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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through 1SO technical committees. Each member body interested in a subject for which a technical com-
mittee has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with 1ISO, also take part in the work. 1SO collaborates

clgsely with the International Electrotechnical Commission (IEC) on all matters of electroteeh
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palent rights 1SO shall not be held responsibéfor any or all such-patent rights
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Thijis second edition constitues a technicd revision of the first edition (ISO 1030342:1994), wh

is
bay

Iti

andl 1SO 1030342:1994/Cor.3:=%)
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dization.

prnational Standards are drafted in accordance with the rules given in the ISO/IEC Direct
bft Internationa Standards adopied by the technicd committees are circulated to-the member bo
voting. Publication as an International Standard requires approval by at least 75% of {

dies casting a vote.

entionisdrawn to the possibility that same of the elements of this partof 1SO 103 may be subjg

brovisiondly retained in order to suppat the continued use and maintenance of implementati
bed of the first edition and to satisfy the nermative references of other parts of 1SO 10303.

ncorporatesthe corrections publiskedin SO 1030342:1994/Cor.1:199, 1030342:1994/Cor.2:1

s InternationalStandards organisedhsa seriesof parts,eachpublishedseparatelyThe structur
5 | nternationalStandards describedn ISO 10303-1.The numberingof the partsof this Internati
indard refleds its'structure:

Parts 11)to 14 specify the description methods;

Parts 21 to 29 specify the implementation methods;

nical stan-
ves, Part 3.
Hies

he member

t 1o

pernational Standard 1SO 10303-42was preparedoy TechnicalCommitteelSO/TC 184, Industrial
automation systems and integration, Subcommittee SC 4{Andustrid data.

ich
bNS

cof
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Parts 31 to 35 specify the conformance testing methodology and framework;
Parts 41 to 50 specify the integrated generic resources;
Parts 101 to 107 specify the integrated application resources;

Parts 201 to 237 specify the application protocols;

7o be published

Xl
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— Parts 301 to 307 specify the abstract test suites;

— parts 501 to 520 specify the application interpreted constructs.
A complete list of parts of ISO 10303 is available from Internet:

<http://www.nist.gov/sc4/editing/step/titles/>

Should further parts of ISO 10303 be published, they will follow the same numbering pattern.

Thijs part of ISO 10303 is a member of the integrated resources series. The integrated resoprces specify
a gingle conceptual product data model.

AnnexesA andB form anormative partof this partof ISO 10303.AnnexesC andD arefor informagion
only.
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Introduction

ISO 10303 is an International Standard for the computer-interpretable representation and exchange 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 de-
scription makes it suitable not only for neutral file exchange, but also as a basis for implementing and

sharing product databases and archiving.
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Thie topology in clause 5 is concerned.with connectivity relationships between objects rathé

the
su

pafticularly constraint functionsyand data types necessary for the definitions of the topologig

Th
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Thijs part of ISO 10303 specifies the integrated resources used for geametric and topologics

le geometry in clause 4 is exclusively the geometry of\parametric curves and surfaces.

s International Standard is organized as a series of parts, each published separately.
D 10303 fall into one of the following series: description methods, integrated resources,
brpreted constructs, application protocols, abstract test suites, implementation\methods
Ince testing. The series are described in ISO 10303-1. This part of ISO 10303 is a m4
bgrated generic resource series.

N. Their primary application is for explicit representation of the shape or geometric form of
del. The shape representation presented here has been designed to facilitate stable and
nication when mapped to a physical file.

 curve and surface entities and other entities, functiens and data types necessary for th
common scheme has been used for the definition of both two-dimensional and three-(
pmetry. All geometry is defined in a coordinate system which is established as part of th
 item which it represents. These concepts-are fully defined in ISO 10303 Part 43.

 precise geometric form of objects. - This clause contains the basic topological entities ang
btypes of these. In some cases the subtypes have geometric associations. Also included

The parts of
application

and confor-
mber of the

| representa-
a product
efficient com-

It includes
pir definition.
limensional
b context of

er than with

| specialised
are functions,
al entities.

le geometric models in‘elause 6 provide basic resources for the communication of data

 precise size and shape of three-dimensional solid objects. The geometric shape mod
mplete representation of the shape which in many cases includes both geometric and top(
luded here aréthe two classical types of solid model, constructive solid geometry (CSG) al
resentation(B-rep). Other entities, providing a rather less complete description of the g
duct, and,with less consistency constraints, are also included.

Xiv

is-edition incorporates modifications that are u

describing
Is provide a
blogical data.
d boundary

instances encoded according to ISO 10303-21 and that conform to an ISO 10303 application proto-
col based on the previous edition of this part, also conform to a revision of that application protocol

based on this edition;
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— interfaces that conform to ISO 10303-22 and to an 1SO 10303 application protocol based on the
previous edition of this part, also conform to a revision of that application protocol based on this
edition;

— the mapping tables of ISO 10303 application protocols based on the previous edition of this part
remain valid in a revision of that application protocol based on this edition.

Teghnical modifications to ISO 10303-42:1994 are categorised as follows:

—| changes to the EXPRESS declarations,

—| new EXPRESS declarations.

The following EXPRESS declarations have been modified:

D

gepmetry schema:

—| axisl_placement

—| base_axis

—| build_axes

—| build_2axes

—| cartesian_transformation_operater:3d
—| cartesian_transformation_operator_2d
—| composite_curve_segment

—1| constraints_param’_b_spline

—| cross_produet

—| curve=bounded_surface

—| "default_b_spline _curve weights

— default_b_spline_knot_mult
— default_b_spline_knots
— default_b_spline_surface_weights

— geometric_representation_item

(©ISO 2000 — All rights reserved XV
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— get_basis_surfacp
— list_to_array;
— make_array_of array;,

— orthogonal_complement

—1| point;

—1| rectangular_composite_surfacg
—| scalar_times_vector
—| surface_of revolution
—1| surface_patch

—| swept_surface

—| trimmed_curve;

—| vector_sum

—| vector_difference
topology schema:

—| edge

—| edge_reversed

—| face_bound_reversed
—| face_revefrsed

—| faces=surface

—| “mixed loop type set

— path_head_to_tail
— path_reversed
— shell_reversed

geometric model schema:

XVi
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— boolean_operand
— build_transformed_set
— Csg_primitive;

— c¢sg_solid

ISO 10303-42:2000(E)

—| revolved_area_solid

—| revolved_face solid

—| solid_model

—| swept_area_solig

—| swept_face_solid

Thie following EXPRESS declarations have been added:
gepmetry schema:

—| above_plane

—| b_spline_volume

—| b_spline_volume_with_knots
—| bezier_volume

—| block_volume

—| clothoid;

—| cylindrical*¢point;

—| cylindrical_volume;

— | _dummy_ari;

— dupin_cyclide_surface
— eccentric_conical_volume
— ellipsoid_volume

— oriented_surface

(©ISO 2000 — All rights reserved
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— hexahedron_volume
— make_array_of_array_of_array;
— point_in_volume;

— polar_point;

—| pyramid_volume;

—| quasi_uniform_volume
—| rational_b_spline_volume
—| same_side

—1| spherical_point,

—1| spherical_volume

—| surface_boundary,

—1| surface_curve_swept_surface
—1| tetrahedron_volume

—| toroidal_volume;

—| volume;

—| wedge_volume

topology schema:

—| closed_shell-reversed

—| connected _face sub_set

—| "dummy ftri;

— open_shell_reversed
— seam_edge
— subedge

geometric model schema:

Xviii (©ISO 2000 — All rights reserved
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— brep_24d;
— circular_area;
— convex_hexahedron

— cyclide_segment_solid

—| eccentric_cone

—| ellipsoid;

—1| elliptic_area;

—| faceted_primitive;

—| half_space_2d

—| polygonal_areg

—| primitive_2d;

—| rectangular_areg

—| rectangular_pyramid;

—| sectioned_sping

—| surface_curve_swept_area. solid
—| surface_curve_swept-face_soljd
—| tetrahedron;

—| trimmedgyvblume.

Several\eomponents of this part of ISO 10303 are available in electronic form. This access|is provided
thriough the specification of Universal Resource Locators (URL's) that identify the location offthese files
on theimermet i thereisdifficutty imaccessing these fites, tomtact the tSOCentrat-Secretariat or the
ISO SC4 Secretariat directly at: sc4@cme.nist.gov.
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INTERNATIONAL STANDARD

1SO 1030342:200QE)

Industrial automation systems and integration —
Product data representation and exchange —
Part 42:

Integrated generic resource:

G

eometric and topological representation

1| Scope

This part of ISO 10303 specifies the resource constructs for the explicit geometric and
representation of the shape of a product. The scope is determined by therequirements fo

re
fed
ing
In

ele

1

resentation of an ideal product model; tolerances and implicit forpas of representation
itures are out of scope. The geometry in clause 4 and the topolagy-in clause 5 are ava
ependently and are also extensively used by the various forms‘of'geometric shape mode
pddition, this part of ISO 10303 specifies specialisations of the-concepts of representatig
ments of representation are geometric.

AL Geometry

Thie following are within the scope of the geometty schema:

definition of points, vectors, parametric,curves and parametriacesf
definition of finite volumes with.internal parametrisation;
definition of transformatien\eperators;

points defined diregctly-by their coordinate values or in terms of the parameters of an ex
or surface;

definition of,canic curves and elementary swés;

definition of curves defined on a parametric siH;

topological
I the explicit
in terms of
lable for use
| in clause 6.
n where the

sting curve

definition of general parametric spline curves, aoels and volumes;

Th

definition of point, curve and surface replicas;
definition of offset curves and sades;

definition of intersection curves.

e following are outside the scope of this part of ISO 10303:
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1.

all other forms of procedurally defined curves and surfaces;
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 metiod of associating pairs of points On e TWO CUTVES. AT
with B-spline boundary curves can however be exactly represented by the B-spline surfacg

Topology

Thie following are within the scope of the topology schema:

1

B

definition of the fundamental topological entities vertex, edge, aed,feach with a spec
subtype to enable it to be associated with the geometry of a point; curve, or surface, res

collections of the basic entities to form topological structurés of path, loop and shell and
to ensure the integrity of these structures;

orientation of topological entities.

Geometric Shape Models

Thie following are within the scope of the geometric model schema:

data describing the precise geometric form of three-dimensional solid objects;
constructive solid geontetry (CSG) models;

CSG models in two-dimensional space;

definition of CSG primitives and half-spes;

creation,of solid models by sweeping operations;

manifold boundary representation (B-rep) models;

led surface
entity.

alised
pectively;

constraints

constraints to ensure the integrity of B-rep models;
surface models;
wireframe models;

geometric sets;

©ISO 2000 — All rights reserved
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creation of a replica of a solid model in a new location.
e following are outside the scope of this part of ISO 10303:

non-manifold boundary representation models;

spatial occupancy forms of solid models (such as octree models):

2

assemblies and mechanisms.

Normative references

provisions of this part of ISO 10303. For dated references, subsequentamendments to, or

an
arg
me

ap

IS
of

IS
ex

IS
ex

IS
ex(

IS
ex(

3

Tr{ following normative documents contain provisions which, through reference in this text

of these publications do not apply. However, parties to agreemernts based on this part ¢

nts indicated below. For undated references, the latest edition of the normative docume
plies. Members of ISO and IEC maintain registers of currently valid International Standarg

D/IEC 8824-1:1995|nformation technology — Abstract Syntax Notation One (ASN.1): Spg
pbasic notation.

D 10303-1:1994|ndustrial automation systems and integration — Product data represent
change — Part 1: Overview and fundamental principles.

D 10303-11:1994Industrial automation systems and integration — Product data represent
change — Part 11: Description methods: The EXPRESS language reference manual.

thange - Part 41: Integrated generic resouce: Fundanentals of product description and support
D 10303-43: 2000Industrial automation systems and integration - Product data represent

thange - Part43:”Integrated generic resouce: Representation structures.

Terms, definitions, symbols and abbreviations

e encouraged to investigate the possibility of applying the negstt edions of the normative Iocu-

constitute
revisions of,
f ISO 10303

t referred to
S.

pcification

ation and

ation and

D 1030341 —2), Industrid’automatian systems and integration - Product data representation and

ation and

3.

1 Terms defined in ISO 10303-1

For the purposes of this part of ISO 10303 the following terms defined in ISO 10303-1 apply.

integrated resource.

3To be pubished (Revision of SO 10303-41:1994)
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3.2 Other terms and definitions

For the purposes of this part of ISO 10303, the following terms and definitions apply. A number of

informal definitions are also given here which will later be used to describe and constrain the topological
entities. They are not intended to be mathematically rigourous. The definitions are given in alphabetical,
not logical order.

3.7
arq
an
lie

3.2.

ax
an
ab

3.4
bo
the
of

3.7
bo
the
in

-di

Ry.

3.7
bo
at
an

5 entirely within the domain.

put this axis.

A
wise connected
entity is arcwise connected if any two arbitrary points in its domain can be connected by

2
-symmetric
entity is axi-symmetric if it has an axis of symmetry such that the object is invariant under 3

3

unds
 topological entities of lower dimensionality which mark:the limits of a topological entity. Th
A face are loops, and the bounds of an edge are vertices.

4

Lndary
 set of mathematical poinisin a domajnX" contained inRk™ for which there is an open [
™ containingz such that the intersectidii N X is homeomorphic to an open set in the ¢

A curve that

Il rotations

e bounds

alf
oged

mensional half-spacg?, for somed < m, where the homeomorphism carriesnto the origin in

NOTE 1- RY is defined fojbe the set of all mathematical poats ~ z4) in B¢ with 23 > 0.

NOTE 2 - For this'purpose, the word “open” has its usual mathematical meaning. It does 1
“open surface” as\defined elsewhere in this part of I®303.

5

Lndary representation solid model (B-rep)
ype of geometric model in which the size and shape of the solid is defined in terms of the {
[ vertices which make up its boundary.

ot relate to

aces, edges

3.2.6
closed curve
a curve such that both end points are the same.

3.2.7
closed surface
a connected 2-manifold that divides space into exactly two connected components, one of which is finite.

©ISO 2000 — All rights reserved
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3.2.8

completion of a topological entity

a set consisting of the entity in question together with all teef, edges and vertices referenced, directly
or indirectly, in the definition of the bounds of that entity.

3.29
connected
equivalent taarcwise connectedsee 3.2.1).

3.2.10
cohnected component
a maximal connected subset of a domain.

3.2.11

copstructive solid geometry (CSG)
a type of geometric modelling in which a solid is defined as the result of a sequence of fegularised
Bgolean operations operating on solid models.

3.2.12

coprdinate space
a feference system that associates a unique setpaframeters with each point in andimensipnal
sppce.

3.2.13
cufve
a set of mathematical points which is:the image, in two- or three-dimensional space, of afcontinuous
function defined over a connected subset of the real fit}¢, (and which is not a single point.

3.2.14
cygle
a ghain of alternating vertices and edges in a graph such that the first and last vertices are the same.

3.2.15
d-manifold withboundary
a domain whichris the union of its-dimensional interior and its boundary.

3.2.16
dimeénsionality
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 dimension-
ality of a list or set is the maximum of the dimensionalities of the elements of that list or set.

3.2.17
domain
the mathematical point set in model space corresponding to an entity.

(©ISO 2000 — All rights reserved 5
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3.2.18

euler equations
equations used to verify the topological consistency of objects. Various equalities relating topological
properties of entities are derived from the invariance of a number known as the Euler characteristic.
Typically, these are used as quick checks on the integrity of the topological structure. A violation of an
Euler condition signals an “impossible” object. Two special cases are important in this document. The
Euler equation for graphs is discussed in 5.2.3. Euler conditions for surfaces are discussed in 5.4.25 and

54

3.7
ex
thq
of

ne

3.7
fin
an
tw

3.9

ge
the
in

3.9

ge
the
in

3.9
ge

27.

.19
ent

he entity. Thus, length, area and volume are used for dimensionalities 1, 2}-and 3, respect
cessary, the symbalwill be used to denote extent.

.20
te

D points in its domain.

21

hus of a graph
 integer-valued invariant defined algorithmically by the graph traversal algorithm describeg
b.2.3.

22

hus of a surface

e number of handles that must be-added to a sphere to produce a surface homeomorphic
juestion.

23
pmetrically founded

Sp
ori

roperty ofgeometric_representation_itens (see 4.4.2) asserting their relationship to a cg
ce in which-the coordinate values of points and directions on which they depend for
ntation are-measured.

e measure of the content of the domain of an entity, measured in units appropfiate to the dinensionality

vely. Where

entity is finite (sometimes called bounded) if there is a finite Mpper bound on the distance between any

in the note

to the surface

ordinate
osition and

the concepts of distance and direction between them are deflned

3.2.25

ge

ometric coordinate system

the underlying global rectangular Cartesian coordinate system to which all geometry refers.
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3.2.26
graph

a set of vertices and edges. The graphs discussed in this document are generally called pseudographs in
the technical literaturedrause they allow self-loops and alsoltimle edges connecting the same two
vertices.

3.2.27
handle
the structure distinguishing a torus from a sphere, which can be viewed as a cylindrical tubg connecting
twp holes in a surface.

3.2.28

homeomorphic
domainsX andY are homeomorphic if there is a continuous functfoinom X to'¥;-which is a ong-to-
ong correspondence, so that the inverse fungtionexists, and iff ! is also ¢ontinuous.

3.2.29
ingide
domain X is inside domaint” if both domains are contained ip-the same Euclidean spéteandy

separate$2”™ into exactly two connected components, one©f which is finite, and contained ip the
fin[te component.

3.2.30
interior
the d-dimensional interior of al-dimensional domairX contained inR™ is the set of mathematical
pojntsz in X for which there is an open bdll in R™ containingz such that the intersectidn N X is

homeomorphic to an open ball #&’.

3.2.31

anlordered homogeneous.cellection with possibly duplicate members. A listis represented Ry an enclos-
ing pair of brackets, i.4.4].

3.2.32
madel space
a gpace with gimensionality 2 or 3 in which the geometry of a physical object is defined.

3.2.33
open-eurve
a curve which has two distinct end points.

3.2.34

open surface

a surface which is a manifold with boundary, but is not closed. l.e., either it is not finite, or it does not
divide space into exactly two connected components.

(©ISO 2000 — All rights reserved 7


https://standardsiso.com/api/?name=94c1325b378b1421179d1b7ef36b5d81

ISO 10303-42:2000(E)

3.2.35
or|2entable

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 notrequire a continuously varying choice of/ieesof the normal vectors; the surface
may have tangent plane discontinuities.

3.7736
overlap
twp entities overlap when they have sheli;ds, edges, or vertices in common.

3.2.37
pafameter range
the range of valid parameter values for a curve, surface, or volume.

3.2.38

pafameter space
the one-dimensional space associated with a curve via its uniguely defined parametrisatiof or the two-
dimensional space associated with a surface.

3.2.39

pafametric volume
a lLounded region of three dimensional model space with an associated parametric coordinate system
sugh that every interior point is associated witfa(listv, w) of parameter values.

3.2.40

plgcement coordinate system
a rectangular Cartesian coordinate.system associated with the placement of a geortitgtiicgmce,

uskd to describe the interpretation of the attributes and to associate a unique parametrisatipn with curve
angd surface entities.

3.2.41

self-intersect
a qurve or surface self-intersects if there is a mathematical point in its domain which is the |mage of at
legst two points-in the object’'s parameter range, and one of those two points lies in the inferior of the
parameterrange. 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.

3.2.42
self-loop
an edge that has the same vertex at both ends.

3.2.43

set
an unordered collection in which no two members are equal.

8 ©ISO 2000 — All rights reserved
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3.2.44
space dimensionality
the number of parameters required to define the location of a pointin the coordinate space.

3.2.45

surface
a set of mathematical points which is the image of a continuous function defined over a connected subset
of the plane ).

=

3.2.46
topological sense
the sense of a topological entity as derived from the order of its attributes.

EXAMPLE 1 The topological sense of an edge is from the edge start vertex-to the edge end vertex.

EXAMPLE 2 The topological sense of a path follows the edges in theiblisted order.

3.8 Symbols

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

3.8.1 Geometry and mathematicalsymbology

The mathematical symbol convention used inrthe geometry schema is given in Table 1.

Table 1 — Geometry mathematical symbology

| Symbol_| Symbol \
@ | Scalar quantity
A | Vector quantity
() | Vector normalisation
a|Normalised vector (e.ca  (A) A/|A])
X | Vector (cross) product
Scalar product
A — B | Aistransformed td@
A(u) | Parametric curve
o (u,v) | Parametric surface
S(z,y, z) | Analytic surface
C, | Partial differential of” with respect ta
o, | Partial derivative ob (u, v) with respect ta:
S, | Partial derivative ofS with respect ta
|| | Absolute value, or magnitude or determinant
R™ | m-dimensional real space

(©ISO 2000 — All rights reserved 9
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3.3.2 Topology symbols

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

The topological constructs akertex, edge path, loop, face (andsubfacg andshell. These will be
referred to by the following symbols, £, P, L, I’ and.S, respectively.

Sdme of these entities take particular forms and a superscript is used to distinguish between these forms
if necessary.

EXAMPLE 1 A loop may be avertex_loop anedge_loopor apoly loop. Theseforms are dengted as
LY Le LP,

Taple 2 lists the symbols used in the topology schema.

An undirected edge is an entity of tymelge which is not of the subtyperiented_edge In spme
ingtances of the entity definitions, a topological attribute may.take the form of a (topological| + logical)
pair, this is generally represented by the oriented subtype. A subscript is used to distinguish|between the
topological and the (topological + logical) pairing. For éxamgfeand £; or S° and.S7.

Several topological entities use an Orientation Flag to indicate whether the direction of a refergnced entity
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 referenced entity should
be|(conceptually) reversed. It can happen-that there are several Orientation Flags in the chain of entities
from the high-level referencing entity{o the low-level referenced entity. The direction of a|low-level
entity with respect to a high-level entity is obtained by evaluatingiitteexclusive of®) of the chain

of Prientation Flags. For example, a Face references a Loop + Loopflag, a Loop references an Edge +
Edgeflag and an Edge references a Curve + Curveflag. The Face’s “FaceCurveflag” is giver by

FaceCurveflag = Loopflag Edgeflag> Curveflag

wHherenot exclusive ofs interpreted as true if the two flags have the same value and is defimed by the
truth table:

ToT T
ToF F FoT
Fo T
Thus
FoTeoF T

3.4 Abbreviations

For the purposes of this part of ISO 10303, the following abbreviations apply.
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Table 2 — Topology symbol definitions

ISO 10303-42:2000(E)

| Symbol| Definition \

V Vertex

1% Number of unique vertices

E Undirected edge

& Number of unique undirected edges
FE Oriented edge

& Number of unique oriented edges
G*© Edge genus

P Path

P Number of unique paths

G? | Path genus

L Loop

L Number of uniqueJoops

L; Face bound

L Number of ynique face bounds
Le Edge loop

L? | Poly lgop

LY | Vertex loop

G'  fLoop genus

F Face

E Number of unique faces

H/ | Face genus

S Shell

S Number of unique shells

S¢ Closed shell

Se Open shell

S Vertex shell

S* | Wire shell

H® | Shell genus

= Extent
{A} |Set of entities of typel

[A] | Listof entities of typed

(©ISO 2000 — All rights reserved
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B-rep: boundary representation solid model;

CSG: constructive solid geometry.

12 (©ISO 2000 — All rights reserved
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4 Geometry

The following EXPRESS declaration begins tleometry_schemand identifies the necessary external
references.

EXPRESS specification

(0]

CHEMA geometry _schema,;
REFERENCE FROM representation_schema
(definitional_representation,
founded_item,
functionally_defined_transformation,
item_in_context,
representation,
representation_item,
representation_context,
using_representations);
REFERENCE FROM measure_schema
(global_unit_assigned_context,
length_measure,
parameter_value,
plane_angle_measure,
plane_angle_unit,
positive_length_measure,
positive_plane_angle_measure);
REFERENCE FROM topology scherha
(edge_curve,
face_surface,
poly_loop,
vertex_point);
REFERENCE FROM (geometric_model_schema
(block,
boolean_resuilt;
cyclide_segment_solid,
eccentric\cone,
edgerhbased_wireframe_model,
ellipsoid,
face based_surface_model,
faceted_primitive,
geometric_set,
half_space_solid,
half_space_2d,
primitive_2d,
rectangular_pyramid,
right_angular_wedge,
right_circular_cone,
right_circular_cylinder,
shell_based_surface_model,
shell_based_wireframe_model,

(©ISO 2000 — All rights reserved 13
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4.

solid_model,
sphere,
torus);
(*
NOTE 1- The schemas referenced above can be found in the following parts of ISO 10303:
representation_schema ISO 10303-43
measure_schema ISO 10303-41

topology_schema clause 5 of this part of ISO 10303

geometric_model_schema clause 6 of this part of ISO 10303

NOTE 2 - The references topology_schemand togeometric_model schemare required only f
definition of thegeometric_representation_itemsupertype.

NOTE 3- See annex D, Figures D.1to D.13, for a graphical-presentation of this schema.

i Introduction

br the

Thie subject of thggeometry_schemds the geometry of parametric curves and surfaces. réfee-

se
of

co
ge
ric
EU
ge
me
sig
hal
o]

=

4.

4.

htation_schemgsee 1ISO 10303-43) and tlygeemetric_representation_contextlefined in thig
SO 10303, provide the context in which the geometry is defined.gEbenetric_representati
Ntext enables a distinction to be made«between those items which are in the same contg
pmetrically related, and those existing in independent coordinate spaces. In particulgea
| representation_item has ageometric_representation_contexthich includes as an attriby
clidean dimension of its cootdinate space. The coordinate system for this space is refer|
pmetric coordinate system-in‘this clause. Units associatedemigith_measurs andplane_ang
asures are assumed to(be assigned globally within this context. A globalcategatible_dinm
n) ensures that afjeometric_representation_iters in the samgeometric_representation_co

jeometric_representation_item

P Fundamental concepts and assumptions

P Space dimensionality

Part
DN_
pxt, and thus
peh

te the

red to as the
le_-

en-

ntext

ve the same spacedimensionality. The space dimensiodiatitys a derived attribute of all sulptypes

All geometry shall be defined in a right-handed rectangular Cartesian coordinate system with the same
units on each axis. Acommon scheme has been used for thgidafof both two-dimensional and three-
dimensional geometry. Points and directions exist in both a two-dimensional and a three-dimensional
form; these forms are distinguished solely by the presence, or absence, of a third coordinate value. Com-
plex geometric entities are all defined using points and directions from which their space dimensionality
can be deduced.

14
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4.2.2

ISO 10303-42:2000(E)

Geometric relationships

All geometric_representation_itens which are included ai$ems in a representation having ageo-
metric_representation_contextare geometrically related. Any sugeometric_representation_item
is said to be geometrically founded in the context of tlegresentation
No geometric relationship, such as distance between points, is assumed to egesirfuetric_repre-
sentation_itens occurring agtemsin differentrepresentatiors.

4.

R.4

.3 Parametrisation of analytic curves and surfaces

ch curve or surface specified here has a defined parametrisation. In some instances the
ms.

this latter case a placement coordinate system is used to define the/parametrisation. T
finitions contain some, but not all, of the data required for this. The relevant data to defing

nt coordinate system is contained in thés2_placementassaciated with the individual cur
rface entities.

Curves

T
n

curve entities defined in 4.4 include lines, elementary conics, a general parametrid
curve, and some referentially or procedurally defined curves. All the curves have a W

parametrisation which makes it possible {0 trim a curve or identify points on the curve by

va
cu
an
pla
se

ue. The geometric direction of a curye-is the direction of increasing parameter value. Fg
f'ves, a method of representation.istused which separates their geometric form from thei
[ position in spce. In each case, the fti@n and orientation information is conveyed by axig
cement The general purpose parametric curve is represented iy Hpine_curveentity. This
ected as the most stablefoym of representation for the communication of all types of poly

rational parametric curves.With appropriate attribute values and subtypespéine_curveentif

ca

ty(
the

bable of representing.single span or spline curves of explicit polynomial, rational, Bézier
e. Acomposite ~curveentity, which includes the facility to communicate continuity inform
b curve-to-curye transition points, is provided for the construction of more complex curves

Th

offset.«curve andurve_on_surfacetypes are curves defined with reference to other geomé

arate offset_curve entities exist for 2D and 3D applications. The curve on surface entities

intersection_curvewhich represents the intersection of two surfaces. Such a curve may be 1
in BD Space Qr inthe 2D parameter space of either of the surfaces

jefinitions are

barametric terms. In others, the conic curves and elementary surfaces, titeodsfare in geonpetric

ne geometric
this place-
e and

polynomi-
ell defined

parameter

r the conic
I orientation
2 -
was
nomial and
Y is
pr B-spline
ption at

ptry. Sep-
include an
epresented

4.2.5

Surfaces

The surface entities support the requirements of simple boundary representation (B-rep) solid modelling
system and enable the communication of general polynomial and rational parametric surfaces. The sim-
ple surfaces are the planar, spherical, cylindrical, conical and toroidal surfeste$aee_of revolution

and asurface_of_linear_extrusion As with curves, all surfaces have an associated standard parametri-

(©ISO 2000 — All rights reserved
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sation. In many cases the surfaces, as defined, are unbounded; it is assumed that they will be bounded
either explicitly or implicitly. Explicit bounding is achieved with thectangular_trimmed_surfaceor
curve_bounded_surfaceentities; implicit bounding requires the association of additional topological

in

formation to define dace

Theb_spline_surfaceentity and its subtypes provide the most general capability for the communication
of all types of polynomial and rational biparametric surfaces. Thiisyemses control points as the most

St
co
co
su

4.

S

tha
fer
tio

4.3 Geometry constant and type definitions
43.1 dummy_gri
Thie constantlummy_gri isaypartial entity definition to be used when typegebmetric_represe

tio

E

ble form of representation for the surface geometry. dffset_surfaceentity is intended-fg
Mmmunication of a surface obtained as a simple normal offset from a given surfacecigulg
Mmposite_surfaceentity provides the basic capability to connect together a rectangular ;nesh
[face patches, specifying the degree of continuity from patch to patch.

.6 Preferred form

me of the geometric entities provide the potential capability of defining an item of geome
kN one way. Such multiple representationssa@mmodated by requiring the nomination of
red form’ or ‘master representation’. This is the form which is‘used to determine the p4
.

(o

NOTE - Themaster_representationattribute acknowledges the impracticality of ensuring that
forms are indeed identical and allows the indication of apreferred form. This would probably be
by the creator of the data. All characteristics, such@s parametrisation, domain, and results of €
an entity having multiple representations, are derived from the master representation. Any use
representations is a compromise for practical@onsiderations.

h_item are constructéd. It provides the correct supertypes anadime attribute as an empty s

APRESS specification

)

ONSTANT

r the
r
of distinct

ry in more
a ‘pre-
\rametrisa-

multiple
determined
valuation, for
of the other

nta-
fring.

dummy gri : geometric representation item representation item(")||

geometric_representation_item();
END_CONSTANT;

(*

1

6
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4.3.2 dimension_count

A dimension_countis a positive integer used to define the coordinate space dimensionalityexf-a
metric_representation_context

EXPRESS specification

*
)
TY[PE dimension_count = INTEGER;
WHERE

WR1: SELF > 0;

END_TYPE;

(*

Formal propositions

WR1: A dimension_countshall be positive.

4.8.3 b_spline_curve_form

This type is used to indicate that the B-spline\curve represents a part of a curve of some spgecific form.

EXPRESS specification

—

YPE b_spline_curve_forn )= ENUMERATION OF
(polyline_form,
circular_arc,
elliptic_arc,
parabolic_afc,
hyperbolic~arc,
unspectified);
END_TYPRE;
(*

Enumerated item definitions

polyline_form: A connected sequence of line segments represented by degree 1 B-spline basis func-
tions.

circular_arc: An arc of a circle, or a complete circle represented by a B-spline curve.

(©ISO 2000 — All rights reserved 17
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elliptic_arc: An arc of an ellipse, or a complete ellipse, represented by a B-spline curve.
parabolic_arc: An arc of finite length of a parabola represented by a B-spline curve.
hyperbolic_arc: An arc of finite length of one branch of a hyperbola represented by a B-spline curve.

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

434 D_Spliné_surface_form

Thijs type is used to indicate that the B-spline surface represents a part of a surface of some specific form.

EXPRESS specification

TIYPE b_spline_surface_form = ENUMERATION OF
(plane_surf,

cylindrical_surf,

conical_surf,

spherical_surf,

toroidal_surf,

surf_of_revolution,

ruled_surf,

generalised_cone,

quadric_surf,

surf_of linear_extrusion,

unspecified);

END_TYPE;

(*

Enumerated item definitions

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

cylindricalssurf: A bounded portion of a cylindrical surface.

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

sphericat _surf: i ; ; =spline surface.
toroidal_surf: A torus, or portion of a torus, represented by a B-spline surface.
surf_of_revolution: A bounded portion of a surface of revolution.

ruled_surf: A surface constructed from two parametric curves by joining with straight lines correspond-
ing points with the same parameter value on each of the curves.

18 (©ISO 2000 — All rights reserved
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generalised_cone:A special case of a ruled surface in which the second curve degenerates to a single
point; when represented by a B-spline surface all the control points along one edge will be coincident.

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

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

un

snecified: A _surface forwhich no parfim lar form.is cpnr‘ifinrl
P

4.

3.5 extent_enumeration

This type is used to describe the quantitive extent of an object.

EX

PRESS specification

(*

En

YPE extent_enumeration = ENUMERATION OF
(invalid,

zero,

finite_non_zero,

infinite);
ND_TYPE;

umerated item definitions

iny
ze
fin

inf

4

[0: The extent is zero.
te_non_zero: The®xtent is finite (bounded) but not zero.

nite: The extentis not finite.

B.6 knot_type

T

is_type indicates that the B-spline knots shall have a particularly simple form enabling

alid: The concept of extentis'not valid for the quantity being measured.

themsetvestobedefautted:

the knots

For details of the interpretation of these types see the B-spline curve entity definition (4.4.34).

EXPRESS specification

)

©|
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TYPE knot_type = ENUMERATION OF

(uniform_knots,
quasi_uniform_knots,
piecewise_bezier_knots,
unspecified);

END_TYPE;

(*

Enumerated item definitions

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

ungpecified: The type of knots is not specified. This includes the case of nénuniform knots.

C

q
oi

o

This type is used to indicate the preferred form of representation for a surface curve, whic
cufve in geometric space or in the parametric spaceof the underlying surfaces.

EX

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

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

4.8.7 preferred_surface curve_representation

PRESS specification

(*

En

TIYPE preferred_surface_curve,representation = ENUMERATION OF

(curve_3d,
pcurve_s1,
pcurve_s2);

END_TYPE,;

umerated item definitions

cutveZ 3d: The curve in three-dimensional space is preferred

N IS either a

pcurve_s1: The first pcurve is preferred.

pcurve_s2: The second pcurve is preferred.

20
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4.3.8 transition_code

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

EXPRESS specification

TIYPE transition_code = ENUMERATION OF
(discontinuous,

continuous,

cont_same_gradient,
cont_same_gradient_same_curvature);
ND_TYPE;

m

Enumerated item definitions

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

coptinuous: The segments, or patches, join, byt no condition on their tangents is implied.

copt_same_gradient: The segments, or patches, join, and their tangent vectors, or tangent [planes, are
parallel and have the same direction, at'the joint; equality of derivatives is not required.

copt_same_gradient_same_curvatureFor a curve, the segments join, their tangent vectorq are par-

allel and in the same direction,‘and their curvatures are equal at the joint; equality of derivatives is not
required. For a surface this implies that the principal curvatures are the same and that the principal
directions are coincident alehg the common boundary.

4.3.9 trimiiing_preference

This type is-used to indicate the preferred way of trimming a parametric curve where the rimming is
myltiply defined.

EXPRESS specification

*

)

TYPE trimming_preference = ENUMERATION OF
(cartesian,
parameter,
unspecified);

END_TYPE;
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(*

Enumerated item definitions

cartesian: Trimming by cartesian point is preferred.

palameter: Trimming by parameter value is preferred.

unppecified: No trimming preference is communicated.

4.3.10 axis2_placement

This select type represents the placing of mutually perpendicular axes_in\two-dimensional

dimensional Cartesian space.

specifying the space dimensionality.

EXPRESS specification

TIYPE axis2_placement = SELECT
(axis2_placement_2d,
axis2_placement_3d);
END_TYPE;

(*
4.8.11 curve_pn-surface
A ¢urve_on_surfacds a curve on a parametric surface. It may be any of the following

—| apcurve.ar

—| asurface_curve including the specialised subtypesiotersection_curveand
seam_curveor

NOTE - This select type enables entities requiring axé&ement infarmation to reference the axed

or in three-

novitt

— acomposite_curve_on_surface

Thecurve_on_surfaceselect type collects these curves together for reference purposes.
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EXPRESS specification

*

)

TYPE curve_on_surface = SELECT
(pcurve,

surface_curve,
composite_curve_on_surface);
D_TYPE,

m

4.83.12 pcurve_or_surface

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

EXPRESS specification

TIYPE pcurve_or_surface = SELECT
(pcurve,

surface);

ND_TYPE;

= M

4.3.13 surface_boundary

Thijs type is used to select thestype of bounding curve to be used in the definitimunfea bounded_-
sufface It provides for the boundary to be eithebaundary_curve or adegenerate_pcurve

EXPRESS specifieation

TY[PE surface_boundary = SELECT
(beundary_curve,
degenerate_pcurve);
END_TYPE]

(*

4.3.14 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 number defining a parameter value within the parametric range of the curve.

(©ISO 2000 — All rights reserved 23


https://standardsiso.com/api/?name=94c1325b378b1421179d1b7ef36b5d81

ISO 10303-42:2000(E)

EXPRESS specification

*)

TYPE trimming_select = SELECT

E

(cartesian_point,
parameter_value);
ND_TYPE;

(

4.

Thiis type is used to identify the types of entity which can participate in vectar’'computations.

EX

3.15 vector_or_direction

PRESS specification

4.

This subclause contains all the explicit geometric entities. Except for entities defined in 3

sp
sy
ric
of

4.

A

tio

YPE vector_or_direction = SELECT
(vector,

direction);

ND_TYPE;

al Geometry entity definitions

hce, all geometry is defined:in a right-handed Cartesian coordinate system (the geometr

| representation_item(see 4.4.2). The curve and surface definitions are all given essential
boints andor vectofrs)angor scalar (length) values.

4.1 geéometric_representation_context

jeometric_representation_contexis a representation_contextin which geometric_represg
h_items are geometrically founded.

parameter
¢ coordinate

5tem). The space dimensienality of this coordinate system is established by the contegeofjtlet-

yin terms

nta-

A geometric_representation_contexis a distinct coordinate space, spatially unrelated to other coordi-
nate spaces except as those coordinate spaces are specifically related by an appropriate transformation.

(S

24

ee 3.2 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;

(*

Atlribute definitions

co
mg

tric_representation_context

this part of ISO 10303.

7.2 geometric_representation_item

jeometric_representation_iteris arepresentation_itémthat has the additional meaning of
pmetric position or orientation or both. This meaning is present by virtue of:

being acartesian_pointor adirection;

referencing directly @artesian_pointor adirection;

referencing indirectly @artesian”pointor adirection.

many cases this information is given in the form ofeatis2_placement

axis2_placementhat in turn references@artesian_pointand severatlirections.

topological_representation_itens, referencesurves, surfaces andpoints. Through additional inter

entities curves and swces referenceartesian_pointanddirection.

brdinate_space_dimensionThe number of dimensions of the coordinate-space which ig

NOTE - Any constraints on the allowed rangeamfordinate_space_dimensiomre outside the sc

NOTE 1- An indirect reference to eartesian_pointor direction means that a givegeometric_re
sentation_itemreferences’ theartesian_pointor direction through one or more intervening attriby

EXAMPLE 1 ¢ Consider a circle. It gains its geometric position and orientation by virtue of a re

EXAMRLIE 2 A manifold_solid_brepis ageometric_representation_itenthat through several lay

bpe of

having

pre-
tes. In

ference to

ers of
ening

NOTE 2 - The intervening entities, which are all of tympresentation_item need not be of subtype
geometric_representation_item Consider thanmanifold_solid_brep from the above example. One of the
intervening levels ofepresentation_itemis aclosed_shell This is atopological_representation_itemmand
does not require geometric_representation_contextn its own right. When used as part of the definition
of a manifold_solid_brep that itself is ageometric_representation_item it is founded in ageometric_-

representation_context

(©ISO 2000 — All rights reserved
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NOTE 3- Ageometric_representation_iteminherits the need to be related toegpresentation_context
in arepresentation The rulecompatible_dimensionensures that thepresentation_contextis ageomet-
ric_representation_context When in the context of geometry, this relationship causegdioenetric_rep-
resentation_itemto be geometrically founded.

NOTE 4 - As subtypes ofepresentation_itemthere is an implicit and/or relationship betwegeomet-
ric_representation_itemandtopological_representation_item The only complex instances intended to be

_created aredge_curveface_surface, andertex_point

EXPRESS specification

*

)

FNTITY geometric_representation_item

SUPERTYPE OF (ONEOF(point, direction, vector, placement,
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, primitive_2d,
right_angular_wedge, ellipsoid, faceted~primitive,
rectangular_pyramid, cyclide_segment_solid, volume,
half_space_solid, half_space_2d,
shell_based_surface_model, face’based_surface_model,
shell_based_wireframe_modely edge based_wireframe_model,
geometric_set))

SUBTYPE OF (representation_item);

DERIVE

dim : dimension_count := dimension “of(SELF);

WHERE

WR1: SIZEOF (QUERY (using_fep" <* using_representations (SELF) |

NOT (GEOMETRY_SCHEMA.GEOMETRIC_REPRESENTATION_CONTEXT' IN

TYPEOF (using_rep.context_of items)))) = 0;

END_ENTITY;

(*

Atlribute definitions

di

m: The coordinatelimension_countof thegeometric_representation_item

Format propositions

WR1: The context of any representation referencirggametric_representation_itenshall be ageo-
metric_representation_context

NOTE 5- Thedim attribute is derived from theoordinate_space_dimensionf ageometric_represen-
tation_contextin which thegeometric_representation_items geometrically founded.
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NOTE 6 - Ageometric_representation_items geometrically founded in one or mogeometric_repre-
sentation_contexs, all of which have the sanwordinate_space dimensionSee the ruleompatible_di-

mensionin 4.5.

4.4.3 point

A

oint is a location in some real Cartesian coordinate sgéiteform 1,2 or3.

EX

PRESS specification

EN

m

(*

EX

TITY point

SUPERTYPE OF (ONEOF(cartesian_point, point_on_curve, point_on_surface,
point_in_volume, point_replica, degenerate_pcurve))

SUBTYPE OF (geometric_representation_item);

ND_ENTITY;

7.4 cartesian_point

cartesian_pointis apoint defined by its coordinates in a rectangular Cartesian coordinate

system, or

h parameter space. Thetigpis defined in a one, two or three-dimensional space as determifed by the

mber of coordinates in the list.

NOTE 1- Forthe purposes of defining geometry in this part of ISO 10303 only two or three-d
points are used.

NOTE 2 - Depending upon‘thgeometric_representation_contextn which the point is used the
of the coordinates may 'be (x,y,z), or (u,v), or any other chosen values.

PRESS spegcification

m

NTITY>-cartesian_point
SURERTYPE OF (ONEOF(cylindrical_point, polar_point, spherical_point))

mensional

names

SUBTYPE QFE (Innint);

E
(*

©|

coordinates : LIST [1:3] OF length_measure;
ND_ENTITY;

SO 2000 - All rights reserved
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Att

ribute definitions

coordinates[1]: The first coordinate of thpoint location.

coordinates[2]: The second coordinate of thp@int location; this will not exist in the case of a one-
dimensional point.

coordinates[3]: The third coordinate of thpoint location; this will not exist in the case of a one or

twp-dimensional point.
SHLF\geometric_representation_item.dim: The dimensionality of the space in whichpsint is
defined. This is an inherited derived attribute from the geometric representation item supert
caftesian point is determined by the number of coordinates in the list.
4.4.5 cylindrical_point
A pylindrical_point is a type ofcartesian_point which uses a cylindrical polar coordinate §
ceptred at the origin of the corresponding Cartesian coordinate system, to define its location.
EXPRESS specification
ENTITY cylindrical_point
SUBTYPE OF (cartesian_point);
r . length_measure;
theta : plane_angle_measure;
z . length_measure;
DERIVE
SELF\cartesian_point.coordinates : LIST [1:3] OF length_measure :=
[r*ces(theta), r*sin(theta), z];
WHERE
WR1: r >= 0.0;
END_ENTITY;

(*

Atlribute definitions

r:

pe and for a

ystem,

The distance from the point to the z axis.

theta: The angle between the plane containing the point and the z axis and the xz plane.

Z.

Fo

The distance from the xy plane to the point.

rmal propositions

WRZ1: The radius r shall be greater than, or equal to zero.

28
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Informal propositions

IP1: The value otheta shall lie in the rang® < theta < 360 degrees.

