE - Where part of the data is described as ‘for information only’ this implies that if there is

any discrepancy between this information and the properties derived from the curve itsel
data takes precedence.

Formal propositions:

WR1: There shall be the same number of weights as control points.

WR2: All the weights shall have values greater than 0.0.

f the curve
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4.4.34 trimmed_curve

A trimmed curve is a bounded curve which is created by taking a selected portion, between two

LT |

1(1611[;1116(1 pOlIll;S OI Lne a,SSOC]?LLe(l Ddblb curve. J_Ile U(tblb curve lbbt'll lb uuaueleu d.Il(l more Llld[l
one trimmed curve may reference the same basis curve. Trimming points for the curve may be
identified:

by parametric value;

by

1

DY

geometric position;

both of the above.

At least ofe of these shall be specified at each end of the curve. The sense makes it pbssible to

unambigu
and order
two differd

(SR 83 Lu) ¥

parameter

The trimn
curve refe
parameter

If sense is
If sense is

busly define any segment of a closed curve such as a circle. The combinations of sense
bd end points make it possible to define four distinct directed segments connecting

For this purpose cvelicknroner

LU ViSSP VST LY LAV PTL \u

ies of the

S

cle or other closed curve.
cle or other closed cur

nt noints
1S

Py

range are assumed; for example, 370 degrees is equivalent to 10 ‘degrees.

a cir
@X 1

nn
UiL i

hed curve has a parametrisation which is inherited from that of the particular basis
renced. More precisely the parameter s of the trimmed\ gurve is derived from the
t of the basis curve as follows:

TRUE: s =t — t;.
FALSE: s = t, — t.

In the abgve equations ¢; is the value given by trimn_1 or the parameter value corresponding to
point_1 and ¢, is the parameter value given by trim_2 or the parameter corresponding to point_2.
The resulfant trimmed curve has a paranteter s ranging from 0 at the first trimming point to
|tz — t1| a} the second trimming point,

NOTES

1 — In the case of a closed basis curve, it may be necessary to increment t; or ¢, by the parametric

length for consistency with-the sense flag.

2 — Fpr example:

(a) If sense_agreement = TRUE and ¢, < 3, ¢ should be increased by the parametric length.

(b) If
EXPRESS

sense.agréement = FALSE and ¢; < 2, t; should be increased by the parametric length.

spécification:

*)

ENTITY trimmed_curve

SUBTYPE OF (bounded_ curve)
basis_curve : curve;
trim_1 : SET[1:2] OF trimming_select;
. trim_2 : SET[1:2] OF trimming_select;
sense_agreement : BOOLEAN;
master_representation : trimming_preference;
WHERE
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WR1: (HIINDEX(trim_1)
WR2: (HIINDEX(trim_2)
END_ENTITY;
(*

1) XOR (TYPEOF(trim_1[1]) <> TYPEOF(trim_1[2]1));
1) XOR (TYPEOF(trim_2[1]) <> TYPEOF(trim_2[2]));

Attribute definitions:

basis_curve: The curve to be trimmed. For curves with multiple representations any param-

eler values given as trim_1 or trim_2 Tefer 1o tlle master Tepresentation ol the basis_curve
only.

trim_1: The first trimming point which may be specified as a cartesian pgint' (poin{-1), as a
real parameter value (parameter_1 = t¢1), or both.

trim_2: The second trimming point which may be specified as a cartesian point (point_2), as a
real parameter value (parameter 2 = t3), or both.

sense_agreement: Flag to indicate whether the direction of.the trimmed curve agreds with or
is opposed to the direction of basis_curve.

— sense agreement = TRUE if the curve is being traversed in the direction of increasing
parametric value;

— sense agreement = FALSE otherwisex~For an open curve, sense agreement = FALSE if
t1 > ty. If t5 > ty, sense agreement & "TRUE. The sense information is redundanpt in this
case but is essential for a closed curve.

master_representation: Where,'both parameter and point are present at either end of the
curve this indicates the preferred form. Multiple representations provide the ability| to com-
municate data in more than-one form, even though the data are expected to be geormetrically
identical. (See 4.3.8.)

NOTE - The(master_representation attribute acknowledges the impracticality of ensuring|that mul-
tiple formstaze' indeed identical and allows the indication of a preferred form. This would probably
be determiined by the creator of the data. All characteristics, such as parametrisation, domain,
and résults of evaluation, for an entity having multiple representations, are derived from the master
representation. Any use of the other representations is a compromise for practical consid¢rations.

Forimal propositions:

WR1: Either a single value is specified for trim_1. or, the two trimming values are ofl different

types (point and parameter).

WR2: Either a single value is specified for trim_2, or, the two trimming values are of different
types (point and parameter).

Informal propositions:

IP1: Where both the parameter value and the cartesian point exist for trim_1 or trim_2 they
shall be consistent, i.e., the basis_curve evaluated at the parameter value shall coincide with
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the specified point.
IP2: When a cartesian point is specified by trim_1 or by trim_2, it shall lie on the basis_curve.

IP3: Except in the case of a closed basis_curve, where both parameter_1 and parameter_2
exist, they shall be consistent with the sense flag, i.e., sense = (parameter_1 < parameter_2).

IP4: If oth parameter-I and parameter—2 exist, parameter-t <> parameter_2.

IP5: Wlen a parameter value is specified by trim_1 or trim_2, it shall lie within the parametric
range of fhe basis_curve.

4.4.35| composite_curve

A complosite_curve is a collection of curves joined end-to-end. The individual segments of
the curv¢ are themselves defined as composite_curve_segments. The parametrisation of the
compositle curve is an accumulation of the parametric ranges of the reférenced bounded curves.
The first| segment is parametrised from 0 to [y, and, for i > 2, thes* segment is parametrised

from
k=i—1

k=1
Z Ik to Z Ik,
k=1 k=1

where [ |is the parametric length (i.e., difference between maximum and minimum parameter
values) of the curve underlying the k** segment. Let”T" denote the parameter for the compos-
ite_curvle. Then, if the ith segment is not a reparametrised_composite_curve_segment, T’
is related to the parameter t;, t;0 <t; < t;3, > for the ith segment by the equations:

k=1=—1

T="> lp+ti—ti,
k=1

if segments[i].same _sense = TRUE;

k=i-1

T= Y li+ta—t,
k=1

if segmgnts[i].same sense = FALSE.

If segmentsi] is of type reparametrised_composite_curve_segment,

k=1—1
T = Z lk + 7,
k=1

Where 7 is defined in 4.4.37.
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EXPRESS specification:
*)

ENTITY composite_curve
SUBTYPE OF (bounded_curve);

segments : LIST [1:7?] OF composite_curve_segment;
self_intersect : LOGICAL;

DERIVE
n_segments : INTEGER := SIZEOF(segments);
closed_curve : LOGICAL

:= segments[n_segments].transition <> discontinuous;
WHERE
WR1: ((NOT closed_curve) AND (SIZEOF(QUERY(temp <* segments |
temp.transition = discontinuous)) = 1)) OR
((closed_curve) AND (SIZEOF(QUERY(temp <* segments |
temp.transition = discontinuous)) = 0));
END_ENTITY;
(*

Attribute definitions:

n_segments: The number of component curves.

segments: The component bounded curves, their transitions and senses. The tra
tribute for the last segment defines the transition between the end of the last segme
start of the first; this transition attribute rhay take the value discontinuous, whicl
an open curve. (See 4.3.2).

self_intersect: Indication of whethér the curve intersects itself or not; this is for iy
only.

dim: The dimensionality of the coordinate space for the composite curve. This is ay
attribute from the geptiuetric representation item supertype.

closed_curve: Indication of whether the curve is closed or not; this is derived from
tion code on the)last segment.

NOTE™ ~See figure 8 for further information on attributes.

Formal propositions:

WR1I: No transition code shall be discontinuous, except for the last code of an open

[niformal propositions:

hsition at-
ht and the
| indicates

formation

inherited

he transi-

curve.

111 TL
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curves. When traversed in the direction indicated by same_sense, the segments shall join end-

to-end.

4.4.36 composite_curve_segment

A composite_curve_segment is a bounded curve together with transition information which

is used to construct a composite_curve.
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Figure 8 — Composite curve
EXPRESY specification:
*)
ENTITY domposite_curve_segment;
transition : transition_code;
same_gense : BOOLEAN;
parent_curve . curve;
INVERSE
using fcurves : BAG[1:?] OF composite_curve FOR segments;
WHERE
WR1 : |(’GEOMETRY_SCHEMA.BOUNDED_CURVE’ IN TYPEOF(parent_curve));
END_ENTI]TY;
(*
Attribute|definitions:
transition: Thestate of transition (i.e., geometric continuity from the last point of this segment
to the firdt point of the next segment) in a composite curve.

same_sense: An indicator of whether or not the sense of the segment agrees with, or opposes,
that of the parent curve. If same_sense is false, the point with highest parameter value is taken

as the firs

t point of the segment.

parent_curve: The bounded curve which defines the geometry of the segment.

using_curves: The set of composite_curves which use this composite_curve segment as
a segment. This set shall not be empty.
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Formal propositions:

WR1: The parent_curve shall be a bounded_curve.

4.4.37 reparametrised_composite_curve_segment

The reparametrised_composite_curve_segment is a special subtype of

. . . .. . .
combosite curve seament which nrovides the capabilitv to re-define its narametr
r = S T g V P

without changing its geometry. Let [ = param_length.

If tg <t <ty is the parameter range of parent_curve, the new parameter 7 forthe repars
is given by the equations:

t—to
T=—-"I,
t1 — 1o
if same_sense = TRUE;
t —t
r=——I,
t1 — %o

if same_sense = FALSE.
EXPRESS specification:
*)

ENTITY reparametrised_composite_curve_segment
SUBTYPE OF (composite_curve_segment);
param_length : parameter_value;

WHERE
WR1: param_length > 0.0;

END_ENTITY;

(*

Attribute definitions:

param_length: The-new parametric length of the segment. The segment is given

c length

metrised_compos:

h, simple

linear reparametrisation from 0.0 at the first point to param_length at the last point. The

parametrisation f-the composite curve constructed using this segment is defined in
param_length;

Formal propdositions:

WR1£ The param_length shall be greater than zero.

terms of

4.4.38 pcurve

A pcurve is a 3D curve defined by means of a 2D curve in the parameter space of a surface. If
the curve is parametrised by the function (u,v) = f(t), and the surface is parametrised by the

function (z,y, z) = g(u,v), the pcurve is parametrised by the function (z,y, 2) = g(f(

).

A pcurve definition contains a reference to its basis_surface and an indirect reference to a
2D curve through a definitional_representation entity. The 2D curve, being in parameter

space, is not in the context of the basis surface. Thus a direct reference is not possible.

For the

2D curve the variables involved are u and v, which occur in the parametric representation of
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the basis_surface rather than z,y Cartesian coordinates. The curve is only defined within the
parametric range of the surface.

EXPRESS specification:
*)
ENTITY pcurve
SUBTYPE OF (curve);

basis_surface : surface;
refefence_to_curve : definitional_representation;
WHERE

WR1: [SIZEOF(reference_to_curve\representation.items) = 1;

WR2: | ’GEOMETRY_SCHEMA.CURVE’ IN TYPEOF
(reference_to_curve\representation.items[1]);
WR3: reference_to_curve\representation.
items[1]\geometric_representation_item.dim =2;
END_ENTITY;

(*

Attributfle definitions:

basis_syirface: The surface in whose parameter space the curve is defined.

reference_to_curve: The reference to the parameter space carve which defines the pcurve.

Formal propositions:

WRI1: [[he set of items in the definitional_representation entity corresponding to the ref-
erencejto_curve shall have exactly one element.

WR2: [The unique item in the set shall be a curve.

WR3: [['he dimensionality of this parameter space curve shall be 2.

4.4.39 bounded_pcurve

A bounfed_pcurve is specialsubtype of pcurve which also has the properties of a bounded _cur;

EXPREYS specification:

*)
ENTITY|bounded>pcurve

SUBTYPEADE (pcurve, bounded_curve);
WHERE

ve.

WR1: (" GEOMETRY_SCHEMA .BOUNDED_CURVE’ 1IN

TYPEOF (SELF\pcurve.reference_to_curve.items[1]));
END_ENTITY;

(*

Formal propositions:

WR1: The referenced curve of the pcurve supertype shall be of type bounded_curve. This
ensures that the bounded_pcurve is of finite arc length.
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4.4.40 surface_curve

A surface_curve is a curve on a surface. The curve is represented as a curve (curve_3d)
in three-dimensional space and possibly as a curve, corresponding to a pcurve, in the two-
dimensional parametric space of a surface. The ability of this curve to reference a list of 1 or
2 pcurve_or_surfaces enables this entity to define either a curve on a single surface, or an
intersection curve which has two distinct surface associations. A ‘seam’ on a closed surface can
also be represented by this entity: in this case each associated geometry will be a pcurve

lying on the same surface. Each pcurve, if it exists, shall be parametrised to havel the same
sense as curve_3d. The surface curve takes its parametrisation directly from either jcurve_3d
or a pcurve as indicated by the attribute master representation.

NOTE - Because of the ANDOR relationship with the bounded_surface_curve subfype an in-
stance of a surface_curve may be any one of the following:

— a surface_curve;

I

a bounded_surface_curve;

an intersection_curve;
— an intersection_curve and bounded:surface_curve;
— a seam._curve;

— a seam_curve and boundéd _surface_curve.
EXPRESS specification:
*)

ENTITY surface_curve
SUPERTYPE OF (ONEOF(intersection_curve, seam_curve) ANDOR
bounded_surface_curve)

SUBTYPE OF (curve);

curve_3d . curve;

associated_geometry : LIST[1:2] OF pcurve_or_surface;

mastersrepresentation : preferred_surface_curve_representation;
DERIVE

basis surface : SET[1:2] OF surface

:= get_basis_surface(SELF);
WHERE
WR1: curve_3d.dim = 3;

WR2: (GEOMETRY _SCHEMA PCURVE® TN TYPEOF(associated geometry[11)) OR

(master_representation <> pcurve_s1);
WR3: (’GEOMETRY_SCHEMA.PCURVE’ IN TYPEOF(associated_geometry[2])) OR
(master_representation <> pcurve_s2);
WR4: NOT (’GEOMETRY_SCHEMA.PCURVE’ IN TYPEOF(curve_3d));
END_ENTITY;
(*
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Attribute definitions:

curve_3d: The curve which is the three-dimensional representation of the surface_curve.

associated_geometry: A list of one or two pcurves or surfaces which define the surface or
surfaces associated with the surface curve. Two elements in this list indicate that the curve has
two surface associations which need not be two distinct surfaces. When a pcurve is selected, it
identifies a surface and also associates a basis curve in the parameter space of this surface.

master_re¢presentation: Indication of representation “preferred”. The master representation
defines the curve used to determine the unique parametrisation of the surface curve.

The mastqr representation takes one of the values curve_3d, pcurve_sl or pcurve_s2 to indicate
a preferenge for the 3D curve, or the ﬁrst or second pcurve, in the associated geometry list,

nnnnnnnnnn Ry -~ PO o L2 o

Tnteate data tn o mmdrethan (e
respecti vclfy }v’Iulupu: represen § prov de the a,muby to communicate data in mérethan one

form, even| though the data is pected to b e ge ometrlcally identical.

NOTH ~ The master_representation attribute acknowledges the impracticality.ofensuring that mul-
tiple fprms are indeed identical and allows the indication of a preferred form: This would probably
be determined by the creator of the data. All characteristics, such a§ parametrisation, domain,
and repults of evaluation, for an entity having multiple representation$, are derived from the master
repres¢ntation. Any use of the other representations is a compromise for practical considerations.

basis_surface: The surface, or surfaces on which the surfaée_curve lies. This is determined
from the associated_geometry list.

Formal pré¢positions:

WRi1: culrve_3d shall be defined in three-dimens§ional space.

WR2: pdurve_sl shall only be nominated as the master representation if the first element of
the associgted geometry list is a pcurve.

WR3: pdurve_s2 shall only be nominated as the master representation if the second element
of the asspciated geometry list™is-a pcurve. This also requires that pcurve_s2 shall not be
nominated| when the associated geometry list contains a single element.

WRA4: cIve_3d shallnot be a pcurve.

Informal propositiegns:

IP1: Whdre curve_3d and one or more pcurves exist they shall represent the same mathe-
matical pdintset. (i.e., They shall coincide geometrically but may differ in parametrisation.)

IP2: curve_3d and any associated pcurves shall agree with respect to their senses.

4.4.41 intersection_curve
An intersection_curve is a curve which results from the intersection of two surfaces. It is repre-

sented as a special subtype of the surface_curve entity having two distinct surface associations
defined via the associated geometry list.
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EXPRESS specification:
*)

ENTITY intersection_curve
SUBTYPE OF (surface_curve);
WHERE
WR1: SIZEOF(SELF\surface_curve.associated_geometry) = 2;
WR2: associated_surface(SELF\surface_curve.associated_geometry[1]) <>
associated_surface(SELF\surface_curve.associated_geometry[2]);

:1994(E)

END_ENTITY;
(*

Formal propositions:

WRI1: The intersection curve shall have precisely two associated geometry elements.

WR2: The two associated geometry elements shall be related to distinct surfaces.
the surfaces which define the intersection curve.

4.4.42 seam_curve

These are

A seam_curve is a curve on a closed parametric surface which has two distinct repregentations
as constant parameter curves at the two extremes-of the parameter range for the surface. For
example the ‘seam’ on a cylinder has representdtions as the lines u = 0 or u = 360 degrees in

parameter space.
EXPRESS specification:
*)

ENTITY seam_curve
SUBTYPE OF (surface_curye),
WHERE
WR1: SIZEOF(SELF\surface_curve.associated_geometry) = 2;
WR2: associated_strface(SELF\surface_curve.associated_geometry[1]) =
associated_surface(SELF\surface_curve.associated_geometry[2]);
WR3: ’'GEOMETRY)SCHEMA.PCURVE’ IN
TYPEOF (SELF\surface_curve.associated_geometry[1]);
WR4: ’GEOMETRY_SCHEMA.PCURVE’ IN
TYPEOF (SELF\surface_curve.associated_geometry[2]);
END_ENTITY;
(*

Formal propositions:

WRI1: The seam curve shall have precisely two associated_geometrys.
WR2: The two associated_geometrys shall be related to the same surface.
WR3: The first associated_geometry shall be a pcurve.

WR4: The second associated_geometry shall be a pcurve.
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bounded_surface_curve

A bounded_surface_curve is a specialised subtype of surface_curve which also has the prop-

erties of a
EXPRESS

bounded_curve.

specification:

*)

ENTITY bounded_surface_curve

SUBTYPE—OF{surface—curve; bounded—curve);
WHERE
WR1: (f GEOMETRY_SCHEMA.BOUNDED_CURVE’ IN
TYPEOF(SELF\surface_curve.curve_3d));
END_ENTI[Y;
(*
Formal prppositions:
WRI1: The curve_3d attribute of the surface_curve supertype shall be albounded_curve.
4.4.44 | composite_curve_on_surface
A compogite_curve_on_surface is a collection of segments which are curves on a surface. Each
segment shall lie on the basis surface, and may be
— ajsurface_curve or
— alpcurve or
— acomposite_curve_on_surface.
NOTE - A composite_curve_on_surface can be included as the parent_curve attribute of a
complosite_curve_segment since itys a bounded curve subtype.
There shall be at least positional continuity between adjacent segments. The parametrisation of
the compgsite curve is obtained from the accumulation of the parametric ranges of the segments.
The first Jegment is parametrised from 0 to /1, and, for i > 2, the ** segment is parametrised
from
k=i—1 k=1
S e Y
k=1 k=1
where [y ip the parametric length (i.e., difference between maximum and minimum parameter
values) of [thes™ curve segment. ‘
EXPRESS Qpnri‘ﬁrnﬁnn :
*)

ENTITY composite_curve_on_surface
SUPERTYPE OF (boundary_curve)
SUBTYPE OF (composite_curve);

DERIVE

basis_surface :
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WHERE

WR1: SIZEOF(basis_surface) > 0;

WR2: constraints_composite_curve_on_surface(SELF);
END_ENTITY;
(*

Attribute definitions:

SELF\composite_curve.n_segments: The number of component curves.

SELF\composite_curve.segments: The component bounded curves, théir transifions and
senses. The transition for the last segment defines the transition betweern the end of the last
segment and the start of the first; this element may take the value-discontinuous, which
indicates an open curve. (See 4.3.2.)

SELF\composite_curve.self_intersect: Indication of whether the curve intersectd itself or
not.

SELF\composite_curve.dim: The dimensionality of the coordinate space for the cpmposite
curve.

SELF\composite_curve.closed_curve: Indication of whether the curve is closed of not.

Formal propositions:

WR1: The basis_surface SET shall’tontain at least one surface. This ensures that all fegments
reference curves on the same surface.

WR2: Each segment shall reference a pcurve, or a surface_curve, or a compositel.curve_-
on_surface.

Informal propositions:

IP1: Each parenticurve referenced by a composite_curve_on_surface segment shall be a
curve on surfaee and a bounded curve.

4.4.45 offset_curve_2d

An(offset_curve_2d is a curve at a constant distance from a basis curve in two-dinhensional
Space. This entity defines a simple plane-offset curve by offsetting by distance along thle normal
to basis_curve in the plane of basis_curve.

The underlying curve shall have a well-defined tangent direction at every point. In the case of
a composite curve, the transition code between each segment shall be cont_same_gradient or
cont_same_gradient_same_curvature.

NOTE ~ The offset_curve_2d may differ in nature from the basis_curve; the offset of a non
self-intersecting curve can be self intersecting. Care should be taken to ensure that the offset to a
continuous curve does not become discontinuous.
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The offset_curve_2d takes its parametrisation from the basis_curve. The offset_curve_2d is
parametrised as
A(u) = C(u) + d(orthogonal_complement(T)),
where T is the unit tangent vector to the basis curve C(u) at parameter value u, and d is
distance. The underlying curve shall be two-dimensional.
EXPRESS specification:
*)

aremor

ENTITY pffset_curve_2d
SUBTYPE OF (curve);
basis| curve : curve;
distahce : length_measure;
self_f[intersect : LOGICAL;
WHERE
WR1: pasis_curve.dim = 2;
END_ENT[ITY;

(*

Attribute definitions:

basis_curve: The curve that is being offset.

distancg: The distance of the offset curve from the basis,curve. distance may be positive,
negative jor zero. A positive value of distance defines an offset in the direction which is normal
to the cyrve in the sense of an anti-clockwise rotation through 90 degrees from the tangent
vector T|at the given point. (This is in the direction of orthogonal_complement(T).)

self_intdrsect: An indication of whether theleffset curve self intersects; this is for information
only."

Formal gropositions:

WR1: The underlying curve shall be defined in two-dimensional space.

4.4.46| offset_curve_3d

An offsdt_curve_3d{s-a curve at a constant distance from a basis curve in three-dimensional
space.

The undgrlying curve shall have a well-defined tangent direction at every point. In the case of
a compopit€ eurve the transition code between each segment shall be cont_same_gradient or
cont_same= ient— —

The offset curve at any point (parameter) on the basis curve is in the direction V' X T where
V is the fixed reference direction and T is the unit tangent to the basis_curve. For the offset
direction to be well defined, T shall not at any point of the curve be in the same, or opposite,
direction as V.

NOTE - The offset _curve_3d may differ in nature from the basis_curve; the offset of a non-
self-intersecting curve can be self intersecting. Care should be taken to ensure that the offset to a
continuous curve does not become discontinuous.
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The offset_curve_3d takes its parametrisation from the basis_curve. The offset_curve_3d is

parametrised as
A(u) = C(u) +dV x T.
Where T is the unit tangent vector to the basis curve C(u) at parameter value u,
distance.
EXPRESS specification:
*)

and d is

ENTITY offset_curve_3d
SUBTYPE OF (curve);

basis_curve . curve;

distance : length_measure;

self_intersect : LOGICAL;

ref_direction : direction;
WHERE

WR1 : (basis_curve.dim = 3) AND (ref_direction.dim = 3);
END_ENTITY;
(*

Attribute definitions:

basis_curve: The curve that is being offset.

distance: The distance of the offset curve fromythe basis curve. The distance may be
negative or zero.

self_intersect: An indication of whether the offset curve self intersects, this is for inf
only.

ref_direction: The direction™used to define the direction of the offset_curve fron
sis_curve.

Formal propositions:

WR1: Both the underlying curve and the reference direction shall be in three-diq
space.

Informal prepositions:

IP1: At¥o point on the curve shall ref_direction be parallel, or opposite to, the di
the tangent vector. '

4.4.47 curve_replica

positive,

ormation

| the ba-

hensional

ection of

A curve_replica is a replica of a curve in a different location. It is defined by referencing the

parent curve and a transformation. The geometric form of the curve produced will be

the same

as the parent curve, but, where the transformation includes scaling, the dimensions will differ.
The curve replica takes its parametric range and parametrisation directly from the parent curve.

Where the parent curve is a curve on surface, the replica will not in general share the
of lying on the surface.

EXPRESS specification:

property
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*)

ENTITY curve_replica
SUBTYPE OF (curve);
parent_curve ! curve;
transformation : cartesian_transformation_operator;

WHERE

WR1: transformation.dim = parent_curve.dim;
WR2: acyclic_curve_replica (SELF, parent_curve);

T\

END_ENT}
(*

Attributg

T

definitions:

parent _g

urve: The curve that is being copied.

transforpmation: The cartesian transformation operator which defines the location of the curve
replica. This transformation may include scaling.

Formal propositions:

WR1: 1

he coordinate space dimensionality of the transformation attribute shall be the same

as that of the parent_curve.

WR2: A curve_replica shall not participate in its own definition.

4.4.48

See 3.1 f

surface

r definition. A surface can be envisioned as a set of connected points in 3-dimensional

space whlich is always locally 2-dimensional,-but need not be a manifold. A surface shall not

be a sing

Each sur

where u
the surfa

le point or in part, or entirely, a_curve.

face has a parametric representation of the form

o(u,v),

and v are independent dimensionless parameters. The unit normal N, at any point on
ce, is given by{the equation

802{

N('U,,’U): <—527 X 8’0>

EXPRES

b srecification:
X

*)

ENTITY surface
SUPERTYPE OF (ONEOF(elementary_surface, swept_surface, bounded_surface,

offset_surface, surface_replica))

SUBTYPE OF (geometric_representation_item);
END_ENTITY;

(*
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Informal propositions:

IP1: A surface has non-zero area.

IP2: A surface is arcwise connected.

4.4.49 elementary_surface

1994(E)

An elementary surface is a simple analytic surface with defined parametric represental
EXPRESS specification:

*)

ENTITY elementary_surface
SUPERTYPE OF (ONEOF(plane, cylindrical_surface, conical_surface,

spherical_surface, toroidal_surface))

SUBTYPE OF (surface);
position : axis2_placement_3d;

END_ENTITY;

(*

Attribute definitions:

position: The position and orientation of the surface. This attribute is used in the
of the parametrisation of the surface.

4.4.50 plane

A plane is an unbounded surface with a constant normal. A plane is defined by a poi
plane and the normal directionte the plane. The data is to be interpreted as follows:

C = position.location

position.p[1]

position.p|[2]

position.p[3] = normal to plane

X
y
z
and the surface'is parametrised as

o(u,v)=C+xu+yv

where the parametrisation range is —0o < u,v < co. In the above parametrisation, tl
unit for the unit vectors x and y is derived from the context of the plane.

tion.

efinition

nt on the

he length

EXPRESS specification:

*)

ENTITY plane

SUBTYPE OF (elementary_surface);
END_ENTITY;

(*

Attribute definitions:
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SELF\elementary_surface.position: The location and orientation of the surface. This at-
tribute is inherited from the elementary_surface supertype.

position.location: A point in the plane.

position.p[3]: This direction, which is equal to position.axis, defines the normal to the plane.

4.4.51| cylindrical surface

A cylindfical_surface is a surface at a constant distance (the radius)from a straight line.“A
cylindridal_surface is defined by its radius and its orientation and location. The data is.t6 be
interpretdd as follows:

C = position.location

position.p[1]

position.p[2]

position.p[3]

radius

N € R
[l

and the sprface is parametrised as
o(u,v) = C+ R((cosu)x + (sin u)y)F vz
where th¢ parametrisation range is 0 < u < 360 degreestand —oco < v < oco. In the above

parametr|sation, the length unit for the unit vector z is‘equal to that of the radius.

In the placement coordinate system defined aboves\the surface is represented by the equation
S =0, where

S(z,y,z)=2 + y* - R?

The positfive direction of the normal to the’surface at any point on the surface is given by
(82,84, 8:).

The unit normal is given by
N(u,v) = (cosu)x + (sinu)y.
The sensg¢ of this normalis away from the axis of the cylinder.
EXPRESS specification:

*)

ENTITY
cylindrjcal_surface

SUBTYPE OF (elementary_surface);
radius : positive_length_measure;
END_ENTITY;
(*

Attribute definitions:

SELF\elementary_surface.position: The location and orientation of the cylinder.
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position.location: A point on the axis of the cylinder.
position.p[3]: The direction of the axis of the cylinder.

radius: The radius of the cylinder.

4.4.52 conical surface

A conical_surface is a surface which could be produced by revolving a line in~3¢difnensional
space about any intersecting line. A conical_surface is defined by the semi-angle, the¢ location
and orientation and by the radius of the cone in the plane passing through thelocation point C
normal to the cone axis.

NOTE - This form of representation is designed to provide the greatest geometric prgcision for
those parts of the surface which are close to the location point C. For this reason the apex should
only be selected as location point if the region of the surface close_to the apex is of inter¢st.

The data is to be interpreted as follows:

C = position.location
position.p{1]
position:p[2]
position.p[3]
radius

Il

Q TN K
[l

semi_angle

and the surface is parametrised as
o(u,v) =CH (R +vtana)((cosu)x + (sinu)y) + vz

where the parametrisation range is 0 < u < 360 degrees and —o0o < v < oo. In the above
parametrisation the lefigth unit for the unit vector z is equal to that of the radius.

In the placement coordinate system defined above, the surface is represented by the|equation
S =0, where

S(z,y,2) = 2% + y* — (R + ztan a)?

The positive direction of the normal to the surface at any point on the surface is givep by
(Szs Sys Sz)-

The unit normal is given by

cosu)x + (sinu)y — (tan o)z
N(u,v) — (€080 + (sinu)y ~ (tana)
V14 (tan a)?
The sense of the normal is away from the axis of the cone. If the radius is zero, the cone apex
is at the point (0,0,0) in the placement coordinate system (i.e., at position.location).
EXPRESS specification:
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*)

ENTITY
conical]surface

SUBTYRE OF (elementary_surface);
radiug : length_measure;
semi_gngle : plane_angle_mé€asure;

radius '
; axis
pL3]

semi—angle

(©1s0

ref__direction

Figure 9 — Conical surface

WHERE

WR1: fadius >= 0.0;
END_ENTITY;
(*

Attribute| definitions:

SELF\ellementary_surface.position: The location and orientation of the surface.

position.location: The location point on the axis of the cone.

position.p[3]: The direction of the axis of the cone.

radius: The radius of the circular curve of intersection between the cone and a plane perpen-

dicular to the axis of the cone passing through the location point (i.e., position.location).

semi_angle: The cone semi-angle.
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NOTE — See figure 9 for illustration of the attributes.

Formal propositions:

WR1: The radius shall not be negative.

Informal propositions:

IP1: The semi-angle shall be between 0 and 90 degrees.

4.4.53 spherical_surface

A spherical surface is a surface which is at a constant distance (the radius) from a cent
A spherical_surface is defined by the radius and the location and orientation of the

The data is to be interpreted as follows:

C = position.location (centre)
X = position.p[1]
y = position.p[2]
z = position.p[3]
R = radius

and the surface is parametrised as
o(u,v) = C+ Rcosv((cosu)x + (sinu)y) + R(sinv)z
where the parametrisation range is 0 < u <360 degrees and —90 < v < 90 degrees.
In the placement coordinate system defined above, the surface is represented by the
S = 0, where
S5y, 2) = 22 +y? 4+ 22 — R~
The positive direction of the normal to the surface at any point on the surface is give
(82, 8y, Sz).
The unit normal is giten by
N(u,v) = cosv((cosu)x + (sinu)y) + (sin v)z,
that is, it is directed away from the centre of the sphere.
EXPRESS-spécification:

*)

ENTITY spherical_surface
SUBTYPE OF (elementary_surface);
radius : positive_length_measure;

ral point.
surface.

equation

n by

END _ENTITY:

(*

Attribute definitions:

SELF\elementary_surface.position: The location and orientation of the surface.
position.location is the centre of the sphere.

radius: The radius of the sphere.
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4.4.54 toroidal_surface

A toroidal_surface is a surface which could be produced by revolving a circle about a line
in its plane. The radius of the circle being revolved is referred to here as the minor_radius
and the major_radius is the distance from the centre of this circle to the axis of revolution. A

toroidal_surface is defined by the major and minor radii and the position and orientation of
the surface.

The data iFTo be interpreted as follows:

C = position.location
x = position.p[1]

y = position.p[2]

z = position.p[3]
R = majorradius

r = minor_radius

and the surface is parametrised as

o(u,v) = C+ (R + rcosv)((cosu)x + (sin u)y) +r{$in v)z

where the [parametrisation range is 0 < u, v < 360 degrees.

In the plagement coordinate system defined above, the surface is represented by the equation

S = 0, where
S(a,9,2) = o+ y? + 22 — 2R\[aT+ 42 — 1% 4 R,

The positiye direction of the normal to the surface.at any point on the surface is given by

(8(Sy,S2).

The unit rformal is given by
N(u,v) zcosv((cosu)x + (sinu)y) + (sinv)z.

The sense [of this normal is d@way from the nearest point on the circle of radius R with centre
C. A manjfold surface willthe produced if the major radius is greater than the minor radius. If
this conditlion is not fulfilled, the resulting surface will be self-intersecting.

EXPRESS ppecification’:
*)
ENTITY t¢roidal_surface

SUBTYPE ‘OF (elementary_surface);

major_radius : positive_length_measure;
minor_radius : positive_length_measure;
END_ENTITY;
(*

Attribute definitions:

SELF\elementary _surface.position: The location and orientation of the surface.
position.location is the central point of the torus.
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major._radius: The major radius of the torus.

minor_radius: The minor radius of the torus.

4.4.55 degenerate_toroidal surface

A degenerate_toroidal_surface is a special subtype of a toroidal_surface in which the mi-

nor_radius is greater than the major_radius. In this subtype the parametric range is festricted
in order to define a manifold surface which is either the inner ’lemon-shaped’ stirfage, or the
outer ’apple-shaped’ portion of the self-intersecting surface defined by the supertype.

The data is to be interpreted as follows:

C = Dposition.location
X = position.p[1]
y = position.p[2]
z = position.p[3]
R = majorradius
r minor_radius

and the surface is parametrised as

o(u,v) = C+ (R4 rcosv)((cosu)x + (sinu)y) + r(sin v)z

where the parametrisation range is :

If select_outer = .TRUE. :
0 < u < 360 degrees.
—¢ < v < ¢ degrees.
If select_outer = .FALSE. :
0 < u < 360 degrees.
¢ < v <360 — ¢ degrees.
Where ¢ degrees is the angle given by r cos¢ = —R.
EXPRESS specification:
*)
ENTITY degenerate_toroidal_surface
SUBTYPE OF (toroidal_surface);

seléct_outer : BOOLEAN;
WHERE

WR1: major_radius < minor_radius;

DND_LENT LT

TND_LNTTITI L,

(*

Attribute definitions:

select_outer: A BOOLEAN flag used to distinguish between the two portions of the degener-
ate_toroidal_surface. If select_outer is true, the outer portion of the surface is selected and
a closed ’apple-shaped’ surface is defined. If select_outer is false, the inner portion is selected
to define a closed ’lemon-shaped’ axi-symmetric surface.
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Formal propositions:

WR1: The major radius shall be less than the minor radius.

4.4.56 swept_surface

A swept_surface is one that is constructed by sweeping a curve along another curve.

EXPRESSY specification:

*)
ENTITY gwept_surface
SUPERTYPE OF (ONEOF(surface_of_linear_extrusion, surface_of_revolution))
SUBTYHE OF (surface);
swept Jcurve : curve;
END_ENTITY;
(*

Attribute| definitions:

swept_ciirve: The curve to be swept in defining the surface. If the-swept curve is a pcurve, it
is the imdge of this curve in 3D geometric space which is swept, not'the parameter space curve.

4.4.57| surface_of_linear_extrusion

This surfpce is a simple swept surface or a generalised cylinder obtained by sweeping a curve
in a given direction. The parametrisation is as fodows, where the curve has a parametrisation
A(u):
V = extrusion_axis
o(u,v)( = Au)+ oV

The parametrisation range for v'is’—00 < v < oo and for u is defined by the curve parametrisa-
tion.

EXPRESS$ specification:
*)

ENTITY surface_of\linear_extrusion
SUBTYPE OF (swept_surface);
extrupion_axis : vector;

END_ENT[TY;

(*

Attribute definitions:

extrusion_axis: The direction of extrusion, the magnitude of this vector determines the parametri-
sation.

SELF\swept_surface.swept_curve: The curve to be swept.

Informal propositions:

76



https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e

©150 ISO 10303-42:1994(E)

IP1: The surface shall not self-intersect.

4.4.58 surface_of revolution

A surface_of_revolution is the surface obtained by rotating a curve one complete revolution
about an axis.

I'he data shall be interpreted as below.

The parametrisation is as follows, where the curve has a parametrisation A(v):

C = nposition.location
V = nposition.z
o(u,v) = C+(Av)=C)cosu+ ((A(v)—C)-V)V(1—-rcosu)#V x (A(v) — €)sinu

In order to produce a single-valued surface with a complete revolution, the curve shafll be such
that when expressed in a cylindrical coordinate system (r, ¢,z)Centred at C with axis V, no
two distinct parametric points on the curve shall have the sanie values for (r, z).

NOTE - In this context a single valued surface is interpfeted as one for which the magping, from
the interior of the rectangle in parameter space corresponding to its parametric range, td geometric
space, defined by the surface equation, is one-to-ohe.

For a surface of revolution the parametric range is 0 < u < 360 degrees.
The parameter range for v is defined by the'referenced curve.

NOTE - The geometric shape of thesurface is not dependent upon the curve parametfisation.
EXPRESS specification:
*)

ENTITY surface_of_revolution
SUBTYPE OF (swept_surface);

axis_position > axisi_placement;
DERIVE
axis_line : line/:= line(axis_position.location,
vector(axis_position.z, 1.0));
END_ENTITY;
(*

Attribute definitions:

aXis_position: A point on the axis of revolution and the direction of the axis of revglution.

SELF{swept_surface.swept_curve: 1€ curve that is revolved about the axis Hne.

axis_line: The line coinciding with the axis of revolution.

Informal propositions:

IP1: The surface shall not self-intersect.

IP2: The swept_curve shall not be coincident with the axis_line for any finite part of its
length.
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4.4.59

bounded _surface

A bounded_surface is a surface of finite area with identifiable boundaries.

EXPRESS

specification:

*)

ENTITY bounded_surface
SUPERTYRE OF (ONEQF(bh _spline surface rectangnlar trimmed surface

curve_bounded_surface, rectangular_composite_surface))

SUBTYPE OF (surface);

END_ENTI
(*

[Y;

Informal propositions:

IP1: A b

IP2: A b

4.4.60

bunded_surface has a finite non-zero surface area,

bunded _surface has boundary curves.

b_spline_surface

A b_spline_surface is a general form of rational or polynomial parametric surface which is
represented by control points, basis functions, and possiblysweights. As with the corresponding

curve enti

y it has some special subtypes where some of'the data can be derived.

NOTHS

1 - Identification of B-spline surface default valués and subtypes is important for performance con-

sidera

2- A
weigh

ions and for efficiency issues in perferming computations.

B-spline is rational if and onl$if the weights are not all identical. If it is polynomial, the
s may be defaulted to all béing 1.

3 — Ir] the case where the Bfspline surface is uniform, quasi-uniform or piecewise Bézier, the knots

and k
definif
and t
provid

4 - T

hot multiplicities may_be defaulted (i.e., non-existent in the data as specified by the attribute
ions). When the.knots are defaulted, a difference of 1.0 between separate knots is assumed,
he effective pararneter range for the resulting surface starts from 0.0. These defaults are
ed by the subtypes.

he knGts'and knot multiplicities shall not be defaulted in the non-uniform case.

5~ Thedefs

The data is to be interpreted as follows:

78



https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e

©150 ISO 10303-42:1994(E)

a) The symbology used here is:

K1 = upper.ndex_on_u_control_points
K2 upper-index_on_v_control_points

P;; = control_points
w;; = weights
dl = u_degree
2= V_degree

b)  The control points are ordered as
Poo, Po1, Pog, -+ - s Pri(k2-1), Prik2

The weights, in the case of the rational subtype, are ordered simildrly-

¢) For each parameter, s = u or v, if £ is the upper indéxJon the control points and d
is the degree for s, the knot array is an array of (k 4+ d %-2) real numbers [s_g,)..., Sk+1],
such that for all indices j in [—d, k], s; <= s;+1. This array is obtained from the appropriate
knots_data list by repeating each multiple knot aceetding to the multiplicity.
Nid, the ith normalised B-spline basis function ofdegree d, is defined on the subset
[Si—dy ..., Si+1] Of this array.

d) Let L denote the number of distinet_values amongst the knots in the knot ligt; L will
be referred to as the ‘upper index on knets’. Let m; denote the multiplicity (i.e., npmber of
repetitions) of the jth distinct knot value. Then:

L
Yomi=d+k+2
=1
All knot multiplicities except the first and the last shall be in the range 1...d; thelfirst and
last may have a maximium value of d + 1. In evaluating the basis functions, a knot 4 of, e.g.,
multiplicity 3 is interpreted as a sequence wu,u,u, in the knot array.

e) The sutface form is used to identify specific quadric surface types (which shall have
degree twe); ruled surfaces and surfaces of revolution. As with the b_spline_curve,|the form
numbér-is informational only and the spline data takes precedence.

£3° The surface is to be interpreted as follows: In the polynomial case the surfac¢ is given
by the equation:

K1 K2

o(u,v) = Z Z PijNZdl(u)NJdZ(v)

1=0 j=0

In the rational case the surface equation is:

7=0
0 2920
=0 250 wi N7 () N;(v)

S 5% wiiPi N (u) N £ (v)

o(u,v) =
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NOTE -~ Definitions of the B-spline basis functions, P;; N (u), de?(v), can be found in [E-1, E-2,

E-3]. It should be noted that there is a difference in terminology between these references.

EXPRESS specification:

*)

ENTITY b_spline_surface
SUPERTYPE OF (ONEOF(b_spline_surface_with_knots, uniform_surface,

SUBTYH
u_degn
v_degy
contrd

auasi nn’ifnvm_s_udm_,_bez-i er—surface)
- = = - 7
ANDOR rational_b_spline_surface)
E OF (bounded_surface);

ee : INTEGER;
ee : INTEGER;
1_points_list : LIST [2:7?] OF

LIST [2:7] OF cartesian_point;

surfaqe_form : b_spline_surface_form;
u_cloged : LOGICAL;
v_cloged : LOGICAL;
self_intersect : LOGICAL;
DERIVE
u_uppqgr : INTEGER := SIZEOF(control_points_list)~ 1;
v_upp4r : INTEGER := SIZEOF(control_points_ldist{1]) - 1;
contrql_points : ARRAY [O:u_upper] OF ARRAY [0:v_upper] OF
cartesian_point
:= make_array_of_array(control-péints_list,
0,u_upper,0,v_upper);
WHERE
WR1: (’GEOMETRY_SCHEMA.UNIFORM_SURFACE’ IN TYPEOF(SELF)) OR

END_ENT]
(*

Attribute

’GEOMETRY_SCHEMA . QUASI_UNIFORM_SUREACE’ IN TYPEOF(SELF)) OR
’GEOMETRY_SCHEMA.BEZIER_SURFACE’“IN TYPEOF(SELF)) OR
’GEOMETRY_SCHEMA .B_SPLINE_SURFACE_WITH_KNOTS’ IN TYPEOF(SELF));
TY;

definitions:

u_degree

v_degree

: Algebraic degreeof basis functions in u.

: Algebraic degree of basis functions in v.

control_points<list: This is a list of lists of control points.

surface_form: Indicator of special surface types. (See 4.3.5.)

u_closed: Indication of whether the surface is closed in the u direction; this is for information

only.

v_closed: Indication of whether the surface is closed in the v direction; this is for information

only.

self_intersect: Flag to indicate whether, or not, surface is self-intersecting; this is for informa-

tion only.
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u_upper: Upper index on control points in u direction.
v_upper: Upper index on control points in v direction.

control_points: Array (two-dimensional) of control points defining surface geometry. This
array is constructed from the control points list.

Formal propositions:

WR1: Any instantiation of this entity shall include one of the subtypes
b_spline_surface_with_knots, uniform_surface, quasi_uniform_surface, ot
bezier_surface.

4.4.61 b_spline_surface_with _knots

This is a B-spline surface in which the knot values are explicitly\given. This subtype shall be
used to represent non-uniform B-spline surfaces, and may als¢-be used for other knot types.

All knot multiplicities except the first and the last shall beGn' the range 1...d; the firgt and last
may have a maximum value of d + 1.

In evaluating the basis functions, a knot u of, e.g., multiplicity 3 is interpreted as g sequence
u, U, 4, in the knot array.

EXPRESS specification:

*)

ENTITY b_spline_surface_with_knots
SUBTYPE OF (b_spline_surface);
u_multiplicities : LIST [2:?} OF INTEGER;
v_multiplicities : LIST:[l2:7?] OF INTEGER;

u_knots : LIST)[2:7?] OF parameter_value;
v_knots :(LIST [2:7] OF parameter_value;
knot_spec knot_type;
DERIVE
knot_u_upper : INTEGER := SIZEOF(u_knots);
knot_v_uppe€r : INTEGER := SIZEOF(v_knots);
WHERE

WR1: Gonstraints_param_b_spline(SELF\b_spline_surface.u_degree,
knot_u_upper, SELF\b_spline_surface.u_upper,
u_multiplicities, u_knots);
WR2: constraints_param_b_spline(SELF\b_spline_surface.v_degree,
knot_v_upper, SELF\b_spline_surface.v_upper,
v_multiplicities, v_knots);

WR3: SIZEOF(u_multiplicities) = knot_u_upper;
WR4: SIZEOF(v_multiplicities) = knot_v_upper;
END_ENTITY;
(*

Attribute definitions:

u_multiplicities: The multiplicities of the knots in the u parameter direction.
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v_multiplicities: The multiplicities of the knots in the v parameter direction.

u_knots:

v_knots:

The list of the distinct knots in the u parameter direction.

The list of the distinct knots in the v parameter direction.

knot_spec: The description of the knot type.

knot_u_u

knot_v_u

SELF\b._

pper: The number of distinct knots in the u parameter direction.
bper: The number of distinct knots in the v parameter direction.

spline_surface.u_degree: Algebraic degree of basis functions in u.

SELF\b_spline_surface.v_degree: Algebraic degree of basis functions in vy

SELF\b_spline_surface.control_points_list: This is a list of lists of centrol points.

SELF\b_

SELF\b._

spline_surface.surface_form: Indicator of special surface/types. (See 4.3.5.)

spline_surface.u_closed: Indication of whether the'surface is closed in the u direc-

tion; this is for information only.

SELF\b.

spline_surface.v_closed: Indication of whiéther the surface is closed in the v direc-

tion; this {s for information only.

SELF\b_
this is for

SELF\b._
SELF\b_

SELF\b_
surface ge

Formal pr

information only.
spline_surface.u_upper: Upper index on control points in u direction.
spline_surface.v_upper: Upper index on control points in v direction.

spline_surface,control_points: Array (two-dimensional) of control points defining
bmetry. Thistarray is constructed from the control points list.

bpositions?

WRI1: co
fied for th

nstraints_param_b_spline returns TRUE when the parameter constraints are veri-
p_ nedirection

spline_surface.self_intersect: Klag toindicate whether, or not, surface is self-intersecting

o

WR2: constraints_param_b_spline returns TRUE when the parameter constraints are veri-
fied for the v-direction.

WR3: The number of u_multiplicities shall be the same as the number of u_knots.

WR4: The number of v_multiplicities shall be the same as the number of v_knots.
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4.4.62 uniform_surface

This is a special subtype of b_spline_surface in which the knots are evenly spaced. Suitable
default values for the knots and knot multiplicities can be derived in this case.

A B-spline is uniform if and only if all knots are of multiplicity 1 and they differ by a posi-
tive constant from the preceding knot. In this subtype the knot spacing is 1.0, starting from
—degree.

EXPRESS specification:

*)

ENTITY uniform_surface

END_ENTITY;

(*

4.4.63 quasi_uniform surface

This is a_$pecial subtype of b_spline_surface in which the knots are evenly spaced

cep

multiplicities are derived in this case.

A“B-spline is quasi-uniform if and only if the knots are of multiplicity (degree+1) at

SUBTYPE OF (b_spline_surface);

NOTE - If explicit knot values for the surface are required, they (can be derived as follows:

ku_up := SELF\b_spline_surface.u_upper +SELF\b_splinéssurface.u_degree + 2;
kv_up := SELF\b_spline_surface.v_upper + SELF\b_spline_surface.v_degree + 2;

ku_up is the value required for the upper index on the knot and knot multiplicity list

in the u

direction. This is computed from the degreéiand the number of control points in this dirdction.

kv_up is the value required for the uppérindex on the knot and knot multiplicity list
direction. This is computed from the degree and the number of control points in this direg
knot multiplicities and knots in theyu and v parameter directions are then given by thg
calls:

default_b_spline_knot_mult(SELF\b_spline_surface.u_degree, ku_up, uniform knots)
default_b_spline_knots(SELF \\b_spline_surface.u_degree ku_up, uniform_knots)
default_b_spline knot_mult(SELF\b_spline_surface.v_degree, kv_up, uniform knots)
default_b_spline_knots(SELF\b_spline_surface.v_degree ,kv_up, uniform knots)

t for)the first and last, have multiplicity 1. Suitable default values for the knots

in the v
tion. The
function

and ex-
hnd knot

the ends,

of THUItipHCIty T eisewhere, and they differ by @ positive constamnt fTom the preceding

this subtype the knot spacing is 1.0, starting from 0.0.
EXPRESS specification:

*)
EN

TITY quasi_uniform_surface
SUBTYPE OF (b_spline_surface);

END_ENTITY;

(*

knot. In
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NOT

E - If explicit knot values for the surface are required, they can be derived as follows:

ku_up := SELF\b_spline_surface.u_upper - SELF\b_spline_surface.u_degree + 2;
kv_up := SELF\b_spline_surface.v_upper - SELF\b_spline_surface.v_degree + 2;

ku_u
direc

p is the value required for the upper index on the knot and knot multiplicity lists in the u
ion. This is computed from the degree and the number of control points in this direction,

kv_ulp is the value required for the upper index on the knot and knot multiplicity lists in~the v

direc
knot

defay
defay
defay
defay

4.4.64

This is a
which the
knots an
starting

EXPRESS

ion. This is computed from the degree and the number of control points in this direction? The
multiplicities and knots in the u and v parameter directions are then given by the fufi¢tion calls:

1t_b_spline knot_mult(SELF\b_spline_surface.u_degree, ku_up, quasi_uniform knots)
1t_b_spline knots(SELF\b_spline_surface.u_degree ku_up, quasi_uniform %kfiots)
lt_b_spline_knot_mult(SELF\b_spline_surface.v_degree, kv_up, quasi_tthiform knots)
1t_b_spline knots(SELF\b_spline_surface.v_degree kv_up, quasi_uniform knots)

bezier_surface

special type of surface which can be represented as a subtype of b_spline_surface in
e knots are evenly spaced and have high mailtiplicities. Suitable default values for the

knot multiplicities are derived in this,case. In this subtype the knot spacing is 1.0
om 0.0.

specification:

)

*)
ENTITY 1

SUBTY
END_ENT]
(*

NOT

bezier_surface
PE OF (b_spline_surface);
[TY;

E — If explicit)knot values for the surface are required, they can be derived as follows:

__ SELF\b_spline_sur face.u_upper

ku_up := ;
u-up SELF\b_spline_surface.u_degree th

ku_u

i SELF\b_spline_sur face.v_upper
voup =
up SELF\b_spline_sur face.v_degree

p is the value required for the upper index on the knot and knot multiplicity lists in the u

direction. This is computed from the degree and the number of control points in this direction.

kv_u

p is the value required for the upper index on the knot and knot multiplicity lists in the v

direction. This is computed from the degree and the number of control points in this direction. The

knot
calls:
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default_b_spline_ knot_mult(SELF\b_spline_surface.u_degree, ku_up, bezier_knots)
default_b_spline knots(SELF\b_spline_surface.u_degree ku_up, bezier_knots)
default_b_spline knot_mult(SELF\b_spline_surface.v_degree, kv_up, bezier_knots)
default_b_spline knots(SELF\b_spline_surface.v_degree kv_up, bezier_knots)

4.4.65 rational_b_spline _surface

A rational_b_spline_surface is a piecewise parametric rational surface describédin
control points, associated weight values and basis functions. It is instantiated’with 4

terms of
ny of the

other subtypes of b_spline_surface, which provide explicit or implicit knot values from which

the basis functions are defined.