4.4.6 spherical_point

A
at

cnharical naintic a2 tvna nfeartacian naintwhich nicac 2 cnharical nalar canrdinata cvucta
PHeHCe— PO HHHSa-ty P e-BicaiteStai—pPoHHtWHHEH-HSESa-SPHeHEa P o608 8HaHatte-SYSted

he origin of the corresponding Cartesian coordinate system, to define its location.

EXPRESS specification

m

NTITY spherical_point

SUBTYPE OF (cartesian_point);
r . length_measure;
theta : plane_angle_measure;
phi  : plane_angle_measure;

DERIVE

SELF\cartesian_point.coordinates : LIST [1:3] OF length_measure :=
[r*sin(theta)*cos(phi), r*sin(theta)*sin(phi), r*cos(theta)];

WHERE
WR1: r >= 0.0;
END_ENTITY;
(*
Atlribute definitions

The distance from the point to the origin.

theta: The angled between the z axis and the line joining the origin to the point.

phj:

to

Fo

The anglep, measured from the x axis to the projection onto the xy plane of the line from
the point.

NOTE-V See Figure 1 for an illustration of the attributes.

R, centred

the origin

rmal propositions

WRZ1: The radius r shall be greater than, or equal to zero.

Inf

ormal propositions

IP1: The value otheta shall lie in the rang® < theta < 180 degrees.

(©ISO 2000 — All rights reserved
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IP

ce

EX

a7

N s

m

NTITY <polar_point

Figure 1 — Spherical_point attributes

P: The value ofphi shall lie in the rang® <"phi < 360 degrees.

polar_point

polar_point is a type ofcartesian_point which uses a two dimensional polar coordinate
htred at the origin of the-cerresponding Cartesian coordinate system, to define its location.

PRESS specification

SUBTYPE OF (cartesian_point);
r . length_measure;

E
(*

30

theta : plane_angle_measure,

DERIVE

SELF\cartesian_point.coordinates : LIST [1:3] OF length_measure :
[r*cos(theta), r*sin(theta)];

WHERE

WR1: r >= 0.0;

ND_ENTITY;

system,

(©ISO 2000 — All rights reserved
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Attribute definitions

r: The distance from the point to the origin.

theta: The angle between the x axis and the line joining the origin to the point.

Foumalpropositions
Ra-pPFopoSHOH

WR1: The radius r shall be greater than, or equal to zero.

Informal propositions

IP1: The value otheta shall lie in the rang® < theta < 360 degrees.

4.4.8 point_on_curve

A point_on_curveis apoint which lies on acurve. The pointis determined by evaluating v
a gpecific parameter value. The coordinate space dimensionality of the point is thaba$thecuive

D
Q
—

EXPRESS specification

ENTITY point_on_curve
SUBTYPE OF (point);
basis_curve . curve;
point_parameter : parameter.value;
END_ENTITY;
(*
Attribute definitions

bapis_curve: Thecurve to whichpoint_parameter relates.

pojnt_parameter: The parameter value of thpmint location.

SELF\geometric_representation_item.dim: The dimensionality of the space in which {h@nt_on_-
curve is defined. This is the same as that of Hasis_curve

Informal propositions

IP1: The value of thgoint_parameter shall not be outside the parametric range ofdhere.
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4.4.9 point_on_surface

A point_on_surfaceis 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

m

NTITY point_on_surface

SUBTYPE OF (point);

basis_surface . surface;
point_parameter_u : parameter_value;
point_parameter_v : parameter_value;
ND_ENTITY;

m

Atlribute definitions

bakis_surface: Thesurfaceto which the parameter vajues relate.
pojnt_parameter_u: The first parameter value of tip®int location.
pojnt_parameter_v: The second parameter-«value of fhant location.

SHLF\geometric_representation_item.dim: The dimensionality of the coordinate space offtbant_-
on| surface This is the same as that-of-thasis_surface

Informal propositions

IP1: The parametric yalues specified for u and v shall not be outside the parametric rangbagishe
sufface

44.10 point_in_volume

A point xin_volume is a point which lies inside, or on the the surface ofyvalume. The poipt is
determined by evaluating thlume at the specified parameter values.

EXPRESS specification

)

ENTITY point_in_volume
SUBTYPE OF (point);
basis_volume . volume;

32 ©ISO 2000 — All rights reserved


https://standardsiso.com/api/?name=94c1325b378b1421179d1b7ef36b5d81

ISO 10303-42:2000(E)

point_parameter_u : parameter_value;

point_parameter_v : parameter_value;

point_parameter_w : parameter_value;
END_ENTITY;

(*

Atlribute definitions

bakis_volume: Thevolumeto which the parameter values relate.
pojnt_parameter_u: The first parameter value of tip®int location.
pojnt_parameter_v: The second parameter value of fhant location.

pojnt_parameter_w: The third parameter value of tipint location.

Informal propositions

IP1: The value of the parameter values specified for u, v;and w shall not be outside the para
of thebasis_volume

44.11 point_replica

This defines a replica of an existing point (the parent) in a different location. The replica ha
coprdinate space dimensionality as the parent point.

EXPRESS specification

m

NTITY point_replica

SUBTYPE OF~(point);

parent_pt . point;

transformation : cartesian_transformation_operator;
WHERE

WR1I~transformation.dim = parent_pt.dim;

WR2: acyclic_point_replica (SELF,parent_pt);

metric range

s the same

ENDZENTITY;

(*

Attribute definitions

parent_pt: The pointto be replicated.

(©ISO 2000 — All rights reserved
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transformation: The Cartesian transformation operator which defines the location of the point replica.

Formal propositions

WR1: The coordinate space dimensionality of the transformation attribute shall be the same as that of
theparent_pt.

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

4412 degenerate_pcurve

A fegenerate_pcurves defined as a parameter space curve, but in three-dimensional model space it
co|lapses to a single point. It is thus a subtypgaiint, not ofcurve.

NOTE - For example, the apex of a cone could be representedegenerate _pcurve

EXPRESS specification

m

NTITY degenerate_pcurve

SUBTYPE OF (point);

basis_surface: surface;

reference_to_curve : definitional_representation;

WHERE

WR1: SIZEOF(reference_to_curyelrepresentation.items) = 1;

WR2: 'GEOMETRY_SCHEMA:CURVE' IN TYPEOF
(reference_to_curvelrepresentation.items[1]);

WR3: reference_to_curvelrepresentation.
items[1]\geometric_representation_item.dim =2;

m

ND_ENTITY;
(*

Atlribute definitions

bapis” surface: The surface on which th@egenerate_pcurvdies.

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

Formal propositions

WR1: The set of items in thdefinitional_representationentity corresponding to theference_to_-
curve shall have exactly one element.
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WR2: The unique item in the set shall bearve.

WR3: The dimensionality of this parameter space curve shall be 2.

Inf

ormal propositions

An
the

EX

7#.13 evaluated_degenerate_pcurve

evaluated_degenerate_pcurves a type ofdegenerate_pcurvewhich gives the result of eval
e pcurve and associates it with the corresponding Cartesian point.

PRESS specification

m

m

(*

Atlribute definitions

NTITY evaluated_degenerate_pcurve
SUBTYPE OF (degenerate_pcurve);
equivalent_point : cartesian_point;
ND_ENTITY;

eq

4.

This entity defines ageneral direction vector in two or three dimensioaakspI he actual magn

of
SIg

Livalent_point: The point in the geometric coordinate system represented by the degenetj

4.14 direction

the components have no effect upon the direction being defined, only the ratios x:y:z
nificant.

malised before use.

EXPRESS specification

)
E

NTITY direction
SUBTYPE OF (geometric_representation_item);
direction_ratios : LIST [2:3] OF REAL;

WHERE

©|

SO 2000 - All rights reserved

lating

ate pcurve.

itudes
or x:y are

NOTE-" The components of this entity are not normalised. If a unit vector is required it shodild be nor-
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E

WR1: SIZEOF(QUERY(tmp <* direction_ratios | tmp <> 0.0)) > O;
ND_ENTITY;

(*

Attribute definitions

gi
gi
dir]
a ¢

SH
is
by

I

I

Fo

NOTE - Thedirection_ratios attribute is a list, the individual elements of this list are defined-bel
pction_ratios[1]: The componentin the direction of the X axis.
pction_ratios[2]: The componentin the direction of the Y axis.

pction_ratios[3]: The componentin the direction of the Z axis; this will notbe’present in th
irection in two-dimensional coordinate space.

hn inherited attribute of thgeometric_representation_itensupertype; for this entity it is deter
the number oflirection_ratios in the list.

rmal propositions

W

4.

This entity defines a vector in terms-of-the direction and the magnitude of the vector.

EX

R1: The magnitude of the direction vector shall'be greater than zero.

4.15 vector

NOTE - The magnitude of the vector must not be calculated from the components of the
orientation attribute. Thisform of representation was selected to reduce problems with numerica

For example a vector of magnitude 2.0 mm and equally inclined to the coordinate axes could be
with orientation attribute of (1.0,1.0,1.0).

PRESS specification

m

NTITY' vector

OW.

e case of

LF\geometric_representation_item.dim: The coordinate space dimensionality of the direcfion. This

mined

| instability.
represented

SUBTYPE OF (geometric representation item):;

orientation : direction;

magnitude . length_measure;
WHERE
WR1 : magnitude >= 0.0;
END_ENTITY;
(*
36 (©ISO 2000 — All rights reserved
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Attribute definitions

orientation: The direction of thevector.

magnitude: The magnitude of theector. All vectors ofmagnitude 0.0 are regarded as equal in value
regardless of therientation attribute.

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

Formal propositions

WR1: The magnitude shall be positive or zero.

44.16 placement

A placementlocates a geometric item with respect to the coordinate system of its geometricicontext. It
logates the item to be defined and, in the case of the axis placement subtypes, gives its orieptation.

EXPRESS specification

m

NTITY placement

SUPERTYPE OF (ONEOF(axisl_placement,axis2_placement_2d,axis2_placement_3d))
SUBTYPE OF (geometric_representation_item);

location : cartesian_point;

ND_ENTITY;

m

(*

Atlribute definitions

logation: Thegeometric position of a reference point, such as the centre of a circle, of the item to be
logated.

4 427 axisl placement

The direction and location in three-dimensional space of a single axiexisd_placemenis defined

in terms of a locating point (inherited from the placement supertype) and an axis direction; this is either
the direction ofaxis or defaults to (0.0,0.0,1.0). The actual direction for the axis placement is given by
the derived attribute.
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EXPRESS specification

)
E

NTITY axisl placement

SUBTYPE OF (placement);
axis . OPTIONAL direction;
DERIVE

m

(*

Z . direction = NVL(normalise(axis), aummy_gr ||
direction([0.0,0.0,1.0]));

HERE

WR1: SELF\geometric_representation_item.dim = 3;

ND_ENTITY;

Atlribute definitions

SH
ax
z

SE
ax

Fo

LF\placement.location: A reference point on the axis.
s: The direction of the local Z axis.

The normalised direction of the local Z axis.

rmal propositions

W

4.

R1: The coordinate space dimensionality shall be 3.

1.18 axis2_placement_2d

LF\geometric_representation_item.dim: The space dimensionality of the
sl _placementwhich is determined from it®cation, and is always equal to 3.

Thie location and orientation in two-dimensional space of two mutually perpendicular axesig®n -

pla
be
Sy
dir
dir

cement_2ds definéd in terms of a point, (inherited from the placement supertype), and an pxis. It can
used to locate and orientate an object in two-dimensional space and to define a placemgnt coordinate
5tem.  Thelentity includes a point which forms the origin of thec@ient coordinate system. A

pction veetor is required to complete the definition of thecpiment coordinate system. Tiad -
pctiondefines the placement X axis direction; the placement Y axis direction is derived frogm this.

EXPRESS specification

*)

E

NTITY axis2_placement_2d
SUBTYPE OF (placement);
ref _direction : OPTIONAL direction;

DERIVE

38
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p : LIST [2:2] OF direction := build_2axes(ref_direction);
WHERE
WR1: SELF\geometric_representation_item.dim = 2;
END_ENTITY;
(*
Atfribute definitions
SHLF\placement.location: The spatial position of the reference point which defines thé orig
aspociated placement coordinate system.

ref

refl

—
[HRY

P
p[2
p[

Fo

: | The axis set for the placement coordinate system.

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

].

rmal propositions

W

4.

Thie location and orientation in three-dimensional space of two mutually perpendicular axess

pla
or
a

co
din
thq

R1: The space dimensionality of tlais2_placement_2dhall be 2.

1.19 axis2_placement.c3d

cement_3dis defined in térms of a point, (inherited from the placement supertype), and t\
hogonal) axes. It can be-.used to locate and orientate a non axi-symmetric object in space
lacement coordinate-system. Théitgrincludes a point which forms the origin of thegaler
prdinate system¢Iwo direction vectors are required to complete the definition oattes@nt
ate system. Thaxisis the placement Z axis direction and tie¢_direction is an approximati
b placement.X axis direction.

NOTE - Letz be the placement Z aX|s dlrectlon aadbe the apprOX|mate placement X axis di

]: The normalised direction of the placement X axis. This is (1:0,0:@¥ ifdirection is omitted.

O(E)

in of the

]: The normalised direction of the placement Y axis. Thisis*a derived attribute and is orthogonal to

An

yo (ideally
and to define
hent

COoOr-

DN to

rection.

and Y axis directions.

a) The vectora is projected onto the plane defined by the origin péirand the vector to give the
placement X axis directionas (a (a =z)z). The placement Y axis direction is then given by

v (z xXx).

b) The placement Y axis direction is calculatedvas (z x a) and then the placement X axis direction is

givenbyx (y x z).

(©ISO 2000 — All rights reserved
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The first method is likely to be the more numerically stable of the two, and is used here.

A placement coordinate system referenced by the parametric equations is derived feotis2hglace-
ment_3ddata for conic curves and elementary surfaces.

EXPRESS specification

DERIVE

WHERE

m

Atlribute definitions

ENTITY axis2_placement_3d

(*

SUBTYPE OF (placement);
axis . OPTIONAL direction;
ref _direction : OPTIONAL direction;

p . LIST [3:3] OF direction := build_axes(axis,ref_direction);

WR1: SELF\placement.location.dim = 3;
WR2: (NOT (EXISTS (axis))) OR (axis.dim = 3);

WR3: (NOT (EXISTS (ref_direction))) OR (ref_direction.dim\= 3);
WR4: (NOT (EXISTS (axis))) OR (NOT (EXISTS (ref _direction))) OR
(cross_product(axis,ref_direction).magnitude >\0.0);

ND_ENTITY;

SHLF\placement.location: The spatial position of the reference point and origin of the as
gcement coordinate system.

p

ax

refl_direction: The direCtion used to determine the direction of the local X axis. If necessary
me

p:

attributes,with appropriate default values if required.
p[1]:_“Fhe normalised direction of the local X axis.

p[2f—Thenormalised directionof thetocat-Yaxis

s: The exact direction of the local Z axis.

The axes for the placement coordinate system. The directions of these axes are deri

bsociated

an adjust-

nt is made to maintain orthogonality to theis direction. If axis and/orref_direction is omifted,
these directions are-taken from the geometric coordinate system.

ed from the

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

40

NOTE - See Figure 2 for interpretation of attributes.
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03]

tocation T

ref_direction

project
onto plane
normal to
axis

Formal propositions

Figure 2 — Axis2_placement_3d

The axis and theref_direction shall not be parallel or anti-parallel. (This is required

WR1: The space dimensionality of tI8ELF\ placement.locationshall be 3.
WR2: The space dimensionality akis shall be 3.

WR3: The space dimensionality o#f_direction shall be 3.

WRA4:

bu|ld_axesfunction.)

4.4.20 cartesian_transformation_operator

A

tationg<mirroring and uniform scaling.

Cartesiam transformation_operatordefines a geometric transformation composed of transl

by the

lation, ro-

The list of normalised vectorg defines the columns of an orthogonal matiix These vectors are
computed, by théase_axidunction, from the direction attributesxisl, axis2and, in

cartesian_transformation_operator_3d axis3 If |T|

The local origin pointA, the scale valug and the matrixT together define a transformation.

The transformation for point with position vectorP is defined by

(©ISO 2000 — All rights reserved
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1, the transformation includes mirroring.
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The transformation for direction d is defined by

d —- Td

The transformation for gector with orientation d andmagnitude % is defined by

d— Td

and
k — Sk

For those entities whose attributes includeaais2_placementthe transformatien is applied, after the

defivation, to the derived attribut@sdefining the placement coordinaleections. For a transfo
sufface the direction of the surface normal at any point is obtained by-transforming the nor
cofresponding point, to the originglirface For geometric entities with@ttributes (such as the
a gircle) which have the dimensionality of length, the values will besmultiplied by

For curves on surface the curve.reference_to_curvewill be unaffected by any transformation.
Thiecartesian_transformation_operatorshall only be applied to geometry defined in a consis
tem of units with the same units on each axis. Withall optional attributeégesimthe transform
defaults to the identity transformation. Thartesian_transformation_operatorshall only be ins

ated as one of its subtypes.

NOTE - See Figures 3(a-c) for demonstration of effect of transformation.

EXPRESS specification

m

NTITY cartesian_transformation_operator
SUPERTYPE OF(ONEOF(cartesian_transformation_operator_2d,
cartesian_transformation_operator_3d))
SUBTYPE OF"(geometric_representation_item,
functionally_defined_transformation);

rmed
mal, at the
adius of

fent sys-
ation
anti-

axis1 . OPTIONAL direction;

axis2 . OPTIONAL direction;

local_origin : cartesian_point;

scale —ORHONALREAL:
DERIVE

scl : REAL := NVL(scale, 1.0);
WHERE

WR1: scl > 0.0;
END_ENTITY;

(*
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Attribute definitions

axisl: The direction used to determingl], the derived X axis direction.
axis2: The direction used to determing2], the derived Y axis direction.

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

scale: The scaling value specified for the transformation.

scl: The derived scal§ of the transformation, equal &zaleif that exists, or 1.0 otherwise.,

Formal propositions

WR1: The derived scalingclshall be greater than zero.

4.4.21 cartesian_transformation_operator_3d

A tartesian_transformation_operator_3ddefines a geomettic transformation in
three-dimensional space composed of translation, rotation, mirroring and uniform scaling.

Thie list of normalised vectorg defines the columns of an orthogonal matilix These vectors are

computed from the direction attributegisl, axis2andaxis3by thebase_axidunction. If | T| 1,
the transformation includes mirroring.

EXPRESS specification

m

NTITY cartesian_transformation_operator_3d
SUBTYPE OF (cartesian_transformation_operator);
axis3 : OPTIONAL direction;
DERIVE
u ~JMST[3:3] OF direction
= base_axis(3,SELF\cartesian_transformation_operator.axis1,
SELF\cartesian_transformation_operator.axis2,axis3);
WHERE
WRI1: SE| I:\gnnmntrir_rnprnennfnfinn tem dim = 3;

END_ENTITY;
(*
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shape after ]

transformation

shape before

(rotation)

transtormation

Atlribute definitions

SH

Figure 3 — (a) Cartesian_transformation_operator_3d

X @xis direction. If necessaryf1} is adjusted to make it orthogonal w3].

SH

Y @xis direction. If necessary|2] is adjusted to make it orthogonal 1] andu[3].

ax
SH
Sid
ori

s3: The exactdirection of[3], the derived Z axis direction.

gin.

SH

LF\cartesian_transformation_operator.local_origin: The required translation, specified as
n point~The actual translation included in the transformation is from the geometric origin

LE\cartesian_transformation operator.scale: The scaling value specified for the transforn

LF\cartesian_transformation_operator.axis1: The direction used to determing1], the defived

LF\cartesian_transformation_operator.axis2: The direction used to determing2], the defived

a carte-
o the local

hation.

SELF\cartesian_transformation_operator.scl: The derived scal® of the transformation,

equal toscaleif that exists, or 1.0 otherwise.

u: The list of mutually orthogonal, normalised vectors defining the transformation matrikhey are
derived from the explicit attributesxis3 axisl, andaxis2in that order.

44

©ISO 2000 — All rights reserved


https://standardsiso.com/api/?name=94c1325b378b1421179d1b7ef36b5d81

ISO 10303-42:2000(E)

shape after —— |

transformation
(rotation, scaling)

shane bofore

O / tromrsformot\'om

Y

Formal propositions

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

4.4.22

A Cartesian_transformation_operator_2ddefines a geometric transformation in
twp-dimensional'space composed of translation, rotation, mirroring and uniform scaling.

Figure 3 — (b) Cartesian_transformation_operator_3d

cartesian-transformation_operator_2d

Thie list ofnermalised vectorg defines the columns of an orthogonal matiix These vectors are

trarsformation includes mirroring.

computed-from the direction attributesis1 and axis2 by the base_axisfunction. If | T 1,[the

EXPRESS specification

)

ENTITY cartesian_transformation_operator_2d

SUBTYPE OF (cartesian_transformation_operator);

DERIVE
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| N

shape before

m

(*

Atlribute definitions

il transtormation
A
\\ \
\
\ Y
\

\
shape after "
transformation \
(rotation, scaling,
translation)

Figure 3 — (c) Cartesian_transformation_operator_3d

u : LIST[2:2] OF direction :=
base_axis(2,SELF\cartesian”transformation_operator.axisl,
SELF\cartesian_transformation_operator.axis2,?);
HERE
WR1: SELF\geometric_representation_item.dim = 2;
ND_ENTITY;

SH

LF\cartesian_transformation_operator.axis1: The direction used to determing1], the dellived

X axis direction

SELF\cartesian_transformation_operator.axis2: The direction used to determing2], the derived
Y axis direction.

SELF\cartesian_transformation_operator.local_origin: The required translation, specified as a carte-
sian point. The actual translation included in the transformation is from the geometric origin to the local
origin.

SELF\cartesian_transformation_operator.scale: The scaling value specified for the transformation.
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SELF\cartesian_transformation_operator.scl: The derived scal& of the transformation, equal to
scaleif that exists, or 1.0 otherwise.

u: The list of mutually orthogonal, normalised vectors defining the transformation matrikhey are
derived from the explicit attributesxislandaxis2in that order.

Trerot

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

4.4.23 curve

A ¢urve can be envisioned as the path of a point moving in its coordinate space.

EXPRESS specification

ENTITY curve
SUPERTYPE OF (ONEOFK(line, conic, clothoid, pcurve, surface_curve,
offset_curve_2d, offset{curve_3d, curve_replica))
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.

4.4.24 line

Allne is an-inbounded curve with constant tangent directiolinéis defined by goint and adirectipn.
Thle pesitive direction of the line is in the direction of ttie vector.

The curve is parametrised as follows:

P = pnt
VvV = dir
Alu) = P+4+auV

and the parametric range iso < u < oc.
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EXPRESS specification

)
ENTITY line
SUBTYPE OF (curve);
pnt : cartesian_point;
dir : vector;
WHERE
WR1: dir.dim = pnt.dim;
ND_ENTITY;

m

Atlribute definitions

pnf: The location of thdine.
di

rf The direction of thdine; the magnitude and units dir affectithe parametrisation of the lin

U

SHLF\geometric_representation_item.dim: The dimensignality of the coordinate space for lihe.
Thifs is an inherited attribute from the geometric representation item supertype.

Formal propositions

WR1: pnt anddir shall both be 2D or botltbe 3D entities.

4.4.25 conic

A ¢onicis a planar curve which could be produced by intersecting a plane with a cone.

A toniccurve is defined\in terms of its intrinsic geometric properties rather than being described in terms
of pther geometry.

A tonic entity-always has a ptement coordinate system definedasys2_placementthe paramietric
representation is defined in terms of this placement coordinate system.

EXPRESS Qppr‘ifir‘nfinn

)

ENTITY conic
SUPERTYPE OF (ONEOF(circle, ellipse, hyperbola, parabola))
SUBTYPE OF (curve);
position: axis2_placement;

END_ENTITY;

(*
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Attribute definitions

position: The location and orientation of the conic. Further details of the interpretation of this attribute

are given for the individual subtypes.

4.4.26 circle

=

of the data shall be as follows:

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

= position.p[2]

= position.p[3]

= radius

N x QO
I

and the circle is parametrised as
A(u)  CH R((cosu)x $\sinu)y)
Thie parametrisation rangelis< « < 360 degrees.

In the placement coordinate system defined_ above, the circle is the equiationwhere

Clayrs) «*+y* R

Thie positive sense of the circle at any:point is in the tangent direcTipty, the curve at the point,

T ( Cy.Cy,0)

EXPRESS specification

m

NTITY>-circle
SUBTYPE OF (conic);

radius. : pncifi\/n Ipngfh measure;

A gircle is a conic section defined by a radius and the location and orientation of thecircle. Inferpretation

where

NOTE - A circular arclis/defined by using tigmmed_curve entity in conjunction with theircle entity.

END_ENTITY; -
(*

Attribute definitions

SELF\conic.position.location: This inherited attribute defines the centre of the circle.
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p[2]
ref_direction
Z r——\
\ | - D[1]
axis
p[ 3]
X Y

Figure 4 — Circle

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

NOTE - See Figure 4 for interpretation of-attributes.

4.4.27 ellipse

An ellipseis a conic section defined by the lengths of the semi-major and semi-minor diameters and the
pogition (center or mid pointof'the line joining the foci) and orientation of the curve.

o

Interpretation of the datashall be as follows:

C = position.location
x = position.p[1]
y = position.p[2]
7z = position.p[3]
Ry = semi_axis_1
Ry, = semi_axis_2

and the ellipse is parametrised as
A(u) CH (Ricosu)x+ (Rgsinu)y

The parametrisation rangelis< « < 360 degrees.

In the placement coordinate system defined abovellipseis the equatiofi 0, where

Cle,y,2) @*/Ri+y*/R; 1
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p[2]

ref_direction

\

S e 1]

location

Figure 5 — Ellipse

Thie positive sense of the ellipse at any pointisin the tangent dire@idn,the curve at the point, ywhere

T ( Cy.Cy0)

EXPRESS specification

ENTITY ellipse
SUBTYPE OEY(conic);
semi_axis\1+": positive_length_measure;
semi_axis’ 2 : positive_length_measure;
END_ENTITY;
(*
Attribute definitions

SELF\conic.position: conic.position.locatioris the centre of the ellipse,
andconic.position.p[1]the direction of thesemi_axis_1

semi_axis_1:The first radius of the ellipse which shall be positive.
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semi_axis_2:The second radius of the ellipse which shall be positive.

NOTE - See Figure 5 for interpretation of attributes.

4.4.28 hyperbola

A hyperbola is a conic section defined by the lenaths of the major and minor radii and th

e position

(myd-point of the line joining two foci) and orientation of the curve. Interpretation of the data'g

follows:

C = position.location
x = position.p[1]
y = position.p[2]
z = position.p[3]
Ry = semi_axis
Ry, = semi_imag_axis
angd the hyperbolais parametrised as

Au)  CH (Rycoshu)x + (Rysinhu)y

Thie parametrisation range iso < u < oo.

In the placement coordinate system defined above, the hyperbola is represented by the €q

where
Cle,yrd) ~ 2*/RT y*/R; 1

Thie positive sense of the hyperbolaat any point is in the tangent dire@jdn,the curve at the

where
T ( Cy.Cy,0)

Thie branch of the hyperbola represented is that pointed to bydivection.

EXPRESS specification

m

NTITY hyperbola

hall be as

hdtjon

boint,

SUBTYPE OF (conic);

semi_axis . positive_length_measure;
semi_imag_axis : positive_length_measure;
END_ENTITY;

(*
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p[3]
p[2]
\ / semi_imag
/ axis
p[1]
X

seml a

ref_direction

Figure 6 — Hyperbola

Atlribute definitions

SHLF\conic.position: The location and orientation of the curve.
copic.position.locationis the centre of the hyperbola aodnic.position.p[1]is in the direction gf the
semi-axis. The branch defined is on'the sidpadition.p[1] positive.

semi_axis: The length of the _semi-axis of the hyperbola. This is positive and is half the minimum
digtance between the two branches of the hyperbola.

semi_imag_axis: The length of the semi-imaginary axis of the hyperbola which shall be positive.

NOTE - See Figure 6 for interpretation of attributes.

Formal propositions

W 1= Thn |nr\r|ﬂ’\ of fhmnml qvn:ehall ha_araatar fhan ZeFo-
A" 3I. LEA~ A} LA 3 AL T

WR2: The length of thesemi_imag_axishall be greater than zero.

4.4.29 parabola

A parabolais a conic section defined by its focal length, position (apex), and orientation.
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Y
‘ o[ 2] ref_direction
L /A\A
-

p[ 1]

location

B X

Figure 7 —=Parabola

Interpretation of the data shall be as follows:

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

y = position.p[2]

7z = position.p[3]

' = focal _dist

and the parabaolais parametrised as
Au)  CH F(u?x + 2uy)

Thie parametrisation range iso < u < co.

In the placement coordinate system defined above, the parabola is represented by the@quation
where

Cle,y,2) 4Fx o

The positive sense of the curve at any pointis in the tangent dire@ia,the curve at the point, where

T ( Cy.Cy,0)

54 (©ISO 2000 — All rights reserved


https://standardsiso.com/api/?name=94c1325b378b1421179d1b7ef36b5d81

ISO 10303-42:2000(E)

EXPRESS specification

*
)
ENTITY parabola
SUBTYPE OF (conic);
focal_dist : length_measure;
WHERE
WRT: focal_dist <> 0.0,
END_ENTITY;

(*

Atlribute definitions

SHLF\conic.position: The location and orientation of the cunaanic.pesition.locationis the ap¢x of
the parabola andonic.position.p[1]is the axis of symmetry.

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

NOTE - See Figure 7 for interpretation of attributes.

Formal propositions

WIR1: The focal distance shall not be zero.

4.4.30 clothoid

A ¢lothoid is a planar curve inthe form of a spiral. This curve has the property that the curvature varies
linearly with the arc length.
Interpretation of the data.shall be as follows:

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

y = position.p[2]

A = clothoid_constant

anfd theglothoid is parametrised as

U t2 U t2
Alu) C+ A 77(/ cos(r—\dt x4+ / sin(r—)dt  v)
Jo 2 Jo 7

The parametrisation range iso < u < oo.
The arc lengtly of the curve, from the poirt, is given by the formula:

s Aur

The curvatures and radius of curvaturg, at any point of the curve, are related to the arc length by the
formulae:

e
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NOTE 1- A more detailed description of the clothoid curve can be found in [3].

EXPRESS specification

m

NTITY clothoid
SUBTYPE OF (curve);
position . axis2_placement;
clothoid_constant : length_measure;
END_ENTITY;

(*

Atlribute definitions

pogition: The location and orientation of trodothoid.
pogition.locationis the point on the clothoid with zero curvature.
pogition.p[1] is the direction of the tangent to the curve at this point.

NOTE - If positionis of typeaxis2_placement_.2dhe clothoid is defined in a two dimensional space.

clgthoid_constant: The constant which definés the relationship between curvature and arc| length for
the curve.

NOTE - See Figure 8 for interpretation of attributes.

4.4.31 bounded_curve

A bounded_curveis acurve of finite arc length with identifiable end points.

NOTE 1- bounded_curveis not included in the ONEOF list for curve and, as such, has an implicit and/or
relationshipg'with other subtypes of curve. The only complex instances intended to be crediedraled -
pcurve andbounded_surface_curve

EXPRESS specification

*
)
ENTITY bounded_curve
SUPERTYPE OF (ONEOF(polyline, b_spline_curve, trimmed_curve,
bounded_pcurve, bounded_surface_curve, composite_curve))
SUBTYPE OF (curve);
END_ENTITY;

(*
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ref_direction

location

Figure:8 — Clothoid curve

Informal propositions

IP1: A bounded-clrve has finite arc length.

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

4432 polyline

A polyline is abounded_curveof » 1 linear segments, defined by a list:opoints,
P17 P27 3 Pn

Theith segment of the curve is parametrised as follows:
Alw) Pt w)+Pip(u+1 9, for 1<i<n 1

where: 1 < » < ¢ and with parametric range 6f< v <n 1.

(©ISO 2000 — All rights reserved
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EXPRESS specification

*
)
ENTITY polyline
SUBTYPE OF (bounded_curve);
points : LIST [2:?] OF cartesian_point;
END_ENTITY;

(

Atlribute definitions

pojnts: Thecartesian_poins defining theolyline.

4.4.33 b_spline_curve

A B-spline curve is a piecewise parametric polynomial or ratiohal curve described in termq of control
pojnts and basis functions. The B-spline curve has been selécted as the most stable format to represent
all|types of polynomial or rational parametric curves. With appropriate attribute values it is papable of
ri}resenting single span or spline curves of explicit polynomial, rational, Bézier or B-spling type. The

b_Bpline_curvehas three special subtypes where:the knots and knot multiplicities can be|derived to
provide simple default capabilities.

=

NOTE 1- Identification of B-spline curve, default values and subtypes is important for performance con-
siderations and for efficiency issues inpéerforming computations.

NOTE 2 - A B-spline igrational if and only if the weights are not all identical; this can be repredented by
therational_b_spline_curvesubtype. If it is polynomial, the weights may be defaulted to all being 1.

NOTE 3- In the case(where the B-spline curve is uniform, quasi-uniform or Bézier (including piecewise
Bézier), the knots ardyknot multiplicities may be defaulted (i.e., non-existent in the data as spefified by the
attribute definitions).

NOTE 4 - AWhen 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.

NOTE'S - The knots and knot multiplicities shall not be defaulted in the non-uniform case.

NOTE 7- Definitions of the B-spline basis function&' () can be found in [[1], [2], [4], [5]]. It should
be noted that there is a difference in terminology between these references.

Interpretation of the data is as follows:
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The curve, in the polynomial case, is given by:

k
A(u) Z PZ'NZ»d(u)

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

Zf 0 wiNZ»d(u)
where
k+1 = number of control points,
P; = control points,
w; = weights, and
= degree.

The knot array is an array ¢k + d + 2) real numbersu 4,< , ux4+1], such that for all indi
in[ d,k],u; < u;qy. This array is obtained from thets list by repeating each nttiple K
according to the mitiplicity. N¢, theith normalised B-spline basis function of degrkés def
on the subset; 4, ,wu;1q] Of this array.

Let I, denote the number of distinct values amongstdhek + 2 knots in the knot list] wil

referred to as the ‘upper index on knots’.- ket denote the multiplicity (i.e., number of repe
of the jth distinct knot. Then:

L
Somi d+k+2
: 1

All knot multiplicities except the first and the last shall be in the rahge , d; the first ang
may have a maximum-value af+ 1.

In evaluating thebasis functions, a knoof, e.g., multiplicity3 is interpreted as a sequence.
in the knot array!

Ceg
not
ned

be
itions)

last

=

Theb_spline_curvehas three special subtypes where the knots and knot multiplicities are derived

to provide simple default capabilities.

NOTE 8- See Figure 9 for further information on curve definition.

EXPRESS specification

*)

ENTITY b_spline_curve

SUPERTYPE OF (ONEOF(uniform_curve, b_spline_curve_with_knots,
quasi_uniform_curve, bezier_curve)
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//\ J
~—

Figure 9 — B-spline curve

ANDOR rational_b_spline_ctrve)
SUBTYPE OF (bounded_curve);

degree . INTEGER;
control_points_list : LIST [2:?] OF cartesian_peoint;
curve_form . b_spline_curve_form;
closed_curve . LOGICAL;
self_intersect . LOGICAL;

DERIVE

upper_index_on_control_points : INFEGER
= (SIZEOF(control_points_list) - 1);
control_points : ARRAY*“{O: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
(GEOMETRY_SCHEMA.B_SPLINE_CURVE_WITH_KNOTS’ IN TYPEOF(self));
ND_ENTITY;

m

(*

Attribute definitions

NOTE 9- 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 itself, the curve data takes
precedence.

degree: The algebraic degree of the basis functions.
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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 4.3.3 for details).
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 only.

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

uE})er_index_on_control_points: The upper index on the array of control points; the lowerinflex is O.
Thijis value is derived from theontrol_points_list.

coptrol_points: The array of control points used to define the geometry of the curtve. Thisfis derived
from the list of control points.

Formal propositions

WR1: Any instantiation of this entity shall include one of the subtypes
_Bpline_curve_with_knots uniform_curve, quasi_uniform_curveor bezier_curve

o

4.4.34 b_spline_curve_with_knots

This is the type ob_spline_curvefor which the knotwalues are explicitly given. This subtype shall be
usgd to represent non-uniform B-spline curves-and may be used for other knot types.

Let . denote the number of distinct valuesiamongstithe: + 2 knots in the knot list]. will be refefred
to ps the ‘upper index on knots’. Let;denote the multiplicity (i.e., number of repetitions) of tfté
digtinct knot. Then:

7y

L
Zmi d+k+2

1

Allfknot multiplicities except the first and the last shall be in the rahge , d; the first and las§ may
haje a maximum value af+ 1.

In pvaluating the basis functions, a knoof, e.g., multiplicity3 is interpreted as a sequenegu, ¢, in
the knot array.

EXPRESS specification

*

)

ENTITY b_spline_curve_with_knots
SUBTYPE OF (b_spline_curve);
knot_multiplicities : LIST [2:?] OF INTEGER,;
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D

knots . LIST [2:?] OF parameter_value;
knot_spec . knot_type;
ERIVE

upper_index_on_knots : INTEGER := SIZEOF(knots);

WHERE

WRZ1: constraints_param_b_spline(degree, upper_index_on_knots,
upper_index_on_control_points,
knot multiplicities, knots);

EN
&

Atlribute definitions

WR2: SIZEOF(knot_multiplicities) = upper_index_on_knots;
D_ENTITY;

kn
the

kn
kn

SE
on

SH

SE
on

SH
inf
SH

SE
the

up

NOTE - Where part of the data is described as ‘for information only”this implies that if there
crepancy between this information and the properties derived from ‘the curve itself, the curv
precedence.

Dt_multiplicities: The multiplicities of the knots. This list-defines the number of tirmash kn
bknots list is to be repeated in constructing the knot array.

pts: The list of distinct knots used to define the B-gpline basis functions.
Dt_spec: The description of the knot type. Thig\is for information only.

LF\b_spline_curve.curve_form: Used to.identify particular types of curve; it is for infor
y. (See 4.3.3 for details).

LF\b_spline_curve.degree:The algebraic degree of the basis functions.

LF\b_spline_curve.closed_curvéindication of whether the curve is closed; it is for infor
y.

LF\b_spline_curve.self_intersect:Flag to indicate whether the curve self-intersects or not
prmation only.

LF\geometrictepresentation_item.dim: The dimensionality of the coordinate space for th

LF\b_spline<curve.upper_index_on_control_points:The upper index on the array of contr
 lower index is 0. This value is derived from the list of control points

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

s any dis-
e data takes

ot in

mation

mation

it is for

e curve.

bl points;

S

] I:\\h Qplinn cupn/e control pninfc' The array of cantrol pninfe used-to define the gnnmnf

y of the

curve. This is derived from the list of control points.

Fo

rmal propositions

WR1: constraints_param_b_splinereturns TRUE if no inconsistencies in the parametrisation of the
B-spline are found.
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WR2: The number of elements in the knot multiplicities list shall be equal to the number of elements in
the knots list.

4.4.35 uniform_curve

This is a special type di_spline_curvein which the knots are evenly spaced. Suitable default values

forthe knots-and-knotmultiplicities-are derived-inthis case.

A B-spline isuniformif and only if all knots are of multiplicity 1 and they differ by a positive cpnstant
from the preceding knot. In this subtype the knot spacing is 1.0, starting,athered isithe’degree.

NOTE - If the B-spline curve is uniform and degree=1, the B-spline is equivalerpodyéine.

EXPRESS specification

m

NTITY uniform_curve
SUBTYPE OF (b_spline_curve);
ND_ENTITY;

m

(*

NOTE - The value k_up may be required for-the upper index on the knot and knot multiplicity|lists. This
is computed from the degree and the number of control points.

k_up SELF\b_spline:- urve upper_index_on_control_points + degree + 2

If required, the knots and knot multiplicities can be computed by the function calls:
default_b_spline_knot¢SELF\h_spline_curve.degree, k_up,uniform_knots),
default_b_spline_knot_mdl{(SELF\b_spline_curve.degree,k_up, uniform_knots).

4.4.36 quasiztniform_curve

This is a special type di_spline_curvein which the knots are evenly spaced, and except folf the first
angd last, have>multiplicity 1. Suitable default values for the knots and knot multiplicities are [derived in
thip case,

A Bsspline isquasi-uniformif and only if the knots are of multiplicity (degree+1) at the ends,|of mul-
tiplicity T etsewtere,and-they differ by a positive constant frormthe preceding knot—Aquasi-uniform
B-spline curve which has only two knots represents a Bézier curve. In this subtype the knot spacing is
1.0, starting at 0.0.

EXPRESS specification

)
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ENTITY quasi_uniform_curve

SUBTYPE OF (b_spline_curve);

END_ENTITY;
(*

NOTE - The value k_up may be required for the upper index on the knot and knot multiplicity lists. This
is computed from the degree and the number of control points

Th

hig

my
at

B.37 bezier curve

k_up 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:
default_b_spline_knot¢SELF\b_spline_curve.degree,k_up, quasi_uniform_knots)
default_b_spline_knot_mul{SELF\b_spline_curve.degree,k_up, quasi_uniformoknots).

is subtype represents in the most general case a piecewise Bézier curve. This is a specialltype of curve
ich can be represented as a typéos$pline_curvein whichfthe knots are evenly spaced and have
h multiplicities. Suitable default values for the knots andknot multiplicities are derived in this case.

B-spline curve is a piecewise Bézier curve if it isquasi-uniform except that the interior Knots have
Itiplicity degreerather than having multiplicity one. In this subtype the knot spacing is 1.0, starting
D.0. A piecewise Bézier curve which has only;two knots, 0.0 and 1.0, eacHhitgslioity (degreeft+1),

h simple Bézier curve.

NOTE 1- A simple Bézier curve can/be defined as a B-spline curve with knots by the following data:

degree q)

upper index on contfolpoints (equaldp

control points { + 1 cartesian points)

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

knots (0.0, 1.0)

No otherdata are needed, except for a rational Bézier curve. In this case the weightg dataREALS)
shallbe-given.

NOTE 2 - It should be noted that every piecewise Bézier curve has an equivalent representation as a B-

64

spline curve. Because of problems witbn-uniform knots not every B-spline curve can be represented as a
piecewise Bézier curve.

To define a piecewise Bézier curve as a B-spline:
— Thefirst knotis 0.0 with multiplicity{ + 1).

— The next knot is 1.0 with multiplicity (the knots for one segment are now defined, unless it is the last
one).
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— The next knot is 2.0 with multiplicityl (the knots for two segments are now defined, unless the second
is the last one).

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

EXAMPLE 1 A one-segment cubic Bézier curve would have knot sequence (0,1) with multiplicity se-
quence (4.4)

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

NOTE 3- Forthe piecewise Bézier cased i the degree; + 1 is the number of control points; ig the
number of knots with multiplicityl, and N is the total number of knots for the spline,then

(d+2+k) N
(d+1)+md+ (d+1)
thus m (k d)/d

Thus, the knot sequence(i¢ 1 m (m + 1)) with multiplicities(d + 1 d dd+1).

EXPRESS specification

m

NTITY bezier_curve
SUBTYPE OF (b_spline_curve);
ND_ENTITY;

m

(*

NOTE 4 - The value K~up may be required for the upper index on the knot and knot multiplicity lists. This
is computed from the.degree and the number of control points.

SELF\b_spline_curve upper_index_on_control_points 41

k
P SELF\b_spline_curve degree

Ifrequired, the knots and knot multiplicities can then be computed by the function calls:
default_b_spline_knot§SELF\b_spline_curve.degree,k_up, piecewise_bezier_knots)
default_b_spline_knot_mul{SELF\b_spline_curve.degree,k_up, piecewise_bezier_knots).

4.4.38 rational_b_spline_curve

A rational_b_spline_curveis a piecewise parametric rational curve described in terms of control points
and basis functions. This subtype is instantiated with one of the other subtypesptihe _curvewhich
explicitly or implicitly provide the knot values used to define the basis functions.
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All

weights shall be positive and the curve is given by:

A(u) 2 d
> o wiNE(u)

(3

where

k41 = number of control points,
P; = control points,
= \waialkhte and
L,L/Z VV\;IuIIL\), AT
= degree.

EXPRESS specification

m

m

(*

NTITY rational_b_spline_curve
SUBTYPE OF (b_spline_curve);
weights_data : LIST [2:?] OF REAL;

ERIVE
weights : ARRAY [O:upper_index_on_contrel points] OF REAL
= list_to_array(weights_data,0,
upper_index_on_control_points);
HERE

WR1: SIZEOF(weights_data) = SIZEOF(SELF\b_spline_curve.
control_points_list);

WR2: curve_weights_positive(SELF);

ND_ENTITY;

Atlribute definitions

w§
SE
SE

dence.
ights_datai*Fhe supplied values of the weights. See the derived attribaights

LF\b_spline_curve.degree:The algebraic degree of the basis functions.