The surface is to be interpreted as follows:

10 0% wi Py N ()8 (v)
Ei:l() j:20 wiijil(u)N}n(”)

o(u,v)=

NOTE ~ See 4.4.60 for details of the symbology used1n’the above equation.
EXPRESS specification:

*)

ENTITY rational_b_spline_surface
SUBTYPE OF (b_spline_surface);
weights_data : LIST [2:7] OF

LIST [2:?] OE-~REAL;

DERIVE
weights : ARRAY [0:u_upper] OF
ARRAY [0:v_upper] OF REAL
:= make_array_of_array(weights_data,0,u_upper,0,v_upper);
WHERE

WR1: (SIZEOF(weights_data) =
SIZEOF (SELF\b_spline_surface.control_points_list))
AND\(SIZEOF (weights_data[1]) =
SIZEOF (SELF\b_spline_surface.control_points_list[1])
WR2: Sstitface_weights_positive(SELF);
END_ ENTITY;
(*

Attribute definitions:

weights_data: The weights associated with the control points in the rational case.

weights: Array (two-dimensional) of weight values constructed from the weights_data.

Formal propositions:

WR1: The array dimensions for the weights shall be consistent with the control points data.

WR2: The weight value associated with each control point shall be greater than zero.
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4.4.66 rectangular trimmed_surface

The trimmed surface is a simple bounded_surface in which the boundaries are the constant
parametric lines uy = ul, uy = u2, vy = vl and v, = v2. All these values shall be within
the parametric range of the referenced surface. Cyclic properties of the parameter range are
assumed.

NOTES

1 — Fpr example, 370 degrees is equivalent to 10 degrees, for those surfaces whose parametric form
is defjned using circular functions (sine and cosine). The rectangular trimmed surface inherits“its
paranmpetrisation directly from the basis surface and has parameter ranges from 0 to |us — uj|4and

0 to |p2 — v1]|. The derivation of the new parameters from the old uses the algorithm described in
4.4.34.

2 — Iff the surface is closed in a given parametric direction, the values of us or va.may require to be
incregsed by the cyclic range.

EXPRESS| specification:
*)

ENTITY rlectangular_trimmed_surface
SUBTYHE OF (bounded_surface);
basis_|surface : surface;

ul : parameter_value;
u2 : parameter_value;
vl : parameter_value;
v2 . parameter_value;
usense : BOOLEAN;
vsenss : BOOLEAN;

WHERE

WR1: g1 <> u2;

WR2: Y1 <> v2;

WR3: ((’GEOMETRY_SCHEMA.ELEMENTARY_SURFACE’ IN TYPEOF(basis_surface)) AND
(NOT (’GEOMETRY_SCHEMA.RPLANE’ IN TYPEOF(basis_surface)))) OR
(’GEOMETRY_SCHEMA . SURFACE_OF_REVOLUTION’ IN TYPEOF(basis_surface)) OR
(usense = (u2 > wl)Y;

WR4: ((’GEOMETRY_SCHEMA.SPHERICAL_SURFACE’ IN TYPEOF(basis_surface)) OR
(’GEOMETRY_SCHEMA . TOROIDAL_SURFACE’ IN TYPEOF(basis_surface))) OR
(vsense = (V2> v1));

END_ENTITY;

(*

Attributeldefinitions:

basis_surface: Surface being trimmed.
ul: First u parametric value.
u2: Second u parametric value.

v1l: First v parametric value.
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usense: Flag to indicate whether the direction of the first parameter of the trimmed surface

agrees with or opposes the sense of u in the basis surface.

vsense: Flag to indicate whether the direction of the second parameter of the trimme
agrees with or opposes the sense of v in the basis surface.

d surface

Formal propositions:

WR1: ul and u?2 shall have different values.

WR2: vl and v2 shall have different values.

WR3: With the exception of those surfaces closed in the u parameter-direction, use
be compatible with the ordered parameter values for u.

WR4: With the exception of those surfaces closed in the vé¢parameter direction, vse
be compatible with the ordered parameter values for v.

Informal propositions:

IP1: The domain of the trimmed surface shall be* within the domain of the surfa
trimmed.

4.4.67 curve_bounded_surface

The curve_bounded _surface is a parametric surface with curved boundaries defined 1
more boundary curves. One of thesé may be the outer boundary; any number of inner bo
is permissible. The outer bofindary may be defined implicitly as the natural bounda
surface; this is indicated by the implicit_outer flag being true. In this case at least
boundary shall be defined. For certain types of closed surface (e.g. cylinder) it ma
possible to identify dny given boundary as outer. The region of the curve_bounded
in the basis_surface'is defined to be the portion of the basis surface in the direction o
from any point\on the boundary, where N is the surface normal and T the bounda
tangent vector-at this point. The region so defined shall be arcwise connected.

EXPRESSspecification:

*)

ENTITY curve_bounded_surface
SUBTYPE OF (bounded_surface);

hse shall

nse shall

ce being

y one or
undaries
'y of the
ne inner
y not be
| surface
[N X T

ry curve

basis surface . surface;
boundaries : SET [1:7] OF boundary_curve;
implicit_outer : BOOLEAN;

WHERE

WR1: NOT(implicit_outer AND
(’GEOMETRY_SCHEMA .OUTER_BOUNDARY_CURVE’ IN TYPEOF(boundaries)));
WR2: (NOT(implicit_outer)) OR
(’GEOMETRY_SCHEMA . BOUNDED_SURFACE’ IN TYPEOF(basis_surface));
WR3: SIZEOF(QUERY(temp <* boundaries |
’GEOMETRY_SCHEMA . OUTER_BOUNDARY_CURVE’ IN
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boundary_curve

N\

N n

(-
\

L

basis_surface

boundary {curve

WR4:

END_ENT
(*

Figure 10 — Curve bourided surface

TYPEOF(temp))) <= 1;
SIZEOF (QUERY (temp <* boundaries\)|
(temp\composite_curve_on_surface.basis_surface [1] :<>:
SELF.basis_surface))) = 0;
[TY;

Attributg definitions:

basis_sufrface: The gurface to be bounded.
boundaties: Thevbounding curves of the surface, other than the implicit outer boundary,
if preseny. At¢most, one of these may be identified as an outer boundary by being of type

outer_btpundary_curve.

implicit_outer: A logical flag which, if true, indicates the natural boundary of the surface is
used as an outer boundary.

NOTE - See figure 10 for interpretation of these attributes.

Formal p

ropositions:

WRI1: No explicit outer boundary shall be present when implicit_outer is TRUE.
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WR2: The outer boundary shall only be implicitly defined if the basis_surface is b

WR3: At most, one outer boundary curve shall be included in the list of boundaries

:1994(E)

ounded.

WR4: Each boundary_curve shall lie on the basis_surface. This is verified from the
basis_surface attribute of the composite_curve_on_surface supertype for each element of

the boundaries list.

Informal propositions:

IP1: Each curve in the set of boundaries shall be closed.
IP2: No two curves in the set of boundaries shall intersect.

IP3: At most one of the boundary curves may enclose any other -boundary cury
outer_boundary_curve is designated, only that curve may enclose*any other bound

4.4.68 boundary_curve

A boundary_curve is a type of bounded curve suitablefor the definition of a surface b
EXPRESS specification:
*)
ENTITY boundary_curve
SUBTYPE OF (composite_curve_on_surface);

WHERE

WR1: SELF\composite_curve.closed_curve;
END_ENTITY;
(*

Formal propositions:

WRI1: The derived elosed_curve attribute of the composite_curve supertype shall |

4.4.69 outer_boundary_curve

This is_a<¢special sub-type of boundary curve which has the additional semantics o
an outer boundary of a surface. No more than one such curve shall be included in
boundaries of a curve_bounded_surface.

EXPRESS specification:

e. If an
hI'y curve.

oundary.

e TRUE.

[ defining
the set of

¥)

ENTITY outer_boundary_curve
SUBTYPE OF (boundary_curve);

END_ENTITY;

(*
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4.4.70

This is a

rectangular_composite_surface

surface composed of a rectangular array of n_u by n_v segments or patches. Each

segment shall be finite and topologically rectangular (i.e., it corresponds to a rectangle in pa-

rameter s

pace). The segment shall be either a b_spline_surface or a

rectangular_trimmed _surface. There shall be at least positional continuity between adjacent

segments
open or ¢

For a par

in both directions; the composite surface may be open or closed in the u direction and

osed 1n the v direction.

ficular segment S;; (= segments]i][j]):

— The preceding segment in the u direction is 5(;_1); and the preceding segment in‘the v

direct

on is 5;(j_1); similarly for following segments.

— If segments][i][j].u-sense is TRUE, the boundary of S;; where it adjoins(5(}); is that

where
If seg

the u parameter (of the underlying bounded surface) is high.
ments[i][j].u_sense is FALSE, it is at the low-u boundary; similérly for the v_sense

indicafor.

— The u-parametrisation of S;; in the composite surface isfrom ¢ — 1 to ¢, mapped lin-

early from the parametrisation of the underlying bounded surface. If U is the u-parameter
for the rectangular_composite_surface and u;jo < < wu;j, is the u-parameter for
segments[i][j], these parameters are related by the eguations:
. Ui — Uis0 .
U=(i-1)+——"=, uj=wa@t (U-(i—1))(uij — ujo),
Ui51 — Ug50
if segments[i][j].u_sense = TRUE;
. U;s — Uis0 .
U=i-——— ;= uijo — (U = i)(uwiji — uijo),
Ui51 — Wigo0

if seg
The v
Thus

segm

For tH
surfac

ments[i][j].u_sense = FALSE.
- parametrisation is dbtained in a similar way.
the composite surface has parametric range 0 to n_u, 0 to n_v.

he degree of<continuity of the joint between S;; and 5(;1,); is given by
ents[i][jl-ultransition.

e last patch in a row S, y; this may take the value discontinuous, if the composite
e is open in this direction; otherwise it is closed here, and the transition code relates to

the continuity to Sj;; similarly for v_transition. discontinuous shall not occur elsewhere

in the

segments surface_patch transition codes.

EXPRESS specification:

*)

ENTITY rectangular_composite_surface
SUBTYPE OF (bounded_surface);
segments : LIST [1:7] OF LIST [1:?] OF surface_patch;
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DERIVE
n_u : INTEGER :
n_v : INTEGER :
WHERE
WR1i: [] = QUERY (s <* segments | n_v <> SIZEOF (s));
WR2: constraints_rectangular_composite_surface(SELF);
END_ENTITY;
(*

SIZEOF (segments) ;
SIZEOF (segments[1]);

Attribute definitions:

n_u: The number of surface patches in the u parameter direction.
n_v: The number of surface patches in the v parameter direction.

segments: Rectangular array (represented by a list of list) of component surface patc
such patch contains information on the senses and transitionst

segments|[i][j].u_transition refers to the state of contiriuity between segments[i][j]
ments[i+1][j]. The last column (segments[n_u][j].dtransition) may contain the
continuous, meaning that (that row of) the surfage is not closed in the u direction; t
the list may not contain this value.

The last row (segments[i][n_v].v_transition) may contain the value discontinuous
that (that column of) the surface is_mot closed in the v direction; the rest of the list
contain this value.

Formal propositions:

WR1: Each sub-list in the segments list shall contain n_v surface_patches.
WR2: Other constraints on the segments:

— that tlr€)component surfaces are all either rectangular trimmed surfaces or
surfaces;

~\that the transition_codes in the segments list do not contain the value
discontinuous except for the last row or column; when this occurs, it indicates
surface is not closed in the appropriate direction.

hes. Fach

and seg-
balue dis-
he rest of

meaning
may not

B-spline

that the

Informal Prnpnqi tions:

IP1: The senses of the component surfaces are as specified in the u_sense and v_sense at-

tributes of each element of segments.

4.4.71 surface_patch

A surface patch is a bounded surface with additional transition and sense information which is

used to define a rectangular_composite_surface.
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EXPRESS specification:

*)
ENTITY surface_patch;
parent_surface : bounded_surface;

u_transition : transition_code;
v_transition : transition_code;
u_sense : BOOLEAN;
v_sense : BOOLEAN;

INVERSE

using] surfaces : BAG[1:?] OF rectangular_composite_surface FOR segments;
WHERE
WR1: [NOT (’GEOMETRY_SCHEMA.CURVE_BOUNDED_SURFACE’
IN TYPEOF(parent_surface)));
END_ENT[TY;
(*

Attributq definitions:

parent_gurface: The surface which defines the geometry and boundaries of the surface patch.

u_transition: The minimum state of geometric continuity along/the second u boundary of the
patch as it joins the first u boundary of its neighbour. In the caself the last patch, this defines the
state of cpntinuity between the first u boundary and last u bottndary of the composite_surface.

v_transifion: The minimum state of geometric continuity along the second v boundary of the
patch as it joins the first v boundary of its neighbour: I the case of the last patch, this defines the
state of cpntinuity between the first v boundary andlast v boundary of the composite_surface.

u_sensey| This defines the relationship between the sense (increasing parameter value) of the
patch an{l the sense of the parent_surface. If u_sense is TRUE, the first u boundary of the

patch is the one where the parameteru takes its lowest value, it is the highest value boundary
if sense iy FALSE.

v_sense:| This defines the relationship between the sense (increasing parameter value) of the
patch angl the sense of the\parent_surface. If v_sense is TRUE, the first v boundary of the
patch is {he one wherethe’parameter v takes its lowest value, it is the highest value boundary
if sense i FALSE.

using_surfaces:—The set of rectangular_composite_surfaces which use this surface_patch
in their definition. This set shall not be empty.

Formal ptopositions:

WRI1: A curve bounded surface shall not be used to define a surface patch.

4.4.72 offset_surface
This is a procedural definition of a simple offset surface at a normal distance from the originating

surface. distance may be positive, negative or zero to indicate the preferred side of the surface.
The positive side and the resultant offset surface are defined as follows:
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a) Define unit tangent vectors of the base surface in the u and v directions; den
by o, and o,.

1994(E)

ote these

b)  Take the cross product, N = o, Xa,, of these (which shall be linearly independent, or

there is no offset surface). N shall be extended by continuity at singular points, if

¢) Normalise N to get a unit normal (to the surface) vector.

d) Move the offset distance (which may be zero) along that vector to find the
the offset surface.

NOTE - The definition allows the offset_surface to be self-intersecting.

The offset surface takes its parametrisation directly from that of the basis'surface, corre
points having identical parameter values. The offset_surface is paramétrised as

o(u,v) = S(u,v)+ dN.

possible.

point on

sponding

Where N is the unit normal vector to the basis surface S(uyv) at parameter values ({,v), and

d is distance.

NOTE - Care should be taken when using this entity fo ensure that the offset distance nevier exceeds
the radius of curvature in any direction at any point of the basis surface. In particular, the surface

should not contain any ridge or singular point,

EXPRESS specification:

*)

ENTITY offset_surface
SUBTYPE OF (surface);
basis_surface : surface;
distance : lengths/measure;
self_intersect : LOGICAL:

END_ENTITY;

(*

Attribute definitiofs:

basis_surfaces The surface that is to be offset.

distayrce: The offset distance, which may be positive, negative or zero. A positive offsef
is measured in the direction of the surface normal.

distance

self_intersect: Flag to indicate whether or not the surface is self-intersectine: this is

or infor-

mation only.

4.4.73 surface_replica

This defines a replica of an existing surface in a different location. It is defined by referencing
the parent surface and a transformation which gives the new position and possible scaling. The
original surface is not affected. The geometric characteristics of the surface produced will be
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identical to that of the parent surface, but, where the transformation includes scaling, the size
may differ.

EXPRESS specification:

*)

ENTITY surface_replica
SUBTYPE OF (surface);
parent_surface : surface;
transformation T cartesian_transiormation_operator_3d;

WHERE

WR1: ficyclic_surface_replica(SELF, parent_surface);
END_ENT[TY;
(*

Attributq definitions:

parent_surface: The surface that is being copied.

transforymation: The cartesian_transformation_operator_3d which defines the location,
orientatijn and scaling of the surface replica relative to that of the parent surface.

Formal pfropositions:

WRI1: A surface_replica shall not participate in its own definition.

4.5 geometry schema rule definitions

fa (@)

4.5.1 | compatible_dimension

The rule|compatible_dimension ensures\that:

a) |all geometric_representation_items are geometrically founded in one or more
geometric_representation_centext coordinate spaces;

b) | when geometric_répresentation_items are geometrically founded together in a co-
ordinpte space, they have the same coordinate space dimension_count by ensuring that

each [matches the dimeénsion_count of the coordinate space in which it is geometrically
founded.

NOTE - Twé-dimensional geometric_representation_items that are geometrically founded in a
geo‘Tetric_representation_context are only geometrically founded in geometric_representation -

confexts with a coordinate_space_dimension of 2. All geometric_representation_items founded
in sych’a context are two-dimensional. All other values of dimension_count behave similarly.

EXPRESS specification:

*)
RULE compatible_dimension FOR
(cartesian_point,
direction,
representation_context,
geometric_representation_context);
WHERE
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-- ensure that the count of coordinates of each cartesian_point

-- matches the coordinate_space_dimension of each geometric_context in

-- which it is geometrically_founded

WR1: SIZEOF(QUERY(x <* cartesian_point| SIZEOF(QUERY
(y <* geometric_representation_context | item_in_context(x,y) AND
(HIINDEX(x.coordinates) <> y.coordinate_space_dimension))) > 0 )) =0;

== ensure that the count of direction ratios of each direction

-- matches the coordinate_space_dimension of each geometric_context in
—-— which it is geometrically_founded
WR2: SIZEOF(QUERY(x <* direction | SIZEOF( QUERY
(y <* geometric_representation_context | item_in_context(x,y) AND
(HIINDEX(x.direction_ratios) <> y.coordinate_space_dimension)).)
>0 )) = 0;
END_RULE;
(*

Formal propositions:

WRI1: There shall be no cartesian_point that has a number of coordinates that diffgrs from
the coordinate_space_dimension of the geometric_representation_contexts in which it is
geometrically founded.

WR2: There shall be no direction that has a npumber of direction_ratios that diffgrs from
the coordinate_space_dimension of the geomeétric_representation_contexts in which it is
geometrically founded.

NOTE - A check of only cartesian_peints and directionsis sufficient for all geometric_r¢presentation -
items because:

a) All geometric_representation_items appear in trees of representation_itpms de-
scending from the items-attribute of entity representation. See WRI1 of entity represen-
tation_item in ISQ\10303-43.

b) Each geometricrepresentationitem gains its position and orientation infgrmation
only by being) or referring to, a cartesian_point or direction entity in such a tree. [n many
cases this.reference is made via an axis_placement.

¢)~No other use of any geometric_representation._item is allowed that would associate it
with a coordinate space or otherwise assign a dimension_count.

46" geometry schema function definitions

The EXPRESS language has a number of built-in functions. This section describes additional
functions required for the definition and constraints on the geometry schema.

4.6.1 dimension_of

The function dimension_of returns the integer dimension_count of a geometric_representation_context
in which the input geometric_representation_item is geometrically founded.
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By virtue of the constraints in global rule compatible_dimension, this value is the coordi-
nate_space_dimension of the input geometric_representation_item. See 4.5.1 for definition
of this rule.

EXPRESS specification:

*)

FUNCTION dimension_of(item : geometric_representation_item)
dimension_count;

LOCAL
X
y :
END_I

-- Fi

-- Dd

-- gd
-— RU

SET OF representation;
representation_context;
0CAL;

nd the set of representation in which the item is used.
using_representations(item);
termines the dimension_count of the

ometric_representation_context. Note that the
LE compatible_dimension ensures that the context_of_itéms

-- igd of type geometric_representation_context and has

-= th

y
RET

e same dimension_count for all values of x.

4= x[1] .context_of_items;

[URN (y\geometric_representation_context.coo¥dinate_space_dimension);

END_FUNCTION;

(*
Argumg

ent definitions:

item:
mined.

4.6.2

The ac]
or not,
if the ¢

EXPRE

input) a geometric_representation_item for which the dimension_count is deter-

acyclic_curve'replica

yclic_curve_repliea boolean function is a recursive function which determines whether,
a given curvé_veplica participates in its own definition. The function returns FALSE
irve_replica refers to itself, directly or indirectly, in its own definition.

5SS specification:

*)

tFUNCTHON acyclic_curve_replica(rep : curve_replica; parent : curve)

IF N

. BOOLEAN;
0T ((’GEOMETRY_SCHEMA.CURVE_REPLICA’) IN TYPEOF(parent)) THEN

RETURN (TRUE);

END_
(* Ret
IF (
R

(* Re
call

96
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parent :=: rep) THEN

ETURN (FALSE);
turn FALSE if the parent is the same curve_replica, otherwise,
function again with the parents own parent_curve. *)
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ELSE RETURN(acyclic_curve_replica(rep, parent\curve_replica.parent_curve));
END_IF;

END_FUNCTION;

(*

Argument definitions:

rep: (input) The curve_replica which is to be tested for a cyclic reference.

parent: (input) A curve used in the definition of the replica.

4.6.3 acyclic_point_replica

The acyclic_point_replica boolean function is a recursive function which determines| whether,
or not, a given point_replica participates in its own definition. THe.function returns [FALSE if
the point_replica refers to itself, directly or indirectly, in its own)definition.
EXPRESS specification:
*)
FUNCTION acyclic_point_replica(rep : point_replifaj parent : point)
;. BOOLEAN;

IF NOT ((’GEOMETRY_SCHEMA.POINT_REPLICA’) IN‘TYPEOF(parent)) THEN
RETURN (TRUE);

END_IF;
(* Return TRUE if the parent is not of\type point_replica *)
IF (parent :=: rep) THEN

RETURN (FALSE);
(* Return FALSE if the parent 1s” the same point_replica, otherwise,

call function again with the parents own parent_pt. *)
ELSE RETURN(acyclic_point_replica(rep, parent\point_replica.parent_pt));
END_IF;

END_FUNCTION;

(*

Argument definitions:

rep: (input))The point_replica which is to be tested for a cyclic reference.

parent;' (input) A point used in the definition of the replica.

4.6.4 acyclic_surface_replica

The acyclic_surface_replica boolean function is a recursive function which determines whether,
or not, a given surface_replica participates in its own definition. The function returns FALSE
if the surface_replica refers to itself, directly or indirectly, in its own definition.

EXPRESS specification:

*)

FUNCTION acyclic_surface_replica(rep : surface_replica; parent : surface)
: BOOLEAN;
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IF NOT ((’GEOMETRY_SCHEMA.SURFACE_REPLICA’) IN TYPEOF(parent)) THEN
RETURN (TRUE);

END_IF;
(* Return TRUE if the parent is not of type surface_replica *)
IF (parent :=: rep) THEN

RETURN (FALSE);
(* Return FALSE if the parent is the same surface_replica, otherwise,
call function again with the parents own parent_surface. *)

(acyclic_surface_replica(rep,
parent\surface_replica.parent_surface));

Argument definitions:

rep: (input) The surface_replica which is to be tested for a cyclic reference:

parent:|(input) A surface used in the definition of the replica.

4.6.5 | associated_surface

This funftion determines the unique surface which is associated with the pcurve_or_surface
type. It {s required by the propositions which apply to surface curve and its subtypes.

EXPRESE specification:
*)

FUNCTION associated_surface(arg : pcurve_.or_surface) : surface;

LOCAL

surff : surface;
END_LOCAL;

IF ’GEOMETRY_SCHEMA.PCURVEX IN TYPEOF(arg) THEN

su := arg.basis_surface;
ELSE

surff := arg;
END ;

RETURN (surf) ;
END_FUNCTION;
(*

Argument definitions:

arg: (input) The pcurve or surface for which the determination of the associated parent surface
is required.

surf: (output) The parent surface associated with arg.
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4.6.6 base_axis

This function returns three normalised orthogonal directions, u[1], u[2] and u[3]. In the three-
dimensional case, with complete input data, u[3] is in the direction of axis3, u[l] is in the
direction of the projection of axisl onto the plane normal to u[3], and u[2] is orthogonal to both
u[1] and u[3], taking the same sense as axis2. In the two-dimensional case u[1] is in the direction
of axisl and u[2] is perpendicular to this, taking its sense from axis2. For incomplete input data
suitable default values are derived.

EXPRESS specification:

*)
FUNCTION base_axis(dim : INTEGER; axisi, axis2, axis3 : direction)
LIST [2:3] OF direction;

LOCAL
vec : direction;
u : LIST [2:3] OF direction;
factor : REAL;
END_LOCAL;
IF (dim = 3) THEN
ul3] := NVL(normalise(axis3), direction([0.050)0,1.0]));
ul1] := first_proj_axis(u[3],axis1);
u[2] := second_proj_axis(ul3],ul1],axis2)}
ELSE
ul3] := 7;
IF EXISTS(axis1) THEN
ul1] := normalise(axisi);

u[2] := orthogonal_complement(ul[1]);
IF EXISTS(axis2) THEN
factor := dot_product(axis2,ul2]);
IF (factor < 0.0)(THEN
ul[2] .direction ratios([1]

-u[2] .direction_ratios[1];

ul2].direction_ratios[2] := -ul2].direction_ratios[2];
END_IF;
END_IF;
ELSE
IF EXISTS(axis2) THEN
uf2)~:= normalise(axis?2);
wfl] := orthogonal_complement(ul2]);
ul1] .direction_ratios[1] := -ul[1].direction_ratios[1];
ul1] .direction_ratios[2] := - u[i1].direction_ratios[2];
ELSE

ul1] .direction_ratios[1] :=
L4

Gt recttonr—rattos [2]
ul[2] .direction_ratios[1] :=
ul2] .direction_ratios[2] :=
END_IF;
END_IF;
END_IF;
RETURN (u) ;
END_FUNCTION;
(*

= O D =
O O ¢ O
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Argument definitions:

dim: (input) The integer value of the dimensionality of the space in which the normalised
orthogonal directions are required.

axisl: (input) A direction used as a first approximation to the direction of output axis u[1].

axis2: (fnput) A direction used to determine the sense of u[2].
axis3: (Input) The direction of u[3] in the case dim=3, or NULL in the case dim=2.

u: (outppt) A list of dim (i.e., 2 or 3) mutually perpendicular directions.

4.6.7 | build _2axes

This fungtion returns two normalised orthogonal directions. u[1] is in the direction of
ref_direftion and u[2] is perpendicular to uf[1]. A default value ©of (1.0,0.0) is supplied for
ref_diregtion if the input data is incomplete.

EXPRESP specification:

*)
FUNCTION build_2axes(ref_direction : direction) : LIST [2:2] OF direction;
LOCAL|
u :| LIST[2:2] OF direction;
END_LPDCAL;

ul1] = NVL(normalise(ref_direction), direction([1.0,0.0]));
ul2] [= orthogonal_complement(ul[1])
RETURN (u) ;

END_FUNCTION;

(*

Argumert definitions:

ref_dire¢tion: (input)-AZfeference direction in 2 dimensional space, this may be defaulted to
[1.0,0.0].

u: (outppt) A list'of 2 mutually perpendicular directions, u[1] is parallel to ref_direction.

4.6.8 Lbuild—axes

This function returns three normalised orthogonal directions. u[3] is in the direction of axis,
u[l1] is in the direction of the projection of ref_direction onto the plane normal to u[3] and u[2]
is the cross product of u[3] and u[1]. Default values are supplied if input data is incomplete.
EXPRESS specification:

*)

FUNCTION build_axes(axis, ref_direction : direction) :
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LIST [3:3] OF direction;

LOCAL
u : LIST[3:3] OF direction;
END_LOCAL;
ul3] := NVL(normalise(axis), direction([0.0,0.0,1.0]));
ul1] := first_proj_axis(ul[3],ref_direction);
ul2] := normalise(cross_product(ul[3],ul1])).orientation;
RETURN(G)
END_FUNCTION;
(*

Argument definitions:

axis: (input) The intended direction of u[3], this may be defaulted £6'{0.0,0.0,1.0].

ref_direction: (input) A direction in a direction used to comphte u[1].

u: (output) A list of 3 mutually orthogonal directions in 3D space.

4.6.9 orthogonal complement

This function returns a direction which is théorthogonal complement of the input
The input direction must be a two-dimensional direction and the result is a vector of
type and perpendicular to the input vector.

EXPRESS specification:
*)

FUNCTION orthogonal_complement(vec : direction) : direction;
LOCAL
result : directiony
END_LOCAL;

IF (vec.dim £>)2) OR NOT EXISTS (vec) THEN
RETURN (2)%

ELSE
result/direction_ratios[1] :
résult.direction_ratios[2] :
RETURN(result);

END_IF;

END_FUNCTION;

-vec.direction_ratios[2];
vec.direction_ratios[1];

(*

Argument definitions:

vec: (input) A direction in 2D space.

result: (output) A direction orthogonal to vec.

:1994(E)

direction.
the same
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This function produces a 3-dimensional direction which is, with fully defined input, the projec-
tion of arg onto the plane normal to the z_axis. With arg defaulted the result is the projection
of [1,0,0] onto this plane; except that if z_axis = [1,0,0], [0,1,0] is the default for arg. A violation
occurs if arg is in the same direction as the input z_axis.

EXPRESS specification:

*)
FUNCTION first_proj_axis(z_axis, arg : direction) : direction;
LOCAL
x_axlis : direction;
v : direction;
z : direction;
X_vec : vector;

END_LOCAL;

IF (NOT EXISTS(z_axis)) OR (NOT EXISTS(arg)) OR (arg.dim <> 3) THEN

x_axis := 7;

ELSE
z_axis := normalise(z_axis);
IF EXISTS(arg) THEN

T
TH (z axis <> direr,t'inp_([1 0.0.0.0 (ﬂ)) THEN

cLl U,V u,v. v ) 2ank

v := direction([1.0,0.0,0.0]);
EL|SE

v := direction([0.0,1.0,0.0]);
END_IF;

ELSH
IH ((cross_product(arg,z).magnitude) = 0.0) THEN
RETURN (7);

ELSE
v := normalise(arg);

END_IF;
END_|IF;
x_vdc := scalar_times_vector(dot_product(v, z), z_axis);
x_aXis := vector_difference(v, x_vec).orientation;
x_axis := normalise(x_axis);

END_TIH;

RETURN(x_axis);
END_FUNQTION;
(*

Argumenu dcﬁuitiuub .

z_axis: (input) A direction defining a local Z axis.
arg: (input) A direction not parallel to z_axis.

x_axis: (output) A direction which is in the direction of the projection of arg onto the plane
with normal z_axis.
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4.6.11 second_proj_axis

This function returns the normalised vector that is simultaneously the projection of arg onto
the plane normal to the vector z_axis and onto the plane normal to the vector x_axis. If arg
is NULL, the projection of the vector (0,1,0) onto z_axis is returned.

EXPRESS specification:

*)
FUNCTION second_proj_axis(z_axis, x_axis, arg: direction) : direction;
LOCAL
y_axis : vector;
v : direction;
temp : vector;
END_LOCAL;

IF NOT EXISTS(arg) THEN
v := direction([0.0,1.0,0.0]);

ELSE
v := arg;
END_IF;
temp := scalar_times_vector(dot_product(v,.zlaxis), z_axis);
y_axis := vector_difference(v, temp);
temp := scalar_times_vector(dot_product(v, x_axis), x_axis);
y_axis := vector_difference(y_axis, temp);
y_axis := normalise(y_axis);

RETURN(y_axis.orientation);
END_FUNCTION;
(*

Argument definitions:

z_axis: (input) A direction defining a local Z axis.
x_axis: (input) A¢direction not parallel to z_axis.
arg: (input)~Adirection which is used as the first approximation to the direction of y|laxis.

y-axis-orientation: (output) A direction determined by first projecting arg onto thle plane
withciormal z_axis, then projecting the result onto the plane normal to x_axis.

U _.lJl.ULl.lJ.lJlJ

This function returns the vector, or cross, product of two input directions. The input directions
must be three-dimensional and are normalised at the start of the computation. The result is
always a vector which is unitless. If the input directions are either parallel or anti-parallel, a
vector of zero magnitude is returned with orientation = argl.

EXPRESS specification:
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*)
FUNCTION cross_product (argl, arg2 : direction) : vector;
LOCAL
mag : REAL;
res : direction;

vi,v2 : LIST[3:3] OF REAL;
result : vector;

END_LOCAL;
IF ( NOT EXISTS (argl) OR (argl.dim = 2)) OR
( NOT EXISTS (arg2) OR (arg2.dim = 2)) THEN
RETURN(?);
ELSE
BEG[LN
vil := normalise(argl).direction_ratios;

normalise(arg2).direction_ratios;
s.direction_ratios[1] := (vi[2]*v2[3] - vi[3]*v2[2]);
s.direction_ratios[2] (vi[3]*v2[1] - vi1[1]*v2[3]);
s.direction_ratios[3] (vi[1]*v2[2] - vi[2]*v2[1]);
g := 0.0;
PEAT i := 1 TO 3;
mag := mag + res.direction_ratios[il*res.directiondratios[i];
EIND_REPEAT;
IF (mag > 0.0) THEN
result.orientation := res;
result.magnitude := SQRT(mag);
ELSE

result.orientation := argi;
result.magnitude := 0.0;
D_IF;
TURN(result);

END|;

END_IF;
END_FUNCTION;
(*

Argumer]t definitions:

argl: (ipput) A direction defining first vector in cross product operation.

arg2: (ipput) A-direction defining second operand for cross product.

result: (oubput) A vector which is the cross product of argl and arg2.

4.6.13 dot_product

This function returns the scalar, or dot (-), product of two directions. The input arguments
can be directions in either two- or three-dimensional space and are normalised at the start
of the computation. The returned scalar is undefined if the input directions have different
dimensionality, or if either is undefined.
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EXPRESS specification:
*)
FUNCTION dot_product(argl, arg2 : direction) : REAL;
LOCAL
scalar : REAL;
vecl, vec2: direction;
ndim : INTEGER;
END_LOCAL;

IF NOT EXISTS (argl) OR NOT EXISTS (arg2) THEN

scalar := ?;
(* When function is called with invalid data a NULL result is returned *)
ELSE
IF (argl.dim <> arg2.dim) THEN
scalar := 7;
(* When function is called with invalid data a NULL result is returned *
ELSE
BEGIN
vecl = normalise(argl);
vec2 = normalise(arg2);
ndim  := argl.dim;
scalar := 0.0;
REPEAT i := 1 TO ndim;
scalar := scalar +
vecl.direction_ratios[i]*vec2.direction_ratios[i];
END_REPEAT;
END;
END_IF;
END_IF;

RETURN (scalar);
END_FUNCTION;
(*

Argument definitions:

argl: (input) A-direction defining first vector in dot product, or scalar product operhtion.
arg2: (imput) A direction defining second operand for dot product.

result: (output) A scalar which is the dot product of argl and arg2.

| 4614 normalise

This function returns a vector or direction whose components are normalised to have a sum of
squares of 1.0. The output is of the same type (direction or vector, with the same units) as
the input argument. If the input argument is not defined or is of zero length, the output vector
is undefined.

EXPRESS specification:
*)
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FUNCTION normalise (arg : vector_or_direction) : vector_or_direction;
LOCAL

ndim : INTEGER;
v : direction;
result : vector_or_direction;
vec . vector;
mag : REAL;
END_LOCAL;

IF NOT EXISTS (arg) THEN
resylt := 7;

(* When function is called with invalid data a NULL result is returned *)
ELSE

ndim := arg.dim;
IF |GEOMETRY_SCHEMA.VECTOR’ IN TYPEOF(arg) THEN
BEGIN
vec := arg;
v := arg.orientation;
IF arg.magnitude = 0.0 THEN
RETURN(?);
ELSE
vec.magnitude := 1.0;
END_IF;
END;
ELSE
v|:= arg;
END] IF;
mag|:= 0.0;
REPEAT i := 1 TO ndim;
mag := mag + v.direction_ratiog{il*v.direction_ratios[i];
END) REPEAT;

IF mag > 0.0 THEN

mag := SQRT(mag);

REPEAT i := 1 TO ndim,

v.direction_ratips[i] := v.direction_ratios[i]/mag;
ND_REPEAT;

* 'GEOMETRY_SCHEMA .VECTOR’ IN TYPEOF(arg) THEN
vec.orientation := v;

result ;=\vec;

ELSE

result := v;

END_IF;

H

ELSE
RETURN(?);
END_IF;
END_IF;
RETURN (result);
END_FUNCTION;
(*

Argument definitions:

106


https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e

©150 ISO 10303-42:1994(E)

arg: (input) A vector or direction to be normalised.

result: (output) A vector or direction which is parallel to argl and of unit length.

4.6.15 scalar_times_vector

This function returns the vector that is the scalar multiple of the input vector. It accepts as

mmput a scalar and a ‘vector’ which may be either a direction or a vector. The odtput is a

vector of the same units as the input vector, or unitless if a direction is input. IfJeit
argument is undefined, the returned vector is also undefined. The orientation of*the
reversed if the scalar is negative.

EXPRESS specification:

*)
FUNCTION scalar_times_vector (scalar : REAL; vec : vector_or_direction)
: vector;
LOCAL
v : direction;
mag : REAL;
result : vector;
END_LOCAL;

IF NOT EXISTS (scalar) OR NOT EXISTS (vee) THEN
result := 7;
(* When function is called with invalid data a NULL result is returned *)
ELSE
IF ’GEOMETRY_SCHEMA.VECTOR’ IN TYPEOF (vec) THEN
v := vec.orientation;

mag := scalar * vec.magnitude;
ELSE

v 1= vec;

mag := scalar;
END_IF;

IF (mag < 0+Q ) THEN
REPEAT 4= 1 TO SIZEOF(v.direction_ratios);

v.direction_ratios[i] := -v.direction_ratios[i];
ENDLREPEAT;
mag := -mag;
END_IF;
result.orientation := normalise(v);
result.magnitude := mag;
END_IF;

her input
vector is

RETURN (result);
END_FUNCTION;
(*

Argument definitions:

scalar: (input) A real number to participate in the product.

vec: (input) A vector or direction which is to be multiplied.
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result: (output) A vector which is the product of scalar and vec.

4.6.16 vector_sum

This function returns the sum of the input arguments. The function returns as a vector the
vector sum of the two input ‘vectors’. For this purpose directions are treated as unit vectors.
The input arguments must both be of the same dimensionality but may be either directions

or vectors. Where both arguments are vectors, they must be expressed in the same units. A
zero sum| vector produces a vector of zero magnitude in the direction of argl. If both input
arguments are directions, the result is unitless.

EXPRESS specification:

*)
FUNCTION vector_sum(argl, arg2 : vector_or_direction) : vector;
LOCAL
resphlt . vector;

res|, vecl, vec2 : direction;

mag|, magl, mag2 : REAL;

ndim : INTEGER;
END_LPCAL;

IF ((NOT EXISTS (argi)) OR (NOT EXISTS (arg2))) OR (argl.dim <> arg2.dim)

THEN
resplt := 7;
(* Wheen function is called with invalid data &-NULL result is returned #*)
ELSE
BEGIN
IF ’GEOMETRY_SCHEMA.VECTOR’ IN TYPEOF(argil) THEN
magl := argl.magnitude;
vecl := argl.orientation;
ELSE
magl := 1.0;
vecl := argil;
END_IF;
IF ’GEOMETRY_SCHEMAVECTOR’ IN TYPEOF(arg2) THEN
mag2 := arg2.magnitude;
vec2 := arg2.erientation;
ELSE
mag2 :=\1.0;
vec2. v arg2;
END /IF;
vEci := normalise (veci);
vec2 := normalise (vec2);
ndim := SIZEOF(vecl.direction_ratios);
mag := 0.0;
REPEAT i := 1 TO ndim;
res.direction_ratios[i] := magl*vecl.direction_ratios[i] +
mag2+*vec2.direction_ratios[i];
mag := mag + (res.direction_ratios[il*res.direction_ratios[i]);
END_REPEAT;

IF (mag > 0.0 ) THEN
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result.magnitude := SQRT(mag);

result.orientation := res;
ELSE
result.magnitude := 0.0;
result.orientation := vecli;
END_IF;
END;
END_IF;

RETURN (resnlt):

END_FUNCTION;
(*

Argument definitions:

argl: (input) A direction defining first vector in vector sum operatiom.
arg2: (input) A direction defining second operand for vector sum

result: (output) A vector which is the vector sum of argl-and arg2.

4.6.17 vector_difference

This function returns the difference of the input ‘arguments as (argl - arg2). The function
returns as a vector the vector difference of the\two input ‘vectors’. For this purpose directions
are treated as unit vectors. The input argiments shall both be of the same dimensiorjality but
may be either directions or vectors. If both input arguments are vectors, they must be ¢xpressed
in the same units; if both are directions, a unitless result is produced. A zero differenjce vector
produces a vector of zero magnitude in the direction of argl.

EXPRESS specification:
*)

FUNCTION vector_difference(argl, arg2 : vector_or_direction) : vector;
LOCAL
result : vector;
res, veci, vec2 : direction;
mag, magl, mag2 : REAL;
ndin : INTEGER;
END_LOCAL;

IF ((NOT EXISTS (argi)) OR (NOT EXISTS (arg2))) OR (argl.dim <> arg2.dim)
THEN
result := 7.

(* When function is called with invalid data a NULL result is returned *)
ELSE

BEGIN
IF ’GEOMETRY_SCHEMA.VECTOR’ IN TYPEOF(argl) THEN
magl := argl.magnitude;
vecl := argl.orientation;
ELSE
magl := 1.0;
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vecl := argil;
END_IF;
IF ’GEOMETRY_SCHEMA.VECTOR’ IN TYPEOF(arg2) THEN
mag2 := arg2.magnitude;
vec2 := arg2.orientation;
ELSE
mag2 := 1.0;
vec2 := arg2;

N T

©1s0

ND—F~
vtci := normalise (vecl);

vec2 := normalise (vec2);

nflim := SIZEOF(vecl.direction_ratios);
mpg := 0.0;

REPEAT i := 1 TO ndim;

mag := mag + (res.direction_ratios[i]*res.direction_ratios[i})y

END_REPEAT;

IF (mag > 0.0 ) THEN
result.magnitude := SQRT(mag);
result.orientation := res;

ELSE
result.magnitude := 0.0;
result.orientation := veci;

END_IF;

END|;
END_IF;
RETU (result);

res.direction_ratios[i] := magl*vecl.direction_ratios[i] -
mag2#*vec2.direction_ratios[i];

END_FUNCTION;

(*

Argument definitions:

argl: (ipput) A direction defining first vector in vector difference operation.

arg2: (ipput) A direction defining second operand for vector difference.

result:

output) A veetor which is the vector difference of argl and arg2.

4.6.18| default_b_spline_knot_mult

This fun

tion returns the INTEGER array of knot multiplicities, depending on the type of knot

vector, for the B-spline parametrisation.
EXPRESS specification:

*)

FUNCTION default_b_spline_knot_mult(degree, up_knots : INTEGER;

uniform : knot_type)

: LIST [2:7] OF INTEGER;

LOCAL
knot_mult : LIST [1:up_knots] OF INTEGER;
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END_LOCAL;

REPEAT i := 1 TO up_knots;
knot_mult[i] := O;
END_REPEAT;

IF uniform = uniform_knots THEN
REPEAT 1 := 1 TO up_knots;
knot multlil := 1:

ISO 10303-42:1994(E)

END_REPEAT;
END_IF;

IF uniform = quasi_uniform_knots THEN
knot_mult[1] := degree + 1;
knot_mult [up_knots] := degree + 1;

REPEAT i := 2 TO (up_knots - 1);
knot_mult[i] := 1;
END_REPEAT;
END_TIF;

IF uniform = piecewise_bezier_knots THEN
knot_mult[1] := degree +1;
knot_mult [up_knots] := degree + 1;

REPEAT i := 2 TO (up_knots - 1);
knot_mult[i] := degree;
END_REPEAT;
END_IF;
RETURN (knot_mult);
END_FUNCTION;
(*

Argument definitions:

degree: (input) An-integer defining the degree of the B-spline basis functions.
up_knots: {iiiput) An integer which gives the number of knot multiplicities required.
uniforagn: (input) The type of basis function for which knot multiplicities are requiredl.

knot_mult: (output) A list of integer knot multiplicities.

4.6.19 default_b_spline knots

This function returns the knot vector, depending on the knot_type, for a B-spline parametri-

sation.
EXPRESS specification:
*)

FUNCTION default_b_spline_knots(degree,up_knots :

INTEGER;
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uniform : knot_type)
: LIST [2:7] OF parameter_value;
LOCAL
knots : LIST [1:up_knots] OF parameter_value;
ishift : INTEGER := 1;
END_LOCAL;

REPEAT i := 1 TO up_knots;
knotsfil <= 0;

(©1s0

END_REHEAT;

IF (uniform = uniform_knots) THEN
ishjft := degree + 1;

END_if

IF (uniform = uniform_knots) OR
(uniform = quasi_uniform_knots) OR
(uniform = piecewise_bezier_knots) THEN

REPEAT i := 1 TO up_knots;
knqts[i] := i - ishift;
END_HREPEAT;
END_IF
RETURN{knots);
END_FUNQTION;
(*

Argument definitions:

degree: [input) An integer defining the degree of tle B-spline basis functions.
up_knots: (input) An integer which gives the:number of knot values required.
uniformj (input) The type of basis function for which knots are required.

knots: (¢utput) A list of parameter’values for the knots.

4.6.20 | default_b-spline_curve_weights

This funcpion returns ap_cp weights equal to 1.0 in an ARRAY OF REAL.
EXPRESY specification:

*)
FUNCTIO“ default_b_spline_curve_weights(up_cp : INTEGER)

—ARRAY TOTUp_<pl OF REAL:
LOCAL

weights : ARRAY [O:up_cpl OF REAL;
END_LOCAL;

REPEAT i := 0 TO up_cp;
weights[i] := 1;

END_REPEAT;

RETURN(weights);
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END_FUNCTION;
(%

Argument definitions:

up_cp: (input) An integer defining the upper index on the array of the B-spline curve weights

required.

NOTE - This function is not used in this part of ISO 10303 but is defined here for_use
tions.
4.6.21 default_b_spline surface_weights

This function returns weights equal to 1.0 in an ARRAY OF ARRAY OF REAL.
EXPRESS specification:

*)

FUNCTION default_b_spline_surface_weights(u_uppef} wv_upper: INTEGER)

: ARRAY [0fu’_upper] OF
ARRAY[0:v_upper] OF REAL;

LOCAL
weights : ARRAY [0:u_upper] OF ARRAY~[O:v_upper] OF REAL;
END_LOCAL;

REPEAT i := 0 TO u_upper;
REPEAT j := 0 TO v_upper;
weights[i][j] := 1;
END_REPEAT;
END_REPEAT;
RETURN(weights);
END_FUNCTION;
(*

Argument définitions:

by applica-

u_upper;-{input) An integer defining the upper index on the array of the B-splife surface

weights\required in the u direction.

yupper: (input) An integer giving the upper index of the number of weights requir

ed for the

surface in the v parameter direction.

weights: (output) A real array of array of weight values.

NOTE - This function is not used in this part of ISO 10303 but is defined here for use by applica-

tions.

113


https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e

ISO 10303-42:1994(E) ©150

4.6.22 constraints_param_b_spline

This function checks the parametrisation of a B-spline curve or (one of the directions of) a
B-spline surface and returns TRUE if no inconsistencies are found.

These constraints are:

a) Degree > 1.

b) Upper index on knots > 2.

¢) DUpper index on control points > degree.

d)  Pum of knot multiplicities = degree + (upper index on control points) + 2
e)  For the first and last knot the multiplicity is bounded by 1 and (degree¥1).
f)  For all other knots the knot multiplicity is bounded by 1 and degree.

g) [Che consecutive knots are increasing in value.
EXPRESS|specification:

*)
FUNCTION| constraints_param_b_spline(degree, up_knotss;\up_cp : INTEGER;

knotymult : LIST OF INTEGER;
knots : LIST OF parametexzvalue) : BOOLEAN;

LOCAL
resullt : BOOLEAN := TRUE;
k,1,sum : INTEGER;

END_LO[CAL;

(* Find sum of knot multiplicities. *)
sum :=[ knot_mult[1];

REPEAT| i := 2 TO up_knots;
sum |:= sum + knot_multli];
END_REPEAT;

(* Check limits holding for all B-spline parametrisations *)
IF (degree < 1).OR (up_knots < 2) OR (up_cp < degree) OR
sum \$> (degree + up_cp + 2)) THEN

resullt- :'= 'FALSE;
RETU sult):

END_IF;

k := knot_mult[1];

IF (k < 1) OR (k > degree + 1) THEN
result := FALSE;

RETURN(result);
END_IF;
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REPEAT i := 2 TO up_knots;
IF (knot_mult[i] < 1) OR (knots[i] <= knots[i-1]) THEN
result := FALSE;
RETURN(result);
END_IF;

k := knot_mult[i];

IT (.;. uy_kxxubb) AND (k des;t—;c) THEN
result := FALSE;
RETURN(result);

END_IF;

IF (i = up_knots) AND (k > degree + 1) THEN
result := FALSE;
RETURN(result);
END_IF;
END_REPEAT;
RETURN(result);
END_FUNCTION;
(*

Argument definitions:

degree: (input) An integer defining the degree df the B-spline basis functions.
up_knots: (input) An integer giving the“ipper index of the list of knot multiplicities.

up_cp: (input) An integer which is the upper index of the control points for the curve of surface
being checked for consistency of-its parameter values.

knot_mult: (input) The list ‘of knot multiplicities.

4.6.23 curve weights_positive

This function.checks the weights associated with the control points of a
rational_b.Lspline_curve and returns TRUE if they are all positive.
EXPRESS specification:

*)

FUNCTION curve_weights_positive(b: rational_b_spline_curve) : BOOLEAN;
LOCAL

result : BOOLEAN := TRUE;
END_LOCAL;

REPEAT i := 0 TO b.upper_index_on_control_points;
IF b.weights[i] <= 0.0 THEN
result := FALSE;
RETURN (result);
END_IF;
END_REPEAT;
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RETURN(result);
END_FUNCTION;
(*

Argument definitions:

b: (input) A rational B-spline curve for which the weight values are to be tested.

4.6.24| constraints_composite_curve_on_surface

This funqtion checks that the curves referenced by the segments of the composite_curvéion_-
surface fre all curves on surface, including the composite_curve_on_surface type, which is
admissible as a bounded_curve.

EXPRESS$ specification:

*)
FUNCTION constraints_composite_curve_on_surface
(c: composite_curve_on_surface) : BOOLEAN;

LOCAL
n_segments : INTEGER := SIZEOF(c.segments);
END_LQCAL;

REPEAT k := 1 TO n_segments;

IF (NOT(’GEOMETRY_SCHEMA.PCURVE’ IN
TYPEOF (c\composite_curve.segments[k] . patent_curve))) AND
{NOT(’GEOMETRY_SCHEMA . SURFACE_CURVE’ IN

TYPEOF (c\composite_curve.segments[k]" parent_curve))) AND
NOT(’GEOMETRY_SCHEMA . COMPOSITE_CURVE_ON_SURFACE’ IN

TYPEOF (c\composite_curve.segménts[k] .parent_curve))) THEN
RETURN (FALSE);

END] IF;

END_REPEAT;

RETURN(TRUE) ;
END_FUNCTION;
(*

Argumen} definitions;

c: (input) A composite curve on surface to be verified.