NOTE - Where part-of the data is described as ‘for information only’ this implies that if there
crepancy between\this information and the properties derived from the curve itself the curve data

LE\b_spline_curve.curve_form: Used to identify particular types of curve; it is for infor

s any dis-
takes prece-

mation

on

y(See .33 fordetaits:)

SELF\b_spline_curve.closed_curveindication of whether the curve is closed; it is for information

on

ly.

SELF\b_spline_curve.self_intersect:Flag to indicate whether the curve self-intersects or not; it is for
information only.

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

66
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SELF\b_spline_curve.control_points: The array of control points used to define the geometry 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 fromelghts_data

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.
4.4.39 trimmed_curve
A trimmed curve is a bounded curve which is created by taking a selected portion, between two identified

pojnts, of the associated basis curve. The basis curve itself is unaltered-and more than one tfimmed curve
may reference the same basis curve. Trimming points for the curve may be identified:

—| by parametric value;
—| by geometric position;
—1| by both of the above.

At|least one of these shall be specified at each end of the curveserisemakes it possible to ynam-
biguously define any segment of a closed-curve such as a circle. The combinations of sens¢ and ordered
end points make it possible to define four distinct directed segments connecting two differept points on
a gircle or other closed curve. For this purpose cyclic properties of the parameter range are pssumed; for
example, 370 degrees is equivalent to 10 degrees.

>

Thie trimmed curve has a parametrisation which is inherited from that of the particular basis gurve refer-
enced. More precisely. the parameteasf the trimmed curve is derived from the parametef the Qasis
cufve as follows:

If gense isTRUEs ¢
If gensediS.\FALSEs ¢, ¢

In the above equations is the value given by trim_1 or the parameter value corresponding to point_1
andt, is the parameter value given by trim_2 or the parameter corresponding to point_2. The resultant
trimmed curve has a parameteranging from 0 at the first trimming point o,  ¢,| at the second
trimming point.

NOTE 1- Inthe case of a closed basis curve, it may be necessary to increneent by the parametric
length for consistency with the sense flag.
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NOTE 2 - For example:
(a) If sense_agreemert TRUE andt, < ¢4, 2 should be increased by the parametric length.
(b) If sense_agreement FALSE andt; < t», t; should be increased by the parametric length.

EXPRESS specification

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

WR1: (HINDEX(trim_1)
WR2: (HIINDEX(trim_2)
ND_ENTITY:;

1) OR (TYPEOF(trim_1[1]) <> TYPEQF(trim_1[2]));
1) OR (TYPEOF(trim_2[1]) <> TYREOF(trim_2[2]));

m

(*

Atlribute definitions

bapis_curve: Thecurve to be trimmed. For curves with multiple representations any parameter values
giMen astrim_1 or trim_2 refer to the master'representation of Hasis_curveonly.

trim_1: The first trimming point which:may be specified as a cartesian point (point_1), as a neal param-
eter value (parameter_1t¥), or both:

trim_2: The second trimming-point which may be specified as a cartesian point (point_2), as a real
parameter value (parameter, 253, or both.

senpse_agreementfFlagte’indicate whether the direction of the trimmed curve agrees with or i opposed
to the direction obasis_curve

—| sense agreément TRUE if the curve is being traversed in the direction of increasing pgrametric
value;

—| sense agreement FALSE otherwise. For an open curve, sense agreemdfALSE if t; > t4. If
t4 > t,, sense agreement TRUE. The sense information is redundant in this case but islessential

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 communicate data in more
than one form, even though the data are expected to be geometrically identical. (See 4.3.9.)

NOTE 3- The master_representation attribute acknowledges the impracticality of ensuring that multiple
forms 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 as parametrisation, domain, and results of evaluation, for
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an entity having multiple representations, are derived from the master representation. Any use of the other

representations is a compromise for practical considerations.

rmal propositions

WRZ1: Either a single value is specified foim_1, or, the two trimming values are of different types

(pgint and parameter).

W

(point and parameter).

Inf

R2: Either a single value is specified form_2, or, the two trimming values are of differen

prmal propositions

IP
co

IP

IP
sh

IP;

IP
of

4.

A
arg
is

pafametrised from 0 th( and, fori > 2, thei'” segment is parametrised from

wh
of
if

|: Where both the parameter value and the cartesian point exisiforl’ or trim_2 they sha
nsistent, i.e., thbasis_curveevaluated at the parameter value shall*coincide with the specif

P: When a cartesian point is specifiedtoyn_1 or bytrim_2, it’shall lie on thebasis_curve

B: Except in the case of a closédsis_curve where both@arameter_1 and parameter_2 e
All be consistent with the sense flag, i.e., sense = (parametgyatameter_2).

. If both parameter_1 and parameter_2 exist, patameter- parameter_2.

b: When a parameter value is specifiedtbyn_-L or trim_2, it shall lie within the parametric
thebasis_curve

1.40 composite_curve
composite_curveis a collection of curves joined end-to-end. The individual segments of

e themselves defined aemposite_curve_segment The parametrisation of the composit
AN accumulation of the parametric ranges of the referenced bounded curves. The firs

i1 7
Zlk to Zlk’
k1 k1

types

Il be
ed point.

Kist, they

fange

the curve
b curve
[ segment is

erel; isthe parametric length (i.e., difference between maximum and minimum parame

tiv

fa¥aV¥alaa¥atald

ter values)

the curve underlying thé** segment. Lef” denote the parameter for tkemposite_curve Then,
he ith'segment is not eeparametrised_composite_curve_segment’ is related to the pargmeter

¥ + + far thn  th hvthe aciatinn -
l/ZU _ l/Z _ 1/217 TUT are oLt Q\,UIII\,IIL Uy are \,u|uuu.lull.

v 1
T D i+t to,
ko1

if segments[i].same_senseTRUE;

or

by the equation:
i1
T > lhitta b,
ko1
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if segments[i].same_senseFALSE.

If segmentsiijis of typereparametrised_composite_curve_segment

i1
T Z Iy + T,
L 1
Wherer is defined in 4.4.42.
EXPRESS specification
*
ENTITY composite_curve
SUBTYPE OF (bounded_curve);
segments . LIST [1:?] OF composite_curve_segment;
self_intersect : LOGICAL;
DERIVE
n_segments : INTEGER := SIZEOF(segments);
closed_curve : LOGICAL
= segments[n_segments].transition <> discontinuous;
WHERE

m

(*

WR1: ((NOT closed_curve) AND (SIZEOF(QUERY(temp <* segments |
temp.transition = discontintous)) = 1)) OR
((closed_curve) AND (SIZEOF(QUERY (temp <* segments |
temp.transition = discentinuous)) = 0));
ND_ENTITY;

Atlribute definitions

n_

se
lag

transition attribute may take the valdescontinuous which indicates an open curve. (See 4.3.8).

se

segments: The4admber of component curves.

jments: The .€omponent bounded curves, their transitions and senses. The transition attr
t segment defines the transition between the end of the last segment and the start of

flntersect: Indication of whether the curve intersects itself or not; this is for information o

bute for the
the first; this

Nly.

dim: The dimensionality of the coordinate space for the composite curve. This is an inherited attribute

fro

m the geometric representation item supertype.

closed_curve: Indication of whether the curve is closed or not; this is derived from the transition code

on

70

the last segment.

NOTE - See Figure 10 for further information on attributes.
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discontinuous ——\

continuous y
cont_same_qgradient it
/
/
e
e
e
7
\ /
\ /
\ /
N 7/
~N 7

cont_same_gradient_same_curvature

Formal propositions

Figure 10 — Composite_curve

WIR1: No transition code shall be discontinuous, except for the last code of an open curve.

prmal propositions

co

4.41 cemposite_curve_segment

|: Thesame_sensattribute‘of each segment correctly specifies the senses of the compon]
nen traversed in the direction indicateddgme_senseahe segments shall join end-to-end.

Composite) curve_segmerns a bounded curve together with transition information which ig
nstruct@omposite_curve

EXPRESS specification

)
E
S

NTITY composite_curve_segment

UBTYPE OF (founded_item);
transition . transition_code;
same_sense . BOOLEAN,;

parent_curve : curve,

(©ISO 2000 — All rights reserved
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INVERSE

using_curves : BAG[1l:?] OF composite_curve FOR segments;
WHERE

WR1 : (GEOMETRY_SCHEMA.BOUNDED CURVE' IN TYPEOF(parent_curve));
END_ENTITY;

(*

Atlribute definitions

transition: The state of transition (i.e., geometric continuity from the last point ofithis segmeent to the

firgt point of the next segment) in a composite curve.

same_senseAn indicator of whether or not the sense of the segment agrees with, or oppo
the parent curve. kame_sensis false, the point with highest parameter/value is taken as the
of the segment.

payent_curve: The bounded curve which defines the geometry,of.the segment.

segment It is therefore necessary to ensure that ieeinded_curveinstance is explicitly include
representation with the appropriatgeometric_representation_context

ses, that of
first point

NOTE - Sincecomposite_curve_segmenis not a subtype.0fjeometric_representation_itemthe in-
stance ofbounded_curveused agarent_curve is not automatically associated with theometric_jrep-
resentation_contextof the representation using acompasiteé_curvecontaining thiscomposite_cufve -

d in a

us|ng_curves: The set oftomposite_curve which*use thi€omposite_curve_segmerds a segment.

This set shall not be empty.

Formal propositions

WR1: Theparent_curve shallbe abounded_curve

4.4.42 reparametrised_composite_curve_segment

Thereparametrised_composite_curve_segmerg a special type of
composite_curre_segmentvhich provides the capability to re-define its parametric length
chpanging its geometry.

Let! = patam_length.

Ifltg-<M < £y is the parameter range pérent_curve, the new parameter for thereparametrise

without

N VV T PPN T U -G ~_ W T-CPN~ Y S HWU - "CWR 1 WV TR~ TP~V
CO IIPUOILC_LIUI VC_OCUIIICIID HIVCII Uy arc Cquau\n L

t 1o
T ,
1 1o
if same_sense TRUE;
or by the equation:
t1 ¢
T ,
t1 o

if same_sense FALSE.
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EXPRESS specification

*)

E

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

WHERE

E
&

WRI param_lengih > 0.0,
ND_ENTITY;

Atlribute definitions

re
of

Fo

arametrisation from 0.0 at the first pointgaram_length at the dast point. The parametr
he composite curve constructed using this segment is defined'in tepasaoh_length.

rmal propositions

thr
co
inv
Cq

EX

R1: Theparam_lengthshall be greater than zere.

B.43 pcurve

pbcurve is a 3D curve defined by «means of a 2D curve in the parameter space of a suri
've is parametrised by the functign, v)  f(¢), and the surface is parametrised by the
y,z) g(u,v), thepcurve is parametrised by the functidn, y, z)  ¢(f(¢)).

bcurve definition contains a reference to tiasis_surfaceand an indirect reference to a 20

paFLam_Iength: The new parametric length of the segment. The segment is given a simple linear

sation

ace. If the
unction

curve

ough adefinitional srepresentation entity. The 2D curve, being in parameterasp, is not if the

ntext of the basis-surface. Thus a direct reference is not possible. For the 2D curve t
olved arex andy) which occur in the parametric representation ofltheis_surfacerather than
rtesian coerdinates. The curve is only defined within the parametric range of the surface.

PRESS specification

ne variables
Y

*)

E

NTITY pcurve

SUBTYPE OF (curve);

basis_surface . surface;
reference_to_curve : definitional_representation;

WHERE

WR1: SIZEOF(reference_to_curve\representation.items) = 1;
WR2: 'GEOMETRY_SCHEMA.CURVE' IN TYPEOF

(©ISO 2000 — All rights reserved
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(reference_to_curvelrepresentation.items[1]);
WR3: reference_to_curvelrepresentation.items[1]\
geometric_representation_item.dim =2;
END_ENTITY;

(*

At rihiita dafinitione
HHgorte-oe o>

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

reference_to_curve: The reference to the parameter space curve which defingetinee.

Formal propositions

WIR1: The set of items in thdefinitional_representationentity corresponding to theference_fo_-
cufve shall have exactly one element.

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

WR3: The dimensionality of this parameter space curve:shall be 2.

4.4.44 bounded_pcurve

A bounded_pcurveis special type opcurve which also has the properties obaunded_curve

EXPRESS specification

m

NTITY bounded_pcurve

SUBTYPE OF (pcutve, bounded_curve);

WHERE

WR1: (GEOMETRY_SCHEMA.BOUNDED_CURVE’ IN
TYPEOF(SELF\pcurve.reference_to_curve.items[1]));

FND ENTITY,

(*

Formatpropositions

WR1: The referenced curve of tipeurve supertype shall be of tygmunded_curve This ensures that
thebounded_pcurveis of finite arc length.
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4.4.45 surface_curve

A surface_curveis a curve on a surface. The curve is represented as a couvee( 3d in three-
dimensional space and possibly as a curve, corresponding to a pcurve, in the two-dimensional paramet-
ric space of a surface. Theilty of this curve to reference a list of 1 orf&curve_or_surfaces enables

this entity to define either a curve on a single agd, 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

eachassociated_geometrwill be a pcurve lying on the same surface. Eaclarve, if it exists, sha

p
fro

EX

ametrised to have the same senseuage_3d The surface curve takes its parametrisation
m eithercurve_3dor pcurve as indicated by the attribute master representation.

NOTE - Because of the ANDOR relationship with theunded_surface_curvesubtype an instang
surface_curvemay be any one of the following:

— asurface_curve

— abounded_surface_curve

— anintersection_curve

— anintersection_curve AND bounded_surface_curve
— aseam_curve

— aseam_curveAND bounded_surface_curve

PRESS specification

m

NTITY surface_curve

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

SUBTYPE OE.(curve);

curve_3d . curve;
associated>geometry  : LIST[1:2] OF pcurve_or_surface;
master.representation : 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’' IN TYPEOF(associated_geometry[1])) OR
(master_representation <> pcurve_sl);
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 ofuhface_curve

e has
ociations which need not be two distinct surfaces. When a pcurve is selected, it.identif
also associates a basis curve in the parameter space of this surface.

¢ curve used to determine the unique parametrisation aiutiace_curve
master_representationtakes one of the valuesurve_3d pcurve_slor pcdrve_s2to indicg

a is expected to be geometrically identical.

NOTE - Themaster_representationattribute acknowledgeshe impracticality of ensuring that
forms are indeed identical and allows the indication of a préferred form. This would probably be
by the creator of the data. All characteristics, such as parametrisation, domain, and results of €
an entity having multiple representations, are derived from the master representation. Any use
representations is a compromise for practical considerations.

bakis_surface: The surface, or surfaces on which'seface _curvelies. This is determined fro
aspociated_geometriist.

n

Formal propositions

WIR1: curve_3dshall be defided'in three-dimensional space.

WR2: pcurve_slshall only.be nominated as the master representation if the first element of
ated geometry listis a-pcurve.

WR3: pcurve_s2shall only be nominated as the master representation if the second eler
aspociated geametry list is a pcurve. This also requiregpthave_s2shall not be nominated wh
aspociated geometry list contains a single element.

0w n

WIR4: curve_3dshall not be gcurve.

surfaces

two surface

es a surface

ster_representation: Indication of representation “preferred”. Theaster_representationdefjnes

te a
espectively.
though the

multiple
determined
valuation, for
of the other

m the

the associ-

nent of the
bn the

Informal propositions

IP1: Wherecurve_3dand one or mor@curves exist they shall represent the same mathematical point

set. (i.e., They shall coincide geometrically but may differ in parametrisation.)

IP2: curve_3dand any associated pcurves shall agree with respect to their senses.
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4.4.46 intersection_curve

An intersection_curveis a curve which results from the intersection of two surfaces. It is represented
as a special subtype of tserface_curveentity having two distinct surface associations defined via the

associated geometry list.

EXPRESS specification

m

NTITY 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]);

m

ND_ENTITY;
(*

Formal propositions

WR1: The intersection curve shall have precisely two associated geometry elements.

WR2: The two associated geometry elements shall be related to distinct surfaces. These ar¢
wHich define the intersection curve.

4.4.47 seam_curve

A seam_curves a curve on a-closed parametric surface which has two distinct representati
tant parameter curves-at the two extremes of the parameter range for the surface.

EXAMPLE 1 _The ‘seam’ on a cylinder has representations as the tines0 or u 360 degre
parameter space.

EXPRESS specification

e the surfaces

pNs as con-

BS in

*
)
ENTITY seam_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]);
WR3: 'GEOMETRY_SCHEMA.PCURVE’ IN
TYPEOF(SELF\surface_curve.associated_geometry[1]);

(©ISO 2000 — All rights reserved
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WR4: 'GEOMETRY_SCHEMA.PCURVE’ IN
TYPEOF(SELF\surface_curve.associated_geometry[2]);
END_ENTITY;

(*

T

mal nranositions
T P o P oSTtonS

R1: The seam curve shall have precisely @gsociated_geometrsy.
R2: The twoassociated_geometryshall be related to the same surface.

R3: The firstassociated_geometrghall be gpcurve.

= £ £ =

R4: The secondssociated_geometrghall be gpcurve.

IS

7.48 bounded_surface_curve

>

bounded_surface_curves a specialised type ¢furface_cutvewhich also has the propertigs of a
bounded_curve

EXPRESS specification

m

NTITY bounded_surface_curve

SUBTYPE OF (surface_curve, bounded_curve);

WHERE

WR1: (GEOMETRY_SCHEMA.BOUNDED_CURVE’ IN
TYPEOF(SELFR\surface_curve.curve_3d));

m

ND_ENTITY;
(*

Formal propositions

WR1: Thecurve_3dattribute of thesurface_curvesupertype shall belaounded_curve

4,429 COMPpOSITE_curve_on_surface

A composite_curve_on_surfacis a collection of segments which are curves on a surface. Each segment
shall lie on the basis surface, and shall reference one of:

— abounded_surface_curveor

— abounded_pcurveor
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acomposite_curve_on_surface

NOTE - Acomposite_curve_on_surfacean be included as thgarent_curve attribute of acomposite_-

curve_segmensince it is a bounded curve subtype.

There shall be at least positional continuity between adjacent segments. The parametrisation of the
composite curve is obtained from the accumulation of the parametric ranges of the segments. The first

se

wh

the

EX

- - e 1 . . N il . . s
JITIETIL TS Paraltietrised Mo Ui arnd, 101~ 2, U1E? ScyITIert s pararmfietrised 1Mol
t 1 7
S Y
k1 k1

erel;, is the parametric length (i.e., difference between maximum and minimum paramete
k" curve segment.

PRESS specification

m

m

(*

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

ERIVE

basis_surface : SET[0:2] OF surface :=
get_basis_surface(SELF);

HERE

WR1: SIZEOF(basis_surface) > 0;

WR2: constraints_composite_curve>on_surface(SELF);

ND_ENTITY;

Atlribute definitions

ba

5is_surface;The surface on which the composite curve is defined.

LF\composite_curve.n_segmentsThe number of component curves.

LF\composﬂe curve. segmentsThe component bounded curves, their transitions and se

[ values) of

hses. The

d the start of

the first; this eIement may take the valdrscontlnuous Whlch indicates an open curve. (See 4.3.8)
For each segment thgarent_curve shall be either dounded_pcurve abounded_surface_curveor
acomposite_curve_on_surface

SELF\composite_curve.self_intersectindication of whether the curve intersects itself or not.

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

SELF\composite_curve.closed_curvelndication of whether the curve is closed or not.
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Formal propositions

WR1: Thebasis_surfaceSET shall contain at least one surface. This ensures that all segments reference
curves on the same surface.

WR2: Each segment shall referencpaurve, or asurface_curve or acomposite_curve_on_surface

Informal propositions

IP1: Eachparent_curve referenced by @omposite_curve_on_surfaceegment shallbe’a cu
sufface and a bounded curve.

4.

An
e
the

>

Thie underlying curve shall have a well-defined tangent ditection at every point. In the case o

ite

enf_same_curvature

Theoffset_curve_2dakes its parametrisation from thasis_curve Theoffset_curve_2ds param

as

wh
un

EX

lity defines a simple plane-offset curve by offsettinglistancealong the normal tdasis_cury

1.50 offset_curve_2d
offset_curve_2dis a curve at a constant distance from a basis cutve in two-dimensional §

 plane obasis_curve
curve, the transition code betweeach segment shall'lwent_same_gradienbr cont_same_g

NOTE - Theoffset_curve_2dmay differ in nature from thbasis_curve the offset of a non self-inter
curve can be self-intersecting. Care shouldbe taken to ensure that the offset to a continuous ¢
become discontinuous.

A(u)~C(u) + d(orthogonal_complemen ¢t)),

eret is the unit tangent.vector to the basis cufig:) at parameter value, andd is distance
derlying curve shallbe’two-dimensional.

PRESS specification

ve on

pace. This
ein

fa compos-
adi-

secting
urve does not

ptrised

he

ENTFITY offset _curve_2d
SUBTYPE OF (curve);
basis_curve . curve;
distance . length_measure;
self_intersect : LOGICAL;
WHERE
WR1: basis_curve.dim = 2;
END_ENTITY;
(*
80 (©ISO 2000 — All rights reserved
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Attribute definitions

basis_curve: The curve that is being offset.

distance: The distance of the offset curve from the basis cudistancemay be positive, negative or
zero. A positive value oflistancedefines an offset in the direction which is normal to the curve in the
sense of an anti-clockwise rotation through 90 degrees from the tangentVetttire given point. (This

IS

se

Formal propositions

in-the direction-obrthogonalcomplemen(T))
— =77

f_intersect: An indication of whether the offset curve self-intersects; this is for information

W

4.

An offset_curve 3ds a curve at a constant distance from a basis curve in three-dimensional

Thie underlying curve shall have a well-defined tangentdirection at every point. In the case of

cu
sa

Th
fix
de

Theoffset_curve_3dakes its parametrisation from thasis_curve Theoffset_curve_3ds param

as

wh

EX

R1: The underlying curve shall be defined in two-dimensional space.

1.51 offset_curve 3d

've the transition code betweeach segment shall lsent_same_gradienbr cont_same_gradig
me_curvature

e offset curve at any point (parameter) onithe basis curve is in the diréetignt) wherev is
bd reference direction anidis the unit tangent to thieasis_curve For the offset direction to bg
fined,t shall not at any point of the.cufve be in the same, or opposite, direction as

NOTE - Theoffset_curve_3dmay differ in nature from thbasis_curve the offset of a non-self-inter
curve can be self-intersecting.*Care should be taken to ensure that the offset to a continuous ¢
become discontinuous.

A(u)  C(u)+d{v X t),

eret is the'unit tangent vector to the basis cutvé:) at parameter value, andd is distance

PRESS specification

only.

space.

A composite
nt_-

the
b well

secting
urve does not

ptrised

)
E

NTITY offset_curve_3d

SUBTYPE OF (curve);
basis_curve . curve;

distance . length_measure;
self_intersect : LOGICAL;

ref _direction : direction;

(©ISO 2000 — All rights reserved
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WHERE
WR1 : (basis_curve.dim = 3) AND (ref_direction.dim = 3);

END_ENTITY;

(*
Attribute-definitions
bakis_curve: Thecurve that is being offset.
digtance: The distance of the offset curve from the basis curve. The distance may.be positi
or gero.

se

ref

Fo

f_intersect: An indication of whether the offset curve self-intersects, thisis-for information

| direction: Thedirection used to define the direction of tieéfset_curve 3dfrom thebasis_cy

rmal propositions

W

Inf]

R1: Both the underlying curve and the reference direction shall be in three-dimensional s

prmal propositions

IP
ve

cu
cu
its
cu

EX

A.52 curve_replica

|: At no point on the curve shaléf_direction be parallel, or opposite to, the direction of the
ctor.

've and a transformation. The geometric form of the curve produced will be the same a
've, but, where the ttansformation includes scaling, the dimensions will differ. The curve rg
parametric range’and parametrisation directly from the parent curve. Where the paren
've on surfaces-the replica will not in general share the property of lying on the surface.

PRESS specification

e, negative

only.

rve

Dace.

tangent

curve_replicais a replica of a curve in a different location. It is defined by referencing tie parent

5 the parent
plica takes
t curve is a

)
E

NTITY curve_replica

SUBTYPE OF (curve);

parent_curve  : curve;

transformation : cartesian_transformation_operator;

WHERE

82

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

Attribute definitions

pajemnt_curve: THe curve that s beimgy copied:

tr

Thijs transformation may include scaling.

Fo

sformation: The cartesian transformation operator which defines the location of the eur

rmal propositions

w
the

W

Se
sp
po

Eg

wh

EX

A.53 surface

R1: The coordinate space dimensionality of the transformation attribute shall be the sam
e parent_curve.

R2: A curve_replicashall not participate in its own definition;

e 3.2.45 for definition. Aurface can be envisioned as a set of connected points in 3-din
hce which is always locally 2-dimensional, buttheed not be a manifold. A surface shall not
ntor in part, or entirely, a curve.

ch surface has a parametric representation of the form
o(u,v),

piven by the equation
do Jo

N(u,v) <8_u X %>

PRESS.specification

*

ve replica.

e as that of

nensional
be a single

ereu andv are independent dimensionless parameters. The unit ndbkrafdbny point on the surface,

E

E
(*

©|

NTITY surface

SUPERTYPE OF (ONEOF(elementary_surface, swept_surface, bounded_surface,
offset_surface, surface_replica))

SUBTYPE OF (geometric_representation_item);

ND_ENTITY;

SO 2000 - All rights reserved
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Inf

ormal propositions

IP1: A surfacehas non-zero area.

IP2: A surfaceis arcwise connected.

4.4.54 elementary_surface

An

EX

elementary surface is a simple analytic surface with defined parametric representation.

PRESS specification

m

m

(*

NTITY elementary_surface

SUPERTYPE OF (ONEOF(plane, cylindrical_surface, conical_surface,
spherical_surface, toroidal_surface))

SUBTYPE OF (surface);

position : axis2_placement_3d;

ND_ENTITY;

Atlribute definitions

po

Sition: The location and orientationof the surface. This attribute is used in theitdafiof

parametrisation of the surface.

4.

A
the

1.55 plane

planeis an unbounded'surface with a constant normaplake is defined by a point on the pla

e normal directiontothe plane. The data is to be interpreted as follows:
C = position.location
x = position.p[1]
y = position.p[2]
z = position.p[3] (normal to plane)

the

he and

and the surface is parametrised as

o(u,v) C+Hux+vy

where the parametrisation range isoc < u,v < oo. In the above parametrisation, the length unit for
the unit vectors andy is derived from the context of the plane.

84
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EXPRESS specification

)

ENTITY plane

SUBTYPE OF (elementary_surface);
END_ENTITY;

(*

Atlribute definitions

SH

hefited from theelementary_surfacesupertype.

pogition.location: A pointin the plane.

LF\elementary_surface.position: The location and orientation of the surface.” This attribJte is in-

s follows:

pogition.p[3]: This direction, which is equal tposition.axis defines the normal to the plane.
4.4.56 cylindrical_surface
A ¢ylindrical_surfaceis a surface at a constant distange (dmius)from a straightline. Aylindrical_-
suffaceis defined by its radius and its orientation and location. The data is to be interpreted

C = pesition.location

X =yposition.p[1]

y =" position.p[2]

z>” = position.p[3]

R = radius
angd the surface is parametrised as

wh
tio
In

wh

Th

Th

Th

o(u,v) C+H R((cosu)x+ (sinu)y) + vz

N, the lengthunit for the unit vectaris equal to that of theadius.

the placement coordinate system defined above, the surface is represented by the &qu
ere

S(x,y,2) @*+y* R

ere the parametrisation rangeisd « < 360 degrees and oo < v < oo. In the above paramgtrisa-

afion

e positive direction of the normal to the surface at any point on the surface is given by
(81’7 Sy7 SZ)

e unit normal is given by
N(u,v) (cosu)x+ (sinu)y

e sense of this normal is away from the axis of the cylinder.
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EXPRESS specification

)
ENTITY
cylindrical_surface
SUBTYPE OF (elementary_surface);
radius : positive_length_measure;
END_ENTITY;

(*

Atlribute definitions

SHLF\elementary_surface.position: The location and orientation of the.cylinder.
pogition.location: A point on the axis of the cylinder.

p
raglius: The radius of the cylinder.

sition.p[3]: The direction of the axis of the cylinder.

(@]

4.4.57 conical_surface

A ¢onical_surfaces a surface which could be preduced by revolving a line in 3-dimensional sgace about
any intersecting line. Aonical_surfaceis defined by the semi-angle, the location and orientatign and by
the radius of the cone in the plane passingthrough the location@aintmal to the cone axis.

NOTE 1- This form of representation is designed to provide the greatest geometric precisipn for those
parts of the surface which are close to the location pairE@ this reason the apex should only be selected
as location point if the region‘ef the surface close to the apex is of interest.

Thie data is to be interpreted as follows:

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

= position.p[2]

= position.p[3]
radius

= semi_angle

O N < K
|

and the surface is parametrised as

o(u,v) C+ (R+vtana)((cosu)x+ (sinu)y) + vz
where the parametrisation rangeis » < 360 degrees and oo < v < oo. In the above parametrisa-
tion the length unit for the unit vectaris equal to that of theadius.

In the placement coordinate system defined above, the surface is represented by the &quatipn
where
S(x,y,2) 2*+y* (R4 ztana)?
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radius
; axis
p[3]

semi—angle

ref__direction

Figure 11 — Canical_surface

Thie positive direction of the normal to the surface at any point on the surface is given by
(81’7 Sy7 SZ)
Thie unit normal is given by

(cosu)x + (sinu)y (tana)z
N(u, ) 1+ (tan @)? 7

of R+vtana > 00

N ()0 (cosu)x + (sinu)y (tana)z

T B , tf R+vtana <00
\/ an o

NOTE2 - The normal to the surface is undefined at the point wRefevtana 0 0.

Thesense of theormat s away fronT the axis of the cone. tFthe Tadius is zero, the cone apex is at the
point(0, 0, 0) in the placement coordinate system (i.eSBLF\elementary_surface.position.locatiopn

EXPRESS specification

)

(©ISO 2000 — All rights reserved 87


https://standardsiso.com/api/?name=94c1325b378b1421179d1b7ef36b5d81

IS

O 10303-42:2000(E)

ENTITY
conical_surface

SUBTYPE OF (elementary_surface);
radius . length_measure;
semi_angle : plane_angle_measure;

WHERE

WR1: radius >= 0.0;

END_ENTITY;

Atlribute definitions

(*

SHLF\elementary_surface.position: The location and orientation of the surface.

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

p

radlius: The radius of the circular curve of intersection betweenjthe cone and a plane perpeng

ax

se

Formal propositions

(@]

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

Mi_angle: The cone semi-angle.

NOTE 3- See Figure 11 for illustration of the attributes.

Informal propositions

R1: The radius shall not be negative.

IP

Sp

Th

88

A4.58 spherical_surface

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

spherical surface is a surface which is at a constant distancegdes) from a central poir

nérical_surfaceis defined by the radius and the location and orientation of the surface.

e 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

icular to the

s of the cone passing through the location point (B&L.F\ elementary surface.position.locatioh

t. A
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and the surface is parametrised as
o(u,v) C+H Rcosv((cosu)x + (sinu)y)+ R(sinv)z
where the parametrisation rangdis. « < 360 degrees and 90 < v < 90 degrees.

In the placement coordinate system defined above, the surface is represented by the &quatipn
whete

S(z,y,2) a*+y*+22 R?

Thie positive direction of the normal to the surface at any point on the surface is given by
(Se, Sy, S2)

Thie unit normal is given 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 specification

m

NTITY spherical_surface

SUBTYPE OF (elementary_surface);
radius . positive_length_measure;
ND_ENTITY;

m

Atlribute definitions

SHLF\elementary ¢surface.position: The location and orientation of the surface.
pogition.location:=The centre of the sphere.

raglius: The radius of the sphere.

4459 toroidal surface

A toroidal_surfaceis 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 amiher_radius and themajor_radius is

the distance from the centre of this circle to the axis of revolutiotorAidal_surfaceis defined by the
major and minor radii and the position and orientation of theasexf
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The data is to be interpreted as follows:

an

wh

In
wh

Thie positive direction of the normal to the surface at any point on'‘the surface is given by

Thie unit normal is given by

The sense of this normal is away from the nearest point on the circle of r&divgh centred.

maé
is

EX

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

= position.p[2]
position.p[3]

= major_radius

— _minor radius

Lk TN < K
Il

d the surface is parametrised as
o(u,v) C+ (R+rcosv)((cosu)x+ (sinu)y)+ r(sinv)z

ere the parametrisation rangdis «, v < 360 degrees.

the placement coordinate system defined above, the surface is represented by the &qu

ere
Sleyz) a4yt +20 2Rty AR

(Sm Sy7 Sz)

N(u,v) cosv((cosu)x 4~ fstn u)y) + (sinv)z

inifold surface will be produced if the major-radius is greater than the minor radius. If thig
not fulfilled, the resulting surface will be 'self-intersecting.

PRESS specification

m

m

(*

NTITY toroidal_surface

ND_ENTITY;

SUBTYPE OF (elementary_ surface);
major_radius s~pesitive_length_measure;
minor_radiug)vpositive_length_measure;

afion

A
condition

Attribute definitions

SE

LF\elementary_surface.position: The location and orientation of the surface.

position.location: The central point of the torus.

major_radius: The major radius of the torus.

minor_radius: The minor radius of the torus.

90
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4.4.60 degenerate_toroidal_surface

A degenerate_toroidal_surfacéds a special type of ¢oroidal_surface in which theminor_radius is
greater than thenajor_radius. In this subtype the parametric range is restricted in order to define a
manifold surface which is either the inner 'lemon-shaped’ surface, or the outer 'apple-shaped’ portion of
the self-intersecting surface defined by the supertype.

Thie data is to be interpreted as follows:

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

= position.p[2]

= position.p[3]

= major_radius

= minor_radius

5 TN <Y K
|

angd the surface is parametrised as
o(u,v) C+ (R+rcosv)((cosu)x + (sinu)y) + r(sinv)z

whlere the parametrisation range is :

If select_outer="TRUE. :
0 < u <.360 degrees.
¢ <v < ¢ degrees.

If select outer= .FALSE. :
0-< u < 360 degrees.

@ <wv <360 ¢degrees.

Wiere¢ degrees is the anglé given byos ¢ R.

NOTE 1- Whenselect_outer = .FALSE.the surface normal points out of the enclosed volunje and is
defined by the equation
N(u v) cosv((cosu)x + (sinu)y) + (sinv)z

The sense,of this normal is away from the furthest point on the circle of radius R in the plane hormal to z
centred at'C. The sense of this normal is opposite to the directi%%of %—‘j .

NOTE 2 - See Figure 12 for illustration of the attributes.

EXPRESS specification

*

)

ENTITY degenerate_toroidal_surface
SUBTYPE OF (toroidal_surface);
select_outer : BOOLEAN;

WHERE

(©ISO 2000 — All rights reserved 91


https://standardsiso.com/api/?name=94c1325b378b1421179d1b7ef36b5d81

ISO 10303-42:2000(E)

z (axis)

.

[ (1
BN\

‘apple’ \/

Figure 12 — Cross section:of degenerate_toroidal_surface

WR1: major_radius <  minor_radius;
ND_ENTITY;

m

Atlribute definition$

select_outer:'A~BOOLEAN flag used to distinguish between the two portions of degenerdte_-
torpidal_surface. If select_outeiis true, the outer portion of the surface is selected and a closgd ‘apple-
shppedtaxi-symmetric surface is definedséfect_outeris false, the inner portion is selected tq define

a ¢losed 'lemon-shaped’ axi-symmetric surface.

Formal propositions

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

A dupin_cyclide_surfaceis a generalisation of roidal_surfacein which the radius of the generatrix
varies as itis swept around the directrix, passing through a maximum and a minimum value. The directrix
is in general an ellipse, though that fact is not germane to the definition given here. The surface has two
orthogonal planes of symmetry, and in both of them its cross-section is a pair of circles.

NOTE I - These circles are iMustrated In Flgure 13, where the upper Cross-section contains.the generatrix

circles of maximum and minimum radius, and the lower cross-section is in the plane of the direc}rix.

NOTE 2 - Further details of the properties and applications of this useful but unfamiliar surfgce may be
found in [6], [7], and the further references they contain.

Aq with thetoroidal_surface, self-intersecting forms occur. The Dupin _cyclides are special|cases of
a more general class of surfaces knowrgageralized cyclidegor sometimes simplgyclideg. [The
pr}gent specification does not cover the wider class.

Thie interpretation of the data is as follows:

= position.location

= position.p[1]

= position.p[2]

= position.p[3]

= generalised_major_radius
= generalised_minor_radius
= _skewness

w = Wuwe sz O
|

angd the surface is parametrised as

T 1 r(s+ Rcosucosv) + (R2 sz)cosu
o(u,v) y C+ VR?  s?sinu(R+ rcosv) ,
z

R+ scosucosv .
VR? s’sinv(r scosu)

wHhere the domain of parametrisatio®fs< «, v < 360°, and\/ denotes the positive square root.

symmetry, as shown in Figure 13. Conversely, knowledge of the geometry of these circles allowq the defining
Cyclide parameters to be determined. In the upper and lower diagrams respectively of Figure 13 the circles
have parameter values 0° (right), .  180° (left), v  0° (inner) andv  180° (outer). The point

with parameter values (0,0) is the extreme point on the positive x-axis. The parameter u runs anticlockwise
around both circles in the lower diagram, and the parameter v runs clockwise round the left-hand circle and
anticlockwise round the right-hand circle in the upper diagram.

NOTE.3- The three parametersiz ands determine the centres and radii of the circles in the %rlanes of

In the placement coordinate system defined above the Dupin cyclide surface has the algebraic represen-
tationS 0, where

S (x2+y2+22—|—R2 r? 82)2 4(Rx rs)2 4(R2 82)y2
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u = 180° Az
r+s —
u=0
Ir-9
IR |R X=
Yy
R+r
+S
' >
X

Figure 13 — Cross-sections.@f a Dupin cyclide witlC = 0

Thie positive direction of the normal vector at any point on the surface is given by
(81’7 Sy7 SZ)
In parametric terms, the unit surface normal vector is

Rcosucosv+ s
1 2 2
VR §28In 4 cos v
R+ scosucosv 5 7 .
vR s4s8in v

This enables\the parametric surface representation to be rewritten as

N{u,v)

o(u,v) oo(u,v)+ rN(u,v),

which Shows that any DUpin cyclide with given valueJoands 1S a paraliel ofiSet from a base Dupin
cyclideo(u, v) with the same values dt, s but withr 0. Further, the offset distance is precisely

This generalizes an important property of the torus.

The Dupin cyclide is a manifold surface under the conditibns s < r < R. This form is known

as aring cyclide Self-intersecting forms arise when the circles in either plane of symmetry intersect.
The condition® < r < s < R give ahorned cyclideand the condition8 < s < R < r aspindle
cyclide The sense of the surface normal given above is outwards from the larger circle in either cross-
sectional view in Figure 13. For the ring cyclide this means that it is outwards-pointing over the entire
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surface. For the horned cyclide the normal is inward-pointing over the smaller portion of the surface
lying between the two self-intersection points. For the spindle cyclide the ‘spindle’ corresponds to the
‘lemon’ solid arising in the case of a self-intersecting torus. For this case of the Dupin cyclide the normal
is outward-pointing over both the ‘apple’ and 'lemon’ solids enclosed by the surface.

NOTE 4 - The three forms of the Dupin cyclide are shown in Figures 14, 15 and 16.

Figure 14 — A-Dupin ring cyclide

Figure 15 — A Dupin horned cyclide
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Figure 16 — A Dupin spindle.¢yclide

NOTE 5- For ISO 10303 purposes, the valuesiof 0, »> 0 s > 0 are defined to be of typeositiye_-
length_measure The surface defined by the foregoing equations when one or mdterainds is negptive
corresponds to a reparametrisation of a Dupin cyclide for which these constants all non-negative.

NOTE 6 - Both families of isoparametric.curves of the Dupin cyclide consist of circles.

NOTE 7 - Dupincyclides can be used to construct smooth joins between cylindrical and/or con{cal surfaces
whose (possibly skew) axes have arbitrary relative orientations. Additionally, smooth T-junctiops between
cones and cylinders can be designed using Dupin cyclides.

NOTE 8- Dupin cyclides-also have uses as blending surfaces in solid modeling, generalising the use of the
torus for this purpose:

NOTE 9- Thebupin cyclide as defined here is a quartic (degree four) algebraic surface of bounded extent.
There also exists a cubic Dupin cyclide of infinite extent, not currently defined in this part of ISO|10303.

EXPRESS specification

*

)

ENTITY dupin_cyclide_surface
SUBTYPE OF (elementary_surface);
generalised_major_radius : positive_length_measure;
generalised_minor_radius : positive_length_measure;
skewness . length_measure;

WHERE
WR1: skewness >= 0.0;

END_ENTITY;
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(*

Attribute definitions

SELF\elementary_surface.position: Defines a local system of coordinates in which two of the coor-

dinate planes are axes of symmetry of the cyclide.

geperalised_major_radius: The mean of the radii of the two circles forming the cyclide cross

in fhe plane of the directrix.

geperalised_minor_radius: The mean of the radii of the largest and smallest generatrix circlg

skewness:Half the difference between the radii of the two cross-sectional_circles in eithe

b-section

ES.

[ plane of

symmetry. When thekewnessttribute is zero the surface is a torus; otherwiseyits value detefimines the

depree of asymmetry of the surface about the third plane perpendicular.toits two planes of s

Formal propositions

WR1: The skewness shall not be negative.

4.4.62 swept_surface

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

EXPRESS specification

m

NTITY swept_surface

SUPERTYPE OF (ONEOF(surface_of linear_extrusion, surface_of revolution,
surface_curve_swept_surface, fixed_reference_swept_surface))

SUBTYPE OF (suiface);

swept_curve_<_cUrve;

ND_ENTITY;

m

(*

ymmetry.

Attribute definitions

swept_curve: The curve to be swept in defining the surface. If the swept curve is a pcurve, it is the

image of this curve in 3D geometric space which is swept, not the parameter space curve.
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4.4.63 surface_of linear_extrusion

This surface is a simple swept surface or a generalised cylinder obtained by sweeping a curve in a given
direction. The parametrisation is as follows, where the curve has a parametrisatijon

v

o(u,v)

extrusion_axis
Alu) + 0V

Thie parametrisation range foris oo < v < oo and foru is defined by the curve parametrisatiopn.

EXPRESS specification

m

NTITY surface_of linear_extrusion
SUBTYPE OF (swept_surface);
extrusion_axis . vector;
ND_ENTITY;

m

Atlribute definitions

exfrusion_axis: The direction of extrusion, the magnitude of this vector determines the paranpetrisation.

SHLF\swept_surface.swept_curveThe curve to be swept.

Informal propositions

IP1: The surface.shall not self-intersect.

4.4.64 surface_of revolution

A surface_of_revolutionis the surface obtained by rotating a curve one complete revolutior] about an
axls

The data shall be interpreted as below.

The parametrisation is as follows, where the curve has a parametriddtipn

C = position.location
V = position.z
o(u,v) = CH+(A(v) C)cosu+ ((Alv) C) V)V(1 cosu)+V X (A(v) C)sinu

98 (©ISO 2000 — All rights reserved


https://standardsiso.com/api/?name=94c1325b378b1421179d1b7ef36b5d81

ISO 10303-42:2000(E)

In order to produce a single-valued surface with a complete revolution, the curve shall be such that when
expressed in a cylindrical coordinate systemp, =) centred aC with axisV, no two distinct parametric
points on the curve shall have the same values:ifor).

NOTE 1- In this context a single valued surface is interpreted as one for which the mapping, from the
interior of the rectangle in parameter space corresponding to its parametric range, to geoaridained
by the surface equation, is one-to-one.

For a surface of revolution the parametric range is « < 360 degrees.

Thie parameter range foris defined by the referenced curve.

NOTE 2 - The geometric shape of the surface is not dependent upon the curve parametrisation.

EXPRESS specification

*)

ENTITY surface_of_revolution
SUBTYPE OF (swept_surface);
axis_position . axisl_placement;
DERIVE
axis_line : line := dummy_gri || curve() || linex(axis_position.location,
dummy_gri || veetor(axis_position.z, 1.0));
END_ENTITY;
(*
Atlribute definitions

ax|s_position: A point on the axis of revolution and the direction of the axis of revolution.
SHLF\swept_surface.swept_curveThe curve that is revolved about the axis line.

ax|s_line: The linecoinciding with the axis of revolution.

Informal.propositions

IP1_The surface shall not self-intersect

IP2: Theswept_curveshall not be coincident with thexis_linefor any finite part of its length.