4.6.25| cget_basis_surface

This function returns the basis surface for a curve as a a SET of surfaces. For a curve which
is not a curve_on_surface an empty SET is returned.

EXPRESS specification:

*)
FUNCTION get_basis_surface (c : curve_on_surface) : SET[0:2] OF surface;
LOCAL
surfs : SET[0:2] OF surface;
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n : INTEGER;
END_LOCAL;
surfs := [1;
IF 'GEOMETRY_SCHEMA.PCURVE’ IN TYPEOF (c) THEN
surfs := [c\pcurve.basis_surface];
ELSE
IF 'GEOMETRY_SCHEMA.SURFACE_CURVE’ IN TYPEOF (c) THEN
n := SIZEOF(c\surface_curve.associated_geometry);
REPEAT T = 10T,
surfs := surfs +
associated_surface(c\surface_curve.associated_geometry[il));
END_REPEAT;
END_IF;
END_IF;

IF ’GEOMETRY_SCHEMA.COMPOSITE_CURVE_ON_SURFACE’ IN TYPEOF (c) THEN
(* For a composite_curve_on_surface the basis_surface is the intersection
of the basis_surfaces of all the segments. *)
n := SIZEOF(c\composite_curve_on_surface.segments);

surfs := get_basis_surface(c\composite_curve_on_surface.segments[1].parent_curve);

IF n > 1 THEN
REPEAT i := 2 TO n;
surfs := surfs * get_basis_surface(c\compositelcurve_on_surface.segments[i].
END_REPEAT;
END_IF;
END_IF;
RETURN(surfs);
END_FUNCTION;
(*

Argument definitions:

c: (input) A curve for which the basis_surface is to be determined.

surf: (output) The setieontaining the basis_surface or surfaces on which c lies.

4.6.26 surface_weights_positive

This function checks the weights associated with the control points of a
rational(b_spline_surface and returns TRUE if they are all positive.

parent_curve) ;

EXPRESS specification:
¥)
FUNCTION surface_weights_positive(b: rational_b_spline_surface) : BOOLEAN;
LUCVAL
result : BOOLEAN := TRUE;
END_LOCAL;

REPEAT i := 0 TO b.u_upper;
REPEAT j := 0 TO b.v_upper;
IF (b.weights[il[j] <= 0.0) THEN
result := FALSE;
RETURN(result);
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END_IF;
END_REPEAT;
END_REPEAT;
RETURN(result);
END_FUNCTION;
(*

Argument definitions:

b: (input)] A rational B-spline surface for which the weight values are to be tested.

4.6.27 | constraints_rectangular_composite _surface

This funcfions checks the following constraints on the attributes of a rectangulaf*composite
surface:
— thiat the component surfaces are all either rectangular trimmed strfaces or B-spline
surfaces;

— thiat the transition attributes of the segments array do nof. contain the value
discordtinuous except for the last row or column, where they<indicate that the surface is

not cloped in the appropriate direction.
EXPRESS [specification:
*)

FUNCTION|constraints_rectangular_composite_surface
s : rectangular_composite_surface) .. BOOLEAN;

(* Check|the surface types *)
REPEAT|i := 1 TO s.n_u;
REPEAT j := 1 TO s.n_v;
IF|NOT ((’GEOMETRY_SCHEMA.BuSPLINE_SURFACE’ IN TYPEOF
(s.segments[id [j] .parent_surface)) OR
(’GEOMETRY_SCHEMA’. RECTANGULAR_TRIMMED_SURFACE’ IN TYPEOF
(s.segmentslfil [j].parent_surface))) THEN
RETURN(FALSE) ;
END_IF;
END_REPEAT;
END_REPEAT;

(* Chefk the transition codes, omitting the last row or column *)
REPEAT|i~+= 1 TO s.n_u-1;

REPEAT J = I T0 s.0_V,
IF s.segments[il[j].u_transition = discontinuous THEN
RETURN(FALSE) ;
END_IF;
END_REPEAT;
END_REPEAT;

REPEAT i := 1 TO s.n_u;
REPEAT j := 1 TO s.n_v-1;
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IF s.segments[i][j].v_transition = discontinuous THEN

RETURN(FALSE) ;
END_IF;
END_REPEAT;
END_REPEAT;
RETURN(TRUE) ;
END_FUNCTION;
(*

Argument definitions:

s: (input) A rectangular composite surface to be verified.

4.6.28 list_to_array

The function list_to_array converts a generic list to an array with/pre-determined array
If the array bounds are incompatible with the number of elethénts in the original lis
result is returned. This function is used to construct the arrays of control points and

used in the b-spline entities.
EXPRESS specification:

*)
FUNCTION list_to_array(lis
low,u : INTEGER)
LOCAL
n : INTEGER:
res : ARRAY [low:u] OF GENERIC ™
END_LOCAL;

n := SIZEOF(1lis);
IF (n <> (u-low +1)) THEN
RETURN(?);
ELSE
REPEAT 1 :
res[low+i~1] :
END_REPEAT;
RETURN(xes);
END_IF;
END_EUNCTION;
(*

1 TQ n;
lis[i];

Argument definitions:

LIST [0:7] OF ,GENERIC :

T;

: ARRAY[low:u] OF GENERIC :

T;
T;

bounds.
t, a null
weights

lis: (input) A list to be converted.

low: (input) An integer specifying the required lower index of the output array.

u: (input) An integer value for the upper index.

res: (output) The array generated from the input data.
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4.6.29 make_array_of_array

The function make_array_of array builds an array of arrays from a list of lists. The function
first checks that the specified array dimensions are compatible with the sizes of the lists, and
in particular, verifies that all the sub-lists contain the same number of elements. A null result
is returned if the input data is incompatible with the dimensions. This function is used to
construct the arrays of control points and weights for a B-spline surface.

EXPRESPF specification:
*)
FUNCTION make_array_of_array(lis : LIST[1:?] OF LIST [1:?] OF GENERIC : T;

lowl, ul, low2, u2 : INTEGER):
ARRAY[low1:ul] OF ARRAY [low2:u2l OF GENERIC : T;

LOCAL
ni,p2 : INTEGER;
res : ARRAY[lowi:ul]l OF ARRAY [low2:u2] OF GENERIC : T;
resfl : LIST[1:7] OF ARRAY [low2:u2] OF GENERIC : T;
END_LPCAL;

(* Check input dimensions for consistency *)
nl :=| SIZEOF(lis);
n2 :={ SIZEOF(1is[1]);

IF (nft <> (ul -lowl + 1)) AND (n2 <> (u2 - low2 +,.1)) THEN
RETURN(?);
END_IF;

REPEAT i := 1 TO ni;

IF (SIZEOF(lis[i]) <> n2) THEN
RETURN(?);

END[IF;
END_REPEAT;

(* Bufild a list of sub-arrdys *)
REPEAT i := 1 TO ni;

RESL[i] := list_to_array(lis[i],low2,u2);
END_REPEAT;

res :f list_to_array(resl,lowl,ul);
RETURN(res);

END_FUNLTION;

(*

Argument definitions:

lis: (input) A list of list to be converted.

lowl: (input) An integer specifying the required lower index of the first output array.

ul: (input) An integer value for the upper index of the first output array.
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low2: (input) An integer specifying the required lower index of the second output array.
u2: (input) An integer value for the upper index of the second output array.
res: (output) The array of array with specified dimensions generated from the input data after

verifying consistency.
EXPRESS specification:

*)
END_SCHEMA; -- end GEOMETRY schema
(*
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5 Topology

The following EXPRESS declaration begins the topology_schema and identifies the necessary
external references.

EXPRESS specification:
*)

REFERHNCE FROM geometry_schema;
REFER

(*

SCHEMA tﬁpology_schema;

CE FROM representation_schema(representation_item);

NOTES

1 — Tlhe schemas referenced above can be found in the following Parts of ISO 10303:

etry_schema Clause 4 of this part of ISO 10303
repriesentation schema I1SO 10303-43

2 ~ Spe annex D, figures D.13-D.15, for a graphical presentation-of‘this schema.

5.1 Introduction

The topology resource model has its basis in boundary representation solid modelling but can

of the entfties.

The topological entiti¢s have been defined in a hierarchical manner with the vertex being the
primitive entity. Fhat is, all other topological entities are defined either directly or indirectly in
terms of Yertices.

Each entity“has its own set of constraints. A higher-level entity may impose constraints on a

lower-level"entity. AT the higher level, the constraints on the lower-level entity are the sum of
the constraints imposed by each entity in the chain between the higher- and lower-level entities.
The basic topological structures in order of increasing complexity are vertex, edge, path,
loop, face and shell. In addition to the high-level structured topological entities open_shell
and closed_shell, which are specialised subtypes of connected_face_set, the topology section
includes the connected_edge_set and the general connected _face_set. These two entities are
designed for the communication of collections of topological data where the constraints applied
to shell are inappropriate.
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The poly_loop is a loop with straight and coplanar edges and is defined as an ordered list of
points. The poly_loop entity is used for the communication of faceted B-rep models.

Many functions ensure consistency of the topology models by applying topological and geometric
constraints to entities.

5.2.1 Geometric associations

Many of the topological entities have a specialised subtype which enables them to be gssociated
with geometric data. This association will be essential when communicating bounddry repre-
sentation solid models. The specialised subtypes of vertex, edge and face are vertgx_point,
edge_curve, and face_surface respectively. For the edge_curve and face.surface|the rela-
tionship between the geometric sense and the topological sense of the associated entit]es is also
recorded. The key concept relating geometry to topology is the domaju.”The domain of a point,
curve, or surface is just that point, curve, or surface. The domain“of a vertex, edge, or face
is the corresponding point, curve or surface. The domain of a loop or path is the unjon of the
domains of all the vertices and edges in the loop or path. (Except in the case of a veftex loop,
this is a curve.) The domain of a shell is the union of thé domains of all the verticgs, edges,
and faces in the shell. (For a closed_shell or open_shell, this is a surface.) The dofnain of a
solid model is the region of space it occupies. The domain of a set or list is the unipn of the
domains of the elements of that set or list. Wherever in this standard a geometrical concept
such as connectedness or finiteness is discussed in relation to an entity, it is understood that the
concept applies to the domain of that entity:

A key concept in describing domains iscthe idea of a manifold. Intuitively, a domajn is a d-
manifold if it is locally indistinguishable from d-dimensional Euclidean space. This mpans that
the dimensionality is the same at each’mathematical point, and self- intersections are pgohibited.
As defined in this standard, curves and surfaces may contain self-intersections, and h¢nce need
not be manifolds. However, the part of a curve or surface that corresponds to the doain of a
topological entity such as,an edge or face shall be a manifold.

As used in this standard, the terms “manifold”, “boundary” , and “ manifold with bpundary”
are identical to the wsual mathematical definitions. A manifold with boundary differs from a
manifold in thatthe boundary is allowed, but not required, to be non-empty.

A 1-manifold s a non-self-intersecting curve which does not include either of its enld points.
Examplegof’1-manifolds are the real line and the unit circle. A “Y”-shaped figure if not a 1-
manifeld; and neither is the closed unit interval. A 2-manifold is a non-self-intersectinfg surface
whigh.'does not include boundary curves. Examples of 2-manifolds include the unit sphere and
the'open disk {(z,y,0): 22 +y? < 1}. The closed disk {(z,y,0): 22+ y? < 1} is not a manifold.
The domains of edges and paths, if present, are 1-manifolds. The domains of faces apd closed

shells, if present, are 2-manifolds.

Any curve which does not self-intersect is a 1-manifold with boundary. The closed disk {(z,y,0):
22 + y? < 1} is a 2-manifold with boundary. The domain of an open shell, if present, is a 2-
manifold with boundary. The domain of a manifold solid boundary representation or a faceted
manifold boundary representation is a 3-manifold with boundary.

The boundary of a d-manifold with boundary is a (d — 1)-manifold. For example, the boundary
of a curve is the set of 0, 1, or 2 end points contained in that curve. The boundary of the closed
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disk {(z,y,0): 22 4+ y? < 1} is the unit circle. The boundary of the domain of an open shell is
the domain of the set of loops that bound holes in the shell. The boundary of a manifold solid
boundary representation or a faceted manifold boundary representation is the domain of the set
of bounding shells.

Curves and surfaces which are manifolds with boundary are classified as either open or closed.
The terms “open” and “closed”, when applied to curves or surfaces in this standard, should not
be confused with the notions of “open set” or “closed set” from point set topology. The term

“closed sfirface” 1s 1dentical to the usual definition of a closed, connected, orientable 2-manifold.
Example} of a closed surface are a sphere and a torus. The domain of a closed shell, if present;
is a closqd surface. Examples of open surfaces are an infinite plane, or a surface with one.or
more holgs. The domain of an open shell, if present, is an open surface.

All closeql surfaces that are physically manufacturable are orientable. Face domains, because
they are plways embeddable in the plane, are orientable. Open surfaces need not-bhe orientable.
For exanjple, the M&bius strip is an open surface. Also, some manifolds are néither open nor
closed as|defined in this standard. The Klein bottle is an example. It is finite-and its boundary
is empty] but the surface is not orientable, and hence does not divide gpace into two regions.
However| the domain of an open shell as defined in this standard must ‘be orientable.

The tern} “genus” refers to an integer-valued function used to classify topological properties of
an entity] This standard defines two different types of genus.

For an erftity which can be described as a graph of edges and vertices, for example a loop, path,
or wire shell, genus is equivalent to the standard technicalterm “cycle rank” in graph theory.
It is not [equivalent to the standard usage of the term\‘genus” in graph theory. Intuitively, it
measures| the number of independent cycles in a graph. For example, a graph with exactly one
vertex, jgined to itself by n self-loops, has genusn.

The genys of a closed surface X is the number of handles that must be added to a sphere to
produce g surface homeomorphic to X. Forjéxample, the genus of a sphere is 0, and the genus of
a torus iy 1. This is identical to the standard technical term “genus of a surface” from algebraic
topology| Adding a handle to a cldsed surface is the operation that corresponds to drilling a
tunnel tHrough the three-dimensional volume bounded by that surface. This can be viewed as
cutting out two disks and contiecting their boundaries with a cylindrical tube. Handles should
not be copfused with holes..As used in this standard, the term “hole” corresponds to the intuitive
notion of| punching a hole¢dn a two-dimensional surface.

The surfgce genus definition is extended to orientable open surfaces as follows. Fill in every hole
in the domain with)a disk. The resulting surface is a closed surface, for which genus is already
defined. Use thishumber for the genus of the open surface.

5.2.2 —Associations with parameter space geometry

A fundamental assumption in this clause is that the topology being defined is that of model space.
The geometry of curves and points can also be defined in parameter space but, in general, the
topological structure of, for example a face, will not be the same in the parametric space of the
underlying surface as it is in model space.

124


https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e

©150 ISO 10303-42:1994(E)

Parametric space modelling systems differ from real space systems in the methodo

logy used

to associate geometry to topology. Parametric space modelling systems typically associate a
different parametric space curve with each edge use (i.e., oriented_edge). Every one of the

parametric space curves associated with a given edge (by way of an edge use) describe

the same

point set in real space. The parametric space curves are defined in different parametric spaces.
The parametric spaces are the surfaces which underlay the faces bordering on the edge. In a
manifold solid the geometry of every edge is define twice, once for each of the two faces which

bhorder on that pr]gn

Associating a parametric space curve with each edge use extends naturally to the 1ise’of degener-
ate edges (i.e., edges with zero length in real space). For example, a parametric’space modelling

system wants to represent a face that is triangular in real space as a square in [parame

ric space.

A straight forward way to do this is to represent one of the triangular face’s verticep as a de-
generate edge (but having two vertices); then there is a one-to-one mapping between edges in

real space and model space. The degenerate edge has zero length in.real space, but gre

ater than

zero length in parametric space. Degenerate edges also may be used for creating bounf{ls around

singularities such as the apex of a cone.

Real space modelling systems do not associate parametrio space curves with each

edge use

nor do they allow degenerate edges. Since the parametrié space modelling systems treatment of

topology is an implementation convenience, this standard requires the use of real space

topology.

The parametric space modelling system’s unique -hformation requirements are satisfied using

techniques at the geometric level.

5.2.2.1 Edge_curve associations with parametric space ¢

Techniques that can be used to assaciate parametric space curves with an edge_curv

a) The edge_geometry attribute of an edge_curve may reference directly oné
then only one pcurve is'‘associated with that edge_curve.

b) The edge._geometry attribute of an edge_curve can reference a surfaq
or a subtype of ‘surface_curve; then associated with that edge_curve are the
(one or two) referenced by the associated_geometry attribute of the surface_cu
curve referenced by the curve_3d attribute of the surface_curve is also associate(
edge_curve but that curve cannot be a parametric space curve and represents {
space-geometry of the edge.

c) Theedge geometry attribute of an edge_curve can reference a curve (not a
then associated with the edge_curve are the pcurves (zero or more) referenced by

turves.

€ are:

pcurve,

e_curve,
pcurves
rve. The
with the
he model

pcurve),
the asso-

L;atcd_scuuu:txy attributeof TVETy sur face—curve whose curve-3d atTTIbUTE
the same curve (i.e., is instance equal to, :=:) as the edge_geometry attribu
edge_curve.

eferences
te of the

These techniques are formally defined in EXPRESS as the function edge_curve_pcurves which

can be used to determine all the parametric space curves associated with a particular

edge.
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NOTES

1 — For applications where the real space modelling systems are not required to understand para-

metri

third

¢ space curves, the parametric space modelling systems should be required to use only the
technique described above. Then, even if the pcurves are ignored, the real space modelling

system will have the correct geometry associated with all edge_curves.

2 — Given the pcurves of an edge_curve, determining which oriented_edge a pcurve shall be asso-

clate

with 1s a matter of matching (:=:) the basis_surface of the pcurve with the tace_geometry

of the face bound by that oriented_edge. If two or more pcurves are associated with the same

edge

[curve and are defined in the parametric space of the same surface, determining which ori-

ented_edge the pcurve is associated with requires checking connectivity of the pcurves in‘para-

metri

5.2.3

space.

Graphs, cycles, and traversals

A connecfled component of a graph is a connected subset of the graph which-is not contained in
any larget connected subset. We denote by M the multiplicity of a graph, that is, the number

of connec

ed components. Thus, a graph is connected if and only if M = 1.

Each component of a graph can be completely traversed, starting and ending at the same
vertex, such that every edge is traversed exactly twice, once ifi€ach direction, and every vertex
is “passed through” the same number of times as there are‘edges using the vertex. If an (edge
+ edge trpversal direction) is considered as a unit, each\utiique (edge + direction) combination
shall occyr once and only once in the traversal of a.graph. During the traversal of a graph it
will be found that there are one or more sets of alternating vertices and (edge + direction) units
that form| closed cycles.

The symbol G will denote the graph genu, which is, intuitively, the number of independent

cycles in

he graph. (Technically, G is\the rank of the fundamental group of the graph.)

Every grqph satisfies the following/Euler equation

where V

NOT

(V-8 —(M~-G)=0 (1)

ind & are the/numbers of unique vertices and edges in the graph.

[ — The following graph traversal algorithm, [E-4], may be used to traverse a graph and

compfute’M*and G.

a) Set M and G to zero.

b) Start at any (unvisited) vertex. If there is no unvisited vertex, STOP. Mark the vertex

as wisited. Increment M. Traverse any edge at the vertex, marking the edge with the travel
direction.
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— When reaching a vertex for the first time, mark the edge just travelled as the advent
edge of the vertex. The advent edge is marked so that it can only be selected once in this

direction.

— Mark the vertex as wvisited.

— If this is the first traversal of the edge and the vertex @ has previously been visited,

increment G.

— Select an exit edge from the vertex according to the following rules:

(1) No edge may be selected that has previously been traversed insthe direct]
from the vertex Q.

(2) Select any edge, except the advent edge of @, that meetsrule (c1).
(3) If no edge meets rule (c2), select the advent edge.
— Traverse the selected exit edge and mark it withcthe travel direction.

d) If no edge was selected in the previous step; go‘to step b, else go to step c.

5.3 topology_schema type definitions

5.3.1 shell

This type collects together, for reference when constructing more complex models, the §
which have the characteristics ofca~shell. A shell is a connected object of fixed dimen
d = 0,1, or 2, typically used to;bound a region. The domain of a shell, if present, inc
bounds and 0 < = < oo. A shell of dimensionality 0 is represented by a graph consis
single vertex. The vertex shall not have any associated edges.

A shell of dimensionality 1 is represented by a connected graph of dimensionality 1.

A shell of dimerfsionality 2 is a topological entity constructed by joining faces along e

lon away

ubtypes
sionality
udes its
ing of a

lges. Its

domain, if présent, is a connected, orientable 2-manifold with boundary, that is, a copnected,

oriented, finite, non-self-intersecting surface, which may be closed or open.
EXPRESS specification:

*)
TYPE shell = SELECT

(vertex_shell,

wire_shell,
open_shell,
closed_shell);
END_TYPE;
(*
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This select type specifies all the topological representation items which can participate in the
operation of reversing their orientation. This type is used by the function conditional_reverse.

EXPRESS specification:

*)
TYPE reversible_topology_item = SELECT

adoa

\EGge)
path),
face|,
face|l bound,
clospd_shell,
open| shell);

END_TYPE;

(*

5.3.3 | list_of_reversible_topology_item

This spegial type defines a list of reversible topology items; it is wsed by the function

Bat oaf thralassr navarcad
BV VI_LPPUILEY 1T VCIdCU.

EXPRESE specification:

*)
TYPE 1]:t_of_reversible_topology_item =

LIST [0:7] of reversible_topology_item;
END_TY

(*

el

5.3.4 | set_of reversible-topology_item

This spefial type defines a set of reversible topology items; it is used by the function
set_of_tppology_reversed:

EXPRESE specificationt
*)
TYPE slet_of_reversible_topology_item =

SET [0:7] of reversible_topology_item;

END_TYIPE;
(*

5.3.5 reversible_topology

This select type identifies all types of reversible topology items; it is used by the function

topology_reversed.
EXPRESS specification:
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*)

TYPE reversible_topology = SELECT
(reversible_topology_item,
list_of_reversible_topology_item,
set_of_reversible_topology_item);

END_TYPE;

(*

5.4 topology_schema entity definitions

This clause contains all the entity definitions used in the topology schema.

5.4.1 topological representation_item

A topological_representation_item represents the topology/or-Connectivity, of entif

1994(E)

ies which

make up the representation of an object. The topological_fepresentation_item is the super-

type for all the representation items in the topology schema:
EXPRESS specification:
*)

ENTITY topological_representation_item
SUPERTYPE OF (ONEOF(vertex, edge, face bound, face, vertex_shell,
wire_shell, connected_edge_set, connected_face_set,
(loop ANDOR path)))
SUBTYPE OF (representation_item)
END_ENTITY;
(*

Informal propositions:

IP1: For each topolagical representation_item, consider the set of vertex_point}

edge_curves, and face_surfaces that are referenced, either directly or recursively, fr
topological _representation_item. (Do not include in this set oriented edges or f]
do include the won-oriented edges and faces on which they are based.) Then no tw
elements in(this set shall have domains that intersect.

5.4.2° vertex

Py

bm that
hees, but
distinct

A" vertex is the topological construct corresponding to a point. It has dimensionali

ty 0 and

extent U. I'he domain of a vertex, i present, 1s a point in m dimensional real space R™; this is

represented by the vertex_point subtype.
EXPRESS specification:
*)
ENTITY vertex
SUBTYPE OF (topological_representation_item);
END_ENTITY;
(*
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Informal propositions:
IP1: The vertex has dimensionality 0. This is a fundamental property of the vertex.

IP2: The extent of a vertex is defined to be zero.

5.4.3

A vertex

vertex_point

point is a vertex which has its geometry defined as a point.

EXPRESY specification:

ENTITY vertex_point

SUBTYPE OF(vertex,geometric_representation_item);
verntex_geometry : point;

END_HNTITY;

(*

Attribute|definitions:

vertex_gpometry: The geometric point which defines the position in geometric space of the

vertex.

Informal

bropositions:

IP1: The¢ domain of the vertex is formally defined to“be the domain of its vertex_geometry.

5.4.4

An edge
More abs

edge

is the topological construct, corresponding to the connection between two vertices.
tractly, it may stand for a~logical relationship between the two vertices. The domain

of an edge, if present, is a finite{ non-self-intersecting open curve in R™, that is, a connected
1-dimensipnal manifold. The (bounds of an edge are two vertices, which need not be distinct.

The edge

is oriented by choesing its traversal direction to run from the first to the second vertex.

If the twg vertices are thesame, the edge is a self-loop. The domain of the edge does not include
its boundy, and 0 <_E/< 0o. Associated with an edge may be a geometric curve to locate the
edge in al coordinate space; this is represented by the edge curve subtype. The curve shall

be finite
multiplici
M = 5 =

hnd non=self-intersecting within the domain of the edge. An edge is a graph, so its
ty M “and graph genus G° may be determined by the graph traversal algorithm. Since
1-the Euler equation (1) reduces in this case to

V- (2-G9)=0 (2)

where YV = 1 or 2, and G¢* =1 or 0.

Specifically, the topological edge defining data shall satisfy:

— An edge has two vertices,

130

|E[V] =2


https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e

©1s0 ISO 10303-42:1994(E)

— The vertices need not be distinct,

L<|E{V} <2

— Equation 2 shall hold
|[E{V}|-2+G*=0

edge_geometry

edge |end

edge_start

Figure 11 — Edge curve

EXPRESS specification:

*)

ENTITY edge
SUPERTYPE OF (ONEOF(edge_curve, oriented_edge))
SUBTYPE OF (t6pological_representation_item);
edge_start (~wvertex;
edge_end I vertex;

END_ENTITY,;

(*

Attribute definitions:

edge_start: Start point (vertex) of the edge.

edge_end: End point (vertex) of the edge. The same vertex can be used for both edge_start
and edge_end.

Informal propositions:

IP1: The edge has dimensionality 1.

IP2: The extent of an edge shall be finite and nonzero.
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5.4.5 edge_curve

An edge_curve is a special subtype of edge which has its geometry fully defined. The geometry
is defined by associating the edge with a curve which may be unbounded. As the topological and
geometric directions may be opposed, an indicator (same_sense) is used to identify whether the
edge and curve directions agree or are opposed. The logical value indicates whether the curve
direction agrees with (TRUE) or is in the opposite direction (FALSE) to the edge direction.

Any geo

etry associated with the vertices of the edge shall be consistent with the edge geametry

Multiple 4
EXPRESS

dges can reference the same curve.

specification:

*)
ENTITY
SUBTY
edge_
same_
END_ENT]
(*

Attribute

dge_curve

E OF (edge,geometric_representation_item);
eometry : curve;

ense : BOOLEAN;

TY;

definitions:

edge_ged
curve may
edge dom

metry: The curve which defines the shape and spatial location of the edge. This
f be unbounded and is implicitly trimmed by the vettices of the edge; this defines the
pin.

same_sense: This logical flag indicates whether (‘TRUE), or not (FALSE) the senses of the

edge and
edge starf

parametef.

NOT

Informal 1

the curve defining the edge geometry are the same. The sense of an edge is from the
vertex to the edge end vertex; the sense of a curve is in the direction of increasing

b~ See figure 11 for illustration of attributes.

ropositions:

IP1: The
as trimmd

IP2: An
IP3: An

IP4: An

domain of the edge_eurve is formally defined to be the domain of its edge_geometry
d by the vertices. (Phis domain does not include the vertices.

edge_curve-has non-zero finite extent.
edge_curve is a manifold.

edge_curve is arcwise connected.

IP5: The

IP6: The

IP7:
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edge start is not part of the edge domain.

edge end is not part of the edge domain.

Vertex geometry shall be consistent with edge geometry.
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5.4.6 oriented _edge

An oriented_edge is an edge constructed from another edge and contains a Boolean ori-
entation flag to indicate whether or not the orientation of the constructed edge agrees with
the orientation of the original edge. Except for possible re-orientation, the oriented_edge is
equivalent to the original edge.

NOTE - A common practice in solid modelling systems is to have an entity that represents the

33 L1 L 1 o al B AL 2 s 1. AV | & il L] P .
use  OI Ltravelrsal Ol all euge. LIS UsC  CIIUILY CXPIICILLy TCPICSCIILS LIIC TeqUITCIIICIIL 11 a manlfold
solid that each edge must be traversed exactly twice, once in each direction. The “use?\fynctionality
is provided by the edge subtype oriented_edge.

EXPRESS specification:

*)
ENTITY oriented_edge
SUBTYPE OF (edge);
edge_element : edge;
orientation : BOOLEAN;
DERIVE
SELF\edge.edge_start : vertex :

boolean_choose (SELF.orientation,
SELF .edge_element.edge_start,
SELF)edge_element.edge_end);

SELF\edge.edge_end : vertex := boolean_choose (SELF.orientation,
SELF.edge_element.edge_end,
SELF.edge_element.edge_start);
WHERE

WR1: NOT (’TOPOLOGY_SCHEMA.ORIENTED,EDGE’ IN TYPEOF (SELF.edge_element));
END_ENTITY;
(*

Attribute definitions:

edge_element: edge entity used to construct this oriented_edge.

orientation: BOOLEAN. If TRUE, the topological orientation as used coincides with the ori-
entation, from start vertex to end vertex, of the edge_element.

edge_start) The start vertex of the oriented edge. This is derived from the vertices of the
edge_elément after taking account of the orientation

edge_end: The end vertex of the oriented edge. This is derived from the vertifes of the
edge_element after taking account of the orientation

Formal propositions:

WRI1: The edge_element shall not be an oriented_edge.

5.4.7 path

A path is a topological entity consisting of an ordered collection of oriented_edges, such
that the edge_start vertex of each edge coincides with the edge_end of its predecessor. The
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path is ordered from the edge_start of its first oriented_edge to the edge_end of its last
oriented_edge. The Boolean value orientation in the oriented edge indicates whether the
edge direction agrees with the direction of the path (TRUE) or is in the opposite direction
(FALSE).

An individual edge can only be referenced once by an individual path.

An edge can be referenced by multiple paths. An edge can exist independently of a path.
EXPRESS

anace

b oot .
TP CCOTCaTIOIT.

*)

ENTITY p
SUPERT
SUBTYP
edge_1l

WHERE
WR1: p

END_ENTI

(*

Attribute

hth

YPE OF (ONEOF (open_path, edge_loop, oriented_path))
£ OF (topological_representation_item);

ist : LIST [1:?] OF UNIQUE oriented_edge;

hth_head_to_tail (SELF);
r'Y;

definitions:

edge_list

Formal pr

List of oriented_edge entities which are concatenated<together to form this path.

bpositions:

WRI1: The end vertex of each oriented_edge shall bethe same as the start vertex of its
successor.

Informal

ropositions:

IP1:

IP2:

IP3:

IP4:

IP5:
orientation.

Ap
Ap
The
Ap

No

5.4.8

ath has dimensionality 1.

ath is arcwise connected.

edges of the path do not(intersect except at common vertices.
ith has a finite, non-zero extent.

path shall include two oriented edges with the same edge element and the same

oriented _path

An oriented_path is a path constructed from another path and contains a Boolean orientation
flag to indicate whether or not the orientation of the constructed path agrees with the orientation

of the original path. Except for perhaps orientation, the oriented_path is equivalent to the
other path.

EXPRESS specification:

*)

ENTITY oriented_path
SUBTYPE OF (path);
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path_element : path;

orientation : BOOLEAN;
DERIVE

SELF\path.edge_list : LIST [1:7] OF UNIQUE oriented_edge

:= conditional_reverse(SELF.orientation,
SELF.path_element.edge_list);

WHERE

WR1: NOT (’TOPOLOGY_SCHEMA.ORIENTED_PATH’ IN TYPEOF (SELF.path_element));

END_ENTITI

TNDU_GNTITI,

(*

Attribute definitions:

path_element: path entity used to construct this oriented_path.

orientation: BOOLEAN. If TRUE, the topological orientation as nsed coincides with
entation of the path_element.

edge_list: The list of oriented_edges which form the oriented_path. This list is deri
the path_element after taking account of the orientation attribute.

Formal propositions:

WR1: The path_element shall not be an oriented_path.

5.4.9 open_path

An open_path is a special subtype of path such that a traversal of the path visits ed
vertices exactly once. In particular the start vertex and end vertex are different. An opg
is a graph for which M = 1 and:G? = 0, so the Euler equation (1) reduces in this case

V-£&)-1=0

where V and £ are the/number of unique vertices and edges in the path. Specific
topological attributesof a path shall meet the following constraints

— The edges’in the Path are unique,

(P)E] = (P){E}

= In the list ((P)[E])[V], two vertices appear once only and every other vertex
exactly twice.

the ori-

ved from

ch of its
en_path
to

(3)
blly, the

appears

— The graph genus of the path is zero.

— Equation (3) is interpreted as

[((PUEDIVI = (P)H{E} -1=0

EXPRESS specification:
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*)

ENTITY open_path
SUBTYPE OF (path);

DERIVE

ne : INTEGER := SIZEOF(SELF\path.edge_list);

WHERE

WR1: (SELF\path.edge_list[1].edge_element.edge_start) :<>:

(SELF\path.edge_list[ne].edge_element.edge_end);

END_ENT[ETY:

(*

Attribute

definitions:

ne: The

number of elements in the edge list of the path supertype.

Formal pfropositions:

WR1: The start vertex of the first edge shall not coincide with the end vertex of the last edge.

Informal

propositions:

IP1: Anl

construct

open_path visits its vertexs exactly once. This implies¢that if a list of vertices is
ed from the edge data the first and last vertex will occurjon’ce in this list and all other

vertices will occur twice.

5.4.10

A loop i
nected (¢
has dime
a 1-dime
a cycle, t
its bound

A loop is
an orderq

A loop i
algorithn

loop

s a topological entity constructed from a itigle vertex, or by stringing together con-
riented) edges, or linear segments begifining and ending at the same vertex. A loop
hsionality 0 or 1. The domain of a (~dimensional loop is a single point. The domain of
isional loop is a connected, oriented curve, but need not be a manifold. As the loop is
he location of its beginning/ending point is arbitrary. The domain of the loop includes
s,and 0 < E < oo.

represented by a‘single vertex, or by an ordered collection of oriented_edges, or by
d collection of peints.

a graph;\so M and the graph genus G' may be determined by the graph traversal
. SinceeM = 1, the Euler equation (1) reduces in this case to

V-&)-(1-G6Y=0 (4)

where V and £} are the number of unique vertices and oriented edges in the loop and G! is the
genus of the loop.

EXPRESS specification:

*)

ENTITY loop
SUPERTYPE OF (ONEOF(vertex_loop, edge_loop, poly_loop))
SUBTYPE OF (topological_representation_item);
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END_ENTITY;
(*

Informal propositions:

IP1: A loop has a finite, or, in the case of the vertex_loop, zero extent.

IP2: A loop describes a closed (topological) curve with coincident start and end vertices.

5.4.11 vertex_loop

A vertex_loop is a loop of zero genus consisting of a single vertex. A*vertex |can exist
independently of a vertex_loop. The topological data shall satisfy thefolowing congtraint:

— Equation (4) (see 5.4.10) shall be satisfied

I(L{V}-1=0

EXPRESS specification:

*)

ENTITY vertex_loop
SUBTYPE OF (loop);
loop_vertex : vertex;

END_ENTITY;

(*

Attribute definitions:

loop_vertex: The vertex which defines the entire loop.

Informal propositions:

IP1: A vertex_loop has zero extent and dimensionality.

IP2: The vertex loop has genus 0.

5.4.12 < edge_loop

An_edge_loop is a loop with nonzero extent. It is a path in which the start and end vertices
are the same. Its domain, if present, is a closed curve. An edge_loop may overlap itself.

pmh vk ahate mbal

o .
EXPRESS specification:

*)
ENTITY edge_loop
SUBTYPE OF (loop,path);
DERIVE
ne : INTEGER := SIZEOF(SELF\path.edge_list);
WHERE
WR1: (SELF\path.edge_list[1].edge_start) :=:
(SELF\path.edge_list[ne].edge_end);
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END_ENTITY;
(*

Attribute definitions:

ne: The number of elements in the edge list of the path supertype.
Formal propositions:

WRl: ‘:.. & e e S e ot e—s-1-a- S
This ensufres that the path is closed to form a loop.

Informal propositions:

IP1: Th¢ genus of the edge_loop shall be 1 or greater.

IP2: Thq Euler formula (see equation (4) shall be satisfied:

(number of vertices) + genus — (number of edges) = 1

IP3: Noledge may be referenced more than once by the same edgédoop with the same ori-
entation

5.4.13| poly_loop

A poly_lpop is a loop with straight edges bounding.a'planar region in space. A poly_loop
is a loop|of genus 1 where the loop is represented by~an ordered coplanar collection of points
forming the vertices of the loop. The loop is composed of straight line segments joining a point
in the collection to the succeeding point in the\éollection. The closing segment is from the last to
the first goint in the collection. The direction of the loop is in the direction of the line segments.
Unlike the edge_loop entity, the edges of the poly_loop are implicitly defined by the polygon
points.

NOTE ~ This entity exists prifiarily to facilitate the efficient communication of faceted B-rep mod-
els.

A poly_lpop shall conformfe the following topological constraints:

— The loop has a‘génus of one.

— Hquation{4) (see 5.4.10) shall be satisfied
((LH{VH = [(L){ES] =0

EXPRESS specification:
*)
ENTITY poly_loop
SUBTYPE OF (loop,geometric_representation_item);
polygon : LIST [3:7] OF UNIQUE cartesian_point;
END_ENTITY;
(*
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Attribute definitions:

polygon: List of points defining the loop. There are no repeated points in the list.

Informal propositions:

IP1: All the points in the polygon defining the poly_loop shall be coplanar.

IP2: The implicit edges of the poly_loop shall not intersect each other. The implicit edges are
the straight lines joining consecutive points in the polygon.

NOTE - The polyloop has vertices and oriented_edges which are implicitly createdyIf] for exam-
ple, A and B are consecutive points in the polygon list, there is an implicit oriented dge from
vertex point A to vertex point B with orientation value TRUE. It is assumed that when|the higher
level entities such as shell and B-rep require checks on edge usage that this check will redognise, for
example, a straight oriented edge from point B to point A with orientationh TRUE as gqual to an
oriented edge from A to B with orientation FALSE.

5.4.14 face_bound

A face_bound is a loop which is intended to be used for beunding a face.
EXPRESS specification:
*)
ENTITY face_bound
SUBTYPE OF(topological_representation_itém);

bound : loop;
orientation : BOOLEAN;
END_ENTITY;
(*

Attribute definitions:

bound: The loop whichtwill be used as a face boundary.

orientation: This ‘indicates whether (TRUE), or not (FALSE) the loop has the same sense
when used to heund the face as when first defined. If orientation is FALSE, the senses of all
its component oriented edges are implicitly reversed when used in the face.

5.4,15- face_outer_bound

A\face_outer_bound is a special subtype of face_bound which carries the additional semantics
of defining an outer boundary on the face. No more than one boundary of a face shall be of

this type.

EXPRESS specification:
*)
ENTITY face_outer_bound
SUBTYPE OF (face_bound);
END_ENTITY;
(*
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5.4.16 face

A face is a topological entity of dimensionality 2 corresponding to the intuitive notion of a piece
of surface bounded by loops. Its domain, if present, is an oriented, connected, finite 2-manifold
in R™. A face domain shall not have handles, but it may have holes, each hole bounded by
a loop. The domain of the underlying geometry of the face, if present, does not contain its
bounds, and 0 < & < co. A face is represented by its bounding loops, which are defined as
face_bounds. A face shall have at least one bound, and the bounds shall be distinct and sha
not intersect. One loop is optionally distinguished, using the face_outer_bound subtype, as
the “outet” loop of the face. If so, it establishes a preferred way of embedding the face domaii
in the plahe, in which the other bounding loops of the face are “inside” the outer loop. Because
the face domain is arcwise connected, no inner loop shall contain any other loop. This i§ true
regardless of which embedding in the plane is chosen.

A geometfic surface may be associated with the face. This may be done explicitl§ through the
face_surface subtype, or implicitly if the faces are defined by poly_loops. Jn the latter case,
the surfade is the plane containing the points of the poly_loops. In eithef case, a topological
normal nfis associated with the face, such that the cross productn x ¢ poitits toward the interior
of the fac¢, where t is the tangent to a bounding loop. That is, each laop Tuns counter-clockwise
around tHe face when viewed from above, if we consider the normaln to point up. Each loop
is associafed through a face_bound entity with a Boolean flag ‘to signify whether the loop
direction fs oriented correctly with respect to the face norma}{TRUE) or should be reversed

(FALSE).

For a fac¢ of the subtype face_surface, the topological normal n is defined from the normal
of the undlerlying surface, together with the Boolean“dttribute same_sense, and this in turn,
determines on which side of the loop the face interior lies, using the cross-product rule described
above. THe situation is different for a face on-an implicit planar surface, such as one defined by
poly_loops, which has no unique surface normal. Since the face and its bounding loops lie in
a plane, the outer loop can always be founid’ without ambiguity. Since the face is required to be
finite, the|face interior must lie inside the outer loop, and outside each of the remaining loops.
These conditions, together with thé specified loop orientations, define the topological normal n
using the [cross-product rule described above. All poly_loop orientations for a given face shall
produce the same value for u;

The edgeq and vertices reférenced by the loops of a face form a graph, of which the individual
loops are the connected-¢c6mponents. The Euler equation (1) for this graph becomes:

L
(V=€) - (L=3(G) =0 (5)

where G! is the graph genus of the ’th loop.
More specifically, the following topological constraints shall be met:

— The loops are unique

(F){L} = (F)[L]

— In the list ((F)[L])[E] an individual edge occurs no more than twice.
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— Each oriented_edge shall be unique

((IDLEY = (F)L)IE]

— Equation (5) shall be satisfied

1994(E)

[((OZDIEDIVIH A+ DAV = I(EEDLEY - [(F)L)[ + )G =0

EXPRESS specification:

*)
ENTITY face
SUPERTYPE OF (ONEOF (face_surface, subface, oriented_face))
SUBTYPE OF (topological_representation_item);
bounds : SET[1:7?] OF face_bound;
WHERE
WR1: NOT (mixed_loop_type_set(list_to_set(list_faceclodps(SELF))));
WR2: SIZEOF(QUERY(temp <* bounds | ’TOPOLOGY_SCHEMA, FACE_OUTER_BOUND’ IN
TYPEOF (temp))) <= 1;

END_ENTITY;
(*

Attribute definitions:

bounds: Boundaries of the face; no more'than one of these shall be a face_outer_t

NOTE - For some types of closed or partially closed surfaces, it may not be possible to
unique outer bound.

Formal propositions:

WR1: If any loop of thelface is a poly loop, all loops of the face shall be poly loops.

WR2: At most, one.of the bounds shall be of type face_outer_bound.

Informal propoSitions:

IP1: No edge-shall be referenced by the face more than twice, or more than once in
direction

IP2:Distinct face_bounds of the face shall have no common vertices.

sound.

identify a

the same

IP3: If geometry is present. distinct loops of the same face shall not intersect

IP4: The face shall satisfy the Euler equation (see equation (5)
): (number of vertices) — (number of edges) — (number of loops) + (sum of genus for
0.

IP5: Each loop referred to in bounds shall be unique.

loops) =
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5.4.17 face_surface

A face_surface is a subtype of face in which the geometry is defined by an associated surface.
The portion of the surface used by the face shall be embeddable in the plane as an open disk,
possibly with holes. However, the union of the face with the edges and vertices of its bounding

]nnnc npoﬂ not he embeddable in the n] ne. It mav *Fnr nvamn]p cover an en ntire sphere or torus
De em dable 1n the ne. 1 alr re orus.

[94w1 0% U oLy it CLvii© o pus Vi v

As both a face and a geometric surface have defined normal dlrectlons a Boolean flag (the

e iy
T WITCUITCT re-SHFtate—Horar wblu\,u Wt \NESE AV = B A 15

orientatiop—teHrrretesed—totdtentewhetherthesela & with ’"'“DT”’\
A

1

ALSE) the face normal direction. The geometry associated with any component of

the loops jof the face shall be consistent with the surface geometry, in the sense that the domains
of all the|vertex

opposed o (

1ts and nr]o“n curves are contained in the face o‘pnmph‘v surface. A sunface

D
may be r¢ ferencel(;l by more than one face_surface.
EXPRESY specification:
*)
ENTITY face_surface
SUBTYRE OF (face,geometric_representation_item);

face_geometry : surface;
same_gense : BOOLEAN;
END_ENTITY;

(*

Attribute] definitions:

face_geometry: The surface which defines the internal\shape of the face. This surface may be
unboundqd. The domain of the face is defined by $lis surface and the bounding loops in the
inherited [attribute SELF'\face.bounds.

same_sehse: This flag indicates whether the’sense of the surface normal agrees with (TRUE),
or opposds (FALSE), the sense of the topological normal to the face.

Informal propositions:

IP1: Th¢ domain of the face_surface is formally defined to be the domain of its
face_geometry as trimmed-by/the loops, this domain does not include the bounding loops.

IP2: A fhace_surface Has nonzero finite extent.
IP3: A face_surface is a manifold.

IP4: A fpcé surface is arcwise connected.

IP5: A face_surface has surface genus 0.
IP6: The loops are not part of the face domain.

IP7: Loop geometry shall be consistent with face geometry. This implies that any edge_curves
or vertex_points used in defining the loops bounding the face_surface shall lie on the face_-
geometry.

IP8: The loops of the face shall not intersect.
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5.4.18 oriented_face

An oriented_face is a subtype of face which contains an additional orientation Boolean flag to
indicate whether, or not, the sense of the oriented face agrees with its sense as originally defined
in the face element.

EXPRESS specification:
*)

BEMNTITY . PR -]
TNTIT! OrIrenoea_Iace

SUBTYPE OF (face);
face_element : face;
orientation : BOOLEAN;
DERIVE
SELF\face.bounds : SET[1:?] OF face_bound
:= conditional_reverse(SELF.orientation,SELF.face_element’ bounds);

WHERE

WR1: NOT (’TOPOLOGY_SCHEMA.ORIENTED_FACE’ IN TYPEOF (SELF-face_element));
END_ENTITY;
(*

Attribute definitions:

face_element: Face entity used to construct this eriented_face.

orientation: The relationship of the topological orientation of this entity to that of the
face_element. If TRUE, the topological etientation as used coincides with the orienfation of
the face_element.

bounds: The bounds of the orientéd_face are derived from those of the face_elemént after
taking account of the orientation-which may reverse the direction of these bounds.

Formal propositions:

WR1: The face_element shall not be an oriented_face.

5.4.19 subface

A subface)is’a portion of the domain of a face, or another subface.

The topglogical constraints on a subface are the same as on a face.
EXPRESS specification:
*)
_E'NHY pubfqbc
SUBTYPE OF (face);
parent_face : face;
WHERE
WR1: NOT (mixed_loop_type_set(list_to_set(list_face_loops(SELF)) +
list_to_set(list_face_loops(parent_face))));

END_ENTITY;
(*
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Attribute definitions:

parent_face: The face, (or subface) which contains the subface being defined by SELF\face.bounds.

Informal propositions:

IP1: The domain of the subface is formally defined to be the domain of the parent face, ag
trimmed |by the loops of the subface
IP2: Alll loops of the subface shall be contained in the union of the domain of the parent face

and the lomains of the parent face’s bounding loops.

5.4.20

A conne
bounding

EXPRES,

connected_face_set

cted_face_set is a set of faces such that the domain of the fates together with their
edges and vertices is connected.

5 specification:

*)
ENTITY
SUPER
SUBTY]
cfs_f1
END_ENT]
(*

Attribut.

connected_face_set

TYPE OF (ONEOF (closed_shell, open_shell))
PE OF (topological_representation_item);
aces : SET [1:7?] OF face;

ITY;

b definitions:

cfs_faces: Set of faces arcwise connected along common edges or vertexs.

Informal

propositions:

IP1: Thie union of the domains of the faces and their bounding loops shall be arcwise connected.

5.4.21

A verte;
unique.

vertexishell

k_shell\is a shell consisting of a single vertex loop. A vertex_shell_extent shall be

A vertes

Kx_1o0p can only be used by a single vertex_shell.

A vertex_loop can exist independently of a vertex_shell.
EXPRESS specification:

*)
ENTITY vertex_shell
SUBTYPE OF (topological_representation_item);
vertex_shell_extent : vertex_loop;
END_ENTITY;
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Attribute definitions:

1994(E)

vertex_shell_extent: Single vertex_loop which constitutes the extent of this type of shell.

IP2: The genus of a vertex_shell is 0.

5.4.22 wire_shell

A wire_shell is a shell of dimensionality 1. A wire shell can be regarded as a graph cq
of vertices and edges. However, it is not represented directly as asgraph, but indire

3 d ed f +h 1 +hat +tho o
set of loops. It is the union of the vertices and edges of these-leops that form the g1

domain of a wire shell, if present, is typically not a manifold.
Two restrictions are placed on the structure of a wire shell.

a) The graph as a whole shall be connected.

1

b) Each edge in the graph shall be referenced exactly twice by the set of loops|

NOTES
1 — Two main applications of wire shells are contemplated.

2 - Any connected graph can‘be written as a single loop obeying condition (b) by using
traversal algorithm. Such a‘graph may serve as a bound for a region.

3 — The set of loops«referenced by the faces of a closed shell automatically obey conditi
need not be conneéted. However, the faces of a closed shell can always be subdivided in
that their loops form a connected graph, and hence a wire shell. Thus, wire shells can rej
“one-dimengional skeleta” of closed shells.

Writing G*.for the graph genus, and setting the number of connected components M
Euler graph/equation (1) becomes:

(V-6 -(1-G¥) =0

nstructed
ctly, as a

anh  MTha
apil. 11

the graph

n (b), but
uch a way
resent the

1 =1, the

(6)

More specifically, the following topological constraints shall be met:

— The loops shall be unique

(SNLY = (5)[L]

— Each edge shall either be referenced by two loops, or twice by a single loop. That is, in

the list ((S*)[L])[F], each edge appears exactly twice.

[((S)LDIEN = 2((S)LDLEY
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— Each oriented edge shall be unique.

((SUEDLEY = ((SY)L]IE]

— Equation (6) shall be satisfied

EXPRESS

[((SOEDLEDVH = [((S)LD{EY - 1+ G¥ =0

kpecification:

*)
ENTITY w
SUBTYP

ire_shell
B OF (topological_representation_item);

wire_sHell_extent : SET [1:?] OF loop;

WHERE

WR1: NQT mixed_loop_type_set(wire_shell_extent);

END_ENTI
(*

Attribute

TY;

definitions:

wire_shel]_extent: List of loops defining the shell.

Formal pr

positions:

WR1: THe loops making up the wire shell shall not be asmixture of poly_loops and other loop

types.

Informal pfropositions:

IP1: The

IP2: The

wire_shell has dimensionality 1.

extent of the wire_shell is_finite and greater than 0.

IP3: Eacl edge appears precisely\twice in the wire shell with opposite orientations.

IP4: The

IP5: The
vertexs.

5.4.23

Euler equation shall’be satisfied.

loops defining the wire_shell_extent do not intersect except at common edges or

open_shell

An open_shell is a shell of dimensionality 2. Its domain, if present, is a finite, connected,
oriented, 2-manifold with boundary, but is not a closed surface. It can be thought of as a
closed_shell with one or more holes punched in it. The domain of an open shell satisfies

0< &<

0o. An open shell is functionally more general than a face because its domain can

have handles.

The shell is defined by a collection of faces, which may be oriented_faces. The sense of each

face, after
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The orientation can be supplied directly as a Boolean attribute of an oriented_face, or be

defaulted to TRUE if the shell member is a face without the orientation attribute.

The following combinatorial restrictions on open shells and geometrical restrictions on their
domains are designed, together with the informal propositions, to ensure that any domain asso-

ciated with an open shell is an orientable manifold.

— FEach face reference shall be unique.

— An open _shell shall have at least one face.