4.4.65 surface_curve_swept_surface
A surface_curve_swept_surfacés a type ofswept_surfacewhich is the result of sweeping a curve

along adirectrix curve lying on theeference_surface The orientation of thewept_curveduring the
sweeping operation is related to the normal tordference_surface
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Theswept_curveis required to be a curve lying in the plane 0 and this is swept along thdirectrix
in such a way that the origin of the local coordinate system used to defirsina_curveis on the
directrix and the local X axis is in the direction of the normal to therence_surface The resulting
surface has the property that the cross section of the surface by the normal planditedtne at any
point is a copy of theswept_curve

The orientation of thewept_curveas it sweeps along the directrix is precisely defined bgréesian_-
transformation_operator_3d with attributes:

logal_origin as point(0, 0, 0),

ax|slas the normaN to thereference_surfaceat the point of thelirectrix with paramete:.
ax|s3as the direction of the tangent vectat the point of thalirectrix with parametet:.
Thie remaining attributes are defaulted to define a corresponding transformationTfatrix

NOTE 1- In the special case where ttlieectrix is a planar curve theeference csurfaceis the plape of
thedirectrix and the normaN is a constant.

Thie parametrisation is as follows, where thieectrix has parametrisatiop(«) and theswept_clirve
cufve has a parametrisationv):

p(u) = Point on directriz
T(u) = Transformation matriz at parameter u
o) = p(u)+T(WA)

In prder to produce a continuous surfacedirectrix ‘curve shall be tangent continuous.
For asurface_curve_swept_surfacéhe parametetrange faris defined by thelirectrix curve.
Thie parameter range foris defined by the referencesivept_curve

NOTE 2 - The geometric shape of thie.surface is not dependent upon the curve parametrisations.

EXPRESS specification

m

NTITY surface_curve) swept_surface
SUBTYPE OE-(swept_surface);
directrix) “curve;
referefce_surface : surface;
WHERE
WRI: (NOT (GEOMETRY_SCHEMA.SURFACE_CURVE’ IN TYPEOF(directrix))) OR
(reference_surface IN (directrix\surface_curve.basis_surface));
ND/ENTITY;

= M

Attribute definitions

directrix: The curve used to define the sweeping operation. The surface is generated by sweeping the
SELF\swept_surface.swept_curvalong thedirectrix .
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reference_surface: The surface containing thirectrix .

Formal propositions

WR1: If thedirectrix is asurface curvethen thereference surfaceshall be in thébasis surfaceset
for this curve.

Informal propositions

IP1: Theswept_curveshabe a curve lying in the plare 0

IP1: Thedirectrix shall be a curve lying on theference_surface

NOTE 3- Inthe defined parametrisation of the surface the normal teefBeence_surfaceat the current
point of thedirectrix is denoted\.

4.4.66 fixed_reference_swept_surface

A fixed_reference_swept_surfacés a type ofswept_surfacewhich is the result of sweeping g curve
algng adirectrix . The arientation of the curve during the sweeping operation is controlled Bixguk -
referencedirection.

Thieswept_curveis required to be a curve lyingin the plane 0 and this is swept along thdirectrix

in puch a way that the origin of the local. Coordinate system used to defirsn@_curveis on the
dirpctrix and the local X axis is in thedirection of the projectionfised_referenceonto the ngrmal
plane to thalirectrix at this point. Fheresulting surface has the property that the cross sedtion of the
sufface by the normal plane to tt&ectrix at any pointis a copy of thewept_curve

Tx orientation of thewept-curveas it sweeps along the directrix is precisely defined bgiréesign_-
transformation_operator~, 3d with attributes:

logal_origin as point(0:0,0),

ax|slasfixed_reference

ax|s3as the direction of the tangent vectat the point of thalirectrix with parametet:.
The remainingrattributes are defaulted to define a corresponding transformationhiatyix

Thie parametrisation is as follows, where thigectrix has parametrisatiop(u) and theswept_clirve
cufve-has a parametrisationv):

p(u) = Point on directriz
T(u) = Transformation matriz at parameter u
o) = p(u)+T(WA)

In order to produce a continuous surfacedirectrix curve the curve shall be tangent continuous.

For afixed_reference_swept_surfacéhe parameter range faris defined by thelirectrix curve.
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swept _curve

y A(V)

o(u,v)

directrix

fixed_reference

Figure 17 — Fixed reference_swept_surface

Thie parameter range foris defined by the referencexvept_curve
NOTE 1- The geometric shape of the surface is not dependent upon the curve parametrisations.

NOTE 2 - Theattributes are illustrated in Figure 17.

EXPRESS. specification

ENTITY fiXed_reference_swept_suriace
SUBTYPE OF (swept_surface);
directrix . curve;
fixed_reference : direction;

END_ENTITY;

(*
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Attribute definitions

directrix: The curve used to define the sweeping operation. The surface is generated by sweeping the
SELF\swept_surface.swept_curvalong thedirectrix .

fixed_reference: Thedirection used to define the orientation 8ELF\swept_surface.swept_curvas
it sweeps along thdirectrix .

Informal propositions

IP1: Theswept_curveshall be a curve lyingin the plane 0.

IP2: Thefixed_referenceshall not be parallel to a tangent vector to tlectrix _at-any point along this
cufve.

4.4.67 bounded_surface

A bounded_surfaceis a surface of finite area with identifiableboundaries.

EXPRESS specification

m

NTITY bounded_surface

SUPERTYPE OF (ONEOF(b_spline_stirface, rectangular_trimmed_surface,
curve_bounded_surface, rectangular_composite_surface))

SUBTYPE OF (surface);

ND_ENTITY;

m

(*

Informal propositions

IP1: A bounded_surfacehas a finite non-zero surface area.

IP2: A beunded_surfacehas boundary curves.

4468 b—splire—surface
A b_spline_surfaceis a general form of rational or polynomial parametric surface which is represented
by control points, basis functions, and possibly, weights. As with the corresponding curve entity it has
some special subtypes where some of the data can be derived.

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

siderations and for efficiency issues in performing computations.
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NOTE 2 - A B-spline isrational if and only if the weights are not all identical. If it is polynomial, the
weights may be defaulted to all being 1.

NOTE 3- In the case where the B-spline surface is uniform, quasi-uniform or piecewise Bézier, the knots
and knot multiplicities may be defaulted (i.e., non-existent in the data as specified by the attribute defini-
tions). When the knots are defaulted, a difference of 1.0 between separate knots is assumed, and the effective
parameter range for the resulting surface starts from 0.0. These defaults are provided by the subtypes.

Th

b)

d)

NOTE 4 - The knots and knot multiplicities shall not be defaulted in the non-uniform case.

NOTE 5- The defaulting of weights and knots are done independently of one another:

e data is to be interpreted as follows:

The symbology used here is:

K1 = upper_index_on_u_control_points
K2 = upper_index_on_v_contralypoints
P;; = control_points
Wwi; = Weights

dl = u_degree

d2 = v_degree

The control points are ordered as
P007 P017 P027 3 PI(I(I(? 1)s PI(II(?

The weights, in the case of therational subtype, are ordered similarly.

For each parameter, u-0rw, if & is the upper index on the control points ahis the degrge for
s, the knot array is amarray ¢t + d + 2) real numbergs 4, ,sk41], such that for all inglices
jin[ d,k],s; < sgy: This array is obtained from the appropriateknots or v_knots lis§ by
repeating each fitiple knotaccording to the nitiplicity.

Ng, theith nermalised B-spline basis function of degreés defined on the subset
[si 4, ,sixy)Of thisarray.

Let Ek-denote the number of distinct values amongst the knots in the knok lisij be referrgd to
as the ‘upper index on knots’. Let; denote the multiplicity (i.e., number of repetitions) of ftita
distinct knot value. Then:

L
Somig d4k+2
t 1

All knot multiplicities except the first and the last shall be in the rahge , d; the first and last
may have a maximum value &f+ 1. In evaluating the basis functions, a kmodf, e.g., multiplicity
3 isinterpreted as a sequeneeu, «, in the knot array.
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e) Thesurface_formis used to identify specific quadric surface types (which shall have degree two),
ruled surfaces and surfaces of revolution. As withlthepline_curve thesurface_formis infor-
mational only and the spline data takes precedence.

f)  The surface is to be interpreted as follows: In the polynomial case the surface is given by the equa-
tion:

o(u,v) DY PN (u)N(v)

i 05 0

In the rational case the surface equation is:

o0 0 wi Py N (u) N (v)

K3

RO wi N (u) N2 (v)

o(u,v)

NOTE 6 - Definitions of the B-spline basis functions;’ () and N;**(v), can be found in [D-1,D-2,
D-3]. It should be noted that there is a difference in terminology,between these references.

EXPRESS specification

m

NTITY b_spline_surface
SUPERTYPE OF (ONEOF(b_spline_sutface_with_knots, uniform_surface,
quasi_uniferm_surface, bezier_surface)
ANDOR’ rational_b_spline_surface)
SUBTYPE OF (bounded_surface),
u_degree . INTEGER,;
v_degree NINTEGER,;
control_points_list : LIST [2:?] OF
LIST [2:?] OF cartesian_point;

surface_form : b_spline_surface_form;
u_closed : LOGICAL,;
v_closed . LOGICAL;
self_interseet . LOGICAL;
DERIVE
u_upper : INTEGER := SIZEOF(control_points_list) - 1;
v upper : INTEGER := SIZEOF(control_points_list[1]) - 1;
control points . ARRAY [0:u upper] OF ARRAY [0:v upper] OF

cartesian_point
:= make_array_of array(control_points_list,
0,u_upper,0,v_upper);
WHERE
WR1: (GEOMETRY_SCHEMA.UNIFORM_SURFACE’ IN TYPEOF(SELF)) OR

(GEOMETRY_SCHEMA.QUASI_UNIFORM_SURFACE’ IN TYPEOF(SELF)) OR

(GEOMETRY_SCHEMA.BEZIER_SURFACE’ IN TYPEOF(SELF)) OR

(GEOMETRY_SCHEMA.B_SPLINE_SURFACE_WITH_KNOTS’ IN TYPEOF(SELF));

END_ENTITY;
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(*

Attribute definitions

u_degree: Algebraic degree of basis functionsin

V_
CcO
Su
u_|
V_
se
u_|
V

co
co

Fo

_bipper: Upper index on control points indirection.

Hegree: Algebraic degree of basis functionsin
htrol_points_list: This is a list of lists of control points.
rface_form: Indicator of special surface types. (See 4.3.4.)

closed: Indication of whether the surface is closed in theirection; this is forinformation onl

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

Lpper: Upper index on control points i direction.

htrol_points: Array (two-dimensional) of control points defining surface geometry. Thig
nstructed from the control points list.

rmal propositions

o

re

All
hal

_ppline_surface_with_knotsuniform. surface, quasi_uniform_surface or

#.69 b_spline‘surface_with_knots

TIIS is a B-spline surface in which the knot values are explicitly given. This subtype shall

R1: Any instantiation of this entity shall include one of the subtypes

vier_surface

resent non-uniform B-spline surfaces, and may also be used for other knot types.

knot multiplicities except the first and the last shall be in the rahge , d; the first and last
ve a maximum value ef+ 1.

In

the knot array.

closed: Indication of whether the surface is closed in thairection; this is Tor information only.

fion only.

array is

be used to

EXPRESS specification

*)

E

106

NTITY b_spline_surface_with_knots
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SUBTYPE OF (b_spline_surface);
u_multiplicities : LIST [2:?] OF INTEGER,;
v_multiplicities : LIST [2:?] OF INTEGER,;

u_knots . LIST [2:?] OF parameter_value;
v_knots . LIST [2:?] OF parameter_value;
knot_spec . knot_type;
DERIVE
knot u upper . INTEGER := SIZEOF(u knots);
knot_v_upper : INTEGER := SIZEOF(v_knots);
WHERE

WRZ1: constraints_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;
ND_ENTITY;

m

(*

Atlribute definitions

u_multiplicities: The multiplicities of the knotsdn‘the parameter direction.
v_multiplicities: The multiplicities of the knets in the parameter direction.
u_knots: The list of the distinct knots in,the parameter direction.

v_knots: The list of the distinct knots in the parameter direction.
knpt_spec: The description pf\the knot type.

knpt_u_upper: The number of distinct knots in theparameter direction.
knpt_v_upper: The.ntmber of distinct knots in theparameter direction.
SHLF\b_splinessurface.u_degreeAlgebraic degree of basis functionsin
SHLF\b_spline_surface.v_degreeAlgebraic degree of basis functionsin

SHLF\b>spline_surface.control_points_list: This is a list of lists of control points.

SHLEXb spline surface.surface form:Indicator of special surface types. (See 4.3.4.)

SELF\b_spline_surface.u_closedindication of whether the surface is closed in thdirection; this
is for information only.

SELF\b_spline_surface.v_closedindication of whether the surface is closed in thdirection; this is
for information only.

SELF\b_spline_surface.self_intersectFlag to indicate whether, or not, surface is self-intersecting;
this is for information only.
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SELF\b_spline_surface.u_upper: Upper index on control points im direction.

SELF\b_spline_surface.v_upper: Upper index on control points indirection.

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

Fo

rmal propositions

W

U (

W

v (
W
W

4.

R1: constraints_param_b_splinereturns TRUE when the parameter constraints aré|verifig
irection.

R2: constraints_param_b_splinereturns TRUE when the parameter constraints are verifig
irection.

R3: The number ofi_multiplicities shall be the same as the numbengknots.

R4: The number of/_multiplicities shall be the same as the numbev oknots.

1.70 uniform_surface

This is a special type di_spline_surfacein which the knots are evenly spaced. Suitable defat

for

A
fro

EX

the knots and knot multiplicities can be derived.in-this case.

B-spline isuniformif and only if all knots areof multiplicity 1 and they differ by a positive ¢
M the preceding knot. In this subtype the knot spacing is 1.0, starting frdimree.

PRESS specification

m

m

NTITY uniform_surface
SUBTYPE OF (b¢spline_surface);
ND_ENTITY;

NOTE= If explicit knot values for the surface are required, they can be derived as follows:

d for the

d for the

It values

pnstant

= ku_up SELF\b_spline_surface u_upper + SELF\b_spline_sur face u_degree + 2

108

— kv_up SELF\b_spline_surface v_upper + SELF\b_spline_sur face v_degree + 2

ku_up is the value required for the upper index on the knot and knot multiplicity lists im dfieaction.
is computed from the degree and the number of control points in this direction.
kv_up is the value required for the upper index on the knot and knot multiplicity lists im thigection.

This

This

is computed from the degree and the number of control points in this direction. The knot multiplicities and

knots in theu andv parameter directions are then given by the function calls:
default_b_spline_knot_mul{SELF\b_spline_surfaca. degree, ku_up, uniform_knots)
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default_b_spline_knot¢SELR\b_spline_surfaca. degree, ku_up, uniform_knots)
default_b_spline_knot_mul{SELF\b_spline_surface. degree, kv_up, uniform_knots)
default_b_spline_knot¢SELF\b_spline_surface. degree, kv_up, uniform_knots)

44.71 quasi_uniform_surface

This is a special type df_spline_surfacein which the knots are evenly spaced, and except fo

an
thi

A

mu
the

EX

d last, have multiplicity 1. Suitable default values for the knots and knot multiplicities\are
5 case.

B-spline isquasi-uniformif and only if the knots are of multiplicitydegree -+ 1) at the end
Itiplicity 1 elsewhere, and they differ by a positive constant from tlee@ding’knot. In this su

 knot spacing is 1.0, starting from 0.0.

PRESS specification

m

m

(*

NTITY quasi_uniform_surface
SUBTYPE OF (b_spline_surface);
ND_ENTITY;

NOTE - If explicit knot values for the stitface are required, they can be derived as follows:
— ku_up SELF\b_spline_sturyface 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_up is the value required for the upper index on the knot and knot multiplicity lists im dtieaction.

is computed from the-degree and the number of control points in this direction.
kv_up is the valde required for the upper index on the knot and knot multiplicity lists im thigection.

is computed.from the degree and the number of control points in this direction. The knot multig

knots in ther.andv parameter directions are then given by the function calls:

default_b_spline_knot_mul{SELF\b_spline_surfaca. degree, ku_up, quasi_uniform_knots)
default_b_spline_knot§SELF\b_spline_surfaca. degree, ku_up, quasi_uniform_knots)

the first
derived in

s, of
btype

This

This
licities and

©|

default_b_spline_knot_mul{SELF\b_spline_surface. degree, kv_up, quasi_uniform_knots)
default_b_spline_knot¢SELR\b_spline_surface. degree, kv_up, quasi_uniform_knots)
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4.4.72 bezier_ surface

This is a special type of surface which can be represented as a typepline_surfacein which the
knots are evenly spaced and have highitiplicities. Suitable default values for the knots and knot
multiplicities are derived in this case. In this subtype the knot spacing is 1.0, starting from 0.0.

EXPRESS specification

m

NTITY bezier_surface
SUBTYPE OF (b_spline_surface);
ND_ENTITY;

> m

NOTE - If explicit knot values for the surface are required, they can be derived as follows:

. SELF\b spline surface u_upper
ku—up SELF\b_spline_surface u_degree +1
SELF\b spline surface v_upper
- kv—up SELF\b_spline_surface v_degree +

ku_up is the value required for the upper index on the knot and knot multiplicity lists im tfieection. [This
is computed from the degree and the number©ficontrol points in this direction.
kv_up is the value required for the upper index on the knot and knot multiplicity lists im thigection. [This

is computed from the degree and the number of control points in this direction. The knot multiglicities and
knots in theu andv parameter directions-are then given by the function calls:
default_b_spline_knot_mul{SELF\b-spline_surfaca. degree, ku_up, bezier_knots)
default_b_spline_knot¢SELF\ b_spline_surface. degree, ku_up, bezier_knots)
default_b_spline_knot_mul{SELFR\b_spline_surface. degree, kv_up, bezier_knots)
default_b_spline_knot¢SELR\b_spline_surface. degree, kv_up, bezier_knots).

4.4.73 rational_b_spline_surface

A rational_b tspline_surfaceis a piecewise parametric rational surface described in terms pf control
pojnts, asseciated weight values and basis functions. It is instantiated with any of the other subtypes
of p_spline_surface which provide explicit or implicit knot values from which the basis functjons are
defined:

The surface is to be interpreted as follows:

SR R wi Py NI (u) N2 (v)

7
21(10 ?720 wl]NZdl (u) N]dz(v)

o(u,v)
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NOTE - See 4.4.68 for details of the symbology used in the above equation.

EXPRESS specification

)
ENTITY rational_b_spline_surface
SUBTYPE OF (b_spline_surface);
weights_data : LIST [2:?] OF
LIST [2:?] OF 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_paints_list))
AND (SIZEOF(weights_data[1]) =
SIZEOF(SELF\b_spline_surface.control paints_list[1]));
WR2: surface_weights_positive(SELF);
ND_ENTITY;

m

(*

Atlribute definitions

wegights_data: The weights associated with the control points in the rational case.

weights: Array (two-dimensional) of weight values constructed fromifeéghts_data

Formal propositions

WR1: The array<dimensions for the weights shall be consistent with the control points data.

WIR2: The weight value associated with each control point shall be greater than zero.

4.4.74 rectangular_trimmed_surface

The trimmed surface is a simpb®unded_surfacein which the boundaries are the constant parametric
linesu; ul,us U2,vy Vvlandv, V2. Allthese values shall be within the parametric range of
the referenced surface. Cyclic properties of the parameter range are assumed.

NOTE 1- Forexample, 370 degrees is equivalent to 10 degrees, for those surfaces whose parametric form
is defined using circular functions (sine and cosine).
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The rectangular trimmed surface inherits its parametrisation directly from the basis surface and has pa-
rameter ranges fromOte, wu;|and Otolv, wvy|. The derivation of the new parameters from the old
uses the algorithm described in 4.4.39.

NOTE 2 - If the surface is closed in a given parametric direction, the valueg of v, may require to be
increased by the cyclic range.

EXPRESS specification

m

NTITY rectangular_trimmed_surface
SUBTYPE OF (bounded_surface);
basis_surface : surface;

ul . parameter_value;

u2 . parameter_value;

vl . parameter_value;

v2 . parameter_value;

usense . BOOLEAN,;

vsense : BOOLEAN,;
WHERE

WR1: ul <> u2;

WR2: vl <> v2;

WR3: ((GEOMETRY_SCHEMA.ELEMENTARY, SURFACE’ IN TYPEOF(basis_surface))
AND (NOT (GEOMETRY_SCHEMA.PEANE’ IN TYPEOF(basis_surface)))) OR
(GEOMETRY_SCHEMA.SURFACE_OFREVOLUTION’ IN TYPEOF(basis_surface))

OR (usense = (u2 > ul));

WR4: ((GEOMETRY_SCHEMA.SPHERICAL_SURFACE’ IN TYPEOF(basis_surface))
OR
(GEOMETRY_SCHEMA.TOROIDAL_SURFACE’ IN TYPEOF(basis_surface)))
OR (vsense = (V24> ‘vl));

ND_ENTITY;

m

(*

Atlribute definitions

bapis_surace: Surface being trimmed.

ulf Firstu parametric value.

u2: Secondu parametric value.
v1: Firstv parametric value.
v2: Secondy parametric value.

usense: Flag to indicate whether the direction of the first parameter of the trimmed surface agrees with
or opposes the sensewoin the basis surface.
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vsense: Flag to indicate whether the direction of the second parameter of the trimmed surface agrees
with or opposes the sensewin the basis surface.

Formal propositions

WR1: ul andu?2 shall have different values.

WIR2: v1 andv2 shall have different values.

WR3: With the exception of those surfaces closed initlparameter directionysenseshall'be con
ible with the ordered parameter values for

WR4: With the exception of those surfaces closed indlparameter directiorvsenseshall be con
ible with the ordered parameter values for

Informal propositions

IP1: The domain of the trimmed surface shall be within the domain of the surface being trim

T
b
al
n

legst one inner boundary shall be défined. For certain types of closed, or partially closed,

cylinder) it may not be possible to-identify any given boundary as outer. The region otithe -

b

of

EXPRESS specification

4.4.75 curve_bounded_surface

curve_bounded_surfaceis a parametric surface with curved boundaries defined by ong
oundary_curves ordegenerate_pcurve. Ong'of theboundary_curves may be the outer bou
ny number of inner boundaries is permissible. The outer boundary may be defined impl
ural boundary of the surface; this is;indicated byithglicit_outer flag being true. In this ¢

ounded_surfacein thebasis _.surfacds defined to be the portion of the basis surface in the

pat-

pat-

med.

P Or more
ndary;

citly as the
hse at
surface (e.g.

Hirection

hx t from any point on the boundary, whemés the surface normal aridhe boundary curve tgngent
vegtor at this point. The region so defined shall be arcwise connected.

ENTITYcurve_bounded_surface
SUBTYPE OF (bounded_surface);
babia_bwfabc . owfcu,c,
boundaries : SET [1:?] OF boundary_curve;
implicit_outer  : BOOLEAN,;
WHERE

WR1: (NOT implicit_outer) OR
(SIZEOF (QUERY (temp <* boundaries |

'GEOMETRY_SCHEMA.OUTER_BOUNDARY_CURVE’ IN TYPEOF(temp))) = 0);

WR2: (NOT(implicit_outer)) OR

(GEOMETRY_SCHEMA.BOUNDED_SURFACE’ IN TYPEOF(basis_surface));
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boundary_curve

boundgry_curve

basis_surface

Figure 18 — Curverbounded surface

WR3: SIZEOF(QUERY (temp <* .hotindaries |
'GEOMETRY- SCHEMA.OUTER_BOUNDARY_CURVE’ IN

TYPEOF(temp))) <= 1,
WR4: SIZEOF(QUERY (temp* <* boundaries |

(temp\composite curve_on_surface.basis_surface [1] <>
SELF.basis_surface))) = 0;

m

ND_ENTITY;
(*

Atlribute déefinitions

bakisZsurface: The surface ta be bounded

boundaries: The bounding curves of the surface, other than the implicit outer boundary, if present. At
most, one of these may be identified as an outer boundary by being ajuygre boundary_curve

implicit_outer: A Boolean flag which, if true, indicates the natural boundary of the surface is used as
an outer boundary.

NOTE - See Figure 18 for interpretation of these attributes.
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Formal propositions

WR1: No explicit outer boundary shall be present wiraplicit_outer is TRUE.
WR2: The outer boundary shall only be implicitly defined if thasis_surfacds bounded.

WR3: At most, one outer boundary curve shall be included in the set of boundaries.

basis_surfaceattribute_of thecomposite_curve_orT_surfaceupertype for each element of theund-
arieslist.

Informal propositions

IP1: Each curve in the set dfoundariesshall be closed.
IP2: No two curves in the set dfoundariesshall intersect.

IPB: At most one of the boundary curves may enclose any other-boundary curveoutem boynd-
ary_curve is designated, only that curve may enclose any otherboundary curve.

44.76 boundary_curve

A boundary_curveis a type of bounded curve suitable for the definition of a surface boundary.

EXPRESS specification

m

NTITY boundary_curve

SUBTYPE OF (composite_curve_on_surface);
WHERE

WR1: SELF\compgsite curve.closed_curve;
ND_ENTITY;

m

(*

Formal propositions

WR1: The derivectlosed_curveattribute of thecomposite_curvesupertype shall be TRUE.

4.4.77 outer_boundary_curve

This is a special sub-type of boundary curve which has the additional semantics of defining an outer
boundary of a surface. No more than one such curve shall be included in thels®inofaries of a
curve_bounded_surface
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EXPRESS specification

*)

ENTITY outer_boundary curve

SUBTYPE OF (boundary_curve);

END_ENTITY;
(*

4.

1.78 rectangular_composite_surface

This is a surface composed of a rectangular array_af by n_v segments or patches. Each gegment

sh
se

PO
or

Fo

bl be finite and topologically rectangular (i.e., it corresponds to a rectanglé)in parameter gpace). The
yment shall be eithera spline_surfaceor arectangular_trimmed_surface. There shall be af least

sitional continuity between adjacent segments in both directions; the composite surface may be open
closed in the: direction and open or closed in thalirection.

I a particular segmenst; (= segmentsli](j]):

The preceding segment in thedirection isS(; ); and-the preceding segment in thelirectign is
Si(; 1); similarly for following segments.

If segments[i][j].u_senseés TRUE, the boundary of;; where it adjoins5(;.); is that where the
parameter (of the underlying bounded surface) is high.
If segments]i][j].u_sensés FALSE, itis-at the lows boundary; similarly for the_sensendicator.

parametrisation of the underlying bounded surfacd/ i thew parameter for theectangulgr_-
composite_surfaceandu; < u;; < w51, is theu parameter fosegmentsi][j], these parameters
are related by the equations:

Thewu parametrisation of;; in thexcomposite surface is from 1 to ¢, mapped linearly fro’%r the

U )+ 22 B0y uge+ (U (0 D) wj o),

Uij1 Ugj0 7
if segmentsfi][j].u_sense= TRUE;

. Uy Uz 50 .
U & ———— wy wjo (U )(wj  uijo),
Uij1 Ugj0

i“ségments]i][j].u_sense FALSE.

Thev parametrisation is obtained in a similar way.

Thus the composite surface has parametric ranga0up0 ton_v.
The degree of continuity of the joint betwesgpy andS;,); is given by

segments]i][j].u_transition.

For the last patch in a row,,,; this may take the valugiscontinuous if the composite surface is
open in the: direction; otherwise it is closed here, and the transition code relates to the continuity to
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S1;; similarly for v_transition. discontinuousshall not occur elsewhere in tsegments surface_-

patch transition codes.

EXPRESS specification

m

m

(*

Atlribute definitions

NTITY rectangular_composite_surface

SUBTYPE OF (bounded_surface);

segments . LIST [1:?] OF LIST [1:?] OF surface_patch;
ERIVE

n_u : INTEGER
n_v : INTEGER
HERE

WR1: SIZEOF(QUERY (s <* segments | n_v <> SIZEOF (s))) = 0;
WR2: constraints_rectangular_composite_surface(SELF);

ND_ENTITY;

SIZEOF(segments);
SIZEOF(segments[1]);

n
n_

se

palch contains information on the sensés and transitions.

se

(t
Th
co

Fo

_U: The number of surface patches in thparameter direction.

TE last columngegments[n_ulfj].u_transition) may contain the valudiscontinuous meaning
h

v: The number of surface patches in thparameter direction.

hpments: Rectangular array (represented by a list of list) of component surface patches.
pments|i][j].u_transition refers to'the state of continuity betwesggmentsi][j] andsegments][i+

t row of) the surface is not)closed in thelirection; the rest of the list shall not contain this \
last row $egments]i][n-Vv].v_transitior) may contain the valudiscontinuous meaning that

rmal propositions

R1: Each sub-listin theegmentdist shall contaim_v surface_patcles.

R27) Other constraints on the segments:

©

Each such

110}

that
alue.
(that

umn of) the surface.is-not closed in théirection; the rest of the list shall not contain this vajue.

that the component surfaces are all either rectangular trimmed surfaces or B-spline surfaces;

that thetransition_codes in thesegmentdist do not contain the value

discontinuousexcept for the last row or column; when this occurs, it indicates that the surface is

not closed in the appropriate direction.

ISO 2000 — All rights reserved
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Informal propositions

IP1: The senses of the component surfaces are as specifiedingaeseandv_sensattributes of each
element okegments

4.4.79 surface_patch

A surface patch is a bounded surface with additional transition and sense information whic
define arectangular_composite_surface
EXPRESS specification
*
ENTITY surface_patch
SUBTYPE OF (founded_item);
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_ENTITY;
(*
Atlribute definitions
pafrent_surface: The,surface which defines the geometry and boundaries of the surface patq
NOTE - Sineesurface_patchis not a subtype ajeometric_representation_itenthe instance aboun
surfaceused aparent_surfaceis not automatically associated with tpeometric_representation_co
of therepresentation using arectangular_composite_surfacecontaining thisurface_patch It is th
fore necessary to ensure that ttmunded_surfaceinstance is explicitly included in eepresentation
the-appropriatgeometric_representation_context

h is used to

h.

ded_-
ntext
ere-
vith

u_transition: The minimum state of geometric continuity along the seaobdundary of the patch as it
joins the firstu. boundary of its neighbour. In the case of the last patch, this defines the state of continuity
between the first boundary and last boundary of theectangular_composite_surface

v_transition: The minimum state of geometric continuity along the seaohdundary of the patch as it
joins the firstv boundary of its neighbour. In the case of the last patch, this defines the state of continuity
between the first boundary and last boundary of theectangular_composite_surface

11
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u_sense:This defines the relationship between the sense (increasing parameter value) of the patch and
the sense of thparent_surface If u_sensds TRUE, the first: boundary of the patch is the one where
the parameter takes its lowest value; it is the highest value boundary if sense is FALSE.

v_sense:This defines the relationship between the sense (increasing parameter value) of the patch and
the sense of thparent_surface If v_sensds TRUE, the firsty boundary of the patch is the one where
the parameter takes its lowest value; it is the highest value boundary if sense is FALSE.

us|ng_surfaces: The bag ofrectangular_composite_surface which use thisurface_patchin.their
definition. This bag shall not be empty.

Formal propositions

WIR1: A curve bounded surface shall not be used to define a surface pateh:

4.4.80 offset_surface
Thijs is a procedural definition of a simple offset surface at a normal distance from the originatfrogsurf

digtancemay be positive, negative or zero to indicate the preferred side of the surface. The gositive side
and the resultant offset surface are defined as follows:

a)| Define unit tangent vectors of the base surfacein thvedo directions; denote these by, andg .

b)| Take the cross produdy o, Xx0o,, Of these (which shall be linearly independent, or there is no
offset surface)N shall be extended by.continuity at singular points, if possible.

c)| NormaliseN to get a unit normal\(to the surface) vector.
d)| Move the offset distance.(which may be zero) along that vector to find the point on the offget surface.
NOTE 1- The definition allows theffset_surfaceto be self-intersecting.

Thie offset surface takes its parametrisation directly from that of the basis surface, corresponding points
hajing identicatparameter values. Ttféset_surfaceis parametrised as

o(u,v) S(u,v)+ dN

WiereNis the unit normal vector to the basis surf&e, ) at parameter values (v), andd is distapce

NOTE 2 - Care should be taken when using this entity to ensure that the offset distance needséke
radius of curvature in any direction at any point of the basis surface. In particular, the surfate sot
contain any ridge or singular point.

EXPRESS specification

)
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ENTITY offset_surface
SUBTYPE OF (surface);
basis_surface : surface;

distance . length_measure;
self_intersect : LOGICAL;
END_ENTITY;

(*

Atlribute definitions

bakis_surface: The surface that is to be offset.

digtance: The offset distance, which may be positive, negative or zero. , A\positive offset distance is
measured in the direction of the surface normal.

sel|f_intersect: Flag to indicate whether or not the surface is self-intersecting; this is for information
only.

4.4.81 oriented_surface

An oriented_surfaceis a type of surface for which the@irection of the surface normal may be|reversed.
Thie unit normaN, at any point on theriented_surfaceis defined by the egations:

Jo Jo

N(u, v) <8_u X %% of orwentation TRUE
N(u, v) <Z—Z X Z—Z% if orwentation  FALSE

NOTE - Anoriented_surfacemay be instantiated with other subtypes of surface. For example f complex
instance obriented_surfacg with orientation = .FALSE., andspherical_surfacedefines a spherical qurface
with an inward pointinglnormal.

EXPRESS specification

m

NTITY-.oriented_surface
SUBTYPE OF (surface);
orientation : BOOLEAN:;
END_ENTITY;

(*

Attribute definitions

orientation: This flag indicates whether, or not, the direction of the surface normal is reversed.
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4.4.82 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 identical to that of the parent
surface, but, where the transformation includes scaling, the size may differ.

EXPRESS specification

m

NTITY surface_replica

SUBTYPE OF (surface);

parent_surface : surface;

transformation : cartesian_transformation_operator_3d;
WHERE

WRZ1: acyclic_surface_replica(SELF, parent_surface);
ND_ENTITY;

m

(*

Atlribute definitions

paaLent_surface: The surface that is being copied.

transformation: The cartesian_transformation_operator_3dwhich defines the location, orieftation
anfd scaling of the surface replica relative to that of the parent surface.

Formal propositions

WR1: A surface_replicashall not participate in its own definition.

4.4.83 volume

A yolumeis'a three dimensional solid of finite volume with a tri-parametric representation.
Edch volume has a parametric representation

N (v )
T 7

where u, v, w are independent dimensionless parameters. Fofweachw) within the parameter range:
r  V(u,v,w),
gives the coordinates of a point within the volume.

NOTE - Inthis version of the proposal the parameter ranges for the standard primitives have been standard-
ised, mainly to [0:1], to ensure that they are dimensionless quantities.
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EXPRESS specification

*

)

ENTITY volume

SUPERTYPE OF (ONEOF(block volume, wedge volume, spherical_volume,
cylindrical_volume, eccentric_conical_volume,
toroidal_volume, pyramid_volume, b_spline_volume,
ellipsoid_volume, tetranedron_volume, hexahedron_volume))

SUBTYPE OF (geometric_representation_item);

WHERE
WR1 : SELF\geometric_representation_item.dim = 3;
END_ENTITY;

(*

Formal propositions

WR1: The coordinate space dimensionality shall be 3.

4.4.84 block volume

lodgation and placement coordinate system. Bleek_volumeis specified by the positive lengtisy,
angdz along the axes of the placement coordinate system, and has one vertex at the origin of t
coprdinate system.

A block_volumeis a parametric volume in the form*of a solid rectangular parallelepiped, defL:{:ed with a

e placement

Thie data is to be interpreted as follows:

€ = position.location (corner)
= position.p[1]

= position.p[2]

= position.p[3]

X (length)

= vy (depth)

=z (height)

TR~ N M
1l

and thewolume is parametrised as

Viu,v,w) C4 ulx+vdy + whz

where the parametrisation rangdisl © < 1,0 < v < 1,and0 < w < 1.

EXPRESS specification

%)
ENTITY block_volume
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SUBTYPE OF (volume);
position : axis2_placement_3d;

X . positive_length_measure;
y . positive_length_measure;
z . positive_length_measure;

END_ENTITY;

(*

Atlribute definitions

PO
po

X:
y:
Z.

4

#.85 wedge_volume

sition: The location and orientation of the axis system for the primitive. The.block has on
sition.locationand its edges aligned with the placement axes in the positivesense.

The size of the block along the placement X axis, {pos.p[1]).
The size of the block along the placement Y axis, {pos.p[2]).
The size of the block along the placement Z axis, if@s.p[3])«

P vertex at

A wedge_volumes a parametric volume which can be envisioned as the result of intersectiphg a block
with a plane perpendicular to one of its faces. Itis\defined with a location and local coordinatg system. A
triangular/trapezoidal face lies in the plane defifned by the placement X and Y axes. This fage is defined
by|positive lengths andy along the placement X and Y axes, by the ledgth(if non-zero) parallel to
the X axis at a distancgefrom the placement origin, and by the line connecting the ends of #mgltx
segments. The remainder of the wedge is specified by the positive lealihg the placement ¥ axis
whHich defines a distance through which the trapezoid or triangle is extruded. If LTXhe wedgé¢ has
five faces; otherwise, it has sixfaces.
NOTE - See Figure 19-or interpretation of attributes.

Thie data is to be interpreted as follows:

C = position.location (corner)

x = position.p[1]

y = position.p[2]

z = position.p[3]

[ = x(length)

d = vy (depth)

h = 1z (height)

lmm = Itx
and the volume is parametrised as
V(u,v,w) CHu((l o)+ vlpim)x+vdy + whz

where the parametrisation rangdisl © < 1,0 < v < 1,and0 < w < 1.
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Itx

p[3]

p[

location p[1]
position attributes

Figure 19 — Wedge_volume and its attributes

EXPRESS specification

X
y
z
Itx

ENTITY wedge_yolume
SUBTYPE OF(volume);
position :

axis2_placement_3d;

. positive_length_measure;
. positive_length_measure;
. positive_length_measure;

. length_measure;

\/\lll Nl o Y
VITLT\LC

WR1: ((0.0 <= Itx) AND (Itx < Xx));
END_ENTITY;

(*

124
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Attribute definitions

position: The location and orientation of the placement axis system for the primitive. The wedge has
one vertex aposition.locationand its edges aligned with the placement axes in the positive sense.

x: The size of the wedge along the placement X axis.

y: The size of the wedge along the placement Y axis.

z: |The size of the wedge along the placement Z axis.

ltx] The length in the positive X direction of the smaller surface of the wedge.

Formal propositions

WR1: Itx shall be non-negative and less than

4.4.86 pyramid_volume

A pyramid_volumeis a parametric volume in the form of a'solid pyramid with a rectangular hase. The
apex of the pyramid is directly above the centre point of.the base. The eedtorighy@bbid_volyme
is specified by its position, which provides a placement coordinate system, its length, depth pnd height.

Thie data is to be interpreted as follows:

C = (yposition.location
=" position.p[1]

= position.p[2]

= position.p[3]
xlength

= ylength

= height

TR, e N M
1l

angd the volume is parametrised as

l d
Viu,v,w) C+H w(§x + 3y + hz)+ (1 w)(ulx+ vdy)

wHhere théparametric rangelis< u, v, w < 1.

EXPRESS specification

*)
ENTITY pyramid_volume
SUBTYPE OF (volume);

position . axis2_placement_3d;
xlength . positive_length_measure;
ylength . positive_length_measure;
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E
(*

Att

height . positive_length_measure;
ND_ENTITY;

ribute definitions

po
for
arg

Xlg

yig

he
Z 3

fou

Th

Th

wh

EX

#.87 tetrahedron_volume

sition: The location and orientation of the pyramiabsition defines a placement coordinate
the pyramid. The pyramid has one corner of its bageoattion.locationand the edges of th
 aligned with the first two placement axes in the positive sense.

ngth: The length of the base measured along the placement X axisi¢poz{1]).
ngth: The length of the base measured along the placement Y axisi¢pas[2]).

ght: The height of the apex above the plane of the base, measured in the direction of th
\Xis (position.p[3]).

etrahedron_volumeis a type ofvolume with 4 vertices’and 4 triangular faces. It is defineq
r cartesian_point which locate the vertices. Theseépoints shall not be coplanar.

e data is to be interpreted as follows:

= «point_1.coordinates
=~ point_2.coordinates
= point_3.coordinates
= point_4.coordinates

eln, T w

e volume is parametrised as
V(u,v,w) a+ub a)t+v(c a)+w(d a)

ere the parametrisation rangdisl « < 1,0 < v < 1,and0 < w < 1,withu +v4+w <1

PRESS specification

system
P base

b placement

by the

*)

E

NTITY tetrahedron_volume

SUBTYPE OF (volume);
point_1 : cartesian_point ;
point_2 : cartesian_point ;
point_3 : cartesian_point ;
point_4 : cartesian_point ;

WHERE

12
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WR1: point_1.dim = 3 ;
WR2: above_plane(point_1, point_2, point_3, point_4) <> 0.0 ;
END_ENTITY;

(*

At

rihiita dafinitione
U teC O T HtroT Ty

PO
po

po

Fo

nt_1: Thecartesian_pointthat locates the first vertex of thetrahedron.
nt_2: Thecartesian_pointthat locates the second vertex of te&rahedron.
nt_3: Thecartesian_pointthat locates the third vertex of thetrahedron.

nt_4: Thecartesian_pointthat locates at the fourth vertex of ttetrahedron:

rmal propositions

W
Crd

o

p

Th

wh

#.88 hexahedron_volume

R1: The coordinate space dimensionpaint_1 shall be 3.

NOTE - The rulecompatible_dimensiorensures that all theartesian_pointattributes of this entity
the same dimension.

R2: point_1, point_2, point_3andpoint_4 shall:not be coplanar. This is tested by verifying
ss_productof the three directions fromoint. &to each of the other points is non-zero.

nexahedron_volumeis a type ofvolume with 8 vertices and 6 four-sided faces. It is defined
nts which locate the vertices:

e volume is parametrised as
w,v,w) (1 g6 v)(1 w)P1+ (1 w)(v)(1 w)Pztuv(l w)Ps+u(l v)(l w)P

(I w)(1 v)wPs+ (1 u)(v)wPe+uvwPr+u(l v)wPs+

ere the-parametric rangelis< «, v, w < 1, andP; denotes the position vector pbints][i] .

have

that the

Dy the 8

at

EXPRESS specification

)
E

NTITY hexahedron_volume
SUBTYPE OF (volume);
points : LIST[8:8] OF cartesian_point;

WHERE

©|

WR1: above_plane(points[1], points[2], points[3], points[4]) = 0.0;
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WR2: above_plane(points[5], points[8], points[7], points[6])
WR3: above_plane(points[1], points[4], points[8], points[5])
WRA4: above_plane(points[4], points[3], points[7], points[8])
WRS5: above_plane(points[3], points[2], points[6], points[7])
WR6: above_plane(points[1], points[5], points[6], points[2])
WRY7: same_side([points[1], points[2], points[3]],

[points[5], points[6], points[7], points[8]]);
WRS8: same side([points[1], points[4], points[8]],

[eleoleoNoNa]
OOOOO

(*

Atlribute definitions

[points[3], points[7], points[6], points[2]]);
WR9: same_side([points[1], points[2], points[5]],

[points[3], points[7], points[8], points[4]]);
WR10: same_side([points[5], points[6], points[7]],

[points[1], points[2], points[3], points[4]]);
WR11: same_side([points[3], points[7], points[6]],

[points[1], points[4], points[8], points[5]]);
WR12: same_side([points[3], points[7], points[8]],

[points[1], points[5], points[6], points[2]]);
WR13: points[1].dim = 3;

END_ENTITY;

po
de
of
fad

Fed such thaioints[1], points[2], points[3], points[4] define, in anti-clockwise order, one plan
the solid and, in corresponding ordeRints[5], points[6], points[7], points[8] define the opy
e.

NOTE - See Figure 22 for further'information about the positions of the vertices.

rmal propositions

R1: The first 4paints shall be coplanar.
R2: The final4points shall be coplanar.
R3: points[1], points[4], points[8], points[5], shall be coplanar.
R4.Apoints[4], points[3], points[7], points[8], shall be coplanar.

£ £ g =

B Y TN TE PN Lo ¥ BT 2 Lo § BEZWSEPE PN Fad BEZ-NT2C P2 fw A | 129 ”b

. PUNTMSTO T, PUNTTS[Z ], PUTTTIISTUT, PUTTTISTT ], STTd < puplaiﬂlai'

WR6: points[1], points[5], points[6], points[2], shall be coplanar.

WR7:

po

ints[2], points[3].

nts: Thecartesian_point that locate the vettices of tlhenvex_hexahedron These points afe or-

ar face
osite

points[5], points[6], points[7], points[8], shall all lie on the same side of the plangoints[1],

WRS8: points[3], points[7], points[6], points[2], shall all lie on the same side of the planegoints[1],

po

128

ints[4], points[8].
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WR9: points[4], points[3], points[7], points[8], shall all lie on the same side of the planegoints[1],
points[2], points[5].

WR10: points[1], points[2], points[3], points[4], shall all lie on the same side of the plangofnts[5],
points[6], points[7].

WR11: points[1], points[4], points[8], points[5], shall all lie on the same side of the plangoints[3],
points[7], points[6].

WR12: points[1], points[5], points[6], points[2], shall all lie on the same side of the plangointy[3],
pojnts[7], points[8].

o

NOTE - The above 6 rules ensure that goénts define a convex figure.