— A given face may exist in more than one open_shell.

The boundary of an open shell consists of the edges that are referenced '6nly once
face_bounds (loops) of its faces, together with all of their vertices. The-domain of
shell, if present, contains all edges and vertices of its faces.

NOTE - Note that this is slightly different from the definition of-a face domain, which

none of its bounds. For example, a face domain may exclude an dseldted point or line segn
open shell domain may not. (See the algorithm for computingi3 below.)

The surface genus and topological normal of an open shéll are those that would be g
by filling in the holes in its domain to produce a closed shell. The topological normal
be derived from the face normals after taking accouit of their orientation. The followir

by the
hn open

includes
hent. An

btained
ran also
1g Fuler

eqnahnn 1s satisfied bv open Shens. I“g 18 the most crnnoral fgrm Of Euler equation for con nocted

uuuuuuuuuuuuuuuu by op gerier equation for ¢
orientable surfaces.

(V-E—Li+2F)=(2-2H-B)=0

where V, &, L;, F are, respectively, the nambers of distinct vertices, edges, face boun
faces, H is the surface genus, and B.js"the number of holes. B can be determined direc
the graph of edges and vertices defining the bounds of the face, in the following manne

— Delete all edges from the graph that are referenced twice by the face bounds of f
— Delete all verticesithat have no associated edges.

— Compute B the genus of the resulting graph.

If known a prieri,-the surface genus H may be used to check equation (7) as an exact ¢
Typically, tKisWwill not be the case, so equation (7) or some equivalent formulation
used to compute the genus. Since H shall be a non-negative integer, this leads to the f
inequality, a necessary condition for well-formed open shells.

Y — & — L;+ B shall be even and <2 —-2F

uuuuuuu U,

(7)
ds, and
ly from
r:

he face.

quality.
shall be
bllowing

(8)

Specifically, the following topological constraints shall be met:

— FEach face in the shell is unique

(SO{F} = (57)[F]

— FEach face bound in the shell is unique

((SOFD{LG = (S°)FDIL]
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Each oriented_edge in the shell is unique

(SOEDILPAES = (SOEDILD £

In the list (((S°)[F))[Li])[E] there is at least one edge that only appears once and no

edges appear more than twice; the singleton edges are on the boundary of the shell.

f'he Luler condition (&), and equation () shall De satislied

I((CCSOEDALIPAEDAVH + [((CSOFEDALTIAVH = I((SOFDILD{ES
— |((SOIFD[Li)| + B is even and < 2 — 2|(S°)[F]|

2-2H-B = [(SOEDLLIODLEDLVH + [(((SOEFEDLLYH{VH
=I((SOEDILLEH = ((SOIFDIL] + 2/ (SF]]

EXPRESE specification:

*)
ENTITY ppen_shell
SUBTYPE OF (connected_face_set);
END_ENT|ITY;
(*

Attribute definitions:

SELF\connected _face_set.cfs_faces: The set-of faces, which may include oriented_faces,
which mpke up the open_shell.

Informal| propositions:

IP1: Every edge shall be referenced sat least once, but no more than twice by the loops of the

faces.

IP2: Eafch oriented_edge réference shall be unique.

IP3: N edge may begeferenced by more than two faces.

IP4: Distinct facesof the shell do not intersect, but may share edges, or vertices.

IP5: Disgtintt ‘edges do not intersect, but may share vertices.

IP6: The Euler equation shall be satisfied.

IP7: The open_shell shall be an oriented arcwise connected 2-manifold.

IP8: The open_shell shall contain at least one hole.

IP9: The topological normal to each face of the open_shell shall be consistent with the topo-
logical normal to the open_shell.
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5.4.24 oriented_open_shell

An oriented_open_shell is a open_shell constructed from another open_shell and contains a,
Boolean direction flag to indicate whether or not the orientation of the constructed open_shell
agrees with the orientation of the original open_shell. Except for perhaps orientation, the
oriented_open_shell is equivalent to the original open_shell.

EXPRESS specification:

*)
ENTITY oriented_open_shell
SUBTYPE OF (open_shell);
open_shell_element : open_shell;
orientation : BOOLEAN;
DERIVE
SELF\connected_face_set.cfs_faces : SET [1:?] OF face
:= conditional_reverse(SELF.orientation
SELF.open_shell( element.cfs_faces) |
WHERE
WR1: NOT (°’TOPOLOGY_SCHEMA.ORIENTED_OPEN_SHELL’
IN TYPEOF (SELF.open_shell_element)),;
END_ENTITY;
(*

Attribute definitions:

open_shell_element: The open shell whichdefines the faces of the oriented_open]shell.

orientation: The relationship between the orientation of the oriented_open_shell |[being de-
fined and the open_shell_element referenced.

cfs_faces: The set of faces for the oriented _open_shell, obtained from those of the
open_shell_element after possibly reversing their orientation.

Formal propositions;

WR1: The type/of open_shell_element shall not be an oriented_open_shell.

5.4.25 <closed_shell

A clesed shell is a shell of dimensionality 2 which typically serves as a bound for afregion in
R¥SA closed shell has no boundary, and has non-zero finite extent. If the shell has |a domain
with coordinate space RS, it divides that space into two connected regions, one finitp and the

other infinite In this case, the fnpn]ngqra] normal aof the chell ic r]nﬁnnr] ac kning dil“‘"ted from
the finite to the infinite region.

The shell is defined by a collection of faces, which may be oriented_faces. The sense of each
face, after taking account of the orientation, shall agree with the shell normal as defined above.
The orientation can be supplied directly as a Boolean attribute of an oriented face, or be
defaulted to TRUE if the shell member is a face without the orientation attribute.

The combinatorial restrictions on closed shells and geometrical restrictions on their domains
ensure that any domain associated with a closed shell is a closed, orientable manifold. The
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domain of a closed shell, if present, is a connected, closed, oriented 2-manifold. It is always
topologically equivalent to an H-fold torus for some H > 0. The number H is referred to as
the surface genus of the shell. If a shell of genus H has a domain with coordinate space R>, the
finite region of space inside it is topologically equivalent to a solid ball with H tunnels drilled
through it.

The surface Euler equation (7) applies with B = 0, because in this case there are no holes. As
in the case of open_shells, the surface genus H may not be known a priori, but shall be an

integer > 0. Thus a necessary, but not sufficient, condifion for a well-Tormed closed shell 1s the
following:
Y — & — L; shall be even and <2 - 2F (9)

Specifically, the following topological constraints shall be satisfied:

— Ehch face in the shell is unique

(SHF} = (59)[F]

— Ehpch face bound in the shell is unique

((SOEDLLY = ((S)FDIL]

— Epch oriented_edge in the shell is unique

((SOEDILDLES = (SOIFDIL)E]

— Epch edge in the shell is either used by exactly two face bounds or is used twice by one
face bpund

[(((SOEDILDAES] = 21(((SOEDILD{EY
That i, in the list (((S¢)[F])[L ][] each edge appears exactly twice.

— The Euler conditions (9), or optionally (7) shall be satisfied

220 S [(((SOEDILIEDAEDIVIH + ISOEDILI DV H
=|((CSOEFEDILDLE = I(SOEDIL] + 2[(S)F]

[((CEIEDILTDAEDAVH + ICCSEDILT IV = IS EDLLG )LD
— [(($)[FD)L)]| is even and < 2 — 2|(5)[F]]

EXPRESS specification:

*)
ENTITY closed_shell
SUBTYPE OF (connected_face_set);
END_ENTITY;
(*
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Attribute definitions:

SELF\connected_face_set.cfs_faces: The set of faces, including oriented faces which define
the closed_shell.

Informal propositions:

IP1: Every edge shall be referenced exactly twice by the loops of the faces.

IP2: Fach oriented pﬂgp reference shall he unigue

IP3: No edge shall be referenced by more than two faces.

IP4: Distinct faces of the shell do not intersect, but may share edges, or vertices.
IP5: Distinct edges do not intersect, but may share vertices.

IP6: Each face reference shall be unique.

IP7: The loops of the shell shall not be a mixture of poly-loops and other loop tyges.
IP8: The closed_shell shall be an oriented arcwise _cénnected-manifold.
IP9: The Euler equation shall be satisfied.

IP10: The topological normal to each face of the closed_shell shall be consistent with the
topological normal to the closed_shell.\This implies that the topological normal to each face,
after taking account of orientation, if\present, shall point from the finite region boundefl by the
closed_shell into the infinite region outside.

5.4.26 oriented._closed _shell

An oriented_closed'shell is a closed_shell constructed from another closed_shell @nd con-
tains a Boolean iorientation flag to indicate whether or not the orientation of the conlstructed
closed_shell agrees with the orientation of the original closed_shell. The oriented_clpsed _shell
is equivalenfito the original closed_shell but may have the opposite orientation..

EXPRESS specification:

*)
ENTITY oriented_closed_shell
SUBTYPE OF (closed_shell);
— CloSed_SHNeIl_element . closed_Sherlrl;
orientation : BOOLEAN;
DERIVE
SELF\connected_face_set.cfs_faces : SET [1:?] OF face
:= conditional_reverse(SELF.orientation,

SELF.closed_shell_element.cfs_faces);

WHERE
WR1: NOT (’TOPOLOGY_SCHEMA.ORIENTED_CLOSED_SHELL’
IN TYPEOF (SELF.closed_shell_element));
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END_ENTITY;
(*

Attribute definitions:

closed_shell_element: The closed shell which defines the faces of the oriented_closed_shell.

orientation: The relationship between the orientation of the oriented_closed_shell being

defined ajnd the closed_shell_element referenced.

cfs_faceg: The set of faces for the oriented_closed _shell, obtained from those of the
closed_slhell_element after possibly reversing their orientation.

Formal propositions:

WR1: The type of closed_shell_element shall not be an oriented_closed _shell.

5.4.27 connected _edge _set

A connegcted_edge_set is a set of edges such that the domain of thé edges together with their
bounding vertices is arcwise connected.
EXPRESF specification:
*)
ENTITY konnected_edge_set
SUBTYPE OF (topological_representation_item);
ces_efdges : SET [1:7] OF edge;
END_ENTITY;
(*

Attribute¢ definitions:

ces_edges: Set of edges arcwise onnected at common vertexs.

Informal [propositions:

IP1: The dimensionality of the connected_edge_set is 1.

IP2: The domains of the edges of the connected _edge_set shall not intersect.

5.5 tiopology schema function definitions

5.5.1 —conditional reverse

Depending on its first argument, this function returns either the input topology unchanged or
a copy of the input topology with its orientation reversed.

EXPRESS specification:
*)
FUNCTION conditional_reverse (p : BOOLEAN;
an_item : reversible_topology)
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: reversible_topology;
IF p THEN
RETURN (an_item);
ELSE
RETURN (topology_reversed (an_item));
END_IF;
END_FUNCTION;
(*

Argument definitions:

p: (input) A Boolean value indicating whether or not orientation reversal is required}.

an_item: (input) An item of topology which can be reversed if required!

5.5.2 topology reversed

This function returns topology equivalent to the input topelogy except that the orie

reversed.
EXPRESS specification:
*)

FUNCTION topology_reversed (an_item : reversible_topology)
: reversible_topology;

IF (’TOPOLOGY_SCHEMA.EDGE’ IN TYPEOF (an_item)) THEN
RETURN (edge_reversed (an_item));
END_IF;

IF (’TOPOLOGY_SCHEMA.PATHY IN TYPEOF (an_item)) THEN
RETURN (path_reversed—(an_item));
END_IF;

IF (’TOPOLOGY_SCHEMA.FACE_BOUND’ IN TYPEOF (an_item)) THEN
RETURN (fate) bound_reversed (an_item));
END_IF;

IF (¥TOPOLOGY_SCHEMA.FACE’ IN TYPEOF (an_item)) THEN
RETURN (face_reversed (an_item));
END) IF;

IF (’TOPOLOGY_SCHEMA.SHELL’ IN TYPEOF (an_item)) THEN
RETURN (shell reversed (an_item));

END_IF;

IF (’SET’ IN TYPEOF (an_item)) THEN
RETURN (set_of_topology_reversed (an_item));
END_IF;

IF (’LIST’ IN TYPEOF (an_item)) THEN
RETURN (list_of_topology_reversed (an_item));

ntation is
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END_IF;
RETURN (?);
END_FUNCTION;
(*
Argument definitions:
an_item: [{imput) AT ttem of Teversible topotogy whith s totrave tts orrentatior Teversed:
: (output] A topological_representation_item which is the result of reversing the orientation
of an_iten
5.5.3 |edge_reversed
This funcfion returns an edge equivalent to the input edge except that.the orientation is
reversed.
EXPRESS|specification:
*)
FUNCTION edge_reversed (an_edge : edge) : edge;
LOCAL
the_[reverse : edge;
END_LOCAL;
IF (’TOPOLOGY_SCHEMA.ORIENTED_EDGE’ IN TYPEOR {an_edge) ) THEN
the_Jreverse := oriented_edge(an_edge\oriented_edge.edge_element,
(NOT (an_edgeNoriented_edge.orientation)));
ELSE
the |reverse := oriented_edge (an_edge, FALSE);
END_IH;
RETURN (the_reverse);
END_FUN(QTION;
(*
Argumen{ definitions:
an_edge:| (input) Theledge which is to have its orientation reversed.
the_revefse: (output) The result of the orientation reversal.
5.5.4 path_reversed

This function returns a path equivalent to the input path except that the orientation is reversed.

EXPRESS specification:

*)

FUNCTION path_reversed (a_path :

LOCAL

the_reverse :
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END_LOCAL;

IF (’TOPOLOGY_SCHEMA.ORIENTED_PATH’ IN TYPEOF (a_path) ) THEN
the_reverse := oriented_path(a_path\oriented_path.path_element,
(NOT (a_path\oriented_path.orientation)));
ELSE
the_reverse := oriented_path (a_path, FALSE);
END_IF;

RETURN (the_reverse);
END_FUNCTION;
(*

Argument definitions:

a_path: (input) The path which is to have its orientation reversed.

the_reverse: (output) The result of the orientation reversal.

5.5.5 face_bound_reversed

This function returns a face_bound equivalent to-the input face_bound except that the ori-
entation is reversed.

EXPRESS specification:
*)

FUNCTION face_bound_reversed (a_face bound : face_bound) : face_bound;
LOCAL
the_reverse : face_bound;
END_LOCAL;

IF (’TOPOLOGY_SCHEMA \FACE_OUTER_BOUND’ IN TYPEOF (a_face_bound) ) THEN
the_reverse := fage_bound(a_face_bound\face_bound.bound,
(NOT (a_face_bound\face_bound.orientation)));

ELSE
the_reverse’:= face_bound(a_face_bound.bound,
(NOT (a_face_bound.orientation)));
END_IF;

RETURN (the_reverse);
ENDOFUNCTION;
(*

Argument definitions:

a_face_bound: (input) The face_bound which is to have its orientation reversed.

the_reverse: (output) The result of the orientation reversal.
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5.5.6 face_reversed

This function returns a face equivalent to input face except that the orientation is reversed.

*)
FUNCTION face_reversed (a_face :
LOCAL

the_reverse - face,

END_LPCAL;

IF (’[rOPOLOGY_SCHEMA.ORIENTED_FACE’ IN TYPEOF (a_face) ) THEN
the| reverse := oriented_face(a_face\oriented_face.face_element,
(NOT (a_face\oriented_face.orientation)));
ELSE
the| reverse := oriented_face (a_face, FALSE);
END_IfF;

RETU (the_reverse);
END_FUNCTION;
(*

Argumer|t definitions:

a_face: [input) The face which is to have its orientation réversed.

the_reverse: (output) The result of the orientation teversal.

5.5.7 | shell reversed

This fungtion returns a shell equivalent to-the input shell except that the orientation is reversed.
EXPRESP specification:

*)
FUNCTION shell_reversed (a—shell : shell) : shell;
LOCAL
the| reverse : shellsj
END_LIOCAL;

IF (’[TOPOLOGY_SCHEMA.ORIENTED_OPEN_SHELL’ IN TYPEOF (a_shell) ) THEN
thel reverse := oriented_open_shell(

a_shell\oriented_open_shell.open_shell_element,
(NOT (a_shellloriented_open_shell.orientation)));

ELSE
IF (’TOPOLOGY_SCHEMA.OPEN_SHELL’ IN TYPEOF (a_shell) ) THEN
the_reverse := oriented_open_shell (a_shell, FALSE);

ELSE
IF (’TOPOLOGY_SCHEMA.ORIENTED_CLOSED_SHELL’ IN TYPEOF (a_shell) ) THEN
the_reverse := oriented_closed_shell(
a_shell\oriented_closed_shell.closed_shell_element,
NOT(a_shell\oriented_closed_shell.orientation));
ELSE
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IF (’TOPOLOGY_SCHEMA.CLOSED_SHELL’ IN TYPEOF (a_shell) ) THEN
the_reverse := oriented_closed_shell (a_shell, FALSE);

ELSE
the_reverse := 7;

END_IF;

END_IF;
END_IF;
END_IF;

RETURN (the_reverse);
END_FUNCTION;
(*

Argument definitions:

a_shell: (input) The shell which is to have its orientation reversed;

the_reverse: (output) The result of the orientation reversal.

5.5.8 set_of topology_reversed

This function returns a set of topology equivalent to the input set of topology excepf]
orientation of each element of the set is reversed.

EXPRESS specification:

*)

FUNCTION set_of_topology_reversed (a_set : set_of_reversible_topology_item)
: set_of_reversible_topology_item;

LOCAL
the_reverse : set_of_reversible_topology_item;
END_LOCAL;

the_reverse := []§
REPEAT i := 1 TO_SIZEOF (a_set);

the_reverse := the_reverse + topology_reversed (a_set [i]);
END_REPEAT;

RETURN )(the_reverse);
END_FUNCTION;
(*

Argument definitions:

a_set: (input) The set of topology items which are to have their orientation reversed.

the_reverse: (output) The result of the orientation reversal.

that the
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5.5.9

list_of_topology _reversed

This function returns a list of topology equivalent to the input list of topology except that the
orientation of each element of the list is reversed and the order of the elements in the list is

reversed.

EXPRESS specification:

*)
FUNCTIO

LOCAL
the
END_L

the_r
REPEA

the
END_R

N list_of_topology_reversed (a_list
: list_of_reversible_topology_item)
: list_of_reversible_topology_item;

| reverse : list_of_reversible_topology_item;

DCAL;

everse := [];

' i := 1 TO SIZEOF (a_list);

| reverse := topology_reversed (a_list [i]) + the_reverse;
EPEAT ;

RETURN (the_reverse);
END_FUNCTION;

(*

Argument definitions:

alist: (
reversed.

nput) The list of topology items which afé to have their orientation and list order

the_reverse: (output) The result of the grienitation and order reversal.

5.5.10

This fun
two choi

boolean_choose

Ftion returns one of two.choices depending the value of a Boolean input argument. The
es are also input.arguments.

EXPRESE specifications

*)
FUNCTIC

IF b

N boolean)choose (b : boolean;
chéicel, choice2 : generic) : generic;

THEN

RE
ELSE

URN (choicel);

RETURN (choice2);
END_IF;
END_FUNCTION;

(*

Argument definitions:
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b: (input) The Boolean value used to select the element choicel (TRUE) or choice2 (FALSE).

choicel: (input) The first item which may be selected.

choice2: (input) The second item which may be selected.

5.5.11 path _head _to_tail

This function returns TRUE if for the edges of the input path, the end vertex of-eaq
the same as the start vertex of its successor.

EXPRESS specification:

*)
FUNCTION path_head_to_tail(a_path : path) : LOGICAL;
LOCAL
n : INTEGER;
p : LOGICAL := TRUE;
END_LOCAL;
n := SIZEOF (a_path.edge_list);
REPEAT i := 2 TO n;
P := p AND (a_path.edge_list[i-1].edge’end :=:
a_path.edge_list[i].edge. start);
END_REPEAT;
RETURN (p);
END_FUNCTION;
(*

Argument definitions:

a_path: (input) The pathfor which it is required to verify that its component edges are
consecutively head-to-tail.

p: (output) AFOGICAL variable which is TRUE if all edges in the path join head

5.5.12< list_face_loops

Given a face (or a subface), the function returns the list of loops in the face or su
EXPRESS specification:

h edge is

arranged

to-tail.

bface.

*)
FUNCTION list_face_loops(f: face) : LIST[0:?] OF loop;
LOCAL
loops : LIST[0:?] OF loop := [1;
END_LOCAL;

REPEAT i := 1 TO SIZEOF(f.bounds);
loops := loops +(f.bounds[i].bound);
END_REPEAT;
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RETURN (loops);
END_FUNCTION;
(*

Argument definitions:

f: (input) The face for which it is required to generate the list of bounding loops.

loops: (qutput) The list of loops for f.

5.5.13| list_loop_edges

Given a Joop, the function returns the list of edges in the loop.
EXPRESS specification:

*)
FUNCTION list_loop_edges(1l: loop): LIST[0:7] OF edge;
LOCAL
edges : LIST[0:7] OF edge := [];
END_LQCAL;

REPEAT i := 1 TO SIZEOF(1l\path.edge_list);
edges := edges + (1l\path.edge_list[i].edge_elément);
END |REPEAT;
END_IF;

IF ’T}POLOGY_SCHEMA.EDGE_LOOP’ IN TYPEOF(1) THEN

RETURN (edges) ;
END_FUNCTION;
(*

Argument definitions:

I: (input) The loop for which{it is required to generate the list of edges.

edges: (¢utput) The list\of edges for 1.

5.5.14| list.shell edges

Given a slhell, the function returns the list of edges in the shell.

EXPRESS specification:

*)
FUNCTION list_shell_edges(s : shell) : LIST[0:?] OF edge;
LOCAL
edges : LIST[0:?] OF edge := [];
END_LOCAL;

REPEAT i := 1 TO SIZEOF(list_shell_loops(s));
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edges := edges + list_loop_edges(list_shell_loops(s)[il);
END_REPEAT;
RETURN (edges);

END_FUNCTION;
(*

Argument definitions:

E K
Je

15 13
A8 P NS il

Given a shell, the function returns the list of faces in the shell.
EXPRESS specification:

*)
FUNCTION list_shell_faces(s : shell) : LIST[0:?]¢OF face;
LOCAL
faces : LIST[0:7?] OF face := [];

T

END_LOCAL;

IF (’TOPOLOGY_SCHEMA.CLOSED_SHELL’ IN “TYPEOF(s)) OR
(’TOPOLOGY_SCHEMA .OPEN_SHELL’. TN TYPEOF(s)) THEN
REPEAT i := 1 TO SIZEOF(s\connected_face_set.cfs_faces);
faces := faces + s\connected_face_set.cfs_faces[i];
END_REPEAT;
END_IF;

RETURN (faces) ;

END_FUNCTION;
(*

Argument définitions:

s: (input)-The shell for which it is required to generate the list of faces.

faces:” (output) The list of faces for s.

ErE 10 1
A== s m v T

Given a shell, the function returns the list of loops in the shell.
EXPRESS specification:

*)
FUNCTION list_shell_loops(s : shell) : LIST[0:?] OF loop;
LOCAL
loops : LIST[0:?] OF loop := [JI;
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END_LOCAL;

IF ’TOPOLOGY_SCHEMA.VERTEX_SHELL’ IN TYPEOF(s) THEN
loops := loops + s.vertex_shell_extent;
END_IF;

IF *TOPOLOGY_SCHEMA.WIRE_SHELL’ IN TYPEOF(s) THEN
REPEAT i := 1 TO SIZEOF(s.wire_shell_extent);

: ire shell extent [i]-

IF (’TOPOLOGY_SCHEMA.OPEN_SHELL’ IN TYPEOF(s)) OR
(’TOPOLOGY_SCHEMA . CLOSED_SHELL’ IN TYPEOF(s)) THEN
REPHAT i := 1 TO SIZEOF(s.cfs_faces);
1dops := loops + list_face_loops(s.cfs_faces[il);
END_|REPEAT;

END_IH;
RETURN(loops);

END_FUNGTION;
(*

Argument definitions:

s: (input) The shell for which it is required to generate ‘the list of loops.

loops: (qutput) The list of loops for s.

5.5.17| mixed_loop_type_set

Given a spt of loops, the function retizns TRUE if the set includes both poly_loops and other
types (edge and vertex) of loops.

EXPRESY specification:

*)
FUNCTIQN mixed_loop_type_set(l: SET[0:?] OF loop): LOGICAL;
LOCAL
i & INTEGER;
poly_loopstype: LOGICAL;
END_LLOCAL;
IF(SIZEOE(L) <= 1) THEN
RETURN (FALSE) ;

END_IF;
poly_loop_type := (’TOPOLOGY_SCHEMA.POLY_LOOP’ IN TYPEOF(1[1]));
REPEAT i := 2 TO SIZEOF(1);
IF((’TOPOLOGY_SCHEMA.POLY_LOOP’ IN TYPEOF(1[il)) <> poly_loop_type) THEN
RETURN (TRUE) ;
END_IF;
END_REPEAT;
RETURN (FALSE) ;
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END_FUNCTION;
(*

Argument definitions:

:1994(E)

I: (input) The set of loops for which it is required to determine whether, or not, it is a mixture

of poly_loops and others.

| —~FUNCTTON edge_curve pcurves (an edge : edge curve;

5.5.18 list_to_set

This function creates a SET from a LIST, the type of element for the SET-will be
as that in the original LIST.

EXPRESS specification:

*)
FUNCTION list_to_set(l : LIST [0:?] OF GENERIC:T) : SET OF-GENERIC:T;
LOCAL
s : SET OF GENERIC:T := [];
END_LOCAL;

REPEAT i := 1 TO SIZEOF(1);
s :=s + 1[i];
END_REPEAT;

RETURN(s) ;

END_FUNCTION;
(*

Argument definitions:

I: (input) The list of elements’to be converted to a set.

s: (output) The set corrésponding to l.

5.5.19 edge_curve_pcurves

This function returns the set of pcurves that are associated with (i.e., represent the
of ) anedge_curve.