WR13: points[1] shall have coordinate space dimensionality 3.

4.4.89 spherical_volume

A gpherical_volumeis a parametric volume in the form of a sphere of radiusA spherical_volliime
is flefined by the radius and the position of the solid.

Thie data is to be interpreted as follows:

C = position.location (centre)
x = position.p[1]

y = position:p[2]

7z = position.p[3]

R = radius

angd the volume is parametrised as
T . . TV
Vu,v,w) CH wk COS(;)((COS(?TFU))X + (sin(27u))y) + wR(sm(;))z

wHere the parametrisation.rangdis « <1, 1 <ov<1,and0 < w < 1.

EXPRESS specification

m

NTITY. spherical_volume

SUBTYPE OF (volume);

position : axis2_placement_3d;
radius . positive_length_measure;
END_ENTITY;

(*
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Attribute definitions

position: The location and parametric orientation of the sofpidsition.locationis the centre of the
sphere.

radius: The radius of the sphere.

44790 cylindrical_voiume

A ¢ylindrical_volume is a parametric volume in the form of a circular cylindercindrical , volyme
is dlefined by its orientation and location, its radius and its height. The datais to be interpreted as follows:

= position.location
= position.p[1]

= position.p[2]

= position.p[3]

= radius

= height

Mon<e % O

angd the volume is parametrised as
V(u,v,w) CHwR((cos(2ru))x+ (sin(2ru)y) + vHz

wHere the parametrisation rangdist « < 1,0 < a1, and0 < w < 1.

EXPRESS specification

m

NTITY cylindrical_volume
SUBTYPE OF (volume),

position : axis2_placement_3d;
radius . positive- length_measure;
height : positive-length_measure;
ND_ENTITY;

m

(*

Attlribute definitions

position: The location and orientation of the cylinder.
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.

height: The height of the cylinder.
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4.4.91 eccentric_conical_volume

An eccentric_conical_volumas a parametric volume in the form of a skew cone. Ekbeentric_con-
ical_volumemay have an elliptic cross section, and may have a central axis which is not perpendicular
to the base. Depending upon the value ofrti@ attribute it may be truncated, or may take the form of

a generalised cylinder. When truncated the top face of the cone is parallel to the plane of the base and
has a similar cross section.

Thie data is to be interpreted as follows:

C = position.location
x = position.p[1]
y = position.p[2]
7z = position.p[3]

Ry = semi_axis_1
Ry, = semi_axis_2
H = height
xo = X offset
yo = y_offset
s = ratio

angd the volume is parametrised as
V(u,v,w) CHv(zox+yoy)+ w(l+ v(s:31))(Ri(cos(2ru))x 4+ Ra(sin(2ru)y) + vH2

wHere the parametrisation rangdist « < 1¢0 < v < 1,and0 < w < 1.

EXPRESS specification

m

NTITY eccentric_conical-volume
SUBTYPE OF (volume);

position . axis2_placement_3d;
semi_axis_1~» positive_length_measure;
semi_axisg2>: positive_length_measure;

height . positive_length_measure;
x_offset . length_measure;
y /offset . length_measure;
ratio . REAL;
WHERE
WR1 : ratio >= 0.0;
END_ENTITY;

(*
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Attribute definitions

position: The location of the centradoint on the axis and the direction eémi_axis_1 This defines
the centre and plane of the base of &eeentric_conical_volumeposition.p[3] is normal to the base of
theeccentric_conical_volume

semi_axis_1:The length of the first radius of the base of the cone in the directiposition.p[1].

se
[hé
X_
co

y_
co

ratjo: The ratio of a radius of the top face to the corresponding radius.of the base of the cone.

Fo

Mi_axis_2:The length of the second radius of the base of the cone in the directmrsfon.g
bight] The height of the cone above the base measured in the direcpositbn.p[3].

pffset: The distance, in the direction @bsition.p[1], from the central point of thertopface
ne to the point in the plane of this face directly above the central point of the base.

pffset: The distance, in the direction @bsition.p[2], from the central pointef‘the top face
ne to the point in the plane of this face directly above the central point of the base.

rmal propositions

4.

A toroidal_volumeis a parametric volume which could be produced by revolving a circular f

al
m43
is

R1: Theratio shall not be negative.

NOTE 1- In the placement coordinate system definegdwition the central point of the top face
eccentric_conical volumehas coordinatege_of f8eét y_of fset height).

NOTE 2 - Ifratio = 0.0 theeccentric_conieal volumeincludes the apex.
If ratio = 1.0 theeccentric_conical voluméis in the form of a generalised cylinder with all cross
of the same dimensions.

NOTE 3- Ifx_offset=y_ offset= 0.0 the eccentric_conical_volume has the form of a ridjipte G
or, with Ry  R,, a right circular cone.

1.92 toroidal”’volume

nein its plape. The radius of the circle being revolved is referred to here asrtbe_radius ang
jjor_radius’is the distance from the centre of this circle to the axis of revolutiotaréidal_voly
Hefined-by the major and minor radii and the position and orientation of thecsurf

[2].

of the

of the

of the

sections

one

hce about
the
me

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

= position.p[2]

= position.p[3]

= major_radius

= minor_radius

5 WN < K
|
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and the volume is parametrised as

V(u,v,w) CH (R+ wrcos(2mv))((cos(2mu))x + (sin(27u))y) + wr(sin(27v))z

where the parametrisation rang@is «, v, w < 1

E DLhE-CC B H TP--C TP- NN
AT TN OO QlJCLrlll\.rClLlUll

m

NTITY toroidal_volume

SUBTYPE OF (volume);

position . axis2_placement_3d;
major_radius : positive_length_measure;
minor_radius : positive_length_measure;
WHERE

WR1 : minor_radius < major_radius;
ND_ENTITY;

m

(*

Atlribute definitions

pogition: The location and orientation of the s@ljghsition.locationis the central point of the tofus.
major_radius: The major radius of the torUs.

mihor_radius: The minor radius of the torus.

Formal propositions

WR1: The minor radius.shall be less than the major radius. This ensures that the parametrid coordinates
are unique for each-point inside the volume.

4.4.93 ellipsoid_volume

An ellipsoid_volumeis a type ofvolumein the form of a solid ellipsoid. It is defined by its locatipn and
oriehAtation and by the lengths of the three semi-axes. The data is to be interpreted as follows:

C = position.location (centre)
= position.p[1]
= position.p[2]
= position.p[3]
= semi_axis_1
= semi_axis_2
= semi_axis 3

A o8 N <Y X
|

(©ISO 2000 — All rights reserved 133


https://standardsiso.com/api/?name=94c1325b378b1421179d1b7ef36b5d81

ISO 10303-42:2000(E)

an

d the volume is parametrised as

Viu,v,w) C+H wcos(%)(a(cos(%'u))x + b(sin(27u))y) + wc(sin(%))z

where the parametrisation rangdist « <1, 1 <ov<1,and0 < w < 1.

EX

PRESS specification

m

m

(*

NTITY ellipsoid_volume

SUBTYPE OF (volume);
position . axis2_placement_3d;
semi_axis_1 : positive_length_measure;
semi_axis_2 : positive_length_measure;
semi_axis_3 : positive_length_measure;

ND_ENTITY;

Atlribute definitions

PO
ce

se

sition: The location and orientation of the ellipsoigosition.locationis a cartesian_point at
ntre of the ellipsoid and the axes of the ellipsoid are aligned with the diregiimitson.p.

mi_axis_1:The length of the semi-axis of the ellipsoid in ttlieection position.p[1].

the

y control
types where

semi_axis_2:The length of the semi*aXis of the ellipsoid in tthieection position.p[2].
semi_axis_3:The length of the semi-axis of the ellipsoid in ttieection position.p[3].
4.4.94 b_spline_-volume
A p_spline_volumeis a general form of tri-parametric volume field which is represented b
pojnts and basis fuhctions. As with the B-spline curve and surface entities it has special suf]
some of the.data can be derived. The data is to be interpreted as follows:
a)| The'symbology used here is:
R T = Upper_index_omn_Uu_COontrol_values
K2 = upper_index_on_v_control_values
K3 = upper_index_on_w_control_values
V.;x = control_values
dl = u_degree
d2 = v_degree
d3 = w_degree
134 (©ISO 2000 — All rights reserved
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b) The control values are ordered as

P0007 P0017 P0027 3 PI&"II&"Q(KS 1)s PKIKZKS

c) Foreach parameter, « oruv,orw if k is the upper index on the control points ahi$ the degree
for s, the knot array is an array 03 + d+ 2) real numberss 4, sk+1] such that for all |nd|ces

each mlltlple knotaccordlng to the n1thI|C|ty

¢ theith normalised B-spline basis function of degrgés defined on the subset
[si 4y s si+1) of this array.

d)| LetL denote the number of distinct values amongst the knots in the knokhsilj be referrgd to

as the ‘upper index on knots’. Let; denote the multiplicity (i.e., numberefrepetitions) of ftita
distinct knot value. Then:

L
Somig d4k+2

i1
All knot multiplicities except the first and the last shall be'in the range d; the first and las{ may

have a maximum value @f+ 1. In evaluating the basisifunctions, a knoof, e.g., multiplicityp is
interpreted as a sequencen, u, in the knot array.

e)| The parametric volume is given by the equation:
K1 K23K3

V (u, v, w) ZZZPZMNC” Ndz( )N (w)

WNOj 0k O

EXPRESS specification

m

NTITY b_spline_velume

SUPERTYPE ,OF) (ONEOF(b_spline_volume_with_knots, uniform_volume,
guasi_uniform_volume,bezier_volume) ANDOR
rational_b_spline_volume)

SUBTYRE 'OF (volume);

u_degree . INTEGER,;
v./degree . INTEGER,;
W degree . INTEGER;
control_points_list : LIST [2:?] OF
LIST [2:?] OF
LIST [2:?] OF cartesian_point;
DERIVE
u_upper : INTEGER := SIZEOF(control_points_list) - 1;
V_upper : INTEGER := SIZEOF(control_points_list[1]) - 1;
w_upper : INTEGER := SIZEOF(control_points_list[1][1]) - 1;
control_points : ARRAY [O:u_upper] OF ARRAY [0:v_upper]
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OF ARRAY [0:w_upper] OF cartesian_point
:= make_array_of array of array (control_points_list,
0,u_upper,0,v_uppet,
O,w_upper );

WHERE

WR1: (GEOMETRY_SCHEMA.BEZIER_VOLUME' IN TYPEOF(SELF)) OR
(GEOMETRY_SCHEMA.UNIFORM_VOLUME’ IN TYPEOF(SELF)) OR
(GEOMETRY_SCHEMA.QUASI UNIFORM VOLUME’ IN TYPEOF(SELF)) OR

m

(*

(GEOMETRY_SCHEMA.B_SPLINE_VOLUME_WITH_KNOTS' IN TYPEOF(SELF))~;
ND_ENTITY:;

Atlribute definitions

co
St

—

Fo

_degree: Algebraic degree of basis functionsin u.
_fegree: Algebraic degree of basis functions in v.

|degree: Algebraic degree of basis functions in w.

ntrol_values_list: This is a list of lists of lists of controlvalues.

_upper: Upper index on control values in u directiof
_bipper: Upper index on control values in v diregtion.

|lupper: Upper index on control values in w-direction.

ntrol_values: Array (three-dimensional) of control values defining field geometry. This arrg
Lucted from the control values list-

rmal propositions

R1: Any instantiation of this entity shall include one of the subtypes

_Bpline_volume_with_knotsor bezier_volume or uniform_volume, or quasi_uniform_volumg

#.95 b_spline_volume_with_knots

is is\a B-spline volume in which the knot values are explicitly given. This subtype shall

Y is con-

1174

be used to

All knot multiplicities except the first and the last shall be in the rahge degree; the first and last may
have a maximum value @legree + 1.

In evaluating the basis functions, a knoof, e.g., multiplicity3 is interpreted as a sequenegu, u, in
the knot array.

136
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EXPRESS specification

*

)

ENTITY b_spline_volume_with_knots
SUBTYPE OF (b_spline_volume);
u_multiplicities : LIST [2:?] OF INTEGER,;
v_multiplicities : LIST [2:?] OF INTEGER,;
w_mulipliciies  : LIST [2:7] OF INTEGER,

u_knots . LIST [2:?] OF parameter_value;

v_knots . LIST [2:?] OF parameter_value;

w_knots . LIST [2:?] OF parameter_value;
DERIVE

knot_u_upper : INTEGER := SIZEOF(u_knots);

knot_v_upper : INTEGER := SIZEOF(v_knots);

knot_w_upper : INTEGER := SIZEOF(w_knots);
WHERE

WRZ1: constraints_param_b_spline(SELF\b_spline_volume.u_degree;
knot_u_upper, SELF\b_spline_volume.u_upper,
u_multiplicities, u_knots);
WR2: constraints_param_b_spline(SELF\b_spline_volume/\degree,
knot_v_upper, SELF\b_spline_volume.v_upper,
v_multiplicities, v_knots);
WR3: constraints_param_b_spline(SELF\b_spline_volume.w_degree,
knot_w_upper, SELF\b_splinevolume.w_upper,
w_multiplicities, w_knots);
ot_u_.upper;
ot_v=upper,
knet.w_upper;

WRA4: SIZEOF(u_multiplicities) =
WR5: SIZEOF(v_multiplicities) =
WR6: SIZEOF(w_multiplicities) =
ND_ENTITY;

kn
kn

m

(*

Atlribute definitions

u_jmultiplicities: The multiplicities of the knots in the u parameter direction.
v_multiplicitiesi/The multiplicities of the knots in the v parameter direction.
w_|multiplicities: The multiplicities of the knots in the w parameter direction.

u_knets¥ The list of the distinct knots in the u parameter direction.

V_knots—Thetistof thedistinctknotsinrthevparameter-direction:
w_knots: The list of the distinct knots in the w parameter direction.
knot_u_upper: The number of distinct knots in the u parameter direction.
knot_v_upper: The number of distinct knots in the v parameter direction.
knot_v_upper: The number of distinct knots in the v parameter direction.

SELF\b_spline_volume.u_degree:Algebraic degree of basis functions in u.
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SELF\b_spline_volume.v_degreeAlgebraic degree of basis functions in v.
SELF\b_spline_volume.w_degreeAlgebraic degree of basis functions in w.
SELF\b_spline_volume.control_values_listThis is a list of lists of control values.
SELF\b_spline_volume.uupper: Upper index on control values in u direction.

SELF\b_spline_volume.vupper: Upper index on control values in v direction.

SHLF\b_spline_volume.wupper: Upper index on control values in w direction.

SHLF\b_spline_volume.control_values:Array (three-dimensional) of control values défining fleld val-
uep. This array is constructed from the control values lists.

Formal propositions

WR1: constraints_param_b_splinereturns TRUE when the parametet’constraints are verifigd for the
u-dlirection.

WIR2: constraints_param_b_splinereturns TRUE when the parameter constraints are verifigd for the
v-direction.

WIR3: constraints_param_b_splinereturns TRUE when.the parameter constraints are verifigd for the
w-flirection.

WR4: The number oti_multiplicities shall be the'same as the numbeuoknots.
WR5: The number of/_multiplicities shall be the same as the numbevoknots.

WR6: The number ofv_multiplicities, shall be the same as the numbemofknots.

4.4.96 bezier volume

This is a special type of tri‘parametric volume which can be represented as a subtypsplifje_-
volume in which the knots are evenly spaced and have highipligities. Suitable default valugs for

the knots and knotmultiplicities are derived in this case. In this subtype the knot spacing is 1.0, starting
from 0.0.

EXPRESS specification

%)
ENTITY bezier_volume

SUBTYPE OF (b_spline_volume);
END_ENTITY;

(*

NOTE - If explicit knot values for the volume are required, they can be derived as follows:
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SELF\b spline volume u_upper .

ku—up SELF\b_spline_volume u_degree + 15
SELF\b_spline_volume v_upper .

- kv—up SELF\b_spline_volume v_degree + 1’
. kw_up SELF\b spline volume w_upper +1;

SELF\b_spline_volume w_degree

ku_up is the value required for the upper index on the knot and knot multiplicity lists in the u direction. This

4.

This is a special subtype &f spline_volumein which theknots are evenly spaced. Suitable

val

A
fro

EX

IS computed from the degree and the number of control values in this direction.

Similar computations are used to determiweup, kw_up.

The knot multiplicities and knots in theandv parameter directions are then given by the function
default_b_spline_knot_mul{SELF\b_spline_volume.u_degree, ku_up, bezier_knots)
default_b_spline_knot¢SELF\b_spline_volume.u_degree,ku_up, bezier_knots)
default_b_spline_knot_mul{SELF\b_spline_volume.v_degree, kv_up, bezier_knats)
default_b_spline_knot¢SELF\b_spline_volume.v_degree,kv_up, bezier_knots)
default_b_spline_knot_mul{SELF\b_spline_volume.w_degree, kw_up, bezier-knots)
default_b_spline_knot¢SELF\b_spline_volume.w_degree,kw_up, bezief_knots)

1.97 uniform_volume

ues for the knots and knot multiplicities can be deriyed in this case.

M the preceding knot. In this subtype the knot spacing is 1.0, starting frdimree.

PRESS specification

m

m

(*

NTITY uniform_volume
SUBTYPE OF (b_spline_volume);
ND_ENTITY;

NOTEZ, )If explicit knot values for the volume are required, they can be derived as follows:

L Vku_up  SELF\b_spline_volume u_upper + SELF\b_spline_volume u_degree + 2;

B-spline isuniformif and only if all knots are ofimultiplicity 1 and they differ by a positive ¢

calls:

default

pnstant

— kv_up  SELF\b_spline_volume v_upper + SELF\b_spline_volume v_degree + 2;

— kw_up  SELF\b_spline_volume w_upper + SELF\b_spline_volume w_degree + 2;

ku_up 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_up 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 dire&torup is the value required
for the upper index on the knot and knot multiplicity lists in the w direction. This is computed from the
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degree and the number of control points in this direction.

The knot multiplicities and knots in the v andw parameter directions are then given by the function calls:

default_b_spline_knot_mul{SELF\b_spline_volume.u_degree, ku_up, uniform_knots)
default_b_spline_knot¢SELF\b_spline_volume.u_degree,ku_up, uniform_knots)
default_b_spline_knot_mul{SELF\b_spline_volume.v_degree, kv_up, uniform_knots)
default_b_spline_knot¢SELF\b_spline_volume.v_degree,kv_up, uniform_knots)
default_b_spline_knot_mul{SELF\b_spline_volume.w_degree, kw_up, uniform_knots)
default b spline knot§SELF\b spline volume.w degree,kw up, uniform knots)

4.

1.98 qguasi_uniform_volume

This is a special subtype of spline_volumein which the knots are evenly spaced, and excey
t and last, have multiplicity 1. Suitable default values for the knots and knotmultiplicities gre derived

firs
in

A

pli
kn

EX

his case.
B-spline isquasi-unifornif and only if the knots are of multiplicity.(degree+1) at the ends, ¢

City 1 elsewhere, and they differ by a positive constant fromy the preceding knot. In this g
Dt spacing is 1.0, starting from 0.0.

PRESS specification

m

m

(*

NTITY quasi_uniform_volume
SUBTYPE OF (b_spline_volume);
ND_ENTITY;

NOTE - If explicit knotvalues for the volume are required, they can be derived as follows:
— ku_up  SELENb_spline_volume u_upper SELF\b_spline_volume u_degree + 2;
—  kv_up <{SELF\b_spline_volume v_upper SELF\b_spline_volume v_degree + 2;
— kwup  SELF\b_spline_volume w_upper SELF\b_spline_volume w_degree + 2;

ky_up is the value required for the upper index on the knot and knot multiplicity lists in the u direc

is)computed from the degree and the number of control points in this direction.

140

t for the

f multi-
ubtype the

tion. This

Kv_Up iSThe value required Tor the upper index on the Knot and Knot multiplicity TiSts in the v direction. This
is computed from the degree and the number of control points in this dire&torup is the value required

for the upper index on the knot and knot multiplicity lists in the w direction. This is computed from the
degree and the number of control points in this direction. The knot multiplicities and knots inahev

parameter directions are then given by the function calls:
default_b_spline_knot_mul{SELF\b_spline_volume.u_degree, ku_up, quasi_uniform_knots)
default_b_spline_knot¢SELF\b_spline_volume.u_degree,ku_up, quasi_uniform_knots)
default_b_spline_knot_mul{SELF\b_spline_volume.v_degree, kv_up, quasi_uniform_knots)
default_b_spline_knot¢SELF\b_spline_volume.v_degree,kv_up, quasi_uniform_knots)
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default_b_spline_knot_mul{SELF\b_spline_volume.w_degree, kw_up, quasi_uniform_knots)
default_b_spline_knot¢SELF\b_spline_volume.w_degree,kw_up, quasi_uniform_knots)

4.4.99 rational_b_spline_volume

A rational b spline volumeis a piecewise parametric rational volume described in terms of control

po
of
de

Thie volume is to be interpreted as follows:

EX

nts, associated weight values and basis functions. It is instantiated with any of the oth
b_spline_volume which provide explicit or implicit knot values from which the basisdfunct
fined.

SO SR R win PN (W) N2 () P (w)

SO R wik NI (W) N2 (Q N (w)

Vi(u,v)

NOTE - See 4.4.94 for details of the symbology used inthe above equation.

PRESS specification

m

NTITY rational_b_spline_volume
SUBTYPE OF (b_spline_volume);
weights_data : LIST [2:?] OF
LIST {2i?] OF
LIST)[2:?] OF REAL;

ERIVE
weights NARRAY [0:u_upper] OF
ARRAY [0:v_upper] OF
ARRAY [0O:w_upper] OF REAL
:= make_array_of_array_of_array
(weights_data,0,u_upper,0,v_upper,0,w_upper);
HERE

WR1: (SIZEOF(weights_data) =

er subtypes
ons are

E
(*

©|

SIZEORSELR\b—spline—volume-controlpointstist)y————
AND (SIZEOF(weights_data[1]) =
SIZEOF(SELF\b_spline_volume.control_points_list[1]))
AND (SIZEOF(weights_data[1][1]) =
SIZEOF(SELF\b_spline_volume.control_points_list[1][1]));
WR2: volume_weights_positive(SELF);
ND_ENTITY;

SO 2000 - All rights reserved

141


https://standardsiso.com/api/?name=94c1325b378b1421179d1b7ef36b5d81

ISO 10303-42:2000(E)

Attribute definitions

weights_data: The weights associated with the control points in the rational case.

weights: Array (two-dimensional) of weight values constructed fromifeéghts_data

mal hranaositions.
ARa-PopoSHORS

WR1: The array dimensions for the weights shall be consistent with the control points'data.

WIR2: The weight value associated with each control point shall be greater than zero.

4.6 Geometry schema rule definition: compatible dimension

Thie rulecompatible_dimensionensures that:

a)

b)

EX

allgeometric_representation_iters are geometrically founded-in one or more
geometric_representation_contextoordinate spaces;

sion_countof the coordinate space in which itis geometrically founded.

coordinate_space_dimensionf 2.
All geometric_representation_itemgounded in such a context are two-dimensional. All other
dimension_countbehave similarly.

PRESS specification

RU

LE compatible dimension FOR
cartesian_point,

Hirection,

fepresentation_context,
peometric_representation_context);

WH

142

{ERE

whengeometric_representation_iters are geometrically founded together in a coordina
they have the same coordinate spditeension_cauntby ensuring that each matches thim

NOTE - Two-dimensionafjeometric_representation_itens that are geometrically founded irgao
ric_representation_contextare only geometrically founded geometric_representation_contexd w

e space,
en-

net-
th a

alues of

-- 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
(HINDEX(x.coordinates) <> y.coordinate_space_dimension))) > 0 )) =0;

-- ensure that the count of direction_ratios of each direction
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-- 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

WR1: There shall be n@artesian_pointthat has a number of coordinates that’differs from
ordlinate_space_dimensiorof the geometric_representation_contexd in whichyit is geometr
foynded.

WIR2: There shall be ndlirection that has a number dafirection_ratios that differs from the
ordlinate_space_dimensiorof the geometric_representation_contex in which it is geometr
foynded.

a)

b)

c)

4.6

The EXPRESS language has a number of built-in functions. This section describes additior

NOTE - A check of onlycartesian_point anddirections is.sufficient for algeometric_representati
items because:

All geometric_representation_itens appear in\trees akpresentation_itenms descending fro
items attribute of entityrepresentation See.WR1 of entityepresentation_itemin 1ISO 10303-4

Eachgeometric_representation_itemgains its position and orientation information only by b
referring to, acartesian_pointor direction entity in such a tree. In many cases this reference
via anaxis_placement

No other use of angeometric_representation_items allowed that would associate it with a
nate space or otherwise-assigdimension_count

Geometry function definitions

the
cally

CO-
cally

m the
3.

eing, or

is made

coordi-

al functions

the item is a:artesian_aoint direction, or vector, the dimensionality is obtained directly bgl counting
components.

For all other other subtypes the dimensionality is the intelj@ension_countof a geometric_repre-
sentation_contextin which the inpugeometric_representation_items geometrically founded.
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By virtue of the constraints in global rutmmpatible_dimension this value is theoordinate_space_-
dimensionof the inputgeometric_representation_item See 4.5 for definition of this rule.

EXPRESS specification

FUNCTION dimension_of(item : geometric_representation_item) :

dimension_count;

| OCAL

X : SET OF representation;

y  : representation_context;

dim : dimension_count;

END_LOCAL;

- For cartesian_point, direction, or vector dimension is determined by

.- counting components.

IF 'GEOMETRY_SCHEMA.CARTESIAN_POINT" IN TYPEOF(item)*THEN
dim := SIZEOF(item\cartesian_point.coordinates);
RETURN(dim);

END_IF;

IF '"GEOMETRY_SCHEMA.DIRECTION’ IN TYPEOF(item) THEN
dim := SIZEOF(item\direction.direction_ratios);
RETURN(dim);

END_IF;

IF '"GEOMETRY_SCHEMA.VECTOR’ IN TYREOF(item) THEN
dim := SIZEOF(item\vector.orientation\direction.direction_ratios);
RETURN(dim);

END_IF;

- For all other types of geometric(representation_item dim is obtained

- via context.

- Find the set of representation in which the item is used.

K = using_representations(item);

- Determines the dimension_count of the

.- geometric_representation_context. Note that the

- RULE compatible_dimension ensures that the context of items

- is of type{geometric_representation_context and has

- the same dimension_count for all values of x.

- The<SET x is non-empty since this is required by WR1 of

- representation_item.
¥y = X[1].context_of_items;
dim = y\geometric_Tepresentation_ConMext.coordinate_space_dimension,
RETURN (dim);

END_FUNCTION,;
(*
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Argument definitions

item: (input) ageometric_representation_itenfor which thedimension_countis determined.

6.2 acyclic_curve_replica

flers to itself, directly or indirectly, in its own definition.

EXPRESS specification

T

~

A

=

[UNCTION acyclic_curve_replica(rep : curve_replica; parent : curve)
: BOOLEAN,;
IF NOT ((GEOMETRY_SCHEMA.CURVE_REPLICA") IN TYPEOF(parent)) THEN
RETURN (TRUE);
END_IF;

1 Return TRUE if the parent is not of type curve replica *)

IF (parent :=: rep) THEN
RETURN (FALSE);
* Return FALSE if the parent is the same curve replica, otherwise,
call function again with the parents own.parent_curve. *)
ELSE
RETURN(acyclic_curve_replica(rep,
parent\curve_replica.parent_curve));
END_IF;
FND_ FUNCTION;

*

pument definitions

rep: (input) Thecurve_replicawhich is to be tested for a cyclic reference.

Q

p

4.

rent: (iAput) A curve used in the definition of the replica.

3 acvclic_noint renlica
e J —I — | el

or not, a
ica

Theacyclic_point_replicaboolean function is a recursive function which determines whether, or not, a
givenpoint_replica participates in its own definition. The function returns FALSE if goént_replica
refers to itself, directly or indirectly, in its own definition.
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EXPRESS specification

*)
FUNCTION acyclic_point_replica(rep : point_replica; parent : point)
: BOOLEAN,;

IF NOT ((GEOMETRY_SCHEMA.POINT_REPLICA’) IN TYPEOF(parent)) THEN

RETURN (TRUE);

END_TF,
1 Return TRUE if the parent is not of type point_replica *)
IF (parent :=: rep) THEN
RETURN (FALSE);
* Return FALSE if the parent is 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,;

*

A

=

pument definitions

rep: (input) Thepoint_replica which is to be tested fo¥a cyclic reference.

Q

payent: (input) A point used in the definition of the replica.

46.4 acyclic_surface_replica

Thieacyclic_surface_replicaboolean function is a recursive function which determines wheth
a givensurface_replicaparticipates in its own definition. The function returns FALSE if sugfac

replica refers to itself, directly-or indirectly, in its own definition.

EXPRESS specification

T

UNCTION_ acyclic_surface_replica(rep : surface_replica; parent : surface)
: BOOLEAN;

RETURN (TRUE):

IF"NOT ((GEOMETRY_SCHEMA.SURFACE_REPLICA’) IN TYPEOF(parent)) THEN

Pr, Or NOt,
e_-

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. *)
ELSE RETURN(acyclic_surface_replica(rep,
parent\surface_replica.parent_surface));
END_IF;
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END_FUNCTION,;
(*

Argument definitions

pafent: (input) A surfaceused in the definition of the replica.

4.

5.5 associated_surface

Thijis function determines the unique surface which is associated withctivee\.or_surfacetype.
required by the propositions which apply to surface curve and its subtypes.

EXPRESS specification

T

m

Ar

(*

[UNCTION associated_surface(arg : pcurve_or_surface) : surface;
LOCAL

surf : surface;
END_LOCAL;

IF '"GEOMETRY_SCHEMA.PCURVE' INJTYPEOF(arg) THEN
surf := arg.basis_surface;

ELSE
surf := arg;

END_IF;

RETURN(surf);

ND_FUNCTION;

jument definitions

re

su

4.

Itis

urface is

ariz @hput) Thepcurve_or_surfacefor which the determination of the associated parent s

vifed.

rf: (output) The parent surface associated \ait.

6.6 base axis

This function returns normalised orthogonal directiari$], u[2] and, if appropriatey[3].
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In the three-dimensional case, with complete input daft3], is in the direction ofaxis3, u[l]is in the
direction of the projection adixislonto the plane normal 3], andu[2] is orthogonal to bothk[1] and

u[3], taking the same sensea&s2

In the two-dimensional casg1] is in the direction obxislandu[2] is perpendicular to this, taking its

sense fromaxis2

For incomplete input data appropriate default values are derived.

tion_context

EXPRESS specification

)
FUNCTION base_axis(dim : INTEGER; axisl, axis2, axis3 : direction) :
LIST [2:3] OF
dirgction;
| OCAL
u : LIST [2:3] OF direction;
factor : REAL;
dl, d2 : direction;
END_LOCAL;

F (dim = 3) THEN

dl := NVL(normalise(axis3), dummy gri || direction([0.0,0.0,1.0]));
d2 := first_proj_axis(d1,axisl);

u = [d2, second_proj_axis(dl,d2,axis2), di];

FL SE

IF EXISTS(axisl) THEN

dl := normalise(axisl);

u = [d1, orthogenal_complement(dl)];

IF EXISTS(axis2) THEN

factor_¢=)dot_product(axis2,u[2]);

IF (factor < 0.0) THEN
u[2].direction_ratios[1] :
U[2].direction_ratios[2] :

END_IF;

END_IF;

-u[2].direction_ratios[1];
-u[2].direction_ratios[2];

NOTE 1- This function does not provide geometric founding fordhrections returned, the)caller
the function is responsible for ensuring that they are usedép@sentationwith ageometric, represq

of the
nta-

—ELSE
IF EXISTS(axis2) THEN
dl := normalise(axis2);

u := [orthogonal _complement(dl), d1i];

u[l].direction_ratios[1] := -u[1].direction_ratios[1];
u[l].direction_ratios[2] := -u[l].direction_ratios[2];
ELSE

u := [dummy gri || direction([1.0, 0.0]), dummy_gri ||
direction([0.0, 1.0])];
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END_IF;
END_IF;

END_IF;

RETURN(u);

END_FUNCTION,;

(*

Ar

pument definitions

din
dir

a

pas

a

pas

a

pas

4.

n: (input) The integer value of the dimensionality of the space in which the normalised
ections are required.

sl: (input) A direction used as a first approximation to the direction of outputigtis
s2: (input) A direction used to determine the sensel@f.

s3: (input) The direction ofi[3] in the casalim = 3, or indeterminaté-in the cagém = 2.

: | (output) A list ofdim (i.e., 2 or 3) mutually perpendicular directions.

5.7 build_2axes

This function returns two normalised orthogonal dire¢tiarj&] is in the direction of

ref
if t

EX

ne input data is incomplete.

NOTE 1- This function does not provide’geometric founding fordhrections returned, the caller
the function is responsible for ensuring:that they are usedép@sentationwith ageometric_represe
tion_context

PRESS specification

)

T

UNCTION build~2axes(ref_direction : direction) : LIST [2:2] OF direction;
LOCAL
d : direction := NVL(normalise(ref_direction),
dummy_gri || direction([1.0,0.0]));
END>LOCAL;

E

prthogonal

| direction andu[2] is perpendicularta[l]. A default value of (1.0, 0.0) is supplied faaf_direcjon

of the
nta-

TURN{(d th | ] (A1)
L RETURN{dD —orthogonal complement(ch]):

ND_FUNCTION;

(*

Argument definitions

ref_direction: (input) A reference direction in 2 dimensional space, this may be defaulted to (1.0, 0.0).

©|
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u: (output) A list of 2 mutually perpendicular directiongl] is parallel toref_direction.

4.6.8 build_axes

This function returns three normalised orthogonal directiaf. is in the direction ofxis, u[1] isin the
direction of the projection ofef_direction onto the plane normal t9[3], andu[2] is the cross product

Of U1 andiil1]l Dafardtvabiiac ara cirinnliad if inniit data ic incamnlata
HroaRttr—etathtatteSate-StpprieaHihipttbatatSHcoHpete-

NOTE 1- This function does not provide geometric founding fordhvections returned, the Calter [of the
the function is responsible for ensuring that they are usedépr@sentationwith ageometric: represgnta-
tion_context

EXPRESS specification

T

UNCTION build_axes(axis, ref_direction : direction) :
LIST [3:3}"OF direction;

LOCAL

dl, d2 : direction;
END_LOCAL;
41 := NVL(normalise(axis), dummy_gri || direction([0.0,0.0,1.0]));
42 = first_proj_axis(dl, ref_direction);
RETURN([d2, normalise(cross_product(dl1,d2)):orientation, di]);
END_FUNCTION;

(*

Argument definitions

a

X

s: (input) The intended direction aff3], this may be defaulted to (0.0, 0.0, 1.0).
refl_direction: (input)Adirection in a direction used to computg1].

u: |(output) A list of 3 mutually orthogonalirections in 3D space.

4.6.9 orthogonal_complement

ThisE : lirecti hich s it | | | f the inglirecti he iput

direction shall be a two-dimensiondirection and the result is two dimensional and perpendicular to
the inputdirection.

NOTE 1- This function does not provide geometric founding fordhrection returned, the caller of the
the function is responsible for ensuring that it is usedrepsesentation with ageometric_representation_-
context
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EXPRESS specification

*)
F

UNCTION orthogonal_complement(vec : direction) : direction;
LOCAL

result : direction ;
END_LOCAL;

m

A

=

IF (vec.dim <> 2) OR NOT EXISTS (vec) THEN
RETURN(?);

ELSE
result := dummy_gri || direction([-vec.direction_ratios[2],

vec.direction_ratios[1]]);

RETURN(result);

END_IF;

ND_FUNCTION;

pument definitions

ve

reg

4.

ar
thi
the

EX

C: (input) A direction in 2D space.

ult: (output) A direction orthogonal teec

5.10 first_proj_axis

T|’J;S function produces a 3-dimensiorthtection which is, with fully defined input, the project

onto the plane normal to the axis With arg defaulted the result is the projection of (1, O,
5 plane; except that #_axis=(1, 0, 0), (0, 1, 0) is the default f@rg. A violation occurs ifarg i
» same direction as the inpritaxis

NOTE 1- This function does not provide geometric founding fordhrection returned, the caller
the functionis résponsible for ensuring that it is usedrgpgesentationwith ageometric_representati
context

PRESS specification

on of
D) onto
5N

Df the
pn_-

*)
F

UNCTION first_proj_axis(z_axis, arg : direction) : direction;
LOCAL

x_axis : direction;

\Y; . direction;

z . direction;

X_vec : vector;
END_LOCAL;
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IF (NOT EXISTS(z_axis)) THEN
RETURN (?) ;
ELSE
z := normalise(z_axis);
IF NOT EXISTS(arg) THEN
IF (z.direction_ratios <> [1.0,0.0,0.0]) THEN
v = dummy_gri || direction([1.0,0.0,0.0]);
ELSE
v = dummy_gri || direction([0.0,1.0,0.0]);
END_IF;
ELSE
IF (arg.dim <> 3) THEN
RETURN (?) ;
END_IF;
IF ((cross_product(arg,z).magnitude) = 0.0) THEN
RETURN (?);
ELSE
v = normalise(arg);
END_IF;
END_IF;
X_vec := scalar_times_vector(dot_product(v, z), z);
x_axis := vector_difference(v, x_vec).orientation;
X_axis := normalise(x_axis);
END_IF;
RETURN(x_axis);
ND_FUNCTION;

m

(*

Argument definitions

z_pxis: (input) A direction defining a local Z coordinate axis.

a

=

@: (input) Adirectionnot parallel taz_axis

X_pxis: (output) Adirection which is in the direction of the projection afg onto the plane with ngrmal
Z_pxis

46.11 second_proj_axis

Th|is function returns the normalisédection that is simultaneously the projectionarfg onto the glane
normal to thedirection z_axisand onto the plane normal to tldéection x_axis. Tf arg is NULL, the
projection of the direction (0, 1, 0) onin axisis returned.

NOTE 1- This function does not provide geometric founding fordhrection returned, the caller of the
the function is responsible for ensuring that it is usedrepsesentation with ageometric_representation_-
context
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EXPRESS specification

*)

FUNCTION second_proj_axis(z_axis, x_axis, arg: direction) : direction;

ISO 10303-42:2000(E)

(*

Ar

LOCAL
y_axis : vector;
% . direction;
femp . vector,
END_LOCAL;

IF NOT EXISTS(arg) THEN
v = dummy_gri || direction([0.0,1.0,0.0]);

ELSE
vV = arg;
END_IF;
temp := scalar_times_vector(dot_product(v, z_axis), 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);
ND_FUNCTION;

pument definitions

arg: (input) A direction which is used as the first approximation to the direction akis

_pxis: (input) A direction defining'alocal Z axis.

_pxis: (input) A direction notsparallel ta_axis

b.12 cross_product

which is unitless. If the input directions are either pa

ret

urned withvector.orientation asargl.

_pxis.orientation: (output) A direction determined by first projectiagg onto the plane with ngrmal
_pxis then projecting the result onto the plane normat taxis

hust

NOTE 1- This function does not provide geometric founding fontbetor returned, the caller of the the
function is responsible for ensuring that it is used irepresentation with a geometric_representation_-

context
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EXPRESS specification

*
)
FUNCTION cross_product (argl, arg2 : direction) : vector;
LOCAL
mag . REAL;
res . direction;
VIVZ . LIST[3:3] OF REAL,
result : vector;
END_LOCAL;

F ( NOT EXISTS (argl) OR (argl.dim
( NOT EXISTS (arg2) OR (arg2.dim
RETURN(?);
FLSE
BEGIN
vl normalise(argl).direction_ratios;
v2 normalise(arg2).direction_ratios;
res := dummy_gri || direction([(v1[2]*v2[3] - Vv1[3]*v2[2])
(VA[3]*v2[1] - vi[1]*v2[3]), (Vi[1]*v2[2] - vi[2]*v2[1])]);
mag := 0.0;
REPEAT i := 1 TO 3;
mag = mag + res.direction_ratios[i]*res.direction_ratios]i];
END_REPEAT,
IF (mag > 0.0) THEN
result := dummy_gri || vector(res, SQORT(mag));

2)) OR
2)) THEN

ELSE
result := dummy_gri || vector(argl, 0.0);
END_IF;
RETURN(result);
END;
END_IF;

END_FUNCTION,;
(*

Argument definitions

ar

arll: (input) A direction defining the first operand in cross product operation.

2. (input) A direction defining the second operand for cross product.

result: (output) Avector which is the cross product @irgl andarg2.

4.6.13 dot_product

This function returns the scalar, or daj, (product of twodirections. The input arguments can be
directions in either two- or three-dimensional space and are normalised at the start of the computation.
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The returned scalar is undefined if the inglitections have different dimensionality, or if either is
undefined.

EXPRESS specification

FIUNCTION 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 an indeterminate“\result
is returned *)
ELSE

IF (argl.dim <> arg2.dim) THEN
scalar = ?;

(* When function is called with invalid data an ¢ndeterminate result
is returned *)

ELSE
BEGIN
vecl := normalise(argl);
vec2 = normalise(arg2);
ndim = argl.dim;
scalar := 0.0;
REPEAT i := 1 TO ndim;
scalar := scalar +
veel.direction_ratios[i]*vec2.direction_ratiosi];
END_REPEAT,
END;
END_IF;
END_IF;

RETURN (scalan);
END_FUNCTION;

(*

Argument definitions

argl: (input) A direction defining first vector in dot product, or scalar product, operation.
arg2: (input) A direction defining second operand for dot product operation.

scalar: (output) A scalar which is the dot productaigl andarg?2.
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4.6.14 normalise

This function returns &ector or direction whose components are normalised to have a sum of squares
of 1.0. The output is of the same typdirection 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.

NOTE 1- This function does not provide geometric founding for divection, or vector, returned, the
[—caller of the the function IS responsible 10r ensuring that it 1S Usedrapeesentation with a geometfic_-
representation_context

EXPRESS specification

FIUNCTION normalise (arg : vector_or_direction) : vector_or_direction;
LOCAL
ndim . INTEGER;
\Y; . direction;
result : vector_or_direction;
vec . vector;
mag . REAL;
END_LOCAL;

IF NOT EXISTS (arg) THEN

result := ?;
(1 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
v = dummy_griv|| direction(arg.orientation.direction_ratios);
IF arg.magnitude( = 0.0 THEN

RETURN(?);
ELSE
vec = _dummy _gri || vector (v, 1.0);
END _IF:
END;
ELSE
va.=/dummy_gri || direction (arg.direction_ratios);
END _IF;
mag := 0.0;
REPEAT i = 1 TO ndim:
mag := mag + v.direction_ratios[i]*v.direction_ratios][il;
END_REPEAT,

IF mag > 0.0 THEN
mag := SQRT(mag);

REPEAT i := 1 TO ndim;
v.direction_ratiosJi] := v.direction_ratios][i}/mag;
END_REPEAT,

IF 'GEOMETRY_SCHEMA.VECTOR’ IN TYPEOF(arg) THEN
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m

Argument definitions

(*

ISO 10303-42:2000(E)

vec.orientation = v;
result := vec;
ELSE
result := v;
END_IF;
ELSE
RETURN(?);
END IF;
END_IF;
RETURN (result);
ND_FUNCTION;

a

regult: (output) Avector or direction which is parallel taarg, ofunit length and of the same type.

46.15 scalar_times_vector

This function returns the vector that is the scalar multiple of the input vectacckpts as input a
and a ‘vector’ which may be eitherdirection ar@vector. The output is arector of the same un|
the inputvector, or unitless if adirection is input. If either input argument is undefined, the r
vegtoris also undefined. Therientation ofthevector is reversed if the scalar is negative.

EXPRESS specification

rg: (input) A vector or direction to be normalised.

NOTE 1- This function does npt provide geometric founding fontbetor returned, the caller of t
function is responsible for ensuring that it is used irepresentation with a geometric_representati
context

scalar
its as
eturned

he the
pn_-

*
)
FIUNCTION~scalar_times_vector (scalar : REAL; vec : vector_or_direction)
. vector;
LOCAL
\Y, . direction;
magy —REAL;
result : vector;
END_LOCAL;

IF NOT EXISTS (scalar) OR NOT EXISTS (vec) THEN

RETURN (?) ;

ELSE

IF '"GEOMETRY_SCHEMA.VECTOR’ IN TYPEOF (vec) THEN
% := dummy_gri || direction(vec.orientation.direction_ratios);
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A

mag := scalar * vec.magnitude;
ELSE
% := dummy_gri || direction(vec.direction_ratios);
= scalar;
END_IF;
IF (mag < 0.0 ) THEN
REPEAT i := 1 TO SIZEOF(v.direction_ratios);
v.direction ratios|i] := -v.direction ratios]i];

END_REPEAT,
mag = -mag;
END_IF;
result := dummy_gri || vector(normalise(v), mag);
END_IF;
RETURN (result);
END_FUNCTION;

(*

=

pument definitions

S

\Y

regult: (output) Avector which is the product o$calarandvec

46.16 vector_sum

Thijs function returns the sum of the)input arguments. The function returns as a vector the

o

a

EXRPRESS specification

calar: (input) A real number to participate in the product:

ef: (input) A vector or direction which is to be multiplied.

f

=

NOTE 1- Thisfunction does not provide geometric founding fontbetor returned, the caller of t
function is fesponsible for ensuring that it is used irepresentation with a geometric_representati
context,

vector sum

the two input ‘vectors’. For this-purposiirections are treated as unit vectors. The input arguments
must both be of the same dimensionality but may be eiirections orvectors. Where both argu

nents

@vectors, they must be(expressed in the same units. A zero sum vector produee®rof Zero
mggnitude in the direction @frgl. If both input arguments amirections, the result is unitless.

he the
pn_-

*
)
FUNCTION vector_sum(argl, arg2 : vector_or_direction) : vector;
LOCAL
result . vector;
res, vecl, vec?2 : direction;
mag, magl, mag2 : REAL;
ndim . INTEGER;
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IF ((NOT EXISTS (argl)) OR (NOT EXISTS (arg2))) OR (argl.dim <> arg2.dim)

THEN
RETURN (?) ;

ELSE
BEGIN

magl := argl.magnitude;
vecl := argl.orientation;

ELSE
magl := 1.0;
vecl = argl,;
END_IF;

mag2 := arg2.magnitude;
vec2 := arg2.orientation;

ELSE
mag2 = 1.0;
vec2 = argz;
END_IF;

vecl := normalise (vecl);

vec2 = normalise (vec2);

ndim := SIZEOF(vecl.direction_ratios);

mag = 0.0;

res := dummy_gri || direction(vecl.direction_ratios);
REPEAT i ;== 1 TO ndim;

res.direction_ratios[i] := magl*vecl.direction_ratios[i] +

END_REPEAT,
IF (mag > 0.0 ) THEN
result := dummy_gri_|]| vector( res, SQRT(mag));
ELSE
result := dummy_gri || vector( vecl, 0.0);
END_IF;
END;
END_IF;
RETURN (result);
ND_FUNGTION;

m

(*

IF 'GEOMETRY_SCHEMA.VECTOR’ IN TYPEOF(argl) THEN

IF 'GEOMETRY_SCHEMA.VECTOR’ IN TYPEOF(arg2) THEN

mag2*vec?2.direction_ratios]i];
mag = mag + (res.direction_ratios[i]*res.direction_ratios][i]);

Argument definitions

argl: (input) A vector or direction defining the first operand in vector sum operation.

arg2: (input) A vector or direction defining the second operand for vector sum operation.

result: (output) Avector which is the vector sum afrgl andarg2.
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17 vector_difference

This function returns the difference of the input argumentsaagl(— arg2). The function returns as a
vector the vector difference of the two input ‘vectors’. For this purpdgections are treated as unit
vectors. The input arguments shall both be of the same dimensionality but may bedeitcéons

or vectors. If both input arguments argectors, they must be expressed in the same units; if both are
directions, a unitless result is produced. A zero difference vector produgestar of zero magnitude

in fhe direction ofargl.

NOTE 1- This function does not provide geometric founding fontbetor returned, the caller of t
function is responsible for ensuring that it is used irepresentation with a geometric_representati

context

EXPRESS specification

*)

T

UNCTION vector_difference(argl, arg2 : vector_or_direction)&s vector;

LOCAL
result . vector;
res, vecl, vec2 : direction;
mag, magl, mag2 : REAL;
ndim . INTEGER;
END_LOCAL;

IF ((NOT EXISTS (argl)) OR (NOT EXISTS (arg2))) OR (argl.dim <> arg2.dim)
THEN
RETURN (?) ;
ELSE
BEGIN
IF 'GEOMETRY_SCHEMA.VECTOR’ IN TYPEOF(argl) THEN
magl := argl.magnitude;
vecl := argl:orientation;

ELSE
magl :=-}.0;
vecl <=)argl,
END_IFE;

IF¢GEOMETRY_SCHEMA.VECTOR’ IN TYPEOF(arg2) THEN
mag2 := arg2.magnitude;
vec2 := arg2.orientation;

he the
pn_-

160

ELSE
magZ2 = 1.0,
vec2 = argz;
END_IF;

vecl := normalise (vecl);

vec2 = normalise (vec2);

ndim := SIZEOF(vecl.direction_ratios);

mag = 0.0;

res := dummy_gri || direction(vecl.direction_ratios);
REPEAT i ;== 1 TO ndim;
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res.direction_ratios[i] := magl*vecl.direction_ratios[i] +
mag2*vec?2.direction_ratios]i];
mag = mag + (res.direction_ratios[i]*res.direction_ratios][i]);
END_REPEAT,
IF (mag > 0.0 ) THEN
result := dummy_gri || vector( res, SQRT(mag));
ELSE
result := dummy gri || vector( vecl, 0.0);

END_IF;
END;
END_IF;
RETURN (result);
ND_FUNCTION;

m

(*

Argument definitions

a

=

il: (input) A vector or direction defining first operand in the"vector difference operation.

arg2: (input) A vector or direction defining the second operand for vector difference.

=

regult: (output) Avector which is the vector difference @irgl andarg?2.

46.18 default_b_spline_knot .mult

Thijs function returns the integer list of knot multiplicities, depending on the type of knot vect

B

Epline parametrisation.

EXPRESS specification

UNCTION default-p_spline_knot_mult(degree, up_knots : INTEGER;
uniform : knot_type)
. LIST [2:?] OF INTEGER;

T

LOCAL
knot"mult : LIST [l:up_knots] OF INTEGER;

ENDYLOCAL;

pr, for the

IF uniform = uniform_knots THEN
knot_mult := [1:up_knots];
ELSE
IF uniform = quasi_uniform_knots THEN
knot_mult := [1:up_knots];
knot_mult[1] := degree + 1,
knot_multfup_knots] := degree + 1,
ELSE
IF uniform = piecewise_bezier_knots THEN
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knot_mult := [degree:up_knots];
knot_mult[1] := degree + 1,
knot_multfup_knots] := degree + 1,
ELSE
knot_mult := [O:up_knots];
END_IF;
END_IF;
END IF;
RETURN(knot_mult);
END_FUNCTION;

(*

A

=

pument definitions

d

up| knots: (input) An integer which gives the number of knot multiplicities required.

D

gree: (input) An integer defining the degree of the B-spline basis fanctions.

u

>

form: (input) The type of basis function for which knot maltiplicities are required.

knpt_mult: (output) A list of integer knot multiplicities.

46.19 default_b_spline_knots

Thijis function returns the knot vector, depending onkhet_type, for a B-spline parametrisation

EXPRESS specification

T

[UNCTION default_b_spline_knots(degree,up_knots : INTEGER,;
uniform : knot_type)
. LIST [2:?] OF parameter_value;
| OCAL
knots : LSV [l:up_knots] OF parameter value := [0:up_knots];
ishift : INNFEGER = 1;
END LOEAL;

F_A(uniform = uniform_knots) THEN
ishift := 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;
knots[i] := i - ishift;
END_REPEAT,
END_IF;
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RETURN(knots);

END_FUNCTION,;
(*

Argument definitions

d

D

up
u
kn

>

4.

gree: (input) An integer defining the degree of the B-spline basis functions.
| knots: (input) An integer which gives the number of knot values required.
form: (input) The type of basis function for which knots are required.

Dts: (output) A list of parameter values for the knots.

5.20 default_b_spline_curve weights

Thiis function returnsip_cp weights equal to 1.0 in an array of real.

EXPRESS specification

T

m

(*

Ar

UNCTION default_b_spline_curve_weights(upZep : INTEGER)

: ARRAY [O:up_cp] OF REAL;
RETURN([1:up_cp + 1]);
ND_FUNCTION;

pument definitions

u

ke

W§

| cp: (input) An.integer defining the upper index on the array of the B-spline curve weightg

ights: (output) A real array of weight values.

NOIE-=" This functionis not used in this part of ISO 10303 but is defined here for use by applic

required.

ations.

4.

Th

21
L

is function returns weights equal to 1.0 in an array of array of real.

EXPRESS specification

)
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FUNCTION default_b_spline_surface_weights(u_upper, v_upper: INTEGER)
: ARRAY [O:u_upper] OF
ARRAY [O:v_upper] OF REAL;
RETURN([[1:v_upper + 1]:u_upper +1]);
END_FUNCTION;
(*

A

=

pument definitions

u_ppper: (input) An integer defining the upper index on the array of the B-spline|surface w

qujred in theu direction.

v_ppper: (input) An integer giving the upper index of the number of weights.réquired for the

the v parameter direction.

w

[o))

ights: (output) A real array of array of weight values.

4.6.22 constraints_param_b_spline

Thijs function checks the parametrisation of a B-spline curve or (one of the directions of)

sufface and returns TRUE if no inconsistenciesare found.

These constraints are:

a)| Degree> 1.

b)| Upperindex on knots 2-

c)| Upperindex on control points degree.

d)| Sum of knotmultiplicities = degree + (upper index on control points) + 2.
e)| For thefirst and last knot the multiplicity is bounded by 1 and (degree+1).

f) | Fer\all other knots the knot multiplicity is bounded by 1 and degree.

NOTE - This function is not used in this part of ISO 10303 but'is defined here for use by applic

eights re-

surface in

ations.

a B-spline

g) The consecutive knots are increasing in value.

EXPRESS specification

)
FUNCTION constraints_param_b_spline(degree, up_knots, up_cp : INTEGER;
knot_ mult : LIST OF INTEGER;
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knots : LIST OF parameter_value) : BOOLEAN;
LOCAL
result : BOOLEAN := TRUE;
k, sum : INTEGER;
END_LOCAL;

(* Find sum of knot multiplicities. *)
sum := knot mult[1];

REPEAT i := 2 TO up_knots;
sum := sum + knot_mult[i];
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
result := FALSE;
RETURN(result);
END_IF;

k := knot_mult[1];

IF (k < 1) OR (k > degree + 1) THEN
result := FALSE;

RETURN(result);
END_IF;
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];

IF (i < up_knots)»AND (k > degree) THEN
result := FALSE;
RETURN(result);

END_IF;

IF (in="up_knots) AND (k > degree + 1) THEN
result := FALSE;
RETURN(result);

END
L=1a L

=4

END_REPEAT
RETURN(result);
END_FUNCTION;

(*
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Argument definitions

degree: (input) An integer defining the degree of the B-spline basis functions.
up_knots: (input) An integer giving the upper index of the list of knot multiplicities.

up_cp: (input) An integer which is the upper index of the control points for the curve or surface being
checked for consistency of its parameter values.

knpt_mult: (input) The list of knot multiplicities.

46.23 curve_weights_positive

Thiis function checks the weights associated with the control points of a
rational_b_spline_curveand returns TRUE if they are all positive.

EXPRESS specification

T

UNCTION 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,
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 function checks that the curves referenced by the segments obitiggosite_curve_on_surface
are all curves on surface, including themposite_curve_on_surfacgéype, which is admissible as a
bounded_curve
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EXPRESS specification

*)
F

UNCTION constraints_composite_curve_on_surface
(c: composite_curve_on_surface) : BOOLEAN;
LOCAL
n_segments : INTEGER := SIZEOF(c.segments);

m

(*

Ar

END_LOCAL;

REPEAT k := 1 TO n_segments;
IF (NOT(GEOMETRY_SCHEMA.PCURVE’ IN
TYPEOF(c\composite_curve.segments[k].parent_curve))) AND
(NOT(GEOMETRY_SCHEMA.SURFACE_CURVE’ IN
TYPEOF(c\composite_curve.segments[k].parent_curve))) AND
(NOT(GEOMETRY_SCHEMA.COMPOSITE_CURVE_ON_SURFAGE” IN
TYPEOF(c\composite_curve.segments[k].parent_curve))) THEN
RETURN (FALSE);
END_IF;
END_REPEAT,
RETURN(TRUE);
ND_FUNCTION;

pument definitions

Th
cu

. |(input) A composite curve on surface to be verified.

p.25 get_basis_surface

is function returns the basis surface for a curve as a a sairédces. For a curve which is
've_on_surfacean empty set is returned.

EXPRESS spécification

*)

FUNCTION get_basis_surface (c : curve_on_surface) : SET[0:2] OF surface;

| OCAL
surfs : SET[0:2] OF surface;
n . INTEGER,;

END_LOCAL;

surfs = [];

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);

(©ISO 2000 — All rights reserved
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REPEAT i := 1 TO n;
surfs = surfs +
associated_surface(c\surface_curve.associated_geometry[i]);
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.segments);
surfs := get_basis_surface(
c\composite_curve.segments[1].parent_curve);

IF n>1 THEN
REPEAT i :== 2 TO n;
surfs = surfs * get_basis_surface(
c\composite_curve.segmentsfi].parent_curve);
END_REPEAT,
END_IF;

END_IF;
RETURN(surfs);
END_FUNCTION;

(*

Argument definitions

c: |(input) A curve for which théasis_surfacés to be determined.

suffs: (output) The set containing thesis_surfaceor surfaces on whichlies.

4.6.26 surface_weights_positive

Tl'lijs function checks the-weights associated with the control pointsaifanal_b_spline_surfaceand
refurns TRUE if they.are all positive.

EXPRESS specification

T

| UNCTION surface weights positive(b: rational b spline surface) : BOOLEAN;
LOCAL

result : BOOLEAN := TRUE;
END_LOCAL;
REPEAT i := 0 TO b.u_upper;
REPEAT j := 0 TO b.v_upper;

IF (b.weights[i][j] <= 0.0) THEN
result := FALSE;
RETURN(result);
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END_IF;
END_REPEAT,
END_REPEAT,
RETURN(result);
END_FUNCTION;

(*

A

=

pument definitions

b: [(input) A rational B-spline surface for which the weight values are to be tested.

4.6.27 volume_weights_positive

TI'JiJs function checks the weights associated with the control pointsatf@al_b_spline_volumeand
refurns TRUE if they are all positive.

EXPRESS specification

FIUNCTION volume_weights_positive(b: rational_b, spline_volume): BOOLEAN;
LOCAL
result : BOOLEAN := TRUE;
END_LOCAL;
REPEAT i := 0 TO b.u_uppeér,
REPEAT j := 0 TO b,v-upper;

REPEAT k := 0 TO\*b.w_upper;

IF (b.weights|if[j]lk] <= 0.0) THEN
result ;= FALSE;
RETURN(result);

END AF;

END REPEAT,
END_REPEAT
END_REPEAT;
RETURN(result);
ENDZFUNCTION;

(*

Argument definitions

b: (input) Arational_b_spline_volumefor which the weight values are to be tested.
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4.6.28 constraints_rectangular_composite_surface

This functions checks the following constraints on the attributes of a rectangular composite surface:

that the component surfaces are all either rectangular trimmed surfaces or B-spline surfaces;

that thetransition attributes of the segments array do not contain the value

EX

discontinuousexcept for the last row or column, where they indicate that the surface is
in the appropriate direction.

PRESS 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.B_SPLINECSURFACE’ IN TYPEOF
(s.segments]i][j].parent_surfa¢e)) OR
(GEOMETRY_SCHEMA.RECTANGULAR_TRIMMED_SURFACE’ IN TYH
(s.segments]i][j].parent_surface))) THEN
RETURN(FALSE);
END_IF;
END_REPEAT,
END_REPEAT,

(* Check the transition codes,-omitting the last row or column *)
REPEAT i := 1 TO s.n.u:1;
REPEAT j := 1 TO(sn_v;
IF s.segments|i]fj].u_transition = discontinuous THEN
RETURN(FALSE);
END_IF;
END_REPEAT
END_REREAT

REPEAT i := 1 TO s.n_u;
REPEAT j := 1 TO s.n_v-1;

IF s.segments]i][j].v_transition = discontinuous THEN

hot closed

EOF

RETURN(FALSE);
END_IF;
END_REPEAT
END_REPEAT
RETURN(TRUE);

END_FUNCTION,;

(*
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Argument definitions

s: (input) A rectangular composite surface to be verified.

4.6.29 list to_array

Thefunctionlist—to conve genericlistto-an vith-pre-determined

! —to—aFray ; a-g O-aR-aHraYy ds. If the
arfay bounds are incompatible with the number of elements in the original list, a null resulbis returned.
This function is used to construct the arrays of control points and weights used in the b-spline entities.

EXPRESS specification

T

UNCTION list_to_array(lis : LIST [0:?] OF GENERIC : T;
low,u : INTEGER) : ARRAY OF GENERIC : T,
LOCAL
n . INTEGER,;
res : ARRAY [low:u] OF GENERIC : T;
END_LOCAL;

n := SIZEOFK(lis);

IF (n <> (u-low +1)) THEN
RETURN(?);

ELSE
res := [lis[1] : n];
REPEAT i := 2 TO n;

res[low+i-1] := lis[i];

END_REPEAT,
RETURN(res);

END_IF;

END_FUNCTION;

(*

Argument definitions

lis] (iAput) A list to be converted.

I v £\ A HaE 16 + H A Ho | £ 4+l + +
oW~ \MTPUy AT ITRCYTT SPTLiyny uic TCTUYUITTU TUVWCTT TTTUTA UT U1 uuitput array.

u: (input) An integer value for the upper index.

res: (output) The array generated from the input data.
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4.6.30 make_array of array

The functionmake_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.

EXPRESS specification

T

UNCTION make_array_of array(lis : LIST[1:?] OF LIST [1:?] OF GENERIO : T;
lowl, ul, low2, u2 : INTEGER):
ARRAY OF ARRAY OF GENERIC : T;

LOCAL
res : ARRAY[lowl:ul] OF ARRAY [low2:u2] OF GENERIC : T;
END_LOCAL;

(* |[Check input dimensions for consistency *)
IF (ul-lowl+1l) <> SIZEOF(lis) THEN

RETURN (?);
END_IF;
IF (u2 - low2 + 1) <> SIZEOF(lis[1]) THEN
RETURN (?) ;
END_IF;
(* |Initialise res with values from lis[1] *)
res := [list_to_array(lis[1], low2, u2);< (ul-lowl + 1)];
REPEAT i := 2 TO HIINDEX(lis),
IF (u2-low2+1) <> SIZEOFK(lis[i]) THEN
RETURN (?);
END_IF;
res[lowl+i-1] := list to” array(lis[i], low2, u2);
END_REPEAT,

RETURN (res);
END_FUNCTION;

(*

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) Aninteger value for the upper index of the first output array.

low2: (input) An integer specifying the required lower index of the second output array.
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. (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

co

4.

of
thq
ing
us

EX

nsistency.

6.31 make_array of array_of array

ists. The function first checks that the specified array dimensions are compatible with

ed to construct the arrays of control points and weights for a B-spline volume:

PRESS specification

T

—

(*

(*

UNCTION make_array_of array_of array(lis : LIST[1:?] OR

LIST [1:?] OF LIST [1:?] OF GENERIC </T;

lowl, ul, low2, u2, low3, u3 : INTEGER):

ARRAY OF ARRAY OF ARRAY OF*“GENERIC : T;

DCAL

res : ARRAY[lowl:ul] OF ARRAY [low2:u2]“OF
ARRAY[low3:u3] OF GENERIC:* T;

ND_LOCAL;

Check input dimensions for consistency *)
IF (ul-lowl+1l) <> SIZEOF(lis)  THEN

RETURN (?);
END_IF;
IF (u2-low2+1) <> SIZEOK(lis[1]) THEN

RETURN (?);
END_IF;
Initialise res with walues from lis[1] *)
res := [make_array of array(lis[1], low2, u2, low3, u3) : (ul-lowl + 1)];
REPEAT i /=2 TO HIINDEX(lis);

IF (u2-low2+1) <> SIZEOFK(lis[i]) THEN

RETURN (?);

END_IF;

res[lowl+i-1] := make_array_of_array(lis[i], low2, u2, low3, u3);
END REPEAT;

Thie functionmake_array_of _array _of array builds an array of arrays of arrays from a Iist[|0f lists
h

e sizes of

 lists, and in particular, verifies that all the sub-lists contain the correct numbers of elements. An
eterminate result is returned if the input data is incompatible with the dimensigns. This [function is

E
(*

©|

RETURN (res);
ND_FUNCTION;
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Argument definitions

lis: (input) A list of 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.

low2{input-Aninteger specifying the reguired lower index of the second output array.
u2f (input) An integer value for the upper index of the second output array.

low3: (input) An integer specifying the required lower index of the third output array:
u3p (input) An integer value for the upper index of the third output array.

reg: (output) The array of array of array with specified dimensions generated from the inpuf data after
vefifying consistency.

46.32 above plane

Thijis function tests whether, or not, focartesian_point are coplanar. If the input arguments gre two-
dimensional an indeterminate result is returned. The fungtion returns a zero value if the input arguments
are¢ coplanar. If the points are not coplanar the function returns the distance the fourth pojnt is above
the plane of the first 3 point$f, P, Ps), a negativeesult indicates that the fourth point is bglow this
plane. Above is defined to be the side from which the the 16pB, P; appears in counter-clogkwise
orgler.

EXPRESS specification

%)
FIUNCTION above plane(pl—p2, p3, p4 : cartesian_point) : REAL;
LOCAL
dir2, dir3, dir4 < -direction :=
dummy_gri || direction([1.0, 0.0, 0.0]);
val, mag . REAL;
END_LOCAL;

IF (pkaim <> 3) THEN
RETURN(?);

END_IF;

REPEAT T =1 TOS;
dir2.direction_ratios[i] :

p2.coordinates[i] - pl.coordinates]i];
dir3.direction_ratios[i] := p3.coordinates[i] - pl.coordinates]i];
dird.direction_ratios[i] := p4.coordinates[i] - pl.coordinatesi];
mag := dird.direction_ratios[i]*dir4.direction_ratiosi];

END_REPEAT,

mag := sqrt(mag);

val := mag*dot_product(dir4, cross_product(dir2, dir3).orientation);

RETURN(val);
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ND_FUNCTION;

Argument definitions

pl

. (input) The firstcartesian_pointto be tested as a member of a coplanar set.

N

p
p3
p4

va
the

4.

Thijs function tests whether, or not, a list of 2 or more test pgints are on the same side of pl

by

EX

T;]e function returns TRUE if thiest_pointsall lie on the.same side of the plane definedotane_|
FAL

(input) The secondartesian_pointto be tested as a member of a coplanar set.
(input) The thirdcartesian_pointto be tested as a member of a coplanar set.
(input) The fourthcartesian_pointto be tested as a member of a coplanar set.

. (output) The result of the coplanar test, if zero the foartesian_points are‘coplanar, othg
 sign ofvalue indicates if p4 is above (positive), or below (negative) the ptane of p1, p2, an

5.33 same_side

three given points. If the input arguments are two-dimensional an indeterminate result

SE indicates that theest_pointsare not all on the same side of this plane.

PRESS specification

*)

T

UNCTION same_side(plane_pts ¢ LIST [3:3] of cartesian_point;
test_points : LIST [2:?] of cartesian_point) : BOOLEAN;
LOCAL
vall, val2 : REAL;
n . INFTEGER,;
END_LOCAL;

IF (plane_ptsfl)dim = 2) OR (test_points[1].dim = 2) THEN
RETURNY;
END_IF;
n := SIZEOF(test_points);
vall\¢= above_plane(plane_pts[1], plane_pts[2], plane_pts[3],
test_points[1] );

brwise
d p3.

ane defined
s returned.
pts

E

REPEAT T = 2 TO T,

val2 := above_plane(plane_pts[1], plane_pts[2], plane_pts[3],

test_points[i] );
IF (vall*val2 <= 0.0) THEN
RETURN(FALSE);

END_IF;
END_REPEAT,
RETURN(TRUE);
ND_FUNCTION;
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(*

Argument definitions

plane_pts: (input) The LIST of 3cartesian_points defining the plane used in the test.

reg

FALSE one or more of these points lies in the plane or on the wrong side of the plane.

EX

ult: (output) The result of the test, if TRUE all thest_pointsare on the same side of|the plane; if

PRESS specification

> m

ND_SCHEMA; -- end GEOMETRY schema
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5 Topology

The following EXPRESS declaration begins thpology_schema  and identifies the necessary ex-
ternal references.

EXPRESS specification

(0]

CHEMA topology_schema,;
REFERENCE FROM geometry schema;
REFERENCE FROM representation_schema(representation_item);

(*
NOTE 1- The schemas referenced above can be found in the following Parts of ISO 10303:

geometry_schema Clause 4 of this part of ISO 10303
representation_schema ISO 1030343
NOTE 2 - See annex D, Figures D.14-D.16, for a graphical presentation of this schema.
5.0 Introduction

Thl? topology resource model has its basis-in boundary representation solid modelling but cgn be used in
other application where an explicit method is required to represent connectivity.

5. Fundamental concepts and assumptions

e topological entitiesyertex, edgeetc., specified here have been defined independently gf any use
that may be made of them. Minimal constraints have been placed on egtghnetin the intention|that
additional constraints will be specified by the using entity or by a defined context in which the entity

e topolaegical entities have been defined in a hierarchical manner witrettex being the prinitive
enfity. That is, all other topological entities are defined either directly or indirectly in terms of jvertices.

Edech-entity-hasits-own-set-of constraints—A-higherlevelentiby-may-impoese-constraintsonallower-level
entity. At the higher level, the constraints on the lower-level entity are the sum of the constraints im-
posed by each ¢ity in the chain between the higher- and lower-level entities. The basic topological
structures in order of increasing complexity &extex, edge path, loop, face andshell. In addition

to the high-level structured topological entitiggen_shellandclosed_shellwhich are specialised sub-
types ofconnected_face_setthe topology section includes tle®nnected_edge_sednd the general
connected_face_sefThese two entities are designed for the communication of collections of topologi-
cal data where the constraints applied to shell are inappropriate.
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Thepoly_loopis a loop with straight and coplanar edges and is defined as an ordered list of points. The

poly_loopentity is used for the communication afdeted B-rep models.

Many functions ensure consistency of the topology models by applying topological and geo
straints to entities.

5. Geaometric associations

metric con-

Ma
ge
mg
su
a
to

Iny of the topological entities have a specialised subtype which enables them to be\ass|
pmetric data. This association will be essential when communicating boundary-represe
dels. The specialised subtypesveftex, edgeandface are vertex_point, edge_curve andfac
[facerespectively. For thedge_curveandface_surfacethe relationship between the geometr

>

fopology is the domain. The domain opaint, curve, or surfaceis just that'point, curve, or sy

or path is the union of the domains of all the vertices and edges ihgbygor path. (Except in the
of p vertex loop, this is a curve.) The domain of a shell is the union of the domains of all th
edpes, and faces in the shell. (Farlased_shelbr open_shell thisis a surface.) The domain of

ociated with
htation solid
e -

csense

[ the topological sense of the associated entities is also recorded. Thekey concept relagjng geometry

rface.

domain of avertex, edge orfaceis the corresponding point, curve pr'surface. The domair@d@a

case
e vertices,
A solid

mqdel is the region of space it occupies. The domain of aset or list is the union of the donpains of the

elgments of that set or list. Wherever in this standard aygeometrical concept such as conr
fin|teness is discussed in relation to an entity, it is understood that the concept applies to th
that entity.

A key concept in describing domains is the idea of a manifold. Intuitively, a domaid-imanifold
is |ocally indistinguishable frond-dimensienal Euclidean space. This means that the dimeri
the same at each mathematical point,-and self- intersections are prohibited. As defined in t
cufves and surfaces may contain self:intersections, and hence need not be manifolds. How
of p curve or surface that corresponds to the domain of a topological entity such as an edge
bela manifold.

Agused in this standard;the terms “manifold”, “boundary” , and “ manifold with boundary” arg
to the usual mathematical definitions. A manifold with boundary differs from a manifold ir
boundary is allowed,but not required, to be non-empty.

A 1-manifold.isa non-self-intersecting curve which does not include either of its end points.
of Ll-manifolds are the real line and the unit circle. A “Y"-shaped figure is not a 1-manifold, anc
the clased unitinterval. A 2-manifold is a non-self-intersecting surface which does notinclud

ectedness or
e domain of

if it

joisa

nis standard,
ever, the part
or face shall

identical
that the

Examples
neitheris
e boundary

cufves. Examples of 2-manifolds include the unit sphere and the ope#(disk 0) : 22 + y* <

1.

The closed disK (z,y,0) : 2* + y* < 1} is not a manifold. The domains of edges and paths, if present,

are 1-manifolds. The domains of faces and closed shells, if present, are 2-manifolds.

Any curve which does not self-intersect is a 1-manifold with boundary. The closed disk, 0) :

2?2 4+ y? < 1} is a 2-manifold with boundary. The domain of an open shell, if present, is a 2
with boundary. The domain of a manifold solid boundary representation or a faceted manifol
representation is a 3-manifold with boundary.

178

-manifold
d boundary
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The boundary of al-manifold with boundary is &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 disk

{(x,y,0) : 224 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 confu
notions of “open set” or “closed set” from point set topology. The term “closed surface” isiden
uspal definition of a closed, connected, orientable 2-manifold. Examples of a closed surface
an
an
su

infinite plane, or a surface with one or more holes. The domain of an open shell, if presen
[face.

All
aly
M
sta
ori
de

ndard. The Klein bottle is an example. It is finite and its b@undary is empty, but the su
fined in this standard must be orientable.

T
T

term “genus” refers to an integer-valued functign‘used to classify topological properties
is standard defines two different types of genus.

Fo
Wi
€q
of
se

pivalent to the standard usage of the’term “genus” in graph theory. Intuitively, it measures

f-loops, has genus

e genus of a closed surfadeis the number of handles that must be added to a sphere to
sufface homeomorphicit® . For example, the genus of a sphere is 0, and the genus of a toru

closed surface is the operation that corresponds to drilling a tunnel through the three-

domain with a disk. Ther

esulting surface is a closedasaf for
this number for the genus of the open surface.

5.2.2 Associations with parameter space geometry

[ a torus. The domain of a closed shell, if present, is a closed surface. Examples.of oper

closed surfaces that are physically manufacturable are orientable( Face domains, beca
vays embeddable in the plane, are orientable. Open surfaces need-hot be orientable. For
bius strip is an open surface. Also, some manifolds are neithér open nor closed as de

entable, and hence does not divide space into two regiens: However, the domain of an

f an entity which can be described as.a graph of edges and vertices, for example a Ig
e shell, genus is equivalent to the.standard technical term “cycle rank” in graph theory

ndependent cycles in a graph.“For example, a graph with exactly one vertex, joined to

Fed with the
icalto the
are a sphere
surfaces are
[, is an open

lJuse they are
example, the
fined in this
face is not
pen shell as

pf an entity.

op, path, or
mat is

the number
itgelf by

produce a
5 is 1. This

dentical to the standard technical term “genus of a surface” from algebraic topology. Addifg a handle

dimensional
) their
is standard,

in the

fined. Use

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
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structure of, for example face will not be the same in the parametric space of the underlying surface
as itis in model space.

Parametric space modelling systems differ from real space systems in the methodology used to associate
geometry to topology. Parametric space modelling systems typically associate a different parametric
space curve with each edge use (iozignted_edgé. Every one of the parametric space curves associ-

ated with a given edge (by way of an edge use) describe the same point set in real space. The parametric
sppce curves are defined in different parametric spaces. The parametric spaces are the.surfaces which
ungderlay the faces bordering on the edge. In a manifold solid the geometry ofeslgeig define twice,

onge for each of the twfaces which border on thatdge

Agsociating a parametric space curve with each edge use extends naturally to the’use of degenerate edges
(i.e., edges with zero length in real space). For example, a parametric spadéngajestem gould

represent a face that is triangular in real space as a square in parametric space. A straight fgrward way to
do[this is to represent one of the triangular face’s vertices as a degenerate edge (but having fwo vertices);
then there is a one-to-one mapping between edges in real space and’model space. The dggenerate edge
hak zero length in real space, but greater than zero length in parametric space. Degenerate edges also
may be used for creating bounds around singularities such asthe apex of a cone.

Rgal space modelling systems do not associate parametric space curveackitttlge use nor do they
allow degenerate edges. Since the parametric space modelling systems treatment of topolpgy is an im-

plamentation convenience, this standard requires:the’ use of real space topology. The parametric space
ma@delling system’s unique information requirements are satisfied using techniques at the gegmetric level.

5p.2.1 Edge_curve associations with parametric space curves.

T

D

chniques that can be used to associate parametric space curves dtfeacurveare:

a)| Theedge_geometnattribute of anedge_curvemay reference directly ongcurve, then onlyfone
pcurve is associated with'thadge_curve

b)| Theedge_geometryattribute of anedge_curvecan reference aurface_curve or a subtype of
surface_curve then associated with thatlge_curveare thepcurves (one or two) referenced by
the associated_geometnattribute of thesurface_curve The curve referenced by tleairve| 3d
attribute\of thesurface_curveis also associated with therlge_curvebut that curve cannot be a
parametric space curve and represents the model space geometrgdd¢he

c) | “Theedge geometnattribute of anedge curvecan reference a curve (nopaurve), then associ-
ated with theedge_curveare thepcurves (zero or more) referenced by thssociated_geometry
attribute of everysurface_curvewhosecurve_3d attribute references the same curve (i.e., is in-
stance equal to, :=:) as tleelge_geometnattribute of theedge_curve

These techniques are formally defined in EXPRESS as the furexige_curve_pcurvesvhich can be
used to determine all the parametric space curves associated with a paetilgdar
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5.

A

larger connected subset. We denotellfythe multiplicity of a graph, that is, the number of cor

co

Edch component of a graph can be completely traversed, starting and ending at the same
that every edge is traversed exactly twice, once in each direCtion, and every vertex is “pass
the same number of times as there are edges using the vertex. If an (edge + edge traversg

co

traversal of a graph. During the traversal of a graphit will be found that there are one or i

alt

Thie symbolG will denote thegraph genuswhich is, intuitively, the number of independent

in

Every graph satisfies the following/Euler equation

whereV and¢ are the numbers of unique vertices and edges in the graph.

ISO 10303-42:2000(E)

NOTE 1- For applications where the real space modelling systems are not required to understand paramet-
ric space curves, the parametric space modelling systems should be required to use only the third technique
described above. Then, even if fheurves are ignored, the real space modelling system will have the correct

geometry associated with @tige_curve.

NOTE 2 - Given thepcurves of anedge_curve determining whichoriented_edgea pcurve shall be as-
sociated with is a matter of matching (:=:) thasis_surfaceof the pcurve Wlth theface geometryof the

are deflned in the parametrlc space of the same surface determlnlng avigioted edgethe pcurv
associated with requires checking connectivity ofgherves in parametric space.

P.3 Graphs, cycles, and traversals
connected component of a graph is a connected subset of the graph which is not cont

mponents. Thus, a graph is connected if and only i 1.

nsidered as a unit, each unigue (edge + direction) combination shall occur once and only

ernating vertices and (edge + direction) units that.form closed cycles.

he graph. (Technicallyy is the rank of the fundamental group of the graph.)

(V-8 —(M-G)=

G.

a) _Set¥M andd to zero.

b)\ ' Start at any (unvisited) vertex. If there is no unvisited vertex, STOP. Mark the vertésitasl In

hined in any
nected

vertex, such
ed through”
| direction) is
once in the
ore sets of

cycles

(1)

NOTE - Thefollowinggraph traversablgorithm, [8], may be used to traverse a graph and compijéand

cre-

ment M. Traverse any edge at the vertex, marking the edge with the travel direction

c) After traversing an edgB() to reach the verte), do the following:

— When reaching a vertex for the first time, mark the edge just travelled adthent edgef the
vertex. The advent edge is marked so that it can only be selected once in this direction.

— Mark the vertex asisited

— Ifthisis the first traversal of the edge and the verfekas previously been visited, incremént

(©ISO 2000 — All rights reserved
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Select an exit edge from the vertex according to the following rules:

1) No edge may be selected that has previously been traversed in the direction away from the
vertexq.

2) Select any edge, except the advent edge,ahat meets rule (c1).

3) Ifno edge meets rule (c2), select the advent edge.

5.

5.

d)

3

3.1

If no edge was selected in the previous step, go to step b, else go to step c.
Topology constant and type definitions

dummy_tri

Traverse the selected exit edge and mark it with the travel direction.

Thie constandummy _tri is a partial entity definition to be used when typesogfological_represgnta-

tio

EX

PRESS specification

h_item are constructed. It provides the correct supertypesanaaime attribute as an empty gtring.

(@)

(*

5.

3.2

T

ONSTANT
dummy _tri : topological _representation-item := representation_item(")||

ND_CONSTANT;

shell

topological_representation_item();

is type collectstogether, for reference when constructing more complex models, the subtypes which

have the charaecteristics of a shell.shellis a connected object of fixed dimensionality= 0, 1, gr 2,
typically used'to bound a region. The domain of a shell, if present, includes its bounfls@Bd< [oc.
A shell ofdimensionality is represented by a graph consisting of a single vertex. The vertex shall not

have any associated edges.

A shell of dimensionalityl is represented by a connected graph of dimensionality

A shell of dimensionality is a topological entity constructed by joiningdes along edges. Its domain,
if present, is a connected, orientable 2-manifold with boundary, that is, a connected, oriented, finite,
non-self-intersecting surface, which may be closed or open.

18
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EXPRESS specification

*

)

TYPE shell = SELECT
(vertex_shell,
wire_shell,
open_shell,

closed_shell);
ND_TYPE;

m

5.8.3 reversible_topology_item

This select type specifies all the topological representation items whicgh'can participate in th

of reversing their orientation. This type is used by the functionditionalZreverse

EXPRESS specification

TIYPE reversible_topology_item = SELECT

(edge,
path,
face,
face_bound,
closed_shell,
open_shell);
END_TYPE;
(*
5384 list of Teversible topology item

Thiis special type-defines a list of reversible topology items; it is used by the function
lis{_of topelogy reversed

EXPRESS specification

)
TYPE list_of reversible topology item =

LIST [0:?] of reversible topology item;
END_TYPE;

(*

(©ISO 2000 — All rights reserved
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5.3.5 set_of reversible topology item

This special type defines a set of reversible topology items; it is used by the function
set_of_topology_reversed

EXPRESS specification

)
TYPE set of reversible topology item =

SET [0:?] of reversible_topology_item;
FND_TYPE;

*

5.3.6 reversible_topology

This select type identifies all types of reversible topology items; it is used by the furiopotogy_-
reyersed

EXPRESS specification

TIYPE reversible_topology = SELECT
(reversible_topology_item;

list_of reversible_topolagy_item,
set_of_reversible_topology_item);
END_TYPE;

5.4 Topology entity definitions

Thijs clause-egntains all the entity definitions used in the topology schema.

54.1 topological_representation_item

A topological_representation_itemrepresents the topology, or connectivity, of entities which make
up the representation of an object. Tiopological_representation_itemis the supertype for all the
representation items in the topology schema.

NOTE 1- As subtypes ofepresentation_itemthere is an implicit and/or relationship betwegeomet-
ric_representation_itemandtopological_representation_item The only complex instances intended to be
created aredge_curve face_surface, andertex_point.
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NOTE 2 - The definition ofopological_representation_itendefines an and/or relationship betwéeop

andpath. The only valid complex instance is tiedge_loopentity.

EXPRESS specification

m

m

(*

Informal propositions

NTITY topological_representation_item

ND_ENTITY;

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);

IP1: For eachtopological_representation_item consider théset ofertex_points,
edpe_curve, andface_surface that are referenced, either.directly or recursively, from that

toq
no
hal

5.

A

Thie domain of a vertex, if present; is a point in m dimensional real sR&cehis is represented

ve

EX

ological_representation_item (Do not include in this Set oriented edges or faces, but do in
h-oriented edges and faces on which they are hased.) Then no two distinct elements in
ve domains that intersect.

4.2 vertex
vertex is the topological constrict corresponding to a point. It has dimensionality 0 ang

[tex_point subtype.

PRESS specifieation

m

m

INTITY wvertex
SUBTYPE OF (topological_representation_item);
ND ENTITY;

(*

clude the
this set shall

extent O.
Dy the

Informal propositions

IP1: Thevertex has dimensionality 0. This is a fundamental property of the vertex.

IP2: The extent of avertex is defined to be zero.
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5.4.3

vertex_point

A vertex point is a vertex which has its geometry defined as a point.

EXPRESS specification

Atlribute definitions

*

)

ENTITY vertex_point

SUBTYPE OF(vertex,geometric_representation_item);
vertex_geometry : point;

END_ENTITY;

(*

ve

Inf]

[tex_geometry: The geometric point which defines the position in geometric space of the

prmal propositions

IP

5.

An
st

pré

Thie bounds of ardgeare, two vertices, which need not be distinct. The edge is oriented by

its
is

an
ed
An
alg

|: The domain of the vertex is formally defined to be the domain ofétsex_geometry

1.4 edge

edgeis the topological construct’corresponding to the connection between two vertices
actly, it may stand for a logical relationship between the two vertices. The domain of
bsent, is a finite, non-self-intersecting open curvR'in that is, a connectettdimensional man

traversal direction te,ran from the first to the second vertex. If the two vertices are the san
h self-loop. The‘domain of the edge does not include its boundg) an& < oo. Associated
edge may be & geometdarve to locate the edge in a coordinate space; this is represen
je curvesubtype. The curve shall be finite and non-self-intersecting within the domain of
edgeis‘a\graph, so its multiplicity/ and graph genu§® may be determined by the graph tr
orithm='SinceM = £ = 1, the Euler equation (1) reduces in this case to

ertex.

More ab-
n edge, if
fold.
choosing
e, the edge
with
ed by the
the edge.
pversal

[

hY s VAT-AY 0O
V_\_U)—U

whereV = 1 or2, andG¢ =1 or 0.

Specifically, the topological edge defining data shall satisfy:

186

An edge has two vertices,
[EV] =2

(2)
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— The vertices need not be distinct,
L<[E{V} <2

— Equation 2 shall hold
[E{V}|-2+G =0

ISO 10303-42:2000(E)

edge_geometry __T\\

\——— edge_stort

edge eng

Figure 20— Edge curve

EXPRESS specification

m

NTITY edge

SUPERTYPE OF(ONEOF(edge curve, oriented_edge, subedge))
SUBTYPE OFR-(topological_representation_item);

edge_start »)vertex;

edge_end . vertex;
END_ENTILY;
(*
Attribute definitions

edge_start: Start point yertex) of theedge

edge_end: End point yertex) of theedge The sameertex can be used for botdge_startandedge_-

end.
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Informal propositions

IP1: Theedgehas dimensionality 1.

IP2: The extent of aredgeshall be finite and nonzero.

54.5 edge_curve

An

defined by associating the edge with a curve which may be unbounded. As the topolagical ar
dirpections may be opposed, an indicatsarhe_senges used to identify whether the edge an
directions agree or are opposed. The Boolean value indicates whetleemrtieedireetion agrees
(TRUE) or is in the opposite direction (FALSE) to thdgedirection. Any geometry-associated W

edge_curveis a special subtype of edge which has its geometry fully defined. The ge

ometry is

d geometric
d curve

with

ith the

veftices of the edge shall be consistent with the edge geometry. Multiplesedges can referefce the same

curve.

EX

PRESS specification

m

NTITY edge_curve
SUBTYPE OF(edge,geometric_representation_item);
edge_geometry : curve;

same_sense . BOOLEAN,;
END_ENTITY;
(*
Attribute definitions
edpe_geometry: The curve which defines the shape and spatial location of the edge. This curve may be

un

sa
cu
ed

bounded and is implicitly trimmed by the vertices of the edge; this defines the edge doma

Me_senseThislogical flag indicates whether (TRUE), or not (FALSE) the senses afdbeang
've definingthe edge geometry are the same. The sense of an edge is from the edge star
pe end vertex; the sense of a curve is in the direction of increasing parameter.

NOTE - See Figure 20 for illustration of attributes.

n.

the
vertex to the

Informal propositions

IP1: The domain of theedge_curveis formally defined to be the domain of iexige_geometryas
trimmed by the vertices. This domain does not include the vertices.

IP2: An edge_curvehas non-zero finite extent.

18
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IP4:
IP5:
IP6:
IP7:
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An edge_curves a manifold.

An edge_curves arcwise connected.

The edge start is not part of the edge domain.
The edge end is not part of the edge domain.

Vertex geometry shall be consistent with edge geometry.

5.4.6

An

oriented_edge

oriented_edgeis anedge constructed from anothexdgeand contains a BOQLEAN orientation

flag to indicate whether or not the orientation of the construetigk agrees with,the orientat|on of
the originaledge Except for possible re-orientation, tiegiented_edgeis equivalent to the original
edpe

EX

NOTE -

“traversal”
edge must be traversed exactly twice, once in each direction. e “use” furitticsprovided by theqdge
subtypeoriented_edge

PRESS specification

A common practice in solid modelling systems is to have an entity that represents the “use” or
of anedge This “use” entity explicitly represents the requirement in a manifold solid¢hah

ENTITY oriented_edge
SUBTYPE OF (edge);
edge_element : edge;
orientation : BOOLEAN;
DERIVE
SELF\edge.edge_start : yertex := 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: edgentity used to construct thigiented_edge

orientation: BOOLEAN. If TRUE, the topological orientation as used coincides with the orientation,
from start vertex to end vertex, of tleelge_element
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edge_start: The start vertex of the oriented edge. This is derived from the vertices efitiee element
after taking account of therientation

edge_end: The end vertex of the oriented edge. This is derived from the vertices efdte_element
after taking account of therientation

Foumalpropositions
Ra-PropoSHORS

WR1: Theedge_elemenshall not be amriented_edge

54.7 seam_edge

A seam_edgeés a type oforiented_edgewhich, additionally, identifies a corfespondipgurve] A
sepm_edgés always related to aadge_curvehaving aseam_curveasedge_geometry Theseam_-
edpeidentifies which, of the twgcurves defining theseam_curve is appropriate for thisrientgd

edpe

NOTE - The inheritecbrientation attribute refers to the relatienship to tedge _elementind not tp the
sense of the@curve.