EXPRESS specification:
*)

the same

geometry

the_surface_curves : SET OF surface_curve)
: SET OF pcurve;

LOCAL

a_curve . curve;

result : SET OF pcurve;

the_geometry : LIST[1:2] OF pcurve_or_surface;
END_LOCAL;

a_curve := an_edge.edge_geometry;
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result := [];

IF ’GEOMETRY_SCHEMA.PCURVE’ IN TYPEOF(a_curve) THEN
result := result + a_curve;

ELSE

IF 'GEOMETRY_SCHEMA.SURFACE_CURVE’ IN TYPEOF(a_curve) THEN
the_geometry := a_curve\surface_curve.associated_geometry;
REPEAT k := 1 TO SIZEOF(the_geometry);

IF *GEOMETRY_SCHEMA.PCURVE’ IN TYPEOF (the_geometry[k])

THEN
result := result + the_geometry[k];

END_IF;

END_REPEAT;

ELSE

REPEAT j := 1 TO SIZEOF(the_surface_curves);
the_geometry := the_surface_curves[j].associated_geometry;
[F the_surface_curves[j].curve_3d :=: a_curve
THEN

|
EN
END_
END_IF

RETURN
END_FUNC

(*

REPEAT k := 1 TO SIZEOF(the_geometry);
IF 'GEOMETRY_SCHEMA.PCURVE’ IN TYPEOF (the_geometry[k])
THEN
result := result + the_geometry[k];
END_IF;
END_REPEAT;
END_IF;
D_REPEAT;
[F;

(RESULT);
[I0ON;

Argumenft definitions:

an_edge

the_surf
pcurves

result: (|

5.5.20

(input) The edge_curve whose associated pcurves are to be found.

ce_curves: (input) The set of all surface_curves within the scope of the search for

putput) Fheset of all pcurves associated with an_edge.

vertex_point_pcurves

This function returns the set of pcurves that are associated with (i.e., represent the geometry

of) a ver

tex_point.

EXPRESS specification:

*)
FUNCTION

vertex_point_pcurves (a_vertex : vertex_point;

the_degenerates : SET OF evaluated_degenerate_pcurve)
: SET OF degenerate_pcurve;
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LOCAL
a_point : point;
result : SET OF degenerate_pcurve;

END_LOCAL;
a_point := a_vertex.vertex_geometry;
result := [];
IF ’GEOMETRY_SCHEMA .DEGENERATE_PCURVE’ IN TYPEOF(a_point) THEN
result := result + a_point;
ELSE
REPEAT j := 1 TO SIZEOF(the_degenerates);
IF (the_degenerates[j].equivalent_point :=: a_point) THEN
result := result + the_degenerates[j];
END_IF; '
END_REPEAT;
END_IF;

RETURN (RESULT);
END_FUNCTION;

(*

Argument definitions:

a_vertex: (input) The vertex_point whose associated pcurves are to be found.

the_degenerates: (input) The set of all evaluated_degenerate_pcurves within th
the search for pcurves.

result: (output) The set of all degenerate_pcurves having the same geometry as 4
EXPRESS specification:
*)
END_SCHEMA; -- end TOPOLOGY schema
(*

e scope of

|_vertex.
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6 Geo

metric models

The following EXPRESS declaration begins the geometric_model_schema and identifies the

necessary
EXPRESS

external references.

specification:

*)

SCHEMA gpometric_model_schema;
REFERENCE FROM geometry_schema;
REFERENCE FROM topology_schema;

REFERENCE FROM measure_schema(length_measure,

NOTI

1- T

top
meas

2-9S

6.1 I

The subje
communig
subtypes

shape of t

positive_length_measure,
plane_angle_measure,
plane_angle_unit,
positive_plane_angle_measure);

LS

he schemas referenced above can be found in the following Patts of ISO 10303:

ogy-schema Clause 5 of this part of ISO 10303
re.schema [SO 10303-41

geomEtry_schema Clause 4 of this part of ISO 10303
0

be annex D, figures D.16 - D.18, for a graphical presentation of this schema.

ntroduction

ct of the geometric_model schema is the set of basic resources necessary for the
ation of data describing the size, position, and shape of objects. The solid_model
brovide basic resourees, for the communication of data describing the precise size and
hree-dimensional «solid objects. The two classical types of solid model, constructive

solid geometry (CSG) andBoundary representation (B-rep) are included. Also included in this

clause ar
CSG or B

whose cap

The entit

b entities providing less complete geometric and topological information than the full
L-rep models. The use of these entities is appropriate for communication with systems
ability<differs from that of solid modelling systems.

es’In 'this schema are arranged in a logical order beginning with the solid_model

supertyp

and its various subtupes These subtupes include the different fypac of knnnr]:\ry
T T Torert

representations (B-reps) and the CSG solids. After the solid_model subtypes the surface model
entities are grouped together, followed by the wireframe models and the geometric sets.

6.2 Fundamental concepts and assumptions

The constructive solid geometry models are represented by their component primitives and
the sequence of Boolean operations (union, intersection or difference) used in their con-
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struction. The standard CSG primitives are the cone, cylinder, sphere, torus, block and
right_angular_wedge and should be defined in their final position and orientation. The entity
which communicates the logical sequence of Boolean operations is the boolean_result which
identifies an operator and two operands. The operands can themselves be Boolean results, thus
enabling nested operations. In addition to the CSG primitives, any solid model, including, in
particular, swept solids and half-space solids may be Boolean operands. The swept solids are
the solid__of_revolution and the solid_of_linear_extrusion. The swept solids are obtained by
e g =0 weep o=a praira agCe— Wit 1ray—Contarir—1ToTres T€ XIr—SpPpace—Sorta1S essel-

tially defined as a semi-infinite solid on one side of a surface; it may be limited by a box*gomain.

B-rep models are represented by the set of shells defining their exterior or interior boyndaries.
Constraints ensure that the associated geometry is well defined and that _the Euler formula con-
necting the numbers of vertices, edges, faces, loops and shells in themedel is satisfied. The
faceted _brep is restricted to represent B-reps in which all faces are.planar and every [loop is a
poly_loop.

The solid_replica entity provides a mechanism for copying'an existing solid in a new [location.

The shell_based_surface_model, face_based_surface_model,
shell_based_wireframe_model, edge_based _wireframe_model, geometric_set, 3nd geo-
metric_curve_set entities do not enforce the integrity checks of the manifold_solid _Brep and
can be used for the communication of incomplete models or non-manifold objects, including
two-dimensional models.

6.3 geometric model.schema type definitions

6.3.1 boolean operand

This select type identifies all those types of entities which may participate in a boolean gperation
to form a CSG solid.
EXPRESS specification:
*)
TYPE boolean_operand = SELECT
(so1id_model,
half_space_solid,
csg_primitive,
boolean_result);

LNU_11IFL,

(%

6.3.2 boolean_operator

This type defines the three boolean operators used in the definition of CSG solids.
EXPRESS specification:
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*)

TYPE boolean_operator = ENUMERATION OF
(union,
intersection,
difference);

END_TYPE;

(*

(©1s0

Definitipns:

union: The operation of constructing the regularised set theoretic union of the velimes

defingd by two solids.

interpection: The operation of constructing the regularised set theoretic intersection of the

volunjes defined by two solids.

difference: The regularised set theoretic difference between the velimes defined by two

solids

6.3.3 | csg_primitive

This selgct type defines the set of CSG primitives which“may participate in boolean opera-
tions. ThHe CSG primitives are sphere, right_circular.cone, right_circular_cylinder, torus,

block ard
right_argular_wedge.

EXPRESS specification:

*)

TYPE csg_primitive = SELECT
(sphefe,
block,
right_angular_wedge,
torug,
right_circular_cone,
right_circular_cylinder);

END_TYPE;

(*

6.3.4 Lesg select

This type identifies the types of entity which may be selected as the root of a CSG tree including

a single CSG primitive as a special case.
EXPRESS specification:
*)
TYPE csg_select = SELECT
(boolean_result,
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csg_primitive);
END_TYPE;
(*

6.3.5 geometric_set_select

.
cormatrie—cat

Fhis—seleet—typetdentifres—the—trpes—eofentiteswhtehcnoecnrtrngeometrie—set
EXPRESS specification:
*)
TYPE geometric_set_select = SELECT
(point,
curve,
surface);
END_TYPE;
(*

6.3.6 surface_model

This type collects all possible surface model entities.

Some product model representations consistcef collections of surfaces which do not pecessarily
form the complete boundary of a solid. Sugh a model can be represented by a collectign of faces
or shells.
EXPRESS specification:
*)
TYPE surface_model = SELECT
(shell_based_surface_model,
face_based_surface\model);
END_TYPE;
(*

6.3.7 ~wireframe_model

ThisMype collects all possible wireframe model entities.

A(wireframe representation of a geometric model contains information only about the intersec-
tions of the surfaces forming the boundary but does not contain information about the surfaces

themselves.
EXPRESS specification:

*)

TYPE wireframe_model = SELECT
(shell_based_wireframe_model,
edge_based_wireframe_model);

END_TYPE;

(*
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6.4.1 _solid-model

A solid_rpodel is a complete representation of the nominal shape of a product such that all
points in fhe interior are connected. Any point can be classified as being inside, outside @t .on
the boundary of a solid.

There are[several different types of solid model representations.
EXPRESS| specification:

*)
ENTITY slolid_model

SUPERTYPE OF (ONEOF( csg_solid, manifold_solid_brep, swept_facesolid,
swept_area_solid, solid_replica))

SUBTYHE OF (geometric_representation_item);
END_ENTITY;

(*

6.4.2 |manifold_solid_brep

A manifqld_solid_brep is a finite, arcwise connected volume bounded by one or more surfaces,
each of which is a connected, oriented, finitej-tlosed 2-manifold. There is no restriction on the
number of through holes, nor on the number of voids within the volume.

The Bounldary Representation (B-rep)iof a manifold solid utilises a graph of edges and vertices
embedded in a connected, oriented;finite, closed two manifold surface. The embedded graph
divides thle surface into arcwise ¢onnected areas known as faces. The edges and vertices, there-
fore, form| the boundaries of“the faces and the domain of a face does not include its boundaries.
The embqdded graph mayZbe disconnected and may be a pseudograph. The graph is labelled;
that is, edch entity indhe’graph has a unique identity. The geometric surface definition used to
specify thle geometry(of a face shall be 2-manifold embeddable in the plane within the domain
of the facp. In ether words, it shall be connected, oriented, finite, non-self-intersecting, and of
surface gqnugs¢0x

Faces do haot’intersect except along their bonndaries Fach edge along the boundary of a face
is shared by at most one other face in the assemblage. The assemblage of edges in the B-rep do
not intersect except at their boundaries (i.e., vertices). The geometric curve definition used to
specify the geometry of an edge shall be arcwise connected and shall not self intersect or overlap
within the domain of the edge. The geometry of an edge shall be consistent with the geometry
of the faces of which it forms a partial bound.

The geometry used to define a vertex shall be consistent with the geometry of the faces and
edges of which it forms a partial bound.
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A B-rep is represented by one or more closed_shells which shall be disjoint. One shell, the
outer, shall completely enclose all the other shells and no other shell may enclose a shell. The
facility to define a B-rep with one or more internal voids is provided by the brep_with_voids
subtype. The following version of the Euler formula shall be satisfied

Xms =V = E+2F =L, —=2(S—G°) =0 (10)

where V. E. F,L; and S are the numbers of unique vertices, edges, faces, face bounds and shells

in the model and G° is the sum of the genus of the shells.

More specifically, the topological entities shall conform to the following constraints,|where B
denotes a manifold solid B-rep:

— The shells shall be unique
(B)[S]=(B){S}

— FEach face in the B-rep is unique

(B)SDIF] = (B)[SH{F}

— Each loop is unique

((B)SDHIFDIEE= (B)SDIFD{L}

— Each (edge + logical) pair is unique

((((BYESDHIFDILDIE] = (B)SDIFDILD{E

— FEach edge in the-B-rep is either used by exactly two loops or twice by one logp

[((((B)SDIEDIZDAES ] = 2/(((B)SHIFDILDIE]
That is, imthe list ((((B)[S])[F])[L])[E] each edge appears exactly twice.

— tEquation (10) shall be satisfied

2(B)S) -2 G* = [((BSHIFILLDLEDVH + I((BSHIFDLZ DY
~[(((BUSDIEDILDLEY + 2((B)SDIF] = I(B)SDIFDLL]]

The topological normal of the B-rep at each point on its boundary is the surface normal direction
that points away from the solid material. The closed_shell normals, as used, shall be consis-
tent with the topological normal of the B-rep. The manifold_solid_brep has two subtypes,
faceted_brep and brep_with_voids, with which there exists a default ANDOR relationship.
The following can all be instantiated:

— manifold_solid _brep
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— brep_with_voids

— faceted_brep

— faceted_brep AND brep_with_voids
EXPRESS specification:

*)

ENTITY yamifold_solid_brep

SUBTY

outer| :

END_ENT
(*

PE OF (solid_model);
closed_shell;
[TY;

Attributd definitions:

outer: A closed_shell defining the exterior boundary of the solid. The shell normal shall point
away from the interior of the solid.

Informal

propositions:

IP1: The dimensionality of a manifold_solid_brep shall be 3.

IP2: The extent of the manifold_solid_brep shall be finite and non-zero.

IP3: No

vertex_point, undirected edge_curve (i.e, 0me which is not a oriented_edge),

or undirgcted face_surface (i.e., one which is not ateriented_face) referenced by a mani-
fold _solid _brep shall intersect any other vertex_point, undirected edge_curve, or undirected

face_su

ace referenced by the same manifold solid_brep.

IP4: Didtinct loops referenced by the samhe face shall have no common vertexs.

NOTE - This implies that distinct loops of the same face have no common edges. If geometry is
presqnt, distinct loops of the same face do not intersect.

IP5: All
etry.

IP6: Th
sented by

IP7: Ea

topological elements of the manifold_solid_brep shall have defined associated geom-

e shell nérmals shall agree with the B-rep normal and point away from the solid repre-
the Brep.

th-face shall be referenced only once by the shells of the manifold solid bhrep

IP8: Each oriented_edge in the manifold_solid_brep shall be referenced only once.

IP9: FEach undirected edge shall be referenced exactly twice by the loops in the faces of the
manifold_solid _brep’s shells.

IP10: The Euler equation shall be satisfied for the boundary representation, where the genus
term shell_genus is the sum of the genus values for the shells of the brep.
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IP11: A manifold_solid_brep, which is not a faceted brep, shall not reference poly_loops.

IP12: A faceted_brep can reference only poly_loops as face boundaries.

6.4.3 brep_with_voids

A brep_with_voids is a special subtype of the manifold_solid_brep which contains one or

more voids in its interior. The voids are represented by oriented_closed_shells
defined so that the oriented _closed_shell normals point into the void, that is, with’or
FALSE. A brep_with_voids can also be a faceted_brep.

EXPRESS specification:

*)
ENTITY brep_with_voids
SUBTYPE OF (manifold_solid_brep);
voids : SET [1:?] OF oriented_closed_shell;
END_ENTITY;
(*

Attribute definitions:

SELF\manifold_solid_brep.outer: An oriented_closed_shell defining the exteri
ary of the solid. The shell normal shall point_away from the interior of the solid.

voids: Set of oriented_closed_shells défining voids within the solid. The set may c
or more shells.

Informal propositions:

IP1: Each void shell shall he\disjoint from the outer shell and from every other void

IP2: Each void shell shall*be enclosed within the outer shell but not within any other
In particular, the outer/shell is not in the set of void shells.

IP3: Each shellhn the manifold_solid_brep shall be referenced only once.

6.4.4 <faceted_brep

A faceted_brep is a simple form of boundary representation model in which all faces
and all edges are straight lines.

NOTE Tha fo +taed b boc boon 1ot doond 20 o1 |
¢ T T 1t

which are
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pr bound-

ntain one

shell.

void shell.

hre planar

3 rt + 41
raterCa—oTrep—Tas T O Cea—T O Gt OS5 P pOoT— e CTar SOt

of systems

that allow boundary type solid representations with planar surfaces only. Faceted models may
be represented by manifold_solid_brep but their representation as a faceted_brep will be more

compact.

Unlike the B-rep model, edges and vertices are not represented explicitly in the model but

are implicitly available through the poly_loop entity. A faceted_brep has to meet
topological constraints as the manifold_solid_brep.

EXPRESS specification:

the same
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*)
ENTITY faceted_brep
SUBTYPE OF (manifold_solid_brep);

END ENTTTV
LaNas

JRNE 7L J0 A R 3 S

(*

Informal propositions:

IP1: All i i €p sia
type polyl_-loop.

IP2: The faces in the shells may have implicit or explicit surface geometry. If explicit, the|face
surface shill be a plane. All polyloops defining the face shall be coplanar.

6.4.5 |csg_solid

A solid r¢presented as a CSG model is defined by a collection of so-called primitive solids,
combined|using regularised boolean operations. The allowed operations(are intersection, union
and differpnce. As a special case a CSG solid can also consist of a single CSG primitive.

A regularfsed subset of space is the closure of its interior, where.this phrase is interpreted in the
usual senge of point set topology. For boolean_results regularisation has the effect of removing
dangling ¢dges and other anomalies produced by the original operations.

A CSG sdlid requires two kinds of information for its cemplete definition: geometric and struc-
tural.

The geomietric information is conveyed by solid:anodels. These typically are primitive volumes
such as cylinders, wedges and extrusions, buttean include general brep models. Solid_models
can also he solid_replicas (transformed solids) and half_space_solids.

The structural information is in a tree.(strictly, an acyclic directed graph) of boolean_result
and CSG|solids, which represent @\‘recipe’ for building the solid. The terminal nodes are
the geomgtric primitives and other solids. Every csg_solid has precisely one boolean_result
associated with it which is the root of the tree that defines the solid. (There may be further
boolean fresults within the tree as operands). The significance of a csg_solid entity is that
the solid ¢lefined by thedassociated tree is thus identified as a significant object in itself, and in
this way if is distinguished from other boolean_result entities representing intermediate results
during the construction process.

EXPRESS| specification:
*)

ENTITY csg_solid
SUBTYPE OF (solid_model);
tree_root_expression : csg_select;
END_ENTITY;
(*

Attribute definitions:
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tree_root_expression: Boolean expression of primitives and regularised operators describing
the solid. The root of the tree of boolean expressions is given here explicitly as a boolean_result

entity, or as a csg_primitive.

6.4.6 boolean_result

A boolean_result is the result of a regularised operation on two solids to create a new solid.

Valid operations are regularised union, regularised intersection, and regularised diiierd
purposes of Boolean operations, a solid is considered to be a regularised set of poifis.

The final boolean_result depends upon the operation and the two operands. In th
the difference operator the order of the operands is also significant. The opepator can
union, intersection or difference. The effect of these operators is deseribed below.

Union on two solids is the new solid that contains all the points, that are in either thd
first_operand or the second_operand or both.

Intersection on two solids is the new solid that is the regdlarisation of the set of all po
are in both the first_operand and the second_operand.

The result of the difference operation on two solids is the regularisation of the set of 4
which are in the first_operand, but not in the second_operand.
NOTE - For example if the first operand®is a block and the second operand is a solid ¢

suitable dimensions and location the boolean _result produced with the difference opera
be a block with a circular hole.

EXPRESS specification:

*)
ENTITY boolean_result
SUBTYPE OF (geometTic_representation_item);

operator : jpoolean_operator;
first_operand : boolean_operand;
second_operand : boolean_operand;
END_ENTITY;
(*

Attribirte definitions:

operator: The boolean operator used in the operation to create the result.

nce. For

b case of
be either

ints that

11l points

ylinder of
tor would

first_operand: The first operand to be operated upon by the boolean operation.

second _operand: The second operand specified for the operation.

6.4.7 sphere

A sphere is a CSG primitive with a spherical shape defined by a centre and a radius.
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semi_angle: One half the angle of the cone. This is the angle between the axis and a generator
of the conical surface.

Formal propositions:

WRI1: The radius shall be non-negative.

Tn fnrm Q] nro

IP1: The semi-angle shall be between 0° and 90°.

i

6.4.9 right_circular _cylinder

A right_circular_cylinder is a CSG primitive in the form of a solid cylindér of finjte height.
It is defined by an axis point at the centre of one planar circular face,an axis, a height, and a
radius. The faces are perpendicular to the axis and are circular dises with the specified radius.
The height is the distance from the first circular face centre in the positive direction pf the axis

ta tha cocan PR
vO vil€ SeCona cCircuiar

EXPRESS specification:
*)

o5

ENTITY right_circular_cylinder
SUBTYPE OF (geometric_representation_item);

position : axisl_placement;
height : positive_length_measure}
radius : positive_length_measure;
END_ENTITY;
(*

Attribute definitions:

position: The location of a point on the axis and the direction of the axis.

position.location{ A point on the axis of the cylinder and at the centre of one of fhe planar
circular faces.

position.axis: The direction of the central axis of symmetry of the cylinder.
height: The distance between the planar circular faces of the cylinder.

radius: The radius of the cylinder.

6.4.10 torus

A torus is a solid primitive defined by sweeping the area of a circle (the generatrix) about a larger
circle (the directrix). The directrix is defined by a location and direction (axisl_placement).

EXPRESS specification:

*)
ENTITY torus
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SUBTYPE OF (geometric_representation_item);
position : axisl_placement;
major_radius : positive_length_measure;
minor_radius : positive_length_measure;

WHERE

WR1: m
END_ENTI
(*

Attribute

ajor_radius > minor_radius;
TY;

definitions:

position:

defines th

The location of the central point on the axis and the direction of the axis. This
b centre and plane of the directrix.

major_radius: The radius of the directrix.

minor_radius: The radius of the generatrix.

Formal prjopositions:

WR1: T

6.4.11

A block i

he major_radius shall be greater than the minor_radius.

block

5 a solid rectangular parallelepiped, defined with'a location and placement coordinate

system. Tlhe block is specified by the positive lengths x,\y, and z along the axes of the placement

coordinat

e system, and has one vertex at the origin'0f the placement coordinate system.

EXPRESS| specification:

*)

ENTITY bllock

SUBTYH

E OF (geometric_representation_item);

positilon : axis2_placement_3d;
X : positive_length_measure;
y : positive_lengthymeasure;
zZ : positive_length_measure;

END_ENTITY;

(*

Attribute|definitions:

positiony] THelocation and orientation of the axis system for the primitive. The block has one

vertex at position.location and its edges aligned with the placement axes in the positive sense.

x: The size of the block along the placement X axis, (position.p[1]).

y: The size of the block along the placement Y axis, (position.p[2]).

z: The size of the block along the placement Z axis, (position.p[3]).
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position atiributes

A right_angular_wedge can be envisioned as the result of intersecting a block witll a pla

perpendicular to.one of its faces. It is defined with a location and local coordinate system
iangular/trapezoidal face lies in the plane defined by the placement X and Y axeq.

ace is defifed by positive lengths x and y along the placement X and Y axes, by the len

tx (if nonzero) parallel to the X axis at a distance y from the placement origin, ar:rd b3

ine cénnecting the ends of the x and ltx segments. The remainder of the wedge is [specif
vethe positive length z along the placement 7 axis which defines a distance through which t

frapezoid or triangle is extruded. If LTX = 0, the wedge has five faces; otherwise, ir has six

positive_length_measure;

—
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y : positive_length_measure;
z : positive_length_measure;
1tx : length_measure;
WHERE
WR1: ((0.0 <= 1tx) AND (1tx < x));
END_ENTITY;
(*
Attributd definitions:
position} The location and orientation of the placement axis system for the primitive. The
wedge hals one vertex at position.location and its edges aligned with the placement axes'in
the positjve sense.
x: The s{ze of the wedge along the placement X axis.
y: The sjze of the wedge along the placement Y axis.
z: The size of the wedge along the placement Z axis.
Itx: The|length in the positive X direction of the smaller surfacéof the wedge.
Formal ppopositions:
WRI1: l{x shall be non-negative and less than x.
6.4.13| swept_face_solid
The swept_area_solid entity collects the entities which are defined procedurally by a sweeping
action omn planar figures. The position in“space of the swept solid will be dependent upon the
position ¢f the swept_face. The swept_face will be a face of the swept area solid, except for
the case ¢f a solid of revolution with angle equal to 360 degrees.
EXPRESS$ specification:
*)
ENTITY gwept_face_solid
SUPERTYPE OF (ONEOF (extruded_face_solid, revolved_face_solid))
SUBTYPE OF (solid¢{model);
swept|face : face_surface;
WHERE
WR1: |GEOMETRY_SCHEMA.PLANE’ IN TYPEOF(swept_face.face_geometry);
END_ENTITY;
(*

Attribute definitions:

swept_face: The face_surface defining the area to be swept. The extent of this face is defined
by the bounds attribute of the referenced face_surface.

Formal propositions:
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WR1: The swept_face shall be planar. The face_geometry attribute of the
face_surface referenced shall be a plane.

6.4.14 extruded_face_solid

:1994(E)

An extruded_face_solid is a solid defined by sweeping a planar face. The direction of transla-

tion is defined by a direction vector, and the length of the translation is defined by

a distance

depth. The planar face may have holes which will sweep into holes in the solid.
EXPRESS specification:

*)
ENTITY extruded_face_solid
SUBTYPE OF (swept_face_solid);
extruded_direction : direction;
depth : positive_length_measure;
WHERE
WR1: dot_product(
(SELF\swept_face_solid.swept_face.face_geometry\
elementary_surface.position.p[3])
, extrudeddirection) <> 0.0;

END_ENTITY;
(*

Attribute definitions:

SELF\swept_face_solid.swept_face:(The face to be extruded to produce the solid.

extruded_direction: The direction in which the face is to be swept.

depth: The distance the fdceis to be swept.

Formal propositions:

WRI1: extruded_direction shall not be perpendicular to the normal to the plane
truded_face.

6.4.15 <revolved_face_solid

A revolved _face_solid is a solid of revolution formed by revolving a planar face abo
The axis shall be in the plane of the face and the axis shall not intersect the intes
face. The planar face may have holes which will sweep into holes in the solid. The d

of the ex-

it an axis.
ior of the
rection of

revolution is clockwise when viewed along the axis in the positive direction Moaore g

A is the axis location and d is the axis direction and C is an arc on the surface of

recisely if
revolution

generated by an arbitrary point p on the boundary of the face, then C leaves p in direction d

X (p-A) as the face is revolved.
NOTE - See figure 13 for illustration of attributes.
EXPRESS specification:

*)
ENTITY revolved_face_solid

181


https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e