EXPRESS specification

*)

m

NTITY seam_edge
SUBTYPE OF (oriented_edge);
pcurve_reference : pcurve ;
WHERE
WR1 : ( 'TOPOLOGY_SCHEMA.EDGE_CURVE' IN TYPEOF (edge_element) ) AND
(TOPOLOGY_SCHEMA.SEAM_CURVE' IN TYPEOF
(edge_element\edge_curve.edge_geometry)) ;
WR2 : pcurve_réference IN edge_element\edge_curve.edge geometry\
surface_curve.associated_geometry ;

m

ND_ENTITY;
(*

AtlribUte definitions

pcurve_reference: Thepcurve associated with the current orientation of gdge_element

Formal propositions

WR1: Theedge_elemenattribute of this type of oriented edge shall bgemm_curve

190 ©ISO 2000 — All rights reserved


https://standardsiso.com/api/?name=94c1325b378b1421179d1b7ef36b5d81

ISO 10303-42:2000(E)

WR2: Thepcurve_referenceshall be one of thpcurvesin theassociated_geometriist of theedge_-
element

5.

4.8 subedge

A subedgeis an edge whose domain is a connected portion of the domain of an exddtieg
Th j i : >

EXPRESS specification

ENTITY subedge
SUBTYPE OF (edge);
parent_edge . edge;
END_ENTITY;
(*
Attribute definitions
pafent_edge: Theedge or subedge which contains theubedge

Informal propositions

IP
by

IP?
pa

|: The domain of thesubedgeis formally defined to be the domain of tharent_edge as trim
thesubedge.start_vertexandsubedge.end_vertex

: Thestart_vertex andiend_vertexshall be within the union of the domains of the vertice
ent_edgeand the domain of thparent_edge

med

5 of the

path (TRUE) or is in the opposite dlrectlon (FALSE)

An individualedgecan only be referenced once by an individpath.

An edgecan be referenced by multippaths. Anedgecan exist independently ofath.
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EXPRESS specification

)

ENTITY path
SUPERTYPE OF (ONEOF(open_path, edge_loop, oriented_path))
SUBTYPE OF (topological_representation_item);
edge_list : LIST [1:?] OF UNIQUE oriented_edge;

WHERE

WR1: path_head_to_tail(SELF);

ND_ENTITY;

m

Atlribute definitions

edpe_list: List of oriented_edgeentities which are concatenated together to formphif.

Formal propositions

WR1: The end vertex of eaatriented_edgeshall be the same as the start vertex of its succegsor.

Informal propositions

IP1: A path has dimensionality 1.

IP2: A path is arcwise connected.

IPB: The edges of the path de:-hot intersect except at common vertices.
IP4: A path has a finite, non-zero extent.

IP5: No path shall incldde two oriented edges with the same edge element and the same orjentation.

5.4.10 oriented_path

An orienteék pathis apath constructed from anotheath and contains a BOOLEAN orientation|flag to
indicate Whether or not the orientation of the construgiatth agrees with the orientation of the griginal
pathZExcept for perhaps orientation, théented_pathis equivalent to the otheyath.

EXPRESS specification

%)

ENTITY oriented_path
SUBTYPE OF (path);
path_element : path;
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orientation : BOOLEAN;
DERIVE

SELF\path.edge_list : LIST [1:?] 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 ENTITY;

(*

Atlribute definitions

path_element: pathentity used to construct thigiented_path.

orientation: BOOLEAN. If TRUE, the topological orientation as used-ceincides with the orieftation of
thepath_element

edpe_list: The list of oriented_edge which form theoriented_path. This list is derived from the
path_elementafter taking account of therientation attribute,

Formal propositions

WR1: Thepath_elementshall not be amriented” path.

54.11 open_path

An open_pathis a special subtype gfath such that a traversal of the path visits each of its|vertices
expctly once. In particular, thHe-start vertex and end vertex are differenbp&n_pathis a graph for
wHich M = 1 andG? = 0, so,the Euler equation (1) reduces in this case to

V-8 -1=0 (3)

wHere)V and & afe the number of unique vertices and edges in the path. Specifically, the fopological
attfibutes of gath shall meet the following constraints:

—

—| Thésedges in the Path are unique,

(P)[E]= (PH{E}

— Inthelist((P)[E])[V], two vertices appear once only and every other vertex appears exactly twice.
— The graph genus of the path is zero.
— Equation (3) is interpreted as

[((PYLEDIVE] = [(PH{E} = 1=0
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EXPRESS specification

)
E

NTITY open_path
SUBTYPE OF (path);

DERIVE

ne : INTEGER := SIZEOF(SELF\path.edge_list);

V

m

(*

Atlribute definitions

HERE
WR1: (SELF\path.edge_list[1].edge_element.edge_start) :<>:

(SELF\path.edge_list[ne].edge_element.edge_end);
ND_ENTITY;

ne

Fo

The number of elements in the edge list of the path supertype;

rmal propositions

Inf]

prmal propositions

IP
fro
tw

ented) edges, orlinear segments beginning and ending at the same vertex. A loop has dim

or
co
nin

712 loop

| An open_pathvisits itsvertexs-exactly once. This implies that if a list of vertices is con
Im the edge data the first and last vertex will occur once in this list and all other vertices|
ce.

oop is a topolggical entity constructed from a single vertex, or by stringing together conn

1. The domain of a O-dimensional loop is a single point. The domain of a 1-dimensiong
nnected; oriented curve, but need not be a manifold. As the loop is a cycle, the location
g/ending pointis arbitrary. The domain of the loop includes its boundq) ahE < oc.

R1: The start vertex of the first edge shall not caincide with the end vertex of the last edgg.

structed
will occur

ected (ori-
erisionality
I loop is a
f its begin-

Aloop is represented by a single vertex, or by an ordered collectiorig@fted_edgs, or by an ordered

co

19

llection of points.
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A loop is a graph, s/ and the graph genus! may be determined by the graph traversal algorithm.
SinceM = 1, the Euler equation (1) reduces in this case to

V-&)-1-6H=0 (4)

whereV and& are the number of unique vertices and oriented edges in the loof'aisd¢he genus of
the loop.

EXPRESS specification

m

NTITY loop

SUPERTYPE OF (ONEOF(vertex_loop, edge loop, poly_loop))
SUBTYPE OF (topological_representation_item);

ND_ENTITY;

m

(*

Informal propositions

IP1: A loop has afinite, or, in the case of thrertex_100p, zero extent.

IP2: A loop describes a closed (topological) cusve with coincident start and end vertices.

54.13 vertex_loop

A Yertex_loopis aloop of zero genus consisting of a singlertex. A vertex can exist independently of
avertex_loop The topologicalkdata shall satisfy the following constraint:

—| Equation (4) (see 5:4.12) shall be satisfied

[(LH{VI-1=0

EXPRESS specification

*

ENTITY vertex_loop
SUBTYPE OF (loop);
loop_vertex : vertex;

END_ENTITY;

(*
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Attribute definitions

loop_vertex: Thevertex which defines the entileop.

Informal propositions

IP
IP

5.

An
Its

EX

P: Thevertex_loophas genus 0.

1.14 edge_loop

PRESS specification

m

m

(*

NTITY edge_loop

SUBTYPE OF (loop,path);

ERIVE

ne : INTEGER := SIZEOF(SELF\path.edge'dist);

HERE

WR1: (SELF\path.edge_list[1].edge_start) :=:
(SELF\path.edge_list[ne].edge-.end);

ND_ENTITY;

Atlribute definitions

ne

Fo

rmal propositions

| A vertex_loophas zero extent and dimensionality.

edge_loofds aloop with nonzero extent. It is path in which the start andiend vertices are th
domain, if present, is a closed curve. dtge_loopmay overlap itself.

The number of elements in the edge list of the path supertype.

e Same.

W

1. The startvertex orthe first edge shall be the same as the end vertex orthe last edge.

that the path is closed to form a loop.

Informal propositions

IP1: The Euler formula (see equation (4)) shall be satisfied:

19

6

This ensures
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(number of vertices} genus— (number of edges) = 1;

IP2: No edgemay be referenced more than once by the sadge_loopwith the samerientation.

5.4.15 poly_loop

A poly_Toopis aToop with straight edges bounding a planar region in spaqaohA Toopis aloop of
gehus 1 where the loop is represented by an ordered coplanar collechomtsf forming thelvettices
of the loop. The loop is composed of straight line segments joining a point in the collection to the
sugceeding pointin the collection. The closing segment is from the last to the first point in the collection.
Thie direction of the loop is in the direction of the line segments. Unliketiyee_loopentity, the edges
of thepoly_loopare implicitly defined by th@olygon points.
NOTE 1- This entity exists primarily to facilitate the efficient communicationazietedooundary repre-
sentation models.
A poly_loopshall conform to the following topological constraints:
—| The loop has a genus of one.
—| Equation (4) (see 5.4.12) shall be satisfied
[((LAVH DL ES =0
EXPRESS specification
ENTITY poly_loop
SUBTYPE OF (loop,geometric_representation_item);
polygon : LIST [3:2]"OF UNIQUE cartesian_point;
END_ENTITY;
(*
Attribute-definitions
po

Informal propositions

IP1: All the points in thepolygondefining thepoly_loopshall be coplanar.

IP2: The implicit edges of theoly_loop shall not intersect each other. The implicit edges are the

str

aight lines joining consecutiymints in thepolygon.
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NOTE 2 - The polyloop has vertices andented_edges which are implicitly created. If, for example, A

and B are consecutive points in thelygonlist, there is an implicibriented_edgefrom 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 recognise, for example, a straight oriented edge
from point B to point A with orientation TRUE as equal to an oriented edge from A to B with orientation
FALSE.

5.@416—face—bound

A face_boundis a loop which is intended to be used for bounding a face.

EXPRESS specification

m

NTITY face_bound

SUBTYPE OF(topological_representation_item);
bound . loop;

orientation : BOOLEAN;

ND_ENTITY;

m

Atlribute definitions

bound: The loop which will be used as a-face boundary.

orientation: This indicates whether (TRUE), or not (FALSE) the loop has the same sense when used to
bound the face as when first définedotfentation is FALSE, the senses of all its component griented
edpes are implicitly reversed when used in thed.

54.17 face ‘outer bound

A face_outer_koundis a special subtype ¢dice_boundwhich carries the additional semantics gf defin-
ing an outer-boundary on the face.fdce_outer_boundshall separate the interior of tli@ce from|the
exjerior and'shall enclose the interior domain offdaee No more than one boundary ofaceshall be
of thisdype.

EXAMPLE T Anyedge_loopon a plane surface may be used to defimeca_outer_boundprovided it is
not enclosed in any other loop in tfece

EXAMPLE 2 A circular loop on aylindrical_surface cannot define dé&ace_outer_boundsince it does
not enclose a closed domain in the surface.
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EXPRESS specification

)

ENTITY face_outer_bound
SUBTYPE OF (face_bound);
END_ENTITY;

(*

54.18 face

A faceis a topological entity of dimensionalit¥ corresponding to the intuitive~-notion of a plece of
sufface bounded by loops. Its domain, if present, is an oriented, connected, finite 2-mani®|dAn

fage 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, an& < oof A

fage is represented by its bounding loops, which are definéatcasbounds. A face shall have af least

one bound, and the bounds shall be distinct and shall not interse¢io@mis optionally distinguished,

us|ng theface_outer_boundsubtype, as the “outer” loop of theface. If so, it establishes a preferred way

of pmbedding the face domain in the plane, in which the 6ther bounding loops of the face are
the outer loop. Because the face domain is arcwise connécted, no inner loop shall contain arjy other loop.

dopmain of theface_surface.face_geometryln such a case the underlying surface shall be clgsed (e.g.

aspherical_surface)

The situation is different for a face on an implicit planar surface, such as one defirpaybyoops,

which has no unique surface normal. Since the face and its bounding loops lie in a plane, the outer loop
can always be found 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. Thesgicoadtiogether with the
specified loop orientations, define the topological normal n using the cross-product rule described above.
All poly_looporientations for a given face shall produce the same value.for
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The edges and vertices referenced by the loops of a face form a graph, of which the individual loops are
the connected components. The Euler equation (1) for this graph becomes:

L
V=& - (=Y (Gh) =0 5)

whereG! is the graph genus of théh loop.

Mgre specifically, the following topological constraints shall be met:

—| The loops are unique

(F{L} = (F)[L]

—| Inthelist((#)[L])[£] an individual edge occurs no more than twice-

—| Eachoriented_edgeshall be unique

(O LDLEY = (F)[L){E]

—| Equation (5) shall be satisfied

(AL DEDIVH A+ [((OL DV O EY = (O + 36" =0

EXPRESS specification

m

NTITY face

SUPERTYPE OF(ONE@F(face_surface, subface, oriented_face))

SUBTYPE OF (topological representation_item);

bounds : SET[1:?}-OF face bound;

WHERE

WR1: NOT (mixed_loop_type set(list_to_set(list_face loops(SELF))));

WR2: SIZEQF(QUERY(temp <* bounds | 'TOPOLOGY_SCHEMA.FACE_OUTER_BOUND] IN
TYPEOF(temp))) <= 1,

m

ND_ENTITY;

Attribute definitions

bounds: Boundaries of théace no more than one of these shall bfaee_outer_bound

NOTE - For some types of closed or partially closed surfaces, it may not be possible to identify a unique
outer bound.
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Formal propositions

WR1: If any loop of the face is a poly loop, all loops of the face shall be poly loops.

WR2: At most, one of thdsoundsshall be of typdace_outer_bound.

Infermal-propositions
HRa+-pPFoPOSHORS

IP1: No edge shall be referenced by the face more than twice, or more than once in thesanme direction.
IP2: Distinctface_bound of theface shall have no common vertices.
IPB: If geometry is present, distinct loops of the same face shall not intersecit

IP4: The face shall satisfy the Euler equation (see equation (5)):
(nuimber of vertices)- (number of edges) (number of loops} (sum of genus for loops) = 0.

IP%: Eachloop referred to irboundsshall be unique.

54.19 face_surface

A face_surfaceis 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
hojes. However, the union of the face with the.edges and vertices of its bounding loops need not be
embeddable in the plane. It may, for example; cover an entire sphere or torus. As both & face and a
gepmetric surface have defined normal directions, a BOOLEAN flag (the orientation attribyte) is used
to Jndicate whether the surface normal @grees with (TRUE) or is opposed to (FALSE) the face normal
direction. The geometry associated-with any component of the loops of the face shall be copsistent with
the surface geometry, in the sense‘that the domains of all the vertex points and edge curves gre contained
in the face geometry surface. irfacemay be referenced by more than daee_surface

EXPRESS specification

m

NTITY facessurface

SUBTYPE OF(face,geometric_representation_item);

facetgeometry : surface;

same_sense . BOOLEAN;

HERE

WR1: NOT (GEOMETRY_SCHEMA.ORIENTED_SURFACE’ IN TYPEOF(face_geometry));
END_ENTITY;

(*
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Att

ribute definitions

face_geometry: The surface which defines the internal shape of the face. This surface may be un-
bounded. The domain of the face is defined by this surface and the bounding loops in the inherited
attributeSELF\face.bounds

(F

Formal propositions

Inf]

R1: An oriented_surfaceshall not be used to define thece_geometry

prmal propositions

IP
fag

IP

5.

An
ca
elg

|: The domain of théace_surfaceis formally defined to be the demain of its
e_geometryas trimmed by the loops, this domain does not include the bounding loops.

P: A face_surfacehas nonzero finite extent.
B: A face_surfaceis a manifold.

;A face_surfaces arcwise connected.

b: A face_surfacehas surface genus 0.

5. The loops are not part of the face.domain.

f: Loop geometry shall be consistent with face geometry. This implies thaedgg curve
[tex_points used in defining the loops bounding faee_surfaceshall lie on theface_geometry

B: The loops of the face shall not intersect.

1.20 oriented face

oriented_faceis a subtype of face which contains an additional orientation BOOLEAN fla
e whether,'0r not, the sense of the oriented face agrees with its sense as originally defing
ment.

same_senseThis flag indicates Whether the sense of the surface normal agrees with (TRUE), or opposes

b Or

§ to indi-
ed in the face

EXPRESS specification

)
E

D

20

NTITY oriented_face
SUBTYPE OF (face);
face_element : face;
orientation : BOOLEAN;
ERIVE

2
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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));

E
(*

ND_ENTITY;

Atl

ribute definitions

fag

ori
fag
elg

bo
ac

Fo

e_element: Facentity used to construct thigiented_face

entation: The relationship of the topological orientation of this entity to that.of the
e_element If TRUE, the topological orientation as used coincides with,the orientation dat
ment

unds: The bounds of theriented faceare derived from those ©of\thiace_elementafter ta
count of the orientation which may reverse the direction of these bounds.

rmal propositions

W

5.

A

Thie topological constraints onsalbfaceare the same as orface

EX

R1: Theface_elemenshall not be amriented_face

4,21 subface

bubfaceis a portion of the domain offaice or anothesubface

PRESS specification

m

NTITY subface
SUBTYRE 'OF (face);
parent\face . face;
HERE

e -

King

WR1: NOT (mixed loop type set(list to set(list face loops(SELF)) +

E

list_to_set(list_face_loops(parent_face))));
ND_ENTITY;

(*
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Attribute definitions

parent_face: Theface (or subfacg which contains theubfacebeing defined bysELF\face.bounds

Fo

rmal propositions

W

Inf]

R1: The type ofloops in thesubfaceshall match the type dbops in theparent_faceentity.

prmal propositions

IP
the

IP
do

5.

A
ed

EX

|: The domain of the subface is formally defined to be the domain of the parent face, as
 loops of the subface.

p: All loops of the subface shall be contained in the union of the domain of the parent fa
mains of the parent face’s bounding loops.

.22 connected_face_set

connected_face_sdtk a set offaces such that the domain of the faces together with their K
ges and vertices is connected.

PRESS specification

m

m

(*

Atlribute definitions

NTITY connected_face_set

SUPERTYPE OF (ONEOF.(closed_shell, open_shell))
SUBTYPE OF (topological) representation_item);
cfs_faces : SET [1:?] ‘OF face;

ND_ENTITY;

cfs

frimmed by

ce and the

ounding

faces: Set offaces arcwise connected along comnedges orvertexs.

Informal propositions

IP1: The union of the domains of tHaces and their boundintpops shall be arcwise connected.

204
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5.4.23 vertex_shell

A vertex_shellis ashellconsisting of a singlgertex_loop. A vertex_shell_extentshall be unique.

A vertex_loopcan only be used by a singlertex_shell

A vertex_loopcan exist independently ofwertex_shell

EX

PRESS specification

m

m

(*

NTITY vertex_shell

SUBTYPE OF (topological_representation_item);
vertex_shell_extent : vertex_loop;

ND_ENTITY;

Atlribute definitions

ve

Infl

rtex_shell_extent: Singlevertex_loopwhich constitutes the extent of this typestfell.

prmal propositions

IP
IP

pré

| The extent and dimensionality ofva@rtex_shellare both zero.

P: The genus of aertex_shellis 0.

7.24 wire_shell

vire_shell is aShell of dimensionality 1. A wire shell can be regarded as a graph cons
'tices and edges. However, it is not represented directly as a graph, but indirectly, as a s¢
he union of the vertices and edges of these loops that form the graph. The domain of a
bsent, IS typically not a manifold.

fructed of
t of loops. It
vire shell, if

0 restrictions are placed on the structure of a wire shell

a)

b)

The graph as a whole shall be connected.

Each edge in the graph shall be referenced exactly twice by the set of loops.

NOTE 1- Two main applications of wire shells are contemplated.
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NOTE 2 - Any connected graph can be written as a single loop obeying condition (b) by using the graph
traversal algorithm. Such a graph may serve as a bound for a region.

NOTE 3- The set of loops referenced by tlagds of a closed shell automatically obeyndition (b), but

need not be connected. However, the faces of a closed shell can alwayslbéded in such a way that their

loops form a connected graph, and hence a wire shell. Thus, wire shells can represent the “one-dimensional
skeleta” of closed shells.

Wiiting G for the graph genus, and setting the number of connected compaviertsl, the Huler
graph equation (1) becomes:

=

(V-8 -01-G")=0 (6)
Mgre specifically, the following topological constraints shall be met:

—| The loops shall be unique.
()L} = (S*)[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.

[((SDIE] = 2[(SHLDIEY

—| Each oriented edge shall be unique.

() EEEY = ((S*)[LD)[E]

—| Equation (6) shall be satisfied
(S QEEDLEDAVEH = [((S)EDLEH -1+ G =0

EXPRESS specification

m

NTITY wirershell

SUBTYPE OF (topological_representation_item);
wirevshell_extent : SET [1:?] OF loop;

WHERE

WR1: NOT mixed loop type set(wire shell extent);
END_ENTITY;

(*

Attribute definitions

wire_shell_extent: List of loops defining theshell.
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Formal propositions

WR1: The loops making up the wire shell shall not be a mixturpaf/ _loops and other loop types.

Informal propositions

IP1: Thewire_shellhas dimensionality 1.
IP2: The extent of thevire_shellis finite and greater than 0.
IPB: Each edge appears precisely twice in the wire shell with opposite orientations.

IP4: The Euler equation shall be satisfied.

An
2
or
fun

Thie shell is defined by a collection faces, which.may beriented_faces. The sense of each fac
ing account of the orientation, shall agree with the shell normal as defined belovari€htion

tak
ca
sh

Th
arg
sh

B.25 open_shell

manifold with boundary, but is not a closed surface. It.can be thought otkxsed_shellwith

b: Theloops defining thevire_shell_extentdo not intersect except at commedges orvertexs

open_shellis ashell of dimensionality2. Its domain, if present, is a finite, connected, o

more holes punched in it. The domain of an open-shell satdfiesE < oo. An open sh
ctionally more general thanface because its domain can have handles.

N be supplied directly as a BOOLEAN-attribute of@iented_face or be defaulted to TRUE
bll member is éacewithout the orientation attribute.

e following combinatorial restrictions on open shells and geometrical restrictions on thg

e designed, together with thesinformal propositions, to ensure that any domain associated
bl is an orientable manifold.

Each face referenee shall be unique.
An open_Shellshall have at least orface

A giventacemay exist in more than ongpen_shell

(loops) of its faces, together with all of their vertices. The d

all

riented,
pne
bl is

P, after

if the

ir domains
with an open

edges and vertices of its faces.

nd

omain of an open shell, if present, contains

NOTE - Note that this is slightly different from the definition of a face domain, which includes none of its

bounds. For example, a face domain may exclude an isolated point or line segment. An open
may not. (See the algorithm for computiigoelow.)
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The surface genus and topological normal of an open shell are those that would be obtained by filling in
the holes in its domain to produce a closed shell. The topological normal can also be derived from the
face normals after taking account of their orientation. The following Euler equation is satisfied by open
shells. It is the most general form of Euler equation for connected, orientable surfaces.

(V—E-L1+2F)—(2-2H-B) =0 7)

whereV, £, L;, F are, respectively, the numbers of distinct vertices, edges, face bounds, andffases,
the surface genus, atlis the number of holes5 can be determined directly from the graph~df edges
and vertices defining the bounds of the face, in the following manner:

14

—| Delete all edges from the graph that are referenced twice by the face bounds|efthe face.
—1| Delete all vertices that have no associated edges.
—| ComputeB = the genus of the resulting graph.

If known a priori, the surface genug may be used to check equation (7) as an exact equaljty. Typi-
cally, this will not be the case, so equation (7) or some equivalent formulation shall be used|to compute
the genus. Sincél shall be a non-negative integer, this leads’to the following inequalitgcagsary
copdition for well-formed open shells.

V — & — L;+ Bshallbe.even and 2 — 2F 8)

Specifically, the following topological constraintsishall be met:

—| Each face in the shell is unique.
(SO} = (5°)[F]

—| Each face bound in the shell is unique.

((SOEDLLy = (S FDIL]

—| Eachoriented cedgein the shell is unique.

((SOEDILDLES = (SO)FDILDE]

—| Inthelist(((S°)[F])[Li])[£] 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.

— The Euler condition (8), and equation (7) shall be satisfied.

(S EDLLTDLEDAV ]+ ISOEDALI DAV = (SO FDLL S
— [((SO)[F])[Li]| + B is even and< 2 — 2|(S)[F]]

2-2H - B = [(S)FDLLIONIEDIVEH 4 [(((S)EDLLIAV S
—[((CSOEDLLAEH = [((SOEDILA] + 2|(57) [F]]
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EXPRESS specification

)
ENTITY open_shell

SUBTYPE OF (connected_face_set);
END_ENTITY;

(*

Atlribute definitions

SHLF\connected_face_set.cfs_faceThe set ofaces, which may includeriented.faces, which rhake
up|theopen_shell

Informal propositions

IP1: Everyedgeshall be referenced at least once, but no_ mere than twice bfatiee bound of| the
fages.

IP2: Eachoriented_edgereference shall be unique.

IPB: Noedgemay be referenced by more than tieces.

IP4: Distinctfaces of the shell do not intersect; but may shedges, or vertices.
IP%: Distinctedges do not intersect, but may share vertices.

IP6: The Euler equation shall be satisfied.

IPY: Theopen_shellshall be anioriented arcwise connected 2-manifold.
IP8: Theopen_shellshall contain at least one hole.

IP9: The topological normal to eadlace of the open_shellshall be consistent with the topological
noymal to theopen_shell

5.4.26 oriented_open_shell

Anoriented_open_shells aopen_shellconstructed from anothepen_shelland contains a BOOLEAN
direction flag to indicate whether or not the orientation of the construgied_shellagrees with the ori-
entafion of the originabpen_snell EXCepT for perhaps orientation, thaented_open_shells equiva-
lent to the originabpen_shell

EXPRESS specification

*)
ENTITY oriented_open_shell
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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));

m

ND_ENTITY;
(*

Atlribute definitions

open_shell_element:The open shell which defines the faces of dhiented_open_shell

orientation: The relationship between the orientation of thientéd_open_shelbeing defined and the
open_shell_elementeferenced.

cfd_faces: The set of faces for theriented_open_shellobtained from those of the
open_shell_elemenafter possibly reversing their orietation.

Formal propositions

WR1: The type ofopen_shell_elemenshall not be amriented_open_shell

5.4.27 closed_shell

A tlosed_shelis ashellof dimensionality2 which typically serves as a bound for a regionfiff A

clgsed shell has no houndary, and has non-zero finite extent. If the shell has a domain with coordinate
sppcek?, it dividesdhat space into two connected regions, one finite and the other infinite. I this case,
the topologicalnormal of the shell is defined as being directed from the finite to the infinite rggion.

Thie shell is'defined by a collection faces, which may beriented_faces. The sense of each facg, after
taking,aceount of the orientation, shall agree with the shell normal as defined aboveridiftation
capde'supplied directly as a BOOLEAN attribute of@iented_face or be defaulted to TRUE [if the

shettmemberis$facewithout theorfentationattribute:

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 domain of a closed shell,
if present, is a connected, closed, oriented 2-manifold. Itis always topologically equivalenttécd

torus for some > 0. The numbetH is referred to as theurface genusf the shell. If a shell of genus

H has a domain with coordinate spae, the finite region of space inside it is topologically equivalent

to a solid ball withH tunnels drilled through it.
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The surface Euler equation (7) applies wih= 0, because in this case there are no holes. As in the
case ofopen_shel$, the surface genug may not be known a priori, but shall be an integef. Thus a
necessary, but not sufficient, condition for a well-formed closed shell is the following:

V — & — L; shall be even andk 2 — 2F 9

Specifically, the following topological constraints shall be satisfied:

—| Each face in the shell is unique.
(SHF} = (59 [F]

—| Each face bound in the shell is unique

((SOVEDLL} = ((SOEDILA]

—| Eachoriented_edgein the shell is unique.

((SOEDILDLES = (SOFD[LNIE]

—| Each edge in the shell is either used by exactly two face bounds or is used twice by one|face bound.

[((SOEDILDLEG = 260V EDILD{ET]
Thatis, inthe list{((S¢)[F])[L:])[£] each edge appears exactly twice.

—| The Euler conditions (9), or optionally (7) shall be satisfied.

2-2H = [(SHHEDILIDEDVE + [(((S)EDILI DAV Y
—[(ESOVEDILNET] = [((SOEDIL] + 2(S7) [F]]

[(((CCSHEDLLIDABIHVH + LSV EDLLE DAV H = ISV ED{LHAES
— [((S)[F])[L1]] is even and< 2 — 2|(S°)[F]|

EXPRESS specification

m

NTITY;-closed_shell
SUBTYPE OF (connected face_set);
ENDZENTITY;

(*

Attribute definitions

SELF\connected_face_set.cfs_faceThe set ofaces, includingoriented_faces which define thelosed_-
shell.
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Informal propositions

IP1: Everyedgeshall be referenced exactly twice by taee_bound of the faces.

IP2: Eachoriented_edgereference shall be unique.

IP3: No edgeshall be referenced by more than tfeces.

An
ori
ori
sh

EX

gion outside.

#.28 oriented_closed_shell

b: Distinctedges do not intersect, but may share vertices.

b: Eachfacereference shall be unique.

[ Theloops of theshellshall not be a mixture gfoly_loops and otheloop types:
B: Theclosed_shelshall be an oriented arcwise connected-manifold.

D: The Euler equation shall be satisfied.

| 0: The topological normal to eadiace of the closed_shelkhall be consistent with the topo
fmal to theclosed_shell This implies that the topological normalto edelte after taking acqg
prientation, if present, shall point from the finite region bounded byctbged_shelinto the inf

oriented_closed_shelik aclosed_sheltonstructed from anothelosed_sheland contains a B
entation flag to indicate whether or not the orientation of the constrettedd_shelbgrees wit
entation of the originatlosed_shell Theoriented_closed_shelis equivalent to the originalosg
b|l but may have the opposite orientation.

PRESS specification

m

NTITY oriented_elosed_shell

SUBTYPE ©F.(closed_shell);

closed_shell.-element : closed_shell;

orientation . BOOLEAN;

ERIVE

SELF\connected_face_set.cfs faces : SET [1:?] OF face

ogical
ount
nite

DOLEAN
n the
pd -

= conditional reverse(SELF.orientation,

SELF.closed_shell_element.cfs_faces);

WHERE

E

WR1: NOT ('TOPOLOGY_SCHEMA.ORIENTED CLOSED_SHELL’
IN TYPEOF (SELF.closed_shell_element));
ND_ENTITY;

(*

21
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Attribute definitions

closed_shell_elementThe closed shell which defines the faces ofdhiented_closed_shell

orientation: The relationship between the orientation of treented_closed_shelbeing defined and
theclosed_shell_elemeneferenced.

cfs_faces: The set of faces for theriented closed_shellobtained from those of the

cld

Fo

sed_shell_elemerdfter possibly reversing their orientation.

rmal propositions

W

of

als
co
su

EX

7.29 connected face sub_set

R1: The type ofclosed_shell_elemerghall not be amriented_closed_shell

tonnected_face_sub_sé&t aconnected_face_sethose domain is-a connected portion of the
AN existingconnected_face_setAs a complex subtype an instancecohnected_face_sub_se
o be of typeopen_shel] or, if appropriateclosed_shell. The bounding loops of the faces
hnected_face_sub_sahay referencesubedge. The tapological constraints orcannected_fa
h _setare the same as on annnected_face set

PRESS specification

m

m

(*

Atlribute definitions

NTITY connected_face_sub_set

SUBTYPE OF (connected face_set);
parent face set : copnected face_set;
ND_ENTITY;

pa
en

domain
hay

of the
ce -

ar-

ent, face_set: The connected_face__setwhich contains the&onnected_face_sub_setThe
[_face_setnay be of typeopen_shellor of typeclosed_shell

Informal propositions

IP1: The domain of theonnected_face_sub_sehall be within the domain of thearent_face_set
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5.4.30 connected _edge_set

A connected_edge_sé$ a set ofedges such that the domain of the edges together with their bounding
vertices is arcwise connected.

EXPRESS specification

m

m

Atlribute definitions

NTITY connected_edge_set

SUBTYPE OF (topological_representation_item);
ces_edges : SET [1:?] OF edge;

ND_ENTITY;

ce

Infl

5_edgesSet ofedges arcwise connected at commeertexs.

prmal propositions

IP
IP

De
the

EX

b Topology functien definitions

b.1 conditional’ reverse

|: The dimensionality of theonnected_edge _sés 1.

P: The domains of the edges of thennected_edge_sethall not intersect.

pending on its fitst*argument, this function returns either the input topology unchanged ¢
 input topology.with its orientation reversed.

PRESS specification

*)

r a copy of

FUNCTION conditional_reverse (p : BOOLEAN;
an_item : reversible_topology)
. reversible_topology;
IF p THEN
RETURN (an_item);
ELSE
RETURN (topology reversed (an_item));
END_IF;
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ND_FUNCTION;

Argument definitions

p:
a

=]

5.

— et | o H -

| item: (input) An item of topology which can be reversed if required.

5.2 topology_reversed

Thiis function returns topology equivalent to the input topology except that the orientation is 1

EX

PRESS specification

T

[UNCTION topology reversed (an_item : reversible_topolegy)
. reversible_topology;

IF (TOPOLOGY_SCHEMA.EDGE’' IN TYPEOF ‘(an_item)) THEN
RETURN (edge_reversed (an_item));
END_IF;

IF (TOPOLOGY_SCHEMA.PATH’ IN-TYPEOF (an_item)) THEN
RETURN (path_reversed (an_.item));
END_IF;

IF (TOPOLOGY_SCHEMA,FACE_BOUND’ IN TYPEOF (an_item)) THEN
RETURN (face_bound)reversed (an_item));
END_IF;

IF (TOPOLOGYSCHEMA.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));

eversed.

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));
END_IF;

(©ISO 2000 — All rights reserved
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RETURN (?);
END_FUNCTION;
(*

Argument definitions

a

=]

| item: (input) An item of reversible topology which is to have its orientation reversed.

item_reversed: (output) Atopological_representation_itemwhich is the result of reversing the|orien-
tatjon ofan_item,

5b.3 edge_reversed

Thijs function returns anriented_edgeequivalent to the inpue¢dge except'that the orientation|is re-
vefsed.

EXPRESS specification

FIUNCTION edge_reversed (an_edge : edge) :.oriented_edge;
LOCAL
the _reverse : oriented_edge;
END_LOCAL;

IF (TOPOLOGY_SCHEMA.ORIENTED_EDGE’ IN TYPEOF (an_edge) ) THEN
the_reverse := dummy_tri. ||
edge(an_edge.edge_end, an_edge.edge_start) ||
oriented_edge(an_edge\oriented_edge.edge_element,
NOT (an_edge\oriented_edge.orientation)) ;
ELSE
the_reverse =\dummy_tri ||
edge(an_edge.edge_end, an_edge.edge_start) ||
oriented_edge(an_edge, FALSE);
END_IF;
RETURN/(the_reverse);
ND_RUNCTION;

m

Argument definitions

an_edge: (input) Theedgewhich is to have its orientation reversed.

the_reverse: (output) Theoriented_edgethat is the result of the orientation reversal.
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55.4 path_reversed

This function returns anriented_path equivalent to the inpupath except that the orientation is re-
versed.

EXPRESS specification

)
FUNCTION path_reversed (a_path : path) : oriented_path;
| OCAL
the_reverse : oriented_path ;
END_LOCAL;
F (TOPOLOGY_SCHEMA.ORIENTED PATH' IN TYPEOF (a_path) ) THEN

the_reverse := dummy_tri ||

path(list_of topology reversed (a_path.edge_list)) ||
oriented_path(a_path\oriented_path.path_element,
NOT (a_path\oriented_path.orientation)) ;
FLSE
the_reverse := dummy_tri ||
path(list_of topology reversed (a_ path.edge_list)) ||
oriented_path(a_path, FALSE);

END_IF;

RETURN (the_reverse);

END_FUNCTION,;
(*

Argument definitions

a_path: (input) Thepath-which is to have its orientation reversed.

the_reverse: (output).Fheoriented_path which is the result of the orientation reversal.

5b.5 face bound_reversed

Thjs funetion returns dace_boundequivalent to the inputace_boundexcept that the orientation is
reyersed.

EXPRESS specification

%)
FUNCTION face bound_reversed (a_face bound : face bound) : face_bound,;
LOCAL
the_reverse : face_bound ;
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END_LOCAL;
IF (TOPOLOGY_SCHEMA.FACE_OUTER_BOUND’ IN TYPEOF (a_face_bound) ) THEN
the_reverse = dummy_tri ||
face_bound(a_face_bound\face bound.bound,
NOT (a_face_bound\face_bound.orientation))
|| face_outer_bound() ;
ELSE
the reverse = dummy tri ||
face_bound(a_face_bound.bound, NOT(a_face bound.orientation));
END_IF;
RETURN (the_reverse);
END_FUNCTION;

(*

A

=

pument definitions

a_face_bound: (input) The face_bound which is to have its orientation reversed.

the_reverse: (output) The result of the orientation reversal.

5pb.6 face reversed

Thijs function returns aoriented_faceequivalentto inpuface except that the orientation is revefsed.

EXPRESS specification

*)

FIUNCTION face reversed (ayface : face) : oriented_face;
LOCAL
the_reverse : oriénted_face ;
END_LOCAL;

IF (TOPOLOGY-SCHEMA.ORIENTED_FACE’ IN TYPEOF (a_face) ) THEN
the_reversg\:;= dummy _tri ||
face(set _of topology reversed(a_face.bounds)) ||
oriented_face(a_face\oriented_face.face_element,
NOT (a_face\oriented_face.orientation)) ;
ELSE
the reverse := dummy tri ||
face(set_of topology reversed(a_face.bounds)) ||
oriented_face(a_face, FALSE) ;

END_IF;
RETURN (the_reverse);
END_FUNCTION;

(*
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Argument definitions

a_face: (input) Thefacewhich is to have its orientation reversed.

the_reverse: (output) Theoriented_facewhich is the result of the orientation reversal.

55.7 shell reversed

Th|is function returns ammriented_open_shellor oriented_closed_shelequivalent to the inpushell
exgept that the orientation is reversed.

EXPRESS specification

*)

T

UNCTION shell_reversed (a_shell : shell) : shell;
IF (TOPOLOGY_SCHEMA.OPEN_SHELL' IN TYPEOF (a_shelf)») THEN
RETURN (open_shell_reversed (a_shell));
ELSE
IF (TOPOLOGY_SCHEMA.CLOSED_SHELL’ IN TYPEOF (a_shell) ) THEN
RETURN (closed_shell_reversed (a_shell));
ELSE
RETURN (?);
END_IF;
END_IF;
END_FUNCTION;
(*

Argument definitions

a_ghell: (input) The shellwhich is to have its orientation reversed.

the_reverse: (outpGt) The result of the orientation reversal.

5pb.8 closed_shell _reversed

Thijs function returns aoriented_closed_shelbr equivalent to the inputlosed_shelexcept that the
orientation is reversed. 5]

EXPRESS specification

%)
FUNCTION closed_shell_reversed (a_shell : closed_shell) :

oriented_closed_shell;
LOCAL
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the_reverse : oriented_closed_shell;
END_LOCAL;
IF (TOPOLOGY_SCHEMA.ORIENTED_CLOSED_SHELL’ IN TYPEOF (a_shell) ) THEN
the_reverse := dummy_tri ||
connected_face_set (
a_shell\connected_face_set.cfs_faces) ||
closed_shell () || oriented_closed_shell(
a_shell\oriented closed shell.closed shell element,
NOT (a_shelloriented_closed_shell.orientation));

ELSE
the_reverse := dummy_tri ||
connected_face_set (
a_shell\connected_face_set.cfs_faces) ||
closed_shell () || oriented_closed_shell (a_shell, FALSE);
END_IF;
RETURN (the_reverse);
END_FUNCTION;

(*

A

=

pument definitions

a_phell: (input) Theclosed_shelivhich is to have its.erientation reversed.

the_reverse: (output) The result of the orientatioh‘reversal.

5b.9 open_shell reversed

Thijis function returns aoriented_open_shellr equivalent to the inpudpen_shellexcept that the ori-
entation is reversed.

EXPRESS specification

%)
FIUNCTION open_shell_reversed ( a_shell : open_shell) :
oriented_open_shell;
LOCAL
the_reverse : oriented_open_shell;
END LOCAL;
IF (TOPOLOGY_SCHEMA.ORIENTED_OPEN_SHELL’ IN TYPEOF (a_shell) ) THEN
the_reverse = dummy_tri ||
connected_face_set (
a_shell\connected_face_set.cfs_faces) ||
open_shell () || oriented_open_shell(
a_shell\oriented_open_shell.open_shell_element,
(NOT (a_shell\oriented_open_shell.orientation)));

ELSE
the_reverse = dummy_tri ||
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connected_face_set (
a_shell\connected_face_set.cfs_faces) ||
open_shell () || oriented_open_shell (a_shell, FALSE);
END_IF;
RETURN (the_reverse);
END_FUNCTION;
(*

Argument definitions

a_ghell: (input) Theopen_shellwhich is to have its orientation reversed.

the_reverse: (output) The result of the orientation reversal.

5.6.10 set_of topology reversed

Thijs function returns a set of topology equivalent to the input-sét of topology except that the

of pach element of the set is reversed.

EXPRESS specification

FIUNCTION set_of topology reversed (axSet : 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 TQ_ SIZEOF (a_set);
the_reverse := the_reverse + topology reversed (a_set [i]);
END_REPEAT;

RETURN._ \(the_reverse);
END_FUNETION;

(*

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.

(©ISO 2000 — All rights reserved
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5.5.11 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 listis reversed.

EXPRESS specification

T

[UNCTION list_of topology_reversed (a_list
. list_of reversible_topology_item)
. list_of reversible_topology _item;
LOCAL
the_reverse : list_of reversible_topology_item;
END_LOCAL;

the_reverse = [];

REPEAT i := 1 TO SIZEOF (a_list);
the_reverse := topology reversed (a_list [i]) + the_reverse;
END_REPEAT,

RETURN (the_reverse);
END_FUNCTION;

(*

Argument definitions

a_Jist: (input) The list of topology items which are to have their orientation and list order reversed.

the_reverse: (output) The result of the orientation and order reversal.

5p.12 booléan_choose

Thijs function returns one of two choices depending the value of a Boolean input argument. The two
chpices are-also input arguments.

EXPRESS specification

*)
FUNCTION boolean_choose (b : boolean;
choicel, choice2 : generic : item) : generic : item;

IF b THEN

RETURN (choicel);
ELSE
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RETURN (choice2);
END_IF;
END_FUNCTION;
(*

Ar umant dafinitionc
g e o ors

b: |(input) The Boolean value used to select the element choicel (TRUE) or choice2 (FALSH).
chpicel: (input) The first item which may be selected.

chpice2: (input) The second item which may be selected.

5b5.13 path_head to tail

This function returns TRUE if for thedges of the inpufpath, the endvertex of eadddgeis the same as
the start vertex of its successor.

EXPRESS specification

FIUNCTION path_head_to_tail(a_path : path)\¥""BOOLEAN;
LOCAL
n : INTEGER;
p : BOOLEAN := TRUE;
END_LOCAL;

n := SIZEOF (a_pathedge_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_REPEAF;

RETURNX\(p);
END_FUNCTION;

(*

Argument definitions

a_path: (input) The path for which it is required to verify that its component edges are arranged con-
secutively head-to-tail.

p: (output) A BOOLEAN variable which is TRUE if akdges in thepath join head-to-tail.
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5.5.14 list face loops

Given aface (or asubface, the function returns the list édops in theface or subface

EXPRESS specification

FIUNCTION list_face_loops(f: face) : LIST[0:?] OF loop;
LOCAL
loops : LIST[0:?] OF loop := [];
END_LOCAL;
REPEAT i := 1 TO SIZEOF(f.bounds);
loops := loops +(f.bounds]i].bound);
END_REPEAT,
RETURN(loops);

END_FUNCTION,;
(*

Argument definitions

f. (input) Thefacefor which it is required to-generate the list of boundiogps.

logps: (output) The list oloops forf.

5b6.15 list loop edges

Giyen aloop, the function returns the list efdges in theloop.

EXPRESS specification

FIUNCTION list_loop_edges(l: loop): LIST[0:?] OF edge;
LOCAL
adanc - 11STIN-21 NAE ~Adan -— [1-
edges—HSHO:2}-OF——edge—=—Ff:
END_LOCAL;

IF "'TOPOLOGY_SCHEMA.EDGE_LOOP’ IN TYPEOF(I) THEN

REPEAT i := 1 TO SIZEOF(I\path.edge_list);
edges := edges + (l\path.edge_list[i].edge_element);
END_REPEAT,
END_IF;
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RETURN(edges);

END_FUNCTION,;
(*

Argument definitions

ISO 10303-42:2000(E)

input) Theloop for which it is required to generate the listedges.

edpes: (output) The list ofedges forl.

5.

.16 list_shell _edges

Giyen ashell, the function returns the list @dges in theshell.

EXPRESS specification

T

m

Ar

(*

UNCTION list_shell_edges(s : shell) : LIST[0:?] OF “edge;
LOCAL

edges : LIST[0:?] OF edge := [];
END_LOCAL;

REPEAT i := 1 TO SIZEOF(list_shell. (0ops(s));
edges := edges + list_loop_edges(list_shell_loops(s)[i]);
END_REPEAT,

RETURN(edges);
ND_FUNCTION;

pument defintions

o

e

5.

. (input)<Fheshell for which it is required to generate the listedges.

pjes: (output) The list ofedges fors.

5.17 list_shell faces

Given ashell, the function returns the list déices in theshell.

(©ISO 2000 — All rights reserved
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EXPRESS specification

)
FUNCTION list_shell_faces(s : shell) : LIST[0:?] OF face;

LOCAL
faces : LIST[0:?] OF face = [];
END_LOCAL;

IF (TOPOLOGY_SCHEMA.CLOSED_SHELL’ IN TYPEOF(s)) OR
(TOPOLOGY_SCHEMA.OPEN_SHELL’ IN TYPEOF(s)) THEN
REPEAT i := 1 TO SIZEOF(s\connected_face_set.cfs_faces);
faces := faces + s\connected_face_set.cfs_facesi];
END_REPEAT,
END_IF;

RETURN(faces);

END_FUNCTION,;
(*

Argument definitions

s: |(input) The shell for which it is required to generate the list of faces.

fages: (output) The list of faces fos.

55.18 list_shell _loops

Giyen ashell, the function returns‘the list ddops in theshell.

EXPRESS specification

FIUNCTION list_shell_loops(s : shell) : LIST[0:?] OF loop;
LOCAL
loops>: LIST[0:?] OF loop := [I;
END{LOCAL;

[F " 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);
loops := loops + s.wire_shell_extent][i];
END_REPEAT,
END_IF;
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IF (TOPOLOGY_SCHEMA.OPEN_SHELL’ IN TYPEOF(s)) OR
(TOPOLOGY_SCHEMA.CLOSED_SHELL’ IN TYPEOF(s)) THEN
REPEAT i := 1 TO SIZEOF(s.cfs_faces);
loops := loops + list_face_loops(s.cfs_facesi]);
END_REPEAT,
END_IF;

RETURN(loops);
END_FUNCTION;

(*

A

=

pument definitions

s: |(input) Theshellfor which it is required to generate the listlobps.

logps: (output) The list oloops fors.

5b6.19 mixed_loop_type_set

Giyen a set ofoops, the function returns TRUE if the set includes bttty _loopsand other types
and vertex) of loops.

EXPRESS specification

FIUNCTION mixed_loop_type.set(l: SET[0:?] OF loop): LOGICAL;
LOCAL
poly loop_type: LOGICAL;
END_LOCAL;
IF(SIZEOF(l) <=“1) THEN
RETURN(FALSE);
END_IF;

poly_looprtype := (TOPOLOGY_SCHEMA.POLY_LOOP’ IN TYPEOF(I[1]));
REPEAT i := 2 TO SIZEOF(l);
IF((TOPOLOGY_SCHEMA.POLY_LOOP’ IN TYPEOF(I[i])) <> poly_loop_type)
THEN
RETURN(TRUE):

END_IF;
END_REPEAT;
RETURN(FALSE);

END_FUNCTION;

(*
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Argument definitions

I: (input) The set ofoops for which it is required to determine whether, or not, it is a mixturpay_-
loops and others.

5.5.20 list to_set

Thlis function creates 8ET from aLIST, the type of element for th8ET will be the same as that|in the
original LIST .

=

EXPRESS specification

T

UNCTION list_to_set(l : LIST [0:?] OF GENERIC:T) : SET OF GENERIC:T;
LOCAL

s : SET OF GENERIC:T := [I;
END_LOCAL;

REPEAT i := 1 TO SIZEOF(l);
s = s + I[i;
END_REPEAT,

RETURN(S);
ND_FUNCTION;

m

(*

Argument definitions

I: (input) The list of elements to be converted to a set.

s: |(output) The setcorrespondinglto

5pb.21 edge_curve_pcurves

T)'ligs function returns the set of pcurves that are associated with (i.e., represent the geofnetry of) an
edpé~curve

EXPRESS specification

)
FUNCTION edge_curve_pcurves (an_edge : edge_curve;
the_surface_curves : SET OF surface_curve)
: SET OF pcurve;
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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;

result = [];

IF 'GEOMETRY SCHEMA.PCURVE' IN TYPEOF(a curve) THEN
result := result + a_curve;
FLSE
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;
IF the_surface_curves[jl.curve_3d :=: a_curve
THEN
REPEAT k := 1 TO SIZEOF(the_geometyy);
IF 'GEOMETRY_SCHEMA.PCURVEXIN TYPEOF (the_geometry[K])
THEN
result := result + the_ geometty[k];
END_IF;
END_REPEAT,
END_IF;
END_REPEAT,
END_IF;
END_IF;

RETURN (RESULT);
END_FUNCTION;

(*

Argumentdefinitions

an|_edge: (input) Theedge curvewhose associated pcurves are to be found.

the_surface_curves:(input) The set of alsurface_curves within the scope of the search focurves.

result: (output) The set of albcurves associated withn_edge
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5.5.22 vertex_point_pcurves

This function returns the set pcurves that are associated with (i.e., represent the geometry\a)-a
tex_point.

EXPRESS specification

")
FU

LG

EN

EN
(*

A

=

NCTION vertex_point_pcurves (a_vertex : vertex_point;
the_degenerates : SET OF evaluated_degenerate_pcurve)
. SET OF degenerate_pcurve;
CAL
A_point : point;
result : SET OF degenerate_pcurve;
D_LOCAL;
A_point := a_vertex.vertex_geometry;
Fesult := [];
F 'GEOMETRY_SCHEMA.DEGENERATE_PCURVE' IN TYPEOF(a_point) THEN
result := result + a_point;
FL SE
REPEAT j := 1 TO SIZEOF(the_degenerates);
IF (the_degenerates[j].equivalent_point :=~@ point) THEN
result := result + the_degenerates(jJ;
END_IF;
END_REPEAT,
END_IF;

RETURN (RESULT);
D_FUNCTION;

pument definitions

the
for

reg

_Vertex: (input).Thevertex_point whose associated pcurves are to be found.

_degenerates:(input) The set of alevaluated_degenerate_pcunawithin the scope of the 3
pcurves:

ult:\(output) The set of allegenerate_pcurve having the same geometryasvertex

EXPRESS specification

)
E
(*

230

ND_SCHEMA; -- end TOPOLOGY schema

earch
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ISO 10303-42:200

Geometric models

O(E)

The following EXPRESS declaration begins tieometric_model_schemand identifies the necessary
external references.

EXPRESS specification

(0]

(*

6.

Thie subject of thgeometric_modelschema is the set of basic resources necessary for the cg

tio
reg
ob
se
an

CHEMA geometric_model_schema;

REFERENCE FROM geometry schema;

REFERENCE FROM topology_schema;

REFERENCE FROM measure_schema(length_measure,
parameter_value,
plane_angle_measure,
plane_angle_unit,
positive_length_measure,
positive_plane_angle_measure);

NOTE 1- The schemas referenced above can be found in the following Parts of ISO 10303:
geometry_schema  Clause 4 of this part of ISO 10303
topology_schema Clause 5 of this part of ISO 10303
measure_schema ISO 10303-41

NOTE 2 - See annex D, figures'D.17 - D.20, for a graphical presentation of this schema.

i Introduction

h of data describing the size, position, and shape of objectssdlice modelsubtypes provide
ources for the-communication of data describing the precise size and shape of three-dime
ects. Thetwo classical types of solid model, constructive solid geometry (CSG) and bour
htatio(B-rep) are included. Also included in this clause are entities providing less complet
[ topological information than the full CSG or B-rep models. The use of these entities is

mmunica-
basic
nsional solid
dary repre-
e geometric
hppropriate

p.

for

communication with systems whose capability differs from that of solid modelling system

The entities in this schema are arranged in a logical order beginning witiolide modelsupertype and

its various subtypes. These subtypes include the different types of boundary representations (B-reps)
and the CSG solids. After theolid_modelsubtypes the surface model entities are grouped together,
followed by the wireframe models and the geometric sets.
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6.2

Fundamental concepts and assumptions

The constructive solid geometry models are represented by their component primitives and the sequence
of Boolean operationsifiion, intersection or difference) used in their construction. The standard CSG
primitives are thecong eccentric_cone cylinder, sphere torus, block, right_angular_wedge ellip-

soid, tetrahedron and pyramid. These primitives should be defined in their final position and orientation.

A set of two dimensional primitives is included for use in the creation of two dimensional CSG solids.

Thie entity which communicates the logical sequence of Boolean operationmdiean_resultwh
idg

a

SW
SO
wh
of

e

B
t

S
n
S

Thiesolid_replicaentity provides a mechanism'for copying an existing solid in a new location

Theshell_based_surface_modglace.based_surface_modeghell_based_wireframe_modekd

b
c
n

6.
6.

t

ntifies an operator and two operands. The operands can themselgesléan_resuls,.thug
ing nested operations. In addition to the CSG primitives, any solid model, including, in
ept solids anthalf_space_solid may be Boolean operands. The swept solids arewapt_ar
ids and theswept_face_solidsThe swept solids are obtained by extruding or sweeping a p
ich may contain holes. THelf_space_solids essentially defined as a semi-infinite solid on

A surface; it may be limited bylaox_domain Thehalf_space_2ds an equivalent two dimen
fity and represents the region to one side of a curve.

b

n

ep models are represented by the set of shells defining their exterior or interior bound
rpints ensure that the associated geometry is well definedvand that the Euler formula co
mbers of vertices, edges, faces, loops and shells in the model is satisfiethc@teel_brepig
cted to represent B-reps in which all faces are planat-and every logmig doop.

u
n

sed_wireframe_modelgeometric—Setandgeometric_curve_seentities do not enforce the i
pcks of themanifold_solid_brepand can be used for the communication of incomplete
h-manifold objects, including two-dimensional models.

a
h
0

3 Geometric model type definitions

3.1 boolean_operand

ich

en-
particular,
ba_ -

anar face
bne side
sional

bries. Con-
nnecting the
re-

g€_-

r;legrity

odels or

This selecttype identifies all those types of entities which may participate in a boolean operation to form

a(
co

LSG solid. This includes provision for the special case of a two dimensional 'solid’ which is

AN arcwise
rands.

hhected finite region in two dimensional space defined by boolean operations with 2D opq

EXPRESS specification

232

%)

TYPE boolean_operand = SELECT
(solid_model,
half_space_solid,

(©ISO 2000 — All rights reserved


https://standardsiso.com/api/?name=94c1325b378b1421179d1b7ef36b5d81

E
(*

ISO 10303-42:2000(E)

csg_primitive,

boolean_result,

half_space_2d);
ND_TYPE;

6.

This type defines the three boolean operators used in the definition of CSG solids.

EX

372 bootean _operator

PRESS specification

(*

En

YPE boolean_operator = ENUMERATION OF
(union,

intersection,

difference);

ND_TYPE;

umerated item definitions

un
S0
int
de

ifference: The regulariSed set theoretic difference between the volumes defined by two sol

B.3 csg_primitive

on: The operation of constructing the regularised set theoretic union of the volumes defi
ids.

fined by two solids.

hed by two

brsection: The operation of ‘constructing the regularised set theoretic intersection of the volumes

ds.

is selectitype defines the set of CSG primitives which may participate in boolean operatigns. The 3D

G primitives aresphere, ellipsoid, right_circular_cone,eccentric_cone, right_circular_cylinder,

rim-

sional entities.

EXPRESS specification

*)

TYPE csg_primitive = SELECT
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(sphere,
ellipsoid,
block,
right_angular_wedge,
faceted_primitive,
rectangular_pyramid,
torus,
right circular cone,

eccentric_cone,
right_circular_cylinder,
cyclide_segment_solid,
primitive_2d);
END_TYPE;

(*

6.3.4 csg_select

This type identifies the types of entity which may be selected asthe root of a CSG tree includ

CS3G primitive as a special case.

EXPRESS specification

TIYPE csg_select = SELECT
(boolean_result,
csg_primitive);
END_TYPE;

6.8.5 geometric_set_select

This select typejdentifies the types of entities which can occugieenetric_set

EXPRESS specification

*

)

TYPE geometric_set _select = SELECT
(point,
curve,
surface);

END_TYPE;

(*

ing a single
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6.3.6 surface_model
This type collects all possible surface model entities.

Some product model representations consist of collections of surfaces which do not necessarily form the
complete boundary of a solid. Such a model can be represented by a colledoasodrshells.

EXPRESS specification

TIYPE surface_model = SELECT
(shell_based_surface_model,
face_based_surface_model);
END_TYPE;

6.3.7 wireframe_model
This type collects all possible wireframe model entities.

A yireframe representation of a geometric model contains information only about the intefsections of
the surfaces forming the boundary but does et contain information about the surfaces thenjselves.

EXPRESS specification

TIYPE wireframe_model s SELECT
(shell_based_wireframe - model,
edge_based_wirgframe_maodel);
ND_TYPE;

m

(*

6.4 Geometric model entity definitions

The following entities are used in tiggometric_model_schema

6.4.1 solid_model

A solid_modelis a complete representation of the nominal shape of a product such that all points in the
interior are connected. Any point can be classified as being inside, outside or on the boundary of a solid.
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There are several different types of solid model representations including 'solid’s defined as connected
regions in two dimensional space.

EXPRESS specification

m

> m

A
of
thr

The Boundary Representation (B-rep) of a manifold solid utilises a graph of edges and vertice

in

int
of
dis

a Yinique identity. The geometric surface definition used to specify the geometry of a face

maé
ori

Fal
at
the
sh

ge

7.2 manifold_solid_brep

NTITY solid_model

SUPERTYPE OF (ONEOF( csg_solid, manifold_solid_brep, swept face solid,
swept_area_solid, solid_replica,
brep_2d, trimmed_volume))

SUBTYPE OF (geometric_representation_item);

ND_ENTITY;

which is a connected, oriented, finite, closed 2-manifold. There is no restriction on the
ough holes, nor on the number of voids within the volume.

A connected, oriented, finite, closed two manifold surface. The embedded graph divideg
Db arcwise connected areas known as faces. The edges and vertices, therefore, form th
the faces and the domain of a face does not include its boundaries. The embedded g
connected and may be a pseudograph. The graph is labelled; that is, g#gcmehe graph

Inifold embeddable in the plane within the domain of the face. In other words, it shall be
ented, finite, non-self-intersecting, and of surface genus 0.

ces do not intersect-except along their boundaries. Each edge along the boundary of a fac
most one other face'in the assemblage. The assemblage of edges in the B-rep do not inte
ir boundaries((i,e., vertices). The geometric curve definition used to specify the geometry
All be arcwisé connected and shall not self-intersect or overlap within the domain of the
pmetry of an edge shall be consistent with the geometry of the faces of which it forms a pg

Th

geometry used to define a vertex shall be consistent with the geometry of the faces &

manifold_solid_brepis a finite, arcwise connected volume bounded by one or more surfaces, each

number of

s embedded
the surface
e boundaries

raph may be
has

shall be 2-

connected,

e is shared by
sect except at
of an edge
edge. The
rtial bound.

ind edges of

el it formeoe o nartial hnarond

1
WIHeHtHeHnSa | SASIRS L= S A A= LR A

A B-rep is represented by one or marlesed_shelB 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 brep_with_voids subtype. The following
version of the Euler formula shall be satisfied

23

Xms =V = E4+2F — L1 —2(S—G°) =0 (10)
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whereV., &£, F, L; andS are the numbers of unique vertices, edges, faces, face bounds and shells in the
model and7” is the sum of the genus of the shells.

More specifically, the topological entities shall conform to the following constraints, whelenotes a
manifold solid B-rep:

— The shells shall be unique

(B)[S]= (B){5}

—| Each face in the B-rep is unique

(B)ISDIE] = (B)[SDAETS

—| Each loop is unique

—| Each (edge + logical) pair is unique

(BSDEDILDIE] = (EBDISHIEDILDL LY

—| Each edge in the B-rep is either used by exactly two loops or twice by one loop

|((((B)ISDIFD LA £ = 2/(((B)[SDIFDILDE
That s, inthe lis{ (((B)[S])[#]) L} E] each edge appears exactly twice.

—| Equation (10) shall be satisfied

2/(B)[S] - 23 _G* = (B SDIEMHLDIENVH + (B SHIFIL H{V Y
=B ISHIFDALIAE + 2/ ((B)SDIET = [(((B)STHED L]

Thie topologicaknormal of the B-rep at each point on its boundary is the surface normal difection that
pojnts away from the solid material. Thfosed _shellhormals, as used, shall be consistent yith the
topologicalnormal of the B-rep. Theanifold_solid_brephas two subtypesaceted_brepandbrep_-
wilh_voids, with which there exists a default ANDOR relationship. The following can all be instantiated:

— manifold_solid_brep
— brep_with_voids
— faceted_brep

— faceted_brepAND brep_with_voids
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EXPRESS specification

*

)

ENTITY manifold_solid_brep
SUBTYPE OF (solid_model);
outer : closed_shell;

END_ENTITY;

(

Atlribute definitions

oufer: A closed_shelldefining the exterior boundary of the solid. The shéllynormal shall pgint away
from the interior of the solid.

Informal propositions

IP1: The dimensionality of ananifold_solid_brepshall be.3.
IP2: The extent of thenanifold_solid_brepshall be finiterand non-zero.

IPB: No vertex_point, undirectededge_curve(i.e, .one which is not ariented_edg#, or undirgcted
fage_surface(i.e., one which is not ariented_facg referenced by ananifold_solid_brep shall inter-
seft any othevertex_point, undirectecedge_curve or undirectedace_surfacereferenced by the[same
manifold_solid_brep.

IP4: Distinctloops referenced by the sarfece shall have no commowertexs.

NOTE - This implies that-distinct loops of the same face have ho common edges. If geometry is present,
distinct loops of the same,face do not intersect.

IP5: All topological elements of thmanifold_solid_brep shall have defined associated geomatry.

IP6: The shell normals shall agree with the B-rep normal and point away from the solid represented by
the B-rep.

IPY: Eachface shall be referenced only once by the shells aht@fold_solid_brep.
IP8: Eachoriented_edgein themanifold_solid_brep shall be referenced only once.

IPO:—Each-undire
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 B-rep.

IP11: A manifold_solid_brep, which is not &aceted_brep shall not referencpoly_loops.

IP12: A faceted_brepcan reference onlgoly_loops as face boundaries.
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6.4.3 brep_with_voids

A brep_with_voidsis a special subtype of teanifold_solid_brepwhich contains one or more voidsin
its interior. The voids are representeddriented_closed_shefi which are defined so that tbdented_ -
closed_shelhormals pointinto the void, that is, witirientation FALSE. A brep_with_voidscan also
be afaceted_brep

EXPRESS specification

m

NTITY brep_with_voids

SUBTYPE OF (manifold_solid_brep);

voids : SET [1:?] OF oriented_closed_shell;
ND_ENTITY;

m

(*

Atlribute definitions

SHLF\manifold_solid_brep.outer: An oriented_closéd_shellefining the exterior boundary pf the
solid. The shell normal shall point away from the intérior of the solid.

volds: Set oforiented_closed_she#l defining veids within the solid. The set may contain oneor more
shells.

Informal propositions

IP1: Each void shell shall be-disjoint from the outer shell and from every other void shell.

IP2: Each void shell shall be enclosed within the outer shell but not within any other void shell. In
palticular, the outer-shell is not in the set of void shells.

IPB: Each shelhinthenanifold_solid_brepshall be referenced only once.

6.4.4 faceted _brep

A eted brepi re plamar and all

edges are_straig htlines.

NOTE - Thefaceted_brephas been introduced in order to support the large number of systems that al-
low boundary type solid representations with planarace$ only. Faceted models may be represented by
manifold_solid_brepbut their representation adaceted_brepwill be more compact.
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Unlike the B-rep model, edges and vertices are not represented explicitly in the model but are implicitly
available through thpoly_loopentity. Afaceted_brephas to meet the same topological constraints as
themanifold_solid_brep.

EXPRESS specification

m

m

Infl

NTITY faceted brep
SUBTYPE OF (manifold_solid_brep);
ND_ENTITY;

prmal propositions

IP
log

IP
sh

6.
A

clg
bo

EX

|: All the bounding loops of all the faces of all the shells in theeted_brepshall be of typepo
p.

P: The faces in the shells may have implicit or explicitsurface geometry. If explicit, the fa
bl be a plane. All polyloops defining the face shall be coplanar.

1.5 brep_2d

prep_2d is a bounded two-dimensionalvegion defined by a face. Any two-dimensional pq
ssified as being inside, outside or(on the boundary lofe@_2d. A brep_2d shall have an
undary and may have any number of holes.

PRESS specification

m

)
NTITY brep_2d
SUBTYPE @©F (solid_model);
bxtent . dace;
WHERE
WR1: SIZEOF ([TOPOLOGY_SCHEMA.FACE_SURFACE’,

y__

ce surface

int can be
puter

'TOPOLOGY_SCHEMA.SUBFACE’, 'TOPOLOGY_SCHEMA.ORIENTED_FACE’] *

240

TYPEOF (SELF.extent)) = O;
WR2 : SIZEOF (QUERY (bnds <* extent.bounds |
NOT (TOPOLOGY_SCHEMA.EDGE_LOOP’ IN TYPEOF(bnds.bound))) ) = 0;
WR3 : SIZEOF (QUERY (bnds <* extent.bounds |
'TOPOLOGY_SCHEMA.FACE_OUTER_BOUND’ IN TYPEOF(bnds))) = 1;
WR4 : SIZEOF(QUERY (elp_fbnds <* QUERY (bnds <* extent.bounds |
'TOPOLOGY_SCHEMA.EDGE_LOOP’ IN TYPEOF(bnds.bound)) |
NOT (SIZEOF (QUERY (oe <* elp_fbnds.bound\path.edge_list | NOT
((TOPOLOGY_SCHEMA.EDGE_CURVE’ IN TYPEOF(oe.edge_element)) AND
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(oe.edge_element\geometric_representation_item.dim = 2)))) =
0))) = 0
END_ENTITY;
(*

Attribute definitions

extent: The face which defines the region of two-dimensional space occupied byege2d.

Formal propositions

R1: extent shall not be daceof typeface_surface subface or oriented_face
R2: Eachface_boundused to define thextent shall be of typeedge_loop

R3: Precisely one of the bounds of tfeceshall be of typdace_outer bound

= £ = =

R4: Eachedgeused to define the bounds shall be of tyolge~curveand shall be two-dimensjonal.

(o))

A.6 csg_solid

A solid represented as a CSG model is defined by-a collection of so-called primitive solids} combined
us|ng regularised boolean operations. The allewed operations are intersection, union and djfference. As
a gpecial case @sg_solidcan also consist of asingle CSG primitive.

A fegularised subset of space is the closure of its interior, where this phrase is interpreted|in the usual
sense of point set topology. Hooolean ' resuls regularisation has the effect of removing dangling edges
and other anomalies produced+by the original operations.

A €SG solid requires two kinds of information for its complete definition: geometric and strugtural.

The geometric information is conveyed bglid_modek. These typically are primitive volumep such
as|cylinders, wedges and extrusions, but can include general B-rep msdidis.modek can algo be
solid_replicas (transformed solids) artthlf_space_solids

Thie structural information is in a tree (strictly, an acyclic directed graplbpofean_resultand €SG
solids;which represent a ‘recipe’ for building the solid. The terminal nodes are the geometri¢ primitives
and other solids. Evergsg_solidhas precisely onboolean_resultassociated with it which is the root

of the tree that defines the solid. (There may be furbealean_resuls within the tree as operands).
The significance of &sg_solidentity is that the solid defined by the associated tree is thus identified
as a significant object in itself, and in this way it is distinguished from oltoeiean_resultentities
representing intermediate results during the construction process.
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EXPRESS specification

)
E

E

NTITY csg_solid

SUBTYPE OF (solid_model);
tree_root_expression : csg_select;
ND_ENTITY;

(

Atlribute definitions

tre

CS

E_root_expression: Boolean expression of primitives and regularised operators describing the solid.

Thie root of the tree of boolean expressions is given here explicitlyta®lgan_resultentity, or
J_primitive.
4.7 boolean_result

6.

A

op
Bg

boolean_resultis the result of a regularised operatjionwon two solids to create a new sg
erations are regularised union, regularised intersection, and regularised difference. For
olean operations, a solid is considered to be a regularised set of points.

Thie finalboolean_resultdepends upon the operation and the two operands. In the case of the

op
diff

un
firs
int
the

Th
in

erator the order of the operands is alsocsignificant. The operator can beugithrerintersectio
erence. The effect of these operators.is described below.

on on two solids is the new solid-that contains all the points that are in either the
t_operand or thesecond_operancbr both.

as a

lid. Valid
purposes of

b difference
N or

ersectionon two solids.isthe new solid that is the regularisation of the set of all points that @re in both

pfirst_operand anddhesecond_operand

e result of thelifference operation on two solids is the regularisation of the set of all points \
hefirst_operand, but not in thesecond_operand

NOTE*- For example if the first operand is a block and the second operand is a solid cylinde
dimensions and location thmolean_resultproduced with the difference operator would be a blog

vhich are

of suitable
k with a

circular hole

EXPRESS specification

)
E

242

NTITY boolean_result
SUBTYPE OF (geometric_representation_item);
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operator . boolean_operator;
first_operand : boolean_operand,;
second_operand : boolean_operand;

END_ENTITY;

(*

Atfribute definitions

op

erator: The boolean operator used in the operation to create the result.

firgt_operand: The first operand to be operated upon by the boolean operation:

se

6.

A

Thie block is specified by the positive lengtlxs y, andz along'the axes of the placement coc

sy

cond_operand: The second operand specified for the operation.

1.8 block

block is a solid rectangular parallelepiped, defined with a lo€ation and placement coordin

5tem, and has one vertex at the origin of the placement.coordinate system.

EXPRESS specification

m

m

(*

NTITY block

SUBTYPE OF (geometric_representation_item);
position : axis2_placement_3d;

X . positive_length tmeasure;

y . positive_lengths measure;

z . positive_léngth_measure;
ND_ENTITY;

Atlribute definitions

PO
po

X:
y:

Z.

sifign: The location and orientation of the axis system for the primitive. The block has on

ate system.
rdinate

P vertex at

Sition.focationand Its edges aligned with the placement axes in the positive SENSE.
The size of the block along the placement X axis, {pos.p[1]).
The size of the block along the placement Y axis, {pos.p[2]).
The size of the block along the placement Z axis, {fp@s.p[3]).
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Itx

location p[1]
position attributes

Figure 21 — Right-angular wedge and its attributes

6.4.9 right_angulat:wedge

A fight_angular_wedgecan be envisioned as the result of intersecting a block with a plane pegrpendicu-
lar{to one of its faces. 1t is defined with a location and local coordinate system. A triangular/frapezoidal
fage lies in the plane defined by the placement X and Y axes. This face is defined by positiyexengths
andy along the‘ptacement X and Y axes, by the ledgghif nonzero) parallel to the X axis at a distance

y ffom the ptacement origin, and by the line connecting the ends of #melltx segments. The remain-

def of theswedge is specified by the positive lergéthong the placement Z axis which defines a ¢listance
through Which the trapezoid or triangle is extrudedt¥df= 0, the wedge has five faces; otherwisg, it has

six faces.

>

NOTE - See Figure 21 for interpretation of attributes.

EXPRESS specification

)

244 (©ISO 2000 — All rights reserved
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ENTITY right_angular_wedge
SUBTYPE OF (geometric_representation_item);
position : axis2_placement_3d;

X . positive_length_measure;
y . positive_length_measure;
z . positive_length_measure;
Itx . length_measure;

WHERE
WR1: ((0.0 <= Itx) AND (Itx < Xx));

END_ENTITY;

(*

Atlribute definitions

pogition: The location and orientation of the placement axis systentfor the primitive. The yedge has
ong vertex aposition.locationand its edges aligned with the placement axes in the positive s¢nse.

X: [The size of the wedge along the placement X axis.
y: [The size of the wedge along the placement Y axis.
z: |The size of the wedge along the placement Z axis.

[tx] The length in the positive X direction of the smaller surface of the wedge.

Formal propositions

WR1: Itx shall be non-negative and Jess than

6.4.10 rectangular) pyramid
A fectangular_pyramidis a solid pyramid with a rectangular base. The apex of the pyramid is directly

abpve the centre point of the base. Taéetangular_pyramid is specified by its position, which provides
a placement coardinate system, its length, depth and height.

EXPRESS specification

%)
ENTITY rectangular_pyramid
SUBTYPE OF (geometric_representation_item);

position . axis2_placement_3d;

xlength . positive_length_measure;

ylength . positive_length_measure;

height . positive_length_measure;
END_ENTITY;

(*
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Attribute definitions

position: The location and orientation of the pyramijabsition defines a placement coordinate system
for the pyramid. The pyramid has one corner of its bagmoattion.locationand the edges of the base
ar¢ aligned with the first two placement axes in the positive sense.

X

y

gngth: The length of the base measured along the placement X axisi¢pos{1]).
gngth: The length of the base measured along the placement Y axisi¢pos|2]).
he

ght: The height of the apex above the plane of the base, measured in thedirection of th

Z axis (position.p[3]).

p

EX

o

711 faceted_primitive

aceted_primitiveis a type of CSG primitive with planar faces{ It is defined by a list of four
nts which locate the vertices. These points shall not be coplanar.

PRESS specification

m

(*

NTITY faceted_primitive
SUPERTYPE OF (ONEOF(tetrahedron, convex_hexahedron))
SUBTYPE OF (geometric_representation_item) ;
points : LIST[4:?] OF UNIQUE cartesian_point ;
WHERE
WR1: points[1].dim = 37
END_ENTITY;

Atlribute definitions

PO

nts; Thecartesian_point that locate the vertices of tifeceted_primitive.

b placement

or more

Formal propositions

WRZ1: The coordinate space dimensionpafints[1] shall be 3.

246

NOTE - The rulecompatible_dimensiorensures that all theartesian_pointattributes of this entity have

the same dimension.
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Informal propositions

IP1: The points in the lispoints shall not be coplanar.

IP2: Thepoints shall define a closed solid with planar faces.

NOTE 1- Thepoints list on its own is not sufficient to completely define a closed solid, for a complete
definition this entity is instatiated as one of its subtypes.

NOTE 2 - The formal verification of the informal propositions occurs in the subtypes.

6.4.12 tetrahedron

A tetrahedron is a type of CSG primitive with 4 vertices and 4 triangulat-faces. It is defined by the four
pojnts which locate the vertices. These points shall not be coplanar.

EXPRESS specification

m

NTITY tetrahedron

SUBTYPE OF (faceted_primitive);

WHERE

WR1: SIZEOF(points) = 4 ;

WR2: above_plane(points[1], pointsf2], points[3], points[4]) <> 0.0;
END_ENTITY;

(*

Atlribute definitions

pojnts: Thecartésian_points that locate the vertices of thetrahedron.

Formal propositions

W DA Thao ot Afrnointe chall Anntay lartagian A
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O

WR2: points shall not be coplanar. This is tested by verifying that the fourth point is either above, or
below, the plane of the other 3 points.
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6.4.13

convex_hexahedron

A convex_hexahedrorns a type of CSG primitive with 8 vertices and 6 four-sided faces. It is defined by
the 8 points which locate the vertices.

EXPRESS specification

m

NTITY convex_hexahedron
SUBTYPE OF (faceted_ primitive);

WHERE
WR1:
WR2:
WR3:
WRA4:
WR5:
WR6:

SIZEOF(points) =

above_plane(points[1], points[2],
above_plane(points[5], points[8],
above_plane(points[1], points[4],
above_plane(points[4], points[3],
above_plane(points[3], points[2],

points[3],
points[7],
points[8],
points[7],
points[6],

points[4]
points[6]
points[5]
points[8]
points[7]

cdoooo
oooboo

)
)
)
)
)
)

WRY7: above_plane(points[1], points[5], points[6], points[2}]
WRS8: same_side([points[1], points[2], points[3]],
[points[5], points[6], points[7], points[8]]);
WR9: same_side([points[1], points[4], points[8]],
[points[3], points[7], points[6], points[2]]);
WR10: same_side([points[1], points[2], points[5]],
[points[3], points[7]points[8], points[4]]);
WR11: same_side([points[5], points[6], peints[7]],
[points[1], points[2], points[3], points[4]]);
WR12: same_side([points[3], points[Z], points[6]],
[points[1],.~points[4], points[8], points[5]]);
WR13: same_side([points[3], peoints[7], points[8]],
[points[1], points[5], points[6], points[2]]);
END_ENTITY;
(*

Atlribute definitions

pojnts: The Cartesian_point that locate the vertices of tlewnvex_hexahedron These point

S are
iewed

ordlered'such thatoints[1], points[2], points[3], points[4] define, in anti-clockwise order, when
from-outside the solid, one planar face of the sqtidints[5], points[6], points[7], points[8] define

the

opposite face, each of these points being connected by an edge to the corresponding point, with index

reduced by 4, on the opposite face.

NOTE 1- See Figure 22 for further information about theds and vertices.
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Formal propositions

WR1: The list ofpoints shall contain &artesian_point.
WR2: The first 4points shall be coplanar.
WR3: The final 4points shall be coplanar.

R5: points[4], points[3], points[7], points[8], shall be coplanar.

1
R6: points[3], points[2], points[6], points[7], shall be coplanar.
1
1

R7: points[1], points[5], points[6], points[2], shall be coplanar.

R8: points[5], points[6], points[7], points[8], shall all lie on the same side©fthe plangointg
nts[2], points[3].

R9: points[3], points[7], points[6], points[2], shall all lie on the samgside of the plangointg
nts[4], points[8].

B8 == =

WR10: points[4], points[3], points[7], points[8], shall all lie ondhe same side of the plangoints
pojnts[2], points[5].

WR11: points[1], points[2], points[3], points[4], shall all'lie on the same side of the plangoints
pojnts[6], points[7].

WR12: points[1], points[4], points[8], points[5]shall all lie on the same side of the plangofints
pojnts[7], points[6].

WR13: points[1], points[5], points[6], paints[2], shall all lie on the same side of the plangoints
pojnts[7], points[8].

o

o

o

o

NOTE 2 - The final 6 rules ensure that theints define a convex figure.

6.4.14 sphere

A $phereis a CSG grimitive with a spherical shape defined by a centre and a radius.

EXPRESS. specification

[1],

[1],

[1],

[5],

[3],

[3],

ENTITY sphere
SUBTYPE OF (geometric_representation_item);
radius : positive_length_measure;
centre : point;

END_ENTITY;

(*
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points[5]

points[7]

points[1]

points[4]

points[3]

Atlribute definitions

radlius: The radius of thephere

centre: The location of the centre oftlephere

6.

A

an
din

1.15 right_circular"cone

nopzero, giveshé& size and location of a truncated face of the cone.

EXPRESS specification

Figure 22 — Convex_hexahedron

ight_circular_cone is’a €SG primitive in the form of a cone which may be truncated. It is dq
axis, a point on theZaxis, the semi-angle of the cone, and a distance giving the location in
pction along the axis from the point to the base of the cone. In addition, a radius is give

efined by
the negative
N, which, if

*)
ENTITY right_circular_cone

SUBTYPE OF (geometric_representation_item);

position . axisl_placement;
height . positive_length_measure;
radius . length_measure;
semi_angle : plane_angle_measure;
WHERE
250
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WR1: radius >= 0.0;
ND_ENTITY;

(*

Attribute definitions

PO
po
or,

po
of
is
he
fro

sition: The location of a point on the axis and the direction of the axis.

if radius is zero, at the apex.

he closed solid from the point at the centre of the top face, if truncated, arfrom the aperaif
7ero.

ght: The distance between the planar circular faces of the comadliiis is greater than ze
M the base to the apex, if radius equals zero.

radius: The radius of the cone at the point on the axieditiofn.location). If the radius is zero

co

se
co

Fo

ne has an apex at this point. If talius is greater than zero, the cone is truncated.

Mi_angle: One half the angle of the cone. This is the"angle between the axis and a geng
hical surface.

rmal propositions

Inf]

R1: Theradius shall be non-negative.

prmal propositions

IP

6.

|: Thesemi_angleshall be betweef® and90°.

1.16 right_circular_cylinder

A flight_circular_cylinder is a CSG primitive in the form of a solid cylinder of finite height. Itis

by

anaxis point at the centre of one planar circular face, an axis, a height, and a radius. T

pe

sition.location: A point on the axis of the cone and at the centre of one of the planar circyillar faces,

sition.axis: The direction of the central axis of symmetry of the cone. The direction of the @xis is out

ihe

[0, Or

the

rator of the

lefined
he faces are

rpendicular to the axis and are circular discs with the specified radius. The heightis the d

stance from

the first circular face centre in the positive direction of the axis to the second circular face centre.

EXPRESS specification

*)

E

NTITY right_circular_cylinder
SUBTYPE OF (geometric_representation_item);
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position . axisl_placement;
height . positive_length_measure;
radius . positive_length_measure;
END_ENTITY;
(*
Atfribute definitions
pogition: The location of goint on the axis and the direction of the axis.
pogition.location: A point on the axis of the cylinder and at the centre of onerof the planay circular
fages.

p
h

radlius: The radius of the cylinder.

An eccentric_cones a CSG primitive which is a generalisation of tight_circular_cone. Theec
trig_cone may have an elliptic cross section, andimay have a central axis which is not perpe
the base. Depending upon the value of thigo aftribute it may be truncated, or may take the fc

g

a similar cross section.

EXPRESS specification

6.4.17 eccentric_cone

opition.axis: The direction of the central axis of symmetry of the cylinder.

ejght: The distance between the planar circular faces of the cylinder.

eheralised cylinder. When truncated the top'face of the cone is parallel to the plane of the

m

NTITY eccentric_cane

SUBTYPE OF (geometric_representation_item);
position \axis2_placement_3d;
semi_axis<I<:" positive_length_measure;
semi_axisy2 : positive_length_measure;

Cen-
ndicular to
rm of a

pase and has

(*

height . positive_length_measure;
x Affset . length_measure;
y~offset . length_measure;
ratio . REAL,
WHERE
WR1 : ratio >= 0.0;
END_ENTITY;
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Attribute definitions

position: The location of the centrgloint on the axis and the direction sémi_axis_1This defines the
centre and plane of the base of #eeentric_cone position.p[3] is normal to the base of thezcentric_-
cone

semi_axis_1:The length of the first radius of the base of the cone in the directiposition.p[1].

semi_axis_2:The length of the second radius of the base of the cone in the directposition o]

A4
—_

hejght: The height of the cone above the base measured in the directpmsidion.p[3].

x_pffset: The distance, in the direction pbsition.p[1], to the central point of the top.face of the cone
from the pointin the plane of this face directly above the central point of the base;

y_pffset: The distance, in the direction pbsition.p[2], to the central point ofithe top face of the cone
from the pointin the plane of this face directly above the central point of.the base.

rajo: The ratio of a radius of the top face to the corresponding radius.of the base of the conie.

Formal propositions

WR1: Theratio shall not be negative.

NOTE 1- In the placement coordinate system:definegduwition the central point of the top face| of the
eccentric_conehas coordinatege_of fset, y_ofEset, height).

NOTE 2 - Ifratio = 0.0 theeccentric_conencludes the apex.
If ratio = 1.0 theeccentric_coneis in the form of a generalised cylinder with all cross sections of fhe same
dimensions.

6.4.18 torus

A torus is a solid primitive defined by sweeping the area of a circle (the generatrix) about a larger circle
(thie directrix). Thedirectrix is defined by a location and directiaxigl_placemenkt

EXPRESS specification

ENTTYtorus
SUBTYPE OF (geometric_representation_item);
position . axisl_placement;
major_radius : positive_length_measure;
minor_radius : positive_length_measure;
WHERE
WR1: major_radius > minor_radius;
END_ENTITY;
(*
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Attribute definitions

position: The location of the centrgloint on the axis and the direction of the axis. This defines the
centre and plane of the directrix.

major_radius: The radius of the directrix.

mipor_radius: The radius of the generatrix.

Formal propositions

WR1: Themajor_radius shall be greater than thminor_radius.

6.4.19 ellipsoid

An ellipsoid is a type of CSG primitive in the form of a solid<ellipsoid. It is defined by its location and
orientation and by the lengths of the three semi-axes.

=

EXPRESS specification

m

NTITY ellipsoid

SUBTYPE OF (geometric_représentation_item);
position . axis2_placement_3d;
semi_axis_1 : positive length_measure;
semi_axis_2 : positive-length_measure;
semi_axis_3 : positive_length_measure;

ND_ENTITY;

m

(*

Atlribute.définitions

potifinn' The location and orientation of the pllilncnirl_incirinn locationis a cartesian Innint atlthe

centre of the ellipsoid and the axes of the ellipsoid are aligned with the diregiositson. p.
semi_axis_1:The length of the semi-axis of the ellipsoid in ttieection position.p[1].
semi_axis_2:The length of the semi-axis of the ellipsoid in ttieection position.p[2].

semi_axis_3:The length of the semi-axis of the ellipsoid in ttieection position.p[3].
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6.4.20 cyclide_segment_solid

A cyclide_segment_solids a partial Dupin cyclide solid (see Section 4.4.61). This solid has two planar
circular faces that in general have different radii and different normal directions. Around the boundary
of each of these faces the curved surface of the solid is tangent to a right circular cone. In the following
definition the semi-vertex angle of the cone isich case specified with respect to the outward normal

to its corresponding circular face.

EXPRESS specification

%)
ENTITY cyclide_segment_solid
SUBTYPE OF (geometric_representation_item);

position . axis2_placement_3d;
radiusl . positive_length_measure;
radius2 . positive_length_measure;

cone_anglel : plane_angle_measure;
cone_angle2 : plane_angle_measure;
turn_angle : plane_angle_measure;
END_ENTITY;

(*

Atlribute definitions

pogition: Defines a local system of coofdinates in which two of the coordinate planes are axes of sym-
metry of the cyclide.

radliusl: The radius of the first eircular end face of the solid.

radlius2: The radius of the-seecond circular end face of the solid.

cope_anglel:The semi-vertex angle of the cone tangent to the curved surface around the fjrst circular
end face of the solid, taken as positive if the cone vertex lies in the direction of the outward-fa¢ing normal
that face.

cope_angle2:iThe semi-vertex angle of the cone tangent to the curved surface around the seqond circular
end face ofthe solid, taken as positive if the cone vertex lies in the direction of the outward-fa¢ing normal

turh_angle: The in the sector

conﬂaining the solid.

Informal propositions

IP1: Theturn_angle shall lie in the rang®° to 360° (see NOTE 1).
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IP2: The two tangent cones at the ends of the segment have generators lying in the plane containing
the directrix of the Dupin cyclide that define a quadrilateral circumscribing a circle. When one cone
reduces to a cylinder its generators become a pair of parallel lines. When both cones are cylinders all
four generators are parallel and the circumscribed circle lies at infinity (see NOTE 2).

NOTE 1- Interms of the definition of the@upin_cyclide_surface(as given in Section 4.4.61), themn_-
angleis the difference in the values afbetween the isoparametric lines corresponding to the boundaries of

" " [ el Lol
e twu i 1atcs Ui sSuiy.

NOTE 2 - The attributes of theyclide_segment_solidre not mutually independent. Informalproposition
IP2 expresses this fact, and states the simplest geometric characterisation of the dependency. [Any correctly
generatedlupin_cyclide_segmentvill satisfy IP2. The condition is illustrated in Figure |23.

7
-7
<7

/

-
T~ - /

Figure 23= Cross section of cyclide _segment_solid

6.4.21 half-space_solid

A half_spaceUsolids defined by the half space which is the regular subset of the domain whiich lies on
ong side of.an unbounded surface. The domain is limited by an orthogonal boxboxtbe _half _space
suptypeThe side of the surface which is in the half space is determined by the surface norpnals and the

agreement flag. If the agreement flag is TRUE, then the subset is the one the normals point away from.
If t| - - I ; - I : - |

For a validhalf_space_solidthe surface shall divide the domain into exactly two subsets. Also, within
the domain the surface shall be manifold and all the surface normals shall point into the same subset.

NOTE - Ahalf_space_solids nota subtype afolid_mode} half_space_solid are only useful as operands
in Boolean expressions.
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